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i VHDL

Integrated Circuit

RTL

RTL
= RTL
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i VHDL

| i brary | EEE;
use | EEE. std logic 1164. all; A C
entity HALF ADDER is B ) S
port ( A B : in std_|ogic;
S, CO: out std |logic); :>}*’CO

end HALF_ADDER,

archi tecture DATAFLOW of HALF _ADDER is
signal C, D: std_|ogic;
begi n
C <= A or B
D <= A nand B;
CO <= not D
S <= C and D

end DATAFLOW
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i VHDL

library 1EEE;
use IEEE.std _logic_1164.all;

STD_LOGIC

entity HALF_ADDER is

port ( A, B : IN std_logic;
S, CO : OUT std_logic );

end HALF_ADDER;

architecture DATA_FLOW of HALF ADDER is

signal C, D : std_logic;

begin
C<=AorB;
D <=AnandB ;
CO <= notD;
S<=CandD;
end DATAFLOW;
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std logic

N
‘0 T ‘X
'U" | Uninitialized ‘W' | Weak Unknown
‘X" | Unknown 'L'" | Weal Low
'0" | Low 'H'" | Weak High
'1' | High Don't care
'Z' | Hi-impedance
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1. login
2. nirai  rlogin

% rlogin nirai

.cshrc

source /usr/synopsys/setup 2000.05/init/synopsys_setup_2000.05

a. nirai  rlogin
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% xhost nirai

% xhost nirai-1

nirai

hosthame PWO01

% setenv DISPLAY hosthname:0.0

nirai
% mkdir vhdl

% cd vhdl
% cp /home/teacher/wada/pub/*.*

vhdl

10



hadder test.vhd

library IEEE; begin
use IEEE.std_logic_1164.all; UO: HALF_ADDER port map (IN1, IN2, S, CO);

process begin
IN1<='0"; IN2<='0";
wait for 10 ns;
IN1<='0"; IN2<="'1";
wait for 10 ns;

entity HADDER_TEST is
end HADDER_TEST;

architecture TESTBENCH of HADDER_TEST is INI<="1": IN2<="0' :
component HALF_ADDER wait for 10 ns:
port (A, B :in std_logic; IN1<='1": IN2<='1":
S, CO : out std_logic); wait for 10 ns;
end component; wait;
signal IN1, IN2, S, CO : std_logic end process;

end TESTBENCH,;

HADDER_TEST
configuration CFG_ADDER of HADDER_TEST is

for TESTBENCH
end for;
end CFG_ADDER;

PROCESS

2000/9/1 11
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VHDL

VHDL
half _adder.vhd
hadder_test.vhd

(VHDL
% vhdlan half_adder.vhd
% vhdlan hadder_test.vhd

VHDL Debugger
VHDL Debugger

% vhdldbx CFG_ADDER &
VHDL Debugger

VHDL Debugger

trace * signal

run 50
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CO
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2

o design_analyzer

% design_analyzer &

File->Read...
half _adder.vhd

HALF_ADDER

Tool-=>DesignOptimization

2000/9/1
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= ALU

Sel[4:0]
> N Sel[1:0] * Self?] Sel[4:3]
AlZ:0] Logic (LogicUnit]7:0
: Unit
¥[7:0
B[7:0] 70}

§ Arith
Unit
>

mMux Shifter -

]

Carryin
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AithUnitg]  ALU-NoShif7:0]
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A S3 R
0 0 0 Y <=A A Arithmetic Unit
0 0 0 Y <=A+1 A Arithmetic Unit
0 0 0 Y<=A+B Arithmetic Unit
0 0 0 Y<=A+B+1 Arithmetic Unit
0 0 0 Y <= A + Bbar A Arithmetic Unit
0 0 0 Y <=A +Bbar +1 Arithmetic Unit
0 0 0 Y<=A-1 Arithmetic Unit
0 0 0 Y <=A A Arithmetic Unit
0 0 1 Y <=A andB Logic Unit
0 0 1 Y<=AorB Logic Unit
0 0 1 Y <= A xor B Logic Unit
0O O 1 Y <= Abar Logic Unit

0 0 0 0  Y<=A A Shifter Unit

0 0 0 0 Y<=shA A Shifter Unit

0 0 0 0 Y<=grA A Shifter Unit

0 0 0 0 Y<=0 Shifter Unit
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alu.vhd

library IEEE;
use IEEE.STD_LOGIC_1164.all, IEEE.NUMERIC_STD.all;

entity ALU is
port(Sel : in unsigned(4 downto 0);
Carryln : in std_logic;
A, B : in unsigned(7 downto 0);
Y : out unsigned(7 downto 0) );
end entity ALU;

architecture COND_DATA_FLOW of ALU is
begin

ALU_AND_SHIFT:

process (Sel, A, B, Carryln)
variable Sel0_1_Carryln : unsigned(2 downto 0);
variable LogicUnit, ArithUnit,

