MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE
KHARKOV NATIONAL UNIVERSITY OF RADIOELECTRONICS

ISBN 966-659-113-8

Proceedings of IEEE

East-West Design & Test
Workshop
(EWDTW’06)

Copyright © 2006 by The Institute of Electrical and Electronics
Engineers, Inc.

Sochi, Russia, September 15 - 19, 2006



CONTENTS

A Black-Box-Oriented Test Methodology
A. Benso, A. Bosio, P. Prinetto, A. SAQVINO ....cccceueeiiiiiiiiiiiiicccrsr s rrssesesssss s e e s s s s s sssssssssss s e s e e s snssnmnnes 1

Design and Optimization of Fault-Tolerant Distributed Real-Time Systems
Peng Z., 1zoSimoV V., EI€S P., POP P ... s ssmssn s s s s e 16

Interconnect Yield Improvement for Networks on Chip
N Lo L= Y T o 22

The Scaling Semiconductor World and Test Technology
B (=T Y= UL o - T 22

A Unified HW/SW Interface Model to Remove Discontinuities Between HW and SW Design
N 1= - - T 23

Background Cache for Improving Memory Fault Tolerance
Michail F. Karavay, VIadimir V. Sin€lniKOV .........ccccoiriminiiininiin s snss s s 24

Factors in High-Speed Wireless Data Networking — New Ideas and a New Perspective
D T T 7= 8 o 29

Hierarchical Silicon Aware Test and Repair IP: Development and Integration Flow Reducing Time to
Market for Systems on Chip
Samvel Shoukourian, Yervant Zorian ..........ccccccccoeemeeccmemmmeiniennieens s ssssssess s sssssssssssssssssssssssssssssssssssesseees 39

The Pivotal Role of Performance Management in IC Design
Y 2 S 1= 0 17 o o 41

TEST METHODS AND TOOLS

Analysis of a Test Method for Delay Faults in NoC Interconnects
Tomas Bengtsson, Artur Jutman, Shashi Kumar, Raimund Ubar, Zebo Peng........cccccoiniiiiicmnrnnnnnnee 42

Unified Framework for Logic Diagnosis
A. Rousset, P. Girard, S. Pravossoudovitch, C. Landrault, A. Virazel............cccccerremmeecciiininnnenneeesnanes 47

Hierarchical Systems Testing based on Boundary Scan Technologies
Hahanov V., Yeliseev V., Hahanova A., Melnik D..........oo i r s ee s s s s e e e e s e mmm e 53

Testing the Hardware Implementation of a Distributed Clock Generation Algorithm for SoCs
A. Steininger, T. Handl, G. Fuchs, F. Zangerl ...........coo i s s s s smn s 59

Extended Boundary Scan Test Using Hybrid Test Vectors
B - T T =1 = N 65

A March Test for Full Diagnosis of All Simple Static Faults in Random Access Memories
G. Harutunyan, Valery A. Vardanian .........cccccccuiiiimminmnmiinssssss s s s s sssss s ssnss s 68

Efficient Implementation of Physical Addressing for Testing and Diagnosis of Embedded SRAMs for Fault
Coverage Improvement
K. Aleksanyan, Valery A. Vardanian..........ccccceiiiemminmmmisss s s ssss s s s sssss s ssss s 72

High Level Models Based Functional Testing of Pipelined Processors
Victor Belkin, Sergey SharshunoOV ... s 76

IEEE EWDTW, Sochi, September 15-19, 2006 5



On Complexity of Checking of Cryptosystems

Volodymyr G. SKODEIEV .........oociiiiiiiii i 82
Distributed Fault Simulation and Genetic Test Generation of Digital Circuits

Skobtsov Y.A., El-Khatib A.L, Ivanov D.E........... ettt e 89
Hierarchical Evolutionary Approach to Test Generation

SKODtSOV V.Y. SKODESOV Y. A ... it s s e m e e n s s eame e e anns 95
VERIFICATION

Incremental ABV for TLtoRTL Design Refinement
Nicola Bombieri, Franco Fummi, Graziano Pravadelli ............ccccccouimimmmmecivriniiiir s eecssss s e e e es s e 100

RTL Compiler Templates Verification: Approach to Automation
Lev Danielyan, Sergey Hakobyan..............iiiiiiciiiiiiincccceerenn s csses s s s s ssss s s s s s smnn s e s s s s s smne e e s snsnmmnnenes 108

Verification of Implementation of Parallel Automata (Symbolic Approach)
Andrei KaratkeViCh ... s s e 112

SystemCFL: An Infrastructure for a TLM Formal Verification Proposal (with an overview on a tool set for
practical formal verification of SystemC descriptions)
K.L. Man, Andrea Fedeli, Michele Mercaldi, M.P. Schellekens.........cccceeeeueiiiiiiimmmmmeseesinnnseeeessssssssnes 116

System Level Methodology for Functional Verification SoC
Alexander Adamov, Sergey Zaychenko, Yaroslav Miroshnychenko, Olga Lukashenko ................ 122

Path Sensitization at Functional Verification of HDL-Models
Alexandr Shkil, Yevgeniya Syrevitch, Andrey Karasyov, Denis Cheglikov........c.ccccceevcmmrrriiccnncennn. 126

Dynamic Register Transfer Level Queues Model for High-Performance Evaluation of the Linear Temporal
Constraints
Vladimir Hahanov, Oleg Zaharchenko, Sergiy Zaychenko ..........cccccvvminirininnnnnnssns s 132

