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BACKGROUND. OF THE | NVENTI ON (D) Field of the Invention

The net hod and apparatus of the present invention is related to the {?QS’
field of verification of a network transporter, e.g. an application
specific 5 integrated circuit under test. Mre specifically, the present
I nvention is related to verification of a network transporter in

net wor ki Ng VERIFICATIONNOE NETWORK TRANSPORTER2IN NEDWORETNG ENVHROMWENES| at ed Art
Traditionally, to verify a network transporter in networking

applications, data in ong\f SURRP Ot neveEremONRf a sinul ated network

(1) Field of the Invention
The method and apparatus of the present invention is related to the
field of verification of a network transporter, e.g. an application specific
5 integrated circuit under test. More specifically, the present invention is

related to verification of a network transporter in networking environments.

(2)  Description of Related Art
Traditionally, to verify a network transporter in networking
applications, data in one form is applied at one end of a simulated network

10 transporter and received at the other end in some other form. The received
data is compared bit by bit with the transmitted data to verify the functionality
of the network transperter under test. This typically requires data to be storéd
on each side of the network transporter and then compared after the entire
simulation is completed.

15 The disadvantages of the traditional approach to the verification of a
network transporter in networking applications is that, in order to run
random tests, the test simulation must be run for a long period of time. Such
testing generates large amounts of data files which need to be compared at the

_end of the simulation. Thus, the traditional approach requires a large

20 amount of disk or other storage space. Additionally, the final results of the
simulation may not be realized until the end of the simulation which may
take two or three days or more.

Figure 1 illustrates a simple example of verifying a network transporter
under test. network transporter 100 is the network transporter under test. At

25 one end of network transporter 100, a packet is posted to network transporter

100. A packet is received at the other end of network transporter 100. When a
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10 transporter and received at the other end in sone other form The

recei ved data is conpared bit by bit with the transmtted data to
verify the functionality of the network transporter under test. This
typically requires data to be stored on each side of the network
transporter and then conpared after the entire sinmulation is
conpleted. 15 The di sadvantages of the traditional approach to the
verification of a network transporteg. in networking applications is
that, in order to run randomtests, the test sinulation nust be run
for a | ong mekees tofbd posted T dletwork trhfisparter WOnafie ésgérmrgtedaforint s of
data files which need to be conpared at the end of the simulation.
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ot her storage space. Additionally, the final results of the
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the simulated network transporter 100 under test has any errors. For
example, file A 102 and file B 104's contents may be compared to see whether
they are identical. Thus, depending on the network tranéporter under test,
onice a packet is posted and a packet is received from the other side of the

10 network transporter 100, the respective files generated must typically have
identical data. If they do not, this may signify that there is an error in
network transporter 100.

Typically, in a test situation, numerous packets are posted for testing a

network transporter under test. Under a traditional approach, test results will

15 not be apparent until all the packets have been posted and received and the
respective files generated. Even if the first or the second packet signifies an
error, the test results are not available until the completion of the simulation.
As mentioned earlier, not only does this traditional approach consume a lot
of time to produce test results, the traditional approach also consumes a large

20 amount of memory space primarily in the files which must be generated and
which are compared at the end of a simulation.

It is therefore desirable to have a method and an apparatus which is

able to produce test results in a shorter period of time as compared to the
traditional approach and is also able to perform the test and produce the test

25 results without having to use as much memory as the traditional approach.



100. A packet is received at the other end of network transporter 100. Wen
a -2- packet
is to be posted to network transporter 100, a file is generated. for
exanple, file A 102 with data fromthe packet that is being posted. Once a
packet is received at the other end of network transporter 100, a second

fileis typically generated, for examgre file B 104. At the end of the
simulation, file 5 A 102 and file B 104 are conpared, the results of which
represents whet her {BRIEF SUMNMORYcDROTHE INARINGIOB; 100 under test

has any errors. For exanple, file A 102 and file B 104's contents may
be conpared to see whet her they are identical. Thus, depending on the
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5 memory and producing results in a short period of time are disclosed.

The present invention utilizes one or more FIFO's (First-In First-Out
buffer) in which test information of each packet is stored just as each packet is
posted to the network transporter under test. As soon as the corresponding
packet is received on the other side of the network transporter, test

10  information and the receive packet are compared and a test result is
produced. As soon as such comparison is performed and completed and the
test results are produced, the corresponding test information stored in the
FIFO is discarded and the corresponding memory space used is freed up for
the next packet's test information.

15 Unlike traditional approaches which require saving of test information
of each packet in for example, a file, until the completion of the simulation
and therefore required use of large amounts of memory, the present
invention's approach only requires saving of test information for packets
which have just been posted. The present invention free's up the

20 ~ corresponding memory space storing the test information as soon as such test
information is compared to the received packet on the other side of the
network transporter.

The data for a packet which must be stored in the FIFO as part of the
test information may include CRC (cyclic redundancy check) data. The CRC

25 for data checking may be used from between system and media and use of

pseudo-FIFO for control passing. Some packet may be received by the FIFO in



network transporter 100. Typically, in a test situation,

numer ous packets are posted for testing a network transporter under
test. Under a traditional approach, test results will 15 not be apparent
until all the packets have been posted and received and the respective

files generated. Even if the first or thegsecond packet signifies an
error, the test results are not available until the conpletion of the
si mul ati on. menti oned earlier, not onI does this tradit,jonal
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the packet that is received at the destination. The use of the present

invention becomes more necessary when running long simulations which
may run for days. Advantages of the present invention nlay also be applied
to ATM (Asynchronous Transfer Method), FDDI (Fiber Distributed Data
10 Interface), Ethernet Verification.
In an exemplary implementation, CRC may be applied to NIC
(Network Interface Circuits), Verification or similar tasks in order to check
data integrity in a simulation environment on data transfers between a host
memory and a media interface. Another advantage to the present invention
15 is that the data may be sent from either side (media or host memory) of the
network transporter under test without performing data management to sort
out which pattern belongs to which packet.
The method and apparatus of the present invention of verifying
network transporter under test is therefore far superior than the traditional
20 approach. The present invention is able not only to save the amount of
memory space required during testing, but is able to save time required to
obtain test results and therefore increase the speed of product turnaround
time for testing of potential products. Further, because of the memory saving
and time-saving advantages, the verification approach of the present
25 invention sets a new standard and approach to testing of network
transporters and other hardware components which may be simulated before

actual hardware implementation.



BRI EF SUMVARY OF THE | NVENTI ON A nmet hod and an apparatus for

verifying a network transporter under test which is able to perform
the test and produce test results by posting test packets through the
network transporter w thout requiring |large anounts of 5 nenory and
producing results in a short period of tinme are disclosed. The

present invention utilizes one or nore FIFO s (First-In First-Qut
buffer) in which test information of each packet is stored just as each

packet is posted to the network tra®sporter under test. As soon as
t he correspondi ng packet is received on the other side of the network
transporter, test 10 |§ﬁ" ﬁWﬁES@kﬂﬁﬁkﬁ&%ﬂﬁ?ﬁﬁitﬁc&ﬂﬁiﬂﬁsare conpared and
a test result is producea. —AS s00Mm as sucn comnmparrson i s perforned
and conpl eted and the t est results are produced, the correspondi ng
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| nformgtl om:?der testy space used | sHree p f e next packets tes
Figure 2 is a block diagram illustrating an exemplary embodiment of
5 the present invention as utilized on a computer.
Figure 3 illustrates an exemplary embodiment of the present
invention.
Figure 4 illustrates a more detailed embodiment of the present
invention.

10 Figure 5 illustrates an exemplary format for an exemplary cell.

Figure 6 illustrates exemplary formats for TX pseudo FIFO 318 and RX
pseudo FIFO 314.

Figure 7 illustrates a networking application for which the present
invention may be used to verify a network transporter under test.

15 Figure 8 illustrates an exemplary chip which may be simulated and for
which the present invention's approach for verifying a network transporter
under test may be applied before such chip is actualized into real hardware.

Figure 9 illustrates an embodiment of the present invention
implemented for testing the network transporter illustrated in Figure 8.
20 Figure 10 is a flow diagram illustrating the general steps which may be

followed by an exemplary embodiment of the present invention.
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15 Unlike traditional approaches which require saving of test

I nformati on of each packet in for exanple, a file, until the

conpl etion of the sinulation and therefore required use of |arge
anounts of nenory, the present I nvention's approach only requires
saving of test information for packets whi ch have just been posted.
The present invention free's up the 20 __correspondi ng nenory space storing
the test information as soon as such tes? information is conpared to

t he received packet 0@)%%%[9%5%1@@1@ N Ky transporter.
The data for a packet I'C e r I N e art of the

test information may include CRC (cyclic redundancy check) data. The CRC

25 for data chphkipi@sef)inkentisRYs hrMBIHRL ¥R® Anapaeitus Ter %ﬁfﬁir@&l use of
pseudo- FI FO for control passing. Sonme packet may be received by tthe FIFO in

network transporter under test which reduces the amount of memory space

and time utilized by traditional verification approaches.

