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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention

The present invention relates generally to the field of conput er
systens and, in particular, to a method and 5 apparatus for providi Eg a
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of the Rel at ed

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the field of
computer systems and, in particular, to a method and
apparatus for providing a generic input/output interface to
any Input/Output bus between a host computer system and an
Asynchronous Transfer Mode (ATM) network interface Core

functional block.

2. Description of the Related Art

ATM technology is emerging as the preferred technology
for sending information at very high speeds between a
transmission point and one or more receiving points. An ATM
system facilitates the transmission of data over such a
network by defining a set of "data connections" in which each
connection represents a virtual circuit having a particular
source and destination and an associated data transmission

rate.

One particular implementation of an ATM system, shown in
Figure la, employs a Cell Interface block configured to
implement a Universal Test and Operational Physical Interface
(UTOPIA) protocol. A network interface circuit typically
cooperates with the cell interface block to transfer data
between the host computer and the other computers in the

network. For transm1551on of cells to the ATM Cell
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10 ATM technol ogy is energing as the preferred technol ogy for
sending information at very high speeds between a transm ssi on point
and one or nore receiving points. An ATM systemfacilitates the
transm ssion of data over such a network by defining a set of "data
connections” in which each 15 conrection represents a virtual circuit
havi ng a particul ar source and destination and an associ ated data
transm ssi bmterfaceatrsultiple packetGne palatiac @lrar aicwglsesgntatiroanof an ATM
system shown in Figure.a, enploys a Cell Interface block configured
to 20 inphewePutPWhi (/%?Jsaﬂusr@snd AP @sacatticoralSyeltysi ear PalMekrdes
(UTOPI A) protocol. A network interface circuit dyp| cal ly coogerat es
Wi th the CEPFe] FESFEhaBHIOANE Gatarist e ed and oeReERAPRBIR

conput er and the ot her corrlput erfs in the ) .
to the ATM Cell terface (i.e., Utopia). For transmission

5 of packets to the host device, the Cell Interface block first
receives cells from the ATM Cell Interface (Utopia) and then
forwards the cells to the Core for .eassembly into packets
before transferring the packets to the host device or another

local area network.

10 In the implementation of Figure la, all transactions
within the ATM Core functional block are driven by the System
IO bus clock. Since the'ATM Cell Interface (Utopia) receives
data from the ATM core at the same IO clock, the link rate of
the device data transmission between the host system and the

15 ATM Cell Interface (Utopia}) is unnecessarily limited.

In addition, the Core in this conventional circuit can

only interact with a specific System IO bus, i.e., the System
IO bus it is configured to interface with, since the Core is
driven by the System IO bus clock. For example, if an

20 interface is configured to interact with an S-Bus, it will
have to be redefined for supporting a faster bus such as the
PCI bus. This results in inflexibility and overall
inefficiency since the Core is then dependent on the
configuration of the IO block it is interfaced to. 1In

25 addition, this conventional arrangement does not provide for

pPipelining of the Core transmit load and receive unload DMA



network. For transmi ssion of cells to the ATM Cel |

-2- Interface, multiple packets of data are accessed over an

| nput/ Qut put (10 Bus and provided to a System and ATM Layer Core
(Core) where the data is segnented and then transmtted to the ATM
Cell Interface (i.e., Uopia). For transm ssion 5 of packets to the host
device, the Cell Interface block firsts- receives cells fromthe ATM
Cell Interface (Utopia) and then forwards the cells to the Core for

reassenbl y #‘%% e HAcCkg] herr?oﬂoee‘c e Jdi @Qﬁft%ré NG LbgRRRKet §nkOchhg host
devi ce or a ocal_ area netwo

has to wait for the TX FIFO to be completely full or for the

RX FIFO to be completely empty before transmitting data or

receiving data to or from the media. As a result, the IO bus

5 bandwidth is not £fully utilized.

Figure 1lb illustrates another conventional approach in
providing an interface between a host system and an ATM Core
functional block. This conventional circuit attempts to
solve the problem existing in the circuit of Figure la by

10 providing synchronization of the signals driving the Core to
the clock driving the IO bus, as shown in Figure 1b.
However, this approach ié complicated since all control
handshake, data handshake and the data transfer rates have to
be correlated to the IO bus clock. 1In addition, it utilizes

15 clock synthesizing logic to provide a fast enough clock to
Utopia so as not to limit link rate. Moreover, this approach
restricts the application of the Core to a specific IO bus.
Like the circuit of Figure la, this conventional circuit does
not provide for pipelining of the Core transmit locad and

20 receive unload DMA requests. In addition, this conventional
approach, the Core has to wait for the TX FIFO to be
completely full or for the RX FIFO to be completely empty
before transmitting data or receiving data to or from the
media. As a result, the IO bus bandwidth is not fully

25 utilized with this approach either.



10 In the inplenmentation of Figure la, all transactions W t hin
the ATM Core functional block are driven by the System | O bus cl ock.
Since the ATM Cell Interface (Utopia) receives data fromthe ATM core
at the same 10 clock, the link rate of t he device data transm ssion
bet ween the host systemand the 15 ATM Cell Interface (Utopia) is
unnecessarily limted. In addition, the Core in this
conventional circuit can only interact with a specific System 1O bus,
i.e., the System IO bus it is configured to interface with, since the
Core is driven by the System | o Bids cl ock. For exanple, if an 20
interface is configured to interact with an S-Bus, it wll have to be
redefined for fgmsordingva ftderer ibugnsadfifsonpe need hrithgs. This
results ininflexibility and-overall i nefficiency, since the Core is
then depef@EMGRIhEC ProvaghRt pgSY SEFPBNEBT FHRCPEPTI B0 i 10§ S1Q ik Faced

to. In . A .
and the Core clock which facilitates ease of system design

and Core logic re-usability, and which provides for pipe
5 lining of the Core transmit load and receive unload DMA
requests, so that utilizaticn of the I0 bandwidth can be

maximized.



25 addition, this conventional arrangenent does not provide for
pi pelining of the Core transmt |oad and receive unl oad DVA

- 3- requests. Furthernore, in using this arrangenent, the Core
has to wait for the TX FIFOto be conpletely full or for the RX FI FO
to be conpletely enpty before transmiging data or receiving data to

or fromthe nedia. As a result, the IO bus 5 bandwidth is not fully
utilized. Figure lh, i at.es 0 entional approach in
providing an interface befﬁz_ Y bES TRRC INGENT Core

A generic Input/Output interface between an IO block and

a System and ATM Layer Core on a network interface circuit is
provided. The GIO interface includes parallel DMA read and

5 write control handshake signal lines; parallel DMA read and
write data handshake signal lines which operate independently
from the read and write control handshake signal lines;
parallel DMA read and write data signal lines; and a single

clock signal line.

10 The design and definition of the GIO interface
facilitates maximum utilization of the IO bandwidth, for
example, by allowing back-to-back DMA requests over the IO
bus. It also allows several requests to be queued across the
GIO interface at the same time, in each read and write

15 direction, and permits the Core to read or write data in
increments rather than having to wait for the DMA buffer to

be completely filled or emptied out.

In addition, the GIO interface utilizes a fixed clock
for driving the transmit and receive data path. The clock is
20 used for the entire Core and I0 synchronization is pushed
over to the IO block. By thus referencing all transactions
to the clock driving the Core, the Core remains unchanged for
different embodiments of the network interface circuit which
interface to different host computer systems and busses. In

25 addition, when the Core is 622 Mbps duplex-ready, it can be



functional block. This conventional circuit attenpts to sol ve the
probl emexisting in the circuit of Figure la by 10 providing

synchroni zation of the signals driving the Core to t he cl ock driving
the 10 bus, as shown in Figure |b. However, this approach is
conplicated since all control handshake, data handshake and the data
transfer rates have to be correlated to the 10 bus clock. In addition,
it utilizes 15 clock synthesizing logic to provide a fast enough clock to
Utopia so as not to limt link rate. Moreover, this approach restricts
the application of the Core to a spec+é+c 10O bus. Li ke the circuit of
Figure la, this conventional circuit does not provide for pipelining
of the Core transmt |load and 20 receive unload DVA requests. In

addi ti on, thtgupéﬁdeh@i andl I0 bloghproarthiave aConranisad sisdomaidathoratke TX
FIFO to be npletely full-or for the RX FIFO to be conpletely enpty
bef or e transﬂftPPnﬁon?% %?pFeé%P%?%g data to or fromthe



media. As a result, the 10 bus bandwidth is not fully 25 utilized with

this approach either. -4-
Accordingly, there is an additional need in the technol ogy to provide a
system for synchroni zing the 10 clock and the Core clock which
facilitates ease of system design and Core logic re-usability, and

whi ch provides for pipe 5 lining of-#-he Core transmt | oad and receive
unl oad DVA requests, so that utilization of the 10O bandw dth can be

BRIEF DESCRIPTION OF THE DRAWINGS

Figure la illustrates one conventional approach in
providing an interface between a host system and an ATM Core

functional block.

5 Figure 1lb illustrates another conventional approach in
pfoviding an interface between a host system and an ATM Core

functional block.

Figure 2 illustrates an exemplary computer system
network incorporating an asynchronous transfer mode network
10 interface circuit which utilizes the method and apparatus of

data transfer coordination of the present invention.

Figure 3 is an overall system diagram illustrating the
architecture of the asynchronous transfer mode network
interface circuit which utilizes the method and apparatus of

15 data transfer coordination in accordance with one embodiment

of the present invention.

Figures 4a is a detailed block diagram illustrating the
System-1I0 interface 20, the Generic Input/Output ("GIO")
interface 24, and the Core 22 of Figure 3, in accordance with

20 one embodiment of the present invention.

Figure 4b is a block diagram which illustrates in detail

the signal lines shown in Figure 3a.



maxi m zed. - 5-

BRI EF SUMVARY OF THE | NVENTI ON A generic I nput/Qutput interface
bet ween an 10 bl ock and a System and ATM Layer Core on a network
interface circuit is provided. The GO interface includes parallel DVA
read and 5 wite control handshake signal lines; parallel DVA read and
write data handshake signal |ines which operate independently fromthe
read and write control handshake signal |ines; paral l el DVA read and
wite data signal lines; and a single-8-

Figures 5a and 5b are timing diagrams illustrating the
timing cycles for the read and write control handshake
signals between the System-I0O Interface 20 and the Core 22,

respectively.

5 Figures 5c and 5d are flow charts illustrating the read
control handshaking processes shown in Figures 5a and 5b

respectively.

Figures 6a and 6b are timing charts illustrating the
timing cycles of the read data handshake signals shown in

10 Figures 4a and 4b.

Figures 6c and 6d are flow charts illustrating the read
and write data handshake pfocesses shown in Figures 5a and

5b.



cl ock signal |ine. 10 The design and definition of the GO

I nterface facilitates maxi mumutilization of the IO bandw dth, for
exanpl e, by allow ng back-to-back DVA requests over the 10O bus. It

al so all ows several requests to be queued across the G Ointerface at
the sane tine, in each read and wite 15 direction, and permts the Core
to read or wite data in I ncrenmer®Bs rat her than having to wait for the
DVA buffer to be conpletely filled or enptied out. In
addition, the O interface utlllzes a flxed cl ock for driving the
transmt and receive d3 IR N OF Tk gENTION the entire Core
and | O synchroni zation is pushed over to the 10 block. By thus
referencing all transactions to the clock driving the Core, the Core
remai ns unchandgedurer 2 1llugitireéesnenerbedbheny scofpther netswek i nterface

circuit which , ) , ) . )
network incorporating the ATM network interface circuit which

utilizes the method and apparatus of data transfer protocol
5 of the present invention. The computer system network 10

includes host computer systems (not shown) which incorporate
one or more of the ATM network interface circuits (NIC) 12.
The NICs 12 are coupled through a local ATM switch 14 to a
public ATM switch 16 to enable asynchronous transfer of

10 network data between host computer systems coupled to the
network 10. Alternately, the NICs 12 can be coupled directly
to the public ATM switch 16. As shown in Figure 1, the
computer system network 10 may also include computer systems
which incorporate the use of a Local Area Network (“LAN”)

15 emulation 15 which serves as a gateway for connecting other
networks such as Ethernet or token ring networks 17 which

utilize the ATM network as a supporting framework.

