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1. Introduction.

The purpose of this assignment was to design, simulate and synthesise an 8 bit x 8 bit signed
number multiplier based upon a simple parallel Braun multiplier. This was done using the Xilinx ISE
design software and the program was written using the VHDL hardware description language.

Multiplication when using binary numbers is carried out in much the same way as when
multiplying decimal numbers, by calculating partial products, shifting them to the left and then
adding them together. When doing this with binary numbers as there are only two possible results,
‘1" or ‘0" it is much simpler and just involves shifting and adding and not any large number
multiplications. An 8 x 8 multiplier takes two 8-bit binary numbers and multiplies them two create a
16-bit result. This is done by using a combination of AND gates, half and full adders.
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Figure 1. example 8 x 8 multiplier.

Above is an example of the structure of a parallel 8 x 8 Braun multiplier, also known as a carry save
array multiplier[1] showing the use of AND gates and half and full adders.




2. introduction to VHDL.

VHDL (Very high speed integrated circuit Hardware Description Language) is one of two
languages used to design FPGAs (Field Programable Gate Arrays) and ASICs (Application Specific
Integrated Circuits). The difference between FPGAs and ASICs is that an FPGA is reprogrammable
where as an ASIC is not. An FPGA is a component that can be made up of many gates and flip flops
and can be used to perform multiple operations in parallel with each other. They are used in many
high-speed, high-performance tasks such as image processing, telecommunications, digital signal
processing and high-frequency stock market trading[2]. VHDL was developed in the mid-1980’s by
the U.S. Department of Defence and the IEEE, with the aim of creating very high-speed integrated
circuits. A hardware description language is inherently parallel, meaning that the commands are
executed in parallel as soon as a new input arrives. A HDL program mimics the behaviour of a
physical digital system and it also allows incorporation of timing specifications as well as to describe
a system as an interconnection of different components[3].

3. Half and full adders.

Adders are digital circuits that can add binary numbers. A half adder can take two binary
numbers and produce a sum of the two plus a carry value. A Half Adder is usually constructed from
an AND gate and XOR gate.
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Figure 2. Half adder design and truth table.

A full adder adds three inputs to create two outputs. Like the half adder it can add two
signals A and B but also includes a third input Cin which is the carry in product of a previous adder.
This type of adder can be combined with others to create a Byte wide adder cascading the carry bit
from one adder to another. This type of adder can be designed with logic gates by combining two
half adders.
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Figure 3. full adder design and truth table.




4. 8 x 8 multiplier design.

To design the 8 x8 multiplier for this assignment several components needed to be created,
the full adder, the half adder, line 1 and line x. These components were then combined to create the
full 8 x 8 multiplier. The following diagrams show the code written to create each of the individual
components used in this design.

1 ——— - - — - - - - - - -
2 -- Company:

3 -- Engineer:

.g —

5 -- Create Date: 09:44:13 03/08/2018
6 -- Design Name:

7 -- Module Name: h_adder - Behavioral
8 —— Project Name:

§ -- Target Devices:

10 -- Tool versions:

11 - Description:

0 —

13 -- Dependencies:

14 —

15 —— Revigion:

16 — Revision 0.01 - File Created

17 -- Addicional Comments:

8 --

18

20

21

22

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

26

27 -—— Uncomment the following library declaration if instantiating
28 ~-- any Xilinx primitives in this code.
29 ——library UNISIM;

30 =--use UNISIM.VComponents.all;

21

32 entity h_adder is

33 Portc ( A : in

34 B : in

35 SUM : out STID _LOGIC:

36 CARRY : out STD LOGIC);

37 end h_adder;

28

39 architecture Behavioral of h adder is
40

41 begin

42 SUM <= L XCR B;

43 CARRY <= &a AND B:

94

45 end Behavioral:

46

47

The above diagram shows the code written to create the half adder. Lines 32 to 36 define
the inputs A and B and the outputs SUM and CARRY of the adder and lines 42 and 43 determine the
actions to be carried out using the logic functions XOR and AND.




Result1

h_adder

The diagram above shows the schematic created after the half adder had been designed.
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The diagram above shows the code written to create the full adder. Lines 32 to 38 define the
inputs A, B and CIN and the outputs SUM and CARRY. Line 43 determines the process of creating the




output SUM from the inputs A, B and CIN using XOR gates and line 44 shows the process used to
create the CARRY output using AND, OR and XOR gate logic.

