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Data is typically transmitted back and forth between a host computer

system and peripheral devices, such as.disk drives, tape drives, or
printers, over a data communication bus. The data communication bus
couples the host and the peripheral devices together and enables the
exchange of data between the system and the peripheral devices. One type
of data communication bus is a Small Computer System Interconnect (SCSI)
data bus. A SCSI data bus can be configured in different ways and has

several modes of operation.

The SCSI protocol specifies communication between an initiator, or
device that issues SCSI commands, and a target, a device that executes
SCST commands. The SCSI data bus is connected to the initiator via a host
adapter and is connected to target devices via device controllers. Each
device controller is matched to the specific type of device comnected to
the SCSI bus.
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A typical target is some kind of storage system. Often times a
target will be comprised of a Host Bus Adapter (HBA) which handles the
protocol communicating with a host like a PC or a specialized piece of
hardware. The HBA will notify the host of SCSI commands and will be told
from the host where to get or put the data.

For a write command, the HBA must notify the host that the initiator
wants to perform a write operation. If the host is a complex storage
system, it will need to determine if the sectors being written are already
in the write cache and precisely where the data is to be written. The
host may need to do some additional formatting on the data as well. The
host will communicate with the HBA where to put the data and the HBA then
will store the data.



system it will need to determne if the sectors being

witten are already in the wite cache and precisely
wob@naoddb® data is to be witten. The host naRCTEBA0L©001910

do sone additional formatting on the data as well. The

host will communicate with th® HBA where to put the

data and the HBA then wll store the data. WO

2004/ 102405 PCT/ GB2004/ 001910 3 In today S

env&n(ﬁq ?ytﬁ1e£$¥%og8§§t m%ﬁe ﬂg Ji nlcgﬁl fdgt£r§% the HBA

HBA € operation was suc cess g
thath fpe toﬁér?-‘lBRndﬁf ﬁb?caféﬁwé%tanda%ﬁsam%ﬁ tbﬁ*eﬁ:h&eiﬂ??\/@e- not detect
an goodr shat ulbaek gopd tdretne dpohsien tHdirespokthet.i dffels additional

lnda%.aifw b%e@ﬁtﬁ@fﬁoéfﬂ”'%n@q@{e afd 1khe ﬁ%&%&aai amou?t of
" | 20gunt e 1 han I ng for
P Qb ﬁ rfgh %th (%I{ fl% foﬁBﬁ 1:(‘hl ?é%g%s e éieglﬁ ?’%%t t here

is a need for a nmet hod, apparatus and program storage
deviceshore gatoribt cldry pr eseedd figr st abusd, r appaarahestand
rdblalﬁm ALRREL e lFoAR I ch 81 H k864 R ANy SUMMARY YO 2 host bus

ada tgraj:;é ng g’rgvec{ect%gg?éhe [Tmtations in the prior

ove over cone ot her
[ m t at| ons that will become apparent upon reading and
VAR ! MYENFEONDr esent specification, the present
| nventl on di scloses a nethod, apparatus and program
storage devi ce ut Qnat i.ca resen
5! ORISR 94, AULOURL Ly XSO0 Ao Bl UBove, ana o
overlemprazgentl 1F“ﬁ“cf”éﬁt°% Fhes| Widd PEROMELIRRET 8RS CHPPB ggpading and
undarebieiieg yhe ardsemt Ngpeah £ HBALIGY, autombkesalinyentespofitscloses a
me@@ak at oH&i Bihd g@ggfam%'ém%‘é daabgl NG g@iontahgcatmt pidenting

0

t el HBA t th
el Ay RRecu FIStt et VR Eh netie Ee data

and cont rol logic and determ nes very quickly if an
er r Oie passoC ivediciirsolges tthansvesdaarrfed heoldaha by

al]fcﬁa@% tatﬂeH]ﬂg/éot ngoﬁgti&gﬁy 1lécs 8k eLER rtoI §he q%&@ﬁat&g without

waitdol, B Lo Bt tho r?ﬁ?%&%"}f%ﬂ Cars 16y B hbSinent tais is

dongy Py nitvitea | Iopc seided degtumrss vbidk checksh éhe idarce j andopontrol
lodgirdaftD \iet &fflihe € SrerheqlieRly tiF eprartbr takeosepaedtdiryng