Figure 3 is a simplified system diagram illustrating the
architecture of the ATM NIC 12 which utilizes the method and
20 apparatus of data transfer coordination in accordance with
one embodiment of the present invention. The ATM NIC 12
interfaces a host computer system 48 coupled through System-
IO bus 38 to the ATM Cell Interface 40 operating in

accordance with the ATM protocol.



interface to different host conputer systens and busses. In 25 addition,
when the Core is 622 Mps dupl ex-ready, it can be

- 6- coupled to any 10 block to achieve a transm ssion data rate of up to
622 Mops dupl ex.

-10-

The ATM NIC 12 shown includes a System-IO interface 20,
a Generic Input/Output ("GIO") interface 24, a System and ATM
Layer Core 22, a Local Slave interface 26, a transmit {TX)
FIFO 28, a receive (RX) FIFO 30, a Cell Interface block 32,
5 an External Buffer Memory Interface 34 and a clock synthesis

circuit 36.

Together, the elements 20-36 of NIC 12 cooperate to
transfer data between the host computer 48 and the other
computers in the network through multiple, dynamically

10 allocated channels in multiple bandwidth groups.
Collectively, the elements of the network interface circuit
12 function as a multi-channel intelligent direct memory
access (DMA) controller coupled to the System-IO bus 38 of
the host computer system 48. In one embodiment, multiple

15 transmit and receive channels are serviced as virtual
connections utilizing a full duplex 155/622 Mbps (Mega bits
per second) physical link. Multiple packets of data,
subscribed to different channels are accessed over the
System~-IO bus 38 to the external buffer memory 42, via the

20 External Buffer Memory Interface 34, are segmented by the
Core 22 into transmit cells for transmission to the ATM Cell
Interface 40 through Cell Interface block 32. The Core 22
also comprises reassembly logic to facilitate reassembly of

the received cells to packets.

25 The TX and RX buffers, such as TX and RX FIFOS 28 and

30, coupled between the Core 22 and the Cell Interface block



-7- BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure la illustrates one conventional approach in provi di ng an

i nterface between a host system and an ATM Core functional bl ock.
Figure I b illustrates another conventional approach in provi di ng an

I nterface between a host system and an ATM Core functional bl ock.
Figure 2 illustrates an exenplary conpyter system net wor k

i ncorporating an asynchronous transfer “mode network 10 interface circuit
o The b ket S| (8 ‘A0 AN AR ana »4RLALT ARA 861380541 NatT O

the transmit and receive packets respectively. The Cell
Interface block 32 transmits and receives cells to or from
the ATM Cell Interface 40 of the network, driven by clock
S signals provided by Clock Synthesis Circuit 36. Preferably

the ATM Cell Interface 40, and therefore the Cell Interface
block 32, conforms to the Universal Test and Operations
Physical Interface for ATM ("UTOPIA") standard, as described
by the ATM Forum specification. Thus, in one preferred

10 embodiment, the ATM Cell Interface 40 is UTOPIA. To conform
to the UTOPIA specification, the clock synthesis circuit 36
provides either a clock signal of 20 MHz or 40 MHz to enable
the Cell Interface block 32 to support an 8 bit stream at 20
MHz for 155 Mbps or a 16 bit stream at 40 MHz for a 622 Mbps

15 data stream.

In the present embodiment, the Cell Interface block 32
receives 52-byte data cells each having a 4-byte cell header
and a 48-byte payload from the TX FIFO 28. The Cell Interface
block 32 inserts a header checksum as a fifth byte to the

20 cell header into each cell prior to providing the S53-byte
data cell to the ATM Cell Interface 40. Conversely, when the
Cell Interface block 32 receives cells from the ATM Cell
Interface 40, it examines the header checksum in the fifth
byte of each cell to determine if the checksum is correct.

25 If so, the byte representing the checksum is stripped from
the cell and the 52 byte data cell is forwarded to the RX

FIFO 30, otherwise the entire cell is dropped.



Figure 3 is an overall systemdiagramillustrating the architecture of
t he asynchronous transfer node network interface circuit which
utilizes the method and apparatus of 15 data transfer coordination in
accordance wi th one enbodi nment of the present invention.
Figures 4a is a detailed block diagramillustrating the System 10O
I nterface 20, the Generic | nput/Qutput-12-d O') i nterface 24, and the
Core 22 of Figure 3, in accordance with 20 one enbodi nent of the present
i nventi on. The SysFegui@ Hbteéntfacdldrlentl &famnieirdladd 2dstingudatien
det ai | the signal lines shown in Figure 3a. o
the host computer system 48 from the specifics of the
transfer to the ATM Cell Interface 40. Furthermore, the Core
22 is insulated from the specifics of the system bus 38 and
5 host specifics. 1In 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-I0 Interface 20 is configured to
communicate in accordance with the specifications of the
10 System-I0O bus 38, in the present illustration, the S-Bus,
which transfers data in 32-bit and 64-bit formats. It is
contemplated that the System-I0 Interface 20 can be
configured to conform to different host computer system
busses. The System-I0 Interface 20 is also configured to

15 transfer and receive data in accordance with the protocols

specified by the GIO interface 24.

The GIO interface 24 provides a singular interface
through which the Core 22 communicates with the host
computer. Thus, the Core 22 does not change for different

20 embodiments of the NIC 12 which interface to different host
computer systems and busses. The GIO interface 24 utilizes a
40 MHz clock provided by clock synthesis circuit 36 for
driving the transmit and receive data path so as to obtain a
622 Mbps full duplex operation. The 40 MHz clock is used for

25 the entire Core 22 and IO synchronization is pushed over to
the I0 block (not shown) in the System-I0 Interface 20. By

thus fixing the clock driving the Core 22, the Core 22



- 8- Figures 5a and 5b are timng diagrans illustrating the

timng cycles for the read and wite control handshake si gnal s bet ween
the System |1 O Interface 20 and the Core 22, respectively. 5

Figures 5c and 5d are flow charts illustrating the read control
handshaki ng processes shown in Figures 5a and 5b respectively.

Figures 6a and 6b are timng charts i+13strating the timng cycles of

the read data handshake signals shown in 10 Figures 4a and 4b.

remains fixed for different embodiments of the NIC 12 and

only the System-IO Interface 20 has to be altered for

interfacing with a different System-I0O bus 38.

Three memory sub-systems are associated with the
5 operation of the NIC 12. These include the host memory 49
located in the host computer system 48, the external buffer
memory 42 external to the NIC 12 and storage block 44 located
in the Core 22. The NIC 12 manages two memory areas: the
external buffer memory 42 and the storagé block 44. The
10 external buffer memory 42 contains packeﬁ data for all
transmit and receive channels ;uppdrted by the NIC 12. The
storage block 44 contains DMA state information for transmit
and receive channels and pointers to data structures in host
memory 49 for which DMA transfers are performed. The storage
15 Dblock 44 also contains the data structure specifics to manage
multiple transmit and receive buffers for packets in

transition between the host 48 and the ATM Cell Interface 40.

The host computer system 48 includes host memory 49
which contains data packets and pointers to the packets being
20 transmitted and received. As noted previously, the NIC 12
also shields the cell delineation details of asynchronous
transfer from the applications running on the host computer
system. For present purposes, it is assumed that software
running on the'host computer system 48 manage transmit and
25 receive data using wrap around transmit and receive rings

with packet interfaces as is well known in the art.



Figures 6¢c and 6d are flow charts illustrating the read and wite data

handshake processes shown in Figures 5a and 5b.

- 9- DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Figure 2 illustrates an exenplary conputer system net wor k

i ncorporating the ATM network interface circuit which utilizes the
met hod and apparatus of data transfer_yf.otocol 5 of the present

i nvention. The conputer system network 10
Figures 4a and 4b are detailed block diagrams

illustrating the Sy;tem—IO interface 20, the GIO interface
24, and the Core 22 of Figure 3, in accordance with one
embodiment of the present invention. As shown, the System-IO
5 interface 20 includes a System-IO/ATM (SB_ATM) block 48 which

consists of two ld4-location deep, 64-bit wide wrap-around
FIFOs - a Read (RD) FIFO 50 and a Write (WR) FIFO 52. The RD
FIFO 50 and WR FIFO 52 respectively support more than one 64-
byte read and write data bursts requested by the Core 22,

10 which eventually result in read and write accesses across the

System~10 bus 38.

The Core 22 includes an ATM_SYS block 54 which initiates
simultaneous read and write requests via TX_ATMSYS circuit 56
or RX_ATMSYS circuit 58, to the SB_ATM block 48. When thus

15 initiated, the SB_ATM block 48 performs arbitration to select
the next request to honor. Read and write addresses, sizes
and targets are separately provided by the Core 22 at the
same time the reguest is issued. The addresses, sizes and
targets can be dispatched as quickly as one clock cycle from

20 the time they were issued, as will be discussed in detail in

the following sections.

The GIO interface 24 of the present invention comprises
4 groups of signal lines as shown in Figure 4a, namely, (1)
the parallel DMA read and write control handshake signal
25 lines 60; (2) the parallel DMA read and write data handshake

signal lines 62 which operate independently from the read and



I ncl udes host conputer systens (not shown) which incorporate one or
nore of the ATM network interface circuits (NNC 12. The NICs 12 are
coupl ed through a local ATMswitch 14 to a public ATMswitch 16 to
enabl e -asynchronous transfer of 10 network data between host conputer
systens coupled to the network 10. Alternately, the NICs 12 can be
coupled directly to the public ATMswitch 16. As shown in Figure 1,

t he conput er system network 10 meds-al so i ncl ude conputer systens

whi ch incorporate the use of a Local Area Network ("LAN') 15 emul ation 15

U SO M, 2o, 0RLE R L0 OTSENG I, o DERIOLIS IYEN BBy
Supoor s IR ce e siqpdl MRS 4 ArpTHY  ota! Bl agr o
met hod ang; ;20 appas agéls Ofndatia-dyiansieyr ¢rAkHaRahiz0RnkN eV Ce Wi th
the signals 60 are disclosed in co-pending U.S. Patent
5 Application No. 08/499,199 titled "A Method and Apparatus for
Allowing Packet Data to be Separated Over Multiple Bus
Térgets“ filed on July 7, 1995 by the same inventors and
assigned to the same assignee as the present application.
The subject matter in U.S. Patent Application No. 08/499,199
10 is hereby incorporated by reference. The circuits for
generating and receiving the signals 62 are disclosed in co-
pending U.S. Patent Application No. 08/498,618 titled "Method
and Apparatus for Dynamically Calculating Degrees of Fullness
of a Synchronous FIFO" filed on July 7, 1995, which was
15 assigned to the same assignee as the present application.
The subject matter in U.S. Patent Application No. 08/498,618
is hereby incorporated by reference. The circuits for
generating and receiving signals 64 and 66 may be implemented

by one skilled in the art.

