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e
library ieee; begin
use ieee.std_logic_1164.all; if rst = '1"then
entity guesser is next_state :=solid0;
guess <=0}

port(clk, rst, data
guess
end guesser;

:in std_logic;

; elsif rising_edge(clk) then
: out std_logic); g_edge(clk)

-- Catch missing assignments to next_state
next_state:=sx;
case stateis
when solid0 => guess <='1}
if data = "1 then
next_state :=weako;

architecture behave of guesseris
type state_value is (sx, solid0, weakO,weakl, solid1);

signal state : state_value; else

next_state :=solido;
attribute syn_encoding : string;

- attribute syn_encoding of state : signal is "gray";

end if;

when weak0 =>

. . . . if data = "1'then
attribute syn_encoding of state_value : type is "sequential”;

: : _ next_state := weak1; guess <='0,

- attribute syn_encoding of state_value : typeis "onehot"; else

- attribute syn_encoding of state_value : type is "gray"; _ next_state :=solid0;

—-"onehot" end if;

-- 0000 "0001", "0010", "0100", "1000" when weakl =>

--gray if data = '1'then

--"0oo", "o01", "011", "010", "110". next_state :=solid1;

-- "sequential" else

--"000". "001"."010". "011". "100" next_state := weakO; guess <='1%
' ' ' ’ ' end if;

when solidl =>
if data = '1'then
next_state
else
next_state
end if; guess<='0;
when others =>
next_state:=sx;

:=solid1;

:=weakl,

end case;

end if;
state <= next_state;

end process;

end behave;
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FSM urij 2oosoztasen (0]

h"_ Created By Mentor Graphics' HDL Designer Series Import

HDL using HDL2Graphics(TM) Technology
on - 03:03:11 05.02.02
from - D:\prj\KDS\beispiele\basics\fsm\fsm_1prosses.vhd

Recovery State Settings Process Declarations
next_state := sx;

solid0

solidl

guess_cjd <="1";

data =

guess_cld <
Package List Global Actions Concurrent Statements Architecture Declarations Signals Status State Register Statements
SI GNAL SOCPE DEFAULT RESET  STATUS
next_state INT  sx solid0 REG
guess aur ‘o CLKD
syn_encodi ng | NT oovB
<company name> Project: <enter project name here>
Title: <enter diagram title here> [<enter comments here>
Path: work/guesser/behave
Edited: by jurij on 05 Feb 2002
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library ieee;
use ieee.std _logic_1164.all;

entity stmchlis
port(clk, inl, rst: in std_logic;
outl: out std_logic);
end stmch1;

architecture behave of stmch1lis
type state_values is (sx, s0, s1);
signal state, next_state: state_values;
begin

process (clk, rst)
begin
if rst ="1"then
state <= s0;
elsif rising_edge(clk) then
state <= next_state;
end if;
end process;

process (state, inl)

begin

-- Set defaults for output and state.
outl <='0"

-- Catch missing assignments to next_state.
next_state <= sx;
case state is

when s0 =>
if in1="0"then
outl <='1";
next_state <=sl,;
else
outl <="'0"
next_state <= s0;
end if;
when s1 =>
if in1="0"then
outl <='0;
next_state <= sQ0;
else
outl<="'1"
next_state <=sl,;
end if;
when sx =>
next_state <= sx;
end case;
end process;
end behave;
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Created By Mentor Graphics' HDL Designer Series Import
HDL using HDL2Graphics(TM) Technology

on - 02:11:08 05.02.02

from - D:\prj\KDS\beispiele\basics\fsm\fsm_2prosses.vhd

Process Declarations

in1="0'
outl <="1";

State Register Statements

Package List Global Actions Concurrent Statements Architecture Declarations Signals Status
S| GNAL SCCPE DEFAULT RESET STATUS
outl ar o oovB
next _state |NT covB
<company name> Project: <enter project name here>
Title: <enter diagram title here> <enter comments here>
Path: work/stmch1/behave
Edited: by jurij on 05 Feb 2002
TU Berlin Page 5
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"D:/prj/KDS/beispiele/basics/fsm/fsm_lprosses.vhd”,line 10: Info, Enumerated type state_value with 5 elements encoded as onehot.
Encodings for state_value values

value state value[4-0]
sx —-1
solid0 --—-1-
weakO0 —1-—-
weakl -1-—
solidl 1-—-
[z

