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Lecture 1
· Course Description, Goals and Contents
· Course Objectives
· To extend and deepen the student's knowledge and understanding of algorithms and data structures and the associated design and analysis techniques
· To examine previously studied algorithms and data structures more rigorously and introduce the student to "new" algorithms and data structures. 
· It focuses the student's attention on the design of program structures that are correct, efficient in both time and space utilization, and defined in terms of appropriate abstractions. 
· Course Goals
Upon completion of this course, a successful student will be able to:
· Describe the strengths and limitations of linear data structures, trees, graphs, and hash tables
· Select appropriate data structures for a speciﬁed problem
· Compare and contrast the basic data structures used in Computer Science: lists, stacks, queues, trees and graphs
· Describe classic sorting techniques
· Recognize when and how to use the following data structures: arrays, linked lists, stacks, queues and binary trees. 
· Identify and implement the basic operations for manipulating each type of data structure
· Perform sequential searching, binary searching and hashing algorithms.  
· Apply various sorting algorithms including bubble, insertion, selection and quick sort.
· Understand recursion and be able to give examples of its use 
· Use dynamic data structures 
· Know the standard Abstract Data Types, and their implementations
· Students will be introduced to (and will have a basic understanding of) issues and techniques for the assessment of the correctness and efficiency of programs.
· Concept of Problem Solving
· Programming is a process of problem solving 
· Problem solving techniques 
· Analyze the problem 
· Outline the problem requirements 
· Specify what the solution should do
· Design steps, called an algorithm, to solve the problem (the general solution)
· Verify that your solution really solves the problem
· Algorithm – a step-by-step problem-solving process in which a solution is arrived at in a finite amount of time

· Software Development Method (SDM) and its 6 steps
· For programmer, we solve problems using Software Development Method (SDM), which is as follows:
· Specify the problem requirements.
· Analyze the problem.
· Design the algorithm to solve the problem.
· Implement the algorithm.
· Test and verify the completed program.
· Documentation
· Basic Control Structures
· Sequence	Selection	Iteration
· Pseudocode
· Flow Chart




Lecture 2
System Development and SDLC
· System development is a set of activities used to build an information system
· System development activities are grouped into phases, and is called the system development life cycle (SDLC) 
· Some system development activities may be performed concurrently. Others are performed sequentially. Depending on the type and complexity of the information system, the length of each activity varies from one system to the next. In some cases, some activities are skipped entirely.
General Guidelines for System Development
· Users include anyone for whom the system is being built. Customers, employees, students, data entry clerks, accountants, sales managers, and owners all are examples of users
· The system development team members must remember they ultimately deliver the system to the user. If the system is to be successful, the user must be included in system development. Users are more apt to accept a new system if they contribute to its design.
· Standards help people working on the same project produce consistent results.
· Standards often are implemented by using a data dictionary.
Role of System Analyst
· A systems analyst is responsible for designing and developing an information system. The systems analyst is the users’ primary contact person.
· Systems analysts must have superior technical skills. They also must be familiar with business operations, be able to solve problems, have the ability to introduce and support change, and possess excellent communications and interpersonal skills.
· The steering committee is a decision-making body in an organization.
· Ongoing Activities
· Project management	is the process of planning, scheduling, and then controlling the activities during system development
· Feasibility is a measure of how suitable the development of a system will be to the organization.	Operational, Schedule, Technical and Economic feasibility are performed.
· Documentation	Documentation is the collection and summarization of data and information	Includes reports, diagrams, programs, and other deliverables		
· A project notebook contains all documentation for a single project
· Gather data and Information	During system development, members of the project team gather data and information using several techniques such as Review documentation, Observe, questionnaire survey, interviews, Joint Application Design (JAD) sessions and research
Project Management 
· Project team formed to work on project from beginning to end	Consists of users, systems analyst, and other IT professionals
· Project leader—one member of the team who manages and controls project budget and schedule		Project leader identifies elements for project
· Goal, objectives, and expectations, collectively called scope
· After these items are identified, the project leader usually records them in a project plan. Project leaders can use project management software to assist them in planning, scheduling, and controlling development projects
Gantt Chart
· A Gantt chart, developed by Henry L. Gantt, is a bar chart that uses horizontal bars to show project phases or activities. The left side, or vertical axis, displays the list of required activities. A horizontal axis across the top or bottom of the chart represents time.
PERT Chart
· A PERT chart, analyzes the time required to complete a task and identifies the minimum time required for an entire project
· Project leaders should use change management, which is the process of recognizing when a change in the project has occurred, taking actions to react to the change, and planning for opportunities because of the change
Feasibility
· Operational feasibility measures how well the proposed information system will work. Will the users like the new system? Will they use it? Will it meet their requirements? Will it cause any changes in their work environment? Is it secure?
· Schedule feasibility measures whether the established deadlines for the project are reasonable. If a deadline is not reasonable, the project leader might make a new schedule. If a deadline cannot be extended, then the scope of the project might be reduced to meet a mandatory deadline.
· Technical feasibility measures whether the organization has or can obtain the hardware, software, and people needed to deliver and then support the proposed information system. For most information system projects, hardware, software, and people typically are available to support an information system. The challenge is obtaining funds to pay for these resources. Economic feasibility addresses funding.
· Economic feasibility, also called cost/benefit feasibility, measures whether the lifetime benefits of the proposed information system will be greater than its lifetime costs. A systems analyst often consults the advice of a business analyst, who uses many financial techniques, such as return on investment (ROI) and payback analysis, to perform the cost/benefit analysis.
Gather Data and Information
· Review Documentation — By reviewing documentation such as an organization chart, memos, and meeting minutes, systems analysts learn about the history of a project. Documentation also provides information about the organization such as its operations, weaknesses, and strengths.
· Observe — Observing people helps systems analysts understand exactly how they perform a task. Likewise, observing a machine allows you to see how it works. 
· Survey — To obtain data and information from a large number of people, systems analysts distribute surveys.
· Interview — The interview is the most important data and information gathering technique for the systems analyst. It allows the systems analyst to clarify responses and probe during face-to-face feedback.
· JAD Sessions — Instead of a single one-on-one interview, analysts often use joint-application design sessions to gather data and information. Joint-application design (JAD) sessions, or focus groups, are a series of lengthy, structured, group meetings in which users and IT professionals work together to design or develop an application
· Research — Newspapers, computer magazines, reference books, trade shows, the Web, vendors, and consultants are excellent sources of information. These sources can provide the systems analyst with information such as the latest hardware and software products and explanations of new processes and procedures.
· Planning	Review and approve the project request	prioritize Project requests	Allocate resources	Form a project development team
· Allocate resources such as money, people, and equipment to approved projects; and
· Form a project development team for each approved project.
· Analysis
· Preliminary Investigation	Determines and defines the exact nature of the problem or improvement 	Interview the user who submitted the request 	Findings are presented in feasibility report, also known as a feasibility study
· Detailed analysis	Study how the current system works 	Determine the users’ wants, needs, and requirements 	Recommend a solution 
· Process modeling (structured analysis and design) is an analysis and design technique that describes processes that transform inputs into outputs 	ERD, DFD, Project dictionary
· Decision Tables, Decision Tree, Data dictionary, Object modeling using UML, use case and class diagram, activity diagram
· The system proposal assesses the feasibility of each alternative solution
Recommends most feasible solution for the project Packaged S/w, Custom or Outsource
Preliminary Investigation
· In this phase, the systems analyst defines the problem or improvement accurately. The actual problem may be different from the one suggested in the project request. The first activity in the preliminary investigation is to interview the user who submitted the project request. Depending on the nature of the request, project team members may interview other users, too.
· Upon completion of the preliminary investigation, the systems analyst writes the feasibility report.	The feasibility report contains these major sections: introduction, existing system, benefits of a new or modified system, feasibility of a new or modified system, and the recommendation.
System Proposal and Steering Committee
· The systems analyst reevaluates feasibility at this point in system development, especially economic feasibility (often in conjunction with a financial analyst). 
· The systems analyst presents the system proposal to the steering committee. If the steering committee approves a solution, the project enters the design phase.
· Design
· Acquire hardware and software, 	Identify technical specifications, 		Select vendor proposals, 	Test and evaluate vendor proposals, 	Make a decision
· Develop details or physical design	Architectural, database, I/O and procedural design
· An inspection is a formal review of any system development deliverable
· Implementation	Develop programs	Program Development Life cycle
· Install and test new system	Unit, system, Integration and Acceptance Tests
· Train Users	Training involves showing users exactly how they will use the new hardware and software in the system
· Convert to new system	Direct, Parallel, Phased or Pilot conversion
· Operation, Support and Security purpose  is to provide ongoing assistance for an information system and its users after the system is implemented
· Maintenance activities		Monitor system performance	Assess system security	
Possible Solutions
· Packaged software is mass-produced, copyrighted, prewritten software available for purchase. Packaged software is available for different types of computers.
· Custom Software Instead of buying packaged software, some organizations write their own applications using programming languages such as C++, C#, F#, Java, JavaScript, and Visual Basic. Application software developed by the user or at the user’s request is called custom software. The main advantage of custom software is that it matches the organization’s requirements exactly. The disadvantages usually are that it is more expensive and takes longer to design and implement than packaged software.
· Outsourcing Organizations can develop custom software in-house using their own IT personnel or outsource its development, which means having an outside source develop it for them. Some organizations outsource just the software development aspect of their IT operation. Others outsource more or all of their IT operation
Acquire Necessary Hardware and Software
· They talk with other systems analysts, visit vendors’ stores, and search the Web.
· Many trade journals, newspapers, and magazines provide some or all of their printed content as e-zines.
· An e-zine (pronounced ee-zeen), or electronic magazine, is a publication available on the Web
· A request for quotation (RFQ) identifies the required product(s). With an RFQ, the vendor quotes a price for the listed product(s). 
· With a request for proposal (RFP), the vendor selects the product(s) that meets specified requirements and then quotes the price(s). 
· A request for information (RFI) is a less formal method that uses a standard form to request information about a product or service
· A value-added reseller (VAR) is a company that purchases products from manufacturers and then resells these products to the public — offering additional services with the product. Examples of additional services include user support, equipment maintenance, training, installation, and warranties.
CASE
· Integrated case products, sometimes called I-CASE or a CASE workbench, include the following capabilities
· Project Repository — Stores diagrams, specifications, descriptions, programs, and any other deliverable generated during system development.
· Graphics — Enables the drawing of diagrams, such as DFDs and ERDs.
· Prototyping — Creates models of the proposed system.
· Quality Assurance — Analyzes deliverables, such as graphs and the data dictionary, for accuracy.
· Code Generator — Creates actual computer programs from design specifications.
· Housekeeping — Establishes user accounts and provides backup and recovery functions
· Slide 39 Figure 12 -20
· Integrated computer aided Software engineering (I-CASE) programs assist analysts in the development of an information system. Visible Analyst by Visible Systems Corporation enables analysts to create diagrams, as well as build the project dictionary.
Program Development Life Cycle
· An important concept to understand is that the program development life cycle is a part of the implementation phase, which is part of the system development life cycle.
Various tests
· A unit test verifies that each individual program or object works by itself.
· A systems test verifies that all programs in an application work together properly.
· An integration test verifies that an application works with other applications.
· An acceptance test is performed by end-users and checks the new system to ensure that it works with actual data.
Training
· Users must be trained properly on a system’s functionality
· To ensure that users are adequately trained, some organizations begin training users prior to installation of the actual system and then follow up with additional training once the actual system is installed. 
· It is crucial that users practice on the actual system during training. 
· Users also should receive user manuals for reference. It is the systems analyst’s responsibility to create user manuals, both printed and electronic.
Operation, Support and Security Phase
· Maintenance activities include fixing errors in, as well as improving, a system’s operations 
· Corrective maintenance (removing errors)  and Adaptive maintenance (new features and capabilities)
· The purpose of performance monitoring is to determine whether the system is inefficient or unstable at any point. If it is, the systems analyst must investigate solutions to make the information system more efficient and reliable, a process called perfective maintenance — back to the planning phase.
Assess System Security
· 1. Assets of an organization, including hardware, software, documentation, procedures, people, data, facilities, and supplies
· 2. Rank risks from most likely to least likely to occur. Place an estimated value on each risk, including lost business. For example, what is the estimated if customers cannot access computers for one hour, one day, or one week?
Program Development Life Cycle Phases
· Program development consists of a series of steps programmers use to build computer programs. The program development life cycle (PDLC) guides computer programmers through the development of a program.
· Program development is an ongoing process within system development. 
· Each time someone identifies errors in or improvements to a program and requests program modifications, the Analyze Requirements step begins again. 
· When programmers correct errors or add enhancements to an existing program, they are said to be maintaining the program. Program maintenance is an ongoing activity that occurs after a program has been delivered to users, or placed into production.
· Program development consists of a series of steps programmers use to build computer programs 
· Analyze requirements
· Review requirements	meets with system analyst and User, Identifies Input, Processing and Outputs 	Develop IPO charts
· Design Solutions
· Design Solution algorithms	Set of finite steps 	Always leads to a solution	Steps are always the same
· Structured design	the programmer typically begins with a general design and moves toward a more detailed design
· OO design	Intuitive method of programming		Code reuse	Code used in many projects	Speeds up and simplifies program development	Develops objects
· With object-oriented (OO) design, the programmer packages the data and the program into a single object
· Flowchart		graphically shows the logic in a solution algorithm
· Pseudocode	uses a condensed form of English to convey program logic
· Validate Design
· Inspection	system analysts reviews deliverables during the system development cycle	Programmers checks logic for correctness and attempts to uncover logic errors
· Desk Check	programmers use test data to step through logic	Test data is sample data that mimics real data that program will process 
· Implement Design
· Program development tool	that assists the programmer by: Generating or providing some or all code		Writing the code that translates the design into a computer program
· Creating the user interface
· Writing Code	rules that specify how to write instructions	Comments – program documentation 
· Test solution	The goal of program testing is to ensure the program runs correctly and is error free 	Testing with test data
· Debugging the program involves removing the bugs 
· A beta is a test copy of program that has most or all of its features and functionality implemented 	Sometimes used to find bugs 
· Document solution
· Review the Program code to remove dead code, program instructions that program never executes			Review all the documentation
Design Solution
· A solution algorithm, also called program logic, is a graphical or written description of the step-by-step procedures to solve the problem. Determining the logic for a program often is a programmer’s most challenging task. It requires that the programmer understand programming concepts, often database concepts, as well as use creativity in problem solving.
Flowchart
· Figure 13-33 This figure shows a program flowchart for three of the modules on the hierarchy chart in Figure 13-25: MAIN, Process, and Calculate Overtime Pay. Notice the MAIN module is terminated with the word, End, whereas the subordinate modules end with the word, Return, because they return to a higher-level module
Inspection and Desk Check
· Once programmers develop the solution algorithm, they should validate, or check, the program design for accuracy. During this step, the programmer checks the logic for accuracy and attempts to uncover logic errors. 
· A logic error is a flaw in the design that causes inaccurate results. Two techniques for reviewing a solution algorithm are a desk check and an inspection.
Summary
· System Development Life Cycle
· Ongoing Activities, Planning, Analysis, Design Implementation and Operation, support and Security
· Program Development Life Cycle
· Analyze requirements, Design Solutions, Validate Design, Implement Design, test solutions and Document Solution.


LECTURE 3
· Generation of Programming Languages
· Machine Language
· 1’s and 0’s represent instructions and procedures
· Machine-dependent code (machine code)
· Programmers have to know the structure of the machine (architecture), addresses of memory registers, etc.
· Programming was cumbersome and error prone
· Assembly Language
· Still “low-level” (i.e., machine architecture dependent)
· An instruction in assembly language is an easy-to-remember form called a mnemonic 
· But uses mnemonic command names
· An assembler is a program that translates a program in assembly language into machine language 
· High Level Language
· In high-level languages, symbolic names replace actual memory addresses
· The user writes high-level language programs in a language similar to natural languages (like English, e.g.)
