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Research fields: The scientific goals of the DT research group are closely related to the most highly 
recognized guidelines for design and test solutions of “The MEDEA Design Automation Roadmap”. 
MEDEA (Micro-Electronics Development for European Applications) is a part of the pan-European 
EUREKA network for cooperative R&D in computer-aided design (CAD) and design automation. The team 
is involved in the following research fields: design and test of digital systems, self-testing and fault tolerance. 
The main target of the research is: to develop new efficient methods for modeling, design and test of digital 
systems to quarantee the efficiency, high quality and fault tolerance of systems in the conditions of 
continuously increasing complexities. To reach this target the team has competence, and is actively working 
with the following more specific problems: diagnostic models for digital systems, automatization of test 
program generation, fault simulation and fault diagnosis in digital systems, physical defect oriented fault 
analysis, decompositional design and design error diagnosis in digital systems, analysis and partitioning 
methods for hardware/software codesign, and development of unified representation of systems for control 
and memory intensive applications. 

Most important results of the recent years: 

Systems modeling and synthesis. Design/synthesis. Prototype high-level synthesis tool targeting control and 
memory intensive applications has been developed [1]. The tool makes efficient use of commercial logic 
synthesis tools thus allowing designers to start with design entry from higher abstraction levels [2]. In the 
field of emulation, an accelerator for fault simulation based on reconfigurable hardware (FPGAs) was 
developed with a novel method for fault injection [3-5]. The experimental research demonstrated very high 
speed in fault simulation of sequential circuits. Compared to software based solutions the speed increased 
more than 200 times. Experiments also showed that it is beneficial to use emulation for circuits/methods that 
require large numbers of test vectors, e.g. simulation-based test pattern generation or validation. 
Diagnostic modeling. The recent activities of the research group have been related to the fundamental 
research on mathematical models for diagnostic simulation of digital systems and application research in the 
field of hierarchical test generation and fault simulation of digital systems. In this field of basic research, the 
department had a pioneering position in the world with introducing the SSBDDs for the logic level, and 
generalizing the BDDs for using at higher level abstractions of digital systems [6-17]. 
The main difference of SSBDDs compared to the traditional BDDs [18] is in the novelty of representing the 
structure along the functions [19,20]. A uniform multi-level model for digital systems based on DDs as an 
extension and generalization of the BDDs has been also developed by the group [19,21]. The DD model 
allowed us to develop efficient methods for simulating digital systems in a very fast way by uniform 
algorithms at different logic, RTL, ISA or behavioral levels [20-22]. Promising results have been obtained by 
SSBDDs in delay simulation [23], design error diagnosis [24,25], fault simulation [26,27], and in jointly 
using SSBDDs and high-level DDs for hierarchical ATPGs [28-30]. 
Verification and debug. The research group has participated in verification related research in the framework 
of European 6th FP STREP project VERTIGO (2006-2008) and in the national Development Center 
programme (2004-2007). The international research partners include universities of Verona, Southampton 
and Linköping. As a result of these projects, High-level Decision Diagram (HLDD) based modeling for 



verification of register-transfer and system level digital systems has been developed [31]. Efficient methods 
for code coverage analysis and assertion checking [32] using HLDDs have been introduced. In the field of 
design error diagnosis, a new conception and method was developed, which allows to adopt in a 
straightforward way the methods and tools of fault diagnosis used in hardware testing for the use in design 
error diagnosis [33,34]. A new approach for design error diagnosis was developed that does not exploit error 
models [24,25]. 
Test generation. A new approach to defect-oriented fault simulation has been developed, based on mapping 
the physical defects into higher level constraints [35,36]. The first time, a method and tool were created for 
proving redundancy of physical defects, which allows to evaluate the quality of tests more adequately 
compared to existing tools [36-39]. The new functional fault model creates a simple conception and basis for 
hierarchical defect oriented test [35,36].  
The results in testing SoC and NoC can be classified as: (1) solving the test application and fault detection 
problem in GALS structures [40] and (2) design of a reconfigurable embedded test generation solution that 
supports a trade-off between test speed and test quality and is designed for multi-layer on-chip interconnect 
structures [41]. Both methods target delay and crosstalk faults. A novel Boundary Scan-like BIST conception 
for autonomous at-speed testing and diagnosis of interconnects was developed [42-44]. The new paradigm 
brings a never achieved before high level of universality, scalability, and configuration independence into the 
at-speed interconnect testing and diagnosis of interconnect. 
Most of the previously published NoC test methods are relying on scan-based approaches. In [45,46] the 
research group proposed an external well scalable test approach that is based on deriving test configurations 
from functional fault models for the crossbar switch. A new generalized approach to testability calculation 
was developed [29,47]. Based on the testability guidance, a very fast RT-level ATPG DECIDER [28] has 
been developed.  
Design for testability. In self-test, a close cooperation between TTU and Linköping University, Sweden has 
given several original results in the area of hybrid BIST. The results have been reported in many high-quality 
conferences, like DFT, ATS, ETS [48], and in 2 book chapters [55,56]. The new results achieved by the 
group can be formulated as follows: (1) A novel method for fast cost estimation for variations of test 
processes with complex structure [48,49]. (2) Based of the fast cost estimation method, very efficient iterative 
methods were developed for optimizing hybrid sequential and parallel test processes at different constraints 
[50-53]. A conception and implementation of a hybrid functional BIST was proposed that allows to reduce 
considerably the hardware cost compared to the traditional BIST methods [54]. 
Efficient new methods were developed which allow to use BIST for embedded diagnosis purposes [57,58]. 
The main idea of the methods is based on bisectioning the fault lists instead of bisectioning the test patterns. 
A considerable increase of speed and resolution of diagnosis was achieved. 
Design for dependability. Research results have been published till now mainly in the field of fault injection 
with purposes of evaluation of the dependability of systems. New hierarchical multi-level techniques for 
malicious fault list generation for evaluating the fault tolerance is presented [59-61]. The methods are based 
on using high and low level DDs. Malicious faults are found by top-down technique, keeping the complexity 
of candidate fault sets at each level as low as possible. 
Defended dissertations. Over the last ten years 14 dissertations have been defended in the project’s research 
field (which surpasses the number of people in the research staff): Tammemäe, Dushina, Ellervee, Raik, Brik, 
Astrova, Jutman, Vaarandi, Fomina, Jervan, Ivask, Lepmets, Listak, Orasson. Six of them was supervised by 
PI. In the proposed project 15 PhD students will be involved. Two of them (H.Kruus and S.Devadze) have 
planned to defend the thesis in 2008. 
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