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(ABSTRACT) 

This paper describes a graphical representation technique for models in 

VHDL. The graphical representation is an extension of the Process 

Model Graph described in [1]. The Process Model Graph has 

representations for concurrent processes and signals. The representation 

described here, referred to as the Modified Process Model Graph, adds 

several new constructs to handle more features of VHDL. These new 

constructs include: variables inside process blocks, a visual notation for 

sensitivity lists, and a clear visual indication of the interface to an object. 

A software tool, called VHDLCad* (c)* * , has been developed that uses 

the Modified Process Model Graph as a form of graphical input and 

*VHDLCad is a trademark of David G. Burnette. 

**Copyright 1988 by David G. Burnette. All rights reserved. 



produces VHDL source code interactively from the graphical 

representation. The tool allows the user to use pre-defined modules, or 

create new modules and place them in the library. With the benefit of a 

graphical representation, a menu-driven system and re-usable code, 

VHDLCad can improve the productivity of VHDL modelers. 
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1. Introduction 

1.1 Current Trends 

With the advent of simulation for system testing and verification has 

come a wide range of methods for describing the hardware to be 

simulated. Some systems work off of a netlist generated from a schematic 

[6,7]. This approach is suitable only when the design under consideration 

has been mapped into hardware. Its support in the earlier and more 

abstract stages of the design process is weaker. On the other hand, 

high-level programming languages can be used early in the design process 

to simulate the behavior or functionality of a design long before a 

particular hardware implementation is chosen. However, in this case the 

graphical representation is replaced by a textual one. Also, few 

computer programming languages have the constructs necessary to 

accurately model hardware [16,17,18,19,20]. Hardware description 

languages such as AHPL [13] provide a closer mapping to hardware, but 

they too lack a graphical representation. Textual descriptions are also a 

hindrance since they require the designer to learn another language. The 
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acceptance of VHDL as an IEEE standard [2] helps to alleviate some of 

these concerns. Namely, the language has a rich set of constructs for 

accurate hardware description while still maintaining a structured 

high-level programming language style [4]. However, two complaints still 

surface with respect to VHDL: 1) the language is rich to the extent that it 

is complex and difficult to learn and 2) VHD L is still a textual 

description that lacks a visual formalization. In response to these 

problems, a graphical representation for behavioral hardware models in 

VHDL was developed by Dr. Armstrong at Virginia Tech [1]. This 

representation is beneficial for several reasons: 

• The representation forms a logical partition of the design into 
concurrent processes 

• The representation reduces the amount of information presented to 
the designer 

.• The representation makes the overall functionality of the system 
more apparent 

• The representation provides for a set of commonly used modules to 
be defined 

However, the representation does not provide a representation for the 

following VHDL constructs: 

• Variables inside process blocks 

• Visual notation for sensitivity lists 
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• A clear visual indication of the interface to an object 

This paper describes an extension to the Process Model Graph called the 

Modified Process Model Graph that has the visual notations for these 

constructs. A software tool, called VHDLCad* (c)**, has been developed 

that uses the Modified Process Model Graph as a form of graphical input 

and produces VHDL source code from the graphical representation. The 

tool allows the users to use pre-defined modules, or create new modules 

and place them in the library. 

1.2 Motivation 

Since the current trend is to simulate early in the design process 

[12,14,15] and since VHDL IS a suitable and standard hardware 

description language, more and more designers will be working with the 

language. Given the complexity of the language it is desirable that the 

user have a tool that can help reduce the complexity, provide pre-defined 

VHDL descriptions and show, interactively, how VHDL is generated 

from a graphical representation. VHDLCad is such a tool. 

* VHDLCad is a trademark of David G. Burnette. 

** Copyright 1988 by David G. Burnette. All rights reserved. 
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Using the Modified Process Model Graph notation as the graphical 

input to VHDLCad, the program allows users to graphically piece 

together modules from the library to form complete and syntactically 

correct VHDL behavioral descriptions. The menu-driven program leads 

the designer through the necessary steps to create new modules, and 

shows interactively the VHDL code for that module as it is being 

developed. Such a tool has the following advantages: 

• A Graphical Input for the formation of modules 

• Produces syntactic all y correct VHD L Source Code 

• Provides for a library of pre-defined modules 

• Provides for re-usable VHDL descriptions 

• Makes an interactive learning tool 
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2. Scope of Solution 

Since VHDL is such a complex language, only a certain subset of the 

language is discussed and implemented in VHDLCad. This subset 

provides most of the statements and data objects required for behavioral 

modeling. Tables 2-1 through 2-5 enumerate the various aspects of 

VHDL that are implemented. This subset was selected based on the 

frequency with which these features of the language appeared in 

behavioral models. Section 6 on page 83 discusses possible extension to 

VHDLCad to provide for those features of VHDL not implemented here. 

2.1 Statements 

Table 2-1 shows the statements that are supported by VHDLCad. 

These statements are the minimum statements required for behavioral 

modeling. The basic control flow statements are included (if/then/else, 

case, wait, while/loop) as well as the assignments statements for both 

signals and variables. Note that the enable and disable statements are not 

in the IEEE Standard 1076. 
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TABLE 2-1 VHDL Statements Supported 

Entity 

Architecture 

Process 

Sequential Signal Assignment 

Variable Assignnlent 

f/Then/Else 

While/Loop 

Case 

Wait 

Enable 

I VI"S .able 

2.2 Data Objects 

There are three main data objects in VHDL: signals, variables, and 

constants. The term signal applies to objects that appear in the Entity 

interface (Le. ports) and in the body of an Architecture (Le. signals). 
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Signals are named, and have a data type. Signals that are Entity ports 

can have a mode of either in, out. inout, buffer, or linkage. Architecture 

signals can have a "signal kind" of register or bus. VHDLCad supports 

only modes of in, out, and inout. The other modes can be added later, 

though a specific graphical representation for such modes is not yet 

defined. When constructing a module, VHDLCad treats all ports as 

Entity interface ports, until such conditions arise as to force a port to 

become an Architecture signal. The concept of adding "signals" when 

editing a Unit in VHDLCad is really just specifying the interconnect for 

the modules and does not in itself declare any new objects. VHDL allows 

an initial value to be associated with a signal. VHDLCad supports this 

initial value, although the value can only be a constant value, not an 

expresslon. 

VHDL allows variables to be declared inside process blocks and 

functions only, and can have any of the data types shown in Table 2-3. 

Since VHDLCad does not support function editing, it only allows 

variables inside process blocks. A variable assignment statement is 

provided for changing the values of variables. As with signals, VHD L 

allows an initial value to be associated with a variable declaration and 
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this feature is permitted in VHDLCad. This value can only be a constant 

value, not an expression. 

TABLE 2-2 VHDL Data Objects Supported 

Entity Interface Ports 
Modes: in, out, and inout 

Architecture Signals 

Process Variables 

Generics 

Constants 

Generics are named dummy arguments whose value is specified at 

simulation time. VHDLCad allows the used to specify time delays using 

generics. It is the user's responsibility to specify the value(s) for the 

generic ( s) when the model is used outside of VHD LCad. The implied 

data type for a generic is type TIME. 
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Constant values can be used anywhere within VHDLCad. These 

values are not declared as constants in the VHDL source, but rather are 

used as literals in the body of the description. 

2.3 I>ata ~es 

VHDLCad supports the data types shown in Table 2-3. These types 

represent the standard VHDL types of BIT, INTEGER, REAL, and 

BOOLEAN. VHDLCad also provides an additional type for 

Multiple-Valued Logic. This type is declared in the VHDL package that 

is referenced by all models generated by VHDLCad. 
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TABLE 2-3 VHDL Data Types Supported 

BIT {O,l} 

BIT_ VECTOR(m to n) 
I {O,l} m,n < 32 

INTEGER 32 digits 

REAL 32 digits 

BOOLEAN {True, False } 

MVL {O,l,Z} 

MVL_VECTOR {O,l,Z} m,n < 32 
(m to n) 

2.4 Standard Operators and Functions 

VHDLCad supports the functions listed in Table 2-4. The extended 

functions listed in Table 2-4 are for conversion between types and for 

manipulating bit vectors. They are defined in the VHDLCad package 

that is referenced by all models generated by VHDLCad. VHDLCad also 

supports all of the standard VHDL operators as shown in Table 2-5. 
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TABLE 2-4 VHDL Functions Supported 

Function Allowed Argument 
Types 

BIT2MVL BIT 

MVL2BIT MVL 

BIN2INT BIT_VECTOR 

INVBITV BIT_VECTOR 

INCBITV BIT_VECTOR 

Scope of Solution 

Resulting Expression 
Type 

MVL 

BIT 

INTEGER 
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TABLE 2-5 VHDL Operators Supported 

Operator Allowed Argument 
Types 

+ INTEGER/REAL 

INTEGER/REAL 

* INTEGER/REAL 

/ INTEGER/REAL 

mod INTEGER/REAL 

rem INTEGER/REAL 

and BIT/BOOLEAN 

or BIT/BOOLEAN 

xor BIT/BOOLEAN 

nand BIT/BOOLEAN 

nor BIT/BOOLEAN 

& BIT_ VECTOR(O to n) 
MVL_VECTOR 
(0 to n) 

Scope of Solution 

Resulting Expression 
Type 

argument type 

argument type 

argument type 

argument type 

type 

argument type 

argument type 

argument type 

argument type 

argument type 

argument type 

argument's base type 
with dimension = sum 
of arguments dimension 
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TABLE 2-5 VHDL Operators Supported [continued] 

Operator 

=,/=,>,>= 
<,<= 

Scope of Solution 

't' . 

