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(57) ABSTRACT 

Asystem and method for circuitry design veri?cation testing 
Which provides for maximized code re-use Without unnec 
essary allocation of system resources. A circuit simulation 
subsystem is interfaced With a test subsystem. The test 
subsystem employs a system transaction class Which collects 
convenience routines and thereby maximizes code re-use. 
The system transaction class contains pointers to device 
transaction classes Which correspond to each of the func 
tional models in the simulation subsystem, but does not 
require instantiation of all of the device transaction classes 
and associated device objects. One or more con?guration 
transaction classes derived from the system transaction class 
de?ne transactions betWeen selected ones of the functional 
models Within the simulation subsystem. The con?guration 
transaction classes inherit the convenience routines of the 
system transaction class, but cause instantiation of the 
respective functional models only When needed for a trans 
action. 

SIMULATlON CORE 10 

H 10 ,. 

HARDWARE FUNCTIONAL MODEL 

HOST DEVICE l/O 
BUS —> UNDER __+ BUS 

FUNCTIONAL 4— TEST <—""" FUNCTIONAL 
MODEL f MODEL 

“'12 ‘)0. "a 



Patent Application Publication Nov. 15, 2001 Sheet 1 0f 2 US 2001/0041972 A1 

SIMULATiON CORE {:0 

II #0 
HARDWARE FUNCTIONAL MODEL 

HOST DEViCE uo 
BUS —> UNDER -—-'> BUS 

FUNCTIONAL <—‘ TEST 4 FUNCTIONAL 
MODEL \_ \ 1“ MODEL 

12 ‘at V0 

FT 1 

TEST 
SUBSYSTEM <I:> 

32"’ INTERFACE OPERATING 

SUBSYSTEM <I:'> SYSTEM 

W H 
SIMULATlGN ~35 
SUBSYSTEM <:> 

36:" 





US 2001/0041972 A1 

TRANSACTION CLASS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to computer 
systems and more particularly to methods and apparatus for 
facilitating the testing and veri?cation of integrated circuit 
designs using simulation tools. 

[0003] 2. Description of the Relevant Art 

[0004] Because of the complexity of the circuitry in 
modem integrated circuits (ICs), the design of the circuitry 
is thoroughly tested before the actual circuit is manufac 
tured. The testing is intended to identify errors in the design 
of the circuitry so that the errors can be corrected With 
minimal effort and expense. Typically, this testing is accom 
plished by simulating the functioning of the circuitry on a 
computer system using a hardWare description language. 
(References herein to “HDL” Will indicate a hardWare 
reference language Which may be Verilog or any other 
hardWare description language.) The design engineers use 
an HDL to generate a detailed functional description of the 
circuitry including, for example, the input signals to be 
provided to the circuitry and the output signals Which are 
produced in response thereto. The description of the cir 
cuitry may comprise descriptions of sub-components or 
“cells” and the interrelationships betWeen these components. 
The resulting model can be used to simulate the behavior of 
the circuitry. 

[0005] The HDL model of the circuitry is implemented in 
a simulation system to verify the proper functioning of the 
circuitry. The simulation system may comprise any one of a 
number of such systems, one example being the Verilog 
system, Which is Well knoWn to those in the art. “Verilog” 
also refers to a particular HDL. The simulation system 
accepts data Which de?nes the behavior of the circuitry as 
Well as the signals to be input to the circuitry and, in 
response, generates data corresponding to simulated output 
signals. 
[0006] Traditionally, the entire simulation system, includ 
ing the functional description of the neWly designed cir 
cuitry, has been Written in HDL. Because HDL is used to 
form a detailed functional description of circuitry such as 
ASICs (Application-Speci?c Integrated Circuits), it is by 
nature a specialiZed and complex language. With the 
increasing complexity of these circuits, veri?cation of func 
tionality at the gate level is often insuf?cient because of the 
dif?culty of observing the internal state of the circuitry at its 
I/O interface. Further, generating a set of tests for this 
circuitry can be a daunting task since HDL does not have 
many of the features Which are found in higher-level lan 
guages and Which make it easier for programmers to handle 
large softWare projects. It is therefore desirable to have an 
interface mechanism Which alloWs tests Written in higher 
level languages to control a simulation Written in HDL. 

