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° Advanced VLSI Design

Variables

® What are they for:
Local storage in processes,
procedures, and functions
® Declaring variables

variable |ist_of _variable_names : type_nane
[ :=initial value ];

Variables must be declared within the process in

which they are used and are local to the process
Note: exception to this is SHARED variables
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° Advanced VLSI Design

Signals

& Signals must be declared outside a process
& Declaration form

signal |ist_of_signal _nanmes : type_nane
[ :=initial value ];

* Declared in an architecture can be used
anywhere within that architecture
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° Advanced VLS| Design

Constants

@ Declaration form

constant constant_name : type_nane := constant_val ue;
constant delayl : tinme := 5 ns;

» Constants declared at the start of an architecture
can be used anywhere within that architecture

« Constants declared within a process are local
to that process
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° Advanced VLSI Design

Variables vs. Signals

® Variable assignment statements
4 expression is evaluated and the variable is instantaneously
updated (no delay, not even delta delay)

vari abl e_name := expression;

» Signal assignment statement
signal _name <= expression [after delay];

— expression is evaluated and the signal is scheduled to
change after delay; if no delay is specified the signal is
scheduled to be updated after a delta delay
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Variables vs. Signals (cont’d)
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o Advanced VLSI Design

Predefined VHDL Types

® Variables, signals, and constants can have any one
of the predefined VHDL types or they can have a
user-defined type
® Predefined Types
 bit —{0", 1}
4 boolean —{TRUE, FALSE}
i integer — [-281 - 1.. 281 -1}
4 real —floating point number in range —1.0E38 to +1.0E38

4 character —legal VHDL characters including lower -
uppercase letters, digits, special characters, ...
4 time — an integer with units fs, ps, ns, us, ms, sec, min, or hr
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User Defined Type

& Common user-defined type is enumerated

type state_type is (S0, S1, S2, S3, S4, Sb5);
signal state : state_type := SI;

« [f no initialization, the default initialization is the leftmost
element in the enumeration list (S0 in this example)

« VHDL is strongly typed language =>
signals and variables of different types cannot be
mixed in the same assignment statement,
and no automatic type conversion is performed
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o Advanced VLSI Design

Arrays

& Example
type SHORT_WORD is array (15 downto 0) of bit;
signal DATA WORD : SHORT_WORD;
variable ALT_WORD : SHORT_WORD := “0101010101010101";
constant ONE_WORD : SHORT_WORD := (others => ‘1');
* ALT_WORD(0) — rightmost bit
* ALT_WORD(5 downto 0) — low order 6 bits
* General form

type arrayTypeNane is array index_range of elenment_type;
signal arrayName : arrayTypeNane [:=Initial Val ues];
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Arrays (cont’d)

& Multidimensional arrays
type matrix4x3 is array (1 to 4, 1 to 3) of integer;

variable matrixA: matrix4x3 :=
((1,2,3), (4,5,6), (7,8,9), (10,11,12));

e matrixA(3,2)="?

« Unconstrained array type
type intvec is array (natural range<>) of integer;

type matrix is array (natural range<>, natural range<>)
of integer;

« range must be specified when the array object is declared

signal intvec5 : intvec(l to 5) :=(3,2,6,8,1);
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Advanced VLSI Design
Sequential Machine Model
Using State Table
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. Advanced VLSI Design

Predefined Unconstrained Array Types

& Bit_vector, string

type biL_weclor is array [naturs range <> | of bit;
type snng is array (posiive range < =) of character;

COMELANE SLringl: Swing| L 0o 290 |= “Thic string & I3 Jaracies
constant A : bit_vector(0 to 5) := “10101";

- (1, 0, 1, 0, f1);
¢ Subtypes
« include a subset of the values specified by the type
subtype SHORT_WORD is : bit_vector(15 to 0);

¢ POSITIVE, NATURAL -
predefined subtypes of type integer
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VHDL Operators
& Binary logical operators: and or nand nor xor
xnor
& Relational: = /= < <=>>=
& Shift: sll srl sla sra rol ror
& Adding: + - & (concatenation)
& Unary sign: + -
& Multiplying: * / mod rem
& Miscellaneous: not abs **

« Class 7 has the highest precedence (applied first),
followed by class 6, then class 5, etc
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Example of VHDL Operators

