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Abstract: This paper describes a case study on DiaHDL, a web-based tool we have
developed. The tool generates a VHDL code of a digital circuit and its VHDL test bench
code. For this case study we show the design flow of a 32-bit adder from component
diagram to VHDL code and its test bench.

1 Introduction

Today Field Programmable Gate Arrays (FPGAs) are replacing Application Specific Inte-
grated Circuits (ASICs) in many application areas, so the development of electronic circuits
on FPGAs is an important topic for the education in electronic engineering. Many university
labs offer FPGA-boards for the students to finally implement their developed circuits. But
the development of those circuits requires the knowledge of a Hardware Description Lan-
guage (HDL) such as Verilog or VHDL. We have developed the web-based tool DiaHDL
[CS10], which not only generates the VHDL code out of component diagram of the circuit
but also its test bench. In this paper we present a case study on this tool. We show that the
generated VHDL code of a 32-bit adder circuit is functional and synthesizable.

2 Related work

2.1 Simulink HDL Coder

Simulink HDL Coder™ is a MATLAB toolbox extension from The MathWorks, Inc. to
generate HDL code from Simulink models, Embedded MATLAB code, and Stateflow charts.
Simulink HDL Coder generates bit-true, cycle-accurate, synthesizable Verilog and VHDL
code and test benches [Mat06].
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2.2 Xilinx System Generator™

Xilinx System Generator™ is a plug-in to Simulink that enables designers to develop
high-performance DSP systems for Xilinx FPGAs. It generates synthesizable HDL code
mapped to Xilinx pre-optimized algorithms. Additionally, it provides automatic generation
of a HDL test bench [Xil08].

3 DiaHDL tool

We have developed DiaHDL, a tool which generates VHDL code and its test bench from
component diagrams [CS10]. This tool runs on any web browser with Java Runtime
Environment. Fig. 1 shows the design flow of VHDL and test bench generation using
DiaHDL.
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Figure 1: Design flow to generate VHDL code and test bench using DiaHDL

JHO files in DiaHDL contain parameterized VHDL and test bench models as well as java
script to create VHDL code dynamically. The visualization tool in DiaHDL converts the
component diagram finally to VHDL and test bench code [CS09].
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4 Case Study

4.1 VHDL model generation

DiaHDL provides a graphical user interface that allows the user to select a digital component
customize their parameters and generate the VHDL code and its test bench. For a case
study of this tool we will design a Ripple Carry Adder (RCA).

4.2 VHDL test bench generation

The test bench includes the VHDL model of the design as well as appropriate input test
vectors. ModelSim is used for simulation of the test bench. Figure 2 shows the simulation
result of a 32-bit RCA using the test bench. The output changes at time (0, 1800, 3600,
5400n) as defined in the test bench.

Figure 2: Simulation result of Ripple Carry Adder

4.3 Synthesis

We have synthesized the generated VHDL code with the help of Xilinx ISE tool to target a
Xilinx FPGA board.

By providing different values of bit width (8,16,32 bit) and number of pipeline stages
(1,2,4,8 stages) for the RCA, DiaHDL generates different VHDL codes. Fig. 3 shows area
usage, frequency, and power consumption of this Ripple Carry Adder when the synthesis is
done on a VirtexII-Pro FPGA.
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Figure 3: Synthesis result of Ripple Carry Adder

As shown in Fig. 3 the frequency will increase in line with the addition of the number of
pipeline stages. Power consumption is almost stable, but area increases slightly.

The disadvantage of the RCA is that it is slow when the bit width is high. The Carry
Look-Ahead Adder (CLA) solves this problem by pre-calculation the carry signals, based
on the input signals. Fig. 4 shows area usage, frequency, and power consumption of a CLA
when the synthesis is done on the same FPGA. Obviously, RCA has the least chip area
because of its simplicity in structure. But CLA is faster than RCA for the same bit width
and the same number of pipeline stages. Regarding power consumption, RCA is the least
power consuming structure because of less hardware usage.
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Figure 4: Synthesis result of Carry Look-Ahead Adder

5 Conclusion

In this paper we have discussed a web-based electronic engineering tool, DiaHDL, using a
case study. We have shown that with the help of DiaHDL a synthesizable VHDL model
of a digital circuit can be generated. As this tool is web-based, no local installation is
needed. Therefore, this tool ensures an easy access to students at any place in the world.
There are many tools on the market which can generate VHDL and test bench code but to
our best knowledge they are not online tools. DiaHDL has proven its ability to generate
synthesizable VHDL code for simple arithmetic units. But further research is needed for
building complex DSP systems out of component diagrams.
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