5 Figure 2 is a block diagram illustrating an exemplary embodiment of
the present invention as utilized on a computer. Computer 200 has CPU 202
coupled to memory 204. Computer 200 may have various peripheral devices
attached to it including monitor 206, keyboard 208 and modem 210. Hardware
simulator 212 such as Verilog-HDL, may reside in memory 204 for the

10  purposes of simulating for .example hardware for testing. Hardware
simulator 212 is capable of simulating different hardware components 214.
Memory 204 also has operating system 216. With the present invention,
testing of certain simulated hardware components 214 is performed faster
with less memory consumption than traditional approaches.

15 Figure 3 illustrates an exemplary embodiment of the present
invention. In hardware simulation 214, simulated chip 300 is tested by a
packet being transmitted by host memory 312. Such packet is processed in
simulated chip 300 ar}d passed onto simulated physical layer 316. The
physical layer represents the actual physical medium used to transport the

20 ° packet. When a packet is posted to simulator chip 300 by simulated host
memory 312, unique information regarding the packet is saved in TX pseudo
FIFO 314 at the same time. An exemplary content of such unique
information of a given packet to be posted to a simulated chip 300 is
illustrated in the description for Figure 6. Once the pa_ckéf is received on the

25 simulated physical layer 316 side, the packet is compared to the unique

information for the packet which was previously posted by host memory 312.



-4- portions (i.e. 2.1, 2.2, 2.3 for channel to information) in which
case, each portion is automatically ordered in the correct ordering
such that once 2.1 is retrieved, it may assune that 2.2 follows.

In network interface card inplenentations, the present invention 5

renoves the need for storing packets that a source sends to be checked

agai nst the packet that is received’at the destination. The use of the
pr esent i nventi on beconmes nore necessary when running | ong sinmulations
whi ch If theyinformdtion thaidentiéaly tiu weefesalt i Rieentedse pass.nSach itep may al so
be applied to ATM (Asynchronous Transfer Method), FDD (Fiber

Di stri but ethfbemnation(compomehits) ehay Either betouwpnited dattheruser immediately | n an
exenpl ary inplenmentation, CRC may be applied to NIC ( Net wor k

| nter f ace @tersiehsyesulsrare praduced watsﬁgmmoﬁﬁ@@gsﬁnnor der to check

data integrity in a_simulation environnent on data transfers between a host

menory and a medhg simudated JIFO R4tip seteredhpraioas cpsendop FEQedansent i on
5 unlike a regular FIFO which outputs data in the order that they were

inputted, a walk through must be performed through the pseudo-FIFO in
order to retrieve the correct packet information to be compared with packet
information received from chip 300 to physical envirom;lent 316. Some
packet may be received by the FIFO in portions (i.e. 2.1, 2.2, 2.3 for channel to

10  information) in which case, each portion is automatically ordered in the
correct ordering such that once 2.1 is retrieved, it may assume that 2.2 follows.
A flag may be utilized for each packet of information inputted into the
pseudo-FIFO to indicate whether or not the corresponding packet
information has already been processed by the physical layer (i.e. already

15 compared with packet information received from chip 300 to physical layer
316.) For example, a flag corresponding to a packet information which has
already been processed may have a value of zero, whereas a flag
corresponding to a packet of information which has not yet been processed
may have a value of one. Thus, when a necessary packet of information is

20  being retrieved from the pseudo-FIFO, the pseudo-FIFO is first walked
through in the order that the packet of information is stored in the FIFO, and
the flag for each packet of information is checked to see whether the
corresponding packet of information has already been processed. If the

corresponding packet information has not been processed, then that packet of

&

information is checked to see if it is the packet of information that needs to be

compared to the packet of information recently received from chip 300 by



15 is that the data may be sent fromeither side (nedia or host nenory) of

t he network transporter under test w thout perform ng data managenent
to sort out which pattern bel ongs to whi ch packet. The
met hod and apparatus of the present invention of verifying . net wor k

transporter under test is therefore far superior than the traditional 20
approach. The present invention is able not only to save the anount of

menory space required during testing, butB-is able to save time required to
obtain test results and therefore increase the speed of product turnaround

time for teghysiealdhydd !t This c}:&b@@bsciﬁ sepdated e hevwbpacke of dhforheativenisr v
savi ng and tine-savi ng advantages, the verification approach of the

present  25receivedrity physietldayen8i® byt cip@00. and approach to testing of
net wor k transporters and ot her hardware conponents which may be
si mul at ed bef or eThe process fellowed dvbher theyginamlstadaphypsical layer sends a packet
to a simulated host memory 312 is the same as when the packet is posted by
5 the simulated host memory 312 to the simulated physical layer 316. Hence,
when the simulated physical layer 316 sends a packet, a unique information
for that packet is stored in RX pseudo-FIFO 318. Once the corresponding
packet is received on the other side of chip 300 by simulated host memory 312,
the corresponding unique information of the originally sent packet stored in
10 RX pseudo-FIFO 318 by simulated physical layer 316 is compared to the
receive packet on the simulated host memory 312 side. If they are identical,
then the test result is a pass for this packet, otherwise the test result is a fail.
Hardware simulator 212 creating hardware simulation 214, is illustrated as an
exemplary tool in créating components illustrated herein.
15 Figure 4 illustrates a more detailed embodiment of the present
invention. All of the components illustrated herein are simulated hardware.
In this exemplary embodiment, network transporter 310 is under test. A
packet is posted by simulated host system 312 and at the same time the
packet’s unique information is stored in TX pseudo FIFO 314. The posting is
20 performed by packet poster 400. Cell generator 408 is invoked 'through a
Verilog task (or any other feasible hardware simulator) to generate cells to
network transporter 310 through simulated physical environment 316.
Packet grabber 410 helps in capturing data of SBus which is used in validating
the RX packets. Once a packet is transmitted to simulated physical layer 316, it
25 is grabbed by cell grabber 402. Cell grabber 402 collects all cells transmitted
from the external memory buffer 319 and performs CRC calculations on the

entire packet and then compares the CRC with the CRC placed in TX pseudo
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Figure 1 illustrates a sinple exanple of verifying a network transporter
under test. Figure 2 is a block diagramillustrating an

exenpl ary enbodinment of 5 the present invention as utilized on a

conput er: Figure 3 illustrates an exenplary enbodi nent of the
pr esent I nventi on. Figuse 4 illustrates a nore detail ed
enbodi mrent of the present i nvention. 10 Figure 5 illustrates

an oexenm ar : twork tr rt | Y, illustrates
exenpl ary f%tfggitﬁs@%%é%&@&(gé gﬁi E?({:%bg%léa agﬁ Rxanspo er 310 'efrdt

checking. In an exemplary embodiment, network transporter 310'may be an
SBus ATM host interface to a single chip designed to connect an ATM
interface to the host memory through an SBus. The unique information for
5 the cell is sent to comparator 404 from TX pseudo FIFO 314. Since TX pseudo-

FIFO 314 is a "pseudo” FIFO as described earlier, in one embodiment of the
present invention, a packet information grabber may be implemented on the
simulated host memory 312 side as well as the simulafed' physical layer side
316. Such packet information grabber (not shown) walks through the

10  appropriate pseudo-FIFO and grabs the packet of information corresponding
to the packet information grabbed by cell grabber 402 or packet grabber 410.
The packet information grabber forms this task by checking the flag for each
packet of information in the pseudo-FIFO which indicates whether or not the
corresponding packet of information has been processed by the receiving

15  process (simulated host memory 312 or simulated physical layer 316). The
packet information skips over any packet of information entry which has
already been processed and grabs the appropriate unprocessed packet of
information corresponding to the packet of information grabbed by cell
grabber 402. Comparator 404 then compares the unique information with the

20  corresponding information in the packet to determine whether or not the test
result is a pass or a fail.

Packet generator 406 with cell generator 408 generates test information
in the form of a packet transmitted to simulated host system 312. At the same
time, unique information for the packet is stored in RX pseudo FIFO 318.

