: REASON: REsearch and training Action for System On chip desigN
An IST Project (IST-2000-30193) of the Fifth Framework Program

REASON

Tutorial:
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Table of Contents

Introduction to a new and modern ASIC design flow.

Comparison of typical and new design flows
for ASIC device (advantages and disadvantages).

Presentation of the new design ASIC flow, based
on an example.

Overview of hardware accelerated simulation
technology.

Benchmark results & hardware accelerated
simulation profits.
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Tutorial Purposes

Elimination of ASIC design verification
bottlenecks through innovative hardware
solutions.

Presentation of new trends of developing
ASIC complex designs.

Acquaintance of the audience with the
recent and modern EDA solutions.

Presentation and practical application
of new technology used to accelerate
— simulation of huge HDL designs.

REASON
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PART 1

Modern ASIC design flow conception
based on hardware accelerated
simulation

E #4 of 82
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The Traditional Design Flow
— validation steps

y
Functional Design Specification

S — A —

Hardware modeling,
IP CORE components Testbench

— — development

— Functional simulation '
Post-synthesis verification '
N Timing simulation (with SDF) '—

g FPGA/ASIC device
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" The Traditional Design Flow
— incremental prototyping process

A
Module A

Verification

* Ay

Module A & B <—\/erification—— Module B

Verification

* A

Module A, B & C €4—\Verification—— Module C

Verification

[ 2N I J
y 4
6 DESIGN
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The Traditional Design Flow
— the property

REASON

Software netlists (post-synthesis, post-
implementation) simulation; the total simulation

time strongly depends on the computer performance
(CPU speed, RAM capacity).

Long verification period. Each verification of
developed design at the post-implementation
simulation level requires re-run of the functional
and post-synthesis simulation processes.

Attached to the simulated design ready-made
|P-cores slow a whole design verification.

This flow is dedicated only for small designs.
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New conception of design flow for

ASICs

REASON

SOFTWARE

HARDWARE

{ Functional Design Specification }

h

Hardware modeling,
IP CORE components

> =] ]
—
A

! —

Testbench
development

——— Functional simulation “

Ah

Hardware

L Simulation- [§¢ |
FPGA 2
Prototyping

h

ASIC
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New conception of design flow for ASICs
— Incremental prototyping

After the module is verified it is ,pushed” into prototyping board.
New blocks may be added into the software simulator as well.

Since the simulation time depends only on the design size in the
software simulator, it's speeds up system simulation.

Module A Module B oo o Module n !
| | | . SOFTWARE

Verification Verification Verification
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— functional verification

~ New conception of design tlow for ASICs

REASON

All blocks destined for
accelerated simulation have to
be synthesized and
implemented with Virtex
technology.

If the software and hardware
simulation results are the same,
the user knows that the
synthesis and P&R process
does not change the
functionality of the used blocks.

LEVEL OF
ABSTRACTION

Behavioral

RTL

Software

h & .
Simulation

Gate level

Synthesis

YES»

Y

Place &
Route

Y

Hardware

Simulation
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New conception of design flow for ASICs

— time costs

Total simulation time is 1400 T
: : 891454919

the sum of simulation 1200

times for all blocks.

—
© O
S S
S S
I\g\
|
N
N

The simulation time of
,accelerated” blocks is
drastically decreased

Time (seconds)

(@]
o
o

&

e

N

o

sl

N
o
o

(it is approximately 200 1 oq

o - . 524 64404 89145
ZERO” in comparison 0 (_2:352‘} 5 82222 401564
with software 0 20000 40000 60000 80000 100000
simulation). Gates

¥ Software Simulation
— @ Hardware Accelerated Simulation
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New conception of design flow for ASICs

— advantages

New FPGA prototyping design flow provides:
hardware accelerated simulation,
hardware verification of user designs.

This flow decreases the design verification
time.

Assures dramatic simulation acceleration.

Hardware verification confirms the real
functionality of design in the hardware part
— design is almost ready for ASIC.
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New conception of design flow for ASICs
— summary

Hardware Accelerated Simulation can speed-
up the “re-simulation” time by over 100X.

The simulation process can speed-up
also by acceleration only selected design
components (IP CORE simulation
acceleration — the partial simulation).

Faster Performance than C Model Flows.

Proposed technology capacity:
— about 15 Million ASIC gates.

REASON #13 of 82




PART 2

Hardware accelerated simulation
technology

i #14 of 82

REASON




Hardware Accelerated Simulation
- OVerview

There are available many hardware accelerated
simulators on the market,
like IKOS, QuickTurn, and others.

It is important (e.g. from academic point of view)

to use hardware simulation system that is powerful,
easy to share, easy to use, and not very expensive.
It is provided by Alatek HES (Hardware Embedded
Simulation) technology. Our tutorial is based on the
Alatek HES board.

This solution is very flexible and is useful
for various engineer applications.
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Hardware Accelerated Simulation
— hardware embedded simulation

Design Verification Manager (DVM)
Implements Incremental Prototyping
Manages block insertion into HES

HES boards

Virtex based: XCV800, XCV2000 and
XCV2000 with Daughter Board

Apex based: Apex1000

Interface & Simulators _
PLI, FLI or VHPI interfaces .
Model Technology ModelSim
Aldec’s Active-HDL and Riviera
Cadence Verilog XL and NC-sim,

Synopsys VCS

Workstations Supported

PC with Windows/Linux

6 SUN with UNIX
#16 of 82
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Hardware Accelerated Simulation
- design types of acceleration

REASON

Whole Design Acceleration; Engineers may offload

or “drop” the entire design onto the HES accelerator.

Speed-up about 10X or higher.

Partial Design Acceleration; Engineers may offload
or “drop” sections of the design onto the HES
accelerator, using Incremental Design Prototyping

(IDP™) technology. Speed-up about 100X or higher.