EL-/_ i
- |
El=! e
[ | i

lj:f"-—l -ﬁl——l £

enl Lf = = , I
= i 1 O =
=0
o 11 1 l—'qd —
S
= - 1717 l | I
[ T
[
L, |
- ]
..E’}_L r .
= |
= o-= b e
_l_} | ': 5
3
Binary Encoded
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unl _data_2

url _state_5

g EREbe1

—{ el

2 el [ . i
¥ f
i ‘ e "
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i _und _data # ]
w fi 0 &
: = - a:-qa__:'u.. i
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--uilj PR " 2
Ql}_ ”i .;-'J:II:UL_W:.:\_-I-.%-"- ol |||'Z'Iji_x?_ :
infd = vout

) ] . ﬁ[l:l].""‘ i | j| |
library ieee; B ] \aut

d L I JL_ A 5 En ;,_XL'!.___

. . n01X2 i i e

use ieee.std_logic_1164.all; =N o | ] ) —‘—_ . output
entity async is o =

-- output is a buffer mode so that it can be read
port (output : buffer std_logic;
g,d:instd_logic);

end async;

architecture asyncl of asyncis

begin
output <= (((((g and d) or (not g)) and output) or d) and outpurt);

end asyncl,
architecture async2 of asyncis

begin
process (g, d, output)
begin
output <= (((((g and d) or (not g)) and output) or d) and output) ;
end process;
end asyncz;

KDS .
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library ieee;

use ieee.std_logic_1164.all;
entity adderis
port (a, b, cin : in std_logic;
sum, cout : out std_logic);
end adder,

architecture behave of adderis
begin
sum <= (a xor b) xor cin;

cout <= (a and b) or (a and cin) or (b and cin);

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity addem s

__tin |mdg|:‘|1 add_0

:a[‘l 0] I)—M? .

[He] 1] —‘> CiEIr'I"y'

(0] IT— o A result[1:0]

port (a, b: in std_logic_vector(1 downto 0);
carry :out std_logic;
result: out std_logic_vector(1 downto 0));

end addemn;

architecture behave of addernis

signal tmp_result : std_logic_vector(2 downto 0);

end behave;
- -- attribute syn_sharing of behave : architecture is "off",
o
o |
cin[_» l : 'f._' begln
A o ,— i-__.> Bl tmp_result <="000"+a +b;
‘ Lo ";J)"_ > £ et result <= tmp_result(1 downto 0);
- Lol <= :
[ - . . T)-- — * | carry <= tmp_result(2);
N z end;
NS ind1 Y e b[1:0] [ reault[1:0]
al1:0]
%7
I P;KNZR‘EI . i
76 KRZTO
. .;NIDENIZI
i
1N L : S——1 carry
-.MHJZLIZI
KDS .
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-- constant :- als Symbolisierung der Kodierung _ _Ii
library ieee;
use ieee.std_logic_1164.all; it
use ieee.std_logic_unsigned.all; Ly
entity aluis
port( a, b : in std_logic_vector (7 downto 0); =
opcode: in std_logic_vector (1 downto O); _ _ "i'
result: out std_logic_vector (7 downto 0) ); T g -
end alu, 3 Nl
architecture behave ofaluis —jr '_T
constant plus - std_logic_vector (1 downto 0) :="00"; N e s, 554 +
constant minus - std_logic_vector (1 downto 0) :="01"; el e et |
constant equal . std_logic_vector (1 downto 0) :="10" ek i ’
constant not_equal : std_logic_vector (1 downto 0) :="11" =
begin  meeten s 7 i 4|
process (opcode) o P_‘: ol - —— ’1
begin B = _
case opcodeis =4
when plus => ]
result<=a+b; --add el g _] 2
when minus => ] el
result<=a-b; --subtract —]/
when equal => -- equal
if (a = b)then
result <= "00000001";
else ‘l;
result <= "00000000"; |
end f; : I
when not_equal=> -- not equal 4" =]
if (a /= b) then foiad |FEE
result <= "00000001" e e
else } mplieamy I
result <= "00000000", Ml I
end if [
when others => nul; . .
end case; | '
end process; '
end behave; '
KDS .
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-- indexing :- fur kompakte Logikbeschreibung
library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity decoder is

