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 File input/output in VHDL
Ele Declacatizn

* Used in test benches
— Source of test data
— Storage for test results

* VHDL provides a standard TEXTIO package
— read/write lines of text
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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: line;

readline (test_data, buff);

— reads a line of text from test_data and placesitin 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 | ine 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 An Example

« Call one or more write procedures to write data « Procedure to read data from a file and store the
to a line buffer and then call writeline to write the line to a data in a memory array
file . )
variable buffw: Iine: » Format of the data in the file
variable intl : integer; —address N comrents
variable bv8 : bit_vector(7 downto 0); byt el byt e2 ... byt eN comment s

address —4 hex digits
N —indicates the number of bytes of code
bytei - 2 hex digits
each byte is separated by one space
« Write parameters: 1) buffer pointer of type line, the last byte must be followed by a space
2) a value of any acceptable type, anything following the last state will not be read
3) justification (left or right), and 4) field width (number of characters) and will be treated as a comment

wite(buffw, intl, right, 6); --right just., 6 ch. wde
write(buffw, bv8, right, 10);
witeln(buffw, output_file);
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An Example (cont’d) VHDL _Code to Fill Memaory Array

» Code sequence: an example
— 12AC 7 (7 hex bytes follow)
AE 03 B6 91 C7 00 OC (LDX inmm LDA dir, STA ext)
0058 2 (2 bytes fol | ow)

CORN_STO_LOGIT _YECT ORI, sine

01 FC_
* TEXTIO does not include read procedure archEtecture MMmem of el is
for hex numbers ot it e g b
— we will read each hex value as a string of characters s S
N . Prddelurg (e ignal rem: ot REHT o)
and then convert the string to an integer 1ype HedTabie i AACIE e 1ol P

walkd hix <F 1 = pEmr-cine onipl

* 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: --
00,1, L9 e S s S @ A LR ¥
corresponding values:
O 9 I 11 =1 110,11 121371415 — wnrinble akir], &

4* ;- gpen e for reading
L 'HY versmn

nn:‘l’.‘dolmtn ljc - da
wbe ord; Inteqer; wariabhe

range 155 dasenbo
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VHDL Code to Fill Memory Array (cont’d)

ta Eyta_cnt Ioap

teatbench: process

ses memony dara
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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 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

— 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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Case Study: Serial Adder with Accumulator
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Networks for Arithmetic Operations

Serial Adder with Accumulator

Lu ¢ =

WM Ge] Bm
tp [Pton ot 0 0 1 o
ty fooio el L o0 0 NiSh j
Ly |&ddi pida i i i 5:]
fy |00 1110 1 i 1] M i
ty |it00D 0011 0 g1y 0 o
G ®
-l =1
Fresant Next State Present Dutput (Sh) {s Ej
Stabe N=0 MN=1 HN=0 N=1
AT
1 2 2
S5y &3 B3 N1 1
53 Hg S0 N 1
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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 = 21227374
e X1X4'/Z2Z3==1--0/0110
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e Assume: | —input expression =>
we traverse the arc when 1=1

1,01 3j @nd [j are any pair of input labels on arcs exiting state Sk, then Ll
=]

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 Inpuk labels 11, 12, .00 IRy
respectively, then IL + 12 + ..

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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LNy = 0
(LR =

(R RTIKT ] = 1
By o+ XN+ WiNT =t

Inpuis are Xy X3 X3
|Eg = X2 = 1 v allmist|

Jooo D03 @30 041 400 103 180111
s 5 5 By 5 Sp - -

By
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Networks for Arithmetic Operations

Case Study: Serial Parallel Multiplier

Mikphoaial =110 {13
Mukiphor ———ael 0] (11}

PR | £ 1431

Note: we use unsigned binary numbers
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Block Diagram of a Binary Multiplier

product
e
LAy V] - 4y
[‘ ] | 6/ -s] 4| i a| 1| [
L] L] 1!| I| - T ] ¥
H i1
: = i miultipher J
em B mmER| e
I I
multiplicand |