[0007] The need to alloW tests to be Written in high level 
languages and then interfaced to the HDL resulted in the 
development of interface systems such as CVI. CVI is 
described in US. Pat. No. 5,732,247 to Dearth, et al. CVI 
alloWs tests to be Written in higher-level languages such as 
C and C++ and serves as an interface betWeen the HDL 
simulation system and the higher-level-language test sys 
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tem. CVI translates the test statements into simulated bus 
activity in the simulation system. CVI is particularly useful 
in the development of simulation systems because the veri 
?cation engineers Who Write the test procedures normally 
are not the same engineers Who Write the functional descrip 
tion of the neW circuitry. 

[0008] One important aspect of the CVI mechanism is that 
it alloWs the design of device objects Which present a 
loW-level register interface to the test Writer. This is useful 
because it presents the test Writer With a consistent interface 
style shared by all transactors and provides a consistent 
documentation format. The loW-level register interface is 
also intuitively appealing because the register model mimics 
modern computer system operation and is Well understood 
by programmers. The CVI mechanism introduces a device 
driver abstraction Which shields users from the loW-level 
details of complex circuitry. This level of abstraction again 
provides test Writers With a consistent vieW of many dis 
similar devices. The device drivers in the simulation system 
maintain state information regarding the devices in order to 
simplify control and scheduling of the operations of the 
device. 

SUMMARY OF THE INVENTION 

[0009] The issues surrounding the abstractions outlined 
above may be solved by various embodiments of the system 
and method of the present invention. One embodiment of the 
invention comprises a simulation system con?gured to 
model a circuit design and a test system con?gured to 
operate in cooperation With the simulation system. The 
systems comprise one or more softWare applications Which 
may be stored on computer-readable media such as magnetic 
disks or tape, and Which may be executed on a suitable 
computer system. 

[0010] In one embodiment, a mechanism is provided to 
facilitate testing of circuitry designs in a device simulation 
environment. The mechanism is implemented in a high-level 
programming language and is used in conjunction With a 
simulation system, Which is Written in an HDL, and a 
simulation system interface. The mechanism simpli?es test 
Writing by performing a function similar to that of an 
operating system device driver. The mechanism provides 
consistent high-level interfaces to device objects, device 
object information hiding, simpli?cation of random envi 
ronment testing, effective parallel operation Without thread 
ing, state driven test Writing style, encapsulation/aggrega 
tion of convenience routines, simpli?cation of device object 
con?guration management and storage of parameters for 
convenience routines in class member variables. 

[0011] One embodiment of the invention comprises a 
hierarchical set of transaction classes. The uppermost class 
de?nes a base transaction. All transaction classes inherit 
from this class. BeloW the base transaction class are a device 
transaction class and a system transaction class. The device 
transaction class is associated With the device class through 
an object reference. The system transaction class is used to 
collect convenience routines. The system transaction class 
contains pointers to each of the required device transaction 
classes. The next level in the hierarchy includes one or more 
con?guration transaction classes Which reference selected 
device objects. 

[0012] This class structure provides a mechanism through 
Which a test Writer can easily Write and maintain program 
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code to test a simulated device. The system transaction class 
provides an infrastructure upon Which the test Writer can 
build the code. The system transaction class contains point 
ers to device transaction objects for all of the devices in the 
simulated system and aggregates the convenience routines 
Which may be useful in Writing the tests. The system 
transaction class is not instantiated directly, but is instead 
used as the basis for the con?guration transaction classes. 
Each con?guration transaction class represents a selected 
subset of the devices in the simulated system and is instan 
tiated to test transactions involving the corresponding 
devices. Because the con?guration transaction classes use 
object references to the device objects, the user is forced to 
supply the appropriate device objects at the time of instan 
tiation and the compiler is therefore able to perform static 
type checking. The con?guration transaction classes thus 
enable the test Writer to use all of the convenience routines 
de?ned in the system transaction class While only instanti 
ating those device objects Which are needed for the corre 
sponding con?guration. At the same time, the test Writer can 
more easily maintain the test code because all of the con 
venience routines are Written only once and collected in the 
system transaction class. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

[0014] FIG. 1 is a functional diagram of a simple simu 
lation system in one embodiment of the invention. 