20 Thé parallel DMA read and write control handshake
signals provided via signal line 60 permit simultaneous read
and write DMA requests to be sent to the SB_ATM block 48 in
the System-I0 Interface 20 from the ATM_SYS block 54. This
in turn permits the SB_ATM block 48 to perform arbitration to

25 allow oné of the requests to be asserted on the System-I0 bus

38 at a time.



one enbodi nent of the present invention. The ATM NIC 12 interfaces a
host conputer system 48 coupl ed t hrough System | O bus 38 to the ATM
Cell Interface 40 operating in accordance with the ATM protocol.

-10- The ATM NI C 12 shown includes a System | O interface 20,

a Ceneric Input/Qutput ("G O') interface 24, a System and ATM Layer
Core 22, a Local Slave interface 26, a_tgansnmit (TX) FI FO 28, a
receive (RX) FIFO 30, a Cell Interface block 32, 5 an External Buffer

Menory Interfacerdd aagdadiehopkasyBhieshd write data handshake signals

provided via signal line 62 are synchronous to the Core 22
clock domain and indicate in real time how full or empty the
RD FIFO 50 or WR FIFO 52 is, rather than indicating if the
5 FIFOs 50 or 52 are totally full or totally empty. This finer

granularity of flags allow faster data flow across the GIO
interface 24. The data handshake signals 62 are independent
of the control handshake signals 60 and thus permit smaller
DMA requests, such as descriptor updates, to be provided

10 along with the larger (64 byte) DMA requests, resulting in

improved throughput.

The DMA read and write data is provided via a duplex,
32-bit signal line 64 to preserve the full bandwidth of the
external buffer memory interface 34 so as to facilitate

15 duplex 622 Mbps segmentation and reassembly. A single clock
signal is provided via signal line 66. In one embodiment,

this clock signal is 40 MHz.

Figure 4b illustrates in detail the four signal lines of
Figure 4a. The parallel DMA read and write control handshake
20 signal lines 60 include the rd_req, the rd_ack, the
rd_address, the rd_target, the rd_size, the rd_done, the
wr_req, the wr_ack, the wr_address, the wr_target and the
wr_size signal lines. The rd_req and wr_req signal lines
provide signals from the ATM_SYS block 54 to the SB_ATM block
25 48, and the signals thus provided respectively initiate a

read and write request on the rising edge of the signal. The



circuit 36. Toget her, the elenents 20-36 of NI C 12 cooperate to
transfer data between the host conputer 48 and the ot her conmputers in
the network through nmultiple, dynamcally 10 allocated channels in
mul ti pl e bandw dt h groups. Col l ectively, the elements of the network
Interface circuit 12 function as a nmulti-channel intelligent direct
menory access (DVMA) controller coupled to the System|O bus 38 of

the host conputer system48. In one enbodi ment, nultiple 15 transnit and
recei ve channels are serviced as virtual connections utilizing a ful
dupl ex 15%&H2KWhpsl Whegakbisignal lipes sechngyopbysi sagnkiskerdl thel e
packets of data, subscri-bed to different channels are accessed over

t he SEA I3 dsls 438 teo thise AGXL SYFabliogkf 84, nehbely 4Pe assettwed 20

External Buffer Menory Interface 34, are segnented by the
to indicate that the rd_req and the wr_req signals are

respectively granted and the ATM_SYS block 54 is free to
5 continue its functions and may change the read or write

address, size, or targets thereafter.

The rd_address and the wr_address signal lines each

provide signals from the ATM_SYS block 54 to the SB_ATM block
48, which indicate the memory addresses to be used during the

10 read and write transactions respectively. The rd_target and
wr_target signal lines provide signals from the ATM_SYS 54 to
the SB_ATM block 48, which indicate whether the IO bus target
device for the read and write request, respectively, is the
slave card or the host memory. The host memory and slave

15 card are both DMA bus target devices. The slave card is an
S-bus or IO bus device coupled to the System IO bus 38, which
serves as a slave. One embodiment of the slave card is
described in co-pending U.S. Patent Application No.
08/499,199 titled "A Method and Apparatus for Allowing Packet

20 Data to be Separated Over Multiple Bus Targets" filed on July
7, 1985 by the same inventors and assigned to the same
assignee as the present application. The subject matter in
U.S. Patent Application No. 08/499,199 is hereby incorporated
by reference. When set to 0, it indicates that the target

25 device is the host memory, when reset to 1, it indicates that
the target device is the slave card. The rd_size and wr_size

signal lines provide signals from the ATM_SYS 54 to the



Core 22 into transmt cells for transnm ssion to the ATM Cel | | nterface

40 through Cell Interface block 32. The Core 22 al so conpri ses
reassenbly logic to facilitate reassenbly of the received cells to
packets. 25 The TX and RX buffers, such as TX and RX FI FOS 28 and
30, coupl ed between the Core 22 and the Cell Interface bl ock

32, are used to stage the transmt and,peceive ATM cell s of t he

transnmit and receive packets respectively. The Cel

SB_ATM block 48 which indicate the raw size in byte units, of
the data required b; the read and write request,
respectively. Finally, the rd_done signal line provides a
signal from the SB_ATM block 48 to the ATM_SYS block 54 to

5 indicate to the ATM_SYS block 54 that the last word orx
doubleword has been written into the RD FIFO 50 and that the
ATM_SYS block 54 can read off the rest of the data without
looking at the FIFO flag. This is to prevent the last

word(s) of data from lingering in the RD FIFO 50 if there is

10 no new DMA read scheduled for updating the FIFO flags.

The parallel DMA read and write data handshake signals
provided via signal line 62 include the flags, the atm_rd_en,
atm_wr_en, last_rd and last_wr signal lines. The flags
signal line includes an at_least_x_words_filled flag, where X

15 is an integer, to the ATM_SYS block 54 that it can start
reading data from RD FIFO 50 if desired. The flags signal
line alsoc includes an at_least_x_words_empty signal line to
signal ATM_SYS block 54 that it can start writing data into
WR FIFO 52 if desired. These flags are mclk-based. The

20 atm_rd_en and atm_wr_en signal lines respectively assert a
signal to signify to the RD FIFO 50 and WR FIFO 52 that it is
reading and writing data, respectively. The duration of each
of the signal indicates how many 32-bit words are to be
written. However, there is no restriction on the number of

25 words to be written. The last_rd and last_wr signals are
provided by the SB_ATM block 48 across the GIO interface 24

to allow 64 bit-wide IO block data path implementation.



Interface block 32 transmits and receives cells to or from the ATM
Cell Interface 40 of the network, driven by clock 5 signals provided by
Clock Synthesis Circuit 36. Preferably the ATM Cel |l Interface 40, and
therefore the Cell Interface bl ock 32, conforns to the Universal Test
and Operations Physical Interface for ATM ("UTOPI A") standard, as
descri bed by the ATM Forum specification. Thus, in one preferred 10
enbodi nent, the ATM Cell Interface 40-1%-UTOPIA. To conform to the
UTOPI A specification, the clock synthesis circuit 36 rovi des either a
clock si gMBTHIOBE ME Bt A IAatE &t é5 impleqgnesr FEFeF?ﬁEe‘”BI ock 32
to support an, 8 bit. strea t. 20 for 155 M r-a l6 bit stream
at 40 M—Izarf%Pl%Ierﬁ l\?o’;%nar?lgllrﬁ &t tbgée_l‘rzTLuef% unconne@%eﬁn t he present
enbodi nent, the Cell Interface block 32 receives 52-byte data cells
each having a éi§M£SSC§$|aH@a§§rare timing diagrams illustrating the

timing cycles for the read and write control handshake

5 signals between the System-IO Interface 20 and the Core 22.
Figures 5c¢ and 54 are flow charts illustrating the read
control handshaking processes shown in Figures 5a and 5b
respectively. As shown in Figure 5a, thg rd_req éignal is
asserted via the rd_req signal line when there is a request

10 to read data. Since the GIO Interface 24 has to service
multiple read and write requegﬁs, fair arbitration of these
requests has to be performed to allow one of the requests to
be asserted on the System-I0 bus 38 at a time. The apparatus
and method described in pending U.S. Patent Application No.

15 08/499,199 titled "A Method and Apparatus for Allowing Packet
Data to be Separated over Multiple Bus Targets" filed on July
7, 1995, which was assigned to the assignee of the present
invention, and which is incorporated herein, describes one

embodiment of such arbitration.

20 In the event that a read request is honored upon
completion of arbitration, the rd_ack signal is asserted, as
shown in Figure 5a. The rd_target, rd_address and rd_size
signals from the ATM_SYS block 54 are registered with the
SB_ATM block 48 one clock cycle after rd_req is asserted.

25 This is done so that the ATM_SYS block 54 can then be

released to process other requests without waiting for or be



and a 48-byte payload fromthe TX FIFO 28. The Cell Interface bl ock 32
I nserts a header checksumas a fifth byte to the 20 <cell header into each

cell prior to providing the 53-byte data cell to the ATM Cel

Interface 40. Conversely, when the Cell Interface block 32 receives
cells fromthe ATM Cel | Interface 40, it exam nes the header checksum
in the fifth byte of each cell to determne if the checksumis
correct. 25 |If so, the byte represem2dng the checksumis stripped from
the cell and the 52 byte data cell is forwarded to the RX FI FO 30,

ot her wi se hefig &t bye t&€ pcrgoylgggegnt of read or IO arbitration. The
il read cycle is initi;ted in the meantime. At the time the
first good byte or word is written into the RD FIFO 50, the
rd_ack signal is deasserted. This allows the ATM_SYS block
5 54 to assert another rd_req, if there is one pending. When

reading is done, the rd_done signal is asserted by the SB_ATM

biock 48 .

The read control handshake process will now be described

with reference to Figure 5c¢. Beginning from a start state,

10 the process S100 proceeds to decision step S5102, where it
queries if a read request has been honored. If not, the
process S100 proceeds back to decision step S102, to continue
monitoring whether a read request has been honored. If a
read reqguest has been honored, the process S100 proceeds to

15 process step S104 where the rd_ack signal is asserted. At
this juncture, the process S100 proceeds in two parallel
operations, represented by processes S100a and S100b.
Advancing from process step 5104, process S100a proceeds to
process step S106, where the read cycle is initiated. It

20 then proceeds to decision step S108 where it queries if
reading has been completed. If not, the process 5100a
proceeds back to decision step S108. If reading has been
completed, the process 5100a proceeds to process step S110,
where the rd_done signal is asserted. The process S100a then

25 terminates.



The System 1O Interface 20 and QO interface 24 insul ate t he host
conputer system 48 fromthe specifics of the transfer to the ATM Cel |
Interface 40. Furthernore, the Core 22 is insulated fromthe specifics
of the system bus 38 and 5 host specifics. In the present preferred
enbodi nent, the System Bus is an S-Bus, as specified in the Institute
of  Electronics and Electrical Engineers ("IEEE") standard 1496
specification. The System|O Interface226 is configured to comuni cat e
i n accordance with the specifications of the 10 System|O bus 38, in the
present il ust Advieowinghd romppgocess shpp chl e an%?s%r%r%%ﬁ%s i3 bit and

64-bit formats. It is contenp d that the System]lQ Interface 20 can
be corPicgerEd tPopESHFEF"mSPSpd%ﬁ t e‘ﬁ?eﬂ%s‘{}]%ogr/r%u aexfgegeyst em

P The, SKRNET, Sl AR BLoh8L ERgonil RO wil S ond
transferred and registered with the SB_ATM block 48 one clock
5 cycle after rd_req is asserted. The process S100b then
proceeds in process step S114, where the rd_ack signal 1is
deasserted when at the first good byte or word is written
into the RD FIFO 50. This allows the ATM_SYS block 54 to

assert another rd_req, if there is one pending. The process

10 S100b then terminates.

In the event that a write request is honored upon
completion of arbitration, the wr_ack signal 1is asserted, as
shown in Figure 5b. The wr_target, wr_address and wr_size
signals from the ATM_SYS block 54 are registered with the

15 SB_ATM block 48 one clock cycle after the wr_req is asserted.
The ATM_SYS block 54 can then be released to process other
requests without waiting for or be held up by the wr_ack
signal or IO arbitration. The write cycle is initiated in
thé meantime. At the time the first good byte or word is

20 wriﬁten into the WR FIFO, the wr_ack signal is deasserted.
This allows the ATM_SYS block 54 to asseft another wr_req, if

there is one pending.