The Automation of Formal Verification of RTL Compilers Output
s LV LU=y 1 =T o = - 1 140

LOGIC, SYSTEM AND PHYSICAL SYNTHESIS

Congestion-Driven Analytical Placement
Andrey Ayupov, Alexander Marchenko...........cccccivmiminniiiie s 143

Estimation of Finite State Machine Realization Based on PLD
E. Lange, V. Chapenko, K. BoUle......... ... e ssme s mms e s mm e e e 149

Encoding of Collections of Fragment of Variables
Barkalov A.A., Ahmad Fuad Bader, BabakoVv R.M.........ccouiiiiimiiiiiiienrireeisssssessssssssssssesssssssssnsnssseees 153

An Algorithm of Circuit Clustering for Logic Synthesis
0. Venger, |. Afanasiev, Alexander Marchenko............ccooooiiiiiicncrree e 156

CMOS Standard Cell Area Optimization by Transistors Resizing
Vladimir Rozenfeld, louri Smirnov, Alexander Zhuravlev............ccccciiemeeeeeeiiiininnnessessssssesssssssanes 163

Optimization of Address Circuit of Compositional Microprogram Unit
Wisniewski R., Alexander A. Barkalov, Larysa A. Titarenko ..........ccoccveeommmiinicnsmmnnnscceses e 167

6 IEEE EWDTW, Sochi, September 15-19, 2006



Optimization of Circuit of Control Unit with Code Sharing
Alexander Barkalov, Larysa Titarenko, Malgorzata KolopieNczyK ...........cceeiriiiiiinnisnnsnnninnninnnnns 171

Routing a Multi-Terminal Nets with Multiple Hard Pins by Obstacle-Avoiding Group Steiner Tree
Construction
J. D. Cho, A. I. Erzin, V. V. ZalyUDOVSKY .......ccocciiiiiiiiriiieie it ss s s s sns s s smns s 175

Optimization for Electro- and Acousto-Optical Interactions in Low-Symmetric Anisotropic Materials
Kajdan Mykola, Laba Hanna, Ostrovskij Igor, Demyanyshyn Nataliya, Andrushchak Anatolij,

1§V E53 YL Q =T o] 2 e F- T o T 179
Force-Position Control of the Electric Drive of the Manipulator

A.V. ZUeV, V.F. FIlaretoV ....... ittt crcs s e e s r s s s s s s s s s s e e s e s s s s s s e e s e e nnmmnnsssssnssssssnsserennnnnnn 184
FAULT TOLERANCE

K-out-of-n and K(m,n) Systems and their Models
Romankevych V., Potapova K., Hedayatollah Bakhtari ...........cccccccmmiiiieimmmmiinccceeee e 189

Fault Tolerant Systems with FPGA-based Reconfiguration Devices
Vyacheslav S. Kharchenko, Julia M. Prokhorova...........ccocmiiiincnssince e s 190

Fault-Tolerant Infrastructure IP-cores for SoC: Basic Variants and Realizations
Ostroumov Sergii, Ushakov A. A., Vyacheslav S. Kharchenko...........cccccoiiiiimmmiiiniccnsccnnnninnceeneenns 194

Fault-tolerant PLD-based Systems on Partially Correct Automatons
Nataliya Yakymets, Vyacheslav Kharchenko.........cccccocccoimiiiicccsceerr s sesee s ssssses e s s ss s sssseessssssssmnnes 198

FME(C)A-Technique of Computer Network Reliability and Criticality Analysis
Elyasi Komari Iraj, Anatoliy GOrbenko............ooiiiiiiiiie e e 202

TEST GENERATION AND TESTABILITY

Scan Based Circuits with Low Power Consumption
Ondie] NOVAK, ZAENEK PliVA.......ccceiiiiccieereriirssssssessrsssssssssesssssssssssssssssssssssssssssssssssssssessssassssnnnssessnsssnnnes 206

Memory Address Generation for Multiple Run March Tests with Different Average Hemming Distance
S.V. YarmoliK, V.N. YarMoOIiK.......cccciiiiimmeuiiiiiiiiieesssssssssisiirsessssssssssssssiessesssssssssssssseesssssssssssssnnsssssssnnnes 212

Structural Method of Pseudorandom Fixed Weight Binary Pattern Sequences Generation
Romankevych A., Grol V., Fallahi Ali ... srcscer e s s smmne s sn s s mmmn e s sammnn s 217

Test Pattern Generation for Bridge Faults Based on Continuous Approach
N. Kascheev, F. POdyablONSKY .......cccccvcccceiimiiiscssscmrsrrssssssssessssssssssss s s sssssssssssssssssssssesssssssssnmsssssnssnnnnnns 222

Hierarchical Analysis of Testability for SoCs
Maryna Kaminska, Vladimir Hahanov, Elvira Kulak, Olesya Guz...........cccccvrccivememrnnsscsseeesesssssssssneens 226

Embedded Remote Wired or Wireless Communication to Boundary-Scan Architectures
Mick Austin, llkka Reis, Anthony SpParks..........cccccmriiiirismmriinsssrrr s s sne s 231

Economics Modeling the DFT of Mixed-Signal Circuits
RS T o 1=V € IR | e T3 o 236

CAD TOOLS AND DEVICES

Optimal Electronic Circuits and Microsystems Designer
N TR =Y =Y 3] X 239

IEEE EWDTW, Sochi, September 15-19, 2006 7



Computer Aided Design Support of FSM Multiplicative Decomposition
Alexander Sudnitson, Sergei DEVAUzZE ..........cccccoriiciiriiirir i 241

