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Obijective:

The goal of this lab is to develop a circuit that performs bitwise operations, bit shifts and bit
rotations. We will be creating a total of eight functions, four bitwise operations, and, or, xor, not;
two bit shifts, shift left and shift right; two bit rotations, rotation left, and rotation right. These
functions are performed by a selector that determines which operation to perform at a given time.
The selector would be part of the operation file, which is what would control the operation of the
circuit. That file would also have an implementation of a less than function, which checks the
inputs as signed numbers and compares them to see if one is less than another. The inputs that
we would be comparing are 6-bit inputs and would result in a 6-bit output. The selector would be
a 3-bit input, which each input would perform a different function. All theses inputs and outputs

would be connected to the operation file and would be triggered by the start input.



Chen, Kevin 04/01/2019 Page |6

Functionality and Specification:

Bitwise AND:

A Bitwise AND function compares two inputs and lets out a result of one output. It compares the

inputs bit by bit and would output ‘1’ when the two bits are ‘1°, otherwise, it’s 0.
The VHDL code written for Bitwise AND is shown on figure 25.

The truth table and example are shown below:

A B Output
0 0 0
0 1 0
1 0 0
1 1 1

Table 1: Truth Table for Bitwise AND

Input 101001
Function AND

Input 110110

Output 100000

Table 2: Example for Bitwise AND
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Bitwise OR:

A Bitwise OR function compares two inputs and lets out a result of one output. It compares the

inputs bit by bit and would output ‘1’ when any of the two bits are ‘1°, otherwise, it’s 0.

The VHDL code written for Bitwise OR is shown on figure 27.

The truth table and example are shown below:

A B Output
0 0 0
0 1 1
1 0 1
1 1 1

Table 3: Truth Table for Bitwise OR

Input 101001
Function OR

Input 110110

Output 111111

Table 4: Example for Bitwise OR
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Bitwise XOR:

A Bitwise XOR function compares two inputs and lets out a result of one output. It compares the

inputs bit by bit and would output ‘1’ when the two bits are both ‘1’ and ‘0’, otherwise, it’s ‘0.
The VHDL code written for Bitwise XOR is shown on figure 29.

The truth table and example are shown below:

A B Output
0 0 0
0 1 1
1 0 1
1 1 0

Table 5: Truth Table for Bitwise XOR

Input 101001
Function XOR

Input 110110

Output 011111

Table 6: Example for Bitwise XOR
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Bitwise NOT:

A Bitwise NOT function takes in one input and lets out a result of one output. The output is ‘1’

when input is 0 and ‘0’ when input is 1.
The VHDL code written for Bitwise NOT is shown on figure 31.

The truth table and example are shown below:

A Output
0 1
1 0

Table 7: Truth Table for Bitwise NOT

Input 101001
Function NOT
Output 010110

Table 8: Example for Bitwise XOR
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Shift Left:

A Shift Left function takes in one input and lets out a result of one output. The output is the input
shifted to the most significant bit. The input’s most significant bit goes pushed out and 0 gets

pushed into the least significant bit.
The VHDL code written for Shift Left is shown on figure 33.

The diagram and example are shown below:

m m
g 9
7 6 5 4 3 2 1 0
oOlo|Oo|1|O(1(1|1
O|01110(1(1]1|0|=+0O0

Figure 1: Diagram for Shift Left

Input 101001
Function Shift Left
Output 010010

Table 9: Example for Shift Left
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A Shift Right function takes in one input and lets out a result of one output. The output is the

input shifted to the least significant bit. The input’s least significant bit goes pushed out and 0

gets pushed into the most significant bit.

The VHDL code written for Shift Right is shown on figure 35.

The diagram and example are shown below:

m m

W

s ud

] 6 5 4 3 2 1 0

O10(O011]|0|1]1]1
OP»0|10|0]0(1101111

Figure 2: Diagram for Shift Right

Input 101001
Function Shift Right
Output 010100

Table 10: Example for Shift Right
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Rotation Left:

A Rotation Left function takes in one input and lets out a result of one output. The output is the
input rotated to the most significant bit. The input’s most significant bit goes to the least

significant bit.

The VHDL code written for Rotation Left is shown on figure 37.

The diagram and example are shown below:

om0 m
< N
7 6 5 4 3 2 10 C
olofof1]o]1]1]|1]]1
Trerer
olof1flol1l1|2|1]lO

Figure 3: Diagram for Rotation Left

Input 101001
Function Rotation Left
Output 010011

Table 11: Example for Rotation Left
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Rotation Right:

A Rotation Right function takes in one input and lets out a result of one output. The output is the
input rotated to the least significant bit. The input’s least significant bit goes to the most

significant bit.
The VHDL code written for Rotation Right is shown on figure 39.

The diagram and example are shown below:

C
1

A~ | o LSB

3 2 1
0111
A\

LAY

0(0|0|1(0(1

6 5 4
0101
NI

—€— 10O | N MSB

Figure 4: Diagram for Rotation Right

Input 101001

Function Rotation Right

Output 110100

Table 12: Example for Rotation Right



Chen, Kevin 04/01/2019 Page |14

Operations:

The Operations function takes in sixteen inputs and lets out a result of seven outputs. Six of the
outputs is determined based on which function it uses, the start key, and the given inputs.
Depending on the “op” input, it’s able to select which function to use, bitwise and, bitwise or,
bitwise xor, bitwise not, shift left, shift right, rotation left, or rotation right. When “Start” is “1°, it
changes the output based on the function it’s using, provided with the given inputs, otherwise the
output remains the same. We need a “Start” input because we need a trigger for the circuit to
switch the output. The last output is determined based on the two 6-bit inputs, it checks to see if
the first 6-bit input is less than the second 6-bit input, in signed. When the first 6-bit input is less

than the second 6-bit input then the output would be’1°, otherwise it’s 0.

