CSC 112/502
Total 859 minutes, or 14.3 hours

	Topic
	Main theme of topic

	1
	Introduction and review of Python

	2
	Object Oriented Programming

	3
	More about Python functions and methods

	4
	Python odds and ends

	5
	Recursion

	6
	Linked Lists

	7
	Searching

	8
	Analysis of Algorithms

	9
	Sorting

	10
	Stacks and Queues

	11
	Hashmaps (Dictionaries)

	12
	Trees

	13
	Heaps






[bookmark: _GoBack]Topic 1:   Introduction and review of Python  [71 minutes]

	1.1
Background & Prerequisites

	You need CSC 111 or prior beginning programming course, pref. in Python

	1.2
Python versions
IDLE
IDEs
Command shells
	Talk about MacOs terminal and show a youtube video;


	1.3
Functions review

	Just the basics

	1.4
Docstrings at top of functions

	Quick intro to documentation;
Also the 4 ways to denote a string, various apostrophes


	1.5
Built-in data types
Scalars

	Numeric types and boolean

	1.6
Data container types:
dict, set, list, tuple

	

	1.7
Lists
	List indexes and list slices

	1.8
Dictionaries
	A refresher

	1.9
Binding to variable names (identifiers)
Mutable data types
Immutables

	What a binding is
Subtle differences lead to big consequences
What it means to be mutable or immutable






Topic 2:   Object oriented programming  [101 minutes]

	2.1
Encapsulation and name isolation
Modules (early intro)

	

	2.2
Classes and objects
Analogies with real world

	

	2.3
Instance variables
The __init__ method
	

	2.4
More methods, e.g. __str__,  graduate()

	What a method is (it is a function) but not all functions are methods.

	2.5
APIs
	Application Programmer Interface
use the help() method
Look at python.org

	2.6
Getters and setters
Other types of methods

	Several different categories of methods, designated by their use and esp. by their changes to the caller

	2.7
Class variables
Class methods
Disambiguation with class name required

	

	2.8
Fraction example (read very quick tutorial)

	

	2.9
Fraction example continued

	More flexible constructor

	2.10
Fraction example continued
	Making new fraction instance or modifying an existing one?  Also dunder method for * operator

	2.11
Fraction example continued
	More about dunder (magic) methods

	2.12
Fraction example continued
	Addition, and class methods










Topic 3:  More about Python functions and methods [55 minutes]

	3.1
Naming rules and conventions

	lowercase variables, uppercase class names

	3.2
Default parameter values

	Don't worry about esoteric dict parameters

	3.3
How parameters pass info into functions
When a change to a parameter results in change in the caller

	changeable parameters, mutable variables

	3.4
Assert statements, esp. parameter checking
	Very useful, esp. for types.  Java and other strongly typed langs do this always;
 Difference a strongly typed language and a weakly typed one
How strong typing prevents many errors
How Python can ameliorate weak typing drawbacks


	3.5
Returning more than one value from a function (or method)
How to destructure the multiple return values
How tuples are used to do this

	

	3.6
Global variables and rules for accessing them

	Tricky rules about accessing or assigning;
Important to distinguish LHS versus RHS






Topic 4:  Python odds and ends  [151 minutes]

	4.1
More about modules
	esp. if __name__ == "__main__":

	4.2
Exceptions
	Don't go into the whole example of how to print a traceback right now

	4.3
Lists and need to always grow before accessing any random index
Creating a certain size list with multiplication
Using a dictionary to simulate an array
	

	4.4
List comprehensions
	

	4.5
Fixed size arrays

	Examine the class innards,
esp. the dunder methods __getItem__ and __setItem__

	4.6
2-D arrays
	Both list of lists, and a new custom class

	4.7
Boolean operators:  AND, OR, NOT
Short-circuit boolean evaluation
Some languages (not Python) allow full boolean comparison
	if x == 5 or x == 6;             stop at the first one that's true
if 42 < x and x < 100;        stop at the first one that's false


	4.8
break statement              (ends a loop right away)
return                                (ends a function or method right away)
sys.exit()                   (ends a program right away)
continue statement
else: clause at the end of a for or a while loop
	else should be named "if you didn't break in that loop"

	4.9
How to execute a string as if it were in program
eval()     exec()
	Two different uses, exec() is probably more useful

	4.10
CLI (command line interface) in Python
Give basic shell
	

	4.11
A few more list things:  any, all, sum, max
	

	4.12
Range and lists
	

	4.13
File reading and writing
	Simple version of a complex topic

	4.14
Formatting, both old and new versions
	





Topic 5:  Recursion   [52 minutes]

	5.1
The basics of recursion.  Factorial example.
	Recursion is marvelously easy to understand.  And if it doesn't look like "magic" at some point, you've probably done it wrong.

	5.2
The 3 things you need.
	a.  function must call itself
b.  function must have a base (stopping) case
c.  each successive call must present a smaller version of the problem.

