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DYNAM C p This application clainms the benefit under 35 US C1
19(e) ij’mﬁ“%@ﬂm&' onal Applicatio i Nunber 60/075, 797 filed
Febr uar , . Field of the n“\\wmmmm\“\resent invention relates to
the field of6H¥%¥s-storage devices particularly, this invention
relates to an inproved fibre-channel %%t rated-100p ("FC AL") apparat us
and nmethod to nethod and apparatus for preserving |oop fai r@sﬁémum a
dynam ¢ hal f dupl ex node of data transm ssion. Background of th 2 920n
One key conponent of any conputer systemis a device to store data 1~ 20
Comput er systens have many different devices v: here data can be stored.
One conmon ppRESHRVINGUOOP FRHSNESS ANPIR Y RA MRt B ALF-HUFNPNE er syst em
is on a disc drive. The nost basic parts of a disc drive are a disc that is
rotated, an actuator that noves a transducer to various |ocations over the

di sc, argd circuitry that is us it read data to and fromthe
di sc. ThHe disc drive al so includes u for encoding data so that it
can be successf dlhigapptitatioavtdnfsniebardt widet 8eM.$ ¢ | gedbfSeSsurface. A

m croprocessor controls nost o e operations of the disc drive, m

of th f
addi tion t Breyasiend rmiisatpRIerishBiumbsr pe{a73,&4Lilse iFapruemiut &8 and t aki ng
data from a requesting conput GWM%’&‘O the disc. The interface for
transferring data between the disc drive and the rest of ?~ JO the conputer
systemis typi cdlhkyrachnisvantionhelareto sisdleldst mive-sbimdel deCrapuiiere Syst ens

Interface ("SCSI")) or the Fibre Channel. €ertain aspects of such
i nt er f d8esPatiEuBFly eMISINEHUAP AFIAEA 1@ AN BRRIEYed filie-charmebarbitasdilees from
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comon i nterface. st an S are pical Ty speci me st andards
commi ttee ¢firmzes witganiyaahicdn!fsdigheamotihef dvterrareaissNat i onal St andar ds

Institute ("ANSI"). One standardi zed interface for exchangi ng data between
vari ous storage devices and : ' % the fibre channel. In sone

enbodi ments, the) e }%z%b%&}&%?'c)f§$ﬁ%ﬂeﬁf%§ghﬂq?§ A0 ff @ daihoops
(descri bed further low). I'n ~ ~ o~~~
15 Computer systems have many different devices where data can be stored. One
common place for storing massive amounts of data 1 a computer system 1s on 4
disc drnive. The most basic parts of a disc drive are a disc that 1s rotated, an
actuator that moves a transducer to varnous locations over the disc, and circuitry
that 1s used 1o wnite and read data to and from the disc. The disc drive also
20 includes circurtry for encoding data so that it can be successfully retrieved from
and written to the disc surface. A microprocessor controls most of the operations
of the disc drive, 1n addition to passing the data back to the requesting computer

and taking data from a requesting computer for storing to the disc.

The interface for transferring data between the disc drive and the rest of

o
wh

the computer system is typically a bus or channel, such as the Small Computer
Systems Interface (“SCSI”), or the Fibre Channel. Certain aspects of such
interfaces are often standardized in order that various devices from different
manufacturers can be interchanged and all can be connected to a common
interface. Such standards are typically specified by some standards committee of
30  an organization 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



some enbodi ments, the fibre-channel standard supports a SCSI-Iike protocol
for controlling data transfers. Fibre channels represent significant
advant ages over Smal I Conputer Standard Interface ("SCSI") designs. Fibre
channel s provide significantly higher bandw dth currently up to about 106
nmegabyt es per second, conpared to between two and twenty rregale Auﬁrzoﬂz
second for traditional SCSI designs. Fibre channel provide greater
connectivity in that up to one-hundred twenty-six devices (including the
host) may be connected, as conpared to a maxi mum of seven or fifteen

devi ces i n 4Rl SalodSEShs, ARV Y LORRIMe Bs AR rd h%@n@ﬁ@@@;@'m&%m%@oﬂ@r att ached
with a single connector and does not require a switch fi bre channel

usi ng coaxiwntrelliegtdaiadmhsiesnduct ors operates at di stances of up to thirty

nmeters between VIC up. to ten kil.ometers us bre optics for an
entire channel, Bre E%Eéﬁp?gﬁ LSlﬁﬁﬁc?ﬂﬁﬁdf%ﬁ%ﬁeslc’éﬁ %rﬂg%qu?bo”t%f twenty-five
neters for §§§iar@ﬂ1‘t’érfa@é\(7€@8$ N d@sﬁni rF)@@%haﬁlWé ﬁx‘?ﬁ?d’étsuerﬂﬁ@irﬁly' Hgidat a

transm ssion are detected through use of parity, whereas in fibre channels,
errors are hagdwtdtls, etd'rd@ylyalprtQJﬁbﬂumgoﬁmgdnwtt%p@ambwqumpa’re@Lmdancy code

check orrrat 0 More | on ¢ found in U S Pat.
No- “ag02, oot arbbatt Gy wrelhurdiaeCasehe B BB SR Ere T Wi i por
Desi gn, " ardbAd.cRanRatproNee %éatéﬁ&brﬁlg&nz@/ i kd: ubes ond BBAREB kBGoder , " both by

the present inventor, West and commonly assigned to the present assignee
Seagat e Teéﬁﬁ@p@gwudlﬁethemé)mabrbésewmwt a%lcroanmaf@d@dam@pm(mrot AL") is an

| ndust 1y StapdardyRELEMR TR NG00, bt aleheail % Balanced (0. 4)

run-l ength-T1m i oned Ioc etnrsansm ssron code schene. The
FC- AL opger att@shedtwieh eilixﬁ)ﬂkcameﬁlroemkﬁﬂw nof refQfe 4 sMiléh. @gbdehimei an 8B/ 1 OB
encoder/decoder is described in U S Pat. No. 4,486, 739 granted Decenber 4,
1984 for "Byt ceavélrﬁl@érl@tcwwamwemes@ dmnceeoi:wtoltmr@h@@tesﬂ ock

Transm ssi n Code;! filre-c arbitrated | oop
("FC-AL") all'ows ”tggs a’%;cfl eelﬁi}e‘@‘lt)%@grs U3 e OF ﬁ@&langmﬁode " to be

connect ed tcpggidnes copﬁpm@di&) DR iReInR Ryal dendtie Bf (Rt COMUL-Bke mwadrk sdrat i on,
printer, disc drive, scanner) etc.) of the conputer system havi ng an

i nterface aﬁQ%\/ﬁ”ﬁ@OW”ﬁeﬂﬂ% be connected to a fibre-channel "topol ogy"
(deftnefs Just_bahag EATR-ARNR Do, B adiealea00opallee cRld fhan T port
("node Z ~ ~u ~ zooz ort rovi de access to ot nodes. The
corrponent S Ltshafpzmmnemwsmmﬁbrre ortnnm&lqnen‘rbxs drogehtifed by e raolihgct i vel y call ed

a "topology" or. a "loop Each nod nmy tes with all other nodes
wi thi n t he PRsAHaRY %lpforeéa BFY LY %h@%&ag hcke) 18 PRoEEN a
fibre-chan i t PRSS « £Lhannel to
ports of opﬁ%ﬁ%ﬁmah%?ggﬂg\%ggeﬁa\?m gﬁ% yeﬁl?glgﬁ F?%rghgdr’@}mel drive has
tvvo ports ﬂé@k@géﬂ%tﬁwzﬂomhe MnitwpadrsDas)gke aEaUrS fat tNo.ricbeidés a pair of

"fibers] i nf.or nto the port d.one to carry

i nf or met4 one“b‘ﬁt3<§ olfG%?%@EB?Otder Eg%th% f‘b%%rrese”i‘s“ én?é'r%?tbd W connection, and,
in one enbodiniBétly a@asld td e V\Erdsémaa‘éilb'ﬁéelSéaéat@qemllog’y (& (e.g.) coaxial
copper 10 conductors, used when the hodes are in close proxinmty to one

another):; in othhre félﬁbé@ﬁnﬁelrﬁr@tra@dﬂﬁm(r“FCsALn)pls emm@uyaganaiﬁrdopu cal fiber
for at Ieast s ne. |ts whe Sehar an
q%ym% i Onen es ?’%1"‘8? f(@ S }}hg{% eatg%(;iledsﬁp;em ally,

appreC|abIe as no

di fferent murﬂxmriags)ockmasxﬁ@sxbneéda‘scheﬁe ‘PH@P@CAE@p&ﬁtcﬁ&@B chekt (one
carrying data into the port, the other carrying data 1 ~ out fromthe port)

is call&d arequepgyofdnl. 7P§Vﬂd§r @r@ffoexaehart &%/dDchochr/ﬁilzsoctﬁam i nformation or
signal s pa I 81 ch ndle nmultiple
types of fr%%egﬁbde{j U.g, P%F?\?Oaﬂi zat'i ﬁrangcéitelgecegﬁ) o 2‘% Si nce each

fiber carri@gentiad BCiBulonted (0,4)E8H/10B Panibned B 'I&Eu@sn@@ﬂﬁﬁﬂoﬂd b@ one

anot her al ong a | oop, wherein the nodes rrust ar bltrate for control of the
| oop 2 when rtanwew\ale data to transfer. "Arbitration" is the process of
coordi nating the,n n f.. | oop.

Fi br e- channel al‘%l ?&g?g%mlcg%usﬁa dpgg%ﬂpﬁqf‘g fam&s gg}t“{lﬁ] gel\lt(%%g wi t hout
hubs or3swi ¢aehesiiedTagotgue Wdr@edlé@to@étlﬂbﬁ r@-tnb@dﬂrrﬁpfbéahy@lﬂﬁlcb(h establish a
point-to-point data-transfer circuit. FCAL is a distributed topol ogy where
each port |¢RTPRIEsVatksaemprinee, Wm@ﬁﬁ?nﬁ@sﬂﬁeéléés@&mﬁ FORRUEIOSEB est abl i sh
the circuit Q any nunber of
nodes bet V\E}éa\Tr?r anaﬁgdﬁgea&?qgvmtpql?o %gt)éd téa?%ﬁez%)ﬁaﬂngl g&%sgé%) N sone
enbodi nent s(,deéa@iyumﬂmx\l)ncﬂauldﬁi@dedwalat ]@@s’ttos:e peactnllednnedt part'tnodesepar at e

| oop) which provide redundancy, so that if one loop fails, the other 30 one
can fulfill the Loop duties. Dual pons also allow two hosts (e.g., two
host corrput ers) to share a single dri ve. Fa| rness Background 21 A, tG

o N Y . - o " o



mode 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 need to use the loop of its use 10 "Fairness” aIIovvs e é1

to gain access to the |loop (based on priority) and transmt a E]
information as it wants (no tinme limt) It nust then wart to arbitrate galn
until all other ports have used their _access The protocol for the Loop
permts each L- Port (also called a lodp port, an L Port can be either a
normal |oop port "NL Port" or a fabric- IooE port 1 ~ "FL_Port" that is used
general |y tleon pare) EOPIRELIE ACHRSS 1D OHET RasiepnEnaenon mwemtsﬁhﬁt@gchmmm y
arbitrate t ed. £ participating
- port basey B¢ B REBPHCER cq uBEY BRlda P diar A0S O BT AS wi h

ot her pri omotli zefmpniohes olith alt dther moded withidake pr@vﬁleﬁl&aﬁdldg}SOr\/V@e;be the log".
er pr| ority LPorts cannot jain access to the Loop. The access fairness

al gorithm 20 setfortgpredhc 5‘6‘&‘&&‘3% iR@dUpre F"r*i“\%ﬁr&ﬁiea‘lhpus*b‘tvhé:hé}aéa ¥E¥en an

opport ull { ¥, {0 A Bl Endftfholo %?SﬁéFn&o%sgngomfa@wmmﬁ; Ohpida Por s have

had an opportunity to access once Nnew access W ndow 1 s started.

An Ir-Port ﬂmeyéclarnbeltdra/teémaagao poamplao&ﬂ@alt\malhhxme\/mmcastmss Haoh pbe Loop in the
new access w ndo~~ No V\ﬁver Port is required to access the Loop in any
one access ¥ Fﬂfé\ﬂipa%’ E?fsan ane ﬁb?wfmf%wa%@tq W& PREEBYSNEAP I ness

al gorithm kb5 idbRhdioAlellof ffe RAY PR ACRERS, SRl difs LBt End ﬁ’or' shal |

not arbitrate again until at Least one as been transm’tte the L
Port. The tonaembediween ead:‘reﬁberns?actuall?oerctoaml wira (aphbaxddlicoppand t ransm tt ing
an ldle is an, access speci.al arbitration Primtive Sjignal (i.e.,
ARB( FO i §oBdHsEPrs, 615;#“ &(3 dégi’fr:;l/“ flegsRropmittormg aBMBedsinG thdow, The

details of o %dﬁ%%S?nfb@} rsrl Per el ds AT AL BONERLNBAY Bk ST D! ¢ Channel

FC- AL Specitication (ANSI St rds annel Pr oj ect
960D/ Rev. 4a% (ard Whichmed&hamseparkied By 2n XFFdclddPs disaate, Sudh as3tddeewn 6. 3) . ~

? ~,U G 2002. The access fairness orithmdoes not. limt the tinme that an
L_Pon cont FH@eRaOIRES ITIREC T Y’ijﬁgeférbﬁllfém&%h dhe ppinef IGSANSI  X3. 230,

FC-PH does .gteclddh ta Etf‘orf {I_dﬁ% ch@ying d4a388 e FANRELShALa yg{, 1f access

i s denied | onger than e access windowis reset and an L_Port may
begi n drmbi tomafrpmgwmrh)oaghllaia 1LnkP@nd$s sinad fleacinppeloent Lirtie ckair ness

al gorithm i ther FL. POE g ons, g)re,regw reS;éto lﬁge t he fairness

al gorithm é‘f ogRAI QY Hrdgenagfac ?(ge?r%“ raipgs” hrveen pafss. gl PES2hor e Loop
accesses t hapdit k@b efpel oPaiaings (é@alhltLahE’ﬂfotn 80y, £AReREoltParR&)Unfair. To
provi de equal access to the Loop for al Ports, It is recommended 10 that

each L_Port use Sutvg eagdcBber Cfaar1¢5rijé§sllla>mgdrrﬁqlt®m0mheMOdm are PyIecied taisi ng t he
access fair neéﬁgtﬁerga%r{ t?f@op' \tk«hér%mct l:n?%eé mugI)?)rlogwacL@Eggrgtrolw}g}é% f air L _Port

has arbitra&te of an access not &P that

anot her20L_R@reh they @wbuhtraabmgsfet hatrbhrabiesnt isMBYprs €8P of bdréXiaghg 1@ Circuit
open indefinitely or close that circuit and retain ownership of the 1 ~

