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(54) Generation of a multiplicity of parameterised HDLs

(57) A method of generating a hardware description
language (HDL) for electronic design automation com-
prising the steps of:

providing a source of a hardware description lan-
guage generator having at least two parameters: a
persistent parameter being evaluated during exe-
cution of the generator and retained as a parameter
in the output of the executed generator; and an ex-
ecution parameter being evaluated during execu-
tion of the generator to control the execution of the

generator but not persisting as a parameter in the
output of the executed generator;
executing the generator to provide an output hard-
ware description language (HDL) containing the
persistent parameter which is capable of subse-
quent manipulation.
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Description

Background to and Summary of the Invention

[0001] This invention relates to a method of generating a Hardware Description Language.
[0002] A Hardware Description Language (HDL) is a computer programming language used for the design of inte-
grated circuits to allow electronic design and gate level simulation which obviates the need to physically design and
build digital systems such as integrated circuits - an expensive proposition. Examples of hardware description lan-
guages are Verilog (IEEE Standard Hardware Description Language Based on the Verilog® Hardware Description
Language - IEEE Standard 1364-1995) and VHDL, which started as a U.S. Department of Defence developed and
mandated language for hardware description, now standardised as IEEE Std 1076-1997.
[0003] An HDL behavioural description is an abstraction of how a digital system works described with HDL in the
following manner: the function of the digital system is described in terms of its inputs but no effort is made to describe
how the digital system is implemented in terms of logic gates. An HDL process is the basic essence of the HDL be-
havioural description. A process can be thought of as an independent concurrent thread of control. An HDL module or
entity is a self-contained block of HDL descriptions that can be reused through instantiation. HDL processes are an
integral part of an HDL module/entity. HDL modules/entities contain processes and instantiations of other modules/
entities. An HDL module corresponds to the definition of a module in the Verilog HDL. HDL entity corresponds to the
definition of entity in the VHDL and any Architecture that implements the functionality behind the interface described
by the entity. The terms HDL module and HDL entity are used interchangeably throughout this description. An HDL
gate is an HDL module/entity which describes a generic logic function or technology specific logic function. An HDL
object is a self-contained independent block within the HDL description that can be reused through instantiation. HDL
objects can be defined explicitly and implicitly. Explicit HDL objects are formally defined within the HDL description.
Examples of explicit HDL objects are HDL module/entities and HDL gates. Implicit HDL objects are described in a
non-HDL (HDL tool specific) format or implied through the internal data structure of a HDL tool.
[0004] Whilst this description explicitly refers to digital systems, it should be understood that the HDL technology is
equally used to generate HDL for analogue systems.
[0005] Verilog HDL started as a language designed, by Phil Moorby, in 1983/4 with the specific intent of making it
easy for people to describe the behaviour of electronic circuits (primarily digital logic) at a number of levels. The lowest
level is the switch level, which models the hardware as an interconnected network of switches, of various types, and
charge sources/sinks. The highest level is the behavioural level. At this level the model is in terms of the response of
the system to externally and internally generated stimuli, using high level procedural flow of control descriptions. Just
below this level is the register transfer level (RTL), where the description is less abstract and more closely related to
real hardware. It is this RTL level and lower levels that can be understood by current synthesis tools which translate
from an abstract hardware description into a real technology targeted gate level description with hopefully equivalent
behaviour. The goal of the Verilog language was to make it easy to describe circuitry and to model digital circuits. In
1990 the then technology owners placed Verilog into the public domain and two years later work began to establish
the language as an IEEE standard.
[0006] VHDL on the other hand came from the U.S. Department of Defence (DOD) need to be able to standardise
and mandate a hand off and archival description format for their contractors. At that time their contractors had free
choice of development environments for their Very High Speed Integrated Circuit (VHSIC, the V of VHDL) contracts.
This made it difficult for the DOD to exchange information with and between its contractors. Also, going back to an
archived design, some time after project completion, was problematic since technology moved so fast that the tools
used with that design were probably obsolete and no longer available. The contract to develop the initial VHDL de-
scription was awarded in 1983. The committee developing the language decided to follow the pattern, for a fair amount
of the structure and nature of the language, on the good work already done for the ADA programming language, another
DOD standard. The resulting language is exceedingly feature rich (complex), even idiosyncratic in places. The nature
of the language is to deal in abstractions that only become totally concrete when a description is compiled and globally,
statically, elaborated. For example, information flows from place to place as a signal, in a manner defined by the
standard. However, the exact meaning of the information in the signal can only be determined by inspecting the type
definition of the signal and then inferring the semantics of the type and its interactions with other types. VHDL is an
extremely flexible language.
[0007] Verilog HDL is very close to the actual hardware, dealing at its lower level in terms of switches and charge
sources/sinks and at its higher levels in terms of logical data values (0s and 1s) and how they interact. VHDL is a
complex and cumbersome beast, only through the use of a standard logic type package does the language start to
reflect real logical behaviour. For a novice, with experience of digital logic design, Verilog HDL is far faster to learn
than VHDL and the standard type packages. The flexibility of VHDL can easily become a burden.
[0008] Also, the way the two languages are used is greatly shaped by the tools that are used to process the languages.
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One of the main reasons for generating design descriptions at the register transfer level (RTL) is to pass into automated,
technology mapping, gate level synthesis tools. Such tools take the RTL and generate a network of technology gate
elements, targeted to a specific vendor's manufacturing technology. Whereas one used to do design work at the tran-
sistor level and then the gate level (using off the shelf collections of transistors packaged into a gate, with defined
behaviour) with today's design sizes it is usually totally uneconomical to do this (except for small performance critical
regions or other very limited areas). Hence the use of synthesis tools to generate the gate level model - ready to hand
off to further design phase processing and subsequent downstream processing such as the IC manufacturing process.
[0009] These synthesis tools have their own idiosyncrasies and limitations on the portions of the input languages
that they recognise and can process. One may need to describe things in particular ways to influence the tools to
generate the desired gate level representation for a particular description. Since the input language processing for
both VHDL and Verilog HDL were developed independently the metaphor and idiom that works for one language may
not work for the other - ignoring the underlying language differences. One such synthesis tool is Design Compiler, from
Synopsys - this has a front end (HDL Compiler) for reading Verilog HDL and one (VHDL Compiler) for reading VHDL.
The Verilog HDL front end was brought to market first with the VHDL front end after.