· The symbolic names for the memory locations where values are stored are called variables
· A variable is a name given by the programmer to refer to a computer memory storage location
· A compiler is a program that translates a program written in a high-level language into machine language (binary code) for that particular machine architecture
· Processing a Computer Program
· Stages of Compilation 
· Source language is translated into machine-executable instructions prior to execution
· Editor	(source program .c) 	Compiler (object program .obj	Linker (library) (executable code)	Loader (loads executable program in Main memory)	Execution (CPU schedules and executes program stored in main memory
· Interpreter
· Source language is translated on-the-fly (line by line!) by interpreter, or “virtual machine,” and executed directly
· Benefit: Easy to implement source-level debugging, on-the-fly program changes
· Disadvantage: Orders of magnitude slower than separate compilation and execution
· Procedural and Modular Programming
· Structured design –  dividing a problem into smaller subproblems 
· The process of implementing a structured design is called structured programming
· Structured programming:
· Each sub-problem is addressed by using three main control structures: sequence, selection, repetition
· Leads to organized, well-structured computer programs (code)
· Also allows for modular programming 
· The problem is divided into smaller problems in modular programming
· Each subproblem is then analyzed independently
· A solution is obtained to solve the subproblem 
· The solutions of all subproblems are then combined to solve the overall problem 
· Procedural programming is combining structured programming with modular programming
· Structure of a C Program
· A C program is a collection of one or more functions (or procedures)
· There must be a function called main( ) in every executable C program
· Execution always begins with the first statement in the function main( )	
· Any other functions in your program are sub-programs and are not executed until they are called (either from main() or from functions called by main())
· Data and Data Structure
· Abstraction
· Separates the purpose of a module from its implementation
· Specifications for each module are written before implementation
· Functional abstraction
· Separates the purpose of a function from its implementation
· Data abstraction
· Focuses of the operations of data, not on the implementation of the operations
· Abstract data type (ADT)
· A collection of data and operations on the data
· An ADT’s operations can be used without knowing how the operations are implemented, if the operations’ specifications are known
· Data structure
· A construct that can be defined within a programming language to store a collection of data
· Need for Data Strcuture
· Goal: to organize data 	Criteria: to facilitate efficient  	storage of data
· retrieval of data	manipulation of data 
· Abstract Data Type
· a definition for a data type solely in terms of a set of values and a set of operations on that data type.
· Each ADT operation is defined by its inputs and outputs.
· Encapsulation: Hide implementation details.



LECTURE 4
· Data
· Means a value or set of values
· Entity	is one that has certain attributes and which may be assigned values
· Domain Set of all possible values that could be assigned to a particular attribute
· Information is processed data or meaningful data 
· Data Type defines the specification of a set of data and the characteristics for that data. 
· Data type is derived from the basic nature of data that are stored for processing rather from their implementation
· Data Structure refers to the actual implementation of the data type and offers a way of storing data in an efficient manner. 
· Any data structure is designed to organize data to suit a specific purpose so that it can be accessed and worked in appropriate ways both effectively and efficiently
· Are implemented using the data types, references and operations on them that are provided by a programming language. Data structure Is a particular way of storing and organizing data in a computer so that it can be used efficiently
· Different kinds of data structures are suited to different kinds of applications and some are highly specialized to specific tasks
· Data structure provide a means to manage huge amounts of data efficiently, such as large databases and internet indexing services
·  Usually, efficient data structures are a key to designing efficient algorithms. 
· Bit, Byte and Word
· Processor works with finite-sized data. All data implemented as a sequence of bits
· Byte is 8 bits. Word is largest data size handled by processor. 32 bits on most older computers and 64 bits on most new computers.
· Data Types in C
· Char, int, float and double 
· Sizes of these types   char = 1, int = 2 or 4  short 1 or 2 long 4 or 8 float = 4 double = 8
· Sizes of these types vary from  one machine to another
· Arrays
· An array is a group of related data items that all have the same name and the same data type. Arrays can be of any data type we choose.
· Arrays are static in that they remain the same size throughout program execution. An array’s data items are stored contiguously in memory. Each of the data items is known as an element of the array.  Each element can be accessed individually.
· Declaring Arrays  we need Name, Type of array, number of elements
· Array Declaration and initializations.  Array representation in Memory
· Accessing array elements.	An array has a subscript (index) associated with it. A subscript can also be an expression that evaluates to an integer.
· Individual elements of an array can also be modified using subscripts.  
· C doesn’t require that subscript bounds be checked. If a subscript goes out of range, the program’s behavior is undefined
· Examples using Arrays
· Call (pass) by Value The function has a local variable (a formal parameter) to hold its own copy of the value passed in. When we make changes to this copy, the original (the corresponding actual parameter) remains unchanged. This is known as calling (passing) by value
· Call (pass) by Reference	we can pass addresses to functions.  This is known as calling (passing) by reference. When the function is passed an address, it can make changes to the original (the corresponding actual parameter).  There is no copy made. This is great for arrays, because arrays are usually very large.  We really don’t want to make a copy of an array.  It would use too much memory. 
· Pointers
· A value indicating the number of (the first byte of) a data object. Also called an Address or a Location Used in machine language to identify which data to access 
· Usually 2, 4, or 8 bytes, depending upon machine architecture
· Declaring pointer, pointer operations		pointer arithmetic
· Arrays and Pointers
· 



LECTURE 5
· Pointer
· Powerful, but difficult to master		Simulate call-by-reference 
· Close relationship with arrays and strings	A pointer, like an integer, holds a number	Interpreted as the address of another object
· Must be declared with its associated type:		Useful for dynamic objects
· A pointer is just a memory location.
· A memory location is simply an integer value, that we interpret as an address in memory.
· Pointer Operators
· Accessing an object through a pointer is called indirection 
· Contain memory addresses as their values		Pointers contain address of a variable that has a specific value (indirect reference)	  Indirection – referencing a pointer value
· * used with pointer variables	Multiple pointers require using a * before each variable declaration	Can declare pointers to any data type	Initialize pointers to 0, NULL, or an address
· Address	The “address-of” operator (&)obtains an object’s address
· Returns address of operand
· Indirection.	The “de-referencing” operator (*) refers to the object the pointer pointed at
· Returns a synonym/alias of what its operand points to
· * can be used for assignment		Moves from address to contents
· Dereferenced pointer (operand of *) must be an lvalue (no constants)
· * and & are inverses 	They cancel each other out
· A pointer variable is just a variable, that contains a value that we interpret as a memory address.	Just like an uninitialized int variable holds some arbitrary “garbage” value,
· an uninitialized pointer variable points to some arbitrary “garbage address”
· Following a “garbage” pointer 
· What will happen?  Depends on what the arbitrary memory address is:
· If it’s an address to memory that the OS has not allocated to our program, we get a segmentation fault
· If it’s a nonexistent address, we get a bus error
· Some systems require multibyte data items, like ints, to be aligned: for instance, an int may have to start at an even-numbered address, or an address that’s a multiple of 4. If our access violates a restriction like this, we get a bus error
· If we’re really unlucky, we’ll access memory that is allocated for our program –
· 	We can then proceed to destroy our own data! 
· Pointer Arithmetic
· C allows pointer values to be incremented by integer values
· Increment/decrement pointer  (++ or --)	Add an integer to a pointer( + or += , - or -=)
· Pointers may be subtracted from each other		Operations meaningless unless performed on an array
· Pointers of the same type can be assigned to each other		If not the same type, a cast operator must be used
· Pointer and Functions
· Pointer to function	Contains address of function	Similar to how array name is address of first element		Function name is starting address of code that defines function
· Call by Value
· Call by Reference
· When a function parameter is passed as a pointer		Changing the parameter changes the original argument		Arrays are pointers  Arrays as Arguments 
· structs are usually passed as pointers
· Call by reference with pointer arguments		Pass address of argument using & operator	Allows you to change actual location in memory
· Arrays are not passed with & because the array name is already a pointer
· Pointer and Arrays
· Arrays and pointers closely related		Array name like a constant pointer
· Pointers can do array subscripting operations
· Element b[ 3 ] 		Can be accessed by *( bPtr + 3 )		Where n is the offset. Called pointer/offset notation
· Can be accessed by bptr[ 3 ]		Called pointer/subscript notation
· bPtr[ 3 ] same as b[ 3 ]	Can be accessed by performing pointer arithmetic on the array itself	*( b + 3 )
· Arrays can contain pointers



LECTURE 6
· Dynamic Memory Management With Pointers
· Static memory - where global and static variables live,  known at compile time
· Heap memory (or free store) - dynamically  allocated at execution time
· Unnamed Variables 	- "managed" memory accessed using pointers
· explicitly allocated and deallocated during program execution by C++ instructions written by programmer using operators new and delete
· Stack memory - used by automatic variables and function parameters 
· automatically created at function entry, resides in activation frame of the function, and is destroyed when returning from function
· malloc()	Allocate a block of size bytes, 	return a pointer to the block 	(NULL) if unable to allocate block)
· calloc()	Allocate a block of num_elements * element_size bytes,
· 	initialize every byte to zero,	return pointer to the block		(NULL if unable to allocate block)
· realloc()	  Given a previously allocated block starting at ptr,	change the block size to new_size,		return pointer to resized block		If block size is increased, contents of old block may be copied to a completely different region	In this case, the pointer returned will be different from the ptr argument, and ptr will no longer point to a valid memory region		If ptr is NULL, realloc is identical to malloc 
· free()	Given a pointer to previously allocated memory,	put the region back in the heap of unallocated memory
· Note: easy to forget to free memory when no longer needed...	especially if you’re used to a language with “garbage collection” like Java	This is the source of the notorious “memory leak” problem		Difficult to trace – the program will run fine for some time, until suddenly there is no more memory! 
· Memory errors
· Using memory that you have not initialized
· Using memory that you do not own
· Using more memory than you have allocated
· Using faulty heap memory management 
· Dynamic Memory Allocation in C++
· In C, functions such as malloc() are used to dynamically allocate memory from the Heap.
· In C++, this is accomplished using the new and delete operators
· new is used to allocate memory during execution time
· returns a pointer to the address where the object is to be stored 
· always returns a pointer to the type that follows the new
· delete		delete []
· The object or array currently pointed to by Pointer is deallocated, and the value of Pointer is undefined.  The memory is returned to the free store.
· Good idea to set the pointer to the released memory to NULL 
· Square brackets are used with delete to deallocate a dynamically allocated array. 
· Inaccessible Object	is an unnamed object that was created by operator new and which a programmer has left without a pointer to it. It is a logical error and causes memory leaks.
· Dangling Pointer	It is a pointer that points to dynamic memory that has been deallocated.	The result of dereferencing a dangling pointer is unpredictable.
· DYNAMIC ARRAYS
· When and how to declare in C  with new operator		size remain fix	allocated from heap		must be freed using delete [] command
· STRUCTURES
· Collections of related variables (aggregates) under one name	Can contain variables of different data types	Commonly used to define records to be stored in files
· Combined with pointers, can create linked lists, stacks, queues, and trees
· Valid Operations	Assigning a structure to a structure of the same type 
· Taking the address (&) of a structure 	Accessing the members of a structure 
· Using the sizeof operator to determine the size of a structure
· Accessing structure members		Dot operator (.) used with structure variables
· Arrow operator (->) used with pointers to structure variables
· Recursively defined structures		Obviously, you can’t have a structure that contains an instance of itself as a member – such a data item would be infinitely large	But within a structure you can refer to structures of the same type, via pointers
· Union
· Memory that contains a variety of objects over time	Only contains one data member at a time		Members of a union share space		Conserves storage
· Only the last data member defined can be accessed
· size of union is the size of its largest member
· Like structures, but every member occupies the same region of memory!
· Structures: members are “and”ed together: “name and species and owner”
· Unions: members are “xor”ed together			Valid Operations
· Assignment to union of same type:  =	Taking address: &
· Accessing union members: .		Accessing members using pointers: ->
· Strings	A string is a character array ending in '\0'	Most string manipulation is done through functions in <string.h>	some string functions in <stdlib.h>
· MULTI DIMENSIONAL ARRAY
· 2D arrays are useful when data has to be arranged in tabular form.
· Higher dimensional arrays appropriate when several characteristics associated with data.
· Requires two subscripts to access the array element.
· Two ways to store consecutively i.e. row-wise and column-wise.
· 


LECTURE 7
· Need for Data Structures
· Data structures organize data  more efficient programs.
· More powerful computers  more complex applications.
· More complex applications demand more calculations
Data Management Objectives		Four useful guidlines
· 1. Data must be represented and stored so that they can be accessed later. 
· 2. Data must be organized so that they can be selectively and efficiently accessed. 
· 3. Data must be processed and presented so that they support the user environment effectively. 
· 4. Data must be protected and managed so that they retain their value. 
· Selecting a Data Structure
· Analyze the problem to determine the resource constraints a solution must meet.
· Determine the basic operations that must be supported.  Quantify the resource constraints for each operation.
· Select the data structure that best meets these requirements.
· Data Structure Philosophy
· Each data structure has costs and benefits 
· Rarely is one data structure better than another in all situations.
· A data structure requires:	space for each data item it stores,	time to perform each basic operation,	programming effort.		debugging effort,	maintenance effort.
· Each problem has constraints on available space and time.
· Only after a careful analysis of problem characteristics can we know the best data structure for the task.
· Data Structure Classification
· Linear and Non Linear Data Structures	linear data structure the data items are arranged in a linear sequence			 like in an array. 
· In a non-linear, the data items are not in sequence.	 An example of is a tree 
· homogenous and non- homogenous data structures.
· An Array is a homogenous structure in which all elements are of same type. 
· In non-homogenous structures the elements may or may not be of the same type. Records are common example. 
· Static and dynamic Data structures	Static structures are ones whose sizes and structures associated memory location are fixed at compile time	Arrays, Records, Union
· Dynamic structures are ones, which expand or shrink as required during the program execution and their associated memory locations change	Linked List, Stacks, Queues, Trees 
· Primitive Data Structures	they are not composed of other data structures
· Examples are: integers, booleans, and characters		Other data structures can be constructed from one or more primitives.
· Simple Data Structures	built from primitives	examples are strings, arrays, and records		Many programming languages support these data structures. 
· File Organizations	The data structuring techniques applied to collections of data that are managed as "black boxes" by operating systems are commonly called file organizations
· Four basic kinds of file organization are	sequential, relative, indexed sequential, and multikey 
· These organizations determine how the contents of these are structured	They are built on the data structuring techniques 
· Data Structure Operations
· Following are the major operations:
· Traversing: Accessing each record exactly once so that certain items in the record may be processed. (This accessing and processing is sometimes called "visiting" the record.) 
· Searching: Finding the location of the record with a given key value, or finding the locations of all records that satisfy one or more conditions 
· Inserting: Adding a new record to the structure 
· Deleting: Removing a record from the structure 
· Sometimes two or more of the operations may be used in a given situation; 		e.g., we may want to delete the record with a given key, which may mean we first need to search for the location of the record. 
· Following two operations, which are used in special situations, are also be considered: 
· Sorting: Arranging the records in some logical order		(e.g., alphabetically according to some NAME key, or in numerical order according to some NUMBER key, such as social security number or account number) 
· Merging: Combining the records in two different sorted files into a single sorted file 
· Other operations, e.g., copying and concatenation, are also used 
· Arrays and Lists
· Linear Array is a list of a finite number n of homogeneous data elements (i.e., data elements of the same type)
· The List is among the most generic of data structures.
· Real life: 	shopping list, 	groceries list, 	list of people to invite to dinner	
· A list is collection of items that are all of the same type (grocery items, integers, names)
· The items, or elements of the list, are stored in some particular order
· Some Operations on Lists
· createList(): create a new list (presumably empty)		copy(): set one list to be a copy of another		clear(); clear a list (remove all elements)
· insert(X, ?): Insert element X at a particular position in the list
· delete(?):Remove element at some position in  the list
· get(?): Get element at a given position	update(X, ?): replace the element at a given position with X		find(X): determine if the element X is in the list
· length(): return the length of the list.
