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The present WA #%n relates to the field of automaticall y nagl hg data
transfer operati ons between an application and a bus structure. Mre
particularly, the present i nvention relates to the field of
automatically generating transacti ons necessary to conplete an
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| EEE BACKGROUND OF THE INVENTION:

The JEEE 1394 standard, “P1394 Standard For A High Performance Serial Bus,”

Draft 8.01v1, June 16, 1995, is an international standard for implementing an inexpensive
high-speed serial bus architecture which supports both asynchronous and isochronous

15 format data transfers. Isochronous data transfers are real-time transfers which take place
such that the time intervals between significant instances have the same duration at both
the transmitting and receiving applications. Each packet of data transferred isochronously
is transferred in its own time period. An example of an ideal application for the transfer
of data isochronously would be from a video recorder to a television set. The video

20 recorder records images and sounds and saves the data in discrete chunks or packets. The
video recorder then transfers each packet, representing the image and sound recorded over
a limited time period, during that time period, for display by the television set. The IEEE
1394 standard bus architecture provides multiple channels for isochronous data transfer
between applications, A six bit channel number is broadcast with the data to ensure

25 reception by the appropriate application. This allows multiple applications to
simultancously transmit isochronous data across the bus structure. Asynchronous transfers
are traditional data transfer operations which take place as soon as possible and transfer an
amount of data from a source to a destination.
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12, a |ink RQ)bra standardized set of control registers and its own address space.
The IEEE 1394 standard defines a protocol as illustrated in Figure 1. This protocol
includes a serial bus management block 10 coupled to a transaction layer 12, a link layer
15 14 and a physical layer 16. The physical layer 16 provides the electrical and mechanical
connection between a device or application and the IEEE 1394 cable. The physical layer
16 also provides arbitration to ensure that all devices coupled to the IEEE 1394 bus have
access to the bus as well as actual data transmission and reception. The link layer 14
provides data packet delivery service for both asynchronous and isochronous data packet
20 transport. This supports both asynchronous data transport, using an acknowledgement
protocol, and isochronous data transport, providing real-time guaranteed bandwidth
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protocol for just-in-time data delivery. The transaction layer 12 supports the commands
necessary to complete asynchronous data transfers, including read, write and lock. The
serial bus management block 10 contains an isochronous resource manager for managing
25 isochronous data transfers. The serial bus management block 10 also provides overatl
configuration control of the serial bus in the form of optimizing arbitration timing,
guarantee of adequate electrical power for all devices on the bus, assignment of the cycle
master, assignment of isochronous channel and bandwidth resources and basic notification

of errors.
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10 What is needed is an asynchronous data pipe that provides automated generation of
transactions necessary to complete an asynchronous data transfer operation, without
requiring supervision by an API and the processor of an application.

SUMMARY OF THE INVENTION:
15 An asynchronous data pipe (ADP) automatically gencrates transactions necessary to

complete asynchronous data transfer operations for an application over a bus structure.
The ADP includes a register file which is programmed by the application. The register
file allows the application to program requirements and characteristics for the data transfer
operation. The register file includes the bus speed, transaction label, transaction code,

20 destination node identifier, destination offset address, length of each data packet, packet
counter, packet counter bump field, control field and a status field. After the register file
is programmed and initiated by the application, the ADP automatically generates the read
or write transactions necessary to complete the data transfer operation over the appropriate
range of addresses, using the information in the register file as a template for generating

25 the transactions and headers. The ADP automatically increments the value in the
destination offset address field for each transaction according to the length of each data
packet, unless an incrementing feature has been disabled, signalling that the transactions
are to take place at a single address. The packet counter value represents the number of
transactions remaining to be generated. The packet counter value is decremented after
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An asynchronous data pipe according to the present invention automatically
generates the asynchronous transactions necessary to implement asynchronous data
20 transfers to and from an application over a bus structure. An application as used herein
will refer to either an application or a device driver. The bus structure over which the
data transfer operations are completed is preferably an IEEE 1394 standard bus structure.
However, as will be apparent to those skilled in the art, the asynchronous data pipe of the
present invention will also be applicable for use in managing data transfers over other
25 types of bus structures. The asynchronous data pipe, at the direction of the application,
includes the ability to transfer any amount of data between a local data buffer or FIFO.
provided by the application and a range of addresses over the bus structure using one or
more asynchronous transactions.
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packets to be generated, a packet counter bump field to allow the application to increment
10 the packet counter, a control field and a status field. The incrementing feature of the
asynchronous data pipe can be turned off by the application if the transactions are to take

place at a single address across the bus structure.

After the register file is programmed and initiated by the application, the
asynchronous data pipe automatically generates the read or write transactions necessary to
15 complete the data transfer operation over the appropriate range of addresses. The
information in the register file is used as a template by the asynchronous data pipe, to
generate the necessary transactions and appropriate headers for completing the data transfer

operation. The asynchronous data pipe automatically increments the value in the

destination offset address field for each transaction according to the size of the packets
20 being transferred, unless the incrementing feature has been disabled. Because the

asynchronous data pipe generates the required transactions automatically, direct processor

control or supervision by the initiating application is not required. This allows the

application to perform other functions and complete other tasks while the

asynchronous

data pipe of the present invention completes the data transfer operation. However, the
25 register file includes the packet counter bump field which allows the application to

increment the number of transactions remaining to be completed by the asynchronous data

pipe. In this manner, the asynchronous data pipe has the ability to control the generation

of the transactions necessary to complete a data transfer operation, if required.

A system can include multiple asynchronous data pipes for managing multiple

30 asynchronous data transfer operations. In such a system a multiplexer is coupled between
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representing t he!fl‘fﬁ(eci?guittiac n 'gCttlllr(e)en’ anhrclngo%mllatl;l A st!r)Pt ccrding 16 e O
node g async pipes (ADP), according to the
present invention, is illustrated in Figure 2. In the preferred embodiment, the link circuit
10 10 is formed on a single integrated circuit or chip. The link circuit 10 provides a link
between applications 12 and 14 and a bus structure 58. The applications 12 and 14 are
both coupled to a system bus 16. The system bus 16 is coupled to each of the first-in
first-out data buffers (FIFOs) 32, 34 and 36. The applications 12 and 14 are also both
coupled to an applications interface circuit 18. The applications interface circuit 18 is
15 coupled to a set of control registers 38, to each asynchronous data pipe 20, 22 and 24 and
10 a link core 44. Each of the asynchronous data pipes 20, 22 and 24 include a register set
26, 28 and 30, respectively. Each of the FIFOs 32, 34 and 36 correspond to an
appropriate one of the asynchronous data pipes 20, 22 and 24. The FIFO 32 is coupled to
the asynchronous data pipe 20. The FIFO 34 is coupled to the asynchronous data pipe 22.
20 The FIFO 36 is coupled to the asynchronous data pipe 24. The control registers 38 are
also coupled to each of the asynchronous data pipes 20, 22 and 24. Each of the
asynchronous data pipes 20, 22 and 24 are coupled to a multiplexer 40 for outbound data
transfer operations and to a demultipiexer 42 for inbound data transfer operations. For
purposes of this disclosure, an outbound data transfer is one from an application to the bus
25 structure and an inbound data transfer is from the bus structure to an application.

The link core 44 includes a transmitter 46, a receiver 48. a cycle timer 50, a cycle
monitor 52, a CRC error checking circuit 54 and a physical interface circuit 56 for
physically interfacing to the bus structure 58. The transmitter 46 is coupled to the
multiplexer 40, to the cycle timer 50, to the CRC error checking circuit 54 and to the
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30 physical interface circuit 56. The receiver 48 is coupled to the demultiplexer 42, to the
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with which the transfer is being conducted, a destination offset address,

representing the starting address at which the transfer is taking
pl ace and a | ength of each data packet. The register file also
includes a Qg&%@unt er to keep track of the remaining n%ﬁg%am -
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t he generation ( he transactionS necessary to conplete a data
transfer opePEctuss 38; Priog ¢ mycasynchronous data pipe operation; somenextgrpal entity, st

ot B3 PR e i o RRRA S 1S el e 0000
- 5- application itself, or some other intelligence or state machine inside the system. In the
preferred embodiment of the present invention the register file of the asynchronous data
pipe is programmed by the application. Each asynchronous data pipe includes the ability
to generate the required headers for outbound data and check and strip headers from
20 inbound data, using the register file as a template,

The asynchronous data pipe register file contains data relating to the bus structure
start address, the transaction type and the transaction size, as will be described in detail
below. In the preferred embodiment, the transaction type is any one of the following:
quadlet read; quadlet write; block read; or block write. The transaction size is four bytes

25 in the case of a quadlet transaction or block request size in the case of block transactions.

When enabled, the asynchronous data pipe transfers application data using
asynchronous transactions according to the parameters programmed in its register file. In
the case of write transactions, from the application to another node coupled to the bus
structure, the asynchronous data pipe takes application data available at its FIFO interface,

30 prepends the appropriate header information to the data in the format required by the link
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demul ti pl exer %ﬁgﬂso coupl ed to each asynchronous data pi B‘é‘"]UWmF%éEI vi ng
signal s and data packets fromthe bus structure and routing themto
t he appropriate asynchronous data pipe. 5 The denul ti pl exer uses the
transaction code and the transaction |abel values to determ ne
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application Cj I cui i s, 15 . dto a set of control
registers 33”10{;% @ﬁ%m g’s ereé?ﬁﬁ* Begessapy to complete
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and BGF{{corré'ﬁ“b%ﬂmf‘%r%e&“d&esse’a SPERST She Pusstruetiec hr onous dat a

pi pes 20, 22 andTR4 FIFD ntérfdce forleach aydeltoRéhsidata pipe is cwﬁl&?dﬁ&ﬂ?qgﬁ@iﬁgs
data pipe 2Q. The FIFQO 34 is_coupled to the async ronous data pipe 2 20

The FI FO 3637348t #ichds dedi dhe d#te path dhat ahqpsyachponousflata MRy
[ eQi Sters SEad PIFD 32, 34 ofdeR deBLRLF 4 Qngé%%xﬁfn‘oh&% BRYRAE PROH 02t 2

pi pes 20, 22 and 24. Eac ronous pi pes 0 22 and
24 are coupliléﬁ’fﬂce for each taﬁlmcmqmmta‘ pipe mumh throughcthe multiplexet #0aad the

oper U£NS. Sukiicier o RN 7 i WM P ok el
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Is fromthe a@ﬁéb@h&ﬁi@&a&r ﬁpé j (ﬁers]xgggio o' r%c?eri"reotﬂc data coming from the link core 44 to be
in the format defined by the link core specification. If more than one asynchronous data
pipe is included within a system, each asynchronous data pipe is coupled to the link core
20 44 through the multiplexer 40 and the demultiplexer 42.
The data from the link core 44 to the asynchronous data pipes 20, 22 and 24 is
routed through the demultiplexer 42. The demultiplexer 42 uses the transaction code and
the transaction label, to route the data to the appropriate asynchronous data pipe. The
demultiplexer 42 routes response packets from the bus structure 58 to the appropriate
25 asynchronous data pipe using the transaction code field of the packet header and the value
in the transaction label field of the packet header. The appropriate asynchronous data pipe
will then match the response packets with the corresponding request packets.

The demultiplexer 42 does not change any information when it routes packets from
the link core 44 to the appropriate asynchronous data pipe. All information produced by
30 the link core is sent to the destination asynchronous data pipe. The asynchronous data
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The link core 44 includes a transmtter 46, a receiver 48. a cycle tinmer
50, a cycle nmonitor 52, a CRC error checking circuit 54 and a
physi cal interface circuit 56 for physically interfacing to the bus

structure 58. The transmitter 46 is coupled to the g}gjﬁ/ghﬁm@%ﬁr .40,
to the cycl e WOHH 0, to the CRC error checking circuit 54 0-the 30
physical interface circuit 56. The receiver 48 is coupled to the

derul ti pl exer 42, to the
-6 - WD 97/ 33230

PCT/ US97/ 02546 - cycle nonitor 52, to the .error ecki
circuit 54 aMWkPﬁf%ﬁ%gsWﬂWP&i@%ié&ﬁ&m m%&"cg& °°Fﬁ§sgﬂ7§1‘% ¥ ner
50 is coupl eQiafals tasfEN&d B ﬂ@%ﬂﬁﬂﬁo@%whﬁ%@"%élhﬁ@hﬁbﬂh%hﬁﬁ@ﬁiﬂdﬁ%ﬁ

56 ii's coupled to the bus structure he system

i 11 Ustrated ireAubied by dho protacpl ées dhe Insetrugtysen dior onthoundidata, the pyachyenous datas
coul-d be | Y el BRERER! bl pictnsh & thar PR, iThd BiSpd ook RalyrBd BY Rieflk
20, 22 an¥l 24 corteffenbachpsymchrdneus data pipe wil) gendrate theeapproprinterheades finformatiopst em
nandl | ng o ddbd Soped e Bl B8 dplatiosh B feeliRRER brtord rersine e el BE R R Y
will becone alpagiethe shwldplexdratof ol | owi ng description, having additiona
cynch onous, Gat & of ebSsnebeie Y5 s 28 2 bASho R Sk ARl i ©
conpl eting asydebhsafey datdldh @ fornd hith i9 BEhSdtibR With the requirements of the HikCébre
asynchronous data pipe is a bi-directional data path for data to and from
t he 10 44 function. During a write operation, the asynchronous data pipes 20, 22 and 24 generate

the required bus structure specific header information and embed it in the data from the

application, as required by the link core 44. During a read operation the asynchronous

data pipe accepts that data in the format provided by the link core 44 for data moving

from the link core 44 to one of the asynchronous data pipes 20, 22 and 24. In other

15 words, no manipulation of the data is required to translate data from the link core 44 to

the appropriate asynchronous data pipe 20, 22 or 24.

‘When only one asynchronous data pipe is included within a system, the
asynchronous data pipe can be connected directly to the link core 44. When there arc
multiple asynchronous data pipes within a system, the system must include an appropriate

20 multiplexer 40 and demultiplexer 42 between the asynchronous data pipes and the link
core 44. The multiplexer 44 is responsible for taking the data at the link interfaces of the
multiple asynchronous data pipes 20, 22 and 24 and multiplexing that data into the link
core 44 and then onto the bus structure 58 on a packet by packet basis. This information
is routed to the bus structure in a priority set by the transferring application. The

25 demultiplexer 42 uses the value in the transaction code and transaction label fields of each
packet received from the bus structure 58 and the value in the transaction label of the
asynchronous response packet header, to route the packet to the proper asynchronous data
pipe 20, 22 or 24.