Complex Process Engineering of Projection of Electronic Devices by Means of Automized System
SATURN
D.V. BagayevV, A.C. FIrUMaN ..........ccccoiiiiiccciieiissccsssssesssssssssesesssssssssss s s sssssssmssssssssssssnssssssssssnnssssssssnnnnens 247

Hand-Held Mobile Data Collecting Terminal
Armen Saatchyan, Oleg Chuvilo, Chaitanya Mehandru............cccouvvmiininiisinnsnisss s 252

Logic and Fault Simulation Based on Multi-Core Processors
Volodymyr Obrizan, Valeriy Shipunov, Andiry Gavryushenko, Oleg Kashpur ...........cccccomiiiiiiinnns 255

HES-MV — A Method for Hardware Embedded Simulation
Vladimir Hahanov, Anastasia Krasovskaya, Maryna Boichuk, Oleksandr Gorobets .............c...cc... 257

Hierarchical Approach for Functional Verification of HW/SW System on Chip (SoC)
Oleksandr Yegorov, Podkolzin N., Yegor Denisov, Andrey Yazik ..........ccccciniminsnininnnicnnnsnnnennnnes 264

Output Buffer Reconfiguration in Case of Non Uniform Traffic
VyacheslaVv EVGrafoV ........cciiiiiiceerirrnissssmcr e ssssssssssss s sssssssss s s e s sssssssmsse s e sssssssmnssssesssssnsssnsssnssnnsssnssssnnnnnnes 267

DESIGN METHODS AND MODELING

Time-Sensitive Control-Flow Checking Monitoring for Multitask SoCs
Fabian Vargas, Leonardo Picolli, Antonio A. de Alecrim Jr., Marlon Moraes, Marcio Gama.......... 272

Development and Application of FSM-Models in Active-HDL Environment for Network Protocols Testing
Anna.V. Babich, Oleksandr Parfentiy, Eugene Kamenuka, Karina Mostovaya.........c.cccceerrnsecnncennn. 279

How to Emulate Network-on-Chip?
Peeter Ellervee, Gert JEIVAN ........ccueeueeeiiiiiiiiiieeessesisssssrsssssssssssseessessssssssssssssreeesssssssssssssssemtreennnnn. 282

Multistage Regular Structure of Binary Counter of ones Arbitrary Modulo
Saposhnikov V. V., Saposhnikov VL. V., Urganskov D. L. ... e 287

An Enhanced Analogue Current-Mode Structure of WP Control Circuit of Neural Networks
Hossein Aghababa, Leyla S.Ghazanfari, Behjat Forouzandeh............cccccccmrriiiccriirecccceee e, 291

One-Parameter Dynamic Programming Algorithm for Optimal Wire Selection Under ElImore Delay Model
A.L Erzin, V.V. ZalyUDOVSKY .......cooiiimiiiriinis i sss s s s s sss s sassss s snssss s sasa s ssssnssans 296

Analytical Model of Clock Skew in Buffered H-Trees
DOoMiNiK KaSPIrOWICZ.........c.iiiiiiicciirr e resccsmrr s s e e es s smms e s s s mm e e e e s s mms e e s e e s mmn e e e e s s n e e e en s s smnnnnns 301

High-Level Facilities for Modeling Wireless Sensor Networks
Anatoliy Doroshenko, Ruslan Shevchenko, Konstantin Zhereb............ccccccriiiciimeeminccccsceeee s 305

Class E Power Amplifier for Bluetooth Applications
Olga Antonova, George Angelov, Valentin Draganov...........cccccviiminisnininnnnieniessssssssss s ssans 311

An Automation Method for Gate-Count Characterization of RTL Compilers
N ] I =T = 1 =3 - 1 313

Algorithmic Method of The Tests Forming for Models Verification of Microcircuits Memory
M.K. Almaid, V.A. Andrienko, V.G. RyabtSeV ... s 317

8 IEEE EWDTW, Sochi, September 15-19, 2006



SUM IP Core Generator — Means for Verification of Models—Formulas for Series Summation in RKHS

Vladimir Hahanov, Svetlana Chumachenko, Olga Skvortsova, Olga Melnikova.........c..cccccniiunennnn 322
Design of Wavelet Filter Bank for JPEG 2000 Standard

Hahanova L.V., Hahanov V.I., Fomina E., Bykova V., Sorudeykin K..........cccoocoiommiiinrccirereeccceeeen 327
Design of Effective Digital Filters in FPGA

Pavel V. PIOtNIKOV .......coiiiieii i e s e e 332
POSTER SESSION

Applications of Combinatorial Cyclic Codes for Images Scan and Recognition
Vladimir Valkovskii, Dmitry Zerbino, Oleg RiznyK.........cccccomiiiicssmmmiinnscseere s ssssssssses s e s ss s smene s ssssssssnnes 335

Architecture of Internet Access to Distributed Logic Simulation System
[IF=Te \ Y74 a U= 0 151 AV V0 oo o o i Y R 339

Computer System Efficient Diagnostics with the Usage of Real-Time Expert Systems
Gennady Krivoulya, Alexey Lipchansky, Olga Korobko...........cccucmiiminimiimnsnsssssssses e 344

