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Components

©C.M.
Decoder
2n Decoder Enable
dec Encoder
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n X 2" Priority Encoder
n Mux
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For each i < 2™ the following holds: s
. De-multimux
. 0 i#s
mfi] = 7
1 1=s,
o n—1 . i
where s = >0 s[j] x 27.
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Decoder Enable
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Decoder 2 x 4 (circuit)
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Components

Decoder 3 x8 (Truth table)

©C.M.

Decoder

mg mp Mz M3z M4 My Mg My

50

51

52

7/82



Decoder 3 x 8 (circuit)
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Components

©C.M.

Decoder






Decoder n x 2"

® The input variables are: sg, ..., Sp_1.
® The output functions are myg, ..., Mmon_1.
® [For each 7 < 27,
mi=8%_| st
where i = (bp—1 -+ - bo)2 and for each j < n,
v {gj ?f b; =0,
Sj if bj =1.
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Decoder n x 2" (verilog) |

Listing 1. decoder.v

‘timescale 1ns/1ns

module decoder #(parameter SEL=1) (
output [2**SEL-1:0] m,
input [SEL-1:0] sel

)

wire [SEL-1:0] seln;

for (genvar b = 0; b < SEL; b++)
notGate n(seln[b], sellbl);

for (genvar i = 0; i < 2**SEL; i++) beg
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Decoder
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Decoder n x 2" (verilog) Il

wire [SEL-1:0]
for (genvar b

assign s[b]
else
assign s[b]
end

end
endmodule

s ;
0;

if ((i & (2%%*b))

b < SEL; b++) begi

0)

sel[b];

seln[b];

andMulti #(SEL) a(m[i],

s);
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Decoder n x 2" (testbench) |

Listing 2: decoder_tbh.v

‘timescale 1ns/1ns

module decoder_tb;
parameter SEL = 5;

logic [SEL-1:0] sel;
wire [2%*SEL-1:0] T;
initial begin

$dumpvars;
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decoder #(SEL) d(T, sel);

$dumpfile ("decoder.vcd") ;

Components

©C.M.

Decoder



Decoder n x 2" (testbench) I

repeat (100) begin
sel = $urandom_range (0,2**SEL-1);
#40ns ;
$display ("%d %x", sel, T);
end
$finish ();
end

endmodule
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©C.M.

Decoder



Components

Decoder 4 x 16 waveform

©C.M.

Decoder
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Realizing the Decoder with Enable

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Decoder With Enable Components

©C.M.

Decoder Enable

277,

+ s niﬁ%”m */—
n \

For each ¢ < 2" the following holds:
. 0 i#sor BE=0,
mfi] = .
1 i=sand E =1,

where s = Z;?;(} s[j] x 99
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Decoder 3 x 8 with Enable (circuit)
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Decoder with Enable n x 2" (module) |

Listing 3: decoderE.v

‘timescale 1ns/1ns

module decoderE #(parameter SEL=1) (
output [2**SEL-1:0] m,
input [SEL-1:0] sel,
input E
);
wire [2**SEL-1:0] t;

decoder #(SEL) de(t, sel);

for (genvar i = 0; i < 2%*SEL; i++)
andGate a(m[i], t[il, E);
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endmodule

Demux

De-multimux
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Decoder with Enable n x 2" (testbench) |

Listing 4: decoderE_tb.v

‘timescale 1ns/1ns

module decoderE_tb;
parameter SEL = 4;

logic E;

logic [SEL-1:0] sel;

wire [2**SEL-1:0] T;

decoderE #(SEL) d(T, sel, E);

initial begin
$dumpfile ("decoderE.vcd");
$dumpvars;
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Decoder with Enable n x 2" (testbench) I

E = 0;
repeat (100) begin
if ($urandom_range (0,1)==0)
E =E + 1;

sel = $urandom_range (0,2**SEL-1);
#40ns;
$display ("%d %d %x", E, sel, T);
end
$finish ();

end
endmodule
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Components

Decoder with Enable 4 x 16 waveform

©C.M.

