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Chapter 1

Introduction

1.1 Question illustration
In this issue,we need to accomplish a algorithm that can do automatic differenti-
ation.
In the user’s window , one would input an infix expression that composed of the
symbols of operators and variations,like bracket power and etc.
Particularly, I accomplish the part -Bonus -which would reach the need of doing
differentiation for ln,cos and etc

1.2 My Way of Thinking
I think we can divide this huge question into parts

1. Depending on the given infix expression,we need to build a tree to store the
operators and variation.

2. Process the tree though recursion.

3. Print the tree in the infix oder.

That’s how I write this programme.
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Algorithm Specification

2.1 specialization of my program
2.1.1 To Build A Tree for the Given Indix Expressions
initiation: I build two double link list to simulate two stack– variation_stack
and operator_stack

Listing 2.1 c

Listing 2.2 c

structure: I use the following strategies to build a tree.

1. to check if it is a variation or an operator

2. if it is a vatiation
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• than push it into the variation stack

3. if it is an operator

• to check its precedence
• if its precedence is lower than that in the stack
• or push it into the stack
• than to operate until the current operator(put it in the tree) owns the

lowest precedence.
• push it into the stack

Listing 2.3 structure
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2.1.2 Do the Differentiation
Structure We need to use recursion to simulate the process of differentiation.

The recursive differentiation approach in my program follows these principles:

• Base Case: Leaf Nodes If the current node is a leaf (variable or constant),
we directly return its derivative:

• +, �, /, �: For each operator node, we recursively differentiate its child nodes
and combine them according to calculus rules:

• reserved word: Special handling for built-in functions:

– ln(u): derivative is u0

u

– sin(u): derivative is u0 � cos(u)

– cos(u): derivative is u0 � (� sin(u))

– exp(u): derivative is u0 � exp(u)

– logb(a): derivative is ln(a)0

ln(b)
� ln(a)�ln(b)0

ln(b)2

This recursive approach simulates the differentiation.
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Specialization: The following is the code

Listing 2.4 Specialization
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testing result

Figure 3.1 4 variable

Figure 3.2 with constant

Figure 3.3 long name
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Figure 3.4 ln

Figure 3.5 log

Particularly, i will show you something special.

Figure 3.6 tan
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Analysis and Comment

we consider the most complex part of my programme. It is definately the differ-
entiation part.

4.1 time complexity
We consider the worst cases. In the ’+’,’*’...section,their recursions need to be
conduct twice. So that the mathmatics equation should be:

T (k) = 2 � T (k � 1) + C, T (1) = C

T (k) = 2[2T (k � 2) + C] + C = 22T (k � 2) + (2 + 1)C

= 23T (k � 3) + (22 + 2 + 1)C

� � �
= 2k�1T (1) + (2k�2 + 2k�3 + � � � + 20)C

= 2k�1C + (2k�1 � 1)C

= C � (2k � 1)

T (k) = O(2k)

4.2 space complexity
we just need to consider the worst cases,differentiation part.
consider the worst cases where all the node has two child. Then,every node would
push to node into the stack :
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Space = nodes + stack depth

m = original tree nodes, d = tree height, C = 84 bytes per node

Original tree space = C � m = O(m)

Stack space = O(d) = O(m) (worst case: chain tree)

Derivative tree space = C � T (k) = C � (2k � 1) = O(2m)

Total space = O(m) + O(m) + O(2m) = O(2m)

Worst-case space complexity = O(2m)
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Declaration

I hereby declare that all the work done in this project titled ”Autograd
for Algebraic Expressions” is of my independent effort.
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code
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