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Introduccion

" ¢QueesHDL?
O Lenguaje especificamente creado para el disefio de circuitos:

* Nivel de puerta (gate level).
* Nivel de comportamiento (behavioural level).

O La estructura del lenguaje sugiere el disefio hardware.

" ¢Por qué usar HDL?
O Poder descubrir problemas en el disefio antes de su
implementacion fisica.
O Dado que la complejidad de los sistemas electronicos crece

exponencialmente, son necesarias herramientas que faciliten el
trabajo en equipo y la simplificacion del disefno.




“Entity” y “Architecture”

entity nombre_entity is
port (lista de puertos de entrada y salida);
end nombre_entity;

architecture circuito of nombre_entity is
-- senales

begin

-- programacion

end architecture circuito;




Entity

entity nombre entidad 1s
port (lista puertos de entrada y salida);
end nombre entidad;

Lista puertos de entrada-salida
nombre_puerto: tipo_de puerto tipo_de_ senal; ...

L

entradaA: iﬁbit_ vector(7 downto 0);




Descripcion Estructural

Esta descripcion utiliza entidades descritas y compiladas previamente que
llamaremos componentes. 2> “COMPONENT”

de esta manera podemos reutilizar disefos previos, o realizar disefos para
que se reutilicen en otros mas complicados.

Se declaran los componentes que se van a utilizar y después se realizan las
conexiones entre los puertos.

Las descripciones estructurales son utiles cuando se trata de disefios
jerdrquicos = Disefio “bottom-up”: empezamos disefiando los componentes
mads sencillos y los utilizamos como base para crear los mds complejos.



Ejemplo trivial

" Queremos implementar la siguiente puerta:

gate

O Nl >

Z=(A-B) +(C-D)

" Partimos de las definiciones de una puerta “AND”
y (IORII.




Componentes “AND” y “OR”

De momento, sélo nos interesa los puertos en la definicidon de la
entidad.

entity component_and is

Lu | =) =

port(

entradal, entrada2: im bit;
salida: out bit
)i

end entity;

on (¥4

architecture arch_and of component_and is

12 begin

11 cglida <= '1' when entradal = '1' and entradaz = '1' else '@';
12  end architecture;

13

14

15  entity component_or is

16 port(

17 entradal, entradaZ: in bit;

18 salida: out bit

19 );

20 end entity;

21

22  architecture arch_or of component_or is

23 begin

24 zglida <= '1' when entradal = '1' or entradaZz = '1° else '@';

5 end architecture:




Diseifio Bottom-Up

" Ahora construimos nuestro modulo “sumprod”

(suma de productos) utilizando los componentes
anteriores.

la entidad:

O Nl >

gate

Z=(A-B) + (C:D)

22 end entity;

Primero declaramos los puertos en la definicién de

7 entity sumprod is
28 port(

&, B, T, D: in bit;
Z: out bit



Arquitectura

" En la arquitectura necesitamos declarar primero qué
componentes vamos a usar y qué puertos tienen cada uno.

24 architecture arch_sumprod of sumprod is
35 component component_and
port|

entradal, entradaZ: in bit;
38 salida: out bit

)

42  end component;
41 component component_or
42 port(
43 entradal, entrada2: in bit;
44 csalida: out bit
5

45 end component;

- Las salidas de las puertas
5 signal sal andl, sal_and2: bit; - “and” son senales internas de
esta arquitectura.




Conexiones

" Finalmente, declaramos las conexiones entre los
componentes y los puertos de nuestro modulo:

52 begin
51  andl_pm: component_and port map(
2 entradal =» A,
entrada?z =» B,
54 salida =» sal_andl

35 );

57 and?_pm: component_and port map(
entradal =» C,

entradaz =» D,

5@ salida =» sal_and2

L );

53  or_pm: component_or port map(

B4 entradal =* sal_andl,
entrada2 =»> sal_and2,

56 salida =» I

&7 f;

59  end architecture;




Cédigo Completo

entity sumprod is

18 port(
29 A, B, C, D: in bit;
38 Z: out bit

)i

end entity;

34  architecture arch_sumprod of sumprod is

component component_and

port(
entradal, entrada2: in bit;
38 salida: out bit
3@ );

42 end component;

41 component component_or

42 port(

43 entradal, entradaZ: in bit;
salida: out kit

IH

end component;

48 signal sal_andl, sal_and2: bit;

52 begin

andl_pm: component_and port map(
entradal => A,
entrada2z =» B,

salida => sal_andl

)i

and2_pm: component_and port map(
entradal =» C,
entrada2 =»> D,
salida =» sal_and2

)i

or_pm: component_or port map(
entradal =» sal_andl,
entrada? =»> sal_and2,
salida => Z

/H

52 end architecture;




ModelSim

" La herramienta de simulacion que vamos a utilizar
se llama ModelSim:

[¥] ModelSim PE Student Edition 10.4a
File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

