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Abstract: FPGA comes with various mounts on DSP modules for direct hardware-based implementations of all arithmetic circuits. Various schemes, for 
example, of signed and unsigned multipliers on FPGA are observed in research. The problem arises when the large design like network on chip (NOC), 
or systems on chip (SOC) consumes all available resources and the options remain to completely translate the remaining logic on lookup tables only. 
This paper proposes the lookup table based architecture for an 8X8 signed multiplier, that consumes no builtin arithmetic models other than the LUTS. 
The architecture follows the shift and adds a scheme that in usual is unsigned in nature.  Besides, the comparison of the proposed multiplier is done with 
the conventional signed Booth multiplication scheme implemented on arithmetic cores of Spartan-6 FPGA in general, which may further be used for any 
class of FPGA board. The implementation results show the functional verification of the proposed signed multiplier and also It is concluded that amongst 
the area speed trade-off, Booth performs well in achieved frequency, whilst consuming a few more look-up tables and no built-in arithmetic core, the 
proposed architecture also is a suitable choice for large DSP  systems. 
 
Index Terms: FPGA, Lookup Table, DSP, Signed Arithmetic, Multiplication, Optimization. 

——————————      —————————— 

 

1. INTRODUCTION 
SIGNED multiplication is used in several arithmetic operations 
in digital signal processing, like convolution, correlation, and 
filtering, typically involving negative as well as positive 
coefficients[1]. Implementation of a signed multiplier on 
hardware like FPGA is possible in various alternative methods. 
One of the most efficient ways is to utilize the built-in core of 
signed arithmetic (like DSP 48) or to use the mount on adders 
/subtractor configuration to get the required functionality [2]. 
Whilst, it is also a fact that FPGA is a resource-limited device, 
and hence in large designs (NOC, SOC), it would be obvious 
to utilize look-up tables along with built-in Ip cores [3]. Spartan 
6 FPGA’s lookup tables may be configured to work as 2-input 
or even 3–input combinational or sequential circuit [4]. This 
configuration choice leads to area optimized implementation of 
any arithmetic operation, especially the multiplier. This work 
shows a 3-inputs look-up table based design of 8X8,  signed 
multiplier that consumes no built-in IP core for any arithmetic 
operation. Furthermore, the proposed design is compared with 
a conventional 8X8 Booth multiplier that is well-known for 
signed multiplication[5]. The implementation of the Booth 
multiplier is carried out using the adder/ subtractor cores 
hence making the design robust in speed, but less good in the 
area (showing area speed trade-off) than the proposed design. 
The paper further proceeds as follows: in the next few 
paragraphs of the paper detailed architecture of the proposed 
design is discussed that covers theoretical as well as practical 
design aspects that are followed by a review section on 
conventional Booth multiplier and its algorithm. In the Section 
after that, results of FPGA-based design of proposed and 
Booth algorithms are given and discussed, and the paper in 
the last ends with the conclusion section. 

 
2 PROPOSED DESIGN 
The signed representation of data is possible in multiple 
formats. For example, using one’s complement, two’s 
complement, or generating the negative number with MSB flip 
[6]. The table given below represents those various 
approaches. In the proposed design we are dealing with the 
data with MSB as a signed number.  
 

 TABLE 1 
FOUR-BIT SIGNED NUMBER REPRESENTATION IN VARIOUS FORMS 

Decimal 
Signed 

Magnitude 

Signed 
One’s 

Complement 

Signed Two’s 
Complement 

+7 0111 0111 0111 
+6 0110 0110 0110 
+5 0101 0101 0101 
+4 0100 0100 0100 
+3 0011 0011 0011 
+2 0010 0010 0010 
+1 0001 0001 0001 
+0 0000 0000 0000 
-0 1000 1111 – 
-1 1001 1110 1111 
-2 1010 1101 1110 
-3 1011 1100 1101 
-4 1100 1011 1100 
-5 1101 1010 1011 
-6 1110 1001 1010 
-7 1111 1000 1001 

 
Following the bottom to the top approach of circuit design, at 
the first instant, the 7X2 multiplier using shift and add 
approach is designed, and then it is further instantiated for the 
required number of times to perform 8X8 signed 
multiplication[7]. The binary representation of the data brings 
ease in digital circuits, as the data manipulation is simple and 
is possible with one-bit change. Like to double any value just 
append a zero to the binary representation of that data, and 
similarly sign change of a number is possible by flipping the 
MSB in signed arithmetic.  For designing the 7X2 multiplier as 
a basic building block we need the binary representation of the 
2-bit multiplier given in Table 2, and accordingly, the algorithm 
is a four-step procedure given as under.  