Mxor_SUM_Result1

f_adder

Above Is the schematic created after the design of the full adder showing the addition of the
input CIN to the component.
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32
33
34
35
36
37
38
39
40
41

After designing the full and half adder the next step in the design was to develop line 1 of
the multiplier. This line takes the 8 bit inputs AQO to A7 and adds them to the input B using simple
AND gate logic.

entity L1_B8X8 is —— SET INPUIS/OUTPFUIS FOR LINE 1
Port i

(

end L1_8X8:

no

Al :

architecture Behavioral of L1_8X8 is

begin

Qo
Q1
Q2
Q3
Q4
Qs
Q6
Q7

AND
LND
AND
AND

4 AND

AND
RND
AND

end Behavioral;

== Q0-7 BECOME THE RESULIS OF AQ-7 ANDED WITH ﬂ

In this section of the code lines 33 to 49 define the inputs AD to A7, B and the outputs QO to
Q7. Lines 57 to 64 perform the logic functions of ANDing the A inputs with the B input to create the
outputs QO to Q7.




Once this line had been created a test bench was developed to test that the code functioned

in the correct way.

ARCHITECTURE behavior OF LINE1 &8 &8 TE IS
—— Component Declaration for the Unit Under Testc (UUT)

COMPONENT L1_8X8

PORT (
A0 : IN —-—-SET PORTS A AND B AS INPUIS AND Q AS OUTPUTS
Al ; IN
AZ : IN
A3 : IN
At ; IN
AS : IN
At : IN
AT : IN
B : IN |
Q0 : OUT std logics
Q1 : OUT =td logics

Q2 : OUT s=td_lo
Q3 ¢ OUT std_lo
Q¢ : OUT std_lo
Q% : OUT s=std_lo
Q6 : OUT s=td_lo
Q7 : OUT =std_lo
)i
END COMPONENT.
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—-Inputs

signal AQ : G == S5ET ALL INPUIS TO ©
signal Al : v

signal A2 ar;

signal A3 L e

signal Ag : e

signal AS : L

signal A6 ar;

signal AT LS

signal B : atd_?j;;: L

——0Outputs

signal Q0 :
signal Q1 :
signal Q2 :
signal Q3 :
signal Q4 @
aignal Q5 :
signal Q6 :
signal QT :

-=- SET OUTFUTS

000
Ne N Ne ne s




90 —— Instantiate the Unit Under Test (UUT)
91 uut: L1 8X8 PORT MAF (

92 a0 => A0, -— ASSIGNE VALUES TO THEMSELVES
a3 R1 => A1,

04 AZ => A2,

95 A3 => A3,

96 A4 => A4,

97 A5 =» A5,

98 A6 => A6,

g A7 => A7,

100 B => B,

101 Q0 => @0,

102 Q1L => Q1,

103 Q2 =» Q2,

104 Q3 => @3,

108 Q4 => Q4,

1086 Qs => Q5,

107 Q6 => Q6,

108 Q7 => Q7

109 ¥i:

110

117

112

113

114 -— Stimulus process

115 stim proc: process

11e begin

117

118 -- hold reset state for 100 ns.
119 wait for 10 ns;

120

121 A0 <= NOT AO: -=FLIF VALUES FOR SIMULATION
122 end process;

123

124 stim procl;: process

125 begin

12¢ -=- hold reset state for 100 ns
127 wait for 20 ns: —-- DOUBLE WAIT TIME AND REPEAT FOR ALL VALUES
128

129 Al <= NOT Al;

130 end process:

131

132 stim proec2: process

133 begin

134 —- hold reset state for 100 ns.
135 wait for 40 ns:

The above code is the test bench created showing the input signals A0 to A7 and B, and the
output signals Q0 to Q7 which are the result of ANDing signals AO to A7 with signal B.
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32 entity LX BX8 is —-- SET PCRT A INPUIS

