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Abstract: The stochastic computing (SC) method is a low-cost alternative to conventional binary computing that 

processes digital data in the form of pseudo-random bit-streams in which bit-flip errors have a trivial effect on the signal 

final value because of the highly redundant encoding format of this method. As a result, this computational method is 

used for fault-tolerant digital applications. In this paper, stochastic computing has been chosen to implement 2-

dimensional discrete wavelet transform (2-D DWT) as a case study. The performance of the circuit is analyzed through 

two different faulty experiments. The results show that stochastic 2-D DWT outperforms binary implementation. 

Although SC provides inherent fault tolerance, we have proposed four structures based on dual modular redundancy to 

improve SC reliability. Improving the reliability of the stochastic circuits with the least area overhead is considered the 

main objective in these structures. The proposed methods are applied to improve the reliability of stochastic wavelet 

transform circuits. Experimental results show that all proposed structures improve the reliability of stochastic circuits, 

especially in extremely noisy conditions where fault tolerance of SC is reduced. 
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1. INTRODUCTION 

When the size of electronic components shrinks to 

nanoscale dimensions, the number of expected errors in a 

circuit increase, and since most error tolerance methods in 

binary systems increase cost, power consumption, and area, 

modern computing methods that directly address reliability 

issues should be considered an alternative to conventional 

computing. Recently, stochastic computing (SC) has gained 

attention due to its fault-tolerant capacity and less area 

requirement as these features are very much attractive for 

nano-scale CMOS technologies [1]. Therefore, the SC 

method is used in this paper as a fault-tolerant method. 

In SC, a number x is encoded by a random bit stream of 

0s and 1s with equal weight for every bit. Irrespective of the 

length, the ratio of the number of 1s to the length of the bit-

stream, i.e., P (𝑋 = 1), determines the data value. Error 

tolerance in stochastic circuits is based on the fact that the 

occurrence of a single bit error in a bit-stream of length N 

changes the value of stochastic number (SN) by 1/N because 

all bits in a stream have the same weight. The larger the bit-

stream length is, the more insignificant and smaller the 

change will be. For example, consider bit stream 00101010 

containing three 1s denotes x=p(X=1) =3/8, a single bit-flip 

changes its value from 3/8 to 4/8 or 2/8, which are the 

representable numbers closest to the correct result. But, if we 

consider the same number 3/8 in conventional binary format 

0.011, a single bit-flip causes a huge error if it affects the most 

significant bit. A change from 0.011 to 0.111, for example, 

changes the result from 3/8 to 7/8. 

Additionally, multiple bidirectional errors (i.e., one-to-

zero and zero-to-one conversion errors) may even cancel each 

other out, while the occurrence of errors in binary numbers 

changes the signal value according to the faulty bit weight [2]. 

In addition, arithmetic units of SC are very simple, so 

they have very low power requirements. For instance, the 

multiplication of two N-bit SNs A and B to form the arithmetic 

product A  B can be performed using a single AND gate in 
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N clock cycles, so SC permits complex computations to be 

realized using low-cost units in terms of hardware 

complexity. Fig. 1 shows an example of multiplying two 

input values, 1/4 and 3/4. 

SC provides an accuracy-energy trade-off. Both the 

accuracy and the energy consumption of the circuit increase 

with the length N of the stochastic numbers [3], which 

introduces one of the major drawbacks of SC, i.e., long 

computing time. While a long stochastic stream may 

introduce long computational latency, parallel computations 

can be massively performed [4]. Another new solution to reduce 

the response time is the SC implementation scheme based on a 

memristive system [5]. 

Due to its unique features, the SC method is used to 

implement randomized algorithms and applications that 

require large amounts of data. Since small fluctuations are 

tolerable in such applications but many errors are ruinous, 

they are suitable to be implemented by stochastic logic [6]. 

