BACKGROUND OF THE | NVENTI ON AN APPARATUS AND METHOD FOR PACKETI 4 46\!};!;}
SEGMVENTI NG MPEG PACKETS 1. Field of the Invention The present | nvention
relates to the field of data transfer. Mire 5 particularly, the present

i nvention relates to an apparatus and net hod for packetizing data, which is
sequentially stored and accessible in host menory, into a plurality of data
packets for |ater segnmentation in order to reduce overhead and increase
data bandw dt h. 2. Description of Art Related to the Invention 10
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conput er

syst emﬁt?edpresent invention relates to the field of data transfer. More

5  particularly, the present invention relates to an apparatus and method for
packetizing data, which is sequentially stored and accessible in host memory,
into a plurality of data packets for later segmentation in order to reduce

overhead and increase data bandwidth.

2. Description of Art Related to the Invention

10 It is well known that an asynchronous transfer mode ("ATM") network
enables different types of systems, such as computer systems, to communicate
with each other. Like most networks, overall performance of an ATM network is
significantly influenced by a number of factors. One factor, pertinent to the
present application, is data bandwidth of an interface circuit which establishes a

15 transmit ("TX") data path between a system bus of a computer system and
network media (e.g., fiber optics, twisted pair, super twisted pair, etc.). For the
scope of this application, "data bandwidth" is represented by a ratio of the
amount of data transmitted from the computer system through the TX data path
for an amount of software overhead. "Software overhead" is defined as control

20  information required for operating system functions to perform the data transfer.

One primary disadvantage experienced by conventional ATM networks is
that there exists frame size constraints for point-to-point video and other
communicative data which precludes enhancement of data bandwidth by simply

increasing the amount of data controlled by a given amount of software




network nmedia (e.g., fiber optics, twisted pair, super twsted pair, etc.).
For the scope of this application, "data bandw dth" is represented by a
ratio of the anmount of data transmitted fromthe conputer systemthrough
the TX data path for an amount of software overhead. "Software overhead" is
defined as control 20 information required for operating systemfunctions
to performthe data transfer. One pripgary disadvantage experienced by
conventional ATM networks is that there exists frane size constraints for
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cannot be altered in situations where software overhead is large compared to the

5 size of the MPEG frame. In conventional networks, each MPEG frame is

separately accessed by communications software and transferred into the

interface circuit for local storage. It is apparent that the data bandwidth is

greatly reduced if the ATM network requires a large software overhead to

transfer a single MPEG frame into the interface circuit. Hence, it would be

10 advantageous to create an apparatus and method for overcoming the above-

described disadvantage.



cannot be altered in situations where software overhead is |arge conpared
to the 5 size of the MPEG frane. In conventional networks, each MPEG frane
is separately accessed by communi cations software and transferred into the
interface circuit for local storage. It is apparent that the data bandw dth
Is greatly reduced if the ATM network requires a | arge software overhead to
transfer a single MPEG frane into the interface circuit. Hence, it would be
10 advantageous to create an apparatus and nethod for overcom ng the
above- described di sadvant age. -3-- SUMVARY OF THE | NVENTION To m ni m ze
sof tware overhead used in controlling a data transfer and thereby increase
data bandwi dth, hardware circuitry is inplenmented within a Network

Interface Circuit ("N C') tq;eiia®dy e ilventiendata transfer. The

To minimize software overhead used in controlling a data tranffer and
thereby increase data bandwidth, hardware circuitry is implemented within a
Network Interface Circuit ("NIC") to control and perform the data transfer. The
5 hardware circuitry comprises a transmit ("TX") DMA engine and a TX

Segmentation engine.

After accessing overhead from a data descriptor in order to subsequently
access a data block having a number MPEG frames, the TX DMA engine
packetizes the data block into MPEG packets corres.ponding in number and size

10 to the MPEG frames. These MPEG packets are stored local to the NIC. The
manner in which the MPEG packets are stored differs from normal data in that
the TX DMA engine does not need to re-access overhead information from the
same data descriptor for successive MPEG packets originating from the same
data block. Rather, certain overhead parameters are stored locally before storage

15  of the first MPEG packet and these certain overhead parameters are used by the
TX Segmentation engine for segmenting successive MPEG packets of the same
data block. This increases the overall data bandwidth realized by the system

using the hardware circuitry.

Upon detecting that the data block is being stored as MPEG packets, the
20 TX Segmentation engine is configured to segment data of the MPEG packets as
payload for transmit cells of a cell packet and to retrieve the overhead
parameters as needed to produce a cell packet for each MPEG packet. After all
the MPEG frames associated with the data block are read by the TX DMA engine
- and stored locally, the NIC writes to a TX completion ring in host memory to

25 inform communications software that the data block has been fully transferred.



5 hardware circuitry conprises a transmt ("TX') DMA engine and a TX
Segnent ati on engi ne. After accessing overhead froma data descriptor in
order to subsequently access a data bl ock having a nunber MPEG franes, the
TX DVA engi ne packetizes the data block into MPEG packets corresponding in
nunber and size 10 to the MPEG franes. These MPEG packets are stored | ocal
to the NIC. The manner in which the EG packets are stored differs from
normal data in that the TX DVMA engi ne”does not need to re-access overhead

i nformati on fromthe sane data descriptor for successive MPEG packets

originating fromthe sERIERDEJECROKIICRIOETHE DRAWINGES head par anmeters
are stored locally before storage of the first EG packet and these
certain overhead paraneters are used by the TX Segnentation engine for
segnent i ng succHssfestuldPaEdpabkeitsgaafoftthe psesent datentiohoei]l beoinse i ncr eases
the overall data bandwi dth realized by the system using the hardware

ci r cui t r y.appaoenideoectherfollohang detrilédt desotiptibniof the pregent imvedtias iVPEG
packets, the 20 TX Segnentation engine is configured to segnent data of
t he MPEG pebicht s as

5 Figure 1 is an illustrative block diagram of an ATM network including
systems having host memory coupled together through switching circuitry and

dedicated Network Interface Circuits.

Figure 2 is an illustrative block diagram of the Network Interface Circuit

of Figure 2 including a System and ATM Layer Core.

10 Figure 3 is an illustrative block diagram of certain data structures of the
host memory used by the Network Interface Circuit of Figure 2 in transmitting

data.

Figure 4 is an illustrative block diagram of a data descriptor stored in one

of the ring entries of the TX data descriptor ring of Figure 3.

15 Figure 5 is an illustrative block diagram of components, including the TX
DMA engine and TX Segmentation engine, implemented within the System and
ATM Layer Core of the Network Interface Circuit for cellification.

Figure 6 is an illustrative flowchart featuring the packetizing operations
performed by the TX DMA engine of Figure 5 in storing MPEG packets and non-
20 MPEG packets within the TX buffer memory of Figure 2.

Figure 7 is an illustrative block diagram of how MPEG packets and non-

MPEG packets are stored in a FIFO of the TX buffer memory of Figure 2.



payl oad for transmt cells of a cell packet and to retrieve the overhead
paraneters as needed to produce a cell packet for each MPEG packet. After
all the MPEG franes associated with the data bl ock are read by the TX DVA
engi ne and stored locally, the NNC wites to a TX conpletion ring in host
menory to 25 informcomunications software that the data bl ock has been
fully transferred. -4- BRI EF DESCRI PTI ON OF THE DRAW NGS The features
and advant ages of the present invention will becone apparent fromthe
foll owi ng detailed description of the present invention in which: 5

Figure 1 is an illustrative bl ock diagram of an ATM network i ncl udi ng
systens havi ng host nenory coupl ed together through switching circuitry and

dedi cat ed Net wpfgurestBardingr illusgutive flowcharts featuring the unloading
operations performed by the TX Segmentation engine of Figure 5 to produce a

cell packet for transmission from the Network Interface Circuit of Figure 2.



Figure 2 is an illustrative bl ock diagramof the Network Interface Crcuit
of Figure 2 including a System and ATM Layer Core. 10 Figure 3 is an
illustrative block diagramof certain data structures of the host nenory
used by the Network Interface Circuit of Figure 2 in transmtting data.

Figure 4 is an illustrative block diagramof a data descriptor stored in
one of the ring entries of the TX data descriptor ring of Figure 3. 15
Figure 5 is an illustrative block diagéam of conponents, including the TX

DVA engi ne and TX Segnentation engine, inplenented within the System and
ATM Layer Core of theyfEANOEN DESERIPIFON OFTHEINVERITIGNCati on. Figure 6
Is an illustrative flowchart Teaturing € packeti1zing operations perfornmed
by the TX DVA engine of Figure 5 in storing MPEG packets and non- 20 MPEG
packets w t hi nIhhRe Tolldwidgedetatiod des@iptiorg the peseht Biveatibnl desaribes an

Il lustrative block di agram of how NPECE) packets and non- MPEG packets are
stored i nappktdtQs ahdthethbd foufsegmentingrdatotofed) in Bbod. memory. Such

segmentation is performed within a Network Interface Circuit (“NIC”) of an
5 asynchronous transfer mode (“ATM") network. A number of terms are

frequently used to describe certain control circuits and binary representations
which are defined herein. “Data” generally refers to binary data. A “word” is
preferably 4 bytes (32-bits) in length but may be any “2*” byte in length where x
= 0 while a “packet” is a plurality of words stored consecutively. A “data block”

10  is defined as a group of consecutively addressed bytes stored in a transmit ("TX")
data buffer while a “MPEG frame” is used to refer to a size-limited portion of the
data block of any type of communicative data including video. The MPEG frame
is preferably 188 bytes in length but may be of any byte length. A “MPEG
packet” corresponds in size and data content to the MPEG frame but is stored in

15 the TX buffer memory instead of the TX data buffer. Lastly, “packet(izes, ization,
izing)” refers to the operations necessary for segmenting the data block into

packets of data.

Referring to Figure 1, an exemplary network incorporating the Network
‘ Interface Circuit (“NIC”) of the present invention is shown. The network 100
20 comprises various systems e.g., computer system (not shown) each of which
incorporates host memory and a NIC 120 as shown. The NICs 120 may be
coupled directly to a public ATM switch 150 or indirectly via a local ATM switch
140. Likewise, the local and public switches 140 and 150 may be coupled in any
chosen scheme to provide communication paths between two or .more systems.

