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Advanced Digital Systems Design - VHDL Assignment.

1 INTRODUCTION

In this assignment is designed an eight bit unsigdavider following the
specifications given. Next figure illustrates theogess of unsigned binary division
using the so-called Restoring method. The algoritinatluces a quotient and remainder
by dividing a dividend by a divisor. All operandseadeclared as 8-bit unsigned

numbers, for this is used the type unsigned in IpB&kage Numeric_std.
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Figure 1. Flowchart for Binary Division.
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Binary Division by Restoring.

1.1 Demonstration of the Algorithm.

This is a task to demonstrate the algorithm shawiigure 1 by means of a table

illustrating each step involved in dividing the noen 10011119by 00001111 So the

following table is calculated.

Bit_Count | Dividend | Divisor Accumulator Quotient |Remainder Operation
Load dividend and divisor. Clear
0 10011110 | 00001111 | UUUUUUUUUUUUUUUU | 00000000 | 00000000 Ouotiont and Remaimdor
Load Dividend into lower 8 bits of
0 10011110 | 00001111 | 00000000010011110 00000000 | 00000000 |accumulator set upper bits 9 to 0
to ‘0.
7 10011110 | 00001111 | 00000000100111100 00000000 | 00000000 | SMftaccumuiatorleftand set
Subtract divisor from upper-half
7 10011110 | 00001111 | 11111001000111100 00000000 | 00000000 lvisor from u
7 10011110 | 00001111 | 00000000100111100 00000000 | 00000000 | A dwvisor o upperhalfof
6 10011110 | 00001111 | 00000001001111000 00000000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
6 10011110 | 00001111 | 11111001101111000 00000000 | 00000000 o o
6 10011110 | 00001111 | 00000001001111000 | 00000000 | 00000000 | A dVisorto upperhalfof
5 10011110 | 00001111 | 00000010011110000 00000000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
5 10011110 | 00001111 | 11111010111110000 00000000 | 00000000 o o
5 10011110 | 00001111 | 00000010011110000 00000000 | 00000000 | AAddvisor to upper haif of
4 10011110 | 00001111 | 00000100111100000 00000000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
4 10011110 | 00001111 | 11111101011100000 00000000 | 00000000 | lvisor from u
4 10011110 | 00001111 | 00000100111100000 00000000 | 00000000 | A dMvisor o upperhalfof
3 10011110 | 00001111 | 00001001111000000 00000000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
3 10011110 | 00001111 | 00000010011000000 00000000 | 00000000 | ivisor from u
3 10011110 | 00001111 | 00000010011000000 00001000 | 00000000 Quotient(bit_count)="1’
2 10011110 | 00001111 | 00000100110000000 00001000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
2 10011110 | 00001111 | 11111101010000000 00001000 | 00000000 o o
2 10011110 | 00001111 | 00000100110000000 | 00001000 | 00000000 | A dVisorio upperhalfof
1 10011110 | 00001111 | 00001001100000000 00001000 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
1 10011110 | 00001111 | 00000010000000000 00001010 | 00000000 of accumulator. And
Quotient(bit_count)="1'
0 10011110 | 00001111 | 00000100000000000 00001010 | 00000000 Shift accumulator left.
Subtract divisor from upper-half
0 10011110 | 00001111 | 11111100100000000 00001010 | 00000000 | divisor from uF
Add divisor to upper half of
0 10011110 | 00001111 | 00000100000000000 00001010 | 00001000 | accumulator. Copy upper half of

accumulator into remainder.

Table 1. Table showing the steps involved in algorithm.
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Advanced Digital Systems Design - VHDL Assignment.

As it has been shown in the table the algorithmasking as it was expected,
next step in this assignment is to implement in \lHibe previous algorithm and

simulate it using a random set of input operands.