The VHDL code written for Operations is shown is figure 41.

The block diagram and example are shown below:

Chen_Kevin_Operations

Chen_Kevin_result[S..0] fr—_UTEUT 5 Chen_Kevin_result[S..0] —
Chen_Kevin_LessThan ————=TEUT [ Chen_Kevin_ALessThanB PN AE23

t Chen_Kev in_a[5..0]
t Chen_Kev in_b[S..0]
Chen_Kev in_Start

t Chen_Kev in_op[2..0]

inst

Figure 5: Block Diagram/Schematic File of Operations (Chen_Kevin_Operations.BDF)

A B Start OoP Function Result A<B
101001 110110 1 000 AND 100000 1
101001 110110 1 101 Shift Left 010010 1

Table 13: Example for Operations
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Simulations:

Bitwise AND:

The functionality/behavior of Bitwise AND is to follow the truth table (Table 1), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Bitwise AND
(Figure 6). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from table 1, therefore, confirming the correctness of the VHDL code.

L] JI [ K1 I Il

Figure 6.a: ModelSim of VHDL Code for Bitwise AND

L I [ KT D

Figure 6.b: ModelSim of VHDL Code for Bitwise AND
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Bitwise OR:

The functionality/behavior of Bitwise OR is to follow the truth table (Table 3), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Bitwise OR
(Figure 7). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from table 3, therefore, confirming the correctness of the VHDL code.

Figure 7.b: ModelSim of VHDL Code for Bitwise OR
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Bitwise XOR:

The functionality/behavior of Bitwise XOR is to follow the truth table (Table 5), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Bitwise XOR
(Figure 8). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from table 5, therefore, confirming the correctness of the VHDL code.

. e e

4 b

Figure 8.b: ModelSim of VHDL Code for Bitwise XOR
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Bitwise NOT:

The functionality/behavior of Bitwise NOT is to follow the truth table (Table 7), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Bitwise NOT
(Figure 9). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from table 7, therefore, confirming the correctness of the VHDL code.

EA Cursor 1 [300ns —I

| KT JEN I 3 B ¢ ||

Figure 9.b: ModelSim of VHDL Code for Bitwise NOT
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Shift Left:

The functionality/behavior of Shift Left is to follow the diagram (Figure 1), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Shift Left (Figure
10). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from figure 1, therefore, confirming the correctness of the VHDL code.

Cursor 1 {900 ns —I

| K N I3 R e —— ||

Figure 10.b: ModelSim of VHDL Code for Shift Left
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Shift Right:

The functionality/behavior of Shift Right is to follow the diagram (Figure 2), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Shift Right (Figure
11). The testbench written provided the inputs to test all possible combinations. The wave

generated matches those from figure 2, therefore, confirming the correctness of the VHDL code.

Figure 11.b: ModelSim of VHDL Code for Shift Right
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Rotation Left:

The functionality/behavior of Rotation Left is to follow the diagram (Figure 3), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Rotation Left
(Figure 12). The testbench written provided the inputs to test all possible combinations. The
wave generated matches those from figure 3, therefore, confirming the correctness of the VHDL

code.

- e
Cursor 1 (400 ns | 40
0| |

L I I 7 B3

Figure 12.a: ModelSim of VHDL Code for Rotation Left

Figure 12.b: ModelSim of VHDL Code for Rotation Left
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Rotation Right:

The functionality/behavior of Rotation Right is to follow the diagram (Figure 4), which describes

exactly what the output is supposed to be given a certain input.

A ModelSim waveform was created using the testbench written in VHDL for Rotation Right
(Figure 13). The testbench written provided the inputs to test all possible combinations. The
wave generated matches those from figure 4, therefore, confirming the correctness of the VHDL

code.

Figure 13.b: ModelSim of VHDL Code for Rotation Right
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Operations:

The functionality/behavior of Operations is to operate which function to use and produce an
output based on the given inputs. It would also check if one of the two 6-bit inputs are less than

the other and if it is, it would output ‘1°.

A ModelSim waveform was created using the testbench written in VHDL for Operations (Figure
14). The testbench written provided the inputs to test some combinations. The wave generated
matches those from figure 15, provided by the professor, therefore, confirming the correctness of

the VHDL code.

1| Wave - Default x|

3

e ——
Cursor 1 | 20ns | |
: JE I [£1 [ ||

Figure 14: ModelSim of VHDL Code for Operations

i [operations/start
B /operations/a 101001 Joo1011

B-< Joperations/b

001101 sl

&< Joperations/op 010
. Joperations/result |100101 UUUUUU

Figure 15: ModelSim of Operations Provided by the Professor
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Demonstration:

Operations:

In figures 16 to 24, demonstrations using all the operations are shown in addition to showing the

less than for comparing two signed numbers.

FLASHAB

FORE—TE RO LEDR—LOR— LER0  LEOGT  LEDG6

ci B 00 BB

OP [2] OP [1] OP[0] b[S] b[4] b[3] b[2] b[1] blo] a[5] al4] a[3] al2] afl] a[o]

.

Figure 16: AND Operation
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i
FLASH 448

HEXT— HEXG WS MM - HE : i
LEORIT  LEORIG LEORIS LEDRI4 LEDRI3 LEORIZ LEORI LEORID LEGRO  LEORS LEORT [LEDRG— CRORS——EEDRELEORI RO LEDGT —LEDG |

gﬂa@aaaaﬁlgn@ia R

Wi

ST MG SW5 M4 SW3 Wz |SWIl| |sWio

OP [2] OP [1] OP[O] b[5] b[4] b[3] b[2] b[1] blo] alS] al4] al3] al2] a[l] a[0]

.

