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Abstract

In order to convert High Level Language (HLL) into hardware, a Control Dataflow
Graph (CDFG) is a fundamental element to be used. Related to this, Dataflow
Architecture, can be obtained directly from the CDFG. The ChipCflow project is
described as a system to convert HLL into a dynamic dataflow graph to be executed
in dynamic reconfigurable hardware, exploring the dynamic reconfiguration. The
ChipCflow consists of various parts: the compiler to convert the C program into a
dataflow graph; the operators and its instances; the tagged-token; and the matching
data. In this paper, a C compiler to convert C into a dataflow graph is described.
Some results are presented in order to show a proof-of-concept for the project.

Key words: C Compiler; Dynamic Dataflow Architecture; Dynamic
Reconfigurable Hardware; Tagged-token; Matching-Data.

1 Introduction

A Dataflow Architecture is an architecture where a natural parallelism is
present. This kind of architecture was first researched in the 1970s and was
discontinued in the 1990s (4; 6; 9). With the advance of technology of micro-
electronics, the Field Programable Gate Array (FPGA) has been used, mainly
because of its flexibility, the facilities to implement complex systems and in-
trinsic parallelism. Thus, dataflow architecture is a topic which has come to
light again (5; 8), especially because of the reconfigurable architecture, which
is totally based on FPGAs. On the other hand, much work is being done to
covert high level language as a C language into hardware, in order to help
engineers to project their systems using a high level of abstraction as well as
a digital logic level. In particular, the ChipCflow project is a system where a
C program is initially converted into a Dynamic Dataflow graph, followed by
its execution in Reconfigurable Hardware. Its flow diagram is shown in Figure
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1. As can be clearly seen in Figure 1, the ChipCflow system begins in a host
machine where a C program is edited, to be converted into a control dataflow
graph (CDFG) generating a CDFG object program. The CDFG object pro-
gram is converted into a VHDL where modules of CDFG are accessed from a
data base of VHDL modules. After generating the complete VHDL program,
an EDA tool to convert the VHDL program into a bitstream and to download
it to a FPGA is used.
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Fig. 1. The Flow Diagram for ChipCflow tool.

2 The Operators and C statements implemented in Dataflow Graphs

The operators to be used in the ChipCflow project are: ”decider”, "non de-
terministic merge”, ”deterministic merge”, "branch”, ”copy” and ”operator”.
They are described in Figure 2.

As can be clearly seen in Figure 2, the ”decider” operator will be used to
generate a control signal "TRUE” or "FALSE” after to execute a boolean
operation as "<,>=,=/>=<=". The "non deterministic merge” will be used to
forward a item of data coming into the operator. Otherwise, in ”deterministic
merge” the forward depends on the control signal. The ”branch” operator will
be used to forward a item of data through the "TRUE” or "FALSE” arc. The
"copy” operator will duplicate a item of data. Finally an ”operator” will be

used to generate a result after to execute arithmetic operations as ”+,— *,/ **”.

The dataflow graph of the While statement was implemented using these op-
erators and is described in Figure 3. In Figure 3 there are two branch operator;
two deterministic merge; five copy; one decider with boolean operator ”>” and
two operators with arithmetic operation ”+”.

In the next section the basic structure for the C compiler and some examples



of graphs are presented.
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Fig. 2. Operators of the Dynamic Dataflow Model.
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z = 2;

i=20;

while (i < N) {
i++;
z += 1i;

}

Fig. 3. Graph extracted from a while command.



3 The C Compiler to generate dataflow graph

The compiler structure was implemented in C++ and it is made up of two
main parts: lexical analysis and VHDL code generator. The lexical analysis
part is performed over the original C code and for each letter, number and
reserved word, a code scanning generate a token. After the lexical analysis,
and code scanning, a file with all the tokens are generated to be converted
into a VHDL file.

3.1 Generating a Binary Mapping File after Lexical Analysis

To generate a Binary Mapping file, a token was defined and its format is
described in the Figure 4. As can be clearly seen in the Figure 4, the first
4-bits of the token has been used to identify the operator; the second, the
thirty and the fourth 5-bits have been used to identify the three inputs (a,b
and c) of the operator; finally the sixth and the seventh 5-bits to identify the
outputs (s and z) of the operator. This is a generic template for the operator
with three inputs and two outputs signal, however there are operators which
less than three inputs signals and just one output signal.

‘ Operator ‘ Input a ‘ Input b ‘ Input ¢ ‘ Output s ‘ Output z ‘

Fig. 4. The format of token.

An example of the dataflow graph and its packets of bits for a While C com-
mand is describes in Figure 5. It is shown in the Figure 5 that each operator
has a set of bits to identify its function, as well as each arc has a set of bits
to identify its interconnections. In particular, in the left top of the figure has
an operator with the code ”0001” and its arcs ”00000” (value ”0”), ”00001”
(value i”), 700010” (a control signal) and ”00011” (the output signal), corre-
sponding to three input signals and one output signal respectively.

The packet of bits for this particular operator can be clearly seen in the first
packet of bits in the Figure 6, that is accorded on the format described in
Figure 4. The "xxxxx” in the packet of bits represent an arc with no connection
signal. Thus, a file with these packets of bits, is a binary representation for a
dataflow graph extracted from a while C statement in the C pre-compiler.

The next step is to use the binary representation to identify the VHDL oper-
ators, what components will be used and what instances and their intercon-
nections will be generated for the execution of the VHDL program in the ISE
Xilinx platform. This step is described in the nest item.
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%z = 23

i=20;

while (i < N) {
i++;
Z += 1i;
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Fig. 5. A While C command and its tags.

00010000000001000100001 13X
0001100011001001010101 01 KKKk,
0010001010011 KK XK0110101110
0101010101011 KK XK1001110100
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01000007 LG 001 0000101
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Fig. 6. The Binary Mapping File generated for While C command.
3.2 Generating a VHDL file

The operators described for the ChipCflow project were implemented and
tested and are described in (11). In order to generate a VHDL program, the
file with the binary mapping is converted using all the components of the
operators, that is already implemented, their instances and interconnections.



A complete example of the process is described below. In Figure 7, a C program
to be converted into a VHDL and correspondent dataflow grap are described.
The respective binary mapping file and the VHDL program are described in
Figure 8. Finally the VHDL program is ready to be executed in tool as ISE

Foundation from Xilinx.
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for (1=0, i<n, i++) {
if (2>1)

{

8.

9. else {
10. x =3
11 while (x>1)

12, {

13, for (j=0, 1<n, j++) {
14. X = x+1;
15. y=y+x;
16. z+=i1
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Fig. 8. The Binary Mapping File and VHDL program.




4 Conclusion

Research to convert High Level Language (HLL) into hardware has put for-
ward various possibilities mainly with the flexibility and capacity of the recon-
figurable architectures. A Control Dataflow Graph (CDFG) is a fundamental
element in this process. Otherwise, a Dataflow Architecture, which was the
focus in the 1980s, can be obtained directly from the CDFG. In particular,
dynamic dataflow architecture can be generated in order to produce a high
level of parallelism. In this paper, the ChipCHlow project was described as a
system to convert HLL into a dynamic dataflow graph to be executed in dy-
namic reconfigurable hardware, exploring the dynamic reconfiguration. The
operator, which is the main element in the dataflow graph, was implemented,
and spent 6ns to execute all the process. The simulation results demonstrate
the proof of concept for the operator. The next steps of the ChipCHlow project
are to implement the complete model of instances and generate an analysis
with benchmarks to verify the impact of this approach.
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