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· Algorithm Analysis
· An algorithm is a well-defined list of steps for solving a particular problem
· One major challenge of programming is to develop efficient algorithms for the processing of our data
· The time and space it uses are two major measures of the efficiency of an algorithm
· The complexity of an algorithm is the function, which gives the running time and/or space in terms of the input size
· Space complexity		How much space is required
· Time complexity		How much time does it take to run the algorithm
· Time and Space Complexity
· Space complexity = The amount of memory required by an algorithm to run to completion
· the most often encountered cause is “memory leaks” – the amount of memory required larger than the memory available on a given system
· Some algorithms may be more efficient if data completely loaded into memory 
· Fixed part: The size required to store certain data/variables, that is independent of the size of the problem:		e.g. name of the data collection
· Variable part: Space needed by variables, whose size is dependent on the size of the problem:		- e.g. actual text 		- load 2GB of text VS. load 1MB of text 
· Time Complexity:	Algorithms running time is an important issue
· Each of our algorithms involves a particular data structure
· Accordingly, we may not always be able to use the most efficient algorithm, since the choice of data structure depends on many things		including the type of data and frequency with which various data operations are applied	
· Sometimes the choice of data structure involves a time-space tradeoff: 		by increasing the amount of space for storing the data, one may be able to reduce the time needed for processing the data, or vice versa 
· Complexity of Algorithms
· Analysis of algorithms is a major task in computer science. 	In order to compare algorithms, we must have some criteria to measure the efficiency of our algorithms 
· Suppose M is an algorithm, and suppose n is the size of the input data. 	The time and space used by the algorithm M are the two main measures for the efficiency of M. The time is measured by counting the number of key operations 
· That is because key operations are so defined that the time for the other operations is much less than or at most proportional to the time for the key operations. 
· The space is measured by counting the maximum of memory needed by the algorithm 
· The complexity of an algorithm M is the function f(n) which gives the running time and/or storage space requirement of the algorithm in term of the size n of the input data
· Frequently, the storage space required by an algorithm is simply a multiple of data size n
· Accordingly, unless otherwise stated or implied, the term "complexity" shall refer to the running time of the algorithm  
· Measuring Efficiency
· Ways of measuring efficiency:		 Run the program and see how long it takes
·  Run the program and see how much memory it uses
· Lots of variables to control:		What is the input data?		What is the hardware platform?		What is the programming language/compiler?	Just because one program is faster than another right now, means it  will always be faster?
· What about the 5 in 5N+3? What about the +3?	 As N gets large, the +3 becomes insignificant	5 is inaccurate, as different operations require varying amounts of time What is fundamental is that the time is linear in N.
· Asymptotic Complexity: As N gets large, concentrate on the highest order term:	Drop lower order terms such as +3	 Drop the constant coefficient of the highest order term i.e. N
· The 5N+3 time bound is said to "grow asymptotically" like N.	 This gives us an approximation of the complexity of the algorithm. 	Ignores lots of (machine dependent) details, concentrate on the bigger picture
· Big O Notation
· Used in Computer Science to describe the performance or complexity of an algorithm. 
· Specifically describes the worst-case scenario, and can be used to describe the execution time required or the space used (e.g. in memory or on disk) by an algorithm 
· Characterizes functions according to their growth rates: different functions with the same growth rate may be represented using the same O notation 	It is used to describe an algorithm's usage of computational resources:	  the worst case  or running time or memory usage of an algorithm is often expressed as a function of the length of its input using Big O notation	Simply, it describes how the algorithm scales (performs) in the worst case scenario as it is run with more input
· In typical usage, the formal definition of O notation is not used directly; rather, the O notation for a function f(x) is derived by the following simplification rules:
· If f(x) is a sum of several terms, the one with the largest growth rate is kept, and all others are omitted.	If f(x) is a product of several factors, any constants (terms in the product that do not depend on x) are omitted.	
· O(1) describes an algorithm that will always execute in the same time (or space) regardless of the size of the input data set.	O(N) describes an algorithm whose performance will grow linearly and in direct proportion to the size of the input data set. 	O(N2) represents an algorithm whose performance is directly proportional to the square of the size of the input data set. This is common with algorithms that involve nested iterations over the data set. 		Deeper nested iterations will result in O(N3), O(N4) etc. 	O(2N) denotes an algorithm whose growth will double with each additional element in the input data set. The execution time of an O(2N) function will quickly become very large. Big O gives the upper bound for time complexity of an algorithm. It is usually used in conjunction with processing data sets (lists) but can be used elsewhere.
· Standard Analysis Techniques
· Constant Time Statements Simplest case: O(1) time statements
·  Assignment statements of simple data types	 Arithmetic operations:	Array referencing	Array assignment	Most conditional statements
· Analyzing Loops		Two Step	How many iterations are performed	How many steps per iterations	Examples		Complexity is mostly coming in O(N)
· Nested Loops	Complexity is coming in terms of O(N2)	Sequence of statements		Conditional statements We use "worst case" complexity: among all inputs of size N, what is the maximum running time?
LECTURE 9
· Algorithm and Complexity
· Algorithm is named after 19th Century Muslim mathematician Al-Khowarizmi.
· Algorithm is defined in terms of its input, output and set of finite steps.
· Input denotes a set of data required for a problem for which algorithm is designed
· Output  is the result and	Set of steps constitutes the procedure to solve the problem
· Profilers are programs which measure the running time of programs in milliseconds
· can help us optimize our code by spotting bottlenecks
· Useful tool but irrelevant to algorithm complexity
· Algorithm complexity is something designed to compare two algorithms at the idea level — ignoring low-level details such as
· the implementation programming language	the hardware the algorithm runs on, or 		the instruction set of the given CPU.
· We want to compare algorithms in terms of just what they are i.e Ideas of how something is computed.	Counting milliseconds won’t help us in that. 
· Complexity analysis allows us to measure how fast a program is when it performs computations. 
· Examples of operations that are purely computational include 
· numerical floating-point operations such as addition and multiplication 		searching within a database that fits in RAM for a given value		determining the path an AI character will walk through in a video game so that they only have to walk a short distance within their virtual world or 	running a regular expression pattern match on a string. 
· Clearly computation is ubiquitous in computer programs
· Complexity analysis is also a tool that allows us to explain how an algorithm behaves as the input grows larger. 	If we feed it a different input, how will the algorithm behave?		 If our algorithm takes 1 second to run for an input of size 1000, how will it behave if I double the input size? 		Will it run just as fast, half as fast, or four times slower? 
· In practical programming, this is important as it allows us to predict how our algorithm will behave when the input data becomes larger 
· Criteria for Algorithm Analysis
· An algorithm is analyzed to understand how “good” it is	Algorithm is analyzed with reference to following		Correctness		Execution time	Amount of memory required		Simplicity and clarity		Optimality.
· Correctness of algorithm means that a precondition (i.e. input) is always satisfies some post condition (i.e. output)
· Execution time		(i.e. the running time) usually means the time that its implementation takes in a programming language. 
· Execution time depends on several factors
· Execution time increases with input size, although it may vary for distinct input of the same size		Is affected by the hardware environment (CPU and CPU speed, primary memory etc.)	Is affected by the software environment such as OS, Programming language, compiler/interpreter etc.
· In other words the same algorithm when run in different environments for the same set of inputs may have different execution times 
· Amount of Memory		Apart from this storage requirement, an algorithm may demand extra space as 	to store intermediate data		Some data structure like stack/queue etc.		As memory is expensive thing in computation, a good algorithm should solve a problem with as minimum as possible memory	Processor – memory speed bottleneck
· Memory run-time trade off		We can reduce execution time by increasing memory usage or vice versa		E.g. execution time of a searching algorithm over the array can be greatly reduced by using some other arrays to index elements  in main arrays
· 
· Simplicity and Clarity	is a quantitative measure in algorithm analysis	Algorithm is usually expressed in English like language or in a pseudo code so that it can be easily understood
· This matters because it is then easy to analyze quantitatively analyze over other parameters such as	Easy to implement (by a programmer)		Easy to develop a better version or 	Modify for other purposes etc. 
· Optimality	It is observed that whatever be the clever procedure, we follow, an algorithm cannot be improved beyond a certain point	 
· Complexity Analysis
· Best case analysis	Given the algorithm and input of size n that makes it run fastest (compared to all other possible inputs of size n), what is the running time? 
· Worst case analysis 	Given the algorithm and input of size n that makes it run slowest (compared to all other possible inputs of size n), what is the running time? 	A bad worst-case complexity doesn't necessarily mean that the algorithm should be rejected.
· Average case analysis 		Given the algorithm and a typical, average input of size n, what is the running time? 
· Asymptotic growth	Expressing the complexity function with reference to other known function(s)	Given a particular differentiable function f(n), all other differentiable functions fall into three classes:	growing with the same rate		growing faster	growing slower 
· Various Complexity Functions
· Big Omega	gives an asymptotic lower bound 
· Big Theta	gives an asymptotic equivalence.	f(n) and g(n) have same rate of growth 
· Little o	f(n) grows slower than g(n)  or  g(n) grows faster than f(n) 
· Little omega	f(n) grows faster than g(n) 	or g(n) grows slower than f(n)
· if       g(n) = o( f(n) )  	  then   f(n) = ω( g(n) )
· Big O	gives an asymptotic upper bound  if f(n) grows with same rate or slower thatn g(n).	f (n) is asymptotically less than or equal to g(n.	)	Big O specifically describes the worst-case scenario, and can be used to describe the execution time required or the space used (e.g. in memory or on disk) by an algorithm 
· Big O notation characterizes functions according to their growth rates: different functions with the same growth rate may be represented using the same O notation 	Simply, it describes how the algorithm scales (performs) in the worst case scenario as it is run with more input
· 
· Properties of Big O Notation
· Constant factors may be ignored 	"  k > 0,  kf   is  O( f) 
· Higher powers grow faster 	nr   is  O( ns)  if   0 £ r £  s 
· Fastest growing term dominates a sum 	If  f  is O(g),  then  f + g is O(g)
· eg   an4  +  bn3   is   O(n4 ) 
· Polynomial’s growth rate is determined by leading term 	If  f  is a polynomial of degree d, then  f  is O(nd) 
· f is O(g)  is  transitive	If  f  is O(g) and g  is O(h) then  f  is O(h)
· Product of upper bounds is upper bound for the product 
· If  f  is O(g)  and  h  is O(r)  then  fh  is O(gr) 
· Exponential functions grow faster than powers 
· nk   is  O(  bn )  "   b > 1 and k ³ 0 eg n20   is  O( 1.05n) 
· Logarithms grow more slowly than powers logbn   is  O( nk)  "   b > 1 and k > 0 eg log2n   is  O( n0.5)
· All logarithms grow at the same rate		 logbn  is O(logdn) "   b, d > 1   
· Sum of first n rth powers grows as the (r+1)th power 
· 
· Growth of Functions
· The goal is to express the resource requirements of our programs (most often running time) in terms of N, using mathematical formulas that are simple as possible and that are accurate for large values of the parameters. 	
· The algorithms typically have running times proportional to one of the functions
· O(1)	Most instructions of most programs are executed once or at most only a few times. If all the instructions of a program have this property, we say that the program’s running time is constant.
· O(log N)	When the running time of a program is logarithmic, the program gets slightly slower as N grows. This running time commonly occurs in programs that solve a big problem by transforming into a series of smaller problems, cutting the problem size by some constant fraction at each step.
· O(N)	When the running time of a program is linear, it is generally the case that a small amount of processing is done on each input element
· O(NlogN)		The N log N running time arises when algorithms solve a problem by breaking it up into smaller sub problem, solving them independently, and then combining the solutions.
· O(N2)	When the running time of an algorithm is quadratic, that algorithm is practically for use on only relatively small problems. Quadratic running times typically arise in algorithms that process all pairs of data items, perhaps in double nested loops.
· O(N3)	An algorithm that processes triples of data items, perhaps in triple-nested loops, has a cubic running time & practical for use on only small problems.  
· O(2N)	Exponential running time.	As N grows the processing time grows exponentially
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· Data Structure Operations
· Logical or mathematical model of a particular organization of data is called a data structure 	The choice of a particular data model depends on two considerations. 
· First, it must be rich enough in structure to mirror the actual relationships of the data in the real world. 	Secondly, the structure should be simple enough that one can effectively process the data when necessary 
· In fact, the particular data structure that one chooses for a given situation depends largely on the frequency with which specific operations are performed 
· Traverse	   Accessing each record exactly once so that certain items in the record may be processed. (This accessing and processing is sometimes called "visiting" the record.)
· Search	Finding the location of the record with a given key value, or finding the locations of all records that satisfy one or more conditions
· Insert		Adding a new record to the structure
· Delete		Removing a Record from the data structure
· Sometimes two or more of the operations may be used in a given situation; 
· e.g., we may want to delete the record with a given key, which may mean we first need to search for the location of the record. 
· Following two operations, which are used in special situations, are also be considered: 
· Sort	Arranging the records in some logical order.	(e.g., alphabetically according to some NAME key, or in numerical order according to some NUMBER key, such as social security number or account number) 
· Merge	Combining the records in two different sorted files into a single sorted file.
· Other operations, e.g., copying and concatenation, are also used 
· OPTIONS FOR IMPLEMENTING ADT LIST
· Array has a fixed size	Data must be shifted during insertions and deletions
· Linked list is able to grow in size as needed.	Does not require the shifting of items during insertions and deletions
· Size	Increasing the size of a resizable array can waste storage and time
· Storage requirements	Array-based implementations require less memory than a pointer-based ones
· Array Based and Pointer Based
· Disadvantages of arrays as storage data structures:
· slow searching in unordered array		slow insertion in ordered array 	Fixed size
· Linked lists solve some of these problems	Linked lists are general purpose storage data structures and are versatile. 
· Access time	Array-based:  constant access time
· Pointer-based: the time to access the ith node depends on i 
· Insertion and deletions		Array-based: require shifting of data
· Pointer-based: require a list traversal.
· Arrays are simple and Fast	but	must specify size at construction time	Declare an array with space for n where n = twice your estimate of largest collection.
· Linked List
· Flexible space use	Dynamically allocate space for each element as needed	Include a pointer to the next item
· Linked list 	Each node of the list contains	the data item (an object pointer in our ADT) 	a pointer to the next node
· Each data item is embedded in a link.	Each Link object contains a reference to the next link in the list of items.
· In an array items have a particular position, identified by its index.	In a list the only way to access an item is to traverse the list. 
· A Flexible structure, because can grow and shrink on demand.
· Elements can be:	Inserted	Accessed	Deleted		At any position
· Lists can be:	Concatenated together.	Split into sublists.
· Mostly used in Applications like:	Information Retrieval	Programming language translation	Simulation
· Pointer Based Implementation of Linked List ADT	Dynamically allocated data structures can be linked together to form a chain.	A linked list is a series of connected nodes (or links) where each node is a data structure.	A linked list can grow or shrink in size as the program runs.	This is possible because the nodes in a linked list are dynamically allocated.
· 
· Linked List Operations
· INSERT(x,p,L): Insert x at position p in list L. If list L has no position p, the result is undefined.	LOCATE(x,L): Return the position of x on list L.
· RETRIEVE(p,L): Return the element at position p on list L.	DELETE(p,L): Delete the element at position p on list L.		NEXT(p,L): Return the position following p on list L.
· PREVIOUS(p,L): Return the position preceding position p on list L.
· MAKENULL(L): Causes L to become an empty list and returns position END(L).
· FIRST(L): Returns the first position on the list L.
· PRINTLIST(L): Print the elements of L in order of occurrence.
· There are 5 basic linked list operations
· Appending a node		Traversing a list	Inserting a node
· Deleting a node	Destroying the list
· Declare a pointer to serve as the list head, e.g 	         ListNode  *head;
· Before you use the head pointer, make sure it is initialized to NULL,
· so that it marks the end of the list.	Once you have done these 2 steps
·  (i.e. declared a node data structure, and	created a NULL head pointer, you have an empty linked list.
· struct ListNode  {		float value;		struct ListNode *next;	}; 
	ListNode *head;	// List head pointer
· The next thing is to implement operations with the list. 
· Append
· To append a node to a linked list, means adding it to the end of the list.
· The appendNode function accepts a float argument, num.
· The function will -
· a) allocate a new ListNode structure
· b) store the value in num in the node’s value member
· c) append the node to the end of the list
· This can be represented in pseudo code as follows-
· a) Create a new node. 
· b) Store data in the new node. 
· c) If there are no nodes in the list
· 	Make the new node the first node. 