25  According to the quality of service (i.e., bit rate, acceptable timing loss, etc.)



-5- Figures 8a-8b are illustrative flowharts featuring the unl oadi ng
operations perforned by the TX Segnentation engine of Figure 5 to produce a
cell packet for transm ssion fromthe Network Interface Circuit of Figure
2. -6- DETAI LED DESCRI PTION OF THE INVENTION I n the follow ng detail ed
description, the present invention describes an apparatus and nethod for
segnenting data stored in host nmenory. Such segnentation is perforned
within a Network Interface Circuit ("Nt)-of an 5 asynchronous transfer
node ("ATM') network. A nunber of terns are frequently used to descri be

certain quﬁﬁﬂled,cﬁ{egé' Wdch1 ahd ;Rhﬂ?er XTIERLARRES P 48 150 route data to support
asynchronously transfers between applications running on systems remotely
located from each other. As further shown in Figure 1, the network 190 may also
include systems which utilize local area network (“LAN") emulation 130 which
5 serves as a gateway connecting other networks, such as Ethernet or Token Ring

networks 160 which use ATM as a supporting framework.

Referring now to Figure 2, a simplified diagram of the architecture of the

NIC used in accordance with one of the systems of Figure 1 (hereinafter referred
to as a “host system”) is shown. The NIC 120 interfaces the host system 390

10 coupled through an input/output (“I/0”) bus (e.g.; System Bus) 380 to the
network media operating in accordance with ATM protocol. The NIC 120
comprises a System Bus interface 200, a System and ATM Layer Core 220 which
is coupled to the System Bus interface 200 via a Generic Input/Output (“GIO")
interface 240, a Local Slave interface 260, an array of transmit (“TX") FIFOs 280,

15 an array of receive (“RX") FIFOs 300, a Media interface 320, an External Buffer

Memory interface 340 and Clock Synthesis circuit 360.

Together, the components 200-360 of the NIC 120 cooperate to
asynchronously transfer data between the host system 390 and the other systems
in the network through multiple, dynamically allocated channels in multiple

20 bandwidth groups. In other words, the components of the NIC 120 collectively
function as a multi-channel intelligent direct memory access (DMA) controller
coupled to the System Bus 380 of the host system 390. Ina preferred
embodiment, multiple transmit and receive channels are serviced as virtual

channels utilizing a full duplex 155/622 Mbps physical link.



whi ch are defined herein. "Data" generally refers to binary data. A "word"
Is preferably 4 bytes (32-bits) in length but may be any "2X' byte in

| ength where x > 0 while a "packet"” is a plurality of words stored
consecutively. A "data block”™ 10 is defjned as a group of consecutively
addressed bytes stored in a transmt ("TX") data buffer while a "MPEG
frane” is usedMtip® packeds 8f 8a@eshbstribed tBhiffent ehahids Babatd Dpdferdfl any
type of conmunicative data including video. The MPEG frane is preferably
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I ncorporating the twork Interfac ircuit ("NLC') .of the present
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different data transfer rates. Each FIFO has sufficient storage capabilities to store

(i) a plurality of header tag bits for providing control information for
10 segmentation purposes and (ii) a corresponding plurality of entries allowing at
least one word of data to be read for each clock cycle and temporarily stored in a

single entry as shown in Figure 7.

Referring still to Figure 2, the System and ATM Layer Core 220 comprises

segregated cellification and reassembly logic (not shown) to facilitate

15  asynchronous cellification and reassembly of transmit and receive data cells,
respectively. The array of TX and RX FIFOs 280 and 300, coupled between the
System and ATM Layer Core 220 and Media interface 320, are useci to stage the
transmit and receive cell payloads of the transmit and receive data cells
respectively. The Media interface 320 transmits and receives these data cells to

20  the Media 400 of the network, driven by clock signals provided by Clock
Synthesis circuit 360. Preferably the Media 400, and therefore the Media interface
320, conforms to the Universal Test and Operations Physical interface for ATM
(“UTOPIA”) standard, as described by the ATM Form Ad Hoc specification. To
conform to the UTOPIA specification, the clock synthesis circuit 360 provides

25  either a clock signal of 20 MHz or 40 MHz to enable the Media interface 320 to



140. Likew se, the local and public swi tches 140 and 150 nmay be coupled in
any chosen schene to provide conmmuni cati on paths between two or nore
systens. 25 According to the quality of service (i.e., bit rate,
acceptable timng loss, etc.) -7- required, these local and public ATM
switches 140 and 150 route data to support asynchronously transfers between
applications running on systens renpotely |located fromeach other. As
further shown in Figure 1, the network 206 nay al so include systens which
utilize local area network ("LAN') ernulation 130 which 5 serves as a

gat eway csoppottiagytetdimarmeat 20 Mz fortsd Mbpistdrer Itehit stredwkaetdORVIEz foatawor ks
160 which use ATM as a supporting framework. Referring nowto Figure 2, a
si npl i fi e622Mbpodatafsttdagnar chitecture of the NIC used in accordance with
one of the systens of Figure 1 (hereinafter referred to as a "host systemnt)

I's shown. The NIC 120 interfaces the host system 390
In the present embodiment, the Media’interface 320 receives 5Z-byte data

cells each having a 4-byte cell header and a 48-byte payload from the TX FIFO
5  280. The Media interface 320 inserts a checksum as a fifth byte into the cell header

of each transmit cell prior to providing one or more 53-byte transmit cells
(hereinafter referred to as a "cell packet”) to the Media 400. The last transmit cell
includes control and length information, padding (if necessary) and a Cyclic
Redundancy Checkword "CRC". Conversely, when the Media interface 320

10 receives cells from the Media 400, it examines the checksum in the fifth byte of
each receive cell to determine if the checksum is correct. If so, the byte
representing the checksum is stripped from the receive cell and it is forwarded to

the RX FIFO 300. Otherwise, the entire receive cell is disregarded.

The System Bus interface 200 and GIO interface 240 insulate the host

15 system 390 from the specifics of the transfer to the Media 400. Furthermore, the
System and ATM Layer Core 220 are insulated from the specifics of the system
bus 380 and host specifics. In the present preferred embodiment, the System Bus
is an S-Bus, as specified in the Institute of Electronics and Electrical Engineers
(“IEEE”) standard 1496 specification. The System Bus interface 200 is configured

20  to communicate in accordance with the speciﬁcations-of the Systemn Bus, in the
present illustration, the S-Bus. It is contemplated that the System Bus interface
200 can be configured to conform to different host system busses. The System
Bus interface 200 is also configured to transfer and receive data in accordance
with the protocols specified by the GIO interface 240. The GIO interface 240

25  provides a singular interface through which the System and ATM Layer Core 220

communicates with the host system 390 and therefore, does not change for



10 coupled through an input/output ("1/0O") bus (e.g., SystemBus) 380 to
the network nedia operating in accordance with ATM protocol. The NIC 120
conprises a System Bus interface 200, a System and ATM Layer Core 220 which
is coupled to the System Bus interface 200 via a Ceneric | nput/Qutput
("AdO) interface 240, a Local Slave interface 260, an array of transmt
("TX") FIFGCs 280, 15 an array of receive ("RX'") FIFGs 300, a Media
interface 320, an External Buffer Menory interface 340 and Cl ock Synthesis
circuit 360. Together, the conponents 200-360 of the NI C 120 cooperate to

asynchr on@iffeerit eafitsddifnedts af Bat Ne€N20Rehiehshteafazt eonddérent Hobthsysedrher
systens in the network through multiple, dynamcally allocated channels in

mul ti pl e 20d Yasssdwi dt h groups. I n other words, the conponents of the NIC
120 collectively function as a nulti-channel intelligent direct nenory
access (DVA) controller coupled to the System Bus 380 of the host system

390. In a pref érhedgosssysteinmsf® inqludes host memosy385 arhich conrtains-datannel s are

serviced as virtual channels utiljzing a full duplex, 155/622 Mps physi cal
i nk. packets and pointers to the packets being transmitted and received. As noted

5 previously, the NIC 120 also shields the cell delineation details of asynchronous
transfer from the applications running on the host system 390. For present
purposes, it is assurmned that applications running on the host system 390 manage
transmit and receive data using wra.p around transmit and receive rings with
packet interfaces as discussed below. However, the present invention may be

10  practiced with the software applications running on the host system 390

managing transmit and receive data using other data structures.

Referring now to Figure 3, a general overview of the preferred data
structure of the host memory 395 used for data transmission is shown. The host
memory includes transmit (“TX") data buffers 470a-470k, its corresponding TX

15  data descriptor rings 480a-480m and a TX completion ring 490. The TX data
buffers 470a-470k are consecutively addressed buffers of a predetermined size
within the host memory. The TX data buffers 470a-470k are used to individually
store data blocks and to collectively provide a larger storage for communicative

media such as video.

20 The TX data descriptor rings 480a~-480m are data structures having a
plurality "N" of ring entries, for example, entries 1, 2, 3 and the like. Each of the
TX data descriptor rings 480a-480m corresponds to one of the "M" éhannels,
typically of different transfer data rates, supported by the NIC where "M" is a
whole number greater than one. Each TX data descriptor ring 480a-480m

25 includes a plurality “N” of ring entries accessed by communications software



-8- Miultiple packets of data, subscribed to different channels over the
System Bus 380 to external buffer nenory 420 residing off the NIC 120 via
the External Buffer Menory interface 340, are segnmented by circuitry in the
System-and ATM Layer Core 220 into transmt cells for transm ssion to the
Medi a 400 through 5 Media interface-33Q. -The external buffer nenory 420

I ncl udes RX buffer nmenory 440 and TX buffer nmenory 460 which preferably is

a pl ur al séguetidthyRRd irPaeirchP f4HibRS FABR G drtreRCIF LhareRNt Sizel(Bg. net wor k

in order to support different data transfer rates. Each FI FO has sufficient

st orage 64pybid)itd centain astdatedesgriptop! Havinigttyaraimibsiadereldtad imfiot mation

providing control information for 10 segnentation purposes and (ii) a

cor r espofaignthesiae aff iatdatabledk o1 MPESD fame gta) and peintersdovedesingdd diaiga t o be

read for each clock cycle and tenporarily stored in a singleventry as shown

i n Fi gur block Ineatedrinmgl X data bufferdgia-470k. Thedsipgdasariptars ameachyleX Core 220

conprises

i 5 data descriptor ring are numbered 1 to "N", where "N" is a whole number equal

to the number of descriptors on each TX data descriptor ring 480a-480m.
Typically, there are 1024 data descriptors on a ring i.e., N = 1024 and each ring is
associated with a pre-programmed bandwidth group. In addition, each data
descriptor ring may have one or more data blocks queued for transmission.

