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Abstract⎯Power dissipation has become one of the 

key optimization conditions in logic design on field 
programmable gate arrays (FPGAs), thus the power 
estimation is necessary for logic design optimization. 
Nowadays, signal activity data created by logic 
simulation based on test vectors is essential to be used to 
determine the toggle rate of each signals and blocks in 
power estimation tools provided by field programmable 
gate array (FPGA) electronic design automation (EDA) 
tools. The accuracy of power estimation highly depends 
on the quality of test vectors, especially, pattern 
coverage. As probability distribution can describe the 
uncertainty signals, this work provides an algorithm 
which can estimate FPGAs power more effectively and 
accurately by using signal probability distribution 
rather than test vectors.    

Index Terms⎯Field programmable gate arrays, 
power dissipation, probability distribution. 

1. Introduction 
Technology scaling leads to an increase of integration 

capacity as well as higher power density and critical power 
challenges. It is known that the power consumption of field 
programmable gate arrays (FPGAs) not only depends on 
technologies of the device, but also depends on the scale 
and complexity of circuits. So it is very important to 
calculate power during the design stage, which can help 
designers to optimize circuit design or logical design. 

Most of the time, the design of FPGA is based on 
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electronic design automation (EDA) tools provided by the 
FPGA design company, like Quartus by Altera and ISE by 
Xilinx, and some third-party tools, like Modelsim. For 
power estimation, as technological parameters are needed, 
the EDA tools offered by manufactories are widely used, 
for example, PowerPlay[1] for Quartus and Xpower[2] for 
ISE. 

Using PowerPlay or Xpower to estimate power 
dissipation is quite similar in term of input information, 
output information, and flow path. Input information 
includes netlists and activity data. Activity data is recorded 
in value change dump files (VCD files) or switch activity 
interchange format files (SAIF files). Usually, simulation 
tools are required to create activity data files. Thus, a 
well-designed test bench or test vector is needed. After 
running estimation tools, the power of each block and each 
signal will be listed in the report file clearly[3]. 

In most situations, the input signal is uncertain, as well 
as the test vectors. For small circuits with few input signals, 
test vectors can cover all patterns. Nevertheless, it is 
impossible for test vectors to cover all patterns for large 
circuits with many input signals. The total number of 
patterns is 2N for N signals. The longer the test vector is, the 
longer the time cost for simulation and estimation is. 

As different patterns cost different power, the power for 
some pattern is large, while that for some is zero in 
theoretical analysis. Therefore, compared with the power in 
the real case, the estimation power of test vectors set with 
more patterns which cost no power is smaller, while the 
estimation power of test vectors set with fewer patterns 
which cost no power is larger. Thus, the accuracy of power 
estimation highly depends on the quality of test vectors. 
However, it is very hard to create a test vector with the 
same power as the power in real situation. 

Power is a macroscopic characteristic of signals. It is 
hard to analyze signals based on the value at every time 
point. Analysis based on the statistic characteristics of 
signals is a better way. In this work, a preliminary 
algorithm is proposed, which estimates circuit power based 
on the probability distribution of a signal. In this algorithm, 
the signal probability distribution should be given instead 
of test vectors. Thus, randomness introduced by test vectors 
no longer exists in probability distribution. 

The paper is organized as follows. The algorithm will 
be shown in the next three sections: the basic idea is 
proposed in Section 2; three basic operations are shown in 
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Section 3; Section 4 presents the entire algorithm. In 
Section 5, this algorithm will be checked and analyzed in 
three different situations with different targets. 

2. Power Estimation Based on 
Probability Distribution 

Digital circuits can be divided into several modules. 
The size of modules depends on the analysis granularity, 
which can be as large as IP core or as tiny as a gate or an 
interconnect line. The power of the entire digital circuit is 
the sum of all modules’ power. 

The power of digital circuits has two parts, static power 
and dynamic power[4]. For complementary metal-oxide- 
semiconductor (CMOS) circuits, static power is determined 
by physical characteristics, such as the technique point or 
the scale of gates. Mostly, static power is constant. 
Dynamic power has great relationship with signal 
transitions. If the signals stay constant, there will be no 
dynamic power. The algorithm in this paper aims at 
dynamic power. In the rest part, dynamic power is also 
called power for short. 

