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1. Introduction level optimization technique into this tool. Thus, users can
Xilinx System Generator for DSP [7] is a high-level use F|>yGen 'to clreate tener%y-e;‘f|C|el)nt def5|gn§. As T.m ?X'
design environment built on top of Mathwork's MAT- amp e,wg 'mpTerr]'.‘e” dan? apblve fam_ormlnglgprg_lca_lon
LAB/Simulink. Xilinx IP cores, designs in VHDL or Ver- us_:jn? Py eg thlst? ap “t/et' eamfom;tlng ap(;) |fc_a |8n 'z.
ilog, and MATLAB functions are made available through widely used In the base stations of software detined radio

the block set withirSystem Generator. A user assembles a tct) tziet:]er erxplclnt thg iI:\rr;ged radpblspectcgu dm ,[[42) tTh delse b?se
design by using the blocks from the block set and connect- stations are place accessible and distributed focatlons

ing them via a GUI. There are, however, difficulties with and need to perform a large amount of computation, which

System Generator. For example, when a design contains _dissipgtes alot of energy. Thus, energy efﬁcier_my i_s crucial

many blocks, assembling them by hand can be overwhelm-" the implementation of the beamforming application.

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-

Java

creasingly important. This is especially critical in the de- VATLAB oM mtilel

signs of battery operated embedded systems used in many connection —
aerospace and military applications. [1] addresses this issue NATLAB/ Si mul i nk | [ vATLAS S mut i ok |
and proposes a fast energy estimation technique for recon- l

figurable architectures based on domain-specific modeling. | Syst em Gener at or | | Syst em Gener at or |
[2] presents a performance model of reconfigurable System- (@) (b)
on-Chip (RSoC) architectures and a dynamic programming

based system-level optimization technique for aclass of lin- ~ Figure 1. Design flow using (&yGen and (b)jg

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 2 M ethodol ogy

set in System Generator, these techniques cannot be inte-

grated into it to derive energy-efficient designs. New mech-  The design flow usin@yGenis illustrated in Figure 1(a).
anisms need to be added $gstem Generator to support A System Generator design begins by either manipulating
such integrationjg, a tool developed by Xilinx, uses Java the GUI in System Generator or writing Python code in
to describe ®ystem Generator design [6]. For designs us- PyGen. SincePyGen is a Python package, users need to
ing jg, users compile their Java code, generate MATLAB import it using the Python scriptnport PyGen before

programs and execute themSpstem Generator. This de- describing their designs using iPyGen contains a mod-
sign process prevents effective debugging, which is crucial ule that connects it to MATLAB and a class library whose
for complex designs. classes are used to construct user designs. The module pro-

In this paper, we present a new design tool using the vides the mechanism for Python to interact with MATLAB
Python scripting language [3], call®yGen. UsingPyGen, andSystem Generator. All the blocks in theSystem Genera-
users can describe their designs using Python and translatéor block set have their corresponding classes inRyGen
them to correspondin§ystem Generator designs. Parame-  class library (see Figure 2). The class library can also be
terizedSystem Generator designs can be created usifg extended to derive parameterized designs. Users describe
Gen. We also integrate performance models and a system-their designs by instantiating classes in the class library,
*This work is supported by the DARPA Power Aware Computing and which is equivalent to dragging and dropping .bIOCkS from
Communication Program under contract No. F33615-C-00-1633 moni- the System Generator block set to the user designs. After
tored by Wright Patterson Air Force Base. describing a design iRyGen, a corresponding diagram in




System Generator is created. The performance model and considered in this paper, a new cla@snpMAC is derived
the system-level optimization technique in [2] are integrated with degree of parallelism as its parameter. This parameter
into PyGen. Thus, users can estimate the performance of is not available in any of thBystem Generator blocks.
their designs, such as area, energy consumption, etc. Users
can also optimize and modify their designsyGen based 2.3 Performance Modeling
on their design requirements. Once the final design is iden-
tified, users can follow the remaining design flonSyétem We integrate the domain specific modeling technique in
Generator to synthesize their designs into target devices.  [1] as well as the performance model in [2] inRyGen.
This is achieved by using the object-oriented programming

""" eling, can be associated with the new classes. Methods,
such asCet Per f or mance(), etc., are provided ifry-
Gen to obtain performance values of the object.

Gin_cli§libray | System Generator block set concepts such as inheritance offered by Python to extend
rd T . A Gen class library. Thus, additional information on the
e N L N Py . ! .
( O j I \ O Q O j utilization of FPGA resources and the energy consumption
. - : T~ Q o obtained through techniques such as domain-specific mod-
|
|

Figure 2. PyGen class library and the correspondiSgs-
tem Generator block set 24 System-Level Optimization

2.1 ThePyGen Module The extendedyGen clagses and objects contain perfor-

mance values of the designs they represent. This enables
system-level optimization iPyGen. 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. Current8ysOpt uses the
dynamic programming algorithm in [2]. By invoking the
opti m ze() 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.

