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y = NOT ( XOR (x, r) )

rnext = XOR (x, r)

XOR NOT
x y

r

register

x = 0, r = 0,y = 1 x = 1, r = 0,y = 0

x = 0, r = 1,y = 0 x = 1, r = 1,y = 1

4/4

MODULE main
VAR

x: boolean;
r: boolean;

DEFINE
y := !(x xor r);

ASSIGN
init(r) := FALSE;
next(r) := x xor r;
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Simple circuit

Use of DEFINE
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MODULE main
VAR

in1: boolean;
in2: boolean;

DEFINE
−− ZERO DELAY
out := !(in1 & in2);
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MODULE main
VAR

in1: boolean;
in2: boolean;
out: boolean;

ASSIGN
−− UNIT DELAY
init(out) := TRUE;
next(out) := !(in1 & in2);
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MODULE main
VAR

input1: boolean;
input2: boolean;
q: nand2(input1, input2);

MODULE nand2(in1, in2)
VAR

out: boolean;
ASSIGN
−− UNIT DELAY
init(out) := TRUE;
next(out) := !(in1 & in2);
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NAND
x1

x2

NAND
y1

y2

XOR

MODULE main
VAR

x1: boolean; x2:boolean;
y1: boolean; y2:boolean;
q1: nand2(x1, x2);
q2: nand2(y1, y2);

DEFINE
−− ZERO DELAY
fout := q1.out xor q2.out;

MODULE nand2(in1, in2)
VAR

out: boolean;
ASSIGN
−− UNIT DELAY
init(out) := TRUE;
next(out) := !(in1 & in2);
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NAND
x

NANDy

XOR

MODULE main
VAR

x: boolean;
y: boolean;
q1: nand2(x, q2.out);
q2: nand2(q1.out, y);

DEFINE
−− ZERO DELAY
fout := q1.out xor q2.out;

MODULE nand2(in1, in2)
VAR

out: boolean
ASSIGN
−− UNIT DELAY
init(out) := TRUE;
next(out) := !(in1 & in2);
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Simple circuit

Use of DEFINE

Hierarchical designs

Use of MODULE
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MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

1

1

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

1

1

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

0

0

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

0

0

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

0

0

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

0

0

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

1

0

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

1

0

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN

init(value):=FALSE;

next(value):= value xor carry_in;

DEFINE

carry_out := carry_in & value;

MODULE main

VAR

bit0:counter_cell(TRUE);

bit1:counter_cell(bit0.carry_out);

bit2:counter_cell(bit1.carry_out);

12/14



bit0bit1bit2
carry_in

value
carry_out

00

0

00

0

00

1

00

0

00

1

11

1

00

0

10

0

00

1

00

1

11

1

11

1

10

0

00

0

00

1

10

0

00

1

11

1

10

0

10

0

00

1

11

1

11

1

11

1

MODULE counter_cell(carry_in)

VAR

value:boolean;

ASSIGN
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DEFINE
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MODULE main

VAR
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Synchronous composition

All assignments to all MODULES occur simultaneously

(more about this later)
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Use of DEFINE

Hierarchical designs

Use of MODULE

Counter

Synchronous composition
of modules
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