Allowed Argument 
Types 

any, though argument 
types must agree 

Resulting Expression 
Type 

BOOLEAN 
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3. Graphical Modeling 

3.1 Introduction 

Graphical representations provide a visual model of the 

inter-relationships between different components [24]. Specifically, they 

usually describe the structure of the design in terms of interconnections, 

signal types, and physical partitions. These models are useful because 

they provide a complete view of the design at a particular level, with the 

level of detail dependent on the annotations attached to the graphical 

symbols [14,15,16,23]. The most common graphical representation in 

Electrical Engineering is the schematic. This formalism provides 

information about a specific implementation in hardware - the parts used 

and the connections between them. Often the graphical symbols used in 

the schematic are recognized as universal symbols which are associated 

with a certain behavior, i.e. two parallel lines generally denotes a 

parallel plate capacitor, a saw-tooth like symbol a resistor, etc. For 

other symbols such as complex VLSI components, the symbol is merely a 

box with a part number. 
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Schematics can contain differing levels of detail as shown in Figure 

3-1. The three levels shown are the Transistor Level, the Gate or 

Flip-Flop Level, and the Register Level. As you progress from one level 

to the next, you decrease the amount of detail associated with the 

behavior of the devices and hence increase the abstraction. For instance, 

transistors and active elements are modeled by complex differential 

equations, gate level descriptions can be described with boolean 

equations, and register level description by algorithms similar to 

programming languages. For the lower levels, several simulation tools 

have been developed to verify the behavior of a design at those levels. The 

input to such tools has traditionally been a textual one. For instance, a 

SPICE description consists of a list of the library elements to be used in 

the circuit and the parameter values for each device followed by the 

interconnection of the devices. Such a description is simple in concept but 

tedious to encode. Since much of the information is already contained in 

the schematic, the logical step was to develop tools that took the 

schematic and generated the textual description for submission to the 

simulator. Such integrated graphical design capture and simulation 

systems are very common today, even on small personal computers. 
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Moving up in the design levels, other hardware description languages 

like AHPL have been developed to provide a description of hardware at 

the register level. These languages are characterized by register transfer 

statements [13]. Finally, for the higher levels of descriptions (Le. 

chip-level and system level) algorithmic programming languages are used 

to describe the behavior of the various components. Often these 

behavioral modules are compiled into a library and called upon when 

referenced in a design. HILO is a typical chip-level simulator that uses a 

netlist generated by traversing the schematic. 

Up until this point, the schematic has been a fairly suitable graphical 

representation with tools provided to convert the representation to a 

textual hardware description language. However, it is becoming more and 

more critical for the designer to be able to describe the design in the 

early, conceptual and abstract phase of the design process. Graphical 

representations at such a level include block diagrams or data flow 

diagrams, state-graphs, petri-nets and other more esoteric models 

[8,9,10,11]. For simulation at the early design phase, there are a number 

of textual hardware description languages that provide behavioral 

modeling. Many of them lack the constructs necessary to accurately model 
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hardware. The latest HDL is the VHSIC Hardware Description Language 

whose development was sponsored by the Department of Defense as a 

consistent modeling language for DoD procured parts. With the adoption 

of VHDL as an standard, this language is well suited to become a 

standard modeling language. It provides the constructs necessary to 

accurately model hardware including concurrency of processes and 

component hierarchy. 

However, it is the richness of the language that makes it complex and 

hence as difficult to use as the other, more specialized, languages. What 

is desired is a mapping between a graphical representation at a level of 

abstraction appropriate for system design and the equivalent textual 

description in VHDL. Such a graphical representation, called the Process 

Model Graph, was developed by Dr. Armstrong [1]. This notation 

provides for partitioning of a design into concurrent processes and 

associating a VHDL behavioral model with each process. Using this 

model as a basis, the Modified Process Model Graph was developed 

which provides for a clearer description of the interface to each process 

as well as a notation for variables. The MPMG is described in detail in 

the next section. The software tool called VHDLCad then uses the 
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MPMG as a graphical input and guides the user in the creation of VHDL 

behavioral models for the design. 
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A-I 

Gate Level 
Tr&D8iator Level 

Register Level 

Figure 3-1 Several Schematic Representation Levels 
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3.2 Modified Process Model Graph 

A typical process model graph is shown in Figure 3-5. Each node 

represents a concurrent process block. Each node has a name associated 

with it which is used as the label for the process block in the VHDL 

source. Arcs between nodes indicate data flow which corresponds to 

VHDL signals. Arcs may be directed depending on the mode of the ports 

prior to the connection with the signal. Figure 3-3 shows the directed 

signal arcs and the corresponding port modes. Arcs begin and end at 

ports which are denoted by small circles and which lie on the edges of the 

modules. Ports that have a solid circle are ports that can trigger the 

execution of that process when a change in value occurs on the port. Such 

a port is placed in the sensitivity list for the VHDL process statement. 

Ports that do not have a solid circle will not trigger the process. Figure 

3-2 shows examples of ports. 

Any ports which are not connected with a signal are assumed to 

compose the interface to the external world for the design unit. Hence 

they form the Entity interface for the design. Those unconnected ports 

with the same name are assumed to be "global signals" (such as GND and 
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Vdd) and are logically connected. Therefore, they appear only once in the 

Entity interface. The type and dimension of a signal is indicated 

graphically by line style and thickness as shown in Figure 4-4. Variables 

can exist only inside a process block. They are denoted graphically by a 

square, as shown in Figure 3-4. 

When the MPMG is used in VHDLCad, the user may construct the 

statements describing the behavior of the process module by selecting 

from menus of statements and pointing to ports and variables. VHDL 

Generics are not shown graphically, for simplicity, though an extension of 

the MPMG notation might be to show them in a manner similar to 

variables. 
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For the example in Figure 3-5, the corresponding VHDL text would 

be: 

entity REGISTER is 
generic (REGJ)EL, GATEJ)EL, BUFJ)EL: TIME); 
port (DIN: in MVL_VECTOR(7 downto 0); 

STRB: in BIT; 
DS1: in BIT; 
NDS2: in BIT; 
DOUT: out MVL_VECTOR(7 downto 0»; 

end REGISTER; 

architecture BEHAVIOR of REGISTER is 
signal REG: MVL_VECTOR(7 downto 0); 
signal EN: BIT; 

begin 
LATCH: process (STRB) 

begin 
if (STRB = ' 1') then 

REG <= DIN after REGJ)ELA Y; 
end if; 

end process LATCH; 
DECODE: process (DS1,NDS2) 

begin 
EN <= DS1 and NDS2 after GATE_DELAY; 

end process DECODE; 
BUFFER: process (EN ,REG) 

begin 
if (EN = '1') then 

DOUT <= REF after BUF J)ELA Y; 
else 

BUFJ)ELAY; 
end if; 

DOUT <= "ZZZZZZZZ" after 

end process BUFFER; 
end BEHAVIOR; 
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Each process is concurrent, with the triggering of each process controlled by the 

sensitivity list for that process. The inputs to the model are STRB, DIN, DS1, 

and NDS2 while the output is DOUT. The generics are model parameters and 

are treated as inputs. 
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Graphical Modeling 

A concurrent process 
named Faa 
(concurrent signal 
assignment or process 
block) 

Ports A,B, and C 
• means that changes 

on that port will 
trigger the process 

means port does 
o not trigger process 

A Signal, S 

Figure 3-2 MPMG Notation 
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A mode :out 
B mode :in 

A mode :inout 
B mode :inout 

A mode internal 
8 mode i nterna I 

Figure 3-3 MPMG Directed Arcs 
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A Variable, V 
(Inside process 

blocks only) 

A complete 
Entity and 
Architecture 
(a Unit) 

Figure 3-4 MPMG Notation Continued 
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Figure 3-5 Process Model Graph 
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4. Design Issues 

4.1 System Architecture 

The major components of the architecture of VHDLCad are shown in 

Figure 4-1. At the center of the system is the Internal Database. This 

database contains the intermediate form of the VHDL text in a n-ary tree 

structure. This structure is traversed and manipulated by the surrounding 

modules, depending on the action requested. The Module Editor is the 

main routine that creates and edits VHDL process modules. It contains 

routines for adding, deleting, moving, and modifying ports, variables, 

generics, and statements. The Design Unit Editor is the main routine for 

placing and interconnecting modules. The VHDL Generator is the routine 

that extracts the VHDL Sources Code from the internal database. It is 

called with a pointer into the database structure, which may be the top of 

a unit or a module. A future enhancement to the system would be the 

addition of a VHDL Analyzer which could parse VHDL Source Code and 

place it in the database. Such a routine could only supply VHD L specific 

information for the nodes - graphical information such as port locations 
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would have to be supplied by the user. The Module Library is the set of 

files created by VHDLCad which contain the individual internal database 

representations for the modules and units in the library. These are 

currently stored as individual files with MS-DOS file extensions of .mod 

and .unt. A future enhancement would be the creation of a single library 

file which contains all of the objects. 

The secondary system components include the drawing routines, the 

menu system, the mouse drivers and window functions, and the help 

system. The drawing routines use the basic graphics primitives defined in 

the MetaWINDOW* graphics library. This library includes routines for 

drawing simple shapes, testing whether the cursor is inside or outside the 

bounds of an object, virtual coordinate mapping and basic mouse 

functions. Using these primitives, VHDLCad can draw fairly 

sophisticated graphics relatively quickly on any of the displays supported 

by MetaWINDOW (see Section 7.1.1 on page 88 for a list of the 

supported devices). VHD LC ad has a menu-driven editor with a virtual 

coordinate drawing area. This provides an extremely flexible editing 

* MetaWINDOW is a trademark of MetaGraphics Software 
Corporation, Copyright 1986. 
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environment for both small and large drawings. The menu system uses the 

object bounds checking routines to determine which menu the cursor is 

over and whether that menu item should be high-lighted. The details of 

the menu system are discussed in Section 4.7 on page 78. The help system 

is a component of the menu system that allows the user to get help on any 

menu item by pressing the center mouse button. This action calls up a 

help window on the menu item under the cursor at the time the button was 

pressed. The help system is described in detail along with the menu 

system. Hardcopy support for screen dumps is provided as part of the 

Meta Window libr ary. 
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Design 
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Figure 4-1 VHDLCad System Architecture 
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4.2 Language Analysis 

As with any language, VHDL is defined by a grammar that describes 

the inter-relationships between the keywords of the language. An analysis 

of the statements used in behavioral modeling was the starting point for 

determining the internal representation for the language. The behavioral 

statements of the language were decomposed into a parse tree structure 

and an internal node was defined for each node in the parse tree. As an 

example, consider the If/Then/Else statement shown here: 

if (FOQ = '1') then 
BAR <= '0/ after DELAY; 

else 
BAR <= '1' after DELAY; 

end if; 

Excluding, for the moment, the expression and the actual statements after 

the then and else keywords, the parse tree for the if statement is shown in 

Figure 4-2. Notice that this if node has four pointers to other nodes in the 

database: one to the boolean expression, two for the list of statements 

following the then and else keywords respectively, and one for the 

statement following the if statement. A more complicated situation is that 

of the sequential signal assignment statement. This statement can have a 
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number of waveform clauses after it that specify the various values to be 

assigned and the delays associated with those assignments. 
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As another example, consider 

assignment statement shown here: 

BAR <= '0' after DELA Yl, 
'1' after DELAY2; 

the typical sequential signal 

Here, the statement must be broken into two nodes, one containing 

information about which signal is being assigned to, and another which 

describes each waveform. Figure 4-3 shows the parse tree for this 

statement. 