port (inp > in std_logic_vector (2 downto 0); L
outp . out bit_vector (7 downto 0));
end decoder; _
architecture behave of decoderis —F ]
) iz B mm i el
begin =
outp <= "00000001" sll conv_integer(inp); et
end behave; L =T
library ieee; m w
use ieee.std_logic 1164.all; .__l_
entity decoder is R
port (inp: in std_logic_vector (2 downto 0); T
outp: out std_logic_vector (7 downto O));
end decoder; [ 1. »
architecture behave of decoder is e
begin Mok
process (inp) . G
begin a0 b —
case inpis g e
when "000" => outp <="00000001"
when "001" => outp <="00000010" . i |
when "010" => outp <="00000100"; | s
when "011" => outp <="00001000"; ' THERAT
when "100" => outp <="00010000"
when "101" => outp <="00100000"; o =
when "110" => outp <="01000000" - r.ﬁ
when "111" => outp <="10000000" ~hRIRD
when others => outp <="XXXXXX" .
end case; R
end process; e

end hehave

TU Berlin Page 11-'
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-- procedure :- flr die Zusammenfassung von haufig verwendeter Logik
entity sort4 is

generic (top : integer :=3); e
port ( a, b, c,d :in bit_vector (0 to top);

ra, rb, rc, rd : out bit_vector (0 to top));

===

end sort4;

|

architecture muxes of sort4dis

procedure sort2(x, y : inout bit_vector (0 to top)) is T
variable tmp : bit_vector (0 to top); iy ]
begin s |:r
if x >y then :D“ — D_d
tmp = X; _-“_d "rf_‘r e _E_:'-t_.
X =Y, :[:J ' CA— -
y = tmp; S [ﬁ _E ﬂ
end if; [ —— o
end sort2; --{_:.:_" i ;:.-r "
begin =] = _D
process (a, b, c, d) _L '{j
variable va, vb, vc, vd : bit_vector (O to top); ;gf-r:[j“ e - o : ﬁ .
begin =l Tr[fr— =
va =& o '__"E':‘r'_ e U
vb = Db; _ L e . Lf[f“_r D
VC =C; NELF::_,'F__ qqqqq - o
vd = d; - '*I__ ] ,_‘E:] D
sort2(va, vc); sort2(vb, vd); sl -
sort2(va, vb); sort2(vc, vd); ; E— ﬁ[}_
sort2(vb, vc), L=l | 3
ra <= va; =Y B —Ia
1 <= Vb H—— —{—
rc <=\vc; :t“r
rd <= vd, =t
end process; —1:-'"
end muxes;

KDS ain
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-- if elsif Konstruktion :- flir die Beschreibung von sequentieller Priorit&t
library ieee;

use ieee.std_logic_1164.all;
use ieee.std_logic_arith.all;
entity interruptis
generic(msb: integer :=7);
port( nmi, float, int, peripheral : in std_logic;
flush_cache : out std_logic;
goto_addr : out std_logic_vector (msb downto 0));
end interrupt;
architecture behave of interruptis
constant nop: integer :=0;
constant nmi_addr: integer :=1;
constant float_addr: integer :=2;
constant int_addr: integer :=3; L LS
constant periph_addr: integer :=4; nt) | o flush_cache
2 { " gpoto_addr7:0]

begin
process (nmi, float, int, peripheral)
variable address: integer;

peripheral [ -—i“-'_ ey LU o) 20

it ol

begin

ﬂUSh_CaChe <= I0|; nrm |_~—_’:u]":<_--:‘:""x oL i) | : .l‘fcu' : L'--.- ) _:J[ ]m:

if nmi = '1"then foat [ LU Wy e [
address :=nmi_addr; ]

elsif float ='1' then g
address := float_addr;
flush_cache<="1"

elsif int = '1'then
address := int_addr;
flush_cache<="1"

elsif peripheral ='1"then
address := periph_addr;

else
address :=nop;
end if;
goto_addr <= conv_std_logic_vector (address, msb + 1);
end process;
end behave;