25 Once the packet is transmitted to simulated host system 312 via network
transporter 310, packet grabber 410 grabs the packet and sends it to RX compare

412. At the same time, the corresponding unique information is sent to RX



pseudo FI FO 314. Figure 7 illustrates a networking application

for which the present I nvention may be used to verify a network
transporter under test. 15 . Figure 8 illustrates an exenplary chip
whi ch may be sinulated and for whi ch the present invention's approach
for verifying a network transporter under test may be applied before
such chip is actualized into real hardwayege. Figure 9
illustrates an enbodi ment of the present™1 nvention i mpl ement ed for
testing the network transporter illustrated in Figure 8. 20 Fi gure

10 is a flow diagramillustrating the general steps which may be
fol I owed byeciiparesrd Aoy RXOsséuderFIFQS 318) eRKrcongpdrei 412 q5urfarins a CRC

o comparison between the CRC of the packet received by simulated host
memory 312 and the CRC placed in RX pseudo FIFO 318 for the packet and it
is determined. whether a network transporter 310 passes the test.

5 Figure 5 illustrates a typical format for an ATM exemplary cell. ATM
cell 500 has various fields. This exemplary cell 500 has fifty-three bytes. The
first byte has GFC (Generic Flow Control) and VPI (Virtual Path Indicator)
fields. The second byte has VPI and VCI (Virtual Channél Identifier) fields.
The third byte has VCI fields. The fourth byte has VCI, PTI (Payload Type

10 Indicator) and CLP (Cell Loss Priority) fields. The fifth byte has HEC (Header
Error Code) fields. The remainder of the cell consists of forty-eight bytes of
data. These fields represent exemplary unique information which may be
copied and saved in the FIFOs when the cell or corresponding packet is posted
to the network transporter under test. The PTI field may be a three-bit field

15  which defines whether the corresponding cell is a data cell or it is a RM
(Resource Management) cell. The CLP field (Cell Loss Priority) may be a one-
bit field used to prioritize a corresponding cell. A higher priority cell as
indicated through the CLP field may be transmitted before any lower
prioritized cells. The PTI field also indicates whether a data cell is the last cell

20 (EOP) of the packet or not the last cell (NEOP) of the packet. The VPI indicates
a particular virtual path of the given cells to be transmitted through. VCI
indicates a packet's virtual channel in which the cells are to be transmitted. If
the cell is corrupted, that cell is dropped. HEC is the error correcting code for
bytes 1, 2, 3 and 4. Based on the HEC value it is possible to find out whether

25 the header is corrupted or not.

Figure 6 illustrates exemplary formats for TX pseudo FIFO 318 and RX
pseudo FIFO 314. The FIFO data format may be as deep (i.e. may contain as
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a nethod and an apparatus for verifying a network transporter under
test which reduces the anount of nenory space and time utilized by
traditional verification approaches. 5 Figure 2 is a bl ock diagram
illustrating an exenpl ary enbodi nent of t he present invention as
utilized on a conputer. Conputer 200 has CPU 202 coupled to nenory

204. Conputer 200 nay have various periphanal devices attached to it
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necessary dependent on specific implementations of the present invention.

Figure 7 illustrates a networking application for which the present
invention may be used to verify a network transporter ﬁnder test. The
computer system network 710 includes host computer systems {not shown)

10 which incorporate one or more of the ATM network interface circuits (NICs)
712. The NICs 712 are coupled to a public ATM switch 716 through a local
ATM switch 714 to enable asynchronous transfer of data between host
computer systems coupled to the network 710. Alternately, the NICs 712 can
be coupled directly to the public ATM switch 716. As shown in Figure 7, the

15 computer system network 710 may also include computer systems which
incorporate the use of a Local Area Network (“LAN”) emulation 715 which
serves as a gateway for connecting other networks such as Ethernet or token
ring networks 717 which utilize the ATM network as a supporting
framework. The NIC may be tested using the present invention's method

20  and apparatus of verifying a network transporter under test.

Figure 8 illustrates an exemplary chip which may be simulated and for
which the present invention's approach for verifying a network transporter
under test may be applied before such chip is actualized into real hardware.
The ATM NIC 712 interfaces the host computer system coupled through

25 system bus 838 to the network media 840 operating in accordance with the

ATM protocol.



packet being transmitted by host menory 312. Such packet is processed in
sinmul ated chip 300 and passed onto sinul ated physical |ayer 316. The

physi cal | ayer represents the actual physical mediumused to transport the
20 packet. When a packet is posted to sinmulator chip 300 by sinmulated host
menory 312, unique information regarding the packet is saved in TX pseudo
FI FO 314 at the sane tinme. An exenplary_ggptent of such uni que

i nformati on of a given packet to be posted to a sinmulated chip 300 is

illustrated in tTige AGMNIE 702 shewrHrglitdest Sytem Blie ifieefseé 826, 4 ecei ved on
the 25 sinmulated physical |ayer 316 side, the packet is conpared to the

lrjrglnglrjs 210 GenerfioIngmaiti/ Qutpat (NCIO"D sicteefaceVBR4a Spstepr and (NHVIyngQﬁE(ss_ikeby host
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t est I nformati on (conponents) may either be outputted to the user
i mredi at el yof receive (RX) FIFOS 830, a Media interface 832, an External Buffer Memory
5 Interface 834 and clock synthesis circuit 836.

Together, the elements 820-836 of network interface circuit 712
cooperate to asynchronously transfer data between the host computer and the
other computers in the network through multiple, dynax.nically allocated
channels in multiple bandwidth groups. Collectively, the elements of the

10 network interface circuit 712 function as a multi-channel intelligent direct
memory access (DMA) controller coupled to the System Bus 838 of the host
computer system. In a preferred embodiment, multiple transmit and receive
channels are serviced as virtual connections utilizing a full duplex 155/622
Mbps physical link. Multiple packets of data, subscribed to different channels

15  over the System Bus 838 to the external buffer memory 842, via the External
Buffer Memory Interface 834, are segmented by the System and ATM Layer
Core 822 into transmit cells for transmission to the Media 840 through Media
interface 832.

The Core 822 also comprises reassembly logic to facilitate reassembly of

20 the receive packets. The TX and RX FIFOS 828, 830, coupled between the Core
822 and the Media Interface 832, are used to stage the transmit and receive cell
payloads of the transmit and receive packets respectively. The Media
Interface 832 transmits and receives cells to the Media 840 of the network,
driven by clock signals provided by Clock Synthesis Circuit 836. Preferably the

25 Media, and therefore the Media interface 832, conforms to the Universal Test
and Operations Physical Interface for ATM ("UTOPIA") standard, as provided
by the ATM Forum Ad Hoc specification. To conform to the UTOPIA



after such results are produced or at the end of the session.

The sinmulated FIFO 314 is referred herein as "pseudo"” FIFO because 5
unlike a regular FIFO which outputs data in the order that they were
inputted, a walk through nust be perfornmed through the pseudo-FIFO in

order to retrieve the correct packet information to be conpared with packet
I nformation received fromchip 300 to physical environnent 316. Sone

packet may be received by the FIFOin portions (i.e. 2.1, 2.2, 2.3 for
channel to 10 ihformation) in which cask- each portion is automatically
ordered i gpetification, they dlock spritthesis Rircait@36tpreviduscetiierla clock signa\wd@0 it
may assune that 2.2 follows.. A fiag may be utilized for each packet of
i nf or mat i dHzneud0 Mz o enable the Megimentiofdeb B2tto supgiorias bythstréen atr not

t he correspondi ng packet i nformati on has al ready been processed by the
physi cal R&yWHZ ford553Vbpady alls bitstmmn@MO\MIZ_;facRé)éZiMbps data streamcei ved

fromchip 300 to tghysi cal layer_ 316.) For exanple, a fla
correspondi ng B theprerent embodimentotheMedin frterface 833 reesivgs g%'@cf’t@rocessed
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chip 3§0 RHecksum is correct. If so, the byte representing the checksum is stripped
from the cell and the cell is forwarded to the RX FIFO 830. Otherwise, the
entire cell is dropped. |
The network interface circuit 712 also shields the cell delineation
details of asynchronous transfer from the applications running on the host
15 computer system. For present purposes, it is assumed that applications
running on the host computer system manage transmit and receive data
using wrap around transmit and receive rings with packet interfaces.
However, the present invention may be practiced with the applications
running on the host computer system managing transmit and receive data
20  using other data structures.
The System Bus Interface 820 and Generic 1/0 interface 824 insulate the
host éomputer system from the specifics of the transfer to the Media 840.
Furthermore, the Core 822 is insulated from the specifics of the system bus
838 and host data structure. In the presently preferred embodiment, the
25 System Bus is an S-Bus, as specified in the Institute of Electronics and
Electrical Engineers ("IEEE") standard 1496 specification. The Systein Bus



