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1 Introduction

In this paper we define an exposure property of SBIBD. Informally, if a subset
F is included in a union of a number of blocks, and F' has a constant number
of common points with each block building up the union, then the family of
these blocks is uniquely determined. It was motivated by cryptographic prob-
lems such as, in broadcast encryption systems, ensuring that only authorized
users can receive the content. In broadcast encryption system, the content is
encrypted. Each user is assigned a decoder which contains a number of decryp-
tion keys such that he can decrypt and receive the content. When some users
produce another decoder, which is not identical to each of their decoders, con-
sisting of an equal number of keys from each of their decoders, it is expected
to identify all of them.

2 Preliminaries

Definition 2.1 Let v,k and X be positive integers such that v > k > 2. A
(v, k, \)-balanced incomplete block design is a pair (X, B) such that the follow-
ing properties are satisfied:

(1) X is a set of v points;
(2) B is a family of k-subsets, called blocks, of X; and
(8) every pair of distinct points of X is contained in exactly A blocks.
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We use the notation (v, k, A\)-BIBD instead of a (v, k, \)-balanced incomplete
block design. A (v, k, A)-BIBD has the following properties.

Definition 2.2 A (v, k, A\)-BIBD is called symmetric if b = v.

Consider a block design (X, B) and a set of blocks C = {By, By,--- ,B.} C B.
Let F' be a k-subset of X satisfying the following properties,

{FﬁBﬂ—FﬂBQ—---—FﬂBC "

F\(BiUByU---UB,) =0.

Denote by C the set of all k-subsets F© C X that satisfy (1). The set C is
called exposed if the intersection of members of C with any member F' € C
has maximum size, and no other block of B has the same size intersection with
F. In other words, C satisfies the following. For every F' € C

(i) |F N B;| = maxgep |F'N B, for all B; € C; and

(ii) there is no B ¢ C such that |[F'N B| = |F'N By|.

Definition 2.3 A block design is c-exposed if every family of ¢ blocks is ex-
posed.

3 3-Exposed Block Designs

Theorem 3.1 A (v, k, \)-SBIBD is 3-exposed if A < k/9.

Example 3.1 Let X = Zy33, B={Bo, By, -, Bi32}, where the blocks of the
(188,12,1)-SBIBD are

B; = {0+1, 1+, 341, 12+4, 20+1i, 3441, 38+1, 81+, 88+1i, 94+, 104+4, 109+ }
for 0 <14 <132. Take 8 blocks C = {By, By, Bo} and a false block F

By = {0, 1, 3, 12, 20, 34, 38, 81, 88, 94, 104, 109}

B, = {1, 2, 4,13, 21, 35, 39, 82, 89, 95, 105, 110}

B, = {2, 3, 5, 14, 22, 36, 40, 83, 90, 96, 106, 111}
F=1{1,23, 4, 5 12,13, 14, 20, 21, 22, 34}

It is clear that F C (By U By U By) and

|[FNBy|=|FNBy|=|FNBy| =5
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For ani > 2, if |F'N B;| > 5 then one of the following three
|[BoN B;| > 2, |BiNB;| > 2, |[BoNB;| >2
s satisfied, but we know that
|BoNB;|=1, |BiNB;|=1, |BoNB;| =1

This shows that |F N B;| < 5 for i > 2. That is, By, By, By are the only blocks
that have the mazimum intersections with F.

4 Remark

The existence of a block design with c-exposure property remains open for
c> 3.
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