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Abstract - A huge part of the HDL development process is 
spent on testing and simulation. Supporting the idea of a testbench 
design automation, we present a module of the HDL IP Cores 
system, integrated with a client-side eclipse plug-in, as an 
automatic testbench search engine embedded inside the designer's 
native programming environment. The concept is extended with 
the use of a simulator for compatibility verification and existing 
results ranking improvement.  
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I. INTRODUCTION 
 

The frequent use of the programmable chips in 
production systems requires reliability and stability, so the 
whole process of HDL design must be kept in an enterprise 
level, guaranteeing customer's satisfaction and security. 
Companies, aware of this fact, are very interested in the 
improvement of testing and verification methods of their 
products [1][2]. Some of them have a separate testing 
departments, fully dedicated to the IP cores verification 
[3][4]. and also have advanced testing process workflows, 
that greatly decrease the error probability [5]. 

The era of open-source development allows a 
significant rise in the development of applications. Outside 
the commercial world, there is a bunch of open source 
HDL including test benches. There are several web portals, 
groups and online communities [6]-[12]. These repositories 
have too many projects in which it is very difficult to find 
the required component and also there is no central hub to 
connect all of them together, so the designer have to visit 
them one by one. Yet many people worldwide work on a 
similar projects and design very related IP cores and 
testbenches, but unfortunately are not aware of each other, 
do the same thing and waste time. 

There are also numerous of open source testbench files 
on the Internet and enterprise development allows and 
stimulates the code reuse, that is of a particular importance 
time saving. But, it is very difficult to get the right one, due 
to the large growth of the set of existing testbench 
components available online, which should be searched 
including the procedure of checking the parts, that the 
testbench contains, before using it in your project. 

More over large companies have their own huge 
repositories of testbenches, used in the past (fully verified), 
and face the same problem of lack of automation tools 

inside their borders, that will support the code reuse and 
speed up the development process. So, the testing and 
debugging process is yet quite time consuming [13] and 
commercially inefficient. 

 
The HDL design, without doubts, depends on the 

testing and simulation, that sometimes take a lot of time  
[14]. Very often, the time required to write a testbench is 
comparable to the time required to prepare the IP core 
itself, that is a quite undesirable information for the 
companies' management teams.  

In that direction we present a concept for testbench 
retrieval and seamless integration into the designers' native 
workspace. Using our existing HDL IP Cores system [15] 
and integrating existing client-side tools and simulators, we 
managed to go a step forward and provide the users an 
automated functionality of a testbench search and 
download directly inside their HDL programming 
environment. 

 
II. Related Work 

 
A. HDL IP Cores System - Overview 
 
 

 

Fig. 1 - HDL IP Cores architecture 
 

The system, Fig. 1, consists of a server side application 
and a client side eclipse plug-in. The server side application 
contains a web crawler, that downloads IP cores from the 
Internet and then each IP core passes through a process of 
annotation. The metadata together with the IP core source 
information are stored in RDF Repository. HDL IP Cores 
system does a deeper semantic annotation and provides 
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components ranking by similarity and compatibility with a 
given component.  

The second part of our system is the client side Eclipse 
plug-in, that can access the core system through a web 
service interface. The main idea is to provide the users with 
the functionality of searching and downloading IP Cores 
available and annotated in the server-side repository. We 
use the “Sigasi” editor plug-in [16] for the client side HDL 
functionalities, but any other plug-in, that provides HDL 
editor, may be used. Annotation is based on the knowledge 
placed in our custom ontology [17].   
 
B. Functionalities of the existing simulators 
 

Verissimo System Verilog Testbench Linter [18] is a 
coding guideline and verification methodology compliance 
checker, that enables engineers to perform an additional 
audit of their testbenches. With this tool, designers can 
check whether their code is free of language pitfalls and 
semantic or style issues, and compliant with the appropriate 
methodologies. Verissimo can be customized to check 
specific group or corporate coding guidelines to ensure 
consistency and best practices in code development. For 
example, the possibility of implementing the same 
functionality in multiple ways may impact the simulation 
performance or lead to unexpected behavior. 