Summary of the Prior Art

[0010] There are a number of situations where an Electronic Design Automation (EDA) application needs to generate
a Hardware Description Language (HDL). It is quite normal for such an application to be required to be able to output
the HDL in a variety of languages, such as Verilog HDL (IEEE Std 1364), VHDL (IEEE Std 1076) or System C. To be
able to do this the EDA application needs to contain either dedicated program logic to generate the HDL in the required
output languages; the ability to generate an intermediate language neutral representation of the intended output and
then translate the neutral format into the target HDL output language; or some capability between the two.
[0011] The two extremes presented above have their own significant advantages and disadvantages. For example,
developing and maintaining dedicated program logic for individual generators for each HDL is a costly process which
obtains no synergy between the generators. However, the exact style and form of the output HDL is predictable and
can be controlled independently for each required HDL output language. This allows idioms natural for each language
and downstream tool to be used.
[0012] Generating an intermediate neutral representation of the HDL and then translating into the target HDL takes
advantage of the synergy between the HDLs. However, the exact style and form of the output HDL can not be controlled.
It may be that the desired HDL modelling approach for one HDL is different to the others. Let us take the example of
sensed outputs: VHDL does not allow the value of an output signal to be sensed within a block, whereas it is perfectly
possible in Verilog HDL. This results in the need for a temporary internal signal and buffer to drive the output in VHDL
that is not needed in Verilog HDL, if a signal drives both an output and other internal logic.
[0013] It should also be remarked that both of these extreme approaches and the variants between them typically
have one major problem. The knowledge required to generate the HDLs is encoded into the fabric of the application,
usually in the language of the applications implementation. This is often far removed from the HDL languages which
are to be generated. This distance adds to the complexity of developing and maintaining an EDA application. It makes
it hard to accommodate changes and difficult, if not impossible, for those outside of the development team to make
changes to the HDL generation process.
[0014] Also, the current standard practice is to generate fixed HDLs, depending on the parameters of the generation
process which control the generation. However, these parameters do not remain part of the output HDL being gener-
ated, leading to inflexibility if the parameters are to be altered.

Objects of the Invention

[0015] It is an object of the present invention to seek to provide a mechanism and approach that allows the generation
by an EDA application of a multiplicity of HDLs where the synergy inherent in the commonalties between the various
HDLs are exploited whilst retaining the ability to generate the other parts of the output HDL in a style and form that is
appropriate for a target HDL.
[0016] The mechanism and approach also seeks to allow the parameters used in the generation process to be used
both at generation time and to remain, optionally, within the structure of the output HDL. Furthermore, whilst exploiting
the common features between the output HDLs an approach has been developed that allows elements of connectivity
information to be captured and their description incorporated at an abstract level, independent of the details of the HDL
to be generated.
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Summary of the Invention