10 Preferably, the number of TX data buffers "K" is less than or equal to "M"
multiplied by "N" (MxN) since the TX data buffers 470a-470k should be sufficient

in number to hold data from N entries and M channels.

When a data descriptor is input into a ring entry and is queued to be

subsequently read by the NIC 120, the software running in the host memory

15  issues a "kick" command to the System and ATM Layer Core 220 in the NIC 120
of Figure 2. This command is a write operation which provides, as parameters,
the TX data descriptor ring number (0-126) and the corresponding data
descriptor number of the last data descriptor posted in the particular TX data
descriptor ring as discussed by Assignee of the present application in a

20  concurrently filed U.S. Patent Application entitled "A Method and Apparatus For
Coordinating Data Transfer Between Hardware and Software" (Attorney Docket
No. 82225.P0934) incorporated herewith by reference. This is done to avoid
polling the TX data descriptor ring by the NIC which would be costly to employ
in most personal computer platforms and unnecessary when no data needs to be

25 transmitted. The NIC keeps track of the last data descriptor, per TX data

descriptor ring, that has been processed.



segregated cellification and reassenbly logic (not shown) to facilitate 15
asynchronous cellification and reassenbly of transmt and receive data
cells, respectively. The array of TX and RX FI FGs 280 and 300, coupl ed
between the System and ATM Layer Core 220 and Media interface 320, are used
to stage the transmt and receive cell payloads of the transmt and receive
data cells respectively. The Media inter¥ace 320 transnits and receives
these data cells to 20 the Media 400 of the network, driven by clock

si gnal s provi dbuithprefeowkd ephodizserst asi shown irgBigurPdetactatihia déseripbati of 400,
and therefore the Media interface 320, confornms to the Universal Test and
Oper at i orfhePhy slagmdesasipter sogs ineludgn bt bytrsHpals vsf:]rglnhaf mfoasatie{s,;gdmeq by
the ATM Form Ad Hoc specification. To conformto the UTOPI A specification,
the cl ockoé‘g’}ﬂ jupe ﬁ’r}’cﬁ!etT)éQi‘dﬁrmlﬁé?eﬁgené?@ kelow) o1 padketizgdata of 20

Mz or 4Ofrcl§/|n_r|12 thteol')% Iglaal?alx guye;x?s giﬂo‘ ncgﬁlrgs??neen?;glgy.tﬂe firs_t%s_rord (iTe. 32-bits)
5 481 of the data descriptor includes least one control bit (hereinafter referred to as
"MPEG bit") 482 which, when set, indicates that communications software wants
to transfer video through multiple MPEG frames. In the event that the MPEG bit
482 is set, a plurality of bits ("Frame Size") 483 within the first word 481 of the
data descriptor, usually dedicated for indicating the buffer length of the TX data
10 buffer associated with the TX data descriptor ring, are used to specify the byte
length of a single MPEG frame.

The data descriptor further includes (i) a second word 484 providing the
32-bit start address ("Start_Addr_Ptr") of the first byte of the data block stored in
the TX data buffer of this TX data descriptor ring and, if MPEG bit 482 is set, (ii) a

15 third word 485 indicating the number of MPEG frames ("Num_Frames") to be

transferred utilizing this same data descriptor. Moreover, the data descriptor
includes a fourth word 486 containing control information and pa};load length
("Cntl/Length”) of a resultant cell packet and a fifth word 487 containing the 4-
byte cell header ("Cell Header") excluding the one-byte checksum.

20 Referring back to Figure 3, the TX completion ring 490 is a data structure
having a plurality of ring entries "J" which, unlike TX data descriptor rings 480a-
480m, contain all necessary information in the ring entry rather than relying on
pointers. The TX completion ring 490 serves as a place holder for the hardware
to provide status of a packet that was transferred to the buffer memory 420.

25  Thus, the number of ring entries of the TX completion descriptor ring 490 is "J",
where ] is less than or equal to M zhultiplied by N (J £M x N), since the TX



support a byte streamat 20 Mz for 155 Mops or a 16 bit streamat 40 M&

for a 622 Mips data stream In the present enbodi nent, the Media interface

320 receives 52-byte data cells each having a 4-byte cell header and a

48- byte payload fromthe TX FIFO 5 280. The Media interface 320 inserts a

checksumas a fifth byte into the cel - B8ader of each transnit cell prior
smt cell referred to as
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forwarded to the RX FI FO 300. O herw se he entire receive cell is
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the host 15 system 390 fromthe speC|f|cs of the transfer to the Media

400. Furt reportrte hardevady she datndestfigtbfywhichare a?2llalsledoi isabyties from t he
specifics of the system
hardware to post updates of completed transactions. Advantageously, the TX
completion descriptor ring 490 is accessible by both hardware and software. In
addition, the TX completion ring 490 preferably occupies 64 KBytes of host
10  memory through 1,024 ring entries, since it has to be large enough to contain the

multiple completion updates from "M" TX data descriptor rings each having N

data descriptors.

One function of the System and ATM Layer Core 220 of Figure 2 is to
receive data from host memory for transmission through a specific channel and
15  store this data in a packetized format within the TX buffer memory for later
retrieval and insertion into payloads of ATM cells collectively forming a cell
packet. This function is accomplished through the collective arbitrated
operations of the cellification logic; namely, the TX DMA engine 500, a TX
Segmenfation engine 510 and a TX Control RAM 520 as shown in Figure 5.

20 The TX DMA engine 500 is responsible for retrieving data from the TX
data buffer and appropriately packetizing the data in the TX buffer memory. If
the data is video requiring MPEG transmission, the DMA engine 500 packetizes
the video according to a MPEG packet format as discussed below. The TX
Segmentation engine 510 attempts to segment these MPEG packets as soon as

25 they are placed into the TX buffer memory in order to allow the array of TX

FIFOs to be smaller in size than its corresponding TX data buffer. The



bus 380 and host specifics. In the present preferred enbodi nent, the System

Bus is an S-Bus, as specified in the Institute of Electronics and

El ectrical Engineers ("IEEE") standard 1496 specification. The System Bus

interface 200 is configured 20 to conmunicate in accordance with the

specifications of the SystemBus, in the present illustration, the S Bus.

It is contenplated that the System Bus interface 200 can be conflgured to

conformto different host system busses: The System Bus interface 200 is
data n accordance w

al so confi ed to transfer and eiyv h th
prfn ocol s' urerlpr\é@fr sfﬁ%é@f@ol mﬁaﬁén S20r Wﬁfé“iéadéﬁ tHaRst Fé@r@nzag%s
i d t hr ou h the,S ema ATM Lavye
D commu e atiS o MeriX et MRtay: desisered B BB Be clbretéthunge.
LIO]E fer e;lt 1@&9&%&%‘%&%&%? gd' gggh?ﬂgd NGRS cénldzgppar ﬂs s éagraé;mattmg
Data Transfer between Hardware and Software” (Attorney Docket No.

5 82225.P0934) incorporated herewith by reference.

Referring still to Figure 5, the TX DMA engine 500 packetizes data
according to one of at least two different packet formats; namely, a data packet
with MPEG segmentation format ("MPEG packet") and a data packet without
MPEG segmentation format ("non-MPEG packet”). The type of data packet

10 stored in the TX buffer memory is determined by the contents of the data

descriptor as defined above.

Referring now to Figures 6 and 7, the TX DMA engine initially reads

certain overhead parameters of the data descriptor, which is associated with the

TX data buffer storing the data block to be transferred through a specific channel,
15  in order to obtain information governing the packetizing operations performed

by the TX DMA engine (Step 105). These overhead parameters include (i) MPEG

bit; (ii) Length; (iii) Sta_rt_Addr_Ptr; (iv) Num_Frames; (v) Cntl/Length; and (vi)

Cell Header whose characteristics are described above. Next, the TX DMA

engine checks the state of the MPEG bit to determine whether the data block is a
20 number of MPEG frames requiring special MPEG packetization (Step 110).

If MPEG packetization is required, the TX DMA engine packetizes the
data block for local storage in a FIFO of the TX buffer memory by twriting the
Cntl/Length information into a first word entry of the FIFO associated with the
specific channel and setting its corresponding header tag bits equal to "00" (Step

25  115) as shown by a FIFO labeled “FIFO(1)” in Figure 7. Next, the TX DMA



The host system 390 includes host nmenory 395 which contains data packets
and pointers to the packets being transmtted and received. As noted 5
previously, the NIC 120 al so shields the cell delineation details of
asynchronous transfer fromthe applications running on the host system 390.
For present purposes, it is assuned that applications running on the host
system 390 manage transmt and receive-dasta-using wap around transmt and
receive rings with packet interfaces as discussed bel ow. However, the

present iangineé waiteslie Kellleaderdato aeecorid word enfgfsNVAFO(Bld s&tbiigns
runni ng on the host system 390 nmanaging transmt and receive data using

ot her datrsispocdimg headerf @grbitspquabteo 61 Fi(Gtepel 28). Thipgremkatizinger vi ew of t he
preferred data structure of the host mam)rg 395 used for data transm ssion
e

i s shown.prpdednssdiffasafrominermad eperationsriv here thix TX DM A enginesets bptia- 470k,
its corresponding TX 15 data descriptor rings 480a-480m andva TX
conpl et i dieaden g bis of tee fisstamdosesond dag bity 6" Ul7 @k shpwrtisnztep Ji25vidly

Gt Bt rabilibaeayer "G S Rigareds §heseting of B headestia bivat o 1o
col lecti Vﬁerle\APOrr Veinqu fo j(ﬁf% .rowsstt?xrealg?Ségrrnerclt% 1onnéncg?rtuia,vcfuring segmentation

in pursuit of generating a cell packet, to determine that the data is locally stored

as MPEG packets. It is contemplated that the particular tag configuration may be

modified without departing from its general purpose.

