
ABSTRACT:  A new performance estimation
technique for FPGA implementation based designs
is presented. The interest and originality of the
method is to rapidly test a great number of imple-
mentation solutions while staying independent as
far as possible of the technology used, and to in-
clude power consumption estimation. Thanks to
this method, the designer can quickly have realistic
information about the performances of a design,
starting from a behavioral specification.

1. INTRODUCTION 

Fast prototyping of complex applications such as
digital signal processing systems over Field Pro-
grammable Gate Array technology has become a
very important issue due to the increasing number
of FPGA components and their recent architecture
evolutions. A rapid estimation of FPGA utilization
rate, time execution and power consumption (ATP
in the following) at the behavioral level is neces-
sary to allow an efficient exploration of a large de-
sign space and to select the best implementation
solution (algorithm vs. architecture). The method-
ology described here aims at guiding the design
process of heterogeneous architectures such as in
the codesign issue or multi FPGA based systems.
So the main quality of the performance estimator is
to be fast and accurate enough (trade-off precision/
complexity) to guaranty the choice of the best im-
plementation solution for a given functionality.
Many techniques are described in the literature es-
timating the processing unit [1][2](resource estima-
tion, layout estimation), control or memory units [3]
for one or two sort of constraints, area and time
most of the time. But few techniques targets FPGA
and there is no to our knowledge global estimation
methods (i.e. power, area, speed) starting from a be-
havioral level. The work presented in [4] describes
a power consumption estimation method based on
the activity rate of the design. In [5], the method is
set up on the estimation of area and timing values
starting from a Register Transfer Level netlist re-
sulting from a High Level Synthesis (HLS) tool. 

This approach aims at speed up the HLS flow by
getting rid of the Partitioning, Placement, Routing
and Timing optimization steps, and estimating the
physical design characteristics instead. The method
is very accurate but has two main drawbacks caused
by the use of a HLS tool: it might be too slow in the
case of the exploration of a wide design space such
as in codesign, and the estimation process is strong-
ly dependent of the technology used (Xilinx, Al-
tera, Actel, etc.). Our estimation process allows
both to be fastest (to the detriment of accuracy) and
far less dependent of the technology through the
characterization of the target FPGA in a component
library. Furthermore, FPGA power consumption
estimation is included in order to give a complete
characterization of the design. 
The outline of this paper is as follow: In section 2,
an overview of the resources estimation flow is pre-
sented. Then section 3 explains the resources allo-
cation algorithm whereas section 4 describes the
dynamic performance characterization. In section
5, we show how control and hierarchy are included
in the estimation process and section 6 presents
speed area and power mapping. Finally, prelimi-
nary results and a conclusion are given. 

2. RESOURCES ESTIMATION FLOW 

First, the behavioral description given in a high lev-
el language (we actually consider the C language)
is translated into a HCDFG (Hierarchical Control
Data Flow Graph) [6]. The HCDFG model is built on
a graph G = {V, E}, where each node vi ∈ V corre-
sponds to a part of the application. There are five
different types of nodes (Figure 1):

•  vi
CDFG contains hierarchical structures of the

graph, 

•  vi
Cont contains control structures of the graph, 

•  vi
DFG contains straight forward code, 

•  vi
Data contains data used in the application,

•  vi
Proc contains processing operations implied in

the application. 

Note that vi
Data and vi

Proc nodes are parts of vi
DFG
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nodes and as illustrated in Figure 1 vi
CDFG nodes

encapsulate vi
DFG and vi

Cont nodes. An edge ei,j
gives the direction of the control flow from node vi
to vj.

The estimation process explores progressively the
entire graph (from DFG nodes to CDFG) in order to
estimate the performance of the whole application.
To reach this goal, our approach is composed of 4
steps: the resources allocation step (section 3) allo-
cates for each processing node a unique functional
unit and computes the clock cycle value. The sec-
ond step (section 4) estimates each DFG of the
graph in term of number of resources vs. number of
clock cycles (i.e. dynamic curve). Then, the third
step (HCDG estimation) merges the dynamic
curves to consider the entire graph (section 5). The
goal of that step is to examine all the control struc-
tures of the graph in order to estimate the final num-
ber of resources needed taking into account
resource sharing. Finally, the resulted estimation is
mapped on a given FPGA library (section 6).