The write control handshake process S120 will now be
described with reference to Figure 5d. Beginning from a
25 start state, the process S120 proceeds to decision step 5122,

where it queries if a write request has been honored. If



specified by the QO interface 24. The GO interface 24 provides
a singular interface t hrough which the Core 22 communi cates with the
host conputer. Thus, the Core 22 does not change for different 20
enbodi ments of the NIC 12 which interface to different host conput er
systens and busses. The GO interface 24 utilizes a 40 MHz cl ock

provi ded by clock synthesis circuit 36 for driving the transmt and
receive data path so as to obtain a _23- 622 Mps full duplex operation.
The 40 MHz clock is used for 25 the entire Core 22 and |1 O synchroni zation
i s pushed ager tbe procehe SO wmokedarta bmdwie idectisé o8y stem FO2Enter f ace

20. By thus fixing the clock driving the Core 22, the Core 22
continue monitoring if a write request has been honored. If

a request has been honored, the process S120 proceeds to
process step S124, where the wr_ack signal is asserted. At
5 the juncture, the process S120 proceeds in two parallel
operations, represented by processes S120a and S120b.
Aavancing from process step S124, the process Sl120a proceeds
to process step $S126, where the write cycle is initiated.
The process $120a then proceeds to decision step S128, where
10 it queries if writing has been completed. If not, the
process S120a proceeds back to decision step S128 to continue
monitoring for the completion of the writing process. If

writing has been completed, the process S120a terminates.

Advancing form process step S124, the process S120b

15 proceeds to process step 5130, where the wr_target,
wr_address and wr_size signals from the ATM_SYS block 54 are
transferred and registered with the SB_ATM block 48 one clock
cycle after the wr_req is asserted. The ATM_SYS block 54 can
then be released to process other requests without waiting

20 for or be held up by the wr_ack signal or IO arbitration.
The process S120b then proceeds to process step S132, where
the wr_ack signal is deasserted at the time the first good
byte or word is written into the WR FIFO. This allows the
ATM_SYS block 54 to assert another wr_req, if there is one

25 pending. The process S120 then terminates.



-13- remains fixed for different enbodi nents of the NIC 12 and

only the System 1O Interface 20 has to be altered for interfacing with
a different System | O bus 38. Three nenory sub-systens are
associated with the 5 operation of the NIC 12. These include the host
menory 49 located in the host conputer system 48, the external buffer
menory 42 external to the NIC 12 and storage bl ock 44 | ocated in the
Core 22. The NIC 12 manages two nenory-a3e€as: the external buffer

menory 42 and the storage block 44. The 10 external buffer menory 42
cont ai ns packet Fdauaepobagpnd 6b ageafimipdafbarkeel Veushuanthe Shpport ed

NIC 12. The storage bl ock 44 contains DVA state information for
P¥ahgﬁit timing cycles of thg read and write data handshake signals

shown in Figures 4a and 4b. Figures 6¢c and 6d are flow
charts illustrating the read and write data handshake

5 processes shown in Figures 4a and 4b.

A discussion of the read data handshake cycle will now
be discussed. As shown in Figure 6a, the
at_least_x_words_filled flag indicates at every mclk cycle
the number (i.e., "x", where x is 2 words, 4 words, etc.) of

10 storage locations in the RD FIFO 50 that are filled with
valid data. Similarly, the at_least_x_words_empty flag
indicates to ATM_SYS block 54 the number of empty storage
locations in the WR FIFO 52 at every mclk cycle. The ATM_SYS
block 54 determines when to assert the atm_rd_en signal based

15 on either the assertion of the at_least_x_words_filled flag
or the assertion of the rd_done signal. As shown, the
ATM_SYS block 54 may assert the atm_rd_en signal as desired,
so long as the at_least_x_words_filled flag is asserted.

When the at_least_x_words_filled flag is deasserted in the

20 tenth mclk cycle, the atm_rd_en signal is deasserted in the
following (i.e., eleventh) mclk cycle. However, the
assertion of the rd_done signal overrides the state of the
at_least_x_words_filled flag. As shown, when the rd_done
signal is asserted during the eleventh mclk cycle, when the

25 at_least_x_words_filled flag is deasserted, the atm_rd_en
signal is asserted in the following (i.e., twelfth) mclk

cycle. In this manner, the rd_done signal may be used for



and receive channels and pointers to data structures in host menory 49
for which DVA transfers are perfornmed. The storage 15 bl ock 44 al so
contains the data structure specifics to manage multiple transmt and
receive buffers for packets in transition between the host 48 and the
ATM Cel | Interface 40. The host conputer system 48 includes host
menory 49 whi ch contai ns data packets and pointers to the packets
being 20 transmtted and received. Asgynoted previously, the NIC 12

al so shields the cell delineation details of asynchronous transfer

from the agpl i £ati 0AS, MKMNNG OIS N93ECCGHPULCEe read SYIABIN ¢ KOLo PI esent

pur poses, assurre software runni ng on ost conputer

system 48 rpnagedrangRileAnt i 1R0ekua dakavisLNdoUbAPNar ARd,SEGDSI I

and receive rings w th packet interfaces as is well known in the art.
so that the at_least_x words_filled flag would not be

asserted.

5 The read data handshake process will now be discussed
with reference to Figure 6c¢. Beginning from a start state,
the process 5150 proceeds to process step 5152, it determines
whether to assert the atm_rd_en signal based on either the
assertion of the at_least_x_words_filled flag or the

10 assertion of the rd_done signal. If the
at_least_x_words_filled flag is asserted, the process 5150
proceeds to decision step S154, where queries if the
atm_rd_en signal should be asserted. If so, the process 8$150
proceeds to process step S156, where the atm_rd_en signal is

15 asserted, and the process S150 then returns to decision step
S152. 1If the atm_rd_en is to be deasserted, the process S150
proceeds to process step S158, where the atm_rd_en signal is

deasserted, upon which the process returns to decision step S

152.

20 If the rd_done signal has been asserted, the process
S150 proceeds to process step 51760, where the atm_rd_en
~signal is asserted. 1In this manner, the rd_done signal may
be used for the last few words in the RD FIFO 50 to be read,
when there is no more System-IO bus 38 read activity to bring

25 new words so that the at_least_x_words_filled flag would not

be asserted. The process S$150 then terminates.



-14- Figures 4a and 4b are detail ed bl ock di agrans

illustrating the SystemlIOinterface 20, the GO interface 24, and the
Core 22 of Figure 3, in accordance with one enbodi mrent of the present

i nvention. As shown, the System!1O 5 interface 20 includes a -
System | O ATM ( SBATM bl ock 48 whi ch consists of two 14-|ocation deep,
64-bit w de w ap-around FIFOCs -_&Read (RD) FIFO 50 and a Wite (W)

FI FO 52. The RD FI FO 50 and WR O 52 respectively support nore than
one 64- byte read .and wite data bursts requested by the Core 22, 10

whi ch event ualf PiEEESE oPn Of e A aa P | fCACRIAETA R ro4s! g et 1L now

SySten}lgeb%is%%ésed. As shown in Figure 6b, the

at_least_x_words_empty flag indicates to ATM_SYS block 54 the
number of empty storage locations in the WR FIFO 52 at every
5 mclk cycle. The ATM_SYS block 54 determines when to assert

the atm _wr_en signal based on the assertion of the
at_least_x_words_empty flag. As shown, the ATM_SYS block 54
may assert the atm_wr_en signal as desired, so long as the
at_least_x_words_empty flag is asserted. Wwhen the

10 at_least_x_words_empty flag is deasserted in the tenth mclk
cycle, the atm_wr_en signal is deasserted in the following
(i.e., eleventh) mclk cycle. Since writing is under the
control of the Core 22, and the System-I0 interface 20 will
eventually empty out the entire WR FIFO 52, no lingering

15 words will be left in the WR FIFO 52. As a result, there is

no need to utilize a wr_done signal.

The write data handshake process will now be discussed
with reference to Figure 6d. Beginning from a start state,
the process S170 proceeds to decision step S172, where it

20 queries if the at_least_x words_empty flag is asserted. If
so, the process S170 proceeds to process step S174, where the
atm_wr_en signal is asserted, upon which the process $170
returns to decision step S172. If the at_least_x words_empty
flag is deasserted, the process S170 proceeds to process step

25 8176, where the atm_wr_en signal is deasserted. The process
S170 then returns to decision step S172 to further monitor

the at_least_x_words_empty flag.



The Core 22 includes an ATMSYS bl ock 54 which initiates si mul t aneous
read and wite requests via TXATMSYS circuit 56 or RXATMSYS circuit

58, to the SBATM bl ock 48. Wen thus 15 initiated, the SBATM bl ock 48
perforns arbitration to sel ect t he next request to honor. Read and
wite addresses, sizes and targets are separately provided by the Core
22 at the same time the request is issued. The addresses, sizes and
targets can be dispatched as qui ckly agéene clock cycle from 20 the tine

ey, vere 1 ssuecngs allbg,l BRUeREEin SPEAL U ipvetbed o
ST Lo g gl e te ey ()
the paral | es,DMAriead1g3ndpyr bl Eoddhd MIROUSNAKEN-T0 bus 38 to accommodate
back-to-back DMA reguests and to support the Core 22
5 segmentation and reassembly functions. In addition, such
definition would affect the level of pipe lining of the Core
22 transmit load and receive unload DMA requests. It also
allows 2 or 3 requests to be queued across the GIO Interface
24 at the same time in each read and write direction. In
10 addition, the GIO interface 24 permits the Core 22 to read or
write data in increments rather than having to wait for the
RD FIFO 50 to be completely full or for the WR FIFO 52 to be
completely empty. The duplex data path width of 32 bits each
per read and write direction matches the data width of the
15 external buffer memory interface 34 (Figure 3), so that no
bandwidth is lost across the GIO interface 24. In addition,
the definition of a fixed Core 22 clock ensures that the Core
22 remains unchanged for different embodiments of the NIC 12
which interface to different host computer systems and
20 busses. The last_rd and last_wr signals provide a means for
32-bit, 64-bit, 96-bit, 128-bit, etc. IO data path
implementation without placing any restrictions on the IO bus

bit width.

