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— loadi

+ 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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Review: Multivalued | ogic

« Bit (0, 1)

» Tristate buffers and buses =>
high impedance state ‘2’

¢ Unknown state ‘X’
—e. g., agate is driven by ‘Z’, output is unknown
— asignal is simultaneous}!y driven by ‘0’ and ‘1’
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Review: 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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Review: 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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|IEEE 1164 Standard | ogic

¢ 9-valued logic system
— ‘U’ = Uninitialized
— ‘X’ = Forcing Unknown
— ‘0’ — Forcing 0
—'1"—Forcing 1
— ‘2’ — High impedance
— ‘W' — Weak unknown

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

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
14/07/2003 UAH-CPE/EE 422/522 a AM 8




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
N aihal v T GG o PLEMGTH s « Example: rise/fall time modeling
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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 s e At Aciar [+
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
14/07/2003 UAH-CPE/EE 422/522 & AM 13 14/07/2003 UAH-CPE/EE 422/522 & AM 14
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 whena=3.

To eliminate Tatch => replace the word null with b <= 0;
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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;
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

Numeric_bit, Numeric_std (cont’'d)
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. . . , .
Numeric_bit, Numeric_std (cont’d) Synthesis Examples (1)
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Synthesis Examples (2a)

wmlily SFL 2

Synthesis Examples (2b)

* Mealy machine: Bt Ckc i b 2ot b ¢ Mealy machine: PR
BCD to : BCD to prbog ek s ey
BCD+3 BCD+3 ™R than 21 sttt
R TR slun 2= ~'I; Hosisiaie<~580; snd #;
Converter Converter when &5
Herbate==57;
=; o
@ T="0 Whan 2= 1" Reslsdabe= =50, ol if}
n o e nthesre ool
AOORES Sair 5 S LN TR el Lo
WG and pracsae;
2 <= W' Feaytsle <o 50 ckier) vl i
precass{CLE] Hale Beygoler
Begin
IF CLE="1" @il CLECwiail, WieEni ey i of Ok |
Staba == Hesdsisio;
el i
and process;
#nd Tatks
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Synthesis Examples (2¢) Eiles
« File input/output in VHDL
¢ Used in test benches
— Source of test data
e — Storage for test results
I 5 )
| z ¢ VHDL provides a standard TEXTIO package
— read/write lines of text
|
CALK
3 FF, 13 gates
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Files
Eile Declacation
tile file-rame; file-type [open mode] is "Sle-pathname”
Eapmpie
file tort_dwtac towt opan read_mode Ik "“rohest Dbest dal”
- decipres a file namad & The
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append_mode e wriEng i B EdED
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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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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 itin a
buffer which is pointed to by buff
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: [ : .

« 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)

— 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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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(poi nter, val ue)
read(poi nter, value, good)
— good is boolean that 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
— character, strings, and bit_vectors within files of type text
are not delimited by quotes
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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. wde
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)
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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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An Example (cont’d)

* Code sequence: an example
— 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
— 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:

O, L s @ AL L
corresponding values:

L5 /3 TIFTTIA° PR PR PRl WIS P iu W i 16 Fa B WO R S PR £ g 5]
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VHDL Code to Fill Memory Array
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VHDL Code to Fill Memory Array (cont’d)

Begin
whila [mat sncfika|l
i e

Tl 30T Motk M
read sumbkir af brétise bo read
L= ai9E + Wkup]addi_5{ 3} 25%

raad beff, bate_cnly;

B, e B b P SN

ba byta_cnt loap
huft, dnka_s| — mnd ] digik ket dats and 8 space

{daka & 30" Dk 5 skup]dala & g
= COMY_STD LOGIC_WECTOR|data, £);

wnd M1_memery

bagin
teatbench: process

Ti_memary [mem}
— ST OO el SEES MOy data
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Things to Remember

Attributes associated to signals

— allow checking for setup, hold times,
and other timing specifications

Attributes associated to arrays

— allow us to write procedures that do not depend on the
manner in which arrays are indexed

Inertial and transport delays

— allow modeling of different delay types that occur in real
systems

» Operator overloading
— allow us to extend the deflnmon of VHDL operators
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Things to Remember (cont’d)

¢ Multivalued logic and the associated resolution
functions

— allow us to model tri -state buses, and systems where a
signal is driven by more than one source