Loop (i.e JogestRsigternpimeayipch pae hspontrel ofpbnlogpot ibse-chanpgl arbgrpteche Loop.
loops attach multiple nodes in the loop without hubs or switches. The node ports

use arbitration operations to establish a point-to-point data-transfer circuit. FC-
AL is a distributed topology where each port includes at least the minimum
25  necessary function to establish the circuit. The arbitrated-loop topology is used
to connect any number of nodes between two and one-hundred twenty-six (126)
node ports.
In some embodiments, each node includes dual ports (each connected to
a separate Joop) 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 dnive.
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Wien'a fair L_Port has access to the Loop and detects that another L~Port
is arbitrating, the L_Po~ may close the Loop at the earliest possible tine
The L_Port shall close the Loop and arbitrate again in the next access

wi ndow before opening a different L_Port. 20 The configuratio f

Loops may require that certain L_Ports | ave nore access to th2 EOAE%MZ
dust once per access w ndow. Exanples of these L Ports include, but are not
limted to, a subsystemcontroller or file server An L _Port may be
initialized (or may tenporarily choosezfl not to use the access fairness

al gorithm Wen an.L Port .i i he.fairness algorithm. it 2~ is
cal l ed an "unf ai r"a"II‘-eﬁorIrE t.hﬁ's’f:ﬁ}e;'t%;ctlteO(L:{iﬁg‘{:1 rne%c %é?%e&lllof]ds f)g]'ot F(?ﬂﬁ)paetremlnn access
fairness i swhekin 4 hatddeestaedssieh at BFibRTRABALIBH QO mabevhiRblewnfaai r L Port
has arbitrated for . and won access to the Loop and does not detect that
anot her L_PHmelyibasiaiepach&f pmurality of userpgueh anip tasb ol emévralky of Aisg circuit
open indefinpi.tel,y,or : L,CLU I I f the 30 Loop
(e, " O o RS it Elaf o 23 oA B RAEBESBR RS, ™ hen an
unf ai r L sPotte agonhr & datad dach HizsognentoWréees ts trahedtr. aPOdyhes udfalPorsta 1 s
arbitrating) the unfair L Port may cl ose the hoop at the earliest possible
time 2 1 MOdPDORERUeNTHEIGIRPRT ¥Sel (Portanply opedir dryGneills®isy of the Loop
(t.e., with 1 I / r r : oop. A
bar 1 ci pat i e SR e AR A e Gl oo T he Laop
based on it sftéilorPé: toArorfela Rorod of & mex dmtdepri fingrotius idng daceethst fie@tir ness

al gorithm because the ppjority of its traffic is with the rest of the
Fabric. Wel? ‘éﬁﬁﬁﬂf%?ﬂ?%‘&?ﬁtrol s the Loop and detects that another NL_Port
is arbitpating, & » i L ppssi bl e
tinme. ,égcause th%?regésﬁgfr?&tmshg?{tpﬁgqﬁ?’Sﬁggtcgg??ériltoglpgonagalféd g‘iéenr}gfed from
fai rness, i tndardnkmal asayshwnfonaatintasat wems (Adhemeflone), It mustaharuvbdicati on is
required with

to arbitrate gain until all other ports have used their access
The protocol for the Loop permits each L._Port (also called a loop port,
an L_Port can be either a normal loop port “NL_Port” or a fabric-loop port
15 “FL_Port™ that 1s used generally to interconnect two loops to one another) to
continuously arburate to access the Loop. A priority 1s assigned to each
participating L-port based on the Arbitrated Loop Physical Address (AL_PA)
As with other prioritized protocols, this could lead to situations where the lower
prionty L_Ports cannot gain access to the Loop. The access fairness algonthm
20 setsup an access window in which all L_Ports are given an opportunity to
arbitrate and win access to the Loop. When all L_Ports have had an opportunity
to access the Loop once, a new access window is started. An L_Port may

arbitrate again and eventually win access to the Loop in the new access window

Not every L_Port 1s required to access the Loop in any one access window.

1o
wn

When an L_Port which uses the access fairess algorithm has arbitrated
for and won access to the Loop, the L_Port shall not arbitrate again until at {east
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 arc contained in
the Fibre-Channel FC-AL Speciﬁcatioﬁ (ANSI Standards: Fibre Channel FC-AL
X3T11/Project 960D/Rev. 4.5 and Fibre Channel FC-AL2 X3T11/Project
1133D/Rev 0.3).



10 another NL_Port, the FL_Port may retain its access to the Loop (i e.
without re arbitrating) and open another NL Port on the Loop There is,
therefore, a need for an arrangenent to preserve |oop fairness.
particularly in fibre-channel enbodi nents that include a dynanjic, hal f
duple. feature. 1~ Sunmary of the Inyention A nethod acid app%aﬁy@UGszggz
descri bed for preserving | oop fairness Sone enbodi nents include a dynamc
hal f dupl ex feature One aspect of thg present invention includes a

comuni cati ons channel systemfor préeserving | oop fairness that includes a

first channel de havi.ng one or,nore pons, .each port 2 orting and
a!ttached to a f aégg\ﬁzﬂﬁgfs agg%?W‘a@%%Pbﬁrﬁl’@gﬁ&ﬁec‘é%ﬁﬁ‘#ij%?‘?onsI c%annel
One of th\%ﬂoﬂgﬁfssthé"l,&dp SHcRidwinb @rbﬁ@iticﬁm‘?{‘}s{% ANSIEIPS3R@CLPR dgtd @ahed

channel , erein control of the channel |oop, once arbitration is won, a
f ai r nessprlesiétha tge fyppdrlatsuscosneston. dbmrever, ibacdeheiscomed hingat thams channel

to be rel sed at least i.n_part on t her r edet er m ned anount of
use has Z?ﬁgr B CB%%C%%W%?W& fei% %indp@r%ﬁﬁmﬁﬁgeglaﬁ%ﬂﬁft%! ons channel .
Anot hers aspect QfihduBR aRNEPEAS sHaMMBTPIérRéht REOMIGIES Ao SrRARARLIGAE | ons net hod
that includes arbitrating for control of a |oop of a fibre-channel

ar bi t r at ecEll_ Pops sepdl_Rotfaiaregaired isussiha fremesagondmeatsilignesont rol  of the
conmmuni cat}; ons chan.

el based at.|east in part on whethe edet erm ned 30
amount of f§§x%§leb’28{ﬁ? Ee}?iorgreeﬁb\)é%%mf)ﬁeef“?cﬂf%‘iceﬁ?f {haaﬁ}&c ?tﬁga]bg;r%%hi cations
channel | nhgqneoethBMHIBEY ® tefunfdie above system and net hod, the
predet er m ned anmount of use includes a transfer of a first predeterm ned

anmount 2 ~ auke pevige e_@‘ﬂald‘éﬁe_és. toj the é_@ﬁe feriadhl efgstrditnerecemmeafiehs e of

anmount arenains to ransterr di'agram of a
di sc driveacdfe tntiebs dgbrithmerncheadnrela ‘TageLi pderface. FIG 2 is a block

di agram of an i nformation-handling system 1200 i ncorporating the present

i nvention. When a fair L_Port has arbitrated for and won access to the Loop and
does not detect that another L_Port 1s arbitrating, that L _Port may keep the
existing circuit open indefinitely or close that circuit and retain ownership of the

15 Loop (1.e, without re-arbitrating) to open another L _Port on the Loop.

When a fair L_Port has access to the Loop and detects that another
L_Port1s arbitrating, the L_Port may close the Loop at the earliest possible time
The L _Port shall close the Loop and arbitrate again in the neat access window
before opening a different L_Port.

20 The configuration of some Loops may require that certain L_Ports have
more access to the Loop than just once per access window. Examples of these
L_Ports include, but are not limited to, a subsystem controller or a file server.

An L_Port may be initialized (or may temporarily choose) not to use the
access fairness algorithm. When an L_Port is not using the faimess algorithm, 1t

25 iscalled an “unfair” L_Port. The decision whether to participate in access
fatrness is left to the needs of the implementation,

When an unfair L_Port has arbitrated for and won access to the Loop and
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 ime



FIG 3 is a block diagramof a fibre-channel node-interface chip 110. FIG
4 is a block diagramof a fibre-channel loop port circuit 20. FIG 5 is a
bl ock di agram of a fibre-channel |oop-control circuit 40. 10 Detail ed
Description In the follow ng detailed description of the prefenr de&ﬂ} 002
enbodi nents, reference is made to the acconpanyi ng draw ngs whi“c orm a
part hereof, and in which are shown, by way of illustration, specific
enbodi ments in which the invention may, be practiced. It is to be understood
t hat ot her enbodi nents may 1 ~ be util?zed and structural changes nay be

made wi t hout departing fromthe sco of ti present invention The
i nvention de8crirBEd-if gntrm)sreéaﬂbpfvg ‘Br‘?fﬂ? i:%‘%?f@le prathoyy e-afBIFAENSf  di sc

drives incl hakge=di Sp. QBhY}?cSL | P drives, floppy-dose drives,
opti cal - di s%}mdérllg\l}es &DRC]\/CIJ corrpa%OI% di sc read only menory") drlves and

any other type 28 mﬁxdpatvesFIsMﬁalwsmqmgms(pumhtvalsPan bnedwhotant arr ay
of i neapensjvelinde cdri.ves configuration) or other
devi ces. whieased gat éa‘jT—g) —88'51éﬁe’ﬁ@tp\h%g%o’ar‘isw&acéer?ﬂ?%‘?’ﬁ?r devi ces or
i nf or mat 50n;hg&%hﬂeec%b@ttﬁmajdrny%@rt@tr@maqgiwm%@rest&Qh@mﬁem invention is
useful in no interfaces for non-disc devices, such as hubs and sw tches

(such as are useWheo aZ-FLC_(Fnﬂ@@mrpllSmhﬁalLodpidmldeiemmhalanbﬁmp@u Boroise anot her),
wor kst ations, . pr.inter nd ot her Vi ces .ormat i,on-.handl i ng systens
that are cofﬁhe’c%f '8g tgﬁ%& ? P%Peaycfﬁ%%ﬂ@? f“%ﬁpo‘?t%%?aé eﬁ‘GBﬁ’b??PE‘ﬁre 1 shows a

bl ock di agrpgaate tﬁethsPoﬁlmayenedrﬁ% Seprdiy Wha by @(efﬂ Riderfrh ainghs, node
interface—Mire information can be found in U S Igatent 30 Application

Serial Nunberll g9Ra19% B&Dbiteaitont Tgrefovitif oemmnidi cBtioli sat@dreErdtie Buffer for

Loop | | i zat " Ref N Fi
1008 180 o el SRR e PR e oL Tt 30 o G afade s nter tace
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15 Summary of the Invention

A method and apparatus 15 descnibed for preserving loop fairness Some

embodiments include a dynamic half-duplex feature One aspect of the present
imvention includes a communications channel system for preserving loop
fairness that includes a first channel node having one or more ports, each port

20 supporting and attached to a fibre-channel arbitrated-loop sernal communications
channel One of the ports will arbitrate for control of that port’s attached
channel, wherein control of the channel loop, once arbitration is won, a fairness-
preserving apparatus causes control of the communications channel to be

released based at least 1n part on whether a predetermined amount of use has

2
n

occurred between the first port and the communications channel.

Another aspect of the present invention provides a communications
method that includes arbitrating for contro! of a loop of a fibre-channel
arbitrated-loop senal communications channel; and releasing control of the
communications channel based at least in part on whether a predetermined
30 amount of use has occurred between the first port and the communications
channel

In some embodiments of the above system and method, the

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



5 initialize a fibre-channel |oop. "Responses" are non-data franes sent in
response to commands or inquiries fromother nodes.) The fibre-channel
arbitrated-1oop communi cati ons channel 1250 (also called a | oop_ 1250, or

fi bre-channel | oop 1250) can be used to communi cate data bet vvee211 AUG 2002
di sc-storage devices 100 and conmputers (or over information-handing
systens) 1202 or other information 1 Cl1 handling devices. In one

enbodi ment) fibre-channel loop 1 ? 507is a Seri al conmunications channel,
in other enbodinments two or nore parallel lines (or "fibers") are used to

i mpl ement b bate- ¢haomebudhcopod 2Ets, Feleaseg fsontiolaf tedhemtabds hnansai t - f r ame

buffer 73 allo one por,t 16 of ;a dual -port node 1220 tqg be transmtting
initializathes B0 p SEPBALEIFETREED RMoUB %Prfgl‘%’éfnaﬁﬁrt? %F galis(%%”?dr ansmitting or

t
receiving data franes Themﬂﬂﬂﬁiﬁﬁoﬁﬁﬁﬁ@ﬂ%ﬂhngi”e& one line 1 1 7 for
i nbound data, and another line 1 1°S for outbound data, both lines 1 17 and
1 1 S conné&t@i hiy 4 blockaddgfaor ofiadjspdnve bi) wib arfibrd-danndmede fraenfiek. | oop 1250
Dedi cat ed ejve buffers (53, 53. and 5 re also vi ded for each port
P06 o arfnd B HorbHEE R hivat idgeninl bE e HED B0 HepBRet BRce. nunber al
with a prime 20{&p@sent M¥ehtidl, ovi des the sane function as the correspondi ng

bl ock without the prine (e.g., 53), but is used for a separate |oop port or
communi cat Fins3 shalinek dipgmycefiachiyredbanmogde ot facatipidfi on recei ved from

the fibre nnel 1250 .al on ith a, fra is stored, jn one of one or nore
frame buffEP@' ‘{]gé’ 8183“ d‘@?’rag‘%f‘g é\tﬁa'clhﬁ?réﬁrﬁo@r?e“@ﬁ‘ecdmf@zg'nsure the integrity of
the data weides jsh bloex Aagim O fitge-chashel bp-aner ahl-40Control of a | oop

1250 is maintained (i.e., the | oop connection is held open) as long as a
progr ar®abl e anount of data i sDataileddDé¢ssripsiont r ansmi ssion, in order to
reduce the overal unt of  ti spent arhitrating for.control of the |oop
1250. In sone ei‘%h}f‘mﬂ\t\l > ‘%}aé]ggg?ﬁc\%@g%ﬁ?Fﬁé’lr%l%%ageén?voéidﬁg&f’c- st or age
head30 di sgefash@mlade iR decdribfaryavd MAwWINE HicHREHE aflaftthepdoAtdngr s 134) one
or nore magnetic read/wite transducers 150 per disc platter, and an arm
act uat or asswehishyera sewisbynal S Haisiresen.tshecific embethmerts if vhichibads”) and HDA
interface 1 _13.transfer t;0.and framithe dis latters 134  Thus, the
"di sc dri v8"CgFon mfly?ea{)ﬁg%%%iog?&qgg) ““@ﬁ%%’&?%%P@EF%W%9°3“‘§P‘56“aari ve |256 of
Fi gure 15 ) bk n6hzdesdidAcLiA chiteHPAyivateideasiholil epafing. fror tig0RRYeNt | onal