Modifications and variations of the embodiments
25 described above may be made by those skilled in the
technology while remaining within the true scope and spirit

. of this invention. Thus, although the present invention has



signal lines 62 which operate independently fromthe read and

- 15- write control handshake signal lines 60; (3) the parallel DVA
read and wite data signal lines 64; and (4) a single clock si gnal
line 66. The circuits for generating and receiving the signals 60 are
di scl osed in co-pending U S. Patent 5 Application No. 08/499,199 titled
"A Met hod and Apparatus for Al l om ng Packet Data to be Separated Over
Mul ti pl e Bus Targets" filed on July 7, 1995 by the sane inventors and

assigned to the sanme assignee as the_ngsent application.

been described in terms of certain preferred embodiments,
other embodiments t£at will be apparent to those of ordinary
skill in the technology are also within the scope of this
invention. Accordingly, the scope of the invention is

5 intended to be defined only by the claims which follow.



The subject matter in U S. Patent Application No. 08/499,199 10 1is hereby
i ncorporated by reference. The circuits for generating and receiving

the signals 62 are discl Osedﬂuﬂmﬂma pending U S. Patent Application

No. 08/498, 618 tlt|Hﬂ!“ “P“ nd Apparatus for Dynanically
Cal cul ati ng Degrees of a Synchronous FIFO' filed on July

7, 1995, which was 15 aSS|gned to the sane assignee as the present

appl i cation. The subject matter in U S. Patent Application No.

08/ 498, 618 i s hereby incorporatedZJg- reference. The circuits for
generating and receiving signals 64 and 66 may be inpl enmented by one
skilled in the art. 20 The paraltiel DVA read and wite control
handshake signals provided via signal line 60 permt sinultaneous read
and witeWwbhA nequésimefioibe sent to the SBATM bl ock 48 in t he

System 1O Interface 20 fromthe ATMSYS bl ock 54. This

1 1. A method for coordinating data transfer between a
2 System Input/Output (I0) functional block and an Asynchronous
3 Transfer Mode (ATM) functional block, comprising the steps

4 of:

5 {a) providing a first signal from the ATM functional
6 block to the System IO functional block, for requesting the
7 reading of data from the System IO functional block to the

8 ATM functional block;

9 (b) providing locational information related to the data
10 to be transferred, from the ATM functional block to the

11 System IO functional block; and

12 (c) providing a second signal from the System IO
13 functional block to the ATM functional block, for
14 acknowledging the request for reading of data, wherein step

15 (b) is independent from step (c}.

1 2. The method of Claim 1, further comprising the steps
2 of
3 (d) providing a third signal from the ATM functional

4 block to the System IO functional block, for requesting the
5 writing of data from the ATM functional block to the System

6 IO functional block; and
This Sheet Has Been Replaced
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in turn permts the SBATM bl ock 48 to performarb| atlonto 25 al I ow one

of the requests to be asserted on the System!|O bu 55 cet

-16- The ‘ ﬁ\l“ﬁﬂ“ﬂjﬁm and wite dat H@Iﬁ&nal s
provi ded via signal ﬂmﬂ\ ronous to the | ock
domain and indicate in real* ti"me*how full or enpty the RD FI FO 50 or
WR FIFO 52 is, rather than indicating if the 5 FIFGCs 50 or 52 are totally

full or totally enpty. This finer -z2granularity of flags allow faster
data fl ow across the GO

7 (e} providing locational information related to the data
8 to be transferred, from the ATM functional block to the

9 System IO functional block; and

10 (f) providing a fourth signal from the System IO

11 functional block to the ATM functional block, for

12 acknowledging the request for writing of data, wherein step
13 {e) is independent from step (f), and wherein steps {(a)-{c)

14 are independent from steps (d)-(f).

1 3. The method of Claim 1, further comprising the steps
2 of
3 (d) reading data from the System IC functional block and

4 providing the data to the ATM functional block, wherein the

5 step of reading data 1s asynchronous from steps (a)-{c).

1 4. The method of Claim 3, further comprising the step

2 (e) writing data located in the ATM functional block,
3 to the System IO functional block, wherein the step of

4 writing is provided in parallel to step (d).

1 5. The method of Claim 1, wherein the step (b), the
2 locational information includes information related to a
3 target device for the request, a memory address from which to

4 retrieve the data and a size of the data to be transferred.

1 6. The method of Claim 2, wherein the System IO
2 functional block is synchronous to a first clock, the ATM

3 functional block is synchronous to a second clock which has a



I nterface 24. The data handshake signals 62 are indew}andent of the
control handshake signals 60 and thus permt smaller ’SShee”@weeﬁgqmggot
such as descriptor u mmsmll mi vided 10 al ong M’/m (
byte) DMA requests, um” ,ﬁm i nproved t hroug MI
DVA read and wite dafa is 'prdvided via a dupl ex, 32-bit Si |1
64 to preserve the full bandw dth of the external buffer nenory
interface 34 so as to facilitate 15-cgpl ex 622 Mops segnentati on and
reassenbly. A single clock signal is provided via signal line 66. In
one enbodLiBRk: rate thitSis! @ckesianal fisn Ahdid.ock rate of thieJ4ligs4b

Il lustrates 1n detail the four signal |ines of Figure 4a. The parall el
DVA read andcir hhe wheteoh thadshake, 20 sdgnald,| ives i idendde Hehe

rd req, the rd_ack, the rd_address, the rdtarget, the rd_size, the
rddoneg thBeurth signals are synchronous to the second clock.

S,
64
The
i ne

1 7. The method of Claim 1, further comprising the step
2 of providing a last read signal from the ATM functional block
3 to the System IO functional block, to indicate that the last

4 word of data has been read from the System IO functional

5 block.

1 8. The method of Claim 2, further comprising the step
2 of providing a last write signal from the ATM functional

3 Dblock to the System IO functional block, to indicate that the
4 last word of data has been written to the System IO

5 functional block.
1 9. An interface for transferring data, comprising:

2 a System IO functional block having a first buffer and a

3 second buffer; and

4 an ATM functional block which provides a first signal to
5 the System IO functional block, for requesting the reading of
6 data from the System IO functional block to the ATM

7 functional block, the ATM functional block also providing

8 locational information related to the data to be transferred

9 to the System IO functional block;

10 the System IO functional block providing a second signal

11 to the ATM functional block, for acknowledging the request



w_req, the wack, the w_address, the w_target and the vvrsize si gnal

lines. The rd req and w _re nes prOV| Sp aCer(pth
ATMBYS bl ock 54 to thﬁmﬂﬁwﬂ{]“ Eﬂﬂ 48, and the . e " ep OVI ded
respectively initiate wite request edge of

t he signal. The

rd_ack and wack signal |ines each provide signals fromthe SBATM
bl ock 48 to the ATMSYS bl ock 54, which3zare asserted to indicate that
the rd_req and the wreq signals are respectively granted and the

ATM SYS bl gk pdakisn§ &€ &&ca, wherein locational information is

13 provided independently from provision of the second signal.

1 10. The interface of Claim 9, wherein the ATM

2 functional block further provides a third signal to the

3 System IO functional block, for requesting the writing of

4 data from the ATM functional block to the System IO

5 functional block, the ATM functional block also providing

6 locational information related to the data to be transferred,
7 to the System IO functional block, and wherein the System IO
8 functional block further provides a fourth signal to the ATM
9 functional block, for acknowledging the request for writing
10 of data, wherein locational information is provided
11 independently from provision of the fourth signal and wherein
12 the first signal is provided asynchronously with the third

13 signal.

1 11. The interface of Claim 9, wherein the ATM
2 functional block further reads data from the System IO
3 functional block, and wherein reading of the data is

4 asynchronous to the provision of the first signal.

1 12. The interface of Claim 11, wherein data is written
2 from the ATM functional block to the System IO functional
3 block, and wherein the writing of data is provided in

4 parallel to the reading of data.

1 13. The interface of Claim 9, wherein the locational

2 information includes information related to a target device



5 continue its functions and may chan ’\t he read or wite addr ess,

size, or targets thereaft ‘“\\g\ he rdaddress and the w address
signal |ines each &‘“’\ﬂ\g

om t he ATMSYS bl ock 54 to the
SBATM bl ock 48, Whl | ¢at & the menory addresses to be used during
the 10 read and wite transactions respectively. The rd_target and
wr _target signal lines provide signals fromthe ATMSYS 54 to t he SBATM
bl ock 48, which indicate whether the FO2bus target device for the read
and wite request, respectively, is the sl ave card or the host nenory.
The host3 nefiorythadregagst, 15 mewrdy ardddess Dk birs chargetredelieves theThe
slave card is an S-bus or- I O bus device coupled to the System | O bus
38, whi ¢h datasprded aitzq of avke e artbdui rmeansdferided -sl ave card is
described in co-pending U S. Patent Application No. 08/ 499,199 titled
" I ng_Packet
A Nhth%d and Ap??tat Eefggtégfggg gf Claim 10, wherein the System IO

2 functional block is synchronous to a first clock, the ATM

3 functional block is synchronous to a second clock which has a

4 clock rate that is different form the clock rate of the first

5 clock, and wherein the first, the second, the third and the

6 fourth signals are synchronous to the second clock.

1 15. The interface of Claim 9, wherein the ATM

2 functional block further provides a last read signal from the
3 ATM functional block to the System IO functional block, to

4 indicate that the last word of data has been read from the

S System IO functional block.

1 16. The interface of Claim 10, wherein the ATM
2 functional block further provides a last write signal to the
3 System IO functional block, to indicate that the last word of

4 data has been written to the System IO functional block.

1 17. A System for transferring data in an Asynchronous

2 Transfer Mode network, comprising:

3 a host processor;

4 a memory coupled to the host processor:

5 a System input/output bus coupled to the host processor;
6 and
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20 Data to be Separéted Over Multiple Bus Targets" filed on July 7,
1995 by the sane inventor ﬂgw@ SI ned to the sane assi gnee as the

present application. The nfﬂuﬂ U. S. Patent Appllcatlon No.
08/ 499, 199 is hereby incorpo referencerﬂMﬁﬁ&tﬂﬁﬁkhdkﬁhw t

I ndicates that the target 25 devi'ce®i s*t he host ne to 1,
it indicates that the target device is the sl ave E ze and
tothe

W si ze signal lines provide S|gnaI§ Tromthe ATM!
- 18- SBATM bl ock 48 which indicate the raw size in byte units, of
7 an interface comprlslng
8 a System IO functional block coupled to the System
9 input/output bus, the System IO functional block having
10 a first buffer and a second buffer;
11 an ATM functional block coupled to the System IO
12 - functional block, the ATM functional block providing a
13 first signal to the System IO functional block, for
14 requesting the reading of data from the System IO
15 functional block to the ATM functional block, the ATM
16 functional block also providing locational information
17 related to the data to be transferred to the System IO
18 functional block; and
19 the System IO functional block providing a second
20 signal to the ATM functional block, for acknowledging
21 the request for reading of data, wherein locational
22 information is provided independently from provision of
23 the second signal.
1 18. The System of Claim 17, wherein the ATM functional

2 block further provides a third signal to the System IO

3 functional block, for requesting the writing of data from the
4 ATM functional block to the System IO functional block, the

5 ATM functional block also providing locational information

6 related to the data to be transferred, to the System IO

7 functional block, and wherein the System IO functional block

8 further provides a fourth signal to the ATM functional block,



the data required by the read and wite request, respectively.

