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Abstract

The purpose of this report is to outline the design of a Braun parallel 8 x 8 bit multiplier using
VHDL. The report provides a brief background on array multipliers and tree based multipliers.
An overview is also given on VHDL. The final design is implemented using Xilinx design suite.
With components such as half adders and full adders re used as well as lines 1 and lines x.
The final system is tested and operates accordingly multiplying a maximum of 255 x 255 with
all tested scenarios providing correct results. Future work would be to design a tree based
system and compare the operation with the gained results.
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1. Introduction

The purpose of this report is to outline the design of an 8 bit x 8 bit parallel Braun multiplier
using VHDL. Sections included in this report are background information, design procedure and
implementation. The background information section presents an overview of relevant
literature to the design. Design procedure section outlines the design process undertaken.
Implementation presents the final VHDL and testing methods undertaken. All results and

findings are concluded at the end of the report.

2. Background Information

Multiplication is a fundamental arithmetic process which is used extensively by various digital
systems. It is used widely in Digital Signal Processing (DSP), communication networks,
multimedia and any computing device [1] [2]. There are a variety of implementation methods
which range from algorithms to hardware implementations. Common algorithms include
shift/add, Booths algorithm and bit serial multipliers. Although these algorithms are most
common and simple, algorithms such as multiple bit decoding and modified Booths algorithms
are used in high speed applications [3]. For this task a hardware implementation is required.
There are a variety of types of hardware implementation for multiplier circuits with tree based
systems and array based systems. Common types are discussed within this section including an

introduction on VHDL.

2.1. Wallace Tree Multiplier

The Wallace Tree multiplier is a hardware implemented multiplier introduced by Chris Wallace
(1964) and can multiply two integer values [4]. It uses a tree structure which reduces the
additions on the critical path to the result. The system functions using three main stages which
follow as multiplication, reduction and finally grouping. Multiplication stage of the system
multiplies each bit in the first input term with each individual bit in the second input term.
Once this has been completed it then reduces the number of partial products to two. This is
done by using layers of full and half adders. These reduced products are then grouped into two

forms and are added together using an adder (figure 1).
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Figure 1: Wallace Tree Multiplier Stages Layout [5]

The Wallace tree multiplier has many benefits. The main advantage of this multiplieris it has a
very small delay time compared with other multipliers [1]. This makes computational time
optimal for faster systems [6]. Additionally the system can reduce the amount of summation
logic levels. Although the system is overall regarded as efficient it does however require a large
amount of wiring which can lead to wasted and increased chip area [1]. Reduction methods

are used to reduce this and to increase efficiency and reduce power consumption [7].

2.2. Braun Multiplier

A Braun multiplier also known as a carry save array multiplier is a parallel multiplier hardware
implementation [8]. The system is structured using an array of AND gates and adders in an
iterative fashion. In a (n x n) bit multiplier the AND gates are structured by n? with n-1 adders
and n-1 rows of carry and save adders [8]. The system operates from this structure by
generating each product with the related AND gates. The adders then add the previously
produced partial products [9]. A carry is then used which is shifted by one bit where a Ripple

carry adder is used for the final stages (figure 2).
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Figure 2: Braun Multiplier Structure {10]

The Braun multiplier is a commonly used system in a variety of applications due to its simple
structure and effective performance. Thakur and Ashraf believe that the system has high
performance with high speed and reduced area for operands which are less than 16 bit [8].
One of the main drawbacks to this multiplier is it is susceptible to glitches due to the ripple
carry adder in the final stages [11] [8]. The systems delay is also another drawback as it is
dependent on the delay of the full adder and final adder rows [11]. This is the type of

multiplier which is adopted for the final design.

2.3. VHDL

VHDL stands for Very High Speed Integrated Circuit Hardware Description Language. Itis a
programming language which is used to describe hardware from abstract to concrete level
[12]. Itis used by designers to design complex logic circuits using basic components. This is
done by the ability to re-use/re-map components allowing highly complex circuits to be
developed from basic smaller circuits. A completed model is then synthesised and a simulation

program is then used to test the models using simulation models based upon logic circuits [13].

In a system there are generally three different models and domain levels to a system (figure 3).

These are as follows:

e Functional: Concentrates on operations which are performed by a system. This is the
most abstract domain as it does not present any structural or implementation

description on how the function is implemented in a model [14].




e Structural: This domain is concerned with the overall structure of a model and how

each sub system connects.

e Geometric: This domain covers the physical properties such as system space and

layout.
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Figure 3: Modelling Domains and Levels in VHDL [14]

There are three main methods to model using VHDL these are dataflow, behavioural and

structural. These are discussed in more detail in the following sub-sections.

2.3.1. Dataflow

Uses statements which show the actual flow of data through the system. It defines outputs as
a function of inputs. This is similar to entering Boolean equations for modelling. Uses entity
declaration to describe the inputs and outputs of the system. Uses a range of concurrent

statements and sequential statements to function [15].

2.3.2. Behavioural
Behavioural model describes the main algorithm performed by the system. It uses process
statements which contain sequential statements such as signal assignment. It uses a main

architecture body which describes the implementation of an entity [16].




2.3.3. Structural
Structural modelling implements the system and model as a composition of sub-systems. It
uses component instances, signal declarations and port maps to overview the layout and

structure of a model.

2.4, Adders

An adder is a circuit which performs addition of binary numbers. In computer systems adders
are commonly used for address calculations and counters etc [17]. The Braun multiplier which
is the multiplier adopted in the design is made up of half adders and full adders. The operation

of both adders is discussed in the following.

2.4.1. Half Adder

A half adder is used to add two binary digits together and has two outputs. The two inputs are

two digits and the outputs are a sum output and a carry output [18]. The carry output from the
half adder is used as an overflow which comes as standard in decimal addition and is apparent

also in binary addition. An example of binary addition is as follows:

0+0=00
1+0=01
1+1=10

As shown this follows the same overflow representation as decimal addition. This can be

represented in a truth table (table 1).

Table 1: Half Adder Truth Table

Inputs Outputs
A B Carry Sum
0 0 0 0
0 1 0 1
1 0] 0 1
1 1 1 0

10




As shown in the truth table above the output carry is only high when both inputs (A and B) are
high. This can be represented by an ‘AND’ gate as shown by comparing an ‘AND’ gate truth
table with the output (table 2).

Table 2: 'AND' Gate Truth Table

Inputs Output
A B Q
0 0 0
0 1 0
il 0 0
1 1 1

The final sum output is only high when either input is high. This can be represented with an

‘XOR’ gate as shown from the truth table for an “XOR’ gate (table 3).

Table 3: 'XOR' Truth Table

Inputs Output
A B Q
0 0 0
0 1 1
1 0 1
1 1 0

Shown below is the half adder logic circuit which uses one ‘AND’ gate and one ‘XOR’ gate

(figure 4).