In tea lellcming saprssmn, &, B, &, and O ar b weiton
Lh & ot B ee Cror 2o D) = "L
Tha operators wauld b applied in the ordr

not, & ror, or, and, =

IN & ="1107 B ="101° C = "0010007, @ [ = "1L0EL1", NG COmein son Wikl procosd s

Palirs

not B = "000" {iet-by-Den comgkemen )

A b ook B = T11O0I"  {oncsienation)

CFOF 2 = “OI01L0°  [rote nghL 2 places]

A% not ] or [Cror )= “1L0010  {bl-bp-gi or)

A% not e Cror I and [ = "1L00LET (bst-by-bE and|
[{A & mot B or © ror 2 and D] = “L10010%] = TRUE

(the parun thissin force the equil ity besl o b dene last and the risul & TRUE)
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o Advanced VLSI Design

Example of Shift Operators (cont’d)

The shift aperatars can be applied ba amy bk aecior or boglean_wecior - In the folkaaing
exampler, & 15 5 Wl wechor equal b T1OTL0IGLT:

Al 2 b OL0ISL00T [sheit belt logical, Blied mith ')

Aoprl 3 TONIGHLI [ riget logical, Med with ')

Awle Il "1010ZL11° [ el antbmetic, fied wth righl i)

AEra 2k TILLOBLDN" (it vighl arehevetic, Ailled mich belt bdi)

Al T s 10100 L0 [rofete left]

Aoror Sk "1010ILO00 [rotate righd |
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. Advanced VLS| Design

VHDL Functions

& Functions execute a sequential algorithm and

return a single value to calling program
Humction rotale nght reg; B vecee]
wetuirn bit_veclor is

Feturn reg ror 1;
mnd rotate right:

¢ A="10010101"
B == rotate_rightiA);

¢ General form

function functian-name (fanmal-paameter-ist)
ratumn refum-Type IS
[dedaratin:]
Begin
seguential statenents -- must include retum retarn-value;
mnd function-name,
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. Advanced VLSI Design

For Loops
iGeneral form of & for loop:

[lopo-label: ] for lpap-index in range loop
seqjuential statements
and loop [loop-label] Exit statament has the farm:
|t - ar
exit when condibion;
Far Lown Exameale;
- COMpane el 8-chareoier rings and return TRUE if ooual
fusnction comp siringistrngt, stringd: stringll te &)
reburn boolean is

variable B baokan
begin
bmapes: for jen 1 te & loop
B = mnngli]] = stringdi]);
Exit wlsin B~FALSE;
@i boop loapis,
ruburn B;
wnd comp_skring;
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. Advanced VLSI Design

Add Function
== This fmition adds T 4-bit vootors and a camy
== |L relsamy a S-Hl sum
Function adds J&.B: bE_wector]® downko 0); carp: hit]
reburm Bl veslor s
wariable cout: b
wariakile cin; Bl ;= carry;
wariable Sum: WE_wector]d dewnbo 0) ="00002"

begin

lpzpd: fasr (0 O o 3 leop |
cout 1= CArih amd BLib) e (A0 and cir o (B and an;
Sumii} = Al mar
i o= Couk;

ered loop faopl

Sumiaqk:

E i e Turesion call)

Saml <= add4(al, Bl, cng;
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. Advanced VLSI Design

VHDL Procedures

® Facilitate decomposition of VHDL code into modules

® Procedures can return any number of values
using output parameters

procedure procedure_nane (formal-paraneter-list) is
[decl arations]
begi n
Sequenti al -statenments
end procedure_nane;

procedure_nane (actual -paranmeter-list);
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. Advanced VLSI Design

Procedure for Adding Bit vectors
This prockdirg adds tao n-bi BL wemers and & carry and

1k an e-hil soem and a2 carry. Bl el A2 aee aesamed

o the same lergith e demersioned n-1 downio 0

pracedure Addees
[Rddi Addd: In b weoios
Cin: In bt
migreal %aum: auk WL vecber;
mignal Coul oul bt
ndn postive) is
wariable C: bit;

SLIA Mok Adii] wee C;
i1 e &2 2{10) or (Add i) ahd O o [&3d2]1) and ),

Enigdi s dii dl

Addwacr(Al, BL, G, Sumil, Con, 4); |
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o Advanced VLSI Design

Parameters for Subprogram Calls

| Actual Parameter

“thade. =N ctio E
in' tant X pressio
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putSimaut signal signal nia
| wvariable’ variable s
! dgfault made for funcboers  © delsuil for i * gplauin Tor vl mode
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. Advanced VLS| Design