Finally, the rddone signal |ine provides a signal fromthe SB ATM

bl ock 48 to the ATM SYS bl ock 54 to 5 indicate to the ATMSYS bl ock 54
that the last word or doubl eword has been witten into the RD FI FO 50
and that the ATM SYS bl ock 54 can read off the rest of the data

W t hout | ooking at the FIFO flag. This is to prevent the |ast

word(s) of data fromlingering in thee®-FIFO50 if there is 10 no new
DVA read schedul ed for updati ng the FIFO fl ags. The paral |l el DVA
read and@ wiee O HRIEHIKEDS gmst forp%\#aéa ¢fadatgnarheraen 62

|ncludetheflas thea nr den, strd_and_ | astw signal
li nes. 1“i3he FeeRy ional 2% 39 llsnarl?éféél %n QgePEBQFnﬁl}é\o Be™filled flag,

where x i S. an i n 0 the ATIVSSbIoc 54th ;can start
r eadi néldat%r?wo %f%%‘%o‘t “\‘rtélesﬁlrgél géglé‘ rst signal

12 is provided asynchronously with the third 51gnal.

1 19. The System of Claim 17, wherein the ATM functional
2 block further reads data from the System IO functional block,

3 and wherein reading of the data is synchronous to the

4 provision of the first signal.

1 20. The interface of Claim 18, wherein data is
2 written from the ATM functional block to the System IO
3 functional block, and wherein the writing of data is

4 provided in parallel to the reading of data.

1 21. The interface of Claim 18, wherein the locational
2 information includes information related to a target device
3 for the request, a memory address from which to retrieve the

4 data and a size of the data to be transferred.

1 22. The interface of Claim 18, wherein the System IO

2 functional block is synchronous to a first clock, the ATM

3 functional block is synchronous to a second clock which has a
4 clock rate that is different from the clock rate of the first
"5 clock, and wherein the first, the second, the third and the

6 fourth signals are synchronous to the second clock.

A
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line also includes an atleastx_words_enpty signal line to si gnal
ATMSYS bl ock 54 that it can start witing data into WR FIFO 52 if
desired. These flags are ntlk-based. The 20 atmden and atmw _en signal
|l i nes respectively assert a signal to signify to the RD FIFO 50 and WR
FIFO 52 that it is reading and witing data, respectively. The
duration of each of the signal +#%cates how many 32-bit words are to

be witten. However, there is no restriction on the nunber of 25

words to berRRARATIS AN MBTHGD FOR PRUGDING & FFENERLG o provi ded by
t he SB_ATMINERRFME BETWREN [fe HOSY | IRESTEM AND| AN ASYNCHRONGWS4 bit - wi de
| O bl ock dafpANSHER INGDHEGOREIFUNCTIONAL BLOCK

ABSTRACT

A generic Input/QOutput interface between an IO block and
a System and ATM Layer Core on a network interface circuit is
provided. The GIO interface includes parallel DMA read and
write control handshake signal lines; parallel DMA read and
wfite data handshake signal lines which operate independently
from the read and write control handshake signal lines;
parallel DMA read and write data signal lines; and a single
clock signal line. GIO interface facilitates maximum
utilization of the IO bandwidth, and allows several requests
to be queued across the GIO interface at the same time, in
each read and write direction. In addition, the GIO
interface utilizes a fixed clock for driving the transmit and
receive data path. By thus referencing all transactions to a
clock driving the Core, the Core remains unchanged for
different embodiments cof the network interface circuit which

interface to different host computer systems and busses.

(fig. 2)



-19- Where on a 32-bit wde data path is inplenented, the |astw

and last-rd signal lines can be |eft unconnected. Fi gures 5a and
5b are timng diagranms illustrating the timng cycles for the read and
wite control handshake 5 signals between the System 1O Interface 20 and
the Core 22. Figures 5c and 5d are flow charts illustrating the read
control handshaki ng processes shown in Figures 5a and 5b respectively.
As shown in Figure 5a, the rd_req siqpal is asserted via the rdreq
signal line when there is a request Y32 to read data. Since the GO
Interface 24 has to service multiple read and wite requests, fair
arbitration of these request tg be perfornmed to allow one of the
requests to be asserted on f:ymg;stﬁtllo bus 38 at a tine. The

apparatus PRIOR ART)

“SYSTEM
1/0 BUS

VN

ATM

HOST—ATM CELL
< : > INTERFACE
LAYER CORE S
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and nmet hod described in pending U S. Patent Application No. 15 08/499, 199

titled "A Method and Apparatus for All ow ng Packet Data to be
Separated over Miultiple Bus Targets"” filed on July 7, 1995, which was
assigned to the assignee of the present i nvention, and which is

I ncor porated herein, describes one enbodi nent of such arbitration.

20 In the event that a read request is honored upon conpl etion
of arbitration, the rd_ack signal is asserted, as shown in Figure 5a.
The rd_target, rd_address and rdsize signals fromthe ATMSYS bl ock 54
are registered with the SB_AT?IgIock 48 one clock cycle after rd_req
is asserted. 25 This is done so fHaf the ATMSYS bl ock 54 can then be

rel eased to process other requests without waiting for or be

< T l D
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- 20- hel d up by the acknow edgnent of read or 10 arbitration. The
read cycle is initiated in the neantinme. At the tine the first good
byte or word is witten into the RD FI FO 50, the rd_ack signal is
deasserted. This allows the ATMSYS bl ock 5 54 to assert another rd_req,

if there is one pending. Wen reading is done, the rddone signal is
asserted by the SBATM bl ock 48. 12 The read control handshake
process will now be described mﬁgﬁ reference to Figure 5c. Beginning
froma stgg.L\stQt\ueX 1023 e process S100 proceeds to decision step S102,
where it g < Sy < . ~ :
E_Lz m(_)_ see .59 '(772 ’gg L ’(é%
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queries if a read request has been honored. If not, the process S100

proceeds back to decision step S102, to continue noni toring whet her a
read request has been honored. If a read request has been honored, the
process S100 proceeds to 15 process step S104 where the rdack signal is
asserted. At this juncture, the process S100 proceeds in two parallel
operations, represented by processes S100a and S100b. Advanci ng from
process step S104, process S100a proceédd2to process step S106, where
the read cycle is initiated. It 20 then proceeds to decision step S108
where it queries if rfeadL nguas begn conpleted. If not, the process
S100a proceeds bagk tjo cisgon st¢p S108. If reading has been
conpl eted, the process‘SfEOa Logeeds t¢ process step S110, where the
rddone signal is asserted.] Th Lth:rbcess 100a then 25 term nates.
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-21- Advanci ng from process step S104, the process S100b

proceeds to process step S112, where the rd-target, r daddr ess and
rdsize signals fromthe ATMSYS bl ogk,54 are transferred and registered
wi th the SBATM bl ock 48 one cl ock cycle after rdreq is asserted. The
process S100b then proceeds §n process step S114, where the rdack
signal is deasserted when at"™the first good byte or word is witten
into the RD_ELEQ 50  This.allous |t he ATMSYS—beek—bd=tp assert_anot her
rdreq, if qh&r is one pending. The process—30—S+90b]t hen ter i nges.
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In the event that a wite request is honored upon conpl eti on of

arbitration, the wack signal is asserted, as shown in Figure 5b. The
wr_target, w _address and wsize signals fromthe ATM SYS bl ock 54 are
registered with the 15 SBATM bl ock 48 one clock cycle after the wreq is
assert ed. The ATMSYS bl ock 54 can then be rel eased to process ot her
requests without waiting for or be held up by the w _ack signal or 10
arbitration. The wite cycle is initiated in the neantine. At the tine
the first good byte or word is 20 wrijbten into the WR FIFO, the wack
signal is deasserted. This allows the ATM SYS bl ock 54 to assert
another wreq, if there i s one pending. The wite control
handshake process S120 will now b(?’ described with reference to Figure
5d. Beginning froma |
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. B e
8 =
> v ¥
3 & © & Q
p- o =
= < L/ \ <
< 1 i N
= = = N
= /
=
¥ YT oo
7Y B 7Y B B Y Bl Q
| ") -0 il ”y ™ | v.
| e N § S N § s i N 1
! I >
| B 2 z N
7 (e — P-4 o Y
T = === I N =
loISIBlelZISSISIEINl vla § << XI > 1N
|§22§%8§23&—5 Om;h’ﬁoog |
n_A o
R O O D e 1 5 B A ,
v x| ¥
;EEEE%E;;;;; el |
| =
| ©
IR N N [ DU U S Y NS O [ A O 8 A (S N AV IR
HEEANERERAN (A A A
SYNCHRONIZATION
S &N
9 Pl ">
o g 2 2. |N
= % o R -2
e = s
[
=
(7]
o
A

This Sheet Has Been Replaced




25 start state, the process S120 proceeds to decision step S122,

where it queries if a wite request has been honored. |If

-22- not, the process S120 proceeds back to decision step S122 to
continue nmonitoring if a wite request has been honored. I|f a request
has been honored, the process S120 proceeds to process step S124,
where the wack signal is asserted. At 5 the juncture, the process S120

proceeds in two parallel operaj } pns, represented by processes S120a

and S120b. Advanci ng from process step S124, the process Sl120a
pr oceeds
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to process step S126, where the wite cycle is initiated. The process
S120a then proceeds to decision step S128, where 10 it queries if witing

has been conpleted. |If not, the process Sl120a proceeds back to

deci sion step S128 to continue nmonitoring for the conpletion of the
writing process. If writing has been conpl eted, the process S120a

t erm nat es. : Advanci ng form process step S124, the process S120b
15 proceeds to process step S130, whgpezthe w_target, wr addr ess and
wrsi ze signals fromthe ATMSYS bl ock 54 are transferred and registered
with the SB_ATM bl ock 48 one cl ock e after the wre asserted.
The ATM SYS bl ock 54 can t hen s&d to process e requests

wi thout waiting 20 for or be held wr_ack siggal or 10
arbitration. The proce hed proceeds to process step S132,

wher e t he wrack sign

—S704

S7000 | S7005
\ ASSERT RD_ACK SIGNAL /
Y S706 =7
N L 0 TRANSFER AND REGISTER
, RD_TARGET, RD_ADDRESS
AND RD_SIZE
l -S174

DEASSERT RD_ACK

SIGNAL WHEN THE

FIRST GOOD BYTE

IS READ FROM THE
1/0 BUS

ASSERT RD_DONE SIGNAL

FIG. 5C

This Shee

Wi



byte or word is witten into the WR FIFO. This allows the ATMBYS bl ock
54 to assert another w _req, if there is one 25 pending. The process

S120 then term nates. - 23-
Figures 6a and 6b are timng charts illustrating the timng cycles of
the read and wite data handshake signals shown in Figures 4a and 4b.
Fi gures 6¢c and 6d are fl ow chartg hblustrating the read and wite data
handshake 5 processes shown in Fi gures 4a and 4b. A di scussi on
of the read data handshake cycle will now
/5120
S/Iﬂa\ ASSERT WR_ACK SIGNAL /.S‘fiﬂb
mmm! wé;i,” Y osn
CYCLE TRANSFER_AND REGISTER
WR_TARGET, WR_ADDRESS
' AND WR_SIZE
l 312

