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1. Introduction

The purpose of this assignment is to design, simulate and synthesise an
8 bit x 8 bit signed number multiplier based upon a simple parallel Braun
multiplier. The Xilinx design software has to utilize in order to overcome
this goal.

Therefore, this assignment also briefly explains about multipliers, what are
the purposes of them, why they important and different types of them.

2. Background Research to Multiplier

In the design of digital computing systems, especially in the design of
discrete signal systems, one of the most important units is the
multiplication unit. In fact, it can be surely stated that the slowest and most
effective and efficient unit in the design of digital computing systems is the
multiplication unit.

There are various of structures and topologies for designing the
multipliers. These useful structures are such as:

» Bit Array Multiplier

» Bit Basic Braun Multiplier

» RCA Multiplier

» Row Bypassing based on RCA

» Bypassing Multiplier based on CSA




2.1.  Braun Multiplier
Braun Multiplier also known as “carry save array multiplier” In this
multiplier, with a special technique in transmission of output carry bit,
power consumption and delay will reduce to minimum, therefore it has
better swing.

The main factor of speed limitation on multiplier is the delay of passing the
data through the circuit. Braun multiplier significantly reduces these delays
by using pipeline techniques.

The combination of an AND gate and full address will produce the
architecture of a Braun’s multiplier.

2.2.  Parallel Processing

Parallel array multipliers are widely used in order to produce more speed
with low power demand in digital signal processing applications where
most of the power is consumed by the multipliers. This is a term to specify
a wide range of methods for processing the information simultaneously in
order to increase the computational speed of a computer system. A
parallel processing system can be used instead of series processing in
order to processing information simultaneously, and thus the speed of
system will be faster. For instance, while an instruction in Alu is running,
the next command can be read from memory. The system can have two
or more Alu and at the same time execute two or more instructions at
same time. Additionally, it can have two or more processors that can work
simultaneously.

The purpose of parallel processing is to accelerate the processing of the
computer and increase its throughput. This means the amount of




processing is performing at a given time duration. In parallel processing
the amount of hardware increases which also causes the cost of the
system goes up. But technological advancements reduced this cost,
therefore, parallel processing techniques are more sensible solution in
term of economical perspective.

3. Design Specification

In the Design section of this assignment which is simulating an 8bit X 8bit
signed number multiplier expected to prove the detail of design
parameters and analysis of the design. In order to complete the design
section, the VHDL model should be presented and data files have to be
created, based on VHDL model. The Xilinx design software must utilized
in order to achieve this aim.

3.1, Whatis VHDL?

VHDL is one of the hardware description languages that is used in the
design of electronic circuits, more often to describe digital integrated
circuits (ICs) or analogue and digital combinations. VHDL stands for “Very
High Speed Description Language’.

VHDL is one of the projects initially developed by the American Defence
Forces and then it commercialized. VHDL is often used to design circuit
blocks by programming, and after completing each block, the block can
be tested and simulated. The blocks itself can be a part of larger blocks
or work simultaneously with other blocks. Therefore, the system
development and troubleshooting can be done easily.

A program or layout in VHDL is generally divided into three parts:

1. In the Library Declaration section all the libraries used in the code
are introduced

2. The definition of the pins and the input / output ports and the signals
(internal interfaces between the blocks), which is named ENTITY.

3. The section describing the operation of the circuit and the
relationship between the inputs and outputs and the processing that
should be performed on them, identified by the name Architecture.

Generally, with VHDL, simple and complex logical circuits can be
implemented. Then convert this design to basic ICs using gates.




Among the VHDL simulators, the following software can be mentioned:

» Aldec Active HDL

» Cadence Incisive

» Mentor Graphics ModelSim

» Synopsys VCS-MX

» Xilinx Vivado based on the ISE tool-chain.

VHDL is one of the main programming language of FPGA.

3.2.  Whatis Xilinx Design Software
Xilinx is a manufacture company which provide Field Programmable Gate
Array (FPGA) integrated circuits.

The advantages of using FPGAs are:

» Significant decrease in circuit size

» The integrity of the signals in the circuit increases

» The speed of the circuit increases

» High compression capacity.

» They are very cheap

» The supply of these ICs to the market is very low.

» The security of the circuit is high, and they cannot be copied.

Sequential circuits can also be implemented within a FPGA. In FPGA, the
output of each LUT is transmitted directly or through a flip-flop to a
multiplexer.

.
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In some of the new Xilinx products, there are multiplier blocks available.




The multiplication function of these products can also be done at a higher
speed by 18-bit internal multipliers.

These multipliers are commonly used in signal processing applications.

3.3,  Whatis test bench
To simulate circuit performance, it is usually necessary to write another
program other than the original program.

This program, which is for testing circuitry only, is called “test bench” for
VHDL program.

