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(57) ABSTRACT 

A behavioral synthesis tool for generating an integrated cir 
cuit design is described. The behavioral synthesis tool alloWs 
a designer to interactively allocate variables or arrays to 
memory resources Without having to modify a source code 
description of the integrated circuit. The behavioral synthesis 
tool reads the source code description and generates a syn 
thesis intermediate format stored in memory. The synthesis 
tool searches the in-memory synthesis intermediate format to 
?nd arrays for each process. The arrays are then listed in a 
graphical user interface (GUI). The GUI alloWs the designer 
to create memory resources, specifying the type of memory, 
the packing mode, etc. The designer is also provided the 
ability to vary the format among a plurality of formats used to 
pack arrays to memory during the memory packing process. 
Upon completion of modifying the memory allocation, the 
designer saves the changes and such changes are effectuated 
by automatically updating the synthesis intermediate format. 
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ARRAY TRANSFORMATION IN A 
BEHAVIORAL SYNTHESIS TOOL 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to behav 
ioral synthesis tools for creating integrated circuits, and more 
particularly relates to behavioral synthesis tools that provide 
for improved packing of arrays to memory. 

BACKGROUND 

[0002] With the proliferation of data-intensive applica 
tions, such as sound, image and video processing, the 
memory subsystem has become an important focus of elec 
tronic system design. More than three-quarters of a data 
intensive system can be made up of storage components, 
making the memory subsystem the most crucial part of the 
design of an integrated circuit. Most of these systems need to 
be high-speed due to the large amounts of data involved and 
must be designed carefully to avoid a solution that is larger 
than expected. 
[0003] The design of an integrated circuit no longer begins 
With a circuit diagram. Instead, it begins With a softWare 
program that describes the behavior or functionality of a 
circuit. This softWare program is a source code description 
that de?nes an algorithm to be performed With limited imple 
mentation details. Designers direct behavioral synthesis tools 
to convert the source code description into a register transfer 
level (RTL) description. The RTL description is used to ulti 
mately generate a netlist that includes a list of components in 
the circuit and the interconnections betWeen the components. 
This netlist is used to create the physical integrated circuit. 
[0004] Arrays provide a poWerful and convenient method 
for modeling the behavior of memories in source code 
descriptions. That is, behavioral descriptions are used to 
manipulate groups of data in an abstract manner using arrays. 
These arrays are, under the control of the designer, packed to 
memory. Behavioral synthesis tools automatically construct 
the logic to control the memory, freeing the designer to 
explore architectures using different memories With different 
characteristics (e.g., synchronous versus asynchronous, 
single port versus dual port), and make intelligent decisions 
about an appropriate implementation for a design. 
[0005] To pack arrays to a memory, the designer must spe 
ci?cally assign the variables representing the arrays to a 
memory in source code and specify the type of memory and 
other memory parameters. This is accomplished using a set of 
attributes or directives. For example, Synopsis® tools use a 
“pragma” statement. 
[0006] After the designer designates the details of memory 
allocation in the source code description (using pragma state 
ments or other directives), the designer runs the source code 
description through the synthesis tool. The synthesis tool 
generates a report that the designer can use to analyZe the 
performance of the circuit. For example, the user can examine 
the speed and area of the circuit to determine Whether the 
current memory allocation is acceptable. If the memory allo 
cation is not acceptable, the designer must return to an editor, 
re-edit the source code description to change the details of 
memory allocation, and run the source code description 
through the synthesis tool again. Such a technique for modi 
fying the memory allocation is time consuming and ine?i 
cient and gives the designer only a limited amount of options 
for designating hoW memory Will be allocated. 
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[0007] It is desirable, therefore, to provide a method and 
synthesis tool that alloWs a designer to modify memory 
resources more quickly and simply as Well as provide the 
designer With more advanced options for specifying hoW 
arrays Will be packed to memory. 

SUMMARY 

[0008] Methods, systems, and behavioral synthesis tools 
are provided that alloW a designer to change the format of hoW 
an array is packed to memory during the memory packing 
process When converting a source code description of a circuit 
to an RTL description. The designer can Write a source code 
description at the algorithmic level describing the behavior of 
the circuit to be designed. The designer then uses a behavioral 
synthesis tool to generate a number of different architectural 
designs using synthesis techniques. Each design can imple 
ment differing memory allocation by alloWing the designer to 
change a number of different constraints such as Whether to 
use RAMs vs. registers, Which type of RAM to use, hoW many 
memories to use, Whether to use on or off-chip memory, etc. 
The designer is also provided the ability to transform the 
layout format of the arrays in the source code description such 
that the designer can quickly and easily control the packing of 
the arrays into the chosen memories. These constraints can be 
changed either using a graphical user interface, changing 
constraints Within the behavioral synthesis tool, or by manu 
ally manipulating the source code description. The behavioral 
synthesis tool then creates a report for each design to analyZe 
the performance of the circuit. For example, the designer can 
examine and compare the speed and area of the circuits cre 
ated from each of the designs to determine Whether the 
memory performance and siZe are acceptable. 
[0009] A source code ?le having a description of the hard 
Ware is read into a database Within the behavioral synthesis 
tool. The behavioral synthesis tool analyZes the source code 
description and generates a data structure associated With the 
source code description. The designer can then modify a 
number of constraints dictating the details of memory alloca 
tion such as type of memory, number of memories, memory 
siZe, etc. Thus, rather than having to re-edit the source code 
description, the designer can change these memory con 
straints interactively and dynamically during the memory 
packing process to control hoW arrays are packed into 
memory. Once the designer is satis?ed With the design, an 
RTL description is produced from the data structure. 
[0010] A number of additional options for packing arrays 
into memory are provided by the behavioral synthesis tool to 
the designer so that the designer may select one of a plurality 
of array layout formats during the memory packing process. 
Providing the designer the ability to transform the layout of 
arrays dynamically alloWs the designer a fast, ef?cient 
method of customizing the memory allocation of the circuit to 
be synthesiZed. 
[0011] Further features and advantages of the invention 
Will become apparent With reference to the folloWing detailed 
description and accompanying draWings. 

BRIEF DESCRIPTION OF T HE DRAWINGS 

[0012] FIG. 1 is a block diagram of a system for alloWing 
interactive memory allocation. 
[0013] FIG. 2 is a detailed diagram illustrating a design 
How for creating an integrated circuit using the system of FIG. 
1. 
















