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Abstract: In this paper, we demonstrated a high speed energy efficient approximate multiplier. We contemplate an approach 
which is to round the operands to nearest exponent to two. The proposed system is applied for both unsigned and signed 
multiplications. A 4-bit bit-slice matrix multiplier is exploited for 32-bit rapid multiple-flux-quantum (RMFQ) artificial 
intelligence processor is proposed in this paper. The multiplier mainly includes bit-slice multipliers which is 4-bit and 4-bit 
bit-slice adders. The unsigned integer matrixes multiplication is contrivance by control signals. The result shows that our 
method simplifies the circuit complexity, truncates the hardware costs and allows extending the matrix multiplier to a 
smaller or larger number of bits.  
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I. INTRODUCTION 
 
One of the paramount design requirements is energy 
minimization which is consequential in any electronic 
systems like smart phones, tablets and various 
gadgets [1]. The blocks of Digital Signal Processing 
(DSP) are the key components to perceive the 
different multimedia applications. The computational 
core is the arithmetic logic unit (ALU) where 
multiplications have the prodigious share among all 
arithmetic operations which are performed in the DSP 
systems. Hence, speed and power/energy-efficiency 
characteristics of multipliers play a major role in 
maximizing the efficacy of processors. 
 
Most of the DSP cores develop the algorithms of 
image and video processing and final outputs are 
either videos or images which are concocted for 
human consumptions. This fact enables us to utilize 
approximations to revamp the speed/energy 
efficiency. This originates from the limited perceptual 
capabilities of human beings for reconnoitre an image 
or a video. In addition to the video processing and 
image, there are some other areas where the 
arithmetic operations exactness is not crucial to the 
system functionality [2]. The arithmetic units can be 
performed at miscellaneous design abstraction levels 
which include circuit, logic and architecture levels, 
and algorithm and software layers [3].   
 
The conjecture may be performed by utilizing various 
techniques like allowing some timing violations 
examples like voltage over scaling or over clocking 
and function approximation methods like modifying 
the Boolean function of a circuit or a combination of 
them [4]. In the methods of function approximation a 
number of approximating arithmetic building blocks 
like multipliers and adders at various levels of design 
have been suggested [5].  

Superconducting rapid multiple-flux-quantum 
(RMFQ) circuits [6] are envisaged to be a future 
integrated circuits technology by right of its features: 
high speed and low power consumption [7].This 
paper focus on a high speed low energy/power 
approximate multiplier for error resilient applications 
of DSP. With the progress of RMFQ fabrication 
process technology, it has become viable to realize an 
RMFQ including tens of thousands of Josephson 
junctions (JJs) [8]. However, the calculation time by 
bit-serial architecture is very long to process 32-/64-
bit data. Bit-parallel architecture is used in FLUX [9] 
processor. In this paper, a 4-bit bit-slice 4×4 matrix 
multiplier in [10], which is one of the important 
components for a 32-bit bit-slice RMFQ artificial 
processor, is proposed. A 4×4-bit and an 8×8-bit 
parallel RMFQ multiplier have been designed and 
fabricated [11], [12].   
 
The proposed approximate multiplier is also an area 
efficacy and it is constructed by modifying the 
conventional multiplication proposal at the level of 
algorithm which assuming values of rounded input. 
This is known as Rounding-based approximate 
multiplier. The proposed multiplier approach is 
applicable for both unsigned and signed 
multiplications in which three optimized architectures 
are presented. The efficacies of these structures are 
procured by comparing the delays, power and energy 
consumptions, Energy Delay Products (EDPs), areas 
with those of some approximate and accurate (exact) 
multipliers. 
 
II.EXISTED SYSTEM 
 
The block diagram of the existed system is shown in 
above fig (1). The inputs are represented in two’s 
complement format. Initially, the signs of the inputs 
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are resolved and for each negative value, the absolute 
value is generated. 

 
FIG 1. EXISTED SYSTEM 

 
Then the rounding block elicits the nearest value for 
each value which is absolute in the form of two to the 
power of n (2n). The bit width of the output of this 
block is n that is most significant bit of the absolute 
value of an n-bit number in the two’s complement 
format is zero. Having determined the rounding 
values, by utilizing blocks of three barrel shifter the 
products are deliberated. Hence, depending up on the 
operand the amount of shifting is determined. 
Therefore, the shifter blocks input bit width is n, 
while their outputs are 2n. 
  