physi cal |ayer 316. This process is repeated as new packet of information
S recei ved by physical |ayer 316 by chip 300. The process
fol |l oned when the sinulated physical |ayer sends a packet to a

simul ated host nenory 312 is the sane as when the packet is posted by 5

t he sinul ated host nenory 312 to the sinujgated physical |ayer 316. Hence,
when the simul ated physical |ayer 316 sends a packet, a unique information

for thal PankSlraessd &f EhdhE te_scggﬁg;,ﬁgﬁ% 1 Beedlacd Waaf fig espondi ng

packet is received on t er si by sinul at ed host nenory

312, tdg@cgma&ﬁi@%f%ag 2t ¥es| i S Bidset Dlustiagion! ke Bagdy, sent _
packet storéd in 10 RX psgudo- FI FO 318 by si mul ated physical |ayer 316 is

conpared to the Itis contemplated that the System Bus Interface 820 can be configured

to conform to different host computer system busses. The System Bus
5 Interface 820 is also configured to transfer and receive data in accordance with
the protocols specified by the Generic I/0O interface 824. The Generic I/O
interface 824 provides a singular interface through which the Core 822
communicates with the host computer. Thus, the Core 8.22 does not change
for different embodiments of the NIC 712 which interface to different host
10 computer systems and busses.
Host memory 850 with descriptor ring 852 and completion ring 854 is
coupled to system bus 838. Host memory 850 may receive packets from media
840 through NIC 712. Once the packet is in host memory 850, the software
acknowledges the received packet and reads from descriptor ring 852. Once
15 the software has the DMA state, it begins moving the data in the packet into
buffer 856 and places the DMA state back on completion ring 854.
Figure 9 illustrates an embodiment of the present invention
implemented for testing the network transporter illustrated in Figure 8. The
NIC is an SBus based network transporter which implements ATM SAR
20 (Segmentation and Reassembly) functionality. It can support both thirty-two
and sixty-four bit mode and up to sixty-four byte bursts. network transporter
800 is divided up into three blocks, namely input/output (I0), Transmit (TX)
and Receive (RX). Transmit and Receive blocks together perform ATM SAR
functions. The network transporter is the heart of an SBus HM (Host
25 Memory) interface card.
The host environment and the physical environment communicates

only through the network transporter 800, TX pseudo FIFO 314 and RX



recei ve packet on the sinulated host nenory 312 side. If they are

I denti cal , then the test result is a pass for this packet, otherw se
the test result is a fail. Har dwar e sinul ator 212 creating hardware
simulation 214, is illustrated as an exenplary tool in creating
conponents illustrated herein. 15 Figure 4 illustrates a nore
det ai | ed enbodi nent of the present “1¥vention. Al of the conponent s
illustrated herein are sinmul ated hardware. In this exenplary

enbodi nent , pseuderBFO 34k pber transmdt pperatipns, theshost anvironmerdieasts @ post ed
by sinul ated hpost system 312 and at_the sane tine the acket's uni que

i nf or mat i on Ragket & Befwarktranspastes §80pohsendsone eptsy intg TX pgeudgéﬁ@r med
Dhsk (or - anmplar s o6l g7l Rh Ak pRusicRhemaraRens themiate! Covitonmmt |
twork t ter, 3101 h_siymyl ated physical envi 316.
Bifﬁgitgréﬁ%%?angfa‘” 5 e PqZPogrﬁbpé'f%%csp as_%%ﬁ%s freh PRE Baesient, .
val | datl = . . Ul at e
bhyst cal BF ot BRSNS the SMOGLRRE By S0 TRIBIL R B 21 %40,

col l ects all 8;1&@ RNt Bt f and
per f or ms m@’gg Jf:%?’%‘:ﬂ ons %én&ftéﬁeme s entire f)dgc%?%% t e(% ngﬁ%g‘%%tssé?he
CRC wi th thet {RbedtbARed ththd btheLHHR tion.
TX pseudo FIFO may be implemented as a FIFO 110 bits wide and 512
entries deep. The RX pseudo FIFO 318 may be implemented as a FIFO 109 bits

10  and 4,096 eniries deep. The number of fields of the FIFO depends on the

information which needs to be communicated from one end of the network
transporter to the other end. The depth of the FIFO depends on the number
of packets which may be queued on the host environment side (TX pseudo
FIFO) and on the physical environment side {(RX pseudo FIFO). One of the

15 advantages of this approach is the use of CRC checking. When a packet
which has to be transmitted is posted by the host environment, CRC along
with other header information for that particular packet is written into TX
pseudo FIFO 314. The physical environment side retrieves this CRC and
other information, and compares the information with the information from

20  the packet sent through network transporter 800 to validate the data integrity.
The approach avoids storing data on both sides and comparing them
individually which would require a vast amount of memory and would take
a long period of time to complete simulation and produce final results.

Figure 10 is a flow diagram illustrating the general steps which may be

25 followed by an exemplary embodiment of the present invention. In step 10, a

packet arrives from physical environment or the host memory. The packet's

unique information including CRC and other information is written into the
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-9- FI FO 318 and the CRC cal cul ated by network transporter 310 for
error checking. In an exenplary enbodi nent, network transporter 310
may be an SBus ATM host interface to a single chip designed to
connect an ATM interface to the host nenory through an SBus. The

uni que information for 5 the ceII |s sentyd.0 conparator 404 from TX pseudo

FI FO 314. SI nce TX pse 0314 is a seudo" F| FO as descrl bed
earlier, #ﬁ? %ﬁteﬂ’njel SteP r}?eg‘@rﬁaciﬁ’iﬂérﬁqs | to;thedyp; In step

o100 SLMRET TN 5 BLETRINGS B0 i LB e, LY
packel | or TR siRabARe 4tk AR pEHER KRR inaty SPBREPT 1€
physical environment). In step 15, the packet is then processed by the other
5 side and the CRC and other information of the packet is calculated. In step 16,
the proper entry is retrieved out from the proper FIFO. In step 17, the CRC
and other information for the packet is compared with the appropriate packet
information from the FIFO. In step 18, a comparison of results is indicated to
the user. The steps are repeated until there are no more packets, i.e. no more
10 test data, and the final results are indicated to the user in step 19.

What has been described is a method and an apparatus for verifying a
network transporter under test. Test packets to be processed by the simulated
network transporter under test are passed between a simulated host system
and a simulated physical environment. At the same time as a packet is

15 posted with the simulated network transporter, unique information
corresponding to that packet is written into a pseudo FIFO which hold the
unique information until the packet is output by the network transporter.
Once the simulated network transporter completes processing the packet and
outputs the packet to the other side of the simulated network transporter, the

20 packet's CRC and other information is calculated and compared to the
corresponding entry in the FIFO. If the information for the packet and the
entry in the FIFO are identical, then the network transporter under test has
passed the test for the particular packet, otherwise an error message may be
output to the user.

25 Once the result for the packet is produced, the corresponding entry in
the FIFO is discarded and the memory space occupied by the entry is freed up

for future use. Because memory space is freed up each time a packet's



to the packet information grabbed by cell grabber 402 or packet grabber

410. The packet information grabber forns this task by checking the
flag for each packet of information in the pseudo-Fl FO which

i ndi cat es whet her or not the correspondi ng packet of information has
been processed by the receiving 15 process (simulated host nmenory 312 or
si mul ated physical |ayer 316). The packet information skips over any
packet of information entry which has -17-al ready been processed and
grabs the appropriate unprocessed packet of i nformati on correspondi ng

to the packet of information grabb
404 then comfRaRNqHaa Fﬁ%éogmaﬁ

d ] bber 402. Co t
it rfesd rapultfor ther packet bapdeanng

i nformation  in the packet to determ ne whefher or not the test resul t
is a pass d?b'%“\eg'rl e p tESent mvem‘qgeﬁ:?(@m@&héf"ftsd?oqﬁﬁ‘%?tthedﬁel ofgRwge at or
408 generates_test 4 nf t i n,.t.h rmof,a p transmtted to
si mul at ed Wé@?uéés?fe%e%ﬂ(g? skt% 9? A dg atﬁ%dﬁxo%af %P%qachﬁ 'qmﬁ?’&? ion for

t he packet
transmtte
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to sinulated host
testing of each packet, a user may be able respond to any error data

immediately after a packet has been processed through the simulated network
transporter. Thus unlike traditional approaches which do not provide test
results to a user until the end of the simulation, the appr;)ach of the present
invention allows a faster method and apparatus for providing test results to
the user.