The asynchronous data pipe of the present invention is a bidirectional data path

30 between a corresponding FIFO and the link core 44. When transferring data from the
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application which is to be transmtted via asynchronous transacti ons across

t he bus structure 58. Prior to any asynchronous data pipe
operation, sonme external entity nust 15 programa register file within
t he asynchr ta pipe. This external entity can be the

appli catlon%q é? or sonme other intelligence or state BRI 4 t he
system In the preferred enbodi nent of the present invention the
register file of the asynchronous data pi pe is progranmed by the
application. Each asynchronous dat a pi pe includes the ability to

generate the requi[ed rs._f bound data and check and_ strip headers
from 20 %%%ﬂ@%?ﬂ% E&P’ﬁdlﬂg h asynehronous, data pine fpyms the appropriate
The asynchr aaRies iflerntuibh REd pRBERT S tof the ath Beford ShdfB!the feStifhd RhdbOaddne bus

structure start address, the transaction type and the transaction
size, as W Iapplb%ﬁ%éﬂﬁ toythg Hink coes 44.| The lmk block)uses whe mfpmmorpmm;t bethe

glr]ggﬁlepepéa qua S&g#ipgté %&Wr ea g{ ‘;’lEtSV\Afp&]a{1 e t ransact i on

size i f oustrmgmre§825When mdingdataafsmnmlie hnlqcmem&to b IFiFQ,cth¢ asynclrondiis clata

request siz ase of tJr nsactl

Cnabled, "t hEPEdTAS B BprSriar Aster mRREARRL B8 3 100 wompoion, The asviciampes
asynchr onoudatarpipessents thixsinformatich 100hé link BereavlieH thefi tafRUtsahiened iréqueits
register file. case of wite transactions, fromthe

appl i cati on%ﬁﬁ%%ggoﬁlswetﬂeﬂmﬁﬁh%mm nding n°§? F‘ﬁ%’f’ﬁ?éeadt he

asynchronousesgaﬂsa e trﬁkﬁﬁxé&@'«%iec@r}hﬂ 1%? itftbfthe
i nterface, epends t propriate header orrrat | on to the data in
the fokat Flequlﬂp&u lrects that data to the asymhmnous data pipe which

I-DZJ:I' 1 US97/ 02 ge%erated ﬂlequéég?hging the values in the transaction code and transaction label
fields to determine the appropriate asynchronous data pipe. The asynchronous data pipe
then strips the header information from the packet and sends the data to the corresponding
FIFO. The application then processes the data from the FIFO. Whether generating read

15 or write requests to be sent across the bus structure 58, the asynchronous data pipe
continues to generate the appropriate requests until it has transported all the data to or
from the application.

A system which includes multiple asynchronous data pipes can sustain multiple
threads of data transfer concurrently. This is useful in embedded applications, such as disk

20 drives, which may be transferring media data while reading subsequent commands or
reporting status information to the initiating application. The demultiplexer 42 is
responsible for directing the data properly to each asynchronous data pipe. In the
preferred embodiment of the present invention, each asynchronous data pipe has a unique
transaction label or range of transaction labels. The demultiplexer 42 determines the

25 appropriate asynchronous data pipe according to the data in the transaction label and
transaction code fields. '

Each asynchronous data pipe has a dedicated register file, as will be described in
detail below. The register file is programmed by external intelligence, such as the
application originating the data transfer operation. Once the register file is programmed,

30 an asynchronous data pipe can perform read and write transactions either to an increasing
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core 44 and transfers the data to the link core 44 through the nultipl exer

40. In the case of read transactions, from another node coupled to
the bus structure, to the application, the S asynchronous data pipe
issues the [ te read request packets and when the d 102546

recei ved ro?@ﬁ@%’adata I n the correspondi ng read response packets to the
application 5 through the FIFO interface. In the case of both read and
wite transactions, the asynchronous data pi pe organi zes the data
into bus structure specific packet formats, as requi red by the Iink

COTE 14 PRI ) Byl R SR B g S T et

necessary t qafi beithéreof a block or qd’aeleﬁsiﬁé | The amicmmewuaspmgiammhbdfc daed ds,
subsequent transactiops ar ddr essed

ncre i ng ,range of
addr esses i ritaFET QRRIANAD, W "6?"%%‘9"’3%?%21“?‘3‘3#9& € trans e, the glm‘r‘he

FI FO i nt er f 356nteP Sﬁ&botﬁiﬂﬂé?hﬁl@r&lﬁoﬁéé&c%ﬁﬁa&&m &ml@lm&l i d R block0 a
FI FO 32, 34 or 36 which is dedicated to the ata{)aththat t he

asynchr ®nousoust: far fhefeansfon is pgrammed, the “)E&@Hnﬂs wijl ganeste ih§

dedi cated t &cgsgxrg inef f ace
forleach as&tn% gﬁ%us at Cta| pemlégtgghg?&ﬁe‘ﬁlr‘%u ﬁ%ﬂﬁmﬁ‘tﬂ% exer 40 and
the 15 dmmtanblpﬁ Wmetcmhﬂeaﬂc&nﬁadnmnmwﬁhdatdmm qm@amnﬂlvcblﬁrom
each as nchr |ink core 44. |

aqui rot by TR d8Bbifle agarps poptFonleRt dpd pertorts K34 Br S ooy SRl E

desi gned t o thebleck eouriter ltha aamon-@asongildet om t he | i nk core 44 to be

thefo t defin | i nk, cor.e speci fi re.t

asynch nous dat ?"}t’) Xsynhﬁ‘ PoYs Satacpips, reARiES ‘sa%m"ﬁ rgg:%r Sﬂh"gbﬁﬁ°mmw
asynchr onousyché arigin@ting Spplicatioh&éld uSed! 10 Qehdrité thdipproffiate trandabtibhy ededBaryhe
mul tiplexer 40 and the demul tipl exer 42. The dat a from t he

link core 44°cemplste 2,d3ta tapHPrpsTation acrassfhe bopstrusturg, 58 Fhe register file, “routed
through the (dgamel itbPédek yrtRrondidCaa gaeﬁyé lihdbhdet Qhitth? w&eﬁwe&ﬁmaatdf%

1
code and the transactlon I to route the data to

appropri at e Pressmicinyentionds Hivsteated iscFigae 3. The reglstcﬁﬁhﬁf)(mg)p@séﬂ bl@sr‘lflﬁa@s
respongs paGigpivarelHeRadebimaly D tﬁatoﬁxgﬁtl?r 9 Finkd3 ttﬁ@ r@é‘frgﬂé ?é‘ﬂfd tod in a

asynchronous data pi pe usin ansactiron co
header and ttﬂlle fcrmaethh eight hotizontah eows; sachaivelinding foulp dlytes.i dincoffset @dimp&% et

reoponse  paciapciin by 3" BB RN 3t ellekBping byie p el fou SR o 1 137

denul ti pl exeuddneﬁ diﬁas beginniep afi e regiytes ﬁlfecﬂOmaA rad/wﬁtemolnhmr&}ubalsopmﬂlhkﬂs

A1t or mat'? S A e s gh Socn ouP R 1R e rSn R RER 45 B ek o

asyncheonousnilat a pi pe. The asynchronous dat a

The speed field sp is a two-bit field within byte 1 of the register file 80. The
speed field sp can be read from and written to. The speed field sp defines the bus speed
at which all request packets will be generated. A write operation to this field updates the
value in the speed field sp. A read operation to the speed field sp returns the last value

25 written to the field. The value in the speed field is a two-bit vaiue representing the speed
at which all request packets will be generated across the bus structure 58. Table I below
defines the correlation of the speed to the value in the speed field sp.
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PCT/ US97/ 02546 - pipe will performall necessary mani pul ati on
of the data fromthe link core 44 before this data is transferred
to the applj Lon. which may include stripping header IHW

requi red by tocol for the bus structure. For outbo

asynchronous data pi pe prepares data fromthe appli catlon SO that
it isin the proper formrequired by the link 5 core 44. Each
asynchronous data pipe will generate the appropriate header information
and enbed that in the data fromthe applic3 on before sending the data to

the link core 44 thraugh th For all
of the asynchronous data pi pg e l.l it erf ace produces
and consunes data in a for nmafe=sabieh e conpati hlo S T h f.;‘ requi renents of

the link core 10 44 functfon. | ' 0@ i ofp, the asynchronous
data pipes 20, 22 and 24 genp+s s structure

speci fic header information i it i in t he

application, as required by 3 pad operation the
asynchr’onous data pi m dat‘ﬁ0 WWhe Jor mat provi ded by
the link core 44 for data m)omt ik chre 44 to one of
the asynchronous data pipes O, 22 and 24.11n ot 15 § words, no
mani pul ation of the data is Tequl T ontthe Iink core
44 to t he appropriate asynchronous data pi pe 20, 22 or

Wien only omBerafoys, Mga@d@aifabﬁtp@wgepm mdéasmedrﬁew@@ﬁg@%mbme

h
async ronOUWBﬁwﬂicﬂ%Imegﬂg&ﬁ sptéwmak%de'&%x%m#@myen

there are mul ti

syst erh0ust a |b74% sneaé for-genprgting raquest packets at 200 l\ﬁ)psp,;iwuﬁ@ Mr;gﬂnﬁ% 2 exer
fnzjl P?:)Y\lgigr IS T e%gﬁ@% Qx}egtr&{c?«kl n‘aﬂ?bh g%.![ an:t the |i nﬁoir ﬁt éelff aIgg of
t he rrul tTl[m traxaegtmﬂam&akl tbl:staasm ibtefiel® GrithiaZbysn2l o the xegistenifitei §8l exi ng
that data | e trans%ctlonqabel field t! can be read from and written to. The transaction label field tl
holds the value of the transaction label to use for all request packets generated by the
15 corresponding asynchronous data pipe. In an alternate embodiment, a single asynchronous

data pipe will manage a range of transaction labels. A write operation to this field,
updates the value in the {ransaction label tl field. A read operation to the transaction label
field tl returns the last value written to the field. If there is more than one asynchronous
data pipe within a system, each asynchronous data pipe must have a unique value in the
20 transaction label field tl in order for the demultiplexer 42 to properly route the response
packets to the originating asynchronous data pipe.
In the preferrcd embodiment, the two least significant bits of byte 2 of the register
file 80 are both permanently programmed to a logical low voltage level.
The transaction code field tCode is a four bit field within byte 3 of the register file
25 80. The transaction code field tCode can be read from and written to. The transaction
code field tCode holds the transaction code to use for all request packets generated by the
corresponding asynchronous data pipe. A write operation to this field, updates the value in
the transaction code field tCode. A read operation to the transaction code field tCode
returns the last value written to the field. The value in the transaction code field tCode is
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core 44 and then onto the bus structure 58 on a packet by packet basis.
This information s routed to the bus structure in a priority set
by the transferring application. The 25 derul ti pl exer 42 uses the val ue
“in the tran | code and transaction |abel fields of eaghrwces packet
recei ved fr§ﬁ$% us structure 58 and the value in the trgﬁgactfgﬁwlabel
of the asynchronous response packet header, to route the packet to
t he proper asynchronous data pi pe 20, 22 or 24. The
asynchronous data pipe of the present invention is a bidirectional data
path 30 b 0 ndj | & n eyl e44.

D P eTerri ngfgagﬁgﬁf\% z{eﬁ@&%ﬁ:‘é’&h@%& S pfifioh ¥ b boHanGEd S The conddistidn

- 9- between the Wélus'in3RE Bénsaction code field tCode and the type of operation to be

PCT/ US97/ 02546 ,- . . -care onding FIFOto the link core 44, the
asynchronou§“ﬁﬂ?ﬁ“bﬁﬁ@°?ﬂF$§h@ﬁéF§%$prriate header information and
prepends it to the data before sending the resulting header and
application data to the link core 44. The link block uses the infornmation

cr eat edsby t he nchronous dat & Ik o generate and conpl ete the
wite operation acros us 5 Shkructure . eff sending data from
the link core 44 to a pi pe creates the
appropri ate header in tijon.tor a rea ransacti on. |[The asynchronous
dat a pipe sends this i c ich then transmts
t he read request oooacnmﬁ@&q&ﬁ;ug&wre 58. At sonme later tine,
t he respondi ng node r gturTstaTead response—pagket. The |ink core

44 detects this resporfstiOBadicead raguest fondataiquadiétt to th
10 0101 | read request for data block
1001 } lock request '

When the transaction code field tCode contains the value 0000, then the data transfer

15 operation to be performed is a quadiet write operation. When the transaction code field
{Code contains the vaiue 0001, the data transfer operation to be performed is a block write
operation. When the transaction code field tCode contains the value 0100, the data
transfer operation to be performed is a quadiet read operation. When the transaction code
field tCode contains the value 0101, the data transfer operation to be performed is a block

20 read operation. When the transaction code ficld tCode contains the value 1001, the
operation is a lock operation.

In the preferred embodiment, the four least significant bits of byte 3 of the register
file 80 are all permanently programmed to a logical low voltage level, in order to provide
a reserved field in the packet header for the bus structure.

25 The destination identifier field destination_ID is a sixteen bit field within bytes 4
and 5 of the register file 80. The destination identifier ficld destination_ID can be read
from and written to. The destination identifier field destination_ID holds the sixteen bit
destination node ID which is used with all request packets generated by the corresponding
asynchronous data pipe for a data transfer operation. A write operation to this field,

30 updates the value in the destination identifier field destination_ID. A read operation to the
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10 demul ti pl exer 42 which then directs that data to the asynchronous

data pi pe which generated the read request, using the values in the
transaction code and transaction | abel fields to determ ne the
appropri ate _asynchronous data pi pe. The asynchronous data_pi _ then
strips t he ¥R nformati on fromthe packet and sends tl&g'&?"m t he
correspondi ng FI FO. The application then processes the data from
the FI FO. Wether generating read 15 or wite requests to be sent across
the bus structure 58, the asynchronous data pipe continues to

generate t he apﬂrﬁgeagé% Hests II)| It aeslasttr sported a@rﬁqmcﬂ,g%ta to

”U| tiple asyfehn dOsStiARR idnifier £30 dRstiadén Ilﬂ%ﬁrédéh@ the node, acréss tleBlE Of
data transfer concurrently. This is useful in enbedded applications, such

as di sk 20 structurgr 38, avith whick therdaia wansfer speration isrig take dlage.d Jherefons. cach aadei ng
subsequent t. nformation to the
initi gtl ng awg'f‘%ﬁx ?ﬁé\ﬁg%ﬁ?@ﬁ%&:ﬁ%}& g&@d responsi bl e for
direct$ng t he ddthe highogrded gesnnauea@lffsasliahtﬂcsunﬂm offsetHpispesixteen bih Gield
referred enbod n f resent e ch chr ata pipe
has o Uni Bt bytes & o 7 nereRect s 8U° by Bin 32 PG ofRE B & P
demul ti pl exdestingfionl eiffsetHinam Belread’from andawfitento. The hiphyorddrrdestinationd effset pi pe
PR "0 ' fd Sl et B oA T Suh e B P e s B RB0 o
file, as Wtb'us@ﬁr%éﬁéﬂt backet enemﬁlftﬂl\bm@%b%mnTﬁethfsQ&kﬁﬁﬁfawfsltbee i's

programmed by external intelligence_such as th plication

ori gi At i ngralusen dhe high mmm@ﬁxbﬁeldmmwﬁe@ Hit ch repyloperation to
P 9 e g ol ARHAAI DRSS R kBt il
- 10 - high order sixteen bits of/thg degtibation offset address.
PCT/ US97/ 02546y jow order destination offset field destination_offset Lo is a thirty-two bit field
within bytes 8 through B of the register file 80. The low order destination offset field
15 destination_offset Lo can be read from and written to. The low order destination offset
field destination_offset Lo holds the low order thirty-two bits of the destination offset
address to use for the next request packet generated. A write operation to this field
updates the value in the low order destination offset field destination_offset Lo. A read
operation to the low order destination offset field destination _offset Lo returns the current
20 value of the low order thirty-two bits of the destination offset address. Together, the high
order destination offset field destination offset Hi and the low order destination offset field
destination_offset Lo form the forty-eight bit destination offset address to which a current

transaction is generated. If the non-incrementing flag in the control field, which will be

discussed below, is at a logical low voltage level, then the asynchronous data pipe
25 increments the entire forty-eight bit destination offset field, comprised of the high order
destination offset field destination_offset Hi and the low order destination offset field
destination_offset Lo, by the value in the data length field after each read or write
transaction is generated.
The data length field data_length is a sixteen bit field within bytes C and D of the
30 register file 80. The data length field data_length can be read from and written to. The
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range of addresses or to a fixed address across the bus structure 58. These
transacti ons can be either of a block or quadlet size. The

appl i'cati on, when progranmm ng the data transfer operation Wil

ei ther give @vdﬁs@isobl ock count for the transfer, "bunp" F‘f'ﬁb% 2545
counter by one count at a tinme, or provide a conblnatlon of e two.