	5.3
More math examples
	Factorization, fibonacci

	5.4
Replacing iteration (explicit loops) with recursion.
	Also point out the inherent cost of recursion.

	5.5
List examples
	Constant list slicing to get to the base case, which is always the empty list

	5.6
Helper functions
	Need to set up the parameters that might not seem natural to the user






Topic 6:  Linked lists  [69 minutes]

	6.1
Arrays were the first data structures
How they mimic RAM
Their severe limitations
Need for dynamic data structures

	

	6.2
What a linked list looks like in terms of pictures
How to read a picture
What is really in the pointer fields

	Java's null value (=0)
Python's None value (= something else)

	6.3
What a node is
How to define a node
Next pointers
The id() function
The special None value
Where the nodes "live" in memory (the "heap")
	

	6.4
The LinkedList class
The single head pointer instance variable
print method to print the payload of every node
Infinite loop

	

	6.5
Other kinds of Linked Lists
Circular
Bi-directional
Trees
Graphs

	This is just a quick intro.  Augment with scanned pictures.

	6.6
appendNode()
AttributeError
'NoneType' object has no attribute
None is a black hole!  It has no attributes

	Starting to get code-heavy

	6.7
addNode()  -- with variable parameters
	you can add to the front, or to the end

	6.8
find()
How short-circuit evaluation helps with linked list traversals

	This is the perfect place to intro short-circuit;
also show alternative using break statement




	6.9
Recursion in linked lists
isSorted() -- compare iterative vrs. recursive
sumAll()
find()
	

	6.10
LinkedLists with both a head and tail pointer
Inserting at the end is easier
Deleting may be a tad harder

Circular LinkedList
Why a head pointer is not needed
but at least one pointer is needed

	Zybooks shows a LL with both head & tail ptrs

	6.11
How to insert in the middle so the list remains sorted
	Tricky!

	6.12
Bi-directional LinkedLists
Lots more bookkeeping for the pointers
Inserting a new node involves 4 pointer changes

	Trade-offs are ubiquitous in Computer Science

	6.13
Deleting a node
3 cases:  front, middle and end
Need a prev pointer variable
How to trail the prev pointer behind runner
"Garbage" variables
the Garbage Collector

	Even trickier still.







Topic 7:  Searching [about 50 minutes]

	7.1
Sequential search; look at possibly every element
Objects must be comparable
Code patterns
Alternative code pattern using booleans
	Must all be the same type (all numbers, or all strings, etc.)
Spin through every element
but can quit early using break 
Use a boolean variable to end a while loop.
Probably less clear

	7.2
Binary search
Requires array to be sorted
Code for binary search using indexes
Pros and cons:  sequential vrs. binary
	Recursive version using slices;
 Use either list slices or array indexes;
list slices are "expensive" because of temporary lists that must be created;
binary search is faster but requires the array to be sorted

	7.3
Searching in action, comparisons
	

	7.4
Time to find something
	log2(N) for binary search
N for sequential search

	7.5
How to keep a list sorted:  explicitly sort the entire thing, or insert sorted into a list
	T(N) is N for insert sorted because you may have to look at every element






Topic 8:  Analysis of algorithms [31 minutes]

	8.1
Cost of running an algorithm
Different algos solve the same problem, but run at different speeds.

	What is a problem?  Problem instance?
We usually measure time, but also space (memory)

The term "complexity" often applies to "cost" 

	8.2
Worst-case analysis, but also best and average case
All four measures of complexity
	Worst-case is most often used because it is kind of a guarantee of the max cost.  Best case is seldom useful and average case is hard to ascertain
1.  time
2.  memory
3.  iron  (multiple processors)
4.  understandability  (how hard for humans)

	8.3
How we measure;
Charting or plotting various T(N)s
Show basic graphs of k, N, N2, N3, etc.
	The basic framework:  choose an N
calculate number of assignment statements or comparisons
Chart on a graph

	8.4
How to compute the T(N) of an algorithm by counting assignment statements
	Loops that run as a function of N are the main things; Give some examples

	8.5
Big-Oh notation
Find the largest term, one that contributes most
Ignore constant multiples or additions
Often said we are finding the "rate of growth" of a function;
 Formal definition
How to pronounce it
Intuitively, functions that have the same "shape" or steepness to their curves
	Big-Oh(f) is a set of functions all of which are "underneath or equal to" some function







Topic 9:  Sorting [94 minutes]

	9.1
Moving elements around in a list to achive an order, usually ascending or descending according to some rule (e.g.  numerical or lexicographical)

	Explain lexicographical ordering

	9.2
Example of a simple sorting algorithm:  bubble sort
 swapping two cells of a list
first swap two variables
XOR swapping
	Many ways: 
1.  explicit variable,  2.  addition/subtraction,
Review AND, OR, NOT, XOR

	9.3
Simple sorts:  insertion sort, selection sort

	Most of these simple sorts have a time complexity that is of the order of N2 where N is number of elements in the list

	9.4
There are MANY sorting algorithms!
	Show Wikipedia table;
Also https://www.youtube.com/watch?v=kPRA0W1kECg&t=274s

	9.5
Mergesort
Recursive version is very sweet!
The hard part is the merge algorithm
	T(N) is O(Nxlog2(N)), so that's a lot faster than N2.
Usually abbreviate it as NlogN
There are other NlogN algorithms
Mergesort requires 2N memory cells

