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Nevertheless, there exists no model or algorithm in the liter-
ature for computing test patterns for which the number of

This paper addresses the problem of test pattern generaticZnSpeg.'f'eld tﬁrlmar_y 'B.pmt. assllgt;ﬂ_m ents Is tmaX|m|zed.
for single stuck-at faults in combinational circuits, under the\¢¢°rdingdly, thé main objéctive of this paper 1S 1o propose a

additional constraint that the number of specified primary]cIrSt attempt at solving this problem. We develop a new

input assignments is minimized. This problem has different_mOdeI for test pattern generation, based on propositional sat-

applications in testing, including the identification of don't isfiability (SAT), in the presence qf unspe_cified input assign—
care conditions to be used in the synthesis of Built-In Self-ments. Afterwards, we _dgnve an integer linear programming
Test (BIST) logic. The proposed solution is based on an(”‘P) model for maximizing t_he number of qnspeuﬂed pri-
integer linear programming (ILP) formulation which builds mar;:t 'Qﬁu: _as?gnm.ent.:,r.] Finally, V\:je prgv:de prtzl!mma_ry
on an existing Propositional Satisfiability (SAT) model for resub_s tf"‘ Juls nfy u§t|ng dedproppbse mXTlgGm m(fhufjml-sme
test pattern generation. This ILP formulation is linear on thecc;]r_nhlna lonal cireul f’ at?] escrl edan del m(;a 0 oo{qy,
size of the original SAT model for test generation, which isWI Ic .tr::an mgorphqr:;l] € the lprogose Ir_nc()j te Ian supporting
linear on the size of the circuit. Nevertheless, the resulting"jl.gor.I M, and which can aiso be applied 1o farge-size com-
ILP instances represent complex optimization problems,b'nat'onal circuits. _Be_S|des |t_s practical appI|cab|_I|ty, to our
that require dedicated ILP algorithms. Preliminary results on?eSt Iénowledget_ this IS .the fII’S.t fo:m?l n?tn-heunsuc model
benchmark circuits validate the practical applicability of the owards computing minimum size test patterns.

test pattern minimization model and associated ILP algo-
rithm.

Abstract —

2. Model and Algorithm

In this section we briefly outline the integer optimization
model for computing minimum-size test patterns. The main
steps for constructing the model are as follows:

1. Introduction

Automatic test pattern generation (ATPG) for stuck-at faults

in combinational circuits is now a mature field, with an 1. The first step is to represent circuits and fault

impressive number of highly effective models and algo-
rithms [3, 4, 7, 8—1f] Furthermore, besides being effective
at detecting the target faults, recent ATPG tools have aimel
the heuristic minimization (i.e. compaction) of the total
number of test patterns required for detecting all faults in a

detection problems using Conjunctive Normal

Form (CNF) formulas. In this paper, the model of

[10] is assumed but the models of [3, 11] could also
be used.

o 2. The next step is to develop a CNF model in which
cireuit [1.’ 8, 9]. In general, the degree of test pattern com- variables can have unspecified assignments. Notice
paction is expected to _be related to the number of unspec that solving SAT requires that all variables must be
fied input assignments in gach test pattern. Moreover, recer specified. Consequently, a dedicated formal model
work on using deterministic test patterns for the synthesis o needs to be developed. (This model is detailed in
Built-In Self-Test (BIST) logic [1] also motivates the com- 21)
putation of test patterns for which the number of unspecifiec )
primary input assignments is minimized. Indeed, if the test ~ 3 Afterwards, we apply the resulting CNF model to
set is used as input to a logic synthesis tool with the purpos the representation of circuits and fault detection
of synthesizing BIST logic, then by maximizing the number problems.
of unspecified input assignments, i.e. by maximizing the 4. We can then map the resulting CNF into an ILP

don’t care set of each test pattern, the logic synthesis tool i
in general able to yield smaller synthesized logic. Thus the
maximization of the don't care set of each test pattern, ol
conversely, the computation of test patterns of minimum-
size, can have significant practical consequences.

1. A more comprehensive bibliographic review of recent
ATPG algorithms can be found in [2].

model. This step is straightforward, since clauses
can always be viewed as algebraic inequalities.

Finally, we specify the cost function of the resulting
integer optimization model so that the total number
of specified assignments is minimized.

It can be shown that the proposed ILP model is indeed cor-
rect [2]. Furthermore, this model has a search space of
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more effective ILP algorithms and applying the proposed

HITEC | ATALANTA MTP model and algorithm in BIST logic synthesis.
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4. Conclusions

In this paper we introduce a new integer optimization model
for computing minimum-size test patterns. Preliminary
experimental results validate the practical applicability of
the model. Additional research work includes developing