A
B >

sum

\ 5/

CARRY

Figure 4: Half Adder Logic Circuit




2.4.2. Full Adder

The main difference between the half adder and full adder is the half adder only has two

inputs, whereas the full adder requires three inputs. The outputs are the same with carry

output and a sum output. The additional input is a carry input. This carry input is connected to

the carry output of an adder (half or full). The truth table below represents a full adder (table

4).

Table 4: Full Adder Truth Table

Inputs

Outputs

B Carry In

Carry Out

Sum

0

0

1

o = O

| B = = O O O O &

| = o O k| = O] ©

k| k| ,r| o | o] ©

| o o »| O »| »| ©

From the truth table there is a similarity in logic patterns of that of the half adder. Carry output

is high when any two of the three inputs are high [19]. The sum output is an XOR’ between all

three inputs and is only set when one input is set. The only time this is untrue is when all

inputs and carry out is set which sets sum high. The logic circuit for a full adder derived from

this truth table is shown below (figure 5).

AD———y
5>

CARRY IN [>

Sie e

Figure 5: Full Adder Logic Circuit
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3. Design

The following section presents all designed lines for the final 8 bit by 8 bit Braun multiplier.

3.1. Design Requirements Overview
To design, simulate and synthesise an 8 bit x 8 bit Braun parallel multiplier in VHDL by using

Xilinx design software.

3.2. 8 Bit x 8 Bit Structure

Shown below is an overview of the structure of the proposed 8 bit x 8 bit system (figure 6).

Line 2 {Line X1)

—{ Line 2 {Line X2) |

Line & (Line X3)

Ling 5 (Line X4)

Ling 6 (Line X5)

Lina 7 (Ling XE)

Line 8 (Line X7)

aTwais ] a3 a4 03 a2 o ap

Figure 6: Basic 8x8 Multiplier Flowchart
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A more detailed view of the system architecture is shown (figure 7).

Figure 7: Detailed Flowchart
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3.2.1. Linel
Line 1 is the initial line of the system (figure 8). It uses AND gates in which each input bit (AO to
A8) is connected to an AND gate where the first bit of the other input is connected (B0). The

outputs are labelled as QO (initial output) and R1 to R7 (intermediate signals).

AT AB A5 Ad A3 A2 Al Al

BO

R7 RE RS R4 R3 R2 R1 Qo

Figure 8: Line 1 Logic Design

3.2.2. Line X

Line X for the system is where adders and half adders are introduced (figure 9). The design for
both adders follows the logic circuits (figures 4 and 5) in the relevant background research
section. Line X in the system is repeated for line 2 to line 7. The half adder is introduced on the
first input (AQ) and the first intermediate signal (R1). The half adder provides a carry output
which is the carry input to the adder which is a full adder. There are then seven full adders
which have inputs (Al to A7) and intermediate signals (R2 to R8). All full adders then
subsequently use the carry output to provide a carry input to the next adder. The final carry

output provides one of the input signals to the next line (R1_1 to R1_8).

15




Figure 9: Line X Logic Design

3.2.3. Multiply
The final line in the system uses the same structure and map as Line X. However, the system

releases remaining output bits (Q7 to Q15).

16




4. Implementation

The final system design was implemented using Xilinx ISE Design Suite. The design was broken

down into individual components as described in the design section. These included half

adder, full adder, Line 1, Line X and Line Multiply. All components were reused in the final

multiply line where component re mapping was used. Test benches were designed for each

component to insure correct operation.

4.1. Half Adder

The first component designed was a half adder. This is vital to the system and is required to be

used in Line X. The following shows screenshots of the implemented VHDL model for the half

adder (figure 10).

use IE

19 entity h adder is

20 Pore ( A : in
21 B : in 35
22 Sum : out 3

23 carry : out
24 end h_adder;

26 architecture Behavioral

28 Dbegin

29

30 Sum <= A xor B: is assigned A '"XOR' with B
31 Carry <= A and B: --Carry is assigned A 'RAND' B

32

33

34

35 end Behavioral; --End Behavioral Model

Figure 10: Half Adder VHDL Model

Firstly A and B are assigned as inputs with Sum and Carry assigned as outputs. Within the

behavioural model Sum is assigned the result of A ‘XOR’ with B and Carry is assigned the result

of A ‘AND’ B.

17




4.1.1. Schematic View

Shown below is the schematic view of the half adder (figure 11).

Figure 11: Half Adder Schematic View

4.1.2. Test Bench
Shown below is the designed test bench for simulating the half adder model (figures 12 and

13).

54 .ALL;

W WL Www R
WP S e

[Ty

w
o

38 ARCHITECTURE behavior OF

Figure 12: Half Adder Test Bench (Component Declaration)
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B4 wait for 20 ns:

8 B <= not B; Afver 20ns invert the value

W m o
O wm -

Figure 13: Half Adder Test Bench (Clack Process Delay)

The test bench is performed using the half adder VHDL file in which the port is mapped to
related signals for testing. Each input (A and B) is flipped after a designated Nano second

delay.

4.1.3. Simulation Results

Shown below are the simulation results from the Half Adder (figures 14,15 and 16).

Figure 14: Half Adder Simulation Results 1

Figure 15: Half Adder Simulation Results 2
19




Figure 16: Half Adder Simulation Results 3

The results show that when either A or B are high, the output Sum will result to being high and
Carry will result in being low (figure 14 to 15). When both A and B are high then Sum is set to
low, whereas Carry results in being high (figure 16). These results are as expected and agree

with the previously discussed truth table for the half adder (please see table 1).

4.2. Full Adder
The second component designed which is required on line X is the full adder. The VHDL model

for the full adder is shown below (figure 17).

29 Sum <= A xor B xor Cin; Sum is as
30 Carry <= (A and B) or ((A xor B) and Cin); Carry is

23 end Behavioral:

Figure 17: Full Adder VHDL Model

A, B and Cin are assigned as inputs to the adder. Sum and Carry are assigned as outputs. The
behaviour of the system is modelled with Sum assigned the result of A “XOR’ with B ‘XOR’ with
Carry in. Carry (output) is assigned A ‘AND’ B with the result ‘OR" with A ‘XOR’ with B, both

‘ANDED’ with Carry in.
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4.2.1. Schematic View

Shown below is a schematic view of the full adder VHDL model (figure 18).

Figure 18: Full Adder Schematic View

4.2.2. Test Bench

The designed test bench for the full adder is shown below (figures 19 and 20).

Figure 19: Full Adder Test Bench {Component Declaration)
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a3 B <= not B: Invert the value of B (Flip B)

a5 end prosess; End process E

as stim procCin: process Stimulus process for input Cin

93 Cin <= not Cin: Invert the value of Cin

as end prosess: End procesas for Cin

Figure 20: Full Adder Test Bench (Clock Pracess Delays)

The test bench uses the component map from the full adder VHDL model. All input signals are
assigned initial values of 0. The same delay process is used compared to the half adder test
bench. However, this time three inputs are required due to the carry input of the full adder.

The time delay for each is doubled to ensure no clashing is caused.

4.2.3. Simulation Results

Shown below are the simulation results from the full adder model (figures 21 to 25).