Decoder Enable
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1. Implement a boolean function with decoder help

Encoder

2. Implement a decoder with smaller decoders
Priority Encoder

Mux
Multi-mux
Demux

De-multimux
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Realizing the Encoder

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Encoder Components
©C.M.
n
enc Encoder
+ 7{L2n X n S +
27l
For ¢ < 27,

1 i=j,

s:iiij<2"m[j]:{ —d

0 @#J

where s = ;L;& s[j] x 29

s is undefined if m = 0 or more than one bit of m is one
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Components

Encoder 8 x3 circuit

©C.M.
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Encoder (verilog) |

Listing 5: encoder.v

‘timescale 1ns/1ns

module encoder #(parameter SEL=1) (
output [SEL-1:0] sel,
input [2**SEL-1:0] m

)

wire [2**SEL-1:0] consider;

for (genvar i = 0; i < 2*x*SEL;
if ((i & (2*xb)) !== 0)
assign consider[i] = m[i];
else

assign consider[i] = O0;
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for (genvar b = 0; b < SEL; b++) begin

i++) Y

Components

©C.M.

Encoder

egin



end
orMulti #(2*x*SEL) o(sel [b], Decoder Enable

z Encoder
consider);
Priority Encoder

end
Mux
endmodule
Multi-mux
Demux

De-multimux
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Encoder (testbench) |

Listing 6: encoder_tb.v

‘timescale 1ns/1ns

module encoder_tb;

parameter SEL = 4;

logic [2**SEL-1:0] in;
wire [SEL-1:0] sel;

encoder #(SEL) e(sel, in);
initial begin

$dumpfile ("encoder.vcd");
$dumpvars;
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Encoder (testbench) I

in = 1;
repeat (2*x*SEL) begin
#50ns ;
$display ("%x %d", in,
in = in *x 2;
end
$finish ();
end
endmodule

sel);
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Realizing the Priority Encoder

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Components

Priority Encoder

©C.M.

n
+ pri. encs */; Priority Encoder
m

2" xn Vv
271

1 < 2" mli] =1,
0 otherwise

and
max{i | m[i]| =1} ifV =1,
s =
undefined if V=0.
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Components

Pri. encoder 8 x 3 (circuit)

©C.M.

The Fun Way (i.e., using an encoder)
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Priority Encoder (module) |

Listing 7: encoderV.v

‘timescale 1ns/1ns

module encoderV #(parameter SEL=1) (
output [SEL-1:0] sel,
output v,
input [2**SEL-1:0] d
);
orMulti #(2*x*SEL) om(v, d);

wire [2%*SEL-1:0] dn;
for (genvar i = 0; i < 2%*SEL; i++)
notGate n(dnl[il], d[il);
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Priority Encoder (module) Il

// Leave only leftmost asserted bit
wire [2**SEL-1:0] m;

wire [2**SEL-1:0] e;

for (genvar j = 0; j < i; j++)
assign el[j] = 1;

assign el[i] = d[i]l;

for (genvar j = i + 1; j < 2%xSEL;
assign el[j] = dnl[j];

andMulti #(2*%*xSEL) a(m[i], e);
end
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for (genvar i = 0; i < 2%*SEL; i++) beg

j+

in

+)

Components

©C.M.

Priority Encoder



encoder #(SEL) ee(sel, m);

endmodule

riority Encoder

Mux
Multi-mux
Demux

De-multimux
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Priority Encoder (testbench) |

Listing 8: encoderV_tb.v

‘timescale 1ns/1ns

module encoderV_tb;
parameter SEL = 4;

logic [2**SEL-1:0] in;
wire [SEL-1:0] sel;
wire v;

encoderV #(SEL) e(sel, v, in);

initial begin
$dumpfile ("encoderV.vcd");
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Priority Encoder (testbench) Il

end

$dumpvars;

repeat (2*x*SEL) begin
in = $urandom_range (0, 2**(2x*SEL)
#200ns;
$display ("%x %d %d", in, v, sel);
end
$finish ();

endmodule
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Components

©C.M.

Realizing the Multiplexer

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Encoder
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Mux

2'ﬂ
Multi-mux
Demux

n

De-multimux

d = x5, where s = S s; x 20,
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©C.M.
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Multiplexer 8 — 1 (circuit)
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Multiplexer 2" — 1 (verilog) |

Listing 9: mux.v

‘timescale 1ns/1ns

module mux #(parameter SEL=1) (
output out,
input [2**SEL-1:0] in,
input [SEL-1:0] s
);
wire [2**SEL-1:0] T;
decoder #(SEL) dec(T, s);

wire [2%*SEL-1:0] inMasked;

for (genvar i = 0; 1<2x*SEL;

4882

i++)

Components

©C.M.