Hardware & Software Co-verification; Hardware &
Software co-verification is the bottleneck in the SoC
designs and usually is very expensive and time
consuming. It is possible to speed-up SoC
co-verification about 98X or higher.
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Hardware Accelerated Stmulation
- the partial design acceleration IP™

{ f f
Phase 1 | Phase 2 | Phase 3 | Phase 4
| | |
TESTBENCH | TESTBENCH | TESTBENCH | TESTBENCH
| | |
| | |
| | |

BLOCK| BLOCK BLOCK| | BLOCK BLOCK| BLOCK BLOCK| BLOCK

A B > A _,B > ? B > A B

1
I I I
BLOCK| BLOCK| | BLOCK|| | BLOCK| | | BLOCK|| BLOCK| | | BLOCK| | BLOCK
D C : D C : D C : D C

' I | | |

I I I

I I I

I I I

I I I

I I I

I I I

I v I I

FPGA | FPGA I I
Design | Design I I
FLOW | FLOW | I
I I I

I I I

I I I

I I I

I I I

I I I

I I I

I I I

[ Designin [ Design in Overall Simulation Time
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Hardware Accelerated Stmulation
— Incremental Prototyping and/or Co-simulation

After each VHDL/Verilog/EDIF block is verified, it is ‘pushed’ into the HES prototyping

module

The design remains ‘connected’ by HES through

the PCl interface. HES Prototyping Module
Any new added logic blocks will be automatically 4
connected with the VHDL1, EDIF1, and Verilog1

through the signal names @ »( EDIF1
Co-simulation is performing by PLI, FLI or VHPI t 1Tt (vHDL1

interface.

Debugging can be performed in the user-familiar
simulator environment. No need to learn a new

simulator. PCI Interface

Software RTL software simulator
#19 of 82
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Hardware Accelerated Simulation
- HES technology advantages

Uses existing HDL Software Simulator —
through PLI & VHPI interfaces.

Performance/FAST RTL Simulation
(10X or more & partial RTL modules 100X).

Hardware/software co-simulation.
Universal Test Development platform.

IP Core Simulation.

Mixing VHDL, Verilog, EDIF and hard macros
modules.

Incremental Prototyping™ methodology calls for
development of designs in multiple, logical block
—— systems.

PCIl Card, small form factor.
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PART 3

Presentation of new design flow
with a project example

i #21 of 82
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HDL Design

- the exercise steps

Design overview - DVB stream filters unit.

Using the Aldec Active-HDL system for
complete user project designing and
managing.

The HES DVM graphical user interface.
Performing hardware accelerated simulation.

Benchmark comparison.

i #22 of 82
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The DVB stream filters unit — a design example

I #23 of 82
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The DVB stream filters unit design

- digital TV receiver overview

The DVB streams filter units are used in the digital TV receivers.
Such unit consists of:
the front-end; this part is responsible for processing an input analog signal,
the digital part; it is responsible for decoding and approving digital input
data.

Microcontroller

Demodulator
(QPSK) _
DVB stream filters
(MPEG-2 System

Stream

Video

Video
Decoder

(MPEG-2)

Audio Audio
Decoder Signal

(MPEG-1)

Forward Error demultiplexer)
—— Correction

External Communication
Interface 424 of 82
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The DVB stream filters unit design

- OVerview

REASON

Analysis of the transporting stream.

Transfer errors detection. Cooperation with initial
correction systems, like Philips TDA 8043H (FEC).

Demultiplexing of the DVB stream and switching

correct program data for appropriate audio and video
decoders.

Consolidation of the PSI service tables for feature
processing.

Cooperation with external MPEG-1,2 stream
decoders (e.g. SAA7201).

Minimum processing speed is about 72Mb/s.
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The DVB stream filters unit design

- flow diagram

VCO
Generator

A

l

Audio
Audio & Video > Decoder
SDVB PCR Processor stream filters - Vid
ideo
FEC —P» UL Decoder

Syntax
analyzer

DVB Transport Stream

Personal
Data
Filters

Control
module

| Filtering Results |

CRC
Decoder

Communication
Microcontroller Interface

I AVR
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Using the Aldec Active-HDL system
for complete user project designing
and managing

i #27 of 82
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Integrated Development Environment

Active-HDL is an integrated development environment dedicated

for VHDL, Verilog, EDIF and mixed VHDL- Verilog-EDIF designs.

Desigr Entry Tools

Block: Diagram State Diagram
i Editor Editor
: | |
WHOL Merilog/EDIF WHOL MVerilog
Generatar Generator
: |
Debugging Tools e - .
Code Controf Tools
Coverage : b

| |

Verilog WHOL EDIF Workspace/Design Eunll

Processes — Compiler Compiler Compiler
Design Bruwserl

Watch i
Sg.:rljaetlor Design Flow Manal
Call Stack |—

f Library Managerl

— Dataflow — [ — — 1
Wavefor i Console '
Follow Ohject e _ m _
d Viewer /Editor Viever

_ ' Server Farm l
Memary View == Sinnration Output Viewers
Source Revision Cunl

bbb

REASON
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Workspace

- access to several designs at the same time

Workspace/Design Explorer facilitates
management of workspaces and designs
so that user does not have to worry about
physical locations of workspace and design
files on the computer.

Each workspace and design is represented
in the Workspace/Design Explorer window
by a shortcut icon.

Workspace/Design Explorer allows a user
- to group the icons in special folders.

REASON
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Design Browser
- project sources manager

REASON

Design Browser is a tool designed
to help user managing projects,
sources, resources, workspace.

The Design Browser window
iIncludes three tabs:

The Files tab,
The Structure tab,
The Resources tab.

I a pCF_processing (por_processing)

By type £

Workspace 'D¥B_filters": 1 design{s)

D¥B_filters
g% Add New File
3 Start_simulation.do
FH_ 717 Project_Source
A7 TestBench_Source

[ 71 Contral_files
1 MPEG-Z_Codec
1 Stream_files
=H=A7? TestBench_Files

i 7 TestBench.bde
JFEC.whd

S MPEGZ_decoder.vhd
JSRAM.vhd

J TestBench.vhd
JSUser_Inkerface. vhd

= D¥E_filters library
Multiple-Lnit
B pcr_processing (pcr_proces..

21 Files /% Structure ;73 Resou...

/
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An example — block diagram

Each of these (yellow) blocks has been developed as an independent
system component. Such technique is a property for ASIC design
methodology, where, basically, a whole system consists of several

IP CORE components.

1
2
Dkcortien iy _ v Bato ri-- e,
CoLEl
program _clck_rete B ace_bage 32:0) Ipt_dkciffr——————=a
+{rsT H
PKTBCL] PrOORm _chok_ BT ENCE_g K 15 D) (D) — pwm_onthr——— PR out H
W—{r KTEC LI -
D lscowthaby_ Wmdbator B
PKTDAT(?:DD—!—PI TOAT:0} transpo e o 1_lel kato - FPEAIGWE |+
P D12 IE)
PETDAT WIC——{p kTDATY paykad_ st nd et - ALDDR A0}
| pamer_state _ wekeato 1503
PKTSYMC——p kTsvnc PIDIZ:0 ]
Hpamer_sat _iyic
—{RsT co e iy_con e 16 Dy 0 )t
Prog@am _chok_ et B ace_bage G2:0)
aync_grmor_Ind kato - CEt
Program _clok_rterice_sxk s ba@Eds
t_ot 5'--'I0_I(|b-aml’+

ACr_processing

Parser

I3
WMOATA_IM(7: 0 O——noata_man FDATA_INT @
MOATE QUT (7 (0 ——m: UTF:0) FOATA_OUTA:
WA DDR(D: [ o m—n

oy .:.nnp..a:o.
MFPGAICREC——nrrcawre FPGAK RE[*
MFPGAIOYYEH ——{mercaiowe FPGAIOWE
CE_oUTEHE
ADDR_Decoder
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Block Diagram Editor

- simple hierarchy tool for designing a complex hardware
models based on IP Cores

Any compiled HDL source code, e.g. IP Core,
can be placed at the BDE sheet as a symbol.

