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The goal of group testing is to identify a few specific items satisfying a specific property
in a large population of items at the lowest cost in terms of time and money. These
specific items are referred to as defective items, and the other items are referred to as
negative items. To achieve the goal of group testing, the population of items is grouped
into (overlapped) subsets. A test on a subset of items is to determine whether the subset
satisfies the property. A test outcome is positive if the property is satisfied and negative
otherwise.

Defective items tend to make the outcome of a test on them positive. Recent advances
in the definition of group testing have added a new type of items: inhibitors. An item is
considered to be an inhibitor if it interferes with the identification of the defective items,
i.e., tends to make the outcome of a test on it negative.

In this thesis, we consider the non-adaptive design approach in which all tests are
independent and designed in advance. Under this regime, the central contributions of
this thesis are in two tracks: efficient testing designs for achieving a low number of
tests and low-complexity decoding schemes for efficiently identifying specific items.
The key idea of this thesis is to assign a (pre-defined) signature for a subset of items
before making tests then to identify the specific items based on observed test outcomes
and the pre-defined signatures.

The thesis consists of six chapters. Chapter 1 introduces group testing in general: history,
state-of-the-art work, and challenges. The contributions of Chapters 3—5 are also
summarized here. This chapter presents how to apply group testing into real-world
problems. In practice, how to group items in subsets is equivalent to the process of
creating subsets of items in theory. Items and the specific property depends on
applications. Then testing each subset of items for determining whether it satisfies the
specific property in practice is equivalent to the process of getting a test outcome for a
subset of items in theory. Finally, classifying items in practice and theory is same and
can be done in computer.

Chapter 2 presents preliminaries used in following chapters. Measurement matrices,
which are then instantiated to disjunct matrices, are the basic tool to tackle non-adaptive
approach of designing tests. Other tools such as Reed-Solomon codes and tensor product,
which are used separately in the following chapters, are also introduced.

Chapter 3 considers non-adaptive classical group testing in which a set of items consists



of defectives and negatives. The outcome of a test on a subset of items is positive if the
subset contains at least one defective, and negative otherwise. The contributions of this
chapter are that the number of tests is lower and the time for classifying all items is
faster than existing work.

Chapter 4 considers non-adaptive threshold group testing in which a set of items
consists of defectives and negatives. Threshold group testing is a generalized model of
classical group testing. The outcome of a test on a subset of items is positive if the
subset contains at least a threshold number of defectives, and negative otherwise. The
contribution of this chapter is the time for classifying all items is faster than existing
work. Precisely, the decoding time is sublinear to the number of items. This significantly
improves the best known results which are linear or exponential to the number of items.

Chapter 5 considers non-adaptive group testing with inhibitors in which the test
outcome on a subset of items is positive if the subset contains no inhibitors and at least
one defective, and negative otherwise. The contributions of this chapter are that the
number of tests is usually lower and the time for classifying all items is faster than
existing work.

Chapter 6 concludes the thesis by summarizing what described in Chapters 3—5 and
discuss future directions for the thesis. In particular, improving upper and lower bounds
on the number of tests and the classifying time is straightforwardly addressed. Moreover,
applying group testing into real-world problems is essential. Since each model of group
testing represents for a real-world problem(s), any solution for each model can be

directly applied in practice.
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