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1. Introduction

Xilinx System Generator for DSP [7] is a high-level
design environment built on top of Mathwork’s MAT-
LAB/Simulink. Xilinx IP cores, designs in VHDL or Ver-
ilog, and MATLAB functions are made available through
the block set withinSystem Generator. A user assembles a
design by using the blocks from the block set and connect-
ing them via a GUI. There are, however, difficulties with
System Generator. For example, when a design contains
many blocks, assembling them by hand can be overwhelm-
ing. Also, it is not possible via the GUI to describe designs
in which the collection of blocks and the way that they are
connected change depending on the design parameters.

For designs using FPGAs, energy-efficiency becomes in-
creasingly important. This is especially critical in the de-
signs of battery operated embedded systems used in many
aerospace and military applications. [1] addresses this issue
and proposes a fast energy estimation technique for recon-
figurable architectures based on domain-specific modeling.
[2] presents a performance model of reconfigurable System-
on-Chip (RSoC) architectures and a dynamic programming
based system-level optimization technique for a class of lin-
ear pipeline applications. Designs with good time and en-
ergy performance can be produced using these techniques.
However, since it is not possible to directly extend the block
set inSystem Generator, these techniques cannot be inte-
grated into it to derive energy-efficient designs. New mech-
anisms need to be added toSystem Generator to support
such integration.jg, a tool developed by Xilinx, uses Java
to describe aSystem Generator design [6]. For designs us-
ing jg, users compile their Java code, generate MATLAB
programs and execute them inSystem Generator. This de-
sign process prevents effective debugging, which is crucial
for complex designs.

In this paper, we present a new design tool using the
Python scripting language [3], calledPyGen. UsingPyGen,
users can describe their designs using Python and translate
them to correspondingSystem Generator designs. Parame-
terizedSystem Generator designs can be created usingPy-
Gen. We also integrate performance models and a system-
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level optimization technique into this tool. Thus, users can
usePyGen to create energy-efficient designs. As an ex-
ample, we implement an adaptive beamforming application
using PyGen. This adaptive beamforming application is
widely used in the base stations of software defined radio
to better exploit the limited radio spectrum [4]. These base
stations are placed in inaccessible and distributed locations
and need to perform a large amount of computation, which
dissipates a lot of energy. Thus, energy efficiency is crucial
in the implementation of the beamforming application.
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Figure 1. Design flow using (a)PyGen and (b)jg

2. Methodology

The design flow usingPyGen is illustrated in Figure 1(a).
A System Generator design begins by either manipulating
the GUI in System Generator or writing Python code in
PyGen. SincePyGen is a Python package, users need to
import it using the Python scriptimport PyGen before
describing their designs using it.PyGen contains a mod-
ule that connects it to MATLAB and a class library whose
classes are used to construct user designs. The module pro-
vides the mechanism for Python to interact with MATLAB
andSystem Generator. All the blocks in theSystem Genera-
tor block set have their corresponding classes in thePyGen
class library (see Figure 2). The class library can also be
extended to derive parameterized designs. Users describe
their designs by instantiating classes in the class library,
which is equivalent to dragging and dropping blocks from
the System Generator block set to the user designs. After
describing a design inPyGen, a corresponding diagram in

1



System Generator is created. The performance model and
the system-level optimization technique in [2] are integrated
into PyGen. Thus, users can estimate the performance of
their designs, such as area, energy consumption, etc. Users
can also optimize and modify their designs inPyGen based
on their design requirements. Once the final design is iden-
tified, users can follow the remaining design flow ofSystem
Generator to synthesize their designs into target devices.

PyGen class libray System Generator block set

Figure 2. PyGen class library and the correspondingSys-
tem Generator block set

2.1 The PyGen Module

To allow for MATLAB and Python to obtain informa-
tion from each other, we use the MATLAB COM (Com-
ponent Object Model) server for communication. We have
developed a module withinPyGen that connects it to the
MATLAB COM server. This enables access to the methods
in Simulink andSystem Generator and manipulate theSys-
tem Generator block set. After a design is described using
Python, the module calls the appropriate functions in MAT-
LAB and automatically translates the design into a corre-
sponding design inSystem Generator. Any changes inSys-
tem Generator will also be reflected inPyGen through this
module. Since Python is an interactive language, the design
flow of PyGen is also interactive and is different from that of
jg illustrated in Figure 1(b), which is non-interactive. Using
PyGen, users can more easily develop their designs step-by-
step and make necessary changes as the design evolves in
System Generator during the development period. Perfor-
mance tuning of the designs using the techniques discussed
in Section 2.3 and Section 2.4 is also easier inPyGen due
to its interactivity.

2.2 Parameterized Designs

Using the flexible classes, very high level dynamic data
types, and the dynamic typing provided by Python, the class
library in PyGen can be easily extended to represent new
parameterized designs. By leveraging the object-oriented
class inheritance, users are able to derive classes that repre-
sent designs in which the connections of the blocks change
depending on the design parameters. Besides, users can ap-
ply class encapsulation to their own classes and expose only
those design parameters that interest them. In the example

considered in this paper, a new classCompMAC is derived
with degree of parallelism as its parameter. This parameter
is not available in any of theSystem Generator blocks.

2.3 Performance Modeling

We integrate the domain specific modeling technique in
[1] as well as the performance model in [2] intoPyGen.
This is achieved by using the object-oriented programming
concepts such as inheritance offered by Python to extend
PyGen class library. Thus, additional information on the
utilization of FPGA resources and the energy consumption
obtained through techniques such as domain-specific mod-
eling, can be associated with the new classes. Methods,
such asGetPerformance(), etc., are provided inPy-
Gen to obtain performance values of the object.

