QOutline

¢ What we know
— How to model Combinational Networks in VHDL
« Structural, Dataflow, Behavioral

CPE/EE 422/522 — How to model Flip-flops in VHDL
Advanced Logic Design — Processes
L11 — Delays (delta, transport, inertial)
— How to model FSM in VHDL
Electrical and Computer Engineering — Wait statements
University of Alabama in Huntsville — Variables, Signals, Arrays
* What we do not know
— VHDL Operators

— Procedures, Functions
— Packages, Libraries
— Additional Topics (if time)
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Review: VHDL Operators Example of VHDL Operators
1. Binary logical operators: and or nand nor xor xnor i Uz el crancsen, 4, B, €, and O are il scetors
2. Relational: = /= < <= > >= e
3. Shift: sll srlslasrarolror ot 5, ror, ar, and, -
4. Adding: + - & (concatenation) ¥ A= 1% L = TEIOO0Y B TLIILL, Ui gt s praceied 4b
5. Unary sign: + - oot B = 0050 (el-bpbl camporest]
6. Multiplying: */ mod rem S -mlui:J:x;-:.m-'.::‘_-b:'.in-
7. Miscellaneous: not abs ** b Db T onipley IR

44 not B or Cror 2 g G = L1000 TRE
(it paranifies e Terce the squed ity (o=t b be dane lest pnd the el is TRUE

» Class 7 has the highest precedence (applied first),
followed by class 6, then class 5, etc
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Example of Shift Operators \/HDI _Eunctions
« Functions execute a sequential algorithm and

- 1E o rabS T 3 " i -~ . . _ . .

I‘l_uzun.ll: ‘-ull:\.:-::.ll :.u ::::.JI ulr.;n::a-i.l wartor o bockean weclar. In the folommg return a smgle value to calllng program
FuREtiom rotata Qi rog: B wactard
Boall 2 is "F101F190° [=het ok lagicel, Mied with ') raturn bl ecodor s
A 3 is 000100107 [shift begucal, e with 07 bagin B
A return req rer ]

oLzl 1 End rotse nge;
Lol

Aol Ais CLOLDLIG0" « A=%10010101"

AR LN e B =~ rotate_right{a};

B oikm 30

¢ General form
Ffunction function-name [ formmed-parsmeter-|st)
7

[dedaratons]

sequential statements -- must inchade returm retum-vakue;
and funictian-na
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For Loops

General form of & for loop:

[leap-latel ;] for loap-mdex in range loop
saquential statamants
end loop [loop-label]; Exit statement has the form:

maxit; — ur
axit wihan condition
fur Lesg Examuale;
- carmpary bee Hecharaclor sirings and relurm TRUE il egual
function comp_sirngsiringd, seinga: sining) 1 o 8}
raturn bosken s
wariabie B: Booen;

L
Voooen: For | in 1 to B kg
= strngiily = singE2[il
&Nl wihen S-FALIE;
and loop kope;
Pt B,
el comp_siring;
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Add Function

= Thin function sk 3 -84t veciors and B camy
- I retums 3 St som
Penchion sddd (A B: Bt wediorf ) dowmbo 05 carry; Bil)
reburn bit_vector s
varsabde cou DR
warssbde cin; b ;> camy,
variabde Sum: b wechbon]d dowimte & ="D0050";

beegin

ogel! for b 0o 3 loop
i i e (A1) and ot | o (B | and ong.
Sumii) i= AL wor i) xer on;
On = Cin,

and loop kopl;
Sumid o cout;
rbarTe S
and a4

Exampla funciion osll;

Suml == add4 A1, A1,
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VHDL Procedures

Facilitate decomposition of VHDL code into modules

« Procedures can return any number of values
using output parameters

« General form

procedure procedure_nanme (formal - parameter-list) is
[decl arati ons]
begi n
Sequenti al - statenment s
end procedur e_nang;

procedure_nanme (actual-paraneter-|ist);
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Procedure for Adding Bit vectors

- This procedune atkds (o n-bi WL vedors and a cars and
- peluims &0 bl sum and & carvy, Sod1 and AIZ 308 3550 M
- b b2 of e same leegih and dmensared n-1 dosnta 0
procedurs Addee
Cad] AddX: In il wextar;
1: i
signal 5um. aut HL wemen;
signal Coul et Bi.
nin pasiee) is
waiabilie O kL
hegin
LT Qn;
dor i in 0 tan-| leep
Sum|i) = AddLii] sor ADd2[i] e C;
€ e (R o) eted AAA2(]) @ (B3

and ) e R0 and Cf

end Addver;
Exampls proceduns call

AddveciAL, BL, On. Suml, Cod, 41
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—Parameters for Subprogram Calls

| | fctual Parameter
_ Mode | __Adem_ |- Propeckive CAll, | (Pinctionikalk
i constant EHErasEIn ENPressinn
sigral signal signal
variaiia variaiie nia
oukfinout signal S signal n'a
variaba“ variabie e
Y dafault mods for functions ¢ default for in mode * default for Guty moit made
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Par‘kagpq and | ibraries