	9.6
Quicksort
One of the most widely used sort algos
Time complexity of quicksort
How quicksort works
partitioning algorithms
	Used more often than mergesort because memory requirement is only N. 
Family of algorithms;
Worst case is N2
Average case is NlogN


	9.7
Quicksort partition in action
	More details of partitioning, non-recursive version

	9.8
Multi-field sorting and stable sorting
	Definition of a record;
Showing a record in Python;
Stable sorting of records
Clever Python code to generalize a sort





Topic 10:  Stacks and Queues [37 minutes]

	10.1
LIFO versus FIFO
Real world examples

	stacks of plates
water hose;


	10.2
API for a stack
Uses for a stack
	push(), pop(), empty();
Anything hierarchical
Parenthesized expressions,  HTML tags
control structures

	10.3
How to implement using an array
How to implement using a Linked list
	

	10.4
Implementation of functions & recursion
	The OS is hiding the dirty details of how recursion is actually done.  But there's always a stack.

	10.5
API for a queue;
Uses of queues
	enqueue(), dequeue(), empty();
Not as many but  we will see an important one with trees.  OS scheduling.

	10.6
Deque -- double ended queue
	Bring up the idea of access discipline.  A list has the loosest discipline.





Topic 11:  Hashmaps (Dictionaries)   [76 minutes]

	11.1
Dictionary is a generalization of an array
Uses any immutable object as the "address", i.e. the index
CRUD operations on a container 
A hashmap allows access that is usually in constant time, T(N) = k, or is Big-Oh(1)

	Most general term is "map"
Hashmap is what some langs call it (e.g. Java)
    but this reveals an implementation
Dictionary is a map of string to string
Review basic operations of Python dictionary
All container objects have to have these 4 operations:  create, read, update, destroy;
Speed is the main reason we use maps, although we can create a map using even a slow implementation like dumb searching;
compare to binsearch where we have to sort or keep sorted, no sorting in hashmaps!

	11.2
How hashing works -- reduce the index value to a number somehow

	Usual algo of adding up the ord() of each charac-
ter in a string and then taking mod SIZE, which is the number of "buckets"


	11.3
Watching hashing work
CLI for a simple hashmap
	

	11.4
Collisions -- the really difficult part of maps
	Whole bunch of different collision resolution strategies.  One way is to make bigger buckets, able to hold more than one key/value pair.  But what is the max number of buckets needed?  Some values may be clumped or hotspots.

	11.5
Linear and quadratic probing
	Worst case time easily seen to be O(N) because you'd have to go through the entire list

	11.6
A better CLI
	

	11.7
Chaining
	Little linked lists, needs extra memory in addition to the big array of buckets.  also requires more code and debugging

	11.8
Other collision resolution strategies
	buckets, secondary area, alternate hashing algorithms






Topic 12:  Trees  [59 minutes]

	12.1
Basic structure of a binary tree
Terminology:  root, leaf, level, depth, height
	Generalization of a linked list, with nodes and pointers, except nodes now have 2 pointers:  leftchild and rightchild

	12.2
Code for a tree
	

	12.3
Other types of trees
	full, complete, perfect, degenerate
DAG

	12.4
Traversal algorithms;
3 kinds of depth-first traversals:  when do you "visit" a node, and what does it mean to "visit"?
	Recursion is so useful!  (Invisible stack is the implementation)  Explicit stack coding is really hard!
Depth-first, breadth-first
inorder, preorder, postorder

	12.5
Implementation of traversals:
depth-first using a stack
Breadth-first traversal using a queue
	

	12.6
Uses of trees
	Any hierarchical structure
Game-trees,  usually do breadth-first trav.

	12.7
Binary search tree
	The BST ordering property
If balanced, then T(N) = log2(N) where N is the total number of nodes in the tree

	12.8
Keeping a tree balanced
	Tricky algorithms; special kind of tree AVL that rebalances every time;
Or you can rebalance every once in a while
or a hybrid thing called a treap.



Future things to add:
1. File systems are trees… mostly.  But really DAGs because of shortcuts or aliases.


Topic 13:  Heaps  [27 minutes]

	13.1
Two implementations:  binary tree and an array; the array requires a complete tree
	The heap property, different than the BST property; review the complete tree property

	13.2
How to add a new element:  add to one beyond the last position and percup (both in tree and
array);
 Time complexity is logN
	Percup compares a node against its parent

	13.3
How to delete an element:  remove the root and percdown (both in tree and array)
	Percdown compares a node against its two children;
Formulas for index of the two children and the parent; depends on whether you use the 0th position or not

	13.4
Heapsort
	2 phases:  filling the heap, and then emptying the heap;
both tree and array:  Reuse the array elements, so only N slots are needed, but time is 2NlogN

	13.5
Priority queue
	Uses of a priority queue
How to implement using a regular FIFO queue (slow because T(N) = N)
How to implement using a heap





