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* VHDL

Lo gy IR

* VHSIC Hardware Description Language

/

* Very High Speed Integrated Circuit

CE 1911 2 © tj



CE 1911

e Concurrent (combinational) Logic in HDL
e Concurrent activities are happening all the time (in
parallel)
* Assignment: <=
e with-select

* when-else

z <= (b or c) when (d = ‘0’) else (e and f); -- z can change if any value
-- changes, immediately
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e Basic VHDL file

Generic

. Header

-- basic_vhdl.vhdl .
- Created: 7/16/18 Information

-- By: johnsontimoj
-- For: EE3921

-- File Overview ---

-- This file demonstrates basic VHDL file structure

-- File Details ---

-- Library inclusions

library IEEE; Libra ry
use ieee.std_logic_1164.all; I nCI USionS

use ieee.numeric_std.all;

-- Entity definition
entity basic_vhdl is

\: positive := 8); Entity

Ports ———
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po in std_logic;

in std_logic;
in std_logic;
in std_logic_vector(N-1 downto 0);
in std_logic_vector(N-1 downto 0);
in std_logic_vector(N-1 downto 0);

out std_logic;

out std_logic_vector(N-1 downto 0)
);

end entity;

-- Behavioral Architecture Definition
architecture behavioral of basic_vhdl is

signal e:

signal f:

signal g:
signal t:
signal u:

Begin

std_logic;

std_logic;

std_logic;

unsigned(N-1 downto 0);
signed(N-1 downto 0);

e<=i_aandi_b;
f<=i_cnori_a;
g<=exorf;
0_x<=gandnoti_p(3);

t <= unsigned(i_p xor i_q);
u<=signed("11" & i_a & t(4) & i_r(3 downto 2) & i_a & g);
oy<=(7=>"1",4=>u(5),1=>i_a,5=>t(4), others=>'1"); --arrayassignment

end architecture;

Architecture

*_ Internal

signals

Architectural
Definition
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e Basic VHDL file

i_p[7..0]

e<=i_aandi_b;
f<=i_cnori_a;
g<=exorf;
0_x<=gand noti_p(3);

t <= unsigned(i_p xori_q);
u<=signed("11" & i_a & t(4) & i_r(3 downto 2) & i_a & g);
o y<=(7=>"1",4=>u(5),1=>i_a,5=>t(4), others=>"1");

g
ic[ > 0_X
i_r[7..O]D D—D—‘——(jj : rg—CD—D 0 X

i_q[7..0] z :

i_a[ >—e S

i b

T [ o_y[7.0]

port( i_a in std_logic;
i_b: in std_logic;
ic in std_logic;
i_p: in std_logic_vector(N-1 downto 0);
i_qg in std_logic_vector(N-1 downto 0);
ir in std_logic_vector(N-1 downto 0);
o_x: out std_logic;
o_y: out std_logic_vector(N-1 downto 0)

);
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e Basic VHDL — Structural file

* Full Adder

-- full_adder.vhdl
-- by: johnsontimoj
-- created: 7/5/2017

-- version: 0.0

-- 1 bit full adder
-- inputs: a, b, cin

-- outputs: s, cout

library IEEE;
use ieee.std_logic_1164.all;

entity full_adder is

port( i_a: in std_logic;
i b: in std_logic;
i_cin: instd_logic;
0_s: out std_logic;

o_cout: out std_logic
15
end entity;

architecture behavioral of full_adderis

signal p: std_logic;
signal g: std_logic;

begin

p<=i_axori_b;
g<=i_aandi_b;

0_Ss<=pXxori_cin;
o_cout<=gor(pandi_cin);

end;
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e Basic VHDL — Structural file

* Full Adder
: g
i_al > Y o_cout~1
i_b[ > / _D—D o_cout
P
:)y o_cout~0
\ 0_s
i_cin[ > /
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-- 1 bit full adder prototype
component full_adder is Com pOnent

port( i_a: in std_logic;
i b: in std_logic; PrOtOtype
i_cin: in std_logic;

e Basic VHDL — Structural fil O oo
);

end component;

- adder_4bit.vhdl -- intermediate carrys mapped to co

e -- with 1st stage Cout mapped to co(0) and 4th stage cout mapped to co(3)
- by: ]

signal co: STD_LOGIC_VECTOR(3 downto 0); -- intermediate carrys

-- created: 7/5/2017 -- no vector interpretation

-- version: 0.0
. begin
add_0: full_adder port map( i_a =>i_A(0), I n Sta ntlatIO nS
= i_b=>i_B(0),
-- 4 bit adder to show cell instantiation i_cin =>i_CIN,
. o_s =>o0_SUM(0),
X . o_cout => co(0)
-- inputs: - a, b, cin );
- add_1: full_adder port map( i_a=>i_A(1),
-- outputs: - sum, cout i_b=>i_B(1),
. i_cin => co(0),
o_s=>0_SUM(1),
o_cout =>co(1)
library IEEE; );
use ieee.std_logic_1164.all; add_2: full_adder port map( i_a =>i_A(2), 1C1
_logic_ o) Explicit
icin => co(1),
entity adder_4bit is |o__cS|n=>>oicS>(U'1A(2)’ Port
port( i_A: in std_logic_vector(3 downto 0); o_cout => co(2) .
| i B: in std_logic_vector(3 downto 0); ) Ma PpPINE
TO p Leve i_CIN: in std_logic; add_3: full_adder port map( :_z iz :_:g;,
E ntlty o_SUM: outstd_logic_vector(3 downto 0); i =>‘c0(2’)‘
o_COUT: out std_logic 0_s=>0_SUM(3),
); o_cout =>co(3)
end entity; )i
architecture structural of adder_4bit is 0_COUT <= co(3);

