VHDL

* |n this lecture, we will go over examples of
VHDL in comparison to SystemVerilog

 Examples taken from Ch. 4 of the Harris &
Harris book 2" Edition (recommended but
not required book for this class)



Modules and Assign Statements

HDL Example 4.3 LOGIC GATES

SystemVerilog VHDL
module gates(input 1logic [3:0] a, b, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
output Togic [3:0] y1, ¥2,

entity gates is

VR B
port(a, b: in STD_LOGIC_YECTOR(3 downto 0);
/* five different two input logic YL, V2 VS oy
gates actingon 4 bit busses */ ¥5: out STD_LOGIC_VECTOR(3 downto 0));
assign yl=a & b; ff AND end;
assign y2=a | b; //OR
assign y3=a * b; 7/ XOR architecture synth of gates is
assign yd=~(a & b); // NAND begin
assign ys=~(a | b); // NOR -- five different two input logic gates
endmodule --actingon4 bit busses
¥1 <{=a and b;
y2 <{=a or b;
W3 (= Xorb;
y4 {=a nand b;
y5 <{=a nor b;
end;
[5:Q [3:0]
59 /lj
y33:0]

_ s0 | fiz01 _ v
E%gg 50 | |50 /.‘ £ {>c B

Y1[30] Y430
=
gg_\) 13:0] DC [3:0]@
y2[3:0] y5[3:0]
Lm0
Figure 4.4 gates synthesized circuit 2
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Conditional Assignment

HDL Example 4.5 2:1 MULTIPLEXER

SystemVerilog VHDL

module muxz(input Togic [3:0] 40, d1, 1ibrary IEEE; use IEEE.STD_LOGIC_1164.a11;

input Togic S
output Togic [3:0] y); entity mux2 is
port(d0, dl: in STD_LOGIC_VECTOR(3 downto 0);
assign y=s 7 dl : d0; S: in STD_LOGIC;
endmodule ¥ out STD_LOGIC_YECTOR(3 downtao 0));
end;

architecture synth of mux2 is
begin

y {=d1 when s else d0;
end;

(030

GHED 5]

y[3:0]

Figure 4.6 mux?2 synthesized circuit
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More Assign Statements

HDL Example 4.7 FULL ADDER

SystemVerilog VHDL

module fulladder(input logica, b, cin, Tibrary [EEE; use [EEE.STOD_LOGIC_1164.a17;
tput Togic s, £
BLEBHE RISty entity fulladder 1s

logic p, g; port{a, b, cin: in STD_LOGIC;

s, cout: out STD_LOGIC);
assignp=a* b;

end;

assigng=a & b;

architecture synth of fulladder is
signal p, g: STD_LOGIC;

begin
p {=a xor b;
g <=2 and b;

assigns=p* cin;
assign cout=g | (p&cin);
endmodule

s {=p xor cin;
cout <=gor (pandcin);
end;

e ) >
g s
a \ D ::1 )
: 4._) uni_cout cout

p

Figure 4.8 fulladder synthesized circuit
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Operators

HDL Example 4.8 OPERATOR PRECEDENCE

SystemVerilog

Table 4.1 SystemVerilog operator precedence

Op Meaning

H B NOT

é * 1% MUL, DIV, MOD

2 +, PLUS, MINUS

. K Logical Left/Right Shift
s D2 Arithmetic Left/Right Shift
{, K=, >, o= Relative Comparison

==, i Equality Comparison

VHDL

- n ('n.’:!"(m'—‘:]:

+wu o 3 0 -

Table 4.2 VHDL operator precedence

Op Meaning

not NOT

*, /,mod,  MUL, DIV, MOD, REM
rem

i, PLUS, MINUS

ral o v, Rotate,

srl, s11 Shift logical

<, <= Relative Comparison
=, /= Equality Comparison
and, or Logical Operations
nand, nor