3. RESOURCES ALLOCATION

The first step in the resources allocation process is
to list all the operation types and the data formats
within the whole graph. Then, the most suited oper-
ator is selected among the component library for
each processing node. This step, is based on a Bi-
partite Matching Resolution, where the cost func-
tion who selects the best operator among a set of
operators targets to satisfy the timing requirements
while minimizing area and power consumption.
The component library is described in a character-
ization file in which the functional units and their
ATP characteristics are described. The area and de-
lay of each functional unit is obtained through the

synthesis tool (e.g. Foundation for Xilinx FPGAs),
and the power consumption is directly measured on
the target FPGA for different parameters (data for-
mats, clock frequency, data type, etc.). Detailed ex-
planations about the component library definition
can be found in [7]. Once the resources allocation
has been performed, the clock period of the design
is set as the delay of the fastest functional unit. Each
node can then be assigned a number of clock cycle,
in order to apply a classical DFG estimation meth-
od based on the computation of the as soon as pos-
sible (ASAP) and as late as possible (ALAP) dates
[1][2] , or a scheduling of the graph [8], according to
the specification complexity. 

4. DFG DYNAMIC ESTIMATION

The ATP performances are characterized in a dy-
namic way, which means that each DFG is estimat-
ed for a variable time constraint. So estimation

results (dynamic curves) authorize an exploration
of several solutions since the varying parallelism of
the design can be taken into account. 
A global time constraint Tai is computed for each
DFG of the graph and an exploration zone is de-
fined in order to reduce the dynamic estimation al-
gorithm complexity. The computation of an
exploration zone (Figure 2) is performed as follow:
Let ∆ti be the temporal exploration zone , and N the
number of exploration points around Tai. Tai, ∆ti
and N can be user defined or obtained from a sys-
tem level analysis (like the method described in
[9]). For all resources of the DFG, we compute the
number of functional units needed for each time
constraint Tai+k.δti, with -N/2≤ k≤ N/2 and δti=∆ti/
N, as presented in Figure 2. 

C D F G 1

C D F G 2

C D F G 3

C D F G 4 C D F G 6

C D F G 5

C D F G 7

C D F G 21 C D F G 2 2

D F G 2 11 D F G 221 D F G 22 2

D F G 71 D F G 7 2

D FG 73

X Y

A D D

Z W

M U LT

V

If

E If

F or

EF or

If

E If

D ata N ode

Processing N ode

D FG  N ode

Control N ode

C D FG  N ode

 Fig 1 •  HCDFG graph of the application
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5. HIERACHICAL CDFG ESTIMATION

Once each DFG is estimated, we take into account
control (loops, branches) and hierarchy in order to
gradually estimate the entire design. As explained

in the following this step is based on the construc-
tion and the merging of Macro nodes. Figure 3
shows an example of the progressive hierarchical
estimation of the graph through the clustering of the
Macro nodes. At the beginning of this step each
DFG of the graph is labelled as Macro node. Macro
nodes are clustered if they are labelled as adjacent.
Then, the combination of the estimated curves of
each Macro node depends on the type of depen-
dence between the nodes (i.e. type of adjacent
nodes): 

 case 1 • Two estimated macro nodes are executed
in parallel (Figure 3.a.1). In this case, time con-
straint T for the resulting macro node (i.e. after
clustering) is T=MAX (T1,T2), where T1 and T2 are
respectively the time constraints for each macro
node. Concerning the number of functional unit
computation, a distinction based on the opera-
tor’size is made: 

•  coarse analysis (small operators): the number of func-
tional units of type k allocated for a number of clock
cycle T, Nk(T) is: 

this method leads to an estimation overhead but re-
duce the estimation algorithm complexity. So, it is
used for the estimation of small operators whose

area and power consumption cost have a small im-
pact on the final design. 