total block 5 count for the transfer is programred, the asynchronous
data pipe will generate the transacti ons necessary to conplete the
operation while the application perforns other operations and

conpl etes othgr fas ch as nchr.onous data i ntaln us
structure sp #eeg’g(flﬁkg g‘;]d%@ﬁtsgi{maﬁ'@gp&re’f e&%rﬁfﬁr
transactions eraftd thecorrespoﬂm a%&@wn‘@&b&ﬁioﬁt&%h&'ﬁeldlo
Each asynchr ogn&oius dg{ya pi pe I‘Eﬂl res dedl cat ggkr egister file which is

progranmed updates the valuedndhe data lenpthdf %gmr nAan@ri opseatiop do gherdatnlengthhe
a ropriate t b@%ﬁr&ﬁx‘ﬁ? [
OBEI’ afl on acr%és}g%%'e S Sstruc Urevgjéle “ﬁ'le regl S tﬁfwgﬁﬂ{e &&Sfc I'red

for each asynfidld datadsngththas wmea;esmaidm,ohﬂedmﬁ themhdaeumhefbﬂm ﬁeldenf)theh ment

of the |on Iutrated in Figure 3. The register
file 80 incl J&%‘E{eg?-?%é,q ;aﬁl éh %nbered hexadeci mal |y O through
1F, In Figure 3, the register file 80 is illustrated in a tabl e
format with eight horizontal rows, eachTABgEU® ng four bytes. An offset

colum 82 is |ncluded I n Flgure 3, to shom1the offset of t he
begi nni ng by tjEr=Frrceretr=rvw S - Sgtiira=iaearmr—reror
regi ster fiid
whet her the ff
witten to 2g

field withi n 5 WETNNDORAL Mt &
be read from 2 quadlettrbaw deleﬂ'hﬁtsp .

at which all reqi’?s pac 9‘§‘I A WTe openart Th
field updateg Yeite; Q080 spl A% edd o]bé"réﬂ@ on

h d fidgd s It] h ' .
the speed fi . oémn{east.veformoaﬁl oot ([ bl 0 [1Nq Lighdl- e

bus speed“'

at which all Jreqblwk rpmickielock wiitel bé @0n00r §d 200@ss| t D hys dJttood8Ir ef]58.
Table | belo getines tne cprreratt o of_the Fpeed (o Tne varaegin

the speed fidld sp mask swap 1001 0001 - 8orl6

compare_swap 1001 0002 - 8or16

fetch_add 1001 0003 - 4or8

little_add 1001 0004 - 4or8

bounded add 1001 0005 - 8orl6

wrap_add 1001 0006 - 8 or 16

vendor-dependent 1001 0007 - -

The extended transaction code field extended tCode is a sixteen bit field within
bytes E and F of the register file 80. The extended transaction code field extended tCode
can be read from and written to. A write operation to this field updates the value in the
extended transaction code field extended_tCode. A read operation to the extended
transaction code field extended tCode returns the last value written to this field. The
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val ue, bus speed 00
100 Mops 01 ) 200
Mops 5 10 400 Mops
11 WO er ved Therefore, as illustratdFHEFHM4 T, a
val ue of 00 in the speed field sp defines the bus speed at whi ch al |

request packets are generated at 100 Mops, a value of 01 corresponds to 10
a bus speed for generating request packets at 200 I\/bps a value of 10

Nbps. " ehéd2d trnspetion tole SRR prseded JEpde sl e F 4 Gepsepisg
wi thin byt Mo Rarisastions. C1f the &S the transacn&hsode AR lF ?el: %)Fk,aﬁ;e el d

tl can be read fromand witten to. The transaction

hol ds the vefl 1fi€1sigealling thatthisds p deck regegst, tﬂvnubeextmdeémwe@memdem
gener at ed béaﬁ%%@led né:éode bl ﬂﬁ%ﬂﬁﬂ&&dﬂ%ﬁ&%ﬁﬂ& BSERNAHR ﬁiﬁh@ 1046 n

alternate e a singl e asynchronous a plpe w manage a
range &f tr ansacFhegpackestsotster ﬁeldwa ateelgbapah:mﬂwodmttﬁalds dependihg on the

P t ransacrngiiaelpk (8 sbhdlo itk Ppes 187, orene Iebifr o BT B BB, Pt
field If tﬁddeanbemde&dﬂnaﬁdwn&emwntﬁamﬁa&oumerﬁeld@laldatﬁvtﬂmwwln a

syste eacha chronous data errut have a uni que value jn the
y m esy s remaslmng to bg gen to complete a data%ansfer operation. A write

-
-1

operation to this ficld changes the value in the packet counter field. A read operation to

10 the packet counter field returns the current packet count of request packets remaining to be
generated. The value in the packet counter field is decremented after each transaction is
generated. In order to have complete control of the number of packets generated, the
packet counter field should only be written to when its value is zero.

The packet counter bump field is a write only field within bytes 14-17 of the

15 register file 80. When the packet counter bump field is written to, the corresponding
asynchronous data pipe increments the value in the packet counter register. If the packet
counter bump field is read, the returned value is not predictable. This allows the
originating application to have additional transactions generated for a current data transfer
operation. In the preferred embodiment of the present invention, writing to the packet

20 counter bump field is the only way to increment the value in the packet counter field when
the packet counter field contains a non-zero value.

The control field is a thirty-two bit field within bytes 18-1B of the register file 80.

The control field can be read from and written to.  Within the control field, bits 0-29 are
reserved, bit 30 is a non-incrementing control bit non_incr and bit 31 is a operational

25 control bit go. The operational control bit go is set. to a logical high voltage level in order
to enable the asynchronous data pipe. Clearing the operational control bit go to a logical
low voltage level disables the asynchronous data pipe immediately, or on the next
transaction boundary if the asynchronous data pipe is currently in the middle of a
transaction. Accordingly, an asynchronous data pipe is only operational when the

30 operational control bit go is set to a logical high voltage level. The non-incrementing
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20 transaction label field tl in order for the demultiplexer 42 to

properly route the response packets to the originating asynchronous
dat a pi pe. In the preferred enbodi nent, the two | east
-significant bits of byte 2 of the register file 80 -
perrranently‘BPWaammd to a logical |ow voltage |evel. Wﬁ“ The
transaction code field tCode is a four bit field wthin byte 3 of the
register file 25 80. The transaction code field tCode can be read from
and witten to. The transaction code field tCode holds the

transaction code, 0 use for all request packets generated_b he

cor r espondi rPRHCL bt AeR sy ds 3L 10,2 ﬁb@ﬁ% tage Yspel 1 oF tﬁf?’%/arfi‘g field,
updat es the yghitfriols data pipe h hindrit8 ARHEieS balkAe1o/ d ksl drGolncrdmisting
operation to the transactpi}Pgn, code fi elagltho.de .o . returns the | ast value
witten to taddress.cfihen theenensingrementing confrohbis nea iings iveqnal 1oj 2logicaldowevoltage

- 12 - .. ..

bCT Uo7/ 02oeh the comespbhdlds Sphciionous dpta,pipe fmerements the destination offset valug by
oper ati 6n t cthbaalueinithetdath_letipth foodd afiéramchotransaction is barhpleteds t he val ues in the

transaction code feCldud £88% & Bfut-fo b AR kiR THRE 1&NF & B register file 80.

conducted is sho
TABLE | | The status field can be read from and written to. The status field holds the last

acknowiedge codes and response codes resulting from request packets generated by the
corresponding asynchronous data pipe. The status field includes an error field, a response
10 code field, an acknowiedge in field and an acknowledge out field.

The error field is a four bit field which contains bits which indicate the error which
caused the comresponding asynchronous data pipe to halt its operation. The error field is
cleared when the operational control bit go is set to a logical high voltage leve! The error
field is valid when the operational contro] bit go is cleared to a logical low voitage level

15 by the asynchronous data pipe. Table IV iliustrates the relationship between the possible
values in the error field and their meaning.

20
0001 bad ack code received (for
request packet)
0010 bad ack code sent (for
response packet)
0100 split transaction time-out
1000 bus reset occurred
25 =

A value of 0000 within the error field signals that there is no error. A value of 0001
within the error field signals that the error was caused because a bad acknowledge code
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t Code Oper ati on 0000 wite

request for data quadl et 0001 write request for
dat a bl ock 0100 read request for data quadlet 10
0101 read reguest for data bl ock 1001 | ock
request 2\ \hen the transaction code field tCode cBFHNIHfie val ue
0000, then the data transfer 15 operation to be perforned is a quadl et
write operation. Wen the transaction code field t Code contains the

val ue 0001, the data transfer operation to be performed is a block wite
operation. Wien the_transaction code field tCode contains the val ue 0100,

the data  Was received forraspequgst pankplowhich was priously pest- Avginﬁeaemwmwhe
operation. Wienstiasi aﬁrm%e&&r%ec Oms%dils 4 '»va%smefoya' ue

0101, the data transter operation to read

oper ati on. waesponseepacketnavalnoof @mﬂ'ewﬂhalth# aros dieldosignaly thst tbh eﬂoawa%ml

tePrgodi ment , ?%e ? ur easﬁdé%‘g% % %nYalue?ﬂbmpém mp'ete#&regls%ﬂe”ed

file 80 ar etht b bos resatneoctured. pr ogranmed to a | ogi cal | ow voI tage level, in
order to prOV|de are f,ield in acke er for th bus
structure. The esponseeﬁfﬁﬁ ﬁq%ﬁzﬁ?g‘?}' |b&et£FFF$P’?‘§’?‘HPF gé%‘?fpr?

is a sixt eenalheiecéive&dmtvbheubme e code ﬁeidam&dqhalttbqupmméwfl [ e
80. The destination identifier field destination ID can be read

from and wr FRRSIFHQR,Wast, write transaction J¥hich wag completed asop ynified trapsastiony | D hol ds

the sixteen bit The acknowitdgé iﬂﬁéih%‘a@&iﬂ%ﬁ'ﬁh&%ﬁh Hokds\4Be Rstickfowilkdge’ €quest
packets generated by the corresponding asynchronous data pipe for a

dat a twansfélsne}mwdofrpmmww&e nﬂﬂérxamsmsmﬂmlsstmsmpa@,@t genemapfbes t he

;/gl ;Jﬁ I n thﬁxed&%dh?&bhé’ﬁa&%?&t ifier field destination_ID. A figd_operat I on

The acknowledge out field is a four bit field which holds the last acknowledge
signal generated by the asynchronous data pipe in response to a response packet

corresponding to a request packet generated by the corresponding asynchronous data pipe.
15 A write operation to the status field changes the value in the field. A read
operation of this field returns the current status of the asynchronous data pipe and the
present data transfer operation. If one of the request packets or a corresponding response
packet results in an error, the asynchronous data pipe first stops generating any further
request packets. The asynchronous data pipe then latches the values for the response code
20 field rcode, the acknowledge in field ack-in and the acknowledge out field ack-out into the
status field. After latching those values into the status field. the asynchronous data pipe
then asserts an interrupt signal through the application interface to the application to notify
the application that an error condition has occurred during the current data transfer
operation.
25
Read Operations
When conducting a read operation and obtaining data from another node coupled to
the bus structure and transferring the data to the application, an asynchronous data pipe
generates the appropriate read request packets, using the information in the register file 80
30 as a template. When the data is then received from the destination node, the demultiplexer
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WO 97/ 33230

PCT/ US97/ 02546 - destination identifier field destination_ID
returns the last value witten to the field. The value in the
destination identifier field destination ID represents the gﬁﬁ§gsa t he
bus stYQVBA? 58, with which the data transfer opera??gﬁmls. o take
pl ace. Therefore, each node on the bus structure 58 has a uni que
destination identifier. 5 The hi gh order destination offset
field destination offset H is a sixteen bit field Wi thin bytes 6

and 7 of the register file 80. The, high qrder destination_offset,fjeld
desti nat i on_dRreues the @é‘n“’b@‘.’ PRAABPTIALS, RAVRFHORRF N‘H‘p?‘”%g‘el‘}'ﬁs’ﬁs& r
destination GfshSRtion code and thanSicHorn BiBEl s, O dsGdhrdrioud @dtdl pipk Wsenhuggs the der

sixteen bits of the destination offset address to use f%iFthe next

request packdicadgs iefprmation fromsherdata;packets pashloads thdatarnaghets infodthe ELFQ,fzom o
val ue in the Ji s | ' fiel d destination offset H . A
read operati 3{]&%&8 aﬂﬁﬁcaﬂﬁ?h@f‘ﬁrﬁgﬁgggjg@fgs aFar'lat ion offset field

desti nat$on of f setWhin active ambtransfertng dam fromathe bunétruchize 58 to the FIFD ditedacger
si xteen bits of, the desti I on of fset address.. . . |
order desti nm?fygﬂvg!g{usg?{gmgpe A5 0Re fepe Es Stats q’ascmge’tﬁidre@é}fl\?\of%%

field Vbeloi n bytes 8 through B of the register file 80. The |ow
order destination offset field 15 destination offset Lo can be read
fromand witten to. The | ow order destination offset field
destination_offset Lo holds the | ow ordgaBIE Vty-two bits of the
destination of fset address to use for the next request packet
generat®®. A wite operation to this field updates the value in the

| ow order destination Qhfiec@buvki(gl d destinationoffset Lo. A read
operation to the | ow order desAM MRiai=00) Of f Set fxiitdotiad &Sdnionet/i on_of f set Lo
returns the current 20 val uecomimud;he | ow or tteloop taichetk/activestatei*t s of t he
destination offset address. Together, the high order destination

of fset #¥eld destination offset H_and the | ow drdaye fisewesemywohacrs et
field destinati on_ogﬁgﬁ%%? formthe f? t-t.;?ﬂgils bit destination

of fset address to which a c . . trangacti i ted. If the
non-increnenting flag in the con r(ﬁawfel%l d, whic ‘\’Nlél IweE‘ee"gﬁ'r]'@t{v{él F di scussed

below, pg at a logical |ow yetdeg)! evel, thenptlgeeiaaygq,b,rmu@m& pi pe

break;
AssertWord (); /Yassert word at the FIFO interface */
DeAssertReq (); /* deassert req */

25 }

The FIFO interface clocks the data from an asynchronous data pipe into the corresponding
FIFO with a clock signal synchronized to the bus structure interface. The FIFO is always
in a condition to receive a word of data when it is available from the asynchronous data

30 pipe. If the request signal becomes asserted when there is no room in the FIFO, then a
FIFO overrun occurs. This creates an error condition which is detected by the
corresponding asynchronous data pipe. When a FIFO overrun condition occurs, the
remaining transactions are halted unti} the FIFO is cleared and ready to receive additional
data. In this case, the acknowledge out field of the status register will reflect the error.

35 In order to read data from the bus structure, the originating application programs
the appropriate information into the register file for the appropriate asynchronous data
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25 increments the entire forty-eight bit destination offset field,
conpri sed of the high order destination offset field destination
offset H and the | ow order destination offset field

destination offset Lo, by the value in the data length field after each

‘read or wYp&733230 transaction is generated. PCT/USYINP# Qat a

l ength field data_length is a sixteen bit field wwthin bytes C and D of the
30 register file 80. The data length field data | ength can be read from
and witten to. The

- 14 - WD 97/ 33230

PCT/ US97/ 0pig26 The appromawlﬁﬁ&n the buyspeed @ beewgﬂ,rmheq lﬁl Mbis, 309 Mbps 6 byt es,

of all reqywp %Fb?é Eogrdﬁtih b'l‘h% #,Qéq'

asynchronous a pi g]m&{e&?)%‘vrat lon'to Is Tie tg at es tqhe val ue
in the datwithisythe para Oﬁ&P@hYMuMmﬁédeMbanhmmeﬁ&ength
field dat e al ue
in the da??‘ ?%ﬁ%@ﬁ%@?@g@ 4‘%‘%‘?% SO beréé rltéc ¥ ase Q‘gtnh\ét he
val ue$ i n tamaaiohawdé fiekdd€odd. Theappeopriatecvalifel dofresidnding t@iﬂfelxdﬂﬂiﬁeﬂoﬂ'ﬂnbl e |l
bel ow.