Figure 21: Full Adder Simulation Results 1
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Figure 22: Full Adder Simulation Results 2
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Figure 23: Full Adder Simulation Results 3
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Figure 24: Full Adder Simulation Results 4

1

T cany

Figure 25: Full Adder Simulation Results 5

The results from the simulation are as expected. It follows the full adder truth table derived in
table 4. When there are two inputs set then carry is set to 1. If just one input is set then sum is

set to 1. When all inputs are set both ‘Carry’ and ‘Sum’ are set high which is as expected.
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4.3. Line 1

The next stage was to design the first line of the multiplier. Shown below is the VHDL model

for Line 1 (figure 26).

Company:
Engineer:

Create Date:
Design Mame:

[ . T TSR AR S
1
1

UWISD
Adam Davies

12:50:14 03/15/201¢
Linel 8x8

—— Module Name: Linel 8x8 - Behavioral
-- Project Mams: a8xg
g s R e . — - =
10
11 GIC_1164.ALL;
12
13 entity Linel 8x8 is ==5etting entity Line 1 inputs and ocutputs
14 Pore (A 0 : in L& —-5et A bit 0 as ]
15 A1l : in O ==-5et A bit 1 as 1
16 A2 :in LO --5et A bit 2 as c
137 A_3 i in LK ==-3Jet A bit 3 as= 11
18 A4z in Lo —--3et A bit ¢ as
19 A_S i in O ==5et A bit 5 as=
20 A 6 : in e ——5Set A bit 6 as
21 R_'T : in O =-=-3et A bitv 7 as inpuc
22 B : dn B as standard logic input
23 Q0 : @ bit 0 as output
24 Q1: Q@ bit 1 as output
25 Q2: Q bit 2 as= output
26 Q3 = Q@ bit 3 as output
27 Q.4 Q bit ¢ as output
28 Q5 = Q bit 5 as output
29 Q6 : Q bit & as output
30 Q7 : Q bit 7 as output
31 end Linel 8x8;
a2
33 architecture Behavioral of Linel Bx8 is --Start Behavioral Model assignment
34
35 begin
36
37 Q_Q <= A_D and B: assigned the result of A bit 0 ANDad w B
38 Q1«41 and B; assigned the result of A bit 1 ANDed wi B
ag Q2 <= A 2 and B; assigned the result of A bit 2 ANDed w B
40 Q3 <= A 3 and B; assigned the result of A bit 3 ANDed wi B
41 Q4 <= A 4 and B; assigned the resulc of A bic 4 ANDed w B
42 Q5 «<=A S5 and B; assigned the result of A bit 5 ANDed wi B
43 Q6 <= A 6 and B; assigned the result of A bit 6 ANDed w B
14 Q7 <«=27 and B; assigned the result of A bit 7 ANDed B
45
46 end Behavioral; ——End

Figure 26: Line 1 VHDL Model

The first line requires the eight initial input bits which are set as ‘A_0’ to ‘A_7'. These inputs

are ‘ANDED’ with the initial bit of the other input which is set as ‘B’. The eight output bits from

the ‘AND’ gates are defined as ‘Q_0"to Q_7’.
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4.3.1. Schematic View

Below presents the schematic view for Line 1 (figure 27).

Figure 27: Line 1 Schematic View
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4.3.2. Test Bench

Below shows the designed test bench for Line 1 (figures 28 to 31).

26 ARCHITECTURE behavior OF Linel 8x8 tb IS

27

28 == Component Declaration for the Unit Under
28

30 COMPONENT Linel Bx8 --Component
31 BORT (

32 A O : IN std logic: A bit
33 A_1 - IN std logic: A bit
34 A2 : IN =td logic: A bit
3s 33 :IN ¥ A bit
36 A 4 : IN A bit
37 A S5 : IN A bit
38 A6 : IN A bit
39 A_7 : IN std_logic: A bit
40 B : IN scd logic: B as
41 Q0 : OUT std logic: Q bit
4z Q_1 : OUT std logics Q bit
43 Q 2 : OUT std logic: Q bit
44 Q 3 : OUT =cd_logics Q bit
45 Q_4 : OUT s=td_logic; Q bic
46 Q5 : OUT std log Q bit
47 Q_6 : OUT =td logics --Set @ bit
48 Q7 : QU s=td logic --5=t Q bic
49 1

50 END COMPONENT;

51

52 —-Signal Declartion and assignment

53 --Inputs

54 signal A O std logie := "0Q'; ==8st A
55 signal A 1 std_logic g ==Set A
56 aignal A 2 Qs --5=t A
57 signal A_3 g ——Set A
5e signal A 4 = WG --Set A
59 signal A 5 "' -=-5et A
&0 signal A_6 g ——Set A
61 signal A 7 "r; -=3et A
2 signal B : 1= 104 --Set B
63

64 =-=Qutputs

(1] signal Q O : -=Sat
66 signal Q 1 : --Set Q
67 signal Q 2 ! -=S5et @
68 signal Q 3 : --5et Q
&9 signal Q_4 : --Set Q
70 signal Q 5 --5et Q
71 signal Q_6 : --Set Q
T2 signal Q 7 --5et Q

Test (UUT)
Input Output declartion

0 as input
1 as input

2 as input

3 as input

4 as input

5 as inputc

& as input

7 as input

a standard logic input
as output

as output

as output

as output

as gutput

as output

as output

as gutput

DA WP O

bitc
bit
bit
bit
bit

to indeially
to initially
to injtially
initially
to indtially
bit to initially
bit to initially
bit 7 to initially
to initially 0

T T )

o

o
O0O0O0CO0OO0O0

bit 0 as sctandard leogiec
bit 1 as standard logic
bit 2 as standard logic
bit 3 as standard logic
bit 4 as standard logic
bit 5 as standard logic
bit 6 as standard logic
bit 7 as standard logic

Figure 28: Line 1 Test Bench (Component Declaration)
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118
119
120
121
122
123
124
115
126
127
128
izg
130
131
132
133
134
138
136
137
is8
135
140
141
i%2
123
144
145
146
147
118
139
150
151
152
is3
154
135

BEGIN

== Instantiate the Unit
uut: Linel 8x8 PCRT MAP
=> A0,
- A1,

A0

DO 000000 W R E e

b
== Stimulus process
stim proch 0: process
begin
—— hold resst state
wait for 10 ns;

A 0 <= not A 0:
end process:
stim proch l: process
begin

—- hold reset stal
wait for 20 ns;

e

Al <= not A 1:

end process;

Figure

STim_Proch 2@ process
bBegan

reset state for
wait for 40 ns;

A 2 «= not A _2:
end process:
stim proch 3: process
begin

-- hold
wWait Ior

reset stace f
80 ns:

A_S <= not A_3:
end progess;
stim_proch_4: process
begin

-— hold resetc state for
wait for 160 ns:

A_& <= net

end procesa;

stim_prochA_S:
bagin
-— hold reset state fox
wairt for 320 ns;

process

A5 <= not A 5;

end procmas;

Under Test (UUT)

{ --5et Port map for Linel 8x8
——hssign A bit 0 as A 0
--BAasign A bic 1 as A 1
—--hasign A bic 2 as A 2
-=-Rasign A bit 3 as A 3

Abit 4 as A_4
Abic 5as A S
2 bic 6 as A 6
r A bic 7 as B 7

BE as B
Qbic 0 as Q0
——Rssign Q bic 1 as Q 1
——Rasign Q bic 2 as @ 2
--Rasign Q bit 3 as Q3
-=-hasign Q bit 4 as {_4
-=-hasi Q bit 5 as Q5
——hAssign Q bic 6 as Q_6
——RAazign Q bic 7T as Q 7

—--Begin stimuluz process foxr A_C

for 10 na.
—-after 1l0ns delay invert value of
--End process
--Begin stimulus pzocess foz A J
for 20 na.