1.2 Design of aVHDL Algorithm Description of the Divider

Here is described the algorithm designed and stedilen VHDL, using the

ModelSim software package.

library ieee;

use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity Divider is

end entity Divider;

architecture algorithm of Divider is

begin
do_it : process
variable accumulator : unsigned(16 downto 0);
variable dividend : unsigned(7 downto 0);
variable divisor : unsigned(7 downto 0);
variable quotient : unsigned(7 downto 0);

variable remainder : unsigned(7 downto 0);

begin

quotient := (others =>'0");

remainder := (others =>'0";

dividend :="11100000"; --158

divisor :="00011000"; --15 (division is 10.53)

accumulator(7 downto 0) := (dividend(7 downto 0));

VHDL Design 3




Binary Division by Restoring.

accumulator(16 downto 8) := (others =>'0";
for k in 7 downto 0 loop
accumulator := shift_left(accumulator,1);
accumulator(16 downto 8) := accumulatordd@nto 8) + (not('0' & divisor) + 1);
if accumulator(16) = '1' then
quotient(k) :='0";
accumulator(16 downto 8) := accumulator(16 de@8jt+ ('0'& divisor);
else if accumulator(16)="0' then
quotient(k) :='1";
end if;
end if;

end loop;

remainder := accumulator(15 downto 8);

quotient := quotient(7 downto 0);

assert false report "simulation ended" severitiufaj
end process;

end architecture algorithm;

In the previous code it can be seen that the ofderare the same that the ones in
the table 1, the operation is the following (158/4&nerates a quotient of 10 and a
remainder of 8. Now this algorithm is simulatedhnatifferent numbers to prove that is

working properly. The next simulations windows al¢ained:

VHDL Design 4



Advanced Digital Systems Design - VHDL Assignment.

Now the dividend is 224 that in binary is 11100@0@ the divisor is 24 that in

binary is 00011000, this numbers generates a quaifed and a remainder of 8.

File Edit Yiew ‘Window

— alagarithm =
— do_it

accumulator 000007 Aaaa0000a00

dividend 11100000

divizor ooo11000

quiokient Q00010m

rermainder Qaaaaaa

Figure 2. Smulation window obtained with the previous numbers described.

Now the dividend is 198 (11000130and the divisor 37 (001001§1so the

window from the simulation is,

File Edit “iew window

— algarithm =
— doit

accurnulator 000007101 00000000

dividend 11000110

divizor noiooom

quiotient o001 m

remainder 000011

Figure 3 Smulation window obtained with the previous numbers described.

The previous numbers generates a quotient of Saaedhainder of 13, as it has

been demonstrated in the previous window.
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Binary Division by Restoring.

The last set of numbers are going to be 59 (001L)Gind 11 (000010%)1

these numbers generate a quotient of 5 and a repraoh 4.

X variables =]

File Edit “iew Window

— algarithm |~

— do_it

accurnulator 0000007 0000000000

dividend 0111011

divizor 0oam o

quotient Q000010

remainder Q0000100 |
[

Figure 4 Smulation window obtained with the previous numbers described.

Trough all these simulations windows have been destnated that the
algorithm is working as it was expected. Now isngpto be described the synthesis of

the register transfer level of the divider.

1.3 Register Transfer Levdl.

The next diagram is illustrating the description tbe divider in terms of
registers and all the signals needed to controbiider and have a good performance

of the whole system.
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Figure 5 Description of the RTL block diagram.

The signal CIN is going to control when to make wbtgaction (adding
converting to two complement one of the numberghia case the divisor), so when
CIN is ‘O’ the operation made is the sum of theigby and the upper half of the

accumulator, in the other case when CIN is ‘1’ tperation is the subtraction of the

divisor and the upper half of accumulator.

With the signal ‘Loadadd_ac’ is loading the outmitthe adder, all this is

explained in more detail in the description of toatroller. The incoming signal ‘sign’

is to control when to do a subtraction or a singuim.
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Binary Division by Restoring.

Now are going to be described one by one all tepoments and the controller

of this design.

1.3.1 Dividend register

—clr_dd —

—load_dd —| DIVIDENDREG

E{>

clock—>

Figure 6 Dividend Register.

And the VHDL code for this register is the followgin

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity dividendreg is
port(
load,
clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
);

end dividendreg;
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Advanced Digital Systems Design - VHDL Assignment.

architecture v1 of dividendreg is

signal q : unsigned(7 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr = '1" then
g <= (others =>'0");
elsif load ='1' then
g <= datain;
end if;
end process;
dataout <= q;
end v1,;

1.3.2 Divisor register

DIVISORREG
—clr_ds —
—load_ds —
:'Idaraout >
——clock—>

Figure 7 Divisor Register.