Also to be considered is the structure of a module. In VHDLCad, a 

module is a VHDL process statement with a list of signals, variables, and 

generics used in that process. Hence, a module node must have pointers 

to each of these three lists, plus a pointer to the statements that 

implement the behavior of the module. The tree structure for a sample 

module is shown in Figure 4-6. 

From the analysis of the statements implemented, a choice of four 

pointers per node was made. Not all nodes need four pointers, and some 

node use a pointer field to store extra information such as data types and 
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operator values. A detailed description of each node and its pointers is 

given in Section 4.4 on page 42. 
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4.3 Data Type Encoding 

VHDLCad supports the VHDL data types shown in Table 2-3. The 

method for encoding the type of a port or variable is shown in Table 4-1. 

A 3-bit code is used to describe the base type and two 5-bit dimension 

codes are used for specifying the size (start and end dimensions) of a 

vector. Only single dimensional types are allowed, for simplicity. The type 

representation method can be expanded upon to provide support for 

multi-dimensional types. The dimension range of a vector is specified by 

two positive integers from 0 to 31. Hence, the maximum vector size is 32. 

For the case of the VHDL type BIT_VECTOR, this gives a type of 

BIT_ VECTOR(O to 31). The case where the dimension is 0 defaults to a 

BIT type. This also applies to the multi-value logic type MVL. For the 

base types of INTEGER, REAL and BOOLEAN, the dimension fields 

are ignored. However, it is possible to use the same scheme for providing 

arrays of those types. Several examples are given in Table 4-2 to 

illustrate the encoding of various types. 
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TABLE 4-1 Format for Encoding Data Types 

VHDL Encoded Data Type Byte 
Data 
Type Dimension Base 

Type 
Start End 

B B B B B B B B B B B B B 
. 1 1 1 9 8 7 6 5 4 3 2 1 0 

2 1 0 

BIT 0 0 0 0 0 0 0 0 0 0 0 0 1 

BIT_ VECTOR(m to n) m m m m m n n n n n 0 0 1 

MVL 0 0 a 0 0 0 0 0 0 0 0 1 0 

MVL_ VECTOR(m to n) m m m m m n n n n n 0 1 0 

BOOLEAN 0 0 0 0 0 0 0 0 0 0 0 1 1 

INTEGER a 0 0 0 0 0 0 0 0 0 1 0 0 

REAL 0 0 0 0 0 0 0 0 0 0 1 0 1 
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TABLE 4-2 Sample Encoded Data Types 

VHDL Data Type Encoded Type Representation 

BIT 00000 00000 001 

BIT_VECTOR(O to I} 00000 00001 001 

BIT_ VECTOR(7 downto 5} 00111 00101 001 

MVL_ VECTOR(D to 31} 00000 11111 010 

INTEGER 00000 00000 100 

The type value is associated with any VHDL data object including 

Ports, Signals, Variables, and Constants. The type value is also used in 

expressions to express the resultant type of the expression (see Section 

4.6 Expression Construction). The type of a signal is indicated 

graphically by drawing the signal with a different line style for each type. 

The line styles used are shown in Figure 4-4. The dimension of the signal 

determines the thickness of the line. Hence, a BIT signal will show as a 

single pixel wide line, large BIT_VECTORs will show as fat lines, etc. 
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4.4 Internal Representation 

The basic element of the internal representation is the node. The 

nodes are linked together during the creation of modules and units to form 

a tree-like structure. The structure of a node is shown in Figure 4-5. 

The general fields of a node, as shown in Table 4-6, are: 

• N odeN ame - This field is an ASCII string that contains the text 

label for a node. This field is used to store items such as the port, 

variable, an generic names as well as text representations of the 

various operators used in expressions . 

• NodeType - This is an integer field that contains a value describing 

the type of node that this is. Table 4-3 shows the valid node types 

and their corresponding values. The value of this field is used to 

guide the traversal of the internal database. 
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TABLE 4-3 Defined Internal Node Types 

Undefined _UnDefNode 0 

Module _Module 10 Process Block 

Unit _Unit 11 Entity/Architecture 

Module _ModuleRef 12 
Reference 

Port _Port 20 Signal (Entity or 
Architecture) 

Generic _Generic 21 Generic 

Variable _Variable 22 Variable 

Signal _Signal 23 Architecture Signal 

Source _SrcNode 24 
Node 

Dest _DstNode 25 
Node 

Value _Value 26 A Constant 

Expression _Expression 30 expression 

Range _Range 31 A subrange selection 

Null _NullStmnt 40 Null Statement 
Statement 

If _If 41 If Statement 
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TABLE 4-3 Defined Internal Node Types [continued] 

Case _Case 42 Case Statement 

When _When 43 A Case Statement 
Alternative 

While _While 44 While/Loop Statement 

Signal ~sgn 45 Sequential Signal 
Assign Assignment 

Clause _Clause 46 Waveform Clause 

Variable _VarAsgn 47 Variable Assignment 
Assign Statement 

Wait _Wait 48 Wait Statement 

Wait On _WaitOn 49 Wait Statement 
Sensitivity List 

Enable _Enable 50 Enable Statement 

Disable _Disable 51 Disable Statement 

• NodeRect - This is a MetaWindows [27] structure that is made up 

of two points. The points describe the opposing coordinates of 

the object. This structure can be used to render rectangles and 

ovals. The decision of whether to render the coordinate paIr as a 
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rectangle or oval is based on the value of the N odeType, i.e. 

Ports and Modules are rendered as ovals, Variables are rendered 

as rectangles. A special case for the use of this field is made for 

signals. The coordinate pair for a node of type signal represent 

the end points of the line connecting two modules. The coordinates 

are computed such that they intersect with the edge of the 

modules . 

• NodePtr(i) - These are a set of integers that are used as pointers 

to the next nodes in the tree structure. The number of integers (the 

range of i) is a parameter set in the include file vhdl.h called 

MAXPTR. This value was chosen to be 3 yielding 4 integer values 

for use (NodePtr(O) through NodePtr(3)). When used as pointers, 

these fields contain integers corresponding to a node number (an 

integer offset in the node array). When not used as pointers, these 

fields may be used to store more information about the current 

node. Such is the case for Ports, Variables, etc. 

Since each node type's fields have a special meaning, a set of macros 

have been defined in the file Macros.h which name the fields and provide 
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a more concise method of extracting the field's value. Tables 4-7 and 4-8 

show the names for each field. The following sections detail the meaning 

of the fields for the fundamental VHD L objects. 

Modules 

A module in VHDLCad is defined to be a single VHDL process 

block. Figure 4-6 shows the tree structure of a sample module. There are 

four main components to a module: 1) a linked list of ports, 2) a 

linked-list of variables, 3) a linked-list of generics, and 4) a tree 

structure representing the statements in a module. The tops of the port 

list, variable list, and generic list are contained in the fields TopPort, 

TopVariable, and TopGeneric respectively. The field TopStmnt points to 

the top of the statement tree for this module. All of the pointer values in 

a module are absolute. When the module is written to disk, the current 

node numbers are saved with each node. When the module is re-loaded 

from disk, then a look-up table is used to map the old node numbers to 

the new ones as they are allocated. Using this method a module is a 

completely self-contained and isolated object. This is necessary to allow 

modules to be included randomly into units. When the VHDL code is 
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generated for a module, the physical node number of the module is 

appended to the module name. This is necessary to ensure that replicated 

modules in the same unit each have a unique name. See the section on 

units for more insight into the module-unit relationship. 

Units 

A Unit in VHDLCad is defined to be a VHDL Entity and 

Architecture pair, which forms a complete VHDL design unit. Figure 4-8 

shows the structure of a sample unit. There are two main components to a 

unit: 1) a linked-list of module reference nodes, and 2) a linked-list of 

signals. Each module reference node points to a module node. The 

module reference node contains the name of the module it is referencing 

and the graphical offset for the new position of the module in the unit. 

The module name is used to load the actual module from the library. 

After the module is loaded, the load function returns the node number for 

the top of the newly loaded module. This number is place in the TopOf 

Module field of the module reference. 
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Each signal points (both relatively and absolutely) to ports in the 

module being referenced. Since the node number for a port in a module 

may change when the module is written and read in, then the signals 

contain information about the relative location of a port from the top of 

the module. This is stored as a count (from the module top to the port) in 

the source and destination nodes (SrcNode,DstNode) for the signal. Each 

time a module is loaded that a signal connected to, then the relative 

position is used to obtain the new port node number. 

