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Signal Attributes

Attributes associated with signals
that return a value
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A’event —true if a change in S has just occurred

A’active — true if A has just been reevaluated, even if A does not change
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Signal Attributes (cont’'d)

e Event
— occurs on a signal every time it is changed

* Transaction
— occurs on a signal every time it is evaluated

« Example:

A <=B - - Bchanges at time T

Aevent ‘event
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Signal Attributes (cont’d)

entity test is begin
nd: if (Aevent) then Aev :=
end; else Aev :="'0";
architecture bntest of test is endif;
signal A: bit; if (A active) then Aac :="'1";
signal B: bit; elze‘anc:'O';
. o endif;
slgnal C: bit; if (Bevent) then Bev := '1';
begi n else Bev :='0";
A <= not A after 20 ns; end if;
B<='1; iIf (B'Bactive)othen Bac :='1";
_ y else Bac :='0";
C<= )(AAanE?(B:; end if;
process h : if (Cevent) then Gev := '1';
var!able Aevi b!tf else Cev :='0 :
var!able Aac : b!t, end if;
var!able BEVE b!tf if (Cactive) then Cac :="1";
var!able Bac: b!t: else Cac :='0':
variable Cev : bit; end if;

variable Cac : bit;
end process;

nd_bntest.:
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Signal Attributes (cont'd)

Attributes that create a signal
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: ! : :

check: process
begi n
wait until rising_edge(dKk);
assert (D stable(setup_tine))
report(“Setup tine violation”)
severity error;
wait for hold_tine;
assert (D stable(hold_time))
report(“Hold time violation")
severity error;
end process check;
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Assert Statement

assert bool ean- expressi on
report string-expression
severity severity-level

 If boolean expression is false
display the string expression on the monitor

» Severity levels: Note, Warning, Error, Failure

Array Attributes
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Array attributes work with signals _variables_and
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Recap: Adding Vectors Procedure for Adding Bit Vectors
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Note: Add1 and Add2 vectors must be dimensioned as N-1 downto 0. (I A e -l
Use attributes to write more general procedure that places
no restrictions on the range of vectors other than the lengths must be same.
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Transport and Inertial Delay

wih spechisd retection puiss widlh

09/07/2003 UAH-CPE/EE 422/522 & AM 13

Transport and Inertial Delay (cont’'d)

Z3 <= reject 4 ns X after 10 ns;

Reject is equivalent to a combination of inertial and transport delay:
Zm <= X after 4 ns;

Z3 <= transport Zmafter 6 ns;

Statements executed at time T
—BatT+1,CatT+2
A <= transport B after 1 ns;

A <= transport C after 2 ns;

Statements executed at time T
—-CatT+1

Statements executed at time T

—CatT+2:
A <= B after 1 ns; A <= transport B after 2 ns;

A <= C after 2 ns; A <= transport C after 1 ns;

09/07/2003 UAH-CPE/EE 422/522 & AM

14

Operator Overloading

» Operators +, - operate on integers

» Write procedures for bit vector addition/subtraction
— addvec, subvec

» Operator overloading allows using + operator
to implicitly call an appropriate addition function

* How does it work?

— When compiler encounters a function declaration in
which the function name is an operator enclosed in
double quotes, the compiler treats the function as an
operator overloading (“+”

— when a “+" operator is encountered, the compiler
automatically checks the types of operands and calls
appropriate functions
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Overloaded Operators

e A, B, C —bit vectors
s A<=B+C+37?
s A<=3+B+C?

» Overloading can also be applied
to procedures and functions

— procedures have the same name —
type of the actual parameters in the procedure call
determines which version of the procedure is called
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Multivalued Logic

* Bit (0, 1)

« Tristate buffers and buses =>
high impedance state ‘'Z’

¢ Unknown state ‘X’
—e. g., agate is driven by ‘Z’, output is unknown
— asignal is simultaneousl!y driven by ‘0’ and ‘1’

a
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Tristate Buffers
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Signal Resolution

« VHDL signals may either be
resolved or unresolved
* Resolved signals have an associated
resolution function
« Bit type is unresolved —
— there is no resolution function
— if you drive a bit signal to two different values

in two concurrent statements,
the compiler will generate an error
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Signal Resolution (cont’d)

signal

R : X01zZ := *'Z;

R <= transport ‘0’ after 2 ns, ‘Z' after 6 ns;
R <= transport ‘1" after 4 ns;
R <= transport ‘1" after 8 ns, ‘0" after 10 ns;
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Resolution Function for X01Z
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4-valued inputs?
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|IEEE 1164 Standard | ogic

.« O

valued logic system
‘U’ — Uninitialized

‘X' = Forcing Unknown
‘0’ — Forcing 0

‘1" — Forcing 1

‘Z' — Highimpedance
‘W' — Weak unknown

dominates.