--after 20ns delay invert val

29: Line 1 Test Bench (Processes 1)

--Begin sTimulus process for A 2
40 n=.
--after 40ns delay invert value of A 2

in stimulus process for A 3

80na delay invert value of A_3

--Begin stimulus process for J‘l_‘,

160 ns.

--afrer 160ns delay invert valus of A__i
--Begin stimulus p

320 as.

--after 320ns delay invert value of A §

Figure 30: Line Test Bench (Processes 2)
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179 begin

Figure 31: Line 1 Test Bench (Processes 3)

The test bench designed for the first line shows the port map, entity, signal declarations and
time processes used. The time process consists of a similar process used for the half and full

adders, where the time delay for inverting the value of each input is doubled.

4.3.3. Simulation Results

The simulation results for line 1 are shown below (figures 32 to 35).

Figure 32: Line 1 Simulation Results 1

Figure 33: Line 1 Simulation Results 2
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» B Input &

Figure 34: Line 1 Simulation Results 3

Name

[ B4 rput &

Bb

» B OuputQ

Figure 35: Line 1 Simulation Results 4

The simulation results are as expected meaning line 1 functions as intended. As discussed line
1is just each input ‘ANDED’ together. The results follow the truth table for an ‘AND’ gate.
When all input bits are 1 but input B is set to 0, then there is no Q output (figure 32). This is the
same when all A input bits are set low and B is set high, output Q is set low (figure 33). When a

bitin A is set to 1 and B is set to 1, the related output bit is set (figures 34 and 35).
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4.4, Line X
Line X is used as line 2 to line 8 of the multiplier. The VDHL model for this line is shown below

(figures 36 to 38).

20

21 GIC_11€4.ALL;

22

i3 following library declaraticon if using

24 ictions wich Signed or Unsigned values

25 HRMERIC_STD.ALL:

26

27 mment the following library declaracicn if Tanciating
EL] / ¥11inx primitives in chia code.

29 --library UMISIM;
30 =--use UNISIN.VCORponents.all:

31

32 entity Linex_Bed

33 Fozt ( A_D :

34 L

3s A2

36 K3

37 A4

38 i

39 At

40 A7

41 k]

42 ¥x_a

43 i

44 X 2

45 X3

a8 ¥_4

47 X_s

46 X6

49 ®_7

50 Qo 0
51 'R 1
52 o2 2
53 a3 3
52 a4 H
55 as 5
56 a6 G
57 Q7 7
58 [+ ] B

55  end Linex_Bx8;

Figure 36: Line X VDHL Model (Entity Declaration)

61 architecture Behavioral of Linex Bu8 is ~-Start Behavier Model assignement

&2

63 COMPONENT h_adder —-Call Half Adder component (h_adder)

(1] BORT{ --Half Adder Port Map

&5 —-Set A as input

&E =Set B am input

&7 -Set Sum ms output

58 --Sat Carry as output

&9

70 END COMPONENT;

1

T2 COMPONENT f adder —--Call Full Adder component (f_adder)

73 PORT { --Full adder port map

74 At

75 B :

76 cin G :

77 Sum s=d_logic; Sum as output

78 Carry : OUT s=td_logic —-5et Carry as output

T8 b

20 END COMPONENT:

21

2z --Bignel Declezation

23 --Adder input intermidate signals

24 mignal 3 1 —-hazign Signal AOB a2 indermidate signal standard logic
L amignal £ —-h==ign AlB as indermidate signal standard

26 =ignal : indermidate signal scandard

87 signal B indezmidate signsl standaxd

88 signal E indermidate signal scandard

89 signel B indszmidats signal stendaxd

|0 aignal H indermidate signal sctandard

B aigasl H induzmid, sdgnel stendezd

92 --Carry output signals

23 aignal ¢ atd_logic; indermidate signal standard logic
a4 signal : ¥ indermidate signal scandard logic
as signal -4 indermidate signal standard logic
L mignal z indermidaze signal scandard logic
a7 =ignal : indermidate signal scandard logic
a8 signel C_3 ¢ indezmidate signal stendard logic
95 aignal C_6 : indermidate signal standard logic

Figure 37: Line X VDHL Model (Component Re Use and Signal Declaration)
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£ 0 is sum cutput and C_0 ia Caarry out

fa2 1 f_adder

parc map ( A2B , X2, C1, 92, Q2 18 sum sur ana T AT
fa3 : £_adder
ezt maE ( AIB , X_F ., €3 Q% 3 our

fad : f_ndder
porc map ( 248 , X 4, C3, Q4,

fas : f_adder

pore mep ( RSB, X S5, C 4, Q5 , 5 e An .
fa6 : I_sddex
porc map (REB , X &, C8, Q 4, g = e ey oue

fa7 : f_adder
post map ( A7B , X 7

is sum out and Q 8 i

end Behavieral:

Figure 38: Line X Behavioural Model Begin

The designed model for line X uses inputs ‘A_Oto A_7’, ’X_0to X_7’" and B. The output is
defined as ‘Q_0 to Q_8’ an extra output for the carry out on the full adder. The model uses the
port maps of the previously designed half adder and full adder. For the initial input in these
adders seven signals are defined as ‘AOB to A7B’ which are the result of the A inputs "ANDED’
with input B. The carry out defined as ‘C_0 to C_g&". The first adder is a half adder were each
input and output is re mapped for the appropriate signals. The carry output is then the carry
input to the next full adders. All sum outputs are defined as the Q outputs with the final adders

carry output also mapped as output Q.
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4.4.1. Schematic View

Presented below is the schematic view for line X (figure 39).

Figure 39: Line X Schematic View
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4.4.2. Test Bench

The designed test bench for line X is shown below (figures 40 to 46).