· Else	Traverse the List to Find the last node.		Add the new node to the end of the list.		End If. 
· 
· Traverse
· .Pseudocode
· Assign list head to node pointer
· While node pointer is not NULL
·        Display the value member of the node pointed to by node pointer.
·        Assign node pointer to its own next member.
· End While.
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· Dynamic Representation
· Efficient way of representing a linked list is using the free pool of storage (heap)
· In this method	Memory bank – nothing but a collection of free memory spaces
· Memory manager – a program in fact
· During creation of linked list, 	whenever a node is required, the request is placed to the memory manager. 	Memory manager will then search the memory bank for the block of memory requested and if found, grants the desired block to the program
· Garbage collector -  a program which plays whenever a node is no more in use, it returns the unused node to the memory bank 
· Memory bank is basically a list of memory spaces which is available to a programmer
· Such a memory management is known as dynamic memory management
· The dynamic representation of linked list uses the dynamic memory management policy 
· 
· Let Avail be the pointer which stores the starting address of the list of available memory spaces	For a request of memory location for a new node, the list Avail is searched for the block of right size
· If Avail = Null or if the block of desired size is not found, the memory manager will return a message accordingly
· If the memory is available the memory manager will return the pointer of the desired block to the caller in a temporary buffer say newNode 		The newly availed node pointed by newNode then can be inserted at any position in the linked list by changing the pointers of the concerned nodes
· Such allocations and deallocations are carried out by changing the pointers only 
· Allocation from Dynamic Storage
· Function Getnode (Node)		Concept		Algorithm
· Purpose – To get a pointer of a memory block which suits the type Node
· Input – Node is the type of data for which a memory has to be allocated
· Output – Return a message if the allocation fails else the pointer to the memory block allocated
· Note – the GetNode(Node) function is just to understand how a node can be allocated from the available storage space	malloc(size) and calloc(elements, size) in C	new in C++ and Java 
· If (Avail = NULL)     // Avail is a pointer to pool of free storage 
· 	Return (NULL)		Print “Insufficient Memory: Unable to allocate memory”
· Else		ptr = Avail	// start from the location where Avail points 
· 	While (SizeOf(ptr) != SizeOf(Node) AND (ptr->Link !=NULL) do 
· 	// till the desired block is found or the search reaches the end of pool 
· 		ptr1 = ptr 			ptr = ptr->Link		EndWhile 
· 	If (SizeOf(Ptr) = SizeOf(Node))	ptr1->Link = ptr->Link	Return(ptr)
· 	Else	Print “The memory block is too large to fit”	Return (NULL)
· 	EndIf 		EndIf 		Stop
· 
· Returning Usused Storage Back to Dynamic Storage
· Function ReturnNode(Ptr)		Concept		Algorithm 
· Purpose – To return a node having pointer Ptr to the free pool of storage.
· Input – Ptr is the pointer of a node to be returned to a list pointed by the pointer Avail.
· Output – The node in inserted at the end  of the list Avail
· Note – We can insert the free node at the front or at any position of the Avail list which is left as an exercise for the students.		free(ptr) in C		delete in C++ 
· Automatic garbage collection in Java 
· 1		ptr1 = Avail
· 2		While (ptr1->Link != NULL) do 	3	ptr1 = ptr1-> link	4	EndWhile 
· 5		ptr1->Link = Ptr 	6	Ptr->Link = NULL		7	Stop
· 
· Linked List Operations				Insert
· Inserting a node in the middle of a list is more complicated than appending a node.
· Assume all values in the list are sorted, and you want all new values to be inserted in their proper position (preserving the order of the list).
· We will use the same ListNode structure again, with pseudo code 
· Precondition	Linked List is in sorted order
· Create a new node.		Store data in the new node.
· If there are no nodes in the list		then	Make the new node the first node.
· Else	Find the first node whose value is greater than or equal the new value, or the end of the list (whichever is first). 	
· Insert the new node before the found node, or at the end of the list if no node was found. End If. 
· num holds the float value to be inserted in list.		newNode is used to allocate a new node and store num in it.		The algorithm finds first node whose value is greater that or equal to the new node. The new node is then inserted before the found node
· nodePtr will be used to traverse the list and will point to the node being inspected
· previousNode points to the node previous to nodePtr previousNode is initialized to NULLl in the start 
· void insertNode(float num) {		ListNode *newNode, *nodePtr, *previousNode;
· 	// Allocate a new node & store Num in the new node
· 	newNode = new ListNode;		newNode->value = num;
· 	//  Initialize previous node to NULL		previousNode = NULL;
·    // If there are no nodes in the list make newNode the first node
· 	if (head == NULL) {	head = newNode;	newNode->next = NULL;	}
	else  {	// Otherwise, insert newNode.	
· 	// Initialize nodePtr to head of list		nodePtr = head;
·  	// Skip all nodes whose value member is less than num.
· 	while (nodePtr != NULL && nodePtr->value < num) { previousNode = nodePtr;
· 			nodePtr = nodePtr->next;		 }  // end While loop 
· // If the new mode is to be the 1st in the list,	// insert it before all other nodes.
· 	if (previousNode == NULL)  {  head = newNode;	 newNode->next = nodePtr;  }
· 	Else	// the new node is inserted either in the middle or in the last 
· 	{	previousNode->next = newNode;	      newNode->next = nodePtr;	}
· 	} // end of outer else} // End of insertnode function
· 
· Main program using insertNode() function 		Program Step through
· 
· Delete
· This requires 2 steps –	Remove the node from the list without breaking the links created by the next pointers.		Delete the node from memory
· We will consider the four cases		List  is empty i.e it does not contain any node
· Deleting the first node		Deleting the node in the middle of the list
· Deleting the last node in the list
· The deleteNode member function searches for a node with a particular value and deletes it from the list.		It uses an algorithm similar to the insertNode function.
· The two node pointers nodePtr and previousPtr are used to traverse the list (as before).
· When nodePtr points to the node to be deleted, adjust the pointers previousNode->next is made to point to nodePtr->next.
· This marks the node pointed to by nodePtr to be deleted safely from the list .
· The final step is to free the memory used by the node pointed to by nodePtr using the delete operator. 
· void deleteNode(float num) {	ListNode *nodePtr, *previousNode;
· // If the list is empty, do nothing and return to calling program.
· 	if (head == NULL)	return;		// Determine if the first node is the one
· 	if (head->value == num) {	nodePtr = head;	head = head->next;	  delete nodePtr;   }
· 	else {	// Initialize nodePtr to head of list		nodePtr = head;
· // Skip all nodes whose value member is not equal to num
· 		while (nodePtr != NULL && nodePtr->value != num) {	
			previousNode = nodePtr;	nodePtr = nodePtr->next;	} // end of while loop
· //Link previous node to the node after nodePtr, and delete nodePtr
· 		previousNode->next = nodePtr->next;	delete nodePtr;
· 	} // end of else part		} // end of deleteNode function
· 
· Main program using insertNode() function 		Program Step through
· .
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· Cursor-based Implementation of List
· Array Implementation wastes space since it uses maximum space irrespective of the number of elements in the list
· Linked List uses space proportional to the number of elements in the list, but requires extra space to save the position pointers.
· Some languages do not support pointers, but we can simulate using cursors.		Create one array of records.	Each record consists of an element and an integer that is used as a cursor.
· An integer variable LHead is used as a cursor to the header cell of the list L. 
· Search Operation
· A question you should always ask when selecting a search algorithm is		 “How fast does the search have to be?”  	The reason is that, in general, the faster the algorithm is, the more complex it is.	Bottom line:  you don’t always need to use or should use the fastest algorithm.
· A search algorithm is a method of locating a specific item of information in a larger collection of data

· Concepts and Definitions
· Computer has organized data into computer memory. Now we look at various ways of searching for a specific piece of data (Reading) or for where to place a specific piece of data (Write operation).
· Each data item in memory has a unique identification called its key of the item.
· Finding the location of the record with a given key value, or finding the locations of some or all records which satisfy one or more conditions.
· Search algorithms start with a target value and employ some strategy to visit the elements looking for a match.
· If target is found, the index of the matching element becomes the return value. 
· In computer science, linear search or sequential search is a method for finding a particular value in a list, that consists of checking every one of its elements, one at a time and in sequence, until the desired one is found.	Linear search is the simplest search algorithm
· Properties of Linear Search
· Easy to implement	Can be applied on Random as well as sorted lists
· More number of comparisons		better for small inputs Not for long inputs.
· .
· Linear or Sequential Search
· very simple algorithm.
· It uses a loop to sequentially step through an array, starting with the first element.
· It compares each element with the value being searched for (key) and stops when that value is found or the end of the array is reached.
· Implementation of Sequential Search
· set found to false; 	set position to –1; 		set index to 0
· 	while (index < number of elements) and (found is false)
· 		  if list[index] is equal to search value
·    		     found = true			     position = index			  end if
· 		  add 1 to index
· 	end while		return position
· Program in C/C++ for implementation of Linear Search.	We consider different Examples of Linear search
· 
· Complexity of Sequential Search
· Linear Search Analysis
· If the item we are looking for is the first item, the search is O(1). This is the best-case scenario. 		The performance of linear search improves if the desired value is more likely to be near the beginning of the list than to its end. 		Therefore, if some values are much more likely to be searched than others, it is desirable to place them at the beginning of the list.
· If the target item is the last item (item n), the search takes O(n). This is the worst-case scenario.
· To determine the average number of comparisons in the successful case of the sequential search algorithm: 	Consider all possible cases.
· Find the number of comparisons for each case.
· Add the number of comparisons and divide by the number of cases.
· 	If the search item, called the target, is the first element in the list, one comparison is required. 
· 	If it is the second element in the list, two comparisons are required.
· 	If it is the nth element in the list, n comparisons are required 
· Average no of Comparisons to find and item in a list of size n
· [image: file:///D:/Shakya/MSIT127/sequential%20%26%20binary%20search_files/fig4.jpg] [image: file:///D:/Shakya/MSIT127/sequential%20%26%20binary%20search_files/fig5.jpg]
· Avg no of comparisons made by linear search in a successful case is given by 
· [image: file:///D:/Shakya/MSIT127/sequential%20%26%20binary%20search_files/fig6.jpg]
· On average, the item will tend to be near the middle (n/2) but this can be written (½*n), and as we will see, we can ignore multiplicative coefficients. Thus, the average-case is still O(n)
· So, the time that sequential search takes is proportional to the number of items to be searched		O(n)	A linear or sequential search is of order n
· .
· 
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· Binary Search
· Concept		A linear (sequential) search is not efficient because on the average it needs to search half a list to find an item.	If we have an ordered list and we know how many things are in the list (i.e., number of records in a file), we can use a different strategy
· A binary search is much faster than a linear search, but only works on an ordered list!
· Algorithm
· Gets its name because the algorithm continually divides the list into two parts.
· Uses a "divide and conquer" technique to search the list.
· Take a sorted array Arr to find an element x.	First compute the middle element by (first+last)/2 and taking the integer part.	First x is compared with middle element
· if they are equal search is successful, 
· Otherwise if the two are not equal narrows the either to the lower sub array or upper sub array. 	If the middle item is greater than the wanted item, throw out the last half of the list and search the first half.	Otherwise, throw out the first half of the list and search the last half of the list.
· The search continues by repeating same process over and over on successively smaller sub arrays. 
· Process terminates either when a match occurs or 	when search is narrowed down to a sub array which contains no elements. 
· . 
· Implementation of Binary Search
· int binarySearch (int list[], int size, int  key)   { 
· 	int first = 0, last , mid, position = -1;
· 	last = size - 1 	     int found = 0; 
· 	while (!found && first <= last)  {	 
·              middle = (first + last) / 2;        /* Calculate mid point */ 
· 	        if (list[mid] == key)  {       /* If value is found at mid */
·                   found = 1; 		    position = mid; 			             } 
· 	       else if (list[mid] > key)     /* If value is in lower half */
·                             last = mid - 1;	
· 		   else 
· 		              first = mid + 1;	          /* If value is in upper half */ 
· 	} // end while loop 
· 	return position;  		}	// end of function 
· Complexity of Binary Search
· Worst case efficiency is the maximum number of steps that an algorithm can take for any input data values.  
· Best case efficiency is the minimum number of steps that an algorithm can take for any input data values.  
· Average case efficiency 	 the  efficiency averaged on all possible inputs
· - must assume a distribution of the input 	- we normally assume uniform distribution (all keys are equally probable) 		If  input has size n, efficiency will be a function of n 
· 
· Considering the worst-case for binary search:
· We don’t find the item until we have divided the array as far as it will divide
· We first look at the middle of n items, then we look at the middle of n/2 items, then n/22 items, and so on. We will divide until n/2k = 1, k is the number of times we have divided the set (when we have divided all we can, the above equation will be true)
· n/2k = 1 when n = 2k, so to find out how many times we divided the set, we solve for k
· k = log2 n		Thus, the algorithm takes O(log2 n), the worst-case
· For Average case is log2 n – 1 i.e. one less
· 
· [image: ]
· 32 = 25 and 512 = 29 	8 < 11 < 16        23 < 11 < 24 	128 < 250 < 256      27 < 250 < 28
· How long (worst case) will it take to find an item in a list 30,000 items long?
· 210 = 1024	211 = 2048	212 = 4096	213 = 8192	214 = 16384	215 = 32768
· So, it will take only 15 tries!	Log2n means the log to the base 2 of some value of n.
· 8 = 23    log28 = 3	16 = 24    log216 = 4
· There are no algorithms that run faster than 	log2 n 	time 
· Comparison of Linear (Sequential) and Binary Search
	· The sequential search starts at the first element in the list and continues down the list until either the item is found or the entire list has been searched. If the wanted item is found, its index is returned. So it is slow.
· Sequential search is not efficient because on the average it needs to search half a list to find an item.
· Best Case O(1)  Average Case  O(n)  n/2
· Worst Case    O(n)
	· A Binary search is much faster than a sequential search. 
· Binary search works only on an ordered list.
· Binary search is efficient as it disregards lower half after a comparison. 
· Best Case           O(1)
· Average Case     O(log2n -1)
· Worst  Case        O(log2n)


· 
· Searching Unordered Linked List
· ListNode* Search_List (int  item) { 
· // This algorithm finds the location Loc of the node in an Unordered linked 
· //	list where It first appears in the list or sets loc = NULL
· 	ListNode  *ptr, *loc;
· 	int found = 0;		ptr = head;
· 	while (ptr != NULL) && (found == 0) {	
·         	     if (ptr->value == item) {		loc = ptr;	found = 1;		     } // end if 
· 		     else	ptr = ptr->next;
· 		} // end of while 
· 		if (found == 0);		      loc = NULL
·     return loc;	} // end of function Search_List 
· Complexity of this algorithm is same as that of linear (sequential) algorithm
· Worst-case running time is approximately proportional to the number n of elements in LIST i.e. O(n)
· Average-case running time is approximately proportional to n/2 (with the condition that Item appears once in LIST but with equal probability in any node of LIST i.e. O(n) 
· .
· Searching Ordered Linked List
· ListNode* Search_List (int  item) { 
· // This algorithm finds the location Loc of the node in an Ordered linked list where It first appears in the list or sets loc = NULL
· 	ListNode  *ptr, *loc;		ptr = head;		loc = NULL;
· 	 while (ptr != NULL) {	if (ptr->value < item) {	      ptr = ptr -> next;
· 		 else if (ptr->value  == item)		loc = ptr;
· 	} // end while 
· 	return loc;		} // end of function Search_List 
· Complexity of this algorithm is same as that of linear (sequential) algorithm
· Worst-case running time is approximately proportional to the number n of elements in LIST i.e. O(n)
· Average-case running time is approximately proportional to n/2 (with the condition that Item appears once in LIST but with equal probability in any node of LIST i.e. O(n) 
· Ordered Linked List and Binary Search
· With a sorted linear array, we can apply a binary search whose running time is proportional to log2 n 
· A binary search algorithm cannot be applied to a Ordered (Sorted) Linked List
· Since there is no way of indexing the middle element in the list
· This property is one of the main drawback in using a linked list as a data structure
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· Sorting	Fundamental operation in CS
· Task of rearranging data in an order such as Ascending	Descending	or   Lexicographic
· Data may be of any type like numeric, alphabetical or alphanumeric
· Sorting also refers to rearranging a set of records based on their key values when the records are stored in a file
· Sorting task arises more frequently in the world of data manipulation
· Let A be a list of n elements in memory	A1, A2, ……., An
· Sorting refers to the operations of rearranging the contents of A so that they are increasing in order numerically or lexicographically so that	A1  A2  A3  ………….. An
· Since A has n elements, there are n! ways that contents can appear in A	These ways correspond precisely to the n! permutations of 1, 2, …., n
· Accordingly each sorting algorithms must take care of these n! possibilities
· 
· Efficient sorting is important for optimizing the use of other algorithms (such as search and merge algorithms) that require sorted lists to work correctly;
· Sorting is also often useful for canonicalizing data and for producing human-readable output. 	More formally, the output must satisfy two conditions:
· The output is in non-decreasing order (each element is no smaller than the previous element according to the desired total order);
· The output is a permutation (reordering) of the input.