[0015] FIG. 2 is a block diagram of a design veri?cation 
system in one embodiment of the invention. 

[0016] FIG. 3 is a diagram of a class structure imple 
mented in a test subsystem in one embodiment of the 
invention. 

[0017] While the invention is subject to various modi? 
cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of eXample in the draWings and Will 
herein be described in detail. It should be understood, 
hoWever, that the draWing and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] One embodiment of the invention is described 
beloW. In this embodiment, a set of transaction classes is 
implemented in the test subsystem of a circuit design 
veri?cation system. The test system comprises one or more 
tests Written in a high-level language. In this instance, the 
high-level language is C++. In other embodiments, a differ 
ent high-level language can be used. The test system is used 
in conjunction With a simulation system Which is Written in 
a loWer-level language such as the Verilog HDL. The test 
system and the simulation system are coupled by an inter 
face such as CVI. In other embodiments, different HDL’s 
and interface systems can be used. 
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[0019] The transaction classes provide a mechanism 
through Which a programmer can easily test selected func 
tions in a circuit design. The classes form a hierarchy, the top 
of Which is a base transaction class. The base transaction 
class contains several virtual functions Which are used to 
initialiZe device objects and enable the device objects to 
handle signals and drive transactions during testing. A 
device transaction class is derived from the base transaction 
class and is used to provide a level of abstraction betWeen 
the test Writer and the device objects. A system transaction 
class is derived from the base transaction class and is used 
to provide an abstracted model of the circuit design under 
test. The system transaction class contains pointers to device 
transaction classes corresponding to device objects in the 
design under test. A con?guration transaction class is 
derived from the system transaction class and is used to 
con?gure and test selected portions of the circuit design 
model. Both the device transaction class and the con?gura 
tion transaction class contain references to device objects 
and, in fact, the con?guration transaction class sets up 
device transactions for device objects to be used for execut 
ing tests. 

[0020] It should be noted that, While the embodiment 
described here refers to a structure of interrelated classes, the 
invention contemplates a structure of interrelated objects as 
Well. As Will be appreciated by persons skilled in the art of 
the invention, objects are instantiations of classes The dis 
tinction betWeen classes and objects may therefore be 
vieWed as one of code implementation versus memory 
implementation, or of source code versus executable code. 
Persons skilled in the art Will appreciate these distinctions as 
Well as the fact that the invention need not be limited to one 
or the other. Accordingly, the references herein to classes are 
intended to encompass objects Which are instantiated from 
the classes. LikeWise, references to objects are, for the 
purposes of this description, intended to encompass the 
classes from Which they are instantiated. 

[0021] The design veri?cation system is designed to be 
implemented in a general-purpose computer system. The 
design veri?cation system comprises a set of softWare 
applications Which model the functions of a circuit design 
and perform a series of tests to verify these functions. It 
should be noted that, in alternate embodiments, one or more 
parts of the system can be implemented in hardWare 
designed speci?cally for that purpose. The design veri?ca 
tion system includes a test subsystem, a hardWare simulation 
system and an interface subsystem. 

[0022] The hardWare simulation system is a softWare 
application Which includes functional descriptions of the 
hardWare to be simulated, including the neWly designed 
circuitry. The hardWare simulation system is used to model 
the operation of the hardWare. The simulation system is 
typically Written in a computer language speci?cally 
designed for that purpose (i.e., an HDL). In this instance, the 
simulation system is a Written in Verilog. 

[0023] The hardWare simulation system includes a number 
of functional models representative of portions of the system 
being modeled. These functional models Will be referred to 
herein as bus functional models, although it should be noted 
that the portions of the system being modeled may comprise 
items other than buses. In addition to the bus functional 
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models, the simulation system includes a functional model 
of the neWly designed circuitry (i.e. the design under test, or 
device under test). 