DASPUD: a Configurable Measurement Device
Nikolay P. Molkov, Maxim A. Sokolov, Alexey L. Umnov, Dmitry V. Ragozin ..........ccccccerrrrrcnnennnn. 348

Design Methods of Self-Testing Checker for Arbitrary Number of Code Words of (m,n) Code
Yu. B. Burkatovskaya, N.B. Butorina, A. Yu. MatroSoVa.........ccccccemriiimmmninniinnnnsssssssssssssssssssssssssssssssnes 355

Dynamic Heat and Mass Transfer in Saline Water due to Natural Convection Flow over a Vertical Flat
Plate
RebBRi A. DAMSEh....... e 361

Effect of Driving Forces On Cylindrical Viscoelastic Fluid Flow Problems
A. F. Khadrawi, Salwa Mrayyan, Sameh Abu-Dalo ...........ccccoiiiciimmimiiincccsece s ssssssse s s sssne e s ssssssnnes 366

Evolutional Methods for Reduction of Diagnostic Information
D. SPEIraANSKIY ....ooiieiiiiietiiie i 371

Evolutionary Algorithms Design: State of the Art and Future Perspectives
B 8 T S = 375

Functional properties of faults on fault-secure FSM design with observing only FSM outputs
S T 0 E=1 7= T T o 380

Hardware Methods to Increase Efficiency of Algorithms for Distributed Logic Simulation
Ladyzhensky Y.V., TeSIENKO G.A........ooociiiiiriiiiirir i s 385

Information Embedding and Watermarking for Multimedia and Communication
Aleksandr V. ShiShKIn ...t e s s 386

Low Contrast Images Edge Detector
I.V. Ruban, K.S. Smelyakov, A.S. Smelyakova, A.l. TYMOChKO........ccccccoimiiiiniirciee e 390

Minimization of Communication Wires in FSM Composition
S.V. Zharikova, N.V. YEeVIUSHENKO........ccuuiiiiiiiiiiiiricceerrrn s s res s s sssssssssssee s s e s s s mmassssss s s e e s s ensnnnnnsssnnssnssnsenens 397

Neuro-Fuzzy Unit for Real-Time Signal Processing
Ye. BodyanskKiy, S. POPOV ...t nss s s e s s s s s s s 403

IEEE EWDTW, Sochi, September 15-19, 2006 9



On Decomposition of Petri Net by Means of Coloring
LA =T e T ALY [T L= 407

Single-Argument Family of Continuous Effectively Computed Wavelet Transforms
Oleg E. Plyatsek, Majed Omar Al-DWaiKi.......c.cccciriimmminimiminies s s sne s 414

Synthesis Methods of Finite State Machines Implemented in Package ZUBR
Valery Salauyou, Adam Klimowicz, Tomasz Grzes, Teodora Dimitrova-Grekow, Irena Bulatowa. 420

Synthesis of Logic Circuits on Basis of Bit Transformations

Yuri Plushch, Alexander Chemeris, Svetlana Reznikova ........ccccccccvviiiiiiiiicc s cccssssssscss s sssssssssnnes 423
System of K-Value Simulation for Research Switching Processes in Digital Devices

Dmitrienko V.D., Gladkikh T.V., LEONOV S.YU...ccuuuiiiiiiiiiiiirimeeerisssrerrsssssssssssssssrsersssssssssssssssssersessnnsnsnns 428
Test Points Placement Method for Digital Devices Based on Genetic Algorithm

KIimov A.V., SPeranskiy D.V. .........iiiicceciiiiisscsscese s ssssss e s s s s sssse s s ss s ssss e e s ss s ssnnsenesesssnnmssssssnnnneens 436
The Approach to Automation of Designing Knowledge Base in the Device-Making Industry

(0 TV =31 1 [ 2SR 440
The Optimal Nonlinear Filtering of Discrete-Continuous Markovian Processes in Conditions of Aposteriory
Uncertainty

BT o T o 101 =] (= 443

The Realization of Modified Artificial Neural Network for Information Processing with the Selection of
Essential Connections by the Program Meganeuro
o WO = Vo - 450

Web-system Interface Prototype Designing
Globa L.S., Chekmez A. V., KOt T. Nu....u ettt s rr s s e s s e e s s e s s s e s s s s s s s s s s s s snnnnnnmnsnnsennnnnns 453

A Bio-Inspired Method for Embedded System Scheduling Problems
Abbas Haddadi, Saeed Safari, Behjat Forouzandeh .............cccooomiiiiinncicsin s 456

Iterative Array Multiplier with On-Line Repair of Its Functions
Drozd A., Lobachev M., Reza Kolahi, Drozd J.........cccccoiiimemeeiirririrerisssssssssesssss e e ssssssssssssssssssesesssnnnnnes 461

Mathematical Modeling and Investigation of a Main SDH-Network Structural Reliability
M.M. Klymash, .M. Dronyuk, R.A. BUraChoK..........cccciiiimmmiiiiimnnccsin s 464

Experimental Investigation of Two Phase Flow Pressure Drop and Contraction on Tee Junction
Shannak Benbella, Al-Qudah Kalid, Al-Salaymeh Ahmed, Hammad Mahmoud, Alhusein Mahmoud . 467

Application of Adaptive and New Planning Methods to Solve Computer-Aided Manufacturing Problems

Nevludov I.Sh., Litvinova E.l., Evseev V.V., Ponomarjova A.V.........ccccoiiiimniniinnnssne e 472
Petri Net Decomposition Algorithm based on Finding Deadlocks and Traps