TABLE |1 1| .
pernitted destination node, » 4RSS the; s structure, for all requeftwlélgts, 1s programmed dpfo the o D
dat a_| engt festination identifier field destination_ID.

The starting forty-eight bit destination offset value is programmed into the high and
low destination offset fields destination_offset Hi and destination_offset Lo. If the non-
10 incrementing bit in the control field is at a logical low voltage level, then the value in the

destination offset fields is incremented after each request transaction is generated. The
number of bytes for each request packet to be generated is programmed into the data
length ficld data length. If the value in the transaction code field tCode is equal to 0100,
signalling that this transaction is a quadlet read transaction, then the value in the data

15 length field data_length is equal to four. If the value in the transaction code field tCode is
equal to 0101, signalling that this transaction is a block read transaction, then the value in
the data length field data_length is programmed with an appropriate value in the range of
numbers allowable for the programmed bus speed, as shown in Table III above. Because
the operation to be completed is a read operation, and not a lock transaction, the value in

20 the extended transaction code field extended tCode is programmed to be equal to zero,

The number of packets to be generated and sent in order to complete this data

transfer operation is programmed into the packet counter field. The value in the packet
counter ficld can initially be programmed to equal zero, if the application is going to write
to the packet counter bump field 1o generate the appropriate transactions, one at a time.

25 The non-incrementing bit in the control field is programmed to equal a logical high
voltage level if all request packets are to be sent to the same destination offset address.
The non-incrementing bit in the control field is programmed to equal a legical low voltage
level if the request packets are to be sent to an increasing range of addresses. The
operational control bit go, within the control field, is programmed to equal a logical high
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t Code val ue (bytes) guadl et read / quadlet wite

0100/ 0000 0000 - 4 bl ock read / block wite 0101/0001
0000° 00 1 to 512 bl ock read / block wite 0101/0001
‘0000 0 to 1024 bl ock read / block wri t epofiashh 1.
0000 1%’9"”332’% to 2048 mask_swap /og%gl
0001 - 8 or 16 conpar e_swap 1001

0002 - 8 or 16 f et chadd 1001

0003 - 4 or 8 little_add ) 1001

8883 ~ voltage level itgcrnalgr tp;enable the async%?gq%gggatg%e to begin generating tiiggé 1

0006 - appropriate traf¥actidhs necessary to/@iiMte dRIAGOGRIsfer operation. 1001

extended transaction cqode field e nded

0007 i t t Code i
sixteen bit fiel d_%eepﬁhﬁm%ﬂmﬁa”rﬂ% wifhan ﬂ?giogF@ré#‘£|l§S%6? %ciliis%
extended 1 aQ5Rie! IV ARE Syt fibibud H‘S'E‘S%’*é?*’“ﬁ%ﬂ Bl Ahife 1ATheBtiybiskid, o

to.-Awite operation to 'S e the val ue 1 n the extende

transactd on thecsynadheongus date piteBenetaige read requast pagkstsoaceendingdo thecread stat¢ded
transacti on n@%?h&'xﬂ’eﬁtiﬂ"lqﬁg—\h@de returns the last value witten to

this field. e - 15-
WO 97/ 33230
PCT/ US97/ 02546 - TABLE V1
10 while (Active ()} {
if (packet_counter == 0) /*if we don’t have any packets to send*/
continue; f*loop to verify active state*/
if ((RAM Free < data_length)  /*if we don’t have enough free space®/
15 && (RAM_Data !=0)) /*and we’re not empty yet*/
continue; F+loop 10 verify active state®/

/*we have enough space for a packet*/

20 Arbitrate {); F*get access lo the link core¥/
if (tCode ==4) #*if this is a quadlet*/
SendHeaderRegs (12);  /*send first 12 bytes of header regs*/
eise /*else this is a block*/
25 SendHeaderRegs (16);  /*send first 16 bytes of header regs*/

/*note that we need to handle bad acks here*/

GetData (data_length, F*put received data into buffer RAM*/
30 &RAM_Data, ZRAM_Free); /*adjust these as data arrives*/

*note that we need to handle back rcodes here*/

--packet_counter; /decrement packet counter*/
35 if ('non_increment) *if we’re incrementing®/
destination_offset += data_length; *increment destination®*/

}

At any time, the originating application can write to the packet counter bump field,

40 thereby incrementing the value in the packet counter field by one. The asynchronous data
pipe read state machine, as defined in Table VI above, forms a read request packet
whenever there is greater than one packet's worth of free space in the FIFO coupled to the
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extended transaction code field extended tCode has a value of zero for all
transacti ons, except lock transactions. If the value in the
transaction code field tCode is set to a val ue of 1001, signalling
that this s Lock request, then the extended transactiop el d
ext endedt Cg&ﬁﬁa?uﬁs t he extended transaction code val ue fﬁ?ﬁ}%gn{f%gk
transaction. 5 The packet counter field is an eight to
thirty-two bit field, depending on the configuration of the system
wi thin bytes 10-13 of the register file 80. The packet counter
field can be,read fromand witten to. The packet coynter field holds the
nunber of acnveasyncﬁw@.&gg%aa%a@?et AEYPSITORONS pee éP%Fc@B“W@ fe a
dat a transpesadRqiesi ﬁ&{a t whefiBver She FIFO correSpikiftip 16 thé fyhdhrchobs 8l pRRGEIES

e

the value in the pac counter field. A read operation to t he packet

{4
10
count er fi eerapiptely emgty+ HEthe smbedded application guarantess that dhrodata will Re clockedpi ni ng

b : el i
to be out of 458 E6r2dspohdind PIF(Pfaser Sgﬁ%@ﬁﬁﬁ%ﬁéﬁﬁ%%ﬁd&,ﬁa's&e of the

decrenented after each transaction | . I'n"order to have

conpl ét e cEHQ obrresponding tothe asynoliropeusidataspipeecay bet smpller than the number phcket

counter fi hit 0 i 1S,V .

The packet ﬁ#‘%‘b?ﬁ’g{.ﬂ‘g&’ﬁpwl”@ %M@%@“@ﬁ‘?%&ﬁ@hﬁ{hﬁﬁéﬁéﬁ%‘? I}lfsf? of

t he 1ﬁ r egi sFa&gabh k&d&@queka&h?tﬁﬁg&&tﬂddthmnddsdaﬁ ﬁipe;,}\thd t ][ en
5 oSBT J iy e A SO Bl R 4 DT 121 1«
read, the fe3patisdpaoken! The demuliplesdr aésthe Blasactidn doda tCsds%nd i transaction

origipatin pplication to have additional transactions generated, for a
cur r eift da?aggtﬁ?éfh éF“‘{]fesmnseP%E‘r‘StrP@ﬁFh"IMﬂ@ eper a3yoshaoBelSAMA of t he

present i NgREkitRA miltipleiaShchidnbiedddn b&a@%cxm%mg]g.ymmé Rlcelving t he

only way to increnent” the value in the packet counter field when
t he” packet asyochrongusidata pipe then sirips the hroderznd snakes the data field available at theThe

control fi | ' 2 bit field within bytes 18-1B of the register
%ﬁ@%ﬁﬁdh

file 80. control field can be read from and writgen to. Wthin
t he control fi eAfter éachge®l 12guest packet is generatet; éff the dipniricrengdt bit imthe control

non-iycre i 0 ' n._ncr._and, bit | perat i

Cont rB1 i Dol Aot 8L bogel R Volined 1l i sypeiohds taBib e linette
vol t age | edestinationosfiket address value bg thaedhecint the data Yengtly field data desgth jm pe.
Clearing the operational control bit. go to a,logjgal l.ow vol t age

| evel di saWB@%“%&iﬁﬂm‘bﬁy’&éf? %ﬂ%‘%@dl%"? %%Wf'ﬁg'en‘&‘{
transact i ogtatRouimhiicydefined BETdblY VT BboVROHE apichroRbidcdatsSpipel exaihdsythe n the
e 0! beomtiedan o BB ik vid el pael it ghneriod o Repponst 2ode RUR® ' <

20 rcode, for each corresponding read response packet. If either the acknowledge in field or

the response code field rcode indicates an error, or if the asynchronous data pipe is forced
1o return a bad acknowledge code for the read response packet due to some error, the
asynchronous data pipe immediately stops and stores both acknowledge codes and the
response code rcode into the asynchronous data pipe status field within the register file 80.

25 For split transactions, the asynchronous data pipe times the response. If more than 100
milliseconds elapses between the request packet and the corresponding response packet, the
asynchronous data pipe halts and displays the defined status information in the status field
of the register file 80.
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30 operational control bit go is set to a logical high voltage |evel.
The non-increnenting

- 16 - WO 97/33230

PCT/ US97/ 02546 control bit non_incr is set to aplphisedasdsl 3h
- P

vol t age | eve™VO R B Wer to force the asynchronous data pipe-to

generate all request packets to a fixed or non-increnenting
address. Wien the non-increnenting control bit non_incr is equal to a

| ogi cal | ow voltage | evel , the correspondi ng asynchronous data pipe
I ncrements the degtinajion offset value by 5 the value in the data

| ength field after ction is conpleted. The st atus
field is a thirty-whéh &inludtinglatwitictdperatioy hib sehing WataOfrork it drivdniatingr file
80. . The status field can be read from anﬁ witten to. [The.status
field hol ds tappligation to another noge keupladctafhe by 3P SSFEHOROYS SBRPIPR s Ul t i ng
fromrequest f2k 2n t8 tledd¥r bdifp the infonnat}%ﬂriﬁ%%oﬁagﬂef‘ﬁleaﬁwaew
data pi pe. The status e I ncludes an error field, a response 10 code

field, afh ackFhoveadegds thenfaddeditotheiappropriskndats p@pggt @gl_tbom @p@:_eade.r anq the data
The errof | Glafidt irdpdi Ufo the toud gﬂ&%gg’gi&hgmb&é 48] 1B wtthérbdeifly Fichion Ne

error which used the corresp asynchronous ta pipe to halt
i ts operati oris ndhdisabledy thef aspholironous data pipe indrementsithetvalue tiln theajestination offbet

control bit Is set to a, agic¢al. hj,gh voltage_,l.evel,Jhe error. . .
field is val %8"1 Wagﬁét?e%&.f“ @‘gmto‘f“g?qt(‘fgﬁw Afyer gac e"éa?‘fmcfngn %gi cal
| ow vol t age |%het|ame315the pathet chmtarspluelis darcitentdl dTH process dddepeated uritil det r at es
the rel ati ons ip,betLeween t he o?,sible values in the error field and
t heir md8ni novalue in the packet co ield is equal to zero.

When active and transferring data from the FIFO to the bus structure 58, each

asynchronous data pipe operates as a data send state machine, as defined in Table VII

below.
15 TABLE VI
while (Active () ) {
if (RAM_Free ==0) "J* if no free space */
continue; /* loop to check active state */
20
/* we have free space and we're active */
AssertReq () /* assertreq ¥/
while (1Ack() /* wait for ack */
&& Active ) ); /* make sure we remain active */
25
if (lActive () /* Jeave if we're not active any more */
break;
LatchWord () ; #* Jatch the word ¢/
30 DeAssertReq 0) ; f* deassertreq ¥/

}

The FIFO imterface clocks the data from the FIFO to the corresponding asynchronous data

pipe with a clock which is synchronized to the bus structure interface. The FIFO always
35 has a word of data available when the asynchronous data pipe requests one. If the request

signal Req becomes asserted when there is no data in the FIFO, then a FIFO underrun
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TABLE |V error val ue

meani ng 20 0000 no error
0001° bad ack code received (for

request packet 0010 bad ack
code sent N@f33230 PCT/US97/02546
response packet) 0100 split
transaction time-out 1000

bus reset occurred 25 A val ue of 0000 within the error field
signals that there is no error. A value of 0001 "within the error
field si gn@reursnAhisioreates an srrop mch is detected and kandled by the, parresng code

- 17 - asynchronous datd/{5ip8.7 /186 ggilication is responsible for ensuring that the a riate

PCT/ US97/ 02546 - masﬁ?%ceived or a requestng acket'%&ﬁ%h was

pr evi ous| y dataris storediin the FBIO fy tonsferming acropscthe bus structire §8. Whend EiFghal s t hat
the error \Rgerfil kol HE WeinAnig 1ahsaRfict WY RIRE BRI e ¥ BEN Addifnal data 10
5 send.
In order to write data fo the bus structure 58, the application programs the
appropriate information into the register file for the appropriate asynchronous data pipe.
The appropriate value for the bus speed to be used, either 100 Mbps, 200 Mbps or 400
Mbps, is programmed into the speed field sp. The bus speed to be used is selected to be

10 within the capability of the physical interface 56 and supported by the bus structure 58.
The appropriate value for the specific transaction to be completed is programmed into the
transaction code ficld tCode. If the requests are to be quadlet write requests, a value of
0000 is programmed into the transaction code field tCode. If the requests are to be block
write requests, a value of 0001 is programmed into the transaction code field tCode. The

15 appropriate value corresponding to the identifier of the destination node, across the bus
structure, for all request packets, is programmed into the destination identifier field
destination_ID.

The starting forty-eight bit destination offset value is programmed into the high and
low destination offset fields destination_offset Hi and destination_offset Lo. If the non-

20 incrementing bit in the control register is at a logical low voltage level, then the value in
the destination offset fields of the register file 80 is incremented after each request
transaction is completed. The number of bytes for each request packet to be generated is
programmed into the data length field data_length. If the value in the transaction code
field tCode is equal to 0000, signalling that this {ransaction is a quadlet write transaction,

25 then the value in the data length field data_length will be equal to four. If the value in the
transaction code field tCode is equal to 0001, signalling that this transaction is a block
write transaction, then the value in the data length field data_length is programmed with
an appropriate value in the range of numbers allowable for the programmed bus speed, as
shown in Table III above. Because the operation to be completed is a write operation, the
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a response packet. A value of 0100 wwthin the error field signals that the

error was caused by a split transaction tine-out occurring. A value
of 1000 within the error field signals 5 that a bus reset occurred.
The response_code field rcode is a four bit field which h0|g‘2l's’%§$’°%§§t”
response cod®0983230 5| ye received. The value in the resp code field
will be equal to 1111 if the | ast transaction was a wite

transacti on which was conpleted as a unified transaction.
The acknow edge in field is a four bit field which holds the |ast

acknow edge 1Q ., signal .received fr he remte node in response to.the
| ast request V”g%‘l'eﬁ‘e g’éﬁ%‘?ﬁgtt?&”&f}‘m "06%%‘}"1 F’ﬁ‘@‘%ﬁeﬁﬁ' H%WF&%E%@‘!“‘ lo
The acknow eggg out field is a four bit field which holds the |ast

acknow edge signal generated by the asynchronous data pipe in

response to a resHeaumbssekpackets to be genasptedandbtent ingordes ta complgiesispacket
generated byglfhe (£ar gﬁ%&&% : Ot i

write operation ttgﬁtllél tat us ¥| e?‘g(b?:ﬂéaagges ét;l?g?d\'/a| ue |‘?1c5iﬁ%°?| e| 'dcfou%eeread
oper at i &n of fieldicsn finitially becprogrammeddo cqual gero, ifithe applicdtiontis going e ritmtoutbe dat a
pi pe and the ta transfer _operation. |f one of {h equest
packets or apac%‘?‘r“é’%%ﬁh\?'ﬁg%@%l&% e%eappfom%ns@gg{ﬁ P@e %naétﬁg'eﬁptg)r,_ t he
asy EC hr onomdsmgﬁxa:rmmng bitdh tlﬁt@n&olgﬁege ﬁsa?mmﬂamu t?] ldqlialhiﬂrlogical high valtagpiest
packets. The, asynchronous data pi t hen | atches the_ valyes for t

response cod?"%d‘? Wﬂ“&f‘ﬂd‘?&%? t‘{)ﬁ%%%ms@%gﬁqﬁﬂatﬂ"@wﬁsﬁ iﬁ?ﬂ t he
acknow edge foH ircredhehtiag it Ghl thel doh@ol fidd is programnfeldab égual b bgical v @bltdget chi ng

those values intqg the status field. the asynchronous data, pipe t hen
assert dlan i levehif dhsire Gt ans 19 tbe tSer taammmmsmgﬁtom‘ﬁe*éesr oThthe
application LQ.-Hhhif dontrol bit go wi P ,?1 cAle tpp@gtmﬂﬁ £ alCPdichi BBn has
occurred duri}%g t he Cl?rrerlltg%attgﬁlt‘?’-a%é ertﬂe‘wis ope?a%oir%%. Zgﬁi ¢

