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Abstract-Floating point multiplication is a major operation 

in image and digital signal processing applications. 

Floating-point multiplier requires integer multipliers for 

significand multiplication. In this work, a new pipelined 

reversible single precision floating point multiplier and 

floating point adder based on reversible logic and carry 

save adder is designed. To design the reversible 24×24 bit 

multiplier the operands are decomposed into six partitions 

of 4 bits each. Thus, the 24×24 bit reversible multiplication 

is performed through thirty six reversible 4×4 bit Wallace 

tree multipliers, whose outputs are then summed. In order 

to improve the performance of the multiplier, three 

pipelining stages are used so that the maximum operating 

frequency of the multiplier is increased.  

Key words: pipelined, Reversible logic gates, multiplier 

circuits, carry save adder, Wallace tree. 

I. INTRODUCTION 

Reversible logic circuits theoretically have no internal 

power dissipation because there is no loss of 

information. A logic circuit is said to be reversible if the 

inputs can be derived from the outputs and there is a 

one-to-one correspondence between its input and output 

assignments. Thus the number of inputs and outputs in 

reversible logic gates or circuits are always equal. 

Reversible logic is widely used in low power Very large 

scale integration (VLSI) design because of low power 

dissipation which is the main requirement in many 

designs. 

Image and digital signal processing applications require 

high floating point calculations and FPGAs are used for 

performing these Digital Signal Processing (DSP) 

operations. In FPGAs, the difficulty of any single 

precision floating point design is the 24x24 bit integer 

multiplier required for multiplication of mantissas. In 

order to overcome the above problems, we designed a 

floating point multiplication circuit using reversible 

logic and involved pipelining of different stages to speed 

up the multiplication process. 

In this paper only single precision binary interchange 

format is considered and the proposed system describes 

a pipelined reversible single precision floating point 

multiplier (SPFP) targeted for Xilinx SPARTAN 3 

FPGA. Verilog is used to implement the design. 

Rounding is also implemented.  

This work is an extension of our previous work on non 

pipelined floating point multiplier [1]. Peres gate and TR 

gate have been used for the design of the reversible 

floating point multiplier. The efficient 24x24 bit 

reversible significand multiplication is performed 

through thirty six reversible 4x4 bit multipliers. The 

pipelining has been done with the three stages of 

operation where significand multiplication, exponent 

addition and xor of sign bit and normalization occurs 

concurrently. 

II. FLOATING POINT MULTIPLICATION 

The operation of multiplication of the two floating point 

multipliers is pipelined into three stages, the first stage 

for the xor of the sign bits and exponent addition, the 

second stage for the multiplication of the significand and 
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the last stage for normalization. The floating point 

multiplication is depicted in the flowchart shown in 

figure 1, where two binary operands A and B are 

considered. 

 

Fig 1: Floating point multiplication 

Each of the two numbers is divided into three parts, 

namely the sign bit, the exponent and significand. Here, 

since all the three stages have been pipelined, the three 

operations occur concurrently increasing the throughput 

and efficiency. The aim for pipelining arises from the 

need that an output is required every clock cycle. This 

decreases the time delay and increases the efficiency. 

III. REVERSIBLE LOGIC GATES 

A reversible logic gate is an n-input n-output logic 

device with a one-to-one mapping. Reversible circuits 

should be designed using minimum number of reversible 

logic gates. The parameters that are used to determine 

the complexity  level and performance of circuits in 

reversible logic are the number of Reversible gates ,the 

number of constant inputs (CI)and the number of 

garbage outputs (GO). 

The reversible 24X24 bit significand multiplication is 

done using reversible gates. Peres gates and TR gates 

have been used. The addition of partial products is done 

using Carry save adder technique to speed up the 

addition of partial products. In the proposed design, 

Peres gate has been used due to its lowest quantum cost. 

Quantum cost of a Peres gate is calculated to be 4. 

IV. DESIGN OF REVERSIBLE SPFP 

MULTIPLIER 

Block diagram shown in figure 2 below represent the 

design of reversible single precision floating point 

multiplier (RSPFPM). The sign magnitude of the 

product is obtained by XOR of the sign bit (MSB bit) of 

both the input that is X and Y. Exponent addition is 

performed using reversible ripple carry adder. 

Normalization is done as the last step. 

 

Fig 2: Single Precision floating point multiplier 

The input is converted  to IEEE754 format so that the 

bias value (-127) is subtracted using ripple borrow 

subtractor.  For the design of 24 x 24 bit multiplier, first 

there is addition of 1 bit to both the input so that it will 

become 24 bit and then it is divided in to six parts of 4 

bits each. The design is developed using Verilog code 

and simulation of result is obtained in MODELSIM tool.  

Xor of sign bit 

Sign bit can be xored using peres gate with third input 

zero. 

