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Abstract Traditional statement coverage metric based on the activation of statements without taking
observability into account can result in an artificially high reading of coverage and a false sense of
confidence. So the observability-based statement coverage metric is proposed. This metric computes
observability information to determine whether the effects of errors activated by the program stimuli can be
observed. With the density and complexity of circuits extended this metric plays a more and more
important role during verification. Introduced in this paper is a method of vector generation for the
observability-based statement coverage metric. The contribution of the work includes two aspects. Firstly

precise and concise abstract representations are presented from HDL descriptions to model observability
information. Secondly a novel simulation-based algorithm is presented to generate vectors for the
observability-based statement coverage. During this procedure the proposed algorithm always tries to cover
all unobserved statements and reduce unnecessary backtracking so it is efficient. Finally the method
proposed has been implemented as a prototype tool for VHDL designs and the results on benchmarks show

the significant benefits.
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Fig. 1 VHDL codes and the corresponding EPCT & DDG.
1 VHDL EPCT  DDG

entity Example is

port (inl, in2, rst, clk: in bit;
01, 02: out bit);

end Example;

architecture bhv of Example is

process (clk, rst)
variable buf 1, buf2, buf3: bit;
begin
if (rsr=417) |f‘>
buf 1:=0; (1) buf Li=inl; (3)
buf2:=0; (2) i buf 2:=in2; (4) b
else if (clk’ event and clk=1) buf 3:=buf 18&buf 2; (5) R
o . buf A<=buf 3; (6)
else - end ify oli=buf4; (N
end if; 02:=buf 3; (8
end process
end bhv; - !
Fig. 2 VHDL codes and control Chains.
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P IV 1.7GHz 256MB
RAM PC
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tag . 2 # Lines
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CPU_Time
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Obv_ATPG
93.78% 8
Obv_ATPG. ITC99 68.83%
1 . Obv_ATPG 8
# Line # Gates # OdPs Cons_time Run_time
# Vector SC OESC
Table 1 Characteristics of Benchmarks and Experimental Results
1
Circuit # Lines # Gates # OdPs  Constime s Run_time s  # Vector SC % OESC %
b01 110 46 3 0.03 0.03 17 100 100
b02 70 28 2 0.01 0.007 13 100 100
b03 141 149 5 0.03 0.02 83 100 91.07
b04 102 597 6 0.02 0.04 12 100 90
b06 128 60 5 0.03 0.01 14 100 94
b10 167 189 7 0.03 0.01 13 95.95 86.49
bl1 118 481 3 0.03 0.05 141 100 94 .87
Average 119 221 4 0.026 0.024 42 99.42 93.78
Table 2 Experimental Results of Reference 8
2 8
CPU_Time s
Circuit # Lines # Vector OESC %
Random Topological ~ Depth-first ~ Topological and depth-first
FIFOctrl 146 15 84 160 159 218 160
DMActrl 443 19 16 188 142 149 143
Port 73 13 100 1 1 1.1 1.1
Counter 100 10 59 3 2.9 3.2 3
Arbiter 180 54 100 216 114 190 113
Crd 191 21 54 486 408 490 444
Average 189 22 68.83 175.7 137.8 175.2 144




2174

2005 42 12

10

X. J. Ma. Code coverage analysis for behavioral Verilog models

Master dissertation Illinois  University of Illinois Urbana-

Champaign 2000
Kurt Keutzer. Coverage metrics for functional

IEEE Design and Test of

Serdar Tasiran
validation of hardware designs.
Computers 2001 18 4  36—~45
J. Shen J. A. Abraham. An RTL abstraction technique for
processor microarchitecture validation and test generation. Journal
of Electronic Testing Theory and Application 2000 16 1/2
67~81

H. AL-Asaad J. P. Hayes. Design verification via simulation and
pattern generation. In  Proc. Int'l Conf.
Computer-Aided Design. Los Alamitos CA
1995. 174~180

H. Al-Asaad J. P. Hayes

automatic test
IEEE Computer
Society Press
D. V. Campenhout et al . High-
level design verification of microprocessors via error modeling.
ACM Trans. Design Automation of Electronic System 1998 3
4 581~599