Figure 17: OR Operation

SR

RH20 RNS_ RNIQ RNI8 RNIT RN1E RNZT’
| | S| e || R FEE

yww.altera.com

'-‘-,|'-’  U'- Leocs '- & L UL o T
uu’uu1@u o

_HEX HEXG HEXST! MR 2N HEN_HEXO

LEDRIT  LEDRIG  LEDRIS L[DRH LEDRH me mmu @R W LEORT  CEORG— CEOS—Eeb—t a6 ]G

g &6 : RREERRNIE

11 l | Jﬁ

A = =
SWi7 SHi6 SWLS W4 W12 SHiL SHi0 K9

OP [2] OP [1] OP[O] b[5] b[4] b[3] b[2] b[1] bo] alS] a4l al3] al2] a[l] al0]

e

Figure 18: XOR Operation
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RN?23 RN22 7RN71 RN20 RNS RNIO RNES RNIT RN
Friaiers e ) Esa) sz is)

ool 250
l_-ll_-l, e ()

T HEXG NN M B B i
LEORTLEDRE ——EEORELE0R  LEDRZ—LERT— LEOR0 LEDGT

LEORIT LEDRI6 LEORIS LEDRI4 LEDRI3 LEDRIZ LEDRLD LEORIO 0o
e 8 WEEEE @IIE!@-@

W7 SHi6 SHLS 4

OP [2] OP [1] OP[O] b[5] b[4] b[3] b[2] b[1] blo] alS] a4l al3] al2] a[l] al0]

‘

N =
FLASH 448

Figure 19: NOT Operation

yww.altera.com

©ALTERA

TLERIT LEDRIG LEORIS LEDRI4 LEDRI3 lEDKl; LEDR;\ LEI]RNIEUXS LEDRY LEI)RBHEXILEUWLUWHV' e = ="
0 @ § 88 8 B W B E B WEEEED N BEE B

—_HEXT HEX6 XS Hite PG
LEOR—LEDRT— LE0R0 LEDGT

=)

b(3] b[2] b[1] b[0] a[5] al4] a[3] a[2] a[l] a[0]

L

Figure 20: Shift Left Operation

OP [2] OP [1] OP[0] b[S]  bl4]

S
FLASH 48

T B

'
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U6 i

RNT- RNG_RN2S

__HET " HEX6 M W MG HEC BN b EE'E
LEORT—CEORS: = = LEoG?

LEDRI6 LEDRIS LEORI4 (LEDRI3 LEORI2  LEORIL LEORIO LEORS  LEOR® L

RN NEN RARNIE

3 SHz | swil

OP [2] OP [1] OP[0] b[5] b[4] b[3] b[2] b[1] bl0] a[5] al4] a[3] al2] a[1] a[0]

.

Figure 21: Shift Right Operation

(7. ——— =
Bes FLASH 48
L e =TT T T |

I@I@I I@E@

LEORIT  LEDRIG LEORIS LEORI4 LEORI3 LEDRIZ~ LEDRII LEDRIO RS LEORT

i 8§ B EEE

Si6 S5 M4 Sm3 i | Cswo| | sk

OP [2] OP [1] OP[O] b[5] b[4] b[3] b[2] b[1] b[o] alS] al4] al3] al2] a[l] al0]

—

Figure 22: Rotation Left Operation
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ML

=
S
2
S (o
[
=

W73 W22 AT A0 R RWO ANES AT RAIE ANA RNEL WG
J 2 [

L0020
Uy ]

HERe O HEXL . HEXO

RT

LEDRI7  LEORIG LEORIS LEOR14 LEDRI3 LEORI2 LEORII LEDRIO TERS LEORT  LEORG . CEDRS—HOORE—LE0R)  LEDRE—LEORt— LEDI0  LEOG1  LEOGS

o § 8 8 RERER R RN

HEXT  HEX6 HEXS

SHIT SWi6 WIS SWi4 SWI3 SHi2

OP [2] OP [1] OP[O] b[5] b[4] b[3] b[2] b[1] blo] alS] al4] al3] al2] a[l] alo]

Figure 23: Rotation Right Operation

s fee el

yww.altera.com

2 P{?{Z? RN21 RN?0 RNS RNIO RNES RNIT7 RN
1F75 4) | ey | e | ey

©ALTERA

I
0l

b UMD W NN e I T e R
LEDRI7T  LEDRI6  LEDRIS LEDR14 LEDR13 LEDR12 ~ LEDRI1 LEORIO  LEDRY LEDRS LEDRT  LEDRG—EEDRS——EEDRE——LE0R3 LEDRZ——LEORT— LEDRO

‘EEERERERERE R AR

l | l , 4 i 'J j@d

OP [2] OP [1] OP[0] b[5] b[4] b[3] b[2] b[1] b[0] a[5] al4] a[3] al2] a[1] a[0]

= e e
ST SWI6  SWIS SW4  SW3 shz  |sWIl

Figure 24: Less Than Check



Chen, Kevin 04/01/2019 Page |29

Conclusion:

The lab taught me how to create VHDL code for bitwise functions, shifting, and rotating. It also
taught me how to use them as components in another VHDL file that would operate them; in
addition to learning how to make testbenches for everything and making sure the outcome is
what we wanted. | was able to control the inputs and outputs by using the VHDL file that had all
the functions as components; by doing so, | was able to make sure the operations VHDL file

works the way | wanted to.

1. For the operations you have implemented, list corresponding operations in High level

language, such as C++, Java, etc.