SCSI drive), and one or nore such conventional disc drives 126 is connected
to an ext ePhHI Pidd¥at INEd[Mace 1220 in order to connect to a | oop or
fibre-channel t I i.n: Fi -1, mhodi rents, a "disc
ariver 1e typi fog pectpREeRaB A Bt St s LSRR RS 2 node
interface 3226, indlegnahed-ddctdrvieheZ18idsDredlrfioppy b @rives, opatadiscdi sc drive

| 00. In one enbadi data are in turn transferred fromand to off chip

nt,. S
buffer 1 1dfu.veSTEeDﬁ%ﬁf%ﬁa%ﬂwva@é@@>'d@wwt)éawéh-ﬂeﬁ?@' BBFFPe 1 19,

whi ch, Hgn 6, ' ' u I ye-non-data-frane buffer 53
10 (al t"gr ng?g y&g%ﬁtﬁp@n&mn cl)lﬁ]l#\ gélo%-ﬂgg?agﬁgﬁﬂ%f? 53") for each port
(i.e., buffrexpesdvamdexRdint disctdraves tiot RialBneortfighfation7@ othércleyicen one

enbodi nent , can, be used sinmultaneousl .bey bgt W"FF res (in ot her enbodi ments,
2 singl e bOTFEIAE AFEBTEY GHIPORETHUR Yoo ahd AUl Ryoes BRI aPed

dat a- f r ame LRfIfRY s8R msAl0 Ben Wk BodinfeRE, BReGkEH: 1596 iod isusefll GNBo@MbOdI ment,

| oop- pon transceiver blocks 11 ~ (i.e., 11 s and 11 ~') include port

t ranscei vengenfides fosmm-dikd deyvicadsudesehitbd imieswitahes (suchresfaer wsed b ough Port A
and Porj. B to the fihre-channel |oops 120 ee Figure 2) connected thereto.
T some LR K areRaryre B Epe ety ettt AU € Biha |
transcei velger UBviRENS inRFRAG MTRIHESIng DGERs i8R CcBhNRIeR A Lfitrecat ed on-chi p
in 20 block 110. In sonme enbodinents, "the right-side interfaces (i.e.,

ri ght side chairgl axbetrated tdeg. t ranscei ver 115 or 115" of Figure 1) are

paral |l el input-aqutput signal hat are ten bits wde; .in.other enbodi nents,
they are tvventyqﬁg‘f@ 1V\ﬁ?‘a ?a?i(&gtdﬁ%,gf?r.“bzlf&‘{éc‘ riv(f,de]’m?jlpd,) Wi@f, "Bort - A
transcei verlchdnnkl nodd ikt - Biokd ARGERiNaIcad b8 fodn@haULS. IPagnehannel  node
interface 1220. In sone enbodi nents, port 2~ transceivers 115 and 115 are

i nt egr atted AppligtoaSeial dlumbeh PP 123,087 entidedidYictbedaodi edieated kramet r anscei ver s
115 and 113; i rélclfédi n .th.eitr serdi |izer/deserializer functions are
i npl ement ed® BiF" &7 QAR DitUAAoR AR ESROSSFy 110, I n ot her enbodi ment s,

transcei vers 11R&ERin¥RE Ehglrd @tas?cvfea/caeﬁglﬁwe@ﬁbmﬂmﬁ{él fRplialerfa@op 1250 and

chip 110) wherein theserialization/deserialization to ten-bit w de or

t went y- bi t -oiicdié 1d3@ éaleccalied node iotdarface F2gQriaciadgss dgdisalsdmpimitvi ew of a
conput er system 12D0. Advant ageously, the present invention is well-suited
for use in conputer system Zr ~U G 2002 to 1200. Conputer system | 200
may al so be called an electronic systemor an information-handling system

o e



I'n some enbodi nents, nultiple disc droves 1256 are connected to a single
node interface 1220, for exanple ma RAID (redundant array of inexpensive

i ndependent di sc droves) configuration, such that device 100" is a RAID
array of disc drives The CPU information-handling system 12 2 SO
I nclude an input!output interface circuit 1209 that drives §ﬁ1r2%één295§

i nput! out put bus 1210 and several peripheral devices, such as |? 12, 1214,
and 1216, that may be attached to theginput/output bus 1210. Peri pheral

devi ces may include hard-disc drives, nagneto-optical drives, floppy-disc
drives, noriFares Buttie\HORICAB IHHyizgtionendsigenenpesy iIpipae smbodimentisase of ~di sc
drive or othot \REANRinAYIRYo hos MRS AN R saGhanap! methods and
apparatus (especrally, e.qg., the Tnprovenents PT breddhannel node
interface 12260p wasatizhtierd iharcemplistedbyeaabmiléng & esquehtefforeh® rfoort or the
B port can be used to conpect to' any given |oop 120. One enbodi nent of
syst em 120GP&f2i%5A 00Ny 8 1 EINRFL AN GMEBIES Hg Tesmgnses tp whase fi@nicshichandl i ng syst em

1202" (whi ch:.i. 8., j. f il ” n A r.al ,
processi ng iz 5B {hndlodt MReGlonka AFLE TR B MIGEIED | 1204).

a random aascessimedooyingliReAVbn GR32od{sihThd fibz-dtdendliacitrated-1BAM 1232) , and
a systembus [23Q" (which is |§<? tié:@l@ t? system bus 1230) for

communi cat i SPEIRHTBRHORS AkpreenZo L2l elled gilopp 12705 onblyg-chamie! ledriom access 30

menory 12321'2-50%3 Helfsed fPddraheltdliiingeSXsh 8L 18070 dVGdNGBE ahfS own

fibrechannel n Interface 1220° (which is 1dentital to node interface
1220), but dosipoennestogttr irdommioothandling syitems s yXResreothddGnformatibii-s

illustrateq exa e, it is just connected to djsc tem 100', but in other
exanpl eEO i gﬁae%‘ﬁg%% s¢ Lp %ﬂ% e"?ﬁﬂfli”%@’ fgbri'cha‘mgdo%d;%@l’s %I?%ha?syst ens 100
t hrough 10QohhiQ43hs h 880N o thélna fNREly &%oﬂcﬁsﬁﬂ%eﬁgﬁf%ﬁtcguand

i ndependent from |l oop 1250). This configuration all
i nf or mat i ortfiblendl dragssl/stimpienzopfibmahad@Ploopd 28hatlevmgeudr anore of the disc

systens 100, ysi ng separate fibre-charuiel |oops for each CPU information 5
handl i ng sﬂ??@ﬁﬁegéﬁﬁ.mﬂ'?fr%b“g{eﬁé?a_%‘H}erﬂ?ﬁ& 4o 03”|3|dt{§}g-9?!3§§giég£q hr ough
100") and %|be%&mlﬁ‘tﬂﬂjHﬁta‘li@ﬂfﬁ%%s@@r@se%ﬁe@rﬁﬁ'gl%zaqg?tehh&lﬂgﬁ" 1202, are
connected to both |oops 1250 and 1250'. The Fibre-Chanhel Specifications
used i nlDuittagsmylingper webodigert frasfies1 0 bt pertpt Bsantseiiaivens.icoe linedlldde t he

foll ow ng QNSI Sta(ﬁia,r,d,s: FiFr o el EC-PH Fibre annel FC. 4L 15 Fibre
Channel FC QIA’I?EOWC.Q “’d’i‘gﬁﬂ%t crﬁaglggggroo%qou]ngpa@ _th Ué?g?’%ﬁ‘%} roj ect
755D/ Rev.  4odnddins k6 and Sordli 0 part 6, cditn@hfcaeshs<Baddel Rl est 960D/ Re~~. 4.5
Arbitrated Loop ~3T11!Project 1133D;Rev. 6.3 Arbitrated Loop '.:T10

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 funct:on 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'

o
W

or 55). 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/wrnte 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



Rc~ 012 ,.) hJ.2 69-199: T. Preserving Loop Fairness with Dynam c

Hal f - Dupl ex One enbodi nent of the present invention provides a
fairness-preserving adpparatus 175 and nmethod for preserving (or,

equi valently, for providing) loop fairness with a dynam c ha f dupl ex
("DHD') command or instruction) and a nethod for providing f Els{;.‘ @@2
uses the DHD command Al t hough Fi bre Channel is by nature a fuI I - dupl ex Ti nk
(frames may travel in both directions,in the fibre pairs sinmnmultaneously),
sone Loop Port (L-Port} inplenentati or(ﬁ)s can only support one-directional
data transfer. Even.30 en abl e of full-duplex operation,
there are SPPFHAMIRFENGHBICS 6‘3 Vret}?S?Q?P’(gHrenh&mE)@dF%H&c"E&l& Wﬁam’ c Hal f
Dupl ex_( DHOIDsinrfa00P1 e gl dolerkiBAk1 14385 Hyki o oPhofc b by & port in
the OPEN stafe to indicate to the port in the EN state that it has no
nor e frarrescohmerttroambdnddm’@kmﬁ:rfmy cahnestedport sxtemahabkd: mbaréc83 2260 f1i ci ent use
of the established circui a port which

b
is only cafiBfrde G?mﬁéﬂtloadﬂ?ﬂ éfxﬁ‘ziafaa’}f@ﬁwg?@&g ?SOS%PP%ME é%urFH fBs in the

opposi t & d'Jtﬁ&teh%d%éﬁﬂso'a't‘dxrsgdﬁwm1§ B3k fidihy the i @WeN@OR (F9&revhi Ch 1S in
the OPENED state to transmt all frane evén though the port~in the OPEN

state has fandiistiedbsiatrodelaterface ARLY mtegratbdwpbrthe fisc thee CPENnst@ra! nor mal |y

transmts t i rst Sto When a.full: dupI rcuit
exists, t épsﬁo‘hve L9O; Qofﬁﬁﬂéﬁ?&eﬁ{jgaﬁaélﬁeg‘w%? transfesied g7 Pr§§ &0nti nue to
transmt frﬁg&mtm rrhemgnmp?wlaeﬁu&efd%médoor%@hE%fuh%f1@5&@% th(BB_Credit
- R Rdy's}. ce the OPENED port is no longer able'to transmt any franmes,
it nust forlwalrecbmtb@H@EISSbwk inguddse roREN-poT-tataTreerebuffer 53t | east two cases
where it

u to.transfer itrative.rath t.h
transmitd i 5“"@1@631& 1P?ﬁ5‘|“ r‘?ﬁﬂtdéia%é’%r gféfﬂb?acglﬁ’loé‘ {5 h%ﬁrﬁrs >
si mul t aneoysd 53" f kRt fr@Hﬁ! bruﬁemwhtchaia%fn%re&%euﬁaﬁ aede. usehiten these
nodes have franmes pending for the OPEN port, but because of them

hal f - dupl eﬁlrdélﬁargﬁuszmhy\b@thtp@mé(la@ﬁwm@edxafentshe singledhuféastis weeallbyci r cus whi ch
exists 2. EV y oﬁefpgrl’l&t atnlileg! &l 4 srh%re%fcﬁ[a-fraarrrleebgﬁs §5b Fonolmtﬁ Q%R%DEN port

checker 596.
15 In one embodiment, loop-port transceiver blocks 115 (1.e., 115 and 115"
include port transceivers which serialize and deserialize data transfers through
Port A and Port B to the fibre-channel loops 1250 (see Figure 2) connected
thereto. In some embodiments, transceivers 115 are implemented as external
transceivers, in other embodiments, these transceivers are located on-chip in
20 block 110. In some embodiments, the right-side interfaces (i.e., right side
relative to the transceiver 115 or 115' of Figure 1) are parallel input-output
signals that are ten bits wide; in other embodiments, they are twenty bits wide.
Together, blocks 110, 111, 112, port-A transceiver 115 and port-B transceiver
115" form fibre-channel node interface 1220. In some embodiments, port
25 transceivers 115 and 115" are integrated within a single chip 110. In other
embodiments, the transceivers 115 and 115, including their
serializer/deserializer functions are implemented on circuits separate from chip
110.
In other embodiments, transceivers 115 are merely interfaces between the
30  serial loop 1250 and chip 110, wherein the serialization/deserialization to ten-bit
wide or twenty-bit-wide data occurs on-chip.
Figure 2 1s a schematic view of a computer system 1200.

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



20 transmts the CLS, the OPENED port can only transmt franmes based on
existing credit. (Exanple: A port is OPENED to receive a new comrand,
receives 2 R Rdy's, 'and has read data for the OPEN port. The OPENED port
can only transmt 2 data frames before it nmust close.) 25 To avoid this
extra re-arbitration cycle, the DHD primtive signal is provi dgd:! %:@02
transmtted by the OPEN L Port instead of transmtting CLS. Transm

the DHD all ows the OPEN port to conti%e to transmt R Rdy's and Lint:
Control frames (but no data franes). e OPENED port renmenbers that it has
received th and hol ds close initiative and.is expected to ~0
transmt tﬁgowg‘f‘p‘&ﬁrs”ﬁf?gh&% rﬂ%@éaﬁfi bﬁﬁf‘féed%ar‘h rony ﬁyﬁﬁ?ﬂgﬂ‘i 4" to the OPEN
port "Fai r i8snatiof-HahdlSn£HReAXind HcRidBDE Cefifal BREERII Ohilrepei ) ,a shar ed
resource, such as Fibre Channel |oop |250, is nade available on a tinely
basis to eacmooy aed pysiean buy Gémputer systgudA0Gmichidsca @PUedort@0pn- . e. |

W t hout ungue del a%é 8,~ auG 200t2 13 and for ?p mount of tine

or opor t i on3f"digE sHEen AR N2 ERE § SEN T RERCEGTIRE bt | 3 REBPIEEAECED transfer .
"Playing upfegory (‘IRANI"DIER, 0dd SBRiGH bAE | MEILLoM NG U8 6Ly cbefligxanpl e a
port of CPU information-handling system 1202 (acting as an initiator),

t akes cont thslcentralphecesag é@lﬂmféemrtdﬁ)@uacmimtmgrw A3 2evide\CPbt her users
to have a turn. .Playj WS s n prable i;n certain such [imted
ci rcunst anct Qsmtaélp é%h@ﬁ%ﬁs%{ ]fiaos%‘tlﬂé%j\ﬁ/f:%{g]gﬁbf)e'b‘h?l?ﬂe]rﬁ?gig l?lﬁrrfﬁcsc t han sl ow
devi ces), bzmauERhiohe af llewse of Blor€dRIRIR)gGRIrmbfio-ARidIRR-hasdsi ng system
1202 to start operations on a | arge nunber of slower disc drives |00.