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.
PP
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Multiplication Example

mitiad conlens of peochict grster -~ 0 0 0 1 "|_| o] | *—HKiln
fadkd i anil =aice b= 1) 1 1k i3

aifict b [N EIIENE]
afler =i ([T ] |.I [T sl |
ek s smoe M=11 | Bkl
after b [N [HININ]
aller skif [T |_:j| |
P R e .3
1 Wl wa I}Ii" ]
Bipdicand smce k=1 1 1 ik
HIS T e ool | I'.‘_I.‘

wfter <auH i Pl arsweri LU N T | I 4%

dividing Bae Berwoen prockict md multigh /’
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Behavioral VHDL Model

library BITLIE;
use BITLIE. bt jpack. all;
wnticy mulldXs i
wort [Clk, 5L in bit;
Ppllern, Moand 0 D wecton 3 dawnto );

Cune: aut be);

Behavioral VHDL Model (cont’'d)

and mul<rs;
archibectars tebaee] of mob4ad e Stabe <= Glata = 3
. s L LH
rieger range 0 te 5; 14l L &
I8E_wisclar B davnta O} Erur ko wahen 2 | 4 & : ,.,- - s B + R-:n:'} 'Sl;..
Bl e ACLTET; — Hik L 0 of ACC -:j.:iw-' lilruw-.:.'.ll wnba ) - Fght =h
wilisn 3 = - B ol ol
| Ralg <o 0
i untdl Tk - ) - Earybey pn riwing adge of dack | LLEE= L H
e SLalu iw Lot wxcloe of | mad procuss; )
o Cone <= '1" when Siate = 9 else ',
whan == il Sl i eyt
i S1="1" than B
ECTIE dawig 4} <= " (20 Bepin cyche
BN ot 1) <= Mpller; — laad tha muitphier
TEaka == 13
and il
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ACCIR dhommba 4] = -akd40A00 T domnba 43

Siate = StaE + 1;

ACC <7 7V & ACCTE downén | ;

- "addishii” Siate

-Gl srumiisher right]

W
Alipl s

inli .

» Current design: control part generates the control
signals (shift/add) and counts the number of steps
« If the number of bits is large (e.g., 64),
the control network can be divided into
a counter and a shift/add control

1 - = [Jarm |

BE==0 addahin o Levitel
u—e canired e i

I
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ja Maliples conired i) Etang geaph Tor add-shift onieod
Add-shifts control: tests St and M and generates the proper
sequence of add and shift signals

Counter control: counter generates a completion signal K

that stops the multiplier after the proper number of shifts

have been completed
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Multiplier Control with Counter (cont’d)

Operation of a Multiplier Using Counter

] Hm v
A Adu-shif e Load Si'Lawd ‘ T Stale Couer  Proouct S0 WK |lead & Sho Doos
" — =ontm| A B0 a Rrgister
Y sl OF LCOU0D 0 O O ¢ o 0 2O
fu a5 | | miaa 50 00 DOOODRE § 0 0| L @ B @
i & . 1 [# 51 o D00 10s 10| ¢ Lo L1]
| (& B2 oo LB AL Bl B Y O o1 ]
I |
bd 5l oL Boitodi io| 0 i o L]
o Wlliplhar covtrol 52 LR L e TR B | |'.‘-‘tﬂ 1ole o 1 @
. . . . it ks Bate graph far add-chift conteal I 5l in 01001118 s o 1 o
Increment counter each time a shi S0 & Bl R i F R
signal is generated w B2 11 MEe11111 11le o 1 @
« Generate K after n-1 shifts occured [ L= R 1= r R - I B |
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Array Multiplier Array Multiplier (cont’d)
X3 X3 W X MuEpicand | H i i
L5 ] L] ¥ Yo  MuEpir i H H T | Lo
¥avn  Kivo Wivo ¥avo pertial product 0 H | H |
K1¥1 KaWp  KiY KW partial product | i n H
Cia Cie  Ew Let rom carrien b i |
Tl S S S =m H A
1}
Have  Havy  davr  Kavr i
o GIr Cm 2nd rom sarioy I
Cn Sn S Sn Sm Il 1 SIS L
%M1 M Eea deva portial progact 3 H
C3; €y Cm Ird réw Sl -
Cia %11 %4 S 5M ¥
P PR Px P4 P PI R P 1
* What do we need to realize Array Multiplier? H
'
« AND gates = ?
“FA=?
THA=
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Array Multiplier (cont’d)