Implementation VHDL C++ Java
AND A AND B A&B A&B
OR AORB A|B A|B
XOR A XOR B A"™B A"™B

NOT NOT A ~A ~A
Shift Left Asll A<< A<<
Shift Right Asrl A>> A>>
Rotation Left Arol N/A N/A
Rotation Right Aror N/A N/A

Table 14: Functions Represented in Different Languages
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2. Explain how and which of the operations you have designed in this lab can be used as

multiplications or division by 2. Please give examples.

The shift left operation that | have designed in this lab can be used as multiplication by 2

and the shift right operation can be used as division by 2.

Example:
Binary Decimal Operation Binary Decimal
000101 5 Shift Left 001010 10
011111 31 Shift Left 111110 62
010110 22 Shift Right 001011 11
101010 42 Shift Right 010101 21

3. How about multiplication or division by multiples of 2, can this be implemented? How
would your code need to be changed? Again, please give examples.
By changing the amount we shift left or right, we’re able to implement multiplication or

division by multiples of 2. The code would change by letting the user enter in the amount

Table 15: Example for Multiplications or Divisions by 2

it’ll be shifted by.

Example:

Binary Decimal Operation Binary Decimal
000101 5 Shift Left by 2 010100 20
000111 7 Shift Left by 3 111000 56
010110 22 Shift Right by 2 000101 5
101010 42 Shift Right by 3 001010 10

Table 16: Example for Multiplications or Divisions by Multiples of 2
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Is there any difference in performance between doing an explicit multiplication/division
by multiples of 2 in your code versus operating at the bit level of an input?

There is a performance difference between doing an explicit multiplication/division by
multiples of 2 in your code versus operating at the bit level of an input, the difference is

the runtime and how fast it’ll take to perform the operation.
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Bitwise AND:
1 [Library ieee;
2  use ieee.std logic 1164.all;
3
4 tentity Chen Kevin Bitwise AND is
5 fport(
6 Chen Kevin a,Chen Kevin b: in std logic vector(5 downto 0);
7 Chen Kevin result: out std logic vector(5 downto 0)
8 )
9 ‘tend Chen Kevin Bitwise AND;
10
11 Tarchitecture arch of Chen Kevin Bitwise AND is
12
13 Tbegin
14 Chen Kevin result <= Chen Kevin a and Chen Kevin b;

15 end arch;

Figure 25: VHDL Code for Bitwise AND (Chen_Kevin_Bitwise_ AND.VHD)

library ieee;

2 use jeee.std logic 1164.all;

use ieee.numeric_std.all;

5 tentity Chen_Kevin_Bitwise_ AND tb is
[ end Chen Kevin Bitwise AND tb;

Jarchitecture Chen Kevin tb of Chen Kevin Bitwise AND tb is

signal Chen_Kevin_a, Chen_Kevin_ b :
signal Chen Kevin result
begin

uuT :

process
begin

Chen Kevin a <=

Chen_Kevin_b <= "000(

for i in to
loop
wait for ns;

Chen Kevin a <= std logic vector(unsigned(Chen Kevin a) +
wait for ns;

Chen Kevin a <= st

end leoop;

end process;

end Chen Kevin tb;

_logic_vector (5 downto
downto U); --

entity work.Chen Kevin Bitwise AND port map (Chen Kevin a => Chen Kevin a,
Chen_Kevin_b => Chen_Kevin_ b,
Chen Kevin result => Chen Kevin result);

d logic vector(unsigned{(Chen Kevin a) +
Chen_Kevin_b <= std_logic_vector (unsigned(Chen_Kevin_b) +

Figure 26: VHDL Testbench Code for Bitwise AND (Chen_Kevin_Bitwise_ AND_tb.VHD)
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Bitwise OR:
1 [Library ieee;
2 use iecee.std logic 1164.all;
3
4 pentity Chen Kevin Bitwise OR is
5 Hport(
6 Chen Kevin a,Chen Kevin b: in std logic vector (5 downto 0);
7 Chen Kevin result: out std logic vector (5 downto 0)
8 )
9 'end Chen Kevin Bitwise OR;
10
11 Tarchitecture arch of Chen Kevin Bitwise OR is
12
13 Hbegin
14 Chen Kevin result <= Chen Kevin a OR Chen Kevin b;
15 'end arch;
16

Figure 27: VHDL Code for Bitwise OR (Chen_Kevin_Bitwise_OR.VHD)

1 library ieee;
use ieee.std logic_1164.all;
use ieee.numeric std.all;

entity Chen_Kevin Bitwise OR_tb is
end Chen Kevin Bitwise OR tb;

architecture Chen Kevin tb of Chen Kevin Bitwise OR tb is
signal Chen Kevin_a, Chen_ Kevin b : ) c_vector(5 downto 0); -- inputs
0 signal Chen Kevin result : std logic_vector(5 downto 0); -- outputs
| “begin

UUT : entity work.Chen Kevin Bitwise OR port map (Chen Kevin_a => Chen_Kevin_a,
Chen_Kevin b => Chen Kevin b,
Chen_Kevin_result => Chen_ Kevin_result);
process
begin

Chen_Kevin_a <= "000000";
0 Chen_Kevin_b <= "000000";

for i in to

loop

wait for ns;

Chen_Kevin_a <= std logic vector(unsigned(Chen_Kevin a) + 1);
wait for ns;

Chen Kevin a <= std logic vector ned(Chen Kevin a) + 1);
Chen_Kevin b <= std_logic 2C Chen_Kevin b) + 1);

end loop;

1 end process;
end Chen_Kevin_tb;

