Locating arrays with error-correcting ability

Xiao-Nan Lu, Tokyo University of Science, Japan
Masakazu Jimbof, Chubu University, Japan
(E-mail: fjimbo@isc.chubu.ac.jp).

In this talk, we introduce a notion of a locating array with error-correcting
ability and give a construction of such arrays.

Let F = {F\, F»,..., F}} be the set of k factors. For each factor F; € F,
let S; be the set of possible levels or values of F};. For a t-subset K C F of
factors, a t-way interaction I;(K) is a t-set of pairs (F},o0;) such that F; € K
and o; € S; for each factor F; € K. The set of all ¢{-way interactions is written
by Z;. Let Z; = J,, Zs and an interaction in Z; is called a t-way interaction.

let A = (a;j) be an N x k array with elements a;; € S;. Columns of A
correspond to k factors in F and rows correspond to IV tests. Each test gives a
result 0 (pass) or 1 (fail). Failures are caused by s-way interactions with s < ¢.

For a t-subset K C F, we say a t-way interaction I;(K) = {(Fj,0;) : F; € K}
appears in the row ¢ of A if a;; = o, for every Fj € K.

We use pa(I;) to denote the set of row indices of A in which the t-way
interaction I; appears. Moreover, for a set of interactions 7, let pa(7) =
Urcs pa(l). Note that if .7 is exactly the set of all interactions causing faults,
then the set of tests that fail is exactly pa(.7). We wants to determine the set
of interactions which causes failures by examining the test results.

Suppose 77 and 5 are sets consisting of ¢-way interactions with || < d,
| 7| < d. Then, A is called a (d,t)-locating array (LA) if pa(F1) = pa(P)
holds if and only if .73 = .Z5. Moreover, A is said to be a (d,t)-LA with error-
correcting ability e, or simply a (d,f,e)-LA, if |pa(71)Dpa(F)| > 2¢ + 1 for
any sets of t-way interactions with |7;| < d and |77| < d, where A denotes the
symmetric difference. By utilizing a (d,f,e)-LA, we can determine any set .7
of t-way interactions with || < d even if there are at most e errors among the
N test results.

In this talk, we consider a (1,7, e)-LA with ¢ factors and r levels (|S;| =7 >
2), for ¢ =1 (mod r) being a prime power. Let

Agr) = (ag,y) with z,y € F,

0, ifx=uy,
Ay oy = .
Y ld, ifxey—a2)=¢ (0<i<r—1).

where

We will show that A((f) is a (1,%,e)-LA for some positive integer e when ¢ is
large. Especially, it is shown that, for a prime power ¢ = 3 (mod 4), A((ZZ) is a
(1,2,e)-LA with e = % if and only if ¢ > 11 and it is a (1,3,¢)-LA
. 7q—114,/G—215
with e = ——=—— whenever ¢ > 293.
Furthermore, it is shown that we can obtain locating arrays with less number

of tests by trancating rows of A,(f).