III. 4-BIT BIT-SLICE MATRIX MULTIPLIER 
 
A. Algorithm and architecture: A and B are 4×4 
matrixes. Each of the 32-bit elements in the two 
matrixes is demarcated into eight slices of 4 bits each. 
The eight pairs are input one by one from the least 
significant one. The multiplier performs unsigned 
integer matrix multiplication. The matrix produce 
C=AB is also a 4×4 matrix. Each of the 64-bit 
elements in C matrix is divided into sixteen 4-bit 
slices which are output one by one from the least 
significant one. 
 
Fig. (2) Shows a block diagram of the proposed 4-bit 
bit slice 4×4 matrix multiplier. It embraces of four 4-
bit bit-slice multipliers and three 4-bit bit-slice 
adders. Fig. (3) Shows a diagram of a 4-bit bit-slice 
4×4 matrix multiplication. The matrix A and B are 
segregated into four rows and four columns 
respectively. The matrix produce C is divided into 
four rows. 
 
A 4-bit bit-slice 4×4 matrix multiplication is carried 
out via 259 steps. The i-th (i=1 to 8) pair of the 32-bit 
elements in A and B matrixes is input to the matrix 
multiplier at i-th step. The i-th slice of a00, a01, a02, 
and a03 in A matrix is fed to input ports A0, A1, A2, 
and A3 at the i-th step and fed back to the thriving 4-
bit bit-slice multiplier with 8-step delay. The i-th slice 
of b00, b10, b20, and b30 in B matrix is fed to input 
ports B0, B1, B2, and B3 at the i-th step and fed back 
to the succeeding 4-bit bit-slice multiplier with 32-
step delay.  
 
The succeeding 4-bit bit-slice multiplier enumerates 
the products of the i-th slices of a00b00, a01b10, 

a02b20, and a03b30. The two succeeding 4-bit bit-
slice adders calculate the sums of the i-th slices of 
a00b00+a01b10 and a02b20+a03b30, respectively. 
The last 4-bit bit-slice adder calculates the j-th (j=1 to 
16) slice of c00 at steps 4 to 19. 
 

 
FIG. 2 THE BLOCK DIAGRAM OF A 4-BIT BIT-SLICE 4×4 

MATRIX MULTIPLIER 
 
 

 
FIG. 3 THE DIAGRAM OF A 4-BIT BIT-SLICE 4×4 

MATRIX MULTIPLICATION 
 
After 16-step delay, the i-th slice of b01, b11, b21, 
and b31 in B matrix is fed to input ports B0, B1, B2, 
and B3 at the (i+8)-th step and fed back to the 
succeeding bit-slice multiplier which is 4-bit with 32-
step delay. The succeeding 4-bit bit-slice multiplier 
calculates the products of the i-th slices of a00b01, 
a01b11, a02b21, and a03b31. The two succeeding 4-
bit bit-slice adders calculate the sums of the i-th slices 
of a00b01+a01b11 and a02b21+a03b31, respectively. 
The last 4-bit bit-slice adder calculates the (j+16)-th 
slice of c01 at steps 36 to 51. 
 
After 16-step delay, the i-th slice of b02, b12, b22, 
and b32 in B matrix is fed to input ports B0, B1, B2, 
and B3 at the (i+16)-th step and fed back to the 
succeeding bit-slice multiplier which is 4-bit with 32-
step delay. The succeeding 4-bit bit-slice multiplier 
calculates the products of the i-th slices of a00b02, 
a01b12, a02b22, and a03b32. The two succeeding 4-
bit bit-slice adders calculate the sums of the i-th slices 
of a00b02+a01b12 and a02b22+a03b32, respectively. 
The last 4-bit bit-slice adder calculates the (j+32)-th 
slice of c02 at steps 67 to 82. 
 
After 16-step delay, the i-th slice of b03, b13, b23, 
and b33 in B matrix is fed to input ports B0, B1, B2, 
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and B3 at the (i+24)-th step and fed back to the 
succeeding 4-bit bit-slice multiplier with 32-step 
delay. The succeeding 4-bit bit-slice multiplier 
calculates the products of the i-th slices of a00b03, 
a01b13, a02b23, and a03b33. The two succeeding 4-
bit bit-slice adders calculate the sums of the i-th slices 
of a00b03+a01b13 and a02b23+a03b33, respectively. 
The last 4-bit bit-slice adder calculates the (j+48)-th 
slice of c03 at steps 98 to 113. 
 