Figure 28: VHDL Testbench Code for Bitwise OR (Chen_Kevin_Bitwise_ OR_tb.VHD)
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Bitwise XOR:
1 Library ieee;
2  use leee.std logic 1164.all;
3
4 HBentity Chen Kevin Bitwise XOR is
5 bport(

Chen Kevin a,Chen Kevin b: in std logic vector (5 downto 0);
Chen Kevin result: out std logic vector(5 downto 0)

8 )

9 end Chen Kevin Bitwise XOR;

~

10

11 Tarchitecture arch of Chen Kevin Bitwise XOR is

12

13 Ebegin

14 Chen Kevin result <= Chen Kevin a XOR Chen Kevin b;

15 end arch;

Figure 29: VHDL Code for Bitwise XOR (Chen_Kevin_Bitwise_XOR.VHD)

1 library ieee;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

entity Chen Kevin Bitwise XOR tb is
end Chen_Kevin Bitwise XOR tb;

architecture Chen Kevin tb of Chen Kevin Bitwise XOR tb is
9 signal Chen_Kevin_a, Chen_Kevin_b : std logic_vector (5 downto 0); -- inputs
10 signal Chen Kevin result : std logic vector(S downto U); -- cutputs
Il tbegin

1 UUT : entity work.Chen Kevin Bitwise XOR port map (Chen_Kevin_a => Chen_Kevin_a,

1 Chen Kevin b => Chen Kevin b,

] Chen Kevin result => Chen Kevin result);
1€ process - - - -
1
1
1

begin
Chen Kevin a <= " oo";
20 Chen_Kevin_ b <= " oo™ ;

for i in to

2 loop
24 wait for ns;
Chen Kevin a <= std logic vector(unsigned(Chen Kevin a) + 1);
wait for ns;
27 Chen Kevin a <= std logic vector(unsigned(Chen Kevin a) + 1);
2¢ Chen_Kevin_b <= std_logic_vector(unsigned(Chen_Kevin_b) + 1);
2 € end loop;

31 end process;
32 -end Chen Kevin tb;

Figure 30: VHDL Testbench Code for Bitwise XOR (Chen_Kevin_Bitwise XOR_tb.VHD)
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Bitwise NOT:

1 Library ieee;
2 use leee.std logic 1l64.all;
3
4 Hentity Chen Kevin Bitwise NOT is
5 [port(
[9) Chen Kevin a: in std logic vector(5 downto 0);
7 Chen Kevin result: out std logic vector(5 downto ()
8 );
9 'end Chen Kevin Bitwise NOT;
10
11 Tarchitecture arch of Chen Kevin Bitwise NOT is
12
13 tbegin
14 T Chen Kevin result <= NOT Chen Kevin a;
15 lLend arch;
Figure 31: VHDL Code for Bitwise NOT (Chen_Kevin_Bitwise_NOT.VHD)
Llibrary ieee;

use ieee.std leogic_1164.all;
use ieee.numeric std.all;

entity Chen Kevin Bitwise NOT tb is
end Chen Kevin Bitwise NOT tb;

architecture Chen Kevin tb of Chen Kevin Bitwise NOT tb is

signal Chen Kevin a : std logic vector(b downto 0); -- inputs
signal Chen_Kevin_result : std legic vector (5 downto 1); -- outputs
begin
UUT : entity work.Chen Kevin Bitwise NOT port map (Chen Kevin a => Chen Kevin a,

Chen_Kevin_result => Chen_Kevin_result);
process
begin

Chen_Kevin_a <= "00(

for i in to

loop

wait for ns;

Chen_Kevin_a <= std_logic_vector(unsigned(Chen_Kevin_a) + 1);
end loop;

end process;

end Chen_Kevin_tb;

Figure 32: VHDL Testbench Code for Bitwise NOT (Chen_Kevin_Bitwise NOT_tb.VHD)
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Library ieee;
use leee.std logic 1l64.all;

entity Chen Kevin Shift Left is

port (
Chen Kevin a: in std logic vector (5 downto 0);
Chen Kevin result: out std logic vector (5 downto 0)
)

end Chen Kevin Shift Left;

Tarchitecture arch of Chen Kevin Shift Left is

Tbegin

end arch;

Figure 33: VHDL Code for Shift Left (Chen_Kevin_Shift_Left.VHD)

Chen Kevin result <= to_stdlogicvector (to_bitvector (Chen Kevin a) sll 1);

>7

library iecee;
use ieee.std logic 1164.all;
use ieee.numeric std.all;

Fentity Chen_Kevin_Shift Left tb is
end Chen Kevin Shift Left tb;

tarchitecture Chen Kevin tb of Chen Kevin Shift Left tb is

signal Chen Kevin a: std logic vector(5 downto 0); -- inputs
signal Chen Kevin_result : std_logic_vector (5 downto 0); -- outputs
~begin

= UUT : entity work.Chen Kevin Shift Left port map (Chen Kevin a => Chen Kevin a,

Chen_Kevin_result => Chen_Kevin_result);

= process
begin

Chen Kevin a <= "000000";

for i in to

loop

wait for ns;

Chen Kevin a <= std logic vector(unsigned(Chen Kevin a) + 1);
end loop;

r end process;
end Chen_Kevin_tb;

Figure 34: VHDL Testbench Code for Shift Left (Chen_Kevin_Shift_Left th.VHD)
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Shift Right:

1 [Library ieee;

7  use leee.std logic 1164.all;

3

4 Hentity Chen Kevin Shift Right is

5 pport(

6 Chen Kevin a: in std logic vector (5 downto () ;

7 Chen Kevin result: out std logic vector (5 downto 0)
8 )

9 'end Chen Kevin Shift Right;