Typically, the test program is that different waveform that contains all the
possible inputs states is generated.

Usually, in writing the test bench program, the designer finds out a lot of
negative points and modes that are neglected in the design of the main
circuit.
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4. Design
4.1. Half Adder

Company:
—— Engineer: Iman Sayadi Choobari
-- Create Date: 09:44:22 03/08/2018
-- Degign Name:
-— Module Name: h adder - Behavioral

-- Project Name:
-— Target Devices:
—— Tool versions:
-- Description:

-= Dependencies:

-= Rewvision:
—— Revision 0.01 - File Created
-— Additional Comments:

library IEEE:
use IEEE.STD LOGIC 1164.ALL:

—— Uncomment the following library declaration if using
== arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC STD.ALL;

—— Uncomment the following library declaration if instantiating
== any Xilinx primitives in this= code.

——1library UNISIM;

——use UNISIM.VComponents.all;

entity h_adder is -—-setting inpot / output of half adder
Port {( & : in S5TD_LOGIC: == A is input
B : in STD LOGIC: -= B is input
Sum : out STD_LOGIC: == 5 is output
Carry : out SID LOGIC):; —— C is output

end h_adder;

architecture Behavioral of h adder is --starts half adder behaviour

begin
Sum <= A xor B: -— 5 is A xored by B
Carry <= A and B; -=— C is A anded by B
end Behavioral: -- end of behaviour.
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LIBRARY ieee;

USE ieee.std logic_1164.ALL;

-- Uncomment the following library declaration if using
—-= arithmetic functions with Signed or Unsigned values

--USE ieee.numeric std.ALL;

ENTITY h_adder_tb IS
END h_adder tb;

RRCHITECTURE behavior OF h adder tb IS

== Component Declaration for the Unit Under Test (UUT)

COMPONENT h_ adder —-=-calling component from half adder wvhd
PORT (

A : IN std_logic: mias is input

B : IN std logic; e is input

Sum : OUT std_legic
Carry : OUT =std log

is output

]
1
Owmp

gic - is ontput

)
END CCMPONENT:
==Inputs
signal A : std logic := 'D'; ——set A as 0
signal B : std_logic = '0’; --set B as 0
=-=0utputs
signal S5um : =td logic; ——set signal S as S
signal Carry : std_logic: --set signal|t as C

-= No clocks detected in port list. Replace <clock> below with
—-- appropriate port name
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1] -- Instantiate the Unit Under Test (
67 uut: h adder PCRT MRF ( for half adder
8 AR =>4, B
== B

69 B =» B,
Sum =» Sum,
Carry => Carry
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L e
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73

T4

75 —--— Stimulus process

76 3tim proc: process

77 begin

78 ! for 100 ns
79

80

81 A <= not A;

82

83 end process;

g4

85 stim procl: process

86 begin

87 —= hold reset state for 100 ns
88 wait for 20 ns:
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end process;
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4.2,

full adder

entity f adder is
Port ( A : in 5

begin

o0
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LIBRARY ieee;
USE ieee.std logic 1164.ALL;

—— Uncomment the following library declaration if using
—— arithmetic functions with Signed or Unsigned values

--USE ieee.numeric_std.AL::

ENTITY £ adder tb IS
END f_adder_tb;

ARCHITECTURE behavior OF £ adder thb IS

== Component Declaration for

COMPONENT £ adder

PORT(

IN =td logic:

IN std_logic:

Cin : IN =2td logic:
Sum : OUT =cd_logic:
Carry : OUI =td logic

END COMPONENT;

—-=-Inputs

signal A : std_logic := '0';
gignal B : std logic := '0';
signal Cin : std_logic := '0':

——Outputs

2ignal Sum : =td logicy
signal Carry : std_logic;

—— No clocks detected in port
-- appropriate port name

the Unit Under Test (UUT)
--calling component from full adder vhd

-— A i= input

—— B is input

-— Cin i= input

-= 5§ i= output

—— Cout is ocutput

--set A as O
-—set B as 0
-—-set Cin as 0

--3et B out
--set Cout out
list. Replace <clock> below with
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66 —-— Instantiate the Unit Under Test
67 uut: h adder PORT MAF | for half adder

B =>4,

m

63 B =» B, B
70 Sum => Sum, 5
71 Carr => Carry =
T2 | IH

73

74

75 --= Stimulus process

Té6 szim_p:cc: process

77 begin

78 for 100 ns

79

80

81 A <= not A;

82

g3 end process;

84

&g scim_p:ccl: process

86 begin

87 -= hold reset state for 100 ns

88 wait for 20 ns;

83

w0
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94 END;
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4.3.

Line_ 1 8x8
library

use 1

_1164.ALL:

—— Uncomment the following library declaration if using
—— arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC STD.ALL;

—— Uncomment the following library declaration if instantiating
-- any Xilinx primitives in this code.

