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1. Introduction
In this paper, we present an overview of latest developments taking place at

Tallinn Technical University (TTU) in the area of e-learning supported by European
project REASON (REsearch And Training Action for System On Chip DesigN) [8].

The environment consists of
Research
Scenarios
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Applets

based tools installed locally and
Java applets invoked remotely
via Internet supplement each
other and form the engine of the
whole concept. The PC-based Supporting
tool set is called Turbo Tester DEelg7
(TT) [1,7] and consists of the
following main tools: test Fig. 1. Overview of the e-learning environment
generators based on various

algorithms, logic and fault simulators, a test optimizer, a module for hazard
analysis [6], a simulator and test generator for defects [2], built-in self-test
simulators [4], design verification and design error diagnosis tools [5]. This range
of compatible diagnostic tools forms, via their interaction and complementary
operation, a homogeneous research environment, which provides good
possibilities for laboratory training and experimental research.

The general idea behind the Java applets is a bit different. They mainly aimed at
supporting the concept of game-like style of learning via easy action and reaction,
learning by doing, and concentration on most important topics in the simplest
possible way. There are three applets available by now [9]. They are described in
this paper. The fourth applet, which represents a simple schematic and decision
diagram (DD) editor, is currently under development.

The central point of the presented concept is research scenarios — a set of
problems and experiments that represent virtual laboratory works, where students
learn diagnostic software and get acquainted with common concepts and problems
of testing and diagnostics. There are scenarios for beginners and for advanced
study. The user-friendly graphical environment created by the applets is the best
option for beginners. More advanced study is possible with scenarios, which make
use of TT tools. The full text of the scenarios is available in the Web [10].

The rest of the paper is concentrated on the description of the applets and related
scenarios leaving the PC-based part of the e-learning environment behind the
scope of the article.
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2. Overview of Java Applets and Related Work Scenarios

There are three applets already available in the Web [9] and one more is currently
under development. Figure 2 represents an overall structure of relations between
the applets, Turbo Tester, and the research scenarios. As it is seen from the
figure, the scenarios form two distinct groups: Java applet-based (Web-based)
ones and TT-based (advanced) ones. The first group of scenarios fully exploit the
functionality of the corresponding applet and therefore each such applet-scenario
pair represents a self-contained system aimed at teaching target area of
knowledge and engineering. We tried to design our applets in a uniform way; so
that the user once got acquainted with the overall style does not have to spend his
time learning the new style once again from the beginning. In the following we
describe the functionality of the applets in more detail.

Java applet on basics of test & diagnostics. Main principles of logic-level test
generation and fault diagnosis are the fundamentals of the modern VLSI CAD and
diagnostic software. Good understanding of these basics gives students vital
background and skills in their future profession. The applet provides with possibility
of manual and pseudo-random test pattern generation (TPG), fault simulation,
combinational and sequential fault diagnosis, and investigation of BIST techniques.
All the designs used in the applet are combinational circuits of a rather small size
represented and visualized on the logic level.

In the test generation mode one chooses a target fault and step by step activates
needed paths in the circuit in order to detect the fault. At the same time, the lines
(wires) change their color helping the student in selection of proper values. If the
specific fault detection is not of a primary interest, the user can specify the input
values only. In this way one can set up as many vectors as he wants. The pseudo-
random TPG is also implemented. It provides two modes: BILBO and CSTP [3].
All the vectors can be then simulated in the fault simulation mode. The results of
simulation are represented in the form of fault table. By selecting a vector in the
table, all the faults detected by this vector will be highlighted on the design
schematic. In the combinational fault diagnosis mode, a subset of vectors is
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selected and applied to the erroneous circuit (imitating test experiments). The
applet shows the results of fault diagnosis by highlighting the faulty area. If the
results are not satisfactory, additional vectors could be generated.

Another supported method of fault diagnosis, the sequential diagnosis is based on
the guided probing strategy. In this mode, students should sample the values by
clicking signal lines and comparing observed values and correct ones. The goal is
to find the precise fault location using as few samples as possible.

Java applet on RT-level design and test. In this applet, we combine and illustrate
many different problems related to RT-level control intensive digital design, test,
and design for test. Therefore, the applet gives a unique possibility to teach these
topics in a consecutive iterative approach. The range of considered problems
includes: design of data path and control part (microprogram) on RT level;
investigation of tradeoffs between the system speed & HW cost; RT-level
simulation and validation; gate-level deterministic test generation for RT-level
functional blocks, functional testing, fault simulation, design for testability, logic and
circular BIST, functional BIST, etc.

The applet provides the representation of the target system on RT level as divided
into datapath and control unit. The structure of datapath is shown schematically,
while the control part of the system is defined by the Microprogram table. The RT-
level fault and fault-free simulation can be performed for a single set of input data
as well as for all the sequence of input operands at once. During the simulation the
active line of the microprogram is highlighted. The simulation data is also reflected
in a graphical way. There is a manual test patterns generation mode for a selected
microoperation separately. The gate-level representation of this microoperation is
shown at that time. The test access to the selected unit is provided by a special
Test Microporogram. There are various possibilities to experiment with BIST
provided in the BIST module. The user can select locations of pseudo-random
TPGs and signature analyzers within the data path as well as their configurations.
The applet has a flexible design. The RT-level system model is described in a form
of text-files. Hence, any custom design can be described and loaded just as simple
as the original ones. The applet has a built-in extendable collection of examples
implementing different algorithms. For connecting the applet to other applications
as well as for allowing users to save the results of their work, the applet has a data
import/export capability. It also has a built-in multilingual support.

Java applet on Boundary Scan (BS) standard IEEE 1149.1. There are two different
supported modes of BS simulation. The first one, the TAP Controller Mode, provi-
des a very detailed illustration of operation of BS registers and the TAP controller.
This mode is intended for the beginners and for teachers. It helps to understand alll
the needed basics. Another mode, the Command Mode, can be used for faster
simulation of BS commands like EXTEST, SAMPLE/PRELOAD, etc. with different
predefined input data. This mode is useful for fault diagnosis. For that, the applet
supports possibility of random or specific fault insertion. The operation of the faulty
device can be then simulated and the fault can be diagnosed.

Our applet is provided with lots of built-in examples. Furthermore, it allows users to
generate their own examples by creating fully custom chips or boards. In the chip
editing mode, the applet reads the description of BS structures using BSDL



(Boundary Scan Description Language) format which is a part of the BS standard.
Such BSDL descriptions are usually free of charge and widely available via
Internet, which makes the work with the applet easier and more exciting, since the
student can visualize behaviour of many different chips available in the market.

3. Conclusions

In this paper we have described Java applets used in the e-learning environment
developed at Tallinn Technical University. This work is still in progress. All the
components of the environment are available via the Web.

The core of the system is a set of research scenarios or virtual laboratory works
based on two types of software: a) diagnostic package Turbo Tester and b) set of
Java applets. While the TT should be installed on a local computer, the applets are
invoked remotely via Internet. The Turbo Tester provides a homogeneous
research environment, which allows for interesting experimental research to be
conducted. The Java applets, in their turn, provide an attractive game-like milieu,
which is important especially for beginners.

Due to the facts above, the conception, overview of which is presented here, is
suitable for a broad audience of learners who are interested in studying different
aspects of testing and diagnostics of integrated digital circuits.
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