Xor, xnor

L &, ~& AND, NAND
o AL n XOR, XNOR
W

e [+ OR, NOR

s

t 7: Conditional
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Numbers

HDL Example 4.9 NUMBERS

SystemVerilog YHDL
Table 4.3 SystemVerilog numbers Table 4.4 VHDL numbers
Numbers Bits Base Val Stored Numbers Bits Base Val Stored
3'b101 3 2 5 101 SBMLOT" 3 2 5 101
Al ? 2 3 000 ... 0011 BRI 2 2 3 11
8'bll 8 2 3 00000011 gB"11" 8 2 3 00000011
8'pb1010_1011 8 2 171 10101011 68"1010_1011" 8 2 171 10101011
3'd6 3 10 6 110 306" 3 10 6 110
6'042 6 8 34 100010 60"42" 6 8 34 100010
8'hAB 8 16 171 10101011 8X"AB" 8 16 171 10101011
a7 ? 10 42 00 ... 0101010 *1al" 3 2 5 101
B L= 3 2 s 101
X"AB" 8 16 171 10101011
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Bit Manipulations

HDL Example 4.12 BIT SWIZZLING

SystemVerilog VHDL

assigny={cl2:1], {3{d[0]}}, c[0], 3'B101}; y <{=(c(2 downto 1), d(0), d(0), d(0), c(D), 3B"101");
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Module Instantiations

HDL Example 4.14 STRUCTURAL MODEL OF 4:1 MULTIPLEXER

SystemVerilog VHDL
module mux4(input Togic [3:0] 40, d1, 42, 43, Tibrary [EEE; use [EEE.STD _LOGIC_1164.a11;
input logic [1:0] s,
output Togic [3:0] y); entity muxd is
port(d0, dl,
Togic [3:0] low, high; d2, d3: in STD_LOGIC_VECTOR(3 downto 0} ;
S¢ in STD_LOGIC_VECTOR(1 downto 0);
mux2 Towmux(d0, d1, s{0], Tow); v out STD_LOGIC_VECTOR(3 downto 0)7;
mux2 highmux(d2, d3, s(0], high}; end;
mux2 finalmux(low, high, s[1], ¥J;
endmodule architecture struct of muxd is
component mux2
port{do,

dl: in STD_LOGIC_VECTOR(3 downto D);
s: in STD_LOGIC;
y: out STD_LOGIC_VYECTOR(3 downto 0));
end component;
signal low, high: STD_LOGIC_VYECTOR(3 downto 0};
begin
Towmux : mux2 port map(d0, d1, s(0), low);
highmux: mux2 port map(d2, d3, s(0), high);
finalmux: mux2 port map(low, high, s(1}, ¥);

end;
mux2 mux2
; 1
|s[1:0] [1:0] [0) s [1] % 9y
[0 0]t cl0[3:0] y[3:0] ———t28 di0[3:0] y[3:0] ——dfyBO >
[AE0] >t d1[3:0] —L33 41[3:0]
lowmux finalmux
- mux2

i — S

d0[3:0]  y[3:0] ——
d1[3:0]
highmux
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Module Instantiations

HDL Example 4.16 ACCESSING PARTS OF BUSSES

SystemVerilog VHDL
module mux2_8(input 1logic [7:0] 40, d1, Tibrary [EEE; use IEEE.STD_LOGIC_1164.a11;
input logic S, A :
. : entity mux2_8 is
gubputegle 00 port(d0, d1: in STD_LOGIC_VECTOR(7 downto 0);
mux2 1sbmux(d0[3:0], d1[3:0], s, ¥y[3:0]); s: in STD_LOGIC;
mux2 msbmux(d0[7:4], d1[7:41, s, y[7:4]); y: out STD_LOGIC_VECTOR(Y downto 0} );
endmodule end;

architecture struct of mux2_8 is
component mux2

port(d0, dl: in STO_LOGIC_VECTOR(3 downto 0);

S: in STOD_LOGIC;
y: out STO_LOGIC_VECTOR(3 downto 0));
end component ;

begin

Tsbmux: mux2
port map(d0(3 downto 0}, d1(3 downto 0},
s, ¥(3 downto 0));
msbmux: mux2
port map(d0(7 downto 4), d1(7 downto 4},
s, ¥(7 downto 433 ;

end;
mux2
s
7:0] 3:0] 4
[ dor7-0] L B S e Y30 el g
[7:01 [3:0]
[ a1 » d1[3:0]
Isbmux
mux2
[
[7:4] (7:4]
bt {0[3:0] Y[3:0] st
[7:4)
et ({1[3:0]
msbmux
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Register