Al | owi ng oh@0 dresghdOPviachides ens qiimagrediscadivertisyicallPoGvanhe &ibte-ansfer from

t hat devyi ce to_.conpl r 10 than otherw se but generally results in
poor erqéys?hear%n%élro o%nﬁréarg%%?ﬁgg'cause ot her disc drives 100 wll not get
servi ced and w 1 sonftengieddifmesetnuRiptodiReafi edsnet hercRRedtad ions, and because
the CPU i nformation-handling system|202 will have to wait too |ong to get
that data $1ﬂé1mnpﬁ©§’éﬂf&lcﬁé|22&ifQECWR}@@ 486\ Pdesdumiapypwaypf1 s In a Fibre
Channel ArhQjt ] i ( I ressed t.he, pr.esent

i nventi on, mgklll;eg%lgg/plh%&fgg@ GQNJ&SO?ng “iaot%rﬁl It‘aa@l g‘rS%g%g]élég%‘t%e%(ﬁ%% doop 1250. A
priority sisfibrrag ofised dthioedelter@Pden biinafiopraidlidg 20st@ailing2 gent rol of the
| oop 12Q and a "fai rness” schene .is used to assure that ports are not

st ar ved *As?!80 PSRN JRRAVOEIPUL HIteTécgicigrit 809 ot drpalenynsIMadys fair and is
liven a lo P YA\ P Iy h. dr i,ve 190 a ccess to the
oop 120, 1D Y2 G PR R R, e P €202y
pl ay unf ai i216otHeeepy bhattdrtiedeo uranpst/duwpdt budn 2 Me Rppplies] dedcdsirsdys  of

pendi ng and rrent operations that each disc drive 100 nmaintains for
commands di“rcg@f?Qardt'%”‘lp%r)“.'esAWagri‘%‘?'PPH? ©ONVES PRsEISE ANRS A 8F%e  Channel

| oop that rgeuesssn@bihenRieh/RHbRYEIS(AdyAbe BF REESH B @ndrpekignd perfor med
by another device (called the "target”). "Full duplex" Is a node of

oper at i20n diesahpy dsstthe fidragiaanelongbods andsapiptaed (eapeciallpoxg., @E the very

same time that data is-bei recei ved int t rt,1220. _"Half duplex" is
a nmode of OPEP&ETTY S\/%%t?rgicﬁgwfgo‘%esm (“Bk eﬁaﬁ(gzlefﬁ?g’ﬁéﬁﬁeflédl:%ﬁadh port or
recei ved i Bé\Qcd BRker@S A pobldr IROBYoRl dadriRalsty &) dnad 1ddly givesobhe sane
time. One aspect of the present invention is a feature called "Dynamc Half

Dupl ex" tha#>4 s added to the Fibre-Channel Arbitrated Loop architecture

(FCAL-2). Even i ) f full-dupl ex _operation (such as the
ot on " 21 AU EREBo8 S dre oL REA o Sl L EHRHE PRI T ana ™) |
there ase gifémahioamandiver & stehel T02T0LKIchTs IdemRaRsiyifilat lodyseycl2es) may be

reduced by providing the DHD feature. For exanple, when an OPEN port (a
port 1 16 Dp4Rs FehtiahpragesomEnngt i04) (tirginisrifiensicelie consl progeting/w'si gnal , the

oxanpl e 1 IR0 s ARy B0 MR TRAMDRR2 W By ¥ geheiche SRAG - (P
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 1llustrated example, it is just

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



OPENED to receive a new command, it receives two R RDI"s, and has read data
for the OPEN port. The OPENED port can only transmt two data franes before
it must close.) Wth Dynanmic Half Duplex, the OPEN port transmits the DHD
primtive instead of the CLS and continues to transmt R RDs',s. This 10
can allow the disc drive 100 that has read data to conplete& eAtU rm@
when a new command i s received vm'thouf even having to arbitrate for

| oop. This DHD feature may reduce arb bration cycles but also may distort

| oop fairness For exanple, i ystem 1200 (see Figure 2) according to the
present i nverisowsteds | ﬂf’B?H‘FE’t ‘a@ﬁ-”P’FQH%IIP B fgcosd dtbsercharoe! WeRd<ow read
operation 1 : I i I I i t , ality of

dat a franessscgaﬁ sen@ggpaeq%lé-!l%fgn? }ré)l%{)il\glgo)(s'i gﬁgPo%nv%ﬁL%L&wﬂ{oﬁksgpﬁp%\;VHt he di sc
drive 100 tGPWerfprioanintlandbngesystehel 3020md1I20210rshae aetoe ncbeeloPeaei od of ti ne

in order to, conplete transfer of | ar ge nunber of data.franes w thout
giving up cHt %@%d&bﬁ*ﬁ@ﬁ_Sﬁéﬂ?‘?‘ﬁ&g‘teoﬁ}ﬂgﬂ%ma?ﬁsrfaf gagh Pléé‘?{rPFB?“O(Bf the | oop
1250) . Tg'ushantﬂﬁxl?gaéy%f%nf lhﬁ)zdllﬁ?eﬂdmef%n%ladm&t%%tdeb?c%s ﬁ@@@{ég%d] fdoe DHD

primtive signal” i's allowed fo use the rearbitration wn agai n even

t hough it had abirERU ousinyatmorhaadlbig systeinsn 2aadhroagh W201'j ang chrorecetheo next
fairness window. The, fai,r S of the loop The ability for all devices to
have equal %&f‘&g%s ?gsqzﬁ‘é”{}ggp resource) is distorted. The initiator

i nformation- handfﬂerfgb§Y@Ka%m115%)Q@iﬁé§t%sElis&}’{nemgl)dirj}é"@ﬁe SRS Rm &t of o
hi gher-priority address and plays unfair (i.e., by using its high-priority

addr ess t o thakesgomveofiormhciude thedobowingt ANSE

Spedzdsiof ot her devices wth

| ower pﬂ@or . aee-e3Ss roteh ey—fRy-—have—b e their turn
for a |onge ibte phapneliftsPHr bi tration and & ois T Brojfsiv e diifeidd-e. g. ) a DHD
command) to a drive 100. The drive 100 h Ne. &y ty] or the | oop
12S0 because it has read 30 data for the%ﬁ?‘??}aﬁ"ﬁlgﬁ@g Ib\'ﬁgﬁ&t he drive 100
recei ves thebiHhaeoehhdl it is all owed tX03BldMropdct 966D/Rcs. dlat a franes and
the response that conpletes the operation, OQther_ drives (e.g., drive 100")
that did not get opened with a new conmar®foRHAEd WaPR until they "fairly"

W n ar b trag bbb 1@rpeanti ne, the 2 T , ive | 00 that
fini she?jgthﬁe[b%(r)tnq’?ghﬂ Ftcd;%ILa have read dat d\(?fglrlwrﬁgchéi%q%(}){#%@h% Since the
previ ous command conpl eted, the initiatorAb@fedbyosend that dnvc 100 a new
command to .Eep its ue full. The new co nd could alow the drive 100
to conpl et et BHdtHBREIYEAd transfer. over tFielY some drivedmfy’get 5
“'starved" pgfocaceesesto the | oop 120 andgfhni sh fewer commands than those
that made use of receiving the DHD The i nproved fairness-preserving feature
of the present invention limts the | engt®®-tHOX i ne that one node 116 is

al | oned??o keep—eontrot—of—toop—126—thus—assur+rg—that—other—moedes 116 get
a turn within a reasonabl e amount of time 10 (thus avoi ding "starvation").
I'n one embodipFBREving IS op FAKNRsOkith DIRaANE AR PR IS allowed to keep
control over the loop is regulated by regul ating the maxi num nunber of
frames transfer r@ut embaypensrod tagmeesent wivention poedesrhfadimeenpresérfinghat node
116 is sufficiently_near th onpl et.ion of its data transfe it is allowed
Lo conpl et PHAL ST AAEF BEtnod ERPRHOUBE (7% cositdled: dReP oM RE 9 number of
frames tzbatfamws@vi@ltéwﬁ)mwmﬁd@dléw@mm%h%m dranéthR bR aw@nt invention,
in order to preserve loop farners en using Dynam c Half Duplex, a

nuneri cal fwmawed firprevidipataimess aawdethetDHPowemantder f ace 1220. I n one

enbodi nent, an upper rerical i i I d on how many read data franes
(i.e., data fran’gghqugg%g&f@ﬁg?ﬁﬂfsﬁﬁmz?% agfl?’ﬁm%xpkfwb@%ﬁ%smaénsm tted after
a device (euguel iniodedidédivas 0B} fibRGRIY 8fmAdAbutPMERNE 66 Bortcal | ed a DHD

"primttive") unless the transfer i's nearing co.rrpl’ etion. I n sone
enmbodi ment s(L_PRE) mplemerdationsican pnly suppasye tienalrthtagansédre faen by a

endor ugpque, Log- i n. par t i n.one _enbodi nent) .or node,page settin in
\z;not he?agﬂggaf%%ﬁérgl%apgbg% °f‘f§‘“§tduabeﬁ‘a‘i§’|efa‘\981 t:ggrevair%sx H4HOEY \S'Bgrgggospsor I(i g (
anot her 25 gmhedbieiaybe rddiicéd.al | ows an initiator 1220 to programmably tune

the nunerical limt value for the application (i.e., the software running
in CPU i nf or mat i BritramdHahgDupiex €MD 029 loop pwhiigye thaeisdrang@itted®nias used, or

allow the drive to set r bl e. val ue n_one i t he present

i nvention p;“(%?})l %Ve%p%ﬁ*naﬁ%? IQ??}? %?I&%Hﬁ%ge @dkaB%%?%ﬁwgsﬂ% own in
Figure 1. | thaoit@Gasid@didedties (8 trhRsrhit.t DEIDIH9R1IdED o5 thagahiee herein dhd
cnt out (315:0%{;_see Fi qure Iz_ is zeroed by init zero signal 159 when the DHD
i s receilvedcRifEnt wseioh ErecastabtigfdCrsiihgYi ncrenentor 161 ) for each frane
transmtted. Conparitor 162 checks when the DHD counter 160 has

2~~~~~ 2~02 16 reached the nunerical limt value stored in limt register
1G3 (also called dhd_max_frnms( 1 ~:0)) to decide when to suspend the data

o Y o " A PN NN o o, ~ o~ o,




5 and tenporary closing of the loop to allow other devices to use the | oop
12S0 (i.e., this enbodinent ignores signal 169 arid signal 170 descri bed
bel ow, and suspends a transfer once the |imt is reached by naking
suspend_xfer signal 172 , equal to suspend xfer signal 164). In tg
enbodi nent, an enabl c_DHD suspend signal 170 for this pr eser\Zr{gAaQ%r ﬁég
apparatus |75 is 1 ~ also provided as an input to AND gate 171 (i.e., this
enbodi ment ignores signal 169 describgg bel ow) and suspends a transfer once
the limt is reached if the enable signal 170 is also 'on"; if enable
signal 170 is "off; th - LT, r - f 5. .0f the present

I nvention is disabﬂéd)ﬁn?hﬁg? gb‘%n@ggfﬁ@ﬁg?gg%éﬁﬁ%E%RT%%§¥§ activated for
other transfers of waaifés o trarfsf@tfhmiestin@ie dPpbkive dh@fioPheanmands are
received) In some enbodi ments, counter 160 replaced by a decrenent ny
counter that is ingbjteAtinged by loading it with the value that is in the
above description, .| oadedhal Bokivily LSOLRIGPERED o8RG, L FEr ement i ng
counter is decrenmented once tor everfy frame transterred, and acti vat es
signal 1§4 once R freqches theugl) thelpost 1ptidOBENG 4B @aefinishal ienrfatd uncti on 20
to bl ocks 160, 161, 16?, and 163 descri bed above. In sonme enbodi nents,
counter 160 nonito¥&He nunber of franes transferred, as described above.

[ n other enbodi Ml 5o GAHALREN BOCTRALER FadBHIRER (TS BYIES T vior ds;
or other nmeasures of the anount of data transterred. In still other

enbodi ment s,oopokher a fi8Bdudex epdracedsthythapdrt imethe \HEMER stanomeediosss t he

l ength of tine_that has passed during a transfer, and that _activates signal
164 once a‘b?Q&éﬁgpﬁﬁﬁ@HmPQHBFhuﬁﬁnﬂﬁﬁ@“ﬁd§“ﬂdﬂE@@PrTWFé“%%BVFdeS a simlar
function,t i b t i i a length
of 1 oY at T G e e R e R e R TR e

enbodi ment sp trANDngate fladiks,iismski forwardabe €hSibabk bi the AFPepot.xf er signal if
fewer 30 than a predeterm ned anount. of data remains to be transferred,
and/or if enabl el TSEPREH ﬁ‘d‘”ﬁ‘g’ﬁ%ﬁ“”iefé”ir%ayg?es% wdo transferthe glgsc. ;667 17 In
some embodi,gRAL S rARUNEA! rARmiARRIGIY.S the nunber of frames transferred, as
descri bed above. In other enbodi ients) counter 165 nonitors the nunber of
bytes, or words, ot. ot$mmne imeplswmeestiofs 4rheotabbaitot hanflledamalttneawssf erred. I n

still other enbodi nents, counter 165 is replaced_by a tiner, which nonitors
the length of tine“WﬁﬂPfﬂﬁ@eﬁﬁ§§gﬁ“§ﬂFPh@egog?aﬂgféﬂfsﬁﬂgﬁ¥HQF:activates
signal 169 once a 95&@@%&@%5%9 HENPER p%f‘t, bl has Jrarsedir-dipis provides a
simlar function to that descri bed above, but provides fairness based on a
| ength of time ratéergnt hamodmkardaarvegetoftfic adisectipaaisirentt vdichl n some such
enbodi nents, AND gat.e 171 is still used to inhibit suspend_xfer signal if
fewer 10 than a pr%ﬂgfernined anount of data remains to be transferred,
and/or if enabl e_DpD- spspaneiisdgnak ttadders Sredicsaibleed thé OPEREgNbOdi nent t he
transfer-length counter |65 |ogic uses nunber of words Instead of frames.

Wi le tRe above dedarsptsitBaCls, disdePENERIROR @namty trenseHbBemeeiite t hat 1 ~

i nvol ve the dynam o X (S ﬂﬁﬁp' t he present

i nvention exi st 11§ng§+ﬁ @ﬁgﬁfgﬁgﬁﬁﬁit%Pﬁigﬁ?Fﬁg eggﬁgéﬁfggabf t he
present I nvention t&mpaoy,irdedyésriiRpRayienddihs tdad datddof drtQRFEN péor exanpl e,
in sone enbodi nents, the fairness-presenting feature 17~ is Brovided but
the DHD feature i s!RBOPENEI aed cap Aniytrspmy framesbeste! MY provi ded,

but the 20 fairnesgﬁgg§serving feature is used both when the DHD conmmand
has been received, and in certain other situations as well, in order to
enhance 2fai r nessTt avéiiolsie esird uatibangionfegele ghaMH B prinntionsgeiizodi nent )
transfers of w.ite a from.informatjion-hapdling system]| 202 di sc drive
100 In one %’ﬁﬁ‘é&ﬁswpgﬁ,g ‘Sa‘rﬂsa%?i:w jlexebais goﬁﬂ%‘éﬁls%ﬂa@f(‘%’r‘%‘“&% ¢Ey 2
xfrocnt outafefiding BBl dRths (e RENHe SUOHnEORNEEAGD Ry dlecr ement ed
by logic 166 to I ndicate the renmal ni ng hunber of words to transmt;

t oget her t r addonk -Gamgt framesi(tueno Hat feantksyl eTheOPRENGD p&6 rdnenrheas
Data-transmt framel en counter 82. This enpbodj ment .conpares the count of
r emai ni ng \A}_@F‘Hé ["?WGFF%(E&:? rDﬁ_QrﬁldH“%QﬁfﬁP glose putiallygiand i HPErEYPammabl e val ue
el d in i NSl RRAEDS Wagh SRS roGfork Haftfls Flrh i lBAneOREN £ 26:0)) Lo
bl ock suspension of the transter 1I'f the transfer 1s nearing conpletion
(i.e., the transfRaimess'defthinedntast isneasdend opempbewiherein & hardiere are fewer

\rl\g[:]?:t ;rerr?%gel)s&gpéosbl?}gaé ] gqu i ee, lo}g%%r&aéggmva%!eg$aipa%lledor= Qturypeli}lbrgijrsnlé ength