EHZE L BR D! g%”@mm@@“ ?:xg;gamu Layout [fapeaign j“ Colmntayout [X11CoTamms ﬂ”:@-c@ch}@” e da” \gﬁgj;mugukﬂ%
Bew of - fo | sea g aaanan [ nmiEi ]
i tiorary Hofl x| $Hjects i H A X|| | gm| Wave - Default +
“lhame aftwe ety [ e D | I

(el floatfisi Library $MODEL _TECH/../floatfixib
=l ieee Library &MODEL_TECH].. fiece

[ ieee_env (empty)  Lbrary SMODEL _TECH/.. ieee_env
[l infact Library ~ $MODEL_TECH/../infact

i} mc2_iib (empty) Library $MODEL_TECH]../mc2_lib

M) mac_ams (empty)  Lbrary  $MODEL TECH/../mac_ams
[+l modelsim_lib Library SMODEL_TECH]. . jmodelsim_lib
(el mtiAvm Library $MODEL_TECH/../avm
i+l mtiovm Lbrary  SMODEL_TECH..Jovm-2.1.2
++-{lf} mepa Ubrary  $MODEL_TECH/../pa_lib
=l mtiRom Library &MODEL_TECH].. frmm
x4l miiUPF Ubrary  $MODEL_TECH../upf_lib
=l mtivm Library ~ $MODEL_TECH../uvm-1.1d
[-{lf} oswvm Library $MODEL_TECH].. Josvvm
=l std Library ~ $MODEL_TECH/../std
[#-{l} std_developerskit  Library SMODEL_TECH]. . /std_developerskit
(el sv_std Library $MODEL _TECH/../sv_std
[+l syropsys Library SMODEL_TECH]../synopsys
4l veriog Library SMODEL _TECH.. fverilog
=4k}, vhdiopt_ib Ubrary  SMODEL_TECH]..jvhdopt_lib
+-4l vital2000 Lbrary  SMODEL_TECH].. jital2000

I work (empty) Library  C:/Modeltech_pe_edu 10.4a/example...



ModelSim

" Creamos un proyecto:

M
m Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help
Folder WE |oomRB|torisan
Dpen... Source 4
Load ¥ Project... s B g J @ G @ 1% % J
Close Library... -
Impart * Debug Archive... EEE piiii]
Export g = [ = Create Project
Save Format... Ctrl+5 ¥ SMODEL_TECHL .fﬂOEtﬁ}("b
Save As... ¥ SMODEL_TECH..fleee —Project Mame
Report... ¥ SMODEL_TECH/.. fieee_env |Trivial|
y  SMODEL_TECH/..finfact
Change Directory... ¢y &MODEL_TECH/../mc2_lib
Use Source... y  SMODEL_TECH/../mgc_ams —Project Location
Source Directory... y  SMODEL_TECH/../modelsim_ib
S r SMODEL_TECH]..favm |: fModeltech pe edu 10.4a/examples w
y EMODEL_TECH/..jovm-2.1.2
BT ATt v ¥ SMODEL_TECH/.. /pa_lib —Default Library Mame
¥ SMODEL_TECH/.. frmm |w|:|rk
Page Setup... ¥ SMODEL_TECH/.. fupf_lib
Print... ¥ SMODEL_TECH/.. juvm-1. 1d
Print Postscript... y SMODEL_TECH/.. fosvvm — Copy Settings From
SMODEL_TECH/.. fstd . s s
Recent Directories 4 : SMODEL:TECH::..;{sbzl_developerskjt |pE_Edu_1|:I -4a/modelsim. inl M
Recent Projects by SMODEL_TECH/../sv_std % Copy Library Mappings © Reference Library Mappings
Close Window y  SMODEL_TECH/../synopsys
" ¥ EMODEL_TECH/.. jverilog
m-f.:'t R —— EMODEL_TECH]. . fvhdlopt_lib Ok | Cancel |
(=l vitalzo00 Library  $MODEL_TECH/.. vital2000
m work (empty) Library C:Modeltech_pe_edu_10.4afexample. ..




" Anadimos el fichero con nuestro cédigo

M
File Edit View Compile Simulate Add Project Tools Layout Bookmarks Window Help

H-2 W 2d BB AT

4 Project - C:/Modeltech_pe_edu_10.4a/examples,Trivial ——— s —— H o ]
'I'1Name |513tu4Type |Drde‘Modiﬁed | |

Edit

Execute

Compile 4

Add to Project Mew File...

Remove from Project Existing File...

Close Project Simulation Configuration...

Update Folder...

Properties...

Project Settings...