« Complexity of the N-bit array multiplier
— number of AND gates = ?
— number of HA = ?
— number of FA =?
» Delay
— tg —longest AND gate delay
— tad — longest possible delay through an adder
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Multiplication of Signed Binary Numbers

* How to multiply signed binary numbers?
* Procedure
— Complement the multiplier if negative
— Complement the multiplicand if negative
— Multiply two positive binary numbers
— Complement the product if it should be negative
¢ Simple but requires more hardware and time
than other available methods

16/07/2003 UAH-CPE/EE 422/522 & AM 34

inlicati [ S :

* Four cases
— Multiplicand is positive, multiplier is positive
— Multiplicand is negative, multiplier is positive
— Multiplicand is positive, multiplier is negative
— Multiplier is negative, multiplicand is negative

« Examples
—-0111x0101="?
—1101x 0101 ="
-0101x1101="
—-1011x1101="?

« Preserve the sign of the partial product
at each step

« If multiplier is negative, complement
the multiplicand before adding it in at
the last step
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2's Complement Multiplier

predue

_c%l 11 '"’_I
L] I|H L

EEIT FULL ADDER - Cin

&

o R EE G
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State Graph for 2's Complement Multiplier
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Faster Multiplier

podct

* Move wires from the adder outputs one position to the right =>
add and shift can occur at the same clock cycle
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Behavioral Model for Faster Multiplier

whan L | - “nckiiuhili” Stata
W= then
exddnud {o add3 A H ool T — A rufliod e o A ged shill
A s Pk 2 b oddoutl ] dawnto 11
B == afdos|D] & 5] domnts
L
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Command File and Simulation

-ufln:'d fia wad ki r
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16/07/2003 UAH-CPE/EE 422/522 & AM 42

architecturs e | of toniruk in
camporeat el
poeALE S e

Hale i |4amn|

[LE == rak CLE sfter 10 =5
PO

n
far i | to M lson
Mind < e MIZEAEEI SO 4 MERESO] I B e ]
wat ursl nung sups|CLEx 5 oo= 0 welt wnti] felSng soge | Do
ered lnep
Eral prasesi
Wi 1 rEaR g e Uk . Mk, picand, Fraduc, Dane

16/07/2003 UAH-CPE/EE 422/522 & AM 43

{aital desi i I

State graphs used to describe
state machines controlling a digital system

L]

L S0 l,.—{‘
. JI-\_.-IH.DI

G &
&

¢ Alternative: use state machine flowchart
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State Machine Charts

e SM chart or ASM (Algorithmic State Machine) chart

» Easier to understand the operation of digital
system by examining of the SM chart instead of

Components of SM charts

. opticnal
equivalent state graph atate code

H H H wibx I Tl conditional™
* SM chart leads directly to hardware realization =g hmu;m_l § E:?nfﬁ; output hst)

ouApu list |
v e} ecnditional
{m) atats box [Ii] decision bax ol pi e
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SM Blocks Equivalent SM Blocks

SM chart is constructed from SM blocks

eneartmnce paih

f
iy i listu ]
: 1 I3 =ne @ L 'fhsb.;.k
+ RSN 1 State S1 is entered =>
1 ~ M
| G %.T' Z1 and Z2 become 1
it
I B bt if X1=0
| |r-_“- — 73 and Z4 become 1
1 |
L 1 ! i if X1=1 and X3=0
1l qiD ' Z5 become 1
i | !
IJ Ty 2w ng

1
-

nanl paths
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Equivalent SM Charts for Comb Networks

Block with Feedback

16/07/2003 UAH-CPE/EE 422/522 & AM

16/07/2003 UAH-CPE/EE 422/522 & AM

Equivalent SM Blocks

{a} Paralial form
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