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



2 ~ ,'~~~~ 2002 18 171 fornms a |l ogical AND of just signal 164 and signal
169 to drive signal suspend xfer 172 that in turn causes suspension of the
data-franme transmt operation, and tenporary closing of the Io%g to all ow
other devices to use the loop 1250 (i.e., this embodi ment ignoed Sﬁuﬁzzggz
70 described bel ow, and 5 suspends a i ansfer once the limt is reache
unl ess there are fewer remaining words than the value in register 168). In
anot her enbadi nent, e DHB d.signal 170 for fairness-preserving
feature 17‘”‘3‘(21idf18r ay g%loﬁ&ovi“ ed a%’%g?\&lgfr}l&}ﬁe ?’BO RS gataaghiise e ](g{:]i cal
equati on t@easepeakidrheplayaisimhir ishemedd Pdpepdtiodatiferdid dné GseaSof Ol | ows: 10
suspend_xfer signal | 72 = (enable DHD suspend ='1' A ~tD ( dhd_cnt out(
15: 0) = dhexap@ie ¢ paE ef E5lbynigrmytionmapdiig sysiem &R @6tim) asandhd
cnpl _I en(26; L { bitrat.ion fairness, if the DHD
primtive 13;55%%0&,61%1\\%283%1 ér)fetg%g%géaépﬁsé&gv%l %llvé' ’E’Bg It?chreevﬁrgﬁ v port (this
port iss5"openradhave bhan. Phayiifg enfaidfié ofidradsiruble iflaétuinibuchaintiftd dhd_max” frns
count and then closes the loop If the transfer is near the end (i.e., less
than the valcygstance@ Lnplowiag fast deyiees do takemare stres thahslowr davideak r at her
than cl osin m% eley. rcg,'ﬁ Is:.dgone.so there 4.5 .ng need to
arbitrate béa'g%ésn ?aoa%/sak%eeggﬁlﬁl%h n&ggﬂa%g%ﬁﬁdﬁ%{yé%ﬂ E‘Ioér%o (r%%lg be set via
nmode page dpeidtioakioaatia@s nambet af $lo@et disvahiwes 000 ARwikkend diksddveat ure nore
flexible. Wen data franes are to be transmtted, counter 160 is reset
(t.e., set!Q0goplampifair gayAdlos) dapanderiem shqt deyice o samplee&pr€d and count er
| 60 is;th | QG t r I 1 d When counter
180" 4donat PR TR e e R B O e R REIELARE Y 37 e
t he transf@heri@siédvesAB0tWil rendyt, setviesd and witimet dextfeeclingn®perfdrtn transmitted
until the next tine arbitration for |loop 1250 is won. The "suspend-xfer"
out put si gnbgr oprpatiogs. add depiuse s CREHRloamaien-bandiingoysiem 4A03 wplit to port A
and B open. ¢ [ fCcui.Ls ' jt ripfjon below) to
ransm © 2o o6y Y B3s e SREARERS S d® db3r PESEELEIARN % he v
node ot herw se allows very long transfers to disrupt the fairness of the
| oop, the suspend xfer signal 172 restores or preserves |loop fairness. In
one ermbodi ment , INstkiBENENETEr ASPiFALed Lopp deyignsud a5inaddedch® tBh i nput port
open cont ol 3t BhenfBRERI8& Adk 4329 nfiRchrhidd BRRNIEPNESPl AState  ~ 1
OC% Sleg ma\tc?li]né 42‘?%@' to "cl oser" t%g@fgg%gs(% . e. ,O ?o rel ease control
of the | ogpiot2$Bystemos deed to katermirteerhideport €230 pang soraméeoftht bwed t o
arbitrate fqr the |.oop) thus preventing a port fromunfairly keeping
contror of BB s EanRey SHRERI G hane: PelRgs A RGeS ¢ 170 T

activated QReeqéipe ol sk 0108 o TR o8 Qai M Ris(Brdd o 1o QLRI pf words) are
transferred™ n other enbodi nents) sus;ge | 172

~— o~~~

nd- xfer signa I's activated once
a predéd erwiinkedsdveesgtabh dfive il A8 ejsgd sess w thohwpdf258i {hextoof(siuchese t ypes of

enbodi nent activation of.. end-xfer signal 1. 72 is .inhibited if fewer
t han :31 pr e@%?é?%ﬁéﬁé%ﬁﬁ@fn%ﬁgﬁgi h’-)b(zgmﬁlpgw%w toolfécfs) rﬂ!ét'ﬁﬂ'lgﬁel are Iremali ni ng
to be trangsfeged Al (dhRe S0ERsQke BEY 0Operddiey #RQEreAlodeYIRAs Har &¥Rodi ment s,

activation of suspend-xfcr signal 172 is inhibited if enable DHD suspend
si gnal 170d1p&drys 5§ maintgins fapegmenandg dreciedtioBf fAsr “indirtoros demicei al i zat i on

and Responses.For ~one enbodi nent of the present.JRlvention, fr buffers
nave beon SIERT S enme T U E Bl i AR Lt S et S gr at e

ci rcui 5 (" Abfdemed b5 a@biher G&h@etdahé@t&h‘wgﬁ?).i nterface chip 110) to allow
both pons to be active sinultaneously Two buffers that receive non-data
franes (al so calfwhdimes]iva mede efapsiqionndickin faeds aldgtodivd S3' of Figure 1
) are provj . l.0 f s (fibre- -.pr ot ocol
frames) totlr g%rlgg%%tea ﬁ%ﬁ?gg’@o%&%iﬁg‘hég?ﬁﬁﬁob(ﬁ nsgb rg?exf{%@ﬂﬁg aet (and al so
to permt far 1220pHeaf bhlepeisat medsof dpefation afeediN dMg iOablotebel | ber of a port
while transmtting on the other fiber of the sanme port). This allows a disc
drive |00 (¥sgipegonte port epreceived Vo Hahpediwaok alismasyHeandodt-adat a f r anes)
on OneSBOrttheQ?xﬁieggnea data transfer on the sane port and/or on the other
port, frather an"waiting until a pause o; the end of the transfer. By

havi ng the comandssgat bi 8 éj’-r@s%ﬂt inReRUAME aéRNlcallil ‘appraachels, the present
invention allows the commands to be sorted and optim zed while data

transfers BEpleyt dut essasidad to theusbtenphanvichiyrhitiese bpemamshiticeirofF¢he system

1 200. AL-2). Even when a port is capable of full-duplex operation (such as the design



Figure 3 is a block diagramof a fibre-channel node-interface chip 110. The
fi bre-channel node-interface logic 110 in the present invention is
responsi ble 30 for the fibre-channel protocol including the arbitrated | oop
|l ogic and framng logic. One enbodinent is optimzed for a C|ZSF3§UiF§b

i npl enentation (see the FC AL specifications noted above) usifg 92
SCSI upper-1level protocol defined by the fibre-channel protocol ("FCP")
standard. The fi bre-channel node Z 114ha ~ 2002 20 interface logic 110

i ncludes foul- on-chip frame buffers (53, 53" , S~) and 73) to assist in
dual - port angdsdrivel beldR! iBcQRRE al, TNV, aRS VRhdre Ak diQatfdHIRMdre thevari ety of
buf f er bandw dt hs. The fi bre-channel node-interface |logic 110 al so

i nterfaces twnéehﬁ)f(ﬂp@lbﬁ@@é%}%rcﬂlﬁmaw@éfhiuatd ewpronidereope SR derture- 12 to
configure t hainge t ic 11 t at us

i nforniati onrit%é 4%Eﬁ?he préle?s(gﬁ}t‘éiﬁ OHAEH)%?I?%*}%?%HFP g)re 5[%?1&?&%[§

node- lntel’f&ﬁ@CLSghmrﬂ\’l@srﬂﬂ'diethéOﬂENBi]lﬁmedln mgmhsmtrefrﬁmeebmgroa 110

i ncl udes tvvo | gop port circuits 20 (one_ for Port A and another for Port B,

each port> h&wisHag &feé’ét équr?"PrﬁP@r‘I*‘éé‘ep%fhéi]%O%Patﬁéifo’ﬂfﬁffﬁcﬁtlé’rzpé%e to support

| 00p_CommMUNIGANAH3) rectggan%worrrrtanw [ Fabe fresfly BudR_RBSY Bk fbad .
frame-transmt circult ecel ve- trdnsfer-control Ioglc
60. si ngl e- fdaarrer the OPEN pori rTherOtPEY\IED pmoarrortlv paits}mmutdmhemeres( mux") 79,

data-frane-transmt - Path lé’ﬁlc 80, and m croprocessor interface 90 These

bl ocks supp®eforsii@Hst giges) dhdh anrré@e‘w@rrlahréh‘fo%é@gsﬂmgansm1ts the

Lransi {- datisih LATRYENSIAL bPlhe CIISBRohiAIR LA & RERLathen, Lransie:
control, an F Scessor ~ Intertaci n~ 1vLeroprocessor Interface circuit 90
provi desjom Qamp)lﬂ(ncﬁﬁﬁbt;c drive?l (Aaba $as tead b t6 e@nﬁkensc amd;ferou}m s in the

fibre-channel node-interface |ogic 110, (Wen a "m croproces IS
descnbed) | MEMSOPHATE i§FgeVES Sadoreyen Eﬁr‘dho toetr Ptk P& 4oy b.éﬁu tabl e

prograri mabl e ah 5 tialized by
an ext ernal %{%?%Sﬁgg@a?s%?u flaZggfﬁerléo%%{Coérgggglgﬁgﬁ%gr&fﬂ ﬁ%%%qniaréechannel
interface. Qutpufrot examsfleris aaystemiZDalsez Ethurhi2 pacgbrdinits thapresdrace and

status of received transfers js available_through this interface. The i nput
signal s for "Hglire 28 ‘P{%’E‘F’ﬁw h@r’l ﬁl”%é@l‘e%?%s%ghi‘@?g OBHER°} nput from the
fibre channebmhfink i @isk QAP PO {mﬁbﬁwl fer afpAiralBQTF 4 ﬂ%rrrtsﬁam 2~ 3027

whi ch conveys data input fromthe fibre cha nel 16 into | oop port circuit
20 for Port sBidsRBATADRROxLYEOEENCHMWRIBUFRHER080ke discdnvel/®) Watcapf rom of f chip
buffer 111 to r acelv TO OFF-.CH P BUFFER 30 onve data to
of - chi b burPBF ST e SRR LD eGS0 PP ST R (SORT P ou! des
status to transtess CamrdRIimkd of MMHARRRERR 3R Ana 08l cVd) AT 4hed095 into 30

h-i PU i nterface 90 provi de address and dat a, respectlvelg from

M cr opr ocesdering 1ore-REARIEfRABLRIA @9 thedped VIRIOTET FNABLELS0DE disitds Y KPU
interfa 9 e_enab als rommcr ssor Si gnal s MPU
3076 ai 1o HOBVGoesEess e PR D e P AR SR w3 A o
3023 conveysbitration wmdow*agamzn Houdaitchati @rdvitushyl Wérearbitanoeland 6.2 r om | oop
port circuit 20 for Port A, and BOUT 3024 conveys data to the fibre channel
16 from | oopvayerg fos thecifxt fomessoyinpewt The fapness péthe 1pep Ghaptvlily 87 &gr am of a
fibre-chann r h@ng | design of one
enbodi nent nge ﬂ[cgsotB @gég%&dl iagé\#é‘lhtoi%g%mrgﬁc?{cj}ggeﬁs(a %ntl cal | oop port
circuits 20 to su”lmpomtraaardttfahnmmtl&ddmmg)fy@teﬁhmmqbeel}hgter:Padenhosra di rect
attachnment of peripherals. In one enbodi nent, fibre-channel Ioo port

circuit 20 iMeerResryeadsress apdplays wiam (ie., tysrwoeh%eaeW&&re ,
~ d- I f
R e e e R o A S

enbodi nent aeldceISlsos,fevleomlpbqghrtheycmayl:ha\teSJeEwalamtngnfﬁarCtﬁnt for exéregcname)

transceivers 115 (see Figure 1 using a ten-bit data interf In such an
enmbodi nent, ‘t‘ﬁéatbgtéﬁ%@(@é’ingé%dsla %W capnang (eLe aaDl}dDd:@%‘Hnaﬁ toz%gge‘rl al data to

and from a pﬁfoalﬂtgldrrlkQtl@@h%lg’eeh%rlﬂtr ti ftofa{het?oo WS@@Oe@arus@ttth‘é@%a)d bi t - wi de
interface). In other enbodinents transceivers 115 are integrated
into chip0 1lduafoe theanaiatee!1202 sM&hahddmultOOfreumeslr’reIfJHBroontrharmmry are

captured usr ceive clocks fromthe recener rtion of each transceiver
11 ~, arid aar “(?gh‘?/%?‘tdé’il ‘tfdtsegafevr%ﬁ'f‘%ﬁ b %eé@nﬁ?) ﬁ@tﬂ%@%&@ decodi ng usi ng

a parallel t {) Raracters
(used to deﬁeéa“s%eg?g?%giﬁgsé@% %Je\{%sl?%grt}gdttdhmttgﬁm@gi%j 2‘0&l lév\n/(%rd validity
bef or e bei ngcoqmira@aldnbst vdieurail hdyr @iy vapgbiuagbe R6he Mieentoue.pht of 20 t he
arbitrated-1oop Logic 26 is re-synchronized to the transmtter clock and
may be passed to the receive-framng logic or re-transmtted on the | oop
I250 through encoder 27 In one enbodrnent encoder 27 converts one

I o Yy - - I N P .



Encoder,") The arbitrated-loop logic 26 Includes a | oop state nachine, an
ordered-set decoder, and elasticity insert and delete functions. Loop-port
circuits 20 inpl ement the Arbitrated- Loop Protocol as defiled in the

Fi bre- Channel Arbitrated-Loop ANSI standard (t.e., FC AL and/or, FC-AL2,
descri bed above). 30 In one enbodi nent, fibre- channel data ar eZtQa ?Gtzm
serially and converted to ten-bit paral | el data by the transceiver

Recei ve register 21 captures the tenqbit data (A Il1" 3021 or B_IN 3022)
fromthe transcei ver 11 ~ using cl ocks generated by the receiver portion of

transcei ver . converted to
twenty bi t% i g)m it ﬁg@e% i mm%‘gd[é%uhda}?%' {e eardsc%\ieg"e %%%"6'98“‘8&\% passed

t hrough t hgin88fHe ;ﬁBndlecaxdeﬁarﬂz:onﬁiétmunmnaatdrqdoarﬂnaﬁs%ha B deegoder, '

decoder 22, m one enbodi nent, .converts one ten-bit character to one

ei ght - bit Hiba Be epmaRnd ykeeadts wpis falli dire npw cormeandeaaeibialiasnths, two or
nore ten- b r ry r, i.0 unber of

ei ght-bit é(lzll%r acttg(r%é%l ﬁet%é&h&gpééa?a{aﬁgfﬁl n‘?ﬁeerttg% %gﬂ r@ggg ay|g°’88| C 22 inputs
t he encodediatatd foapdcassad tllD:ylob;hé’i(Emﬁi fuash Roest@himAnds thap thab it
characters are decoded.in p lel to output two emht-bit characters.

