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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. 
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PART 1

Modern ASIC design flow conception 
based on hardware accelerated 

simulation
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The Traditional Design Flow 
– validation steps
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The Traditional Design Flow 
– incremental prototyping process
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The Traditional Design Flow 
– the property

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 
IP-cores slow a whole design verification.
This flow is dedicated only for small designs.
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New conception of design flow for  
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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.
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New conception of design flow for  ASICs
– functional verification
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.
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New conception of design flow for  ASICs
– time costs
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Total simulation time is 
the sum of simulation 
times for all blocks.

The simulation time of 
„accelerated” blocks is 
drastically decreased 
(it is approximately 
“ZERO” in comparison 
with software 
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.
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PART 2

Hardware accelerated simulation 
technology
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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
SUN with UNIX
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Hardware Accelerated Simulation 
- design types of acceleration

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 Simulation 
- the partial design acceleration IPTM
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Hardware Accelerated Simulation
– Incremental Prototyping and/or Co-simulation

The design remains ‘connected’ by HES through 
the PCI interface.
Any new added logic blocks will be automatically 
connected with the VHDL1, EDIF1,  and Verilog1 
through the signal names
Co-simulation is performing by PLI, FLI or VHPI 
interface.
Debugging can be performed in the user-familiar 
simulator environment. No need to learn a new 
simulator.

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

RTL software simulator
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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.
PCI Card, small form factor.
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PART 3

Presentation of new design flow 
with a project example
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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.
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The DVB stream filters unit – a design example
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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.
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The DVB stream filters unit design
- overview

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

and managing
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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.



#29 of 82REASON

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.
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Design Browser 
- project sources manager

Design Browser is a tool designed 
to help user managing projects, 
sources, resources, workspace. 
The Design Browser window 
includes three tabs:

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



#34 of 82REASON

DVB system settings
- the functional simulation

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.
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IDE Active-HDL Flow
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Flow Configuration
The flow supports the most  known 
and widely used synthesis and 
FPGA vendor implementation tools, 
e.g.:

Leonardo Spectrum
Synplify Synplicity
XST

Xilinx Foundation 3.3
ISE 5.1
Altera Quartus

The server farm technique  makes 
possible to share and use servers 
performance over local network.
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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.
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RTL Simulation
- design complexity
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Synthesis Results: Exemplar Leonardo v.2002_1d 
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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 
embedded simulation technology cuts 
the time-to-market developing period.



#41 of 82REASON

PART 4

Hardware accelerated simulation

- the exercise
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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. 
At the end, FPGA implementation is 
performed and bit-stream files are 
produced for HES boards configuration.
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Hardware Accelerated Simulation 
- acceleration environment
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HES DVM 
– general overview
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HES and Active-HDL – quick start
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Compilation of project sources

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.
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HES Data Generation (1)
The DVM requires specific 
simulation data file, which 
can be reached by 
following steps:

1. Set the simulation top-
level for DVB design, the 
testbench component in 
this case.
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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.
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HES Data Generation (3)

4. Initialize simulation to generate hes.dat .

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.
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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.
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DVB Project settings
- exercise 1 , step A
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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.
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DVB Project settings
- exercise 1, step C

Start the DVM manager from Active-HDL tools 
menu.
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DVB Project settings
- exercise 1, step D

Create a new project with the hes.dat file generated during simulation initialization.
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DVB Project settings
- exercise 1, step E

Selecting components for hardware accelerated simulation.
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DVB Project settings
- exercise 1, step F

Generating HES simulation environment.
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DVB Project settings
- exercise 1, step G

Performing the synthesis and implementation process.
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DVB Project settings
- exercise 1, the partitioning table

/U2/U2:parser
/U2/U3:crc_table
/U2/U4:short_filters_group
/U2/U6:long_filters_gourp
/U2/U9:pcr_processing

testbench
/U1:fec
/U2:mpeg2_system_demultiplexer
/U2/U1: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
/U5:sram

HES boardSoftware Simulator
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DVB Project settings
- exercise 1

DVB project has been 
split into two parts:

Hardware: contains 
chosen components for 
accelerated simulation,
Software: behavioral 
or under development  
components.

RTL software simulator

U1

U3

U4

PCI Interface

/U2/U2

HES (FPGA device)

U5

U2

/U2/U3
/U2/U4

/U2/U6 /U2/U9

/U2/U1

/U2/U5/U2/U7/U2/U8

/U2/U10
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DVB Project settings
- exercise 1, start simulation

To start accelerated 
simulation, execute 
generated by DVM the 
simulation macro file:
$DSN\src\HES_practice1
\simul\Simulate_HES.do
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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 
selected for hardware accelerated 
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 
accelerated by  HES are listed with 
„(arch_hes)” as architecture definition.
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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
Components with the „arch_hes” architecture name 
(listed in the simulation structure) are located in the FPGA 
device, on the HES board.
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DVB Project settings
- exercise 2

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.



#68 of 82REASON

DVB Project settings
- exercise 2, step A
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DVB Project settings
- exercise 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. 
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DVB Project settings
- exercise 2, step B

Loading the DVM project (saved during exercise 1).
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DVB Project settings
- exercise 2, step C

Adding additional design components to the HES board.
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DVB Project settings
- exercise 2, step D

Generating HES simulation environment for exercise 2.
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DVB Project settings
- exercise 2, step E

Performing the synthesis and implementation process.
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DVB Project settings
- exercise 2, the partitioning table

/U2/U2:parser
/U2/U3:crc_table
/U2/U1:filters_fifo
/U2/U4:short_filters_group
/U2/U6:long_filters_gourp
/U2/U9:pcr_processing
/U2/U10:av_filetr_module
/U2/U5:gen_crc_table
/U2/U8:subtitling_filter_module 
/U2/U11:status_unit
/U2/U7:addr_decoder

testbench
/U1:fec
/U2:mpeg2_system_demultiplexer
/U3:user_interface
/U4:mpeg_decoder
/U5:sram

Hardware AcceleratedSoftware Simulator
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DVB Project settings
- exercise 2

DVB project has been 
split into two parts:

Hardware: contains 
all components resides 
at the U2 level of 
design hierarchy,
Software: behavioral 
or under development  
components.

RTL software simulator

U1
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DVB Project settings
- end exercise 2
Components with the „arch_hes” architecture name 
(listed in the simulation structure) are located 
in the FPGA device, on the HES board.
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Results Verification
&

Benchmarks
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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. 
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Results Verification (2)
- graphical comparison

Comparison of exercise 1 and exercise 2 simulation results.
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Results Verification (3)
- graphical comparison

Comparison of behavioral and exercise 1 simulation results.
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Benchmark Results
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Thank You