Agnieszka Wegrzyn, Marek Wegrzyn ..o s ssssss s s s ssssss s sssas s 477
Testing for Realistic Spot Defects in CMOS Technology: a Unified View

MiIChel RENOVEIL ...t e e e e e 482
F I (0 ST |1 483

10 IEEE EWDTW, Sochi, September 15-19, 2006



Path Sensitization at Functional Verification of HDL-Models

Alexandr Shkil, Yevgeniya Syrevitch, Andrey Karasyov, Denis Cheglikov
Design Automation Department, Kharkov National University of Radio Electronics
14, Lenin Av., Kharkov, 61166, Ukraine
E-mail: Syr_Jane@rambler.ru, andrevk@ aldec.com.pl

Abstract

Strategy of verification of digital devices models,
represented in hardware description languages, is
considered. The basic idea is in wusing path
sensitization method in a graph model, generating
distinguishing tests for separate functional elements,
superposing these tests and interactive calculating
etalon reactions.

Key-words: Functional verification, graph model,
path sensitization, distinguishing sequences.

1. Introduction

The necessity of researches in the field of
verification is caused by the lack of effective methods
and tools of functional verification of digital devices
(DD) models on a step of describing them on
behavioral level.

World companies — vendors of digital circuits, are
forced to decrease their time-to-market. According to
vendors’ evaluations, verification (functional as well)
takes up to 80% of labor expenditures in the design
cycle [1]. There is a big demand for tools of functional
verification of devices models on a step of their
description in hardware description language (HDL) on
behavioral level.

If model description in hardware description
languages (HDL) is considered as a software program,
then, from one point of view it is necessary to execute
software verification, but the other point of view it is
not always optimal. Software verification considers all
modes with all data testing. While checking
correspondence between code, which describes a
device, and its specification on all possible data for all
reachable inputs, to hold on verification during
appropriate time with 100% completeness it is not
possible.

Assume that all in-build operators are
combinational elements. It means that to check them it

is necessary to drive 2" values, where n — total
dimension of inputs. To get high quality of verification
for appropriate time it is necessary to decrease number
of driven tests.

Despite variety of publications, connected with
verification and diagnostics of digital devices, today
instrumental tools of automatic test generation for
complex DD functional verification are actual and
claimed.

Lack of automatic test generators is felt in many
well-known companies: Aldec, Altera, Actel, Xilinx,
Synopsis.

Thus, this work aim is to develop HDL-models
verification strategy, which allows decreasing time on
design cycle by decreasing number of test vectors.

2. Problem Definition

Digital device model, written in synthesable subset
of HDL is given. Syntax mistakes are checked and
corrected on a compilation step. Specification on this
device, on a base of which the model was build, is also
given. On the assumption of the set aim, to reach it, it
is necessary to solve the following problems:

1) to develop internal model of a DD, represented
in hardware description language (VHDL) in an effort
to carry verification, and also procedures of direct
implication and backtracing on this model;

2) to develop methods of creating distinguishing
sequences for different types of arithmetic and logic
functions;

3) to develop methods and strategies of functional
verification of digital devices on a step of design entry
and simulation.

3. Description of verification strategy

Today the most widespread approach to verification
consists of the following [2]. There are models M1 and
M2. Here, M1-reference model, and M2-verified. Tests
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for model M1 are generated, and as a result of
simulating M1 on the received test sets, reference
values (similarly to process of test diagnosing) are
defined. Then the same tests move on M2, them also it
is simulated and experimental responses are received.
Reactions of models M1 and M2 are compared. Model
M1 is equivalent M2 if reactions coincide, and contains
a mistake otherwise. If M1 is set by informal or in part
by formal way, the earlier described approach to
verification becomes ineffective.

In modern technologies of designing instead of a
real physical device its representation in HDL is used.
Such representation is usually based on the data
received from the specification. Thus, the specification
forms M1, the description in HDL -M2

Process of tests generation is based on the following
aspects: an internal model, which allows carrying out
procedures of direct implication and backtracing;
design error models, tests and algorithm of their
generation.

In the following chapters the verification strategy,
based on graph model of the verified device, functional
design models and distinguishing sequences, is
considered.

To build internal model the origin description is
transformed into graph model, which is decomposition
if two graphs. First - information - describes dataflow
and their conversion (similarly to an operational
automaton in classical composite model with
microprogram handle) without the registration of
conditional branches. The second graph is developed
as a network of conditions [3].

The dataflow I-graph contains vertexes of 2 types:
operands and functions. Types of operands: integer,
unsigned bit and std_logic vectors Types of functions
are restricted to the synthesizable subset of VHDL.
Arcs connect vertexes in the following manner: a
source vertex is connected to a functional vertex, then
the arc goes out of the functional vertex and comes into
a destination vertex. The arcs, which come into
destination vertexes, can be conditional or non-
conditional. Conditional arcs correspond to the
operators, which are inside conditional expressions of
VHDL. Conditional arcs contain labels, which code
conditions of arc transition operation.

In its turn, the second graph (a control one)
contains  conditional  constructions  (like case,
if...then..., with select) from the origin device
description. Each predicate in the condition is modeled
as a subgraph, which has a specific label. The result of
C-graph simulation is a set of labels (a label),
according to which it is necessary to fulfill transition
along arcs in I-graph.

To form the verification strategy methods of
structural testing is used, based on path sensitization in

a device model, which after adaptation can be used for
functional verification.