[0017] Whereas the current state of the art HDL generation facilities as described above in the summary of the prior
art section encode the generation of the HDL within the application, the present invention separates out these gener-
ators from the application. A generation framework is provided that can be invoked from the application and which then
allows the generators to be expressed as a set of totally separate entities. When using the generation framework, the
application passes information to the framework that defines, amongst other things, how to locate the generators and
what parameters are to be passed into the generators.
[0018] Accordingly, the present invention provides a method of generating a hardware description language (HDL)
for electronic design automation comprising the steps of: providing a source of a hardware description language gen-
erator having at least two parameters: a persistent parameter being evaluated during execution of the generator and
retained as a parameter in the output of the executed generator; and an execution parameter being evaluated during
execution of the generator to control the execution of the generator but not persisting as a parameter in the output of
the executed generator; executing the generator to provide an output hardware description language (HDL) containing
the persistent parameter which is capable of subsequent manipulation.
[0019] A further aspect of the present invention provides a hardware description language generator for electronic
design automation, the generator comprising at least two parameters: a persistent parameter for evaluation during
execution of the generator and retention as a parameter in the output of the executed generator; and an execution
parameter for evaluation during execution of the generator to control the execution of the generator but not persisting
as a parameter in the output of the executed generator.
[0020] Another aspect of the present invention provides a method of interfacing a parent and a child hardware de-
scription language generator comprising the steps of: identifying the elements of the signal interface of the child gen-
erator; labelling those elements in the child generator with which the parent generator may interact; writing the parent
generator in terms of the labelling applied to the child generator; executing the generators and, in the process of
executing the generators, the labelling used within the parent generator is resolved with the labelling used in the child
generator to allow the parent generator to use the signal interface of the child generator.
[0021] A method of interfacing a parent and a child hardware description language generator comprising the steps
of: identifying the elements of the signal interface of the child generator; labelling those elements in the child generator
with which the parent generator may interact; writing the parent generator in terms of the labelling applied to the child
generator; executing the generators and, in the process of executing the generators, the labelling used within the parent
generator is resolved with the labelling used in the child generator to allow the parent generator to use the signal
interface of the child generator, wherein at least one of the generators has at least two parameters: a persistent pa-
rameter being evaluated during execution of the generator and retained as a parameter in the output of the executed
generator; and an execution parameter being evaluated during execution of the generator to control the execution of
the generator but not persisting as a parameter in the output of the executed generator, the output hardware description
language containing the persistent parameter which is capable of subsequent manipulation.

Detailed Description of the Best Mode of the Invention

[0022] The present invention will be discussed below in the context of a built-in self test architecture.
[0023] The application is "LBISTArchitect" it is a logic built in self test (BIST) insertion and generation application.
The inputs to the whole LBISTArchitect insertion and generation flow are a gate level netlist, for the core to be BISTed
and a technology library that defines the gate level technology being used. There are various stages that need to be
performed to get the core to the BIST ready state, ready to be coupled to a user's configuration of BIST controller. To
form a BISTed core. The phase of the LBISTArchitect run that generates the BISTed core, including the BIST controller,
is called the BIST controller synthesis phase. The phases that get the core ready for this are called the BIST ready
phases.
[0024] The logic built-in self test architecture requires input in the form of a VHDL entity or a Verilog model. Addi-
tionally, built-in self test commands can be input to the application in the form of batch command files.
[0025] The LBISTArchitect BIST controller synthesis phase produces the following outputs in response to the inputs:

a VHDL RTL entity and architecture or a Verilog RTL module of the BIST circuitry, at a hierarchical level above
the VHDL entity or Verilog module of the user's core which was used as the input. This new level of hierarchy
contains the BIST circuitry as well as the parameters used to define that circuitry - i.e. the core design; and a top-
level VHDL RTL entity or Verilog RTL model of the new hierarchical block which can be used by other applications
to generate boundary scans.

[0026] The subject matter of the present application is concerned with the VHDL entity or Verilog module inputs
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passing through the LBISTArchitect bist controller synthesis phase and resulting in the output of a requested hardware
description language model comprising the hardware description language at a register transfer level, in either Verilog
HDL or VHDL.
[0027] The VHDL entity and/or Verilog models are standard hardware description languages which define a hardware
system. The definition of the hardware system can be considered as having a core and a collar.
[0028] The core is the user's initial gate level circuit description, as modified by the LBISTArchitect BIST ready phase
to make it suitable to couple to the logic BIST controller. The collar takes this BIST ready core and places it at the same
hierarchical level as the generated BIST controller, connecting it to and through the BIST controller and to the interface
signals of the collar. The additional control signals required by the BIST controller are also added to the collar. The
collar can then be viewed as a BISTed core, the core with a BIST capability integrated into it.
[0029] In the most basic terms, the invention resides in the provision of a method for generating a bespoke hardware
definition language from an input which is recognisable as a Verilog language but is in fact Verilog-like, and which can
parameterise Verilog model files to modify the behaviour of the device modelled by the output hardware description
language. The Verilog-like inputs include further functionality over and above the standard Verilog language by en-
hancing the Verilog language syntax.
[0030] In accordance with one embodiment of the present invention, the EDA application includes generators to
generate a Hardware Description Language (HDL) in a number of required output languages in response to a Verilog-
like input. The Verilog-like input is recognisable as a Verilog HDL but includes enhanced syntax in the form of extensions
to the recognised standard syntax given in IEEE Standard 1364-1995.
[0031] The output language is preferably selected by the evaluation of an execution parameter during the execution
of the generator but may also be selected by a configuration file, the content of which can be considered to be part of
the set of execution parameters. Thus, it should be appreciated that it is possible for other elements to have control
over the selection of the output language other than just the execution parameters (concrete or global).
[0032] The extensions comprise:
[0033] Concrete parameters - Concrete parameters form part of the set of execution parameters, as described below
- on page 136 of the IEEE Standard 1364-1995, the definition of module_item is extended by adding the BNF term
"|concrete_parameter_declaration". This BNF term is defined as follows:

[0034] The generator's interface contains zero or more concrete parameter declarations. The name of each concrete
parameter must be unique within the set of identifiers declared within the generator.
[0035] Global parameters - Global parameters form part of the set of execution parameters, as described below -
the importation of a global parameter is done by extending the module item definition on page 136 of the IEEE Standard
1364-1995 by adding the term "|global_parameter_declaration" with this term being defined by the following:
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[0036] The generators interface can contain zero or more global parameter declarations. The names of the global
parameters imported by the interface of the generator must be unique within the set of identifiers of the generator.
[0037] Net declarations - VHDL type annotation, for nets, is achieved by taking a subset of the definition of
net_declaration, from page 142 of the IEEE Standard 1364-1995 and extending it, supporting only two net types "wire"
and "reg" thus:

[0038] The net names declared within a generator must be unique within the set of identifiers of the generator. The
optional VHDL type string is the definition of the VHDL type of the net. The optional constrained qualification denotes
that the net is a fully constrained VHDL type and as such when generating the VHDL net declaration, in the output
VHDL, no range constraint should be used.
[0039] Port tagging - Port (interface signal) tagging (or labelling) is achieved by taking the definition of input, output
and inout ports found on page 142 of the IEEE Standard 1364-1995 and turning them into a single
module_port_declaration and extending it thus:
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[0040] Zero or more tag names can be associated with a port declaration. If more than one port is declared in the
port declaration, then each port has an associated set of tags.
[0041] Potential Port Declarations - The ability for an RTL generator to declare that a new port can come into exist-
ence, because of the activity of the "route" facility, propagating a signal up to the interface of the RTL generator, is
achieved by adding the new "potential_port_declaration" to the set of module_items on page 136 of the IEEE Standard
1364-1995, with definition thus:

Potential_port_declaration ::= potential port_direction list_of_tags ;
[0042] The route command is not allowed to create a new port in the interface of an RTL generator unless the
generator has explicitly declared that it can be done, using this declaration.
[0043] Component instances - as described from the bottom of page 136 of the IEEE Standard 1364-1995, compo-
nent instances allow the default parameter values of the instanced modules to be modified, by providing an ordered
module instance parameter value assignment definition, as described at in section 12.2.2 of the IEEE Standard
1364-1995, at the bottom of page 140. This mechanism is modified to use only named parameter bindings, in the same
format that is used for named signal binding (see section 12.3.4 of the IEEE Standard 1364-1995 compared with section
12.3.3 for ordered port bindings). A parameter, either module or concrete, must have a value either passed in from the
instance or defined in the underlying generator. Thus, the module_instance item, defined on page 137 of the IEEE
Standard 1364-1995 becomes:
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[0044] The optional DELAY_PORT_CHECK qualifier causes the checks that are normally performed on a instance
to be postponed until after structural section of the generator has completed - thus allowing partially populated instances
to be fully populated by the rest of the structure section. Normally an instance is checked to ensure that the correct
port bindings are present and not malformed.
[0045] Instance Port Connection - in addition to being able to specify instance port bindings within the component
instance, as described above, the module_item item, shown on page 136 of the IEEE Standard 1364-1995 is extended
by the addition of the instance_port_connection, which is defined thus:
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[0046] This allows an expression to be bound to a port of an instance currently without a port binding.
[0047] Stub Construct - another way of describing a signal to an instance port binding is through the stub construct.
This is another extension to the module_item item shown on page 136 of the IEEE Standard 1364-1995 and is defined
this:

[0048] The optional stub prefix and suffix identifiers allow one to specify a prefix and suffix string added to the name
if the signals generated when applying the stub to those ports identified on the instance. If stub_port_description is
only an instance name and direction then all unconnected ports, of the given direction, on the instance are stubbed.
Otherwise only those with the given tag are stubbed. Stubbing a port causes a unique new signal to be generated and
bound to the instance port. If the reg qualification is supplied then all signals associated with input ports are generated
as reg signals, for Verilog. The degenerate option allows the stub command to degenerate silently in the case where
the stub_port_list selects no instance ports; normally this is an error condition.
[0049] Route Options - a further way to provide instance port binding is through the route facility. This is a further
addition to the module_item item of page 136 of the IEEE Standard 1364-1995 and is defined thus:
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[0050] The route options control how the route facility operates. When reverse is specified the signal within an ag-
gregation will be reversed when connected to a single vector port. The degenerate option allows the route command
to behave silently in the case where the from_route_port description finds no unconnected ports to route. The route
prefix and suffix identifiers of the route clause allow one to specify qualifiers that will be added to any signal names
generated whilst evaluating the route.
[0051] In addition to the extensions described above, the Verilog HDL like language has been extended to allow the
annotation of certain module items (parameter_declaration, net_declaration, reg_declaration, continuous_assign and
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module_instance) with comments that will be inserted into the output language file when HDL is generated. This is as
opposed to the normal Verilog HDL comments that disappear during the processing of these regions. This is achieved
by replacing these grammar items above with one that supports the annotation of comments. For example the
module_item_declaration element module_instance is replaced with commented_module_instance, which is defined
as:

[0052] When generating the corresponding output HDL the comment strings are written out as comments, introduced
with the appropriate single line comment preamble.
[0053] As well as comments, as described above, the following module_items (module_port_declaration,
net_declaration, reg_declaration, continuous_assign, module_instance, instance_port_connection,
stub_wire_declaration and route_connection) can be qualified with a conditional expression. When evaluating the mod-
ule item it will be ignored unless the condition evaluates to the logical true value. This is achieved by taking these items
in the module_item item and replacing them with a version that expresses the conditional form and references the
original. For example the net_declaration is made conditional with the following:

[0054] This conditional qualification preferably supplements the comment annotation described above. However, the
conditional qualification and the comment annotation are features that can be used independently of each other.

The generators:

[0055] Each generator consists of a number of ordinary text files, an example of which is shown in Appendix A
annexed hereto. Each file can be considered as describing how to generate at least one level of hierarchy within a
respective output HDL. Within the description of a single level there are a number of distinct elements. These elements
comprise: 1) a description of the interface that the generator presents to any other generator requiring its services; 2)
a description of the HDL language neutral structure information for the generator - this description contains those
entities that are common between the output HDLs and is presently restricted to signal declarations, signal assign-
ments, the instantiation (see section 12.1.2 on page 136 of IEEE Standard 1364-1995) of lower level generators within
the hierarchy and the interconnection of these lower level generators; and 3) a description of how to generate the HDL
language-specific parts of the generator.
[0056] The language used for the first two parts (1 and 2) above is based on a subset of the standard Verilog HDL
(IEEE Std 1364) which is conveniently broadly familiar to EDA design engineers. A number of simple extensions (as
described above) to Verilog HDL are used to accommodate new behaviour and to facility the support for certain lan-
guage dependent features as described below. The language used for the HDL language generation part (3) of the
generator is the actual target output HDL to be generated.
[0057] If the facilities of the languages described above are insufficient then these languages can also be enclosed
within the flow of control of another conventional programming language. Most simple parameterised generation can
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be achieved without resorting to such an outer level language. However, by the use of this outer level language far
more complicated parameterisations can be achieved. In this example, Perl is the outer language, although any other
language could be used, such as, but not limited to, TCL, Python, lisp and scheme. Although all of these languages
are interpreted this does not preclude the use of compiled languages (C, Java, C++, Pascal etc.). However, the use
of compiled languages places another step (translation and compilation) between the writing of generators and their
use.
[0058] The description of the interface that the generator presents to any other generator requiring its services allows
the interface entities to be described such as: input, output, bi-directional signal interconnections and also parameters.
[0059] In the Verilog-like input, parameters are split into three classes:

1) module parameters which correspond to Verilog HDL parameters and VHDL generics. These parameters are
preserved in the HDL that is generated for that level of the hierarchy in the output HDL. Using these parameters
it is possible to alter the behaviour and meaning of the HDL after it has been generated. Module parameters are
also termed persistent parameters because of their persistence (remaining presence) in the output HDL. For ex-
ample, it is possible to change the size of a signal within the entirety of the HDL hierarchy;
2) concrete parameters which are passed through the hierarchy of generators, like the module parameters, but
which are not emitted in the output HDLs; and
3) global parameters which are not passed through the generator hierarchy but are defined by the client application
and explicitly imported by a generator that accesses them.