 

Fig 3: Sign XORin 

Exponent addition 

Exponent addition is done using an 8 bit carry save 

adder. The block diagram of an 8-bit carry save adder is 

shown in figure 4 below 

 

Fig 4: Carry Ripple Adder (Reversible) 

Multiplication of  mantissa part 

First there is addition of 1 bit to each of the 23 bit 

mantissa part to make it in to 24 bit (standard format) 

after that it is divided into 6 parts of 4 bits each and a 4 

bit multiplier is designed using reversible gate and 

cascaded to form 24 X 24 bit multiplier. 

For the generation of partial products peres gate is used 

as an AND gate. The third output of peres gate is the 

AND operation of the two input. The partial products 

are obtained for 4x4 bit reversible multiplication X × Y= 

([x3, x2, …. x0 ] x [y3, y2,…. y0 ]) 

After the generation of partial products, the addition of 

the partial products is done using a Carry Save Adder 

[CSA]. The propagation delay is always three gates 
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irrespective of the number of bits. The carry-save adder 

consists of n full adders, each of which computes a 

single sum and carry bit based on the corresponding bits 

of the three input numbers. The entire sum can then be 

computed by shifting the carry sequence left by one 

place and appending a 0 to the  most significant bit of 

the partial sum sequence and adding this sequence with 

ripple carry adder produces the resulting n + 1-bit value. 

This process can be continued indefinitely, adding an 

input for each stage of full adders, without any 

intermediate carry propagation. 

Carry save adder (CSA) is used in this design to speed 

up the addition of partial products.   CSA applied in the 

partial product line of array multipliers will speed up the 

carry propagation in the array. 

 

Fig 5: Addition of partial products of 4x4 multiplier 

Addition of partial products of 4x4 multiplier using 

carry save adder is shown in Fig 5. Since carry save 

adder is using half adder and full adder, this figure 

shows how it is being used. The red circle is the half 

adder and the blue circle is full adder and the dots are 

sum and carry.  

 

Fig 6: block diagram of 24x24 using 4x4 multiplier 

Using this 4x4 multiplier 36 times the 24x24 multiplier 

is obtained as shown in  Figure 6.The block diagram 

shows the arrangement of the 4 X 4 multipliers involved  

in the multiplication of 24 X 24 multiplicand to produce 

a 48 bit product. The floating point multiplier requires 

36 such  4 X 4 multipliers for the multiplication. Final 

result is obtained by cascading all the results that is sign 

bit result, exponent addition result and mantissa 

multiplication.  The result is normalized. 

V .PIPELINING THE MULTIPLIER 

In order to enhance the performance of the multiplier, 

three pipelining stages are used to divide the critical path 

thus increasing the maximum operating frequency of the 

multiplier. Three pipelining stages mean that there is 

latency in the output by three clocks. The first set of 

operands take three clock cycles for the completion of 

multiplication. The multiplication of the second set of 

operands will start when the first set of operands have 

finished the xor of sign bits and started the computation 

of exponents. The third set of operands will start 

multiplication when the first set of numbers is into 

significand multiplication. Therefore the next 

multiplication is complete at the 4
th

 clock cycle and the 

third at the fifth clock cycle. The operation is depicted in 

table 1. 

Table 1:  The cycles required for floating point 

multiplication

VI. RESULT ANALYSIS & SIMULATION 

OUTPUT 

The system was designed using verilog and simulated 

using MODELSIM. The design was targeted on 

SPARTAN 3(3S400tq144). The device utilization 

summary is shown in table 2. The pipelining stages and 

the result is indicated in figures 7.1 to 7.4 

PIPELINIG SIMULATION RESULTS: 

Stage 1: 

 

Fig 7.1: pipelining simulation result for first stage 
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Stage 2:

 

Fig 7.2: pipelining simulation result for second stage 

Stage 3: 

 

Fig 7.3:  pipelining simulation result for third stage 

Stage 4: 

 

Fig 7.4: pipelining simulation result for fourth stage 

DEVICE   UTILIZATION SUMMARY: Selected 

Device:    3s400tq144-5 

 

Table 2: Device Utilization Summary 

 Utilized Available % 

Number of Slices 1513 3584 42 

Number of 4 input LUTs 2695 7168 37 

Number of bonded  IOBs 97 97 100 

VII. CONCLUSION 

The floating point multiplier has been implemented in 

verilog and tested using Model simulator. The synthesis 

was done using Verilog code and the target device was 

SPARTAN 3 (XC3S400tq144). Increasing the number 

of pipelining stages increases the efficiency and 

throughput. Power consumption and device utilization 

also  reduces. This paper shows the implementation of 

pipelined reversible floating point multiplier using carry 

save adder and it is verified that the time consumed in 

pipelined stages is lesser compared to non pipelined 

structure. 
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