To form a system of proving, which allows to
evaluate the quality of the offered strategy, consider
most important lemmas, statements, and theorems.

Lemma 1. If conditions of functional element (FE)
activation in error-free HDL-code exist, then they can
be obtained using P procedure (direct implication and
backtracing) in graph model.

Proof. Considering that there are only in-build
operators in HDL-code, then conditions of
distinguishing sequences DS (distinguishing sequences
are those, for which on different functions from a given
subset same input pattern or patterns will give different
results) are defined by simple listing of in-build
operators’ types and procedures of distinguishing
sequences creation for them. Propagation (justification)
conditions for activated element are built with the help
of direct implication and backtracing. Assume that the
HDL-code is error-free. In this case tolerance ranges
(TR) on element’s inputs and feasible regions on its
outputs are those, that if distinguishing sequences
belong to TR or an activated functional element, they
can be justified on external inputs of the graph model.
It is caused by an assumption that each functional
element in error-free HDL-code executes its function
in TR limits. On the assumption of Roth’s known
theorem about possibility of activated path
construction for a net of logic elements. Condition of
such path construction is in saving all temporal
decisions of backtracing. On the assumption of
backtracing procedure, all temporal decisions are saved
at backtracing for all types of build-in operations,
which were developed in [2, 3], and, consequently,
necessary solution can be found between them. Such
assertion may not be applied for HDL-models with
design errors.

Corollary 1. Functional element may be activated,
if distinguishing sequences exist and justification and
propagation conditions are kept.

Corollary 2. If it is impossible to identify a
functional element, then there is an error in the code
(admitted place of the error - subset of its successors).

Consider an example. In fig.1 circles correspond to
operand vertexes, rectangles — functional elements.
Assume that there is a mistake in the HDL-code:
addition operator with inputs 1 and 2 was replaced with
multiplication operator. At this on input 1 ‘0’ value is
driven. While identifying functional element, which
coincides to division operation on the 6-th line, there
should be value ‘0’. But at justification of this
condition there is a contradiction, because there is
constant ‘0’ on the 5-th line. Circles are operand
vertexes, and rectangles are functional elements.
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Figure 1. A fragment of corrected I-graph

Thus, information about design errors can be
obtained before diagnostic experiment carrying out in
the course of test building.

Lemma 2. All functional elements activation in I-
graph is a check of data operation mechanism in HDL-
model.

Proof. Summation of FEs on an activated path
defines an algorithm of operation of data, obtained
from external inputs. It is obvious, because data go
from external inputs to external outputs through
functional elements — operators. From the other point
of view it is possible to say, that summation of
algorithms of data operation corresponds to a list of
device modes, thus its specification. Similar statement
was proved in [4] regarding to data in microprogram-
controlled devices.

Statement 1. If propagation conditions through FE
f; coincide (belong) with DS for FE f; (which precede f;
on the activated path), then the type of FE f; also is
considered being identified. = These propagation
conditions are called C,,.

Proof. 1t is obvious, that if DS for (i+1)™ element
include results of direct implication of DS on i®
element, then these results can be used to activate
(i+1)™ element.

Lemma 3. All FEs on the activated path are
identifiable.

Proof. If at path sensitization conditions, which
include C,, were used, then all FEs on the activated
path are said to be identified. For FES with 2 inputs,
inputs of which are not set, activation condition can
always be generated. If there is a solution, it can be
obtained by listing all possible values.

If at activated path construction justification
conditions are conflicting, then it is necessary to insert
extra control point into HDL-model.

Theorem 1. To identify all FEs in informational I-
graph, it is necessary and enough to activate all paths
in graph, which cover it from 1* rank FEs to external
outputs or control points.

Proof. Based on lemmas 1 - 3 and corollary 1 it is
obvious that all FEs, which lie on activated path from
1* rank functional element, are activated too, and,
consequently, they are identifiable. Similar results of
non-redundant digital circuits were obtained in [5].

Adding extra control points solves a question of HDL-
code redundancy, and consequently, I-graph
redundancy.

Corollary 3. 1dentification of all FE in HDL-model
checks data processing mechanisms of the model.

On a base of lemma 2 activation of all FE is a
check of data operation mechanism. Summation of
checked data processing mechanisms corresponds to a
checking of HDL-model correspondence to
specification.

4. Distinguishing sequences creation

At tests generation for some primitive element, it is
necessary to take into account the following. As it has
already been told, HDL operators are chosen as
functional elements (primitives). From the point of
view of hardware verification, operators HDL so as
functional elements, do not contain mistakes inside and
work correctly. If it were not so, HDL model
verification would include checking simulation system.
And different experts, a programmer and a designer,
should carry out these two problems. Taking into
account, that operators of language (primitives) do not
contain mistakes inside themselves, it is obvious, that
driving tests checking the law of primitive functioning
is inexpedient. Therefore the sense of functional
elements testing will consist not in check of
functioning, but in check of its type. Thus, it is
necessary to drive such test sets onto a primitive that
after the analysis of reactions to them it is possible to
identify type (function) of the primitive and to
distinguish it from the others functional elements.

Such distinguishing sequences (DS) allow finding
mistakes connected with replacement of operators in
the HDL-code. At that, in particular it finds mistakes of
replacements of logic operators only by logic ones,
arithmetic only by arithmetic, because cross
replacement can be revealed, as a rule, during
compilation.