To describe a module, three factors, input signals, 
output signals, and transformation functions, must be 
clearly represented. For sequential circuits, the input signals 
also contain the feedback signals. As the values of output 
signals are determined by both the values of input signals 
and transformation functions, it is enough for the 
combination of input signals to describe the states of a 
circuit without output signals. For example, a NOT gate has 
two states as 0 and 1; a two-input AND gate has four states, 
which are 00, 01, 10, and 11. When circuits change from 
one state to another, it will cost power. For each module, 
the dynamic power is the total power of all the state 
transitions in unit time.  

In order to estimate power based on the probability 
theory, some concepts should be redefined. The frequency 
of sequential circuits is clock frequency while the 
frequency of combination circuits is equal to the frequency 
of signals travelling through. Unfortunately, signals can 
stay constant between two clock cycles based on the above 
definition in combination circuits as well as sequential 
circuits[5]. Thus, it is defined that circuit state can transit 
within the same signal, which means that signals staying at 
state a can be seen as signals change from state a to state a. 

The dynamic power of each module contains state 
power and transition power. State power signs the power 
dissipation when signals stay at one state; transition power 
denotes the power dissipation when signals transit between 
different states. In lower layer analysis, state power is zero 
in most time while transition power is equal to dynamic 
power. Nevertheless, in higher layer analysis, state power is 
not zero and transition power is not equal to dynamic power 
exactly, because some combination of signals will be 

simplified to one state in order to improve computational 
efficiency. In other words, in higher layer analysis, one 
state signs one class of combinations of signals which have 
similar characteristics and do not need analyzing 
individually. Thus, the power of one module is the sum of 
the expectation of state power and the expectation of 
transition power. So, the power of the entire circuit is  

 avg , ,i i i j i j
i i j

P p E p E= +∑ ∑∑  (1) 

where Pavg is the average power consumption of the circuit 
module, i and j denote the circuit states, pi is the probability 
of state i, Ei is the energy consumption of state i, pi, j is the 
probability of the transition from state i to state j, and Ei,j is 
the energy consumption of transition from state i to state j.  

In order to develop an algorithm to estimate power 
dissipation more accurately and effectively, three more 
questions, temporal and spatial correlations, glitches, and 
computational efficiency, must be addressed well[6]. In this 
work, the algorithm is built up by three basic operations, 
probability analysis, cascades analysis, and simplification 
analysis. Each operation aims to address one or two key 
challenges and three basic operations can combined up to a 
better solution. 

The power of integrated circuits (IC) has a linear 
relationship with the equivalent capacitance, which is 
determined by the structure of FPGAs (cluster or island), 
circuits in each logical element (which is called logical 
element for Altera FPGAs, while logical cell for Xilinx 
FPGAs), and manufacturing technology that is difficult to 
be completely aware of by user. In this model, the basic 
computing elements are Ei,j and Ei, which should be offered 
by the designers or manufactories of FPGAs, so that the 
model has a loose relationship with the structure of FPGAs, 
and FPGA users could ignore the knowledge of physical 
layer of FPGAs. 

3. Basic Operations for Power 
Estimation 

As mentioned before, there are three basic operations in 
the proposed algorithm, probability analysis, cascades 
analysis, and simplification analysis. Probability analysis 
considers signal probability distribution as a state map, and 
estimates power of each node which considers the temporal 
correlation and spatial correlation, and glitches if necessary. 
Cascades analysis considers the circuit as a graph, and 
estimates the probability distribution of backward stage 
based on the preceding stage state. Simplification analysis 
can combine signals, reduce signal number, and improve 
computational efficiency. These three basic operations will 
be expressed below. 

3.1 Probability Analysis 
Before estimating the power of nodes, signal state 
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graphs must be built up. Vertexes represent the states of 
signals, and edges represent transitions from one state to 
another. In most time, for combinational circuits and 
sequential circuits, outputs can be seen as the function of 
current signal states and previous signal states, which fit the 
definition of one step Markov chain. Let S represent the set 
of signal states. 

Glitches appear in digital circuits frequently, and must 
be considered in algorithm. For example, there is a 
transition from state a to state b, while in practice, the 
signal transits from state a to state c at first and then transits 
to state b because of glitches. Glitches increase the total 
number of transition and the number of some kinds of 
transition at the same time. Let hi,j,k and pi,j,k be the kth 
transition path and the transition probability from state i to 
state j because there are some different available paths 
between source and destination states. Let Li,j,k be the 
number of transitions in hi,j,k. The set of hi,j,k is represented 
by H, which contains all the transition for the circuit. The 
set of hi,j,k is represented by Hi,j, which contains the 
transition from state i to state j. 