———————————————— 
 Aneela Pathan is currently pursuing her Ph.D. degree in electronic 

engineering at Mehran University of Engineering and Technology, 
Jamshoro Pakistan, PH-0314-7737124. E 
mail:pathan_aneela@quest.edu.pk 

 Tayab Din Memon is currently working as an Associate Professor in the 
electronic engineering department at Mehran University of Engineering 
and Technology, Jamshoro Pakistan, PH-0333-2924456. Email: 
tayabuddin.memon@faculty.muet.edu.pk 

 Fareesa Sohu is currently working as a Lecturer in the electronic 
engineering department in Quaid-e-Awam University of Engineering, 
Science and Technology, NawabShah, Pakistan, PH-0334-1251404. 
Email: fareesasohu@gmail.com 
 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VO`LUME 10, ISSUE 03, MARCH 2021  ISSN 2277-8616 

109 
IJSTR©2021 
www.ijstr.org 

TABLE 2 
DECIMAL AND BINARY REPRESENTATION OF TWO-BIT MULTIPLIER 

Based10 

representation 
Based2 

representation 
0 00 
1 01 

2 10 

3 11 

 
Step 1: If the multiplier is zero, the product value will be zero.  
Step2: If the multiplier is one, the product value will be the 
same as that of the multiplicand. 
Step3: If the multiplier is two, append the zero at the end of the 
multiplicand, and hence that would be the net product value. 
Step4: If the multiplier is three, append zero at the end of the 
multiplicand and add it with the actual value of multiplicand. 
 
The first there steps are possible with a simple multiplexer 
whereas to perform addition, which is obvious in step four, a 3-
input lookup table is hard-coded as per conventional logic of 
addition. The one-bit full adder circuit is given as below that in 
the series configuration is then used for 7-bit addition. 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
The circuit leads to these two equations for sum and carryout 
accordingly: 
 

Sum =(X xor Y)xor Cin      (1) 
Cout=XY+XCin+YCin       (2)   [8] 
 

The three input lookup table is designed using the give below 
truth table. 
 

 TABLE 3 
THE TRUTH TABLE FOR SUM AND CARRY-OUT 

Cin   X    Y     S Cout  
0 0 0 0 0 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 1 

 
Three input lookup tables are defined as above given truth 
table for sum out and carry out accordingly. 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3. 3-input LUT hardcoded for sum output 
 
The last bit of the multiplier is generated by carrying out 
exclusive or (XOR) operation between MSB of multiplier and 
multiplicand and hence generating the output as per the 
following truth table. 

 
TABLE 4 

THE TRUTH TABLE FOR GENERATING SIGN-BIT 
   MSB 
(Multiplier) 

MSB (Multiplicand 
) 

Xor output  Product sign 

0 0 0 +ve 

0 1 1 -ve 

1 0 1 -ve 

1 1 0 +ve 

 

 

Fig. 1. One-bit full adder 
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Fig. 2. Series configuration of n-bit LUT based 
adder. 
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3        BOOTH MULTIPLICATION SCHEME 
Booth‘s Algorithm is a smart move for multiplying signed 
numbers. It initiates with the ability to both add and subtract 
[9]. The steps involved in the Booth algorithm are given as 
under: 
 
Step 1: Decide the multiplier and the multiplicand. 
 
