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JJ Makimoto's Wave
Technologiczne wahadto

hardwired procedural programming . structural programming
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“]JJ Dotychczasowy model systemu
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Algorithm

procedural high level
Programming Language

|

Assembly Language

Brain usage:
procedural-only

Hardware
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procedural

Brain usage:
both hemispheres

I Nowy mode system

Algorithm

\7 partitioning \J

Hardware,
Configware

Software only

Software & Hardw/Configw




VHDL - po co?
JJ Ztozonosc¢ projektow
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Ztozonosc¢ projektow

WW

JJ VHDL - po co?
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Potrzeba narzedzia:
e 1970 - INTEL 4004 4 projektantéw 1 tys tranzystorow
e 1982 - INTEL 80286 20 projektantow 100 tys tranzystoréow
e 1992 - INTEL PENTIUM 100 projektantow 3 min tranzystoréw
e 2003 - ??? 1000 projektantow 150 mln tranzystorow

Wspotczesne wymagania: N4
= design reuse
» hardware-software codesign

-
@ Rozwigzanie:
wykorzystanie jezyka HDL
(VHDL, Verilog, ...)
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e PALASM
e ABEL
e CUPL

e VHDL

e VERILOG, System VERILOG
e C, C++, Handel-C, System-C
e INne



VHDL - co to jest?
JJ Definicja

VH DL - VHSIC Hardware Description Language

—> Very High Speed Integrated Circuit

It is"aformal notation intended for use
in all phases of the creation of electronic
systems. (...) it supports the devel opment,
verification, synthesis, and testing
of hardware designs, the communication
of hardware design data ..."

[|[EEE Sandard VHDL Language Reference Manual]
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VHDL - jak, gdzie kiedy?
JJ Modelowanie

when A= “01”

else

lO’ ;



VHDL - jak, gdzie kiedy?
JJ Symulacja

A(l)

A(0)

Stim<= “10” , “11” after 4 ns...



VHDL - jak, gdzie kiedy?
JJ Synteza

Synteza - (automatyczna) translacja opisu w jezyku HDL
na strukture w postaci listy potaczen elementarnych
blokéw funkcyjnych docelowej platformy sprzetowej
(bramek, przerzutnikow, pamieci i innych).

A(0)
A(1)



VHDL - jak, gdzie kiedy?
JJ Etapy projektu

AGH
Interconnect  Power Analysis Desi
, gn
Transistor Analysis % authoring 20%
: : 3%
Simulation &°
Extraction 8%

Place and Rout
17% Synthesis
— 16%

Floorplanning

5%
Stafic Timing~ s L
Analysis Gate Simulation Simulation
5% e 14%

Average Iterations between design and layout = 20
‘Rajda & Kasperek © 2018 Katedra Elektroniki AGH  1a



VHDL - jak, gdzie kiedy?
JJ Projektowanie systemu

=vwstem Analysis and partitioning

'

Fhysical Spec fw— HMWY Spac =M Spec

'

Analog Spec Digital Functional =pec

=1gn-off

Timing Analysis simulation
Fault simulation
e MAed signal simulation

'

L&y out




Proces projektowania

JJ VHDL - jak, gdzie kiedy?

—=ystem Analysis and FPartitioning
|

; |
Yirite VHDL Code
per Block Yirite Test BEench

In »HDL

— ! oyNthesise to Gates

# ration
Simulate at - )
Gate Level -} gates!

Frodram or
Malke Device




VHDL - jak, gdzie kiedy?
JJ Jednostki projektowe

entity = COMPARES
port (A,B: in Dbit;
C. out bit);
end COMPARE;

architecture BEHAVIORAL of COMPARES
begin
process (A,B)
begin
) if  (A=B) then
architecture C <=1
style of name else

C<=0" ;
end if :
end process
end BEHAVIORAL;




Dekoder

JJ VHDL - przykiady

|

AGH

entity DECODERSs
port (D: in bit_vector (
ZERO: out boolean;
ONE: out boolean;
EIGHT: out boolean;
NINE: out boolean);
end DECODER;

0 to 3);

architecture FIRST of DECODERSs
begin

ZERO <= (D= "0000" );

ONE <=(D= *“0001" );