Packages and Libraries
& Provide a convenient way of referencing
frequently used functions and components

« Package declaration
package package-name is

package declarations
end [package [package-name];

« Package body [optional]

pachage body package-name is
package bidy dedarations
end [package body]|padsge name);
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. Advanced VLSI Design

Library BITLIB — bit_pack package
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. Advanced VLSI Design

Library BITLIB — bit_pack package
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. Advanced VLSI Design

Additional Topics in VHDL

& Attributes

& Transport and Inertial Delays

& Operator Overloading

& Multivalued Logic and Signal Resolution
& |EEE 1164 Standard Logic

& Generics

& Generate Statements

& Synthesis of VHDL Code

& Synthesis Examples

& Files and Text IO
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o Advanced VLSI Design

Signal Attributes

Attributes associated with signals
that return a value

Allribat | Relrss
SEVEAT P = WEE OCLHTER] i R CRTENT
a faine

FALCTIVE

SLAGT_FeTAT
SLAGT WALLE

SLAST_ACTIVE

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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. Advanced VLS| Design

Review: Signal Attributes (cont’d)

Attributes that create a signal

STELRY

SETREE |
STANET [(timal]l®  |Bookssn sigrad that is bres 0 5
Irassactions fo th

STRAHSACTION
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. Advanced VLSI Design

Array Attributes

Twpen KIS by arem (70 b 15, 7 gomamie 31 of 511
g 08T : R

A can be either an array name or an array type.

Array attributes work with signals, variables, and constants.
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o Advanced VLSI Design

Transport and Inertial Delay

Il == branmpart ¥ after 10 nn
4 ¥ s 10 05,

macilind rejeciion ol wedth
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o Advanced VLSI Design

Review: 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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VHDL Package with Overloaded Operators

el L merbambed Fumedmss,
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o Advanced VLSI Design

Multivalued Logic
& Bit (0, 1)

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

& Unknown state ‘X’
#e. g, agateis driven by ‘Z’, output is unknown
4 a signal is simultaneously driven by ‘0’ and ‘1’

L
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o Advanced VLS| Design

Tristate Buffers

8 vz ol | Sl owreli

1" whap T .
sad fl I

Resolution function to
determine the actual
value of f since it is
driven from two different
sources
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o Advanced VLSI Design

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
4 if you drive a bit signal to two different values

in two concurrent statements,
the compiler will generate an error
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. Advanced VLSI Design

Signal Resolution (cont’d)

signal R: X01Z := "'Z"; ...
R <= transport ‘0’ after 2 ns, ‘Z after 6
ns;
Tatm [ Wi dns | E —

dnver i1

et el niginal

a A. Milenkovic 37

o Advanced VLSI Design

Resolution Function for X01Z

e b

- Define AND and OR for
e 4-valued inputs?

Wb el 1 1
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. Advanced VLSI Design

AND and OR Functions Using X01Z

AND | ‘X’ ‘0’ ‘1 ‘Z' OR X ‘0’ ‘1 ‘Z'
X X ‘0 X X X X X ‘1 X
‘0’ ‘0’ ‘0’ ‘0’ ‘0’ ‘0’ X ‘0’ s X
‘1 X ‘0 ‘1 X ‘1 ‘1 ‘1 ‘1 ‘1
X 0 X X X X 1 X
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o Advanced VLSI Design

IEEE 1164 Standard Logic

& 9-valued logic system
# ‘U’ — Uninitialized
ax - Forcling Unknown forcing and weak signal are
40’ — Forcing 0 tied together, the forcing signal
@'’ — Forcing 1 dominates.

