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DIGITAL LOGIC DESIGN
VHDL Coding for FPGAs
Unit 4

v STRUCTURAL DESCRIPTION

= Hierarchical design: port-map, for-generate, if-
generate.

= Examples: Adder, ALU, Look-up Table.
= Introduction to Parametric Coding.
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v STRUCTURAL DESCRIPTION S

= Circuits are described via interconnection of its subcircuits. These
subcircuits can be described in a similar manner using concurrent
code and/or sequential code.

= Example: Multiplexor 2-to-1.

a \ ““““““ l
. b .- :
_f S *_ 1 I_________:
b | | | e - y f
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v This case is trivial, since the interconnection is realized via logic
operators, but nevertheless it is an example of structural

description.
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v STRUCTURAL DESCRIPTION % RECRLab

= Example: 4-to-16 decoder

= \We can describe this
decoder in a structured
fashion based on 2-to-4
decoders.

= However, we can also
describe the 4-to-16
decoder using the with-
select statement.
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v STRUCTURAL DESCRIPTION

= Example: DLX Processor B
> A—>
- — >3
= In this type of systems, it is best to = 1l
. . 4 R >n—>
describe each component first, = [, L
then assemble them to build the = N
< A [€
large system. L REGISTER(—
i ] FILE
< B |«
= We do not need to see such large _: =
system to realize the importance of L)
the Structural Description. DN < Tk
< >
N PC |«
IR E — MAR |<
} " MDR <—[<
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v STRUCTURAL DESCRIPTION S

= Many circuits can be described entirely in one single block: we can
use the behavioral description, and/or concurrent statements
(with-select, when-else).

= However, it is advisable not to abuse of this technique since it
makes: i) the code less readable, ii) the circuit verification process
more cumbersome, and iii) circuits improvements less evident.

= The structural description allows for a hierarchical design: we can
view the entire circuit as the pieces it is made of, then identify
critical points and/or propose improvements on each piece.

= It is always convenient to have basic building blocks from which we
can build more complex circuits. This also allows building blocks
(or sub-systems) to be re-used in a different circuit.
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v STRUCTURAL DESCRIPTION % REC

= Example: 4-bit add/sub for numbers in 2’s complément

» The circuit can be described in one single block.

. — ' @8 B &

Xo Yo

v v

However, it is best to describe the Full Adder as a Cirtg |

FA [

block in a separate file (full add.vhd), then use
as many full adders to build the 4-bit adder.

v

So

my addsub.vhd

= The place where we use and connect as many full
adders as desired, and possibly add extra circuitry

full add.vhd

is called the ‘top file’ (my addsub.vhd). This
creates a hierarchy of files in the VHDL project:

X3 Y3 X2 ){2 X1 )l’l Xo )l’o _
| {4 + 14— addisub
add =0
________ ?__________?“_________?“_________“?___" SUb:1
Y Y Y Y
Cout ' C c c c Co! Cin
Mt A €T FA 1 FA [ FA [
overflow G{ 1 L i ____________ i ____________ i
5, 5, 5, 3 OAKLAND
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v'4-bit 2’s complement Adder S RECRLAGb
= Full Adder: VHDL Description (fulladd.vhd): |

library ;

Xy
use all; ¢ ¢
Cout Cln
entity fulladd is <1 FA [
port ( cin, x, y: in ; J
s, cout: out ) ; S

end fulladd;

architecture struct of fulladd 1is
begin

s <= X XOr y Xor cin;
cout <= (x and y) or (x and cin) or (y and cin);

end struct;
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v'4-bit 2’s complement Adder S RECKRLADb

= Top file (my addsub.vhd): We need 4 full adders block and extra
logic circuitry. library ;
use all;

entity my addsub is

port ( addsub: in ;
X,y: in (3 downto 0);
s: out (3 downto 0);

cout, overflow: out ) ;
In order to use the __4 v ey

file *fulladd.vhd’
into the top ﬁ|e, we architecture struct of my addsub is

. t fulladd
need to declare it in S°TEoneRt FH-ta

H : port ( cin, x, y: in ; }N?%?ywmﬂf
: : . [isin the entity o
the top file: s, cout: out ) 5| il i
end component; i -
signal c: (4 downto 0);
signal yt: (3 downto 0);
begin -- continued on next page
OAKLAND
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v4-bit 2’s complement Adder = WL KL

= Here, we:

» [nsert the required extra circuitry (xor gates and 1/0
connections).