In the next page appears the program for this texgis
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Binary Division by Restoring.

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity divisorreg is

port(
load,
clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
);

end divisorreg;

architecture v1 of divisorreg is

signal q : unsigned(7 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr ='1" then
q <= (others =>'0");
elsif load = '1" then
q <= datain;
end if;
end process;
dataout <= q;
end v1;

VHDL Design
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Advanced Digital Systems Design - VHDL Assignment.

1.3.3 Quotient register

QUOTIENTREG
—clr_qu —
—load_qu —
dataout >
__shift_qu _|
——clock—>

Figure 8 Quotient Register.

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity quotientreg is
port(
load,
clr,
shift,
clock,
datain : in std_logic;
dataout : out unsigned(7 downto 0)
)i

end quotientreg;

architecture v1 of quotientreg is
signal g : unsigned(7 downto 0);
begin
process begin
wait until rising_edge(clock);
if clr ='1" then
g <= (others =>'0");
elsif load ='1' then

q(0) <= not(datain);
VHDL Design 11




Binary Division by Restoring.

elsif shift = '1' then
g <= shift_left(qg, 1);
end if;
end process;
dataout <= q;

end vi;

1.3.4 Remainder register

REMAINDERREG
—clr_re —
—load_re —
:'Idataout >
clock—>

Figure 9 Remainder Register.

library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity remainderreg is

port(

load,
clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)

)i
VHDL Design 12




Advanced Digital Systems Design - VHDL Assignment.

end remainderreg;
architecture v1 of remainderreg is

signal q : unsigned(7 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr ='1" then
g <= (others =>'0");
elsif load ='1' then
q <= datain;
end if;
end process;
dataout <= q;
end v1;

1.3.5 Accumulator register

—clr_ac —

—load_ac —

—shift_ac —

——Iloadadd_ac —

dataout >

ACCUMULATORREG

—clock—>

Figure 10 Accumulator Register.
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Binary Division by Restoring.

library ieee;

use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity accumulatorreg is

port(

);

load,

clr,

shift,

clock,

loadadd : in std_logic;

datain : in unsigned(7 downto 0);
datainadder : in unsigned(8 downto 0);

dataout : out unsigned(8 downto 0)

end accumulatorreg;

architecture v1 of accumulatorreg is

signal q : unsigned(16 downto 0);

begin

process begin

wait until rising_edge(clock);
if clr ='1" then
g <= (others =>'0";
elsif load ='1' then
g (7 downto 0) <= datain;
elsif loadadd = '1' then
g (16 downto 8) <= datainadder;
elsif shift = '1' then

g <= shift_left(q, 1);

VHDL Design
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Advanced Digital Systems Design - VHDL Assignment.

end if;
end process;
dataout <= q (16 downto 8);

end vi;

1.3.6 Controller

Here is described the part of the counter,

Div_State State_Decoder

(Counts from 0 to 34) ——clr_dd —»

—Load_dd—»

—toad_ds —»

divstate Cir_ds —

—Clr_qu —»
—toad_qu —»
—Shift_qu —»

—clock—>

—clr_re —»
—toad_re —»

—oclr_ac —»
—toad_ac —»
—Shift_ac —»
| 1 oadadd_ac —>

Figure 11 Controller-Counter.

library ieee;
use ieee.std_logic_1164.all;
entity controller is
port(
clock,
reset,
sign 1 in std_logic;
clr_dd, --dividend reg control
load_dd,
clr_ds, -- divisor reg control

load_ds,

VHDL Design 15



Binary Division by Restoring.

clr_qu, -- quotient reg control

load_qu,

shift_qu,

clr_re, -- remainder reg control

load_re,

clr_ac, -- accumulator reg control

load_ac,

shift_ac,

loadadd_ac,

cin,

done : out std_logic
);

end controller;

architecture v1 of controller is
signal divstate : natural range 0 to 34;
begin
--state counter
div_state : process begin
wait until rising_edge(clock);
if reset ='1' then
divstate <= 0;

elsif divstate < 34 then

divstate <= divstate + 1;

end if;

end process;

VHDL Design
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Advanced Digital Systems Design - VHDL Assignment.