TU Berlin Page 13
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-- lokale Variablen :- fur "Loop-Enrolling"
library ieee;

use ieee.std_logic_1164.all;
entity parity is
generic (bus_size : integer :=8);
port (input_bus :in std_logic_vector (bus_size-1 downto 0);
even_numbits, odd_numbits : out std_logic ) ;
end parity ;

architecture behave of parity is

begin

process (input_bus)
variable temp: std_logic;

begin
temp :='0";
foriin input_bus'low to input_bus'high loop

temp :=temp xor input_bus(i) ;

end loop ;
odd_numbits <=temp ;
even_numbits <= not temp;

end process;

end behave;

modgen_xor_0 [ >odd_numbits

input_bus{7:0] D—E”%Dd

X195

. » 1
- DOLD even_numbits

KDS .
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library ieee; ==
use ieee.std_logic_1164.all; iz
entity tristate2 is Lt

port (input3, input2, inputl, inputO: in std_logic_vector (7 downto 0); —f

enable : in std_logic_vector (3 downto 0); if—

output : out std_logic_vector (7 downto 0)); i

end tristate2; s e
architecture multiple_drivers of tristate2is H—f=
begin H—
e

output <= input3 when enable(3) ='1' else (others =>"'Z); H— i
output <= input2 when enable(2) ='1' else (others =>'Z); Mt
output <= inputl when enable(1l) ='1' else (others =>"'Z); e
output <=input0 when enable(0) ='1' else (others =>"Z); de
end multiple_drivers; i{"
e

i

rae e

Hxd

hj'l“-_v;_-

.-:—_'[."‘]_?_'_-.

--.-—_'[‘r.-_~l'_-

;..:__[:r-_u-_..

Hie

Mt

TU Berlin Page 15‘
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-- Datenaufnahme o 21 !.reg dl_out
library ieee; ir'1:|_ jout b T a—1 - di_out
use ieee.std_logic 1164.all; n—’ —CE
entity reg_fileis infog AL
port ( data, clk,we,reset, set : in std_logic; wel |r"|_|7 \_'” T
d1_out: out std_logic; i -
d2_out: out std_logic; s e :
d3_out: out std_logic e inf0) !;‘5'3 - lat_d3_out
. 2 ind4] | e o . .,
end req fle ) reset LD ';(—CE - g 3 D —— »d3_out
architecture reg_file_arch of reg_fleis set[ > ity s - e
begin L1 e N i
dff_asyn_setreset: process (ck, reset, set) Int |
begin
if reset = '1' then d1_out<="0; = | info] 282 41603 reg_dz_out
elsif set = '1' then d1_out<="1" e i TR 5
elsif rising_edge(ck) then ) iriﬂi[_,- e L»d2_out
if we = '"1'then clic[ P
d1_out <=data;
end ff; [
end i ———f— =
end process dff_asyn setreset; cfl-ﬂ[iélraset_un'ﬁ_set
dff_syn_setreset: process (clk, reset, set) 2
begin e ‘
if rising_edge(ck) then . T ia e i
if reset = '1' then d2_out<=0; [ ] - : ;J ot
elsif set = '1' then d2 out<="1; dff_bsyn_setresst unp[sefTESELLNS ¢ B
elsif we = "1'then g
d2_out <= data; =j_Eatraset_dZ_pat 3
end ff; "
end if =
end process dff syn_sefreset; of_sym_sefresel nd v I
latch_set_res: process (we, reset, setdata) B G LR L
begin 1 R
if reset = '1' then d3 out<='0; | (| T
elsif set = '1' then d3 out<="1} =
elsif we ='1' then d3_out <=data; —
end ff; i o
end process latch_set res; ]r o |—Emi=
end reg_file_arch; B
KDS -
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library ieee;