By the probability theory, with the ideal transition 
probability, the transition probability considering glitch is 

( )
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The denominator represents the total number of transitions 
normalized by the total number of ideal transition. The 
second item of the denominator shows the increased 
transitions due to glitches. The numerator represents the 
number of transitions from state i to state j normalized by 
the total number of ideal transitions. It is easy to prove that 
the sum of ,ˆ i jp  is equal to 1. 

And the state probability considering glitches is  
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The second item of the denominator shows the increased 
state number; the second item of the numerator shows the 
increased state i. The denominator and numerator are 
normalized by the total number of states without 
considering glitches. The sum of ˆ ip  is equal to 1 as well. 

3.2 Cascades Analysis 
Cascades are very important in the proposed algorithm, 

because no practical circuit is built up by only one gate or 
one module. Circuits can be seen as a cascade of different 
modules. For one certain module, its input signals could be 
the input signals of the entire circuit as well as the output 
signals of the preceding stage modules, while its output 

signals could be output signals of the entire circuit as well 
as the input signals of the backward stage modules. Thus, 
an algorithm used to estimate the input state map of the 
backward stage module based on the input state map of the 
preceding stage module is necessary, which is called 
cascades analysis. 

Let SN represent the state map of the preceding stage, 
while SN+1 stand for that of the backward stage. Cascades 
analysis should get the transition probability and state 
probability in SN+1 based on the information from the 
preceding stage. 

Not like channels in typical communication system, 
there are different signals with different probability 
distributions in different stages, so the logic function F is 
needed to find out the relationship between SN and SN+1. 
With the help of logic function, the backward stage 
transition probability distribution can be estimated by the 
preceding stage transition probability distribution. 
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where iN and iN+1 represents the state in preceding stage and 
backward stage respectively. The transition probability in 
backward stages is equal to the sum of the probability of 
transitions in proceeding stages, which can lead to the 
transition in backward stages. On the contrary, the state 
probability is equal to the sum of the probability of 
transitions between two states in preceding stages, which 
does not lead to the transition in backward stages because 
the two states correspond to the same state in backward 
stages. The state probability can be expressed as 
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∑
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3.3 Simplification Analysis 
In probability analysis and cascades analysis, signal 

states are combinations of signals, so the computation 
complexity increases as the number of signals increases. 
There will be a large amount of computation if the circuit 
has many input signals.  

Fortunately, some input signals can be combined and 
treated as one input signal sometimes, especially for 
circuits with data paths, which are not considered by bits 
but by whole words.  

Let SR and SS represent the redundancy state space and 
simplified state space, respectively, and the relationship is 
shown in the corresponding redundancy state set 

i

R
SS , 

containing the state in the redundancy state set which is 
simplified as Si in the simplified state space. The simplified 
state transition probability ,

S
i jp  and simplified state 

probability 

S
ip  are listed as 

 , ,
,R R

S Si j

S R
i j a b

a S b S
p p

∈ ∈
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where a and b are states in the redundancy state set, i and j 
are states in the simplified state set, 

i

R
SS  and R

S j
S  are the 

sets containing the state in the redundancy state set which is 
simplified as state Si and Sj in simplified state space, 
respectively, ,

R
a bp  is the transition probability between 

state a and b in redundancy state set, R
ap  is the state 

probability of state a in redundancy state set. Based on the 
probability above, the simplified state power S

iE  and 
transition power ,

S
i jE  are  
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As seen from (8), the simplified state power contains two 
parts, the expectation power of redundancy states, which 
are simplified as the simplified state, and the expectation 
power of transitions between two redundancy states, both 
of which are simplified as the same simplified state. And 
seen from (9), the simplified transition power is equal to the 
expectation power of transitions between two redundancy 
states which are simplified to two different simplified states, 
respectively. 

4. Algorithm Summary 
Three basic operations, probability analysis, cascade 

analysis, and simplification analysis, have been described 
above. Probability analysis focuses on state maps. During 
probability analysis, signal probability will be changed to 
complete state maps. The target of cascades analysis is the 
signal probability of inner modules. Using the logical 
function of each module, the probability of every signal 
will be estimated. The importance of simplification analysis 
is reducing computation efficiency. The signals which are 
not cared by upper-level analysis will be simplified, like 
data paths. Based on these three basic operations, the 
proposed algorithm can be used to analyze the whole digital 
circuit and estimate power.  