Ports 

A Port in VHDLCad is a visualization of a signal interfacing with a 

VHDL process block. A VHDLCad Port is not a VHDL Port, though if 

a port is not connected by a signal, then it is declared in the Entity for the 

Unit and hence becomes a VHDL port. Ports are stored in a linked-list 

off of the module node. The name of the port is stored in PortN arne and 

will be used as the default name unless overridden by a signal (see the 

Signal section). Each port has a data type associated with it which is 

stored as an integer as described in the section on data types. The 

optional initial value for the port is stored in a _Value node which is 
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pointed to by the PortInitVal field. The last four unused bits (B12, B13, 

B14, B1S) of the PortInitVal field are used to store special information 

about the port status. This field, called the PortStatus, field contains 

information about the port as shown in Table 4-4. The meanings of these 

bits and the rules for their settings are given below: 

• SenseBit: Since each module is in fact a VHDL process statement, 

then each port is a candidate for appearing in the sensitivity list of 

the process. Therefore, each port has a SenseBit in the PortStatus 

field that is used to flag this port as a member of the sensitivity list. 

This bit has a visual indication when the port is displayed. If the 

SenseBit is true (the port is in the sensitivity list), then the port is 

displayed as a solid black oval. If it is false, then the port is 

displayed as a while oval with a black outline . 

• OutProhib Bit: If a port appears in an expression for assignment, 

then it must able to be evaluated. Hence, it can not have a mode of 

":out". In this case, OutProhib = True = 1. The default is 

OutProhib = False O. 
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• InProhib Bit: If a port appears to the left of the assignment 

operator, (i.e. the port is assigned to) then the port can not have a 

mode of ":in". In this case, the value of InProhib = True = 1. The 

default is InProhib = False = O . 

• InOutProhib Bit: If the InProhib and OutProhib bits for a port are 

both True, the user is asked to choose between making that port a 

bi-directional port or a signal internal to the architecture for that 

module. If the user chooses bi-directional mode, then InOutProhib 

= False = 0 and the port has a mode of ":inout". If the user chooses 

to make the port an internal signals, then InOutProhib = True = 1 

and the port will not appear in the Entity interface list when the 

module is used in'a unit. The default is InOutProhib = False = O. 

Table 4-5 enumerates the values of InProhib, o utProhib, and 

InOutProhib and the resulting mode of the port. Note that the mode of a 

port is only used in the VHDL source if that port is not connected to 

another port. Should there be a signal between two ports, both ports will 

become a signal internal architecture signal with signal name replacing 

the individual port names. The default signal name is taken from the 

source port, unless altered by the user. 
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TABLE 4-4 PortStatus Field Bits 

B12 BII-BO 

TABLE 4-S Port Mode Variations 

0 0 0 :inout 

X 0 1 :in 

X 1 0 :out 

1 1 1 Architecture 
Signal 

The NextPort field points to the next port node in the linked-list. Finally, 

the PortSignal field is a pointer to the signal that connects this port to 

another port. This field is actually set by the signal creation routines. The 

field is not written to disk when the module is saved, since the location of 

the signal (and unit) may change when the module is reloaded. Hence, 

each signal keeps track of the relative location of the port in the module 
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and it is the signal routines that are responsible for maintaining this value. 

Variables 

Variables are also stored in a linked-list off of the module that they 

are defined in. The name of the variable is stored in VariableN arne, and 

its data type is stored in VariableType using the same method as for 

ports. The field VariableInitVal is a pointer to the _Value node that 

contains the initial value for that variable. The NextVariable field points 

to the next variable node in the list. 

Generics 

Like variables, genencs are stored in a linked-list, with the 

GenericLabel field containing the name of the generic. The data type of 

the generic is forced to be TIME, but can be made user-definable later 

by modifying the program. The N ext Generic field points to the next 

generic in the list. 
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Signals 

As mentioned in the description of a Unit, the signal node contains 

information about the ports that it connects. This information is stored in 

nodes called SrcNode and DstNode (described below) which are pointed 

to from the signal node by the SignalSrc and SignalDst fields. The name 

of the signal is stored in the SignalN arne field and this name replaces the 

names of the ports that this signal connects. The NextSignal field points 

to the next signal node in the list of signals for this unit. 

There are two sub-nodes of a signal node: SrcN ode and DstN ode. 

These sub-nodes contain the absolute and relative location of the ports 

that the signal is connecting. The relative port location is stored in 

RelPortLoc which is written to disk when the unit is saved. The field 

AbsPortLoc contains the actual port node number for the signal 

source/destination and is valid only when the unit and modules are 

loaded. The field PortModRef points to the module reference node that 

points to the module containing the port that this node is pointing to. 
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Constant Values 

Constants used in the body of a module are stored in value nodes. The 

field ValueText is a string containing the ASCII representation for the 

value, i.e. 18472 or "11010" etc. The field ValueType is used to indicate 

the data type for this constant, using the same convention as outline in the 

section on data types. 

Statements 

Each statement has a field called N extStmnt which points to the next 

sequential statement in the tree. The other fields are specific to each 

particular statement or statement fragment and are outlined in Table 4-8. 
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TABLE 4-6 General Node and Field Descriptions 

any node 

Design Issues 
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Figure 4-5 General Node Structure 
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TABLE 4-7 VHDL Object Nodes and Fields 

Unit UnitName The string containing the name of 
this unit 

TopModRef Pointer to the first module reference 
node for this unit 

TopSignal Pointer to the first signal in this unit 

ModuleRef ModuleTop Pointer to the top of the module that 
this is a reference for 

NextModRef Pointer to the next module reference 
in this unit 

Module ModuleName The string containing the name of 
this module 

TopPort Pointer to the first port declaration 
for this module 

Top Variable Pointer to the first variable 
declaration for this module 

TopGeneric Pointer to the first generic 
declaration for this module 

TopStmnt Pointer to the top of the statement 
tree for this module 

Port PortName The string containing the name of 
this port 

PortType e data type of this port 

Design Issues 56 



TABLE 4-7 VHDL Object Nodes and Fields [continued] 

PortSignal Pointer to the signal referencing this 
port 

PortInitVal Pointer to the optional initial value 
of the port 

PortStatus Additional port information such as 
mode, sensitivity, etc. 

NextPort Pointer to the next port in the list of 
ports for this module 

Variable VariableN arne The string containing the name of the 
variable 

Variable Type The data type of this variable 

VariableInit Val Pointer to the optional initial value 
of the variable 

Next Variable Pointer to the next variable in the list 
of variables for this module 

Value ValueText The string containg the ASCII 
representation of the constant value 

ValueType The data type of the value 

Generic GenericLabel The string containing the name of the 
genenc 

GenericType The data type of the generic 

N extGeneric Pointer to the next generic in the list 
of generics for this module 
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TABLE 4-7 VHDL Object Nodes and Fields [continued] 

Signal SignalName The string containing the name of the 
signal (overrides the port name) 

SignalSrc Pointer to the source node 
containing the link to a module port 

SignalDst Pointer to the destination node 
containing the link to a module port 

NextSignal Pointer to the next signal declaration 
in this unit 

SrcNode PortModRef Pointer to the module reference node 
DstNode for the module that this signal 

connects to 

AbsPortLoc Pointer to the port node for that 
module 

RelPortLoc Relative offset from the top port of 
the module to the port that is to be 
pointed to by AbsPortLoc 
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TABLE 4-8 VHDL Statement Nodes and Fields 

Asgn TargetPort Pointer to the port node that 
assignment is made to 

TopClause Pointer to the top waveform clause 
for the assignment statement 

NextStmnt Pointer to next statement in this 
statement tree 

Clause ClauseExpr Pointer to the expression forming the 
waveform of this clause 

ClauseDelay Pointer to the Generic node 
containing the delay value for this 
waveform 

ClauseDelayType The type (intertial or transport) of 
the delay 

NextClause Pointer to the next clause in the 
waveform 

VarAsgn TargetVariable Pointer to the variable node that the 
assignment is made to 

VarAsgnExpr Pointer to the expression for 
assignment to the variable 

NextStmnt Pointer to next statement in this 
statement tree 

If IfExpr Pointer to the boolean expression for 
this if statement 
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TABLE 4-8 VHDL Statement Nodes and Fields [continued] 

ThenStmnts Pointer to the statement tree 
following Then 

ElseStmnts Pointer to the statement tree 
following Else 

NextStmnt Pointer to next statement in this 
statement tree 

Case CaseObject Pointer to the object (port or 
variable) that case values will be 
compared to 

TopWhen Pointer to the top When clause for 
this case statement 

NextStmnt Pointer to next statement in this 
statement tree 

When WhenValue Pointer to the constant value node 
for tIns case 

WhenAction Pointer to the statement tree for this 
case 

NextWhen Pointer to the next When clause for 
this case statement 

While WhileExpr Pointer to the expression for the 
while condition 

WhileStmnts Pointer to the top of the list of 
statements inside the while loop 
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TABLE 4-8 VHDL Statement Nodes and Fields [continued] 

NextStmnt Pointer to next statement in this 
statement tree 

Wait WaitOn Pointer to the list of ports to wait 
for changes on (sensitivity list) 

WaitFor Pointer to Generic delay to wait for 

Wait Until Pointer to expression that will wait 
until true 

NextStmnt Pointer to next statement in this 
statement tree 

WaitOn WaitOnSig Pointer to port that is in the wait on 
sensitivity list 

NextWaitOn Pointer to the next wait on node 

Enable EnableSignal Pointer to the signal in the sensitivity 
list to enable 

NextStmnt Pointer to next statement in this 
statement tree 

Disable DisableSignal Pointer to the signal in the sensitivity 
list to disable 

NextStmnt Pointer to next statement in this 
statement tree 

Expression ExprLeft Pointer to left portion of expression 

ExprRight Pointer to right portion of expression 
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TABLE 4-8 VHDL Statement Nodes and Fields [continued] 

ExprOperator 

ExprType 

ExprText 

Range RangeOf 

RangeType 

Design Issues 

Operator number (menu option 
number) 