Block Diagram Editor is a graphical tool used
to create hierarchical block diagrams.

The editor automatically translates graphically
designed diagrams into VHDL or Verilog code
as hierarchical structure.

Any compiled HDL source can be placed on
the BDE sheet as a simple symbol ready to be
connected to designed system (application for
IP Core based systems).
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Simulation Results

The simulation results could be saved as a waveform
document for future (post-synthesis, timing and
hardware accelerated simulations) comparisons.

The comparison process compares signal patterns with
actual values and marks all detected differences. This
can be highly customized through a number of options
that specify comparison:

range

offset

tolerance

compared signals hierarchy paths
maximum differences limit.
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DVB system settings

- the functional st mulation

While designing process of DVB project, there appears requirements
to use additional external applications (developed in C).

The Active-HDL environment makes possible to run external
applications (executables) by user for various purposes.

For the DVB design purposes, there has been developed two
applications:

IP CORE Configurator; customizes and starts simulation process,
MemoryAgent; graphical representation of the simulation results.

gl
Settings | Simulationl
Filters Rur— ~Filter Setting
W ShortFiter T || Fiter [Shot Fiter 1 ] ByteValus  Byte Mask
[+ Shart Filter 2 1|Duuuuunu |unuuunuu
[+ Shaort Filter 3 _
% Short Filer 4 FID: |nnnnuunnnnnnn 2|Dnnuunnn |nnnnnnun
Table |D: |nnnnnnuu 3|Dnnuunnn |nnnnnnun
[+ Long Filker 1
7 Long Filter 2 b ask: |nnnnnnuu 4|Dnnuunnn |nnnnnnun
[V Subtiting Fite 5' I
e ¥ CRC Check 6] |
] Yides ey g E'f;'ignfﬁfﬁk Check 7 |
[V Audio Filter ¥

- IP-Core Configurator

Settings  Simulation |

rTupe of zsimulation:

@ Behavioral

" Sunthesis

" Post-Sunthesis

" Postdmplementation

—Source files from:

{+ Exemplar Leanardo
(" FPGA Express
£ Sunplify Pro

Tirne:

|1D Ims vI Start |

=101

DB transport stream file

|E:'\M_I,IF'ru:uiects\hdI\DVB_filters'\src'\T Browse |

Dezcription:

OB trangport gtream

FID D'ezcription
0000000000000 Program Aszociation T able
00000110000 Program Map Table

0000010110100 Video
0000011010010 Audio

Sirmulation Time: 45 ms -
1 | | >|

REASON
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IDE Active-HDL Flow

function:
simulation

- timing
implementation simulation
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Flow Configuration

The flow supports the most known

- -
and widely used synthesis and — -
FPGA vendor implementation tools, 55“%5 | .
Tool harme: | Exemplar Leonardo -
e.g..
g Leonardo SpeCtrum Locatian; II::"\I:.-'-‘-.D"-.E:-:emplar"-.LEDSpEI:"'.LS2|:||:|2b_21"-bi _I
. - [~ Usze Server Fam j
Synpllfy Synp“CIty Irmplementation;
XST @ NIl (il Foundation 3.3
Location: IE:'\.E.-'-‘-.D'MXiIin:-:'\I::in'\nt _I
Xilinx Foundation 3.3 I Use Server Fam | r
ISE 51 Sirmulation:
™ Use Server Fam -
Altera Quartus - ' e
etaults:
The server farm technique makes B 2 Ctonie -
= possible to share and use servers
6 performance over local network. ok | Cocel | Hep |
#36 of 82
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RTL Simulation

- synthesis parameters

Both synthesis and implementation processes are fully configurable.

The configuration settings could be stored in the TCL file for future
command line operations.

Synthesis Options |
Dezigh Files:
- - JJ{GEI'lerEﬂvCLIStDmiZE]'l.UJ'rLibrariES"le'rSEWEF Farm"l\
SR DE fillers.adf =
[ TestBench_Sounce Top Lewvel Unit: |MPEGE_|:|eccuder x|
= Project_Source

EHO Behavioral Family ¢ |iinx-3.3 YIRTEX | Device : |ven0HG240 =]
—El + ADDFR_Decoder.

B %" ¢ Audio_Filter_Core Speed i |-4 |

- B« AW Fiter_Module
— [El % cro_table.vhd

- &l & Filters_FIFO.vhd

Simulation Sutput Farmat: € Mone ¥ YHDL ™ Werilag

B9 ¢ Gen,_orc, tabie.as FunMode: % Batch & GUI v auto-close
— [El & Long_Filkers_Grow

R Lang_Filter_Care. ¥ overwrite existing synthesis project
— El + Long_Filter_Maodu

FHE  MPEG2_system_ Generake Scripk |

— — 2l + package.vhd
% - Parser asf

- Bl PrR_reneassiny
4| 4

| k. I Cancel Help |
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RTL Simulation

- design complexity

REASON

Synthesis Results: Exemplar Leonardo v.2002 1d

Project Properties FPGA Family
Spartan 2 Virtex Virtex II

Logic Blocks 1845 1636 1725
Function Generators 3690 3271 3449
Flip-flops 2025 2068 2080
Input/Output Ports 78 78 78
Max Frequency 36.0 MHz 40.0 MHz 64.1 MHz
Suggested Device Part 28200fg256 V800hq240 2V500fg256
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Summary (software) Simulation
- Results

All simulations have been performed with
the same simulation parameters and computer
performance:

Simulation parameters:

Simulation time: 10ms

DVB stream file: test 03.dvb
Simulation results:

functional simulation lasted 10 seconds,

post-synthesis simulation takes about 70 minutes,
timing simulation has to go on for 90 minutes.
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Part 3, Summary

The software simulator performance abilities
pose a bottleneck of huge ASIC designs.