VCS’ Native Testbench (NTB) [19] technology 
provides built-in natively-compiled support for  
full-featured System Verilog and Open Vera testbenches, 
including object-oriented, constrained-random stimulus and 
functional coverage capabilities. VCS further expands its 
capabilities with Echo constraint expression convergence 
technology. Echo automatically generates stimuli to 
efficiently cover the testbench constraint space, 
significantly reducing the manual effort needed to verify a 
large number of functional scenarios. Echo is a perfect fit 
for all teams using System Verilog testbenches with 
random constraints. 

Cadence's Enterprise Simulator [20] supports all  
IEEE-standard languages, the Open Verification 
Methodology (OVM), Accellera’s Universal Verification 
Methodology (UVM), and the e Reuse Methodology 
(eRM), making it quick and easy to integrate with your 
established verification flows. Functionality of Enterprise 
Simulator provides a high-throughput channel between the 
testbench and the device under test (DUT). This enables 
automated metric-driven verification of embedded software 
exactly as if it was another part of the DUT. Today, 
Enterprise Simulator fuels testbench automation, reuse, and 
analysis to verify designs from the system level, through 
RTL, to the gate level. It supports the metric-driven 
approach implemented by Incisive Enterprise Manager. Its 
native-compiled architecture speeds the simultaneous 
simulation of transaction-level, behavioural, low-power, 
RTL, and gate-level models—critical to the verification of 

a modern multi-language, multi-abstraction and mixed-
signal SoC. 

Xilinx ISE Simulator (ISim) [21] provides a complete, 
full-featured HDL simulator integrated within ISE. HDL 
simulation now can be an even more fundamental step 
within your design flow with the tight integration with the 
ISim within your design environment. Xilinx tools 
automatically generate lines of VHDL code in the 
testbench file to get you started with circuit signals 
definition and define the inputs and outputs. The simulator 
has few other tools in order to run, pause and stop the 
simulation. 

Despite the mentioned simulator implementations and 
their basic logic [22], there are also useful ideas for 
conceptual improvement [23][24]. All previously 
mentioned simulators have different features that 
implement the simulation (verification) of the  testbench 
components. But they come to the scene after the designer 
would manually instantiate a testbench component in the 
simulator and then use the available tools. None of the 
previously mentioned simulators offers an automatic online 
search for testbench components and easy code reuse. 
 

IV. Test bench provider module 
 

Our approach is a context aware testbench search tool, 
that use ontology-based knowledgebase. Our system uses 
semantic annotated data to find the right testbench 
component and integrate into the development environment 
of the user, in our case Eclipse. HDL IP Cores system will 
be used to facilitate the generation of the result list of 
testbenches. But also, a server side verification of the 
compatibility between the testbench and component is 
required. The system should perform a verification i.e. 
automatic simulation of the testbench, producing ranked 
result list of suitable testbenches. The simulation also could 
be made on the client side, using a simulator, that is 
embedded in our plug-in or engaging with another  
third-party plug-in simulator, already installed inside the 
client environment. 
 
A. Test-bench retrieval process  
 
In our system, the search for a testbench is made by the use 
of a search engine, based on OWL domain ontology and 
RDF knowledgebase [15]. Since the HDL files have a 
predefined structure by themselves, the annotation is done 
automatically, using custom ontology as a domain data 
schema. Although the process requires no further input by 
the end users, it is a step forward in the HDL code search 
engines improvement. 

Our tool enables the designer to search directly from his 
workspace, i.e. to run the “Find Testbench”-tool, Fig. 2, 
with a right-click on the component file. User's component 
is then sent to the HDL IP Cores server, annotated and used 
as an input to the compatible testbenches list generator. 
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Fig. 2 - Client side functionality 
 
The search is made by matching the semantic concepts 

specified in the user's request and the semantic annotations 
of the components available in the RDF repository of the 
system, Fig. 3. Also a very important part of the result list 
is the port map between the user's required component and 
resulting testbench's component (the component which is 
inside the testbench in the repository, Fig. 3), that enables 
the client plug-in to instantiate the user's component inside 
the testbench and run the simulation automatically .  

A new window will display the testbench components 
that correspond to the selected component. This is 
especially important for the designer, because he will 
obtain the testbench compatible to his component within 
his project, without  Internet browsing and downloading 
hundreds of files and archives. 

 

 
Fig. 3 - The matching process 

 
The system provides a preview of the test bench 

component and after the user's choice, the testbench will be 
instantly downloaded to the project and lead the user just a 
step to the simulation execution.  