HDL Example 4.17 REGISTER

SystemVerilog YHDL

module flop(input 1logic clk, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
input Jlogic [3:0]4d,

output logic [3:0]q); entity flopis

port{clk: in STD_LOGIC;

always_ff @ posedge clk) d: in STD_LOGIC_VECTOR(3 downto 0} ;
g<=4d; g: out STD_LOGIC_YECTOR(3 downto 0));
endmodule end;

architecture synth of flop is
begin
process{clk) begin
if rising_edge(clk) then
q<=4d;
end if;
end process;
end;

ck B [ [3:0]
EE— 1D[3:0]  Q[3:0] a0 >

Figure 4.14 f1op synthesized circuit
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Resettable Register

HDL Example 4.18 RESETTABLE REGISTER

SystemVerilog VHDL
module flopr{input Togic clk, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
input logic reset,

entity flopr is

thpuk Taole 0] part(clk, reset: in STD_LOBIC;

output logic [3:0] gJ;

d: in STD_LOGIC_VECTOR(3 downto 0);
/f asynchronous reset q: out STD_LOGIC_VECTOR(3 downto 0)3;
always_ff @posedge c1k, posedge reset) end;
Rl Al architecture asynchronous of flopr is
glse q<=4d; 2
endmodule Bedin
process(clk, reset) begin
module flopr(input Togic clk, if reset then
input logic reset, q <= "0000";
input logic [3:0] 4, elsif rising_edge(clk) then
output 1Togic [3:0] g ; g <=4d;
/f synchronous reset dend G .
always_ff @(posedge c1k) En;'_‘ il
if (reset) g<=4'b0; ?
else q<=4d; Tibrary [EEE; use [EEE.STD _LOGIC_1164.a11;
endmodule
entity flopr is
w > port(clk, reset: in STD_LOGIC;
I [3:0]  D[3:0] Qo] [3:0] - d: in STD_LOGIC_YECTOR(3 downto 0);
' ’ q: out STD_LOGIC_VECTOR(3 downto 0)};
R end;
| reset | architecture synchronous of flopr is
begin
process(clk) begin
(a) if rising_edge(clk) then
if reset then g <= "0000";
else g <=d;
w [3:0] > [3:0] end if;
[ d[30] > 1D[3:0]  Q[30] et q[3:0] > end 1f;
[ reset > R end process;
end;
(b)

Figure 4.15 flopr synthesized circuit (a) asynchronous reset, (b) synchronous reset
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Resettable Enabled Register

HDL Example 4.19 RESETTABLE ENABLED REGISTER

SystemVerilog VHDL
module flopenr(input Tlogic clk, library IEEE; use IEEE.STD_LOGIC_1164.a11;
Tnput 10g1.c resE entity flopenr is
input Togic en,
g : port{clk,
input logic [3:0]4d,
output Togic [3:0] q); s
d : en: in STD_LOGIC;
// asynchronous reset d: in STD_LOGIC_VWECTOR(3 downto 0);
always_ff @(posedge c1k, posedge reset) q: out STD_LOGIC_VYECTOR(3 downto 0));
if (reset) g <=4'b0; end;
else if (en) gq<=4d; architecture asynchronous of flopenr is
endmodu’e --asynchronous reset
begin

process(clk, reset) begin
if reset then

q <="D00aes
elsif rising_edge(clk) then
if en then
q<{=d;
end if;
end if;
end process;
end;
ED [8:0] F [3:0]
Ld[30] >  D[3:0]  Q[30] peam———] q[3:0] >
Bl E
R

| reset . |

Figure 4.16 f1openr synthesized circuit
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Multiple Registers

HDL Example 4.20 SYNCHRONIZER

SystemVerilog

module sync(input Togic clk,

input logic d,
output Togic ql;

Togic nl;

always_ff @(posedge c1k)
begin
nl <=4d; // nonblocking
g <=nl; // nonblocking
end
endmodule

Slide derived from Harris & Harris book

clk
d

VHDL

library [EEE; use IEEE.STD_LOGIC_1164.a11;

entity sync is
port{clk: in STD_LOGIC;
d: in STD_LOGIC;
g: out STD_LOGIC);
end;

architecture good of sync is
signal nl: STD_LOGIC;
begin
process(clk) begin
if rising_edge(clk) then

nl <=4d;
g <=nl;
end if;
end process;
end;
D Q D Q {>
n1 q

Figure 4.18 sync synthesized circuit
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Always Comb

