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Abstract: FPGA gives high level of flexibility to the user to rapidly construct and test any hardware. It has a lot of
gates which are used depending upon the hardware to be implemented. These project aims at designing Booth
multiplier using VHDL for signed bit multiplication in FPGA for high speed operations, developed and implemented
of UART module required to enable two-way communication between the DE-2 board and computer. It is also
designed GUI interface using MATLAB for sending data and enable the output of the process result to be displayed.

The Booth multiplier was implemented using the algorithm in both signed and unsigned number and the input and
output of the multiplication was successfully achieved and confirmed through simulation. The GUI was implemented
and tested, which UART module also performed well for transmitting and receiving of 8-bit width data. In general,
the objective of this project was successfully achieved, which, the result of the component part were able to be tested.
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1. Introduction

VHDL is related to the hardware-based programming language usually implemented in high speed integrated circuit
such CPLD, FPGA and even ASIC. The implementation in FPGA is closely related to the type of platform used and its
processor, which contribute with speed of processing, storage capabilities, flexibility and other parameters (Gu,2008).

Multiplication and division are arithmetic operations that been explored by many researchers several decades ago.
Earlier basic multiplication operations were perform using ALU’s adders. Since then, methods to implement
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multiplication operations become more advanced and austere (Akbar et al., 2018) -(Bhore ef al., 2017), especially in
digital computing and digital electronics.

Multiplication operation mainly have three (3) stages. The first stage is generating the partial products, which
generated through an array of AND gates. For second stage is reducing the partial products by using partial product
reduction schemes. Finally, the product is obtained by adding a partial product (Kuang et al., 2009) which can produce
in signed and unsigned numbers.

The implementation of multiplier in FPGA as an individual function has been tested numerously and proven that the
multiplication of two integers is valid even with signed numbers. It is tested using manual input (platform devices) or
simulated using various bit setting without considering interconnection to external devices. Therefore, it crucial to
examine the proof of concept of multiplication process when connect to external hardware.

Interconnection of DE-2 board to external devices such as computer, which acts as data input, demanding additional
module to be built. This designed module is to enable data to be received by DE-2 board which later process and
transmitting the result to the external devices. This module integrates baud rate generator, UART receiver and UART
transmitter in order to create UART module that enable data communication between external devices with DE-2 board
(Pong, 2008). The project is further enhanced by developing GUI MATLAB-based interface that enable two consecutive
input data to be sent to DE-2 board, processed input data and then display the result.

2. Booth Multiplier

Nowadays, digital system has been used in many applications to improve daily life because of it benefits compared
with analog system. Due to development of digital system, many complex devices of microprocessor, microcontroller
or microchip had been designed. So, the high speed and efficient multiplier system is important for new device of
microprocessor. Basically, multiplication process requires large area, long latency and consume considerable power.
Therefore low-power multiplier design has been considering during VLSI system design. Fast multipliers are great
importance in digital signal processing as well as in the general-purpose processors today. The basic multiplication
principle is twofold i.e., evaluation of partial products and accumulation of the shifted partial products. Therefore, the
application of Booth Multiplier is one of the most important parts which can affect the overall of devices performance
and circuits.

The Booth algorithm (Tariq et al., 2016)- (Chaitanya et al., 2019) performs the operation by generates a 2n-bit
product and make both positive and negative 2’s complement n-bit operands uniformly. As a basis operation of this
algorithm, consider a multiplication operation which multiplier is positive and has a single block of 1s. To derive the
product, it could add the total number of a single block of 1s appropriately shifted versions of the multiplicand.
However, the operation can reduce the number of required operations by regarding this multiplier as the difference
between two numbers.

In the Booth algorithm, —1 time the shifted multiplicand is selected when operation moving from 0 to 1, and +1 times
the shifted multiplicand is selected when operation moving from 1 to 0, as the multiplier is scanned from right to left.
The Booth algorithm (Carl et al., 2012)-(William, 2010) clearly covers to any number of blocks of 1s in a multiplier,
including the situation where single 1 is considered as a block.

The Booth algorithm has two special features. First, this algorithm handles both positive and negative multipliers
uniformly. Second, it gains efficiency in the number of additions required when the multiplier has a several large blocks
of Is.