Before using the algorithm, some prepared data must be 
known. First, the signal probability distribution must be 
given clear. Second, because no physical model is built in 
this work, the physical characteristics of digital circuits, 
like delays, glitches, state power, and transition power, 
must be available. With the signal probability 
distributionand physical model, the algorithm can be used 
to analyze the digital circuit.  

Table 1: Algorithm flow 
1. Analyze the netlist file and generate netlist graphs. 
2. For all nodes in the netlist graph 

1) Get the input probability distribution of this node. 
2) Create the output probability distribution of this node. 
3) Calculate the power of this node. 

End 
3. Sum up the power of all nodes. 

The algorithm flow is shown in Table 1. As shown in 
Table 1, firstly, divide the digital circuit into many power 
modules, and generate netlist graphs. In lower layer 
analysis, power modules can be gates and lines, while in 
higher layer analysis, power modules can be logical circuit 
unit and even IP cores. 

In the second step, run probability analysis and cascade 
analysis for each module. For each module, its input signal 
probability distribution is the same as the output signal 
probability distribution of proceeding stage or the input 
signal probability distribution of the entire circuit. 
Probability analysis changes the signal probability from the 
preceding stage into the state map for this module, and 
cascade analysis estimates the output state map using 
logical functions. And remember to run simplification 
analysis to simplify signals. 

In the last step, the power of each power module can be 
estimated based on the provided physical characteristics. 
Furthermore, the power of the entire circuit can be 
estimated by summing the power of each power module up. 

5. Analysis and Discussion 
In this section, the algorithm is used in three different 

situations. In the first situation, a binomial distribution 
signal is analyzed in order to show the difference between 
the result of the proposed algorithm and that of the test 
vector analysis. In the second situation, a simplified process 
element (PE) in network-on-chip is analyzed as an example. 
In the third situation, the PE is used to show the benefit of 
simplification analysis in high layer analysis. 

5.1 Using for Single Signal 
In this section, the single signal is considered and how 

the result of the proposed algorithm is different from that of 
the algorithm based on test vectors is shown.  

As single signal, only two states, 0 and 1, are available 
for the circuit. So the probability distribution of signals can 
be seen as binomial distribution. Assume that the 
probability of 1 is P(1) while P(0) for state 0, and the sum 
of P(0) and P(1) is 1. By using the algorithm, it is possible 
to formulate the power of the signal, P, with bionomical 
distribution. 

 ( )2
unit signalP E p p f= −  (10) 

where Eunit is the energy consumption of one transition 
from 1 to 0, p is the probability of 1, and fsignal is frequency 
of the signal.  
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Fig. 1. Normalized Power with different signal probability 
distribution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Relative Error with different signal probability distribution. 

Then, assume that the values of signal to each time 
point are not relevant. For analysis, ISE Xpower Tool is 
used to estimate the normalized power of single signal with 
the test vector designed by Matlab with given P(1). At the 
same time, another Matlab program is used to estimate 
normalized power with given signal probability distribution. 
Then, the relationship between the normalized power and 
P(1) is shown in Fig. 1. 

It is very clear that the power estimated by Xpower 
Tools has the same trend as the power estimated based on 
the signal probability distribution. Furthermore, because the 
test vector is random, the probability distribution of test 
vectors can be very close to but not exactly equal to the 
probability distribution expected. The longer the test vector 
is, the closer the probability distribution of test vectors and 
the distribution designer expected are, and the more time 
costs during the simulation and power analysis stage. That 
is why Xpower power can be greater or smaller than 
probability power, but it never deviates from the probability 
power (the algorithm power in Fig. 1). 

As shown in Fig. 2, relative error at low-power points, 
with max error at 2.3%, is greater than that at high-power 
points. Because the probability of state 1 or state 0 is so 
small that the number of transitions with power cost is 
extremely little as well. Thus, the power is smaller than one 
unit-power. Due to randomness, if there is only one 
transient state in a test vector, there will be a unit of 
dynamic power which is much bigger than the result of 
proposed algorithm. 