Components

©C.M.

andGate a(inMasked[i], in[il, T[il); Ly

Decoder Enable

orMulti #(2**xSEL) o(out,inMasked); o
endmodule Priority Encoder
Mux
Multi-mux
Demux

De-multimux
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Mux (testbench) |

Listing 10: mux_tb.v

‘timescale 1ns/1ns

module mux_tb;
parameter SEL = 3;

logic [SEL-1:0] sel;
logic [2**SEL-1:0] x;

wire T;

mux #(SEL) m(T, x, sel);

initial begin
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Mux (testbench) I Components

©C.M.

$dumpfile ("mux.vecd");
$dumpvars;

sel = $urandom_range (0,2**SEL-1);

repeat (100) begin
X = $urandom_range (0,2%*(2**SEL) -1);

if ($urandom_range (0,3) == 0)
sel = $urandom_range (0,2%*SEL-1);
#40ns;
$display ("%d %X %d", sel, x, T);
end
$finish () ;

end
endmodule
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Components

©C.M.

Decoder
Decoder Enable
Encoder
Priority Encoder
Mux

Multi-mux
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De-multimux
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Components
©C.M

f(z,y,2) =>(1,2,6,7) with a 4 — 1 Mux

x
5
=
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f(z,y,2) = x(1,2,6,7) with a 2 — 1 Mux

©C.M.

D
Mux
Y
y z|f y z|f
0 00 0 00
0 1|1 0 11]0
1 01 1 01
1 1|0 1 1)1
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1. Introducing the three state buffer gate
2. Implementing mux with the three state buffer

Priority Encoder

Mux
Multi-mux
Demux

De-multimux
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Realizing the Multi-Multiplexer

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Multi-mux



Components

©C.M.

Decoder
Decoder Enable
Encoder
Priority Encoder
Mux

Multi-mux

Demux

De-multimux

_ _ j
d = x5, where s = j Oij2
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Multi Multiplexer 4 x 8 — 1
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Multi Multiplexer m x 2" — 1 (module) |

Listing 11: muxMulti.v

‘timescale 1ns/1ns

module muxMulti #(parameter SEL=1,
WIDTH=1) (

output [WIDTH-1:0] out,
input [WIDTH-1:0] in [2**SEL-1:0],
input [SEL-1:0] sel

)
for (genvar i = 0; i<WIDTH; i++) begin

wire [2**SEL-1:0] t;

for (genvar j = 0; j < 2*%*SEL; j++)
assign t[j] in(jl1[i:i];
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Components

©C.M.

Decoder

mux #(SEL) m(out[i], t, sel); Decoder Enable
end Encoder

Priority Encoder
endmodule

Mux

Multi-mux
Demux

De-multimux
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Components

©C.M.

Decoder

® Two dimensions wires have view issues Decoder Enable

g g Encoder

® Hence the funny looking $dumpvars in the testbnech
Priority Encoder
Mux
Multi-mux

Demux

De-multimux
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Multi Multiplexer m x 2" — 1 (testbench) |

Listing 12: muxMulti_tb.v

‘timescale 1ns/1ns

module muxMulti_tb;
parameter SEL = 3;
parameter WIDTH = 4;

logic [SEL-1:0] sel;
logic [WIDTH-1:0] t [2*%*SEL-1:0];
wire [WIDTH-1:0] x;

muxMulti #(SEL,WIDTH) m(x, t, sel);

initial begin
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Components

Multi Multiplexer m x 2" — 1 (testbench) Il
©C.M.

$dumpfile ("muxMulti.ved");

$dumpvars;

for (integer i = 0; i < 2%*xSEL; i++)
$dumpvars (0, t[il);

sel = $urandom_range (0, 2**SEL-1); it

repeat (100) begin

if ($urandom_range (0,3) == 0)
sel = $urandom_range (0,2**SEL-1) ;
for (integer i = 0; i < 2%*SEL; i++)
t[i] = $urandom_range (0, 2*x*xWIDTH|-1);
#100ns;
end
$finish () ;

end
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endmodule

Demux

De-multimux
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Realizing the De-multiplexer

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Components

Demultiplexer 1 — 2" (block diagram)

©C.M.