Acceleration of simulation is expecting

and required.
Most of them meets set demands, but almost
all require long time period of design

preparation for accelerated simulation,
e.g. synthesis and implementation steps.

The Incremental Prototyping of hardware
I embedded simulation technology cuts
@ the time-to-market developing period.

REASON
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PART 4

Hardware accelerated simulation

- the exercise

i #41 of 82
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Agenda of Part 4

Design Verification Manager overview.
HES and Active-HDL — quick start.

Design Verification Manager — prepare
design for hardware acceleration

Exercise 1; accelerated simulation of five
DVB components

Exercise 2; incremental prototyping
technology

Simulation verification & Benchmark Results.
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DVM Overview

DVM 2.x series provides many features and
enhancements that increase speed of design
preparation for acceleration with HES and come
closer to ASIC design acceleration with FPGA

technology.
The flow of design simulation with HES can be
summarized in three steps:

Extracting data for DVM.

Preparing design for acceleration.

Configuring design and HES boards to start
co-simulation.
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DVM Flow

Synthesis is performed incrementally.

User can use up to four HES boards
simultaneously.

After design partitioning and modules
selection for acceleration user specifies
additional properties as well as internal
signals for debugging if required.

Start
DVM Application

HES Environment
Configuraiton

Design Paritioning

At the end, FPGA implementation is Moaues Sicton
performed and bit-stream files are .
produced for HES boards configuration. pr—
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Hardware Accelerated Simulation
- acceleration environment

Synthesis
Tool

2

Kilinx
Implement. Tool

Design Verification Manager
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HES DVM

— general overview

REASON

Verilog XL
Active-HDL Riviera ModelSim
NC-SIM
Linux, Linux,
Platform MS Windows | MS Windows, | MS Windows, Solaris
Solaris Solaris
VHDL VHDL VHDL VHDL
HDL Verilog, . . Verilog, .
: Verilog, mixed : Verilog
mixed mixed
Board Tvoe V800 + V800 + V800 + V800 +
yP V2000DB V2000DB \V2000DB V2000DB
Synopsys
FPGA Express/Compiler I yes yes yes
Exemplar os Not supported os os
Leonardo Spectrum y on Linux OS y y
Synplicity
Synplify or Certify yes yes yes
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HES and Active-HDL — quick start

I #47 of 82
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Compilation of project sources

REASON

To start DVM manager and
setup the acceleration
environment, it Is
necessary to compile all
project files.

Open DVB design,

Execute the compile.do
macro located in the
$DSN\src\Project _Sourc
e\Synthesis folder,

This compiles all project
and test-bench files.

Unsorted
Workspace 'D¥B_filters": 1 design(s)

Ei

D¥B_filters
—g% Add New File
3 Start_simulation. do
FHT] TestBench_Source
EHZA? Project_Source
Iﬂ—}a? Synthesis

s Cnmpile, do

ol
& Remove
£ @, add file to design

-
- @ Execute

- £ Compile Al
B Campile All imFalder

o Copy Chrl+C
- ¢ I Paste (Erl Y

i
w 5 Create Mews Folder
] Renarme

Files CES

Source Conkrol *
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HES Data Generation (1)

The DVM requires specific
simulation data file, which  [e= =

Workspace "DYB_filters"; 1 design(s)

can be reached by & adremri
3 Stark_simulation. do

following steps: e

. . #H 7] MPEG-Z_Codec

1. Set the simulation top- ?“i:"‘-flei-l
level for DVB design, the '

(& ./FEC.vhd

& ./MPEGZ_decoder.vhd
testbench component in
this case.

J SRAM, vhd

o FesfRench.bde

=F &l ./ TestBench.vhd

M= Bicaihenchitesthench)
. & view Source
v ekl oot a5 Tap-Level
7 Sy Generate TestEench

_—>-_“|"” Add Mew Architecture, ..
i Edit Swrnbol

-




HES Data Generation (2)

2. In order to carry out the hes.dat generation, the HES Data

Generation option from the Design/Settings menu has to be
checked.

3. It is necessary to specify path to the HES Library
(libhes_riviera2.dll), which contains PLI functions for hes.dat

generation. 2
Werilog Libraries I YWerilog PLI I EDIF Libraries | Code Coverage
General I Compilation I SOF Simulation | Trace/Debug
General

[ Dizable wamings from SDF reader
[T FPGA& Booster

I HES Data Generation HES Librany...

WHOL Specific
[ lgnaore vital glitches
¥ Enable Vital acceleration

Werilog S pecific
[ Dizable timing checks
[ Dizable timing check messages
Drelay Selection: Typ Delay j
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HES Data Generation (3)

4. Initialize simulation to generate hes.dat .

{D¥B_Ifilters)

Yiews  Design

s |[g9

(=l Tools  Window  Help

Initialize Simulation

Initialize: Post Simulation Debug ‘

5. After the initialization is completed, the information about
hes.dat file generation will appear on the console window. It is
placed in the design root directory by default and the path to
hes.dat is displayed in the Console window.

Jimulation has bheen initialized

Gelected Top-Lewvel: testhench [(testhench)

FLI: Loading library 'C:%CAD%Aldech Active-HDL S5.Z%Vbinfsystcf.dll!
PLI: Loading library 'C:%CADWDVMZ3%bhin'libhes rivieraz.dll'

HEZ Riwviera/Active-HDL Generator. Wersion 2.2

Jimulator: Actiwve-HDL

Uriting : 'E:WMyProjects’hdlWDVE filters'hes.dat!'

Preparing hes.dat time: 2 [3]

Consaole

SH: SR H: H: cHr H: R H:
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Design Verification Manager
— preparing design for hardware acceleration
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DVB Components

The Incremental Prototyping Technology of
hardware embedded simulation accelerates
the time-to-market developing period of ASIC
designs through partial/total components
simulation.

Each of DVB project components could be
developed in a different time and by different
designers.

The simulation has been performed
— Incrementally.

REASON
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DVB Project settings

- exercise 1 , step A

REASON

VCO
Generator

A

Audio & Video

PCR Processor

stream filters

Transport Stream

Control
module

| Filtering Results |

Communication

AVR P
Interface

Microcontroller

FIFO ‘

Audio
Decoder
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DVB Project settings

- exercise 1 , step B

HES Design Verification Manager will
guide a designer through all steps
required to simulate a design in hardware.

The resulting bit-stream will be downloaded
into FPGA device at the beginning of
simulation process.

The DVM wizard generates a number
of files required to perform the appropriate
— software/hardware co-simulation.