tﬁr&h@é}%ﬁ o%r%géﬁ]a{t&?g}cﬁl l\:hé‘g{r]]a%h&aiﬁﬂéth&'ﬂs %%ag%neésﬁr\gg?s

ae sl i B SSTBhnCE VHERS (e th e hRlLRe ik PeStliar
Poxjy-e B H%\ﬂéﬁﬁﬁm’ceﬂmﬂt@aésataomwaalw Gergin§htus hgck to the
inddbaowiaadandioséqiines w@apber tbocamhosdatepasdaobtelygfor each
opé¥%k§oﬁ'E@@fﬁﬂgs§ﬁé”ﬁo¥§1Bdiagaéﬂ%egtwﬂithgggbus to present to the

initiator.

A program storage device in accordance with the principles of the
present invention includes a method for transmitting data via a host bus
adapter to a host, performing data transmission validation at a host,
determining at the host whether data transmission was successful and
automatically sending status information from the host bus adapter when
data transmission was successful, else causing the host bus adapter to
wait for status type identification from the host for transmission of
data.

In another embodiment of the present invention, another program
storage device is provided. This program storage device includes a method

for receiving data at a host from a host bus adapter, performing data
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provided. The host bus adapter includes a protocol handling interface for
transmitting data to a host and a processor, coupled to the protocol
handling interface, for automatically sending status information until

recelving a signal for inhibiting automatic status transmission.

In another embodiment of the present invention, a method is provided
for automatically presenting status from a host bus adapter until an errorxr
is detected. The method includes transmitting data via a host bus adapter
to a host, performing data transmission validation at the host,

determining at the host whether data transmission was successful and
‘automatically sending status information from the host bus adapter when

data transmission was successful, else causing the host bus adapter to
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annexed hereto and form a part hereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described, by way of example only, with
reference to a preferred embodiment thereof, as illustrated in the
accompanying drawings in which like reference numbers represent

corresponding parts throughout, and in which:

Fig. 1 illustrates an Input/Output (I/0) system according to the

preferred embodiment of present invention;
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I nput/ Qutput (1/0O syst em 100 according to the
Fig. 1 illustrates an Input/Output (I/0) system 100 according to the

preferred embodiment of the present invention. In Fig. 1 a processor 110
is coupled to cache memory 120. Cache memory 120 is high-speed memory
that is provided for improving processor performance. Cache 120 resides
between the processor 110 and the main system memory 150. I/0 devices 130
are used to provide various services, such as storage, graphics
pbrocessing, network connections, printing, etc. A system bus 140, which
is usually referred to as the local bus, provides a connection between the
I/0 devices 130, processor 110 and memory 150. In particular, the local
bus 140 connects the processor 110 to main memory 150 and cache 120. The
I/0 devices 130 are coupled to the local bus 140 through a host bus
adapter (HBA) 160 and an I/0 bus 162. The I/0 bus 162 connects the
various peripheral devices 130 via the HBA 160 to the processor 110.

An operating system 170 runs on the processor 110 and is used to

coordinate and provide control of various components within I/0 system 100
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method in which data, along with information used for error correction,
such as parity bits or Hamming codes, is distributed among two or more
hard disk drives 184 in order to improve performance and/or data
integrity. A hard disk array 184 may be governed by array management
goftware and a host bus adapter 160 which handles the error correction.

Those of ordinary skill in the art will appreciate that the hardware
in Fig. 1 may vary depending on the implementation. Additional
connections to local bus 140 may be made through direct component
interconnection or through add-in boards. A network adapter 186, host bus
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Institute (ANSI). An interface nmay connect processor
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drives, printers, and other devices. A plurality of

medi a devices 182, 184 may I8e coupled by an 1/0O bus

162. An 1/O bus 162 is a parallel bus that carries

data and control signals fromthe host bus adapter
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connections to | ocal bus 140 may be made through
di rect conponent interconnection or through add-in
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respect to the present invention. For exanple, the
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ratesass or auto
andsqxegpag 214, such as RAM or EEPROM. In one embodlment at least a

portion of the memory 214 is used to hold adapter code downloaded from the
host 220. In one embodiment, each host bus adapter 210 is located on a
separate circuit card. In another embodiment, more than one host bus
adapter 210 i1s located on a circuit card. Each host bus adapter 210 is
typically connected to a local bus 230, such as a PCI bus.