Rgad_ Qper a; i valtage level in order to enabihthe aa:lmumoinsr@tapipeadbegpegmaﬁng&m .
obt ai ni ng da @:ﬂ@ﬁ:ﬂx‘[ﬁ Q48 5 0 g RidgpStructure an
transferri nga‘?’ﬁé‘;’%ggt ato hseﬂapp 3%’?%&,4%‘#&%‘?% ?@ us“gtalft a pipe

gener at es t he appWben thetaperationi! icentund dit goa wiithinsthe wentrod) fieldeofi the register ifikn 80.n

t he regjester, fli 8 . l.at e, e ata | hen.recejved

From t - dost Ll Slveitalpien S R, forpShbub Uia Fiolehs e SRl

- 18 - While in the active state, the asynchronous data pipe generates request packets according
to the write state machine as defined in Table VIII below.
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PCT/ US97/ 02546 - 42 routes the data to the appropriate
asynchronous data pipe, using the values in the transacti on code and
transaction |abel fields. The asynchronous data pipe then strips the
header i nf SfXE¥PE from the data packets and | oads the dat"grm into
the FIFOQ, from whi ch the application can process the received data.
5 When active and transferring data fromthe bus structure 58
to the FIFO interface, each asynchronous data pipe operates as a
data receive state nmachine, as defined in Table "V bel ow.
TABLE V 10 whi ITABLE V] o)
if (RAM Data = 0) /* if no data to unload */
conti nue, /* loop to check active state */ 15
/* we have freevjfi/dstiver@>wd' re active */
. 3 . 3 3 ‘
while 1! AckQ FORURRE; ¢ or acl 19op to verify active state®/
& Active 0); /’%f(aa's& Eﬁmmé.gﬁai/ﬁf@&&wﬁw: bnongh Yatas
if (!Active 0) Vifee! 1 )W'N&G@kn&%l&&ﬁ%ﬁny nore */
br eak ;m continue; F*loop to verify active state*/
/*we have enough data for a packet*/ .
Arbitrate (); /*get access to the link core*/
if (tCode ==0) #*if this is a quadlet*/
15 SendHeaderRegs (12);  /*send first 12 bytes of header regs*/
else /*else this is a block*/
SendHeaderRegs (16);  /*send first 16 bytes of header regs*/
20 SendData (data_lengt* /*send data field from buffer RAM*/
&RAM Data. ¢/ /| _Free); /*adjust these as data is transferred*/
if (ack == pendin- 1*if ack code is pending*/
WaitRespons. Mwait for the response packet*/
25 /*note that we need to har ad ack codes and bad rcode’s here*/
--packet_counter; f*decrement packet counter*/
if (Inon_increment) - I*if we’re incrementing®*/
30 destination_offset +=data_length; Mincrement destination*/
}

At any time, the originating application can write to the packet counter bump field,
thereby incrementing the value in the packet counter field by one. The asynchronous data
pipe write state machine, as defined in Table VIII above, forms a write request packet

35 whenever there is greater than one packet’s worth of data in the FIFO coupled to the
active asynchronous data pipe. The asynchronous data pipe write state machine also forms
a write request packet whenever the FIFO corresponding to the asynchronous data pipe is
completely filled. If the embedded application guarantees that the data will be clocked
into the corresponding FIFO fast enough and with a short enough latency, the size of the

40 FIFO corresponding to the asynchronous data pipe can be smalier than the number of
bytes specified by the value in the data length field data_length within the register file 80.
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AssertWord O; /* assert word at the FIFO interface */
DeAssertReq O; /* deassert req */ 25 The FIFO interface
cl ocks the data from an asynchronous data pipe into the correspondi ng

FIFOwi th a ¢lock signal synchronized to the bus structure i W The
FIFO is alwawgmsg” in a condition to receive a word of gg%a eﬁ“it IS

avai l able fromthe asynchronous data 30 pi pe. If the request signal
becones asserted when there is no roomin the FIFO then a FI FO
overrun occurs. This creates an error condition which is detected by the

he PN D oY AR SRR 5 3 S W et f e N R L B8 PR
ready to reCﬁeldeisaﬂdkétit@aabgical_hi%h volidgd Rvel| thelabyrithOa6w:, datdhsipé dicreawdngge out

field of the statuys r%‘%s r r ect

W ef the errqr. 3 . In
order to readesizption ¢ of yalue by fhe ﬁ?llé‘_? “H%E dﬁ?ﬁﬁ%ﬁ?‘ﬂ%’ﬁ?%é’?i on
prograns preparatiBf fOPRRERAANE k¥ WAKGENRE patkd. AlRohdtohct sBowi irl fhe viite L N
appropriate asynchronous data
- 19 - § state machine defined) i Tahig Y111, the asynchronous data pipe examines the acknowledge

DT, 501! 0254880 s gl Y B G ' gl kBl
progranmed i destination seiecgénérates d verjte rébpansk packep ektither the acknevledpoin ficld or
wi thin the cHRARILILY oSl Aif BRY BiSles al'eb] 325 B2 a8t RHRR Ueks Fp Y o2 U
to return a bad acknowledge code for the write response packet due to some error, the
10 asynchronous data pipe immediately stops and stores both acknowledge codes and the
response code rcode into the asynchronous data pipe status field in the register file 80.
For split transactions, the asynchronous data pipe times the response. 1f more than 100
milliseconds elapse between the request packet and the corresponding response packet, the
asynchronous data pipe halts and displays the defined status information in the status field
15 of the register file 80.
In the preferred embodiment of the present invention, the bus structure 58 is an
IEEE 1394 standard bus structure. Each asynchronous data pipe therefore generates
transactions, headers, requests and responses in the format required by the IEEE 1394
standard. It will be apparent to those skilled in the art that the asynchronous data pipe of
20 the present invention can be used with other types of bus structures and systems. In such
systems, the asynchronous data pipe will be adapted to generate transactions, headers,
requests and responses, as appropriate for the specific bus structure.
The present invention has been described in terms of specific embodiments
incorporating details to facilitate the understanding of the principles of construction and
25 operation of the invention. Such reference herein to specific embodiments and details
thereof is not intended to limit the scope of the claims appended hereto. It will be
apparent to those skilled in the art that modifications may be made in the embodiment
chosen for illustration without departing from the spirit and scope of the invention.
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The appropriate value for the specific transaction to be conpleted is
progranmmed into the 5 transacti on code—f+eld-tCode. The appropriate

val ue corresponding to the ident " f . destinati on node,

acr oss ther*t)u ructure, for al ,m’m’%@m#ﬂ; is pro%rc%m*red into the
destinati oV¢ ier field destination sD.s "2 Y284 17 ng
forty-eight bit destination offset value is progranmmed into the high and

| ow destination offset fields destination offset H and destinati onoffset
Lo. If the non- 10 incrementing bit in the control field is at a | ogical
| ow vol tage | evel, then the value in the destination offset fields
is incremented after each request tr &kl M8 is generated. The

nunber of bytes for each request packet to be generated is programmed into
the data _length field data length. If the value in the transaction
code fiel d We&dmi s equal to 0100, signalling that this transaction
is a quadlet read transaction, then the value in the data 15 | ength
field data_length is equal to four. If the value in the transaction code :
field YCodd-is An asynchtonbus Qetd) pipe confiiguiréd fog coupling beivees baapplivhtion i s a
bl ock yead tra i gn hen the val ue in the data_length field
dat a1 ng: Aol BB Sl 1 Slorlfealy sipfeohine asencpugnot s Rter pftiops
nunbers al lapdvfioirethe pphidation bog T BasthidGrs fRfstisings shown in Table 111
above.  Because the operation tqQ be conpleted is read, operati on,

a

and no‘f a lock fr ansW{WdPWPWSZGMMH@ﬂ@ﬂ@Ff%W@%Mi on

code fgeld extegded hLieatorot &%Qﬁﬁaﬂyggﬁrﬁ&ﬂl ReanSdtichs %o complete the
ener at e and gent 1 n or P

The nunber of packets to be g . er to co ete this
data 6 t r ansf efats ensder aperation betwgem theeapplication ancba pedsceaupled de ther
field.g The value in i,&ean@&?gt counter field can initially be
programmed to equal zero, 1t the application is going to wite to

t he packet counter bunp field to generate the appropriate transactions, one
at a t4 me. 4,25 Th - jncr ing bit.in.the contral field.is
progr afrmedzto equal gh%]g%?’%:lgﬁnﬁ?mgaﬁ&m asc}a'g’(?ﬂ'hégmf EJ‘éI eirfcorﬁﬂqs‘#geﬁuest

packet ar eegistertfile 3m mthidhothe hpplivation siered thedhstmotinds fregardingl tieatam transfer The

non- i rerrentriaE‘ngit in the control field is programed to equal a | ogical
| ow vO tagé’Pe | evel if the request packets are to be sent to an
i ncreasing range of addresses. The operational control bit go,

\_M tzgl r.'l the 390nt rol f llﬁla géynéhsrm?orug %&t%r;q]?edastc?aigghj ?il clginll g%h%%lin Hxleq'ggister file
2 is used as a template for generating the transactions necessary to complete the data transfer
3 operation.

1 4, The asynchronous data pipe as claimed iix claim 3 wherein the instructions
2 within the register file include a destination address in an address space of the bus

3 structure, a length of data to be transferred, a length of each data packet to be transferred
4 and a direction of the transfer.

1 5. The asynchronous data pipe as claimed in claim 2 further comprising

2 communicating means configured for coupling to a data buffer. wherein the data buffer is
3 coupled between the asynchronous data pipe and the application for sending data to and
4 receiving data from the application.
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PCT/ US97/ 02546 - vol tage level in order to enable the

asynchronous data pipe to begin generatingthe——. .. appropriate
transacti ons necessary to conpl sfer operation,

When the operV8@PURA® control bit mﬂl‘mm’ﬁm’ig!}bntrol fi ePELUSTEYE 7
| ogi cal high vol t age | evel © t he nous data pipe enters the
active state. Wiile in the active state, t he asynchronous data pi pe

gentates read request packets according to the read state machi ne

as defined in Table VI. .
TABLE VIl 10 The asmhqogqqq&aﬁa‘,ﬁpgys cling;eﬁ]m claim 5 wherein the bus structure

i f (packet cqyahSEEET Qastandardfaué%tm BYRrgon' t have any packets to send*/
cont i nue; I/‘:*f"oop to veri active state*/

I f ((RAM Free < data_l ength) /*|f we don't have enough free space*/ 15

&& (RAM Pat a ‘} 0) ) [* %g %@n&%t | Vgﬁg%/ a%’ (§§l ed in claim 4 wherein the transactions

conti nue; /*l oop t0 act
/ *we hava enmcgésman eorhpleteathe dath ertaiisfer operation are generated to an increasifg lparige afe O;
/7get acgess L9 LRe by Meresonting the destination address by the length of each data packet when

4 each transaction is generated.

8. The asynchronous data pipe as claimed in claim 4 wherein the transactions
2 necessary to complete the data transfer operation are generated to a fixed address.

9. The asynchronous data pipe as claimed in claim 4 wherein the register file
2 further includes a packet counter value representing a number of packets remaining to be

transferred.

10. The asynchronous data pipe as claimed in claim 9 wherein the application

2 automatically increments the packet counter value by writing to a predetermined field in
3 the register file.

1 1L A method of managing a write data transfer operaticn between an

2 application and a node coupled to a bus structure comprising the steps of:

3 a. receiving instructions regarding a write data transfer operation from the

4 application;

5 b obtaining a packet of data from the application;

6 c. adding a header to the packet of data, specifying a destination address of the
7 packet of data; and

8 d transferring the packet of data, including the header, onto the bus structure.

[y

12. The method as claimed in claim 11 wherein the instructions received from
2 the application are stored in a register file.

-20 -
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I f (tCode ==4) [*if this is a quadlet*/
SandHeader Regs (12); /*send first 12 bytes—of header regs*/

el se /* i sl ock*/ 25 '
SendHeader Regs (16); [/*send fiﬁ M mma@ﬂ” eader regs*/
/*note thaWORIPE®] to handl e bad acks 3 b PCT/US97A2546 ~

Get Data (data_| engt h, [*put received data into buffer RAM/ 30
&RAM Dat a, &RAM Free); /*adjust these as data arrives*/
/*note that we need to handl e back rcodes here*/

- - packet counter, /*decrement packet counter*/ 35
i f (!rdon_i A3renent) The method as plrimed ineldimci2eneein fhe: instructions include the

destimatio t_ th= X LXi est | L QN
Aoyt maesnnisl adifest 3 ngdiof Uil o be eab B R Mgl Ot PRk Batiet 10 b
bunp f3i el dirarisferred amkilzepacket donntercvathind reprpséitiog watuber of pdekety achetramsomet er

field by one. The asynchronous data pi pe read state nachine, as
defined in Table VI above, forns a read request packet whenever

thereiis gigater thaThemethpdak Chinted i cdimai wheéin #RARBister fild e uldd49 £ oupl ed

tot h% template for generating the transaction necessary to write a packet of data onto the bt%sl i
3 structure.
1 Is. The method as claimed in claim 14 further comprising the steps of:
2 increasing the destination address by the length of a data packet;
3 decrementing the packet counter value; and
4 g repeating steps b-f for each packet of data to be transferred until the packet
S counter value is equal fo zero.
1 16. The method as claimed in claim 15 wherein the packet of data is obtained
from a data memory buffer loaded by the application.
1 172. A method of managing a read data transfer operation between an application
2 and a node coupled to a bus structure comprising the steps of:
3 a. receiving instructions regarding a read data transfer operation from the
4 application;
5 b generating a transaction necessary to request that a packet of data from the
6 node be placed on the bus structure;
7 c. obtaining the packet of data from the bus structure;
8 d stripping header information from the packet of data: and
9 e providing the packet of data without the header information to the
10 application.
1 18. The method as claimed in claim 17 wherein the instructions received from

2 the application are stored in a register file.

i
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PCT/ US97/ 02546 - activéasynehronous data pi pe. The. asynchronous
data’ pi pe read state nmachine al a’read request packet
whenever the FlIFO correspondi ngTﬂ’l’