Since image processing operations face severe design 

limitations in terms of power and area and they do not require 

high precision [7], several circuit designs have been proposed 

for different image processing applications in [6,8], including 

edge detection and gamma correction, which shows that 

stochastic designs can be significantly smaller, more power-

efficient, and noise-tolerant. 

One of the most important applications of SC is the 

implementation of LDPC decoders that mainly require a large 

number of parallel, fast, and relatively simple operations. In 

[9], SC has been used to implement an LDPC decoder in that 

low power requirements, error tolerance, and probabilistic 

aspects of SC have been exploited to achieve high power 

efficiency and throughput. 

Another area in which SC has been applied with 

significant progress is artificial neural networks. Due to the 

resemblance of spike sequences in a biological neural 

network to stochastic numbers, implementing artificial neural 

networks continues to be a major application of SC [10]. In 

[11], authors have shown that stochastic neural networks (SC 

NN) achieve better area overhead and power consumption 

than state-of-the-art works by slightly sacrificing accuracy. 

With recent improvements in SC, the result of SC NNs have 

become comparable with conventional NNs. 

 

 

Fig. 1: An example of multiplication using stochastic logic. 

 

 

               (a)                                                          (b)                  

Fig. 2: (a) The binary-to-stochastic and b) stochastic-to-

binary converters. 

Since hardware implementation of low-cost and fault-

tolerant architecture has recently received tremendous 

attention in modern IC applications, we utilized SC as a fault-

tolerant method to implement 2-dimensional discrete wavelet 

transform (2-D DWT) and improved its reliability by four 

proposed methods based on error correction and dual modular 

redundancy.  

The remainder of this paper is organized as follows: A 

brief overview of SC is given in Section 2. The architecture 

to implement stochastic 2-d wavelet transform is presented in 

Section 3. Section 4 provides proposed methods to enhance 

the reliability of stochastic circuits. The proposed methods 

are implemented and their performance is compared in 

Section 5, and finally, some conclusions are given in Section 

6. 

2. STOCHASTIC COMPUTING 

In the SC method, operations occur on bit-streams that 

are interpreted as probabilities. The value of each bit-stream 

in the unipolar coding format is expressed as the probability 

of seeing a 1 along the bit-stream. For example, an N-bit 

stochastic number (SN) X containing N1 1s and N0 0s has the 

value x=p(X=1) = N1/N ϵ [0,1]. Since the probability of seeing 

a 1 is a value between 0 and 1, this encoding format is used 

to display unsigned numbers. In addition to the unipolar 

format, several alternative SN formats have been proposed in 

[7] one of which is the bipolar encoding format that deals with 

the positive and negative numbers in the range [-1,1]. In the 

scenario of bipolar coding format, the relationship between x 

and P(𝑋 = 1) becomes P(𝑋 = 1)= (𝑥+ 1)/2, which enables the 

stochastic representation for negative numbers and the 

stochastic value is defined as P(X=1)= (N1-N0)/N. Notice that 

for either unipolar or bipolar coding format, the represented 

number ranges in [0, 1] or [-1,1]. To represent a number 

beyond this range, a pre-scaling operation or integer bit-

stream-based representation [12] can be used to overcome 

this limitation. Stochastic circuits consist of three main parts: 

the stochastic number generator (SNG) of the kind shown in 

Fig. 2a, which produces a stochastic number. It consists of a 

pseudo-random number source such as a linear feedback shift 

register (LFSR) and a magnitude comparator and converts an 

unsigned k-bit binary number B to an N-bit stochastic bit-

stream X. The comparator produces a 1 if the random number 

is less than B and otherwise a 0. The central unit contains the 

conventional logic gates and processes the bit-streams, and 

the last unit converts the output bit-stream to binary values. 

Fig. 2b shows the structure of the stochastic-to-binary (S2B) 

converter [7]. 

