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ABSTRACT

Matrix manipulation is very important in many types of applications. The suitability of
reconfigurable hardware devices, in the form of field programmable gate arrays (FPGASs), is
investigated as a low-cost solution for implementing two matrix manipulation operations. This
paper present the design and implementation of matrix operations like addition, subtraction
and multiplication using VHDL design approach, where the performances of programming
language have been presented Solutions for processing different matrix operations.

Advanced RISC Machine (ARM) is the Implementation result of the RISC
microprocessor architecture. RISC introduces simpler hardware processor architecture
because fixed length Instruction format with the opcode in the same bit position requires less
decoding, allowing any register to be used in any context simplifies the compiler design and
Complex addressing is performed through sequences of arithmetic and/or load store
operations.
Keywords: Coprocessor, FPGA, Matrix Manipulation, RISC, VHDL.

1. INTRODUCTION:

Shift registers are a type of sequential logic circuit, mainly for storage of digital data.
They are a group of flip —flops connected in a chain so that the output from one flip -flop
becomes the input of the next flip -flop. Most of the registers possess no characteristic
internal sequence of states. All flip -flop is driven by a common clock, and all are set or reset
simultaneously.
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Fig.1 4- bit shift register

A basic four-bit shift register can be constructed using four D flip -flops, as shown in Figure
The operation of the circuit is as follows.

1.The register is first cleared, forcing all four outputs to zero.

2. The input data is then applied sequentially to the D input of the first flip -flop on the left
(FFO).

3.During each clock pulse, one bit is transmitted from left to right.

4. Assume a data word to be 1001.

5. The least significant bit of the data has to be shifted through the register from FFO to FF3.

In order to get the data out of the register, they must be shifted out serially. This can be
done destructively or non- destructively. For destructive readout, the original data is lost and
at the end of the read cycle, all flip -flops are reset to zero.

FFO | FF1| FF2| FF3

0 0 0 0 1001

The data is loaded to the register when the control line is HIGH (ie WRITE). The data can
be shifted out of the register when the control line is LOW (ie READ).

CLEAR FFO FF1 FF2 FF3

1001 0 0 0 0

WRITE:
FFO| FF1| FF2| FF3

1 0 0 1 0000
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READ:
FFO | FF1| FF2 FF3

1 0 0 1 1001

Now as shown in fig. 2 if we have desire for multiplication operation it should be
perform by shift register in the multiple of 2.

Let take an simple example using 0001.initially the value in the shift register is 1.
After the first left shift, value in the shift register must be 2. After second left shift, this value
should be 4 and finally after third shift it will give 8. So by using shift register we can perform
multiplication operation in the multiple of 2 only.
In this paper we designed a system that gives simple and faster matrix manipulation
operations.

Fig.2 Rotate Left Operation

2. System Building Blocks:

The system can be best suitably planned around high performance programmable gate
arrays. Fig. shows the proposed system build around Field Programmable Gate Arrays
(FPGA).
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Fig.3 Basic Building Blocks

Out of all other intelligent devices, programmable gate arrays are excellent choice because
of startling features like 16-bit LUT RAM, In-System Programming (ISP), Boundary scan and
Read back ability. Out of available different versions and capacity FPGAs, XC2S200 is the
best choice.

2.14x4 Hex Keypad:

It Hex keypad is the matrix arrangement of 4x4 press to on switches. With 4x4 arrangements
it becomes 16 possible values that can be encoded and designer can encode the values as
per their convenience. For entering the values for matrix manipulation it is required to values
to be input from the 4x4 matrix.

2.2Hex Keypad Scanner:

For the Matrix manipulation using high speed programmable gate arrays, the sixteen
combinations are encoded into Hex Values i.e. values from ‘0’ to ‘9’ and characters from ‘A’
to ‘F.

