Exercise: how can we do?

2 Create special inter-process communication
channels: the signals

2 Interleave execution phases and signal update
phase

2 Signal assignments during execution phase are
recorded and delayed; no immediate effect on the
signal

2 Signal value change only during update phase
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Exercise: examples of processes

e
0 The process modelsa 2 inputsor: Z = XorY. signal X, Y, Z: BIT:
0 MAJ: process (X, Y, 2) P1: process(X, Y)
= begin
begin if X = "1" then
M <= X and (Y or Z) or Y and Z; 7 <z w1"-
end process MAJ; elsif Y = 1" then
o FA: process (A, B, CI) Z <= "17%;
begin else
CO <= A and (B or CI) or B and Cl; Z <= "07;
S <= A xor B xor CI; end 1f;
end process FA; end process P1;

0 The clock is Z, the input is X and the output is Y.
On every eventon Z, ifit’s a rising edge (event on

=<1 i => risi i signal X, Y, Z: BIT;
Z,Z %jxand ZisaBIT =>rising edge), Y is p2° process(z)
assigned X. begin
0 DFF: process(CLK, RSTN) if Z= °1" then
begin Y <= X;
if RSTN = “0” then Q <= “07; end if;
elsif CLK = “1” and CLK”event then end process P2;
Q <= D;
end 1f;

end process DFF;
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Exercise: type attributes
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Exercise

m X

2 Draw the waveforms of signals X1 and X2

process(Y)
begin
X1 <= Y after 2 ns;

X2 <= transport Y after 2 ns;
end process;

Ons 1Ins 2ns 3ns 4ns b5ns 6ns 7ns 8ns

Y
X1
X2
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Exercise

m X

2 Draw the waveforms of signal C

process(A, B)
begin

C <= A or B after 2 ns;
end process;

O W >

A or B
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Exercise

m X

aSignal S assigned twice In same execution phase:
second assignment overwrites first one

aSignal S thus read before being written: memory
elements in a combinational process

0 Computed value is A+B+S instead of A+B+2

process(A, B)
variable V: integer;
begin
V := A + B;
V =V + 2;
S <=V;
end process;
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Exercise

m X

P1l: process(CP, RST)

begin
if (RST = “0”) then
Q <= *07;
elsit (CP = “1” and CP ’event) then
Q <= D;
end i1f;

end process P1;

QN <= not Q;
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Exercise

m X

P1: process(CP)
begin
if (CP = “17) then
Q <= D after 0.7 ns;
assert (D’LAST_EVENT > 0.3 ns)
report “Setup violation”
severity WARNING;
end 1F;
end process P1;

P2: process(D)
begin
assert ((CP’LAST_EVENT > 0.5 ns) or
(CP”LAST_VALUE /= “07))
report “Hold violation”
severity WARNING;
end process P2;
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Exercise TELECOM
=TT

function VEC2NAT(VAL: BIT_VECTOR) return NATURAL;

function VEC2NAT(VAL: BIT_VECTOR) return NATURAL 1is
variable TMP: BIT_VECTOR(VAL’LENGTH - 1 downto 0) := VAL;
variable RES: NATURAL := O;
begin
assert (VAL’LENGTH < 32)
report “VEC2NAT: overflow”
severity WARNING;
for | in VAL’LENGTH - 1 downto O loop
RES = RES * 2;
if (TMP(1) = “1”) then RES := RES + 1; end if;
end loop;
return RES;
end function VEC2NAT;
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Exercise

function PP(VAL1l, VAL2: NATURAL) return NATURAL;
function PP(VAL1l, VAL2: BIT_VECTOR) return BIT_VECTOR;
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m X

function PP(VAL1l, VAL2: NATURAL) return NATURAL is
begin

1T (VAL1 < VAL2) then return VALl else return VALZ2;
end PP;

function PP(VAL1l, VAL2: BIT_VECTOR) return BIT_VECTOR 1is
begin
assert ((VAL1’LENGTH = VAL2?LENGTH) and (VAL1’LENGTH < 32))
report “PP: overflow or illegal use”
severity WARNING;
return NAT2VEC(PP(VEC2NAT(VAL1), VEC2NAT(VAL2)), VAL1’LENGTH);
end function PP;
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Exercise

function PG(VAL1l, VAL2: NATURAL) return NATURAL;
function PG(VAL1l, VAL2: BIT_VECTOR) return BIT_VECTOR;

TELECOM
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m X

function PG(VAL1l, VAL2: NATURAL) return NATURAL 1s
begin

it (VAL1 > VAL2) then return VALl else return VALZ;
end PG;

function PG(VAL1l, VAL2: BIT_VECTOR) return BIT_VECTOR is
begin
assert ((VAL1’LENGTH = VAL2”LENGTH) and (VAL1’LENGTH < 32))
report “PG: overflow or i1llegal use”
severity WARNING;
return NAT2VEC(PG(VEC2NAT(VAL1), VEC2NAT(VAL2)), VALL1’LENGTH);
end function PG;
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Exercise

m X

P2: process(STATE)
begin
type ST i1s (SO, S1, S2, S3, S4);
iIT (STATE = S1) then
signal STATE, NEXT_STATE: ST; INIT <= “17:
else
INIT <= “07;
end 1f;
P1: process(CP, RSTN) if (STATE = S3) then
ADD <= “17;
begin else
ADD <= “07;
if RSTN = “0” then end if;
STATE <= SO; iIT (STATE = S4) then
elsif CP = “1” and CP’event then SHIFT <= “17;
STATE <= NEXT_STATE; else
end 1f;
end process P1;
end process P2;
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Exercise
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m X

P3: process(STATE, STB, DONE, LSB)

begin

case STATE

when SO

when S1
when S2

when S3
when S4

end case;
end process

IS

=>

=>
=>

P3;

it (STB = “0”) then
NEXT STATE <= STATE;
else
NEXT STATE <= S1;
end 1f;
NEXT STATE <= S2;
iIT (DONE = “17) then
NEXT STATE <= SO;
elsift (LSB = “07) then
NEXT STATE <= S4;
else
NEXT STATE <= S3;
end 1f;
NEXT STATE <= S4;
NEXT STATE <= S2;

entity SM 1is
port(LSB, STB, DONE,
CP, RSTN: in BIT;
INIT, SHIFT,
ADD: out BIT);
end entity SM;
architecture ARC of SM

S3, S4);
signal STATE,
NEXT STATE: ST;
begin
P1: process(CP, RSTN)
begin

end process P1;
P2: process(STATE)

P3: ..
end architecture ARC;

S
type ST is (SO, S1, S2,
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