Concrete parameters and global parameters together comprise a set of parameters termed herein as execution pa-
rameters because they are evaluated during execution of the generator to control the execution of the generator but
do not persist as a parameter in the output of the executed generator.
[0060] Concrete and global parameters are used to control those aspects of the generation process that result in a
specific realisation of some aspect of the output HDL For example, an arithmetic and logic unit (ALU) can be generated
in two flavours (with and without carry). The flavour is controlled by the concrete has_carry parameter. Each flavour
can have any width of input and output, adjusted using the size module parameter. The two values of the has_carry
concrete parameter give rise to two distinct realisations of the ALU, one with carry in and out and the other without
these signals and the associated behaviour.
[0061] Once a concrete or global parameter has been defined in the interface, it can be used to control the meaning
of the rest of the generator, through the use of conditionality clauses within the Verilog HDL-like languages. Also, the
values associated with these parameters are available within the wrapper language, i.e. the "outer level" language too.
[0062] When evaluating a generator, the interface and structure information is used to build a hierarchical framework
for the output HDL and the generators required for the various parts of the hierarchy. This information is then used to
control the creation of the interface and structure part of the output HDL, the common parts, and the evaluation of the
language specific parts, when writing the output HDLs.
[0063] As a consequence of the adoption of Verilog HDL as the basis for the language neutral information within the
generators little specialist knowledge is required to understand most generators.
[0064] Because the generators are simple text files, not part of the fabric of the application, it becomes simple for
people outside of the development team to make changes to them. These people could be in the field organisation or
even the customer.
[0065] Since the author of the generator is able to craft the exact HDL they require, in the language specific parts of
the generator, the resultant generated HDL will be exactly as they require it, without sacrificing the synergy within the
language common features. It is simple to support divergent implementations for each output HDL.
[0066] This approach allows a skilled HDL author to concentrate on getting the HDL correct, without being distracted
by too many details of the implementation language. They do not need to master some alien programming language
or have to try and persuade some language neutral HDL representation to correspond to the HDL that they require.
The author is in full control of the HDL that is important to them. It is simple to create HDL generators that result in
HDL that gives the appearance of being hand coded and bespoke.
[0067] Another aspect of the invention provides a method of controlling access to the mechanism used to create or
alter the generators. Because the generators are simple text files, that are familiar to one with an understanding of
standard HDLs, it is important that control over any modifications to the generators is exercised otherwise unauthorised
changes could be made causing end user doubt as to the authenticity and veracity of the generators. Further, if one
is to avoid support problems it must be simple to verify the authenticity and veracity of the generators.
[0068] These two goals are addressed in two ways. The ability to provide a signature for a generator file, using a
message digest algorithm, and the ability to encrypt the generator text file, from plain text to a file containing unintelligible
data. When the generator file is read any encryption is stripped off and the rest of the file is read as normal, any
signatures encountered are validated against the signature of the rest of the file.
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[0069] Thus, by controlling the access to the mechanism used to create signatures and decode the encrypted gen-
erators it is possible to ensure the veracity of the generators without compromising the ability of authorised users to
make changes to the generators.
[0070] A further aspect of the present invention provides a method of ensuring capacity for or compatibility with,
within the language neutral interface, unsupported constructs and type conversion.
[0071] Although the HDL generators contain a language neutral description of certain elements of the HDL there
can be, in some circumstances, cases where this language neutral representation is inadequate for a particular output
HDL. One could constrain the language neutral language to conform the restrictions of the most constrained language.
For example in VHDL one cannot sense the state of an output signal but this is not a problem in Verilog HDL. Preferred
embodiments of the invention use the less restrictive Verilog representation. Prior to generating the VHDL output for
the interface and structure information it is processed to translate any constructs that are not supported in VHDL into
a form that can be used. Thus, sensed outputs are translated to an internal signal and an assignment to the output.
[0072] Another aspect of VHDL that can be problematic is that of signal typing and type conversion. One extension
that has been made to the Verilog language used in the language neutral interface and structure blocks is to allow type
information to be adorned on internal signals and interface signals. Normally no adornment is required, since the default
types suffice. Before writing VHDL the types of signals and expressions are checked for compatibility and where nec-
essary type conversions are introduced to ensure type correctness.
[0073] In this way the HDL generator author is not inconvenienced too much by the details of some of the fundamental
differences between the output HDLs within the language neutral sections of the generator.
[0074] Yet another aspect of the present invention provides an HDL generation facility with the ability to create HDL
generators that will generate HDL that interfaces to existing HDL provided by a user. In order to be able to do this it is
required to be able to manage the connectivity between the HDL generator and the existing HDL. This requires the
provision of an abstraction for the interface signals of the existing HDL and the ability to tie this abstraction to the
signals realised within the HDL created by the generators.
[0075] This is done by the ability to specify simple abstract tags that can be associated with the interface signals of
a generator and then some high level operations that can be performed using these tags, at the point of an instance
of such a generator.
[0076] There are two distinct high level operations: Route - connect the interface signals of an instance to another
instance or up to the interface of the current level of the hierarchy; and Stub - connect the interface signals of an
instance to internal signals within the current level of the hierarchy.
[0077] By using a tag, the author of the HDL generator is isolated from the specific details of interface of the lower
levels of hierarchy that the generator will be interacting with, other than specifying the conventions for signal tagging.
If a tag selects a number of signals then they can be processed as an aggregation, to form a composite entity.
[0078] Again, the author of the generator is able to describe their intent without getting lost in the details of the
implementation.
[0079] In the present specification "comprises" means "includes or consists of' and "comprising" means "including
or consisting of".
[0080] The features disclosed in the foregoing description, or the following claims, or the accompanying drawings,
expressed in their specific forms or in terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any combination of such features, be utilised
for realising the invention in diverse forms thereof.