= |nstantiate the full adders and interconnect them (using the
port map statement)

-- continuation from previous page
c(0) <= addsub; cout <= c(4);
overflow <= c(4) xor c(3);

yt(0) <= y(0) xor addsub; yt(l) <= y(1l) xor addsub;
yt(2) <= y(2) xor addsub; yt(3) <= y(3) xor addsub;

£f0: fulladd port map(cin=>c(0) ,x=>x(0) ,y=>yt (0) ,s=>s(0),cout=>c (1)),
£f1: fulladd port map(cin=>c(1l) ,x=>x(1) ,y=>yt (1) ,s=>s (1) ,cout=>c(2));
£f2: fulladd port map(cin=>c(2) ,x=>x(2) ,y=>yt(2) ,s=>s(2) ,cout=>c(3));
£3: fulladd port map(cin=>c(3) ,x=>x(3) ,y=>yt(3) ,s=>s(3) ,cout=>c(4)) ;

end struct;
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v'4-bit 2’s complement Adder 2S¢ KRECKLODb

= Use of ‘port map’ statement:
port map (signal in full adder => signal in top file, ...)

» |nstantiating and connecting the first full adder:

f0: fulladd port map ( )’
X3 Y3
i““““““h """"""""""""""""""""" i add/sub
: ?ts i
| v .
i Ca = 7 _ C3 :
Cout < ; | Cout Cin[ i
overflow 'G(— S ;
Y
S3
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v'4-bit 2’s complement Adder 2S¢ KRECKLODb

= Use of ‘port map’ statement:
port map (signal in full adder => signal in top file, ...)
= |nstantiating and connecting the second full adder:

fl: fulladd port map( ) ;

amsub

A

Cout €

overflow
<
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v'4-bit 2’s complement Adder °s KECKRLAD

= Use of ‘port map’ statement:
port map (signal in full adder => signal in top file, ...)
» |nstantiating and connecting the third full adder:

£f2:

aﬁsub
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v'4-bit 2’s complement Adder °s KECKRLAD

= Use of ‘port map’ statement:
port map (signal in full adder => signal in top file, ...)
» |nstantiating and connecting the fourth full adder:

| aﬁsub
Cout < :
overflow :
OAKLAND
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N2

v FOR-GENERATE Statement e

= In the 4-bit adder example, if we wanted to use say 8 bits, we would
need to instantiate 8 full adders and write 8 port map statements.

= Instantiating components can be a repetitive task, thus the for-
generate statement is of great help here:

Pt il Dot ok - ' & B &

vt (0) <= y(0) xor addsub; yt(l) <= y (1) xor addsub;
iyt(2) <= y(2) xor addsub; yt(3) <= y(3) xor addsub;

'f0: fulladd port map (cin=>c(0) ,x=>x(0) ,y=>yt(0) ,s=>s(0) ,cout=>c(1l))
ifl: fulladd port map (cin=>c(1l) ,x=>x (1) ,y=>yt (1) ,s=>s(1l) ,cout=>c(2));
if2: fulladd port map (cin=>c(2) ,x=>x(2) ,y=>yt(2),s=>s(2) ,cout=>c(3));
§f3: fulladd port map (cin=>c(3) ,x=>x(3) ,y=>yt(3) ,s=>s(3) ,cout=>c(4));

-- continuation from previous page
c(0) <= addsub; cout <= c(4) ;
overflow <= c(4) xor c(3);

______________________________________________________________________________________________________________________________________________

gi: for i in 0 to 3 generate
| yt(i) <= y(i) xor addsub; |
fi: fulladd port map(cin=>c (i) ,x=>x(1i) ,y=>yt(i) ,s=>s (i) ,cout=>c(i+l));
end generate; |

end struct;
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vINTRODUCTION TO PARAMETRIC éf@DING KLan

= N-bit adder/ library ,
subtractor. We can use e
choose the value of N entity my addsub is
in the entity_ generic (N: INTEGER:= 4);
port ( addsub : in ;
X, y : in (N-1 downto 0);
] s : out (N-1 downto 0);
» The architecture code overflow : out ;
cout : out ),

is tweaked so as to

] ) end my addsub;
make it parametric.

architecture structure of my addsub is
component fulladd
port( cin, x, y : in ;
s, cout : out ),
end component;

Example: Parametric N-bit  signal c: (N downto 0) ;

adder/subtractor in 2’s signal yx: (N-1 downto 0);
. begin

complement: c(0) <= addsub; cout <= c(N);

» my addsub.zip: overflow <= c(N) xor c(N-1);

gi: for i in 0 to N-1 generate

my addsub.vhd, yx (i) <= y(i) xor addsub;

fulladd.vhd fi: fulladd port map (cin=>c(i),x=>x(i),y=>yx (i),
tb my addsub.vhd, s=>s (i) ,cout=>c(i+l)) ;
my addsub.xdc end generate;

Y_ end structure; (%%%%%ﬁ§£i})
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vINTRODUCTION TO PARAME TRIC €@DING

= Example: N-bit

adder/subtractor.