33 Port ( A0 : in STD LOGIC:

34 B1 : in STD_LOGIC:

55 A2 : in STD _LCGIC;

36 A3 : in STD LOGIC;

37 A4 : in STD LOGIC;

38 A5 : in S3TD LOGIC:

39 A6 : in STD_LOGIC:

40 A7 : in STD LCGIC;

41

42 Rl : in S5TD_LOGIC: --SET REMAINDER INPUTS
43 R2 : in STD LOGIC;

44 R3 : in STID LOGIC;

45 R4 : in STD_LOGIC:

46 R5 : in S5TD_LOGIC;

47 Ré : in STD LOGIC;

48 R? : in STD_LOGIC:

49 R8 : in ST _'_CSZC,

50

51 B : in STD_LOGIC: -- SET PCRT B INPUT
o

53 Q0 : out STD LOGIC; -- SET OUTIPUIS Q
54 Q1 : out STD LOGIC;

55 Q2 : out STD LOGIC;

56 Q2 : out STD LOGIC;

57 Q4 : out STD_LOG

58 Q5 : out SID LOGIC:

59 Q6 : out SID LOGIC;

&0 Q7 : out STID_LOGIC:

61 Q8 : out SID_LOGIC

62

63

64 y:

65 end LX_BXE;

66

67 architecture Behavioral of LX B8X8 is

68

69 COMFONENT h_adder -- CALL HALF ADDER
70 PORT (

71 A : IN std logic; -- SET INPUTS/OUTPUTS
72 B : IN std_logic:

73 SUM : OUI =td logics

7 CARRY : OUT std logic

The section of code above sets the inputs and outputs for line x. it also calls in the
half adder that was created earlier.

11




75
76
1)
78
722
g0
81
82
83
84
85
86
87
88
89
90
g1
92
93
94
95
96
L
98
95
100
101
102
103
104

Xis
END COMPONENT;

COMPONENT f_adder
PORT(
A : IN =td logic;
B : IN std logic;
CIN : IN std logic
SUM : QUT =td _log
CARRY : OUT std 1
):
END COMPONENT;

SIGNAL AOB : 5TD LOGIC:
5IGNRL AlB : 5TD_LOGIC:
SIGNAL A28 : 5TD_LOGIC;:
SIGNAL A3B ¢ 5TD LOGIC:
SIGNRL 24B : 5TD_LOGIC:
SIGNAL ASB ¢ 5TD_LOGIC;
SIGNAL Ae6B : 5TD LOGIC:
S5IGNAL ATB 5TD_LOGIC:
SIGNAL C1 : STD LOGIC;
SIGNAL C2 : STD_LOGIC;
SIGNAL C3 : 5TD_LOGIC:
SIGNAL C4 STD LOGIC;
S5IGNAL C5 : STD_LOGIC;
SIGNAL Cé& : 5TD LOGIC;
SIGNAL C7 i 5TD LOGIC;

and C signals as inputs.

H
ic:
ogi

-- CALL FULL ADDER

-- SET INPUTS/CUTPUIS

-- ASSIGN SIGNALS AE AS IJPUTq

-- ASSIGN SIGNAL C AS CARRY INPUIS

This section calls in the full adder that was previously created and defines the AB signals

12




104

105 begin

106

107

108

109 BOB <= RO AND B; —— BND AR SIGNALS WITH A SIGNALS
110 BI1B <= Rl AND B;

1l A28 <= A2 AND B;

112 A3B <= A3 AND B;

113 B4B <= R4 AND B;

114 ASB <= AS AND B;

115 R6B <= R6 AND B:

116 ATB <= A7 AND B;

117

118 HAl : h adder - EHJLEHEHT HALF AND FULL ADDER TC SIGNALS FOR RESULT
119 port map (A0B,R1,Q0,C1);

120

121 FAl : f_adder

122 PORT MAP (A1B,R2,C1,Q1,C2):
123

124 FA2 : f adder

125 PORT MAP (A2B,R3,C2,Q2,C3);
126

127 FA3 : f adder

128 PORT MAP (A3B,R4,C3,Q3,C4);
129

130 FA4 f_adder

131 PORT MAP (A4B,R5,C4,Q4,C5);
132

133 FAS f_adder

134 PORT MAP (ASB,R6,C5,Q5,C6):
135

136 FA6 : f_adder

137 PORT MAP (A6B,R7,C6,Q6,CT):
138

139 FA7 : f adder

140 BCRT MAP (A7B,R8,C7,Q7,08);
141

142

143 end Behavioral;

This section assigns the values of the signals A0 to A7 ANDed with signal B to create the
signal AOB to A7B and then port maps the variables in to the half and full adders.