While certain exemplary embodiments have been described in detail
and shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention is not to be limited to the specific
arrangements and constructions shown and described, since various other

modifications may occur to those with ordinary skill in the art.



transporter 310, packet grabber 410 grabs the packet and sends it to RX
conpare 412. At the sane tinme, the correspondi ng unique information is
sent to RX - 10-

conpare 412 from RX pseudo FI FO 318. RX conpare 412 perforns a CRC

conpari son between the CRC of the packet received by simnul
menory -312 and the CRC placed in RX pseudo FIFO 318 for th
i s determ ned whether a network transport¥~ 310 passes the
Figure 5 illustrates a typical format for an ATM exenplary cell.
cell 500 has various fields. This exeah®dME cel| 500 has f%
The first byte has G-C (Generic Flow Control) and VPI (Virtua

| ndi cat or) The second byte has VPT-amd VC (Vi Mhibigeeghannel

T S

1 1. A method for verifying a network transporter under test
2 comprising the steps of:
3 sending a data packet having a first set of plurality of components, in
4 an order having an original sequence to said network transporter;
5 receiving said first set of plurality of components of said data packet
6 from said network transpofter;
7 reordering said first set of plurality of components if said first set of
8 plurality of components are received in an order different from said original
9 sequence; and
10 comparing said first set of plurality of components with a
11  corresponding second set of plurality of components of said packet.
1 2. The method of claim 1 .further comprising the step of writing

2  said plurality of components corresponding to said packet into a first-in first-

3 out buffer.

1 3. The method of claim 2 further comprising the step of posting

2  said packet to said network transporter.



The third byte has VO
10 Indicator) and CkP

(Header Error Cogg
forty-ei ght bytes ofcj

I nformation which ma ' :

or correspondi ng packet is posted td%he network transporte
test. The PTI field may be a three-bit field 15 which defines whether the
correspondi ng céll i ¥ha methadcsf daien 1i whefeif skl step of &diﬁp@ﬂh%&umu@ageﬁent)
cell. The CLP field (Cell Loss Priority) may be a one- It field used
to priditcompaisenthestepsdf:ng cel | . A higher priority cell as

i ndicated through the CLP field may be transmtted before any |ower
prioritdzed cel processingpaid packet sald processingtheinghexfarmed byatadd mefwoils t he
| ast cell 20 (EOP) of .the packet or not the |ast cell (NEOP) of the
packet 4 ThEanspostergiocwhich said packetiwas pestegi virtual path of the given

cells to be transmtted thyough. VC . i ndi cat es packet's virtual
channel® i n whi cAuRtngse BRcket %@S@#m#ﬁwéapcweg by said network

re—fourth byte has VCl, PTI (Payload Type
Priority) fields. The fifth byte has HEC
b i€ [ emai nder of the c |sts of

6 transporter, said packet outputted to said other side of said network

7  transporter; and

8 retrieving said corresponding second set of plurality of components
9

from said packet for comparison with said first set of plurality of components

10  for said packet.

A W

1 5. The method of claim 4 wherein said step of retrieving further

2  comprises the steps of:

3 retrieving said first set of plurality of components corresponding to

4 said packet from said first-in first-out; and

5 calculating said corresponding second set of information for said

6 packet.

1 6. The method of claim 4 further comprising the step of indicating

2 test results to a user.

1 7. The method of claim 6 further comprising the step of
2  determining a pass result for said comparing step if said first set of plurality of

3 components and said second set of plurality of components are equal.



the cell is corrupted, that cell is dropped—HEC+s—the error correcting

code for bytes 1, 2, 3 and 4. Based on the HEC value it is possible
to find out whether 25 the header Tb“%h?’-’. .' Fi gure
6 illustrates exenplary formats for T pseudo

FI FO 314. The FIFO data format may be Pl
many entries as—corresponding to packets and cel | S) as

» :
or packet s) ting the network transpofter. i i

correspond to “ ﬂﬁ ,ﬂ{l;ﬁ!ﬂ)el ds desgoi bed and ment AR
description corre Figure 5 above. The data format for

pseudo-FI FGs illustrated here| nis 5 only for exenplary purposes and new
fields may be added or deleted as necessary dependent on specific

i npl emenf ations @f tharpappafltus teWirifying a network trarkpeites uhdek tett rates a
net wor ki ng application for” which the present I nvention may be used to
verify a netegmpridingnsporter under test. The

3 a first-in first-out buffer for storing a first set of plurality of components
4  for a packet when said packet is to be posted to said network transporter for

5 testing; and

6 a comparator coupled to said first-in first-out bufft;r for comparing said
7  first set of plurality of components to a corresponding second set of plurality

8 of components of said packet, said second set of plurality of components

9  extracted from said packet once said packet has been processed by said network

10  transporter and outputted to other side of said network transporter.

9. The apparatus of claim 8 further comprising a packet poster on a
host side coupled to said network transporter for writing said first set of

plurality of components corresponding to said packet into said first-in first-

B W N =

out and for posting said packet to said network transporter.

10.  The apparatus of claim 8 further comprising a cell grabber on a
physical side coupled to said network transporter for grabbing a cell from said
network transporter corresponding to said packet posted by said packet poster

on said host side until all cells for said packet are grabbed from said network

o W N

transporter.



conput er system network 710 -includes—host conputer systems (not shown) 10
whi ch incorporate one or nore of the ATM network interface circuits (N Cs)
712. The NICs 712 ar €Tl Beplace| i ¢ ATM swi t ch-Z16._t hrough a | ocal
ATM switch 714 to enablm | | transfer of darmsmmmsfmﬂl
conput er systens coupl A g rk 710. Alternatel yREmAeeN Cs 7{2 can
be coupled directly to e publ I c ATM swizleh 716. As shown TH Figure 7, the
15 conputer system network 710 may al so i ncl ude conputer systens whi ch

| ncorperate thajuse THe fppdtedls &f Ak Whieleih shfledmPahR I8yl Ch

serves as a gateway for ‘connecting other networks su as Ethérnet or token
ring ngt V\qokéorﬁﬁﬁraftbr ebupled! tozaid bell ftdBbre f¥PEdmpariag %ﬁﬁpﬁiét@wof
framewor k. The NI C nmay be tested using the present |nvent|on s met hod 20
and appar piuslity ofeonfiyomgnts with saidksdcond seo vf pluralitie of tcefiponents for

Figure 8 illustrates an exenplary chip which may be sinmulated and for

whi ch 4 he spidepacketj saidrsecamd setapipploaslityf of coreponenta peing e¢trieviedtfranspor t er
under test nmay be applied before such chip is_actualized into real

nar cvebo. said a1l 7ol piiaIFackErskbed frose s el rebberamplisaid Byt sehnfcoupl ed

t hrough 25 _system bus 838 to the network dia 840 operating in accordance
with the mnforinatiog beiggoiweitten into said first-in first-out by said packet poster.

12.  The apparatus of claim 8 further comprising a packet generator
on said physical side coupled to said network transporter for generating said
packet to be posted to said network transporter from said physical side and for

writing said first set of plurality of components for said packet to said first-in

N W N e

first-out.

13.  The apparatus of claim 8 further comprising a packet grabber
coupled to said network transporter on said host side for grabbing said packet

posted to said network transporter by said packet generator on said physical

A

side.

14.  The apparatus of claim 8 wherein said comparator further
comprises an RX compare coupled to said packet grabber for retrieving said
first set of information for said packet written into said first-in first-out by said
packet generator from said first-in first-out and for comparing said first set of

information with said second set of information from said packet grabbed

O R o

o NN I L T I

from said network transporter by said packet grabber.



-12- The ATM NI C 712mst em Bus interface 820,

a Generic lnput/Qutput ("G @‘h}sshél{ gL bace 824, a System and ATM Layer
Core 822, a Local Slave interfjm _?d'ray of transmt (TX)

FI FOS 828, an array of recei VH ” (HIB30, a Media interface 832,
an External Buffer Menory 5 | nterfeee | ock synthesis circuit
836. —together—the—elenents 820 836 of n rface
circuit 712 ynchrongysly transf r TSt HEbE AR _\ﬁ-’-}
host conput er anclmﬂmm,ﬂ'm"ﬂmam conputers in the n rleERﬁm'th

mul tiple, dynam cally akl ocatsed« channels in nultiple bandwi

groups. Collectively, the elenents of the 10 network interface circuit
712 function as a nulti-channel intelligent direct nmenory access

(DVA) tontr oI | o couﬂ?%@l?k’@’aﬂh%(’fsy]@ﬂm Rihergiggsaifl qomepaTaLer determinesmput er

syste In refer odi nent , le tr and r
y n& ass Fr)esults tror sa1e CcOom an‘l;t "if s::uc:lt hp t set o? furail o COI%C %In\énets and
P 8 P P

3 said second set of plurality of components are equal.