Consider creation of distinguishing sequences for
logic operators. Assume, that number of inputs is n.
Number of bits of each input is m. All operators in
VHDL (except negation, sign, absolute value, and
putting to some power) have n>2. Consider the
following set of logic operations — {and, or, nand,
nor, xor, xnor}. Depending on operands dimension
there can be from 1 to 3 vectors in a distinguishing
sequence.

Logic operations on each bit are done
independently. Three possible conditions, which
influence number of vectors in distinguishing
sequences, can be defined:

1) n>=2, m=1;

128 IEEE EWDTW, Sochi, September 15-19, 2006



2) n>=2, m=2;

3) n>=2, m>2.

In case 1 maximum number of vectors are 3, in
case 2 maximum is 2, in case 3 maximum is 1.

Distinguishing sequence for logic elements is build
after analysis of fault-free checking tests for functional
elements. Distinguishing sequence must fulfill the
following requirements: it must distinguish types of
logic elements from each other, and number of vectors
must be minimal.

In fig. 2 there is an approximate schematics of
forming distinguishing sequences for one-bit multi
inputs logic elements. The following chain of actions is
shown: all one-bit inputs of unknown logic element are
driven with «0». Depending on the reaction two
subsets are formed. Then the element is driven a
sequence, where on of inputs are ‘1°, all the rest are
‘0’. Two more subsets are formed. And third pattern —
two values of ‘1’ in any two bits, and again two subsets
are formed. At last, after driving sequences and results
analysis, 6 subsets are formed, which contain one

element.
m {and, or, xor, nand, nor, xnork

{nand, nor, znot}

n 1 {or,zor} {not, xnot} 0
¥
and Lt
n 1
v A L J v
. or ner xnor

Figure 2. Distinguishing sequences for logic operators (m=1,
n>2)

Multibit logic functional elements operate with
each bit separately. So multibit functional element can
be represented as a set of one-bit ones.

Consider algorithm of distinguishing sequence
creation for arithmetic operations of “all-out-of-all”
from a given subset {add (+), sub (-), mul (¥), div (/)}.
Arithmetic operations can be distinguished with a
condition, that operands’ dimension is enough to
represent numbers, bigger then ‘1°.

So that to distinguish operation "plus" from a
subset {addition, subtraction, multiplication, divide), it
is necessary to submit a zero on one of inputs of the
functional element, and on the other input — value,
greater than ‘1’. Then break the given set into 2
subsets (addition, subtraction) and (multiplication,
division) by the following way: if the result of the

previous step equals to ‘0’, then tested functional
element is in the subset (multiplication, division); if not
equal to ‘0°, then it is in the subset (addition,
subtraction). Then drive equal values greater than ‘1’
onto both inputs. If the result is not ‘0’, the functional
element is ADDITION.

| ¥=0, =1 | (AR
Zo 740
¢ | Y=Y, 51, 751 =Y, X1, Y1 | + 3
f/ \ %/ \
mul add

Figure 3. Distinguishing sequences for arithmetic operators

If distinguishing sequences for i+l element
includes results of direct implication of i" element
distinguishing sequences, then these results can be
used to activate i+1 element, in other words
propagation conditions through the element can
contain distinguishing sequences.

It is necessary to point that mentioned reasoning
shows only one of possible ways of constructing DS.

Sequence and time of driving vectors from DS for
FE doesn’t influence the result of distinguishing. It
means that vectors from DS can be driven in any order
and arbitrary number of other vectors can be inserted
between them. But FE’s reactions on vectors, which
belong to DS, should be kept in mind.

According to lemma 3, to identify all FEs in I-
graph, it is necessary and enough to activate all paths
in the graph, starting from 1% rank FEs to external
outputs or control points in a way so, that every FE
from a set of 1% rank FEs belongs to one path. Path
sensitization in its turn implies justifying propagation
conditions. Propagation conditions include input
sequence, justification condition, and algorithm of
output modification. At path sensitization algorithm
forming consider the following strategy.

1. Choose i™ operator (non-activated functional
element FE of any rank, starting with the 1%). A
distinguishing sequence (DS) is driven n it.

2. Calculate reactions of the i activated operator on
the given DS, thus this FE becomes activated.

3. If reactions of the i activated operator completely
coincide with DS for j™ operator (its successor), they
are used as DS for j" operator. If reactions do not
coincide: a search of i" element reactions, which
belong to DS of the j™ element (successor), is carried
out, if there are any. Missing vectors from DS for the
successor is provided with the help of backtracing.

4. Steps 1-3 are repeated until a set point is reached
(control point CT or external output).
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If on i" step activation of next element is
impossible, so it is necessary to use extra control point
on (i-1)™ step of FE. CT is not a single-valued criterion
of activation end. If activation is possible, so a value in
CT is registered, but activation is continued.

5. General verification strategy

On the assumption of formed and proved lemmas,
statements, and theorems, general verification strategy,
based on functional elements sensitization, starting
from 1%-rank element. It consists of the following
steps.

1. Activation of the i FE of 1* rank is carried out.
Distinguishing sequences are driven directly from
external inputs of a graph model. External inputs
(outputs) of I-graph are operand vertexes, which are
ports in HDL-model.

2. Sensitized path is build from activated FE to either
external outputs in a graph (output ports in HDL-
models) or CT.

3. Activation is finished, if set operand vertex is
reached or path sensitization is impossible.

4. Steps 1-4 repeat for all FEs of the 1% rank.

5. After finishing the 1* rank FEs activation next k*¥
FE of the p*-rank (p>1,k=1,n), which do not belong

to any already sensitized paths, is activated.