o o
use ieee.std_logic 1164.all; i J __:_r Coners
entity shifteris _T ; C) [EEEE

port (data . in std_logic_vector (7 downto 0); s _I:L}—' =T
shift_left :in std_logic; —T i)
shift_right . in std_logic; o o S O [ Jers
clk - in std_logic; . G i o A
reset - in std_logic; -w;;;J =g
mode . in std_logic_vector (1 downto 0); _j -
cout : buffer std_logic_vector (7 downto 0)); £ s - i R
end shifter; . |_r_’ 1 L -t
architecture behave of shifter is e Pl | :"ff s _1—
signal enable: std_logic; "_DJ _f
begin e _]_
process - 3
begin -1 Wiz
wait until (rising_edge(ck): S —Th L] [
if (reset = '1) then -- synchronius reset BT ]
gout <= "00000000"; e TR [
else i E I:T—| o
case mode is B B
when "01" => - Shift right ot
gout <= shift_right & qout(7 downto 1); =
when "10" => -- Shift left
gout <= qout(6 downto 0) & shift_left;
when "11" => -- Parallel load
gout <= data;
when others =>null; -- Null means do nothing
end case;
end f;
end process;
end behave;

TU Berlin Pag;?
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Counter osta
library ieee;
use ieee.std_logic_1164.all; aset| - 18
use ieee.std_logic_unsigned.all; ch_en[ S i
sclear| A ] i —a—f g(2:0]
entity counter is wpan [ L b2 ]
port (d : in std_logic_vector (3 downto 0); f_ +1 ‘, _J o i
Id, ce, clk, rst : in std_logic; | i) <
g : out std_logic_vector (3 downto 0)); data[2:0][ .
end counter; Zllin2g |3
architecture behave of counteris A
signal count : std_logic_vector (3 downto 0); C
begin =27 |
rocess (clk, rst Mot -
P ( ) ___] %10
begin SR ~ -
if rst ="1"then ackear [
count <="0000"; L X
elsif rising_edge(clk) then cnt_en[ PSS
if ld ='1"then eload [ >
count<=d and "0111";
elsif ce ='1"'then
count <=(count + 1) and "0111";
end if;
end if;
end process;
g <= count;
end behave;
“E TU Berlin Page 18
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e

library ieee;
use ieee.std_logic_1164.all;
entity data path is
port(clk, rst : in std_logic;
data_in : in std_logic_vector (3 downto Q);
data_out . out std_logic_vector (3 downto Q));
end data path;

architecture behave of data_path is

signal data_stagel, data_stage2 , data_stage3, q_reg: std_logic_vector (3 downto 0);

signal tmp_data : std_logic_vector (3 downto 0);
signal tmp_datal : std_logic_vector (3 downto 0);
begin

op_pipe: process (clk, rst)
begin
if rst ='1"then
data_stagel <="0000";
elsif clk'event and clk ="1' then
data_stagel <=data_in;
data_stage2 <=tmp_data;
data_stage3 <=tmp_datal;
end if;
end process op_pipe;

data_out <= data stage3;

butterfly: process (data_stagel)
begin
foriin Oto 3loop
tmp_data(3-i) <= data_stagel();
end loop;
end process butterfly;

swap: process (data_stage2)
begin
foriin Oto 3loop
tmp_datal <= data_stage2(1 downto 0) & data_stage2(3 downto 2) ;
end loop;
end process swap;
end behave;

|reg_dats a1
datE_in|3.0][; ¥ 1
} |ren [rea_aat
“hE"_' f I 1 1 1 { % data_oub3:0)
rst [ | ; L Y i
| | e _| )_dat
e : ! :-_— —I
Lz 1 1ats
ki il M = —
I = —I . |req_oat
S L T
L =

TU Berlin
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-- An 16X8 register file.