* Provide a convenient way of referencing
frequently used functions and components

« Package declaration
package packpge-rame is
packsge declarations
end [packape][padage-name];

« Package body [optional]
package body packigue-name is
packane oy declaraliors
end [package body][packsge rame;
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Library BITLIB —bit_pack package

E e T T

wal
Ml 1ot k1o
u: b el

Library BITLIB —bit_pack package

s pmennd -
e LA e <o 1Dl T
e | O, LB Bt ke DR g i
B i
[ RN
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Library BITLIB —bit pack package

Coraorents i Uorsry SITUD rcsee:
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VHDL Model for a 74163 Counter

* 74613 — 4-bit fully synchronous binary counter
« Counter operations

Conirol Sgnals Féeil Shake
Clmi wan pet | g3 grt oot oot
] ] W o I o 0 [chear}
1 q " rh] p2 ™ oo (parslid ksd)
1 1 0 | o g2 @ qo o inechange)
i i L presend Siae + o [P vl COUnE Y

¢ Generate a Cout in state 15 if T=1
» Cout = Q,Q,Q,Q,T
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V/HDI Model for a 74163 Counter

23 FULLY SYRCHROMOUS COUWTER

Cascaded Counters

Eliraiy BITUE DRSS ot dail S0 wE LA LinTR'd: L U
i B TLIES, B e i8] =y ——
s b . W
part]Lofd, Cirfy, F, T, OO0 bmbes; O: e b veciod] dowmio O); rand | B0 rp—r Oy A, T 1 Fla—
G B ) o BE_ecton| S dowaka O ) o i Cani T b1
i B | S 5 [y
arcadtecthure GiaGsof c P4 163 i I Iy [, [, g TIPS Iy Dy 1, 1, S Ui e
— L . : .
ot w = i) mnd G2y med Q)1 ] and GiO} and T: T T { T T T 1‘ !‘
ST LR L1y
ragpn 0 U,
ol el CK -1 CRasE SLAM aF i) Eoge ]
Stk = 7 than 0 =
whal Ldfd =
whid (F gl T)
R (e e
wed H:
end pracess;
wid BFA183;
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Cascaded Counters (cont’d)

liaary 111

Additional Topics in VHDL

« Attributes

« Transport and Inertial Delays

* Operator Overloading

* Multivalued Logic and Signal Resolution
« |IEEE 1164 Standard Logic

« Generics

* Generate Statements

« Synthesis of VHDL Code

« Synthesis Examples

« Files and Text IO
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Signal Attributes Signal Attributes (cont’d)
Attributes associated with signals « Event
that return a value — occurs on a signal every time it is changed
Anrbeale Kt £ .
» Transaction
CEY T hivway M Cirwedl
o — occurs on a signal every time it is evaluated
&Ry griid e s .
« Example:
SLAST EvENT wark Eweil g &
i ooy T Joy A<=B - - Bchanges at time T
FLAST_ACTIVE Tima slspaad D8 Pow DL ITRMABCSON oh S
Aevent — true if a change in S has just occurred event evert
Aactive —true if A has just been reevaluated, even if A does not change
1t
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Signal Attributes (cont’d) Signal Attributes (cont’d)
=) \ 7 =) * 7
entity test is begin . ns /test/a /test/line__15/bev
if (A'event) then Aev := '1';
end; _ o delta Itest/b /test/line__15/ bac
else Aev :='0";
architecture bntest of test is end if; Itest/c /test/line__15/cev
signal A : bit; if (A active) then Aac :="'1'; Itest/line__15/aev  /test/line__15/ cac
signal B: bit; else ac :='0'; Itest/line__15/ aac
signal C: bit; ??d(;févem) Chen Bov = 1 0 +0 00000 0000
begin else Bev 1= '0'; ' 0 +1 01000 1101
A <= not A after 20 ns; end if; 20 +0 11011 0000
B<='1; if (B'active) then Bac:='1"; 20 +1 11100 0011
C <= A and B; Z\"Ze”Bac:o; 40 +0 01111 0000
process(A B, O it (Cevent) then Cev := '1'; 40 +1 01000 0011
variable Aev : bit; else Cev := '0";
variabl e Aac:blt: end if;
variable Bev : bit; it (Cactive) then Cac:='1';
variable Bac : bit; ‘o
else Cac :='0";
variable Cev : bit; end if:
variable Cac : bit;
end process;
end bnt est;
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Signal Attributes (cont’d)

Attributes that create a signal

Rilribud | Creites

SIRELAYED |(Srea]]” Jopna wime s 5 dakyind by soec P brre

TETABRLE [[armu)]™ | BiFan pgna Rl a rae i 38 o
vwnis for the spexified Hna

SRR iy

Bowen mpnal Rl rae i1 3 el rd
tremactom b the apecified B

ETRANZATTION THE Changes fin ivery

* Carlla s v A
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Examples of Signal Attributes