Figure 3 illustrates some basic computing units of SC, 

including multiplication, normalized subtraction, and 

addition. For instance, multiplication can be performed with 

an XNOR gate in bipolar coding format since 𝑐= 2𝑃(𝐶 = 1)– 

1 = 2(𝑃(𝐴 = 1) 𝑃(𝐵= 1) + 𝑃(𝐴 = 0)𝑃(𝐵 = 0))– 1 = (2𝑃(𝐴 =1)– 

1)(2𝑃(𝐵 = 1)– 1) = 𝑎b. Another example is addition, which 

can be simply implemented with a multiplexer in the SC 

method for 𝑐 = (𝐶 = 1) = 1/2((𝐴= 1) + 1/2(𝐵 =1) = 1/2(𝑎 + b). 

Additionally, the addition in the bipolar form uses this 

multiplexer as well since 𝑐 = 2𝑃(𝐶 = 1)– 1 = 2(1/2(𝑃(𝐴= 1) + 

1/2𝑃(𝐵 = 1))– 1 = 1/2(2𝑃(𝐴 = 1)– 1) + (2𝑃(𝐵 = 1)– 1)) = 1/2(𝑎 

+ b), and finally subtraction is easily implemented by 
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combining a multiplexer and a not gate. Normalization in 

addition and subtraction aims to make sure that the result is 

in the range [0,1] or [-1,1] so that it can be treated as a 

probability [6].  

Besides the basic operations of addition and 

multiplication, the stochastic mean circuit and absolute value 

subtraction are presented in [13]. SC has also been applied to 

division [14] and some trigonometric and polynomial 

arithmetic functions [15, 16]. 

3. PROPOSED STOCHASTIC CIRCUIT DESIGN 

3.1. Wavelet Transform Overview 

Due to the wide application of wavelet transform and its 

computational complexity, the study of VLSI implementation 

of discrete wavelet transform (DWT) has become significant 

and unavoidable. A small and straightforward architecture 

will be advantageous, especially in image processing 

applications. Furthermore, since error and noise rates are high 

in most image processing applications, error resistance is also 

essential for these structures. For example, a fault-tolerance 

method is discussed in [17] to deal with silent data corruption 

errors on DWT. Therefore, having the advantages of SC, an 

error-resistant low-cost design is presented for two-

dimensional DWT.  

Wavelet transform is a mathematical tool that can 

decompose signals into different sub-bands of well-defined 

time-frequency characteristics. This conversion uses various 

methods to analyze the signal and adjust the accuracy in both 

time and frequency domains [18]. These benefits lead to 

extensive use of DWT in different areas such as medicine for 

processing medical images and diagnosing disorders using a 

computer [19], data transmission through the internet [20], 

and noise detection in data collected with a sensor [21]. 

Compared with the standards JPEG and JPEG-LS, the 

JPEG2000 standard not only offers a superior image 

compression ratio but also benefits from better image 

reconstruction performance [18]. One of the most widely 

used types of DWT is the 5/3 method used in the JPEG2000 

standard to implement lossless image compression. The 5/3 

wavelet transform can be implemented by using 

mathematical notations as follows [22]: 

(1) 
𝐻(𝑛) = −

1

2
[𝑋(2𝑛) + 𝑋(2𝑛 + 2)] + 𝑋(2𝑛

+ 1) 

(2) 𝐿(𝑛) =
1

4
[𝐻(𝑛 − 1) + 𝐻(𝑛)] + 𝑋(2𝑛) 

where H(n) and L(n) represent the high-frequency (detail 

coefficients) and low-frequency (approximation coefficients) 

components of the input signal, respectively and X(n) 
represents the nth input sample. 

The data flow related to these equations is shown in Fig. 

4. To implement them in binary mode, we need a structure 

similar to Fig. 5. As shown in Fig. 5, this structure requires 

four adders and two multipliers for each decomposition level. 

 

Fig. 3: a) The multiplication of bipolar format, b) scaled 

addition, b) scaled subtraction of bipolar format. 

 

Fig. 4: The data flow of 5/3 wavelet transform. 

