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(57) ABSTRACT 

A method is disclosed for creating test cases for simulating 
the design and operation of an integrated circuit having 
operational functionality that requires adherence to a mul 
tiplicity of operating rules, wherein the test cases are created 
in Such a way that modularized component test cases can be 
combined and comprises creating and storing a plurality of 
component test cases for simulating the design and various 
aspects of the operational functionality of the integrated 
circuit, wherein each of the component test cases have data 
defining a predetermined configuration and a predetermined 
stimulus, each component test case being written to comply 
with the operating rules, and selectively combining and 
running two or more of the plurality of component test cases 
as a combined test case. 
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METHOD FOR RE-USING TEST CASES 
THROUGH STANDARDIZATION AND 

MODULARITY 

BACKGROUND OF THE INVENTION 

0001. The present invention generally relates to the 
design and testing of integrated circuits. 
0002 Normally, when one runs a simulation of an inte 
grated circuit design, there are two conceptual parts, one of 
which is the simulation of the desired actual design that is 
intended to carry out an intended functionality, such as an 
application specific integrated circuit, i.e., an ASIC, which 
may be used in a product such as a network router, network 
switch and the like. The other conceptual part is the stimulus 
that is applied to the simulation to determine if it operates as 
it should. In the case of an ASIC being designed as a network 
switch, the stimulus would be many types of network traffic 
for which switch is designed and would therefore be encoun 
tered during use. 
0003 Formerly, there was no concept of separating the 
two parts, i.e., the design and stimulus, from a test point of 
view. A test was often designed to configure the circuit 
design to behave in a particular way and then certain types 
of stimulus was applied. In other words, the test had certain 
kinds of data applied to the simulated design by the appro 
priate stimulus, and the resulting test data was read and 
analyzed. It was important to insure that the test case itself, 
which is usually represented as a file, has the appropriate 
stimulus in it, e.g., Ethernet traffic in the case of network 
Switch test case. Since a Switch generally has multiple ports 
as well as multiple cards, a test case can have stimulus that 
comprises different kinds of traffic applied to different ports, 
different sized packets, different packets applied at different 
rates, as well as other variables that can be varied. 
0004. Historically, test cases did not have any formal 
language in which they are written. Most of the time they 
were just sets of data that was accumulated as a result of 
sticking desired data in a file somewhere. However, in the 
circumstances in which the present invention is particularly 
applicable, the data is quite complex. In fact, a typical test 
case file does not have much data in it. Instead, the file is 
generally comprised of descriptions of other pieces of code 
that need to be pulled together in certain combinations. If the 
wrong combination is pulled in, the test case will not work 
properly. This is because there are rules that are prescribed 
which define what pieces of code can be pulled in to create 
the right kind of stimulus. In the case of a test case for the 
network switch example, it would comprise the rules of real 
network traffic. For example, there may be a rule that 
dictates that there will never be a circumstance where there 
is a sequence of A code, followed by B code, followed by B 
code (an ABB sequence). So if B code is applied, the switch 
has to know that if it follows an AB sequence, it would be 
an invalid sequence. There are tremendous numbers of Such 
rules in actual network traffic as is known by those skilled 
in the art. 

SUMMARY OF THE INVENTION 

0005 The preferred embodiment of the present invention 
is principally a method of creating test cases for simulating 
the design and operation of an integrated circuit having 
operational functionality that requires adherence to a mul 
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tiplicity of operating rules, wherein the test cases are created 
in Such a way that modularized component test cases can be 
combined and comprises creating and storing a plurality of 
component test cases for simulating the design and various 
aspects of the operational functionality of the integrated 
circuit, wherein each of the component test cases have data 
defining a predetermined configuration and a predetermined 
stimulus, each component test case being written to comply 
with the operating rules, and selectively combining and 
running two or more of the plurality of component test cases 
as a combined test case. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0006 There is a high level verification language e which 
simulates and verifies a design that is marketed by the 
Verisity Company of Mountain View, Calif., which allows 
one to specify everything about stimulus that would be 
expected to be used in a test case. Normally, in the prior art, 
when one wanted to devise a test case to test Some specific 
functionality, it would be designed with the appropriate and 
applicable rules being known and acknowledged. There 
currently is no known mechanism to combine two tests Such 
as test A and test B because there has not been any 
contemplation or motivation to combine them in the past, 
and therefore there has not been any necessity to determine 
the validity or compatibility of the combination. If it is 
desired to combine two tests, it is difficult to know what 
rules apply because it is difficult to know what rules exist in 
each test. 