-=library UNISIM;

--use UNISIM.VComponents.all;

entity Linel_BxS is --setting input / output for L;nei_&x&
Port ( A 0 : in STD LOGIC: --A0 down to A7 is the input which is
A 1 : in SID LOGIC;
A 2 : in S5TD_LOGIC;
A 3 : in STID LOGIC:
A 4 : in STD_LOGIC;
A 5 : in STD LOGIC:
A 6 : in S5ID LOGIC;
A 7 : in S5TID LOGIC:
B : in STD LOGIC: --B is a standard logic input
Q 0 : out SID LOGIC:
Q1 : out SID LOGIC:
Q 2 : out STD LOGIC:
Q_3 : out STD_LOGIC;
Q_4 : out SID_LOGIC:
Q.5 : out LOGIC:
Q_6 : out LOGIC:
Q_T : out LOGIC): --Q0 down to Q7 is the output which is
end Linel 8x8;
architecture Behavioral of Linel BxE is --start 8xE behaviour
begin
--Output @ is assigned with A0 to A7 inputs andded by B input
Q0 <= A 0 and B:
Q1<=A1andE;
Q_2 <=A 2 and B;
Q_3 <= A_3 and B:
Q 4 <= A 4 and B;
Q.5 <= A 5 and B;
Q_6 <= A 6 and B/
Q7 <=2A7 and B;

end Behavioral;

--end of behaviour.

8
8

bits

bits
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LIBRARY ieece;

USE ieee.std logic_1164.ALL;

-- Uncomment the following library declaration if usin
—— arithmetic functions with Signed or Unsigned values
--USE ieee.numeric std.ALL;

ENTITY Linel 8x8_tb IS
END Linel_&xs_tb;

ARCHITECTURE behavior OF Linel 8x8_tb IS

-— Component Declaration for the Unit Under Test (UUT)

COMPONENT Linel 8x8 --calling Line 1 8x8 from vhd file
PORT |

A 0O : IN std_logic; -- setting A0 down to A7 as input

A1 : IN std logic;

A2 : IN std logic:

A 3 : IN std logic;

A_4 : IN std_lnglc:

A 5 : IN std logic:

A 6 : IN std logics

A;7 : IN std_lnglc;

B : IN std logic: -- setting B as input

¢ 0 : OUT scd logics -- setting Q0 down to Q7 as outpod

Q1 OUT =td logic;

Q 2 : OUT std logic:

@ 3 : OUT =std_logic;

Q 4 OUT =std logic;

Q@ 5 : OUT std logic:

¢ 6 : OUT scd_logics

Q 7 OUT =td logic

)y:

END COMPCNENT;

—-—Inputs

signal A 0 : std logic := '0'; —--set signsl AD down to A7 as 0
signal A 1 : std_logic := '0';

signal A 2 : std logic := '0';

signal A 3 : std logic := '0';

signal A 4 : std_logic := '0';

signal A 5 : std_logic :i= '0';

signal A 6 ! std logic := '0';

signal A 7 : std_logic := '0';

signal B : std_logic i= '0'; --set signal B as 0

--Qutputs

signal @ 0 : std_logic; ——set signal Q0 down to Q7 as uotput
signal Q@ 1 : std logic:

signal Q 2 : std logic:

signal @ 3 : std_logic;

signal Q¢ 4 : std_logic;

gignal Q 5 : std_logic:!

signal Q 6 : std_logic;

signal @ 7 : std_logic;

-- No clocks detected in port 1list. Replace <clock> below with

-- appropriate port name
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BEGIN

uut:
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Instantiate the Unit Under Test (UUT)
Linel_ {

8x8 PORT MaP --set port mapping for Line_1 8x8

=>4 0, —— assign AO downt to A7 as A0 down to A7

([
VoY
vlw

o
VoW
ylw

Ih
v v
wlw

R LT T P % Ry ]

]
wl

-— assign B as B
-- assign Q0 down to Q7 as QO down to g7
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143
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147
148
149
150
151
152
153
154
155
156
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—-— Stimulus process

stim proc: process

begin
—— hold reset state for
wait for 10 ns;

A 0 <= not A 0O;

-- insert atimulus here
end process;

stim procl: process
begin

-- hold reset state for

wait for 20 ns=;

A 1 <= not A 1;

—— insert stimulus here
end process;

stim proc2: process
begin

—— hold reset state for

wait for 40 ns;

A 2 <= not A 2;

-- insert stimulus here
end process;

stim proc3: process
begin

—— hold reset scate for

wait for 80 ns;

A 3 <= not R 3;

—— insert stimulus here

end process;

100 ns.

100 ns.

100 ns.