There are three points in this section. First, probability 
distribution can be used to estimate the power accurately. 
Second, the advantages of proposed algorithm are no test 
vector, no randomness, and the signal probability 
distribution is well matching with the probability 
distribution that designer expects. Thirdly, the proposed 
algorithm can cover all states and transition patterns.  

5.2 Using for Circuit Analysis 
In this section, small circuits built up by the loop-up 

table (LUT) cell are considered. For the LUT in a cell, if 
the values of input signals change, the cell will check the 
LUT once and this will cost one unit-power. Therefore, the 
power of LUT depends on the frequency of data change. 
For a D Flip-Flop (DFF), the clock signal will cost one 
unit-power every cycle, while the data signal costs one 
unit-power if it changes and costs no power if it stays 
constant. So DFF power contains two parts: clock signal 
power depending on clock frequency, which can be seen as 
static power during signal probability power analysis, and 
data signal power depending on the frequency of data 
change like the power of LUT, which is the dynamic power. 

In this section, an 8-bit arithmetic logical unit (ALU) 
used for a core in network-on-chip is analyzed. The ALU 
has three basic operations: AND, ADD, and CMP 
(compare), with a standalone data path for each operation. 
That means, there is only one operation working and cells 
related to this operation can change while cells related to 
other operations stay constant. Assume that the input of 
ALU is totally random. The proposed algorithm and 
PowerPlay tools are used to estimate the power of this 
circuit. 

Table 2 shows the result of the proposed algorithm and 
PowerPlay tools. Power estimated by the proposed 
algorithm and PowerPlay tools are normalized by the data 
of AND operation, respectively. Dynamic power is relative 
to NOP operation (which means doing nothing). 

The AND circuit contains eight cells, which are for the 
logic and two input 8-bit signals. As the input data is totally 
random, the spatial correlation between each bit can be 
ignored. For each bit cell, the probability of transition is 3/4, 
so the normalized power of the circuit is 6. Because there 
are no glitches in signals and no correlation between signals, 
the power of AND circuit is used as the unit with the 
normalized power.  

0        0.2       0.4       0.6       0.8      1.0
Probability P(1) 

2.5

1.5

0.5

−0.5

−1.5

−2.5

R
el

at
iv

e 
er

ro
r (

%
) 

0        0.2       0.4       0.6       0.8      1.0

Probability P(1) 

Alogrithm
Xpower 

30

25

20

15

10

5

0

N
or

m
al

iz
ed

 p
ow

er
 (×

10
6 ) 



WANG et al.: Estimating Power for FPGAs Based on Signal Probability Theory  

 

307

Table 2: Arrangement of channels 

Items 01/AND 
10/ADD 11/COMP 

Ideal Glitches Ideal Glitches

R
es

ul
t o

f p
ro

po
se

d 
al

og
rit

hm
 Bit 

cell 
power 
(unit- 

power*) 

0 0.75 0.7500 0.7500 0.7500 0.7500
1 0.75 0.8438 1.1250 0.8438 1.1250
2 0.75 0.8672 1.2188 0.8672 1.2188
3 0.75 0.8730 1.2422 0.8730 1.2422
4 0.75 0.8745 1.2480 0.8745 1.2480
5 0.75 0.8749 1.2495 0.8749 1.2495
6 0.75 0.8750 1.2499 0.8750 1.2499
7 0.75 0.8750 1.2500 0.8750 1.2500

Total power 
(unit-power) 6.00 6.8334 9.335 6.8334 9.335 

Normalized 
power 1.0000 1.1389 1.5558 1.1389 1.5558

R
es

ul
t o

f p
ow

er
pl

ay
 

Avr. (mW) 2.1127 2.3082 1.9764 
Min. (mW) 2.1400 2.3400 2.0100 
Max. (mW) 2.0900 2.2900 1.9500 
Normalized 

power 1.00 1.5778 0.5967 

Dynamic 
power 
(mW) 

0.3382 0.5336 0.2018 

*unit-power means the energy consumption when LUT was checked once.  

The ADD circuit is in a cascade structure with eight 
cells for each bit and cascade lines between lower bit cells 
and higher bit cells. Delays between the input signal and 
cascade line must be considered, so there could be two or 
more transitions in one cycle, and normalized power could 
be bigger than one. As the input data is totally random, the 
spatial correlation between each bit and cascade signal can 
be ignored. In Table 2, power with glitches and without 
glitches (ideal) is provided, respectively. Compared with 
the normalized power, the result of PowerPlay tools is a 
little larger than that of the proposed algorithm. The reason 
is that the unit power for this cell is not the same accurate. 
In fact, as ADD cells have to drive carry-out and sum at the 
same time, it will cost more power than AND cell with only 
one output does. 