¢ Generics

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

* Generate statements

— efficient way to describe systems with iterative structure
* TEXTIO

— convenient way for file input/output
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Networks for Arithmetic Operations

Case Study: Serial Adder with Accumulator

Networks for Arithmetic Operations

Serial Adder with Accumulator
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WAt | Ll"rl Aikden) Hogioden - I A —.”J
| =1
- E—, Sz
ik serrl Sabder 1% Dp Presant Mext Siate Present Quiput (Sh)
= O — Slale |N=0 Nei HN=0 HN=1
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- 1 3z 33
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53 So S5p 1 1
14/07/2003 UAH-CPE/EE 422/522 & AM 5 14/07/2003 UAH-CPE/EE 422/522 & AM 46

—State Graphs for Control Networks

» Use variable names instead of Os and 1s
— E.g., XiXj/ZpZq
« if Xi and Xjinputs are 1, the outputs Zp and Zq are 1
(all other outputs are 0s)
— E.g., X = X1X2X3X4, Z = 717227374
* X1X4'/22Z3==1--0/0110
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¢ Assume: | —input expression =>
we traverse the arc when |=1
1,11 1i and [j are any pair of input labels on arcs exiting state S, than Il

= Qi =]
Assures that at most one input label can be 1 at any given time

2.1f n arcs exit state Sk and the n arcs have Input labels 11, 12, .. IR,
respectivedy, then [1 + 1z + ..

Assures that at least one input label will be 1 at any given time

1 + 2: Exactly one label will be 1 =>
the next state will be uniquely defined for every input combination
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Constraints on Input Labels (cont’'d)

PELIEL ¥ =0
KLy K =0
fRLRZIIET A2 = 1

Wy o+ K{42 # Wy =l

Xy 53

Inputs are Xy X3 X3
{X3 = K2 = 1 a3l almind|

Networks for Arithmetic Operations

Case Study: Serial Parallel Multiplier

Mukphoaial = 1101 {131
Mukipho e—— Ol ] (01}

¥

RS IRI —
VML (a3

Note: we use unsigned binary numbers
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Block Diagram of a Binary Multiplier Multiplication Example
mﬂuﬂ imitiad conlens of procud mgrsier - 000 O 0 ‘-[I ] 1 s—hill
.~ ALCC oy [ETTT reand sniwe M= 1) 1 0k L3
b T B 37 B & 4] 3l 3] 1] &1 il ko PR mIgrag

c [ | ] | | | | ey IR T ANTNE |

o o - f — v i igicand s M1y [N

N | | il 's T 1 | 1 afker sk [N [HEIN]

T Clk 1 | | "‘—v—"" aller <&if [T RSN |_:i| i —

. s 5 S o
multiphler ek ankElmn st Bl =1} i
R oo \|cm 4-BIT ADDER tip oflie wo oy [p—
L [k multipdicand snce k-1 1
H il wkinun [T
P['va‘l d ilier <Rif | fmnl areweri I idng 1 4z
i lcar
Ad — add signal // adder outputs are stored into the ACC
Sh — shift signal // shift all 9 bits to right
Ld —load signal // load multiplier into the 4 lower bits of the ACC
and clear the upper 5 bits
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State Graph for Binary Multiplier

EEgin
DS
hegin
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Behavioral VHDL Model

library BITLIE;
s BITLIE. bt _parck. alll;
@nkity mull4Ed is
port [k, L in big;
Mplier, Moand : i b wecon 3 dawnto 0];

Dune: aut bej;

and mulKs;
architschars tetae | of mEd o
signal Skate; integer rangs 1 be 5;
s bt

signal RCC: bt wislen b downta U]

abian M- b1 i ACL]CI; —~ ikl 0 of ACT

Behavioral VHDL Model (cont’d)

7 = ~ "pEdishin” Siabe

*tran - Badrl rradlipl iced
KCC[R dormmba 41 = =arkd4{ACDT downba 43 Mo 1)
Siake <= Stae + I

SCC == 71 & ACCTE downdn 11; -Ghill serumuisicr righl)
Siabe < Gl & 3

el ¥
sabyines 1 161G => - "ghit™ Giste
ACC eI BRI downba [l - Fight shift
Shalu =o Slin + L
Wil G - - Enil afogche
st '}
iy

= "1 whan Siate = 9 alse ',

and bemaarl;
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