We have to note that automatic file download is done in 
run time, directly from the original file URL. There is no 
HDL code in the HDL IP Cores repository, supporting the 
intellectual property and licensing paradigm and possible 
licensing condition changes in future. Direct download is 
available for the license free IP cores only and when the IP 
core is published under different license, the system will 
redirect the user to the IP core provider's web site. 
 
B. Testbench compatibility verification 
 

The testbench generates input values for the design 
under testing and checks the answers, so design must be 

simulated carefully to find errors. The patterns, VHDL 
simulation stimuli, are described in a specific formalism, 
that can be captured using a dedicated language generation 
pattern. Once a VHDL behavioral description is written 
and a set of test vectors have been determined, a functional 
simulation is started.  

To simulate a design the testbench must be compatible 
with the architecture or otherwise warnings or errors will 
appear in the simulator's output. We propose to instantiate 
the testbench, run the simulator automatically and use the 
simulator's output in the testbench results ranking process. 
Moreover, the result list may contain warning and error 
flags on each result item, notifying the client that if he 
chooses that testbench he will have to review and correct 
warnings and/or errors in order to go on with the simulation 
process. In our system there are two possible verification 
solutions, a client side and a server side. 

The first scenario is the simulation on the client-side 
application (Eclipse plug-in) that includes simulation of the 
actual testbench component. There are several different 
simulation tools. One is DVT Eclipse, which is a plug-in 
for Eclipse [25], providing a satisfying environment to 
simulate a testbench. DVT integrates seamlessly with all 
major hardware simulators to enable simplified simulation 
analysis. The designer may execute the simulation of the 
testbench component right in his project. Using the 
capabilities of DVT and its integration into our system will 
enable automatic compatibility verification on the list of 
testbenches received from the HDL IP Cores server. 

This will allow verification of the semantically 
annotated testbenches for the selected component, and will 
show to  designer the test benches which are the most 
compatible with the component architecture. The simulator 
would be integrated on the client side as a part of the 
Eclipse Core Packages. It will accelerate the process of 
finding the most compatible test benches and will save time 
compared with the manual simulation, Fig. 4, because the 
testbench will already be inside the designer's project and 
will encompass syntax and semantic checks with errors 
highlighted as the designer types, will do an initial port 
mapping. 

 
Fig. 4 - Client side simulator 



Proceedings of the 5th Small Systems Simulation Symposium 2014, Niš, Serbia, 12th-14th February 2014 
 

111 
 

Since the compatibility check is made on the client side, 
we may optionally provide integration with few other 
simulators available for Eclipse and the user will be able to 
choose among them and use his preferred one together with 
our system. 

The second possible solution architecture, Fig. 5, is to 
set the simulator [26] on the server side. Its role again will 
be to determine the compatibility between components and 
test benches that obtain ranked results. The integration of 
the simulator on the server side would generate overhead 
data and additional server's CPU usage due to the 
verification (simulation) simulation. The delay will depend 
on the size and type of the component and the testbench, 
but the client will get the final list and HDL designer will 
not have to install additional client-side plug-in, but the 
HDL IP Cores plug-in only. 
 

 
Fig. 5 - Server side simulator 

 
IV. CONCLUSION AND FUTURE WORK 

 
In order to speed up the testbench generation process 

we described our existing system's testbench searching 
feature and two possible improvement concepts using a 
third-party HDL simulator. The system architecture and the 

client side functionality were described in details, 
providing a global picture of the whole concept. 

The next steps would be to implement both scenarios 
and do a performance tests and evaluation survey in order 
to get user feedback comments. 

The main benefit of our proposed concept is that 
testbenches will be annotated according to a central 
ontology (inside a company or worldwide) and users will 
be able to find and download a specific testbench faster,  
very easy and directly via their native designing 
workspace, without a need to open a browser and visit tens 
of web pages. 

In a commercial environment it is possible to deploy a 
local instance of the HDL IP Cores system and integrate it 
with company's native code storage engine, inheriting users 
credentials and access permissions and rules. This way we 
will provide the HDL-designers with the described 
functionalities, keeping their code repositories inside the 
company, that is of essential importance in an enterprise 
environment. 
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