For encoding the values from the 4x4 hex keypad matrix, keypad scanning routine needs to
be executed repeatedly, keypad can be scan by enabling only one row (or column) at a
time and checking the individual column (or row). For each of the column in enabled row
different values can be encoded. Fig. 4 shows the matrix like structure of the Hex-keypad.
Same process can be repeated for remaining rows.
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Fig. 4 Hex Keypad structure
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3. Proposed Flow Diagram:
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Fig.5 Flow Chart

The process of matrix manipulation can be initiated by initializing the LCD display unit to
following mode:

a. 8-bit Interface Mode,

b. Double Character Line Mode with 5x7 Dot Matrix
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c. Display Curser On and

d. Increment next character display address automatically.

For initializing the LCD unit to the above mode data pattern of 38H, 0CH and 06H can be
input to the control register with Register Select pin as Low. The above pattern can be
loaded into the RS Register by each trailing edge of the pulse on Enable (E) pin. After such
initialization the LCD unit is ready for the data displaying.

The data once available inside the FPGA, it can be operated to get the desired
operation by operating it using suitable algorithm for matrix manipulation.

Algorithm can be designed to operate the Hex data directly or data can be first
converted to decimal values and then operate on the converted data. It is also possible to
convert the incoming data into binary format or octal format and then operate on the new
data.

After multiplication the result is displayed on the LCD. For any of the converted data
manipulation algorithm data needs to be converted into ASCI value for displaying on the
LCD unit. As the size of the matrix is large i.e. having atleast 4x4, which requires four rows
to be displayed and the size of the LCD is of 2 rows. Hence to display total 4 rows, shift
register can be designed internally and the top of the register bank can be used to display
the complete 4 rows. This technique can be used to display N number of rows by using only
2 - Row LCD display.

The operation result to be display is depending upon the control register LSB 2 bits as given
in the following table:

BIT1 BITO OPERATION

0 0 NO OPERATION
0 1 MULTIPLICATION
1 0 ADDITION

1 1 SUBTRACTION

First all the coefficients of the both matrices are to be updated and then control register data
should be updated else we may get wrong result.

4. Observation:
entity MATRIX_MULT is

GENERIC (
B: INTEGER :=8; --NUMBER OF BITS
W: INTEGER :=7; --NUMBER OF ADDRESS BITS
C: INTEGER :=16 --BUS WIDTH
);
Port (

clock :in STD_LOGIC;
reset:in STD_LOGIC;
mult_en:in STD_LOGIC;
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a11:in signed ( B-1 downto 0);

end MATRIX_MULT;
COMPONENT ROW_COL_MULT

GENERIC (
B: INTEGER;
~-NUMBER OF BITS
W: INTEGER;
-NUMBER OF ADDRESS BITS
C: INTEGER
--BUS WIDTH
PORT(

clock : IN std_logic;
reset : IN std_logic;
mult_en: IN std_logic;

a_r1:IN signed ( B-1 downto 0);
a_r2:IN signed ( B-1 downto 0);
a_r3:IN signed ( B-1 downto 0);
a_r4 : IN signed ( B-1 downto 0);
b_c1:IN signed ( B-1 downto 0);
b_c2:IN signed ( B-1 downto 0);
b_c3:IN signed ( B-1 downto 0);
b_c4 : IN signed ( B-1 downto 0);

out1 : OUT signed ( C-1 downto 0)

);
END COMPONENT;
generic map ( B, W, C)
PORT MAP (
clock=> clock,
reset=> reset,
mult_en=> mult_en,
a_r1=>a11_sig,
a_r2 =>al2_sig,
a_r3 =>a13_sig,
a_r4 => al4_sig,
b_c1=>b11_sig,
b_c2 =>b21_sig,
b ¢c3 =>b31_sig,
b_c4 =>b4d1_sig,
outt =>c11

)i

element_c12: ROW_COL_MULT;
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6. Conclusion:

Considering the market segment, different manufacturers supports different
processors or co-processors that can be used to compute the complex algorithms. As
compared to that the present system is more users friendly and demonstrates each and
every step of execution of the complex algorithm.

System is designed around high computing, high performance gate arrays that are
extensively used for integrating parallel architecture and furnishes outstanding performances
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when operated at frequencies in the range of and above 100 MHz. This system can be used
for lab purposes for digital image processing and analysis.
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