The data type of this expression 

The string containing the ASCII 
representation of the operator 

Pointer to the signal to take the 
subrange of 

Data type of the resulting subrange 
selection 

62 



Figure 4-6 Sample Module's Internal Structure 
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--Module FOO 
--Port - A: in BIT 
--Port - B: out INTEGER 
--Variable - C: INTEGER 
--Generics - DEL 1,DEL2,DEL3 
FOO: process 

variable C: INTEGER; 
begin 

if (A = '1·) then 
B <= C + 1 after DELl, 

2 after DEL2; 
else 

B <= 3 after DEL3; 
end if; 

end process FOO; 

Figure 4-7 VHDL Text for the Sample Module Database 
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Figure 4-8 Sample Unit's Internal Structure 
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4.5 VHDL Source Code Generation 

The algorithm for generating the VHDL text from the internal 

representation is a recursive function that determines the type of the node 

passed to it, outputs some VHDL text appropriate for that type of node, 

and then calls itself with the pointers from that node as determined by the 

node type. F or example, when processing an if statement, the routine is 

called with a pointer to the if node. Since the node type is _If, then the 

routine outputs the VHDL keyword "if' and calls itself with the pointer 

from the field IfExpr which points to the top of the boolean expression 

for this if statement. When the call to output the expression returns, then 

the routine outputs the VHDL keyword "then" and calls itself with the 

pointer to the ThenStmnts. This produces the statements to be executed if 

the expression is true. After that call returns, the routine checks the 

ElseStmnts pointer field and if it is not undefined, then it outputs the 

VHDL keyword "else" and calls itself again with that pointer, thus 

producing the text to follow the else statement. Once that call returns, it 

calls itself with the NextStmnt pointer to continue on with the statements 

in this module. 
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When the VHDL Generator is called with a pointer to the top of a 

module, then the module header (the list of all ports, and generics) is 

printed as VHDL comments, followed by the statements in the module. If 

the VHDL Generator is called with a pointer to the top of a Unit, then 

the Entity interface is printed followed by the Architecture header and 

declarations. Then, for each module referenced in the Unit, the module is 

printed as stated above, except that the names for ports that are 

connected by a signal are replaced by the signal name. The alternate 

names for such ports appears as a comment in the module header. 

The Entity interface declarations are determined by examining all 

ports of all modules in the unit and they are not connected by a signal 

(i.e. PortSignal = 0) and they are not restricted to be an internal 

Architecture signal (i.e. InOutProhib = 0), then the port name, port 

mode, and data type are printed in the Entity declaration header. 

Duplicate port names of the same data type are assumed to be connected 

and are eliminated. The Architecture signal declarations are determined 

similarly. All ports of all modules in the unit are checked and those that 

are connected by a signal or are restricted to be internal only are declared 

as Architecture signals. 
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VHDL code is generated at the request of the user for either a 

module or a unit, which ever is currently being edited. The output of the 

VHDL Generator can be sent to a disk file, with a default file name take 

from the module or unit name followed by the extension .vhd, or to the 

system line printer. If an additional CRT terminal is available and 

connected to a serial port, the user can turn on an interactive display of 

the VHD L code for modules as they are being developed. This can be 

especially useful for tracking the changes that different editor operations 

can have on the source code. 

4.6 Expression Construction 

The expression construction routines are the most important and most 

complicated routines in VHDLCad. These routines are responsible for 

taking user requests to build expressions out of Ports, Variables, and 

keyboard entered values using the operators and functions provided. The 

user requests are submitted in a linear fashion, even though the resulting 

expression is hierarchical. They provided for sub-ranges of vectors to be 

selected, for concatenation of vectors together and other operations using 

the operator set provided. The must check the data types of the objects 
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used, warning the user when objects or operators with incompatible types 

are selected, and they must update the objects status (specifically port 

status) to reflect the fact that these objects are in an expression. These 

functions must also provide short-cuts for some commonly used 

expression such as rising edge detection, etc. 

In order to accomplish all of these tasks, the following procedure was 

used. The operators were evaluated based on the type of their operands 

and the resultant type of the operation. This information is shown in 

Table 2-5. From this information, it was evident that the only operators 

whose resultant type was different from its operand type were relational 

operators (=,<,>, etc.) and vector concatenation. Hence, operand type 

are forced to match the desired expression type except in the instance of 

those operators. 

To illustrate the various situations that had to be anticipated, consider 

the parsed expressions shown in Figures 4-9 through 4-11. The simple 

cases where the operand types match the operator types are shown in 

Figure 4-9. In this case, when the user selected the ports, their types 

matched the expression type, so the expression node was allocated and 

Design Issues 69 



the operands pointers placed in it. The more interesting case is shown in 

Figure 4-10. Here the expected expression type is BOOLEAN. But the 

first object the user pointed to was a port of type INTEGER. Since it 

could be and expression like (INT = INT), then it is assumed that a 

relational operator will follow. But then the user chooses the addition 

operator. Now, a new SUb-expression must be constructed for the 

addition operation, which then becomes the left operand to the relational 

operator. This example that shows the recursive nature of such a 

problem. 

Finally, consider the case shown in Figure 4-11. This expresslon 

shows the situation where a BIT_VECTOR of length 8 was required, but 

the first operand that the MakeExpr function received was a BIT. Since 

the first operand was followed by the vector concatenate operator, 

MakeExpr accepted the first operand and the operator. The right 

operand of the concatenate had to be a vector of length 7, but the user 

selected a port of only 3 bits. Hence, a SUb-expression of length 7 was 

constructed with the left operand the port of length 3 and the right 

operand selected by the user as a port of length 4. Since the dimension 

for the sUbexpression added to 7, then it returned to the main expression 
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which, since it now had a vector of dimension 1+7 or 8, could return to 

its caller. The algorithm that implements the MakeExpr function (and 

MakeLeft, a sub function) is shown on the next two pages. 
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MakeExpr is called with a memory pointer to the location where the node 
number of this expression is to be placed and the data type of the desired 
expression. It then passes this information on to MakeLeft, which waits 
for a valid left hand operand. 

Once MakeLeft returns with a left operand, then MakeExpr waits for the 
user to select a menu item. 
If the user selects concatenate and the desired expression is a vector, 

Then the left operand is checked to make sure its type is correct, 
and subtracts its dimension from the dimension of the desired 
expression type. MakeExpr then calls itself with a new desired 
expression type that includes this new "remaining" vector size. 

If the user selects a unary operator, 
Then Error{"Unary Operator Invalid"). Loop for another menu 
choice. 

If the user selects a binary operator, 
Then check to see that the type matches the desired expression 
type. 
If it does, 

Then allocate the expression node and call MakeExpr 
with the same type in order to get the right-hand operand. 
Upon return of MakeExpr, return the new expression 
node number. 

If it does not match the expression type, 
Then Error{"Wrong Type"). Loop for another menu 
choice. 

If the user selected done, 
Then return the left operand as the actual expression. 
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MakeLeft does the following: 

It waits for the user to select either a port, variable, or a menu item. 

If the user selected a port or variable, 
Then the object is assumed to be the expression 
The base type of the object is compared to the base type of the 
desired expression. 
If they are the same, 

Then the dimension of the object IS compared to the 
desired dimension of the expression. 
If the dimensions are the same, 

Then the object is a valid candidate for the 
expression and may be followed by a valid 
operator. 

If the dimension of the object is less than the dimension of 
the expression, and the base type of the expression is a 
vector (BIT or MVL), 

Then the operand is valid assuming it is followed 
by a concatenate operator. 

If the dimension of the object is greater than the 
dimension of the expression, 

Then Error("Wrong Dimensions"). Return with an 
undefined node number. 

If the base types are not the same, and the base type of the 
expression is BOOLEAN, 

Then the operand is valid assuming it is followed by a 
relational operator at some point (it could be 
INT_SIG + 1 = 5). 

If the base types are not the same and not BOOLEAN, 
Then the operand is not valid. Error("Wrong Type"). 
Return with an undefined node number. 

If the user selected a menu item, 
Then it is checked to see that it is a unary operator, since only a 
unary operator can precede the left operand. The operator also 
must have a resultant type compatible with the expression type, 
If the operator is unary and of the proper type, 

Then an expression node is allocated and set to be the 
unary operator, and MakeExpr is called to form the 
operand for the unary operator. 

If the operator is not of the proper type, 
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Then Errore' Oper a tor Invalid"}. Return an undefined 
node number. 

If the user selected a binary operator, 
Then Error(flBinary operator invalid"}. Return an 
undefined node number. 

If the user selected the item done, 
Then the done flag is set to true, and an undefined node 
number is returned. 
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Figure 4-9 Several Simple Expressions 
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Figure 4-10 Sample Expression with Mixed Type 
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Figure 4-11 Sample Expression with Multiple Dimensions 

Design Issues 77 



4. 7 Menu System 

The menu system is divided into three sections - 1) binary menu file, 

2) the menu drawing function, and 3) the menu item select functions. The 

menu information is stored in binary format in a file called 

VHD LCAD .men. This file contains the text to be displayed in the menu, 

a rectangular area to display the text in, and a flag to enablel disable 

inverse video and specify menu item type. When VHD LCad is invoked, 

the menu file is read from disk and stored in memory. 

The menus are drawn in the menu area of the screen as rectangular 

areas of text. Menus can be displayed in one column of ten rows or three 

columns of ten rows. The latter is used for the expression operators menu 

which has a large number of small text items. 

When VHDLCad is waiting for a menu item (or a screen object) to 

be selected, the system tracks the motion of the mouse and determines if 

the cursor is within the bounds of a menu item. As soon as the mouse 

enters the rectangular region of a menu item, the item is placed in inverse 

video based on the value of the menu item type. The rectangle will remain 
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In inverse video until the cursor leaves the rectangle. The menu system 

continues to track the cursor and invert rectangles until a mouse button is 

pressed. If the Right mouse button is pressed, the flag controlling the 

Interactive VHDL display is toggled. If the Middle mouse button is 

pressed, a help window appears for that menu item. If the Left button is 

pressed and released within a menu item, then that menu number is 

returned to the calling routine. If the cursor was not on a menu item, or if 

it leaves the item before the Left button is released, then no menu number 

is returned, and the coordinates of the cursor are passed back. This 

allows the calling routine to check for either a menu item or a screen 

object being selected. Such is the case with the SelectObject function 

which returns 0 if nothing was selected, 1 and the menu number if a menu 

item was selected, 2 and the port node number if a port was selected, and 

3 with the variable node number if a variable is selected. 