EIGHT <= (D= “1000" );

NINE <= (D= “1001" );

end FIRST;




VHDL - przykiady
JJ Komparator
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entity COMPAREHS SR s MOl Sighdl § Bl | IR IME T
port (A,B: In bit_vector ( O to 7); “iii.. . p B )
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end SECOND; w8 % wn w f e # 0 w0 SRS & us W S ] me ko s @
dodd :_—m—ﬁ’.‘)Db'Eoua* ol el
| [ s ¥ B =g s 5 5t @ 5 50

s e ] e w e 0o

ST E B

Blad 1M [[= 5 ]




Multiplekser

JJ VHDL - przykiady

entity ~ MPLEXERis e
port (D in bit_VeCtor( 0O to 7)’ e b : Bk 1 4 M o F §

A In integer range 0O to 7’ = 1k ..Am....;cj_;_;ﬁ 5 5§

X: out bit); et 1 e F

end MPLEXER,; S ] :;}3,_ L1 £ 1 ]

architecture THIRD of MPLEXERIs P == b= P F I
begin 2| ' '

X <= D(A);
end THIRD:;




Sumator

JJ VHDL - przykiady

use IEEE.STD_LOGIC_UNSIGNED.all ;

entity SUMis

port (A,B: in std logic_ vector ( 0 to 2);
Cin: in std_logic;
S: out std logic_vector ( 0 to 2);
Cout: out std logic);
end SUM,;

architecture FOURTHof SUMis

signal  V: std_logic_vector ( 0 to 3);
begin

V<=A+B+Cin;

S<=V( 0 to 2)

Cout<=V( 3);
end FOURTH,;




Licznik

JJ VHDL - przykiady

architecture

begin
process (C, CLR)
begin

FIFTH of COUNTIs

then D

Q=Q+ 1;

endif :

end if
endif -
end process Pt

if CLR=1’ then -

and Cevent then 6 s

end F”:TH, :(?LR:D




VHDL - przykiady
JJ Powielanie logiki

entity loop_stmt is
port (a: bit_vector (0 to 3);

m: out bit_vector (0 to 3));
end loop_stmt;

architecture example of loop stmt s
begin
process (a) o o
variable b: bit ; D—D
begin
b:= ‘1 — n_z
for 1 in O to 3 loop = ﬁ?‘ 2
b:=a( 3-i) and b;
. n_ -
m(i) <= b; ] =, o
end loop ; |/
end process E-‘ E:n

end example;



VHDL - i co z tego?
JJ Zalety

o Specyfikacja projektu niezalezna od technologii
e mozliwos¢ wspotpracy z wieloma producentami
e unikniecie problemow z wycofywanymi technologiami
o latwe ulepszenia i poprawy

e Automatyzacja projektowania niskiego poziomu
e krotszy czas projektowania
e redukcja kosztow
e eliminacja bledow niskiego poziomu

e Poprawa jakosci projektu
e latwe sprawdzanie opcjonalnych technologii
o weryfikacja dziatania na wysokim poziomie
e latwa weryfikacja implementacji
e modularnosc¢ projektu - tatwa wymiana do innych celow



W oL - wezoras
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1980 DoD USA - poczatek programu rozwijania technologii
uktadéw VHSIC (Very High Speed Integrated Circuits)

1981 Woods Hole, Massachusetts - konferencja na temat zatozen
przysztego standardu HDL

1983 DoD ustala zatozenia VHDL: VHSIC Hardware Description
Language - kontrakt otrzymujq : Intermetrics, TI i IBM

1984 gotowa wersja 6.0

1985 zwolnienie z restrykcji ITAR (US International Traffic and
Arm Regulation), VHDL 7.2 wraz z referencjami przekazany
do IEEE celem standaryzacji i dalszego rozwoju

1987 wydany opis IEEE Std 1076

1993 wydana nowelizacja IEEE Std 1076-1993
2000 wydana errata IEEE Std 1076a-1993
2003 wydana nowelizacja IEEE Std 1076-2003
2005 przejecie inicjatywy przez Accelera