1 16. A computer system for verifying a network.transporter under
2  test comprising:
3 a storage element for storing,
4 a first-in first-out buffer for storing a first set of test
5 information for a packet when said packet is to be posted said
6 network transporter, and
7 a comparator coupled to said first-in first-out buffer for
8 comparing said first set of plurality of components to a
9 corresponding second set of plurality of components of said
10 packet, said second set of test information extracted from safd
11 packet once said packet has been processed by said network
12 transporter and outputted to other side of said network
13 transporter; and
14 a processor coupled to said storage element for driving said
15 comparator.
1 17.  The system of claim 16 further comprising a packet poster on a

2 host side coupled to said network transporter for writing said first set of



channel s are serviced as virtual connections uti“’
155/ 622 Mops physical link. Miltiple packe mur

—_—
- dupl ex
H _Mribedto
: I'Y®¥buf f er

di fferent channel s 7h& She@vits BedaRefyesd em Bus 838 tb tdhe tex

menory 842, via the N u (RN liBuf fer Menory Interface 834, are
segnented by the Syst Rl e TS
for transmssion to t 540

fer Core 822 i NS
The Core 822 al so conprises reassenbly logic to facili
g

hr ough_%gdi a :
20 h ' I I
oo S MBSl
and receisve G@ldnd for postRif £ patket %214 BARLI BRAsRA] VO Packets

respectively. The Medi terface 832 transmt receives cells to
the Media 840 of the network, driven by clock signals provided by
Clock Synthesis Circuit 836. Preferably the 25 Media, and therefore the
Media interface 832, conforns to the Universal Test and Qperations
Physical Interface for ATM ("UTOPI A') standard, as provided by the ATM
Forum AdlHoc speci® i cdfheosystdm aforbinn 16tfarthbe cddhiPlistng a cell grabber on a

2 physical side coupled to said network transporter for grabbing a cell from said
3  network transporter corresponding to said packet posted by said packet poster
4  on said host side until all cells for said packet are grabbed from said network
5

transporter.

19.  The system of claim 16 wherein said comparator comprises a TX
comparator coupled to said cell grabber for comparing said first set of plurality
of components with said second set of plurality of components for said packet,
said second set of plurality of components being retrieved from said all cells

of said packet grabbed from said cell grabber and said first set of information

N U o W N

being written into said first-in first-out by said packet poster.

20.  The system of claim 16 further comprising a packet generator on
said physical side coupled to said network transporter for generating said
packet to be posted to said network transporter from said physical side and for

writing said first set of plurality of components for said packet to said first-in

[ 2 S - N S T S R

first-out.



- 13- specification, the clock synthesis circuit 836 provides either a

cl ock signal of—26 Mz—or—40 MHz to enable the Media interface 832 to
support a byte st - 20 MHz for 155 Mops or a 16 bit streamat 40
Mz for a 622 Mps jkates 42l Replaced In the pre ' he
Media Interface 832' i i1 'jmyte 5 data cells each hWﬁn%‘EETM;B@Nc N
header and a 48- bytldilfi the TX FI FO 828 TheRRi4CED
Interface 832 inserts a checksumas a fif#h-byte to the cell header

into each cell prior to providing the 53-byte data cell to the Media 840.
Conver skl y, wheRl.t heThedystetmofclhim d6882thes compaising klpackebgrabber Medi a 840,
It

2  coupled to said network transporter on said host side for grabbing said packet

3  posted to said network transporter by said packet generator on said physical
4 side.

R

22.  The system of claim 16 wherein said comparator further
comprises an RX compare coupled to said packet grabber‘for retrieving said
first set of information for said packet written into said first-in first-out by said
packet generator from said first-in first-out and for comparing said first set of

information with said second set of information from said packet grabbed

N G xR

from said network transporter by said packet grabber.

1 23.  The system of claim 16 wherein said comparator determines a
2  pass results for said comparing if said first set of plurality of components and

3  said second set of plurality of components are equal.



exam nes the checksumin the fifth byte of each cell to determine if the
10 checksumis correct. If so, the byte representing the checksumis

stripped fromthe cell and the cell is forwarded to the RX FI FO 830.
O herwi se, the entire cell is dropped. The network
interface circuit 712 also shields the cell delineation details of

asynchronous transfer fromthe applications running on the host 15
conput er system For present purposes, it is assuned that applications
runni ng on the host conputer system manage transmit and receive data
using wap around transmt and receive rings wth packet interfaces.
However, the present invention may be practi26ed with the applications
runni ng on the host conputer system managing transmt and receive data 20

usi ng ot her cfyres., face 820 and
Generic I/Oﬁ%%mwg ystem fromthe
specifics of the transfer to the Media 840. Furthernore, the Core 822
is insulated fromthe specifics of the system bus

ABSTRACT

A method and an apparatus for verifying a 'network transporter under
test which is able to perform the test and produce test results by posting test
packets through network transporter without requiring large amounts of
memory and producing results in a short period of time. The present
invention utilizes one or more FIFO (First In First Out) buffers in which
plurality of components of each packet is stored just as each packet is posted to
the network transporter under test. As soon as the corresponding packet is
received on the other side of the network transporter, plurality of
components and the receive packet are compared and a test result is
produced. As soon as such comparison is performed and completed and the
test results are produced, the corresponding plurality of components stored in
the FIFO is discarded and the corresponding memory space used is freed up

for the next packet's test information.

(Fig.3)



838 and host data structure. In the presently preferred enbodi nent, the 25
System Bus is an S-Bus, as specified in the Institute of El ectronics and
El ectrical Engineers ("IEEE") standard 1496 specification. The System Bus

-14- Interface 820 is configured to comruni cate in accordance with

t he specifications of the systembus, in the present illustration,

t he S-Bus. It is contenplated that the System Bus Interface 820
can be configured to conformto different host conputer system
busses. The System Bus 5 Interface 820 is also configured to transfer and
receive data in accordance with the protocglf specified by the
Generic I/Ointerface 824. The Generic 1/0O I nterface 824 provides a

singular interface through which the Core 822

(‘100
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Figure 1
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communi cates with the host conmputer. Thus, the Core 822 does not change
for different enbodi nents of the NIC 712 which interface to different host

10 conputer systens and busses. Host nmenory 850 with descriptor
ring 852 and conpletion ring 854 is coupl ed to system bus 838. Host
menory 850 may receive packets from nedia 840 through NIC 712. Once
the packet is in host nenory 850, the software acknow edges t he

recei ved packet and reads fromdescriptor ring 852. Once 15 the software
has the DVA state, it begins noving the data i d/¥he packet into
buffer 856 and places the DVA state back on conpletion ring 854.

Figure 9 illustrates an enbodi nent of the present invention
i npl enented for testing the network transporter illustrated in Figure 8.
The NI C is an SBus based network transporter mhrchauplenents ATM SAR
20 (Segnentatrongaga Reasseppy—Hurettenat-+ty—H—ean-stuppert—beth
thirty-two ty-four bit node and up to sixty-four byte burs$ts.
networ k trjnsporter
MONITOR N\_]
214 | 212
(“208 HARDWARE | 904
e SIMULATOR
KEYBOARD [ \_]
0.S8. 216
" (210
N\ 202
MODEM N\ _A CPU

Figure 2



800 is divided up into three bl ocks, nanely input/output (10, Transmt

(TX) and Receive (RX). Transmit and Recei ve bl ocks together perform
ATM SAR functions. The network transporter is the heart of an SBus HM
(Host . 25 Menory) interface card. The host environnment and the
physi cal environnent comruni cates only through the network transporter
800, TX pseudo FI FO 314 and RX

- 15- pseudo FI FO 318. For transmt operations, the host environnent
posts a packét to network transporter 800 geg)sends one entry into TX
pseudo FI FO 314. As cells get out of the p I cal environnent, the

physi cal environnent arranges the cells to form packets. Once a
packet is formed, the physical 5 environnent renoves the appropriate entry
from TX pseudo FI FO 314 i HARDWARBSIMULYEORY thg packet. The same is

true for RX pseudo FI FO 318 except for it iS perfornmed in the other
di rection.
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TX pseudo FIFO may be inplenmented as a FIFO 110 bits w de and 512

entries deep. The RX pseudo FI FO 318 nay be inplenented as a FIFO 109 bits
10 and 4,096 entries deep. The nunber of fields of the FIFO depends on the
i nformation which needs to be conmmuni cated from one end of the network
transporter to the other end. The depth of the FIFO depends on the nunber
of packets which may be queued on the host environnent side (TX pseudo