Like with line 1 a test bench was created to ensure that the component functioned correctly.

The next stage in creating the multiplier was to combine the components line 1 and line x into a
MULTI line which became the completed 8 x 8 multiplier.
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entity MULTI_BXS is

32
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b
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a5
as
36
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44

45
46
47
4B

45
50

51
52

-- DEFINE OUTPUT BITS

)
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o
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Q

It
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I
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I
=1
o

)
o
<]

r em ms as an ms

W
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53
54

55

56
55

58

58
&0
6l
62

63
64

65
66
67

68

.
-

end MULTI 8X&

89

This section defined all the inputs and outputs for the MULTI component.
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70

71 hrchitecture Behavioral of MULTI B8X8 is
72
T3 COMPCNENT L1 _BX8
74 PORT (
75 A0 : IN stdmlogic: -=-LINE 1 INPUTS PORT &4
T6 Al : IN std logic:
77 A2 ; IN std logic;
78 A3 : IR 5td_Logic;
79 A4 : IN std _logic:
80 A5 : IN std logic:
81 Ag : IN 3tdﬂlogic;
82 A7 : IN std_logic;
83 B : IN std _logic: —— LINE 1 INPUT PORT B
24 Q0 : OOT std logic; —- LINE 1 OUTPUIS
85 Q1 : OUT std logic:
86 Q2 : OUT =td logic:
87 @3 : OUT =td logic;
1] Q4 : OUT s=td logic:
89 Q5 : OUT =td logics
a0 Q6 @ OUT 35dﬁl:gic:
91 Q7 QUT =td_logic
92 }?
a3 END COMPCNENT;
94
95
This section defines the inputs and outputs for line one
96 CCMPONENT LX 8X8
a7 PORT (
a8 zo IN ——-LINE X INPUTS PORT A
gs a1 IN
100 a2 IN
101 A3 IN
102 n4 IN
103 as IN
104 a6 IN
105 a7 IN
106 R1 IN
107 R2 IN
108 R3 IN
109 R4 IN
110 RS IN
111 RE IN
112 R7 IN
133 R8 IN
114 B8.s TR —— LINE X INPUT PCRT B
115 Qo oUT —— LINE X OUTPUTS
116 Q1 ouUT
117 Q2 oUT
118 Q3 ouT
119 Q4 ouT
120 Qs ouT
121 Q6 ouT
122 Q7 ouT
123 Qe oUT
124 )
125 END COMPONENT:

This section defines the inputs and outputs of line x.
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126
127
128
129
130
131
is2
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
1586
157
is8
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
4749
175
176
173
178
3179
180
181
ig82
183
184
185
186
187
is8
189

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGHAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGHNAL
SIGNAL
SIGHNAL

SIGHNAL
SIGNAL
SIGHNAL
SIGMAL
SIGHAL
SIGNAL
SIGHNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

SIGHAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGHNAL
SIGHAL
SIGHNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
S5IGHAL
SIGNAL
SIGNAL

SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGHAL
SIGNARL
SIGHAL

R1 1
R1 2
R1_3
R1_4
R1_S
R1_6
R1_7

R2_1
R2_2
R2_3
R2_4
R2_5
R2_6
R2_7
R2_8

R3_1
R3_2
R3_3
R3_4
R3_5
R3_6
R3_7
R3_8

Re_1
Re_2
R4 3

R4_4
Re 5
R4 6
R4_7
R4_8

RS_1
RS_2
RS_3
RS_4
RS_S
RS_6
RS_7
RS_8

t 5TD LOGIC: —— ASSIGN VALUES TO REMAINDER SIGHALﬂ
: **D LCGIC;

: **D LOGIC;

: STD_LOGIC:

: STD_LOGIC:

¢+ STD_LOGIC:

: SID LOGIC:

: STD_LOGIC:
: STD_LOGIC:

STD LOGIC:
: STD_LOGIC:
: STD_LOGIC:
- :4D_LCG*C:

: *-:_Lua:c,

STD_LOGIC:
: STD_LOGIC:
: STD_LOGIC:

