
 

 

 

User Manual 

Senior Project 

Sage-Dynamics 

 

 

 

 

 

 

Group Members: 

Dillon Rose 

Weixin Wu 

 

 

Faculty Sponsor: 

Dr. Benjamin Hutz 

Dr. Keith Gallagher 

 

 



Table of Contents: 
1. Introduction 

2. General User Manual 

2.1 Key Components 

2.2 GUI example 

2.3 Functionality of Sage Notebook 

2.3.1 Sage as a Calculator 

2.3.2 Accessing Algorithms in Sage 

2.4 Functionality in projective_morphism.py 

2.4.1 The possible_period function 

2.4.2 Fast polynomial evaluation 

2.5 Speed Enhancements 

2.6 Morton-Silverman Uniform Boundedness constant 

2.7 Dynamical Lehmer Constant 

3. Developer User Manual 

3.1 Trac Server 

3.2 Developing for Sage 

3.3 GUI of Trac Server 

 

 

 

 

 

 

 



1. Introduction 
     Sage is a free open-source mathematics software system written in Python 

and C. Sage was developed for conducting mathematical research and 

producing mass numerical calculations. To serve this purpose, the numerical 

methods of Mathematicians and efficient computing techniques of Software 

Developers must be combined to create Sage. 

      The overall goal of the project is to aid the study of mathematics by 

contributing to the Sage. In this project, enhancements and patches were 

submitted to the existing Sage framework. The aim of the contributions were 

to enable experimental research in dynamical systems, specifically in hopes to 

verify Uniform Boundedness conjectured constant for number fields 

(Morton-Silverman 1992). 

 

2. General User Manual      

2.1 Key Components      

Sage offers two user interfaces: a notebook in a web browser or command 

line. Using the notebook, one can create embedded graphics, beautifully 

typeset mathematical expressions, and explore math constructs.  The 

notebook allows users to export worksheets and import old worksheets for 

reuse.  The command line interface can not be used to create graphics, but 

instead is used for calculation intensive programs. 

Sage follows the basic principle of "question and answer."  Math 

constructs are built and expressions are entered into Sage.  Then, Sage 

evaluates your expression and returns the answer. 



2.2 GUI example 

  

 

2.3 Functionality of Sage Notebook 

2.3.1 Sage as a Calculator    

     The Sage can be used to do very simple math operations.  By using 

common math syntax, one can create mathematical expressions that will 

return the corresponding output. Variables can also be used to store values. 

    

sage: 3 + 5  

8   

sage: 10 ^ 2 

100 

sage: b = 10 

sage: b 

10 

  

 

 



2.3.2 Accessing Algorithms in Sage      

     Aside from basic calculations, Sage can also perform many 

algorithms.  Sage houses one of the world’s largest collections of open 

source computational algorithms.  In order to access the algorithms, one 

must learn the syntax for creating the objects who possess the desired 

functionality.] 

 

sage: P.<x,y,z>=ProjectiveSpace(ZZ,2) 

sage: H=Hom(P,P) 

sage: f=H([x^2-y^2,y^2,z^2]) 

sage: f.possible_periods() 

[1, 2] 

2.4 Functionality in projective_morphism.py 

2.4.1 The possible_period function 

    The possible_period function takes a rational function as input and returns all 

the possible lengths of the periods for that morphism.  The function roughly 

follows the pseudo code given below. 

Determining List of Possible Periods 

Input:      

A rational function f ∈ Q(x)  

Output:      

The list of possible periods  

Algorithm:      

Choose primes of good reduction 

For p in primes of good reduction: 

  For all points in the finite field of size p: 



  Calculate and store f(x) 

 Find periods of f(x) for finite field of size p 

Intersect the lists of possible periods  

Return the list of possible periods 

2.4.2 Fast polynomial evaluation 

    In order to create fast polynomial evaluation, the polynomials describing 

the morphism f are deconstructed into trees.  This tree can then be 

optimized using Horner’s method.  In this project, the method used to 

deconstruct a polynomial into tree was given in Sage already.  However, 

generalizing this technique for use in projective_morphism.py has reduced 

runtime significantly.  The polynomial tree can be seen below as text.

 

2.5 Speed Enhancements 

     By applying efficient programming techniques to Sage, scaled research in 

dynamical systems has become viable again. It is apparent from the table and 

figure below that the software enhancements have made a significant impact 

on the runtime of functions within the dynamical systems package of Sage. 

 



 

 

2.6 Morton-Silverman Uniform Boundedness 

constant 
     The Morton-Silverman Uniform Boundedness constant is the size of the 

largest set of periodic points for a morphism. Using Sage, the value for the 

Uniform Boundedness constant for the quadratic number fields for x2+C was 

verified to be 6. Also, the software was used to conjecture values for the 

Morton-Silverman Uniform Boundedness constant for the quadratic and cubic 

number fields for xd+C.

 

 



2.7 Dynamical Lehmer Constant 
     The Dynamical Lehmer constant is the canonical height for a 

morphism.  Using Sage, values were conjectured for the Dynamical Lehmer 

constant for quadratic number fields for xd+C.

 

3. Developer User Manual 

3.1 Trac Server 

      All changes to Sage source code have to go through the Sage trac 

development server. The purpose of the Sage trac server is to: 

1. Provide a place for discussion on issues and store a permanent record. 

2. Provide a repository of source code and all proposed changes. 

3.2 Developing for Sage    

In order to develop  for Sage, one needs to create an account on Sage. All 

enhancement on Sage are created through a patch system.  The patches are 

created as tickets. Tickets can either be created or checked out from the Trac 



Server. By using Sage development scripts, Sage handles all subversion, which is 

supported by git.   

 

3.3 GUI of Trac Server  

  
 

 


