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Logikoptimierung

... 

HW-Synthese
Timing 
Analyse

Systemmodell

Simulation

Formale
Verifikation

HW/SW
Partitionierung

Systembeschreibung
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Was bracht man zur Schaltungsbeschreibung?
Was unterscheidet HDLs 

von Software Programmiersprachen?
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Zu komplex für große Schaltungen
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module mux (out, a, b, sel);

output out;

input a, b, sel;

not i1 (seln, sel);

and i2 (sela, a, sel);

and i3 (selb, b, seln);

or i4 (out, sela, selb);
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input

(inout)
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output out;
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module mux (out, a, b, sel);

output out;

input a, b, sel;

not i1 (seln, sel);

and i2 (sela, a, sel);

and i3 (selb, b, seln);
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Signale (implizit definiert)
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module mux (out, a, b, sel);
output out;
input a, b, sel;

not i1 (seln, sel);
and i2 (sela, a, sel);
and i3 (selb, b, seln);
or i4 (out, sela, selb);

endmodule

seln

sela

selb

i1

i2

i3

i4
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module mux2 (out, a, b, sel);

output [1:0] out;

input [1:0] a, b;

input sel;

mux hi (out[1], a[1], b[1], sel);

mux lo (out[0], a[0], b[0], sel);

endmodule

a

sel out

b

mux

mux

2
2

2

•
•

•
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module mux2 (o, x, y, s);

...

mux hi ( .out(o[1]),

  .a(x[1]),

  .b(y[1]),

  .sel(s));

mux lo ( .sel(s),

.b(y[0]),

.a(x[0]),

.out(o[0]));

x

s
o

y

mux

mux

2

2
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a

b

sel

a

b

sel
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Integers, Reals
•Bitbreite ist maschinenabhängig (z.B. 32 Bit)
•vorzeichenbehaftete Arithmetik

Bitbreite ‘ Basis Werte

8’b11001001
8’hff
16’d12
12’o777
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wire [63:32] high;
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Ausnahme:
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❙ wire: nur ein Treiber erlaubt

❙ wand: Konjunktion der Treibersignale
❙ wor: Disjunktion der Treibersignale

❙ tri0: wie wand mit pulldown (kein Treiber ⇒  Leitung=0)
❙ tri1:wie wand mit pullup (kein Treiber ⇒  Leitung=1)
❙ supply0, supply1: kein Treiber erlaubt
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x = { a, b, c };
{x,y} = 8‘b10011101;
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module sn(out, in1, in2);

output out;

input in1, in2;

assign out = in1 & in2;

endmodule
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❚ !���8��������������������8
module sn(out, in1, in2);

output [32:0] out;

input [31:0] in1, in2;

assign out = in1 + in2;

// hunderte von Gattern

endmodule
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module sn(out, in1, in2);

output [63:0] out;

input [31:0] in1, in2;

assign out = in1 * in2;

// tausende von Gattern

endmodule
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module mux (out, in1, in2, sel);

output out;

input in1, in2, sel;

assign out = sel ? in2 : in1;

endmodule;



JR - RA - SS02 Kap. 1.2 29

������
�	�����������	�


���

8�����
���)$���#�8�������������������$��

����
9������
���
����
�����������"
��������:;���&

������

8�����������)$���#�8�������������������$��

����
9������
������:;�����
��������

���#���������
���������&

<����$���#��������
���������



JR - RA - SS02 Kap. 1.2 30

����"����

module test;

initial $display(“init block 1”);

initial $display(“init block 2”);

endmodule
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module test;

initial $display(“init block 1”);

initial $display(“init block 2”);

endmodule Systemtask für Bildschirmausgabe
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module test;

initial $display(“init block 1”);

initial $display(“init block 2”);

endmodule Systemtask für Bildschirmausgabe

Was erscheint auf dem Bildschirm?
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module test;

initial $display(“init block 1”);

initial $display(“init block 2”);

always $display(“always block”);

endmodule
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module test;

initial $display(“init block 1”);

initial $display(“init block 2”);

always $display(“always block”);

endmodule

Was erscheint auf dem Bildschirm?
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module test;

initial #2 $display(“init block 1”);

initial #5 $display(“init block 2”);

endmodule
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module test;

initial

begin

$display(“init block 1”);