S 15 8 end architecture; © tj



e Basic VHDL — Structural file

full adder:add 0

ia g
= — 0_cout~1
i A[3.0] D— ib = o_cout
_BE.01 [ D = —
i CIN ;)Z : o cout~0 full_adder:add_1
P > iy 0Ss R
1_cin — 1 i_a o_cout
'|' 'J o_s 1 ib
! ) = °F [ o _SuM[.0]
- i_cinf =
|
full_adder:add 3
full_adderadd 2 _
3 i_a o_cout o COUT
i_a . o_cout 3 ib o_s D -
i_b 0_s i_cinf
i_cin
9 ©tj
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e VHDL — Selection

 with-select
* Choose a value when a certain situation exists

with decision_signal select result_signal <= -- exhaustive list
result_value when decision_value,
result_value when decision_value,
result_value when decision_value,
result_value when decision_value;

Limitation: Only one result signal
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e VHDL — Selection
e with-select

Exhaustive List Partial List
Wlth |nA Se|eCt OUtA <= ::0100: When ::01:, W|th |nA Se|eCt OUtA <= 11010011 When 110111'
”0010” When ”10”, 110010” When 1110”,
0001 when 117, “0000” when others;

“1010” when “00”,
“0000” when others;

Partially Common Result

with inA select outA <= “0100” when “01”,
“0010” when “10”,
“0001” when (“11” or “00”),
“0000” when others;

Complex Selection

with (inA and inB) select outA <=“0100"” when “01”,
“0010” when “10”,
“0001” when “007,
“0000” when others;
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e VHDL — Selection

* with-select

-- with_select.vhd|

-- created 7/5/2018
-t

--rev0

-- with-select example

-- Inputs: C
-- Outputs: V

library ieee;

use ieee.std_logic_1164.all;

entity with_select is
port (

i_C: instd_logic_vector(3 downto 0);
o_V: outstd_logic_vector(3 downto 0)

);
end entity;

architecture behavioral of with_select is

begin

-- Code to show mux

with i_Cselect o_V <=

"0001" when "0000",
"0010" when "0001",
"0011" when "0010",
"0100" when "0011",
"0101" when "0100",
"0110" when "0101",
"0111" when "0110",
"1000" when "0111",
"1001" when "1000",
"0000" when others;

end behavioral;
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e VHDL = Selection Mux3 0000 0001 0101 0101

—> (0000 0000 0110 0110
0000 0000 0111 1000
Mux0 _ 0000 0001 1000 0000

* with-select

\

i = o O O
: SEL[3..0
.01 6'h180 DATA 1[5 o] ot o_V[3..0] g g g
[ —] - o O O
o O O
= O O
Mux i_C=0111
SEL[3..0] O -
1 : ouT S~ O
/ 16'h78 DATA[15.0]| o~ o
o O -
o O =
Mux2 i_C=0000 o O O
3,1:0 SEL[2..0]
P m ouT
8'h6 DATA[7..0]] "0111" when "0110",
"1000" when "0111",
Mux3
SEL[3..0]
ouT
16'h155 DATA[15..0]
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)

J 1000 0000

TOTO 10T
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e VHDL — Selection

* when-else
* Choose a value when a certain situation exists

result_signal <= result_value when decision_signal = decision_value else
result_value when decision_signal = decision_value else
result_value when decision_signal = decision_value else
result_value;

Limitation: Only one result signal
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e VHDL — Selection

e when-else

Exhaustive List Partial List
0100” when inA = “01” else “0100” when inA = “01” else
“0010” when inA = “10” else “ ",
00017;
“0010” when inA = “11” else
“0001”;

Partially Common Result

outA <= “1000” when inA = “00” else
“0100” when inA = “01” else
“0010” when inA = (“10” or “11”) else
“0001”;

Complex Selection

outA <= “1000” when (inA or inB) = “00” else
“0100” when (inA or inB) = “01” else
“0010” when (inA or inB) = “10” else
“0001”;
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e VHDL — Selection

e when-else

CE 1911

-- when_else.vhdl

-- created 7/5/2018
-t

--rev0

-- when-else example

-- Inputs: C

architecture behavioral of when_else is
begin

o V<= "0001" wheni_C="0000" else
"0010" when i_C="0001" else
"0011" when i_C="0010" else
"0100" wheni_C="0011" else
"0101" when i_C="0100" else

i "0110" wheni_C="0101" else
_ "0111" wheni_C="0110" else

"1000" wheni_C="0111" else
. . "1001" when i_C="1000" else
library ieee;

use ieee.std_logic_1164.all;

entity when_else is
port (
i_C: instd_logic_vector(3 downto 0);
o_V: outstd_logic_vector(3 downto 0)
3
end entity;

16

"0000";
end behavioral;
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e VHDL — Selection

e when-else

Equale

Al
4ho ez

o_V~[26.23]
h1 B2 o_V[3-2]
Equals

Equal2

R0 [

Equal2

Equall
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