4 7' — High impedance Useful in modeling the internal

# ‘W' — Weak unknown oneration of certain types of
@ 'L’ — Weak 0 ICs.

#'H — Weak 1

20 _ Don't care In this course we use a subset

of the IEEE values: X10Z
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. Advanced VLS| Design

Resolution Function for IEEE 9-valued
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o Advanced VLSI Design

AND Table for IEEE 9-valued

=
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. Advanced VLSI Design

AND Function for std_logic_vectors

Tunciics "sad® || ;i iogic; ¢ shd Wogic | rebarm LED] i
begin

Pt Cand Rbe, Tl
mnd “and;

lunctios “and” |1 E_logpe_winthin | plbwrn S0 bogic_ weokse e
allaem w1 wis_ g vescioe | 4 o PLEMSTH & b |

allom re W Jogie vistlir {1 Lo FLENCTH | iar;

wmriakda e wd_begic_wecior { 1 ba FUERGTH J;
Begin

o

RANGE leap
= ana_tuishe C kil relli
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. Advanced VLSI Design

Generics

& Used to specify parameters for a component
in such a way that the parameter values must
be specified when the component is
instantiated

& Example: rise/fall time modeling

maEHy HAMDL o
grurvmrde £ Trine, Thal: tne; boad: nateralh
port [ab ;b c ool BE)

e H ARG

ATCHILEL Lufe [aofieics & FRANDY
miganl nand aa e b
hegin
warrd vl == o mand b;
€ <m rand valie after (Trss + 1 m * o) wiken nand e I
v named vabes aler (TR + 2 s " hasl)
med betirsior;
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. Advanced VLSI Design

Rise/Fall Time Modeling Using Generics

sty RARDE by
peneric [Troe, TIWL tme; ioed: asours]
et (e b s b b cooel b
e PR
srchikacture boheoor of HENIDG e
[
=}

AT v e & P
nm aand paiik SN TG+ 3G ¢ W) ke o vk =
i man d waler afVRE (1120 + 20 7 bapd)
el Bt

st b
iz, i, s - bm b
auil. ot - out ady
e MEHIT Bl
mrehiimchara botwsior of AARDD i
[

i3 o Thall: bree i 2 rm

i ook bRl
sl i
inagin
L1 RANG ey rp (2 Bs ] o, 3 et reag O, rd Ll
153 HAHGL) A% i (W10, K62, 0RA3
i baban o
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o Advanced VLSI Design

Generate Statements

& Provides an easy way of instantiating
components when we have an iterative array
of identical components

& Example: 4-bit RCA

B3 Bl = =M

t 1 1

Full i3 | Ful cifl | Fell citl | Fus
0 s= andar Ackder Acddimg At =€
T 1 L T 1 T 1
Ay B Az Bl Afl] 8it) Ald) Badp
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. Advanced VLS| Design

4-bit Adder

entity Adderd is

port (&, B iR bit_wector[ 3 dewnta 0); Ci: in bit; -- [npuds
5: out bit_wvecoo 3 downto 0): Co: st bit); == Dmibpaats
wnd Adderd;
architecturs Structure of Sdderd s
campanent Fullddder
port (X, ¥, Cin: in bit; -~ Irput=
Cout, Surm: oul bill; -= Qutputs

and component;

signal C: bt_vector(3 downto 1);

begin  -—-instantizte four copees aof the Fullddder
Fal: Fullacder port map (A0}, Biaj, &, C(1}, S(03);
Fiyl: Fullddder port map {a01}, B(1), €1}, O, S{1]1);
FAL: FullAcklar patt map (A02), B(2), Ci2), C3), S(2]);
FAd: FullAdder pert map [A3% Bi3), C03), 0o, S(300;

wnd Structura;
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. Advanced VLSI Design

4-bit Adder using Generate

unitity Adders i

port (A, B Im WL vecior(3 downko 0); 96 I bk — Inpaes
5i out Bt vecton 3 downte G); Co: out b} - Qulzuts
el Adddera

architectune Structure of Atderd is
companent Fullsicr

~— Inpedsy
- Qutpuis

signal ©: Bt wector 2 downto 0);

n
o) == i

-= gunsrals four copes af U FullAcder
Fullhdad: far | im 0 o 3 generabe

Fiéx: Fullddder part mae |40, BO|, O, Cie 1y, S

end generabs Ful Adda;
Co <=
wrd Siru
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° Advanced VLSI Design

Files

& File input/output in VHDL

& Used in test benches
# Source of test data
4 Storage for test results

& VHDL provides a standard TEXTIO package
# read/write lines of text
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° Advanced VLSI Design

Files
Ele Declaratian
tie file-rame: Nle-tene [open mode] B8 "S- rathmame’

Espmpie

fils taxt_dweec teet open mead _mode le "cibest et dat”

rmad_mode
varite_made
append_maide

unng A wribe procedune

a A. Milenkovic 50

° Advanced VLSI Design

Standard TEXTIO Package
& Contains declarations and procedures
for working with files composed of lines of text
& Defines a file type named text:
type text is file of string;