28 LIBRARY ieee;
29 USE ieee.std logie_1164.ALL:

30

31 -- Uncomment cthe following library declaracion if using
32 - tic fu v Signed ox igned values
33 --USE ieee

34

35 ENTITY Linex B8x8_tb IS
36 END Linex BxE_tb:

a7

38 ARCHITECTURE behavior OF Linex 8x8 tb IS

39

<0 -- Component Declaration for the Unit Under Test (UUT)
41

42 COMFONENT Linex 8x8 Map for Line X (linex Bx&)
43 FORT ( Input Cucput
44 AD: IN A bit D as an
45 Al IN A bit 1 as an
46 A2 bt A bit 2 as an
47 A3 t A bit 3 as an
48 A % A bit 4 as an
49 A A bit 5 as an
50 A8 A bit €

51 AT A bic 7

52 B E as an

53 X0 X bit 0O

54 s X bit 1

55 Xz: X bic 2

56 is: X bit 3

57 X & = X bit 4

58 xs: X bic S

59 X6 X bit €

60 x7 X bit 7

61 Q0 Q 0

62 Q1: Q 1

63 Q2 Q 2

&4 Q3 e 5

65 Q4 Q 4

66 05 : oOT Q 5

a7 Q6 : OUT Q €

68 Q7 OUT Q 7

& QB : OUT Q bit &

70 bz

71 END COMPONENT ;

Figure 40: Line X Test Bench (Component Declaration)
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T3
T4
75
76
i
78
79
80
81
82
83
84
85
86
&7
88

20
21
892
93
94
25
96
a7
a8
29
100
101
102

104
105
106
107
108
108
110
111
112
113
114
11S
116
117
118
115
120
121
122
123
134
125
126
127
128
129
130
1351
132
133
134

--5igmal D
—Inputs

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

b
N b WO e ] W R W RO

“|“|“|“\NI*|*|“ UIHIVIVIPIFIP‘

-=-0utputs
signal
signal
signal
signal
signal
signal
gignal
signal
signal

NR o

LT

~

|f:ﬂ°f°|"f>f°f°f°|‘

BEGIN

eclartion

: std logic = =
: std logic -=Ser
i =#td_logic ——Set
i std_logic —-—3et
: g#td_logic : ——Set
: std_logic : ——Set
t std logie : ——Seac
¢ std logic := 'D': --Set
std_logic = 'Q'; --5et
i std_logic i= 'D'; —=Set
: std_logic ‘o' —Set
: std_logic b =—Set
: =td logic o' ==5Ser
i std logic i= 'D'; --Set
i otd_logic = '0'; —-Set
: std_logic 'o'; —Set

std logic := 'D'; ==SeE
i std_logics -=Set
: std_logic: —Sec
: std_logics ==Zet
: astd logic: -—Set
: std logic: =-=5ec
i std logics ——Sec
i std_logicy —Bet

std_logic: ——Set

std logic; —Sec

Figure 41: Line X Test Bench (Signal Declaration)

LR

o

b
B WM D s U e WD

E TR

000000000

Ead le Ed

~ o

|l ol gt st
- I T R

(=]

inicially
initially
initially
tially
tially
initially
initially
initially

o
[}
(==l ==

o
o
(== =]

nicially to 0

initially
initially
initially
initially
tially
tially
initially
initially

output as
cutput as
output as
output as
output as
cutput as
CULpUt as
output as
output as

-= Instantiace the Unit Under Test (UUT)

uut: Linex 8x8 PORT MAP (

I3
o
[=JN=Ju =l == iy=ie]

standard
standard
standard
acandard
atandard
standard
standazrd
standard
standard

AO=>20, --Assign A 0 as A 0
Al=>21, --Assign A 1 as A 1
A2 =>22, --Assign A 2 as A 2
A 3 =>2A 3, --Assign A 3 as A 3
A4 =>A 4, --hAssign A 4 as A 4
A S =>325, --Rssign A 5 as A 5
A 6 => A6, --Agssgign A_6 as A_6
A7=>AAT, --Assgign A_7 as A_7
B =>» B, --Assign B as B

X0=>3x0, —-Assign X 0 as X 0
X1=»>2x1, --Assign X_1 as X_1
K2 =>X2 --Rssign X_2 as X_2
X3=>X3, —-Assign X_3 as X_3
Kea=>X4, ——-Assign X_4 as X_1%
X5=>X5, --Assign X 5 as X 5
X 6=>X6§, --Assign X € as X 6
X7=>X71, —-Assign ¥_7 as X_7
Qo=>90, —-Assign Q 0 as Q_0
Q_J. = Q_l, —--A=z3ign Q_l as Q_l
Q2 =>0q_2, --Rhssign Q 2 as Q 2
Q3=>0Q3, —-Assign Q 3 as Q 3
Q4am=x04, --Assign Q 4 as Q 4
Q5=>Q5, --Assign Q 5 as Q 5
Q6 =>Q 6, --Assign Q € as Q 6
@Q7T=>Q7, --Assign Q 7 as Q 7
gQea=>Q8 --Assign Q € as Q 8§

Figure 42: Line X Test Bench (Port Map Signal Assignment)
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logic
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136
137
138
139
140
141
142
143
144
145
146
147
148
148
150
151
152
153
154
155
156
157
i58
159
160
161
162
163
164
165
166
167
168
169
170
tlas
172
173
174

—- Stimulus process
stim _procA_0: process
bagin
—-- hold reset state
wait for 10 ns;

for

A 0 <= not A 0;

and procass:

atim proch 1: proceas
begin
-- hold reset state
wait for 20 na:

for

A1 <= not Al;

end process;

stim procRh 2: process
begin
-- hold reset state
wait for 40 ns:

for

A_2 <= not A_2:

end process;

stim prock_3: process
begin
-- hold reset acate
wait foxr 80 na;

for

A 3 <= not A 3;

end process;

--Begin stimulus process f

10 ns.

--after 10ns delay invert value of A 0

-=End procass

--Begin stimulus procesa for A 1

20 ns.

——after 20ns delay invert value of A 1
=-=Begin us process f

40 ns.

--after 40ns delay invert value of A_2
--Begin stimulus process for A_3

80 n>a.

--after 80ns delay invert value of A& 3

Figure 43: Line X Test Bench (Stimulus Process 1)

scim proch_4: process
begi

- hold resetc scate for 160 na
wait for 160 ns;
A 4 <= not A_4; --after 160ns delay invertc value of A 4
end proceas:
scim procA S: procass --Begin stimnlus process for A 5
begin
== hold reset state for 320 ns.
wait for 320 na:
A 5 <= not A 5; =-after 320ns delay invert value of A 5
end process;
Stim procA 63 process --Begin stimulus process for A 6
begin
—— hold reset state for 640 ns.
wait for 640 nas; --after €40ns delay invert value of A 6
A_6 <= not h_6:
end proceas;
scim proch T: process --Begin stimulus proceas for A 7
begin
== hold resac stats for 1280 ns.
wait for 1280 ns;
A 7 <= net A T; --after 1280ns delay invert value of A 7

end process;

atimulus process for A 4

Figure 44: Line X Test Bench (Stimulus Process 2)
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222
223
224
225
228
227
228
229
230
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
258
237
258
258
260
261
262
263
26%
2ES

267
288
262
270
271
272
273
2749
275
276
277
278
279
280
281
282
283
284
28s
286
287
288
288
280
291
282
283
284
288
296
297
298
298
300
301
202
202

305
30€

X 0 ¢= not
end process;
stim _procX_1:

Bagan

processa

hold resec acate

wait for 5120 ns

X_1 <= not X 1:
end proceas;

stim procX_2:
begin

process

hold resest scate
wait for 10240 ns;

X 2 <= mov X_2:

end process;

for

delay inver

T

stimulus process f

5120 ns.