Compilacién

" Compilamos y empezamos la simulacion:

M
File Edit View | Compile | Simulate Add Wave Tools Layout Bookmarks Win
Be@le Core o-#wE||vaaan .
Compile Options... =1
T + - 4L - Pose
N AL e, AR ES[[ 33
&} sim - Default — Compile All —r H A x|
TIInsiﬁnoe Compile Selected in unit type |To|:| Category |'u"|sibility
- sumprod Compile Order... tecture DU Instance +acc=<full >
+ [l and1_pm Compile Report... tecture DU Instance +acc=<full>
+ [l and2_pm Comple 5 tecture DU Instance +acc=<full>
|+ or_pm OMPIE SUMMATY--- e ctire DU Instance +acc=<full= M
W standard standard Package Package +acc=<full > : . . . - .
File Edit VYiew Compile | Simulate | Add Wave Tools Layout Boockmarks Wine
Bl &y ISEsEETae || mE Q%
Runtime Options... —
= = 0 - E - i 5
M w3 L ; - dEEIET e
&} sim - Default ———  Step . H A X
¥|Instance |pe  Restart.. |[Top Category |visibility
- sumprod sul Break DU Instance +acc=<full =
+ [l and1_pm col End Simulation DU Instance +acc=<full>
+ [l and2_pm col DU Instance +acc=<full>
[+ or_pm compeonent,.. Architecture DU Instance +acc=<full>

B standard standard Package Package +acc=<full =




Simulacion

" Anadimos las sefales que queremos ver en la simulacion. En este caso,
todas.

M
File Edit VYiew Compile Simulate Add Objects Tools Layout Bookmarks Window Help

B8 i RBED O-AF || HEEER|| ot @ 2 10003

(x| 4 §>JMW X JE@"”?ﬁ“;;%*;Seafd“W ﬁﬁﬁ%@'Jf
{&} sim - Default gy ' H Y %] gy i HA X g
Il'1Ir15'mr1ce |Desigr1 unit |Desigr1 unit type |T-::|:| Cateqgory |'\.ﬁsibility |'Ij' W Now |[#[|» '

p sumprod sumprod(ar... Architecture DU Instance +acc=<full > 1 Sinnal

++ [l andi_pm compenent... Architecture DU Instance +acc=<full = View Dedaration

_T_]-. and2?_pm component... Architecture DU Instance +acc=<full= View Memory Contents

[+l or_pm component... Architecture DU Instance +acc=<full =

H standard standard Package Package +acc=<full = Add Wave Cl+w
Add Wave New
Add Wave To 3
Add Dataflow Ctrl+D
Add to 4
UFF 3
Copy Ctrl+C
Find... Ctrl+F
Insert Breakpoint
Togale Coverage 4
Madify 4
Radix. ..
Show 4




® No forzamos las salidas.

L ke

=T =

[ = ]

Jsumprod/A
[sumprod/B
Jsumprod,C
Jsumprod,D
fsumprod/sal_and1
& /sumprod/sal_and2
Q Jsumprod,Z

Object Dedaration

Add 4
Edit L4
View 4
UPF 3
Radix 4
Format 4
Cast to 3

Combine Signals. ..
Group...
Ungroup

Force,..

Clodk...

Properties...




Entradas

® Forzamos las entradas:
O Por ejemplo, A=1.

e N ———————

M Force Selected Signal H

|'|j' B Now [+ b
. Jsumprod /A £

] Signal
0 Object Dedarati
%" jsumprod/B ject Dedaration

] Signal
4 fsumprod/C Add 3

] Signal Signal Mame: |EI im:/sumprod/a

0 Signal
= 4 fsumprod/D Edit 3 Value: |]l
Jsumprod,sal_and View b

0 Signal

0 Signal

0 Signal

fsumprodsal_and |'K]r|d

« fsumprod,Z UPF k @ Freeze { Drive 1 Deposit
Radix r
Format r
Delay For:lI:I
Cast to k

Combine Signals. .. EE L |

T K, Cancel

Ungroup

MoForce
Clock. ..

Properties...




Ejecutar la Simulacién

" Tenemos varias opciones para simular:

M " ModelSim |

File Edit View Compile | Simulate | Add Wave Tools Layout Bookmarks Window Help U

|8 @@= & g Sortsmicton. gy 8 || i || @ 4 emw | EF[ 100 no 8 ELEI R B E | JJ@J*.
Runtime Options...

s esn 5T i - k S L
BEEEEE el B B
{#4 Project - C:/Modeltech_pe_e Step b Run -All — ‘ Objects R H A X
'1Narne |St Restart... Continue | | T & 10w ||

J#] sumProd.vhd v Break Run fext k - _ : Jsumprod fA

End Simulation i [sumprod/B

i Jfsumprod/C

4 Jfsumprod/D
[sumprod/sal_and1
[sumprod/sal_and2

o fsumprod/Z

sal_and2 0 Signal




Simulacion paso a paso

" Proceso:
O Forzamos: A=1,B=1,C=0,D=0.

O Run,

O ForzamoselvalordeBa0

O Run

O Forzamoselvalorde AaO

O Run

o ..
|4 4= {EF [ 100 na He D PO TR HXA || oot Brmiae || comaiayout
o J Do o wf o B | Search: | ] i J F O @ DR J |
$a Objects i ' H & x| | gm| Wave - Default

| B tow [#7]>
Signal

Signal

Jsumprod/A

Jsumprod/B

Jsumprod,C

Jsumprod,D

Jsumprod/sal_and1

Jsumprod/sal_and2
« fsumprod/Z

Signal
Signal
Signal
Signal
Signal

C
b
Fi

L1 L1
TR
o 'w
==
o o
(=
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