In Fig. 2 the HBA 210 interprets a protocol directly and provides an
application interface in order to store and retrieve data to send over the
link 218. A host 220 of some kind will communicate with this HBA 210.
This host 220 may be a PC or server, or a set of electronics with a
microprocessor, memory and logic which can interface to one or more HBAS
210 and can also interface to internal fabric within the host 220. For



froma host bus adapter until an error is detected
according to the preferred enbodi nent of the present

wo pwenol4soh. Fig. 2 shows a HBA 210 that is cor@l/e#2608/001910
a host 220 via a standard bus 230, such as PCT, PC X,
etc. The HBA 210 includes a processor 212, nenory 214
and a protocol handling interface 216 for handling
data transm ssi on between the host 220 and the HBA
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data memory do not occur 320. All of these checks are processed by an OR
gate 340 along with exception conditions from the processor and
catastrophic error conditions like clock checks, bus hangs, etc 330. Any
of these checks 310-330 being asserted will therefore cause the host to
assert a signal 340 to the HBA thereby inhibiting it from sending
automatic status. Then, as explained above, the host is then responsible
for performing error recovery, for processing each command and determining
the status to send for that command. Some commands might be unaffected by
the error detected and some may need to have bad status returned and

retries initiated.



typically contain mcroprocessors 222, 212 which are

assisting in handling the interface protocol as well
w@sgooshe24py ot ocol between the two conponents. OF/GB2004/001910

performance to be high, it is inportant to find ways

to parallel activities and %00 m nim ze transactions

across the standard bus 230 as shown. According to

the preferred enbodinent of the present invention, the
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adapter until an error is detected according to the
preferred enbodi nent of the present invention . First,
after processing a command, the host perforns data
transm ssion validation



410. Such validation includes checking data for
errors, and then checking operational status and
w@oovdited4es i ndicators for an error condition. BCT/GB2004/001910
determination is made whether an error is detected, or
whet her a condition or statids is violated 420. If not
422, the HBA is configured to autonatically send
status to the initiator 430. If yes 424, the HBA that
i s handling the transm ssign.i,s sent a signal to
inhibit auto status 440. BA stops automatically
sending status to initiator 450. The host is then
1. reguwrwedah cstovagrl diechtee radiblstiat ascdmpupeeseht dedlitheangibly
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rermvabl e data storage devices 568 illustrated in

ig. 5, or other data storage or data conmmunications
dev%@gmw CERp UERSPE6g Pares Dt téRpr ds SPAgashe
processes enbodi ed on the renovabl e data storage
deybe8%i268; TRYrRe nboadedildi 824 rafBBEYoro 98s YuckBidFul ;
system 500, e.g., in a processor 596, to configure the
system 500 of Fig. 5, for execution. The conputer
program 590 conprise instructions which, when read
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resen invent ron WO 2004/ 102405 PCT/ GB2004/ 001910
11 CLAI M5 1. A program storage device readable by a

2. CORREtRgrid %tﬂﬁgeu Hé\f:@@g&@ loY 2118 M) ORlYd RGN ONR: PErfRMENg data
trar?s'ing gs:. s OIldatl% O nﬁogtx %%9% QJ go@r %hg é‘é%%tn?tkg whether

orm a or cont ro us messagi ng
datg r""é‘?n Waﬁé’é’ttb@@s‘“’%@ﬁb*ﬁ TF e et hod conpri si ng:
receiving data at a host froma host bus adapter;

3. pe FI‘f'xQ rﬂPoBQaIﬁj @sttgr%greaEé\FQc% V\#P %ﬁgﬂl{ i,d a\&rlll&%lﬁt tﬁeh Senpﬂﬁhu.ng data

determ ni ng ata tr.ansm ss
Crangpl aglary yplidafhon ﬁu@%&"f%éuﬁ%ﬁr 8‘%"%&8&%’1‘*"%361%??“”“&1
statfusr asd waéﬂwmm%ntﬂa cation fromthe host for
transm ssion of data when dat a transmssion is

and

det?

rmn
de‘;ﬂ@xe proggalgl %tggaguenglél&l%gsgtf claim 3, wherein the checking
condition indicators further comprises checking processor exception

conditions and catastrophic error conditions.