10

11 Tarchitecture arch of Chen Kevin Shift Right is

12

13 tbegin

14 T Chen Kevin result <= to_stdlogicvector(to bitvector(Chen Kevin a) srl 1);
15 end arch;

Figure 35: VHDL Code for Shift Right (Chen_Kevin_Shift_Right.VHD)

library ieee;
use ieee.std logic 1164.all;
use ieee.numeric_std.all;

5 centity Chen_Kevin_Operations_tb is
6 'end Chen_Kevin_Operations_tb;

architecture Chen_Kevin_tb of Chen_Kevin_Operations_tb is

9 signal Chen_Kevin_a, Chen_Kevin_b : std logic vector(S downto (); -- inputs
10 signal Chen_Kevin_Start: std_logic;
11 signal Chen_Kevin_cp: std_leogic_vector (2 downto 0);
12 signal Chen_Kevin_result : std logic_vector (S downto U); -- cutputs
13 signal Chen_Kevin_LessThan : std_logic;
14 begin
15
16 UUT : entity work.Chen Kevin_Operations port map (Chen_Kevin_a => Chen_Kevin_a,
17 Chen_Kevin_b => Chen_Kevin_b,
18 Chen_Kevin_Start => Chen_Kevin_Start,
19 Chen_Kevin_cp => Chen_Kevin_op,
20 Chen_Kevin_result => Chen_Kevin_result,
21 Chen Kevin LessThan => Chen Kevin LessThan);
22 B B - B
23 Chen Kevin a <= ' ", "10l001" after 10 ns, "101001" after 20 ns, "001011l" after 30 ns,
24 "001011l" after
25 Chen Kevin b <= "000000", "001101" after 10 ns, "001101" after 20 ns, "001101" after ns,
26 "001101" after 40 ns;
27 Chen Kevin Start <= '0', '0' after ns, '1l' after 20 ns, '0' after ns, 'l' after ns;
28 Chen Kevin op <= "000","010" after ns, "010" after ns, "111" after ns,
29 "111" after 40 ns;
>

(SN

end Chen Kevin tb;

Figure 36: VHDL Testbench Code for Shift Right (Chen_Kevin_Shift_Right_tb.VHD)
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Rotation Left:

1 [Library ieee;

7 use ieee.std logic 1164.all;

3

4 fentity Chen Kevin Rotation Left is

5 oport(

6 Chen Kevin a: in std logic vector(5 downto 0);

7 Chen Kevin result: out std logic vector (5 downto 0)
8 )

9 lend Chen Kevin Rotation Left;

10

11 Tarchitecture arch of Chen Kevin Rotation Left is

12

13 tbegin

14 T Chen Kevin result <= to_stdlogicvector (to bitvector(Chen Kevin a) rol
15 Llend arch;

Figure 37: VHDL Code for Rotation Left (Chen_Kevin_Rotation_Left.VHD)

i I

}library ieee;
2 use ieee.,std logic 1164.all;
use ieee.numeric std.all;

‘ entity Chen Kevin_Rotation_Left tb is
end Chen Kevin Rotation Left tb;

architecture Chen Kevin tb of Chen Kevin Rotation Left tb is

signal Chen Kevin a: std logic vector(® downte (U); -- inputs
signal Chen Kevin result : std logic vector(b dewnto U); -- outputs
begin

UUT : entity work.Chen Kevin Rotation Left port map (Chen Kevin a => Chen Kevin a,

14 Chen Kevin result => Chen Kevin result);

1: process
1 begin

Chen_Kevin_a <= "

for i in to

loop

wait for ns;

Chen Kevin a <= std logic vector(unsigned(Chen Kevin a) + 1);
2 4 end loop;

end process;
end Chen Kevin tb;

Figure 38: VHDL Testbench Code for Rotation Left (Chen_Kevin_Rotation_Left th.VHD)
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Rotation Right:

1 [Library ieee;

2 use leee.std logic 1ll64.all;

3

4 Dentity Chen Kevin Rotation Right is

5 Hport(

6 Chen Kevin a: in std logic vector (5 downto 0);

7 Chen Kevin result: out std logic vector (b downto 0)
8 )

9 lend Chen Kevin Rotation Right;

10

11 Tarchitecture arch of Chen Kevin Rotation Right is

12

13 tbegin

14 T Chen Kevin result <= to_stdlogicvector (to_bitvector(Chen Kevin a) ror 1);
15 tend arch;

Figure 39: VHDL Code for Rotation Right (Chen_Kevin_Rotation_Right.VHD)

I library ieee;
2 use ieee.std logic_1164.all;
3 use ieee.numeric_std.all;

5 centity Chen_Kevin_Operations_tb is
& '‘end Chen_Kevin_Operations_tb;

architecture Chen_Kevin_tb of Chen_Kevin_Operations_tb is

9 signal Chen_Kevin_a, Chen_Kevin_ b : std_leogic_vector (5 downte 0); -- inputs
10 signal Chen_Kevin_Start: std_legic;
11 signal Chen_Kevin_op: std_logic_vector (2 downte 0);
2 signal Chen_Kevin_result : std _logic_vector (S dewnto 0); -- outputs
13 signal Chen_Kevin_LessThan : std_logic;
14 begin
15
16 UUT : entity work.Chen_Kevin Operations port map (Chen_Kevin_a => Chen_Kevin_a,
17 Chen_EKevin_b => Chen_Kevin_b,
18 Chen_Kevin_Start => Chen_Kevin_Start,
19 Chen_Kevin_op => Chen_Kevin_op,
z Chen_Kevin_result => Chen_Kevin_result
Chen_Kevin_LessThan => Chen_Kevin_LessThan);
23 Chen_Kevin_a <= "000000", "101001" after ns, "101001" after ns, "001011" after ns,
24 "001011" after ns;
25 Chen_Kevin_b <= "000000", "001101" after ns, "001101" after ns, "001101" after ns,
26 "O00L101" after ns;
27 Chen_Kevin_ Start <= '0', '0' after 10 ns, 'l' after 20 ns, '0' after 30 ns, 'l' after 40 ns;
28 Chen_Kevin op <= "0 "010" after 10 ns, "010" after 20 ns, "111" after 20 ns,
2 "111" after 40 ns;