Now the decoder,

Div_State State_Decoder
(Counts from 0 to 34)

clr_dd—»
—Load_dd—»

—toad_ds —»

divstate Cir_ds —

—Clr_qu —»
—toad_qu —»
—Shift_qu —»

—clock—>

—clr_re —»
—toad_re —»

—oclr_ac —»
—toad_ac —»
—Shift_ac —»
| 1 oadadd_ac —>

Figure 12 Controller-Decoder.

--state decoder (combinational logic)
decoder : process(divstate)
begin

clr_dd <='04
load_dd <='0
clr_ds <='0"
load_ds <='0%
cr_ qu <='0%
load_qu <='0,
shift_qu <='0
clrre <='04
load_re <='0,
clr_ac <='04
load_ac <='0,
shift_ac <='0}
loadadd_ac <='0"
done <=0
case divstate is

when 0 =>

VHDL Design 17




Binary Division by Restoring.

load_dd <="1"
load_ds <="1}
clr_qu <="1}
clr_re <="1"
clr_ac<="'1"%
when 1 =>
load_ac <="'1";
when 2|6]|10|14|18|22|26|30 =>
shift_ac <="1"
cin <="1";
when 3|7|11]15]19|23|27|31 =>
loadadd_ac <=1}
when 4|8|12|16|20[24[28|32 =>

cin <='0"
load_qu <="1"

when 5[9|13|17|21|25|29|33 =>
if sign ='1' then
loadadd_ac <="1",

end if;
if divstate < 33 then shift_qu <="1";

end if;
when 34 =>
load_re <="1";
done <=1}
end case;
end process;

end vi;

VHDL Design 18
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1.3.7 Unsigned Divider

Here is the description of the RTL Divider.

library ieee;
use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity divider8rtl is
port( dividend: in unsigned(7 downto 0);
divisor : in unsigned(7 downto 0);
quotient : out unsigned(7 downto 0);
remainder : out unsigned(7 downto 0);
clock, reset : in std_logic;
done : out std_logic);

end divider8rtl;

architecture rtl of divider8rtl is

component dividendreg
port(
load,
clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
)i

end component;

component divisorreg

port(

load,

VHDL Design 19




Binary Division by Restoring.

end component;

clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);

dataout : out unsigned(7 downto 0)

);

component quotientreg

port(

end component;

load,

clr,

shift,

clock,

datain : in std_logic;

dataout : out unsigned(7 downto 0)

);

component remainderreg

port(

end component;

load,

clr,

clock : in std_logic;

datain : in unsigned(7 downto 0);

dataout : out unsigned(7 downto 0)

);

VHDL Design
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component accumulatorreg
port(
load,
clr,
shift,
clock,
loadadd : in std_logic;
datain : in unsigned(7 downto 0);
datainadder : in unsigned(8 downto 0);
dataout : out unsigned(8 downto 0)
)i

end component;

component controller
port(

clock,
reset,
sign :in std_logic;
clr_dd,
load_dd,
clr_ds,
load_ds,
clr_qu,
load_qui,
shift_qu,
clr_re,
load_re,
clr_ac,
load_ac,
shift_ac,

loadadd_ac,

VHDL Design 21



Binary Division by Restoring.

cin,
done : out std_logic
)i

end component;

signal dividendrego, divisorego : unsigned(7 daad;
signal adderout : unsigned(8 downto 0);

signal adderin : unsigned(8 downto 0);

signal accumulatorego : unsigned(16 downto 8);
signal cin : std_logic;

signal load_dd ,clr_dd : std_logic;

signal load_ds ,clr_ds : std_logic;

signal load_qu ,clr_qu ,shift_qu : std_logic;

signal load_re ,clr_re : std_logic;

signal load_ac ,clr_ac, shift_ac ,loadadd_ac :Istic;

begin

--dividend register
dividend_reg : dividendreg
port map(
load => load_dd,
clr => clr_dd,
clock => clock,
datain => dividend,
dataout => dividendrego

);

VHDL Design
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--divisor register
divisor_reg : divisorreg
port map(
load => load_ds,
clr => clr_ds,
clock => clock,
datain => divisor,
dataout => divisorego

);

--quotient register
quotient_reg : quotientreg
port map(
load => load_qu,
clr =>clr_qu,
shift => shift_qu,
clock => clock,
datain => accumulatorego(16),

dataout => quotient

);