3. Methodology

In this project, VHDL is the main programming language used to develop Booth algorithm and UART module. The
implementation of Booth algorithm in VHDL is designed based on the flow chart illustrated in Fig. 1 which specify the
input to be 8-bit width regardless the sign notation. There are two (2) operations that should be known before attempting
Booth algorithm (Wang et al., 2008; Hussin et al., 2008);

e Right-Shift Circulant (RSC): RSC is simply shifting the bit, in a binary string, to the right, 1-bit position and

take the last bit in the string and append it to the beginning of the string, and

o Right-Shift Arithmetic (RSA): RSA is addition of two binary number together and shift the result to the right, 1-

bit position.

Prior to implementing Booth multiplication algorithm, these acronym need to be identified; the product Register or
Accumulator (4), multiplicand (M), multiplier (Q) and variable x and y to count for the bit length M and Q. The first step
is to setup the following step:

e convert the two operands into binary,

e determine which operand has the least transitions between bits, and

e sect O, equal to that operand which has the least transition bit and M, equal to the other operand.

Followed by setting up four columns as shown in Fig.2, with the initial value is set to 0. The functionality of each
columns are as follows;

o [*column is A; this column holds the results from each step in thealgorithm,
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e 2" column is M this column holds the overflow from A when right-shifting,
e 3%column is Q; this holds Q operand. This will show each RSC step, and
e 4"column is Q-1; this holds the least significant bit from Q before RSC.
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Fig. 1 - Booth Multiplier algorithm
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The next step is to analyze the least significant bit of O and the bit in O-/. Refer Table 1 for the consequence action:
e ifthe string is 01, add M to the value in 4 and right-shift the result,
e ifthe string is 10, subtract M (Add 2’s compliment of M) from the value in A and right-shift theresult,
e ifthe string is 00, take no action, and
e ifthe string is 11, right-shift the value in 4, to 1-bit position.

Table 1 - Operation summary

0 0-1 Operation

0 0 Shift Only

1 1 Shift Only

1 0 Subtract (A) and shift
0 1 Add (A) and shift

The final step is to implement RSC for Q. Repeat the previous steps until the O has been RSC to its original position.
Two 8-bit shift register is required for Booth multiplier operation to perform serial data communication in order to
synchronizes the ASCII data encryption before feeding it the multiplier. The 8-bit shift register is design by cascaded D
flip-flop to shift the data 1-bit at every clock cycle. The decrypted ASCII code is then feed to parallel load with modulo-
8 which trigger control of data out to the parallel out. The integration of shift register, modulo-8 counter and parallel load
to Booth multiplier circuit, completes the data processing from serial input and ready to be sent back to PC by parallel
output.

GUI main function is as user interface for data input, and acquire process data from DE-2, thus displaying the result.
GUI is developed by using a MATLAB & SIMULINK R2009b version. The layout of GUI is creating with the two text
boxes for user to insert the numbers to be multiplied in. The push-button of SEND is created to enable the transmission
of the arithmetic operation to be sent to FPGA device via RS232 serial communication port. Then executed the
multiplication process and the result is sent back to MATLAB via same medium. The result of multiplication had been
programmed to be displayed in RESULT text-box in MATLAB GUI. To initiate the display result process, the
COMPUTE push-button is created. The layout of the developed GUI is shown as in Fig. 3.

5] GUI — cIEN

Result

1st Number 2nd Number
BOOTH MULTIPLIER

Fig. 3 - Layout of MATLAB GUI

Virtual serial port to initiate the connection between MATLAB and virtual terminal in Proteus Professional v.8 third
party software are for verification purpose only. The MATLAB script code is modified to test the connection and transmit
data from MATLAB GUI (Input Number 1 & Input Number 2) to serial port RS232. The numbers should be appeared in
virtual terminal Proteus if the successful connection is established. Same case, for receiving data from serial
communication port, it can be set any number from virtual terminal and the number should be appeared in the RESULT
text-box GUI MATLAB. Virtual serial port emulator is downloaded from open-source but with the limited time usage.
Fig. 4 shows the illustration on how the connection verification is done.
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Fig. 4 - The graphical view of connection verification between MATLAB GUI and serial communication
port RS232

Universal asynchronous receiver and transmitter (UART) is a system that transfer parallel data through serial cable.
In this case, data is transmitted from PC through RS232 serial cable and process for arithmetic operation in DE-2 board.
UART is responsible of converting received data into data configuration recognize by the processor. The complete system
of UART consists of baud generator to synchronize the data received and process, UART receiver to process data received
from PC, FIFO for buffering received/transmit data for next process and UART transmitter to process transfer to external
devices (Bhor et al., 2014) -(Govindrao, 2011).

