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There is a common problem arising from digital fingerprinting, group
testing, and multi-access communication that we have to identify significant ones among a very large
number of items. In this research, we used sparse incidence matrices to solve this common problem,
proposed constructions for those combinatorial structures with sparse incidence matrices, developed

identifying algorithms, to build a theory on those combinatorial structures. First, by exploiting
mathematics, we improved properties and existence of various known sparse incidence matrices.
Second, to improve the ratio on the numbers of columns and rows of the sparse incidence matrices and
the efficiency of related identifying algorithms, we introduced many new concepts such as secure
codes with list decoding. At last, we also investigated their applications to broadcast encryption
for secure information transmission and locally reparable codes for distributed storage systems.
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