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Chapter 1

Introduction

Tropical geometry forms a new branch of mathematics in the past decade. It

was originated from computer sciences, but it has not been the mainstream

of computer sciences [2]. Mathematicians paid attention to tropical geom-

etry because it offered new and simple ways to solve complicated classical

complex geometry, algebraic geometry, and statistics problems. For example,

Mikhalkin [5] counted the numbers of curves with genus g passing through

3d + g − 1 points in CP
2 using tropical geometry. The same conclusion

had been verified by Caporaso and Harris about five years before Mikhalkin

by applying deep classical algebraic geometry [1]. For a brief introduction

to tropical geometry, we refer to [8, 7]. Moreover, different applications of

tropical geometry are presented in [5, 6, 7, 9, 10].

The tropical semiring T = R∪{−∞} equipped with two binary operations
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⊕,� which defined as following:

a ⊕ b = max{a, b},

a � b = a + b.

We call this kind of algebra system “max-plus” algebra. One can also take

T = R∪{∞}, and define a⊕b = min{a, b} which we call “min-plus” algebra.

The goal of this thesis is to define the largest-coefficient tropical polyno-

mials and use them to factor all tropical polynomials. Moreover, we prove

tropical version of the Fundamental Theorem of Algebra. The (classical)

Fundamental Theorem of Algebra states that every polynomial equation of

degree n with complex coefficients has n roots in the complex numbers. There

are at least three different proofs of the theorem. Though it is a theorem in

Algebra, the pure algebraic proof is not easy. Many famous textbooks for

Algebra skip the proof. Unlike the classical situation, we will give a simple,

pure tropical way to prove the Fundamental Theorem of Tropical Algebra.

The tropical algebra we take is the max-plus one. The approach we take is to

follow Grigg’s thesis [4], where he proved similar results for min-plus algebra.

The rest of the thesis is organized as follows. In the following chapter,

we provide the necessary background by introducing the notions, operations

and some properties of tropical algebra. In Chapter 3, we presents our main

results. First, we discuss the factoring techniques of decomposing the tropical

polynomials in one variable through largest-coefficient polynomials. Then

we prove the Fundamental Theorem of Tropical Algebra in pure tropical

techniques. In the last chapter, we conclude our results and discuss possible

3



future studying.
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