HDL Example 4.23 FULL ADDER USING always/process

SystemVerilog VHDL
module fulladder(input 1logica, b, cin, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
s QHERUECUTE 8 couCh: entity fulladder is
0% il port(a, b, cin: in STD_LOGIC;
always_comb s, cout: out STD_LOGIC);
begin end;
PRl i b10ck1~ng architecture synth of fulladder is
g=a & b; // Blocking :
begin
S PR /f blocking process{all)
cout=g | (p&cin); // Blocking variable p, g: STD_LOGIC;
end begin
endmodule

p:=axorb; --blocking
g:=aandb; —-blocking
s<{=pxorcin;
cout <=gor (pandcin);
end process;
end;

Slide derived from Harris & Harris book 14



Case Statement

HDL Example 4.24 SEVEN-SEGMENT DISPLAY DECODER

SystemVerilog VHDL

module sevenseg(input logic [3:0] data, library [EEE; use IEEE.STD_LOGIC_1164.a11;

puthut Togde fexliseonents); entity seven_seg_decoder is

2y conb port(data:  in STD_LOGIC_VECTOR(3 downto 0);

Gascichar segments: out STD_LOGIC_VECTOR(6 downto 0));
(7 abc_defg v
0: segments=7'b6111_1110; *
1l segments=7"'6011_0000; architecture synth of seven_seg_decoder is
2 segments=7'5110_1101; begin
e segments=7"b111_1001; process(all) begin
4: segments=7'b011_0011; case data is
b segments=7"'b5101_1011; == abcdefg
6: segments=7"'6101_1111; when X"0" => segments <="1111110";
7 segments=7'b111_0000; when X"1" => segments <="0110000";
8: segments=7"b111_1111; when X"2" => segments <="1101101";
9: segments=7'b111_0011; when ¥"3" =>  segments <="1111001";
default: segments=7'£000_0000; when X"4" =>  segments <="0110011";
endcase when X"5" =>  segments <="1011011";
endmodule when X"6" => segments <="1011111";
when X"7" => segments <="1110000";
when X"8" => segments <="1111111";
when X"9" => segments <="1110011";
when others => segments <= "0000000";
end case;
end process;
end;
[3:0] LAl [6:0]
[data[3:0] “————=— A[3:0]  DOUT[6:0] —]segments[6:0]

segments_1[6:0]

Figure 4.20 sevenseg synthesized circuit
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Case Statement

HDL Example 4.25 3:8 DECODER

SystemVerilog

module decoder3_8(input Togic [2:0] a,
output logic [7:0] ¥);
always_comb

case(a)
3'b00D: y=8'b000000D1;
3'b001: y=8'b00000010;
3'b010: y=8'b00000100;
3'b011: y=8'b00001000;
3'b100: y=8'b00010000;
3'b101: y=8'b00100000;
3'B110: y=8'b01000000;
3'b111: y=8'b10000000;
default: y =8"bBXXXXXXXX;
endcase

endmodule

Slide derived from Harris & Harris book

VHDL

Tibrary [EEE; use IEEE.STO_LOGIC_1164.a11;

entity decoder3_8 1is
port(a: in STO_LOGIC_VECTOR(Z downto 0);

y: out STD_LOGIC _YECTOR(7 downto 0));

end;

architecture synth of decoder3_8 is
begin
process(all) begin

caseais
when "000" => y <="00000001";
when "001" => y <="00000010";
when "010" => y <="00000100";
when "011" => y <="00001000";
when "100" => y <="00010000";
when "101" => y <="00100000";
when "110" => y <="01000000";
when "111" => y <="10000000";
when others => y <= "XXXXXXXX";
end case;
end process;

end;

[ez01

y[7:0]

2.0 [ P

v4

= |

AR

Vi

y3!

y3i

10]

2

I

y3

y3!

Ri

y35

E |
o
KT

¥

Figure 4.21 decoder3_8 synthesized circuit



More If-Then-Else

HDL Example 4.26 PRIORITY CIRCUIT

SystemVerilog YHDL

module priorityckt{input Togic [3:0] a, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;

output Togic [3:0]y); entity priorityckt is

always_comb port{a: in STO_LOGIC_YECTOR(3 downto 0);
if (al3]) y<=4'b1000; y: out STD_LOGIC_YECTOR(3 downto 0));
else if (al2]) y<=4'b0100; end;

else if (a[l]) y<=4'b0010; architecture synth of priorityckt is
else if (al0]) y<=4'b0001; begin
else ¥ <=4'b0000; process(all) begin
endmodule T a(3) theny <="1000";
elsif a(2) theny <="0100";
elsif a(l) theny <="0010";
elsif a(0) theny <="0001";

else ¥y =000
end if;
end process;
end;
p >
[2:0]
[2]
El [2]
——
y_1[2]
T
1
[2] [1]
[3]
uni3_y y_101]
[1] | 18 0]
[2] ; >
[3]
y_1[0]

