
PREFACE
This is a study guide offered by SOS for the Fall 2014 Math 135 Final Examination. This guide 
aims to cover the majority of testable concepts that may or may not be present of the final 
examination, as well as provide tips & strategies on understanding course material and avoiding 
common mistakes. This guide excludes many of the concepts covered on the midterm 
examination, as the Fall 2014 Math 135 Midterm Study Guide is readily available. 

This guide will cover 6 primary topics:

I. The Greatest Common Divisor, GCD                                        pg.2-5 
Definition of the GCD, GCD Theorems, Proofs involving GCD

II. Linear Diophantine Equations and Linear Congruences          pg.2-5 
LDE, LCT, solving linear diophantine equations, linear congruences

III. Simultaneous Congruences                                                     pg.2-5 
FlT, CRT, Solving Simultaneous Congruences, RSA Encryption

IV. Primes and Prime Factorization                                               pg.2-5 
Proofs involving primes, Proofs utilizing Prime Factorization

V. Complex Numbers                                                                   pg.2-5 
Properties of complex numbers, finding complex roots, DMV, CNRT

VI. Polynomials                                                                             pg.2-5 
Factoring and solving real and complex polynomials, RRT, CJRT
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THE GREATEST COMMON DIVISOR, GCD
Recall that gcd(a,b) is the greatest common divisor of a and b. In particular, the gcd has three 
properties that follow from its definition.

1)   The gcd(a,b) is a positive integer. 

2)   The gcd(a,b) is a common divisor, hence gcd(a,b) | a and gcd(a,b) |  b.

3)   The gcd(a,b) = ax+by for some integers x,y. (By the Extended Euclidean Algorithm, EEA)

Proofs involving GCD are simply an extension of divisibility proofs covered earlier in the course. 
By utilizing the above 3 properties, GCD theorems, and divisibility theorems, we can tackle any 
GCD proof. 

Question 1  

Suggestions for Approaching this proof:

A good way to start any proof involving GCDs is to let a variable such as d represent the gcd. 
While this isn’t done in the solution below, making this substitution makes it easier to think about 
the gcd as an integer. If you are unable to see a solution immediately, using EEA to express the 
gcd as d = ax+by should be your next step. Doing this will allow you to manipulate the gcd 
algebraically. 
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REMARKS ON QUESTION 1:

1. Notice how this is an “if and only if” statement. We must prove it in both directions. 
2. We utilized two of the above 3 properties of gcd in this proof. In particular, EEA and that the 

gcd is a common divisor.

Question 2 

Suggestions for Approaching this proof:

Once again, begin by letting d and e represent the two GCDs. Is there a divisibility theorem you 
can apply here?

REMARKS ON QUESTION 2:

1. This is a relatively simple proof that involves the use of BBD. Representing the gcd as “d” 
and “e” should allow you to make the connection between this statement and BBD. 

�3



Linear Diophantine Equations and LCT
Recall that a LDE is of the form ax+by = c.

1)   By LDET1, ax+by = c has a solution only if gcd(a,b) | c.

2)   By LDET2, if LDET1 holds true, then the equation has infinite solutions.

3)  These solutions are given by the set {x + (b/d)*n, y - (a/d)*n} for all n.                                  
Note that d is gcd (a,b).

The LCT is simply an extension of the LDE theorems. In particular, LCT applies when solving a 
linear congruence. The only difference is that LCT has finite solutions, equal to the value of the 
gcd. Both these theorems will be explicitly written in your supplementary theorems sheet on the 
exam, but it is still good to know the difference between the two.

Question 1  
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REMARKS ON QUESTION 1:

1. You must be comfortable working through an EEA table in order to solve this question! The 
rest simply follows from the LDET theorems.

Question 2 

�5



REMARKS ON QUESTION 2:

1. Once again we use an EEA table and apply the LCT theorems in order to solve the problem.  
This question tests your knowledge of linear diophantine equations and LCT.
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Simultaneous Congruences
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Question 1 

Remarks on Question 1

1. Whenever you see a large power such as 2^314, it is a clear indication that FlT must be 
used. Also the hint that 91 = 13 x 7, which are two prime numbers is good indication that we 
should be splitting this congruence up and using CRT to solve it.

Question 2  
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Remarks on Question 2

1. Remember that RSA is simply an application of the Chinese remainder theorem. You will 
have the full RSA details available on your proposition sheet, so there is no need to 
memorize it.
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Primes and Prime Factorization

Question 1  
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Question 2 

�11



Complex Numbers 

Question 1 

�12



�13



Question 2 

Polynomials

Question 1 
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Additional Questions

Question 1 - Induction  
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Question 2 - GCD-WR 
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