If forcing and weak signal are
tied together, the forcing signal

Useful in modeling the internal

- ‘L"—Weak 0 operation of certain types of
— 'H'— Weak 1 ICs.
—‘“— Don't care In this course we use a subset
of the IEEE values: X10Z
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Resolution Function for IEEE 9-valued

AND Table for IEEE 9-valued
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AND Function for std_logic_vectors Generics
» Used to specify parameters for a component in
Tunction "aad” | | 550wl 10 wodic | nebern L0 i
- such a way that the parameter values must be
e “and; specified when the component is instantiated
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Rise/Fall Time Modeling Using Generics
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Generate Statements

* Provides an easy way of instantiating components

when we have an iterative array of identical
components

» Example: 4-bit RCA

% iz =1 L]
wred MARDT Lol t I _t
architetturs i of HAADL Lol i Full ciEl | Fal ci@ | Fall <l | Fu
A e Ea = mdder Adder Addm Acider [t
Ay BN Az Bl Afl] @i ) Bap
UL MR gemer mag |2 s L0, | it ma i, N el
U2 HARDE peet map OnS. ied, colX);
wrd beturscr
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4-bit Adder 4-bit Adder using Generate
entity Adderd is ity Sdders in
Relvery £ A . part (4, B I bit vechor] 3 downko 00; 00 be bk - Inputs
port [A B:in !lll_'\-_‘.\u\'.tl.'!-'[l downita ':.'IJ,: l;| in l‘.'lll.. -- [nputs 5: wut bit .,,_.,_,m,::,du;,",,-_,_ o ot ) — Outputs
5: put hit_vector] 3 downto 01; Ca: out Bit); - Cutpats and Adderd:
end Adderd;
architectwre Stroctune of Adderd is
architesture Strocture of Adderd is W"pﬂmiﬂ;":_ "-'EI"LC:’;“ e
I L . 13 1
A pOnETE PN et Cout, Sum: out btk — Dulouts
port (¥, ¥, Cin: in bit; -- Inputs el Conpone |
Cout, Surm: aut Bit); -- Qb puts
end component; wignal ©: bl vertor[4 downta 0);
signal C: bt_wector3 downto 1); n
begin  —instantiate four copies of the Fultidder L', o <= Ci:
Fal: Fullddder port map A0}, B3}, 3, C1), S0 -- genarale four copees of e Fullidider
Fal: Fullddder port map {01}, B(1), ©(1), S, S{1)1]; ::I'-'-ud-ﬂ Towr | i D to 3 penerabe
FaZ: FullAcder part map (A02), B(2), C(2), CI3), S(2)); Sris: Pl : i '
fa . H r i : Mol port mag [&400. B, ), OO0, %00
Fag: Fullddder part map (A3}, B3, CI3), Cop S(3]]; end generate FulAdid;
amel SEruchura; Co <= Cid)
emd Siruciure,;
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Synthesis of VHDL Code

» Synthesizer
— take a VHDL code as an input

— synthesize the logic: output may be a logic schematic
with an associated wirelist

» Synthesizers accept a subset of VHDL as input
« Efficient implementation?
« Context

A <= B and G wait until clk’event and clk = *1";

A <= B and C;

Implies CM for A Implies a register or flip-flop
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Synthesis of VHDL Code (cont’'d)

« When use integers specify the range

— if not specified, the synthesizer may infer 32-bit register
* When integer range is specified,

most synthesizers will implement

integer addition and subtraction

using binary adders with appropriate number of bits
¢ General rule: when a signal is assigned a value,

it will hold that value until it is assigned new value
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What if a = 3?

The previous value of b should be held in the
latch, so G should be 0 when a = 3.

09/07/2003 UAH-CPE/EE 422/522 & AM

If Statements

if A="'1 then NextState <= 3;
end if;

What if A /= 1?
Retain the previous value for NextState?

Synthesizer might interpret this to mean that NextState is unknown!

if A='1 then NextState <= 3;
else NextState <= 2;

end if;
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Synthesis of a Case Statement
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Case Statement:
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Synthesis of an If Statement
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—Standard VHDL _Synthesis Package |
« Every VHDL synthesis tool provides its own

package of functions for operations commonly
used in hardware models

« |IEEE is developing a standard synthesis package,
which includes functions for arithmetic operations
on bit_vectors and std_logic vectors

— numeric_bit package defines operations on bit_vectors
* type unsigned is array (natural range<>) of bit;
« type signed is array (natural range<>) of bit;

— package include overloaded versions of arithmetic,
relational, logical, and shifting operations, and
conversion functions

— numeric_std package defines similar operations on

d—loaieveectors
_s'tu_luvlv VeEetors
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Numeric_bit, Numeric_std

» Overloaded operators
— Unary: abs, -
— Arithmetic: +, -, *, /, rem, mod
— Relational: >, <, >=, <=, =, /=
— Logical: not, and, or, nand, nor, xor, xnor

— Shifting: shift_left, shift_right, rotate_left, rotate_right,
sll, s, rol, ror
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Numeric_bit, Numeric_std (cont’'d)
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Numeric_bit, Numeric_std (cont’d)
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Synthesis Examples (1)
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