—-after S120ns delay invert value of X 1

stimulus process for

—-after

stim prock 3: process ==-Begin stimulus process for X 3
begin

-- hold reset state for 1280 ns.

wait for 20480 ns:

X_3 <= mot X_3; --after 1280ns delay invezt v
end process;
scim procX 4: process --Begin stimulus process
begin

-- hold resec acate for 1280 ns.

weat fox 20860 ns;

X_4 <= not X_4; --after 1280na delay invert value of X_4

end proceasa;

Figure 45: Line X Test Bench (Stimulus Process 3)

stim procX_S: process
begin

hold reset st
wait for 81920 ns:

X & €= net X &

=nd process;

stim prock_€: process
Begin

-- hold
wait feox

zesev state
163840 nes:

K_6 <= not X_&;
end process;
scim procX_7: procesa
begin

-- hold reset state

wait for 327680 na;

X 7 <= not X_7;

stim procB: process
begin

hold reset state
wait for 655360 ns;

B <= not B:
end procesa;

END;

--Begin

for 1280 ns.
- invert value of X |
—-Begin process for X 6

for 1280 ns.
—-alter 1 delay invert value of X_
--Begin = mulus proceas for X_7

for 1280 ns.

-—after 1280ns delay invert value of X _

proceas for B

for 1

==after 1280nw delay invert value of B

Figure 46: Line X Test Bench (Stimulus Process 4)
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The designed test bench for line X follows the same process as previously designed test
benches. It presents the component maps used as well as signal declarations. Stimulus
processes are made for inputs ‘A_0to A_7’, 'X_0 to X_7’ and B. The time delay is doubled each

time as with previous test benches were each value is inverted.

4.4.3. Simulation Results
Presented below are the results from the simulation (figure 47 to 49).

Figure 48: Line X Simulation Results 2

Value

B B input & 43

Figure 49: Line X Simulation Results 3

The results are as expected. The simulation shows that when input B is low the output Q is
subject to the value of input X (figures 47 and 48). When B is set to 1 then the sum output is
equal to the value of A + X (figure 49). So as shown:

Q=43+10=53
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4.5. 8 bit x 8 bit Multiplier

The final stage was to implement and remap line 1, and remap and re use line X. The VDHL

model implemented is shown below (figures 50 to 55).

G

D_LOGIC_ 11
encity Multi_8x8
Fort [ A0 :
Al :

[P

el e et
[=T= I T Y

-

Imlw‘w
(TS ]

w

w
@

@
a

DDIOIDPIDIDID hedidd
[ R e ]

end Multi 8x3;

Figure 50

€4.ALL;

o

[
L Lty r i T.EE Tt
L A R B N R

Wwww W

w

w
A

Ls]
o

--5et
--Set
--Set
--5et
--Sec
-=-Set
--Set Q
--Set Q 10
--Sec @ 11
==5Set ¢ 12
--Set @ 13
--Set Q_14

| o
R N R T N

w0

W0 K3 0 0 00 0 0 0|

To
To
To

ta

oo ool oet

o

==Input Cutput for entinty Multi_Bx8

cutpat
cuctput

output

gutput
cutput
cutput
cutput
cutput

D000

--S5et Q 15 to output

: Line Multiply VHDL Model (Entity Declaration)

architecturs Behavicral of Multi_ £xE8 is

COMPONENT Linel Sxd

PORT (

Olplo\o\ﬂlololg WIF‘IPIF‘FIP IF I’I"
R WA D el U RO
-

Z

1
END COMPONENT:

--Usge component

std_logic; --S5et A 0
--5et A_1
--5et A _2
--Set A_3
--Set A 4
--Set A5
--Set A6
--Set A 7
--Sat B ©
--Set Q 0
--Ser @ 1
--Set Q_2
--Set Q 3
--Set Q 4
——S5et @ &
--Set Q €
——S=t Q 7

--Component Map

"Linel ExE" port map

input
input
input
input
input
inpuc
inpuc
inpuc
npue
sutput
sutput
output
output
sutput
sutput
sutput
sutput

o oo oo oo of of

o

o
=]
=]
o
=]
o
o
=]
1
o
=]
o
o
o
-]
o
o

End

Figure 51: Line Multiply VHDL Model (Line 1 Re Use)
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6 COMPONENT Linex_8x8 --Use component "Line_8x8" port map
17 PORT (

T8 A O : IN std_logic; —Set A_0 tc input
79 A1 : IN std logic; —Set A 0 to input
80 A2 : IN std logies —-Set A 0 to input
81 A3 :IN --Set A 0 to input
82 A 4 : IN ==Set A_0 to input
83 AS : IN ——Set A_0 tc input
84 b6 : IN —>Set A_D to input
85 AT : IN -—Set A 0 te input
86 B : IN --Set B to input
87 X0 : 1IN --Set X 0 tc input
88 X3 @ IN --Set X 1 tc input
83 2 IN -—Set X_2 tc input
20 ¥ 3 : IN —Set X_3 to input
91 X 4 : IN —>5et X_4 to input
92 X5 :IN ——S5Set X 5 teo input
93 ¥E:IN --Set X 6 to input
94 X7:IN --Set X 7 to input
85 Q_0 = oUT ==Set Q 0 to output
26 R_1: our —-Set Q_1 tc ocutput
a7 Q2 : ouT --Set Q_2 teo output
98 9 3 : OUT std logicr —3et Q_3 to output
99 Q 4 : OUT std logics —--Set Q 4 to output
100 Q5 : OUT std logics ——Set Q@ 5 to output
101 @ 6 : OUT std logic; --Sec @ 6 TC output
102 R_7 3 OUT =td_legics ——Set Q_7 tc ocutput
103 Q8 : OUT =td_lagic ——Set Q 8 to output
104 )z
105 END COMPOMEMT: -- Component Map End

Figure 52: Line Multiply VHDL Model (Component Map)
107 --Signal Declararien
108 signal signal as standard logic
109 signal 2ignal as standard logic
110 signal aignal aa scandard legic
111 2ignal T 2ignal as acandard logic
i1z aignal signal a2 svandexd logic
113 signal signal as standard legic
114 signal signal as scandard logic
115
116 signal aignal as scandard logic
117 signal signal as standaxd logic
118 signal signal as standard logic
119 signal signal as standard logic
120 signal signal as scandard logic
121 signal 2ignal as standaxd logic
122 zignal signal as standard logic
123 signal aignal as standard logic
124
125 signal aignal as scandard logic
126 signal 2ignal as standaxd logic
127 signal signal s standexd logic
128 signal signal as standard logic
129 signal signal as standard logic
13p signal aignal as scandard legic
131 signal 2ignal as standard logic
132 signal signal as standard logaic
133
134 signal signal as standard logic
135 signal signal as scandard logic
136 gignal 2ignal as standaxd logic
137 signal signal as standard legic
138 signal aignal as acandard logic
139 signal signal as standard legic
140 asignal aignal as atandard logic
141 signal 2ignal as standaxd logic
142
143 signal aignal as actandara logic
144 signal signal as standard legic
145 signal aignal as scandard legic
146 signal aignal as scandard legic
147 signal signal as standazd logac
148 signal signal as scandard logic
149 signal signal as standard logic
150 signal 2ignal a= =candard leogic
151