Claims

1. A method of generating a hardware description language (HDL) for electronic design automation comprising the
steps of:

providing a source of a hardware description language generator having at least two parameters: a persistent
parameter being evaluated during execution of the generator and retained as a parameter in the output of the
executed generator; and an execution parameter being evaluated during execution of the generator to control
the execution of the generator but not persisting as a parameter in the output of the executed generator;
executing the generator to provide an output hardware description language (HDL) containing the persistent
parameter which is capable of subsequent manipulation.

2. A method according to Claim 1, wherein the execution process is controlled by the value of the execution parameter
and determines the nature of the persistent parameter.
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3. A method according to Claim 2, wherein the nature of the persistent parameter is whether the persistent parameter
is present in the output and, if present, the effect that the persistent parameter has in the generator output.

4. A method according to Claim 1, wherein there are a plurality of execution parameters and at least one of the
execution parameters determines which of the at least two parameters are present in the execution of the generator.

5. A method according to Claim 1, wherein there are a plurality of persistent parameters which are selectable by at
least one of the execution parameters during execution of the generator for inclusion in the output of the generator.

6. A method according to Claim 1, wherein there are a plurality of execution parameters which are selectable by at
least one of the execution parameters during execution of the generator.

7. A method according to Claim 1, wherein after executing the generator and creating the output HDL, the persistent
parameter is available for alteration to modify the hardware described by the output HDL.

8. A method according to Claim 1, wherein the source is in the form of a hardware description language (HDL).

9. A method according to Claim 8, wherein the HDL is based upon one from the group consisting of: Verilog HDL
(IEEE Standard 1364-1995); VHDL (IEEE Standard 1076-1997); System C; and System Verilog.

10. A method according to Claim 1, wherein generator behaviour which is common within possible output HDLs is
described in the source once whereas generator behaviour which is not common to the output HDL is described
in accordance with the output HDL.

11. A method according to Claim 1, wherein generator behaviour which is common within possible output HDLs is
converted into the language of the output HDL by execution of the generator.

12. A method according to Claim 10, wherein the generator behaviour which is common contains a comment which
is discarded during execution.

13. A method according to Claim 10, wherein the generator behaviour which is common contains an entry annotated
with text, the entry being expressed as a comment in the output HDL by execution of the generator.

14. A method according to Claim 13, wherein the expressed comment in the output HDL is proximal to the HDL cor-
responding to the entry which was annotated.

15. A method according to Claim 11, wherein the conversion into the language of the output HDL is a one-to-one
mapping step.

16. A method according to Claim 11, wherein the conversion into the language of the output HDL requires the addition
of ancillary supporting HDL constructs to achieve equivalence.

17. A method according to Claim 16, wherein the ancillary supporting HDL construct comprises a conversion to and
recitation of a VHDL type.

18. A method according to Claim 16, wherein the ancillary supporting HDL construct comprises a new internal signal
and a buffer driving the output signal from that internal signal and occurrences of the original output signal usage
within the generator are output using the internal signal.

19. A method according to Claim 1, wherein the natural idioms differ between the possible output languages and the
generated output language produced has the appearance of having been created using the natural idioms of the
output language by a skilled user of the output language.

20. A method according to Claim 1, wherein the output hardware description language is selectable to be in a desig-
nated output hardware description language.

21. A method according to Claim 20, wherein the output hardware description language is selected by the evaluation
of an execution parameter during the execution of the generator.
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22. A method according to Claim 20 wherein the output hardware description language is selected by a configuration
file.

23. A method according to Claim 1, wherein the execution of the generator comprises a plurality of execution steps,
the flow through which is controlled by an execution parameter during the execution of the generator.

