EDA DO DO0O0O0O0O0ooog

godad

gbbogoboobboobbooobbuooobboobbboobooboboobo
0000 EpAOOOOOOODOOO0OOCOOOODOOOODOOODOOUODOOOO
OO000DbOO0DbOO0b00OFPGAOOODODOODODOODOOODOODOODODODO

ooooogad

010 vEDLOOOOOoOoooooboooboobooboood
020 vEDLOOOOOOOOoDOoOooooo
U030 dobbbuooobobobbuooobbbooonon

040 FPGAODOODOODOODOO

googon

0 O

1 0dod
1.1 00000 LSIOD0OD00O0 ..o e
1.2 D000000000 ..
1.3 DOO0O0O0O000 .00

B~ W W W

2 vHDL OOOOOOOOOOooo
21 VHDLOODODOOO .o e e
22 000000000 .00
23 O0O0O0OO0 ..o e
24 O0OO0OD0 o0
25 O0O0O0O0OO0 .00 e
2.6 OOODO .o 000 e
27 O00D0O0OO0O0O0ODOO0O .00 e
28 UOOODOOO ..o e
29 IEEE1164 ODOODOO ..o e e e e 10

© O 00 O O UL U

3 bugodgoobodd 11
4 0O0O0OUO 11

5 FPGAOUOUOOOOOOO 12
51 Altera UP1 OO O . . . . . . o e s s s s s s 12
5.2 Altera MAX+PlusIl . . . . . . . . 12



gob:00 00000 0
gogobb:-0o0120 100 110
0 0910



1 0000

1.1 0J00O0O LSIooooon

Oo00 LSIoooboboooooooobo0o0ooooooooooooooooboboobooo
ooooooooooboobooooooobooobooooooobobOooooooboboOooooDooon
ogooooooOoOoCboOOoOOOO0OOoOoOoOooooooooOoOOOCbCOOOObObOOOOO
ooboooooooooobooboOoooooooo

oooooooooOooboobooOboboOobOObO0oOoOoOoOoUOobobOOoOODOOOObOObOO
00000000000000000000 RTL (Register Transfer Level) 0 000000
O00000000000000 (HDL, Hardware Description Language) 00000 0O O

RILOOOOOOOOOO0OOOOOO0OO0O0OOOO0O0O0OObO00O0OObObOOO0OO
OLSIooboooooOboOoooboOoOoOoooooooooooooLsIooonoonooonn
0000000000000 FPGA (Field Programmable Gate Array) 000000000
O LUTOO000000000 FPGAOOOOOOOOOOOO

0000000000000000000000000 (HDL: Hardware Description Lan-
guage) 000000 0ODOOODOODOOODOOOOO0ODOODOOO0OOOO0OO0OOOOOO
ooo

1.2 O0O00OO0O0OO0OO0O0

O0O0O0OO0OHDLOOOODOOOO RTL (Register Transfer Level) 0000000000
gdoddoooooooo

HObLOoOooboDoobobobobooboobobobobobobuobobooboobooo

00000000 HDLOODOOOVHDL, Verilog HDLOOOUOUOOOVHDL OODOO
00000 VHSIC (Very High Speed Integrated Circuit) 000 000000000000
0000 (VHDL: VHSIC Hardware Description Language) 000 00000000000
HDLODOOOODOOOODOOODOVHDLDO AdaODOO0OOODOOODOOODOO Verilog HDL O
Cadence 0D OOODOODOO VerilogXLOOOOOOOOOODOODOO Verilog HDL O
cObOoboooboooboooboobo

VHDL 0O OIEEE Std-1076 (VHDL87) O O Std-1164 (VHDL93) OO0 D0 O0O0O0OOOO0O
0000000000 Verilog HADLOOODOODODOOODOODOODODODODOODOOOOO
O0OO0OOIEEE Std-1364 0000000000 DOO

O0000D0O0o00oooooOOoNTTODOOODOODOD S)PLODOO0O LSIOOoDoon
PARTHENON OO 0OOOOOPARTHENON O SFLOOODO LSIDOODOOOODOOO
gugooooooobobbbbooooooooooo

O0000D0D0ODODOD0OD LSl oooooooooOoObObObObODbObODbO0ODO HDL OOO
UDL/I100000000000000000000O0O0O0O0O0OODODOoUUUDoDDOO
gooddoooooooo

oot obooboboobbobobobboboobooouoooooon
O0C, C++,Javal 0000000000 OODOOODOOODOOODOOODOOODOOOO
goodd



1.3 0O00ooogo

ICEOD Susn 000000000 iceas, icea{01,02,...,10} 00000000000
gooooono

e Cadence 100 O000000: Verilog HDL 000 (LDV)OOOOOO (SE)DO0ODO
0000/0000000 (IC)

e Synopsys 00000000 O: VEADLOOOOOO (VSS)O VHDL/Verilog HDL O
0o (DC)

e Avant! OOODODOOODODO: 0O0ODO
e Altera DO DODOODOODO: FPGADODOO

03000000000000000000000000D00O0ODO000O0OO0 (VLSI De-
sign and Education Center, VDEC) 00000000 OAltera 0000000 O O Altera
University Program 00O QOO 0OO0O0O