Demux

x 1=Ss,
d; = ]
0 otherwise,

where s = Z?:_ol sj x 279,

Popular variation

T =S,
d; = )
Z  otherwise.
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©C.M.

Decoder
Decoder Enable
Encoder

Priority Encoder

Mux
Multi-mux
Demux

De-multimux

s0 dec g‘l)

$12 X 43?

69 /82



Components

Demultiplexer 1 — 8 (circuit)

©C.M.

: ) do
v [

0 %0 dec 7} f'zD d3 -
2 3X8s =11 )ds
= -do
L )
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Demultiplexer 1 — 2™ (module) |

Listing 13: demux.v

‘timescale 1ns/1ns

module demux #(parameter SEL=1) (
output [2**SEL-1:0] out,
input in,
input [SEL-1:0] sel
);
wire [2**SEL-1:0] T;
decoder #(SEL) d(T,sel);

for (genvar i = 0; i < 2%*SEL; i++)
andGate a(out([i:il, in, T[il);
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|endmodu1e
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Demultiplexer 1 — 2" (testbench) |

Listing 14: demux_tbh.v

‘timescale 1ns/1ns

module demux_tb;
parameter SEL = 3;

logic [SEL-1:0] sel;
logic in;
wire [2%*SEL-1:0] out;

demux #(SEL) m(out, in, sel);

initial begin
$dumpfile ("demux.vcd");
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Demultiplexer 1 — 2" (testbench) Il

$dumpvars;
sel = $urandom_range (0,2*%*SEL-1);

in = 1;
repeat (100) begin
if ($urandom_range (0,3) == 0)

#300ns;
end
$finish () ;

end
endmodule

sel = $urandom_range (0,2**SEL-1);

74 /82

Components

©C.M.

Demux



Realizing the De-multi-multiplexer

1. Block diagram

2. Logic circuit

3. Verilog module
4. Verilog testbench
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Components

De-multimultiplexer m x 1 — 2"

©C.M.

De-multimux

For each 7 < 2™,

T =S5,
@ = ]
0 otherwise,

where s = ?:_01 sj x 29,
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Demux 3 x 1 — 8
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Components

De-multimultiplexer m x 1 — 2" (verilog) |

©C.M.
Listing 15: demuxMulti.v
‘timescale 1ns/1ns
module demuxMulti #(parameter SEL=1,
WIDTH=1) (
output [WIDTH-1:0] out [2**SEL-1:0], e

input [WIDTH-1:0] in,
input [SEL-1:0] sel

)
for (genvar i = 0; i<WIDTH; i++) begin

wire [2%*SEL-1 : 0] t;

for (genvar j=0; j<2**SEL; j++) begin
demux #(SEL) m(t, inl[i], sel);
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Components

©C.M.
aSSign out [J] [1:1] =S t[J:J] ; Decoder
end Decoder Enable

end
endmodule

Encoder
Priority Encoder
Mux

Multi-mux
Demux

De-multimux
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De-multimultiplexer m x 1 — 2" (testbench) |

Listing 16: demuxMulti_tb.v

‘timescale 1ns/1ns

module demuxMulti_tb;
parameter SEL = 3;
parameter WIDTH = 4;

reg [SEL-1:0] sel;
reg [WIDTH-1:0] in;
wire [WIDTH-1:0] out [2**SEL-1:0];

demuxMulti #(SEL,WIDTH) m(out, in,

initial begin
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sel)l;

Components

©C.M.

De-multimux



De-multimultiplexer m x 1 — 2" (testbench) Il compenents
©C.M.
$dumpfile ("demuxMulti.vecd");
$dumpvars;
for (integer 1=0; i < 2%*xSEL; i++)
$dumpvars (0, out[il]);

sel = $urandom_range (0,2**SEL-1);

De-multimux

repeat (100) begin
in = $urandom_range (0,2*x*WIDTH-1) ;

if ($urandom_range (0,3) == 0)
sel = $urandom_range (0,2%*SEL-1);
#100ns;
end
$finish ();

end
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endmodule

Demux

De-multimux
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