& Contains procedures for reading lines of text
from a file of type text and for writing lines of
text to a file
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° Advanced VLSI Design

Reading TEXTIO file

= Readline reads a line of text and places
it in a buffer with an associated pointer
® Pointer to the buffer must be of type line,
which is declared in the textio package as:
- type line is access string;
= When a variable of type line is declared,
it creates a pointer to a string

® Code
variable buff: Iine;

readline (test_data, buff);

= reads a line of text from test_data and places it in a buffer
which is pointed to by buff
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° Advanced VLS| Design

Extracting Data from the Line Buffer

& To extract data from the line buffer, call a
read procedure one or more times
& For example, if bv4 is a bit_vector of length
four, the call
read(buff, bv4)
4 extracts a 4-bit vector from the buffer, sets bv4
equal to this vector, and adjusts the pointer buff to
point to the next character in the buffer. Another

call to read will then extract the next data object
from the line buffer.
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Advanced VLSI Design
Extracting Data from the Line Buffer
(cont’d)

@ TEXTIO provides overloaded read procedures to
read data of types bit, bit_vector, boolean, character,
integer, real, string, and time from buffer

= Read forms

« read(pointer, value)
« read(pointer, value, good)

4 good is booleanthat returns TRUE if the read is successful
and FALSE if it is not

= type and size of value determines which of the read
procedures is called

4 character, strings, and bit_vectors within files of type text ar e
not delimited by quotes

a A. Milenkovic 54




. Advanced VLSI Design

Writing to TEXTIO files

= Call one or more write procedures to write data
to a line buffer and then call writeline to write the line

to a file
variable buffw: [line;
variable intl : integer;

variable bv8 : bit_vector(7 downto 0);

write(buffw, intl, right, 6); --right just., 6 ch.
wi de

write(buffw, bv8, right, 10);

witeln(buffw, output_file);

& Write parameters: 1) buffer pointer of type line,
2) a value of any acceptable type,
3) justification (left or right), and 4) field width (number of
characters)

a A. Milenkovic 55

o Advanced VLSI Design

An Example

& Procedure to read data from a file and store
the data in a memory array
& Format of the data in the file
@ address N comments
bytel byte2 ... byteN comments
address —4 hex digits
N —indicates the number of bytes of code
bytei - 2 hex digits
each byte is separated by one space
the last byte must be followed by a space

anything following the last state will not be read
and will be treated as a comment
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. Advanced VLSI Design

An Example (cont’d)

® Code sequence: an example
4 12AC 7 (7 hex bytes follow)
AE 03 B6 91 C7 00 OC (LDX imm LDA dir, STA ext)
005B 2 (2 bytes follow)
01 FC_
@ TEXTIO does not include read procedure
for hex numbers
4 we will read each hex value as a string of characters
and then convert the string to an integer

= How to implement conversion?
table lookup — constant named lookup is an array of integers
indexed by characters in the range ‘0’ to ‘F’
this range includes the 23 ASCII characters:
0L L9 Y L@ A LR
corresponding values:

1,..9,-1,-1,-1,-1,-1,-1, -1, 10,11, 12, 13, 14,15
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o Advanced VLSI Design

VHDL Code to Fill Memory Array

librasy e
pegbc_ 11624
3_boaic_arith ak STO_LOEIC WECTOR] Int, sinel
kol
wfllis

architecture fidn em of cestfil is
Ay ARV D b array [0 bo £
mipaal man: AAMsypa:= [othan

Procedara [l menory | siges| mem
Eypa HecTobie da arrayicharacts

i aen Tie for redding
AT eron

warable sl

wasiable dars 2 dFin_5 1) MEs B spaoe
wariabibe adol, bete_cri; Mbeger; variabbs dain: aieger range 255 demns 0]
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. Advanced VLS| Design

VHDL Code to Fill Memory Array (cont'd)

Bagin
whila [mat encfilalinfil)] ioop

v 3o hgssairn
g Bumnber af Dyles 00 fedd

258

S+ ook
Vel L

11 dagit e chinl aed @ space

a A. Milenkovic 59

o Advanced VLSI Design

Synthesis of VHDL Code

® Synthesizer
# take a VHDL code as an input

4 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 C, 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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. Advanced VLSI Design

Synthesis of VHDL Code (cont’'d)

= When use integers specify the range
4 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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o Advanced VLSI Design

Unintention_al Latch Creation

a3 1o 1,

madd [olih_swirpdc

wichitecture test] of ot esserple is
bagin
el

cama a 1T
Whas [ - -
wihan |

and procesy
mad e

What if a = 3?