S. Devadas A. Ghosh K. Keutzer. An observability-based code
coverage metric for functional simulation. In Proc. Int' 1 Conf.
Computer-Aided Design. Los Alamitos CA IEEE Computer
Society Press 1996. 418 ~425

F. Fallah S. Devadas K. Keutzer. OCCOM—Efficient
computation of observability-based code coverage metrics for
functional verification. IEEE Trans. Computer-Aided Design of
Integrated Circuits and Systems 2001 20 8 1003~1015
Farzan Fallah Pranav Ashar Srinivas Devadas. Simulation vector
generation from HDL descriptions for observability-enhanced
Proc. Design Automation Conf. Los

1999. 666 ~671

statement coverage. In

Alamitos CA IEEE Computer Society Press

Tao Lii  Jianping Fan Xiaowei Li. An efficient observability

evaluation algorithm based on factored use-def chains. In Proc.
Asian Test Symposium. Los Alamitos CA IEEE Computer
Society Press 2003. 161 ~166

F. Corno M. S. Reorda G. Squillero. High-level observability

for effective high-level ATPG. In Proc. IEEE VLSI Test

Symposium. Los Alamitos CA IEEE Computer Society Press
2000. 411~416

11 Yin Zhigang Min Yinghua Li Xiaowei e al/. A novel RTL

behavioral description based ATPG method. Journal of Computer

Science and Technology 2003 18 3  308~317

Lu Wei born in 1977. Received his B.

degree from Harbin University of

and his M. Eng.

Eng.
Science and technology
degree from Harbin Institute of Technology
in 2000 and 2002

respectively  all in

computer science. He is now a Ph. D. candidate at the

Institute of Computing Technology the Chinese Academy of
Sciences. His research interests focus on VLSI verification.
1977 2000
2002
VLSI/

SOC

Lii Tao born in 1978. She received her B.

Eng. degree from Harbin Engineering

University and her M. Eng. degree from
the Institute of Computing Technology
CAS in 2000 and 2003 respectively all in

she is a Ph. D.

)
D A

computer science. Currently candidate and

assistant professor in the Institute of Computing Technology

CAS. Her research interests include VLSI/SOC design
verification and wireless sensor network.
1978 2000
2003
VLSI/SOC

Ivtao@ict.ac.cn .

Yang Xiutao born in 1978. Received his B.
S. degree and his M. Eng. degrees from
Shandong  University of  Science and
Technology in 1999 and 2002 respectively.

He is now a Ph. D. candidate at the

-

Institute of Computing Technology the Chinese Academy of

Sciences. His research interests focus on high level test
generation.
1978

1999 2002

xiutaoyang@ict. ac. cn



RTL 2175

Li Xiaowei born in 1964. Received his B. 1964

Eng. and M.Eng. degrees in computer [EEE
science from Hefei University of Technology

in 1985 and 1988 respectively and his Ph.

i D. degree in computer science from the VLSI/SOC

Institute of Computing Technology the Chinese Academy of Ixw@ict.ac.cn .
Sciences in 1991. He Joined the Institute of Computing
Technology the Chinese Academy of Sciences as a professor in
2000. His research interests include VLSI/SOC design
verification and test generation and design for testability low-
power design dependable computing. He is a senior member of
IEEE and an associate editor-in-chief of the Journal of

Computer-Aided Design and Computer Graphics in Chinese .

Research Background

This paper is supported in part by the National Natural Science Foundation of China NSFC under grant No. 90207002 and
60576031 and in part by the Sci. & Tech. Project of Beijing under grant No.H02012014130. Coverage evaluation is indispensable
for verification via simulation. As the functional complexity of modern design is increasing at a breathtaking pace it is requisite to
take observability into account. Unfortunately nowadays coverage metrics taking observability into account are not very satisfactory.
On one hand the traditional coverage metric is represented by counting the number of activation of such structures as statements
branches and so on which does not address observability. On the other hand the vector generation methods targeting the metrics
taking observability into account are not very efficient and there exists a disconnect between these metrics and the vector generation
process. In order to solve these problems an observability model is presented in this paper along with a novel simulation-based
algorithm to generate vectors targeting the observability-based statement coverage. Our future work would focus on (D Employ more
heuristic information to enhance the efficiency of our system and @ Integrate our algorithm with other controllability evaluation

metrics such as branch coverage metric expression coverage metric and so on.