Aryndy, A Irave | B
e A _guet - eoiaary

A - e - i L -
& _detmyads P s N ey s
A_ITiie 1 1 [ !
\_seahiict i
Ay LML L L L
b 1] i I w
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Using Attributes for Error Checking

check: process
begin
wait until rising_edge(dk);
assert (D stable(setup_time))
report(“Setup time violation")
severity error;
wait for hold_tinme;
assert (D stable(hold_tine))
report(“Hold tine violation”)
severity error;
end process check;
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Array Attributes

Tyas A0H in wror [Fie 15, 7 fownea O] of 05
Bagaal ROML . AGH;

Mg

ALEFT(R

RN

AvbH|

ELIATR

ETIAGEIN] o [POMULARGE L = 0o 13
LRI IERE L]

AFEUENSE RAMCEIH] S5 ke regm  [ADMUREVERSE RANGEL] =

=il |5 drvyrida 1

AR L ]
wige O L LERGTH

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

rray attriputes work with signals, variables, and constants.
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Recap: Adding \ectors

— Thix pracedura ades tvo n-bit bk _seciony and & cap and
1ATIE 1 AL ST a0 @ LaITY. RS BN ROGE BNE AESLITEd
ka3 Be of tha aema kangth ard dimarsiared n-1 dawnka d.

procedure fddain
It | Agidd: b B _weo
Cia: bn bl
wgnal Sure: out b swclor
wagnal Gt ; aut Bi1;

SUTE T £ B WOF Gor2E] wor
CRab1E 1) and A2} o (A1) and C] or [asd2{i] amd C);

Note: Add1 and Add2 vectors must be dimensioned as N-1 downto 0.

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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: lino B

Tk proosdemn s wacton: asd al
and a cory. - Both bi_vecian should e of e s

proceders kides g

ek Ak ) b e et
CINE
TR
wignal Crit ok b
wariabia C: b o= Cin;

b amcira o L Tengie- 1

wEe
1

deswmin 0]
dewnia

begin
anpart |(n]%erpth = ndergth | end
rapert “Vector kngits mank ba sgusl T
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Transport and Inertial Delay

21 <= transgort X after 10 s
21 W mafimr L3 2,

rafect & o & afar 10 ax
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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 Statements executed at time T

—CatT+2: —CatT+1

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

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

Bl (11§ Do TR AT W | bl ) e B3
WS 2 D vered | A Wt | i I i S8d]
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Qverloaded Operators

* A, B, C - hit vectors
e A<=B+C+37?
e 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

01/07/2003 UAH-CPE/EE 422/5224 AM 35

Multivalued | ngir‘

e Bit (0, 1)

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

¢ Unknown state ‘X’

— e. g., agate is driven by ‘Z', output is unknown
— a signal is simultaneously driven by ‘0’ and ‘1’

i
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Tristate Buffers

N syl
i |
wrchiinctens t_ o ors of 120 syl e
by ¢
bl process (5t
"
¥ |oe U manican
- e 1t B i i s RESOIUtION fUnction to
ard £, determine the actual
-y N
R va_lue of f since it is
bagpr driven from two different
LA TR
i sources
ard ¥
arel pratuis b,
wred 1Bt S
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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: X01Z := ‘'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

vy
T o i aibg
furetien T

d wmk ]

i arraey |asturel raruge 5] ol 300

--'? ¥ Define AND and OR for
- 4-valued inputs?

01/07/2003 UAH-CPE/EE 422/522a AM 40

D T
© B 6 &
i "
X 9] X X
R e
T
S T
+ T e T T
X X T X
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|IEEE 1164 Standard | ngir

* 9-valued logic system
— ‘U’ = Uninitialized
— X' = Forcing Unknown

— ‘0" —Forcing 0 If forcing and weak signal are

- '1'-Forcing 1 tied together, the forcing signal

— ‘Z' — High impedance dominates.

— ‘W' — Weak unknown 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 9valued
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AND Function for std logic vectors
functics "ssd aed_slagi; rowtd aksyc | rebwes UAD]
nrgin
rabare | o] TS, o0
and “ard”
function "sed™ | o, r: md_loge_sactor | reters wd_logic eecor W
Wlaeg by 7 SI0 g vetan [ 1 -
L A s L L
warsie ik D sl kg sictor | Lo U
bagin
I | FLEMGTH = rLIHGTE ) B
sagart Pl ST
PRRIT “SErEenis F Cveriapded trel APEMIS fre 0E OF The oeTes kg I
HRHLY FAILLRE.
Tor i rews BANCE loap
reiil[] i and_tmoks (R, raji]i
#nd lsag,
il
Falar
and “ard”
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