[0024] Referring to FIG. 1, a functional diagram of a 
simple simulation system 10 is shoWn. The simulation 
system 10 includes a simulation core 18 and a hardWare 
functional model 20. The hardWare functional model 20 
includes a host bus functional model 12 and an I/O bus 
functional model 16 Which represent the behavior of the 
model’s interfaces. The functional model of the design under 
test 14 is inserted into the system and is operatively coupled 
to the host and I/O bus functional models 12 and 16, just as 
the hardWare device Would be coupled to the hardWare 
buses. In operation, the host bus functional model 12 Would 
provide a signal as a stimulus to the design under test 14, 
Which Would then respond to this stimulus. The stimulus 
consists of a set of signals Which may correspond to a 
function call or some other command to the design under 
test. The design under test 14 may in turn convey one or 
more signals to the I/O bus functional model 16. The 1/0 bus 
functional model 16 Would then convey a responsive signal 
to the design under test 14, Which Would subsequently 
convey a signal to the host bus functional model 12 so that 
the proper operation of the system could be veri?ed for the 
corresponding function. 

[0025] A portion of the bus functional models and the 
design under test are Written in HDL. These functional 
models interact on a chip I/O level. That is, the models 
operate on individual bits or signals in the same Way the 
physical devices Which they represent operate on individual 
bits or signals Which are input to the respective devices. The 
models and the corresponding designs can therefore be 
examined With a very high level of detail. 

[0026] This level of detail, hoWever, is very dif?cult to 
Work With When a programmer is interested in testing the 
high level operations of the devices. For example, if the 
programmer Wants to test a simple function, such as copying 
a ?le from one location to another, the number of signals 
Which need to be controlled at the device I/O level may be 
very high. The programmer therefore needs a mechanism by 
Which he can use a simple command or set of commands to 
achieve this function instead of individually programming 
each bit signal. In other Words, a level of abstraction is 
necessary to simplify the programmer’s task. 

[0027] This level of abstraction is provided by the inter 
face subsystem. The interface subsystem translates test 
commands in a high-level language (e.g., C or C++) to the 
appropriate chip I/O level signals in HDL. As a result, the 
programmer is able to Write tests in the high-level language. 
The test system can therefore take advantage of features 
such as object-oriented programming constructs, Which are 
available in the high-level language, but not in the HDL. In 
one embodiment, CVI (described above) is employed as the 
interface system. 

[0028] As shoWn in FIG. 2, a block diagram of the design 
veri?cation system, test subsystem 32, interface subsystem 
system 34 and hardWare simulation subsystem 36 execute 
Within the environment of operating system 38. The inter 
face subsystem system 34 controls the interaction betWeen 
the HDL based hardWare simulation subsystem 36 and the 
C++ based test subsystem 32. The interface subsystem 
alloWs tests to be Written using an object-oriented paradigm 
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and provides the programmer With device objects Which 
translate the tests into HDL bus signals. 

[0029] Just as the interface subsystem adds a ?rst level of 
abstraction betWeen the test Writer and the HDL test envi 
ronment, the use of object-oriented programming principles 
in the test system alloWs additional levels of abstraction to 
be obtained Within the test subsystem. For example, system 
level transactions may be de?ned to generate activity in 
several devices in response to a single system level function 
call. Object-oriented principles also provide bene?ts to the 
programmer such as the ability to re-use code and to hide 
data from the test subsystem Writer. 

[0030] The test subsystem controls each of the device 
functional objects in the simulated hardWare system in order 
to verify the functionality of the design. The test subsystem 
utiliZes device transaction objects to abstract aWay some of 
the details of the device operation. Con?guration transaction 
objects likeWise abstract aWay some of the details of trans 
actions involving more than one functional device. The 
con?guration transaction objects are derived from a system 
transaction class in order to group together convenience 
routines and make them available to the con?guration trans 
actions. Convenience routines are functions that simplify the 
process of managing test data and control sequences. The 
system transaction class also collects test How control rou 
tines for use in simulation of the con?guration transactions. 