The block diagram of UART complete system is as illustrated in Fig. 5. UART transmitter is a shift register that
loads data in parallel and then shifts it out, bit by bit at a specific baud rate. UART receiver, on the other hand, shifts in
data, bit by bit and then reassembles the data. The serial line is ‘1’ when it is idle. The transmission starts with a start bit,
which is ‘0’, followed by data bits (in this case, 8-bit width) and an optional parity bit, and ends with stop bits, which are
1.

X » % dout | w_data r_data = _data
clk —» ki nx_done_tick | wr rd |¢——— rd_uart
+—{full empty ——— rx_empty
tick
B vt receiver FIFO
U
generator P> P>
>
tx *— tx din | r data w_data |[df—— W data
tx_done_tick *rd Wwr [¢——— wr uart
—p1 s_fick tx_start ‘—gq emply full — tx__full
transmitter FIFO
< <

Fig. 5 - Complete system of UART
Fig. 6 shows Booth Multiplier in RTL representation. The operation and function of this multiplier can be referred

as in Fig. 1. Meanwhile, Fig. 7 shows the complete UART system configuration in RTL representation which consists of
transmitter and receiver. This RTL representation is designed as operation which explained as in Fig. 5.
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Fig. 7 - Complete UART system configuration

4. Design Analysis

The simulation of Booth multiplier is carried out using signed decimal, where the multiplication is carried out upon
the detection of clock cycle rising edge. The simulation output result is as depicted as in Fig. 8. When A =—-16 and B =
— 15 is multiplied, the result displayed is 240, similar operation is also carried out using A= 17 and B =57, which resulted
the required value of 969 using Booth algorithm. It shows that the algorithm implemented is capable of multiplying a

signed value of 8-bit input.

Iy D:A
B g

24 b Result

i ick

BO

5-16

5-15

50

16 X 17

A
-15 M 57 '
0o X 240 X 959

Fig. 8 - Booth multiplication simulation and operation

MATLAB GUI is tested by embedding the script code for multiplication process to test that text-boxes and push-
button are operated normally. It has been set, the two numbers in Input Number 1 and Input Number 2 text-boxes and
push the push-button SEND to see the outcomes. The result of multiplication is displayed in RESULT text-box. Fig. 9
show that MATLAB GUI operates successfully.
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In order to establish the connection with serial communication port RS232, the virtual serial ports must be paired.
COM2 is serial port for virtual terminal which is implemented by Proteus. The MATLAB is connected to RS232 via
COML. It can use any available virtual port as long as it does not connect to other application. The MATLAB script code
had been embedded to initiate the connection. The result for transmitting the data is shown in Fig. 10. The virtual terminal
displayed the Input Number 1 and Input Number 2 which are ‘67’ and ‘34 with ASCII code of 36 37 33 34 respectively
in serial. This prove that MATLAB GUI is successful transmitting the data via RS232.

To verify the data is received to the MATLAB GUI via RS232, the virtual terminal is need to be inserted by any
number. Then, the number should be appeared in RESULT text-box in MATLAB GUI. For the verification process,
number ‘1234’ was inserted into virtual terminal and the same number is appeared in RESULT text-box GUl MATLAB.
Fig. 11 shows the result for receiving process.

RESULT

COMPUTE

Fig. 10 - MATLAB GUI transmit data to virtual terminal via RS232

31 32 33 34

RESULT

o
Seno |

Fig. 11 - Testing result from virtual terminal to MATLAB GUI

5. Conclusion

Due to restriction in the simulation, some of circuits is simulated out of norm protocol to ensure the design circuit
works accordingly. The project is successful if it is measured as individual component, but as a whole working circuit, it
needs major modification as it need to synchronize UART data protocol with already designed Booth multiplier. Booth
multiplier itself works well using sign or unsigned data, which resulted a 16-bit output. The UART receiver and
transmitter perform well to receive and transmit 8-bit width data. The UART receiver tested in this project cater only for
a single 8-bit width data whereas in this project require two 8-bit width data, on the other hand UART transmitter in this
project require 16-bit data transmission instead of only 8-bit width data. The overall system needs to be modified by
rearranging the configuration of UART interconnection with Booth multiplier and taking into consideration multiple data
input and processing technique.
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