 

Fig. 5: The one-dimensional structure of binary DWT. 

3.2. Stochastic Architecture for the Lifting Structure 

As mentioned earlier, operations occur on bit-steams that 

are interpreted as probabilities in SC. Since we are dealing 

with positive and negative numbers in wavelet transform, the 

bipolar coding format is used in this article. 

The blocks used in the lifting-based DWT include 

multipliers and adders, which are easily implemented in the 

BP stochastic method using an XNOR gate and a two-way 

multiplexer. Because the coefficients in the 5/3 wavelet 

transform equations are all multiples of 0.5, they are 

implemented using the coefficient of 0.5 in the stochastic 

adder, and there is no need to use a stochastic multiplier 

(XNOR gate). Since stochastic addition and subtraction are 

normalized, the implementation of equations (1) and (2) by 

stochastic logic leads to equations (3) and (4).  

(3) 

H′(n) =
−

1
2

[X(2n) + X(2n + 2)] + X(2n + 1)

2

=
H(n)

2
 

(4) 

L′(n) =

1
2

[H′(n − 1) + H′(n)] + X(2n)

2
= 

=

1
2

[
H(n − 1)

2
+

H(n)
2

] + X(2n)

2
 

            =

1
4

[H(n − 1) + H(n)] + X(2n)

2
=

L(n)

2
 

By implementing equations (3) and (4) with stochastic 

addition blocks, the structure of Fig. 6 is obtained for a one-

dimensional 5/3 wavelet transform. 
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Fig. 6: The stochastic one-dimensional 5/3 wavelet 

transform structure. 

In the proposed one-dimensional architecture, input 

signals pass through the delay elements (Z-1) in 2’s 

complement format and then each signal from the delay 

element is converted to a stochastic bit-stream. Each delay 

requires an 8-bit shift register instead of using a 256-bit delay 

element used in [23]. Also, for the intermediate delay 

element, an 8-bit memory element is used so the mux2 output 

is converted from stochastic to binary format before being 

stored in the delay element and then back to stochastic again. 

Since stochastic addition is correlation-insensitive [24] and 

only one LFSR has been used for these SNGs to reduce the 

hardware cost. In each clock cycle, one bit of high-frequency 

output coefficients and one bit of low-frequency output 

coefficients are generated. As it can be seen in Fig. 6, instead 

of using complex binary multiplier and adder blocks, only a 

multiplexer is used in the SC design.  

To run wavelet, transform on the images, it is necessary 

to apply the 1-D DWT in both vertical and horizontal 

directions of the image. The proposed 2-D architecture is 

based on three 1-D DWT structures, which operate in parallel 

and communicate through shared memory. The input image 

is fed to the architecture bit-by-bit using row-by-row 

scanning. In each clock cycle, a single bit is fed. In the row 

module, 1-D DWT of each row is computed to yield the low- 

and high-frequency components of each row, and the results 

are stored in memory to utilize in column transform.  

To reduce the memory required, the row transform 

results are converted to binary format before being stored in 

memory. We employ shift registers for intermediate data 

storage. Low-frequency outputs and high-frequency outputs 

are stored in two distinct register files. Since three data are 

required to compute equation 3, the column transform process 

starts as soon as the first data in the third row of memory is 

available. 

Simultaneously with the column transform, the rest of the 

data required for the column operation are prepared by the 

row transform and overwritten in the memory. So, the 

capacity of the register file is considered 3*N/2 coefficients 

for the N x N image.  

The column operation begins by converting the stored 

binary numbers to stochastic ones, which can also eliminate 

autocorrelation [24] and improve the accuracy of stochastic 

computation, then performing a step of computation on these 

three rows in the column direction.  