[0031] Referring to FIG. 3, a diagram of a class structure 
used in one embodiment of the test system is shoWn. (In 
FIG. 3, a triangular shape on the line betWeen the tWo 
classes indicates inheritance from the higher class.) Object 
references in the ?gure are indicated by an arroW With an 
accompanying ampersand Pointers are indicated by an 
arroW With an accompanying asterisk One-to-one rela 
tionships betWeen objects and/or classes in the ?gure are 
indicated by an open circle at the head of the corresponding 
pointer or object reference arroW. A blackened circle indi 
cates that there may be one or more pointers or object 
references. The dashed lines from the con?guration trans 
action classes to the device transaction classes indicate that 
the latter are created in the process of instantiating the 
former. 

[0032] FIG. 3 shoWs a hierarchical class structure Which 
has a base transaction class 40 at the top of the class 
hierarchy. Base transaction class 40 is an abstract class 
Which is not directly instantiated. Instead, base transaction 
class 40 serves to provide a set of basic services Which are 
common to all of the transactions. The services are provided 
through methods or functions Which are declared in the base 
transaction class and are inherited by the classes Which Will 
be derived therefrom. 

[0033] In this embodiment, base transaction class 40 
includes several virtual functions Which are common to all 
of the transaction classes in the hierarchy. The use of a 
common set of interface function names is necessary to take 
advantage of polymorphism, Which is a useful feature of 
object-oriented programming languages. Polymorphism 
alloWs the programmer to create transaction objects and 
Work With these objects in an abstract Way While deferring 
to run time that task of ?guring out Which device is actually 
being used. Polymorphism provides several other advan 
tages, including providing consistent high-level interfaces to 
similar objects, hiding from the programmer object infor 



US 2001/0041972 A1 

mation Which he doesn’t need to see and simplifying pro 
gram code by encapsulating object-speci?c variations Within 
the objects themselves. 

[0034] In this embodiment, the functions declared by base 
transaction class 40 include the following: init( ); setup 
_trans( ); setup_resp( ); and service_signal( Init( ) initial 
iZes the device associated With the transaction class. Setup 
_trans( ) enables the associated device to drive transactions 
in the simulation. Setup_resp() controls hoW the associated 
device responds to transactions directed to it. Service_sig 
nal() is called to handle CVI signal messages sent from the 
HDL to the device. 

[0035] A base device class (not shoWn in the ?gure) is 
used in the same manner as the base transaction class. One 
or more sub-classes can be derived from the base device 
class. The sub-classes inherit a common set of methods from 
the base device class and may de?ne additional methods 
Which are speci?c to the sub-classes. The base device class 
and its sub-classes enable the instantiation of the device 
objects Which are shoWn in the ?gure. Through inheritance, 
the base device class provides a common interface to all of 
the bus functional models in the hardWare simulation sys 
tem. 

[0036] Device transaction class 44 is derived from base 
transaction class 40. Device transaction class 44 therefore 
inherits the four methods listed above from base transaction 
class 40. In this embodiment, the methods declared in base 
transaction class 40 are virtual methods. That is, they are 
declared, but the implementation of each of the methods is 
not de?ned. It is left to the device transaction classes (e.g., 
device transaction class 44) to provide the program code 
Which implements each of the methods. 

[0037] Device transaction class 44 becomes associated 
With a single device object 42 through an object reference. 
Device transaction class 44 controls the transactions Which 
device 42 executes. Because an object reference must 
alWays be satis?ed, the use of an object reference to asso 
ciate device 42 With device transaction class 44 forces the 
user to supply a device object When the device transaction 
class is instantiated. By forcing the user to supply the device 
object at instantiation, the possibility of changing the pointer 
or using a NULL pointer is eliminated and the compiler is 
alloWed to perform static type checking. These properties 
make the object reference inherently safer to use than a 
standard C pointer. They add some complexity to the system, 
hoWever, Which Will be discussed in more detail beloW. 