2006 wydana nowelizacja IEEE Std 1076-2006
2008 wydana nowelizacja IEEE Std 1076-2008
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VHDL Analysis and Standarization
Group (VASG)

http:// http://www.eda-twiki.org/cgi-bin/view.cgi/P1076 /WebHome

P1076 TWiki >  P1076 Web > WWebHome (20160125 Stankialkosh = e
= Log I or Register 4 IEEE P1076 Working Group
I Gt N T VHDL Analysis and Standardization Group (VASG)
Indax
?ﬁi'.l';'ﬁ Mission

g Motificatons

‘:_1 RSS Feed WASEH Is responsible for mamtaining and -E,.'I‘E'I'Il.‘.llr'hg ihe WVHDL standard (IEEE 1076)

Statistics
# Preferences Status
Webs VASG 15 actvety working on propasals for PA10TE 201X For more information see Warking Group Status
LRETT]
Participating
T you-are an expenenced VHDL user, digital desigrer, or weriicaton engeneer. then his 15 your working group. Here you can cominbute i the future of
WHDL
1734
Pi735 P1076 & an individual based slandard The only requinement for membersiip is 10 show up and participale. Work & done via on this TWIKI slbe. and e
’:j" "_"T"! emad reflecior, in owr phone meelings. Opportunifies 1o paripate are available al many different levels of commitiment and your particpation will hedp. Join
;'-'_ B00 L
'S}?L:';G = To parlicipate in TWi, send emad to TWIK] admin. i
; 5 « Emall Refector, * View * subscrbe * unsubscribe * Send Email (subscribe frst
Tk 3
ViR
Verlioaans Meetings & Work Areas
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e Czy ,sprzetowiec” jest jeszcze potrzebny?
e zbyt mata wydajnosc¢ architektury Von Neumanna
e koniecznos¢ kompensacji ,niewydajnosci” oprogramowania
przy pomocy dedykowanego sprzetu
e Jezyk: ogdlny czy szczegodlny ?
e 0gdiny (RTL)
- blisko implementacji sprzetowej
— W projekcie sg zawarte szczegoty architektury
e szczegllny
— blisko aplikacji (np. DSP: Matlab)
- automatyczna generacja zréwnoleglonego sprzetu
e Jezyk: dwa podejscia
e nowy jezyk, dedykowany do potrzeb = adopcja przez uzytkownikdéw
e adaptacja (do nowego kontekstu) jezyka juz istniejgcego



m ]JJ VHDL - standardy
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e IEEE Std 1076/INT-1991, IEEE Standards Interpretations: IEEE Std 1076-1987 IEEE Standard
VHDL Language Reference Manual

e IEEE Std 1076-1993, IEEE Standard VHDL Language Reference Manual
e IEEE Std 1076a-2000, Amendment to IEEE Std 1076-1993

e IEEE Std 1029.1-1998, IEEE Standard for VHDL Waveform and Vector Exchange (WAVES)
to Support Designh and Test Verification

o IEEE Std 1076.1-1999, IEEE Standard VHDL Analog and Mixed-Signal Extensions (VHDL-AMS)
e IEEE Std 1076.2-1996, IEEE Standard VHDL Mathematical Packages
e IEEE Std 1076.3-1997, IEEE Standard VHDL Synthesis Packages

e IEEE Std 1076.4-1995, IEEE Standard for VITAL Application-Specific Integrated Circuit (ASIC)
Modeling Specification

e Approved draft of IEEE Std 1076.6-1999, IEEE Standard for VHDL Register Transfer Level
Synthesis

e IEEE Std 1149.1-1990, IEEE Standard Test Access Port and Boundary-Scan Architecture

e IEEE Std 1149.1b-1994, Supplement to IEEE Std 1149.1-1990, IEEE Standard Test Access
Port and Boundary-Scan Architecture

e IEEE Std 1164-1993, IEEE Standard Multivalue Logic System for VHDL Model Interoperability
(Std_logic_1164)



M]JJ VHDL - literatura
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,A Guide to VHDL”, S. Mazor, P. Langstraat
,VHDL Analysis and Modelling of Digital Systems”, Z. Navabi