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 withiRyGen that connects it to the
MATLAB COM server. This enables access to the methods
in Simulink andSystem Generator and manipulate th8ys-
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 i®ystem Generator. Any changes irdys-
tem Generator will also be reflected iflPyGen through this
module. Since Python is an interactive language, the design
flow of PyGenis also interactive and is different from that of .
jgillustrated in Figure 1(b), which is non-interactive. Using 3- Ilustrative Examples
PyGen, users can more easily develop their designs step-by- 1o illustrate the effectiveness of oByGen tool, we im-
step and make necessary changes as the design evolves iement an LMS-based MVDR adaptive beamforming ap-
System Generator during the development period. Perfor-  pjication [5]. The basic element in the architecture of the
mance tuning of the designs using the techniques discussedppjication is a complex number multiply-and-accumulate
in Section 2.3 and Section 2.4 is also easiePy®Gen due  (MAC). Appendix | presents the Python code that can be

to its interactivity. used inPyGen to generate this basic architecture. Instan-
) _ tiating the ConpMAC class withpar =4 andpar =8 auto-
2.2 Parameterized Designs matically generateSystem Generator designs representing

the complex number MAC with 4 and 8 inputs. These are

Using the flexible classes, very high level dynamic data shown in Figure 3. By calling th€et Per f or mance()
types, and the dynamic typing provided by Python, the class method associated with tl@npMAC object, performance
library in PyGen can be easily extended to represent new estimates of these complex number MACs on Virtex-ll
parameterized designs. By leveraging the object-orientedXC2V3000, can be obtained through domain-specific mod-
class inheritance, users are able to derive classes that represling, as shown in Table 1.
sent designs in which the connections of the blocks change We implement a Python class hamgdVR. Using dif-
depending on the design parameters. Besides, users can afjerentpar andpr e (precision) values to instantiate this
ply class encapsulation to their own classes and expose onlyclass,System Generator designs of the beamforming appli-
those design parameters that interest them. In the exampleation using different complex number MAC architectures



Table 1. Estimates of complex MAC architecture for
various input sizes (50 MHz)

Input size | 4 | 8 | 16

Energy (nJ) 1.43 416 | 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-11 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 th&ysOpt class to obtain the parameter val-
ues of thavDVR object that lead to the most energy-efficient

design.
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Figure 3. Complex number MAGystem Generator de-

signs with different inputs generated ByGen

4. Conclusion

A novel design tool calle@yGen is proposed in this pa-
per. Results are provided to show that parameterized and

energy-efficient designs can be easily derived uBy@en.
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Figure 4. MVDR beamforming application designed using
PyGen
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Appendix |

cl ass ConpMAC( PyGenBl ock) :
def __init__(self, name, par):
PyGenBl ock. __init__(self, name)
sel f. Bl ocks(par)
sel f. Li nks(par)

def Bl ocks(self, par):
# add the inpur ports
self.inp =[]
for i in range(par):
sel f.inp.extend([self.add(InPort, 're’ + str(i))
self.add(InPort, "im + str(i))]
# add the conpl ex nunmber nul plication sub systens
self.cmul = []; self.nextcol ()
for i in range(par>>1):
sel f.cmul . append(sel f.addsubsys(ConmpMul t, 'crmul’ + str(i)))
# add the addsub bl ocks
sel f.addsub = []; count = 0; col = par>>1
while col > 1:
sel f. nextcol ()
for i in range(col):
sel f. addsub. append(sel f. add( AddSub, 'addsubl’ + str(col) + '_' + str(i)))
col >>=1;
sel f. nextcol ()
# add the output ports
self.outp = [sel f.add(QutPort, 'outre’), self.add(QutPort, 'outini)]

)

def Links(self, par):
# |links between the input ports and the conplex MAC
for i in range(0, par<<i, 2):
sel f.addlink(self.inp[i], 1, self.cnul[i/4], i%+1)
sel f.addlink(self.inp[i+1], 1, self.cnul [(i+1)/4], (i+1)%+1)
# links between the conplex MAC and the adders
for i in range(0, par>>1, 2):
sel f.addlink(self.cml[i], 1, self.addsub[i], 1)
sel f.addlink(self.cml[i], 2, self.addsub[i+1], 1)
sel f.addl i nk(sel f.cmul [i+1], 1, self.addsub[i+1], 2)
sel f.addl i nk(sel f.cmul [i+1], 2, self.addsub[i], 2)
# 1inks between the adders
col, o0l, 02 = par>>1, 0, par>>1;
while col > 2:
for i, j in zip(range(0O, col, 4), range(0, col>>1, 2)):
try:
sel f.addl i nk(sel f.addsub[i+01], 1, self.addsub[j+02], 1)
sel f.addl i nk(sel f.addsub[i+01+1], 1, self.addsub[j+02+1], 1)
sel f.addl i nk(sel f.addsub[i+01+2], 1, self.addsub[j+02], 2)
sel f.addl i nk(sel f.addsub[i+01+3], 1, self.addsub[j+02+1], 2)
except: pass
ol += col; col >>=1; 02 += col;
# |links between the adders and the output ports
sel f.addl i nk(sel f.addsub[-2], 1, self.outp[0], 1)
sel f.addl i nk(sel f.addsub[-1], 1, self.outp[1], 1)