Two column transform modules are also employed and 

work in parallel to increase the design speed. One module 

performs the column direction wavelet transform on high-

frequency coefficients of the row transform module and the 

other on low-frequency coefficients. Fig. 7 illustrates the 

stochastic 2-D 5/3 wavelet transform structure. The section 

marked with a dotted line in Fig. 7 shows the structure of a 1-

D DWT. The other two modules perform the column 

transforms. Although this architecture is presented for the 5/3 

case, the method can be applied to all lifting schemes that rely 

on single or double lifting steps. 

4. METHODS TO IMPROVE FAULT TOLERANCE OF 

STOCHASTIC CIRCUITS 

Although the SC method is inherently fault-tolerant, so 

far no action has been taken to improve its reliability and its 

error tolerance. Therefore, in this paper, four methods based 

on dual modular redundancy (DMR) are proposed to improve 

the reliability of stochastic circuits. Furthermore, since one of 

the significant advantages of SC is the small size of the 

stochastic circuits, in order to maintain this feature, the goal 

has been set to improve reliability with minimum area 

overhead in all proposed methods. 

As the most important computational part of stochastic 

wavelet transform is multiplexers, these methods are only 

applied to multiplexers so that improved reliability does not 

lead to much hardware overhead. These methods are 

explained in the next subsections. 

  

Fig. 7: Stochastic two-dimensional 5/3 wavelet transform structure. 
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4.1. Multiplexer-Based Error Correction  

In the first method, DMR and multiplexer-based error 

correction structures are proposed to increase the reliability 

of stochastic circuits. Fig. 8 shows the structure of the error 

detection and correction circuit for a multiplexer. This 

multiplexer has a selection input with a constant value of 

0.5 in which case 50% of the mux1 output and 50% of the 

mux2 output are randomly transferred to the final output. 

4.2. C-Element Based Error Correction 

The second method proposed to improve the reliability 

of stochastic circuits is based on DMR and a C-element. In 

this case, when the two main modules have an equally 

logical value, the same value is placed on the output, but if 

the two values are different, the output retains its previous 

value. The proposed circuit structure is shown in Fig. 9. 

4.3. Error Correction Method based on Repeating the 

Operation for Faulty Bits  

In this method, the multiplexers are placed in the form 

of DMR and an XOR gate is used for error detection. The 

clock signal in this circuit is blocked by an AND gate. When 

there is no error in the circuit, the output of the two 

multiplexers is equal and as a result, the XOR gate has a 

value of 0, which causes the next edge of the clock signal to 

be seen by the system and the operation to be performed on 

the next bit, but when an error occurs on one of the 

multiplexers, the output of the XOR gate becomes 1, the 

edge of the clock signal is not passed, and the operation is 

repeated on the same bit until the system has no error. Fig. 

10 shows a part of the wavelet transform circuit optimized 

using this method.  

Since the critical path in SC circuits is short, which 

means that it can be run with extremely high clock 

frequency [7], this method will be more efficient in 

stochastic circuits than in binary ones and the overall 

latency can be greatly mitigated by exploiting a special 

property of SC, which is called progressive precision [8] or 

by using parallel computational elements.  

 

Fig. 8: The mux_based error correction circuit structure. 

 

Fig. 9: The C_element-based error correction circuit 

structure. 

 

 

Fig. 10: The partial structure of a wavelet transform 

optimized by the fourth method. 

4.4. Error Correction Method based on Stochastic 

Value of the Signal 

As mentioned in Section 2, the value of each bit-stream 

in SC is defined as the number of 1s in the bit-stream 

divided by the total number of bits. In other words, the 

probability of occurrence of a logical one in the bit-stream 

indicates the stochastic number. Using this definition, the 

probability of the output bit of each module is clear. For 

example, the probability of output of the stochastic adder 

being one is obtained 𝑃𝑦 =
1

2
(𝑃𝑥1 + 𝑃𝑥2) and the probability 

of being zero is 1 − 𝑃𝑦. We suggest an algorithm to correct 

the bit-flip errors based on this SC feature. Consider an error 

occurs in the adder block. After the error detection to correct 

the error, that bit becomes one with the probability of 𝑃𝑦 

and zero with the probability of 1 − 𝑃𝑦.  