· Reasons For Sorting
· From the programming point of view, the sorting task is important for the following reasons
· How to rearrange a given set of data?
· Which data structures are more suitable to store data prior to their sorting?
· How fast can the sorting be achieved?
· How can sorting be done in a memory constrained situation?
· How to sort various type of data?.
· Basic Terminology
· Internal sort	When a set of data to be sorted is small enough such that the entire sorting can be performed in a computer’s internal storage (primary memory) 
· External sort	Sorting a large set of data which is stored in low speed computer’s external memory such as hard disk, magnetic tape, etc.
· Ascending order	An arrangement of data if it satisfies “less than or equal to “ relation between two consecutive data	[1, 2, 3, 4, 5, 6, 7, 8, 9] 
· Descending order	An arrangement of data if it satisfies “greater than or equal to ≥“ relation between two consecutive data	e.g.   [ 9, 8, 7, 6, 5, 4, 3, 2, 1]
· Lexicographic order	If the data are in the form of character or string of characters and are arranged in the same order as in dictionary   e.g.    [ada, bat, cat, mat, max, may, min] 
· Collating sequence	Ordering for a set of characters that determines whether a character is in higher, lower or same order compared to another. e.g. alphanumeric characters are compared according to their ASCII code	e.g.  [AmaZon, amaZon, amazon, amazon1, amazon2] 
· Random order	If a data in a list do not follow any ordering mentioned above, then it is arranged in random order	e.g.	[8, 6, 5, 9, 3, 1, 4, 7, 2]	[may, bat, ada, cat, mat, max, min]
· Swap	Swap between two data storages implies the interchange of their contents.
· e.g.	Before swap	A[1] = 11,	A[5] = 99	After swap     A[1] = 99,	A[5] = 11
· Item	Is a data or element in the list to be sorted.	May be an integer, string of characters, a record etc.	Also alternatively termed key, data, element etc. 
· Stable Sort	A list of data may contain two or more equal data. If a sorting method maintains the same relative position of their occurrences in the sorted list then it is stable sort.
· In Place Sort	Suppose a set of data to be sorted is stored in an array A.	If a sorting method takes place within the array A only, i.e. without using any other extra storage space
· It is a memory efficient sorting method
· Sorting Classification	Sorting algorithms are often classified by: 
· Computational complexity (worst, average and best behavior) of element comparisons in terms of the size of the list (n). For typical sorting algorithms	good behavior is O(n log n) and bad behavior is O(n2). Ideal behavior for a sort is O(n), but this is not possible in the average case. 
· Comparison-based sorting algorithms, which evaluate the elements of the list via an abstract key comparison operation, need at least O(n log n) comparisons for most inputs. 
· Computational complexity of swaps (for "in place" algorithms).	Memory usage (and use of other computer resources). In particular, some sorting algorithms are "in place”. Strictly, an in place sort needs only O(1) memory beyond the items being sorted; sometimes O(log(n)) additional memory is considered "in place” 
· Recursion. Some algorithms are either recursive or non-recursive, while others may be both (e.g., merge sort).
· Stability: stable sorting algorithms maintain the relative order of records with equal keys (i.e., values)
· Whether or not they are a comparison sort.	 A comparison sort examines the data only by comparing two elements with a comparison operator.
· General method: insertion, exchange, selection, merging, etc. Exchange sorts include bubble sort and quicksort. Selection sorts include shaker sort and heapsort.
· Adaptability: Whether or not the presortedness of the input affects the running time. Algorithms that take this into account are known to be adaptive. 
· Stability of Key
· Stable sorting algorithms maintain the relative order of records with equal keys. A key is that portion of record which is the basis for the sort.	it may or may not include all of the record 
· If all keys are different then this distinction is not necessary. 
· But if there are equal keys, then a sorting algorithm is stable if whenever there are two records (let's say R and S) with the same key, and R appears before S in the original list, then R will always appear before S in the sorted list. 
· When equal elements are indistinguishable, such as with integers, or more generally, any data where the entire element is the key, stability is not an issue. 
· Bubble Sort
· Sometimes incorrectly referred to as sinking sort, is a simple sorting algorithm that works by repeatedly stepping through the list to be sorted, comparing each pair of adjacent items and swapping them if they are in the wrong order. 
· The pass through the list is repeated until no swaps are needed, which indicates that the list is sorted. 
· The algorithm gets its name from the way smaller elements "bubble" to the top of the list. 
· Because it only uses comparisons to operate on elements, it is a comparison sort. 
· Algorithm
· The algorithm starts at the beginning of the data set. 
· It compares the first two elements, and if the first is greater than the second, it swaps them. 
· It continues doing this for each pair of adjacent elements to the end of the data set. 
· It then starts again with the first two elements, repeating until no swaps have occurred on the last pass. 
· Note that the largest end gets sorted first, with smaller elements taking longer to move to their correct positions.
Suppose the list of numbers A[1], A[2], …. A[N] is in memory. The bubble sort algorithm works as follows:
Step 1:	Compare A[1] and A[2] and arrange them in the desired order, so that A[1]< A[2].
Then compare A[2] and A[3] and arrange them so that A[2] < A[3]]. Then compare A[3] and A[4] and arrange them so that A[3] < A[4]. Continue until we compare A[N – 1] with A[N] and arrange them so that A[N – 1] < A[N].
Observe that Step 1 involves n – 1 comparisons. During Step 1, the largest element is “bubbled up” to the nth position or “sinks” to the nth position.
When Step 1 is completed, A[N] will contain the largest element.
Step 2:	Repeat Step 1 with one less comparison . i.e. now we stop after we compare and possible rearrange A[N - 2] and A[N - 1]. Step 2 involves N – 2 comparisons and when Step 2 is completed, A[N - 1] will contain the second largest element.
Step 3:	Repeat Step 1 with two fewer  comparisons . i.e. we stop after we compare and possible rearrange A[N - 3] and A[N - 2]. Step 3 involves N – 3 comparisons and when Step 2 is completed, A[N - 1] will contain the third largest element.
…………………………………………………………………………………………….
Step N - 1:	Compare A[1] with A[2] and arrange them so that A[1] < A[2].
After n -1 steps the list will be in the ascending order
· Code and Implementation
· void bubbleSort (int list[ ] , int size) { 	
·     int i, j, temp;
·     for ( i = 0; i < size; i++ )  {   /* controls passes through the list */
·         for ( j = 0; j < size - 1; j++ ) { /* performs adjacent comparisons */
· 	      if ( list[ j ] > list[ j+1 ] ) {    /* determines if a swap should occur */
· 		temp = list[ j ];  list[ j ] = list[ j + 1 ];	list[ j+1 ] = temp;	/* swap is performed */
· 		} // end of if statement 	    } // end of inner for loop 	} // end of outer for loop } // end of function . 
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· Complexity of Bubble Sort
· Best case performance 		O(n)		Average case performance 	O(n2)
· Worst case performance  		O(n2)		
· Worst case space complexity auxiliary	O(1)	Where n is the number of elements 
· average and worst case performance is O(n2), so it is rarely used to sort large, unordered, data sets. 
· Can be used to sort a small number of items (where its asymptotic inefficiency is not a high penalty). 
· Can also be used efficiently on a list of any length that is nearly sorted. i.e. the elements are not significantly out of place	E.g. if any number of elements are out of place by only one position (e.g. 0123546789 and 1032547698), 
· bubble sort's exchange will get them in order on the first pass, the second pass will find all elements in order, so the sort will take only 2n time.
· The only significant advantage that bubble sort has over most other implementations, even quick sort, but not insertion sort, is that the ability to detect that the list is sorted is efficiently built into the algorithm. 		Performance of bubble sort over an already-sorted list (best-case) is O(n). 
· By contrast, most other algorithms, even those with better average-case complexity, perform their entire sorting process on the set and thus are more complex. 
· However, not only does insertion sort have this mechanism too, but it also performs better on a list that is substantially sorted		having a small number of inversions
· SELECTION SORT
· Concept
· It is specifically an in-place comparison sort 	Noted for its simplicity, 
· It has performance advantages over more complicated algorithms in certain situations, particularly where auxiliary memory is limited
· The algorithm 	finds the minimum value, 		swaps it with the value in the first position, and		repeats these steps for the remainder of the list
· It does no more than n swaps, and thus is useful where swapping is very expensive 
·  After first pass part of the array is sorted and part is unsorted.
· Find the smallest element in the unsorted side. Swap with the front of the unsorted side.
· We have increased the size of the sorted side by one element.
· The process continues………..
· The process keeps adding one more number to the sorted side.
· The sorted side has the smallest numbers, arranged from small to large.
· We can stop when the unsorted side has just one number, since that number must be the largest number. The array is now sorted.
· We repeatedly selected the smallest element, and moved this element to the front of the unsorted side.
· Algorithm
· Input: An array A[1..n] of n elements.
· Output: A[1..n] sorted in descending order
	1. for i  1 to n - 1
	2. 	min  i 
	3. 	for j  i + 1 to n  {Find the i th smallest element.} 
	4.	     if A[j] < A[k] then 
	5.		min  j 
	6. 	end for
	7. 	if min  i then interchange A[i] and A[min]
	8. end for
· Code and Implementation
· void selectionSort (int list[ ] , int size) {
    int i, j, temp, minIndex; 
    for ( i = 0; i < size-1; i++ )  {   /* controls passes through the list */
        minIndex = i; 
        for ( j = i+1; j < size; j++ )   /* performs adjacent comparisons */
	    { 
	      if ( list[ j ] < list[ minIndex] ) /* determines the minimum */
		    minIndex = j;
	    } // end of inner for loop
	      temp = list[ i ];       /* swap is performed in outer for loop */
	      list[ i ] = list[ minIndex];
	      list[ minIndex] = temp;
	} // end of outer for loop 
} // end of function 
· Complexity of Selection Sort
· An in-place comparison sort.		O(n2) complexity, making it inefficient on large lists, and generally performs worse than the similar insertion sort. 
· Selection sort is not difficult to analyze compared to other sorting algorithms since none of the loops depend on the data in the array
· Selecting the lowest element requires scanning all n elements (this takes n − 1 comparisons) and then swapping it into the first position
· Finding the next lowest element requires scanning the remaining n − 1 elements and so on, 
· for (n − 1) + (n − 2) + ... + 2 + 1 = n(n − 1) / 2 ∈ O(n2) comparisons
· Each of these scans requires one swap for n − 1 elements (the final element is already in place). 
· Best case performance 		O(n2)		Average case performance 	O(n2)
· Worst case performance  		O(n2)		
· Worst case space complexity Total O(n)	auxiliary	O(1)	Where n is the number of elements 
· INSERTION SORT
· Insertion sort is not as slow as bubble sort, and it is easy to understand.
· Insertion sort keeps making the left side of the array sorted until the whole array is sorted.
· Real life example: 
· Insertion sort works the same way as arranging your hand when playing cards.
· To sort the cards in your hand you extract a card, shift the remaining cards, and then insert the extracted card in the correct place.
· Concept and Algorithm
· Views the array as having two sides	a sorted side and 	an unsorted side.
· The sorted side starts with just the first element, which is not necessarily the smallest element.
· The sorted side grows by taking the front element from the unsorted side and inserting it in the place that keeps the sorted side arranged from small to large.
· ...
· Input: An array A[1..n] of n elements.
· Output: A[1..n] sorted in nondecreasing order.
	1. for 	i  2 to n 
	2. 	  x  A[i]
	3. 	  j  i - 1
	4. 	while (j >0) and (A[j] > x)
	5.      A[j + 1]  A[j]
	6.	     j  j - 1
	7. 	end while
	8. 	A[j + 1]  x 
	9. end for
· A[i] is inserted in its proper position in the ith iteration in the sorted subarray A[1 .. i-1]
· In the ith step, the elements from index i-1 down to 1 are scanned, each time comparing A[i] with the element at the correct position.		In each iteration an element is shifted one position up to a higher index.	The process of comparison and shifting continues until:	Either an element ≤ A[i] is found or	When all the sorted sequence so far is scanned.		Then A[i] is inserted in its proper position. 
· Code and Implementation
void InsertionSort(int s1[], int size){
int i,j,k,temp;
	for(i=1;i < size;i++) {
       temp=s1[i];    j=i;
	 while((j > 0)&&(temp < s1[j-1]) {
		s1[j]=s1[j-1];
		 j=j-1;		} // end of while loop
	s1[j]=temp;	} // end of for loop		} // end of function 
· Complexity of Insertion Sort
· Best case performance 		O(n)		Average case performance 	O(n2)
· Worst case performance  		O(n2)		
· Worst case space complexity Total O(n)	auxiliary	O(1)	Where n is the number of elements 
· Pros: Relatively simple and easy to implement.
· Cons: Inefficient for large lists. 
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· Comparison of Sorting Method
· Input: 		A sequence of n numbers a1, a2, . . . , an 
· Output: 		A permutation (reordering) a1’, a2’, . . . , an’ of the input sequence such that a1’ ≤ a2’ ≤ ·  ≤ an’
· Selection Sort		Idea
· Find the smallest element in the array
· Exchange it with the element in the first position
· Find the second smallest element and exchange it with the element in the second position
· Continue until the array is sorted i.e. for n-1 keys.
· Use current position to hold current minimum to avoid large-scale movement of keys.
· Disadvantage:	Running time depends only slightly on the amount of order in the file
· 
· For I := 1 to n-1 do		Fixed  n-1 iteration    cost in time = n – 1
·       Smallest := I			cost in time  = n – 1
· 
         For J := I +1 to N do  Fixed n – I  iterations, about n2 /2 comparisons  
·                if A[i]  < A[smallest]              summation   n – I   
·                         Smallest = J;               summation   n – I
·         A[i] = A[Smallest]     about  n exchanges  cost in time   n-1
· Best case		O(n2)	Average Case	O(n2)		Worst Case		O(n2)
· Worst case space complexity 		 Total  O(n)		Auxiliary  O(1)
· Bubble Sort			Idea
· Search for adjacent pairs that are out of order.
· Switch the out-of-order keys.
· Repeat this n-1 times.
· After the first iteration, the last key is guaranteed to be the largest.
· If no switches are done in an iteration, we can stop.
· Easier to implement   but slower than insertion sort.
· For I := 1 to n-1 do		Fixed  n-1 iteration    cost in time = n – 1
· 
         For J := I +1 to N do  Fixed n – I  iterations, about n2 /2 comparisons  
·                if A[J]  >  A[J+1]              summation   n – I   
·                        Exchange  A[J] with A[J+1];    about n2 /2 exchanges    summation   n – I
· 
· Best case		O(n)	Average Case	O(n2)		Worst Case		O(n2)
· Worst case space complexity 			Auxiliary  O(1)
· .
· Insertion		Idea	like sorting a hand of playing cards
· Start with an empty left hand and the cards facing down on the table.
· Remove one card at a time from the table, and insert it into the correct position in the left hand.  Compare it with each of the cards already in the hand, from right to left
· The cards held in the left hand are sorted. these cards were originally the top cards of the pile on the table
· 
· The list is assumed to be broken into a sorted portion and an unsorted portion
· Keys will be inserted from the unsorted portion into the sorted portion.