10 Thereafter, in accordance with the bit width of the TX buffer memory, a
number of bytes defined by the Frame Size parameter are read in sequence by the
TX DMA engine and sequentially written into word entries of FIFO(1). The
header tag bits associated with each of these word entries is set to "00" by the TX
DMA engine except for the last word entry (Step 135). At this point, the TX

15 DMA engine again determines whether the MPEG packetization is desired (Step
140). If the MPEG packetization is not desired indicating normal data storage,
the TX DMA engine sets the header tag bits associated with the last word entry to
"11" and the same or different data descriptor to obtain its Cntl/Length
information and Cell Header (Step 145). However, if the MPEG packetization is

20 desired, the TX DMA engine determines whether there are any more MPEG
frames within the TX data buffer to transfer, besides the MPEG frame just
packetize (Steps 150 and 155). This may be accomplished by decrementing the
Num_Frames parameter stored within the TX DMA engine and chécking

whether the Num_Frames parameter is now zero.

25 If the Num_Frames parameter is equal to zero, indicating that the data

transfer from the TX data buffer is complete, the TX DMA engine writes "11" into



medi a such as video. 20 The TX data descriptor rings 480a-480m are
data structures having a plurality "N' of ring entries, for exanple,

entries 1, 2,3 and the |ike. Each of the TX data descriptor rings 480a-480m
corresponds to one of the "M channels, typically of different transfer
dat'a rates, supported by the NIC where "M is a whole nunber greater than
one. Each TX data descriptor ring 480a-80m 25 includes a plurality "N' of
ring entries accessed by conmmuni cations software sequentially and in a

circul ar frashéqder tE%QﬁtsrdfrtHe%HtWorﬁseery &f e NIPEEpAciet 48irt sn?; 14%4 bytes)
to contain a "data descriptor” having transm ssion-related information

(e.g., thelsveeernif theddhum_Praaks ?ﬁra&ﬂi&& fsrrgtequal ® 2eranthaiusatle tag bitsa
desired data block located in a TX data buffer 470a-470k. The data
descri pt ooftlenlastielordériry aeatal8Ot inditating tothedl X Sagmieatatibri enginefhat wher e
"N' is a whol e nunber equal to the nunber of descriptors on each TX data
descr i pt oit is thejend @d-a486hMPEG packet but other MPEG packets utilizing the same
5 Cntl/Length and Cell Header information are to follow (Step 160). Thereafter,

instead of re-accessing the data descriptor and loading the Cntl/Length

information and Cell Header as previously done, the TX DMA engine just reads

and writes the data associated with the next MPEG packet sequentially into the

FIFO(1) as shown in Figure 7. The TX Segmentation engine, upon detecting the

10  header tag bits of "10", segments the data of the next MPEG packets using the
same information Cell Header and Cntl/Length information from the prior

MPEG packet as discussed in Figures 8a-8b.

Referring to Figures 8a and 8b, as the TX DMA engine is storing the

MPEG packets into the FIFOs of the TX buffer memory, the TX Segmentation

15  engine is unloading the data associated with the MPEG packets in order to form
cell packets for transmission from the NIC. The TX Segmentation engine first
reads the first word entry of the data packet from the FIFO associated with a
specific channel number (Step 205). If the TX Segmentation engine detects that
the header tag bits of the first word entry are "00", it determines that the

20 information involves MPEG packets which has a later effect on its chosen
segﬁxentation procedure (Step 210). In Step 215, the TX Segmentation engine
reads a second word in order to obtain the Cell Header. Thereafter, in Step 220,
the TX Segmentation engine performs one of two segmentations pi‘c;cedures
depending on whether the packets stored in the FIFO are non-MPEG packets or

25 MPEG packets.



Typically, there are 1024 data descriptors on a ring i.e., N = 1024 and
each ring is associated with a pre-progranmed bandw dth group. In addition,
each data descriptor ring may have one or nore data bl ocks queued for
transm ssion. 10 Preferably, the nunber of TX data buffers "K' is |ess
than or equal to "M nultiplied by "N (MKN) since the TX data buffers
470a- 470k should be sufficient in nunber {9 hold data fromN entries and M
channel s. When a data descriptor is input into aring entry and is queued
to be subsequently read by the NIC 120, the software running in the host
menory 15 issues a "kick" command to the System and ATM Layer Core 220 in
the NIC 120 of HitherpacRetsEibedciarte FRIFOsranohi MEEBiclet9rharixch provi des,

as paraneters, the TX data descriptor ring nunber (0-126) and the _
cor r espondbegmentaticteanging read sdath assafated evitl ghe dataspatketuhtil one ppared in
the particular TX data descriptor ring as discussed by Assignee of the
present ap@Piditions@ctursanamely dRtSegroaniayioniengine (iBrealiatcontentp pf heelivieon
entitled "A Method and Apparatus For Coordinating Data Transfer Between
Har dwar e afRPSEERtYE Word enttiss Hagbpir keelvrovorisipe., #8 b3tes) ohdetaaent e
; b d
her ew tgq bgatraegaecrlgzp of (ii)Tc?eltgctlssa pga?rn of }tteoa er ?alxg bits to be equal to "11" indicating
that its corresponding word entry contains the last bytes valid data within the
data block (Steps 225-235). If the first condition occurs, the TX Segmentation
engine utilizes the Cell Header for the next cell transmission and continues this
process until the second condition occurs (Steps 240-245). If the second condition
10 occurs, the Cntl/Length information as well as independently generated CRC are
added to the last transmit cell to produce the cell packet (Step 250). Thereafter,

the CRC is reset for subsequent generation for the next cell packet.

If the packets stored in the FIFO are MPEG packets, in Step 300, the TX

Segmentation engine reads word entries of the MPEG packet until one of three

15 conditions occurs; namely, the TX Segmentation engine (i) detects header tag bits
of "11"; (ii) detects header tag bits of "10" or (iii) reads twelve worc! entries
consecutively, thereby reading twelve words (or 48 bytes) of data from the data
packet. If the first condition is first detected, if the header tag bits are "11"
indicating that the word entry includes the last valid bytes of the data block

20  (Steps 305-310), the TX Segmentation engine performs the same operations as
discussed in Steps 250-255. However, if the TX Segmentation engine detects
header tag bits having the value "10" indicating the end of one of multiple MPEG
packets associated with the data descriptor, the Cntl/Length information as well
as the CRC are appended to the cell packet and the CRC is reset (Steps 315-330).

25 However, unlike the non-MPEG packets, the Cntl/Length and Cell Header

information from the previous MPEG packet is used for the next transmit cell(s)



polling the TX data descriptor ring by the NIC which would be costly to
enpl oy in nost personal conputer platforns and unnecessary when no data
needs to be 25 transmtted. The NI C keeps track of the |last data
descriptor, per TX data descriptor ring, that has been processed. - 12 -
In its preferred enbodi mrent as shown in Figure 4, each data descriptor of
the TX data descriptor rings includes 64 bytes (or 16 words) of

i nformation, some of which is used by the TX DVA engine (referenced bel ow)
to packetize data fromthe TX data buf[e&g 470a- 470k of host nmenory. The
first word (i.e. 32-bits) 5 481 of the data descriptor includes |east one
control "bit (hereinafter referred to as "MPEG bit") 482 which, when set,

i ndi cates that comunications software wants to transfer video through
multiple MPEG frames. In the event that the MPEG bit 482 is set, a

pl ural ity tetliftiihate(GVerhend bstriated Sdithiré-Abcestig drid floadlinty dleirdine
information into the TX buffer memory. For the third condition, the TX
Segmentation engine utilizes the Cell Header for the next transmit cell

transmission and continues this procedure until either the first or second

5 condition occur.

The present invention described herein may be designed in many different
methods and using many different configurations. While the present invention
has been described in terms of various embodiments, other embodiments may
come to mind to those skilled in the art without departing from the spirit and

10  scope of the present invention. The invention should, therefore, be measured in

terms of the claims which follows.



data descriptor, usually dedicated for indicating the buffer length of the
TX data 10 buffer associated with the TX data descriptor ring, are used to
specify the byte length of a single MPEG frame. The data descriptor further
includes (i) a second word 484 providing the 32-bit start address ("Start
Addr Ptr") of the first byte of the data block stored in the TX data buffer
of this TX data descriptor ring and, if MPEG bit 482 is set, (ii) a 15
third word 485 indicating the nunber of MPEG franes ("NunFranmes") to be
transferred utilizing this same data desggiptor. Mreover, the data
descriptor includes a fourth word 486 contai ni ng cont r dhisiSieeiHasBeemReplated

payl oad length ("Cntl/Length") of a resultant cell packet umn mn"luﬂmmd
! .

487 containing the 4- byte cell heade Lg‘g%l Header ") ex
one- byte checksum 20 Referring back to Figure 3, e TX conmpletion

ring 490 is a data-structure having a plurality of ring entries "J" which,
unl i ke TX data yWgsghid Phthedif19s 480a- 480m contain all necessary
information in the ring entry rather than relying on pointersr The TX
conpletion ring 490 serves as a place holder for the hardware to provide
status of a packet that was transferred to the buffer nenory 420.

1. A method for optimizing efficiency in transferring a block of data
having a plurality of MPEG frames sequentially stored in a memory element, the
method comprising the steps of:

accessing a plurality of overhead parameters from a data descriptor stored
in the memory element, said data descriptor providing information about the
block of data; |

packetizing the block of data into a plurality of MPEG packets, each
MPEG packet corresponding to one of the plurality of MPEG frames; and

O 0 3 O 1 = W N

segmenting the plurality of MPEG packets to produce a plurality of cell

ot
[}

packets, wherein each cell packet contains in common at least one of said

—
WY

plurality of overhead parameters.

2. The method according to claim 1, wherein the step of accessing the
plurality of overhead parameters includes the steps of:
checking a control bit in the data descriptor to determine if the block of
data includes the plurality of MPEG frames, wherein if the control bit is set
indicating that the block of data includes the plurality of MPEG frames, then
perform the following steps
accessing a first overhead parameter being a starting address of the

block of data within the memory element, and

W 0 N O Ut W N -

accessing a second overhead parameter being a frame number

Poed
[ew)

indicating the number of MPEG frames contained in the block of data.