REASON
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 DVB Project settings

- exercise 1, step C

Start the DVM manager from Active-HDL tools
menu.

4% Active HDL 5.2 (D¥B_filters) - Design Flow Manager

File Edit Search Yiew Design  Simulakion \window  Help

J Bz i o ’g@p % Execute macro...

Language Assistant

Generate Test Bench. ..

Iatesthench itestbench) & Server Farm...
#-{F testbench {testbench) $1% Signal Alias Editar...
—[@ std.standard ';p:t Code2Graphics Conversion Wizard, Chrl+-E

—&@ ieee.std_logic_1164
—& ieee.std_logic_arith
@ ieee.std_logic_unsigned

40 Active-CAD/FON Inport
24 Code Coverage

—& std.textio s [P CORE Generator
=" ieee.std_logic_textio EE A HES DV
@& dvb_filters.user_types PLI “Wizard
Preferences...
Cuskamize. ..
I
Source Control L
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~ DVB Project settings

- exercise 1, step D

Create a new project with the hes.dat file generated during simulation initialization.

%EDesign Yerification Manager - Moname * =100 x|

File Edit ‘iew Boards Synthesis  Module Port  Implementation  Tools  Help

Bl OBHB L ¢ €0 F0 e €0 Fnn AN
@oesion [ %0 | @ % (@ 2 1
I¥ Structure 1 & Find 1 Boards Infarmation X
~ Design Structure Board |Instan|:e |FF'GA Resources Interface Resources

=B TestBench: TestBenchitestbench) FEHES'I)(E["J 1 0% In0.0% Out:0.0%

d} U1: FEC{fec_body) RYHES Maodules In:0 Out:0 Debug:O
<-4k U2 MPEG2_system_demultiplexer(mpeg? & Clock Buffers 0%
ﬂ: U3: User_Interface(user_interface) (B Low Skew Lines 0%
R U MPEG2_decoderimpeg?_decader)
& U5 SRAM(sram)

L

— X ||

» Console | ¢% Transcript | [3 Synthesis | ¥ Implementation

»] -

[ i,
REASON |Ready /MTestBench |Active-HOL |Leonardo Spectrum #57 of 82




DVB Project settings

- exercise 1, step E

Selecting components for hardware accelerated simulation.

REASON

B Design Yerification Manager - E:/MyProjects/hdl/DYB_filters/DYE.dvm =gl =l
File Edit “iew Boards Swnthesis Module Paort  Implementation  Tools  Help
S o ~[OlaE D ek ele e €0 0 de €0 Flan AUk
Design | & Debuy | & w | DEHES Files | &, 1
3¥ Structure 1@ Find 1 Boards Infarmation ®
~ Design Structure | Board |Instan|:e |FF'GA Resources |Interfa|:e Resources
FdF TestBench: TestBenchitestbench) ~-ERHES1X800_1 17.29% (L) n:0.312% Out:0.2
...... £k U1 FEC(fec_body) i i Cut: 138 Deb
g0 U2 MPEG2 system_dermultip -k Parger fTestBench/LE2/UZ2 1.961% (L) In:12 Out:78 Debug
—dF U1 Filters_FIFO(filters_fifo) ~4F cro_table MestBench/U2/U3 5.665% (L) n:50 Out:32 Debur
-4 U2; Parser{parser) -1k Short_Filters_G/TestBench/UZ/U4 5.080% (L) In:56 COut:12 Debur
-4 U3: crc_table{crc_table) -4k Long_Filters_5/TestBench/UZ/\UE 3 BE6% (L) In:52 OutB Debug:
+- S U4: Short Filters Groupishort fil -k PCR_processir/TestBench/U2/US 0.930% (L) In:78 Out:10 Debur
-{k U5 Gen_crc_tahleigen cre_tahle) =% Clock Buffers 100.0% (HES @ 3)
-3 U6: Long_Filters_Group(long_filt A= PRTBCLK TestBench/U2/2
-~k U7: ADDR_Decoder{addr_decader) - NOT _CLK fMTestBench/LIZ/3
+-4F UB: Subtitling_Filter_Module{subtitli A= MOT_CLK_repl /TestBench/LI2/U3
-4/ U9: PCR_processing(per_process D Low Skew Lines 0%
-4k U10: AW Filter_Modulefav_filter_ma
4k U11: Status_Unitistatus_unit)
------ Ik U3 User_Interface{user_interface)
------ = U4 MPEG2 decoder(mpeg?_decoder)
------ £k U5 SRAM(sram)
4 B

|Ready

/TestBench/lJ2 |Active-HDL |Leonardo Spectrum
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DVB Project settings

- exercise 1, step F

Generating HES simulation environment.

REASON

%EDesign Yerification Manager - E:/MyProjects /hdl/D¥B_filters/D¥B.dvm * Y [m]
File Edit Wiew Boards Synthesis Module  Port  Implementation  Tools  Help
Fa Wl adS - QBB D LR LG EFEG F0 &Fle €0 Flww H|08
Design 1 ZE Dehug lﬁ F@ D2 HES Files 1% Irriplementation l
— Options —Files
—HES Files Folder —Encoding Generate Files | ™ Do not ask for overwrite
HES ticel g
|HES _practice]| Encaoding far HES Directory Path: [E-/MyProjects/hdl/DVE_filtarsisrc ﬂ

—HES Architecture Mame

|Arch_HES

— Configuration Options

Configuration Mame:

[ Do not use configuration

|HES_Cfy
[T Lewels limit:

[T Map generics

I 4

1l
WMy

0
0
1

v

0
1

0
.

I::éw%q:v:c
T LTI | |
WOOW oy W

[0

STD_LOGIC type

Generated Files =
F-[JHES_practice!
Ié--EjsimuI

@ rvh_filters cre_ tahle HES whd
-~ dvb_filters_Long_Filters_Group HES vhd
- dvb_filters_Parser HES whd
- dvb_filters_PCR_processing_HES vhd T
- dvb_filters_Shaort_Filters_Group_HES vhd
-8 mapping. map
-4 Simulate HES . do
-8 weork_cfo.vhd
- work_subcfg vhd
F-[AHES1XB00_1
- 01_package_package_0.vhd

F: = . B S ] e I L S LR s |

D = N Y -
| | B

|Ready

fMestBench/l2 [Active-HOL |Lennardn Spectrum
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 DVB Project settings

- exercise 1, step G

Performing the synthesis and implementation process.