ALU_NosShift  : unsigned(7 downto 0);

begin

-- Logic Unit

LOGIC_UNIT: case Sel(1 downto 0) is
when "00" => LogicUnit := A and B;
when "01" => LogicUnit := A or B;
when "10" => LogicUnit := A xor B;
when "11" => LogicUnit := not A;
when others ==> LogicUnit := (others => 'X");
end case LOGIC_UNIT;

2000/9/1

-- Arithmetic Unit

SelO_1_CarryIN := Sel(1 downto 0) & CarryIN;
ARITH_UNIT: case Sel0_1_Carryln is

when "000" => ArithUnit := A;

when "001" => ArithUnit := A+1;

when "010" => ArithUnit := A+B;

when "011" => ArithUnit := A+B+1;

when "100" => ArithUnit := A + not B;

when "101" => ArithUnit := A-B;

when 110" => ArithUnit := A-1;

when "111" => ArithUnit := A;

when others == ArithUnit := (others => 'X");

end case ARITH_UNIT,;

-- Mutiplex

LA_MUX: if (Sel(2) ='1") then
ALU_NosShift := LogicUnit;

else

ALU_NoSHift := ArithUnit;

end if LA_MUX;

-- Shift operation

SHIFT: case Sel(4 downto 3) is
when "00" => Y <= ALU_NoSHift;
when "01" => Y <= Shift_left(ALU_NoShift, 1);
when "10" => Y <= Shift_right(ALU_NoShift, 1);
when "11" => Y <= (others =>'0");
when others => Y <= (others => 'X");

end case SHIFT;
end process ALU_AND_SHIFT;
end architecture COND_DATA_FLOW;
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3 ALU

= design_analyzer

% design_analyzer &

2 File->Read
alu.vhd

3. ALU

4 1
ALU

|

1. Tool-=>DesignOptimization

2.

2000/9/1
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test alu.vhd

library IEEE;

use IEEE.STD_LOGIC_1164.all, IEEE.NUMERIC_STD.all;

entity TEST_ALU is
end TEST_ALU;

architecture TESTBENCH of TEST_ALU is
component ALU
port ( Sel :in unsigned(4 downto 0);
Carryln :in std_logic;
A,B :in unsigned(7 downto 0);

Y : out unsigned(7 downto 0));
end component;
signal SIN : unsigned(4 downto 0);
signal CIN : std_logic;

signal AIN,BIN,YIN : unsigned(7 downto 0);
begin
UO: ALU port map (SIN,CIN,AIN,BIN,YIN);
process begin

AIN <= "00001111"; BIN <="11110000",

wait for 10 ns;
SIN <= "00000"; CIN <= "0";
wait for 10 ns;
SIN <= "00000"; CIN <="1%;
wait for 10 ns;
SIN <= "00001"; CIN <= "0%;
wait for 10 ns;
SIN <= "00001"; CIN <= "1%;
wait for 10 ns;
SIN <= "00010"; CIN <= "0%;
wait for 10 ns;

2000/9/1

SIN <= "00010"; CIN <="1%;
wait for 10 ns;

SIN <= "00011"; CIN <="'0%
wait for 10 ns;

SIN <="00011"; CIN <="1%
wait for 10 ns;

SIN <= "00100"; CIN <= "'0%;
wait for 10 ns;

SIN <="00101"; CIN <="'0%;
wait for 10 ns;

SIN <="00110"; CIN <="0%;
wait for 10 ns;

SIN <="00111"; CIN <="'0%
wait for 10 ns;

SIN <= "01000"; CIN <= "0%;
wait for 10 ns;

SIN <= "10000"; CIN <= "0%;
wait for 10 ns;

SIN <= "11000"; CIN <= "'0%;
wait for 10 ns;

wait;

end process;
end TESTBENCH;

configuration CFG_ALU of TEST_ALU is
for TESTBENCH
end for;

end CFG_ALU;
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VHDL

VHDL
alu.vhd : ALU
test_alu.vhd : ALU

(VHDL
% vhdlan alu.vhd
% vhdlan test_alu.vhd

VHDL Debugger
VHDL Debugger

% vhdldbx CFG_ALU &
VHDL Debugger

RUN

2000/9/1

4 ALU

trace * signal
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