L




25 Thus, the nunber of ring entries of the TX conpletion descriptor ring
490 is "J", where J is less than or equal to Mnultiplied by N (J [err] MX
N), since the TX - 13 - conmpletion ring 490 nust have sufficient entries
for posting N data descriptors from M channels. The hardware uses a
descriptor in the TX conpletion descriptor ring 496-to provide—the——

correspondi ng TX data descriptor ring nunber and d Lptor.nunber
corresponding to the data block that was 5 transfefﬂrug ﬂg Has B ?’cgg
enbodi ment, the TX conpletion ring 490 pe used to re l 'ﬁ e the
data descriptors which are available for use by the t

updat es of conpleted transacti ons. Advantageously, the TX conpletion
descriptor ring 490 is accessible by both hardware and software. In

additiop, the TX co etiaon ring 490 ef.erabl y,occupies ,64.KBytes of host
10" menbry throdyn 1 BEE AkorRie iR PR B R R gn Lo
contai ny t Ngyrther includes the step of accessing a third overhead parameter beirg a frame

3 size indicating the number of bytes in each MPEG frame of said plurality of
4 MPEG frames.

4. The method according to claim 3, wherein said checking step
further includes the steps of

accessing a fourth overhead parameter being a control and length field
providing control information and total payload length information for each of
the plurality of cell packets; and

accessing a fifth overhead parameter being a cell header providing header

N OO O b W e

information for each of the plurality of cell packets.

5. The method according to claim 4, wherein the step of accessing the
plurality of overhead parameters includes the step of

storing the fourth and fifth overhead parameters in a transmit buffer

= W NN

memory for use by the plurality of cell packets.

6. The method according to claim 5, wherein said packetizing step
includes the steps of

(i) reading a MPEG frame of said plurality of MPEG frames from the
memory element;

(ii) storing the MPEG frame as a corresponding MPEG packet in the

N U e W N =

transmit buffer memory;

RO OO



mul tiple conpletion updates from"M TX data descriptor rings each having N
dat a descri pt orThis Sheet HasiBeen Bepladedt he Syst em and ATM Layer Core 220 of
Figure 2 is tore m host nenory for transm ssion through a
speci fic channel this data in a packetized format within the
TX buffer nemory tor later retrieval and insertion into payl oads of ATM
cells collectively formng a cell packet,; This function is acconplished
through the collective arbitrated operations of the cellification |ogic;
nanel y,7 the TX [ setghgat ka6t ofe headzegap biedssodiatadbivith dath vaort af theé

Control RAM 520 as shown in Figure 5. 20 The TX DVA engine 500 is
r esponsd bl MPEG pasket wva figstqaedeferminechealidé; dada buffer and appropriately
packetizing the data in the TX buffer nenory. If the data is video

requi rithhg MPEG {ivideniesaenting thefrome rangbeebpodepabReginzes the vi deo
according to a MPEG packet format as di scussed bel ow. The TX Segnentation
engi nel®10 attenpts fbthedgamamurnieerds greatepthater&Oas soon as 25 they are

placed into the TX buffer nmenory in _order to allow the arra f TX FIFGs to
be smaller in size than itsgﬂt?tﬁé'@saﬁdﬁ%ﬁtﬁ@e%’%aa&f?mﬁﬁswr? witha ast

12 - word of the MPEG packet to a second predetermined value and
13 continue performing steps (i)-(iv) on a successive frame, and
14 if the frame number is equal to zero,
15 setting the at le.ast one header tag bit associated with the last
16 word of the MPEG packet to a third predetermined value and
17 returning to access a plurality of overhead parameters
18 associated with a second data descriptor stored in the memory
19 element, said second data descriptor providing control information
20 about a second block of data.
1 7. The method according to claim 6, wherein said segmenting step
2 includes the steps of
3 (i) determining whether the plurality of MPEG packets are being stored in
4  the transmit buffer memory; and
5 (ii) reading in succession each word entry of a MPEG packet of the
6  plurality of MPEG packets, wherein the reading ste? includes the step of
7 appending the fourth overhéad parameter to a cell packet of the
8 plurality of cell packets corresponding to the MPEG packet, provided a
9 first condition is detected.

T



- 14 - operations of the TX Control RAM 520 in coordinating data transfer
froma TX data buffer to the TX buffer nenory are discussed in detail in-
the concurrently filed application by Assignee entitled "Mthod and

Appar atus for Coordi nati ng Data Transfer between Har dWaséhaeﬂ

(Attorney Docket No. 5 82225.P0934) incorporated hereW| ﬁﬁ

Referring still to Figure 5 the TX DVA engi ne 500 packe

according to one of at |east two different packet formats; namely, a data
packet wi th MPEG segnentation format (MG packet") and a data packet

wi t hout MPEG segnentation format ("non- MPEG packet"). The type of data
packet 10 stored in the TX buffer nenory is determ ned by the contents of
the data descrifpt or Hee thethorbdcaivding toRdaien 7 wheneiw the fiFsiroreitionanthe7, the

TX DVA engine initially reads
2  atleast one header tag bit of the word entry indicates that the word entry is

3 storing a last byte of the block of data.

9. The method according to claim 7, wherein the reading step furtiler
includes the step of

appending the fourth overhead parameter to the cell packet of the
plurality of cell packets corresponding to the MPEG packet; and

using the overhead parameters associated with the MPEG packet for

producing a cell packet of the plurality of cell packets corresponding to the

SUTREN NS Y O S T R

subsequent MPEG packet, provided a second condition is detected.

10.  The method according to claim 9, wherein the second condition is
the at least one header tag bit of the word entry indicates that the word entry is

storing a last byte of the MPEG packet to be followed by a subsequent MPEG

B W N

packet.

11.  The method according to claim 9, wherein the reading step further
includes the step of
continuing construction of the cell packet corresponding to the MPEG

packet provided a third condition is detected, said third condition is the word

U o W N

entry is a twelfth consecutive word eniry to be read.

D O O 1



certain overhead paraneters of the data descriptor, which is associ ated
with the TX data buffer storing the d@tieShdebbis Beendieplecethsferred t hrough a
specific channel, 15 in order to obtai overning the
packeti zi ng operations perforned by the (Step 105). These
over head: paraneters include (i) MPEG bit; (1i) Length; (iii) Start Addr
Ptr; (iv) NunFranmes; (v) Cntl/Length; and (vi) Cell Header whose
characteristics are described above. hbxé the TX DVA engi ne checks the
state of the MPEG bit to deternine whefhéf the data block is a 20 nunber
of MPEG franes requiring special MPEG packetization (Step 110). |If MPEG
packetization is required, the TX DVA engi ne packetizes the data bl ock for

local gtorage ima F'TEQrH@thbHeacI&cﬁHgftérclmr Xy IRelt tHel ﬂ%ﬁd%ﬁ%ﬁ%ﬁh@?gt h

information into a first word entry 8f the FIFO associ at ed

speci f ic Cib@ﬁftﬁéstﬁ@@t@ebfi ng its correspondi ng header tag bits equal to
"00" (Step 25 115) as shown by a FIFO labeled "FIFQ(1)" in Figure 7. Next,
t he TX3DVA continuing the reading step for a next successive word entry of the MPEG

4  packet, provided the first, second and third conditions are not detected.

1 13.  The method according to claim 1 further comprising the step of
2 informing communications software when the block of data has been

3  completely read from the memory element.

1 14.  The method according to claim 13, wherein the informing step
2  includes the step of returning an ring entry number identifying the data

3  descriptor to a transmit completion ring stored in the memory element.

unid

15. A circuit for optimizing efficiency in transferring a block of data
having a plurality of MPEG frames from a memory element to a transmit buffer
memory, the circuit compﬁsmg:

a transmit DMA engine configured to access a plurality of overhead
parameters from a data descriptor stored in the memory element and to
packetize the block of data into a plurality of MPEG packets, said transmit DMA
engine is coupled to the transmit buffer memory; and

a transmit Segmentation engine, coupled to the transmit buffer memory,

O 0 Ny Ot

configured to segment the plurality of MPEG packets in order to produce a

o
o

plurality of cell packets transmitted from the circuit, wherein each cell packet

[y
et

contains in common at least one of said plurality of overhead parameters.
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- 15 - engine wites the Cell Header into a second mord entry of FIFCXl)
and sets its correspondi ng header tag bits equal to \gtcp LLU) This
packetizing procedure differs fromnormal operations mh h ‘md
engi ne sets both header tag bits of the first and secon
as shown in Step 125-130 5 and illustrated as "FIFQ(2)"
setting of the header tag bits of the first word entry to'
TX Segnentation engi ne, during segnentation in pursuit of generatlng a ce!
packet, to deternmine that the data is-I»gally stored as MPEG packets. It is
contenpl ated that the particular tag configuratlon may be nodified without
departing fron1its general purpose. Thereafter, in accordance

. . or dance

the Frdme S 2o Brand ’Wé?ﬁgﬁ%a?é%fw&slgaé&f%@ﬁ%f %&;ﬁiﬁl o ﬁzsf ’
eaager |

ecoct 2t o PRSP Bt SR s dnd oyt RATEGE of B o

engi nezex ntry (Step 135). At this point, the TX 15
DM%\ engl n gggllil?%ftes{%irlnﬁﬁ{gdmmﬁﬁeﬁer t he MPEG packetization is desired (Step

1 17. The circuit according to claim 15, wherein said transmit DMA
2 engine packetizes the block of data by (i) reading a MPEG frame of said plurality
3  of MPEG frames from the memory element, (i) storing the MPEG frame as a
4  corresponding MPEG packet in the transmit buffer memory, (iii) setting at least
5  one header tag bit associated with each word of the MPEG packet to a first
6 predetermined value, and (iv) decrementing the frame number by one, wherein
7 if a frame number, one of the plurality of overhead parameters indicating
8  the number of MPEG frames in the block of data, is greater than zero,
9 the transmit DMA engine sets the at least one header tag bits
10 associated with a last word of the MPEG packet to a second
11 predetermined value and continues performing steps (i)-(iv) on a
12 successive frame, and
13 if the frame number is equal to zero, |
14 the transmit DMA engine sets the at least one header tag bits
15 associated with the last word of the MPEG packet to a third
16 predetermined value and waits to access a plurality of overhead
17 parameters associated with a second data descriptor stored in the element
18 memory, said second data descriptor providing control information about
19 a second block of data.