Runni ng di B veef é?cet%%g\hﬁm characters is checked and 10 error status is
passed to word- i t edl oop
ogic. 26, Negai [ HermnidTass piBethe @RMR PRkt NERERIEIR C0' oo

fol | owi ng taelangtt ofyirde dpaond yoderin 6ns allMiwaldas kedpscdnorol beloopdizeg, rul es are

al so checked and .code-vi ol ation qstat us i s passed tqo word-sync. state machi ne
53, The | d8is SRS ey BUIE] BRdeS Akt B4 eoRmoyitip A seasensitle ATPH. ¢ldtete. ol ocks 1

~ fromléh }li . i r@‘z;t s Nave §E B ?N",ﬁnl o ]%agl ve-cl ock"
conditi oneﬁt sJS etﬁg@lt]%?a l Eync nstgt)ﬁt gﬁqngn g%thlog%@?eés)‘ge)ter and data are
prevented Ficamaljowedtd lnatep cbrlrteallélvEr@he oarbepahed-dyoepulogg the26 {a FIFO is a

first-in first-out rrg grag ééhagsedtomterface bet| veen busses or
processes HAVITHE BiH groé‘r{{amgﬁ é BV PPEPREHIQN WP (" CF V', descnbed
mor e bel OV@mtSo%lﬁwEﬁt”ﬁ%ét trRde ?Ps H@Lfdc,em;%eéxg cdriipfe gogam?@atamd sync state
machi ne 23 logic nonitors the Input stfeam V\B sync Word-sync is

achi eved vmemfdr,hrc Eelll\mleddo oondeleedhs etassfar, ev cchethengled emetebs pgreoper

byt ei cggtr charactRE af ﬁ ma?nt , El ‘go in eni gzg invalid characters are
det ect mpgELn,PURAr P! dipRies Thal kel ‘B eta 8VEE-PH (i.e., FCPH 2~

Physical ~: Si gﬂéédrdl'ﬂg td %%’i’és@ﬁ?ﬁn?@ﬁbn thBr & &8 pre DI Vrafles3) Standard.
Wien word-sync is achieved, data are input into the FIFO in arbitrated-| oop

| ogi ¢ 26. Wh@thmDaﬂarsydtﬂltDmdpx zsluursenusle’ohrrue@hdxettfentmame avi/thehtoa | 0ss- of
wor d- sync COI’ldIttI {ﬁ’ lfeen r nt lf or nore than g mfrarre tinme
(since it rfﬂ%?l?g &% %O?er ﬁnﬁ‘é FHURPST BApeRea! dig tltilp ®6r°ler ed sets).
When t hi s HdwiBlanPPeXild Romesi.6f 00k BERRS O belidadishSudd) bl ditRiRdowct h t he
LOSS- OF- SYNC i ntem pt signal 4025, so that it nay take action. The

ar bi t r &% edraréalpttqdodp 1 aziewce&q LaBSC driyeol)y) ercawes ei WDrcpm@anﬁdétso FI FO control
| ogic, or a rent-f 11
"t~ ~ 2002 glggwor - gﬁge}gtt ﬁgr:‘lgsﬁldéé)& Os%e%‘?‘%ﬁ g'&bﬁ%ﬁ Ctl%ﬁegne? rﬁ%gl c, and

m scel | anesmisoditests) thasumEnel haopis prasirnhebbly aEdi E@eﬁxha\/bﬂmertdme buf f eri ng
required to re-synchroni ze the input data (clocked by t he recelve cl ock)
with the tWHMPE-H) RRERNCITHEN PB%WWW%‘&)N mefe pegs Clingdit Hrdhdhe status of
the arbitr r sert or delete
opor at i on GaeHBIRR opcci8h o0 VOO ALRBYastingln Bulehe
or der e@s S&Emhﬁcﬁhmght'}l Thinllbaghn iniflfiies220rtd efopthrmebblyitond thdewuhEriekl def i ned
or der ed sets e., FC-PH Physical ~.: Signalling Int erface X3T~11/ Proj ect
755D/ Rev. Amg)va lugHpethei aﬁElI'Q?d@n fircarthe p1Wass REpEZaRERY BIPFRRlEE- | oop or der ed
sets. The r Iy v\ i | pstates
and decode gpggr ér4s]elt gﬁt’gﬁ’ htetﬁgnhhgp @ggg?d;gﬂ%ﬁ&%}fém%g(w%% ~~'

" ~rhen t hereasdmiableatabd. | oop i s enabl ed, a hardware state nmachi ne uses the
or der edset decodes to performthe | ogp functions described in the FC AL

standard (~.e.) T EnRAHReR theereant ’“‘@PBP’% PRvEYEs edopest-RIST NS

X3T11/ Ry oj v, B Loop
Standard 1 %Og;{’eR‘gtShﬁwﬁé%E&lrhﬁﬁ blr“e"é‘g%ﬁ@)%l’“ﬁg ﬁ%ﬂ?&p‘t&&f%ﬂTMNsm T
CONTROL OUERJTKS! 1 ed Bére minthdL €X0Pou TERANSMIFTguCONTIR@eroet B WIS 284 Jigpalovi de i nput
to arbitratgd-|oop logic 26 fromthe logic in Figure 5. Thg ouf puts LOOP A
STATES AN M‘ BB nfrgciy eDPIHS SEATERRANBS CENTHRET BB 20 Lot 1 ol t he

out put of IR FEPEELhNEd QRRANG ROQKEAS WA LHEDHD EilBudrogRroNt T ol

| ogic, ~;~hich In runs generates reguests tot | oop control 40 (see

Figure 5). The out puts LOOP A DATA 4026 and LOOP B DATA 40?7 provi de data
to the respectl ve Iocal pons. In one enbodl rrent 8B/I OB encoder | ogic 27

o v " b o, - o . o T . - I ~\



30 also provides status to indicate when the end-of frame ("EOF") delimter
is being transferred, to allow the encoder 27 to select the correct type
(or "flavor") of the EOF based on the current running disparity. Al so) when
the port is transmtting (in an Opened state) or when arbitrated-loop |ogic
26 is transm tting ~ ~ ~~~ 7?00z 24 a primtive, the runniBg%ﬂAs %hﬁ% i's
forced to negative at the start of each nonEOF primtive. Thé tbﬁ?
signals A QUT 3023 and BOUT 3024 tran git data to the respective
transceivers 115 and 115'. Figure 5 is a bl ock diagram of | oop-control

circuit 40 (also .called fr transmt.. (" XM.T" jrcuit. 4l). Loop-control
circuit 40 r%gc@ggg]ewéegc%l lgnﬁ Vgsuelsﬁ)é?cﬂlﬁlelgg%ﬁ%?ttg% 1&0@%8 elcYener at e
requests t aiHdh@aRPPHEREOPe datide Whah eslshspend Heatats PBGI (Qodd e loop

arbitrated-1o00p logic 26 of Port A and Port B) as well as to generate
requests tol25Ak €oraPHARE 1§73 QUPRY setrend xacsienald 622 Imenrt gubadimielgi n

transmtttng fr ' Transm t - dat a- seqguencer |laogic 41

I ncl udes | osgfpcen? E\gf‘? f ﬁénag(lz&?v% g%s’lu\%ﬁeelﬁl% (ﬁt&ﬁgfi{g?ﬁqn%e V%ﬁﬂ‘é@%‘f&gb‘&?*

i Cr opr oS esg@herhpokary oleig6 fithe fdod-16 QUUENEREr dcO@es 10hke MYTbEN S5 he transfer
using i nput si %nal S TRANSM T STATUS | NPUTS 641 1 and generates "enabl es" (t
e., enabl e (6Fga &NOTEARE1SRArs TENTROP aolFRUTS! Budesynifedbekasandt age of t he
transfer Thi 1 - s and FCP responses be

gener at ed wieiiact ¢ R Skt ARG i€ RRcheah 2B SR AP RBIRER P %

open- cont r dqusitiatespeRe Rifsren 21 4014 arythaemBaldimeosd B) handl e the case
where the pan ~s qpened by another. L Port or, when the | oop 1250 is -epened
to transm teebladedD_wHrend 9gidd e ferisgycseaynsdtinespanperites bfeisand to cl ose
the | oop,1 -1 mi RRL" f f..warious 20
sons, _and ey psanEed RUERRS GORIIRTY (Fexibs SpBRnsh SRS Sl On e
fol | ow ng clenditdrives belust albbsuspendsa thegfen oacd dguest 1streachediftthat e a request
frommcroprocessor 112 to transmt a frame_with~xmt port enable, - the
transmtti fgePeeeneis Ons AR “"Mbnitt bl gnahd &0 is “off é}?fFé‘f‘g?far‘@W@%‘h count not
zero, 25 - equ ! - ause a transfer, and -
(non-dat a tdr?gsﬁéfgﬂ?f%ﬁggrrg {jg&%gpfbtgéﬂﬁﬁﬁg?g&;éﬁséﬁe ransfer-ready not yet
transm tted witHndateaembsdstratsdcomier 160 islattarateafdr dthansfreferswf dutdat a
threshold net aﬂd da a-.Ir buffer threshold pmet). Wen the port is

confi gufed FRRer O BIEX EOMBARFSHATE TEE Ve BEOMELAIAATESSonl y when in

the Cpened ghatel dNRPaten POREcrkBe MY ddlthd ¥ infilthbdiml @raRde. R RD-"s
t Her Opened state or Qpen state.” Conditions that

may be transmtted in eitl at
cause an R ROvhtoale that snsnihetabdve dastopteort, Boddeéd intd dinBuegister Coadkind
(BB4Cr edi t)lavai I ablte and_out st andi r%)g (ﬁ RDY s | ess than Xi(gumd 2 "~
2002 25 BEMEISUFTEITEOPPEF 11 CEBIT TR GredPt CEonErEF TPBYFCCBd8Yi ssues
buffer credictiviie il ¢@ﬁ&%tlﬁﬁka@}%stzeﬁo(?tlﬂJsH?Gvinr%%ecP@va@&xt&"@rﬁﬁtion-rhl s credit
is issued by sending R R DY's.) Wien the port is configured for half duplex
node) f?#@nes bivgls bed.tlpanda endetbodasyridtesbava. t he Cpen state. Wen the port
s conf) gur ed 1 9h gbH el R e (TR TR REIRPSFhiEY 1 Open state
transferred, as described above. In other embodiments, countef 160 monitors the

number of bytes, or words, or other measures of the amount of data transferred.

In still other embodiments, counter 160 is replaced by a timer which

o
wn

monitors the length of time that has passed during a transfer, and that activates
signal 164 once a predetermined length of time has lapsed. This provides a
similar function to that described above, but provides faimess based on a length
of time rather than on an amount of data transferred. In some such
embodiments, AND gate 171 is still used to inhibit suspend_xfer signal if fewer
30 than a predetermined amount of data remains to be transferred, and/or if

enable_ DHD_suspend signal 170 is disabled.



port was opened in full-duplex node by the frane recipient. A request to
transmt a frane is generated when all the follow ng conditions are net: -
data-frane buffer 5~ has data available 10 - Buffer-to-Buffer Credit is
avai |l abl e (R-RDY received) - non-data transfer, or data-read transfer and
transfer-length counter (m block 609) is non-zero Conditions th%%1cag$§ Zggz
| oop 120 to be closed (control of the comruni cati ons channel a

by a port | IGQ include: I ~ - no Bufzer to-Buffer Credit is avail abl e when
entering the Opened state - for fairn t.e , the predeternoned limt on
the number of frames that. can be trapsferred gas specified in limt

register | 63 df SERGGFEOIINERLE CPUUEHEY Honers arimlst of@mesand (opti onal | y)
more than @feﬂ’eﬁ”M@%c‘rﬁ@@%o&@%%ﬂ?&'eﬁﬂb‘%ﬁ L t@cghm ns‘j:ﬂ?%ﬁor%% ster 163)

number of ranes are 20 remaining to be transterre ptionally) the
enabl e DHDwsaispefiblyted, gnwbrds7or Okbcrantaaweesroﬁthearaomef dataounsfearadi ng R RDY' s

and no nore BB,Cre v rocessor busy
request is actil Ué“&ﬁh‘r‘?rf“ﬁ@ Eg}e[n?si §°‘i‘rﬁer n‘é(%)@ aé?ya‘ifﬂ%r ‘Yﬁ&ﬁsfer has
conpl et ed mor%t@m%@a@méﬂ&aéﬁazmemewa@m%@a galsferadifl tﬂﬁ’ttac@ivat@!;labl e - a
CLS primtive is recéeéived and no nore BB Cedit is available - a

m croproc&gmtl@éms:e arpsededermines lp%thlorfgmmlhhStlk;Eedi o@hus plrcswbazween frames In
Figure 5, ort en-init-control stat n rt A) 30 and
46" (Port SE)“ aﬁtbont*ﬂﬁ‘a?ﬁs%nwdmvr? REPrP8idss 7 C?S 2 ?ﬁs‘? I%pg -Intt state
Thi s | ogi G46hARthefBan 98RALA RS 6 BIHE FhIsfERed NANSHesuéy ames. There is one
state machime for each port (46 and 46', respectively). These state

machi nes gﬂerﬁﬁ@dan@taﬁf’ﬂalge@t17tldS§tnlé1ns€!ﬁtplahlbrtan@emﬂleﬂfcrrﬂlgrrabpﬁf@cessor 112

' eques¥ t%én ggrdedggrmme({ amount of'%l‘ata rer%%ms to be transferred, and/or if

enable DHD suspend signal 170 is disabled.
In one embodiment the transfer-length counter 165 logic uses number of
words nstead of frames.
While the above description 1s specifically drawn to embodiments that
15 involve the dynamic half duplex feature, other embodiments of the present
invention exist in which the faimess-preserving feature 175 of the present
imvention is provided independent of the DHD feature. 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 faimess-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

10
wh

xfr_cnt_out(26:0)) is provided. Transfer-length counter 165 is decremented by
logic 166 to indicate the remaining number 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