DEASSERT WR_ACK

SIGNAL WHEN THE

FIRST GOOD BYTE IS

WRITTEN FROM THE
1/0 BUS

ASSERT RD_DONE SIGNAL

<>

FIG. 5d
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be di scussed. As shown in Figure 6a, the at_least_x words _ filled flag
I ndi cates at every ntlk cycle the nunber (i.e., "x", where x is 2

words, 4 words, etc.) of 10 storage locations in the R $Hek@aPhlel RA. A ©

filled with valid data. Simlarly, the atleastx_wor f
I ndi cates to ATMSYS bl ock 54 the nunber of enpty storage g ﬂ!& I n
the WR FIFO 52 at every ntlk cycle. The ATMSYS bl ock

when to assert the atnrden signal based 15 on either the assertion of the

at_least x words_filled flag orl@hk2assertion of the rddone signal. As

shown, the ATMBYS bl ock 54 may assert the atnrden signal as desired,

so long as the at_least x words filled flag is asserjed. Whenp t he

at least _x wordsgfilled fflag }s deassefqted in the 29 tenth ntlk g¢ycle, the
| event §) ntlk

e

atnrden signal i§ degsserjted | n the fol |l owi ng (i.g;j

cycl e. However he
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assertion of the rddone signal overrides the state of the

at_least x words filled flag. As shown, when the rddone signal is
asserted during the eleventh ntlk cycle, when the 25
at _least_x words filled flag is deasserted, the atmrden signal is
asserted in the following (i.e., twelfth) ntlk cycle. In this manner,
the rddone signal may be used for
- 24- the last fewwords in the RDIHIHAQ 50 to be read, when there
is no nore System | O bus 38 read activity to bring new words so t hat
the at_least_x words filled flag wo be S50
START ’/
RD_DONE
FLAG SIGNAL
AT_LEAST_X_WORDS :
ASSERTED 71\ | £ FLAG ASSERTED OR )—AoothIED
' {S RD_DONE SIGNAL
ASSERTED
7
~S160
3758 | ASSERT ATM_RD_EN
ATM DEASSERT SIGNAL, WHICH
SIGﬁiE—BEg ATM_RD_EN OVERRIDES STATE OF
ASSERTED SIGNAL AT_LEAST_X_WORDS_
FILLED FLAG
5156 STOP
ASSERT
ATM_RD_EN
SIGNAL
- l y
FIG.6C
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asserted. 5 The read data handshake process will now be discussed
with reference to Figure 6¢c. Beginning froma start state, t he process
S150 proceeds to process step S152, it determ nes whet her to assert
the atmrd_en signal based on either the assertion of the

at _least_x_words filled flag or the 10 assertion of the rddone signal. If
t he at least x words filled flag is asserted, the process S150
proceeds to decision step S154, where queries if t he at nrden si gnal
shoul d be asserted. If so, the process S150 proceeds to process step
S156, where the atnrden signal is 15 asserted, and the process S150 then
returns to decision step S152. 112fh2 atnrden is to be deasserted, the
process S150 proceeds to process step S158, where tE/A?nrd _en S|gnal
IS deasserted, upon which the process returns to decision step S

AT_LEAST_X_WORDS_
EMPTY FLAGS BEEN
ASSERTED

5174 .. SI76
ASSERT DEASSERT
ATM_WR_EN ATM_WR_EN
SIGNAL _ SIGNAL

FIG.6d
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152. 20 If the rd_done signal has been asserted, the process 't;, ‘
S150 proceeds to process step S1760, where the atnrden S|gnal i s
asserted. In this manner, the rddone signal he—t-ast

- e %’hé?@l\@ﬁ“sﬁ bry s

few words in t be read, !
System | O bus Hmmmﬂ'umltmlto bringg -25 ne
a tleast x words ffll'ed I d&g Wwoul d not b
then termi nates.

~r 7

L.«F

A di scusSIIHINE the wite data handshake cycl e%bfrﬁaﬁbw Paged = to paged

10

15

20

25

30

------------------

i m&? 1 paged .o

1. A method for coordinating data transfey Detween a
System Input/Output (10) functional block and an
Asynchronous Transfer Mode (ATM) functional block,

comprising the steps of:

(a) providing a first signal from the ATM functional
block to the System IO functional block, for
requesting the reading of data from the System IO
functional block to the ATM functional block;

(b) providing locational information related to the
data to be transferred, from the ATM functional block
to the System IO functional block; and

(c) providing a second signal from the System IO
functional block to the ATM functional block, for
acknowledging the request for reading of data, step
(b) being independent from step (c),

wherein the System IO functional block is synchronous
to a first clock, the ATM functional block is
synchronous to a second clock which has a clock rate
that is different- from the clock rate of the first
clock and wherein the first and second signals are

synchronous to the second clock.

2. The method of c¢laim 1, further comprising the

steps of:

(d) providing a third signal from the ATM functional
block to the System IO functional block, for
requesting the writing of data from the ATM
functional block to the System 10 functional block;
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be di scussed. As shown in Figure 6b, the at _least_x_words_enpty flag
I ndi cates to ATMSYS bl ock 54 the nunber q m m I tions in
the WR FIFO 52 at every 5 ncl k cycle. The ATI\/B m H (Imﬁm”,mﬁ nes when

to assert the atmwen signal based on the asserti oh of the *
at _least_x_words_enpty flag. As shown,.2ghe ATMSYS bl ock 54 may assert
the atmw _en signal as desired, so Iong as the at | east _x _words_enpty

flag is “asserted. Wien the 10 at_|least _x words enpty flag is deasserted
in the tenth nmték provigihe, Jtdc@tatqmlen1sufg>nra\|atlls>ndeaséerceeld ta ttiee

foll ow ng (1 el event h | k. _cycl Si ting is u r,the
control of the CgraZ:aZfO gjndr{tﬁﬁa?nsgy enquI rlon etr ace Mﬁoélwxgﬁlonanpe%]v%%f ual ly
enpty out the entdd e ORISR0 Murdtigeiainglckk; waidls will be left in

the WR FIFO 52. As a result, there is - no need to utilize a w_done
si gnal . (f) providing a fourth signal from the System IO
5 functional block to the ATM functional block, for

acknowledging the request for writing of data, step
(e) being independent from step (f), and steps (a)-

(c) being independent from steps (d)-(f).

10 3. The method of claim 2, wherein the third and the

fourth signals are synchronous to the second clock.

4. The method of claim 2, further comprising the step

of providing a last write signal from the ATM functional

15 block to the System IO functional block, to indicate that
the last word of data has been written to the System IO

functional block.

5. The method of claim 1, further comprising the step
20 of:

(d) reading data from the System IO functional block
and providing the data to the ATM functional block,
wherein the step of reading data is asynchronous from
steps (a)-(c).

25

6. The method of claim 5, further comprising the step

of:

(e) writing data located in the ATM functional block,
to the System IO functional block, wherein the step

30 of writing is provided in parallel to step (d).
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The wite data handshake process will now be di scussed wi th reference

to Figure 6d. Beginning froma start state, the process S170 proceeds
to decision step S172, where it 20 queries if the m“\(e)rds_enpty
flag is asserted. |If so, the process S170 ﬁ“ﬁggﬁ‘mm\‘? Ss step

S174, where the atmw _en signal .38 -assert gk i ch the process

S170 returns to decision step S172. |If the atleast_ xwords _enpty
flag i s deasserted, the process S170 proceeds to process step 25 SI176,
where the at mW en Bignaketheoddadsserawy. 1, TWhegedessie stegli®)thdie

returns tfogae Jldgﬁgf sfr?f r%rq‘a?tziotrg) fillllrctlrlll%’esnnghgfggmationt hgelated to a
at | east X _words enpty ?ag.
target device for the request, a memory address from which

to retrieve the data, and a gize of the data to be

5 transferred.

8. The method of claim 1, further comprising the step
of providing a last read signal from the ATM functional
block to the System IO functional block, to indicate that

10 the last word of data has been read from the System IO

functiocnal block.

9. An interface for transferring data, comprising:
a System IO functional block having a first buffer and
15 a second buffer;
an ATM functional block which provides a first signal
to the System IO functional block, for requesting the
reading of data from the System IO functional block
to the ATM functional block, the ATM functional block
20 also providing locational information related to the
data to be transferred to the System IO functional
block; and
the System IO functional block providing a second
signal to the ATM functional block, for acknowledging
25 the request for reading of data, wherein locational
information is provided independently from provision
of the second signal,
wherein the System I0 functional block is synchronous
to a first «clock, the ATM functional block is
30 synchronous to a second clock which has a clock rate
that is different from the clock rate of the first
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i e
I
£

provi des maxi rrurrnm“\“m he | O bandwi dt h, specifically
al l owi ng the Sys accorrm)date back{t ¢- MNMQG

requests and to support “the Oore 22 5 segnentation and|reassenbly

By..

functions. In addition, such defgqni ti on woul d aff gct thée Tevet
pi pe lining of the Core 22 transmt | oad and recei unl oad DIVA

requests. It also allows 2 or 3 requests to be queued across the
I nterface 24 catk tdmedsan‘merleiime tihe elthst eaddanseopnd e sdignedtsi aare |
addition, the GO .interface 24 O&Spe Core 22 to read or Wi
data in increnme@PHARGS ﬁ’é’n |Sr?§ Kor the RD Fl FO 50

do

n 10
te
to be

conpletely full or for the WR FIFO 52 to be conpletely enpty. The

dupl ex data path width of 32 bits each per read and wite directi
mat ches the d&-a wraeh dmterdaces xf er RaR1Buf for nERBF§iNnt Efach B

(Fggure gﬂncé?oﬁgfl ek further provides a third signal to the
System IO functional block, for requesting the writing of
data from the ATM functional block to the System IO
functional block, the ATM functional block also providing
locational information related to the data to Dbe

10 transferred, to the System I0 functional block, and wherein
the System IO functional block further provides a fourth
signal to the ATM functional block, for acknowledging the
request for writing of data, wherein locational information
is provided independently from provision of the fourth

15 signal and wherein the first signal is provided

asynchronously with the third signal.

11. The interface of claim 10, wherein the third and
the fourth signals are synchronous to the second clock.
20
12. The interface of c¢claim 10, wherein the ATM
functional block further provides a last write signal to the
System IO functional block, to indicate that the last word
of data has been written to the System 10 functional block.
25
13. The interface of claim 9, wherein the ATM
functional block further reads data from the System IO
functional block, and wherein reading of the data is
asynchronous to the provision of the first signal.
30
14. The interface of claim 13, wherein data 1s written

from the ATM functional block to the System IO functional
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on



bandwidth is lost across the O interface 24. In additi

5 I o7

di fferent host computter ~sy%temrs *fand 20 busses. The

, fs
ch W@v fagwe tio
rd and | ast mn

uo

signals provide a neans for 32-hidgz-64-bit, 96-bit,| 128—bitr—et-e-
data path I npl ementati on without placing any restrijctions on the 10

bus

bit w dth. Mbdi fi cati ons and vari ati ons of The

enbodi nebileck2s adéscwhbediabowbenawrtmimmdeﬁbyd@h@sei§kipr@diﬂﬁdthén

technol o
i nventio

10

15

20

25

30

15. The interface of claim 9, wherein the locational
information includes information related to a target device
for the request, a memory address from which to retrieve the

data, and a size of the data to be transferred.

16. The interface of claim 9, wherein the ATM
functional block further provides a last read signal £from
the ATM functional block to the System IO functional block,
to indicate that the last word of data has been read from

the System IO functional block.

17. A System for transferring data in an Asynchronous
Transfer Mode network, comprising:

a host processor;

a memory coupled to the host processor;

a System input/output bus coupled to the host
processor; and

an interface comprising:

a System IO functional block coupled to the System
input/output bus, the System I0 functional block
having a first buffer and a second buffer; |

an ATM functional block coupled to the S8System IO
functional block, the ATM functional block providing
a first signal to the System 10 functional block, for
requesting the reading of data from the System IO
functional block to the ATM functional block, the ATM
functional block also providing locational
information related to the data to be transferred to

the System IO functional block; and

e
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Accordingly, the scope of the invention is 5 intended to
by the clains which follow -33- 28
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15
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25

30

_27.
enbodlnentsu IUH " arent to those of ordinafy| skrTT j
the technol ogy ar scope of this i nventi n2{3N“g'w“1 i
i

S

‘ ?_!T i-’""“
been descrlbed in terms of certain preferred enbo FEE

Lifpg

el defined only
Ad-Beed

the System IO functional block providing a second
signal to the ATM functional block, for acknowledging
the request for reading of data, wherein locational
information is provided independently from provision
of the second signal,

wherein the System IO functional block is synchronous
to a first clock, the ATM functional block is
synchronous to a second clock which has a clock rate
that is different from the clock rate of the first
clock and wherein the first and second signals are

synchronous to the second clock.