=EDesign Yerification Manager - E:/MyProjects/hdl/D¥B_Ffilters/D¥B.dvm *

=101 x|

File  Edit “iew Boards Synthesis  Module Pork  Implementation  Tools  Help

G @0 Ae €0 Flaa #0

Design lﬁ Debug 1@ r&'

l D2 HES Files % Implementation 1

FPGA |Status
B HES 14500_1

Stop Implernentation | I¥ Run all boards concurrently

Place & Route

m Chip: 1

—Implermentation flow far HES1x800_1 - chip: 1
T

Translate

Synthesis

Place and Route

| Dane | | Done | |

Running

q [ [

|

» Console | 8 Transcript | [B Synthesis iaD‘%g,IrnpIernentatic:n1

+— X

= HESTXB00_1:1 |

Loading device database for application par from file "map.ncd™.

"HEZ top™ is an MNCD, wversion Z.32, device xew800, package hg240, speed -6
Loading device for application par from file 'wS00.nph' in environmeht
C:/CAD/Hilinx.

=l

-]

|Imp|ementatinn in progress. ..

REASON

iTestBench/U2 |Active-HDL |Leanardo Spectrum
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" DVB Project settings

- exercise 1, the partitioning table

REASON

Software Simulator

HES board

testbench

/U1:fec

/U2:mpeg2_ system_demultiplexer
/U2/U 1 filters_fifo
/U2/U10:av_filetr_module
/U2/U11:status_unit
/U2/U5:gen_crc_table
/U2/U7:.addr_decoder
/U2/U8:subtitling_filter _module
/U3:user _interface
/U4:mpeg_decoder

/US:sram

/U2/U2:parser
/U2/U3:crc_table
/U2/U4:short_filters _group
/U2/U6:long_filters _gourp
/U2/U9:pcr_processing
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DVB Project settings

- exercise 1

REASON

DVB project has been
split into two parts:

Hardware: contains /U2/U2 /U2/u4
/U2/U3

chosen components for

accelerated simulation,

Software: behavioral
or under development
components. i

/U2/uUl
/U2/U10 U3

HES (FPGA device)

/U2/U6 /U2/U9

US
/U2/U8 /U2/U7 | [/U2/U5

RTL software simulator
#62 of 82




DVB Project settings

- exercise 1, start simulation

To start accelerated T E—
simulation, execute [z,
generated by DVM the | (2o

EHZAT HES _practicel

simulation macro file: 7 e
$DSN\src\HES practice1 [ 20 o s o, 5

— & 7 dvb_Filters_parser_HES,vhd
-  J
\simul\Simulate_HES.do I unpgs
— . — & ? dvb_filkers_shart_Filkers_group_HES.vhd
— &l ? dvb_filkers_subcfg.vhd

&% Compile Al
——
Campile &llin Falder
w Copy Chrl+C @




DVB Project settings

- exercise 1, simulation process

The console window reports about
connection between software simulator
and HES board while simulation
initialization. This indicates, that S YReTeRrSepT T —T—T—
selected for hardware accelerated Bt fec fecbod)
simulation modules have been

downloaded into an FPGA device on
HES board.

The structure tab of Design Browser
presents all design components and
design hierarchy. Components

BEOWS

I Etestbench_hes_cfg

: parser (arch_hes)

: cre_table {arch_hes)

1 shart_filkers_agroup (arch_hes)

: gen_crc_table {gen_crc_table)

: long_filkers_group {arch_hes)

: addr_decoder {addr_decoder)

+ subkitling_filker _module {subkiting_filter _rmodul
' por_processing (arch_hes)

F-FUS @ user_interface (user_interface)

accelerated by HES are ||Sted Wlth F-1EF U4 mpeg?_decoder (mpegZ_decoder)
” . . g +TF LS ¢ sram {sram
,(arch_hes)” as architecture definition. _[g}stdifandari :'

? Fileg % Structure (3 Resources [
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DVB Project settings

- exercise 1, simulation review

The simulation user interface has not been
changed.

The only difference is the significant
acceleration of the simulation process.

The RTL (software) simulator performs
simulation process (computation) for a part
(defined software components) of the DVB
project only.
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Simulation results
- end exercise 1

REASON

Components with the ,,arch _hes” architecture name
(listed in the simulation structure) are located in the FPGA
device, on the HES board.

e

(PR os RQSm R QAR W ER e et 4%
IEhes—ch j Marne Walue v g0y 200 o 300, 400 o, BOO o EOQD VOO o, 00 m us
=Tk hes_cfg : TestBench {testbench) ar BUS 2646 FF ::’E‘E""E":"I’I'.I’.:’I‘I’E’:’I”I’E’I’:ﬁﬁ’:ﬂ" =
TE Ut : fec (fec_body) ar BUS30T o021 03FF T
-k Uz : mpeg2_system_demultiplexer {mpegZ_sy
- - - [+ ar ] 140
Lk U1 : filkers_Fifo (Filkers_Fifo) ¥ BUSS57S 14D }(
LE 10 : av_filker_module (av_Filter_module) ar BUSHETE Co
e 11 skabus_unit {status_unit) ar BLSERE3 o
Lk Uz : parser {arch_hes) = BLISE] 7S Fr
¥
Lk U3 cro_kable {arch_hes)
Tk U4 : short_Filters_group {arch_hes) ar BLISSY FF
Tk S : gen_crc_table {gen_crc_table) ar WETR249 i
Lk U6 : long_Filkers_group {(arch_hes)
nr
Tk U7 : addr_decoder {addr_decader) NETES53 o
Tk s : subkiting_Filker_maodule {subtitling_Filt ar METEIS3 0
LE U9 : por_processing farch_hes) ar NETR998 ]
F-TE U3 : user_inkerface {user_interface)
#-TF U4 : mpeg2_decoder (mpeg2_decoder) wrNETFY o
F-LEUS : sram (sram) ar METS5 1
—[@ std.standard ar METES 0
—@ ieee.std_logic_1164
—[@ ieee.std_logic_arith ® Intermupt 1
@ ieee.std_logic_unsigned oPuMon 1 I

—[@ std.textio

= Files

;$ Structure f;j Fesources

BEGHE

IL
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DVB Project settings

- exercise 2

REASON

The Incremental Prototyping Technology is
based on existing and already implemented
design components.

It is not necessary to perform all synthesis and
implementation steps for components computed
during ,exercise 1°.

The DVM manager only performs synthesis and
implementation steps for new selected (delegated
for hardware accelerated simulation) DVB design
components.