ﬁ ous data pipe | -
conpl etely S¥@Y332¥ t he enbeddet apWMgWMar ant ees tH%Em{sﬁ'gmﬂ%fta will

be cl ocked out of the corresponding Bl FO f ast enough and with a
short enough latency, the size of the 5 FI FO corresponding _to the
asynchronous data pi pe can be smaller than the nunber of byt es

specified by the value in the data length field data | ength within the
regi stet fill@ go. The method as clajmped incrleimy Sawhorel tha instputiony Inclpde 2 s
gener atgd bmgézﬂﬁﬁ@&w&&e, f§ @n BidEss ok B node where ¥R BRBGORBESsefPFomP! Pe

expects the destination node to generate a correspondi ng read

responsk paaiength ofidata dorbé trapsfeszad; a length offeach data packet torbectoaneferrabdnd and t he

transacjion tl ] ere esi oute the packet

to the %rop@%&%%@%’gg}ﬁ]& %‘é&gan&gb%iogﬁ%ntg%:@ﬁe%synchronous dat a
pi pes are included within a system The receiving asynchronous data
pi pe then strips the peader, gnd kes, the data field avail able at, the

cor r espbndi #8 FI FO i n?ﬁ‘? P&ﬂ@.ﬁmﬁ%mfm claim 19 %‘T‘@P tg%mspégge ISR 2 packet
i s geneg at e%mﬂ&etfbﬁﬁaﬁfwh@ @icafddBictibh hnedeSsaly '@ reat4 padketlST data frbm|the hédenot

set to a logical high voltage |evel, the asynchronous data pipe increnents

t he destination offset address value by the value in the data

ength { i el gydat a_l enghdinictho as claimed in %My ARG onfhFRE Wd fhs'dhe Next

read request packet. Although not s st'at e machi ne

defined?in Tabl efvl ainsteesing the desinatin adrdsens by shenlepgthof @dat paskets he

acknow £dge in fieeld erfafi | %wﬁ c It generates and the
responsjé code figl d 28&9 rcg%geéagl’r:&eac a{:%apgéérg%ndi ng read response
packet .4 | f eitheh. t herepedting\stepsi heg fon efichepadked of data to be wahsferredamtihthe paokkt
field rgode indicates_an.error. or if the asynchronous data pipe is forced
to ret ufn a bad ackno “é’%é’a@saseeq’“alr&t%mread response packet due to sone
error, the asynchronous data pipe imediately stops and stores both

Gt o pi be S Ptus 1 ol B eed o FaoReiam 41 Wierep Sopmke b gpa g pis 01

data pipe s

transacl i onse tHelpplicarion iirotgh s dsla nienidrP Buffdres the response. |f nore than
100 mlliseconds el apses between the request packet and the
correspondi ng response packet, the asynchronous data pipe halts and

di splayp thesdefined ahabpdatud iR mRhERp abyhchrbfowt (dtatPankfef bpbrations between
2 one or more applications and a bus structure comprising:

3 a. a plurality of asynchronous data pipes configured for coupling between the
4 one or more applications and the bus structure, each including:
5 i. means for receiving instructions configured for coupling to the
6 application for receiving instructions regarding a data transfer
7 operation; and
8 il means for automatically generating transactions necessary to
9 complete the data transfer operation;
10 b. a physical bus interface configured for coupling to the bus structure for
11 placing data on the bus structure and obtaining data from the bus structure:
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of the register file 80.
- 22 - WO 97/33230 ... =
PCT/ US97/ 02546 - Wite Cperations

When
conducting a wite operati onJﬂ' Iﬂﬂ!ﬂmﬁm fromthe originatin
appl i cat i oP878¥}® her node dd g mms structure, F&-?F"lf?‘il?gfﬁ onous
dat a pi pe generates an aﬁprbpr!‘at’é hreader using the information in
the register file 80 as a tenplate. 5 The header is then added to the
appropri ate data packet and both the header and the data packet are
put onto the bus structure 58 by the link core 44. |f the increnenting

f unctliZon ¢. | s mowltiplexing aireuit chupledshetweanosacly asymchranqyisslata pipe amwkthe s t he
val ugai n the desti naty brface A S er for
t he ﬁleBXt packet of %{{lygwﬁu%? eachfo{?%@%ggﬁéwg%éﬁﬁgﬁ%%g@g t he

packed count er val uedataspigesctoghe boestructiing; angr ocess is repeated until the 10
val ugd n the pagket counter, f.ield i.s e L, 1o zero. . \Waen
acti Sles and tranSferrd ﬁ"d“'ﬂﬁ‘&"‘ﬁ“é&ﬁ%‘é’“ﬂ#&é"&“@"? ﬁ@%bﬂfg‘cgf‘}"ﬂtﬁmf’%’g,%ach
asynclér onous data pithe phpsivahbesinksface fbaréuting UdtaSfackets omgihed fomakie Bed i ned i n

Tabl e1 \/§ bel ow. ) .
7 structure to an appropriate one of the asynchronous data pipes.

24, The apparatus as claimed in claim 23 wherein each asynchronous data pipe
2 further comprises a register file in which data and instructions regarding the data transfer
operation are stored.

1 25. The apparatus as claimed in claim 24 wherein the data and instructions are
2 stored in the register file by one of the applications.

26. The apparatus as claimed in claim 24 wherein the register file includes a
destination address in an address space of the bus structure, a length of data to be
3 transferred, a length of each data packet and a direction of the data transfer.

27. The apparatus as claimed in claim 26 wherein the register file further
includes a transaction label value for the asynchronous data pipe and further wherein each
of the asynchronous data pipes have a unique transaction label value.

N =

W

28. The apparatus as claimed in claim 26 wherein the register file further
includes a range of transaction label values for the asynchronous data pipe and further
wherein each of the asynchronous data pipes have a unique range of transaction label
values.

DWW N

1 29. The apparatus as claimed in claim 27 wherein the register file is used as a
2 template for generating the transactions necessary to complete the data transfer operation.
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15 TABLE VI |

while (Active 0 ) ( |f (RAMFree:O) [* if

no free space */ ST ~-conti nue; /* loop to

check active state *[ 20 02546

/ * we have fMRYE ¥ and we’ rﬂmw m,“m”m' ” ’"I ch‘mssgssert Req 0
/[* assert req while (!AckO

/* wait for ack */ && Active 0); /* make

sure we remain active */ 25 if (!Active 0)

[* | f t act

breaﬁ?ve ! AR Ap\{’g"“%g?éé ‘é‘“’“ 29 wherein the demyltiplexipg gireyll, |\ ¢

*/ 30 2 determines the appréjithiie &yhéR26ndds data pipe to which a dita PaEkes shiold wdrofited
The FIFO interface clocks the ?{Zta fromthglpFel FO to the correspondi ng

asynchr dnous byishetransaction labg] yalue,within ghe-dfa pagket- ch i s synchroni zed to the
bus structure interface. The FIFO al ways 35 has a word of data

avai | abl e when the asynchronous data pi pe requests one. |f the request

si gnal Req batomes assBiet apparatveas chimed msclaim Wawberein thédenmultipdexing eincvdt FI FO

underru g determines the appropriate asynchronous data pipe to which a write response pac%ét should
3 be routed by the transaction label value within the data packet.

1 32. The apparatus as claimed in claim 30 wherein the transactions necessary to
2 complete the data transfer operation are generated to an increasing range of addresses, by
3 increasing the destination address by the length of each data packet when each transaction
4 is generated.

33. The apparatus as claimed in claim 30 wherein the transactions necessary to

2 complete the data transfer operation are generated to a fixed address.

1 34. The apparatus as claimed in claim 30 wherein the bus structure is an IEEE
2 1394 standard bus structure.

1 35. An asynchronous data pipe configured for coupling between an application

2 and an IEEE 1394 standard bus structure for managing asynchronous data transfer

3 operations to and from the application over the bus structure comprising:

4 a. a register file;

5 b. a prograﬁ*nming circuit coupled to the register file and configured for

6 coupling to the application for receiving instructions regarding a data

7 transfer operation from the application and storing the instructions in the

8 register file; and

9 c. an automatic transaction generating circuit coupled to the register file for
10 automatically generating transactions necessary to complete the data transfer

—
—

operation using information in the register file as a template.

-33-
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PCT/ US97/ 02546 - occurs. This creates an error which is
detected and handl ed by the corresponding ---— — asynchronous data pi pe.
The application is responsible f t he appropriate

data is st o€ ¥ ¥®he FIFO for Ema!" Lliqm»ss t he busPSTAUSEHISE 53,
Wen a FI FO underrun occur ng transactions are halted

until the FIFO has additional data-te—5—  send. I n order
to wite data to the bus structure 58, the application prograns the
appropriate nformat i |nto t he regl ster file for the appropriate
asynchrlonoud data pi p easync nouy" Wraép‘-m%m/%lmmi hereinghe registgzdel t o
be useg, eiindRidesl m%g’/l;@g dinto
the speed field sggeThe bus t%ﬁgggtg}gé%bl ga:ésé‘ ecte %P&&%‘HI{E W t hin
the capabi | Packetdp hert@npﬁwﬁeafadnmﬁ@mm supported by t he bus
structure 58. The appropriate value for the specific transaction to
be conpleted is programmed into the transaction code field tCode.

|f thelrequdbts are tThetasynphemhons data ipipe as elyimed i, cisimV38 wWheréih the transactiof§00

h fiel If th
|bz Elrgg[(amwgec;ntot ei @g%{gon ode Bgag%tg&%ode d@be rgluests?ﬁ;eto
transasdt i onaddesisesf i el d tCode The 15 appropriate val ue corresponding to

the identifier of the destination node, across the bus structure,
for all request packets, is programmed into the destination identifier

field 1 38. desti natﬂe%&x[éhronous data pi as clam:[s%:: ﬁ:htﬂér\ghefr&ﬁttye ﬁ&ﬁ%oﬁét

destingtion offset value Is progranmne

dest i ndt i onPeSFIsEtocpmplete @e@eﬁﬁwﬁﬁhomtmemmdde@tﬁmdtadm”set Lo.
If the non- 20 increnenting bit in the control register is at a | ogical
| ow vol tage | evel, then the value in the destination offset fields
of thelregi¥ter fil e BE dsgnchronpundata pige a8 thimedoialtlaine Pdosherein the regxster file

transagtio t s for uest to be

gener at§ ed ﬁs&ﬁeﬁﬂ%& aega‘;k&%u@gm?{‘e %ﬁ'%ﬁ% 4 :gﬁ'&?ﬁfﬁggf E"q{"’h | f

t he vaBue |tmtlsmed,rwlwantthe)paoketdmunter value isfdeeriemhented efteri cacte flackebt 6£a1a@0iR0,

si gnal j4| ng & nﬂ)?% his transaction is a quadlet wite transaction, 25 t hen
n sgegf

t he value i ata length field data length will be equal to four. If
the value in the

1 40. The asynchronous data pipe as claimed in claim 39 wherein the application

2 automatically increments the packet counter value by writing to a predetermined field in

3 the register file.

[
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transaction code field tCode is equal to 0001, signalling that this

transaction is a bl ock wite transaction, then the value in the
data [ength field data_length is programred with: an appropriate
value in the n f nunbers allowable for the programed hus e as
shown in Tabl‘g‘%’?‘}f3 ove. Because the operation to be conpl MM‘%? te
operation, the - 24
- WD 97/ 33230 1/3

PCT/ US97/ 02546 value in the extended transaction code field
extended tCode is programmed to be equal to zero. The

nunber of packets to be generated and sent in order to conplete this
transaction is progranmed into the packet counter field. The value in the
packet counter 5 field can initially be progranmed to equal zero, if
the application is going to wite to the packet counter bunp field
to generate the appropriate transactions, one at a tine. The

non_i ncrenenting bit in the control field is programred to equal a | ogical

hi gh vol t age l evel if all request packets are to be sent to the sane
destination of fset address. The non_i ncrenenting bit in the control
field is programed to equal a logical |ow voltage 10 | evel if the
request packets are go—pe—sent—to—ef—fcreasing range of addresses. ;ge
operational control bit go within the qontrol f+ele—s .ug.u“”u\ qual
a logical high vol tage | evel in [erder—e) TEAMSAC ﬁ & onous
data pipe to begin g¢nerating the

SERIAL I 14

BUs LK AR |

MANAGEMENT

70-1‘ I ’5,;5
e———  PHYSICAL LAYER

FIG. 1
(PRIOR ART)



appropriate transactions necessary to conplete the data transfer operation.
When the operational control bit go, within the control field of the

register file 80, 15 is set to a |logical high voltage |evel, the
asynchronous data pipe enters the active state. Whi hgyhgﬁmaciive
state, the ¥ ous data pi pe generates request packetS accord ng
to the wite state machine as defined in Table VIII bet?ML
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WO 97/ 33230 TABLE VI I |

while (Active 0) { I f (packet _ counter == 0)
/[*if-we don't have any packets to send*/ 5

conti nue /*loop to verify active state*/ -
i f ((RAM Dat¥O2"F4Y Iengt h) /*if we don't have enough datadyssr0zs4s

&% (RAM Free '=0)) /*and we're not filled yet*/ continue;
/*loop to verify active state*/

/*we have enough data for a packet*/. 3/3 Arbitrate O;
/*get access to the link core*/ i f° (t Code ==0)
[*If this is a quadlet*/ 15 SendHeader Regs (12);
/*send first 12 bytes of header regs*/ el se
/*else this is a bl ock*/ _ SendHeader Regs
(16). /*send first 16 bytes of hef egE*/ 0
SendData (data_ | ent'’ I *sdqng altiel onj bLJfor RAVE /
&RAM Dat a. [err] _Free); /*adjos}atkes® d%u%l%trar%ferred*/
i f (ack == pendin /*if Yack cpdqd ip i ng*/
Wi t Respons. /*wai t pfot—thetred pReige+t
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I=FFF2 3 [
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25 /*note that we_need_to hat —ad ack C(Hﬂﬂne“muwﬂl!uﬂ
her e*/ THROEKEET ARY BEEN

packet counter*/ repLAacED (! nog@ increnent) [*if
We' re i ncr ergndIaso esti nat i on_@CTASYORS46
‘dat al engt h; /*increnent destination*/ At any tine, the

originating application can wite to the packet counter bunp field,

t hereby incrementing the value in tQRjgmrdsbeiapggnter field by one. The
asynchronous data [receittil BRth Y Inisinftiohd) Bhrea BRI Wugey 198520leid7Red i n Tabl e
VIT1 above, forns grigifal didimy 3 20529 fadBeiriendsd remaining wlkimsmentenged (3pages)] s gr eat er
than one packet's worth of data in the FIFO coupled to the active
asynchronous data pi pe. The asynchronous data pipe wite state machine al so
forns a wite request packet whenever the FIFO corresponding to the
asynchronous data pipe is conpletely filled. If the enbedded

cor rospbndi . 71 FO fad Sihlouh B ot conBfed 28 Bhming bepween & fipliBlion,

the 402 antt IaRﬁscs&ucmmﬂ dﬁtnganally leontasiling hsynciosowalaa tringfer operations to

smal | er_than nber of tesseC|f|ed bythe value in the data
| engt h ?leldma °Pﬁvﬁﬁ'ﬁ&“¥mg

- 26 - a. Mﬁﬂ ¥€0éBing instructions regardmg a data transfer operation; and
PCT/ U897/ 02546 -
5 b means for automatically generating transactions necessary to complete the

6 data transfer operation between the application and a node coupled to the

7 bus structure.

1 2. The asynchronous data pipe as claimed in claim 1 further comprising a
register file in which the application stores the instructions regarding the data transfer
operation.

3. The asynchronous data pipe as claimed in claim 2 wherein the register file

2 is used as a template for generating the transactions and headers necessary to complete the
data transfer operation without direct processor control or supervision.

4. The asynchronous data pipe as claimed in claim 3 wherein the instructions
within the register file include a destination address in an address space of the bus
structure, a length of data to be transferred, a length of each data packet to be transferred
and a direction of the transfer.

HOW N e

5. The asynchronous data pipe as claimed in claim 2 further comprising
communicating means configured for coupling to a data buffer, wherein the data buffer is
coupled between the asynchronous data pipe and the application for sending data to and
recetving data from the application.