[0038] Device transaction class 44 serves to hide the 
loW-level details of the operation of device 42 from the test 
Writer and thereby simpli?es the communications betWeen 
the test subsystem and the bus functional models of the 
hardWare simulation subsystem. Device transaction class 44 
also serves to maintain the state of device 42 betWeen 
invocations of transactions involving the device. The test 
Writer can set up high-level transaction information such as 
data, address, siZe and mode in the transaction class and then 
call a function such as setup_trans( ) to translate this 
information into individual register operations at the device 
level. Therefore, the test Writer does not need to knoW Which 
speci?c register operations are involved in performing a 
particular function call. Device transaction class 44 thus acts 
in a manner similar to that of a device driver While also 
enabling the compiler to perform static type checking. 
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[0039] In addition to enabling static type checking and 
providing a level of abstraction betWeen device-level opera 
tions and the test Writer, device transaction class 44 alloWs 
the test Writer to de?ne convenience methods associated 
With the device or device transaction. The test Writer is free 
to de?ne these test methods and any necessary instance 
variables, both of Which may be encapsulated into the device 
transaction class. 

[0040] Although the use of device classes and device 
transaction classes may considerably enhance the test Writ 
ing environment, there remain some problems associated 
With multiple-device transactions Which are not resolved 
simply by the use of these classes. For example, a test Writer 
may Want to develop convenience routines for transactions 
involving several devices. These convenience routines may 
manipulate data, affect the control How of the simulation 
(e.g., advance the simulation time) or perform some other 
function. The convenience routines must, of course, be 
de?ned so that they have access to the appropriate devices. 

[0041] The test Writer might therefore create a system 
transaction class in Which all of these convenience routines 
are de?ned. This Would provide a grouping of common 
routines and Would therefore potentially achieve the best 
re-use of program code, but might cause problems in terms 
of the desired use of object references. Because the test 
Writer Wants to have static type checking and Wants to avoid 
NULL pointers, as explained above, the system transaction 
classes should use object references. The use of object 
references, however, requires that the associated device 
object be provided When the system transaction class and the 
object reference are instantiated. If the system transaction 
class contains convenience routines relating to all the 
devices in the design under test, any test Which uses this 
system transaction class (i.e. any of the convenience routines 
in the class) must instantiate every device referenced in the 
class (i.e. all of the devices.) This Would limit the perfor 
mance of the system because tests Would automatically 
reserve devices Which Would never be used for those tests. 
The unnecessary reservation of devices Would also make it 
very dif?cult for tests to share device objects. 

[0042] Another approach Which might be taken by a test 
Writer Would be to de?ne a con?guration transaction class 
for every possible system con?guration. In other Words, a 
separate con?guration transaction class Would be Written for 
each combination of devices Which might be tested. Using 
this approach, only those devices Which are involved in a 
transaction are instantiated for each test con?guration. There 
is no unnecessary reservation of devices Which are not used. 
The improved ef?ciency in the instantiation of device 
objects, hoWever, is obtained at the expense of the ef?cient 
re-use of program code. Many of the con?gurations de?ned 
by the test Writer Would probably need very similar [access 
and] convenience routines, but these routines could not be 
collected in a single transaction class. Instead, the test Writer 
Would have to reproduce the code for particular routines in 
each of the transaction classes Which uses the respective 
routines. Any code sharing could only be achieved by 
physically copying the routines from one transaction class to 
another. This Would create more Work for the test Writer and 
Would result in a program Which is very difficult to maintain 
because each of the copies of a routine must be individually 
updated. 
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[0043] In one embodiment, the problems of the tWo 
approaches described above are overcome by using a com 
bination of the different approaches. As described in the ?rst 
approach, a system transaction class 46 is created as a 
subclass of base transaction class 40. System transaction 
class 46 is a collector of all the convenience routines Which 
may be needed by the test Writer. Because system transaction 
class 46 uses pointers to device objects instead of object 
references, it is not necessary to instantiate each device in 
the system for every test. The instantiation of device objects 
is left to the con?guration transaction classes. 

[0044] As shoWn in FIG. 3, the system transaction class 
46 is sub-classed to create one or more con?guration trans 
action classes 47, 48. The con?guration transaction classes 
contain object references to each of the device objects Which 
are involved in a transaction of the respective con?guration. 
The con?guration transaction class is used to create all of the 
required device transaction classes. The device object ref 
erence of the system transaction class is used to set the 
device transaction class pointers inherited from the system 
transaction class, so the system transaction class’ use of 
pointers is acceptable from a type checking perspective. 
Further, the con?guration transaction class inherits all of the 
convenience routines from the system transaction class, so 
the programmer does not have to reWrite or copy the routines 
into each of the con?guration transaction classes. This 
reduces the Workload of the programmer and greatly 
increases the maintainability of the program code. 