Figure 53: Line Multiply VHDL Model (Signal Declaration)
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152 signal R6_1 = as
153 signel RE_2 : as
154 signal R6 3 : am
155 aignal R6_4 = a3
156 aignal RE6_S : as
1587 signal R6_6 = as
158 signal R6_7 3 as
159 aignal RE 8 : as s
160

161 signal R7T 1 : as
162 signal R7 2 = as=
163 signal R7_3 = aa
164 signal R7_4 ¢ a3 3
165 signal R7_5 = as
168 signal R7_6 : as
167 signal RT-T = as s
168 signal R7 8 : as 3

Figure 54: Line Multiply VHDL Model (Signal Declaration Cont.)

179
180

e

182

183 iz
284

185

86

187

8 1, RAZ, RI_3, RA_%, Ri S, RI_6, KT, Ri 8 ))
s e sdder;

190

9L

132

153 3, RE 4, ML S B8 & Re Y, ML M)
a4

133

136

17

T » RE_4, RE_5, R6_6, RE_T, RE D )5
159

200

2oL

202

a0y BT 4, BI_S, BI_6, WT_T, RT_H )1:
201

208

206

a0

208 % @Ak, Q33 @33 QA QI b
ace ;

210

an

21z

223 end Behavicrals

Figure 55: Line Multiply VHDL Model {Behavioural Modef)

The final designed model uses all previously built components. Line 1 is used on the first line of
the multiplier and is re mapped to the relevant inputs and declared outputs. Signals ‘R1_1 to
R1_7 are defined as intermediate signals and the output of the ‘AND’ gates on the first line.
Line 2 to line 8 all use line X and re map the component to related inputs and outputs. ‘A_0 to
A_7" are inputs which are ‘ANDED’ with B_1.....7. The other input is from the previous lines
using related defined ‘R’ signals. Each line releases on main output defined as Q. On the final

line all remaining Q outputs are released completing the multiplier.
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4.5.1. Schematic View
Shown below is the schematic view of the model (figure 56).

Figure 56: Line Multiply Schematic View
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4.5.2. Test Bench

Presented below is the final designed test bench for Line multiply (figures 57 to 63).

25 ARCHITECTURE behavior OF Assigmment Multi 8x8 th IS

26

27 == Compon! Declaracion for the Unit Under Tesc (OUT)

28

29 COMPONENT Multi 8x8 --Compeor Hap for Mulic Bx&

30 PORT (

31 A0 IN set as input

32 Al : TH s=t a= input

33 A2 : 1IN st as input

34 A3 : ¥ set ag input

35 A4 : IN ==t a= input

36 AS: IN set as input

37 AG: IN set az input

38 AT : IH set a= input

38 B O: IN set as input

40 BE1l: IN set as input

41 B2: 1IN seT as input

42 BE3: IN s=t as input

43 B4 : I set as input

44 BS5: 1IN set a3 input

45 BS6: IN set a= input

46 ET: IN set a= input

47 Q0 : oUT sat as cucput

48 Q1 0UT 3eT ag cutput

49 Q.2 : 00T zet a= cutput

50 Q3 0UT set as cutput

51 Q4 : OUT s=t a= cutput

52 Q5 : OUT 38T as cucput

53 Qe oUT 28t as cutput

54 Q7 : 00T sst as cutput

55 Q8 : OUT set as output

56 Q9 OUT Fet as cutput

57 Q10 : ouT is set as output

58 Q 11 : OUT is sst as outpuc

58 Q 12 : oUT is set as output

60 Q13 : our is sst as outpuc

61 Q 18 : OUT is =et as output

62 Q15 : OUT --Q_15 is =etc as outpus

&3 :

&4 END COMPONENT:

Figure 57: Line Mulitiply Test Bench {Component Declaration)

&7 —-Inputs

62 aignal A 0 'ory is sec to O
(3] signal A_1 : '0r; is set to O
70 signal A 2 ; ‘0t is set to 0
71 aignal A:.! g 'ore is asec o O
T2 signal A_4 : '0r; s initially set to O
73 signal A S 0 iz inivially set to O
Ta aignal A:s = L N is initially sec to O
75 aignal A 7 : o i= initially set to O
T6 aignal B 0 : o' iz iritially sec to @
77 signel B 1 ¢ ety set to O
78 aignal B 2 : LY L =et to 0
78 signal B_3 : gic vor; sec to O
B0 signel 3_4 : ae "oy set to 0
Bl aignal B § : gic LY L set to 0
B2 signal B_6 : gic tar; sec to O
BS signel 3 7 : gae "oy set to 0
B4

B5 --0utpucs

B6 signel Q 0 ¢ —-@_0 sssigned ss standaxd leogac
B7 aignal Q 1 : == 1 assigned a=x standard logic
Ba signal @ 2 : --Q_2 assigned as standard logic
B9 signel Q 3 : -—Q_3% assigned as standard logic
a0 signal Q 4 : -=(_4 assigned as standard logic
91 signal Q@ 5 : H ==Q_5 assigned as standard logic
EH asignal Q_6 : H -—@ € assigned az standazd logic
93 signal Q7 @ 7] --Q_7 assigned as scandard logic
94 signal Q 8 : H ==Q_8 assigned as standard logic
25 asignal Q_9 : ies -—@ 9 assigned az standazd logic
96 signal Q_10 : gic: --Q_10 assigned as scandard lagie
97 signal @ 11 : -H assigned as standard logic
98 signal @ 12 assigned as standard logic
29 signal Q_13 : asaigned as standard logie
100 signal @ 14 : assigned as standard logic
101 signal § 15 assigned as standard logic

Figure 58: Line Multiply Test Bench (Signal Declaration)
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is8
138
180
181
182
ig3
1£4
188
186
167
1g8
162
170
m
172
173
174
175
176
177
178
179
iso0

132
183
13a
185

-- Inacanciate the Unit Under

uuT: Multi 8x8 FORT MAF (

A0 => A0,
A1=>A1,
A2 =3z,
A3 =3 A3,
A% => A%,
A5 => AS,
A_6 => A6,
A7=>AT,
B_0 =» B_0,
B_1 => B_1,
5z =»83z,
B_3 =» B_3,
B 4 => B_4,
B 5 =55,
B_6 =» B_G,
B_7 => B_7,
Qo Q0.
g1 o1,
Q2 o2,
Q3 =03,
w_s Q4.
Q5 => a5,
s G_6,
Q7 Q7.
a8 a_8,
R => Q3
Q10 => § 10,
Q_11 => Q_11,
q_12 =» g_12,
Q13 => Q 13,
Q 14 => Q 11,
@15 => @ 15

i

-- Stimulua process

sTim prochd: process

begin

-- hold reset state f
waict for 10 ns;

A 0 <= not A O;

=nd process;

(UUT)

azsigned
assigned
assigned
assigned
assigned
assigned

B
B

assigned

('S

assigned
assigned
assigned

| 1 8 TR
w oo
{ I g ot |
L= R AN

as=igned
assigned

assigned
assigned
azsigned
assigned
anssigne
axsigned
= assigned
asaigned
assigned
assignad
azsigned
assigned

[
PRERrRLR e

NI N P RN

ulus Process

or 10 ns.