: STD_LOGIC:

t STD_LOGIC:
+ STD_LOGIC:

E C:
H STD_LCGIC;
t STD_LOGIC:
: STD_LOGIC:
i 5TD_LOGIC:
: STD_LOGIC:
: STD LOGIC:
: STD_LOGIC;
: STD_LOGIC;
: 5TD LOGIC;
: STD_LOGIC:
: STD_LOGIC;
: STD_LOGIC;
: 5TD_LOGIC;
: STD_LOGIC

: 5TD_LOGIC;
: STD_LOGIC;
: STD_LOGIC:

: STD_LOGIC;
: STD_LOGIC;
: STD_LOGIC:

STD_LOGIC:

This section defines the remainder signals for the MULTI component.
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saw
151 begin --PORT MAPS TOR LINE 1-8
152

53 Il : L1_8X8

194 port map{ A_9,A_1,A_2,A_3,A_4,A_5,A_6,A_7,8_0,Q 0,R1_1,R1_2,R1_3,R1_4,R1_5,Rl_6,R1_7);

155

g6 Lz LX_&X&

157 port map( A_0,A_1,A_2,A_3,A_4,A 5, _6A_7,R1_1,R1_2,R1_3,R1_4,A1_5,R1_6,Rl_7,'0' ,B_1,Q 1,R2_1,RZ_2,R2_3,R2_4,R2_5,R2_6,R2_7,R2_8);
isg

55 L3 : LX_8Xe

200 vort mapl A_0,A_1,A_2,A_3,A_4,A_5,A_6,A_7,R2_1,R2_2,R2_3,R2_4,R2_S,R2_6,A2_7,R2_B.B_2,0_2,R3_1,R3_2,R3_3,R3_4,R3_5,R3_6,R3_7,R3_8):
02

202 L4 : LX_BXS

203 port mapi A_f (A_2,A_3,R_4,A_5A €A 7 A3 _1,R3_2,RS_3,R3_4,R3_5,RI_6,A3_7,R3_8,B_3,0 %, R4_1,R4_2 R4_5,R4_4,R4_5,R4_6,R4_7,R4_8);
204

208 L5 : LX_BX8

206 port mapl A_0,A_1,A_2,A_S,A_3,A_S5,A_6A_7,R4_1,R4_2,R4_S,R4_4,Rd_5,Re_6,A4_7,R4_8,8_4,0_4,R5_1,As_2,R5_3,As_a,RS_S, A6_E,RS_7,A5_3)
207

208 L6 : LX_BXE

208 port mapl A_0.A_1,A_2,A_S,A_1,A_S,A_6A_7,85_1,R5_2,RS_S,RS_3,RS_S,RS_6,Rs_7,RS_§,8_5,0_5,R6_1,R6_2,R6_3,R6_a,R6_S, R6_E,RE_7,RE_3):
210

E3E1 L7 : LX_BXE

212 port mapl A_0,A_1,R_2,A_3,R_4,A_S,h_6,A_7T,RE_1,R6_2,RE_3,R6_3,R6_5,R6_6,A6_7,RE_8,5_¢,0_5,R7_1,R7_2,R7_3,R7_4,R7_5,R7_6,R7_7,R7_3):
213

214 L8 1 LX_BXE

215 port map{ & _90,A_1,A_2,A_3,R_%,A 5,A_6A_7,R7_1,R7_2,RT_3,R7_4,R7_S,R7_6,R7_7,R7_8,B_7,0_ 7,0 _6,0_9,0_10,Q_11,Q 12,Q_13,7_14,Q_15)¢
216

217

218

218

220 end Behavieral:

This section shows the port mapping of line 1 and line x, line x is then used for L3 to L8 to create the
final 8 x 8 multiplier.