The help information is stored in file called VHDLCAD.hlp and is 

organized as groups of text according to menu number and menu item 

number. When the Middle mouse button is pressed, the menu number and 

the menu item number are used to compute the offset into the help file, 

and the resulting text is displayed on the screen. 
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5. Performance 

The VHDLCad system has been tested on a AT&T 6300 and IBM 

AT Personal Computers. Several models were developed to verify the 

operation of the tool. Given the complexity of such a program, extensive 

use will be needed to workout all of the bugs. 

With the nodes as described in Section 4.4 on page 4.4, the size of 

each node is SO bytes. The system is currently configured for 500 internal 

nodes, and can be extended for larger applications. The following table 

gives some statistics on the performance of the system. All times are using 

an AT&T 6300 PC with a 20Mbyte hard disk and an 8087 co-processor. 

The module used for the test consisted of 3 ports, 1 generic, and 2 

assignment statements inside an if/then/else statement. The unit used was 

three of the modules connected with 2 signals. The "large" unit was 9 

modules with six signals. 
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TABLE 5-1 VHDLCad Performance Statistics 

Program Size Normal 160 KBytes 

with Debugging 300 KBytes 

Invoke Time 10 sec 

Internal Memory Size Single Node 50 bytes 

Module 1000 bytes 

Unit (+ modules) 1500 bytes 

"Large" Unit 10 Kbytes 

Save to Disk Module < 1 sec 

Unit 1 sec 

"Large" Unit 2 sec 

Load from Disk Module 1 sec 

Unit 4 sec 

"Large" Unit 10 sec 

Generate VHDL to Module < 1 sec 
Disk 

Unit 1 sec 

"Large" Unit 3 sec 
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TABLE 5-1 VHDLCad Performance Statistics [continued] 

Re-Draw Screen Module 1 sec 

Unit 3 sec 

"Large" Unit 4 sec 

Disk File Size Module 1000 bytes 

Unit 500 bytes 

"Large" Unit 1500 bytes 

The output of VHDLCad was submitted to the Intermetrics 1076 

analyzer running on a VAX computer. The analyzer reported no errors 

for the models generated. The size and performance of VHDLCad make 

it a reasonable front end to an analyzer and simulator running on a larger 

mlnl- or main-frame computer. The speed with which a user can 

reconnect modules together to produce new designs correctly make 

VHDLCad a very desirable tool. 
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6. Future Enhancements 

6.1 User-defined types 

The current set of types are hard-coded into VHDLCad. However, as 

a user-option, it would be desirable to allow the user to construct new 

types based on the set of current types. This could be achieved but storing 

the types in a linked list structure which included the name of the type, 

the type(s) it was derived from, a list of the valid elements (characters, 

digits, strings, etc) that make up the type, and a list of operators that are 

allowed for manipulating objects of that type. The new type declarations 

would be placed in a user package to be referenced by any unit that was 

created while those types were loaded. 

6.2 Macros 

Several macros are currently hard-coded into VHDLCad. These 

macros implement the rising and falling expressions that are commonly 

used. VHDLCad could be extended to allow for user-defined macros. 
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These macros would be constructed just like a portion of a module, 

except that dummy argument nodes would replace the actual references to 

ports, variables, and generics. The fragment of code could then be written 

to a disk file in the internal database format, and the name of the macro 

could be added to a macro menu list. When the macro was invoked by the 

user, the tree structure would be read exactly from the disk and when it 

reached a dummy argument, would prompt the used to point to the object 

that will takes its place. 

6.3 Block and GUARD Representation 

One VHDL behavioral modeling construct that is missing from 

VHDLCad is the block and associated GUARD expression. A suggested 

graphical representation for a block boundary is shown in Figure 6-1. 

Adding the menus and functions for creating nested blocks would be 

relatively simple, since nested statements are already implemented in 

VHDLCad. The main difficulty would be the fact that blocks generally 

group processes or other concurrent statements. Such a grouping would be 

made when editing the unit, not the individual modules. Therefore, 

modules that referenced the GUARD expression in a signal assignment 
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statement would not have any knowledge of the block at the time they 

were created. A solution might be to just have the module reference a 

GUARD expression and when the module appears in a unit, it has its 

own block and dummy GUARD expression surrounding it, until the user 

has modified it. 
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Block! 

A Block 

A Block with GUARD Expression 

Figure 6-1 Proposed Graphical Representation for Blocks 
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6.4 Multi-shape symbols 

The graphics currently used in VHDLCad rely on the rect structure of 

Meta Windows which contains to coordinate points. As a slick and 

relatively simple extension to VHDLCad, the rect structure in each node 

could be replaced with a pointer to an icon structure that could implement 

complex graphical shapes using a linked-list of coordinates and drawing 

attributes. 

6.5 Multi-Signal Connections 

Currently VHDLCad only allows one signal to be connected between 

two ports. However, the database can be extended to allow a linked list of 

DstNodes so that a signal can connect to multiple ports. 
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7. User's Manual 

7.1 Introduction 

System Requirements 

VHDLCad (c)* runs on an IBM-PC/XT or AT compatible computer 

with the following resources: at least 512kb of memory, two 360kb disk 

drives or a hard disk, and IBM DOS 3.1. The system should have at least 

CGA graphics capability and a Microsoft or Mouse Systems mouse 

attached. If the interactive display of VHDL is desired, then an additional 

display device, such as a Zenith Z-19 CRT Terminal, must be connected 

to the serial port. Hardcopy support for screen dumps requires an IBM 

Graphics Printer or a HP LaserJet printer (and appropriate emulation 

software such as Emu-Print). The MetaWindow** graphics library will 

dynamically configure itself for the following graphics display cards: 

* VHDLCad is a trademark of David G. Burnette. Copyright 1988. 
All Rights Reserved. 

** MetaWindow is a trademark of MetaGraphics Software 
Corporation, Copyright 1986. 
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AT&T Display Controller Board (and DEB) 

Everex Graphics Edge Adapter 

Hercules Monochrome Graphics Adapter 

IBM CGA, EGA, and VGA boards 

Other display adapters are also supported and are too numerous to list 

here. Consult the Meta Windows documentation for a complete list of the 

supported adapters. 

The recommended system configuration consists of a IBM PC-AT or 

PS2 with at least 640-350 2-color resolution, a 20Mbyte hard disk, a 

Mouse Systems mouse attached to COMl, a Zenith Z-l9 CRT terminal 

attached to COM2, and an IBM Graphics Printer attached to LPT1. This 

is a complete system providing interactive VHDL, medium resolution 

graphics, and hardcopy support. 

Distribution Disk Contents 

The VHDLCad distribution disk contains the following files . 

• CONFIG.exe - This is the main installation and configuration 
program. Run this program first. 

• VHDLCad.exe - This is the executable VHDLCad program. 
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• VHDLCad.men - This is the file containing the menus in binary 

• VHDLCad.cfg - This is the file specifying the configuration (mouse, 
display, etc.) that VHDLCad reads when it is invoked. 

• VHDLCad.hIp - This is the online help file. 

• VHDLCad.vhd This is the source file for the package of types 
and functions that are extensions of IEEE standard VHDL 1076. 
This file must be analyzed and placed in the library of the 
simulation system you are using (not part of VHDLCad). 

• SYSTEM08.fnt - This file contains the font used by VHDLCad. 

• PRTSCRN .exe - This is the print screen driver for Meta Windows. 
Run this program before starting VHDLCad if hardcopy screen 
dumps are desired. 

The disk also contains the following sample modules and unit. 

• LATCH.mod - A Strobed latch for an 8 bit MVL value. 

• DECODE.mod - A module that computes an enable signal based 
on the input of 2 control signals. 

• BUFFER.mod - A module that either outputs the value on its input 
or hi - Z if the control input is low. 

• REGISTER.unt - A complete design unit using LATCH, 
DECODE, and BUFFER. 
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Getting Started 

After the system has been configured as shown above, boot the PC 

using DOS 3.1. When you see the DOS prompt, insert the VHDLCad 

disk in drive A and type 

a:config 

This will execute a program that asks you for the location of the mouse 

and optional CRT display as well as which graphics resolution you want. 

After you answer the questions, the program will write a file called 

VHDLCad.cfg. This file contains the configuration data the VHDLCad 

requires when executed. Once the configuration file is in place, just 

invoke VHDLCad by typing: 

a:VHDLCad 

The system will come up with a blank drawing area and a menu on the 

right side of the display. You are now ready to begin creating and editing 

VHDL Models. If you want to be able to print the graphics screens, you 

must run the Meta Window PRTSCRN program prior to starting 

VHDLCad by typing: 

a:PRTSCRN 
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7.2 Command Descriptions 

The following is a list of the commands that appear in the menus, and 

a description of what the commands do. To select a menu item from the 

menu, move the mouse cursor over the text (it will be highlighted) and 

clicking the Left mouse button. Most of the command menus have an 

option called Backup. This option is used to back up to the previous 

menu. Menu names are shown in italics and VHDL keywords are shown 

in bold. 