0007 Broadly stated, the preferred embodiment of the 
present invention involves modularizing the stimulus that is 
used in test cases in Such a way that the stimulus can be 
gathered hierarchically. A simplistic example is to write a 
first test case that applies packet A as a stimulus, and write 
a second test case to apply packet B as a stimulus. If another 
test was desired to apply packet A followed by packet B and 
another packet A, it can be more efficiently done by defining 
Such an ABA test as applying test A, then applying test B. 
and then applying test A again. This is in contrast to writing 
another complete ABA test. If one were to then want to have 
a Subsequent test of BAB, it can be similarly run by applying 
in sequence the already existing test B, test A and test B in 
that order. Of course, the ABA and BAB sequences are 
assumed to be valid sequences, i.e., they comply with all of 
the rules of the particular application for which a test case is 
being conducted. 
0008. The responsibility for having valid sequences 
begins with the Smallest piece of code, i.e., test A, for 
example. Each of the Small pieces of code must necessarily 
have to comply with all of the rules, since they may become 
components of more extensive sequences. Test A may be a 
10 gigabit speed packet with a 64 byte size. Test B may be 
a type of packet that goes to every port. It is intuitively 
expected that these two tests may be run together. 

0009 Packets have data in them, called the payload. 
There are also fields in a packet that mean very specific 
things to a network Switch itself. Such as what port the 
packet is to go to, and the size of the packet. While packets 
are data, they have many fields which are necessary to the 
proper functioning of the network Switch, i.e., what the 
relationships are between many fields. Part of the data can 
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actually dictate how the switch is configured. There may be 
hundreds of protocols, i.e., Ethernet for one, that a switch 
may or may not understand. Ethernet is perhaps the lowest 
level protocol, and there may be many higher level protocols 
on top of that. Depending upon how Sophisticated the Switch 
is, the switch may understand many different levels of 
protocol. 
0010. It should be understood that a test case is normally 
considered to be a set of stimulus to a design, and has not a 
considered to be pieces of code. However, if a test case were 
written as if it were code, then modularization concepts that 
are applied in standard coding concept can be applied to the 
concept of a test case. It is generally correct that more 
complex test cases can be created by combining individual 
test cases and thereby reducing the amount of work that is 
required to create the complex test cases. 
0.011) A particular test case will usually contain configu 
ration information, i.e., how many ports are to be simulated, 
as well as stimulus. It is generally a given that configuration 
data as well as stimulus code is capable of being overwritten. 
If test A is written in and it uses 5 ports, and is followed by 
test B which uses 6 ports, the one that is read in later will 
control with regard to configuration data. If tests A and B are 
combined in an AB sequence, but the test B configuration is 
not what is desired, another test C with the desired configu 
ration (and perhaps no stimulus) can be added to obtain the 
desired configuration and stimulation data from tests A and 
B is layered on top of one another. 
0012 While the forgoing discussion applies, it is also 
preferred that configuration data be specified to establish the 
configuration before any stimulus is applied during the test. 
The order of running a resulting modularized test case that 
is put together from individual test cases is to gather all of 
the configuration data from each of the tests that are to 
combined to determine the configuration, and then apply the 
stimulus to the resulting test case. 
0013 The preferred embodiment of the present invention 
attempts to treat configuration data as being separate from 
stimulus, i.e., configuration related code is attempted to be 
separated from stimulus related data. Thus, anything that is 
related to the packet itself is generally defined as stimulus 
and anything that is related to ports is configuration data. 
However, certain information may be overlapped or dupli 
cated by the other. For example, configuration data may 
specify that data coming into a certain specified port should 
be sent to another particular specified port. However, a 
packet itself may also have a particular setting in it that 
provides the same routing. 
0014 Configuration data typically includes the number 
and size of memory buffers, the number of ports, certain 
delays that are required during specified operations, the 
configuration of registers and coding specifying the rules of 
valid operation. Registers generally comprise single bit 
configuration fields which dictate specific operations when 
set or not set, such as whether a network is operating in a 
flow control mode, which is also known as a lossy versus 
lossless mode. In the lossy mode, one bit specifies that if a 
buffer is full, all data that is being sent to that particular 
buffer is dropped. In a lossless mode, it is set differently to 
specify that a signal should be sent back to the sender of the 
data to stop sending data. 
0.015 The rules are coded in the everification language 
and also in the design of the ASIC. In the test case, the 
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configuration data sets data for its operation and the code 
that is present in the e Verification language determines if 
valid traffic patterns or configurations exist. If not valid, an 
error notification is generated. 
0016. The test case itself does not determine if it is valid. 
A test can be examined for its settings, but the significance 
of a setting may not be apparent in terms of what is really 
happening as a result of the setting. A test writer must know 
what particular rules apply for a particular test or sequence 
of tests. With knowledge of the applicable rules, the content 
of two or more particular test configurations and stimulus 
can also be understood by the test writer, and enable the 
writer to determine the validity of the test case. As an 
example, there may be a line in a test that states “added 
e-code” which may push a file onto a list named added 
e-code, with the name of the file being “turn on lossless.e. 
That will change the setting, which is what the test will then 
use. The “Turn on lossless.e' file has 'e' code in it that sets 
the particular bit for flow control. 
0017. The determination as to whether a test is passed can 
be made in several ways. The basic way is that the design 
has certain conditions, which if not satisfied, results in an 
error notification. The verification code e can also monitor 
Such conditions and generate an error notification. The test 
writer can also define that if a certain condition is met, an 
error notification is generated, even though the certain 
defined condition is not normally an invalid operation. A log 
file is generally produced that contains all of the error 
notifications. It is possible to write code that can check for 
any particular condition, and base a pass or fail decision on 
the presence or absence of such a condition. Normally, a test 
is failed if errors are generated. 
0018 While various embodiments of the present inven 
tion have been shown and described, it should be understood 
that other modifications, Substitutions and alternatives are 
apparent to one of ordinary skill in the art. Such modifica 
tions, Substitutions and alternatives can be made without 
departing from the spirit and scope of the invention, which 
should be determined from the appended claims. 
0019 Various features of the invention are set forth in the 
appended claims. 