--remainder register
remainder_reg : remainderreg
port map(
load => load_re,
clr =>clr_re,
clock => clock,
datain => accumulatorego(15 downto 8),

dataout => remainder

);

VHDL Design 23
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--accumulator register
accumulator_reg : accumulatorreg
port map(
load => load_ac,
clr =>clr_ac,
shift => shift_ac,
loadadd => loadadd_ac,
clock => clock,
datain => dividendrego,
datainadder => adderout,

dataout => accumulatorego

);
--controller
cont : controller
port map(

clock => clock,

reset => reset,

sigh => accumulatorego(16),
clr_dd =>clr_dd,
load_dd =>load_dd,
clr_ds =>clr_ds,
load_ds => load_ds,
clr_qu =>clr_qu,
load_qu =>load_qu,
shift_qu => shift_qu,
clr_re =>clr_re,
load_re =>load_re,

clr_ac =>clr_ac,

VHDL Design 24
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load_ac => load_ac,
shift_ac => shift_ac,
loadadd_ac => loadadd_ac,
cin => cin,
done => done
)i

--adder

adderin <= ('0' & divisorego);

adderout <= (accumulatorego(16 downto 8)) + (natémmh) + 1) when cin = '1' else
(accumulatorego(16 downto 8)) + (adderin);

end rtl;

Thisisthedescription of the adder

1.4 Simulation

In this section is shown the simulation made witle previous code, when
everything was compiled. The number of states de=trn the controller to complete

the division is 34. The loop of the divider hasih@aplemented in 4 states.

VHDL Design 25
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Adivider8itl/dividend | 100711110 10011110

AdividerSrl/divizar 00001111 Q0001111

AdividerStl/quatient | 00007010 00000000 i 00000100 aoooron
Adivider8tl/remainder | 00007000 [ 00000000

AdividerBitl/clock 1 Uy L ey e e e e e e
AdividerBitlfrezet I

Aivider8itl/done 1 [
Adivider8tl/dividendreg 10011110 100110

Adivider8tl/divizorego | 00007111 0000111

AdividerBitl/adderout | 00000111 —

Adivider8rtl/adderin 000001111 [ 00000111

Adivideritl/accumulatg QOO0 000 . Q00000700 0ooaadioo
Adividerrtl/cin a — | [ | | |
SdividerBitldoad dd |0 ]

SdividerSitlcl_dd 1]

AividerSitlfload_dz |0 ]

Sdivider8itlAcl_ds I

AividerStlAoad_qu |0 [ [ [T1 [ | [ [ [
Adivider8rtlcl_qu 1] ]

AdividerSitl/shift_qu |0 | [ [ [T1 [ | [
Adivider8rtlload_re 1

AdividerSitlch_re 1] ]

AdividerBitl/load_ac |0 LT

AdividerBitlich_ac 1] ]

AdividerBitl/shift_ac 1] [ [ ] [] 1 1 1 ]
Aividertlloadadd_ad 0 L LT L L L L sim: JdividerSrtl/clr ac @ 1588 ns L 1

Figure 13 Smulation Window of the divider.
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As it can be seen in the simulation window all #ignals of the divider are
represented, and everyone is working properly atecbtime. Also it can be observed
the final result in the quotient register and themainder, this example is the first one
when the dividend is 158 and the divisor is 15f fr@duces a quotient of 10 and a
remainder of 8. In the next page is shown anotkamgle with different numbers, 224

as a dividend and the divisor is 24, that prodacgaotient of 9 and a remainder of 8.

With the next window simulation is proved that #ystem is working properly,

the last appendix corresponds to the lab sessions.
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AdividerSrtl/dividend
AdividerSrl/divisor
AdividerSrtl/quatient
AdividerSitl/remainder
Adivider8rtl/clock
AdividerSrtl/rezet
AdividerSrtl/done
Adivider8rl/dividendreg
SdividerSrtl/divizarego
Adivider8rtl/ adderout
Adivider8rtl/adderin
AdividerSrtl/accunulatg
AdividerBil/cin
AdividerSrtlAoad_dd
SdvviderSrtlcl_dd
Adivider8rtlAoad_ds
AdividerSrtl/ch_dz
AdvviderBrtldoad_qu
AdividerSrtlAel_qu
AdividerSrtl/hift_qu
AdvviderBildoad_re
Adivider8rtl/cl_re
SdividerSrtlload_ac
AdviderBrtlAch_ac
AdividerSrtl/shift_ac