•  precise analysis (area and power consuming oper-
ators): in this case, the analysis of the temporal use
of the operators gives the exact number of operators
needed:

 case 2 • Two estimated nodes are executed in
sequence (Figure 3.c.2): resource re-using is per-
formed by taking the maximum number of
resources for the two macro nodes: 

 case 3 • Two estimated nodes are parts of a branch
structure (Figure 3.a.3): the estimation method is
based on the Probability-based Analysis of CFG
Models [3]. Each transition arc between the nodes
has a probability of execution. Hence, time con-
straint and resource requirement are computed as
follow: 

 case 4 • One estimated node is included in a loop
structure (Figure 3.a.4): we suppose that the loop
body estimation results Nk(T) are known. There are
two ways of proceeding according to the type of
the loop: 

•  deterministic loops: the number of iterations is a
known fixed value N. For a given loop configura-
tion, let i be the number of iterations and b the num-
ber of loop bodies (i * b = N). The number of
resources is:

•  non deterministic loops: in this case, the number
of loop iterations N may be user defined or deter-
mined by profiling. There can be only one configu-
ration of one loop body repeated N times. In this
case: 

Since the HCDFG estimation process leads to a dy-
namic estimation (to encourage design space explo-
ration), the techniques presented above are applied
to each point in the exploration zone. Hence, dy-
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 Fig 3 •  Hierarchical estimation of the graph
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namic curves are obtained at the end of each adja-
cent nodes combination, until the top level of
hierarchy is reached. The HCDFG estimation algo-
rithm is presented below.

6. SPEED - AREA - POWER MAPPING

At this step of the estimation flow, we know the
number of functional units of each type in function
of a varying time constraint. The area, delay and
power consumption of each functional unit is char-
acterized in the library component. Time execution
values are obtained by mapping the clock period
value with the time constraint defined in number of
clock cycles. We compute the total area of the
whole application by adding the contribution of
each functional unit, knowing the area of each of
them. Concerning power estimation, the temporal
use of each functional unit is analyzed in order to
determine the number of times they are used. Then,
knowing the average power consumption by access
(provided by the library) and the clock frequency
makes total power consumption easy to compute. 

7. RESULTS

The preliminary results presented here shows the
estimation results of a filter based on a 12 iteration
loop which body is a basic multiplication addition
pattern. This example comes from a speech coding
application (G.722 recommendation). The target
FPGA is a Xilinx of the XC4000 family. Figure 4
presents the results of the processing unit area esti-
mation compared to the synthesis results.
There is a slight difference between the estimated
execution time and the results of synthesis, espe-
cially for low execution time values. This is due to

the fact that at the moment interconnection delays
are not taken into account and shows the great in-
fluence they have when the design area gets bigger.

8. CONCLUSION

We have presented a global estimation technique
leading to an exploration of the design space. Actu-
ally, the ATP estimation takes into account the pro-
cessing nodes of the graph. The next step of our
work is to extend the method to the estimation of
the control and memory units, and also to analyze
the interconnection overhead on the design charac-
teristics in order to get accurate estimation values. 
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HCDFGEstimation(V)
MN = {}
MN = CreateMacroNode(VDFG)
While NumberOfMacroNode ≠ 1

For all  couple of MacroNode (mni, mnj) ∈ MN
if  (mni, mnj) are Adjacent MacroNode then

ComputeMixedEstimation(mni, mnj)
CreateNewMacroNode(mnij )
RemoveAdjacentMacroNode(mni, mnj)
If  a hierarchical node vi

CDFG ∈ VCDFG is com-
posed of only one MacroNode then

ReplaceHNodewithMNode(vi
CDFG, mnij)

End For
End While

ComputeMixedEstimation(mni, mnj)
Case AdjacentMacroNodeType(mni, mnj) 

When Parallel ComputeParallelGraph(mni, mnj)
When Sequential ComputeSequentialGraph(mni, mnj)
When Branch ComputeBranchGraph(mni, mnj)
When Loop ComputeLoopGraph(mni, mnj)

End Case

 Fig 4 •  Example of area estimation result
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