~VHDL Hardware Description and Design”,
R. Lipsett, C. Schaefer, C. Ussery

,The VHDL Cookbook”, P. J. Ashenden
,VHDL programming: with advanced topics”, L. Baker
,VHDL starter's guide”, S. Yalamanchili
,VHDL for designers”, S. Sjoholm, L. Lindh
~VHDL made easy!”, D. Pellerin, D. Taylor
~VHDL answers to frequently asked questions”, B. Cohen
~VHDL and AHDL digital systems implementation”, F. A. Scarpino
JActive-VHDL Series BOOK#2 — EVITA Interactive Tutorial”,
J. Mirkowski, M. Kapustka, Z. Skowronski, A. Biniszkiewicz
,VHDL: a logic synthesis approach”, D. Naylor, S. Jones



MIJJ VHDL - literatura
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@M VHDL - zasoby w Internecie

e Grupa dyskusyjna: comp.lang.vhdl
e EDA Industry Working Groups homepage: http://www.eda.org/

e Accellera: http://www.accellera.org/

e Design Automation Cafe: http://www.dacafe.com/

e Doulos High Level Design Web site: http://www.doulos.com/

e VHDL-online, University of Erlangen-NUurnberg:
http://www.vhdl-online.de/

e The Hamburg VHDL Archive:
http://tams-www.informatik.uni-hamburg.de/research/visi/vhdl/
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e An Introductory VHDL Tutorial, Green Mountain Computing
Systems: http://www.gmvhdl.com/VHDL.html|

e Doulos High Level Design Web site; A Hardware Engineers Guide
to VHDL: http://www.doulos.com/hegv/index.htm

e VHDL Synthesis Tutorial from APS:
http://www.associatedpro.com

e Interactive VHDL Tutorial from Aldec, Inc.:
http://www.aldec.com/products/tutorials/

e VHDL Verification Course by Stefan Doll:
http://www.stefanVHDL.com/

e MicroLab VLSI Design courses:

http://www.microlab.ch/images/files/Bachelor/Courses/digital 3/V
HDL.pdf




M]JJ VHDL - free IP cores

AGH

OpenIP home page: http://www.opencores.org/

The Free-IP Project Home Page: http://www.free-ip.com/

The Hamburg VHDL archive:
http://tams-www.informatik.uni-
hamburg.de/vhdl/index.php?content=06-models

RASSP www site: http://www.eda.orag/rassp/

Micron Technology, Inc. (memories): http://www.micron.com/

VHDL Library of Arithmetic Units developed by R. Zmmermann:
http://www.iis.ee.ethz.ch/~zimmi/arith lib.html




mJJ VHDL - firmy (produkty)
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Cadence
m Mentor
il Synopsys
S Synopsys ARM
Cadence i "-«} S
/ .' HEE@' ARM Magma
e Aldec (Active-HDL, Riviera) synplicitye T ceeor IMGTech.
e Altium (Altium Designer) ot Magms Zuken

z;_]i.r_;_. ) ”.I'.HEI- TE‘ EE‘I.

e Cadence Design Systems m Ansoft

e Mentor Graphics (Model Technology: ModelSim)
e Synopsys (Synplicity: SynplifyPro)
e Xilinx (XST)

e Green Mountain Computing Systems (Direct VHDL)



@]]IJ-J' VHDL - Aldec Inc.

The Source for LA Solutfony

e Produkty
o Software (ActiveCAD, ActiveHDL)
e Hardware-based Simulation Accelerators
o IP Cores

e Donacja dla laboratorium:
e Komputery — 11xPC
e Oprogramowanie (ActiveHDL)
— 20 sites license (Professional Edition)
— Student Edition
o Karty HES

e Oddziat Krakow!
'Rajda & Kasperek © 2018 Katedra ElektronikiAGH 35



M]JJ VHDL - Aldec Inc.