SdividerSrtlloadadd_ag

11100000
00011000
0ooo1am
0ooo1oa0
1

o
1
11100000
0001100
000100000
000011000
0000071 Q00

a
a
o
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o
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a
o

11100000
00011000
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L LT
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nooooaTn

ARSpEpEpEpERERE
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Figure 14 Smulation Window of the divider.
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Appendix |

1. Lab Session 1

The first design is a two input exclusive-or gaie, here is paste the code in

VHDL,

-- 2 input exclusive-or gate.

-- Modeled at the structural level.

entity and_gate is

port (
a :in bit ;
b :in bit ;
c :outbit) ;

end and_gate;

architecture behavior of and_gate is
begin
process(a,b)
begin
c <= aand b after 15 ns;
end process;

end behavior;

entity or_gate is

port (
d :in bit ;
e :in bit ;
f : out bit) ;
end or_gate;
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architecture behavior of or_gate is
begin
process(d,e)
begin
f<=d or e after 4 ns;
end process;

end behavior;

entity inverter is
port (
g :in bit ;
h : out bit) ;

end inverter;

architecture behavior of inverter is
begin
process(g)
begin
h <= not g after 3 ns;
end process;

end behavior;

entity x_or is

port (
inl :in bit ;
in2 :in bit ;

outl : out bit);

end x_or;
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architecture structural of x_or is

-- signal declarations

signal t1, t2, t3, t4 : bit;

-- local component declarations

component and_gate

port (a, b : in bit; ¢ : out hit) ;

end component;

component or_gate

port (d, e : in bit; f: out bit) ;

end component;

component inverter

port (g : in bit; h : out bit) ;

end component;

begin

-- component instantiation statements

u0: and_gate port map (a =>t1, b =>in2, ¢3)>

ul: and_gate port map (a =>inl, b => 12, ab>

u2: inverter port map (g =>inl, h =>tl);

u3: inverter port map (g =>in2, h =>t2);

u4: or_gate port map (d => 13, e => t4, foutl);

end structural;
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Now it is shown the code of the test bench of tk@usive or gate,

--Test bench for xor gate
entity Test_xor is

end Test_xor;

architecture V1 of Test_xor is
component x_or
port(inl, in2 : in bit;
outl : out bit);

end component;

--local signals

signal inl, in2, outl : bit;

begin

--component instantiation

dut : x_or port map (inl1 =>inl, in2 =>in2, but> outl);

--generate some input waveforms
process
begin
inl <='0";in2 <="'0";
wait for 100 ns;
inl <="1";
wait for 100 ns;
in2 <="1";

wait for 100 ns;

VHDL Design 32



Appendix I.

inl <="'04

wait for 100 ns;

in2 <='0";

wait for 100 ns;

assert false report "Simulation Ended"

severity failure;

end process;

end V1;

Now is shown the simulation window of the file Tesbr.vhd,

=+ wave - default

- |O) =
File Edt Curzor Zoom  Compare  Bookmark  Format
EEdE sBE | LA € e Q@fr
o wie e Hn
H Aest_worfind 1] -5
W Atest_zorfing 1] | |
W Atest_xorfout] 1]
[/
BO00 ns EEH:'I : |1

Figure 15 Smulation Window of the exclusive-or gate.

Now is illustrated the code for the parity checkida,

entity parchk is

port(a,b,c,d,e,f,g,h : in bit;
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oddbits : out boolean);

end parchk;

architecture v1 of parchk is

signal wl, w2, w3, w4, w5, wé, w7 : bit;

component
X_or port(inl, in2 : in bit;
outl : out bit);

end component;

begin
--component instantiations
x1 : x_or port map (a, b, wi);
X2 : x_or port map (c, d, w2);
X3 : Xx_or port map (e, f, w3);
x4 : x_or port map (g, h, w4);
x5 : x_or port map (w1, w2, w5);
X6 : x_or port map (w3, w4, w6);
X7 : X_or port map (w5, w6, w7);
oddbits <= true when (w7 ='1") else false;

end vi;
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The previous code corresponds to the descriptionthef entity and the
architecture of the parity check circuit. And thexnone is the test bench for this

design.