S,

38 ARCHITECIURE behavior OF MULTI 8 &8 TB IS
38

40 -- Component Declaration for the Unit Under Test (UUT)
41

42 COMPONENT MULTI_g8X8

43 PORT (

44 A 0 : IN std_logic; —— SET A SIGNRZLS AND B SIGNALS AS INPUIS
45 Al:IN

46 A2 : 1IN

47 A 3= TN

48 A4 : 1IN

49 A5 : IN

50 A 6 : IN std logic:
51 A 7 : IN std_logic;
52 B 0 : IN std logic:
53 B 1 : IN std logics
54 B 2 : IN std logie:
55 B_3 : IN std_logic:
1 B_4 : IN std_logic;
57 B_S5 : IN

&8 B 6 : IN

59 B 7 : 1IN

60 Q 0 : OUT td_logic;y =-- SET Q SIGNALS AS OUTEUTﬂ
61 Q_l : OUT i

62 @ 2 : OUT ic:
63 Q3 : OoUT ia;
64 Q 4 : OUT std logicy
65 Q_5 : OUT std_logic;
=13 @ 6 : OUT std logic:
67 Q7 : OUT std_logice
68 Q8 : OUT std logic:
&9 Q@ % : OUT std logic:
70 Q_10 : OUT std logic;
71 Q 11 : OUT std_logic:
72 Q 12 : OUT std logic:
73 Q@ 13 : OUT std_logic:
74 Q 14 : OUT s=td logic:
T2 Q@ 15 : OUT =td_logic
76 )2

T END COMPONENT;

78

This section shows the input and output assignment of the signals for the test bench of the MULTI
component.
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80 -=Inputs

81 signal A 0 : ‘0 —— SET INPUT SIGHALS IO 0
82 signal A 1 : Ll i
83 signal A 2 : e
g4 signal A 3 : ‘o'
85 gignal A 4 : nges
86 signal A_S - i)
&7 signal A 6 : oY
88 signal A 7 : i R
&9 2ignal B 0 : oV
90 signal B_l C = Q'
91 signal B 2 : = '0';
o2 signal B 3 : == bptg
93 signal B_4 : i= "Dty
94 signal B 5 : 1= '0';
85 =signal B 6 : = '0';
96 signal B 7 : = "0
97

38 -=0utputs

a8 signal Q 0 : gic; —— SET OUIPUT SIGNALS
100 signal @ 1 : icy

101 signal Q 2 : cr

102 signal Q 3 : ia:

103 signal Q 4 : =H

104 signal Q_ 5 : =H

105 signal Q_6 : ==

106 =signal @ 7 : H

107 signal Q@ 5 : gic;

108 signal Q 9 : | logic:

109 signal § 10 : std_logic:

110 signal Q 11 : std_logic:

111 signal @ 12 : std logic:

112 mignal Q 13 : std logic:

113 signal § 14 : std_logic:

114 signal Q 15 :

115 -— No clocks detected in port list. Replace <clock> below with
116 -- appropriate port name

2 Ll

118

119

This shows the input signals being set to 0 and sets the output signals.
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119

120 BEGIN

121

122 -- Instantiate the Unit Under Test (UUT)
123 uut: MULTI_8X8 PORT MAP ( -- SET POT MAF 8X8
124 A O=>A0,
125 Al=>Al1, -
126 B2 =>n2,
127 A 3 =>1 3,
128 B 4 => 1 4,
129 A 5 =>15,
130 A 6 =>1 6
131 B 7= AT,
132 B O=+B0,
155 B 1=>B1,
134 BE 2 =>B 2,
135 B 3 => B_3,
136 B 4 =>B_4,
137 B 5 => B_5,
138 B 6§ => B &,
1359 B7=-BT1T,
140 Qo0=>Qa0,
141 Q1=>Q1,
142 Q2=>0 2,
143 Q3 =>Q 3,
144 Q4 =>0Q 4,
145 Q5 =>Q5,
146 Q6 =>0Q 6,
147 Q7=>Q71,
148 Q8 =>0Q 8,
149 Q9=>Q385,
150 Q 10 =» Q 10,
151 0 11 =3 11;
152 Q 12 => Q 12,
153 Q 13 => Q 13,
154 Q 14 => Q 14,
55 Q 15 => Q 15
156 )z

157

158

159

1&0

This section begins the testing of the component by assigning all the signal values as themselves.
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163 arim procd: process START SIMULATION PROCCESS AND FLIF VALUES FOR TEST R SIGNALS
164 begin

165 wait foz 10 ms;

166 A_D <= NOT R D!

167 end process;

18

169 Stim procl: process

170 begin

171 wait for 20 ns;

172 A1 <= 2

173 end proceas;

174

178 stim procl: process

17& begin

177 wait for 40 ns;

178 A_2 <= HOT A_2;

179 end process;