. . . . 17
Sllde deerEd from Harris & Harris bOOk Figure 4.22 priorityckt synthesized circuit



Casez Statement

HDL Example 4.27 PRIORITY CIRCUIT USING DON’T CARES

SystemVerilog VHDL

module priority_casez(input Jlogic [3:0] a, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;

GUEpULLOGLe U303 20 entity priority_casez is

port(a: in STD_LOGIC_YECTOR(3 downto 0} ;
y: out STD_LOGIC_VECTOR(3 downto 0));

always_comb
casez(a)
4'0612727: y<=4'b1000;

4'B0122: y <=4'b0100; 5AC
4'60017: y<=4'b0010; architecture dontcare of priority_casez is
4'b0001: y<=4'b0001; begin
default: y<=4'b0000; process(all) begin
endcase case?ais
endmodule when "1---" =>y <= "1000";
when "01--" =>y <= "0100";
when "001-" =>y <= "0010";
when "0001"=>y <= "0001";
when others=>y <= "0000";
end case?;
end process;
end;
EE 2 /_@
o f
2
y23[0]
1
y24[0]
0)
1 O
(2] |

e
y25

Figure 4.23 priority_casez synthesized circuit
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Blocking vs. Non-Blocking

BLOCKING AND NONBLOCKING ASSIGNMENT GUIDELINES

SystemVerilog VHDL

1. Use always_ff @{posedge clk) and nonblocking assign-
ments to model synchronous sequential logic.

1. Use process{clk) and nonblocking assignments to model
synchronous sequential logic.
always_ff @(posedge c1k) process{clk) begin

begin if rising_edge(clk) then
nl<=4d; // nonblocking nl <=d; -- nonblocking
g <=nl; // nonblocking g <=nl; -- nonblaocking
end end if;
end process;

2. Use continuous assignments to model simple combinational ~ 2. Use concurrent assignments outside process statements to
logic. model simple combinational logic.

assign y=s 7 dl : d0; y<{=d0whens="0"elsedl;

3. Use always_comb and blocking assignments to model more 3. Use process{all) to model more complicated combina-
complicated combinational logic where the always state- tional logic where the process is helpful. Use blocking
ment is helpful. assignments for internal variables.

always_comb process{all)

begin variable p, g: STD_LOGIC;
p=a*b; // Blocking begin
g=a & b; // blocking p:=axorb; —- blocking
= o g:=aandb; —— blocking
cout =g | (p & cind; s {=pxorcin;

end cout <=gor {(pandcin);

end process;

4. Do not make assignments to the same signal in more than 4. Do not make assignments to the same variable in more than

one always statement or continuous assignment statement.

Slide derived from Harris & Harris book

one pracess or concurrent assignment statement.
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Finite State Machine

HDL Example 4.31 PATTERN RECOGNIZER MOORE FSM

SystemVerilog VHDL

module patternMoore(input logic clk, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
input logic reset,
input logic a,

output logic ¥J);

entity patternMoore is
port{clk, reset: in STD_LOGIC;

a: in STD_LOGIC;
typedef enum Togic [1:0] {S0, S1, S2} statetype; s out STD_LOGIC);
statetype state, nextstate; end;

// state register architecture synth of patternMoore is

always_ff @ posedge clk, posedge reset) type statetype is (S0, S1, 52);
if (reset) state <=S0; signal state, nextstate: statetype;
else state <= nextstate; begin

-- state register

L/ Mottt g process(clk, reset) begin

always_comb

case (state) if reset then state <=S0;
SO: if (a) nextstate=S0; El?iff\.”smg_edge(c]k) then state (= nextstate;

else nextstate=S1;

S1: if (a) nextstate=52; End process;

else nextstate=S1;
S2: if (a) nextstate=S0;
else nextstate=S1;

-- next state logic
process(all) begin
case state is

default: nextstate=S0; when S0 =>
endcase if a then nextstate <=S0;
/1 output Togic zlzeﬁ‘ nextstate <=51;

assign y=(state==52); ahone] =’>
Sl if a then nextstate <=52;
else nextstate <=51;

end if;

when S2 =>
e if a then nextstate <=350;
Statemachine else nextstate <=S1;