5. EXPERIMENTAL RESULTS 

In this section, the results of implementing the 

proposed stochastic circuit designs are presented. These 

results include the estimated hardware cost and analyzed 

performance under two different faulty situations. 

The classic Lena image was used as the input source of 

the wavelet transform circuit. The input is a 256 × 256-pixel 

grey-scale image. Each pixel is represented by an 8-bit 

binary number. The length of the stochastic bit-stream is 

256, which corresponds to 8-bit precision for conventional 

binary design. 

The wavelet transform circuit presented in Section 3 

was coded in VHDL and synthesized with Xilinx ISE on 

Virtex5 (XC5VLX110T) FPGA device. The results 

obtained in Table 1 were compared with the binary wavelet 

transform circuits [25-27]. 

As shown in the previous section, in the design of 

stochastic DWT, a multiplexer is only used instead of using 

complex multipliers and adder blocks, and as Table 1 

shows, the proposed 5/3 stochastic DWT has a lower area 

than the other existing conventional binary architectures. 

Since new computing methods must be able to meet severe 

constraints such as very small size and low power 

consumption, SC can be a suitable alternative to 

conventional binary computing to design circuits that 

require fault-tolerant procedures on large amounts of data 

(e.g., various image processing operations). 

 

 



S. Sadeghi et al.  Journal of Applied Research in Electrical Engineering, Vol. 2, No. 1, pp. 11-18, 2023 

16 

 

 

Table 1: Area comparison. 
architecture Device Slice LUTs Slice 

registers 

[25] XC5VLX110T 494 633 

[26] XC5VLX110T 9424 301 

[27] 6VLX760FF1760-2 361/433 411/511 

stochastic XC5VLX110T 215 408 
 

Table 2: The comparison of fault tolerance. 

Method average error 

Noise at input Noise at 

computational blocks 
5% 10% 15% 5% 10% 15% 

SC method 0.030 0.038 0.043 0.082 0.139 0.174 

Convention

al method 

0.329 0.353 0.390 0.315 0.350 0.397 

Fig. 11 is an image obtained from a stochastic 2-D 

DWT applied to the Lena image, which shows 

approximation coefficients for one decomposition level. 

The result of the wavelet transform processing by stochastic 

structure has some errors mainly due to the random 

fluctuations of SC [24] and the output MSE will be 0.0031. 

Since digital circuits are easily affected by manufacturing 

defects and transient errors, this inherent error is negligible 

compared to the high error rate in digital circuits. 

To demonstrate the fault tolerance of the proposed 

architecture, we performed two kinds of experiments. In the 

first one, the inputs contain noise and in the second one, the 

circuit computational components are considered noisy and 

unreliable. Experiments were performed by injecting soft 

errors including flipping the bits by different injected noise 

ratios and evaluating the output average error in pixel 

values. Table 2 shows these experimental results for 

conventional implementations compared to stochastic 2-D 

DWT. 

As can be seen in Table 2, the stochastic method shows 

high resistance to bit-flip errors in both faulty experiments 

and gives acceptable results even in the case of 15% noise, 

but the performance of the binary method decreases 

dramatically with increasing error rate. Also, the average 

error drop rates for these experiments in the stochastic 

method are less than the binary one while the error rate is 

increasing from 5% to 15%.  

Fig. 12 illustrates the output image of the wavelet 

transform implemented by the stochastic method and the 

binary method with different noise ratios. As can be seen in 

Fig. 12 when errors are injected at the rate of 15%, the 

image transformed by stochastic DWT is still recognizable 

and becomes greyer, while the image generated by the 

conventional method is full of noisy pixels.  