6. Activation is carrying out until all FEs are
activated.

In order to start test generation, it is necessary:

o transform synthesizable behavioral description of
DD model in VHDL into internal graph model;

o set a list of functional elements — operators, which
have to be checked, and define their ranks on a base of
graph model;

« for each i™ FE find a set of DS, which distinguish
the given functional element from the other ones from
a given subset (which identify th given operator);

o activate i" FE by driving DS on it; calculate FE
reactions on DS with the help of direct implication and
backtracing for the corresponding element;

o execute justification of DS by backtracing from
activated FE to external inputs of I-graph, combining
with simulation on C — graph, which provide transition
of data along arcs with labels (simulation is done by
using backtracing procedures, defined for each type of
FEs);

« obtain justification results — test vector on external
inputs of graph model;

o simulate obtained vector to control points or
external outputs of graph model;

o if there is exact values in internal points (on
operand vertexes), which are successors of the i FE,
then it is necessary to simulate till these points;

e compare results, obtained after simulation, and
etalon reactions from specification at same input
stimuli.

In described above procedure number of obtained
DS equal to number of operators in HDL-code. This
number can be decreased due to usage of parallel tested
operators.

Consider a problem of test vectors forming on
external inputs. A set of test vectors on external inputs
of graph model corresponds to one DS. At that, during
passing along the model from external inputs to a set
point (from 1% rank FE to CT or external output) test
range on inputs enlarges, because each DS produces a
quantity of justifying vectors, which is shown in fig.4.
Reactions on DS are called DS;’. In fig.4 circles are
operand vertexes, and rectangles are functional
elements.

Ds1
0S14052  DS1+D524DE3

re |/ [Fe| FE @
i 3
ODS1

- DS1*DS2 /7 ps1+pe2+ns3
Justification Justification O Justification

Figure 4. Test vectors production

Production of test vectors at justification can be
evaluated by limit (best and worst) rating.

Best case is absence of common vectors in DS
reactions of i FE and DS of j-th (its successor),
namely, DS’ NDS;=@.

Best case is inclusion of DS;” into DS;.

6. Etalons obtaining

Etalon obtaining at functional verification consists
in the fact, that specification is usually informal (there
is no unique correspondence between input stimuli and
output reactions) and incomplete (not all modes of a
code are described). In particular these reasons lead to
the situation, when it is impossible to obtain reactions
in an explicit form. Etalon calculation problem is one
of basic during test verification. Three basic ways of
obtaining reactions can be defined:

1. From specification. In specification etalons are
set in explicit or implicit forms. Specification on a
digital device is set in an informal, usually verbal,
form. On a base of his experience, design engineer can
mark out etalon reactions or calculate them, if they are
given in a form of operation algorithm, timing
diagrams, etc.

2. Using external simulation system. If
specification contains operation algorithm, then either
software simulation system or emulator can be created.
These systems allow automatic calculation of etalon
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reactions by driving obtained tests onto them. At the
same time it is necessary to make an assumption, that
such external system is ideal.

3. Using interactive iterative process. This approach
is based on a fact, that the designer for any input data
can calculate reactions of a developed device by hand
or somehow, if input test data corresponds to states
(device modes), described in the specification.

The sequence of verification engineer’s activities at
interactive process of etalon obtaining is set by the
following procedures:

1) to receive from a design engineer compiled
HDL-code that describes a device or its logically
(functionally) finished blocks;

2) to build tests on the received HDL-code by
generation of sequences distinguishing a given
operator and path sensitization, to set control points;

3) to return received tests to a design engineer for
calculation of corresponding output values and/or
values in set control points;

4) to simulate generated tests on the HDL-code in
order to get experimental values;

5) to compare values received after simulating the
HDL-code, and etalon values received from the design
engineer;

6) if they are not equal, a conclusion of a design
error, present in the HDL-code of a DD model is made.

7. Conclusion

In the given work strategy of verification of digital
devices models, represented in hardware description
languages, is offered with usage of special
distinguishing tests. General strategy of verification of
digital devices models and algorithm of distinguishing
sequences generation are considered. Completeness of
obtained tests and their distinguishing properties are
proved. Particularly, ways of getting output reactions
from informal specification are discussed. Table 1
contains results of diagnostic experiment above 3 types
of devices: control device b06 from ITC benchmark
library, sectional microprocessor KP1804BC1, and
sequential device s27 from ISCAS’95 benchmark
library.

Table 1. Comparative analysis
Name NCL | NEO | NT | NPT FC | FCG

B06 127 | 70 16 | 16 25 | 100

KP1804BCl1 | 46 17 8 32768 | 70 | 99

s27 50 19 14 | 32 89 | 92

In the given table: NCL-number of code lines,
NEO-number of executed operators, NT-number of
generated tests, NPT- number of NP-complete tests,
FC-fault coverage of NP-complete testing (in
percentage), FCG-fault coverage of the given method
(in percentage).

Science novelty of the offered strategy consists in
applying path sensitization method at test generation
for HDL-models verification. The greatest effect this
strategy gives for functionally finished DD, whose
specification is set in an implicit form in the form of
mathematical dependences. In this case listing of all
possible data on all modes is replaced by  path
sensitization and FE identification in graph model of
DD and analysis of tolerance range of functional
elements

Practical value of the work is set by software
realization of tests creation method, based on VHDL-
model of a device, being verified, and their simulation
in the course of diagnostic experiment.
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