100 ns.
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189
200
201
202
203
204
205
206
207
208
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stim proc4: process
begin

-- hold reset state for

wait for 160 ns;

A 4 <= not A 4:

== insert stimulus here
end process;

stim proc5: process
begin

-- hold reset state for

wait for 320 ns;

LA 5 <= not A_5;

—-- insert stimulus here
end process;

3tim procé: process
begin

—— hold re=et =tate for

wait for 640 ns;

A_G <= not A_G;

-- insert stimulus here
end process;

stim proc7: process
begin

-- hold reset 3atate for

wait for 1280 ns;

AL 7<=mnot A 7:

—— insert =timnlu= here

end process;

stim procg: process
begin

== hold reset state for

wait for 2560 ns;

B <= not B;

—— insert stimulus here

end process;

END;

100 ns.

100 ns.

100 n=.

100 ns.

100 n=.
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4.4,

Linex_ 8x8
library I
use IEEE.STD LOGIC_1164.ALL;

—— Uncomment the following library declaration if using
-=- arithmetic functions with Signed or Unsigned values
--use IEEE.NUMERIC_STD.ALL:

== Uncomment the following library declaration if instantiating
—-- any Xilinx primitives in this code.

-=library UNISIM;

--usa UNISIM.VComponents.all;

8 bicts

bitq

entity Linex BxB is --setting input / output for Linex Bx8
Port ( A 0 : in STD LOGIC; --AO down to A7 is the input which is B bits
Al : in STD LOGIC;
A 2 : in STD_LOGIC;
A 3 : in STD LOGIC:
A 4 : in STD_LOGIC:
A 5 : in 3TD LOGIC:
A 6 : in STD_LOGIC;
A 7 : in STD_LOGIC:
B : i STD_LOGIC: —-B i= a standard logic input
X 0 : in S5TD_LOGI —-X0 down to X7 is the input which is
X1 :in STD_LOGI
X 2 : in STD LOGI
X 3 : in STD_LOGI
X 4 : in STD LOGI
X 5 : in STD _LOGI
X 6 : in STD _LOGI
X 7 : in STD_LOGI
Q0 :out S LOG -—Q0 down to Q7 is the output which is 8
Q1 : out 5 LOG
Q_2 : out LOG
Q_3 : out LOG
Q4 : out LOGI
Q5 : out LOGI
Q_6 : out LOGI
Q_7 : out LOGI
8 : out LOG

end Linex 8x8;




architecture Behavioral of Linex 8x8 is --start behaviour of

COMPONENT h_adder
PORT (

A 2 IN std_;cg‘ -=A is
--B is
-=5 is
-=C is

END COMPONENI;

COMPONENT £ adder

PORT (
A : IN std logic; -=A is input
B : IN std logic: --B is input
Cin : IN std logic; —-Cin is input
Sum ; OUT std logic; --8 is input
Carry : QUT atd logic ——Cout is inputc

=
END COMPONENT:

signal AOB
signal A1B
signal AZB
signal ASB
signal A4B
signal ASBE
signal A6B
signal A7B

signal C 0
signal C 1
signal C 2
2ignal C 3
gignal C &
gignal C
signal C

std logic;

Linex 8x8

—--agsign AOE down to A7B as standard logic signal

--assign CO dwon C6 as standard logic signal
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135

BOB <= A 0 and
AlB <= A 1 and
A2B <= A 2 and
A3B <= A 3 and
B4B <= A 4 and
ASB <= A_S and
A6B <= A 6 and
ATB <= A 7 and

hal : h adder
port map ( ROB

fal : f_adder
port map ( AlB

fa2 : f_adder
port map ( AZB

fa3 : £ adder
port map ( A3B

fa4 : f_adder
port map ( A4B

fas : f_adder
port map ( ASB

faé : f_adder
port map ( A6B

fa7 : f_adder
port map ( A7B

end Behavioral:
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LIBRARY iecee;

USE ieee.std logic 1164.ALL;

-- Uncomment the following library

declaration if using

—— arithmetic functions with Signed or Unsigned walues
--USE ieee.numeric std.ALL;

ENTITY Linex 8x8 tb IS
END Linex_exe_tb;

ARCHITECTURE behavior COF Linex B8x8_tb IS

—— Component Declaration for the Unit Under Test

COMPONENT Linex B8x8

PORT (

o] b W N O

x\‘ﬂ‘ﬁ‘”‘ﬂ‘ﬁ‘ﬂ"f3|x|x|”|x|x|x|x|x mlplwlwlplwlwlplm

W= s WM EO =G WNREO

)2

IN

IN
IN
IN
IN
IN
IN
IN
IN

std_logic;
std_logic;
2td logics
std_logic;
szd_;ng;c:
atd logics
std logic;
=td logic;

std logic:

IN
IN
IN
IN
IN
IN
IN
IN
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT

END COMPONENT;

std_logic;
szd_;sg;c;
std logie:
std_logic;
E:d_;:g;c;
std _logic:
std_logic;
std logic;
std logic:
std logic;
std logic;
atd logic:
std_logic:
scd_;og;c:
std logic:
std logic;
std_logic

(UUT)
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85
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87
88
89
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92
23]
5
55
96
o7
98
as
100
101
102
103
104

—-Inputs

signal A 0 : std _logic := '0";
signal A 1 : std logic :(= '0':
zignal B 2 : std logic := '0°;
signal A 2 : std logic :i= '0°%;
signal A 4 : std logic := '0':
signal A 5 : std logic := '0';
signal A 6 : std_ 1
signal A 7 : std_logic := '0"';
signal B - std lagic = '0';
signal X O std logic := '0';
signal X 1 : std logic := '0":
signal X_2 std logie := '0";
signal X 3 : std logic := '0°;
signal X 4 : std_logic := '0"':
signal X 5 : std logic = '0";
signal K_G C Std_;c i = '0O7;
signal X 7 : std logic := '0";

——QOutputs

signal Q 0 : std logic:
signal Q@ 1 : std_logic:
signal Q 2 : std logic:
signal Q 3 : std logic:
signal Q 4 : std lo
signal Q 5 : std logic:
signal Q € : std _logic:
signal Q 7 : std logic:
signal Q 8 : std logic:

-- No clocks detected in port list.

—-— appropriate port name

Replace <clock> below with




BEGIN

108
109
110
ialal

nit

iate the T

—-— Instanti
uuc:

(

MAP

inex 8x8 PORT

L

&ﬁﬁﬁﬁ}ﬁﬂ ﬁﬂ&ﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂe
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112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
]
130
131
132
133
134
135
136
137

=]
e _A__ﬂ_l“_.ﬂ_nn_.ﬂ_.ﬂ_n._ x_u_n_vn,x_vn_vn_x_X_Q_Q_Q_Q_Q_Q_Q_Q_Q_

.
-

138




140
Lhail,
142
193
144
145
146
147
148
149
150
151
152
153
154
155
156
L57
158
159
180
161
162
163
164
165
166
167
188
169
170
171
L2
173
15T
175
1T6
LT
178

—— Stimulus process

stim prochA 0: process
begin

—— hold reset state for 10

wait for 10 ns;

A 0 <= not A O;
end process;
stim procA 1: process
begin

-— hold reset atate for 20

wait for 20 ns;

A1 <= not A 1;
end process;
stim prochA 2: process
begin

wait for 40 ns;

X 2 <= not A 2;
end process:
stim proch 3: process
begin

wait for 80 ns:

A 3 <= not A 3;

end process;

ns.

ns.




181
is2
183
184
185
186
187
188
189
1390
191
192
193
194
1385
196
197
198
139
200
201
202
203
204
205
206
207
208
208
210
1
212
213
214
215
216
217
218
219
220
221
222
223
224
225
228
227

a2a

stim proch 4: process
begin

wait for 160 ns;

end process;
stim proch 5: process
begin

wait for 320 ns;

A 5 <= not A_5;
end proceas;
stim proch 6: process
begin

wait for 640 ns:

A_S <= not A;G;
end process;
stim prochk 7: process
begin

wait for 1280 ns;

end process;
stim procX 0: process
begin
wait for 2560 ns;
X 0 <= not X 0;

and nraraaar




231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
289
270
=l
272
273
e
275
276

2T
278

stim procX 1: process
begin

waict for 5120 ns:;
X1 <= not X 1;
end process;
stim procX 2: process
begin
wait for 10240 ns;
X 2 <= not X 2;
end process;
stim procX 3: process
begin
wait for 20480 n=;
X 3 <= not X _3;
end process:
stim procX 4: process
begin
wait for 40960 ns;
X 4 <= not X 4;
end process;
stim procX §: process
begin
wait for 81920 ns;
X 5 <= not X 5:

manrd mrAacaooe




281 atim procX 6: process
282 begin

283

284 wait for 163840 ns:;
285

286 X 6 <= not X 6;

287

288 end process;

289

290

291 stim procX 7: process
292 begin

293

294 wait for 327680 ns;
295

236 X7 <=not X7

297

298 end process;

299

300

301 stim procB: process
302 begin

303

304 wait for 655360 n=;
305

306 B <= not B;

307

308 end process:

309

310 END;

» B New Virtual Bus
"1

> irtual Bus
>

L]
Ml Mew Virtual Bus

Name

» B New Virtual Bus

Virtual Bus
[ 4 New Virtual Bus

594, 500 ns

» B New Virtusl Bus

» B New Virtual Bus

[l B New Virtual Bus




B B New Virtual Bus

[l 4 New Virtual Bus

M Mew Virtual Bus

p W New Virtual Bus

g > e vituaieu: ]

rtual Bus

> v
>

Wl New Virtual Bus

318,555 ns




20
21
22
23
24
25
26
2
28
25
30
31
32
33
34
35
38
37
38
39
40
41
42
43
Si
45
46
45
48
49
S50
51
S2
53
54
S5
56
S}
S8
59
60
61
62
63
64
65

4.5.