[a > 1[a] @ end if;

& f‘ Q[ZO]'—H*} (@ . when others =>
nextstate <=50;
state [2:0] e end case;
‘ end process;

Figure 4.26 patternMoore synthesized circuit

Slide derived from Harris & Harris book

output logic
y<="1" when state=52else '0";
end;
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Parameterized Modules

HDL Example 4.34 PARAMETERIZED N-BIT 2:1 MULTIPLEXERS

SystemVerilog

module mux2
fH{parameter width=8)
(input Tlogic [width 1:0]4d0, 41,
input Tlogic s,
output logic [width 1:0]¥);

assign y=s 7 dl : d0;
endmadule

module mux4_8(input Togic [7:0] d0, d1, 42, 43,
input Tlogic [1:0]s,
output Togic [7:0] ¥);

logic [7:0] low, hi;

mux2 Towmux(d0, d1, s[0], Tow);

mux2 himux(d2, 43, s[0], hi);

mux2 outmux(low, hi, s(1], ¥);
endmodule

Slide derived from Harris & Harris book
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library [EEE; use [EEE.STD_LOGIC_1164.211;

entity mux2 is
generic(width: integer :=8);
port(d0,
dl: in STD_LOGIC_VECTOR(width 1 downto 0);
s STRULEORIC
y: out STD_LOGIC_VECTOR(width 1 downto 0));
end;

architecture synth of mux2 is
begin

y <=4dl when s else d0;
end;

Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;

entity mux4_8 is
port(d0, di1, d2,
d3:in STD_LOGIC_VECTOR(7 downto 0);
s: in STD_LOGIC_VYECTOR(1 downto 0);
y: out STD_LOGIC_VECTOR(7 downto 0));
end;

architecture struct of mux4_8 is
component mux2
generic(width: integer :=8);
port(do,
dl: in STOD_LOGIC_YECTOR(width 1 downto 0};
s: in STD_LOGIC;
y: out STD_LOGIC_VECTOR({width 1 downto 0));
end component ;
signal low, hi: STD_LOGIC_YECTOR(7 downto 03 ;
begin
Towmux: mux2 port map(d0, d1, s(0), low);
himux: mux2 port map(d2, d3, s(0), hi);
outmux: mux2 port map(low, hi, s(1), ¥);
end;
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Parameterized Modules

HDL Example 4.34 PARAMETERIZED N-BIT 2:1 MULTIPLEXERS

SystemVerilog VHDL
moduTe mux4_12(input Togic (11:0] d0, d1, d2, d3, Tibrary [EEE; use [EEE.STD_LOGIC_1164.a11;
input Togic [1:0] s, entity mux4_121s
output Togic [11:0] yJ; port(d0, di1, d2,
Togic [11:0] Tow, hi: d3: 1:n STD_LOGIC_VECTOR(7 downto 0);
s: in STD_LOGIC_VECTOR(1 downto 0);
mux2 #(12) Towmux(d0, d1, s{0], Tow); y: out STD_LOGIC_VECTOR(7 downto 0));
mux2 #(12) himux(d2, d3, s[0], hi); end;
mux2 #0123 outmux(Tow, hi, s[1], ¥); . A
Ehdoh e architecture struct of mux4_121s

component mux2
generic(width: integer :=8);
port(do,

dl: in STD_LOGIC_VECTOR(width 1 downto 0);
S diine STRELGGEER:
. mux2_12 i mux2_12 y: out STD_LOGIC_VECTOR({width 1 downto 0));
[ERRUm= [ ‘ b ) o erjd compunent.;
O O] et 011 0] {110 st 0] 11:0] 1110 ey 11.0] == signal Tow, hi: STO_LOGIC_YECTOR(Z downto 0);
R a2 111 0] e i[11:0] begin
lowmux outmux Towmux: mux2 generic map(12)
port map(do, d1, s(0), low);
himux: mux2 generic map(12)
mux2_12 port map(d2, d3, s(0), hi};
[0 - £
—— 5 outmux: mux2 generic map(12)
dO[HO] Y1101 port map(low, hi, s(1), ¥3;
[T 0] e {1 0] S
himux

Figure 4.29 mux4_12 synthesized circuit
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