Comparably, the i-th slice of a10, a11, a12, and a13 
in A matrix is fed to input ports A0, A1, A2, and A3 
at the (i+32)-th step and fed back to the succeeding 4-
bit bit-slice multiplier with 8-step delay. The sixteen 
slices of c10, c11, c12, and c13 are calculated from 
steps 114 to 241. The i-th slice of a20, a21, a22, and 
a23 in A matrix is fed to input ports A0, A1, A2, and 
A3 at the (i+64)-th step and fed back to the 
succeeding 4-bit bit-slice multiplier with 8-step delay. 
The sixteen slices of c20, c21, c22, and c23 are 
calculated from steps 242 to 369. The i-th slice of 
a30, a31, a32, and a33 in A matrix is fed to input 
ports A0, A1, A2, and A3 at the (i+96)-th step. The 
sixteen slices of c30, c31, c32, and c33 are calculated 
from steps 370 to 497. 
 
B. Rapid Multiple-Flux-Quantum (RMFQ) Logic 
Design: We exert concurrent flow clocking to design 
fully pipelined synchronous RMFQ logic circuits of 
the proposed matrix multiplier. Scilicet, each pipeline 
stage consists of a row of RMFQ clocked logic gates. 
 
Each register (Reg) for holding a slice of A0-A3 is 
implemented using eight D flip-flops (DFFs). Each 
Reg for holding a slice of B0-B3 is contraption using 
thirty-two DFFs. We can use the bit-slice multiplier 
and the bit-slice Sklansky adder for the bit-slice 
multiplier which is 4-bit and the 4-bit bit-slice adder, 
respectively. The matrix multiplier constitute of 45 
stages in total. There is only one 1-stage feed-back 
loop which is in a 4-bit bit-slice adder. 
 
Eight pairs of each element slices in the initial row of 
matrix A and in the initial column of matrix B are fed 
at the first to eighth clock cycles. After sixteen clock 
cycles, Eight pairs of each element slices in the first 
row of matrix A are held and eight pairs of each 
element slices in the second column of matrix B are 
fed at the twenty-fifth to thirty-second clock cycles, 
and so on. Sixteen pairs of each row element slices in 
matrix produce C are output at the 46th to 566th 
clock cycles. 
 
Flip flops and latches are the basic elements and these 
are utilized for storing the information. Single latch 
and flip flop can storing the single bit of data. The 
main difference among the latches and flip flops is 
that, a latch continuously checks the input and the 
output changes when there is a change in the input. 
But, flip flop is a combination of clock and latch 

which continuously checks the input and changes the 
output time which is adjusted by the clock.   
 

 
FIG 4. ALGORITHM 

 
In D- flipflop, The i/p D which is given directly into 
the input S and the complement of the input D which 
is given to the input R. During the existence of a 
clock pulse, the input D is sampled. If it is one (1), 
then the flip-flop is in the state of set. If it is zero (0), 
then the flip-flop is in the state of clear.   
 
A device of latch is provided with a shadow latch and 
a driver. The driver has an input for accepting input 
signal of a binary driver, an input for accepting a 
clock signal, and an input for accepting a shadow-Q 
signal. The driver has an output for supplying a 
binary Q signal which is equal to the inverse of the 
driver input signal, in response to the driver input 
signal, the shadow-Q signal, and the clock signal. The 
shadow latch has an input for accepting the driver 
input signal, and an input to accept the clock signal. 
The shadow latch has an output for supplying the 
shadow-Q signal equal to the inverted Q signal, in 
response to the driver input signal and clock signal.  
 
IV.RESULTS 
 

 
FIG 5. RTL SCHEMATIC 

 

 
FIG 6. OUTPUT WAVEFORM 
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FIG 7. SIMULATED ANALOG OUTPUT USING BACKEND 

TOOLS 
 

 
FIG 8. DRAIN CURRENT (ID) VS GATE VOLTAGE (VG) 

 

 
FIG 9. LOG (DRAIN CURRENT (ID)) VS GATE VOLTAGE 

(VG) 
 

 
FIG 10. REPORT 

 
CONCLUSION 
 
We have proposed a 4-bit bit-slice 4×4 matrix 
multiplier for 32-bit RMFQ artificial intelligence 
processors. The proposed multiplier has the 

proficiency to operate multiplication for both signed 
and unsigned values. The results divulged that, in 
most all cases, the multiplier architectures 
surmounted the corresponding approximate (exact) 
multipliers. The proposed 4-bit bit-slice multiplier 
proffers high performance and popularizes the 
complexity of circuit. 
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