Multi_8x8

library IEEE:
use IEEE.STD LOGIC_1164.ALL;

—- Uncomment the following library declaration if using
—— arithmetic functions with Signed or Unsigned wvalues
—-—use IEEE.NUHERIC_SID.ALL:

—— Uncomment the following library declaration if instantiating
—— any Xilinx primitive= in thi= code.

—-=-library UNISIM:

--use UNISIM.VComponents.all;

entity Multi 8x8
Port ( A_O :

B

is
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
in
out

STD_LOGIC:
S5TD_LOGIC;
STD LOGIC:
5TD_LOGIC:
STD LOGIC:;
STD LOGIC:
STD_LOGIC;
S5TD_LOGIC;
STD LOGIC:
STID_LOGIC;
STD LOGIC;
STD LOGIC:
STD_LOGIC:
SID LOGIC:

5TD LOGIC:

: out

i out

out

! out

: out

out

¢ out

1 out

out
1 out
i out
out
1 out
i out
out

A—
Aﬁ
A—
A—
A_
A_
n—
B_
B —_
B—
B_
B —_—
B_
B_
Q
Q
L
Q
Q_
L
Qo
Q_
o
L
o
Q_
Qe
Q
Q_
Q

R wm -]l W N OS]0 W N OS] s W N

LU FU R S R e

end Multi 8xa:
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67 architecture Behavioral of Multi 8x8 is

68

69 CCMPONENT Linel_SxS

70 PORT {

71 A 0O : IN std logic;
72 A_l IN stdw_‘_og'_c:
73 A 2 : IN std logic:
T4 A 3 : IN std_logics
75 A_4 : IN stdm‘.og'.c;
T6 A 5 ! IN std logic:
77 A 6 : IN std_logic;
78 A_’? : IN std__‘.o:_:'.c;
79 B : IN atd laglc:
80 ¢ 0 : OUT scd_logic;
81 Q_i : OUT 5:d_‘_:3-;:'_c:;
a2 Q 2 : OUT s=td logic:
83 @ 3 : OUT scd logicy
84 Q 4 : OUT std logic;
85 Q 5 : 0OUT s=cd logic?
g6 Q 6 : OUT std _logic:
87 Q 7 : OUT s=td logic
88 1r

89 END CCMPONENT;

92 COMPOMNENT Linex Bx8

o3 PORT ( -

94 A 0 : IN atd logic:
95 A 1l : IN std logics
26 A 2 : IN s=std logicy
a7 2 3 : IN aed logic:
98 A 4 : IN std logicy
=3 ] A 5 : IN std logic;
100 A 6 : IN scd logic:
101 A 7 : IN std logics
102 B : IN std logic;
103 X 0 : IN std logic:
104 X 1 : IN std logics
105 x_z IN std__'_og:‘_c;
106 X 3 : IN atd logie?
107 X 4 : IN std_logics
108 X5 IN std logic;
109 X 6 : IN atd logic?
110 X9 2 IR

11Y Q0 : oUT

112 Q1 : OUT

113 Q 2 : OUT

114 Q3 : oUT

115 Q 4 : OUT

116 Q5 : OUT

117 Q 6 : OUT

118 Q 7 ! OUT

119 Q8 : OUT

120 )z

121 END COMPONENT:




123
124
125
126
127
128
129
130
131
132
133
134
135
1386
137
138
139
140
141
His
143
iz
145
146
e
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

signal
sgignal
=signal
signal
signal
=ignal
signal

signal
signal
signal
signal
signal
signal
signal
signal

signal
signal
gignal
=ignal
signal
signal
=ignal
signal

signal
signal
signal
signal
signal
signal
signal
signal

signal
signal
gignal
signal
signal
signal
=ignal
signal

R1
Rl
R1
R1
R1
R1

R1_

R2
R2Z
R2
R2
RZ
R2
R2
R2

R3
R3
R3
R3
R3

R3_

R3
R3

R4
R4

R4_
R4_

R4
R4
R4

R4

RS
RS

RS_

RS
RS
RS
RS

RS

std _logic:

0on0n

std logi

std logi

n

std legi

=td logic:

std logic:

std logic;

std logic:




aignal REé 1 :
gignal RE6_2 :
=ignal REé 3 :
aignal RE 4 :
gignal REé 5 :
=ignal R6 6 :
aignal RE 7 :
signal R6 & :
signal R7.3
signal R7_2 :
signal RT 3 =
signal R7 4
gignal RT 5 =
=signal R7 6 :
2ignal Ry 7 =
gignal R7 8 :

atd logicy
atd logicy
std_;og;c:
atd logic
std logicy
5cd_;og;c;
std_logic:
atd logicy

port map{ A0, A1, A2, A3, A4, AS, A6 AT, B0, @0, R11, R1 2, A1 3, RL 4 ,R1E, R1LE ,R1_T)

0, A3, A2 ALY,

0 A3 A2s A3,

B3, K4, AS RE R,

end Benavicral:

TR A WO N

L3, B4, A5, BE BT,

A, RS, A%, AT, B3,

A AS, RS, AT,

A3, A5, A6, AT, BS,

o R4, A3, RGBT,

B3, RL3, BRI E, B33, RL 4, ALS,

B_2, B2_1, Rz I, R1_3, RI_4, R2_S,

R2_1, R3_Z, W2_3, Ri4, R3S,

B4, B_3, BA_3, B3, Ri_4, R4S,

RE_1, RS_%, RSB,
B_t,

B8, BT,

o,

3, A2,

3, R3_4,

1, A2 2, B2,
1, R3 1, B33,
. R4_2, B_3,
3, RS2, BS_3,
1, RE_2, RE_3,
1, AT 2, B7_3

RA_d,

B5_1,

RE_1,

5, RIS,

®a_8,

BS_S.

RE_S,

Re_S,

BS_%,

RE_E, RE_7,

r_3, B1_6, AT_7,

B3

R

RS _|

RE_!

BT

13, Q_14, Q35 }:

i




28
23
30
31
33
33
34
35
36
37
38
a9
40
41
42
43
44
45
48
47
48
49
50
51
52
53
54
S5
56
57
S8
59

60
61
62
63
64
65
66
67
68
89
70
it
T
i3
74
75
76
i

LIBRARY ieee;

USE :EEE.Std_LDgLS“lLGQ.ALL;

—— Uncomment the following library declaraction if using
—— arithmetic functions with Signed or Unsigned values
—-USE ieee.numeric scd.ALL;

ENTITY Multi_8x8_tb IS
END Multi 8x8 th;

RRCHITECTURE behavior OF Multi Bx8 th IS

—-— Component Declaration for the Unit Under Test

COMPONENT Multi Bx8

PORT (

=]

momwwommoie e NN
S o e e M o ] | R

S U W N O W0 e WO

m

O 00 -] W N D

w

l()K)K)K)K)()K)K)()()K)()()K)

Lo}
(=
s

Q 15
¥

SIS -]

B4 we ms se ms s se a8 me s 4s ms ss &s e s

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

ouT
CUT
ouUT
oUT
OUT
oUT
oUT
OUT
oUT
oUT
OUT
oUT
OoUT
OUT
oUT
ouUT

END CCMPONENT:

5td_Log;c;
std logic:
std_logic;
scd_Log;c;
atd logicy
std_logic:
std logics
atd logicy
std_logic;
snd_Log;c;
atd logics
std logic’
std_;og:c;
atd logic:
std_logic;
3cd_;og:c;

std logic;
std logic’
std logic;
std logics
std logicr
3td_;c;:c:
std logics;
std_logic;
std logic

(UUT)




80
81
g2
83
84
g5
E6
87
g8
89
30
2al
92
93
94
2]
96
O
98
25
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
11l

——Inputs
signal
signal
signal
signal
signal
signal
signal
signal
=ignal
signal
signal
signal
signal
signal
signal
signal

\mlmlmlmlemlmlwlvlmlplwlmlplwlp
TRV WN RO WEWN O

-—Outputs
signal
gignal
signal
signal
signal
=ignal
signal
signal
=ignal
signal

0000 000000
Wm-do ! Wl o

signal Q:lo

signal Q 11
signal Q 12
signal Q 13
signal Q 14
signal Q 15

-— No clocks detected in

W W W wm W WwWwnw W W e oo

W W mw W W W wnwmnww

td logic :
td_logic :
td_logic

td logic :
td_logic :
td logic :
td logic :
td_logic :
td logic

td logic :
td logic ;
td logic

td logic :
td_logic :
td logic

td logic :
td logic:
td_logic;
td_logics;
td logic:
td_logic:
:d_;:g_c:
td logic:
td logic;
:d_;og;c;
td logic:
std_logic;
=td logic;
std logic:

std_logic;
snﬂﬂloq;c;
atd logicy

-- appropriate port name

= 1gr;

1= 100,
S

g

1= 10';

0
gt

. 001;
-
= Oty
. OOI;
e 0D
= 'O
= '0';
m=it0t

= 1g;

port list.