5. The program storage device of claim 3, wherein the checking
operational status further comprises checking state machines and

intermediate buffers traversed during data transmission for errors.

6. The program storage device of claim 1, wherein the determining at
the host whether data transmission was successful further comprises
logically ORing a signal indicating whether data was transmitted error
free, at least one operation status indicator and at least one condition
indicator to generate the signal for inhibiting automatic status

transmission by the host bus adapter.



2. The program storage device of claim1l, wherein the
perform ng data transm ssion validation at the host

wo eoorhexsoTonpri ses determ ni ng whet her data WasT/GB2004/001910
transmtted without errors. 3. The program storage
device of claim1l, wherein the perforning data
transm ssion validation at the host further conprises
checki ng operational status and condition indicators.
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rams age device of claim T erein causi
tra E’ﬁ‘l% ALYt bus adapter to wait for status type
identification fromthe host for transm ssion of data
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I nhi automatic status transSm ssi on
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one or nore programs 0 PNStructions. execu y t he
conmputer to performa nethod for autonmatically
10. pr ébernprioggams tskbusod device hbHstlalpms?, wherein the receiving the

signal for inhibiting automatic status transmission occurs when data was

transmitted with errors.

i1, The program storage device of claim 9, wherein the receiving the
signal for inhibiting automatic status transmission occurs when
operational status or condition indicators indicate to the host an error
condition.

0
12. The program storage device of claim 9 further comprising, when the
signal for inhibiting automatic status transmission is received, recelving
status type identification from the host to communicate a type of status
the host bus adapter is to present to the host for data transmission.



adapter until an error is detected, the nethod
conprising: transmtting data via a host bus adapter

wao eooa/16m383 ; and automatically sending status PCT/GB2004/001910
informati on fromthe host bus adapter wuntil receiving
at the host bus adapter a sifnal fromthe host for
inhibiting automatic status transm ssion by the host
bus adapter. 10. The program storage device of claim
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when operational status or condition indicators

indicate to the host an error condition. 12. The
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when the signal for inhibiting automatic status
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identification fromthe host to conmunicate a type of

status the host bus adapter iis to present{ to the host

f oF SHETHPLTRRENT RS POR: "IF 047 i S4eRsmission was successtul;
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readabl e by a conputer, the medi umtangi bly enbodying
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uter amstho or automatica
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to werittofor sstdedsecived,idehel fredthicd Eomprhsihegt faransaisntiesigpn of
datglata via a host bus adapter to a host; performng

data transm ssion validation at a host; determ ning at

the host whether data transm ssion was successful;
14. and hestodar i waktrylldaaditagus meseasingf Sravati st bumatiheter,
compdstndus adapter when data transm ssion was

successful, else causing the host bus adapter to wait

for status type jdentification fromthe host for
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performng data transmi ssion validation; and

means, coupled to the means for performing, for transmitting a
signal for causing the host bus adapter to walt for status type
identification for transmission of data when data transmigssion is

determined to be unsuccessful.

15. The host of claim 14, wherein the means for performing performs data
transmigsion validation at the host by determining whether data was

transmitted without errors.

i6. The host of claim 14, wherein the means for performing performs
data transmission validation at the host by checking operational status

and condition indicators.

17. The host of claim 16, wherein the means for performing checks
condition indicators by checking processor exception conditions and

catastrophic error conditions.



means, coupled to the nmeans for performng, for

transmtting a signal for causing the host bus
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transm ssion of data when data transm ssion is

determ ned to be unsuccessfull4 15. The host of claim

14, wherein the neans for perform ng perforns data

transm ssion validation at the host by determ ning
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errors.

23. The host bus adapter of claim 21, wherein the signal for inhibiting
automatic status transmission indicates that the operational status or

condition indicators represent an error condition to the host.

24. The host bus adapter of claim 21, wherein the means for
automatically sending receives status type identification from the host to
communicate a type of status to present to the host for a data
transmission.

25. An input/output system, comprising:
a host bus adapter for transmitting data; and

a host, coupled to the host bus adapter, for performing data
transmission validation and determining whether data transmission was

successful;



automatic status transm ssion indicates that the

operational status or condition indicators represent
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adapter of claim 21, wherein the neans for

automatically sending recei vé8 status type

identification fromthe host to comrunicate a type of

status to present to the host for a data
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detected, conprising: transmtting data via a host bus
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