In the following, the hardware area overhead and 

latency overhead are investigated for proposed error 

correction methods using stochastic DWT and to evaluate 

the robustness of our methods we analyze the effect of 

randomly injected errors by measuring the corresponding 

average output error for each implementation. Area 

overhead and latency overhead are given in Table 3. As in 

the third proposed method, the delay overhead changes 

according to the error rate, so the delay for this method is 

reported for each error rate in Table 3. The latency overhead 

is calculated for operations on 256 bits. 

 

 

(a) (b) 

Fig. 11: The result of applying stochastic wavelet 

transform to Lena image, (a) Original image, (b) Approximate 

coefficients of stochastic DWT. 

   
a-1 a-2 a-3 

   
b-1 b-2 b-3 

Fig. 12: The output of (a) stochastic and (b) conventional 

DWT with noise level of (1) 5%, (2) 10%, and (3)15%. 

Table 3: Area and latency overheads of error correction 

methods to stochastic DWT circuit. 
Method Area 

overhead 

Latency 

overhead 

multiplexer-based error correction 8.14 34.50 

C-element based error correction 21.46 55.71 

Error correction method based on 

repeating the operation 

15.59 Noise level 

5%           10%         

15% 

25.75     31.85     

37.95 

Table 4 summarizes the performance of the proposed 

error correction methods at various noise levels of the 

inputs. As shown in Table 4, all the proposed methods 

improve the reliability of stochastic DWT according to 

average output error. In these methods, the average error is 

significantly improved and their efficiency increases with 

increasing error rate. In the multiplexer-based error 

correcting method, the least overhead (only 8%) is applied 

to the circuit and has acceptable error correction 

performance. The use of C_element to improve the 

reliability of stochastic circuits will improve average error 

so that it is more effective than the previous method but it 

has more latency and area overheads.  

By the error correction method, which is based on 

repeating the operation, with an area overhead of 13.6%, errors 

are completely corrected. The latency overhead of this method 

varies according to the error rate, but the correction in the other 

methods is performed with constant overhead. Since the clock 

period of stochastic circuits is small, this method will be 

more efficient in stochastic designs than in conventional 

architectures. In addition, because of stochastic circuits’ 

simplicity, parallel processing approaches and some 

methods based on the progressive precision property [28, 8] 

can be used to further reduce the latency. 
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Table 4: Fault tolerance comparison of error correction methods. 

Method Improved average error (%) 

Noise at input Noise at computational blocks 

5% 10% 15% 5% 10% 15% 

Multiplexer-based error correction 36.94 41.86 49.06 39.59 46.69 55.03 

C-element based error correction 39.28 48.9 57.21 46.10 54.15 63.8 

Error correction method based on stochastic value of the 

signal 

53.25 58.73 66.19 60.78 66.09 71.99 

Error correction method based on repeating the 

operation 

100 100 100 100 100 100 

The error correction method based on the stochastic 

value of the signal improves reliability better than other methods 

because it performs the correction according to the actual value of 

the signal, but the other methods work randomly. Similar to other 

methods, the efficiency of this method is improved by 

increasing the error rate, which makes these methods more 

suitable for environments with very high noise levels where 

the inherent fault tolerance of SC is reduced. 

6. CONSULTATION 

This study presents a fault-tolerant and low-area 

architecture for 2-D lifting-based DWT based on SC. The 

proposed architecture not only is much more tolerant of soft 

errors but also requires less area than the conventional 

implementation of this algorithm. To make the SC designs 

more robust to soft errors, we introduced four error 

correction methods based on DMR. Our experimental 

results show that the proposed methods had low hardware 

costs and all the proposed methods improved the reliability 

of the stochastic circuits according to average error. The 

remarkable note about all the proposed methods is that in all 

the methods, the performance of the proposed methods 

improves by increasing the error rate, which in turn makes 

these methods suitable for highly noisy environments where 

the inherent fault tolerance of SC is reduced. Future work 

will focus on how to generate low-cost probabilities to use 

in the error correction method based on the stochastic value 

of the signal. 
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