What is claimed is: 
1. A method of creating test cases for simulating the 

design and operation of an integrated circuit having opera 
tional functionality that requires adherence to a multiplicity 
of operating rules, wherein the test cases are created in Such 
a way that modularized component test cases can be com 
bined, said method comprising the steps of 

creating a first component test case for simulating the 
design and at least a part of the functionality of an 
integrated circuit, wherein said first component test 
case has data defining a first predetermined configura 
tion and a first predetermined stimulus; 

creating a second component test case for simulating the 
design and at least a part of the functionality of an 
integrated circuit, wherein said second component test 
case has data defining a second predetermined configu 
ration and a second predetermined stimulus; and, 

combining and running said first and second component 
test cases as a combined test case. 
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2. A method as defined in claim 1 wherein said step of 
combining and running said first and second component test 
cases further comprises: 

determining the configuration of the combined test case; 
and 

running the combined test case using the first and second 
predetermined stimulus. 

3. A method as defined in claim 1 wherein the step of 
determining the configuration of the combined test case 
comprises gathering the configuration data from each of the 
tests that are to combined to determine the configuration of 
the combined test case. 

4. A method as defined in claim 2 wherein the configu 
ration of the combined test case is the configuration of the 
last component test case to be combined to form said 
combined test case. 

5. A method as defined in claim 2 wherein configuration 
data can be overwritten, the configuration of the combined 
test case therefore being determined by the configuration of 
the last component test case to be combined to form said 
combined test case. 

6. A method as defined in claim 1 wherein any component 
test case, including said first and second component test 
cases, can comprise a predetermined configuration and an 
absence of stimulus. 

7. A method as defined in claim 1 wherein said configu 
ration data is separate and independent from said stimulus 
data. 

8. A method as defined in claim 1 wherein said integrated 
circuit is a network Switch that processes data packets from 
various protocols 

9. A method as defined in claim 8 wherein said stimulus 
data comprises data related generally to data packets them 
selves. 

10. A method as defined in claim 8 wherein configuration 
data comprises data relating generally to ports of a network 
switch. 

11. A method as defined in claim 8 wherein configuration 
data includes data relating to one or more of the character 
istics of the number and size of memory buffers, the number 
of ports, the time delays that are required during specified 
operations, the configuration of registers, the coding speci 
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fying the rules of valid operation, single bit registers defin 
ing configuration fields which dictate specific operations 
when set or not set. 

12. A method as defined in claim 1 further comprising 
storing said component test cases for use in Subsequent 
simulations. 

13. A method of creating test cases for simulating the 
design and operation of an integrated circuit having opera 
tional functionality that requires adherence to a multiplicity 
of operating rules, wherein the test cases are created in Such 
a way that modularized component test cases can be com 
bined, said method comprising the steps of 

creating and storing a plurality of component test cases 
for simulating the design and various aspects of the 
operational functionality of the integrated circuit, 
wherein each of said component test cases have data 
defining a predetermined configuration and a predeter 
mined stimulus, each component test case being written 
to comply with said operating rules; 

selectively combining and running two or more of said 
plurality of component test cases as a combined test 
CaSC. 

14. A method as defined in claim 13 wherein said com 
bining and running step further comprises gathering the 
configuration data from each of the tests that are to com 
bined to determine the configuration of the combined test 
CaSC. 

15. A method as defined in claim 13 wherein said con 
figuration data can be overwritten, the configuration of the 
combined test case therefore being determined by the con 
figuration of the last component test case to be combined to 
form said combined test case. 

16. A method as defined in claim 13 wherein said opera 
tion functionality is a network Switch having a plurality of 
ports. 

17. A method as defined in claim 13 further comprising 
monitoring at least one predetermined condition during the 
running said combined test case and generating an error 
notification if said condition is not satisfied. 

18. A method as defined in claim 17 further comprising 
producing a log file that contains error notifications. 
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