Main 

From the Main menu, you can select Create or Edit. Create is used 

for creating new modules and units. The user is prompted for the new 

name for this module or unit. Edit is used to editing an existing module or 

unit, and the user is prompted for the name of the module or unit so that 

it may be loaded. 
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Add 

When editing a module, the following options are available: 

• Port - U sed to add a new port to the module. You will be 

prompted for a name for the port in the prompt bar area. The 

name is limited to 32 characters an must be unique with respect to 

the module being edited. You must also select a type from the 

Types menu by moving the cursor to the menu area and selecting 

the desired type. If it is a vector type, then a pop-up window will 

appear for specifying the range of the type from low to high. The 

range is limited to positive integers less than 32. To change the 

range, just click the Left mouse button on the U for Up or D for 

Down next to the value you wish to change. Select the OK box 

when you are done. Finally, place the port on the module by 

moving the cursor to the drawing area and pressing the Left mouse 

button at the location for the port. The port will snap to the edge of 

the module and show as a circle with the port name next to it. 
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• Variable - Used to add a new variable to the module. You must 

specify and name and type for the variable using a procedure 

similar to that used for ports. Unlike ports, variables are not 

snapped to the edge of a module, they can be placed anywhere on 

the module . 

• Sense - Used to toggle the sense of one or more ports. Clicking the 

Left mouse button on a port will toggle that port's inclusion in the 

sensitivity list for the module. This is indicated graphically by 

drawing the port as a solid or outlined circle, depending on if it is 

or is not in the sensitivity list. The command remains active until 

the button is clicked outside of a port (anywhere in the drawing 

area). 

• Statement - Use this option to add VHDL behavioral statements to 

the module. The statements are selected from the Statement menu 

and the option remains in effect, adding new statements to the end 

of the module, until you return back to the Add menu. Hence, once 

you add the statements to the inside of a if/then statement and exit 

the Statement menu, all new statements added will follow the end 
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of the if statement. Any statements that are to be added inside a 

nested statement MUST be added while at that state. No provision 

exists in this release for modifying the order or content of the 

statements other than deleting all statements and starting over. 

When editing a Unit, the Add menu has the following options: 

• Module - Used to add a new module from the library to the unit 

being edited. The module must already exists (though statements 

may be added to the module later). You will be prompted for the 

name of the module in the prompt bar. The module will be loaded 

from the library and show as an outline oval following the cursor in 

the drawing area. Move the oval to the desired position and click 

the Left mouse button. The module will then be drawn at that 

location . 

• Signal - Used to add a signal to the unit. First, you must specify 

the source port by clicking inside the source module then inside the 

source port. The you must specify the destination port by clicking 

inside the destination module then inside the destination port. An 
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error will occur and the signal not be added if: 

o If the source port is not allowed to be an output. 

o If the destination port is not allowed to be an input. 

o Or, if the types of the source and destination ports do not match. 

Delete 

Once the source and destination is specified, then a name must be 

provided for the signal. The default name, taken from the source 

port, will appear in the prompt bar. If a null string is entered, then 

the default name is used. Otherwise the name entered is used. 

The Delete command is used to remove ports, variables, and 

statements when editing a module, and modules or signals when editing 

a Unit. Note that deleting a port or variable may have serious side 

effects on statements that reference that port or variable. To select the 

object to be deleted, just click the Left mouse button inside the object. 

User's Manual 96 



Change 

The Change command is used to change the name and or type of 

Ports and Variables when editing a Module, and the name of a Module or 

Signal when editing a Unit. Note that changing the type of a port or 

variable may have serious side effects on statements that reference that 

port or variable. Changing the name of a Module effectively makes a 

copy of the module with the new name. 

Move 

The Move command is used to relocate graphically objects on the 

screen. For Modules, the objects that can be moved are Ports and 

Variable. For Units, the objects that can be moved are Modules. 

Movement is performed by moving the cursor so that it is inside the object 

to be moved. Then press and hold the Left mouse button while dragging 

the outlined shape of the object to its new location. Releasing the button 

places the object and redraws it. 
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VHDL 

This command is used to generate the VHDL description for the 

object currently being edited. The command asks for a one letter response 

(either D or P) to specify where to send the description. D is used for 

sending the VHD L to a disk file, and P for sending it to the line printer. 

The default name for the file is the name of the module or unit followed 

with an extension of .vhd. 

Save 

This command is used to write the internal database description for 

the object currently being edited. The command prompts for a file name 

to save the object under. The name defaults to the module or unit name 

followed by an extension of .mod for modules and . unt for units. If the 

file exists, a warning is given which asks for permission to over-write the 

file. 
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Statements 

VHDL behavioral statements are added to a module by selecting the 

statement from the menu and supplying the appropriate expressions and 

other statements. The following is a list of statements supported in this 

release of VHDLCad: 

• Assign - This statement assigns the value (or expression) to either 

a port or a variable. After selecting the Assign option, select the 

port or variable that the assignment is for by clicking on it. 

VHD LCad recognizes the difference between selecting a port and a 

variable, and constructs the appropriate VHDL assignment 

statement. Construct the expression by using sequences of 

operators, other ports, variables, or KEYboard values, and ending 

the expression by selecting done in the menu area. The expression 

type will be monitored to ensure that it matches the type of the port 

or variable being assigned to. In the case of a port assignment (the 

equivalent of a signal assignment statement in VHD L), there may 

be a sequence of expressions and delays specified that form a 

waveform to be assigned to the port over time. After constructing 
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each expression, select done and then select the delay option. If no 

delay option is specified, then it is a simple assignment statement 

with an implied delay 0 ns. If the Inertial or Transport delay option 

is selected, then you must supply the name of a generic that will 

contain the delay value at simulation time. Specifying Transport 

will add the VHDL keyword transport to the assignment statement. 

Once the generic has been entered, then the expression for the next 

clause of the waveform may be constructed until no delay option is 

requested . 

• If - This statement forms a VHDL if/then/else statement by first 

prompting for the boolean expression to be evaluated. This 

expression is constructed by selecting ports, variables, KEYboard 

values, operators and conditions that result in a boolean 

expression. The expression is completed by selecting done from the 

menu area. Following completion of the expression, you must select 

at least one statenlent to be placed after the then keyword in the if 

statement. Any number of statements can be added, and nested 

statements are also allowed. When the statement construction 

following the then keyword is complete, then select the Backup 
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menu option to begin construction of the optional else statements. If 

no statements are added, no else keyword is used in the 

corresponding VHDL code . 

• While - This statement constructs a while/loop statement in VHDL. 

First construct the boolean expression for the condition to be tested 

at each loop using the same procedure as used for the if statement. 

Once the expression is completed, add statements that will be 

placed inside the bounds of the loop. Terminate adding statements 

to the loop by selecting Backup from the menu . 

• Case - This statement constructs a VHD L case statement. First 

select the port or variable to be tested by clicking on it. Then you 

will be prompted for a value to be entered at the keyboard, 

followed by one or more statements to be added for that case value. 

To end the addition of cases, and specify the default "others" case, 

simply hit return when prompted for a value and add the statements 

for the default case. 
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• Wait - The VHDL wait statement has three sections - 1) a list of 

ports to wait for a transition on, 2) an expression to wait until 

true, and 3) a generic delay value specifying how long to wait for. 

VHDLCad prompts you for each section of the wait statement. The 

list of ports is formed by clicking on ports and terminated by 

clicking on nothing. The expression is constructed as for the if 

statement, and the generic delay name is prompted for at the 

keyboard. All sections are optional, although a wait statement with 

no arguments will wait forever. 

• Enable! Disable - These statements are used to enable and disable 

ports in the sensitivity list from triggering the process. Select the 

port to enable or disable by clicking on it with the Left mouse 

button. The port must be in the sensitivity list for the module. Note 

that this does not alter aport's inclusion or exclusion from the 

sensitivity list, it merely provides a means of controlling the effect 

of aport's inclusion in the list. 

• Null - The null statement performs no action and reqUIres no 

arguments. 
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Expressions 

Each expression constructed must have a type and that type must 

match the situation in which the expression appears. Type checking of 

the expression is performed as the expression is constructed. The 

expression is formed by selecting a port, variable, KEYboard value, or a 

unary operator followed by a port, variable or KEYboard value. A binary 

operator with the appropriate type may follow the first operand and once 

selected, must be followed by a right hand operand. Expression 

construction continues until the done option is selected. If the expression 

was incomplete or of the wrong type, then an error message is produced 

and the previous state of the expression is restored. Most of the operators 

available are self-explanatory. The special expression menu options are: 

• Range - This option allows you to take a selected range of a vector 

for use in an expression. To select the range of a port or variable 

vector, select the range option, then click on the port or variable 

and a window will appear that can be used to specify the sub-range 

of the vector to use. Simply click the U and D boxes next to each 

value to change them. When you are satisfied, click" OK. The 
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dimensions are checked to ensure that the resulting expression 

dimension is correct . 

• & - This is the vector concatenate operator used to piece together 

vectors. The resultant type of the expression must be correct . 

• is - This is a special menu option that calls up a menu of 

conditions. These are used to create signal attributes such as stable, 

rising and falling. For example, to construct an expression for 

testing for the rising edge of a port of type BIT, select the port by 

clicking on it, then select the is option, followed by the rising 

option. This will construct the VHD L code that implements the 

rising edge expression. Certain conditions are only valid for certain 

types. For instance, Hi-Z is only valid for a port of type MVL. 
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7.3 Sample Session 

Invoking VHDLCad 

Invoke VHDLCad by typing the following at the MS-DOS prompt: 

A>vhdlcad 

The program will load, and the screen should look similar to Figure 7-1, 

depending on the graphics adaptor being used. 
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Figure 7-1 Initial Screen at Invocation 
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Creating a Module 

From the Main menu, select the Create option by moving the mouse 

cursor to the menu area and pressing the left mouse button when the 

Create option is high-lighted. The menu should be updated as shown in 

Figure 7-2. From the Edit menu, select the Module option. The prompt 

bar in the lower left corner of the screen should prompt you for the name 

of the module to create. This is shown in Figure 7-3. Type the module 

name LATCH as shown. A drawing area should be opened, with the 

module name appearing at the top, and a module outline appearing in the 

center of the drawing area. Now you are ready to edit the module by 

adding, deleting, and moving ports, variables and statements. 
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Figure 7-2 Edit Menu 
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Figure 7-3 Entering Module N arne 
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Creating Some Ports 

Once the drawing area has been opened for a module, then ports may 

be added to the module by selecting the menu option Add. The screen 

should look like Figure 7-4. Select the Port option, and type in the port 

name STRB in the prompt bar area. Select the data type for the port by 

selecting the BIT menu option. Place the port on the edge of the module. 