This significantly increases, in addition, preparation
of design for verification process.
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DVB Project settings

- exercise 2, step A

VCO
Generator

A
Audio

Audio & Video > Decoder
PCR Processor .
stream filters _
—»  Video
FEC —P

Transport Stream

Filtering Results
Memory
ontroller

REASON #68 of 82
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DVB Project settings

- €XErcise 2, operating system information

The HES technology supports many
operating systems.

Next DVM steps (generation of HES files and
implementation bitstream) will be performed
on SUN workstation with Solaris 8.0 operating
system.

H #69 of 82
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DVB Project settings

- exercise 2, step B

Loading the DVM project (saved during exercise 1).

REASON

File  Edit ‘\iew  Boards

Synthesis  Module  Port

Implementation  Tools

A2 ~olaEa el

Cresign

D=2 HES Fles | ¥, Implementation

&F sStructure 1@ Firct 1

Boards Information

1% & & )6 g0 e &0 &% #058

> Design Structure

ul: FEC{far_bady )

------ k7 ui: Fitters FIFO(filters fifo)
------ 3./ u2: Parser{parser)
------ 4./ u3: crc_table{crc table)

------ k7 u5: Gen_crc_table{gen crc table)

- ub: Long Fitters Groupilony filters group)
------ {k7u?: ADDR Decoderiaddr decoder)

------ ./u9: PCR processing{pcr processing)
-7 ul0: AV Filter Module{av filter module)
BT ull: Status Unit{status unit)

u3: User_|nterface{user_interface)

ud: MPEG2_decoder{mped2_decader )

u2: MPEG2_system_demultiplexer{mpeg2_systern_demultip

-/ ud: Short Filters Groupishort filkers group)

-7 ug: Subtitling Filter Module{subtitling filter mod:

Board Instance

= F'HES2X 1000MB 1
P HES Morules

MestBenchiuZi2
MestBenchiu2ius
Ik Shart_Filters_Gro TestBenchu2iug
Ik Long_Filters_Grou MMestBench2ie
-k PCR_processing  TestBenchiu2ig
@Daughter Bioard Mocul

& Clock Buffers

----- @. Low Skew Lines

FP G Hesources

32.92% (L)
3.806% (L3
1068% (L)
9.218% (L3
B.718% (LY
2.402% (L3

BO0% (HES :12)
0%

Interface Resaurces

Dt f
In:248 Out:138 Debug0
In:12 Out:75 Debug:0
In:50 Out;32 Debug:0
In:56 Out:12 Debug:0
I:52 Out:6 Debug:d
In:78 Out:10 Debug:0
I Qut:0

3 Console | &5 Transoript | [ Synthesis

Beu Implerneritation

Przetsynthtop /TestBench/ul mb
Przetsynthtop /TestBench/m2 m7?
Yrzetsunthtop /TestBench/umz/ms
»setspnthtop STestBench/uz ml0

e e e R o A P Il I |

Fieady

MMestBench

ModelSimn |Leonardo Spectrum
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- DVB Project settings

- exercise 2, step C

Adding additional design components to the HES board.

File  Edit Miew Boards  Synthesis  Module Port  Ioplementation  Tools Help

Fedadzd o~ Olodpeppda@goa e @ o Flaa Ak

Design | % @ Eny OZ HES Fles | %,
¥ Structure 1@ Find 1 Boards Information "
+ Design Structure Board |Instance |FPGA Resources Interface Resaurces
=B TestBerch: TestBenc =-#HES2X1000MB 1 46 41% (L) Ih:0.081%  Out:0082%
e MestBenchiu2iu2 3.908% (L I'12 QOut:7s Debug:0
F-4F w2 MPEG2_systemn_cemultiplexer(mped2_system _demultin - Parser ELRENG ’ (L n - Ehug:
4 J ul: Fitters FIFO(filters fifo) -k cre_table fMestBench/uZu3 1065% (L) In:50 Cut:32 Debog:0
‘Juz. e EEa -k Shart_Filters_Grai MestBenchuziud 9.218% (L) Ih:36 Cut:12 Debug:0
] rip r} | L
4k J ik cre tablefcre table -k Long_Filters_Grou MestBenchu2/ug BF18% (L) In:52 Dut:6 Debug:0
-‘Jud\: Short Filters Group{short filters _grou ﬂ; FCR_processing MestBenchfuz/ug 2.402% (L) In:7d Out:10 Debug:0
-k Jub: Gen_crc_table(qen crc table -k Filters_FIFO MestBenchiu2an TA21% (L) 7S Cut:55 Debog0
g4 Ju6: Long Filters Group(long filters grou -k Gen_crc_table MestBenchiu2iub 0.957% (L) In:2 Out:43 Debug:0
_“...‘Jud—u—?. ADDR. Decoder(addr decoder) offF ADDFR_Decocer  festBenchiu27 0.156% (L) 27 Cut:39 Debog0
4./ ug: Subtitling Filter Module{subtitling filter mod: {0k Subtiting_Fiter_M MestBenchi2lud — 1.533% (L) 7D @S DT
4 Jud: PCR _processingiper processin ~Jf &\ _Filter_Module fTestBenchiu2td 1.821% (L) 48 Cut:12 Debog0
-4 ful0: AV Filter Modulefav filter module} I - Statuz_Lnit MestBenchii211 - 1.796% (L) In:54 Out:18 Debug:0
.4k Jull: Status Unitistatus it -4 Daughter Board Modul I:0 Qut:0
- 100.0% (HES 15
------ 1k ud: User_Interface(user_interface) ﬂ % CloE; @iirs t )
= . i bRy Low Skew Lines 0%
I L]
I
¥ Console 1$Transcript 1 (2 Synthesis 13‘30 Implementation 1
0 FRAMEWORK: setting clock on port 'FRGAIOWE®
0 FRAMEWORK: Internal clocks:
O FEAMEWORE: Internal clock on signal ‘nwdd21¢, instance *Sstatus wnit’, dreivers: 287
pod
Feacly MestBench [ModelSim [Leonarda Spectum | #71 of 82
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DVB Project settings

- exercise 2, step D

Generating HES simulation environment for exercise 2.

HES_practice2
Arch_HES ES_practice2

simul

wark_Parser_HES vhd
= {&] work_cre_table HES vhd
(&) work_Short_Filters_Group_HES vhd
(&) work_Long_Filters_Group_HES vhl
= !H (& wark_PCR_processing_HES vhd
r (& work_Fitters_FIFO_HES vhol
(& work_Gen_crc_table_HES whd

& work_aDDR_Decoder _HES vhd

0 GEMERATOR: Writing configueation £ilefs)h...
0 GEMERATOR: Writing simmlation scripk. ..

0 GEHERATOR! Files generated successfully.

pod

‘ONSOLE
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DVB Project settings

- exercise 2, step E

Performing the synthesis and implementation process.