The CMP circuit has the similar structure with the ADD 
circuit, with eight cells for each bit. So, the proposed 
algorithm results of CMP and ADD operations are quite the 
same. However, each cell in the ADD circuit has two 
outputs, which is carry-out and sum bits, while there is only 
left carry-out in CMP circuit. This difference leads to a 
great reduction of the power of one cell compared with the 
AND circuit and ADD circuit. In PowerPlay reports, the 
routing thermal dynamic power is zero for the CMP 
operation, about 0 to 0.03 mW range for the AND operation, 
and about 0.02 mW to 0.06 mW for the ADD operation. 
That is the reason why the power of CMD operation from 
PowerPlay is much shorter than that of AND operation. 

In this section, the result of the algorithm is shown and 
compared with the result of PowerPlay tools. The error can 

be explained as the channel difference from each other. 
Even though, the algorithm is used in this section, it is hard 
to use this algorithm to large circuits directly. Because of 
considering spatial correlation, there will be 2N states and 
22N transition patterns for N input signals. Future research is 
needed to improve this disadvantage.  

5.3 Using for High Level Analysis 
Simplification in high level analysis is another useful 

way to reduce the computation cost, especially for circuits 
with a data path. The ALU analyzed in the previous section 
is used for simplification in this section as an example. 

Clearly, the designer does not pay attention to the 
power of different operation data, so the data path can be 
simplified, and there are only two input signals and four 
states left in the circuit, which is NOP, AND, ADD, and 
CMP.  

In this section, only dynamic power is considered, so 
the power of NOP is zero. The dynamic power of the left 
three operations can be found in the previous section, and 
are equal to the power for each operation. The power of the 
transitions to NOP (4 kinds of transitions) are zero because 
all cells stay at previous states. The power of the transitions 
to AND, ADD, and CMP (12 kinds of transitions) are 
equals to the power of destination operations, because cells 
relative to the previous operation stay constant without 
power cost and cells relative to destination operation will 
change. 

For a software task for this ALU, it is easy to find out 
the probability of each operation. With (1), the power for 
ALU to run this task is estimated.  

5.4 Further Research 
From the analysis above, the advantage of power 

estimation based on probabilities has been shown. 
Randomness will not affect the result of the proposed 
algorithm because of the absence of test vectors, which 
leads to less time of simulation and less time of calculation. 

As a preliminary study version, there are still some 
shortages. First of all, the comparison with other power 
estimation algorithms based on probabilities has not been 
finished. Second, a general framework for circuits has not 
been built up, because there are still some problems 
unsolved when using this algorithm to analyze a huge size 
of netlist without high level information. The netlist must 
be divided into different modules in order to reduce 
computation efficiency. Without design information, a 
method, which can divide the circuit reasonably only based 
on the netlist, is required. For example, if there is a data 
path through the circuit, the circuit will be simplified at 
once. However, without the information, it is a problem to 
find out whether there is a data path in the netlist. The third, 
as other algorithms are based on probabilities, the 
computation efficiency has an indexed relationship with the 
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number of input signals. Thus, it is important to develop 
powerful and realizable methods to reduce the number of 
input signals and improve the computation efficiency. 
These three points will be studied in the future. 

6. Conclusions 
In this paper, probability distribution is used to estimate 

the power of FPGAs instead of test vectors. Probability 
distribution can describe the random signals without 
introducing randomness by test vectors. This algorithm 
contains three basic operations, probability analysis to 
estimate the power of a node, cascades analysis to estimate 
probability distribution of backward nodes, and 
simplification analysis to reduce the number of signals and 
transitions. This algorithm can be used to estimate circuit 
power based on cells. Therefore, for high-layer analysis, 
this algorithm can simplify circuits and estimate power. 

There are still some problems need to be solved in the 
further research. First, the algorithm should be more 
developed and verified for more reliable use. Second, 
computational efficiency must be improved so that it could 
be used in large circuits. 

Even though FPGAs are much different from 
application specific integrated circuits (ASICs), logic 
elements in FPGA and logic units or modules in ASICs can 
be equivalent in the algorithm, thus, the algorithm can be 
used in ASICs as well. 
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