26 for the transm ssion of the EOF. Wien the transm ssion is conplete, a
transterconplete is generated to m croprocessor 112. The inputs to bl ock 40
i nclude PORT BB-CREDI T AVAI LABLE TO TRANSM T R RD1' 6017 and PORT CREDI T
AVAI LABLE TO TRANSM T A FRAME 6020) LOOP A STATES AND CO\ITR026642’> and LOOP
B STATES AND CONTRCL 6432 (see Figure 4), and DATA AVAI LABLE da Uﬁezooz
outputs froth block 40 include TRANSM T CONTRCL QUTPUTS 641 3, LOOP A
TRANSM T CONTROL OQUTPUTS 642a and LOOP8B TRANSM T CONTROL QUTPUTS 6427. 10
[11. Dedicated Franme Buffers for Recei~~ing Frames In a dual -ported

fi bre-channegll fahbj;hﬂ@:mm]\ﬂbpfﬂssiigmamm@nd tilaralGD iedsvd sigah- chi p frane
buffer I 19 may be_ used to. manage i nbound and out bound frarres Fr anes

recei ved aﬁHsRernéné??FtlFe&‘ahP‘é”G’s‘ﬁ‘é}F?V“éE%‘F'é’a of theglatagirggae BRIShi p area (e. g
of f-chip buyf e chip buffer
PRI S 4s N s e L S S S i Pl
dual - portedo@l:eszyiﬂ ¢1h:e tlnaanlrbodimtmhxgnecpslsrgﬂdl l’mdmibegrbemueland addi ng

addi ti onal cost are buf.f er é19 in the FC AL | C 110 (see
Figure P) smnﬂéamﬁf Bﬂ}f@d § Wmiar roaRed st ST I RET S BA ce. bot vieen
per f or manceyordi tHagQRe LRBE 1&%&@&?&6@)’1%%&%& é'fﬁ'c?od%@rﬁent speci fication
details the use of dedicated frame buffers ~3 and 53' 20 (conponents of the
overal | on-comblp PHihwsupehd eignal 19y fonfaimessipresenong tratuae t Ips@lsbr anes

si mul t aneousl y ,on each port ) rovidi ng. a dedi dlarje

dat af r ame. ey ard s£8t SplEo B el DrtoRtn ol o SFoER B  ane bt fer
119). In agdysfer RAELAGUASSEEN] ACEAsFbINGV: 0 the present invention, frames
may be received on both ports 116 sinultaneously. The frames are usually

nmoved t1) and st cuependnxt&r bigngdr’2 6t fenafle PHBnwrsyertd='lafter they are
received. More inform S te plication Serial
Nunber 09/ 193, 387 entlé‘@& &%efrﬁeﬁutgﬁn&mg?#ﬁaé r&’rSQ uf fer for Loop
Initialization and RespRDS@&: ‘cnt Yut(P6i0n9. Eh@r&ﬁ ngl) for Data
Integrity in On-Chip Menory Accordi ng t§]o one aspgje!gﬂt« of ﬂ?ec pr esent

i nvention, fr arrebeLSf foeprsserrapoparbiteatisor farmdsy, i6the T¥Ip mbfﬂeu‘(ﬁhlénnel franes
aIIowfrarres to received lmum..f i |nt ace

dat a- t r ansf'& e“egtand Th d?tzriésnae%lrlr%qe cﬂﬁlﬁ 886”[ rpgﬁéﬁ‘ésr? e{(}st 8p {n p st orage
at a sl ppenhisperardammigeanlw tb dedhdVatdxoffsreehank Sﬁﬁ)clo‘ih&ﬂhe&kﬁopparl ty, CRC,
or other redundancy functions, are optionall ~ ~ ~t~~ 2002 2~ used to
protect thdl HEtERNHIT PR By caf é belepythar Bice@luenn dhd crpadenblfFRY. I n one

embodi Ment o S8 1L BB N ONGEKL G, b AINANAECNRY. ARRY Bkt he T ecel ved

fi bre-channel cyclic-re ancy code rame buffers with
t he data (ith@c,s hh@e&RG drisitrseapeid iTheoatdaeid dl@mmabuthesnd ith the frane, and
then read out, wit thefgame at a later tinme), extr par\lé‘aﬁgecsblts t hat woul d

make the RAVCIWFBHBLIFRIaYEC s¢iViA WAt Ragy intialigdtep ar Xi4dog U8 to Reduce

Arbitrajed- r},rphféghglfgme@,qo,lem@“glb bre-channel arbitrat ed | oop design |200, a
node interface 1220 of loop port 11 G nust arbitrate for access to the | oop

1250. A priori ty\\fé'r;zatdemﬁasnc{mrmm transohetedl; nouneer Who chrepofite..gal st cont rol  of

the | oop 125 schene i S, u ed to as t hat ports are not
starved. g”etoinzﬁé?a) ‘Hle‘iﬂ @ﬁﬁt REH Ve S Hhrephyed & Woﬂgﬁéﬁ{{/‘“ “gi ven a | ower
priority tha&e%e%@ BydiRIBREAcR AafiaRghd BehsSH8ELMVA&DDHunith 1 Bo Fdaendsesul t t hat
the drive 100 may have to wait to wmarbnration until hi gher-pnonty devi ces

conpl et e t hbé maaunemsallomérvaltuneewodémln segisvrd 6B fdess Brgragkier soaport 116

dans con of t | 00 120 t send r.anes Sg i.bl e before
cl osi ng” é hé P &P )no o, @rflrat”ée §r5“mlqa€§§tgél?eyn% g Q‘%l 8 cycl es. But
when data apeldp 1280dewoavai | abl e) the node interface 1220 of | oop port 11

G cl oses the | oo 120 to al |l ow other ports access to the loop |250. This is
the method used The Saspendnxfsr heutpetiongnedil T2is vaedhy loep rontend cirqiigdl

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 faimess
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



20 present invention provides a nechanismfor enhancing | oop perfornmance by
changing the rules for the decision of whether or not to close the | oop
1250, based on data availability to the pan, which thus reduces overall

| oop overhead. In certain other controller architectures, when the

End-of -Frane delimter is transmtted, the pori deterntines Zé\gemge mher
frame is available. If data are 25 no | onger available (for anple, TT a
full franme is not available for transF@ssi on), then the loop 1250 is

cl osed. Data may agai n becone avail able shortly afterwards, so the port
nmust arbitrate i ] at a ] rhitration bef ont.ipui ng the
transfer. fmfhlpglggmﬁa%’pé:ﬁd;seagl%tlﬁqyeppges"ﬁoﬁlgaﬁ‘ﬁ C8?tr?elh°3rlﬁ? &ﬁgflgg&%coms

avai | abl e, oferplagbihendeficd hports aesiiewed So geliayethr tnhioep) ey result in a 30
del ay before the next command can be The present invention provides a
mechani sm peveriig & BT Eemappirtyeeaening caeselgrdoasn] 219. dnisems the | oop 1250 to
be hel d ope 0 ' a@at i | t be avai l,.able to the port. In
one enbodi ﬁ@%&{lmt%ﬂe’ F‘E{'B%“é}g&i Szg‘l?éﬂléz Esgaghvﬁﬁd an e’l%WﬁQ\%F%W“%&@%‘f‘?i ci ent
further sdabpdata (e.g:, miimber2I020rds) dveaanifagedvaiotiahletbodirdedeori (to justify
that port's retaining control of the | oop) when both of the follow ng

condi t i onsswpenduafer signat 1 Tekactiyeled apessa picdetamanedismatlgffunaghiapsesand - at
(east 1'- 0 f i [ f A fr f 55. 5 In one
enbodi rren\t/\?{%%ee ({foeg%re%gmg%ca%gfJdggé@ldqﬁlgilﬁgqgﬁ%é?é‘t%sﬁr%gg)ggnﬁ)unt of data

i s avai | abbign{ldU2lieasibiedef fealdr tianenpredtieehh@d ancumtofldeagt.gone frane

avail abl e off-chip), but the transfer of a frame will not start until an
entire fraRWnpd oA fENPCEHPTS BRSO tsieanstsaled ofn sqmeohasdibe 249¥ention is to
hol d t I ng...au0} - arbidrati vel e when data
wil | sngrtﬁ@%ﬁ%ﬁqg@{l% %ﬁé%‘ﬁ?? Q‘f?@“‘e—#ﬁég‘%é‘pf RGN el 4
open wai ti egbfeoDHIAt suspendoegronid 7avadikaiéde if the wait wil be for an

ext ended period. of t'hma (for_ e arTEI e, for the tine required to performa
head swoch}l: Dedisated [E“%\BHF@”E?% apR Injtighzatiparand Basponees oop i 250 from

perfom-i n~ trangfess embodiment of the present invention, frame buffers have been

added to the third-generation application-specific integrated circuit (*ASIC™)

15 chip (the fibre-channel interface chip 110) to allow both ports to be active
simultaneously Two buffers that receive non-data frames (also called “receive-
non-data-frame buffers” 53 and 53' of Figure 1) are provided to allow
commands and FCP frames (fibre-channel-protocol frames) to be received
simultaneously at both ports of the node (and also to permit full-duplex

20 operations, 1.e., receiving on one fiber of a port whilc transmitting on the other
fiber of the same port). This allows a disc drive 100 (see Figure 2) to recejve
new commands (or other non-data frames) on one port during a data transfer on
the same port and/or on the other port, rather than waiting until a pause or the

end of the transfer. By having the commands earlier than in conventional

| g
o

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-



15 Con~l u~i on Descri bed above is an inproved conmunications charu~el system
( 1200) for preserving loop fairness that includes a first channel node (
1230) having one or nore pons (116). Each port (116) supports and ~s
attached to a fibre-channel arbitrated-1oop serial comuntat~ons channel
1250). One of the pons wall 20 arbitrate for control of that ? 1 AﬂSG 2002
attached channel (1250), wherein control of the channel |oop 250 once
arbitration is won) a fairness-presen»jjng apparatus (175) causes control of
the communi cations channel to be rel eased based at | east in part on

e SRS Nl SL RS IR ACCH et betugangle 111t ot

predet er m nggisa DA - p@rft abié ull-depladegserfivnk,ng Wial 4 16 ippoala wtietshef
comuni cati ons channel for a predeterm ned |ength of tinme. In another

embodi ment , buffies bspdwidther hsdtbrensbanse! ndeunterfpeedpeiad$0 Risoinigrfadeansf erred a
First prede%%lgpo r%ge HPP]@E fsuﬁ\lclpé"’}}o"@ks itrd 9?)%8%)'5(:!'}{?{5%%913 nhie @lEre &.system

(1200) furt es a rst counter ors anount of
30 dat a fhathdnasl rtmelemmtrrfmslbgucrldd and\td et S $laime tamadion aboutChe preenl 62)

operatively coupl to.the fir ount I60 causes control of the
communi cat i &SI f1Pg-ghanp I“@ %éﬂer&ﬁ% 1t Qeast in part on whether the

anount of data nppi f‘erre 3%%3@%5&%6@%@% g égs%fés@fé@@cﬁaﬁ first

predet er mi ned anount I'n one |rren ) the f
rst predet eP(ﬂr’(d’medoramethandfandajteafdrSPoh@ dadhrpodt @ figd @ita-{n ihBace | N sone
enbodi ments) the system 51200 further includes a second counter ( 165)
that monit ot & PRGROTIIA6F IUHPROT FRAP OEIMHIMRUPRS) PEOR-FAHET §HFRYA0A second

conpar ag gr ﬁT%Fc‘dHEd frhi@ & hrahSm ARGLAR | h?!)e ex@ﬁgl? &bk 8o Lt s RREGR count er (

| 65) and in its release of contro confunications ¢ annel based at
| east in parotgxo(frﬁ) wimgteh@zmet krenmm-mcum’fo tatsnitpath morgdety (trhex’ye®ond count er

( 16~) is less .than sec term.ned anount o t I n one

enbodi nent , 3 ‘Plérag’éc‘&}?&mbt pé’gké 4z ‘h‘?ﬁ@ﬂd IHOOMCCOFOTdRE afiegﬁaﬁ‘w? n a register
(168). I'n sgmex ﬁ@h SR BnctdiR a§ye°ct3ﬁmﬁ(aﬂr%q9%ce§§ﬁa& '?r%ﬁsrﬁﬂt‘-@@@rftré:mgynam ¢ hal f
| O duplex) and ~; herein the first counter 160)" and the first conparator

( 162) arc Eencrauon single-frame-transmit gencration, transfer control, and processor
15 interfacing
Microprocessor nterface circuit 90 provides microprocessor 112 access
to the registers and counters in the fibre-channel node-interface logic 110.
(When a "mucroprocessor’ is described, it is to be understood that such term
includes any suitable programmable logic device.) The interface registers are
20 nitialized by an external microprocessor 112 prior to responding of the fibre-
channel interface. Output transfers are mitialized through this interface and
status of recetved transfers is available through this interface. ~
The input signals for Figure 3 include A_IN 3021 which conveys data

input from the fibre channel 16 into loop port circuit 20 for Port A, and B_IN

18]
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3022 which conveys data input from the fibre channel 16 into loop port circuit
20 for Port B. DATA FROM OFF-CHIP BUFFER 3051 conveys data from off-
chip buffer 111 to receive path 50. TO OFF-CHIP BUFFER 3052 conveys dala
to off-chip buffer 111 from receive path 50. BUFFER STATUS 3061 provides
status to transfer control 60. MPU ADDRESS 3091 and MPU DATA 3095 into
30  MPU interface 90 provide 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



initialized upon receipt by the first port of a dynamic half duplex
command. | n sone enbodi nents, the first predeterm ned anmount of data and

t he second predctenni ned anount of data are progranmabl e anounts. Sone
enbodi ments of the system (1200) further include a maj net~c-d~sc 15 storage
dnve ( 1 14) operatively coupled to the f rst channel node ( 122Q) Aj
conputer system ( 1202) includes a second channel node ( 1220) ?ﬁhg@rzg%
second channel node ( 1220) is operatjjvely coupled to the first channel
node (1220) ma fibre-channel loop (120) in order to transfer data betlveen
the first %?a (§ B ShAMRE! 6 NBRESOS mrpz:sgmmof p&yx% a@Bnelut
arbitrated-Toop serial 20 comuni cations channel . Andt her —aspect of the
present i n3emM caorvepy dara tethedibcoornné] datfronm oopgohadrctiindd fomRdruBes (a)

arbitrating for control of a loop o fii5re-channel  arbitrated-|oop
serial conmuni AR '%%EWHEPP%&%O{%?@P@“@%' PcP@ﬁ‘tcr‘iﬁF”gb t'HE _
communi cat 'ﬁ%%%ﬁhﬁam%klgtm%qc ghbb Akt df’??cpﬁxre&n?fhv‘é‘ﬁ't%ﬁ‘i%l#@eﬂ\@et ermned 2~

amount of use has occuired bet<veen the first port and the communi cations
channel 5 | identien! dodpaatirheintuief20tiheuppetthakbal-pdreedrigireabammg! stexficeb)r f urt her

i ncl ud t f: (b)(L) det 1.Ni h trol af th icati
channel | odEetBrERThE SRS B B SHBCU Sa-CRgre 1697 TP and. o O
(b) (1) rekpasi MOincRALS Rlce$e r@éi?tEr{Tﬁ, kRaRBRReSEE: Wit DE WiGhHalRt Bhag Step

(b)(i). In another enbodi nent o e method, the Teleasing step (b) further
i ncl udes steypkinof3, Iptsr¢i-iccyivdsiaktewting2hhipshef-syucftintes 25 prrbdet et i ned

amount of data has been,tragsfer . and (b)(iv) releasing control of the
| oop based Qﬁ’r‘?a]?ﬁé%’ @I‘dQSéJAﬁg CQB%%(FT% (b) (i v) g