2 W N -
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After each wite request packet is generated, if the non-increnent bit in

the control field is not set to a | ogical high voltage |evel, the
asynchronous data pipe incr destination of fset addr ess
val ue by &he in the d tmﬁéh@Eﬁ%ﬁeﬁ%?’ﬁ ta_l ength i Beymsern2ses

preparation ?or generating fhe nBEPLAGER | st packet——Atthough Tmot
showmn in the wite 5 st §Fe=Trachine aefined in Tabl g

asynchronous data pi pe exam nes the acknow edge “mejl “m‘ H“IHmh
wite request packet it generates and the response code

destinati node gerera a l.te acke | f either t

acknow ed 5 in fiel 3%8 iod as“ﬁa"f‘ﬁ%“’ré&ﬁbigejﬂ ‘%"I“H"?%d%d\'&dﬁhﬁat es an
error, or deinriatim a&;t&&hﬂ mﬂmmtaomemﬁnmracedgth of each ddtfpickktifobed bad
acknowl ed e, fo wite response packet due to sone error, the 10
asynchron ?%a‘ﬁf{ﬁ iﬁ@?ﬁ“ é@&‘g tingp nupbes of pagkststobesranaterred.c odes

and the response code rcode into the asynchronous data pipe status
field in the register file 80. For split transactions, the
asynchrondds data pﬂbemmt%npégpdmﬂ Mﬁm&emerlﬁio is used as a

;nelslpenggopac%ﬁ%%éﬁem% async ronous d a pl petﬁ?ﬁsﬁmﬁ%%% n&ﬁs t he

defi rked stthe bus strubtwerwithout dinect: processontcomgtrdl ioelsepetfision. of t he register file
80. In the preferred enbodi ment of the present invention,

the bus structure 58 is an | EEE 1394 standard bus structure. Each
asynchrondds data pﬂ‘pemdﬂmddsmlmg&imﬂﬁheuﬁxrﬂmcomﬁﬁsﬁigsmﬁktep@% header s,

requests and responses in e.fornat ire t he | EEE 1394

e andr d. 1t Wt | bl ik destrabin 20GEsE b Ba ngth s g PREE ¢ he
asynthonous dgt a pasReméntBg the pdck& JOLABLKIud; AgNt i on can be used with
ot her types of bus structures and systens. I'n such systens, the

asynchronous dta pFpeating sensd-fios saehcpackst of datade be transferned Wﬂsﬂw peckeler s,

requests and respongm&gpgﬁm&@iﬁofor the specific bus structure.
The present invention has been scribed in ternms of specific enbodi ments

I ncorporating details to facilitate the understandl ng of the principles of

pociTic dBhoa ment T8 ARRRKCH: it ol Al 1Y SRl e B 6C0a RGeS 1

t he sTope frim & hkiatachemony tuffee ividetl e thetapplidationyi | | be apparent to
those skilled in the art that nodifications nay be made in the enbodi nent
chosen for illustration w thout departing fromthe spirit and scope of the
I nverki on.17. A method of managing a read data transfer operation between an application
' 2 and a node coupled to a bus structure comprising the steps of:
3 a. receiving instructions regarding a read data transfer operation from the
4 application;
5 b. generating a transaction necessary to request that a packet of data from the
6 node be placed on the bus structure;
7 ¢ obtaining the packet of data from the bus structare;
8 d. stripping header information from the packet of data; and
9 €. providing the packet of data without the header information to the
10 application,
18. The method as claimed in claim 17 wherein the instructions received from
2 the application are stored in a register file.
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§/\éZZ:I ;il n I 1. An asynchronous data pi U!I“wmm 'llgl l!u

for coupling between an 2 app ¥ and a bus structure (58) for

aut omat i cal {yo $@adzol |1 ng asyncr%g@ﬁTthSBEEN ransf er PCEUSKZ0846 O
and fromthe application (12) oer thgepugcshruct ure (58) conprising: 4
a. nmeans for receiving instr -‘-‘--——----»—---er-'-—!-—-'";""" data transfer operation;
and b. nmeans for automatically generating tranasati ons necessary to
conplete the 6 data transfer operation between the
applicgtiond 12) and '{"\w&ﬁgﬁﬁo«?% h:%ied ih¥afm 18 w eremthe instructiond 13EIul

u I rec

structdre (58) wtho processor contro I ntervention Ey the 8
appl i c&t i ondestindtion adde®ss, representmg anidlheasyﬁmmt)dﬂmsredh@ datpiipte Feo@nt from,

tClhfeII gg I : ga% Iﬁ{ﬂ(q]_fﬁa?% °oreet§ er"h’?\‘g&?g'h[ [ oeﬁgh ?%g?g‘%‘g l%elrfgm%é?%digﬂd%i e

transf &r opgsckét cointer value representing a number of packets to be transferred.

1 20, The method as claimed in claim 19 wherein the register file is used as a
template for generating the transaction and header necessary to read a packet of data from

3 the node without direct processor contral or supervision.

1 21. The method as claimed in claim 20 further comprising the steps of:

2 f. increasing the destination address by the length of a data packet;

3 g decrementing the packet counter value; and

4 h. repeating steps b-g for each packet of data to be transferred until the packet

5 counter value is equal to zero.

b

22, The method as claimed in claim 21 wherein the packet of data is provided
2 to the application through a data memory buffer.

23. An apparatus for managing asynchronous data transfer operations between
one or more applications and a bus structure comprising:
f. a plurality of asynchronous data pipes configured for coupling between the
one or more applications and the bus structure, each including:

i. means for receiving instructions configured for coupling to the
application for receiving instructions regarding a data transfer
operation; and

ii. means for automatically generating transactions necessary to

0 @ N W bk W N e

complete the data transfer operation;
a physical bus interface configured for coupling to the bus structure for
placing data on the bus structure and obtaining data from the bus structure;

—
-0
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1 3. The asynchronous data pipe (20) as clainmed in claim?2
wherein the register a26 Is used as a tenplate for generating

the transactions and headers I!Hmw conpl ete the data transfer
uper vi si on }Q?r
éﬁ%?p 20) as

operation wit di rect pr oc
appl i cati oW ?é "Thd a"synchronous

clainmed in cIa|m3 V\hereln the 2 instructions within the register file
(26) include a destination address in an address space 3 of the bus
structure (58), a length of data to be transferred, a Iength of each data

packet to 4 be tran rred, and a direction of th ransf er
3 Bne oI Kircal oqumled, BSTiots Sard seynghrmpeiss dpt pige apd the

further conprising Zphy. cal%ﬁixt@iﬁc%tfo f pabkbtefomQhe SMBlroRchst 0 a
data buffer (32), wher ein the data 3 buf Fer ('32) is coupled between the
asynchronous data plfﬁﬁéapme!)toathelb@hMF%l@dtlon (12) 4 for sending data °
to and receiving dat e and 1€

asynchronous dafa p|%e ‘2')) RSt cpg"lur:red! PR oA megcl\i}vt‘!ns rern thga%d”pe
structure (58) is arthephfsicedbus mteafade far routingsdata packets obtained from the bus

[t ancatti ons necessc iy wurpri Bl Sl o pithliedhots R o7

generated to an 3 i ncreasi ng range of addresses by |ncrenent|ng t he
destination, address the | engt h,of  each 4 dat a packe each
transdcti ot s gener Ri%ppparatus claimed m claim 23 wheremn E c}ttrono plpc

2 further comprises a register file in which data and instructions regarding the data transfer
3 operation are stored.

25. The apparatus as claimed in claim 24 wherein the data and instructions are
2 stored in the register file by one of the applications.

26. The apparatus as claimed in claim 24 wherein the register file includes a
destination address in an address space of the bus structure, a length of data to be
transferred, a length of each data packet and a direction of the data transfer.

1 27. The apparatus as claimed in claim 26 wherein the register file further
2 includes a transaction label value for the asynchronous data pipe and further wherein each
of the asynchronous data pipes have a unique transaction label value.

28. The apparatus as claimed in claim 26 wherein the register file further
includes-a range of transaction label values for the asynchronous data pipe and further
wherein each of the asynchronous data pipes have a unigue range of transaction label

o W N e

values.

29. The apparatus as claimed in claim 27 wherein the register file is used as a
2 template for generating the transactions and headers necessary to complete the data transfer
operation without direct processor control or supervision.
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1 8. The asynchronous data pipe (20) as clained in claim4
wherein the 2 transacti ons necessary ta cnanete the data transfer
operation are generated to a fixed 3 addr ess. 9.

The asynchr qp@easast a pi pe (20) Iﬂllﬂﬂﬂunﬁmm | m 4 wher ePCx/UB/ORSAGI St er
2 file (26) further include r val ue representing a
nunber of packets 3 remai ni ng t6 be tTansfeérred. 1 10.

The asynchronous data pipe (20) as clained in claim9 wherein the 2
application (12) autonatically increments the packet counter value by

f
\iwll HIN91to fag) A rret h fﬂp %ﬁ%gﬁﬁgﬁg&wﬁnﬁl@&%t agéfréians? Iééd“gsé‘%’%%‘ﬁ lmg)let ween

an 2 2 appleterntinesrthé afpropuiaie asynchtenaus ubtaepbd to whithis dath rpacket skiou]ld B¢ routed
receiving instructions

f
Fegar di g a Y RS S?%%#éﬁkraévewgwa?‘fgﬁa PRIRE e 4

application (12); 5 obtaining a packet of data fromthe
appl i cati on; ener.at header, for the .data
transfed opefhtion whem ?'PWW@&&@P“?@‘S 30 L"Tgnathcg ‘S“P’eﬁ‘@&éfrﬁ?‘éd

Wi t hout 2di r egéteraiifssthe Qppropritts AlynEliromiul Faidi pipedd which & Hrd Rispdiné padket should
d. addi ng t he headerﬁl':o t he yacket of data, wherein the header I ncl udes

a 3 be routed by the transaction label value within the data packet.

32. The apparatus as claimed in claim 30 wherein the transactions necessary to
complete the data transfer operation are generated to an increasing range of addresses, by
increasing the destination address by the length of each data packet when each transaction
is generated.

SO N e

b

33. The apparatus as claimed in claim 30 wherein the transactions necessary to
2 complete the data transfer operation are generated to a fixed address.

1 34. The apparatus as claimed in claim 30 wherein the bus structure is an IEEE
2 1394 standard bus structure.

1 3s. An asynchronous data pipe configured for coupling between an application

2 and an IEEE 1394 standard bus structure for managing asynchronous data transfer

3 operations to and from the application over the bus structure comprising:

4 a. a register file;

5 b. a programming circuit coupled to the register file and configured for

6 coupling to the application for receiving instructions regarding a data

7 transfer operation from the application and storing the instructions in the

8 register file; and

9 c. an automatic transaction generating circuit coupled to the register file for
10 automatically generating transactions necessary without direct processor
11 control or supervision to complete the data transfer operation using
12

information in the register file as a template. REPLACEMENT SHEET
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ROV VON MR 7 o SRl Seem U L LS g ato- ) U0 2UUSELGBI # 6
9 destl nation address for the packet of data; and 10

e. transferring the packet of data, including the header, onto the bus
sstructure 11 (58). 1. 12. The iet hod as

claimed in claim11l wherein the instructions received ﬂ,
application (12) are stored in a r tef]N{ l e (26). ”" [,ﬁ g’
The nmethod as clainmed in claim 12 e[r& - ﬁe |nstuct|ons |nélu

destination address, a length of data to be transferred, a |length of each

data packet to be 3 transferred and a packet counter val ue representing
a nunber W¢ Glaiokets to be transferred. 1 14. The met hod as
claimed in claim 13 wherein the register file (26) is used as 2 a

tenpl ate for generating the header and transactions necessary to wite a

packet off data 3  An SyhehrbhisusRidt SipE (B0) WoBfi 8 fo éd&?lﬁglgéﬁv‘éﬁﬂ ar ocessor

control or supervision'by the 4 appli catTon (12)

The 2met heppligation §1 Deandi mbusl sruetuge (38) fethautorpasinatly sontpolling aamoﬁmms dega

o BB A5 5B LR DYool SOSRACRE B SoPREE °

r épe‘at ing steps b Gndag§ feraeteiviag kxﬁkue&md&égu&mglaedﬁzf mf@rdpeﬁuou,rﬁml t he p
i cket 5 counter value is equ to zero.

met Fod as cl ai®ed [PFags E9T muw%s@%swmgm%ﬁ DEFEFSATY 19 Mﬂﬁé@ 2
f rorg a data menory (QufdGictel IpdratiRBEd LY tleppRRIch(3E) 4 a hdd) coupled to

7 the bus structure (58) without direct processor control or intervention by the
8 application.
1 2 The asynchronous data pipe (20) as claimed in claim 1 further comprisng a

2 register file (26) in which the application (12) stores the instructions regarding the da:a
transfer operation.

3. The asynchronous data pipe (20) as claimed in claim 2 wherein the register

1

2 file (26} is used as a template for generating the transactions and headers necessary u

3 complete the dara transfer operation without direct processor control or supervision b; the
4  application (12).

1 4, The asynchronous data pipe (20) as claimed in claim 3 wherein the

2 instructions within the register file (26) include a destinution address in an address spice

3 of the bus structure (58), a length of dara to be transferred, a length of each data paclst to
4 be wwansferred and a direction of the transfer. |
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1 17. A nmet hod of managi ng a read data transfer operation
bet ween an appli ation 2 (12) and i g'“ﬂ a bus structure
(58) conprising the steps of: 3 ﬂl mﬁﬂl I"mlmmi ving instructions

regarding a read data transfer operatlon f fontt he

applii catison (12); The as clu'onousdzihp:pc (Qﬁﬁﬂélhinﬂﬂﬁc‘lﬁ”fﬁﬁ%ﬂe?@oﬂﬁﬁQﬁary to
request that a_packet of data fromth be pl aced

‘on t2he bgemBwnicsting seasssonfiguredi for cmlmgahsm ouffar{32), wherem the d:rta

Ao cat Dateh (12 s SRl RS SRty ol AR b 82 BYEGIER 1) | e

appl’i cati

pacKet ofordshdingrdat fohadireseiviihs datalfidin @RSapplitation (12). d. stripping
header information fromthe packet of data and 11 e.
providing the packet of data wi thout the beader infomation to the 12

applyi cat kon (12) hebou aiﬂﬁid glaim17
vvnerlel n Fhe |nstruct|or§P recell‘sv‘tiaaéaprpgrszg) e the gpp@csatlon Eﬁf)rbuare
sto2ed i mtuwg(ﬂl isranf IEBE {398) standadd bus stit@ture. The met hod as

clainmed in claim18 wherein the instructions include a 2 destination
address representing a starting address within the node where the data is

to he 3 7, sent frma@lasyhchiRRBLdAL pﬂ,g.t(gg} &pgl?ﬂﬁéd%ﬁ%rﬁ% i 439t h of each

data packet to be transferred 4 a t counter value representing
a n@nber trafisaghiensonesessaryye completd éaercbm tmnster 0pemgOn are gmeratedmﬁhe met hod as

e at o HOPSHR RN hur Rt DR BN e AeiuchoR bR et By et ot s

packet oﬂaﬂqjaakéwheaéaémmdmﬁ%emut dlrect processor control or

super vi si on

1 8. The asynchronous data pipe (20) as claimed in claim 4 wherein the

2 transactions necessary to complete the data rransfer operation are generated to a fixed
address.

1 9. The asynchronous data pipe (20) as claimed in ¢laim 4 wherein the register

2 file (26) further includes a packet counter value representing 2 number of packets
remaining to be transferred.

10. The asynchronous data pipe (20) as claimed in claim 9 wherein the
2 application (12) automatically increments the packet counter value by writing to a
" predetermined field in the register file (26).