· For each new key, search backward through sorted keys
· Move keys until proper position is found	Place key in proper position
·   About n2 /2 	comparisons and exchanges    
· Best case		O(n)	Average Case	O(n2)		Worst Case		O(n2)
· Worst case space complexity 			Auxiliary  O(1)
· . 
· Comparison Bubble and Insertion Sort
· Bubble sort is asymptotically equivalent in running time O(n2) to insertion sort in the worst case	But the two algorithms differ greatly in the number of swaps necessary
· Experimental results have also shown that insertion sort performs considerably better even on random lists. 		For these reasons many modern algorithm textbooks avoid using the bubble sort algorithm in favor of insertion sort. 
· Bubble sort also interacts poorly with modern CPU hardware. It requires 
· at least twice as many writes as insertion sort, 
· twice as many cache misses, and 
· asymptotically more branch miss predictions. 
· Experiments of sorting strings in Java show bubble sort to be roughly 5 times slower than insertion sort and 40% slower than selection sort 
· Comparison of Selection Sort
· Among simple average-case Θ(n2) algorithms, selection sort almost always outperforms bubble sort
· Simple calculation shows that insertion sort will therefore usually perform about half as many comparisons as selection sort, although it can perform just as many or far fewer depending on the order the array was in prior to sorting
· selection sort is preferable to insertion sort in terms of number of writes (Θ(n) swaps versus Ο(n2) swaps) 
· Recursion	is the process of repeating items in a self-similar way. 
· For instance, when the surfaces of two mirrors are exactly parallel with each other the nested images that occur are a form of infinite recursion. 
· The term recursion has a variety of meanings specific to a variety of disciplines ranging from linguistics to logic. 
· In computer science, a class of objects or methods exhibit recursive behavior when they can be defined by two properties:
· A simple base case (or cases), and	A set of rules which reduce all other cases toward the base case.
· For example, the following is a recursive definition of a person's ancestors:
· One's parents are one's ancestors (base case).	The parents of one's ancestors are also one's ancestors (recursion step).
· The Fibonacci sequence is a classic example of recursion:
· Fib(0) is 0 [base case]	Fib(1) is 1 [base case]	For all integers n > 1: Fib(n) is (Fib(n-1) + Fib(n-2))
· Many mathematical axioms are based upon recursive rules. 
· e.g. the formal definition of the natural numbers in set theory follows:  1 is a natural number, and each natural number has a successor, which is also a natural number. 
· By this base case and recursive rule, one can generate the set of all natural numbers
· 
· Recursion is a method where the solution to a problem depends on solutions to smaller instances of the same problem
· The approach can be applied to many types of problems, and is one of the central ideas of computer science
· The power of recursion evidently lies in the possibility of defining an infinite set of objects by a finite statement. 
· In the same manner, an infinite number of computations can be described by a finite recursive program, even if this program contains no explicit repetitions 
· Recursive Functions		Function that calls itself	Can only solve a base case
· Divides up problem into		What it can do	What it cannot do - resembles original problem		Launches a new copy of itself (recursion step)
· Eventually base case gets solved	Gets plugged in, works its way up and solves whole problem
· Implementation Code
· Fibonacci series: 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, ...
· Each number sum of the previous two fib(n) = fib(n-1) + fib(n-2) - recursive formula
· long fibonacci(long n)		{
· 	if (n==0 || n==1) 		 //base case
· 	    return n;
· 	else return fibonacci(n-1)+fibonacci(n-2);			}.
· Code and Example with trace
· Recursion Vs Iteration
· Repetition	Iteration:  explicit loop	Recursion:  repeated function calls
· Termination	Iteration: loop condition fails	Recursion: base case recognized
· Both can have infinite loops
· Balance Choice between performance (iteration) and good software engineering (recursion)
· Recursion Main advantage is usually simplicity Main disadvantage is often that the algorithm may require large amounts of memory if the depth of the recursion is very large. 
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· Recursion
· A recursive method is a method that calls itself either directly or indirectly (via another method).	It looks like a regular method except that:
· It contains at least one method call to itself. Each recursive call should be defined so that it makes progress towards a base case.
· It contains at least one BASE CASE. The recursive functions always contains one or more terminating conditions.	A condition when a recursive function is processing a simple case instead of processing recursion. Without the terminating condition, the recursive function may run forever.
· A BASE CASE is the Boolean test that when true stops the method from calling itself.	A base case is the instance when no further calculations can occur.		Base cases are contained in if-else structures and contain a return statement
· A recursive solution solves a problem by solving a smaller instance of the same problem.
· It solves this new problem by solving an even smaller instance of the same problem.
· Eventually, the new problem will be so small that its solution will be either obvious or known.		This solution will lead to the solution of the original problem 
· Recursion is more than just a programming technique. It has two other uses in computer science and software engineering, namely: 
· as a way of describing, defining, or specifying things. 
· as a way of designing solutions to problems (divide and conquer). 
· Recursion can be seen as building objects from objects that have set definitions.
· Recursion can also be seen in the opposite direction as objects that are defined from smaller and smaller parts. 
· Examples
· Factorial		LinearSum	Reverse Array	Power xn	Population growth in Nature	Fibonacci Numbers		multiplication by addition	Count character in string
· Reverse Input (strings)		gcd	Tower of Hanoi
· How C Maintain the recursive step
· When a set of code calls a method, some interesting things happen:	A method call generates an activation record	  The activation record (AR) is placed on the run-time stack
· AR will store the following information about the method:
· Local variables of the method		Parameters passed to the method	Value returned to the calling code (if the method is not a void type)	The location in the calling code of the instruction to execute after returning from the called method
· C keeps track of the values of variables by the stack data structure.
· Each time a function is called, the execution state of the caller function (e.g., parameters, local variables, and memory address) are pushed onto the stack.
· When the execution of the called function is finished, the execution can be restored by popping up the execution state from the stack.
· This is sufficient to maintain the execution of the recursive function.	The execution state of each recursive step are stored and kept in order in the stack.
· Recursive Search Algorithms
· Linear Search
· Int  LinSearch(int [] list, int item, int size) {		Iterative
·       int found  = 0;	int position = -1;	  int index = 0;	
· while (index < size) && (found == 0) {   if (list[index] == item ) {  found = 1;  position = index;
·   } // end if		 index++;	 }  // end of while	return position;	} // end of function 
· 
· LinearSearch(list, size, key)		recursive
· if the list is empty, return Λ; 	else 	
· if the first item of the list has the desired value, return its location; 
· else 	return LinearSearch(value, remainder of the list)
· Binary Search
·   int first, last, upper;	 first = 0;	 last = size - 1;		Iterative
· 	while (true) {	 middle = (first + last) / 2;
·           if (data[middle] == value)	 return middle;	 else if (first >= last)	  return -1;
·           else if (value < data[middle])	last = middle - 1;	 else	first = middle + 1;	 } } 
· 
· {  int middle = (first + last) / 2;		Recursive
·    if (data[middle] == value)	return middle;	 else if (first >= last)	     return -1;
·    else if (value < data[middle])	  return bsearchr(data, first, middle-1, value);
·    Else	 return bsearchr(data, middle+1, last, value);	}
· Recursion with Linked Lists
·  Printing a linked list backward recursive 
· Advantages and Disadvantages
· Recursion is never "necessary" Anything that can be done recursively, can be done iteratively		Recursive solution may seem more logical
· The recursive solution did not use any nested loops, while the iterative solution did
· However, the recursive solution made many more function calls, which adds a lot of overhead		Recursion is NOT an efficiency tool - use it only when it helps the logical flow of your program
· PROS 	Clearer logic		Often more compact code		Often easier to modify
· Allows for complete analysis of runtime performance
· CONS	Overhead costs.
· Not often used by programmers with ordinary skills in some areas, but some problems are too hard to solve without recursion
· Most notably, the compiler!	Tower of Hanoi problem	Most problems involving linked lists and trees
· (Later in the course)
· Comparison with Iteration
· Repetition	Iteration:  explicit loop	Recursion:  repeated function calls
· Termination	Iteration: loop condition fails	Recursion: base case recognized
· Both can have infinite loops
· Balance Choice between performance (iteration) and good software engineering (recursion)
· Recursion	Main advantage is usually simplicity	Main disadvantage is often that the algorithm may require large amounts of memory if the depth of the recursion is very large 
· Hard problems cannot easily be expressed in non-recursive code
· Tower of Hanoi		Robots or avatars that “learn”	Advanced games
· In general, recursive algorithms run slower than their iterative counterparts.
· Also, every time we make a call, we must use some of the memory resources to make room for the stack frame. 
· Analysis of Recursion
· while Recursion makes it easier to write simple and elegant programs, it also makes it easier to write inefficient ones.
· when we use recursion to solve problems we are interested exclusively with correctness, and not at all with efficiency. Consequently, our simple, elegant recursive algorithms may be inherently inefficient. 
· By using recursion, you can often write simple, short implementations of your solution.
· However, just because an algorithm can be implemented in a recursive manner doesn’t mean that it should be implemented in a recursive manner 
· Space:    Every invocation of a function call may require space for parameters and local variables, and for an indication of where  to return when the function is finished
· Typically this space (allocation record) is allocated on the stack and is released automatically when the function returns. Thus, a recursive algorithm may need space proportional to the number of nested calls to the same function.
· Time:     The operations involved in calling a function - allocating, and later releasing, local memory, copying values into the local memory for the parameters, branching to/returning from the function - all contribute to the time overhead. 
· If a function has very large local memory requirements, it would be very costly to program it recursively. But even if there is very little overhead in a single function call, recursive functions often call themselves many many times, which can magnify a small individual overhead into a very large cumulative overhead
· We have to pay a price for recursion:	calling a function consumes more time and memory than adjusting a loop counter. 		high performance applications (graphic action games, simulations of nuclear explosions) hardly ever use recursion.
· In less demanding applications recursion is an attractive alternative for iteration (for the right problems!) 
· For every recursive algorithm, there is an equivalent iterative algorithm.
· Recursive algorithms are often shorter, more elegant, and easier to understand than their iterative counterparts.
· However, iterative algorithms are usually more efficient in their use of space and time. 
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· Merge Sort		Merge sort (also commonly spelled mergesort) is a comparison-based sorting algorithm. Most implementations produce a stable sort, 	 which means that the implementation preserves the input order of equal elements in the sorted output
· Merge sort is a divide and conquer algorithm that was invented by John von Neumann in 1945.	Merge sort takes advantage of the ease of merging already sorted lists into a new sorted list
· Concept
· Conceptually, a merge sort works as follows
· Divide the unsorted list into n sublists, each containing 1 element.  A list of 1 element is considered sorted
· Repeatedly merge sublists to produce new sublists until there is only 1 sublist remaining. This will be the sorted list.
· It starts by comparing every two elements (i.e., 1 with 2, then 3 with 4...) and swapping them if the first should come after the second. It then merges each of the resulting lists of two into lists of four, then merges those lists of four, and so on;  until at last two lists are merged into the final sorted list..
· Divide and Conquer is a method of algorithm design that has created such efficient algorithms as Merge Sort.	In terms or algorithms, this method has three distinct steps:
· Divide: If the input size is too large to deal with in a straightforward manner, divide the data into two or more disjoint subsets. If S has at leas two elements (nothing needs to be done if S has zero or one elements), remove all the elements from S and put them into two sequences, S1 and S2, each containing about half of the elements of S. (i.e. S1 contains the first n/2 elements and S2 contains the remaining n/2 elements.
· Recur: Use divide and conquer to solve the subproblems associated with the data subsets.  Recursive sort sequences S1 and S2.
· Conquer: Take the solutions to the subproblems and “merge” these solutions into a solution for the original problem.	Put back the elements into S by merging the sorted sequences S1 and S2 into a unique sorted sequence
· Let A be an array of n number of elements to be sorted A[1], A[2] ...... A[n]
· Step 1: Divide the array A into approximately n/2 sorted sub-array, 	i.e., the elements in the (A [1], A [2]), (A [3], A [4]), (A [k], A [k + 1]), (A [n – 1], A [n]) sub-arrays are in sorted order
· Step 2: Merge each pair of pairs to obtain the following list of sorted sub-array.	The elements in the sub-array are also in the sorted order.	(A [1], A [2], A [3], A [4)),...... (A [k – 1], A [k], A [k + 1], A [k + 2]), ...... (A [n – 3], A [n – 2], A [n – 1], A [n]).
· Step 3: Repeat the step 2 recursively until there is only one sorted array of size n
· Algorithm
· void mergesort(int list[], int first, int last) {
·    if( first < last ) 		   mid = (first + last)/2;
· 	   // Sort the 1st half of the list		   mergesort(list, first, mid);
· 	   // Sort the 2nd half of the list		   mergesort(list, mid+1, last);
· 	   // Merge the 2 sorted halves			   merge(list, first, mid, last);		end if			}
· 
· merge(list, first, mid, last) {
· 	// Initialize the first and last indices of our subarrays 
· 	firstA = first;  lastA = mid;    firstB = mid+1;  lastB = last
· 	index = firstA   // Index into our temp array
· 	// Start the merging
· 	loop( firstA <= lastA AND firstB <= lastB ) 
· 		if( list[firstA] < list[firstB] )
· 		     tempArray[index] = list[firstA]		     firstA = firstA + 1
· 		else 
· 		     tempArray[index] = list[firstB]		     firstB = firstB + 1
· 		end if
· 		index = index + 1;
· 	end loop
· // At this point, one of our subarrays is empty	Now go through and copy any remaining items from the non-empty array into our temp array
· 	loop (firstA <= lastA) 
· 		tempArray[index] = list[firstA]		firstA = firstA + 1	index = index + 1
· 	end loop
· 	loop ( firstB <= lastB ) 
· 		tempArray[index] = list[firstB]		firstB = firstB + 1	index = index + 1
· 	end loop
· // Finally, we copy our temp array back into our original array
· 	index = first
· 	loop (index <= last)
· 		list[index] = tempArray[index]		index = index + 1
· 	end loop		}
· Implementation
· Top down and bottom Up implementation.
· Trace
· Complexity of Merge sort
· # of element Comparisons performed by Algorithm MERGE to merge two nonempty arrays of sizes n1 and n2, respectively into one sorted array of size n = n1 + n2 is between n1 and n - 1. In particular, # of comparisons needed is between  n/2 and n - 1. 
· # of element Assignments: performed by Algorithm MERGE to merge two nonempty arrays into one sorted array of size n is exactly 2n.
·  time complexty = O(n)		Space complexity = O(n)
· if lo < hi					……………  1
· then mid  (lo+hi)/2			……………. 1
·          MERGE-SORT(A,lo,mid)	……………. n/2
·          MERGE-SORT(A,mid+1,hi)	 …………… n/2
·          MERGE(A,lo,mid,hi)	 	…………….n	
· Described by recursive equation.	Suppose T(n) is the running time on a problem of size n. 	T(n) =   c   if n=1 		   2T(n/2)+ cn   if n>1 
· At each level in the binary tree created for Merge Sort, there are n elements, with O(1) time spent at each element  	 O(n) running time for processing one level
· The height of the tree is O(log n) 	Therefore, the time complexity is O(nlog n) 
· Sorting requires no comparisons.	Merging requires n-1 comparisons in the worst case, where n is the total size of both lists (n key movements are r 
· Best case performance 		O(nlogn) 
· Average case performance 	 O(nlogn) 
· Worst case performance  		 O(nlogn) 
· Worst case space complexity	auxiliary O(n) Where n is the number of elements being sorted
· 
· computing the middle takes 	O(1) 
· solving 2 sub-problem takes 	2T(n/2) 
· merging n-element takes 		O(n) 
· Total:
· T(n) = O(1) 				if n = 1
· T(n) = 2T(n/2) + O(n) + O(1) 		if n > 1
· T(n) = O(n log n)	Solving this recurrence gives T(n) = O(n log n) 
· Merge Sort Applications
· Highly parallelizable (up to O(log(n))) for processing large amounts of data
· his is the first that scales well to very large lists, because its worst-case running time is O(n log n).
· Merge sort has seen a relatively recent surge in popularity for practical implementations, being used for the standard sort routine in the programming languages Perl , Python, and Java  among others.