Initialize the remaining registers to '0'. 
Initialize count register with the number of multiplicand bits. 
To determine the specific arithmetic action, use the current 
LSB (Least significant bit) and the previous LSB. For Example: 

 
Multiplicand = 7  0111  M 

Multiplier    = 3  0011  Q 

Register ‘A’ = 0  0000  A 

Register Q-1 = 0  0000  Q-1 

Register count = 4  0100  Count 

 
Step 2: Possible arithmetic actions: 
 

00 no arithmetic operation 
11 no arithmetic operation 
01 add multiplicand to the left half of the product 
10 subtract multiplicand from the left half of the 

product 
 

Step 3: Perform an arithmetic right shift (ASR) on the entire 
product. 
Step 4: When the count register is not '0' then continue the 
multiplication. If the count register is '0' then END the 
algorithm. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 
 
 
4       RESULTS AND DISCUSSION 

For the conventional and proposed design of the 8X8 signed 
multiplier, the chosen family of FPGA was Spartan 6 having 
the device xc6slx16-2csg324. The synthesis was carried out 
on Xilinx ISE 14.2 version.  As the work aimed to look into the 
area-speed tradeoff between two design approaches, one 
using hardcore primitives for arithmetic operations and the 
other using the logic element that may be reconfigured, Table 
5 shows the detailed representation of various resources and 
parameters that need to be compared for finding the suitable 

approach at a certain level of requirements. 
 

TABLE 5 
FPGA BASED IMPLEMENTATION  RESULTS OF THE CONVENTIONAL 

AND PROPOSED DESIGN  
Parameter Proposed design Booth Multiplier 

Macro 
statics 

 
 

 
Registers 

8-bit register:6 
9-bit register    :3 

 
Multiplexers 

1-bit 2-to-1 multiplexer:8 
9-bit 4-to-1 multiplexer  :3 
 

Xors                                                 
1-bit xor2    :1 

Adders/Subtractors 
8-bit adder  :5 

 
Registers 

1-bit register   :1 
8-bit register:4 

 
Multiplexers 

8-bit 2-to-1multiplexer 
:1 
 

Comparators 
8-bit comparator:1 

Slice LUTs 131 41 

Logic 
Levels 

8 10 

Delay (ns) 11.658 2.826 

Frequency 
(MHZ) 

85.778 353.844 

 
The first parameter to be compared is Macro statics which 
reports various Macros (hardcore elements) used to map the 
logic on the FPGA board as hardware. It indicates the 
consumption of basic building blocks for designing a digital 
circuit. The FPGA has all those elements in a limited number. 
Hence the design with minimal resource utilization in terms of 
those macros would be termed as an area effective approach, 
and between the two approaches discussed above the 
proposed design consumes fewer primitives, and even no 
arithmetic module (adder/subtractor). Lookup tables, in 
short, the LUTs are the reconfigurable parts of FPGA where all 
logic is translated other than that consumes macros. It works 
the same as the logic gates. Hence the combinational path 
delay is the delay observed through the signal propagation in 
between the LUTs. The proposed design consumes the 
number of LUTS more than the conventional approach, while 
on the other hand it completely wipes out the need for any 
hardcore for arithmetic operation. As the proposed design 
consumes fewer resources in terms of built-in primitives 
(Marcos), so in consequences will result in less speed 
(maximum achieved frequency) as shown in the table. The 
delay depends on the signal propagation path between various 
elements, and especially the LUTS. The numbers are given in 
the table justify the area speed trade-off.  

 
5 CONCLUSIONS 
This paper represents a 3- input LUT-based architecture for an 
8X8 signed multiplier using conventional shift and add 
approach of multiplication. Besides, the implementation of the 
proposed design is carried out on Xilinx Spartan-6 FPGA and 
compared with the conventional Booth multiplier scheme. The 
implementation of two circuits shows the area-speed tradeoff 
between the approaches and shows that if systems need to 
work on more operating frequency, the Booth is better, and if 
the area is of concern, the proposed design will be a good 
choice. 

START

A � 0; Q-1 � 0

M � Multiplicand

Q � Multiplier

Count � n

Qo, Q-1

A � A - M A � A + M

Arithmetic shift right

A, Q, Q-1

Count � Count-

Count = 0?END

    Yes      No

= 10 = 01

= 11

     = 00

 

Fig. 4. Flow chart of Booth algorithm 
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