1 11. A method of managing a write data transfer operation between an
2 application (12) and a node coupled to a bus structure (58) comprising the steps of:
3 a receiving instructions regarding 2 write data transfer operation from the:
4 application (12); |
5 b. obtaining a packet of data from the application;
REPLACEMENT SHEET| 29
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1 21. The nethod as claimed in claim?20 further conprising

e st eps o 2 packet: lIIIIIIIllllllllllﬁflgﬁllrgdéi‘?eﬁéﬁii g the packet count er
val ue; and 4 . r peatl g Steps b-g for each packet of data

equgf transfery Ed Lﬂ%héﬂamié‘ﬁh%?& tﬁa’dam txansfﬁ']operan n whedeth a| ljye is

to zero. e net |n claim
21 vWherein the paclggnm{edwattmm dirgut pvécgisstr Zontrol dor aupdreisiap byl thatapplmmﬁ)

rrandbi o asynehr ondiAing s Sradst o b paFl of G WbeeiRubR besder SEsG: ror o

applg cations (12 anglshdkiof afides1is i fdifbnitetafaBahg comr i s ng. 3

a. a plurality of asychronous data pi pes (20, 22, and 24) configured for
4 10 e transforrpig thg packetvof datahimcludingdhe hmdsr,aqupi thechusstrsc'@@? and
_14)uand the bus 5 structure (58), each including: 6

. nmeans for. re&;ﬂ/l ng instrctions regarding a data transfer operation 7
configured for coupling to the application; and g .
means for autorratlcally eneratin ransactions necessary to 9
conpll et e #2he data tT ?‘g q%owclz.w 11 wherein the ipstructions ygeivedcpmpus

|nte;fac 9 e bus structure 11
(58) for%é |hr$§{2 %Ngﬁdf‘é{e%ﬁﬁgwpi g%?58) and obt ai n| ng data fromthe
bus structure (58); 13
nultlple ng circui 40 | et nchronous dat pe 14
(20,1 22 gﬁd 24) an %P@ @aﬂ"%ﬁe Yﬁ%}faf&m ﬁ’fW"Fﬁ’%ﬁ?%ﬁg dat 15
packets fd-QiahBA ARHES ABHAL OF dathdo BeARDsHeRR, 2Rnglbi24dn blta PRSP Y5 be
3 transferred and a packer counter value representing a nimmber of packets to be transferced.

1 14 The method as claimed in claim 13 wherein the register file (26) is used as
2 a template for generating the header and transactions necessary to write a packet of dita

3 onto the bus structure (58) without direct processor centrol or supervision by the

4 application (12).

1 15. The method as claimed in claim 14 further comprising the steps of:

2 f  increasing the destination address by the length of a data packet;

3 B decrementing the packet counter value; and

4 h. repeating steps b-g for each packet of data to be transferred until the p cket
5 counter value is equal to zero.

1 16. The method as claimed in claim 15 whercin the packet of data is obtained

2 from a data memory buffer (32) loaded by the application (12).
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structure (58); and 1 7 d. a

denul tiplexing circuit (42) ch asynchronous data pipe 18
*(20, 22 and 24) and the physCI E !'mﬂﬂmﬂ (44) for routing data

packets 19

applioprr
22 and 2

btcal ned#freom £ he bus structure (58) to an

e one of Al Bemhdl Fmanag 20,
A% ° mg‘Iv"'he appar RS Q@thlﬁ 8 h c?éfq %
whekei n élz&bhndawmdarwnplué tal athas srpeuw? (58) cdﬁﬁm@tbambpﬁé}t‘ further conprises
gister file (26 28 and 30) in i ch and i hstructions
I’éggl’dl ng t heddat atCFRRe B8 fﬁ%% %’%o&é’d of operation from the The
appagratus as cl ai
stored in the reg

1b.

rrgitgb g?&][gl 24 wherein the data and instructions are 2
i ster 26)' by one of the applications (12 and 14).
geénerating a transactichiieceysprtatrequeststhal & packet ofidath fiom e

ein the register,f ngl udes 2 a,destjnati on _.address in an
add?ess space of tﬂ%d%t?&gléﬁ%'t gg’)‘tﬂfeqﬁ Persip the dransgrbion s pher e
t heydata transfer
of each data 4

The8apparatus as cf

génekfted Gakibut &rebﬁﬂ%&s@xf cohtob of Sugepridiom By ftEé aﬁﬂm ztford engt h
gfjtcket and a direction of the data transfer.

imed in claim26 wherein the register file (26) further

9 c. obtaining the packet of data from the bus structure (58);
10 d. stripping header information from the packet of data; and
11 e providing the packet of data without the beader information to the
12 applicadon (12).
1 18. The method as claimed in claim 17 wherein the instructions received fiom
2 the application (12) are stored in a register file (26).
1 19. The method as claimed in claim 18 wherein the instructions include a
2 destination address representing a starting address within the node where the data is t be
3 sent from, a length of data to be transferred, a length of each data packet to be transfrred
4 and a packet counter value representing a number of packets o be transferred.
1 20. The method as claimed in claim 19 wherein the register file (26) is used as
2 a template for generating the transection and header necessary to read a packet of data
3 from the node without direct processor control or supervision. '
1 21. The method as claimed ia claim 20 further comprising the steps of:
2 f. increasing the destination address by the length of 2 data packet;
3 g decrementing the packet counter value; and
4 h. repeating steps b-g for each packet of data to be transferred until the picket
5 counter value is equal to zero.
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2 Tncludes a transactlon [ abel vaI ge dentlTyl ng the asynchronous dara

pi pe (20) to which the 3 data transfer operation is to be routed

“ni qoetr ansact i on 1 apet val AN IRENNAIBEAE 2 22 * nc*appar at be o
clained in claim26 wherein the® rebister® file (26) further 2 includes a

range ofzz ransact i Yhe hiild adafdimed iinl efirh 21 wikerdii Sh@ PackeNbOBAA & SHatited P e
(2(:) to whi ch the data transfer ogeratlon is to be routed wherein

each of ww@emﬁmgﬁm@m ata megiopie “l‘fQI'Z(G:-) 22 and 24) has a uni que
range of transaction |abel val ues. 1 The apparatus as
claimed in claim27 wherein the register flle (26) is used 2 as a

- tenpl at e23.or generAhiapgamimefb:rmamgﬁg' marhmnbﬁehtkatrmsf&tmgemﬁoys barweanpl et e

the,data 3 tran er opera ut direct_nrocessor control or
super vi sPHnOr moge app n:gtgms (Hand?-% andEmB L‘éﬁ MC3%ed in claim 29

whegein the dgnult gBRa riate
asy%chronous at a g#’ ég(?? da%&fp?éackef %ﬂ?ﬂ%&?@ e routed
by #he transacti omd&hgbemﬂn@mmﬂnmmoteeapphcmqnaﬁaeand 14)land the Bt

The _apparatus as cl ai ned EI .m 30 wherein the denultiplexing circuit 2
(42 determ nes th 6%#} ronous data pipe (20) to which a

wige response 3 paﬁkﬁﬁ. M%MM%&&@&W%@BM val ue

wi thin the data packet e apparatus as clained in

cl a?m 30 wherein the trmdﬂscms%ﬁbﬁ anplipatiosergidt e t he data transfer

opegati on are geneypat ed Egg ﬁf @95’ e
|nc?ea5| ng the des |nat|on a dregﬁﬁgal{)]’% gg% eéf%ﬁée gsts"?packet when

each transaction 4 ¢canpglete ahatista msfer operation;

33 10 b. a physical bus interface (44) configured for coupling to the bus structw e
11 ' (58) for placing data on the bus-strecture (58) and obtaining data from the
12 bus siructurs (58);

13 c. a multiplexing circuit (40) coupled betweun each asynchronous data pije
14 (20, 22 and 24) and the physical bus interface (44) for transmitting dat)
15 packets from the asynchronous data pipes (20, 22 and 24) to the bus
16 structure (58); and '
17 d.  a demultiplexing circuit (42) coupled between each asynchronous data sipe
18 (20, 22 and 24) and the physical bus interface (44) for routing data pac kets
19 | obtained from the bus structure (38) to-an appropriate one of the
20 asynchronous data pipes (20, 22 and 24).

1 24, The apparatus as claimed in claim 23 wherein each asynchronous data sipe

2 (20, 22 and 24) further comprises a register file (26, 28 and 30) in which data and
instructions regarding the data transfer operation are stored.

1 25. The apparatus as claimed in claim 24 wherein the data and instructions are
2 stored in the register file (26) by one of the applications (12 and 14).

32
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1 337 The appar at- us as ¢Tar ned_l n Tl'aim 30 wherein the™

transactions necessary t | ete the data transfer operation are
sgenerated to a fixed addres um’m ni) , l ml The apparatus as
clainmed in claim30 whereln e (58) is an 2 | EEE 1394

standard bus structure. An asynchronous data pipe

(20} congsgured f omeyﬁ&amﬂabaammnadm& 24 wheRhl theakgisver file2(267 ikl ’as | EEE
1394 standard hus structure f or managi_ng asynchronous data 3 transfer

opefat i ofdestinatiany addrsss inan addess space Of e, Bys' trstuse 8 t“?m&ﬂ(esmd‘

CONRri si ccuf‘ g@%ﬁ r | @%E a
prg.gramnaﬁﬁéctlhﬁgﬁtlatm(:ngﬁf)f‘ﬁg? he gltogtdgjra fgféandlengthf?fu%a&lrze for 6
coupl i ngpacket amd adirbetiont afcthe @413 )rahsfer.r ecei vi ng instructions regarding a

data 7 transfer operation fromthe application (12) and
storing the instructions in 8 the register file (26);
andi9 = 97, Ay hd QBRI Cinl ABRSHE W &Q%&g’ﬁd&' L1765 @it aef OUPI ed
to the reglster f|Ieéi ? 10 1 or a orratgllchgng

gendr at i ingludesn adeansicting labst valveaidentifying thel asynchydmousi data pige (20) to whicii the

tragsfer L on W I hout I roc r rol., or supevsion he 12
~appli cat fi%ﬁ?ﬁ%:?(ﬂp%ﬁ&ﬂtgé: ro\?t% “%E%’ﬁ%%e“‘;‘g‘%é’ﬁt%ﬁ?&ﬂ‘zs a*PSF,Sgy ’(*Z0) as
cl aknmed m&ntmmﬁ&w@mcﬁdﬁelabﬂg;aﬁeer 2 file (26) includes a
destination address, a length of data to be transferred a | ength of each 3

dat a packet to be transferred and a direction of the transfer.
| 28. The apparatus as claimed in claim 26 wherein the register file (26) furter

2 includes a range of tansaction label values idemtifying the asynchronous data pipe (2(-) to
3 which the data transfer operation is to be routed wherein each of the asynchronous data
4 pipes (20, 22 and 24) has a unique range of transaction label values.

1 28. The apparatus as claimed in claim 27 wherein the register file (26) is used
2 as a template for generating the transactions and headers necessary to complete the d: ta
3 transfer operation without direct processor control or supervision.

3C. The apparatus as claimed in claim 29 wherein the demultiplexing circu t
2 (42) determines the appropriate asynchronous data pipe (20} to which a data packet siiould
‘be routed by the wansaction label value within the data packert.

1 3. _ The apparatus as claimed in claim 30 wherein the demultiplexing circu t
pl (42) determines the appropriate asynchronous data pipe (20) to which a write respons:
3 packet should be routed by the rransaction label value within the data packet.
1 32 The apparatus as claimed in claim 30 wherein the transactions necessaty to
2 complete the data transfer operation are generated to an increasing range of addresses. by
3 increasing the destination address by the length of each data packet when each transa:tion
4 is generated,
: 33
REPLACEMENT SHEET |
SUBSTITUTE SHEET
2 1MAY 1998 :
AMENDED SHEET




(LSS IR R AN & l

-]
-1
wher ei

3 \ll! NN e

37.
n the 2

ame wew ey adr e cmmro

The asynchronous data pipe (20) as claimed in claim 36

R SR T+ BECEP BEpth LI L LIRS RO 89 S eSS iaue

' transacti conplete the data transfer
i operation are generated to mnmﬁlmﬁ“ﬂéuw ng range of addresses. 1

The asynchr oneusc dat a®pi pe {20) as clainmed in claim 36

38.

whegei n e 2

t ReFein G L f.er
operation are generat eg to a flxeg Siﬁérﬂyma d"rgess e éa%an&{gigstg
The2 asy mommieto dbe data arapsfpr oped@tjonaare gemirated t6 a fixed jaddid&. wher ei n t he regi ster

file (26) further includes a packet counter value representing a
nunber of packets 3 remaining to be transferred, wherein the packet

coupter 3@l ue is WW&&&%@M 30 wheteinithé b@isﬂ&hﬂem})m an

transferred.

2

cl a2 nmed

he asynchronous data pipe

E:l Wﬁbﬂ%ﬁl@e 2 application (12) automatically

I ncrements the packet counter value by witing to a 3 pr edet er m ned
field in the register file (26).

1 35. An asynchronous data pipe (2U) configured for coupling between an
2 application (12) and an IEEE 1394 standard bus structure for managing asynchronous data
3 transfer Operations t¢ and from the zpplication over the bus structure (58) comprising
4 a a register file (26);
3 b. a programming ¢wrcuit coupled to the register file (26) and copfigured :or
6 coupling to the application (12) for receiving instructions regarding a data
7 transfer operation from the application {12) and stering the instructions in
g the register file (26); and
9 c. an automatic transaction generating circuit coupled to the register file (26)
10 for automatically generating transactions necessary to complete the dat:
11 transfer operation without direct processor control or supervision by the:
12 application (12). '
1 36. The asynchronous data pipe (20) as claimed in claim 35 wherein the register
2 file (26) includes a destination address, a length of data to be transferred. a length of each
3 data packet to be transferred and a direction of the transfer.
37. The asynchronous data pipe (20) as claimed in claim 36 wherein the
2 transactions necessary to complete the data transfer operation are generated to an
3 increasing range of addresses.
38. The asynchronous data pipe (20) as claimed in claim 36 wherein the
2 transactions necessary to complete the data transfer cperation are generated to a fixed
address. |
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1 39. The asynchrenous data pipe (20) as claimed in claim 36 wherein the re ister
2 file (26) further includes a packet counter valus representing a number of packets
3 remaining to be transferred; wherein the packet counter value is decremented after each
4 packet of data is transferred.
40. . The asynchronous data pipe (20) as claimed in claim 39 wherein the

application (12) automatically increments the packet couater value by writing to a
predetermined field n the register file (26).
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{54) Title: ASYNCHRONOUS DATA PIPE FOR AUTOMATICALLY MANAGING ASYNCHRONOUS DATA TRANSFERS BE-

TWEEN AN APPLICATION AND A BUS STRUCTURE

(57) Abstract

An asynchronous data
Pipe(ADP)aumﬁgany
transactions

generates 16
necessary  to  complete Rt
asynchronous data transfer Elmmm

operations for an application
over a bus stucture. ‘The

whichispmmmmed:nnd o

ADP inciudes a register file +

initiated by the application,
The register file includes the

bus speed, transaction label,
transaction code, destination Wi

node identifier, destination

offset address, length of each

data packet, packet counter,

packet counter bump field, -J £F0

confrol fiekl, and 8 status ADP

ficeld. During a data transfer

information in the register

file a5 2 template. The ADP increments the value in the destination offset address field for each transaction

according 1o the length of

each data packet, unless the incrementing feature has been dissbled and the transactions are to take place at & fixed address. The packet
counter represents the number of transactions remaining to be generated. The packet counter value is decremented after each packet of
data is transferred. The application can increment the packet counter value by writing to the packet counter bump field. A multiplexer is
included within 2 system having multiple ADPs for multiplexing the information from the ADPs onto the bus structure, A demultiplexer
is included within 2 system having multiple ADPs for routing information from the bus structure to the appropriate ADP.

S A