[0045] One embodiment of the invention uses CVI as the 
interface subsystem. CVI uses an interrupt driven model for 
the test environment. An interrupt driven model alloWs the 
test to retain very tight control over execution in the simu 
lation subsystem. The use of an interrupt driven model may, 
hoWever, create dif?culties for a test Writer because he or she 
must be prepared to receive any type of interrupt at any point 
in the simulation—the test subsystem cannot only handle 
those types of interrupts Which are of interest to the test 
Writer. The use of the class hierarchy shoWn in FIG. 3 
simpli?es the program code required to implement an inter 
rupt driven model and reduces the burden on the test Writer 
by enabling a state driven style of test Writing. 

[0046] In a state driven style of test Writing, the control 
How of the tests are tied to a state sequencer (i.e., ?nite state 
machine, or FSM) in a manner resembling a hardWare 
design style. The state sequencer may be de?ned in the base 
transaction class or in the system transaction class. The 
purpose of the state sequencer is to handle signals directed 
to the device based on the current state of the sequencer. This 
generally improves the readability of threads in the test 
subsystem because state information Which is usually 
embedded in the program code is removed. This state 
information is moved into the device transaction class and 
stored in a format suitable for the state sequencer. The 
program code of the test subsystem can therefore be Written 
as a simple stimulus generator. This greatly reduces the 
compleXity of the code. 

[0047] The state driven style of test Writing may also 
simplify the Writing of convenience routines. Using other 
styles of test Writing, it may be necessary to include code in 
convenience methods Which returns control to the simula 
tion subsystem. In a state driven style, routines can return 
control to the simulation subsystem at a high level, alloWing 
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parallel operation Without the need for multi-threading. This 
is a great bene?t in a random testing environment. 

[0048] In a system in Which there is only one pending 
transaction and in Which the transaction involves only tWo 
bus functional models there Will be no random interaction of 
signals Within the system. Thus, When a system is tested With 
only one transaction at a time, the testing cannot account for 
such random interactions and the possible effects of these 
interactions. Using a state driven style of testing, several 
transactions can be pending at once, alloWing the random 
interaction of the transactions in much the same Way as they 
Would occur in the actual operation of the device under test. 
Because the test transactions are Written as objects in a state 
driven test program, they may easily be performed in 
parallel to obtain the random interaction Which cannot be 
obtained by the individual transactions. 

[0049] While the present invention has been described 
With reference to particular embodiments, it Will be under 
stood that the embodiments are illustrative and that the 
invention scope is not limited to these embodiments. Many 
variations, modi?cations, additions and improvements to the 
embodiments described are possible. These variations, 
modi?cations, additions and improvements may fall Within 
the scope of the invention as detailed Within the folloWing 
claims. 

What is claimed is: 
1. A frameWork for a test subsystem of a circuit design 

veri?cation system, the circuit design veri?cation system 
including a circuit simulation system Which models a plu 
rality of functional units in the circuit design, Wherein the 
frameWork comprises: 

a device class; 

one or more device transaction classes, each of Which 
contains a reference to a corresponding device instan 
tiated from said device class; 

a system transaction class Which contains one or more 
device transaction pointers; and 

one or more con?guration transaction classes Which are 
derived from said system transaction class and inherit 
one or more methods from said system transaction 
class, each of said con?guration transaction classes 
containing one or more object references to corre 

sponding ones of said devices; 

Wherein said test subsystem is con?gured to operate on 
said devices through said device transaction pointers. 

2. The frameWork of claim 1 further comprising a base 
transaction class from Which said device transaction class 
and said system transaction class are derived. 

3. The frameWork of claim 2 Wherein said base transac 
tion class de?nes one or more methods for initialiZing 
objects instantiated from said con?guration transaction 
classes. 