18. The System of claim 17, wherein the ATM functional
block further provides a third signal to the System IO
functional block, for requesting the writing of data from
the ATM functional block to the System IO functional block,

the ATM functional block also providing locational

information related to the data to be transferred, to the
System IO functional block, and wherein the System IO
functional block further provides a fourth signal to the ATM
functional block, for acknowledging the request for writing
of data, wherein locational information is provided
independently from provision of the fourth signal and
wherein the first signal is provided asynchronously with the

third signal.

19. The interface of claim 18, wherein data is written
from the ATM functional block to the System IO functional
block, and wherein the writing of data is provided in

parallel to the reading of data.

F@M‘EMDED SHEET |

At |




1. A method for coordinating data transfer between a
| nput / Qut put (10 functi onal bl ock and an 5

2 r onous
rilsi

Transf er Mode  (ATM f uncti onal bl ock, co NQ¥ Z88pd |
of : (a) providing a first signal fromthe ATM{f tiona

block to the System | O functional bloclkg for

reading of data fromthe System 1O 10 functi onal e AT
functional bl ock; (b) providing |ocational information rel ated
to the 20. Tdat anterliecer arfsfakaid, 18 owhelre iATMHeunbdcamadbndl ock

to the Sy m | O functi onal, bl oc rqvi di second
Signal 1 oR ORI Slarifeiges 1n oA o ol (Fhol LA & secs
functi onafoigl ORK, rebEst, a memory adleiReWredsl RGilde deauastidwd ¢gadi ng

of data, step (b) being independent fromstep (c),

wher ei n t#etSyseed 2 C3iancefohbe Bhbektpsbeyhrhnsheused. to a
first clock, the ATM functional block is 20 synchronous to a
secdnd clock which has a clock rate that is different- from

t he cl ock rat e2df thkeefiittterface of claiml ask asttkwdret ethet hedhifdd san@nd
second Si ronous to tge secong CE

n ar e .
e PR21Ea%EEn sipmate are PUPCHESSUSNDS| LhRSSERE

. steps of
(d) providing a third signal fromthe ATM functi onal

22. The System of claim 17, wherein the ATM functional
10 block further reads data from the System IO functional
block, and wherein reading of the data is synchronous to the

provigsion of the first signal.
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block to the System 1O functional block, for gguesu g_the
witing of data fromthe ATM 30 functional bl &R’Lfb'ﬁhe .Sysftg 10
functional bl ock; (e) providing/Tocatrionak
‘information related to the . data to be {ransfe b@d%fp@rom
ATM functional bl ock to the System 1O ju ctl onal and
(f) providing a fourth signal fromthe SystemI|IO 5 thjoval
block to the ATM functional block, for acknow edgi ng |t he
request for witing of data, step (e) being Jfrom
step (f), and steps (a)- (c) being independent from steps
(d)-(f).

1712

SYSTEM
1/0 BUS
al
ATM
HOST—-ATM CELL
LAYER CORE INTERFACE
(UTOPIA)
ol
FIG. la
PRIOR ART
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10 3. The nethod of claim?2, wherein the third an
fourth signals are synchronous to the second cl ock. -
met hod of claim 2, further conprising the step of prov d| n%g I,%I. |
wite signal fromthe ATM functi onal 13 12 bl ock to the Sygte OV 2 I
functional block, to indicate that / the last word o ata_has beenl

witten to the System 1O functi onal bl ock. 5. The
nmet hod of clai+#pl, further conprising the step 20 of : e d
readi ng data fpdm the System | O functional bl ock and
provi di ng the to the ATM functional bl ock, wherein t
step of readi nE TS—gSymnchronous 1o steps—{ta—<T) 5
6. The nmethod~af claimp, further conprising the step of : .
(e) witing data |ocatedfin the ATM functional Rl ock, to the
System | O functi onal P30 af _writing is
provided in paralleli to step (d).
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7.

The nethod of claim1, wherein the step (b), the ::-—‘—-—Ffrczatlonal
I nformation includes information related to a ﬁgétﬁdew ce “for: the
request, a nenory address from which to retrieve tihe data, and a size
of the data to be 5 transferred. 8. | Theomitiodcad 6l aim
1, further conprising the step providing a | s read si gnal fnom
the ATM functi onal bl ock to the’ ystem | O functi
i ndi cate that 10

~br-aek;—t-0
the | ast word of data has been rea fromthe Syste_m?lo
functional bl ogk. o~ 9. An interface for tramsferriag dat a,
conpri sﬁhg\
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a System 10O functional block having a first buffer and 15 a
second buffer; an ATM functional bl ock which pp;e_v%de&-‘a‘.f_.im__.rjt
si gnal to the System 10 functional block, flor.féduesting:th
readi ng of data fromthe System 1O functional bl ock [t et hel AT
functional block, the ATM functional bjqQgk 20 %I 0 2)3@;\;4,,,@;1_9 i
| ocational information related to the datajtp Be”t'rdnsterred

to the System | O functional bl ock; and ﬂwmg_s_ﬁﬂe
| O functional block providi hg a seaond signal to the AT
functional block, for acg\oM edgi_rilé,);25 _ t he reques ' f

data, wherein | ocational

z_lgi information i s provided
i ndependent |y from provi si)n ’:,:'“"1’5_1 of the second signal,
wherein the System | O functfonal %Iz_eck i § synchronous to a
first clock, the ATM functi s-130 synchronous to a
second cl ock ' t§ different fromthe
clock rate of the first oL
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- 31 - cl ock and wherein the first and seco nals_are

synchronous to the second cl ock. 10. The intH Q-f‘{‘— OFx7 ol mnﬂ
9, wherein the ATM 5 functional block further pro | 35— {- h+~rd-
signal to the System | O functional block, for requesti A\
writing of data from the ATM fupgsi onal block to the Sygg@?ﬁféaﬂ“
functional block, the ATM functional bl ock al so providing locat i onal
information related to the data to be 10 tranferred, to the
System | O functional block, and erein t he Syst em 1 Oftnreti-enal
bl ock further provides a fourth signal to the ATM functional bl ock,
f or acknow, ; , Wherei fig'
| ocat i onal |3£f ormati on S ovi ded i ndependently {f rom proy¥si on of
the fourth{ © X
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15 si gnal and wherein t he first signal IS

asynchronously with the third signal. 11. Thefl
claim 10, wherein the third and the fourth signals
t he second clock. 20 12. The interface of
wherein the ATM functional Rl,egk further provide Iast mmlte
signal to the System I O functional block, to indicaje tha
wor d of data has been witten to the System | O funcH 25
13. The interface of <claim €9 wherein the ATM function
bl ock further reads data fron1tW€ System 10O functional bl ock, and
wher ei n reqqingof —thedata+s asynehronets—te—t+hq provisi @ of the
first signagla 30 14. }ﬁp i nterface of claim 13, wherei¥,data is
witten 8 fromthe ATM functi onal bloﬂ(tothe\.stemIOfurgtional
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- 32- bl ock, and wherein the witing of data is prov
parallel to the reading of data. 15. The inter{
wherein the |locational 5 i nformation includes informati$
target device for the request, a nenory address from
retrieve the data, and a size of the data to be trans . o
16. The interface of claim9, wherein tﬂ; ATM 10 functional __hl ock '
further provides a | ast read signal 6 the ATM functional block to
the System 1O functional bl ock, to indicate that the last word of
data has been read from the System | O functignal bl ock. 15
17. A Systemfor tjransfefring ddtd ijp pn Asynchrondus TrianéfeEI\/bde
net wor k, conpri sing: 5 x
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a host processor; a nmenory coupled to the host processor;
a System input/output bus coupled to the host 20 ;Krw,IE:;-~

processor; and an interface conprising: & nf;

functional block coupled to the System i nputj/ qut put busT™ ;
System | O functional bl ock 8/12 having a first byffier ammﬁasgcomd
buffer; 25 an ATM functional block coupled t t he Syst em iq

Lu&‘tl

functional bl ock, the ATM functi onal ﬁf g‘Dow di ng
uesti ng the !

signal to the System 10 functional bl

readi ng of data fromthe System 1O functional block t0
ATM functional bl ock, the ATM 30 foncyi oggp bl ock al so
providing |ocational ASSERTat i ¢4 T % ed to the data to be
transferred to t he Syst BD_LREQuncti onal bl ock; and
- 33 - SIGNAL
TRANSFER AND /3104
REGISTER
RD_TARGET,
RD_ADDRESS,
AND RD_SIZE

ASSERT RD_ACK SIGNAL ’/S100b

S100
O\ | I
rISHO

INITIATE READ
CYCLE

S116
v [

DEASSERT RD_ARK

SIGNAL WHEN THE

FIRST GOOD BYTE

IS READ FROM THE
1/0 BUS

ASSERT RD_DONE SIGNAL

-

FIG. B¢

h AZ‘:EE%‘JE}EE} SH;J_T




the System 1O functional block providing a second
the ATM functional bl ock, for acknow edgi ng
readi ng of data, wherein |ocationa

i ndependently from provision 5 of the secon

signal to

the request for
information is provided
signal

wherein the System | O functional block is synchronous
first clock, the ATM functional block is

second cl ock which has a clock rate/i2 t hat
the clock rate of the first 10 cl ock and wher
second signals are Qnous to the secd
18. The Systemof claim 17, mher-lﬁTARE ATM f uncti ona

{h

eiin
nd cl ock

n;”{;f* T EAERT
SF"ﬁ’-('}l"r('&th 't O a;

‘dLI [[&Pbadar Om
%Q\Cﬁ F<t ahd

provides-a third signal to the Systgm 10O 15 function

bl ock furthe

L. hl acl f or

LA MR A AU 1

requesting the witing of data_from t he ATM functional block to the
System | O functional bl ock, $ R ATM| ~Si22 i onal bl ock al so
providing |ocational i nf or, relfated to the data to be
transferred, to the System tignal block, and wherein the
System | O 20 functional bl ¢ck priovi des a fourth signal to the
ATM functional block, for acknpw edging the request for witing

of data, wherein | ocat i ongz g aEarmgtion | provi ded

i ndependently from provision ;P? FeB) ;ﬁ%Léﬁ and wherein the
first signal is provided asyngh third signal

C i tth the 25
19. The interface of claim 18 gdis witten
functional block to the Systeﬂk T I

WRITE REQUEST
BEEN
HON?RED

YES -S128
[

S1200~\\‘

ASSERT WR_ACK SIGNAL
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¥ ~S130
INITIATE WRITE
CYCLE

Y

fromthe ATM
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///5134
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WRITTEN FROM THE
1/0 BUS
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bl ock, and wherein the witing of data is provided in 30
readi ng of data.

20. The interface of claim 18, wherein the | ocational

i ncludes information related to a target devi ce for
menory address fromwhich to retrieve

data to be transferred. 5 21. The i nterface of d

the third and the fourth signals are synchronous to
22. The System of claim 17, wherein the ATM functional 10

reads data frqm t $ystgm 10 fynctional bl oc
readi ng of thgjatél s synchnonous tolthe provilsi on

si gnal .
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