R



140). If the MPEG packetization is not desi red I ndi cating normal data
storage, the TX DVA engi ne E'@§§heaueahseam gy bi ts associated with the

| ast word entry to "11" and t ' erent data descriptor to obtain
its Cntl/Length information a

(Step 145). However, if the
MPEG packetization is 20 de5|re engi ne det erm nes whet her
there are any nore MPEG franes mﬁthln the TX data buffer to transfer,
besi des the MPEG frane just packetize (Steps 150 and 155). This may be
acconpl i shed by decrenenting the NunfF2anes paraneter stored within the TX
DMA engi ne and checki ng whet her the NunfFranes parameter is now zero. 25
I f the Num Frames paraneter is equal to zero, indicating that the data
transfer fron1the TX data buffer is _conplete, the TX DVA engine wites "11"
into 1 - 16 -18he HegvoRkigterface %?quh@fleé}ébl%@d‘@ﬁﬁYVeﬁf inchedipBEG

acket_as in Step 145.
P 2 host mem%ry to communicate with a remote system, the network intefface circuit

comprising:
a system bus interface configured to establish a connection with a data bus

of the host system in order to access a block of data stored in the host memory;

3
4
5
6 a transmit buffer memory configured to store the block of data prior to
7  transmission to the remote systerﬁ; -

8 a system and ATM layer core configured to obtain the block of data placed
9  onthe data bus by the host system, convert the block of data into a plurality of

10  cell packets suitable for transmission to the remote system, the system and ATM

11  layer core including

12 a transmit DMA engine, coupled to said transmit buffer memory,
13 configured to access a plurality of overhead parameters from a data
14 descriptor stored in the memory element and to packetize the block of
15 data into a plurality of MPEG packets, and
16 a transmit Segmentation engine, coupled to said transmit buffer
17 memory, configured to segment the plurality of MPEG packets in order to
18 produce the plurality of cell packets, wherein each cell packet contains in
19 common at least one of said plurality of overhead parametefs.
1 19.  The network interface circuit according to claim 18, wherein said
2 transmit DMA engine packetizes the block of data by (i) reading a MPEG frame
3 ofsaid plurality of MPEG frames from the memory element, (ii) storing the
4 MPEG frame as a corresponding MPEG packet in the transmit buffer memory,
5  (iii) setting at least one header tag bit associated with each word of the MPEG

NI



However, if the Nunfranes paraneter is not equal to zero, the hea%er E;é%g

bits of the last word entry is set to "10" indicati nfig n Repla
Segnentation engine that it is the end of a first MPEG lH ||mbgr
MPEG packets utilizing the sanme 5 Cntl/Length and Cell tion

are to follow (Step 160). Thereafter, instead of re-accessing the data
descriptor and loading the Cntl/Length i_n£ rmation and Cell Header as
previ ously done, the TX DVA engine just réads and wites the data

i at ed_wi,t h.the. t EG ket Aty al |y into t ElFQ(1 h
o P ot o pAcken 16 - itedi BRA R B Meatmellifg R e s, oy
bi t "0 .5 the dat f th t MPEG ket i th
[ Inf ir(r)nfgt [ é%%?’legﬁgg%gr aﬁd g’]?| ?Leng?hn?)r(lf or mat i gﬁcf (raofn 'ltjfllengri o(ra E/?’Eg

packet gas di scugseaide MhABEE Drdi3Re PRSI bhgvéthell Parsmelis M&Qn&as
the TX DVA engine i's storing the MPEG packets into thé FIFGs of the

buf f er gnenfiehurhber SKMIBRGERIAES BNthbblo@06f Astal B greheadhagzéhy data
associated with the MPEG packets in order to formcell packets for

transmiossi on fromt hm&&sﬁmm%%m theratdegit oaeflicader tapelits t he first
word entry of the data packet fromthe FIFO associated with a

11 associated with a last word of the MPPEG packet to a second
12 predetermined value and continues performing steps (i)-(iv)on a
13 successive frame, and
14 if the frame number is equal to zero,
15 the transmit DMA engine sets the at least one header tag bits
16 associated with the last word of the MPEG packet to a third
17 predetermined value and waits to access a plurality of overhead
18 parameters associated with a second data descriptor stored in the element
19 memory, said second data descriptor providing control information about
20 a second block of data.
1 20.  The network interface circuit according to claim 19, wherein each

2 MPEG packet of the plurality of MPEG packets corresponds to and is produced
3  from one of the plurality of MPEG frames.
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speci fic channel nunmber (Step 205). If the TX Segnentation engine detects
that the header tag bits of the first word entry are "00", it determ nes
that the 20 information involves MPEG packets which has a |later effect on
its chosen segmentation procedure (Step 210). In Step 215, the TX

Segnent ation engine reads a second word_ifyorder to obtain the Cell Header.
Thereafter, in Step 220, the TX Segnentation engine perforns one of two

segnent at i edures dependi ng on whet her the packets stored in the
FI FO are I\{;D ackets or 25 MPEG packets. - 17 - If the packets
stored in @ r_miié

MEEHOD) JFQR t BACKBBI 7FNG el NSEGMENTENGI ne r eads
data associated with the data{“l KRACKIBT$ | one of two conditions occurs;

oS SV RRAE EERAS 0)  RSE HhAR o SURTIRL
data having a plurality of frames of limited size from a memory element. The
circuit comprises a transmit ("TX") DMA engine and a TX Segmentation engine.
The TX DMA engine is responsible for accessing overhead information for the
block of data within a TX data buffer from a data descriptor dedicated to that
particular TX data buffer. The TX DMA engine is further responsible for reading
the block of data from the memory element to be stored local thereto. The TX
Segmentation engine is responsible for segmenting the block of data into a
plurality of cell packets corresponding in number to the plurality of frames. Each
cell packet contains in common said overhead information for the block of data
to avoid the TX DMA engine re-accessing the data descriptor to obtain the same

overhead information for each frame being transferred.

This Sheet Has Been Replaced




5 data packet or (ii) detects a pair of header tag bits to be equal to
"11" indicating that its corresponding word entry contains the |ast bytes
valid data within the data bl ock (Steps 225-235). If the first condition
occurs, the TX Segnentation engine utilizes the Cell Header for the next
cell transm ssion and continues this process until the second condition
occurs (Steps 240-245). If the secong/gondition 10 occurs, the
Cntl/Length information as well as independently generated CRC are added to
the last transmt cell to produce ide cell packst (Stepg250).g Thereafter,

the CRC is reset for sBbsequeRt ™atjon for # ext t. If the
packets stored in tHhe ar e| BPEG qgc<ets, in 300 e

Segnent ati on engiﬁé wor d gbtriq% pf the MHES packel it if 1530pe of
three 15 conditimg 5 w%mzly%t he TX Segjrentlat’i o gifrgg (i)
detects header tag of 1" 11%—fi iYdetects he taghrts "10" or
(ii1) reads twelve cutively, theNeby rea twel ve words

packet. If the Nirst /fcopflition is first
he word entry

i ncludes the last valid byt¥s the data bl ock 20 _(Steégs 305-310), the TX
Segnent ati on engi ne perfd Same operations as o 2
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di scussed in Steps 250-255. However, if the TX Segnentation engine detects
header tag bits having the value "10" indicating the end of one of nmultiple
MPEG packets associated with the data descriptor, the Cntl/Length
information as well as the CRC are appended to the cell packet and the CRC
Is reset (Steps 315-330). 25 However, unlike the non- MPEG packets, the
Cntl/Length and Cell Header informati2ge fromthe previous MPEG packet is
used for the next transmt ceIE%s) - 18 - to elimnate overhead
associated wth re-accessing a re-loading the control information into
the TX buffer nmenory. For the th/rd condition, the TX Segnentation engine
utilizes the Cell Header florsthg next jtransmt cell transm ssion and
continues this procedure natyt—eithertthe first or second 5 condition

occur. The present_inventionjdescriibed herein may be designed in many
di fferent : v o
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met hods and using many different configurations. Wile the present

I nvention has been described in terns of various enbodi nents, other

enbodi ments nay conme to mind to those skilled in the art w thout departing
fromthe spirit and 10 scope of the present invention. The invention
shoul d, therefore, be neasured in ternms of the clains which follows.
CLAIMS What is clained is: 5 379 1. A nethod for optim zing
efficiency in transferring a bl ock of d%ta having a plurality of MPEG

frames sequentially stored in a nermggl‘qu%;m vy the nmethod conprising the

steps of: accessing a plurality of overhead paraneters froma data
descriptor|{stored in the nenory egﬁpﬁnﬁ, g ta descriptor I0
provi ding | nformati on apout—the bl A‘P“%Q? ? nd

. 470a
\ 00 j70k
TX DATA BUFFER, TX DATA BUFFER;,
TX DATA DESCRIPTOR RINGS
480a 480m
®
[N N ] ° %
o o @
TX DATA
DESCRIPTOR RING, DESCRIPTOR RING,,
TX COMPLETION RING
490

Figure 3



packetizing the block of data into a plurality of MPEG packets, by setting
at | east one header tag bit for each portion of data of a first MPEG packet
to a value to indicate that a second MPEG packet following the first MPEG
packet is utilizing at |east 15 one of the plurality of overhead
paranmeters used by the first MPEG packet, each MPEG packet corresponding to
one of the plurality of MPEG franes. 2. The method according to claim1l
further conprising: segnenting the plurality of MPEG packets to produce a
20 plurality of cell packets, wherein each cell packet contains in
common at | east one of said plurality of4ferhead paraneters. 3. The

nmet hod according to claim1l, wherein the step of accessing the plurality of
over head paraneters includes the steps of: 25

e —————— 1
| |
: DATA DESCRIPTOR :
loy /482 o 483
MPEG u
e FRAME SIZE <481
484
START ADDR_PTR —
485
NUM_FRAMES
CONTROL LENGTH ~ 486
487
CELL HEADER ./
| . |
| ° |
I ¢ |
L e e e wre S e A e Swe G EAA S A S Gvme St S et M Gt A———t Sase -d



-20- checking a control bit in the data descriptor to determne if the

bl ock of data includes the plurality of MPEG frames, wherein if the control
bit is set indicating that the block of data includes the plurality 5

of MPEG frames, then performthe follow ng steps accessing a first overhead
paranmeter being a starting address of the block of data within the nenory
el enrent, and accessing a second overhead paraneter being a franme nunber

i ndi cating the nunber of MPEG frames contained in 10 t he bl ock
of data. 4. The method according Eggclaim 3, wherein said checking
step further includes the step of accessing a third overhead paraneter
being a franme size indicating the nunber of bytes in each MPEG frane of
said plurality of MPEG franes

B
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15

checking step further

par anet er
and t ot al

packets; and 20
cel | header
packets. 6

5. The nethod according to claim 4, wherein said

I ncl udes the steps of accessing a fourth overhead
being a control and length field providing control information
payl oad |l ength information for each of the plurality of cel
accessing &#/f9fth overhead paraneter being a

The net hod accordi ng

. 6. to claimb5, Ywherein the step of
accessing the plurality of overhead pa$3ﬁ8ters PHeIX#es the step of 25

storing the fourth and fifth overhead-—pa ptefs in a transmt buffer

menory for

us e—by < —Q e -.ackets -21-

Read data Step 105
descriptor.