entity Test_parchk is

end Test_parchk;

architecture V1 of Test_parchk is

component parchk
port(a,b,c,d,e,f,g,h : in bit;
oddbits : out boolean);

end component;

sighal ODD : boolean;

signal D : bit_vector(7 downto 0);

begin

dut : parchk port map (
a=>D(0),
b =>D(1),
c=>D(2),
d =>D(3),
e => D(4),
f=>D(5),
g =>D(6),
h =>D(7),
oddbits => ODD);

--apply inputs

process
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begin
D <="00000000";
wait for 100 ns;
D <="00000001";
foriin 1to 7 loop
wait for 100 ns;
D <= D(6 downto 0) & '1";
end loop;
wait for 100 ns;
assert false report "Simulation Ended"
severity failure;

end process;

end V1;

Now in the next page it is illustrated the simuwatwindow of the parity check,

the file is tested is test_parchk.vhd.
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Figure 16 Smulation Window of the parity check design.
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2. Lab Session 2

In this session was designed an 8 bit multipliertheere is going to be described

each part, only the algorithm and the RTL desaiptre simulated.

e Algorithm

library ieee;

use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity mul8x8a is

end entity mul8x8a;

architecture algorithm of mul8x8a is
begin
do_it : process
variable pp : unsigned(16 downto 0);
variable multiplier : unsigned(7 downto 0);
variable multiplicand : unsigned(7 downto 0);

variable product : unsigned(15 downto 0);

begin

multiplier :="10001111"; --181

multiplicand :="11010111"; --118 (prod is 21358)

pp := (others =>'0");

product := (others =>'0");

forkin O to 7 loop

if multiplier(k) ='1' then
pp(16 downto 8) := ('0' & pp(15 downtq 8) ('0' & multiplicand);

end if;
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pp := shift_right(pp, 1);
end loop;
product := pp(15 downto 0);

assert false report "simulation ended" seydaiture;

end process;

end architecture algorithm;

And the simulation for this algorithm when the npller is 181, the

multiplicand is 118 and the product is 21358 becoasefollows in the next figure.

Eile Edit “iew ‘wWindow

— algorithm |~
— do_it

PP 00111100000011001

rultiplier 100071111

multiplicand 110111

product 117170000007 7007

Figure 17 Algorithm of the Multiplier.

* RTL description for the multiplier

All the registers of the multiplier are describesl ifiis illustrated in the next

figure.
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ppreg(15 downto 8)
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Figure 18 Block diagram of the Multiplier.

Multiplicand Register

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;

entity mdreg is

port(
load,
clr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
)i

end mdreg;
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architecture v1 of mdreg is

signal q : unsigned(7 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr ='1" then
g <= (others =>'0";
elsif load ='1' then
g <= datain;
end if;
end process;
dataout <=q;
end v1,;

Multiplier Register

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity mrreg is
port(
load,
clr,
shift,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
)i

end mrreg;
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architecture v1 of mrreg is

signal q : unsigned(7 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr ='1" then
g <= (others =>'0");
elsif load = '1' then
g <= datain;
elsif shift = '1' then
q <= shift_right(q, 1);
end if;
end process;
dataout <=q;
end v1;

Product Register

library ieee;
use ieee.std_logic_1164.all;
use ieee.numeric_std.all;
entity ppreg is
port(
load,
clr,
shift,
clock : in std_logic;
datain : in unsigned(8 downto 0);

dataout : out unsigned(16 downto 0)
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end ppreg;

architecture v1 of ppreg is

signal q : unsigned(16 downto 0);

begin
process begin
wait until rising_edge(clock);
if clr ='1" then
g <= (others =>"0");
elsif load = '1" then
g(16 downto 8) <= datain;
elsif shift = '1' then
g <= shift_right(q, 1);
end if;
end process;
dataout <=q;
end vl
Controller
library ieee;

use ieee.std_logic_1164.all;
entity controller is
port(
clock,
reset : in std_logic;
clr_mr, --multiplier reg control
load_mr,

shift_mr,
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clr_pp, -- pp reg control

load_pp,

shift_pp,

clr_md, --multiplicand reg control
load_md,

done : out std_logic

)i

end controller;