FI FO and on the physical environnent side (RX pseudo FIFO . One of the 15
advant ages of this approach is the use of CRC checking. Wen a packet

which has to be transmtted is posted by they/bhest environment, CRC al ong
with ot her header information for that particular packet is witten into TX
pseudo FI FO 314. The physical environment side retrieves this CRC and

ot her information, and conpares the information with the information from
20 the packet sent-through net WHARDWRARISIMELABOR 4@ validate the data

integrity. The approach avoids storing data on both sides and
conparing them i ndi vidually which would require a vast anount of
menory and woul d t ake a long period of time to conplete sinulation and
produce fi nal I‘ESLéJ—-tQOST312 Fi gure 10 is—agfd ow di agram il | uBHY&1ENg
the general steps whi-eh—ay—be 25 [FolTowed by an exgnpl CH——e#be@LE:e-n-t_ai_
t he present jinvention. I n step 10, PSEIE’B@‘E"‘?FOar niveg from physi cal
envi ronnent [or O%venor yi.  #¥d pc’;lrxk ni*que [i nf or mati og—402
i ncluding CRC apd ot her nl_oynatl or he '
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-16- . appropriate FIFOin step 11. In step 12, the packet is posted to
the chip. In step 13, the packet is processed by the chip under test.
In step 14, the packet arrives on the other side of the chip (to the
host nmenory environnment or the physi cal environnent). In step 15, the
packet is then processed by the other 5 side and the CRC and ot her
informati on of the packet is calculated. In step 16, the proper entry
is retrieved out fromthe proper FIFO In step 17, the CRC and ot her
information for the packet is conpared with the appropriate packet
information fromthe FIFO In step 18, a conparison of results is indicated

to the user. The steps are repeateshigntil there are no nore packets,
i.e. no nore 10 test data, and the final results are indicated to the
user in step 19. What has been described is a method and an

apparatus for verifying a

(~ ATM CELL 500
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-17- I nformati on has been conpared and a test result for that packet

has been obt ai ned, the present invention's approach does not require
t he use of huge anounts of menory space as do traditional approaches.
Addi tional ly, because test results for each packet may be avail abl e
to the tester/user upon 5 testing of each ¢ et, a user nmy be able
respond to any error data lnnEdlater after a packet has been
processed t hrough«tye S|nuuéhpd neDMork transporter. Thus unlike
traditional appr provi de t] ; a user
until the end of approach I nvention
allows a faster for prov o 10 the
user. - ra Nenpl ary enb ay-e jescri bed
in detail and n i cconpanyi ng dr aw ift i o0 be
under st ood t hat such ments are nerely\ | lustfatife of and not
restrictive on the br I nvention, and that \this/infention is not to
be limted to the specyfi 5 arrangenents and coNstr/ueti ¢ns shumntgpg
descri bed, since vani % )
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nodi fications may occur to those with ordinary skill in the art.

REPLACEMENT SHEET VWHAT | S CLAI MED 5 1. A met hod for
verifying a software sinulated network transporter under test

conprising the steps of: saving a copy of a first set of
conponents of a data packet in a pseudo first-in first-out buffer,
said first set of conponents being unique and descriptive of said data 10
packet ; sendi ng sai d data packej,paving said first set of
conponents to said network Stransporter, said first set of conponents

being in an order having an ori Q‘?Tal sequence, said step of sending
bei ng performed concurrent ] Ld_ step of saving;
recei ving fromsaid network tfmnspo&ten a second set of conponent(bfrom
sai d
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15 network transporter, each of said second set of conponents having a
correspondi ng conponent in said first set of conponents;

reordering said first set of conponents in said pseudo first-in first-out
buffer to correspond with the order in which each said second set of
conponents is received if any sai d second set of conponents is
received fromthe network transporter in an order 20 different fromsaid
ori ginal sequence; and conparlng,ﬁqgh said reordered first set
of conponents with a correspondi ng said second set of conponents of
sai d data packet as each said second set of conponents is received to
determne if each said second set of conponents match each said reordered
first set of conponents. 25 2. The nethod of claim1 wherein said
step of conparing further conprises the steps of:

processing said data t, said proce55|ng 50 perforned by S

net wor k LIdepU(?S?§? whi c—sard—dat= pZ?KEL i S postetd: Erd3l6
outputting $aid data packet after] said data packet]is pro,essed by said
net wor k transporter, kaid ggt ayppgipoutpedt ed by yspi d net work
transporter} and retri eving said corregponding second set of
conponents from 'g at a packet |[for conparispn with saidzﬁﬁﬁﬁt set| of

conponents | gireas RrPpcket . ENVIRONMENT

<> ASIC 800 <«—»

2318

»| RX PSEUDO FIFO [

Figure 9



- S
19 3. The nmethod of claim 2 wherein said step of retrieving
further conprises the steps of : retrieving said first
set of conponents corresponding to said data packet from said pseudo
first-in first-out buffer; and 5 cal cul ati ng said correspondi ng
second set of conponents for said data et. 4. . The nethod of
claim2 further conprising the step of 1Tndicating test results to a
user. 10 5. - The nmethod of claim4 further conprising the step of
determning a pass result if said firsy set of components and said
second set .of conponents are equgl . BEGIN An appar atus for

I fyi ' Ork angporter under test for
transportlng .dat a between a host S|de fnd a physical. side conprising: 15

a pseudo first-in first-out buff a first set of

conponents for ctifrently posted to

said network trar s St set of}conponents
bei ng uni que and {descri ptive of sard- _ R and in an order of
original sequence; and aggonpar at or couQ+fp to spid pseudo
first-in first-oyt puffer—for—comparing each 20 Said 115f set of
conponents to a ﬁorreUMQME@E@BM&’HQNWM@NTGfFW&mmthS of

sai d packet, said séecend-set—of—conpenghts—extracted—frombaifl packet once

sai d packet ha ' bort{er and
outputted by said ngtwork  pACKET POSTED TO CHIP.

v C13

PACKET PROCESSED BY CHIP.
L 2 Cl4
PACKET ARRIVES ON THE OTHER SIDE OF THE
CHIP. o
v S

PACKET PROCESSED BY THE OTHER SIDE.
(CRC AND OTHER INFORMATION
CALCULATED.)

2 cle
WALK THROUGH FIFO AND PULL OUT PROPER
ENTRY CORRESPONDING TO PACKET.

v 17

COMPARE CRC AND OTHER INFORMATION OF
PACKET WITH ENTRY FROM FIFO.

4 C18
INDICATE RESULTS TO USER. .
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transporter, said first set of conponents in said pseudo first-in fd

buf f er’ Bei ng reordered to correspond with the
second set of conponents are 25 extracted if each

order in which
said second set of

réshr%r» ¥

Pas

conponents are extracted in an order different from REPLACE@Eﬁ"CgH rrn I

sequence. 7. The apparatus of glaim6 fuft
packet poster on said host side “coupled to sa
for witing said first set of conponents correspondfn

into said pseudo first-in fiTSt-out buffer and for po k

dé”%ﬁfﬁr 2@@58" ket

to

sai d

it 1& OLAIMERor t er

tlml“'cmlulu"ﬁ The apparatus of claimj7
further conprising a cell gra cal side- caupled to

said network transporter for grabfing a" ce

)
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1. A method for verifying a software simulated network transporter under test
comprising the steps of:

saving a copy of a first set of components of a data packet in a pseudo first-in
first-out buffer, said first set of components being unique and descriptive of said data
packet;

sending said data packet having said first set of components to said network
transporter, said first set of components being in an order having an original sequence,
said step of sending being performed concurrently with said step of saving;

receiving from said network transporter a second set of components from said
network transporter, each of said second set of components having a corresponding
component in said first set of components;

reordering said first set of components in said pseudo first-in first-out buffer to
correspond with the order in which each said second set of components is received if any
said second set of components is received from the network transporter in an order
different from said original sequence; and

comparing each said reordered first set of components with a corresponding said
second set of components of said data packet as each said second set of components is
received to determine if each said second set of components match each said reordered

first set of components.

2. The method of claim 1 wherein said step of comparing further comprises the
steps of:

processiné said data packet, said processing being performed by said network
transporter to which said data packet is posted;

outputting said data packet after said data packet is processed by said network
transporter, said data packet outputted by said network transporter; and

retrieving said corresponding second set of components from said data packet for

comparison with said first set of components for said data packet.