Step 115

Write Cntl/Length
information in
first word entry

Step 125

Write Cntl/Length
information in first
word entry and set

Is MPEG

corresponding pac(i:til:ea;;on corraerslgos:;ing
tag bits ¢ ’
header:' 18:5_ s to header tag bits to
“00".

Write Cell Header in Step 120 | Write Cell Header in
next word entry and Step 130 next word entry and
set corresponding set corresponding
header tag bits to header tag bits to
|l11". . "11".

i ]

!

Read "Frame Size" of words of
Step 145 data from TX buffer memory | Step 135

: and set corresponding tag bits
i?ti::taggga fnggs for each word entry to "00".

for data to "11".

provi di ng header infornation for each of the plurality of cel

A Step 140 Step 160
Set header tag bits
N Is MPEG of last word entry
a] packetization for data to "10".
desired? 'y

Decrement
Num_Frame. Step 150

Step 155

Y . Does N

Figure 6




7. The nethod according to claim 6, wherein said packetizing step

i ncl udes the steps of (i) reading a MPEG frane of said plurality of MPEG 5
frames fromthe nmenory elenent; (ii) storing the MPEG franme as a
correspondi ng MPEG packet in the transmt buffer menory; (iii) setting at

| east one header tag bit associated with each word of the MPEG packet to a
first predeterm ned value; and 10 (iv) decrenenting the frane
nunmber by one, wherein if the frame nuMd& is greater than zero, setting
the at |east one header tag bits associated with a | ast word of the MPEG
packet to a second predeterm ned val ue and 15

continue performng steps (i)-(iv) on a %g%essive frame, and if the

of data descriptor 2

frame nunber is eqﬁkot(ﬂ zero, FIFO(2)

Header Header;
Tag Word Entry Tag Word Entry
Bits |31 Bits {31
0] 0| control | length 1{ 1{ control ! length
1(1 Cell Header 111 Cell Header
xix| e X|x R
X x| = eweeeaee X|{X{ = e
010 010
010! MPEG packet1l 010 _
0 10| of data descriptor 1 010 data packet 1
010 010
010 010
1 | 0 | Last byte(s) of data 1} 1} Last byte(s) of data
010 1{1] control | length
0101 MPEG packet 2 1l1 Cell Header
0 { 0| of data descriptor 1 1= ——
010 X1 x —
010 0[]0
1 ] 0 | Last byte(s) of data ol o
010
0]0| MPEG packet 3 010  datapacket 2
0 | 0 ] of data descriptor 1 610
g 8 11 1] Last byte(s) of data
1 | 1| Last byte(s) of data
1] 1] control | length
111 Cell Header . .
XI1X] =meeeee- .
x|x| = e
x]x Figure 7
0]10] MPEG packet 1 : c
010 '
010
00
1)1

Last byte(s) of data




setting the at
t he MPEG packet to a third 20

| east one header tag bit associated with the |ast word of

predet er m ned val ue and

returning to access a plurality of overhead paraneters associated with a

second data descriptor stored in the nmenory el enent,

descriptor providing control

sai d second data

i nformati on about a second 25

bl ock of data. 8.

sai d

The nethod aggerding to claim 7, wherein

segnenting step includes the steps

et er mi.ni ng whet her the

menory;

and

-22-

O | O
plurality of MPEG packets are being n the transmt buffer

Step 205

Step 210

Step 215

(Go to Step 300

data packet and its
corresponding header
tag bits.

Read first word entry of

v

If header tag bits =
"00", then segmenting
MPEG packets.

v

Read second word
entry to obtain Cell
Header.

Segmenting
MPEG packet?

Step 245
Read word
Get Cell p|  entryof
Header. non-MPEG
packet.
A .
Step 230
Detect
header tag bits
of the word
entry = "11"?,
Step 240
(Wait for next Twelfth
transmit cell consecutive
transmission word entry

Step 255
Reset CRC.

Step 250

Append
Cntl/Length
and CRC to
" llast transmit
cell of cell

packet.

From
Step 310

Step 235

Figure 8a



(i1) reading in succession each word entry of a MPEG packet of the
plurality of MPEG packets, wherein the reading step includes the step of 5
appending the fourth overhead paraneter to a cell packet of the plurality
of cell packets corresponding to the MPEG packet, provided a first
condition is detected. 9. The nethod according to claim 8, wherein the
first 10 condition is the at |east one header tag bit of the word
entry indicates that the word entry isgé?oring a last byte of the bl ock of
data. 10. The nethod according to claim8, wherein the reading step
further includes the step of 15 appendi ng the fourth overhead
paraneter to the cell paclkfet of the plurality of cell packets correspondi ng
to the MPEG packet; and u iEgHﬁﬁﬁﬁmﬂgéaead paraneters associated with the
MPEG :

Read word entry of
—P| MPEG packet. | Ster300

Header ¢ |
Step 305 bi‘z :Elf.% Go to Step 250] Step 310
4 4 Append CntV/Length
eader tag and CRC to last
Step 315 bits = "10"? transmit cell of cell Step 320
packet.
Step 335
Twelfth Use prior

consecutive
word entry
read?

CntlLength and | Step 325
Cell Header.

I

Reset CRC. .. | Step 330

Wait for next
Step 340 transmit cell
transmission.

Figure 8b



packet for producing a cell packet of the plurality of cell packef”yi"?ﬂ"””
corresponding to the subsequent MPEG packet, provided a second condition is
detect.ed. 11. The nethod according to claim10,. .wherein.the.second.....o....
condition is the at |east one header tag bit of the word. entry |nd| cat es

that -'the word entry is storing a | ast b?/te of the')VPEG 25 - .packet: fo :

e followed by a subsequent MPEG packet?912. The”net hod; acc@rdls g it g:uel: alam

10, wherein the reading step further incl udes the step.-af ) 228.. 1t vaged. ... |

continuing construction of the cell paeRE¥Scorrésgonding: to & he,v WPEG @@@kg{@_

provided a third condition is detected, said third 5 condition is the i

word entry is a twel MR8 ERUNRH V& word entry to be-- alsppoe !
5 1. A method for optimizing efficiency in transferring a

block of data having a plurality of MPEG frames sequentially stored
in a memory element, the method comprising the steps of:
accessing a plurality of overhead parameters from a data
descriptor stored in the memory element, said data descriptor
10 providing information about the block of data; and
' packetizing the block of data into a plurality of MPEG
packets, by setting at least one header tag bit for each portion of
data of a first MPEG packet to a value to indicate that a second
MPEG packet following the first MPEG packet is utilizing at least
15 one of the plurality of overhead parameters used by the first MPEG
packet, each MPEG packet corresponding to one of the plurality of
MPEG frames.
2. The method according to claim 1 further comprising:
segmenting the plurality of MPEG packets to produce a
20 plurality of cell packets, wherein each cell packet contains in
common at least one of said plurality of overhead parameters.
3. The method according to claim 1, wherein the step of
accessing the plurality of overhead parameters includes the steps
of:

25
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read. 13. The nmethod according to claim 12, wherein the reading step
further includes the step of continuing the reading step for a next
successive word entry 10 of the MPEG packet, provided the first,
second and third conditions are not detected. 14. The nethod according to
claiml further conprising the step of |oading a ring entry nunber
Fdentifying at | east the data descripr@p'into an entry of a transmt
conpletion ring of t for

optimzing efficien %FHF"(?%E%EVF" Rt g‘ehﬁggiai[%f %gs?ﬂ&?ii/f‘ig‘leéem‘lﬂﬁafﬁ ty of
compri 51 ng: 6 block of data Figfias She o Tikale, th W BLs SFAmE: Bnetein fafismit
D e e e e Ao BILRUpE el 75958 RaPblrahly Y ©
5 of MPEG frames, then perform the following steps
accessing a first overhead parameter being a starting
address of the block of data within the memory element, and
accessing a second overhead parameter being a frame
number indicating the number of MPEG frames contained in
~ 1 the block of data.

4. The method according to claim 3, wherein said
checking step further includes the step of accessing a third
overhead parameter being a frame size indicating the number of
bytes in each MPEG frame of said plurality of MPEG frames.

15 5. The method according to claim 4, wherein said
checking step further includes the steps of

accessing a fourth overhead parameter being a control and
length field providing control information and total payioad length

- information for each of the plurality of cell packets; and
20 accessing a fifth overhead parameter being a cell header
providing header information for each of the plurality of cell
packets.