architecture v1 of controller is
signal mulstate : natural range 0 to 17;

begin

--state counter
mul_state : process begin
wait until rising_edge(clock);
if reset ='1" then
mulstate <= 0;
elsif mulstate < 17 then
mulstate <= mulstate + 1;
end if;
end process;
--state decoder (combinational logic)
decoder : process(mulstate)
begin
clr_mr <="0"
load_mr <="0";
shift_mr <="0";

clr_pp <='0%
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load_pp <='0"
shift_pp <="'0";
clr_md <="'0";
load_md <="0";
done <="'0"
case mulstate is
when 0 =>
load_mr <="1";
load_md <="1"
clr_pp <='1%
when 2]4|6]8|10]|12|14|16 =>
shift_mr <="1";
shift_pp <="'1};

when 1[3|5[7|9[11/13[15 =>

load_pp <='1"
when 17 =>
done <="1";

end case;
end process;

end vi;

RTL description

library ieee;
use ieee.std_logic_1164.all;

use ieee.numeric_std.all;

entity mul8x8rtl is
port(multiplier : in unsigned(7 downto 0);

multiplicand : in unsigned(7 downto 0);
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product : out unsigned(15 downto 0);
clock, reset : in std_logic;
done : out std_logic);

end mul8x8rtl;

architecture rtl of mul8x8rtl is

component mdreg
port(

load_md,
clr_md,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
)i

end component;

component mrreg
port(

load_mr,
clr_mr,
shift_mr,
clock : in std_logic;
datain : in unsigned(7 downto 0);
dataout : out unsigned(7 downto 0)
)i

end component;

component ppreg
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port(
load_pp,
clr_pp,
shift_pp,
clock : in std_logic;
datain : in unsigned(8 downto 0);
dataout : out unsigned(16 downto 0)
)i

end component;

component controller
port(
clock, reset : in std_logic;
clr_mr,
load_mr,
shift_mr,
clr_md,
load_md,
clr_pp,
load_pp,
shift_pp,
done : out std_logic
)i

end component;

signal mdrego, mrrego : unsigned(7 downto 0);
signal adderin : unsigned(7 downto 0);
signal adderout : unsigned(8 downto 0);

signal pprego : unsigned(16 downto 0);

signal clr_mr ,load_mr ,shift_mr : std_logic;
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signal cIr_md ,load_md : std_logic;

signal clr_pp ,load_pp ,shift_pp : std_logic;

begin
--multiplicand register
md_reg : mdreg
port map (

load_md =>load_md,
clr_md => clr_md,
clock => clock,
datain => multiplicand,

dataout => mdrego

);

--multiplier register
mr_reg : mrreg
port map (
load_mr => load_mr,
clr_mr =>clr_mr,
shift_mr => shift_mr,
clock => clock,
datain => multiplier,
dataout => mrrego
)i
--product register
pp_reg : ppreg
port map (

load_pp => load_pp,

clr_pp =>clr_pp,
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--controller

cont : controller

shift_pp => shift_pp,
clock => clock,
datain => adderout,

dataout => pprego

);

port map (

--adder

adderin <= mdrego when mrrego(0) = '1' else (atker'0");

adderout <= ('0' & pprego(15 downto 8)) + ('0' &darin);

clock => clock,

reset => reset,
clr_mr =>clr_mr,
load_mr => load_mr,
shift_mr => shift_mr,
clr_md => clr_md,
load_md =>load_md,
clr_pp =>clr_pp,
load_pp => load_pp,
shift_pp => shift_pp,
done => done

);

--connect pprego to product output

product <= pprego(15 downto 0);

end rtl;
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And finally in the next page is illustrated the siation of the multiplier.

SrlSxErtl rultiplier
ArulBsartl multiplicand
iRt product
A8 rtl clock
gt reset
AmulBxartl A done
Amulgxartl mdrego
Smul@=Ertl mimego
SmulBxartl adderin
Al 8rtl adderout
Smul8xErtl/pprego
Srulgsartl cl_rr
SrulSxErtlload_nr
Arnulgwart A zhift_nnr
Sul@=artlcl_md
Amulawartlfload_md
Smul@=Entlcl_pp
SrulxErtlload_pp
Amulgwart fzhift_pp
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Figure 19 Smulation of the Multiplier.
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