2.4 System-Level Optimization

The extendedPyGen classes and objects contain perfor-
mance values of the designs they represent. This enables
system-level optimization inPyGen. A classSysOpt is
provided inPyGen. If users use a class that is inherited
from SysOpt, they can input the design requirements us-
ing the methods provided by it. Currently,SysOpt uses the
dynamic programming algorithm in [2]. By invoking the
optimize() method of the instantiated object, users can
find out the optimized design based on the design require-
ments. The parameters of the object will be automatically
set according to the results from the optimization algorithm.
By inheriting theSysOpt class and overriding the related
methods, users can also implement their own optimization
algorithms.

3. Illustrative Examples

To illustrate the effectiveness of ourPyGen tool, we im-
plement an LMS-based MVDR adaptive beamforming ap-
plication [5]. The basic element in the architecture of the
application is a complex number multiply-and-accumulate
(MAC). Appendix I presents the Python code that can be
used inPyGen to generate this basic architecture. Instan-
tiating theCompMAC class withpar=4 andpar=8 auto-
matically generatesSystem Generator designs representing
the complex number MAC with 4 and 8 inputs. These are
shown in Figure 3. By calling theGetPerformance()
method associated with theCompMAC object, performance
estimates of these complex number MACs on Virtex-II
XC2V3000, can be obtained through domain-specific mod-
eling, as shown in Table 1.

We implement a Python class namedMDVR. Using dif-
ferentpar andpre (precision) values to instantiate this
class,System Generator designs of the beamforming appli-
cation using different complex number MAC architectures
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Table 1. Estimates of complex MAC architecture for
various input sizes (50 MHz)

Input size 4 8 16

Energy (nJ) 1.43 4.16 11.13
Area (slice/mult) 128/8 304/16 688/32
Time (cycle) 3 4 5

Table 2. Simulation results of LMS MVDR beamforming
with various precisions (33 MHz)

Precision (bit) 8 16

Energy (nJ) 47.24 79.52
Area (slice/mult/BRAM) 800/44/10 1437/44/10
Time (cycle) 8 8
* Slice stands for the number of slices used.
* Mult stands for the number of embedded multipliers used.
* BRAM stands for the number of Block RAMs used.

and with different input/output precision are created (see
Figure 4). The performance of these different designs on
Virtex-II XC2V3000 is obtained through low-level simula-
tion using Xilinx ISE 5.2i and XPower. It is shown in Ta-
ble 2. In the full version of the paper, we will present the
results using theSysOpt class to obtain the parameter val-
ues of theMDVR object that lead to the most energy-efficient
design.

Figure 3. Complex number MACSystem Generator de-
signs with different inputs generated byPyGen

4. Conclusion

A novel design tool calledPyGen is proposed in this pa-
per. Results are provided to show that parameterized and
energy-efficient designs can be easily derived usingPyGen.

Figure 4. MVDR beamforming application designed using
PyGen
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Appendix I

class CompMAC(PyGenBlock):
def __init__(self, name, par):

PyGenBlock.__init__(self, name)
self.Blocks(par)
self.Links(par)

def Blocks(self, par):
# add the inpur ports
self.inp = []
for i in range(par):

self.inp.extend([self.add(InPort, ’re’ + str(i)),
self.add(InPort, ’im’ + str(i))])

# add the complex number mulplication sub systems
self.cmul = []; self.nextcol()
for i in range(par>>1):

self.cmul.append(self.addsubsys(CompMult, ’cmul’ + str(i)))
# add the addsub blocks
self.addsub = []; count = 0; col = par>>1
while col > 1:

self.nextcol()
for i in range(col):

self.addsub.append(self.add(AddSub, ’addsubl’ + str(col) + ’_’ + str(i)))
col >>= 1;

self.nextcol()
# add the output ports
self.outp = [self.add(OutPort, ’outre’), self.add(OutPort, ’outim’)]

def Links(self, par):
# links between the input ports and the complex MAC
for i in range(0, par<<1, 2):

self.addlink(self.inp[i], 1, self.cmul[i/4], i%4+1)
self.addlink(self.inp[i+1], 1, self.cmul[(i+1)/4], (i+1)%4+1)

# links between the complex MAC and the adders
for i in range(0, par>>1, 2):

self.addlink(self.cmul[i], 1, self.addsub[i], 1)
self.addlink(self.cmul[i], 2, self.addsub[i+1], 1)
self.addlink(self.cmul[i+1], 1, self.addsub[i+1], 2)
self.addlink(self.cmul[i+1], 2, self.addsub[i], 2)

# links between the adders
col, o1, o2 = par>>1, 0, par>>1;
while col > 2:

for i, j in zip(range(0, col, 4), range(0, col>>1, 2)):
try:

self.addlink(self.addsub[i+o1], 1, self.addsub[j+o2], 1)
self.addlink(self.addsub[i+o1+1], 1, self.addsub[j+o2+1], 1)
self.addlink(self.addsub[i+o1+2], 1, self.addsub[j+o2], 2)
self.addlink(self.addsub[i+o1+3], 1, self.addsub[j+o2+1], 2)

except: pass
o1 += col; col >>= 1; o2 += col;

# links between the adders and the output ports
self.addlink(self.addsub[-2], 1, self.outp[0], 1)
self.addlink(self.addsub[-1], 1, self.outp[1], 1)
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