» Testbench: Use of

‘for loop’inside the

stimulus process to

generate all possible

input combinations.

= Parametric Testbench:

It depends on N,

which must match the

hardware description

y<= "
y<= "
y<= "
y<= "
y<='

y<=ll

oooo"
oooo"

0000"
ooo1"
'ooo1"

ooo1"

; xX<='
; x<='

; x<="
; x<='
; x<="

; x<='
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'0000"
'0001"

1111"
'0000"
ooo1"

'1111"

; wait
; wait
; wait
; wait

; wait

; wait

for
for

for
for

for

for

10
10

10
10
10

10

ns; |
ns;

ns;
ns; [

ns;

ns;

library
use all;
use all;

entity tb _my addsub is
generic (N: INTEGER:= 4);
end tb_my addsub;

architecture structure of my addsub is
component my addsub

port( addsub : in g
X, Y : in (N-1 downto 0);
s : out (N-1 downto 0) ;
overflow,cout : out ) ;

end component;

signal addsub: :='0";
signal x,y: (N-1 downto 0) := others => '0');

signal overflow, cout: g
signal s: (N-1 downto 0);

begin
uut: my addsub port map (addsub, x, y, s, overflow, cout);
st: process
begin
wait for 100 ns;
addsub <= '0';

gi: for i in 0 to 2**N-1 loop
y <= (i,N);
gj: for j in 0 to 2**N-1 loop
X <= (j,N); wait for 10 ns;
end loop;
end loop;
wait; OAKLAND

UNIVERSITY.

end process;
end;




v Example: Arithmetic Logic Unit

= This circuit executes two types of

o, | ol

2§

operations: logic (or bit-wise) and A
. . ARTITHMETIC
arithmetic. p N UNIT _L
= The arithmetic unit and the logic unit 0
are described in different VHDL files. —iy ¥
. . . . . 1
= The arithmetic unit relies heavily on _r A
the parametric adder/subtractor unit. LOGIC UNIT
= The VHDL code is parameterized so as A
to allow for two N-bit operands. 4
= The ‘sel’ inputs selects the operation to A _ |
. sel Operation Function Unit
be carried on (as per the table). =571, —. ——
0001 vy<=a+1 Increment 'a'
] 001 0f y<=a-1 Decrement 'a'
> my alu.zip: 8 2 é é 33; b E - IanCarneinfeenrt ,bb, Arithmetic
my alu.vhd, 0101 y<=b-1 Decrement 'b'
my alu arith.vhd, 01 10 vy<=a+b Add 'a' and 'b'

— — . 0111)jy<=a-65b Subtract 'b' from 'a'
my_alu_loglc.vhd, 1 000] y <= NOT a Complement 'a'
my_addsub. vhd, B | oo
fulladd.vhd 1011 y<=aoORbD OR Logic
tb_ny_alu.vha SRR

- 1110 § <= a XOR b XOR Oﬁ?ﬁ%ﬁé}ﬁp

Daniel Llamocca 1111| y<=aZXNOR Db XNOR i




v Example: 6-to-6 LUT 58 RECKLADb

= The LUT contents (64 bytes ) are specified as a set of 6
parameters. These 6 parameters are ‘generics’ in the VHDL code.

= Note that if the parameters are modified, we will get a different
circuit that needs to be re-synthesized. In other words, the LUT
contents are NOT inputs to the circuit.

E 4 LSBs
B 6/) el mTTTT I TeTTTs _ 6 bits -
— 4 4 A 4 4/ 6 : 6 LUT 1 ‘b bl b’
g SR A= A 1-___ —FA >0l —> ! A — 0
A I : bs ! 2
X =
) : 1 i o
= . | 6, | LuT : o
~ : \F>l6t01 b> " 2N s
! ! 4 _H» . 6 -E c c c 6
: : : ! ==>5||E || E >
Li4) - : : E 5|5
! ' ! S8 313
I : 6 LUT :
LIG) I —/>{6t01 oo | |
1 :_ ______________ !
______________________ LUT 6-t0-6 LUT 6-to-6

» my6to6LUT.zip: my6to6LUT.vhd, my6tolLUT.vhd, my5tolLUT.vhd,
my4tolLUT.vhd, tb my6to6LUT.vhd, my6tooLUT.uct OAKLAND

) UNIVERSITY.
Daniel Llamocca
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