6. The method according to claim 5, wherein the step of

accessing the plurality of overhead parameters includes the step of
25 storing the fourth and fifth overhead parameters in a transmit

buffer memory for use by the plurality of cell packets.

|
|
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menory el enment, to packetize the block of data into a plurality of MPEG
packets, and to set header tag bits for each of the plurality 25 of
MPEG packets to indicate conmon usage of at |east one of the plurality of
overhead paraneters; and a transmt Segnmentation engine coupled to the
transmt buffer nmenory, the transmt segnentation engine configured to
segnent the plurality of MPEG packets in-®tder to produce a - 24-
plurality of cell packets transmtted fromthe circuit, each ce]l packet 5

contains in comon dt | eddt® of@thed: RECArding i 1 8RBy P nedepsinhnedid s.

ol urality of weeekpae Sn ufolie méafah; o cocn VRC packel of The

(i) reading a MPEG frame of said plurality of MPEG
5 frames from the memory element;
(ii) storing the MPEG frame as a corresponding MPEG
packet in the transmit buffer memory;
(iii) setting at least one header tag bit associated with each
word of the MPEG packet to a first predetermined value; and
10 (iv) decrementing the frame number by one, wherein
if the frame number is greater than zero,
seifting the at least one header tag bits
associated with a last word of the MPEG packet to a
second predetermined value and
15 continue performing steps (i)-(iv) on a
successive frame, and if the frame number is equal to
zero,
setting the at least one header tag bit associated
with the last word of the MPEG packet to a third
20 predetermined value and
returning to access a plurality of overhead
parameters associated with a second data descriptor
stored in the memory element, said second data
descriptor providing control information about a second
25 block of data.
8. The method according to claim 7, wherein said
segmenting step includes the steps of
(i) determining whether the plurality of MPEG packets are

being stored in the transmit buffer memory; and

i t.7 ' £+ ¢ L M s =
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produced fromone of the plurality of size limted franmes. 10

17. The circuit according to claim 15, wherein said transmt DMA engi ne
packetizes the block of data by (i) reading a MPEG frane of said plurality
of MPEG frames fromthe nenory elenent, (ii) storing the MPEG frane as a
correspondi ng MPEG packet of the pl urali? of MPEG packets in the transmt
buffer menory, (iii) setting at |east one 3 header tag bit associ ated

wth each word of o VPEGLRAGKEh Locaddiba! aBERIBEEATLARY 1! Hemmed (1Y)

decrenenting the fr el ng Ohé o | ura over

paramet ers i ndipggakbnofithe piiFbRfy 8f MWPEG bééﬁ@é,iv@hér*&nbﬂh@ckeé_&in?aétép 18.
A network interface circuit for "enabling a host system 20 I ncl'udi ng host

nmenory to commimglodee thetdtep dfenote system the network interface circuit
conprising: a systembus interface configured to establish a connection
with aSdata bus of the heppresgignihen foutidr averheadsparPririk tef adsed

stored in the host nmenpry; )
parcT:BeY’of the plurality of cell packets corresponding to the

MPEG packet, provided a first condition is detected.

9. The method according to claim 8, wherein the first
10 condition is the at least one header tag bit of the word entry
indicates that the word entry is storing a last byte of the block of
data.
10. The method according to claim 8, wherein the reading
step further inciludes the step of
15 appending the fourth overhead parameter to the cell packet
of the plurality of cell packets corresponding to the MPEG packet;
and
using the overhead parameters associated with the MPEG
packet for producing a cell packet of the plurality of cell packets
20 corresponding to the subsequent MPEG packet, provided a second
et condition is detected.

11. The method according to claim 10, wherein the second
condition is the at least one header tag bit of the word entry
indicates that the word entry is storing a last byte of the MPEG

25 packet to be followed by a subsequent MPEG packet.
12. The method according to claim 10, wherein the reading

step further includes the step of

k ¥R B A e o - St » l oo
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25 a transmt buffer menory configured to store the bl ock of
data prior to transmssion to the renote systen a system and ATM | ayer
core configured to obtain the block of data placed on the data bus by the
host system convert the bl ock -25- of data into a plurality of cel
packets suitable for transmssion to the renote system the system and ATM
tayer core including a transmt DVA engine coupled to said transmt buffer
menory, 5 said transmt DMA engine cggflgured to access a plurality
of overhead paraneters froma data descripté” stored in the nennry el enent

e T o A T T i S
comon usage okh@imbPET pa@RBt ProlidedPhUhild E¥naftidh &Y la@wct@@r, Y Shird
5 condition is the word entry is a twelfth consecutive word entry to be
read.
13. The method according to claim 12, wherein the reading
step further includes the step of
continuing the reading step for a next successive word entry
10 of the MPEG packet, provided the first, second and third conditions
are not detected.
14. The method according to claim 1 further comprising the
step of loading a ring entry number identifying at least the data

descriptor into an entry of a transmit completion ring of the memory

15 element.

15. A circuit for optimizing efficiency in transferring a block
of data having a plurality of MPEG frames from a memory element
to a transmit buffer memory, the circuit comprising:

20 a transmit DMA engine coupled to the transmit buffer

= memory, the transmit DMA engine configured to access a plurality

of overhead parameters from a data descriptor stored in the

memory element, to packetize the block of data into a plurality of

MPEG packets, and to set header tag bits for each of the plurality

25 of MPEG packets to indicate common usage of at least one of the
plurality of overhead parameters; and

a transmit Segmentation engine coupled to the transmit

buffer memory, the transmit segmentation engine configured to

segment the plurality of MPEG packets in order to produce a
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10 and a transmt Segnentation engine, coupled to said transm t
buffer menory, configured to segnent the plurality of MPEG packets in order
to produce the plurality of cell packets, wherein each cell packet contains
in common at | east one of said plurality of overhead paranmeters. 15 19.

The network interface circuit according to claim 18, wherein said transmt
DMA engi ne packetizes the block of data by (i) reading a MPEG frane of said
plurality of MPEG frames fromthe nenory eI%gent, (ii) storing the MPEG
frame as a correspondi ng MPEG packet in the“20 transmit buffer
menory, (iii) setting at |east one header tag bit associated with each word
of the MPEG packet to a first predeterm ned value, and (iv) decrenenting

the frame nugiaeslifyyoprell phek&isntrahsmifteanifomutieeicircuie @dch elippackét ty of

over head paraneters indicating the nunber of MPEG frames in the bl ock of

data, §s greecordmi®b in commdmnatetagst one of the plurality of overhead
parameters.

16. The circuit according to claim 15, wherein each MPEG
packet of the pluraiity of MPEG packets corresponds to and is
produced from one of the plurality of size limited frames.

10 17. The circuit according to claim 15, wherein said transmit
DMA engine packetizes the block of data by (i) reading a MPEG frame
of said plurality of MPEG frames from the memory element, (ii) storing
the MPEG frame as a corresponding MPEG packet of the plurality of
MPEG packets in the transmit buffer memory, (iii) setting at least one

15 header tag bit associated with each word of the MPEG packet to a first
predetermined value, and (iv) decrementing the frame number being
one of the plurality of overhead parameters indicating the number of
MPEG frames in the block of data.

18. A network interface circuit for enabling a host system

20 including host memory to communicate with a remote system, the
network interface circuit comprising:

a system bus interface configured to establish a connection
with a data bus of the host system in order to access a block of data
stored in the host memory;

25 a transmit buffer memory configured to store the block of
data prior to transmission to the remote system;

a system and ATM layer core configured to obtain the block

of data placed on the data bus by the host system, convert the block
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the transmt DMA engi ne sets the at

| east one header tag bits associ ated

wth a last word of the MPEG packet to a second predeterm ned val ue and
continues performng steps (i)-(iv) on a successive frame, and if the franme

nunber is equal to zero, 30

-26- the transmt DMA engine sets the at

| east. one header tag bits associated with_the last word of the 5

JMPEG packet to a third predeterm ned val

and waits to access a plurality

of overhead paraneters associated with a second data descriptor stored in

the el ement meRbrdpta datoy aslerRity Lft eellacketst syitable feaitiansaystipg to the
I nformation ab?%o?e %8&5’ uPé Qﬁief?\far%k%M layer core including
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a transmit DMA engine coupled to said transmit buffer memory,
said transmit DMA engine configured to access a plurality of overhead
parameters from a data descriptor stored in the memory element, to
packetize the block of data into a plurality of MPEG packets and to set at
least one header tag bit for each word in the MPEG packet to indicate
common usage of at least one of the plurality of overhead parameters,
and

a transmit Segmentation engine, coupied to said transmit buffer
memory, configured to segment the plurality of MPEG packets in order to
produce the plurality of cell packets, wherein each cell packet contains in

common at least ocne of said plurality of overhead parameters.

19. The network interface circuit according to claim 18, wherein
said transmit DMA engine packetizes the block of data by (i) reading a
MPEG frame of said plurality of MPEG frames from the memory element,
(i) storing the MPEG frame as a corresponding MPEG packet in the
transmit buffer memory, (iii) setting at least one header tag bit associated
with each word of the MPEG packet to a first predetermined value, and
(iv) decrementing the frame number by one, wherein
if a frame number, one of the plurality of overhead parameters
indicating the number of MPEG frames in the block of data, is greater
than zero,
the transmit DMA engine sets the at least one header tag
bits associated with a last word of the MPEG packet to a second
predetermined value and continues performing steps (i)-(iv) on a

successive frame, and if the frame number is equal to zero,
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10 20. The network interface circuit according to claim19, wherein each
MPEG packet of the plurality of MPEG packets corresponds to and is produced
fromone of the plurality of MPEG frames. 15 20

-26-

the transmit DMA engine sets the at least one

header tag bits associated with the last word of the

5 MPEG packet to a third predetermined value and waits
to access a plurality of overhead parameters associated

with a second data descriptor stored in the element

memory, said second data descriptor providing control

information about a second block of data.

~" 10
20. The network interface circuit according to claim
19, wherein each MPEG packet of the plurality of MPEG packets
corresponds to and is produced from one of the plurality of
MPEG frames.
15
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ABSTRACT
ANAPPARAIUSANDMEITDDFORPA(XEEIZINGANDSE@MINGMPEGPACKEIS
A circuit and wmethod for optimizing efficiency in
transferring a block of data having a plurality of frames of
limited size from a memory element. The circuit comprises a
transmit (“TX")DMA engine and a TX Segmentation engine.
The TX DMA engine is responsible for accessing overhead
information for the block of data within a TX data buffer from
a data descriptor dedicated to that particular TX data buffer.
The TX DMA engine is further responsible for reading the
biock of data from the memory element to be stored local
thereto. The TX Segmentation engine is responsible for
segmenting the block of data into a plurality of cell packets
corresponding in number to the plurality of frames. Each
cell packet contains in common said overhead information
for the block of data to avoid the TX DMA engine re-
accessing the data descriptor to obtain the same overhead

information for each frame being transferred.
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