24. A method according to Claim 1, wherein the generator requires an authentication signature to enable execution.

25. A method according to Claim 1, wherein the generator is encrypted to prevent unauthorized access.

26. A hardware description language generator for electronic design automation, the generator comprising at least
two parameters: a persistent parameter for evaluation during execution of the generator and retention as a pa-
rameter in the output of the executed generator; and an execution parameter for evaluation during execution of
the generator to control the execution of the generator but not persisting as a parameter in the output of the executed
generator.

27. A hardware description language generator according to Claim 26, wherein the generator comprises at least two
parts of data: a first data part describing generator behaviour which is common within possible output HDLs; and
a second data part describing generator behaviour which is not common to an output HDL in accordance with
each of the output HDLs.

28. A hardware description language generator according to Claim 27, wherein the second data part is empty.

29. A method of interfacing a parent and a child hardware description language generator comprising the steps of:

identifying the elements of the signal interface of the child generator;
labelling those elements in the child generator with which the parent generator may interact;
writing the parent generator in terms of the labelling applied to the child generator;
executing the generators and, in the process of executing the generators, the labelling used within the parent
generator is resolved with the labelling used in the child generator to allow the parent generator to use the
signal interface of the child generator.

30. A method according to Claim 29, wherein the parent generator does not have specific knowledge of the signals
within the labelled elements of the child generator.

31. A method according to Claim 29, wherein, through the labelling of the child generator signal interface elements,
the child generator defines a logical interface available for use by the parent generator.

32. A method according to Claim 29, wherein the step of labelling those elements in the child generator with which
the parent generator may interact comprises the annotation of each element with one or more textual tags in the
source language of the child generator.

33. A method according to Claim 29, wherein the step of labelling those elements in the child generator comprises
providing one label to a number of signals on the child generator signal interface to create a bundle of signals.

34. A method according to Claim 29, wherein the step of labelling those elements in the child generator comprises
providing a number of labels to one signal on the child generator signal interface.

35. A method according to Claim 29, wherein a label used within the parent generator selects no interface signal in
the child generator, thereby degenerating that interface signal from the child generator.

36. A method according to Claim 29, wherein the step of writing the parent generator in terms of the labelling applied
to the child generator comprises the steps of instantiating the child generator within the body of the parent generator
with an incomplete signal interface definition; and connecting the labelled elements of the child generator to des-
ignated signals in the parent generator.

37. A method according to Claim 36, wherein the step of connecting the labelled elements of the child generator to
designated signals in the parent generator comprises creating interface signals in the parent generator to which
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child generator interface signals are connected.

38. A method according to Claim 37, wherein the step of creating interface signals in the parent generator requires
the declaration of an intent to use the corresponding interface signal labels from the child generator, thereby re-
ducing unintentional parent interface signal creation.

39. A method according to Claim 36, wherein the step of connecting the labelled elements of the child generator to
designated signals in the parent generator comprises creating internal signals in the parent generator to which
child generator interface signals are connected.

40. A method according to Claim 36, wherein the step of connecting the labelled elements of the child generator to
designated signals in the parent generator comprises connecting existing signals in the parent generator to the
child generator interface signals.

41. A method according to Claim 36, wherein the checking of inconsistencies introduced by the instantiation of the
child generator within the body of the parent generator with an incomplete signal interface definition is deferrable
until structural information generated by the execution of the parent HDL generator is complete.

42. A method according to Claim 29, wherein the signals in the parent generator to which the labelled child interface
signals are to be connected are aggregated together to form a single composite signal within the parent generator.

43. A method according to Claim 33, wherein the signals in a bundle of signals have a signal order and, in the parent
generator, the signal order of the signals in the bundle are reversed.

44. A method according to Claim 29, wherein the signals in the parent generator to which the labelled child interface
signals are to be connected are created and given names derived from the corresponding interface signals in the
child generator.

45. A method according to Claim 44, wherein the named signals are further annotated with and qualified by an identifier
comprising at least one of a prefix and a suffix.

46. A method of interfacing a parent and a child hardware description language generator comprising the steps of:

identifying the elements of the signal interface of the child generator;
labelling those elements in the child generator with which the parent generator may interact;
writing the parent generator in terms of the labelling applied to the child generator;
executing the generators and, in the process of executing the generators, the labelling used within the parent
generator is resolved with the labelling used in the child generator to allow the parent generator to use the
signal interface of the child generator, wherein at least one of the generators has at least two parameters: a
persistent parameter being evaluated during execution of the generator and retained as a parameter in the
output of the executed generator; and an execution parameter being evaluated during execution of the gen-
erator to control the execution of the generator but not persisting as a parameter in the output of the executed
generator, the output hardware description language containing the persistent parameter which is capable of
subsequent manipulation.
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