AGH

The Source for LA Solutfony

o Praktyki studenckie
e Prace dyplomowe (IP Cores)
e yP/uC: PIC17C4x, PIC16C5x, 8051-SoC
e peryferia: 8251-SI0, 8255-P10, 8257-DMA, 8259-INT
e interfejsy: CAN, UART/IrDA, USB, 12S, PS/2, VGA,
I12C, SD, ...
o telekom: Reed-Solomon, Viterbi, Utopia, DTMF, MP3,
ADPCM, LDPC, Kasumi, ...

e Praca zawodowa



@]IIJJ ActiveHDL - moduty
Acuve=HDL™

Complers FPGA Veriffcation Emironmens

Block Diagram HOL Editor State Machine

Editor Editor

Behavioral External Tools
Simulation Required

Logic Synthesis

Implementation

Testhench

Gate Level
Simulation

Timing
Simulation




ActiveHDL - moduty

Design Entry Tools

Language
Assistant

HOL
Editaor

Block Diagram
Editor

State Diagram
Editor

Codez2Graphics

WHOL erilog/EDIF
Generator

wHOL M erilog
Generator

Debugging Tools Control Tools

Yerilog WHDL EDIF

Compiler || Compiler || Compiler Design Explarer '
I Design Brawser '
Simulator
Kernel ;
Design Flow Maﬂager'
I| | Library Manager '
Waveform List Consale
Editor Wiewer é

Simulation Dutput Yiewers




@]IJJ ActiveHDL - Design Flow
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library IEEE:

use IEEE.std logic 1164.all;

entity Decoder 1is
port |

Data: in STD LOGIC VECTOR (3
Output: out STD LOGIC VECTOR

1

end Decoder;

architecture Decoder of Decoder is

hegin
with Data select
Cutput <= "OO0O0O0C0O007
riooooooort
fol0000oorr
fool00ooorr
foooi0ooorr
roooolooort
foooooloorr
foooooo1orr
foQoooool1rt
r111111311°"
end Decoder;

when
when
when
when
when
when
when
when
when
when

roooor,
roooLt,
"aoior,
rooiirt,
roioor,
roio1r,
ro1ior,
o111,
rio0or,
athers:;

ﬁ.

top.hde /= decodervhd /% counter asf

downto 0)
(7 downto O)
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[h|ste|@ r2ado-c-poco AT B iER|va|QRAQAREA |2 |a]

cn«
Enable D—Dir
D—Clear [ —Skip —DDataOut[B:D]

Counter

DataCut=="0000",

Clear="

DataCut=="0001",
DataOut=="0010"

DataCut=="1000"

1]

DataQut=="0011",

i top.bde . [=] decodervhd :%¥ counteras
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ActiveHDL - Design Browser

& freq_top [freq_top) - j

Unzorted \ I
freq_meter

& Add New File top-evel
J hexZled vhd ﬁ;li.i.tf”
%/ CONTROL. asf

&/ cnt_db.vhd
=45/ freq_top.bde
== freq_top.vhd
La freq_top [freq_top]
—HA TestBench
& ./ TestBenchPack.vhd
&/ testbench.vhd
@ runme.do
E—}If‘ freq_meter library
@ CWT_4B [CHT_4B)
B cnT BCD
a freq_top [freq_top]
—If‘ freq _meter_post_syunthesis ibram
—[r‘ freq_meter_timing librany

|21 Files /#FStructure. 1 Resou.. /[

| BAFOMETER [FUMETER)

4

IName

={k Root: FOMETER

|+

: COWTROL
DCNT
CCMT

CILD A
CILD A
:BCDZLED
:BCDZLED
CAND 2
@ std.standard

top-level
zelection
izt biow

=] [T hierarchy tree

IE j filker box
IName o Tupe I"»-"alue ILast"»-"aIue LastEventTimeI; | obiect st
o A ztd_logic_w... 40 uu 100wz il
= B gtd_logic_v... 40
&= F10KHZ  =td_logic 1
! ey std logic 1 0 155us
a CTR std logic v 00 UL Ops o
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o NGTE  std logic 0 u Ops hd
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M“]JJ ActiveHDL - Waveform Viewer
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ActiveHDL - List Viewer

gimulation  =imulation _
: zighalzdnets

toolbar \ t’l:}e j_l,ln::le /
/

“'}‘.J'L[ .-'-‘-.l:ld ighalz... Jﬁ !
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9.900 mz 2 a B3 a 1 a an 0z
9.900 ms 3 a BA a 1 a an 0z —I
9.905 ms a a BA a 1 1 an 0z
2.905 mg 1 a B3 a 1 1 a0 0z
1] 3 KN =]
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