TM
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corresponding to s y sai d packet poster| GREPEACEMENSBHEET

?p;inlspglr ![ e(r:faI ' Lﬂ‘!ﬂl“‘“ﬂ'ﬂ%ﬂﬂt 3;€O?F 2:32??71 ]E;r ?lTrtS Ie(r:I f??fg%?g: wﬁar

first conparator cou to-sdid3celfl 5 grabber for c
ells of said

set of conmponents with said second set af conponents

sai d second set of conponents being retrieved from said
packet gralhed fihemeathodiotadim 2whéieiy saithstep af rbirdevingtfurtretr
being witten into said pseudo first-in first-out buffer by said
packet post®er. 10 10. The apparatus of claim9 further conprising a
packet gener at Olre@iBviAg s&id MR 86t bomﬁonentssédiﬁ%sﬁdﬁdi?igqs shi@ dafd FhcRet e Kaid
transporter for generating said packet to be posted to sai net wor k
transporterPSPH@rgf§hmd7'§$'WgP‘¢f@f§a§‘idde and for witing said first set of
conmponents for iSall ; | ' < 4 Y - buffer.
15rrp 11.% The acﬁgé"ragﬁﬁg% cﬁ%ﬂf?@%%dgﬁ? ﬁgfdfggﬁ‘%&r"f%‘f‘snfgpié'%g%{?ﬁ% wg(gertébber
coupled to said network transporter on said host side for grabbing

gener btor ch' sai S hguE sl ot £Hiriner compnlibd W Seh S el fesl RSl 00

further comger.sing a second conparator coupled to 20 sai d packet grabber
for retrieving said first set of conponents for said packet witten into
sai d pseudo first-in first-out buffer by said packet generator from said
pseudo fyi I g, - i N fhelrRdthod of claifttih fukel B6mpritthg 1BE sEp BT cted@int &l phdd bulbpt Of

conmponents with said second set of.
said first set of components and said second set of components are equal.

S
6. An apparatus for verifying a software simulated network transporter under test for
transporting data between a host side and a physical side comprising:
15 a pseudo first-in first-out buffer for storing a copy of a first set of components for

a packet when said packet is concurrently posted to said network transporter for testing,
said first set of components being unique and descriptive of said packet and in an order
of original sequence; and
a comparator coupled to said pseudo first-in first-out buffer for comparing each
20  said first set of components to a corresponding each said second set of components of
said packet, said second set of components extracted from said packet once said packet
has been processed by said network transporter and outputted by said network
) transporter, said first set of components in said pseudo first-in first-out buffer being
reordered to correspond with the order in which said second set of components are
25  extracted if each said second set of components are extracted in an order different from

said original sequence.

7. The apparatus of claim 6 further comprising a packet poster on said host side
coupled to said network transporter for writing said first set of components corresponding
30  to said packet into said pseudo first-in first-out buffer and for posting said packet to said

network transporter.

8. The apparatus of claim 7 further comprising a cell grabber on said physical side
coupled to said network transporter for grabbing a cell from said network transporter

AMENDED  SHEET |




conmponents from said-packet grabbed from said network transporter by said
packet °

conpar at or
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9ai d The appasatys efclaigflyrtben composing advst comparatan godriediasaikeellof

said pseudo first-in first-out buffer by said packet poster.

10.  The apparatus of claim 9 further comprising a packet generator on said physical
side coupled to said network transporter for generating said packet to be posted to said
network transporter from said physical side and for writing said first set of components for

said packet to said pseudo first-in first-out buffer.

11.  The apparatus of claim 10 further comprising a packet grabber coupled to said
network transporter on said host side for grabbing said packet posted to said network
transporter by said packet generator on said physical side.

12. The apparatus of claim 11 further comprising a second comparator coupled to
said packet grabber for retrieving said first set of components for said packet written into
said pseudo first-in first-out buffer by said packet generator from said pseudo first-in first-
out buffer and for comparing said first set of components with said second set of
components from said packet grabbed from said network transporter by said packet
grabber.

13.  The apparatus of claim 6 wherein said comparator determines if said first set of

components and said second set of components are equal.

14. A computer system for verifying a software simulated network transporter under
test for transferring data between a host side and a physical side comprising:

a pseudo first-in first-out buffer for storing a first set of components for a packet
which is concurrently posted to said network transporter, said first set of components

being unique and descriptive of said packet and in an order of original sequence; and

AM@DED SHEET |
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correspond with the order in which said second set of 00#58%%8\& SHEET
extracted if ea sal d seco set of conponents gref extracted—imar
order different frﬂa_ mﬁm\ﬂ“ug ﬂE sequence. 19 | 153 NOYhZB08Y St €ém
of claim 14 furthetlk cket poster on said}hgst side

coupl ed to said netork transporter for awiting said fijrst set of
conponent s correspondi ng to said packet into sai seudo first-in
first-out bufferasgouparatoroupleddo said wspm&rst-'mcf irstegudl buffer for gempai

b anber on i frsbasrel Bamparl ©%oBlinaoFeforktect i solionSRSR sl BoRL°C! |

gr aEbi ng a ea(;dribsafd eet:jmalsétk bewmpdhehrsaé)ﬁraenegefrr?m said paciast roas?)@ardr mkétldmar d

packet poste sai acket po on sai ost .side unti e

P or Sai - pabRe apesgr DR 56 TSNSk ianaporet AOF EURHIRA Y seBmotwT pahSiorter, The

system of cka HiskGet oF cBMboREHIP i §érﬂg>séucid mst-incAEPaltafulfer 66IHG| reerdbfedsRl d

cel | grabber for conparin first set of conponents with said

second set eTespARbWEMthe order in whigh said seqend Iset of coxipanents aredexdractegrif each

conponent s p abbed

fromsaid cgﬁj %g?%rgfbééte&e%ﬂga fi‘*r'gtea‘s e?t&?f' # %8%8%2&?3& te‘r"r)\m %aq‘?(? E'%‘ﬁéir nto

sai d pseudosdquents.in first-out buffer by said packet poster. 25 18.

The system of claim 17 further conprising a packet generator on said

physi cal side coupled to said network transporter for generating said

packet i® bes, posrmsysneraaofoblanm 14 fumbma&npns‘@glsppuwetr pcistérnmaard mysrdeal
irst set et to

si de and for qwﬁeéi:to Is%ldfqepgq Yarsnortes ior v wr'rtrng;n;>pa1é1 F rst set o?components corres;?ondmg

sai d pseudo®dYp
Nt to said packet into said pseudo first-in first-out buffer and for posting said packet to said

network transporter.

15 16.  The system of claim 15 further comprising a cell grabber on said physical side
coupled to said network transporter for grabbing a cell from said network transporter
corresponding to said packet posted by said packet poster on said host side until all cells

for said packet are grabbed from said network transporter.

20 17.  The system of claim 16 further comprising a first comparator coupled to said cell
grabber for comparing said first set of components with said second set of components
for said packet, said second set of components being retrieved from said all cells of said

o packet grabbed from said cell grabber and said first set of components being written into
said pseudo first-in first-out buffer by said packet poster.

25
18.  The system of claim 17 further comprising a packet generator on said physical
side coupled to said network transporter for generating said packet to be posted to said
network transporter from said physical side and for writing said first set of components for
said packet to said pseudo first-in first-out buffer.

30
19.  The system of claim 18 further comprising a packet grabber coupled to said
network transporter on said host side for grabbing said packet posted to said network

transporter by said packet generator on said physical side.
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30 . 19. The—system-of—cl ni m 18 further conprising g ?ﬁm{g%ﬁb
coupled'to said orter on said host side fof ET -

sai d, packet posted m’m"ﬂﬂ) transporter by sai
smdes

,..

generator on said physie€a 23 s’eav 2000

22 20. The system of claim 19 furtzaer conprising ajs nd. conpar atlor
coupled to said packet grabber for retrieving said fifst set of
conponents fatx sdihe sysiekesf claimt tefurthert conspisthg a secone omph Sdjd out

buf fer by sai d packet generator fr seudof rst-in firs

but fer and Mok argater 5 "o said friL 88 o ORBrmsIRat SRPReKet WAHeR e seid s o
of ~conponentysefido first-MMirstaiud bQﬁé‘fl‘tﬁtsaﬂf SR8 gdriepitorSmdi saiatwaﬁdfo ﬁfsﬁmsm&rdlﬁr by
sai d packet grabber. The system of claim 14 wherein said

conpar at or dwiffer aﬁqfesccanmawg saléé’mt sefeficomppapents with 8aigh segang set ofsemponents t
set of CQMPARFNLSA packeb GabbefiGh dard FHetvitik FEHBRE By o Sacﬁgﬂﬁlabber.

21.  The system of claim 14 wherein said comparator determines a pass resuiit for said
comparing if said first set of components and said second set of components are equal.
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