OO0D0O00ODOSynopsys 00O Altera OO0 000000 OOODOODODO /eda2OODODOOO
000000000000 0D0D0O0 “edauser/cadsetup.csh D00 O00D0OO0ODOOOO
gboobobobobbobooboobooon

2 VHDLUOUOOOOOOOOOOO
2.1 VHDLOOODOOOO

0100200 10000b00o0b0ob0 vEDLOOOoOooboooobooboobooo
si0o0o0 1bo0ggobbbdodgdgpodbbb bbb yooduooobooood
OoOvHDLOOOODOOOoDoood

o ‘=" O00ID00ODODOODOOOODOODO
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-- mux21.vhd: 2-1 selector
library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

-- Multiplexer interface
entity mux21 is
port (S1, DO, D1: in std_logic;
Y: out std_logic );
end mux21;

-- Multiplexer body
architecture behaviorl of mux21 is
begin
Y <= (not S1 and DO) or
( S1 and D1) after 5 ns;
end behaviori;
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process (S1, DO, D1) begin
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Y <= DO;
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Y <= D1;
end if;
end process;
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gbbogobbooobuoobbooobuoobbboobbbooboooboobo
ERN

Y <= X;
Z <=1Y;
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-- counter2.vhd: 2bit counter
library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity counter?2 is
port (reset, clk, input: in std_logic;
yO, yl: out std_logic);
end counter?2;

architecture behaviorl of counter2 is
signal r0, rl : std_logic := ’0’;
begin
yO <= r0;
yl <=r1;
P1: process (clk, reset)
variable tO, t1 : std_logic;
begin
if reset = ’0’ then
rl <= ’0’; 1r0 <= ’0’;
elsif clk’event and clk = ’1’ then
t0 := r0; t1 :=ri1;
if (input = ’1’) then
r0 <= not tO;
rl <= ((not t0) and t1) or (tO0 and (not t1));
end if;
end if;
end process;
end behaviorl;
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-- counterst.vhd

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity counterst is
port (reset, clk, input: in std_logic;
y: out std_logic_vector(l downto 0));
end counterst;

architecture behaviorl of counterst is
TYPE state_type is (s0O, si1, s2, s3);
signal st: state_type;

begin

transition: process (clk, reset) begin
if reset = ’0’ then
st <= s0;
elsif clk’event and clk = ’1’ then
if (input = ’1’) then
case st is
when s0 =>
st <= sl;
when sl =>
st <= s2;
when s2 =>
st <= s3;
when s3 =>
st <= s0;
end case;
end if;
end if;
end process;

y <= "00" when st = sO else
"01" when st = sl else
"10" when st = s2 else
llllll;

end behaviorl;

U 4 000b0bouooobobodn

26 0O0OOO

g3t 200b000ogoobboobbidooooooboobbbodooooon
gboobgbobooboboobuoobuooboobobobobooboobo

U040 4000000000000000O0O s0, s1, s2, s3000O0O0OOODODOO
state_type U OO 0Ostatetype U U U O st JUOUOOOO0OOOOOOOOOOOOO
gboobobobobobobooboon

Ub0Oobb0bodbO case00bDoooobooooboobobbobonoDbO
gboboooboboobooobobobooboboobooboboobobobobobooo
oo stgbbgbooboobooboobg

0000000 (0000000000 00)000000000000000000
gbobobobooboboooobooooboboooboboobobnbooooboo
gboobgbobooboboboobooboobon



—-- counter4.vhd

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity counter4 is
port (reset, clk, input: in std_logic;
y: out std_logic_vector(3 downto 0));
end counter4;

architecture structurel of counter4 is

component counter2

port (reset, clk, input: in std_logic;
yO, yl: out std_logic);

end component;

for C1, C2: counter2 use entity work.counter2(behaviorl);

signal C2in: std_logic;

signal y0, yl: std_logic;
begin

Cl: counter2 port map (reset => reset, clk => clk, input => input, yO
=> y0, y1 => y1);

y(0) <= yO0;

y(1) <= yi;

C2in <= y0 and y1i;

C2: counter2 port map (reset => reset, clk => clk, input => C2in, yO
=> y(2), y1 => y(3));
end structurel;

s ggbobbooo40b0b000ad
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-— test_counter2.vhd

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity test_counter2 is
end test_counter2; -- no port

architecture test_structure of test_counter?2 is
component counter2
port (reset, clk, input: in std_logic;
yO, yl: out std_logic);
end component;
for countl: counter2 use entity work.counter2(behaviorl);

signal clk: std_logic := ’0’;
signal reset, input, yO, yl: std_logic;
begin
reset <= ’1’, ’0’ after 5 ns, ’1’ after 30 ns;
clk <= not clk after 10 ns;
input <= ’0’, ’1’ after 50 ns;

countl: counter2 port map (reset, clk, input, y0, y1);

end test_structure;
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—-— adder8.vhd

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity adder8 is
port (opl, op2 : in std_logic_vector(7 downto 0);
result : out std_logic_vector(7 downto 0));
end adder8;

architecture behavior of adder8 is
begin

result <= opl + op2;
end behavior;
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gudd ddgodoooobbbbbbbdd .synopsys-dc.setup U OO0 OO

Designer = "ktakagi"

Company = "Nagoya-U"

target_library = { 1lsi_10k.db }
link_library = { 1si_10k.db }
symbol_library = { generic.sdb 1si_10k.sdb }
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