Notice that ports snap to the edge of the module on a line through the 

module center. Next add another port called DIN that is a 

MVL_ VECTOR type. A pop-up area should appear for specifying the 

range of the vector. Click on the U and D to make the value go up and 

down respectively. Click the OK box when the range is set at 0 to 7 as 

shown in Figure 7-5. Place the port on the module. Add a third port 

called DOUT that is also an MVL_ VECTOR type. Notice that the range 

value of 0 to 7 is retained in the pop-up box, so just click on OK to set 

the range for DOUT. Place DOUT on the module. The screen should 

look like Figure 7-6. 
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Setting Port Sensitivity 

Since we want this module to latch DIN to DOUT when the STRB 

signal changes, then we want STRB to trigger the module. This is 

indicated visually by adding STRB to the sensitivy list for the module. 

Select the menu option Sense. Then click inside the port STRB. The circle 

should be filled in black as shown in Figure 7-7. Other ports may be 

added or removed from the sensitivity list by clicking on them as well. The 

Sense option toggles inclusion in the list, and is active until you click the 

mouse button outside of a port. 
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Figure 7-4 Add Menu 
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Figure 7-5 Specifying Vector Range 
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Figure 7-6 LATCH Module with Ports 
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Figure 7-7 Setting Port Sensitivity 
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Adding Statements 

Next we will add the statements that describe the behavior of this 

module. Select the Statement option from the Add menu. The screen 

should look like Figure 7-8. Select the If option. The screen changes to 

show the operators available (Figure 7-9). Begin constructing the boolean 

expression for the IF statement by clicking on the port STRB. Then select 

the menu option IS. This is a special menu that allows the testing of the 

a ttributes of ports. Select the Rising option, since we want D IN to be 

passed to DOUT on the rising edge of STRB. Since this is the end of the 

expression, select the DONE option. The prompt area now indicates that 

the statements added next will be placed after the THEN keyword of the 

IF statement. Since we want to make an assignment, select the Assign 

option (Figure 7-10). Click on the object that the assignment is being 

made to (DOUT). Then construct an expression that will provide the 

value to assign to DOUT. Since the value we want to assign is DIN, then 

click on DIN followed by the DONE menu option. Next we must specify 

the delay type we want (if any). Select the Intertial option, and type in 

REGJ)ELA Y, the generic name for the delay value (Figure 7-11). 

Since this is the only waveform value we want to assign to DOUT, select 
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the DONE option. This is the only statement that we want following the 

THEN portion of the IF statement, so select the BACKUP option to 

move back out to the previous level. The prompt bar will indicate that 

statements added will become part of the ELSE portion of the IF 

statement. Since we have no statements to add there, select the BACKUP 

option again. Finally, since the IF statement is the only main statement 

we want in the module, select BACKUP again to return to the Add menu. 
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Saving the Module 

N ow that everything has been specified for the module, select the 

menu option BACKUP to return to the Module menu and select the Save 

option to save the module. Notice that the default name for the module 

appears in brackets (Figure 7-12). If you do not specify a name for the 

module to be saved as, then the default name is used. Press return to save 

the module using its default name. Now select BACKUP until you reach 

the Main menu. 
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Creating a Unit 

From the Main menu, select the Create option. From the Edit menu, 

select the Unit option. The prompt bar in the lower left corner of the 

screen should prompt you for the name of the unit you are creating. This 

is shown in Figure 7-13. Type the module name REGISTER as shown. A 

drawing area should be opened with the unit name appearing at the top. 

Now you are ready to edit the unit by adding, deleting, and movlng 

moduless and signals. 
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Figure 7-13 Enter a Unit N arne 
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Adding Modules 

This unit will have three modules in it: Latch (which was just 

created), Decode and Buffer (supplied on disk). To add these modules, 

simply select the Add menu, then select the Module option. Add the 

Latch module first by typing in the name LATCH at the prompt area. 

The module will be loaded from disk, then an outline of it will appear on 

the screen floating with the cursor. Position the cursor to the place where 

you want the module placed, then press the left mouse button. The screen 

should look like Figure 7-14. Starting with the selection of the module 

option, repeat the process for the other two modules, Decode and Buffer. 

The screen should look like Figure 7-15. 
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Adding Signals 

N ext connect up the modules with signals by selecting the Signal 

option from the Add menu. In order to specify the ports that the signal 

connects with, you must first point to the module the port is on, then 

point to the port. Since we want a connection from DOUT on the Latch 

module to D IN on the Buffer module, click the mouse inside the Latch 

module, then click it inside the DOUT port. Notice that the prompt area 

tells you what selection is expected next. Specify the end of the signal by 

clicking on Buffer, then on DIN of Buffer. Since the signal must be 

named, the prompt area asks for a signal name to be entered as shown in 

Figure 7-16. (The default name for the signal, shown in square brackets, 

is taken from the source port name and will be used if you just hit 

return). Type in the name REG and hit return. The signal should be 

drawn and labeled REG. Add another signal from the port OUT on 

Decode to the port CONTROL on Buffer and name the signal EN. The 

screen should look like Figure 7-17. The unit is now complete. 
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Generating VHDL for the Unit 

The VHDL for the design unit is created by selecting the Backup 

menu option until you reach the Unit menu. From this menu select the 

VI-IDL option. The program will ask you where you want the VHDL to 

go. Type D for a disk file or P for the line printer. If you type D, you 

will be asked for a file name, which defaults to the unit name. Just hit 

return which will place the VHDL in a file called REGISTER.VHD. 

Saving the Unit 

The Unit is saved by selecting the Save option from the Unit menu. 

The prompt area will ask for a file name to write the unit to, with the 

name defaulting to the unit's name. Just hit return which will place the 

VHDL in a file called REGISTER.UNT. 
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7.4 VHDLCad Package 

The following is the package that is referenced by each VHD L file 

generated by VHDLCad. It contains the multi-value type definitions and 

some common functions. It is included on the VHDLCad distribution 

disk. 
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package VHDLCAD is 

type MVL is ('0' ,'1' ,'Z'); 
type MVL_ VECTOR is array (INTEGER RANGE <» of MVL; 

function MVL2BIT(INPUT: MVL) return BIT; 
function BIT2MVL(INPUT: BIT) return MVL; 
function INVBITV(INPUT: BIT_VECTOR) return BIT_VECTOR is 
function BIN2INT(INPUT: BIT_VECTOR) return INTEGER is 
function INCBITV (INPUT: BIT_VECTOR) return BIT_VECTOR is 

end VHDLCAD; 

package body VHDLCAD is 

function MVL2BIT(INPUT: MVL) return BIT is 
constant TIE_OFF: BIT := '1'; 
begin 

case INPUT is 
when 'z' => return TIE_OFF; 
when '0' => return '0'; 
when 'I' => return'l'; 

end case; 
end MVL2BIT; 

function BIT2MVL(INPUT: BIT) return MVL is 
begin 
case INPUT is 

when '0' => return '0'; 
when 'I' => return'l'; 

end case; 
end BIT2MVL; 

function INVBITV(INPUT: BIT_VECTOR) return BIT_VECTOR is 
variable TEMP: BIT_VECTOR; 
begin 
for I in INPUT' low to INPUT' high loop 

if INPUT(I) = '0' then 
TEMP(I) := '1'; 
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else 
TEMP(I) := '0'; 

end if; 
end loop; 
return 'TEMP; 

end INVBITV; 

function BIN2INT(INPUT: BIT_VECTOR) return INTEGER is 
variable SUM: INTEGER := 0; 
begin 

for N in INPUT'low to INPUT'high loop 
if INPUT(N) '1' then 

SUM := SUM + (2**N); 
end if; 

end loop; 
return SUM; 

end BIN2INT; 

function INCBITV (INPUT: BIT_VECTOR) return BIT_VECTOR is 
variable TEMP: BIT_VECTOR; 
begin 

TEMP := INPUT; 
for I in INPUT'low to INPUT'high loop 

if TEMP(I)= 'a' then 
TEMP(I) := '1'; 
exit; 

else 
TEMP(I) := '0'; 

end if; 
end loop; 
return TEMP; 

end INCBITV; 

end VHDLCAD; 
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7.5 Glossary 

Architecture - The body of a VHDL description that specifies the 

structure, behavior or both, of the design. 

Data Type - The type of data an object can hold. Some examples: 

Integer, Real. 

Entity - The section of a VHD L description that specifies the name and 

data type of the ports that form the interface to this description. 

Generic A named constant whose value specification is supplied at the 

time of simulation. Generics are used by VHDLCad to specify delays. 

Module - A module is the VHDLCad representation for a VHDL 

process block. It has a list of ports, variables, generics (used for delays), 

and statements which exhibit a certain behavior. 

Modified Process Model Graph (MPMG) - A graphical notation that 

provides a partitioning of a design into concurrent processes. 

Port - A VHD LCad formal object that represents an interface to a 

module. Ports may actually become either an Entity port or an 

Architecture signal depending on the use of the module. 

Process - A concurrent block of behavior code in VHDL. 

Sensitivity List - A list of ports (signals) that will trigger the execution of 

a module (process) when a change occurs on it. 
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Signal - A signal in VHDLCad is a connection between two modules. In 

VHD L, a signal is a type of declared object that models electrical signals 

when values are assigned to it. 

Unit - A combination of modules that forms a complete VHDL design 

unit, i.e. and Entity and Architecture. 

Variable - A declared object analagous to variables In a computer 

programming language. 

VHDL - The VHSIC Hardware Description Language IEEE Standard 

1076-1987. A new standard hardware description language that provides 

constructs for intermixed behavioral and structural modeling. 
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