. Pere | [ Dene | | Fuming |

0 TMPLEMENTATIOH: HES2X1000ME_1:1:
0 ITMPLEMENTATION: HES2X1000ME_1:1: Fhasze 4.2

0 TMPLEMENTATION: HESZ2X1000ME_1:1: Fhasze 3,23 {checksum:33527a) BEAL time: 17 secs
pod

‘ONSOLE

\L
i
|

REASON



- DVB Project settings

- exercise 2, the partitioning table

Software Simulator Hardware Accelerated
testbench /U2/U2:parser
/U1:fec /U2/U3:crc_table
/U2:mpeg2_ system_demultiplexer /U2/U1:filters_fifo
/U3:user_interface /U2/U4:short_filters_group
/U4:mpeg_decoder /U2/U6:long_filters_gourp
/US:sram /U2/U9:pcr_processing

/U2/U10:av_filetr_module
/U2/US:gen_crc_table

/U2/U8:subtitling_filter _module
/U2/U11:status_unit

/U2/U7:addr_decoder

I #74 of 82
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DVB Project settings

- exercise 2

REASON

DVB project has been
split into two parts:

Hardware: contains U2/U2 y2/u1

all components resides FA=A
at the U2 level of /U2/U6
design hierarchy,

Software: behavioral
or under development
components.

RTL software simulator

/U2/U5

/U2/U3

HES (FPGA device)

JAVP YAV

/U2/U7

/U2/U10

/U2/U9

/U2/uUl1l
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DVB Project settings

- end exercise 2

REASON

Components with the ,,arch _hes” architecture name
(listed in the simulation structure) are located
in the FPGA device, on the HES board.

&na\wmwa l;m|@l@l..&\%\mnﬁ@|m——m|ﬂ .=|A%%>"

Iﬂhes_cfg j

=1k hes_cfg : TestBench {testbench)

Tk Ut : fer tfec_body)

-k Uz : mpegZ_system_demultiplexer (mpegz_sy
Tk U1 : Filkers_Fifo (arch_hes)

Tk U100 : av_Filker_module {arch_hes)

Lk U1t : status_unit (arch_hes)

: parser (arch_hes)

» cri_table (arch_hes)

» short_filkers_group (arch_hes)

: gen_crc_table {arch_hes)

» long_filkers_group (arch_hes)

» addr_decoder {arch_hes)

» subtitling_filker _module {arch_hes)

: per_processing (arch_hes)
-1 U3 ¢ user_inkerface fuser_interface)
FH-1F U4 1 mpegz_decoder impea2_decoder)
E-TEUs ¢ sram (sranm)

—[@ std.standard

—&@ ieee.std_logic_1164
—&@ ieee.std_logic_arith
—&@ ieee.std_logic_unsigned
—[& std.textio

Mame Walue 100 200 300 400 &00 E00 . VOO 200 1000 ue us
o BUS 2645 FF 2 tl + fﬂfﬂHﬂ&.ﬂﬂﬂﬂ;ﬂﬂ.ﬁﬂ
ar BUS 307 0oz n3FF Fooi7 ¥zt
ar BLSES7S 14D (0 F
ar BS5579 co 00 o
ar BLISE533 a0 50 o
ar BLSE75 FF L ETERE R VRN SR Y
ar BLISS7 FF EHEE SRR S EER L EEEN S A EN N Y
ar NET5243 0 |
ar NETE553 0 TS
ar NETEI53 ]
ar NETE398 1 TS
ar NETF7 ]
ar NETES 1 |
 NETES 0 L L
= Intermupt 1 L |
= Fubd_out 1 -
4] [r]w]a|w

S

Files ;? Structure f'.::; Resources
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Results Verification
&

Benchmarks

I #77 of 82
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Results Verification (1)
- graphical comparison

There are two variants of waveform
comparison operation:

compare all signals in two waveform files,

compare signals selected in source
waveform file.
Any of these two operations can be initiated
from the Waveform Viewer/Editor toolbar
or from the Waveform menu.

The signals are compared in accordance
— with their names.

i #78 of 82
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Results Verification (2)
- graphical comparison

Comparison of exercise 1 and exercise 2 simulation results.

I arne Walue SH... v g .o 2000 . 3O . . 4000 . , . BOO . o . oEQO . o . FOD . o . BOO . o . oHOOD . |'-|5

wr BUS5579
ar BLS55E3
ar BUSET7E
r BUSS7
ar NETEZ7E
ar NETESSS
ar hETESS3
o NETEI3S
ar MET77
 NETES
rMNETES

< [nkerrupt

© Fuh_out

design flow practivel si

o # ELEREAD: Elaboration time 0.6 [=3]. ;I
o # Comparing waveforms: "practivel simulation.awt” - "practiveZ simalation.awt”
I Off e _I

o # Z0 =zignal(2) cowpared, 0 difference(z2) found in 0 =ignalis)
o # Double click on this line to wiew the log file 'd:\MyProjects\hdl\DVE_filters)loghpractivel simulation.
htm' .
> Ll
B Console
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Results Verification (3)
- graphical comparison

REASON

Comparison of behavioral and exercise 1 simulation results.

Mame Walue L 200 . oty ! e A A e T m
& PETEAD 0 —
& PKTBCLK 0 e

B & PKTDAT CE @ A
B PETDATY 1 |
& PKTSYNC 0 LI L]
> RST 0
= F_WEN 0

- F_ADDR FFFF FFFF

° F_WR_DATA  E1 @

H 2 AYDAT DD o
= VSTROBE 0
= 45TROBE 0 |
= jmterupt 1 ] ] | | | | =

(e

o # Comparing waveforms: "practicel simulation .awf" - "behavioral simulation.awvf” ;I

o f 13 =2ignal (=) cowpared, 0 difference(s) found in 0 =ignal(3)
o # Double click on this line to wview the log file 'd:iWMyProjects\hdl\DVE filters) logh
practicel simulation . htm'. _I

Console
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Benchmark Results

Simulation Type |Simulation Level |Results
%’- g> Functional 10 sec
=
= 2 Post-Synthesis 4200 sec (1h 10min)
= D
S o Post-Implementation | 5400 sec (1h 30 min)
w > Exercise 1 design 69 sec (60x speed up
=0 I . . :
3 9 9 configuration vs. post-synthesis)
c =q
5 S = . .
. Exercise 2 design 28 sec (150x speed up
S ® o . . .
— Q configuration vs. post-synthesis)

REASON
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Thank You
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