$display(“init block 2”);

end

endmodule
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module test;

initial

begin

#2 $display(“init block 1”);

#2 $display(“init block 2”);

end

endmodule
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module test;

initial

fork

$display(“init block 1”);

$display(“init block 2”);

join

endmodule
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module test;

initial

fork

#2 $display(“init block 1”);

#4 $display(“init block 2”);

join

endmodule
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module test;

initial

fork

#2 $display(“init block 1”);

#4 $display(“init block 2”);

join

endmodule
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Begin-end Blöcke und
fork-join Blöcke können

beliebig geschachtelt werden



JR - RA - SS02 Kap. 1.2 37

+����
��

reg val [7:0];
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❚ ��������2

reg [7:0] mem [0:1023];
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wire c;
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wire c;

@(posedge c) @(negedge c)@c
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module dff (out, clock, in);

output out;

input clock, in;

reg out;

always @(posedge clock)

out = in;

endmodule
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module mux (out, in1, in2, sel);

output out;

input in1, in2, sel;

reg out;

always @(in1 or in2 or sel)

if (sel) out = in2

else     out = in1

endmodule
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module mux (out, in1, in2, sel);

output out;

input in1, in2, sel;

reg out;

always @sel

if (sel) out = in2

else     out = in1

endmodule
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wait (boolean-expression);
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❚ if (cond) statement

❚ if (cond) statement1
else statement2

❚ case ( sel )
0 : y = a
1 : y = b
default : y = 2‘bxx

endcase

❚ casez, casex
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❚ forever statement
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❚ forever statement

module ClockGen (clk);
output clk;
reg clk;

initial begin 
clk = 0;
forever #50 clk = ~clk;

        end
endmodule 
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❚ forever statement

❚ repeat (num) statement
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❚ forever statement

❚ repeat (num) statement

module ClockGen (clk);
initial repeat (5) $display(“hallo“); 
endmodule 
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❚ forever statement

❚ repeat (num) statement

❚ while (cond) statement

❚ for (init; cond; incr)
statement
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var = expression;

%�������
initial begin

x = 3;
y = 4;
fork

x = y;
y = x;

join
end
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var = #num expression;

%�������
initial begin

x = 3;
y = 4;
fork

x = #1 y;
y = #1 x;

join
end
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var <= #num expression;

%�������
initial begin

x = 3;
y = 4;
begin

x <= #1 y;
y <= #1 x;

end

end

'���
����&����	����������	��	
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Zuweisungstyp LHS Wann
ausgeführt

Wo im Modul

Procedural
assignment

reg Bei Aufruf In alg.
Blöcken

Continous
assignment

net Bei RHS-
Änderung

Im
umgebenden
Modul
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module counter(out,
clk, reset);

output [7:0] out;

reg [7:0] out;

input clk, reset;

always @clk

if (reset) out = 0;

else incr(out);

task incr;

inout [7:0] x;

x = x + 1;

endtask

endmodule
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module mux (out, a, b,
c, d, sel);

output out;
input [1:0] sel;
input [7:0] a, b, c,

d;

assign out =
muxfunct(sel,a,b,c,d
);

function [7:0] muxfunct;

input [1:0] sel;

input [7:0] a,b,c,d;
case (sel)

 2‘b00 : muxfunct = a;

 2‘b01 : muxfunct = b;

 2‘b10 : muxfunct = c;

 2‘b11 : muxfunct = d;

endcase

endfunction

endmodule
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module nadder(cout, sum, a, b, cin);

parameter size = 32;

parameter delay = 1;

output [size-1:0] sum;

output cout;

input [size-1:0] a, b;

input cin;

assign #delay {cout,sum} = a + b + cin;

endmodule
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nadder a1 (z,a5,b5,c5,x);

defparam a1.size = 16;

defparam a1.delay = 4;

❚ -����
���
 �����������������	�


nadder #(16,4) a1 (z,a5,b5,c5,x);

❚ -����
 �������������������

nadder #(.size(16), .delay(4))

a1 (z,a5,b5,c5,x);
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