·  Merge sort has been used in Java at least since 2000 in JDK1.3 
· 
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· Quick Sort and Its Concept
· Quick sort is a divide and conquer algorithm which relies on a partition operation to partition an array an element called a pivot is selected
· All elements smaller than the pivot are moved before it and all greater elements are moved after it.	 This can be done efficiently in linear time and in-place. 	The lesser and greater sublists are then recursively sorted
· Quick sort is also known as partition-exchange sort 
· Efficient implementations (with in-place partitioning) are typically unstable sorts and somewhat complex, but are among the fastest sorting algorithms in practice
· One of the most popular sorting algorithms and is available in many standard programming libraries
· Idea of Quick Sort
· 1) Divide : If the sequence S has 2 or more elements, select an element x from S to be your pivot. Any arbitrary element, like the last, will do. Remove all the elements of S and divide them into 3 sequences:		L, holds S’s elements less than x	E, holds S’s elements equal to x	G, holds S’s elements greater than x
· 2) Recurse: Recursively sort L and G
· 3) Conquer: Finally, to put elements back into S in order, first inserts the elements of L, then those of E, and those of G. 
· Developed by , Hoare, 1961
· Quicksort uses “divide-and-conquer” method. If array has only one element – sorted, otherwise partitions the array: all elements on left are smaller than the elements on the right.	Three stages :
· Choose pivot – first, or middle, or random, or special chosen. Follows partition: all element smaller than pivot on the left, all elements greater than pivot on the right. 
· Quicksort recursively the elements before pivot.
· Quicksort recursively the elements after pivot.
· Various techniques applied to improve efficiency. 
· Algorithm & Examples
· Simple Version	
· function quicksort('array')
·      if length('array') ≤ 1
·           return 'array’// an array of zero or one elements is already sorted 
·      select and remove a pivot value 'pivot' from 'array'
·      create empty lists 'less' and 'greater'
·       for each 'x' in 'array'
·           if 'x' ≤ 'pivot' then append 'x' to 'less'
·           else append 'x' to 'greater'
·       return concatenate(quicksort('less'), 'pivot', quicksort('greater')) // two recursive calls 
· We only examine elements by comparing them to other elements. This makes it a comparison sort.		This version is also a stable sort. Assuming that the "for each" method retrieves elements in original order, and the pivot selected is the last among those of equal value
· The correctness of the partition algorithm is based on the following two arguments:
· At each iteration, all the elements processed so far are in the desired position: before the pivot if less than the pivot's value, after the pivot if greater than the pivot's value (loop invariant).		Each iteration leaves one fewer element to be processed (loop variant).
· Correctness of the overall algorithm can be proven via induction: 	for zero or one element, the algorithm leaves the data unchanged		for a larger data set it produces the concatenation of two parts		elements less than the pivot and elements greater than it, themselves sorted by the recursive hypothesis 
· The disadvantage of the simple version is that it requires O(n) extra storage space which is as bad as merge sort.	The additional memory allocations required can also drastically impact speed and cache performance in practical implementations.
· In-Place Version
· There is a more complex version which uses an in-place partition algorithm and can achieve the complete sort using O(log n) space	(not counting the input) on average (for the call stack) 
· // left is index of the leftmost element of the array.  Right is index of the rightmost element of the array (inclusive)	   Number of elements in subarray = right-left+1
· function partition(array, 'left', 'right', 'pivotIndex')
·      'pivotValue' := array['pivotIndex']
·      swap array['pivotIndex'] and array['right'] 			 // Move pivot to end 
·       'storeIndex' := 'left'
·       for 'i' from 'left' to 'right' - 1  // left ≤ i < right 
·           if array['i'] < 'pivotValue'
·               swap array['i'] and array['storeIndex']
·               'storeIndex' := 'storeIndex' + 1
·       swap array['storeIndex'] and array['right'] 		 // Move pivot to its final place 
·       return 'storeIndex' 
· 
· It partitions the portion of the array between indexes left and right, inclusively, by moving 
· All elements less than array[pivotIndex] before the pivot, and the equal or greater elements after it. 	In the process it also finds the final position for the pivot element, which it returns. 
· It temporarily moves the pivot element to the end of the subarray, so that it doesn't get in the way. 
· Because it only uses exchanges, the final list has the same elements as the original list
· Notice that an element may be exchanged multiple times before reaching its final place
· Also, in case of pivot duplicates in the input array, they can be spread across the right subarray, in any order.	This doesn't represent a partitioning failure, as further sorting will reposition and finally "glue" them together.
· 
· function quicksort(array, 'left', 'right')
·        // If the list has 2 or more items
·       if 'left' < 'right‘
·          choose any 'pivotIndex' such that
·            'left' ≤ 'pivotIndex' ≤ 'right‘
· // Get lists of bigger and smaller items and final position of pivot
·           'pivotNewIndex' := partition(array, 'left', 'right', 'pivotIndex')
·            // Recursively sort elements smaller than the pivot 
·           quicksort(array, 'left', 'pivotNewIndex' - 1)
·         // Recursively sort elements at least as big as the pivot 
·           quicksort(array, 'pivotNewIndex' + 1, 'right')
· Each recursive call to this quicksort function reduces the size of the array being sorted by at least one element, since in each invocation the element at pivotNewIndex is placed in its final position.	
· Therefore, this algorithm is guaranteed to terminate after at most n recursive calls
· However, since partition reorders elements within a partition, this version of quicksort is not a stable sort. 
· Implementation
· void quickSort(int arr[], int left, int right)    {
· int i = left, j = right;	      int tmp;	int pivot = arr[(left + right) / 2];
· /* partition */	while (i <= j)  {
·      while (arr[i] < pivot)		 i++;
·      while (arr[j] > pivot)		 j--;
·      if (i <= j)  {	 tmp = arr[i];	arr[i] = arr[j];	 	arr[j] = tmp;	 i++;	 j--;	 } // end if
·    }; // end while
· /* recursion */		if (left < j)	 quickSort(arr, left, j);
·   				 if (i < right)	         quickSort(arr, i, right);	} 
· Choice of Pivot. 
· Choosing Pivot is a vital discussion and usually following methods are popular in selecting a Pivot.
· Leftmost element in list that is to be sorted.	When sorting a[1:20], use a[1] as the pivot
· Randomly select one of the elements to be sorted as the pivot.	When sorting a[1:20], generate a random number r in the range [1, 20]. Use a[r] as the pivot.
· Median-of-Three rule - from leftmost, middle, and rightmost elements of the list to be sorted, select the one with median key as the pivot
· When sorting a[1:20], examine a[1], a[10] ((1+20)/2), and a[20]. Select the element with median (i.e., middle) key
· If a[1].key = 30, a[10].key = 2, and a[20].key = 10, a[20] becomes the pivot
· If a[1].key = 3, a[10].key = 2, and a[20].key = 10, a[1] becomes the pivot
· If a[1].key = 30, a[10].key = 25, and a[20].key = 10, a[10] becomes the pivot
· Trace of Quick Sort
· Different trace and animation 
· Complexity of Quick Sort
· Worst case: when the pivot does not divide the sequence in two.		At each step, the length of the sequence is only reduced by 1
· Total running time	O(n2)
· General case:	Time spent at level i in the tree is O(n)	Running time: O(n) * O(height)
· Average case:	O(n log n)
· Pivot point may not be the exact median.	Finding the precise median is hard
· If we “get lucky”, the following recurrence applies (n/2 is approximate)
· 

· Best case performance				O(n log n) 
· Average case performance			O(n log n) 
· Worst case performance			O(n2) 
· Worst case space complexity			O(log n) 	auxiliary 	
· Where n is the number of elements to be sorted 
· The most complex issue in quick sort is choosing a good pivot element;
· Consistently poor choices of pivots can result in drastically slower O(n²) performance
· if at each step the median is chosen as the pivot then the algorithm works in O(n log n)
· Finding the median however, is an O(n) operation on unsorted lists and therefore exacts its own penalty with sorting
· Its sequential and localized memory references work well with a cache 

· We have seen that a consistently poor choice of pivot can lead to O(n2) time performance
· A good strategy is to pick the middle value of the left, centre, and right elements
· For small arrays, with n less than (say) 20, QuickSort does not perform as well as simpler sorts such as SelectionSort Because QuickSort is recursive, these small cases will occur frequently		A common solution is to stop the recursion at n = 10, say, and use a different, non-recursive sort	This also avoids nasty special cases, e.g., trying to take the middle of three elements when n is one or two
· Until 2002, quicksort was the fastest known general sorting algorithm, on average.
· Still the most common sorting algorithm in standard libraries.
· For optimum speed, the pivot must be chosen carefully.
· “Median of three” is a good technique for choosing the pivot.
· There will be some cases where Quicksort runs in O(n2) time.
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· Comparison of Merge and Quick Sort
· In the worst case, merge sort does about 39% fewer comparisons than quick sort does in the average case.	Merge sort always makes fewer comparisons than quick sort, except in extremely rare cases, when they tie 	where merge sort's worst case is found simultaneously with quick sort's best case
· In terms of moves, merge sort's worst case complexity is O(n log n)—the same complexity as quick sort's best case, and merge sort's best case takes about half as many iterations as the worst case
· Recursive implementations of merge sort make 2n−1 method calls in the worst case, compared to quick sort's n, thus merge sort has roughly twice as much recursive overhead as quick sort
· However, iterative, non-recursive implementations of merge sort, avoiding method call overhead, are not difficult to code
· Merge sort's most common implementation does not sort in place.	therefore, the memory size of the input must be allocated for the sorted output to be stored in
· Shell Sort	Concept
· Was invented by Donald Shell in 1959.	Also called diminishing increment sort.	is an in-place comparison sort.	
· It improves upon bubble sort and insertion sort by moving out of order elements more than one position at a time.		It generalizes an exchanging sort, such as insertion or bubble sort, by starting the comparison and exchange of elements with elements that are far apart before finishing with neighboring elements 
· Starting with far apart elements can move some out-of-place elements into position faster than a simple nearest neighbor exchange.	The algorithm sorts the sub-list of the original list based on increment value or sequence number k Common Sequence numbers are 5,3,1	There is no proof that these are the best sequence numbers.
· Each sub-list contains every kth element of the original list 
· Algorithm
· Using Marcin Ciura's gap sequence, with an inner insertion sort.
·  # Sort an array a[0...n-1].	gaps = [701, 301, 132, 57, 23, 10, 4, 1]
·  for each (gap in gaps)		    # Do an insertion sort for each gap size.
·     for (i = gap; i < n; i += 1)	        temp = a[i]
·         for (j = i; j >= gap and a[j - gap] > temp; j -= gap)	            a[j] = a[j - gap]
·         a[j] = temp
· The sub-arrays that Shell sort operates on are initially short; 	later they are longer but almost ordered		In both cases insertion sort works efficiently.
· Shellsort is unstable	 it may change the relative order of elements with equal values
· It has "natural" behavior, in that it executes faster when the input is partially sorted 
· Shell sort is a simple extension of insertion sort.	It gains speed by allowing exchanges with elements that are far apart
· Named after its creator, Donald Shell, the shell sort is an improved version of the insertion sort.	In the shell sort, a list of N elements is divided into K segments where K is known as the increment.	What this means is that instead of comparing adjacent values, we will compare values that are a distance K apart.	We will shrink K as we run through our algorithm.
· There are many schools of thought on what the increment should be in the shell sort.
· Also note that just because an increment is optimal on one list, it might not be optimal for another list
· Complexity of Shell Sort
· Best case performance		     O(n) 	
· Average case performance O(n(log n)2) or	 O(n3/2)
· Worst case performance	Depends on the gap sequence . Best known is	 O(n3/2) 
· Worst case space complexity  O(1) auxiliary Where n is number of elements to be sorted 
· Radix Sort	Concept
· Key idea: sort on the “least significant digit” first and on the remaining digits in sequential order.  The sorting method used to sort each digit must be “stable”.
· If we start with the “most significant digit”, we’ll need extra storage.
· Based on examining digits in some base-b numeric representation of items (or keys)
· Least significant digit radix sort	Processes digits from right to left		Used in early punched-card sorting machines	Create groupings of items with same value in specified digit		Collect in order and create grouping with next significant digit
· Start with least significant digit		Separate keys into groups based on value of current digit	Make sure not to disturb original order of keys		Combine separate groups in ascending order		Repeat, scanning digits in reverse order 
· Each digit requires n comparisons	The algorithm is O(n)	The preceding lower bound analysis does not apply, because Radix Sort does not compare keys.
· Algorithm
· Key idea: sort the least significant digit first
·     RadixSort(A, d)	       for i=1 to d	          StableSort(A) on digit i
· sort by the least significant digit first (counting sort)	    => Numbers with the same digit go to same bin		reorder all the numbers: the numbers in bin 0 precede the numbers in bin 1, which precede the numbers in bin 2, and so on 	sort by the next least significant digit
· continue this process until the numbers have been sorted on all k digits
· Increasing the base r decreases the number of passes
· Running time	k passes over the numbers (i.e. k counting sorts, with range being 0..r)
· each pass takes 2N	total: O(2Nk)=O(Nk)		r and k are constants: O(N)
· Note:	radix sort is not based on comparisons; the values are used as array indices
· If all N input values are distinct, then k = (log N) (e.g., in binary digits, to represent 8 different numbers, we need at least 3 digits). Thus the running time of Radix Sort also become (N log N).	Analysis
· Is radix sort preferable to a comparison based algorithm such as Quick sort?	Radix sort running time is O(n)	Quick sort running time is O(nlogn)	The constant factors hidden in O notations differ.
· Radix sort  make few passes than quick sort but each pass of radix sort may take significantly longer.	
· Assumption: input has d digits ranging from 0 to k
· Basic idea: 	Sort elements by digit starting with least significant	Use a stable sort (like bucket sort) for each stage
· Each pass over n numbers with 1 digit takes time O(n+k), so total time O(dn+dk)	When d is constant and k=O(n), takes O(n) time
· Fast,  Stable, Simple		Doesn’t sort in place
· Bucket Sort
· Works by partitioning an array into a number of buckets.		Each bucket is then sorted individually, either using a different sorting algorithm, or by recursively applying the bucket sorting algorithm		It is a distribution sort, and is a cousin of radix sort in the most to least significant digit (LSD) flavour 
· Assumption: the keys are in the range [0, N)
· Basic idea: 	1. Create N linked lists (buckets) to divide interval [0,N) into subintervals of size 1		2. Add each input element to appropriate bucket	3. Concatenate the buckets
· Expected total time is O(n + N), with n = size of original sequence	if N is O(n)  sorting algorithm in O(n) ! 	It also works on real or floating point numbers.
· Assumption	Keys to be sorted are uniformly distributed over a known range (1 to m)
· Method:	1.	Set up buckets where each bucket is responsible for an equal portion of the range.	2.	Sort items in buckets using insertion sort.
· 3.	Concatenate sorted lists of items from buckets to get final sorted order
· Bucket sort is a non comparison based sorting algorithm.		Allocates one storage location for each item to be sorted.		Assigning each item into corresponding bucket.
· In order to bucket sort n unique items in the range 1 to m,	allocate m buckets and then iterate over the n items assigning each one to the proper bucket.
· Finally loop through the buckets and collect the items putting them into final order.
· Bucket sort works well for data sets where the possible key values are known and relatively small and there are on average just a few elements per bucket
· Algorithm	BucketSort(arrayA)		n = length(A)	
· For I =1 to n do 	 	insert A[i] into List B (nA[i])
· For I = 0 to n -1 do	sort List B[i]  with insertion sort
· Concatenate the lists B[0], B[1],………B[n – 1]	together in order
· Time Complexity	Best Case		O(N)		Average Case   O(N)
· Worst Case	O(N2) i.e insertion sort Uniform Keys	O(n + k)  integer keys
· Comparison of Sorting Techniques
· Which sorting algorithm is preferable depends upon 	Characteristics of implementation of underlying machine	Quick sort uses hardware caches more efficiently
· Radix sort using count sort don’t sort in place.	When primary memory storage is concerned an in-place algorithm is preferable	So Quick sort is preferable.
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· Doubly Linked List	Concept
· Singly Linked List (SLL)	Various cells of memory are not allocated consecutively in memory.	Now the first element must explicitly tell us where to look for the second element.	Do this by holding the memory address of the second element
· A linked list is a series of connected nodes (or links) where each node is a data structure.