180

181 stim _proe3: process

ig2 bagin

183 wait for 80 na;

184 A_3 <= NOT R 3;

185 end process;

1€

187 stim procé: process

ies begin

189 weit for 160 na;

190 A 4 <= NOT A _d4;

181 end process;

182

193 stim prock: process

184 beagin

195 wait fozr 320 ns;

i%¢ A_S <= NOT A_S;

197 end process;

is8

g9 Stim procé: process

200 begin

201 wait for €40 na;

202 A6 <= NOT A_6;

203 end process;

204

205 stim _procT: process

206 begin

207 wait for 1280 ns;

208 A7 <= NOT A_7:

208 ond process:

21z —— PORI B

213 =tim proclld: process =-=START SIMULATIONM PFROCCESS AND FLIFP VALUES FOR TEST ﬂ SIGHNALS
2314 Begin

215 wait for 2560 ns;
216 B_O <= NOT B_O:
217 end processa:

218

219 atim procll: proceas
220 bagin

221 wait for 5120 ns;
222 B_1 <= NHOT B_1;
223 end process;: i

2249

228 stim proel2: process
- begin

227 wait far 10240 ns;
228 B_2 <= NOT B_2;
229 and process;

230

231 stim procld: process
232 bagin

233 Wait for 20480 ns:
234 B_3 <= NMOT B_3:
235 end process:

236

237 stim procld: process
238 begin

232 wait for 40960 ns;
240 B_4 <= NOT B_4;:
241 end process;

242

243 =tim procl5: process
244 begin

245 walit for 81920 na;
246 B_5 <= NOT B_5:
247 and process;

2as

249 atim procl&: process
250 begin

251 wait for 163840 ns;
25z B_6 <= NOT B_6&:
253 and processa:

254

2585 stim proel7: process
256 begin

257 wait for 327680 ns;
258 B_T7 <= HOT B_7;

2c9

and_resssans

o i
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The preceding diagrams show the simulation process used in the test bench which flips the values of
the signals for testing and includes the time delay function between each signal being tested. The
time delays, as with the previous test benches for line 1 and line x double with each consecutive
signal test.

Once the test bench had been checked for syntax errors it was simulated to ensure that it
was functioning properly.

» B New Vitual Bus

[ B New Virtual Bus

» B New Virtual Bus

As can be seen in the diagram above the multiplier worked as expected with a binary value of 31
being multiplied by a binary value of 34 giving a correct result of 1054. This was checked again with
several different values to ensure that it was functioning correctly as can be seen in the next two
diagrams

p B New Virtual Bus

» EXI T

» M New Virtual Bus

Again, the values 114 and 42 when multiplied are 4788 providing more proof that the multiplier
functions correctly.
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This final diagram shows that the multiplier functions correctly with the values 194 multiplied by 91
giving the correct result of 17654.

5. conclusion

the design of the 8 x 8 multiplier and each of its components was successful and was
demonstrated to work correctly. At first arrays were for the variables but for some, unknown reason
it would not work so the lines 1 and x were rebuilt without the arrays and were found to function
correctly. For future work using VDHL and the Xilinx design software a better understanding would
be needed but for this assignment it is believed that the level of comprehension of the language and
software was sufficient enough to perform the required task.
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RESEARCH-INFORMED LITERATURE

(

y‘ Virtually no research on other multipliers designs,
could have been vastly improved with other types
and a comparison table. 25%

KNOWLEDGE AND UNDERSTANDING

2.5

(

y‘ You have demonstrated knowledge with your VHDL
code. Your code carries few remarks which makes it
difficult to follow. 52%

ANALYSIS

15.6

(

y“ You have demonstrated the testbench of your
design at each stage but have failed to comment on
each section. There are no explanations of
operation. 50%

PRACTICAL APPLICATION AND DEP.

10

(

y‘ You have included limited simulation results,
demonstrating the operation of the circuit but more
images and discussion would have been welcome.
Sections of the design has been tested before

13.5



reuse in the next section but there is no proof of
operation of each sections as there are no
waveforms. 45%

SKILLS FOR PROFESSIONAL PRAC.

(

y“ The report is poorly presented with some good 4 5
diagrams and illustrations. A small bibliography and "
reference section is included. 45%
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