32 end Chen Kevin tb;

Figure 40: VHDL Testbench Code for Rotation Right (Chen_Kevin_Rotation_Right_tb.VHD)
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Operations

Tibrary Tonn7
use fees.std_loglc_1164.al1;
d.al1; }

use iees.numeric_s

4 inl <= Kevin a;
4 entity in2 <= Chen Kevin bj
& port(
cctor (5 downto Chen Kevin ANDFunclions Chen Kevin Rilwise AND
dowato 0) port map( Chen Kevin_n => Chan_Kevin_inl,

Chen_Ksvin_b

Chen_Kevin_in2,

9 Chen Kevin _Kevin_| !
> Chen_Kevin_result => Chen_ F

1 Kevin
an Kevin op

_AND) ;

end Chan_Kevin_Oparations;

I [chon Kevin XORe
port map( Chen Kev
‘ Chun_Kuvin b => Chen Kevin_in?,

Chen_Kevin_result => Chen_Kevin_XOR) ;

tor (L down! :
n_XOR, Chen_Kevin NOT,

_AND, Chen_Kevin OR, | ]
vin Rotateleft,

Chen_Kevin_Shift

) |Chen_Kevin NOTFunction: Chen_Kevin_Bitwise NOT
Port map( Chen_K

veclor (¢ downto () ;

NOT) ;
downto ) -

ALz out std_legle

[component

ector (s downto 0); Chun_Kavin_ShiFLRighLFu
downto 0) 3 port map( Chen Kevin

. Chen_Kevin, telett o in_Rotation_Lett
= 02 port map(
336 in_Rotatelefr) ;
/ s dn wid logic vector (¢ downto 0)
5 5 |chen kevin n Kevin Kotation Hight

i logie veclor(c downto ) o

Kavin inl,
L => Chen Kavin RolaleRight);

port map( Cl

component Chen \process (Chen_Kevin Start,Ghen_Kevin_a,Chen_Kevin_b,Chan_Kevin_op)
port (Chen K: )i
Chen_K:

downto ) J
end component ;

% jcomponent Clhien Kavin §hifl 6 Chen Kevin OR;
¢ I port (Chen Kevin a: im & ): 7

Chan_Kevin_result downto ) o Chen Kevin XOK;
4 e
| i Chen_Kevin_NOT;
%1 fjcomponent Chen Kevi ifl. Right ; 0 MvX HhtEeatt,
52 11 port (Chan Kevin_a:z dn wid logic v ) Chen_Kevin_ShiftRigh
5 Chen_Kevin_result : out std_ downto ) -
4 ) Kevin_Ro!
" |end component;
% 1t <= Chen Kevin RotatcRight;

{icomponent Chen_Ke:
port (Chen_Kev ):
downto ) 3
¥ b) > (signed(Chen_Kevin_2))) then

1 |end component; ¢
2 . . Chen_Kevin_LessThan <= '0';
(1 fjcomponent Chen Kevin Rolalion Right end if:
64 1 port (Chen Kevin a: in ond if
5 Chen_Ks R ) 10 |end process;
66 )i 3
¢ |end component; 10 end arch;

Figure 41: VHDL Code for Operations (Chen_Kevin_Operations.VHD)

rary ieee;
use ieee.std logic_ll64.all;
use ieee.numeric_std.all;

2!
3
4
5 —entity Chen Kevin Operations_tb is
6 lem:l Chen_Kevin_Operations_tb;

‘

—architecture Chen_Kevin_tb of Chen Kevin Operations_tb is

9 signal Chen Kevin a, Chen Kevin b : std logic_vector(5 downto 0); -- inputs

10 signal Chen Kevin Start: std logic;

11 signal Chen Kevin op: std_logic_vector (2 downto 0);

12 signal Chen_Kevin_result : std_logic_vector (5 downto 0); - outputs

13 signal Chen _Kevin LessThan : std logic;

14 begin

15 l

16 UUT : entity work.Chen Kevin Operations port map (Chen Kevin a => Chen_Kevin_a,

1k Chen_Kevin_b => Chen_Kevin_b,

18 Chen_Kevin_Start => Chen_Kevin_Start,
19 Chen_Kevin_op => Chen_Kevin op,

20 Chen_Kevin_result => Chen_Kevin_ result,
2 Chen_Kevin_LessThan => Chen_Kevin_LessThan) ;
22

23 Chen_Kevin_a <= "000 v after 10 ns, "101001" after 20 ns, 1" after 30 ns,

24 "001011" after 40 ns;

25 Chen_Kevin_b <= "000000", after 10 ns, "001101" after 20 mns, " after 30 ns,

26 "001101" after 40 ns;

27 Chen_Kevin_Start <= '0' after 10 ns, 'l' after 20 ns, '0' after 30 ns, 'l' after 40 ns;

28 Chen_Kevin_op <= "000", after ns, "010" after 20 ns, "111" after 30 ns,

29 "111" after 40 ns;

30

31

32 end Chen Kevin tb;