4. The frameWork of claim 1 Wherein said system trans 
action class contains a device transaction class pointer for 
each device in system. 

5. The frameWork of claim 4 Wherein said test system is 
Written in a high-level language. 

6. The frameWork of claim 5 Wherein said high-level 
language is selected from the group consisting of C and 
C++. 
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7. The framework of claim 1 wherein said system trans 
action class contains one or more convenience routines. 

8. The framework of claim 1 wherein said system trans 
action class contains a ?nite state machine. 

9. The framework of claim 1 wherein said con?guration 
transaction classes create ones of said device transaction 
classes corresponding to said referenced devices. 

10. A circuit design veri?cation system con?gured to 
verify the operation of a design under test, the circuit design 
veri?cation system comprising: 

a simulation subsystem, wherein said simulation sub 
system includes one or more functional models, each of 
said functional models con?gured to simulate operation 
of a corresponding device within said design under test; 
and 

a test subsystem, wherein said test subsystem includes 

a system transaction class containing one or more 
convenience routines and one or more device trans 
action pointers, 

a con?guration transaction class derived from said 
system transaction class and containing one or more 

object references, 
one or more device objects corresponding to said one or 

more object references, and 

one or more device transaction classes, each of said 
device transaction classes corresponding to one of 
said one or more device objects and containing an 
object reference to said one of said one or more 
device objects. 

11. The circuit design veri?cation system of claim 10 
further comprising a base transaction class from which said 
system transaction class and said device transaction classes 
are derived. 

12. The circuit design veri?cation system of claim 10 
further comprising an interface subsystem. 

13. The circuit design veri?cation system of claim 12 
wherein said simulation subsystem is written in HDL. 

14. The circuit design veri?cation system of claim 13 
wherein said test subsystem is written in a high-level lan 
guage. 

15. The circuit design veri?cation system of claim 14 
wherein said high-level language is selected from the group 
consisting of C and C++. 

16. The circuit design veri?cation system of claim 14 
wherein said interface subsystem comprises CVI. 

17. A method for testing a circuit design in a veri?cation 
system, the veri?cation system having a test system, a 
simulation system and an interface system which couples the 
test and simulation systems, wherein the method comprises: 

de?ning a system transaction which contains one or more 
device transaction pointers and contains one or more 
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convenience routines, wherein said system transaction 
corresponds to a set of potential simulation system 
transactions; 

instantiating said one or more devices; 

de?ning one or more con?guration transactions, wherein 
each of said con?guration transactions is derived from 
said system transaction and contains references to one 
or more of said devices; 

creating one or more device transactions corresponding to 
said one or more devices, each of said device transac 
tions having a reference to a corresponding one of said 
one or more devices; and 

executing a test which performs one or more of said 
con?guration transactions. 

18. The method of claim 17 wherein said con?guration 
transactions create said one or more device transactions 

corresponding to said one or more devices. 
19. The method of claim 18 further comprising construct 

ing one or more device classes. 
20. The method of claim 19 further comprising construct 

ing one or more device transaction classes, each of which 
contains a reference to a corresponding device. 

21. The method of claim 17 wherein executing said test 
comprises performing a plurality of said con?guration trans 
actions and wherein said test is con?gured to cause inter 
action of said con?guration transactions. 

22. A computer-readable medium containing a test sub 
system of a circuit design veri?cation system, wherein the 
circuit design veri?cation system includes a simulation 
subsystem for modeling the operation of a test circuit and an 
interface subsystem for translating test signals from the test 
subsystem into simulation signals for the simulation sub 
system, wherein the test subsystem on the computer-read 
able medium comprises: 

a device class; 

one or more device transaction classes, each of which 
contains a reference to a corresponding device instan 
tiated from said device class; 

a system transaction class which contains one or more 
device transaction pointers; and 

one or more con?guration transaction classes which are 
derived from said system transaction class and inherit 
one or more methods from said system transaction 
class, each of said con?guration transaction classes 
containing one or more object references to corre 

sponding ones of said devices; 

wherein said test subsystem is con?gured to operate on 
said devices through said device transaction pointers. 