_ = determning step (b)(iii). In one such
embodi mgnt, t hededEshvddinRet, & &%fﬁc}%&p}ﬁpﬁ?ﬁ&ircﬁ%ﬂ%ﬁ@ﬁﬁcrﬁ%@ll&@ﬂ@m%t eps of:

b
(b)(iii)(A) nonitoring the nunber o rames that have been transferred to
provi de a tienstivenllé;(seenfdgpis)!(ivsing fBn-modpariterdadehédn fichsin val i se to the
first predet t(i.ni ne atm)unt of 1(ilat a .ln ac{1(gt her,. erTbO(?i meqt of .t he net hod,
the r el eas HGCSHIERE O VR UNES AT bas ] Sserajize oy 06 0P fsthi ng
whet her a gsegand piedet o @l ned-Bimimtor afweal diCemRiiNs @) ben bhansf erred;
and (b)(vi) inhibiting reTeas.e of control of the |oop based on the
det er m ni ngmypépcals) (hepe UrSpee vernt déRitanicgragdd inteechgbbMe Thstivodl&! f urt her

i ncl qu 5St gt%t(ﬁmfg{ndié%x% t%eoﬁ[Jleecc%ia%\/riéeﬁlpe(rgfa?r%{x?r??ju%Bgﬁécrgié'ggloggg(gggﬁﬁgnd; and (d)

initializi erm nrng step é dynam c hal f

dupl ex compar@cr portisRBE et thdheshvenDodndard ®nved&l tbanivealiwi-ngdst ep (d)
further includes (d)(t) progr armablé setting the first predeterm ned anount
of data andommebefe opingdétgranansle! B0 0Rtdeeddenal e sixtean-Bitidafa anot her

aspect of The REESEAactd?y BRES ANRERLEAGH Raerld S 2ENRADELeNOERr

word validity before being placed in the arbitrated-loop logic 26. The output of
20  the arbitrated-loop logic 26 1s re-synchronized to the transmitter clock and may
be passed to the receive-framing logic or re-transmitted on the loop 1250 through
encoder 27. In one embodiment, encoder 27 converts one eighf-bit character to
one ten-bit character during each operation; in other embodiments, two or more
cight-bit characters are converted into the corresponding number of ten-bit

characters in each operation. (See U.S. Pat. No. 5,663,724 entitled “16B/20B

8]
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Encoder.”) The arbitrated-loop logic 26 inciudes 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 (1.e., FC-AL and/or FC-AL2, described above).
30 In one embodiment, fibre-channe! 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



controller systemfor preserving |loop fairness This systemincludes a fibre
channel arbitrated-|loop sepal communications channel (1250), a first

channel node { | 220) having a first port (I 1 G attached to the

fi bre-channel arbitrated-Ioop serial conmunications channel (521353%{)&
wherein the first port arbUrates for 20 control of that port’ &3002
comuni cations channel ; and fairness-preseri~i n<~ nmeans as described herein
above for causing control of the com#¥h~cat~ons channel to be rel eased
based at |east in pan on whether a predeterm ned anount of use has occurred
bet ween t heirfimeditelyaronvared to heentyobmywidsal.eongo cdrabineharadtérsived¢)o be

under st ood t hat .t he above descri pt.li i.s i.ntend to be 2~ illustrative,
and not r esPs P@tﬁ%}‘épaﬂef*ﬁzfaba‘ ﬁfﬁ%(%%ﬁ?&%ﬁe&ﬂg?‘i’@scagﬁ@a%\dvant ages of
various enbegh MEnlscoAbr,t fRoBEEIeMoriceI i ABnNAYR PeBhs te9adit forth in the

| s of the structure and function

f oregoi ng description, together wth detai
of various enbot heatseighienychetdier denhe diaerpesatmndircothergpasbadometes.ai | s wi | |
be apparent to those of. skill in the art .upon review t he above

descr 1 pt pon®™ OFRATS G RbPETasert g PRI IBID LR GOTEEPOPRRESHPE Olpe

det er mi ned Mifithif @faplcBReR cabh bfeatppended clainms, along with the full scope
of equival enfs to which such clains are entitled. 31 What is clained is:
1. A conununi catTien&B/d B daeideslpgicdd inputs phegwodehdath sepufcdibyribs s
conprising:_a_.Frst.channel node. havi a first. port for attachment to a
fibr e-channrecfe'éerrl?igfsgeégéd?lwc?ggn &F S%{F&g{)snaﬁ%8%%085&”&,%“@%16{%ﬁ}éﬁp}l Wierein t he
first port aghitirahestdorReomnid abpasity bhete ipalticharadtet g kBetke@aRAINI cat i ons
channel ; and a fairness-preserving apparatus operatively coupled to the f
rst portf0 whErsiaHistihpassed Wrwegrsynayplictrpaahine Foes sehitasde thsfarkitrpiedp of t he

comruni catigns, chai ut gl tefr i.s achieved, .th
fairness- pr@gé}O\?ﬁ%&algé%{@a?g‘?Gusn%]::ndudéseog?@(;)%ﬁl%ﬁcaSf]q?%ae‘g(%%ﬁﬁﬁ?eéati ons channel
to be rel eap@dwhaseinaing deastiyiefopaviolgonsheithedodndnedetesssned amunt of
use has occurred between the first port and the communications channel,
wher ei n t heclpeiedend critealabinn siatusos Passed imepuldeachias mgchinaddferred a first
predet er m ned anpinb.ofe dalif: o8 BiEab: SPUOLEL IR ROLLOLB LNE amount of
data that has been transterred; a TSt conparat or circuit operatively
coupl ed1fo frbwe Ufd wratsceotrritl @hathadsppedu SEBerconbEbf-adceivbela@hmuni cat i ons
channel to be rel eased !E)Cgsed at least in cart on whether the amoynt of data
moni t or ed bYPIERENS FEEC o WA EFYESHERBRCEES 2Pt Bt e FPHea8fount  of
data; a secapd cUNh&Shi PRI MPRHLANEE-1b AP tar LA Ak LgRI ns Lo be
transferred; and & second corrparlat oer c??clz lty?)éaeflf;tqj\?/se yfsc%uglrse%mto t he
second countemotyhgtpidahlpiubid '® 1ntetla@derotercontesalr ppdcdsts haomydnifaetti ons
channel based ast _in_.part ,or ther the anmount of data nitored by
t he second %1056%5 ejlrg‘?r %”Teé'ggﬂf‘h%fﬂ?gcs'co %FCBE%‘g%‘Péerﬁqﬂ% ’Sé%‘ﬁfﬁ’t‘{%f data. 7.
The sysbem @agauoed BehclioreCéaahd® 1, wherein the first channel node supports
dynam ¢ hal f dupl ex, and wherein the first counter and the first conparator
are initialized Ypohsyissttpmapyng hislogie sonpenstthefmpat siyaaanioc Wead £ dupl ex
conunand. ~ ~wisi..-a0< 32 The system according to clajm 7, wherein the
first predet®F m“noégi'sé%ﬁﬁ&‘g‘fedd’é}feésté‘?& ‘taﬁé RS e&%‘ﬁ%ft%?rgd%le@?eﬂi’wd% amount of
data are preg@gpapyaitet@BisfdcSer alignment, and no intervening invalid characters

are detected. “Loss-of-word-sync” is defined per the FC-PH (i.e., FC-PH

Physical & Signalling Interface X3T11/Project 755D/Rev. 4.3) standard. When
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word-sync is achieved, data are input into the FIFQ 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 4023, so that it may take action.
The arbitrated-loop logic 26 includes a loop-elasticity FIFO, loop FIFO

control logic. ordered set-decode logic, loop-state-machine logic, current-fill-



10. The systemaccording to claim1, further conprising: a fibre-channel
arbitrated-1oop serial communications channel; a nao etic-disc-storage
drive operatively coupled to the first channel node; and a conputer system
havi ng a second channel node, wherein the second channel node is
operatively coupled to the first channel node in a fibre- chann IH@my
order to transfer data between the first and second channel nodes t 992
the fibre-channel arbitrated-|oop serllal conmunications channel. 11. A
cotnrnuni cati ons nmethod conprising steps of: (a) arbitrating fur control of
a | oop of avdribelecizindogielloap-butpuaimatliglecp sgic, ald weealaneaat i ons channel ;
and (b) rel easing trol of t} ommuni cati ons channel based at least in
part on whéHepny @?CQH%R -ghasifyd 1§ Ht”déf thed (a0 seqWREA &R bet ween t he

first port, ?‘E‘;ﬁmh%x&qu gm&ﬁ% &@3 reﬁ'@}ezcewg V\Logg\ﬂwﬁtp?herﬁér%ﬂ'ﬁl ng step (b)

further inc es steps o rmning er a first predeterm ned
anount of dakh Fﬁasldmpéﬁ}?@lcamsscb]elognednoranﬂs (kte)s@atus) ofrtat edstraied-toampt r ol of t he

Second. i ede R HEGEEHANEE G RS T i 6 CPoHen MRk REF I B, and 33 G
(b)(iv) i n@rmr&& E‘Qs £x%|d%é’o'ii%d 8, tr%@&tdm:dns%i récfagmfagnon@smes%r&é}@d det erm ni ng

step (b)(iit1) . The nethod accord l'ai m 171 wherein the deternining
step (b) (i |sct}nfcmdteﬁé.‘r PHriicﬁudiesrdstﬂépsstscﬁe FE)PHiRhy§8)! SrSrgriabimigng t he nunber

f f hat. h fi I d
(b (111 (Bpediegar Tg ass PRTVRGLTEY). Pabiri-pite demis Blimt @riiide amount of
data. 16. ThgdBd-NRY AEGET SHNITROG At-Mdwbid- ia%cfntaﬁriodl@ﬁiouqbﬁ%@teps of (c)
receiving a dynamic hal f duplex comand; and (d) initializing t he

det enni rng lsipeatésdAndidergded podered sats mdecbémvheth:tmawmaf 1t cfrd @UpI @)

When the arbitrated loop is enabled, a hardware state machine uses the ordered-
set decodes to perform the loop functions described in the FC-AL standard (1.e.,
Fibre-Channel FC-AL1 Arbitrated Loop standard X3T11/Project 960D/Rev. 4.5,
or Fibre-Channel FC-AL2 Arbitrated Loop standard X3T11/Project 1133D/Rev.

15 6.3). Theinputs LOOP A TRANSMIT 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 intumns 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
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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 1n 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 (1n an Opened state) or when arbitrated-loop logic 26 is transmitting



command. 17. The nethod according to claim 16, wherein the initializing
step (d) further includes steps of. (d)(i) progranmably setting the first
predet ermi ned anmount of data and' the second predeternm ned anount of data.
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109& () - flO09%& (TheYfolding yondyild¥@ius) bk met to begm a request to arbitrate
109 () -1 10%: () - (kng8i K-T 7109 () y, | 109 ()-1 - TO% ()~ 10% () -
f' 109 ()- y 109@59uyst) @@n}ggog)’ocsssorl 7 1 transmif a frame with- \mll port ena

6789F} s K 7103/ {ohx SREAY G ik RARMEIALE 4 - 109 ) -

- 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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block 609) is non-zero
Conditions that cause the loop 1250 to be closed (control of the communications
channel to be released by a port 116) include:
15 - no Buffer-to-Buffer Credit 1s available when entering the Opened state
- for fairness, 1., the predetermined limit on the number of frames that can be
transferred (as specified in limit register 163 of Figure 1) is reached by
DHD counter 160, and (optionally) more than the minimum length (as
specified by minimum-length register 163) number of frames are
20 remaining to be transferred, and (optionally) the enable DHD_suspend
signal 170 is active
- there are no outstanding R_RDY"s and no more BB_Credit is available when
in Opened state

- a processor busy request is active when the port is in Opened state
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- the transfer has completed

- data-read transfer operation and data are not available

- a CLS primitive is received and no more BB_Credit is available

- 2 microprocessor pause request 1s pending and the logic is between frames
In Figure 5, loop-port A/B open-init-control state machines 46 (Port A)

30 and 46' (Port B) handle the case of when the loop 1250 is in the Open-Init state

This logic 46 and 46' generates requests to transmit frames. There is one state

machine for each port (46 and 46', respectively). These state machines generate

a request to transmit a frame when microprocessor 112 requests it, and monitor
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FMLO% & () - 10% &[n(g dua?lorotd% égre channel arbitrated-loop design 1200, the buffers in
on-chip frame buffer 119 may be used to manage inbound and outbound frames
Frames received and transmitted are usually stored 1n a large off-chip area (e.g.,

off-chip buffer 111) at a slower transfer rate  Even when off-chip buffer 111 1s

n

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 spectfication details the use of dedicated frame buffers 53 and 53’

20 (components 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
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in a larger 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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0%##& () sc%em% 1S used t?} ass%re t:liat ports a(rg ngt stirved ]As tarsoet e?xce the disc
drive 100 usually 1s 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-prniority devices complete their access. When the node
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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 arc 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. Inone

embodiment, the loop 1250 is held open in anticipation of sufficient further data
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off-chip), but the transfer of a frame will not start until an entire frame 1s
available on-chip.
" One goal of the present invention is to hold the loop 1250 open and avoid
10 an extra arbitration cycle when data will shortly be available to a port 116. The
loop 1250 must not be held open waiting for data to become available 1f the wait
w1l be for an extended penod of time (for example, 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 1s an improved communications channel system (1200)
for preserving loop faimess that includes a first channel node (1220) having one
or more ports (116). Each port (116) supports and 1s 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).
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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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embodiment, the first predetermined amount of data is held in a register (163).

In some embodiments, the system (1200) further includes a second
counter (165) that monitors the amount of data that remains to be transferred. A

second comparator ctreuit (167) is operatively coupled to the second counter
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(165) and inhibits release of control of the communications channel based at
least in part on whether the amount of data monitored by the second counter
(165) is less than a second predetermined amount of data. In one embodiment,
the second predetermined amount of data is held in a register (168).
In some embodiments, the system (1200) further supports dynamic half
10 duplex, and wherein the first counter (160) and the first comparator (162) are
initialized upon receipt by the first port of a dynamic half duplex command.
In some embodiments, the first predetermined amount of data and the
second predctermined amount of data are programmable amounts.
Some embodiments of the system (1200) further include a magnetic-disc-
15 storage dnve (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) 1s operatively coupled to the first channel node
(1220) 1nn 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
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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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5 In another embodiment of the method, the releasing step (b) further

includes steps of: (b)}(v) determining whether a second predetermined amount of
data remains to be transferred; and (b)(vi) inhibiting release of control of the
loop based on the determining step (b)(v).

Some embodiments of the above methods further include steps of: (¢)

10 receiving a dynamic half duplex command; and (d) initializing the determining
step (b)(ii1) upon receipt of the dynamic half duplex command. In some of thesc
embodiments, the imitializing step (d) further includes (d)(1) 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 {ibre-channel node
controller system for preserving loop fairness This system includes a fibre-
channel arbitrated-loop senal 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

| 9]
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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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serial communications channel, wherein the first port arbitrates for control of that port’s

attached communications channel; and

a fairness-preserving apparatus operatively coupled to the first port, wherein the first port
arbitrates for control of a loop of the communications channel and, after control is
achieved, 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, wherein the
predetermined amount of use includes having transferred a first predetermined amount of

data:.
a first counter that monitors the amount of data that has been transferred;

a first comparator circuit operatively coupled to the first counter that causes contro! of
the communications channel to be released based at least in cart on whether the amount

of data monitored by the first counter reaches the first predetermined amount of data;
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 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 1, wherein the first channel node supports dynamic
half duplex, and wherein the first counter and the first comparator are initialized upon

receipt by the first port of a dynamic half duplex command.
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a computer system having a second channel node, wherein the second 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.
11. A communications method comprising steps of:

(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 amount of use has occurred between the first port and the

communications channel, wherein the releasing step (b) further includes steps of:

(b)(1) determining whether a first predetermined amount of data has been transferred:

and
(b)(ii) releasing control of the loot based on the determining step (b)(iii):

(b)(iii) determining whether a second predetermined amount of data remains to be

transferred: and
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(b)(iv) inhibiting release of control of the loop based on the determining step (b)(iii).

14. The method according to claim 11 wherein the determining step (b)(iii) further includes

steps of:

(b)(iii)(A) monitoring the number of frames that have been transferred to provide a first

value; and

(b)(ii1)(B) comparing the first value to the first predetermined amount of data.

16. The method according to claim 11, further including steps of-
(c) receiving a dynamic half duplex command; and

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

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

(d)(1) programmably setting the first predetermined amount of data and" the second

predetermined amount of data.