Figure 42: VHDL Testbench Code for Operations (Chen_Kevin_Operations_th.VHD)
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Variable Name Variable Type Signal Name FPGA Pin No.
Chen_Kevin_Start Input KEY[O] PIN_G26
Chen_Kevin_a[0] Input SWI0] PIN_N25
Chen_Kevin_a[1] Input SW[1] PIN_N26
Chen_Kevin_a[?2] Input SW[2] PIN_P25
Chen_Kevin_a[3] Input SWI[3] PIN_AE14
Chen_Kevin_a[4] Input SW[4] PIN_AF14
Chen_Kevin_a[5] Input SW[5] PIN_AD13
Chen_Kevin_b[0] Input SW[6] PIN_AC13
Chen_Kevin_b[1] Input SW[7] PIN_C13
Chen_Kevin_b[2] Input SW[8] PIN_B13
Chen_Kevin_b[3] Input SW[9] PIN_A13
Chen_Kevin_b[4] Input SW[10] PIN_N1
Chen_Kevin_b[5] Input SWI11] PIN_P1
Chen_Kevin_op[0] Input SWI15] PIN_U4
Chen_Kevin_op[1] Input SWI16] PIN_V1
Chen_Kevin_op[2] Input SWI[17] PIN_V2

Chen_Kevin_result[0] Output LEDG[0] PIN_AE22
Chen_Kevin_result[1] Output LEDG[1] PIN_AF22
Chen_Kevin_result[2] Output LEDG[2] PIN_W19
Chen_Kevin_result[3] Output LEDG[3] PIN_V18
Chen_Kevin_result[4] Output LEDG[4] PIN_U18
Chen_Kevin_result[5] Output LEDG[5] PIN_U17
Chen_Kevin_ALessThanB Output LEDRJO0] PIn_AE23

Table 17: Pin Assignments for Operations
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(Groups 38 x] B e
Nuned:[ . v
Node Name Direction Locat A
> M Chen_Kevin_a[5..0] InputGroup
> % Chen_Kevin_b[5..0] InputGroup v .
< >
Groups  Report
Tasks 28 x|
» Run Analysis and Elaboration A )
v [ Early Pin Planning
T~ Early Pin Planning.
P — ko
X| Named:| = v Je»| eat: I ] Fiter: Ps: al -
al Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1/0 Standard Reserved CurrentStrength  Differential Pair A
244 Chen_Kevin_ALessThanB Output PIN_AE23 7 B7_N0 PIN_AE23 3.3-VLV... default) 24mA (default)
% Chen_Kevin_Start Input PIN_G26 5 B85_NO PIN_G26 3.3-VLV...default) 24mA (default)
%, Chen_Kevin_a[0] Input PIN_N25 5 BS_N1 PIN_N25 3.3-VLV... default) 24mA (default)
1%_ Chen_Kevin_a[1] Input PIN_N26 5 BS_N1 PIN_N26 3.3VLV.. default) 24mA (defauit)
1% Chen_Kevin_a[2] Input PIN_P25 6 86_NO PIN_P25 3.3-VLV.. defauit) 24mA (default)
% Chen_Kevin_a[3] Input PIN_AE14 7 B7N1 PIN_AE14 3.3VLV..default) 24mA (default)
% Chen_Kevin_a[4] Input PIN_AF14 7 B7N1 PIN_AF14 3.3VLV...default) 24mA (default)
%_ Chen_Kevin_a[5] Input PIN_AD13 8 B3_NO PIN_AD13 3.3-VLV.. default) 24mA (default)
% Chen_Kevin_b[0] Input PIN_AC13 8 B83_NO PIN_AC13 3.3-VLV.. default) 24mA (default)
%, Chen_Kevin_b(1] Input PIN_C13 3 B83_N0 PIN_C13 3.3-VLV.. default) 24mA (default)
'%_ Chen_Kevin_b(2] Input PIN_B13 4 B4 N1 PIN_B13 3.3VLV...default) 24mA (default)
'"_ Chen_Kevin_b[3] Input PIN_A13 4 B4N1 PIN_A13 3.3VLV.. default) 24mA (default)
'%_ Chen_Kevin_b[4] Input PIN_N1 2 B2_N1 PIN_N1 3.3-VLV.. default) 24mA (default)
% Chen_Kevin_b[5] Input PIN_P1 1 B1.NO PIN_P1 3.3-VLV...default) 24mA (default)
% Chen_Kevin_op[0] Input PIN_U4 1 B1.NO PIN_U4 3.3-VLV...default) 24mA (default)
% Chen_Kevin_op[1] Input PIN_V1 1 B1_NO PIN_V1 3.3-VLV.. default) 24mA (default)
% Chen_Kevin_op[2] Input PIN_V2 1 B1NO PIN_V2 3.3-VLV.. default) 24mA (default)
244 Chen_Kevin_result(0]  Output PIN_AE22 7 B7_NO PIN_AE22 3.3-VLV.. default) 24mA (default)
244 Chen_Kevin_result{1]  Output PIN_AF22 7 B7_NO PIN_AF22 3.3-VLV...default) 24mA (default)
4 Chen_Kevin_result(2]  Output PIN_W19 7 B7_NO PIN_W19 3.3-VLV.. default) 24mA (default)
240 Chen_Kevin_result{3]  Output PIN_V18 7 B7_NO PIN_VI18 3.3-VLV..default) 24mA (default)
£\o Chen Kevin_resultf4]  Output PIN_U18 7 87_N0 PIN_U18 3.3V LV...default) 24mA (default)
|24 Chen_Kevin_result[S]  Output PIN_U17 Fd B7_NO PIN_U17 3.3V LV..default) 24mA (default) v
0% 00:00:00

Figure 43: Pin Planner of Block Diagram/Schematic File of Operations