library ieee;
-- 16 x 8 Register File
use ieee.std_logic_1164.all; i
use ieee.std_logic_unsigned.all; :
entity regfileis
port(q :outstd_logic_vector (7 downto 0);
d :instd_logic_vector (7 downto 0);
addr: in std_logic_vector (3 downto 0);
we, clk :in std_logic);
end redfile;

N ARNRNRRAN

architecture behave of regfileis
type rf_type is array (natural range <>) of std_logic_vector (7 downto 0); =:

signal rf : rf_type (15 downto 0);

begin
process (clk)
begin

if rising_edge(clk) then :
if we ='1" then
rf(conv_integer(addr)) <=d, _ R,

end if;

end if, _
end process; i L

g <=rf(conv_integer(addr));

end behave;

_l LJ L_l 4

¥
-
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use ieee.std_logic 1164.all;
entity bad ff is
generic ( constant reg_leght : integer := 0);
port (
clk : in std logic; -- Clock
nres : in std_logic; -- Reset (low active)
nwe : in std_logic; -- Write Enable (low active)
d_in : in std_logic_vector( reg_leght downto O ); -- Data Bus (in)
d_out : out std_logic_vector( reg_leght downto O ) -- Data Bus (out)
);
end bad ff;
architecture bad_ff arch of bad ff is
-- register definition
signal register_in : std_logic vector( reg leght downto 0 );
signal register_out : std_logic vector( reg leght downto 0 );
begin
register_sync : process (clk, nres)
begin -- process counter_register
if nres = "0" then -— asynchronous reset (active low)
register_out <= (others => "0v);
elsif clk"event and clk = "1 then
register_out <= register_in; _l
end if; reg. register_out{D)
end process register_sync; = g
register_async : process (register_out) D ¢—+1{ > d_out[D:0]
begin -- process counter_register
d_out <= register_out; T

if nwe = "0" then
register_in <= d in;
end if;
end process register_async;
end bad_ff _arch;
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library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

use ieee.std_logic_arith.all;

entity bad_ffis

generic (constant reg_leght : integer:=1);

port(
clk :in std_logic; -- Clock
nres : in std_logic; -- Reset (low active)
nwe :in std_logic; -- Write Enable (low active)
d_in :in std_logic_vector( reg_leght-1downto0); -- Data Bus (in)
d_out : out std_logic_vector( reg_leght-1 downto0) -- Data Bus (out)
)
end bad ff;

architecture bad_ff_arch ofbad_ffis
signal register_in : std_logic_vector( reg_leght-1downto0);
signal register_out : std_logic_vector( reg_leght-1dowmto0);
signal counter : std_logic_vector( reg_leght1downto 0);

begin
d_out <= register_out

register_sync : process (clk, nres)

%7
; i
begin -- process counter_register nres [ [::“-;' =
if nres = '0" then d_infao)[

register_out <= (others => 0, D

[=

counter <= (others =>'0);
elsif clk'event and clk = "1'then

register_out <= register_in;

counter <= counter+"1"

endff; chk[ >

end process register_sync;

register_async : process (register_out)
variable is_one : std_logic;
begin -- process counter_register
register_in <= register_out;
if counter = conv_std_logic_vector(1,reg_leght) then
is_one :='1;
end if;
if counter = conv_std_logic_vector(0,reg_leght) then

is_one :='0;
end if;

if is_one = '1'then
register_in <= counter,

end ff;

end process register_async;

end bad_ff_arch;
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library ieee;
use ieee.std logic_1164.all;
use ieee.std_logic_unsigned.all;
use ieee.std_logic_arith.all;
entity bad_ff is
generic (
constant reg_leght : integer := 2
)i
port (
clk :instd_logic; -- Clock
nres : in std_logic; -- Reset (low active)
nwe :instd_logic; -- Write Enable (low active)
d_in:instd_logic_vector( reg_leght-1 downto 0 ); -- Data Bus (in)
d_out :outstd_logic_vector(reg_leght-1 downto O ) -- Data Bus (out)
);
end bad_ ff;
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