--Invert A_O0 after

assigned :
assigned t

a=signed

assigned o

a=zsigned ©
assigned t©
azzigned ©

assigned

to A D
to A1
to A2
to A_S
A%
A
a6
o AT
to B O
o B_1
vo B 2
ve B_3
o B_4
e B 5
to B 6
to B_7
e Q0
To Q1
To Q2
toe Q 3
Q_4
Qs
Q_e
Q7
Qt
]

to
to
to
To
e
to

K00 0 0 3|

o]

foz A 0

10ns

Figure 59: Line Multiply Test Bench (Port Map Assignment)

-- Scimmlus p
scim prachD: pracess

BEgin
-- haold resec
waic for 10 ns
A0 <= nac A O;

za

and process;

stam_prochl: process
begin

=t state
wait foz 20 ns:
A_Ll <= not A_L:

end proceas;

stim proch?: process
begin
-- hold resec state
waic for 40 ns;
A_2 <= not A_2;

for

end process;

stim proch3: proceas
begin

== hold re: atate for

wait for BO nz;

& 3 ¢= not A _3:

end process;
stim prochd: process
Begin

-- hold resec e

waic far 160
A_4 <= not A_4;

end process;

imulus Procass

erz A O afrar

ws Progess

for A D

10ne

--Stimulus Process for A 2
40 ns,

A_2 after 40ns
--Stimulus Process for 1_3
80 ns.

--Invert A % after EOna

lua Procesas

—-TInvert A_4 after

160ns

Figure 60: Line Multiply Test Bench {Process 1)
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138
138
130
191

133
194
198
1%
187
138
198
200
20
202
203
208
205
208
207
208
208
210
211
212
213
214
215
218
217
218
219
220
221
22z
223
224
228
226
227
228
229
230
231
232

235
236
237
238
239
240
241
242
243
244
245
246
247
248
242

251
232

254
2535

257
258

260
261
282
263
264
288
266
267
268
268

271
272
273
274

276

stim pzochi: preccaz
begin
== hold reset state for
wait for 320 na:
A S <= not A S:

and process:

SEL!ﬂ_prﬂ{.‘aﬁt proceas
begin
-- hold reset state
waic for 640 ns;
B_6 <= not A_6;

for

end process:

TAM_PTOCAT:

bagin
-- hold
wait for
A7 <=

process
et state for
280 ns;

not A_7:

end proceas;

stim procBO: process
begin
-- hold resec
wait for 2560

0 <= net

state for
na;

B_0:

end process;

stim prosBl: precess
pegin

wail

state for
ns:
B 1;

old reset
for 5120
B 1 <= not

end process:

640

ns.

--Invert A_6 after

320ns

&40ns

er A_7

1280 nas.
==Invert A 7 after 1280ns
- wlua Broceas for B 0
2560 na.
--I zE B 0 afcer 2560n2
--Stimulus Process for B_1
5120 na=.
--Inverc B 1 after 5120ns

Figure 61: Line Multiply Test Bench {Process 2)

stim procB3: process

begin
—— hold zesev atate
waic for 10240 ns;
B_2 <= not B_2;

end proceas;

Tim procB3:
begin
—— hold resev atate
waic for 20480 ns;
B_3 <= not B_3;

process

end proceas;

stim procB4: process
begin
-- hold resec acate
wait Zor 10960 as;
B 4 <= not B_4:

end process;

stam procBs:
begin

-- hold resec acate

wait Zoxr BlIZ0 as;

B 5 <= not B_S5:

process

end process;

stim procB6: process
begin
== hold reset state
wait Ior 163840 na;
B & <= not B_8&;

end process;

==Stimulus Process
for 10240 ms.

==Invert B_Z after

--st.

for 2048

ns.

==Invert B_3 after

for 40960 na.

--Invert B_¢ after

--st

for 81920 na.

--Invert B S after

for 163840 ns.

--Invert B 6 after

for B_2

10240ns

B_3

20480ns

40%60ns

for B_S

B1920ns

fox B_6

163840ns

Figure 62: Line Multiply Test Bench (Process 3)
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Figure 63: Line Multiply Test Bench (Process 4)

4.5.3. Simulation Results
Shown below are the results of the simulation (figures 64 to 67).

Hame
M Input A
M Input B
» M Output Q

Figure 65: Line Multiply Simufation Results 2

2,252,759.820 ns

MName
L B4 Tnput A

» B Input
» B Output @

1,310,747 ree

Input B
» B Oupit

Figure 67: Line Multiply Simufation Results 4
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The results from the simulation are as expected and show the correct operation of the 8 x 8 bit
multiplier. Both inputs A and B are multiplied to give the correct product. As shown (figure 65)

with A set to 190 and B set to then the output is 7,410. This is correct as proven below:
Output Q = 190 x 39 = 7,410

The maximum value is also apparent. An 8 bit x 8 bit multiplier can multiply a maximum of 255

x 255.
28 = 256 (Taking to account 0)

This shows correctly on the results and then resets back to zero (figure 67). With the maximum

final result at 65,025.
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5. Conclusion

The 8 bit by 8 bit Braun multiplier designed in this report provides adequate operation for 8 bit
values. All proposed designed flowcharts and system diagrams for each line provided useful in
implementing the final model in VHDL. By working on separate components it allowed the
components and individual lines to be brought in to the final implementation. This was made
successful by re mapping each component with the desired inputs, outputs and declared
signals. Each line for the system was tested separately which ensured each model functioned
as intended before composing the final line of the multiplier. The results obtained from the
simulation of the final line show the system functions as per requirements where it

successfully multiplies 8 bit by 8 bit values.

Overall there was one significant problem with the assignment and that was being unable to

use arrays in the final line model. After struggling to produce a functioning line it was advised
to use standard logic instead of vector arrays. Although this still functioned accordingly using
arrays would have been more efficient using less lines of code. However, the design matches

the requirements so is not regarded as significant.

In terms of future work, the proposed multiplier could be designed using a Wallace tree
implementation. This would allow a variety of tests to be performed including component
count, line count and efficiency. This would allow a comparison of operation to the Braun
multiplier. Other potential future work could be to test the maximum operating range. As
stated in the report a Braun multiplier is operational up to 16 bits. Testing this limit would be
regarded as beneficial. Overall the assignment is regarded as a success with the final model

functioning accordingly.
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