The previous value of b should be held in the
latch, so G should be 0 when a = 3.
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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;
el se NextState <= 2;
end if;
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Synthesis of an If Statement

Synthesized code before optimization

CORTR0OL TS
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ase Statement:

Before and After Optimization

o
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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

® |EEE 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
4 numeric_std package defines similar operations on std_logic
vectors
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Numeric_bit, Numeric_std

& Overloaded operators

# Unary: abs, -

# Arithmetic: +, -, *, /, rem, mod

# Relational: >, <, >=, <=, =, /=

# Logical: not, and, or, nand, nor, xor, xnor

4 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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Synthesis Examples (2a)
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Synthesis Examples (2b)
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Synthesis Examples (2¢)
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Writing Test Benches

2 MUX 16to 1 library | EEE
I . use | EEE. std_l ogi c_1164.al | ;
16 data inputs use | EEE. std_| ogi c_unsi gned. al | ;
# 4 selection inputs ~ entity SELECTQR is
port (

A in std_l ogi c_vector (15 downto 0);
SEL: in std_| ogi c_vector(3 downto 0);
Y: out std_logic);

end SELECTCR,

architecture RTL of SELECTCR is
begi n

Y <= A( conv_integer (SEL));
end RTL;
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Assert Statement

@ Checks to see if a certain condition is true,
and if not causes an error message to be displayed

assert bool ean- expression
report string-expression
severity severity-level;

® Four possible severity levels
4 NOTE
# WARNING
# ERROR
# FAILURE
® Action taken for a severity level depends on the
simulator
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Writing Test Benches

l'ibrary | EEE;

use | EEE. std_|l ogi c_1164. al | ;
use | EEE. std_logic_arithall;
entity TBSELECTCR i s

end TBSELECTOR

architecture BEH of TBSELECTCR is
conponent SELECTOR
port(
A in std_logic_vector (15 downto 0);
SEL: in std_l ogic_vector(3 downto 0);
Y: out std_logic);
end conponent ;
signal TA : std_l ogi c_vector (15 downto 0);
signal TSEL : std_|l ogi c_vector(3 downto 0);
signal TY, Y : std_logic;
constant PERICD : tine :
constant STROBE : tine :

50 ns;
45 ns;
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Writing Test Benches
begi n
PO: process
variable cnt : std_|logic_vector(4 downto 0);
begi n
for j in 0 to 31 loop
cnt := conv_std_| ogic_vector(j, 5);
TSEL <= cnt (3 downto 0);
Y <= cnt(4);
A <= (A'range => not cnt(4));
A(conv_integer(cnt(3 downto 0))) <= cnt(4);
wait for PERI OD;
end | oop;
wait;
end process;
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Writing Test Benches

begi n
check: process
variable err_cnt : integer := 0;
begi n
wait for STROBE;
for j in 0 to 31 |oop
assert FALSE report “conparing” severity NOTE;
if (Y/=TY) then
assert FALSE report “not conpared” severity WARN NG

err_cnt := err_cnt + 1;
endif;
wait for PER QD

end | oop;
assert (err_cnt =0) report “test failed" severity ERROR
assert (err_cnt /= 0) report “test passed” severity NOTE;
wait;
end process;
sel 1: SELECTOR port map (A => TA, SEL = TSEL, Y => TY);
end BEH;
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Things to Remember

® Attributes associated to signals
4 allow checking for setup, hold times,
and other timing specifications
= Attributes associated to arrays
4 allow us to write procedures that do not depend on the
manner in which arrays are indexed
® |nertial and transport delays
4 allow modeling of different delay types that occur in real
systems
® Operator overloading

4 allow us to extend the definition of VHDL operators
so that they can be used with different types of operands
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Things to Remember (cont’d)

® Multivalued logic and the associated resolution
functions
4 allow us to model tri-state buses, and systems where a
signal is driven by more than one source
= Generics

4 allow us to specify parameter values for a component
when the component is instantiated

= Generate statements

4 efficient way to describe systems with iterative structure
= TEXTIO

4 convenient way for file input/output
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