Replace <clock> below with




}

T

UUT

Test |

Under

Uni

uut: Multi_ 8x8 PORI MAP (
A0

—— Instantiate the

BEGIN

120
121
122
123
124

Q
ARG T N OE aa N TN GE o dameBer oo
A_A_.A_A_A_.A_A_B_B_s_s,8_3_3_B_Q_Q_Q_Q_Q_Q_Q_Q_Q_Q_W
AAAANANAAANNAAANAANANANNANAMAANANAI
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SN OO AN S w0 AN W - og -
Al 'l v o 'l ' e ' o ol el ol ol ol ol &l el o &

WWFEFOOANMONWEONDOoOSANNMmT nwW- ona
AN NN MOMMEOMmMMmMMONomss oo g 9o
L I R R IO O T O O O O O R I T A IO T I R IR O I R I B

Q 12 => Q 12,

Q 13 => @ 13,

Q 14 => Q 14,

Q 15 => Q 15

Q11 =» Q 11,

151
152
153
154
155
156




160
161
162
163
164
165
166
167
168
169
170
Lt
172
173
ai
175
176
L5
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

—— Stimulus process
stim proc: process
begin

-- hold reset state

wait for 10 ns=;

A 0 <= not & O:

end process;

stim procl: process
begin

-- hold reset 3atate

wait for 20 ns:;

A 1 <= not & 1;

end process;

atim proc2: process
begin

—-— hold re=et state

wait for 40 ns:

A 2 <= not A _2;

end process:

stim proc3: process
begin

== hold reset state

wait for 80 ns;

A 3 <= not 4 3:

end process;

stim proc4: process
begin
-- hold reset state
wait for 160 ns;
A_& <= not A_Q:
end process:;

stim procS: process
begin
-- hold reset state
wait for 320 ns;
A 5 <= not A 5:

end process;

for 100 ns.

for 100 ns.

for 100 ns=s.

for 100 ns.

for 100 ns.

for 100 ns.




208
209
210
211
212
213
214
215
216
217
218
218
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
2386
237
238
239
240
239
242
243
244
245
246
247
248
249
250
251
252
253

2tim procé: process
begin

—— hold reset =tate

wait for 640 ns:

A 6 <= not A 6;

end process:

stim proc7: process
begin

—- hold reset state

wait for 1280 ns=;

A 7 <= not A 7:

end process;

stim procf: process
begin

—- held reset state

wait for 2560 ns;

E_D <= not B_O;

end process;

stim proc9: process
begin

—= hold reset state

wait for 5120 ns;

B 1 <= not B_1;

end process;

stim proclQ: process
begin

—- hold reset state

wait for 10240 ns;

B 2 <= not B _2:

end process;

stim procll: process
begin
-- hold reset state
wait for 20480 ns;
3_3 <= not 3_3;
end process;

for

for

for 1

for

for

for

100

100

100

ns.

ns.

ns.

ns.




255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
2886
287

stim procl2: process
begin
—— hold resst state for 100
wait for 40860 ns:;
B 4 <= not B 4;

end process:

stim procl3: process
begin
-- hold reset state for 100
wait for 81920 ns;
B 5 <= not B 5!

end process;

stim proclé4: process
begin
—-— hald reset state for 100
wait for 163840 ns;
E_S <= not 3_6;

end process;
stim procl5: process
begin
== hold reset state for 100
Wwait for 327680 ns;
B 7 <=not B 7;

end process;

END;

ns.

ns.

ns.

ns.







Name
¥ M New Virtual Bus
151 a_l
-”}- a6
“; a_s
-|;, a_4
1§ a3
1 a2
g a1
1 a0
¥ M New Virtual Bus
1 b7
1% b6
& bs
1 b4
1% b3
& b2
1% b1

g b0

o o 0 H 0 B O B B B oo R oSl o o B O
=1
=1
(=]
(=]




Value

B M New Virtual Bus 100
- M New Virtual Bus 200
{3l 0 New Virtual Bus 20000

» B Hew Virtual Bus
» B Hew Virttual Bus

[ 4 Mew Virtual Bus

D1100... {01140... ¥{01100... §01101... 01101
» B HewV

(S 4 riew virtual Bus :1'__||]|_||][| ¥00000 . X00000. . 00000 Y00 {00000, Y00000... X00000. )




5. Conclusion

The 8bit x 8bit unsigned parallel Braun multiplier was design, simulate and
synthesise in this report.

The Field Programmable Gate Array (FPGA) produced the design
software introduced from Xilinx company was utilized to complete the
requirements.

The formal laboratory report and screen shots of different stages are
included in order to prove the simulation results.

This report also highlights the VDHL and its functionality.

In overall five of different blocks have been implemented starting by half
adder. Then it flows to full adder, Line_1_8x8, Linex_8x8 and finally
Multi_8x8.

Test benches also was developed in order to making sure all the blocks
are working perfectly fine before moving ahead.
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