· A linked list can grow or shrink in size as the program runs.	This is possible because the nodes in a linked list are dynamically allocated 
· A linked list is called “linked” because each node in the series (i.e. the chain) has a pointer to the next node in the list,
· a) The head is a pointer to the first node in the list.	b) Each node in the list points to the next node in the list.	c)  The last node points to NULL (the usual way to signify the end).	Note, the nodes in a linked list can be spread out over the memory.
· A node’s successor is the next node in the sequence.	The last node has no successor
· A node’s predecessor is the previous node in the sequence. The first node has no predecessor
· A list’s length is the number of elements in it. A list may be empty (contain no elements)
· In a singly linked list (SLL) one can move beginning from the head node to any node in one direction only (from  left to right).	SLL is also termed as one –way list
· On the other hand, Doubly Linked List (DLL) is a two-way list.	One can move in either direction from left to right and from right to left.	This is accomplished by maintaining two linked fields instead of one as in a SLL 
· Doubly linked lists are useful for playing video and sound files with “rewind” and “instant replay”.		They are also useful for other linked data which require “rewind” and “fast forward” of the data
· Each node on a list has two pointers.	A pointer to the next element.	A pointer to the previous element.	The beginning and ending nodes' previous and next links, respectively, point to some kind of terminator, typically a sentinel node or null, to facilitate traversal of the list 
· The header points to the first node in the list and to the last node in the list (or contains null links if the list is empty)
· struct Node{	        int data;		        Node* next;	        Node* prev;	} *Head,
· 
· Advantages of DLL over SLL
· Advantages:	Can be traversed in either direction (may be essential for some programs)
· Some operations, such as deletion and inserting before a node, become easier
· Disadvantages:		Requires more space to store backward pointer
· List manipulations are slower because more links must be changed
· Greater chance of having bugs because more links must be manipulated
· Operations on Doubly Linked List
· The two node links allow traversal of the list in either direction
· While adding or removing a node in a doubly linked list requires changing more links than the same operations on a singly linked list
· The operations are simpler and potentially more efficient (for nodes other than first nodes).
· because there is no need to keep track of the previous node during traversal or no need to traverse the list to find the previous node, so that its link can be modified 
· .
· Insertion	Insert a node NewNode before Cur (not at front or rear)
· NewNode->next = Cur;		NewNode->prev = Cur->prev;
· Cur->prev = NewNode;		(NewNode->prev)->next = Newnode;
· Deletion	DLL Deletion	Delete a node Cur (not at front or rear)
· (Cur->prev)->next = Cur->next;	 (Cur->next)->prev = Cur->prev; 	   delete Cur;
· Search and Traversing
· Searching and Traversal are pretty obvious and are similar to SLL
· Sorting
· Sorting a linked list is just messy, since you can’t directly access the nth element.
· you have to count your way through a lot of other elements 
· 
· DLL with Dummy Head Node
· To simplify insertion and deletion by avoiding special cases of deletion and insertion at front and rear, a dummy head node is added at the head of the list		The last node also points to the dummy head node as its successor
· DLL– Creating Dummy Node at Head
· void createHead(Node *Head) {	Head = new Node;		Head->next = Head;
· Head->prev = Head;		}
· Inserting a Node as First Node	Insert a Node New to Empty List (with Cur pointing to dummy head node)
· New->next = Cur;	New->prev = Cur->prev;	Cur->prev = New;
· (New->prev)->next = New;
· This code applies to all following four cases
· Inserting as first Node		Insertion at Head	Inserting in middle	Inserting at rear
· 
· Deleting a Node at Head
· (Cur->prev)->next = Cur->next;	(Cur->next)->prev = Cur->prev; 	delete Cur;
· This code applies to all following three  cases
· 	deletion at Head	deletion in middle	deletion at rear
· Implementation Code
· Searching, Print, Insertion deletion with main program.
· Complexity of DLL in worst Case
· Searching, Print, Insertion deletion with main program.
· insertion at head or tail is in O(1)	deletion at either end is on O(1)	element access is still in O(n)
· Doubly Linked List with Two Pointers	
· One for Head and One for Tail
·     head = new Node ();
·     tail = new Node ();
·     head->next = tail;
·     tail->prev = head; 
· 
· Insertion 
· newNode = new Node;
· newNode->prev = current;
· newNode->next = current->next;
· newNode->prev->next = newNode;
· newNode->next->prev = newNode;
· current = newNode 
· 
· Deletion
· oldNode=current; 
· oldNode->prev->next = oldNode->next; 
· oldNode->next->prev = oldNode->prev; 
· current = oldNode->prev; 
· delete oldNode;
· 
· Circular Linked List 
· The Last node’s next pinter points to Head node  and the Head node’s previous pointer points to the last node
· Insertion and Deletion implementation left as an exercise 
· 
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· Queue		Concept
· Real Life Examples		Bus Stop, Line of people waiting to be served tickets
· First come First served
· Computer System Examples		Print Queue	Waiting for access to disk storage
· Time sharing system for use of the CPU	Multilevel queues	CPU Scheduling
· The data structures used to solve this type of problems is called Queue.	A linear list in which items may be added only at one end and items may be removed-only at the other end.
· We define a queue to be a list in which 	All additions to the list are made at one end, and	All deletions from the list are made at the other end
· Queues are also called First-In, First-Out lists, or FIFO for short.
· The entry in a queue ready to be served, will be the first entry that will be removed from the queue, We call this the front of the queue.
· The last entry in the queue is the one most recently added, we call this the rear of queue
· Deletion (Dequeue) can take place only at one end, called the front
· Insertion (Enqueue) can take place only at the other end, called the rear
· Common Operations on Queue
· Create an empty queue. MAKENULL(Q): Makes Queue Q be an empty list.
· Determine whether a queue is empty. EMPTY(Q): Returns true if and only if Q is an empty queue. 
· Add a new item to the queue. ENQUEUE(x,Q): Inserts element x at the end of Queue Q. 
· Remove the item that was added earliest. DEQUEUE(Q): Deletes the first element of Q.
· FRONT(Q): Returns the first element on Queue Q without deleting it.
· Static Queue	is implemented by an array and the size of the queue remains fix
· Dynamic Queue	can be implemented  as a linked list and expand or shrink with each enqueue or dequeue operation
· Simple Queue as Arrays
· Maintained by a linear array QUEUE and Two variables: 
· FRONT containing the location of the front element of the queue; and 
· REAR, containing the location of the rear element of the queue
· Condition FRONT = -1 will indicate that the queue is empty
· whenever an element is deleted from the queue, FRONT = FRONT + 1
· Whenever an element is added to the queue, REAR = REAR +1 
· After N insertions, the rear element of the queue will occupy QUEUE [N] or, eventually the queue will occupy the last part of the array. This occurs even through the queue itself may not contain many elements
· Suppose we want to insert an element ITEM into a queue at the time the queue does occupy the last part of the array, i.e., when REAR = N
· One way to do this is to simply move the entire queue to the beginning of the array, changing FRONT and REAR accordingly, and then inserting ITEM as above.	This procedure may be very expensive. It takes Ω(N) times if the queue has length N
· When there is only one value in the Queue, both rear and front have same index
· Rear pointing to last element of the array. Front is pointing in the middle space available in the beginning? How can we insert more elements? Rear index can not move beyond the last element….
· Solution		Using Circular Queue	Allow rear to wrap around the array.
· 	if(rear == queueSize-1)	rear = 0;		else			rear++;
· Or use module arithmetic		rear = (rear + 1) % queueSize; 
· Circular Queue as Arrays
· The First position follows the last.	The queue is found somewhere around the circle in consecutive positions.	QUEUE [l] comes after QUEUE [N] in the array
· Suppose that our queue contains only one element, i.e., Front = Rear != NULL
· If element is deleted. Then we assign FRONT:= NULL and REAR: = NULL to indicate that the queue is empty 
· If Queue is Full and there are spaces available in the beginning REAR = N and FRONT != 1.		Insert ITEM into the queue by assigning ITEM to QUEUE [l]. Specifically, instead of increasing REAR to N + 1, we reset REAR = 1 and then assign QUEUE [REAR]: = ITEM 
· Similarly, if FRONT = N and an element of QUEUE is deleted	Reset FRONT = 1 instead of increasing FRONT to N + 1 
· Algorithm for Enqueue and Dequeue for Circular Queue
· Problem with above implementation:	No way to distinguish an Empty Queue from a Completely Filled Queue.
· Although the array has maximum N elements but Queue should not grow more than N – 1. Keep a counter for the elements of the Queue. Counter should not goes beyond N. Increment for Enqueue and Decrement for Dequeue
· Alternatively, introduce a separate bit to indicate the Queue Empty or Queue Filled status. 
· Queues as Linked List
· Assume that front and rear are the two pointers to the front and rear nodes of the queue
· struct Node{	int data;	Node* next;	} *front, *rear;   front = NULL;	Rear= NULL;
· Enqueue Algorithm	Make newNode point at a new node allocated from heap	Copy new data into node newNode 	Set newNode's pointer next field to NULL 	Set the next in the rear node to point to newNode 	Set rear = newNode;    if queue is empty Front=Rear
· Dequeue Algorithm	If front is NULL then message “Queue is Empty”
· Else 	copy front to a temporary pointer	Set front to the next of the front	If Front == NULL then Rear = NULL	Delete the temporary pointer
· int front(Node *front) {  if (front == NULL)	 return 0;	else	  return front->data;	}
· int isEmpty(Node *front)  {	if (front == NULL)	 return 1;	else		return  0;     } 
· Circular Queue as Linked List
· Keep a counter of number of items in queue		int count = 0
· 
· void enqueue(int x, Node *rear){	Node* newNode;	newNode = new Node;	 newNode->data = x;	 newNode->next = NULL;
·     if (count == 0) { // queue is empty		rear = newNode;	     front = rear;	 }
·     else { 	rear->next = newNode;	rear = newNode;	 rear->next = front; }	    count++; }
· void dequeue(Node *front) {	  Node  *p;   // temporary pointer
·   if (count == 0)	    cout<< “Queue is Empty”;
·   else {	count--;	if (front == rear) {	delete front;	front = NULL;	 rear = NULL;      }  else {	p = front;	front = front->next;	rear->next = front;	delete p;  }	// end of inner else	  }    // end of outer else	} // end of function
· Deque as Linked List
· Elements can only be added or removed from front and back of the queue
· Typical operations include
· Insert at front an element		Insert at back an element
· Remove from back an element	Remove from front an element
· List the front element and 		List the back element. 
· Simple method of implementing a deque is using a doubly linked list.	The time complexity of all the deque operations using a doubly linked list can be achieced O(1)
· A general purpose deque implementation can be used to mimic specialized behaviors like stacks and queues
· For example to use deque as a stack		Insert at back an element (Push) and Remove at back an element (Pop) can behave as a stack
· For example to use deque as a queue. 	Insert at back an element (Enqueue) and Remove at front an element (Dequeue) can behave as a queue. 
· struct Node{ int data;	Node* next;	Node* prev;} *front, *rear;	front = NULL;	rear = NULL;
· int count = 0; // to keep the number of items in queue 
· 
· void insertBack(int x){ Node* newNode; newNode = new Node; newNode->data = x;
·     newNode->next = NULL;	newNode->prev = NULL;
·     if (count == 0) { // queue is empty		     rear = newNode;		front = rear ;   }
·     else { 	 // append to the list and fix links	  rear->next = newNode;	
· newNode->prev = rear;	         rear = newNode ; }			count++;		}
· 
· void removeBack(){ Node *temp;	if (count == 0)   cout << “Queue is empty”;
·     temp = rear;	      // Delete the back node and fix the links
· 	 if (rear->prev != NULL) {	rear = rear->prev;	rear->next = NULL;	 } else rear = NULL;
·     count--;			delete temp;	}
· int Front()  {	if (count == 0)	return 0	else	 return front->data		}
· int Back()  {	if (count == 0)	return 0	else	 return rear->data		}
· int Size()   {   return count;	}  int isEmpty()  { if (count == 0)	 return 1; else   return 0; }
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· Stacks	Concept
· Real Life Examples of Stack		Shipment in a Cargo	Plates on a Tray	Stack of Coins	Stack of Drawers	Shunting of trains in Railway Yard	Stack of books
· Follow the Last-In first Served   or Last-In-First-Out (LIFO) strategy  in contrast to Queue FIFO Strategy
· Definition and Concept		An ordered collection of homogeneous data elements where the insertions and deletions take place at one end only called Top
· New elements are added or pushed onto the top of the stack 
· The first element to be removed or popped is taken from the top - the last one in 
· Stack Operations
· A stack is generally implemented with only two principle operations 	Push adds an item to a stack		Pop extracts the most recently pushed item from the stack
· Other methods such as 	Top() returns the item at the top without removing it 
· IsEmpty() determines whether the stack has anything in it
· Stack Implementation				Static		Array Based
· Elements are stored in contiguous cells of an Array.	New elements can be inserted on the top of the list. Using stack[0] as the top of the stack.	Stack can grow uptil size – 1 elements.
· Stack size 5	Empty Stack		Top = -1
· Stack size 0	Stack full		top = StackSize – 1		Can’t push more elements
· Push	C++ Code	
· void push(int Stack[],  int  element)	{
· if (top == StackSize – 1)	cout<<“stack is full”;		else	Stack[++top] = element;   }
· Pop	
· Stack size 0	Stack full		top = StackSize – 1		Can Pop elements
· StackSize = 5	Stack Empty		top = -1		can’t Pop more elements
· Int pop(int Stack[])	{
· if (top == –1)	cout<<“stack is empty”;	else		return Stack[top--];		}
· Other Stack Operations
· //returns the top element of stack without removing it
· int top (Stack[])   { if (top == –1)   cout<<“stack is empty”;	else	return Stack[top];	}
· //checks stack is empty or not
· int isEmpty()	{	if (top == –1)		return 0; 	else 		return 1;	} 
· Selecting Position 0 as Top of the Stack
· Problem requires much shifting.	Since, in a stack the insertion and deletion take place only at the top, so…
· A better Implementation:	Anchor the bottom of the stack at the bottom of the array
· Let the stack grow towards the top of the array	Top indicates the current position of the first stack element
· Dynamic Representation		Linked List
· PUSH and POP operate only on the header cell and the first cell on the list
· struct Node{	 int data;	 Node* next;		} *top;	top = NULL;
· Push Operation Algorithm
· void push (int item)   {	Node *newNode;	// Insert at Front of the list
· 	newNode->data = item;		newNode->next = top;		top = newNode; }
· Push Operation - Trace
· Pop Operation Algorithm
· int pop ()   {	Node *temp;		int val;		// two temporary variables
· 	if (top == NULL)	   return -1;	else  {    // delete the first node of the list
· 	   temp = top;	   top = top->next;	   val = temp->data;	   delete temp;	return val;  } }
· Pop Operation - Trace
· Complete Program for Stack Operations Implementation with Linked List
· Stack Implementation
· Balanced Symbol Checking
· In processing programs and working with computer languages there are many instances when symbols must be balanced { } , [ ] , ( )
· A stack is useful for checking symbol balance	When a closing symbol is found it must match the most recent opening symbol of the same type
· Algorithm
· Make an empty stack
· Read symbols until end of file
· if the symbol is an opening symbol push it onto the stack
· if it is a closing symbol do the following
· if the stack is empty report an error
· otherwise pop the stack. If the symbol popped does not match the closing symbol report an error
· At the end of the file if the stack is not empty report an error
· Processing a file
· Tokenization: the process of scanning an input stream.  Each independent chunk is a token. Tokens may be made up of 1 or more characters
· Mathematical Expression Notation	Prefix	InFix and 	Postfix
· What is 3 + 2 * 4?    2 * 4 + 3?    3 * 2 + 4
· The precedence of operators affects the order of operations
· A mathematical expression cannot simply be evaluated left to right. 
· A challenge when evaluating a program.
· Lexical analysis  is the process of interpreting a program. 	Involves Tokenization
· Mathematical Expression Notation
· The way we are used to writing expressions is known as infix notation
· Postfix (Reverse Polish Notation)	expression does not require any precedence rules
· 3 2 * 1 +  is postfix of 3 * 2 + 1		*3+21 is the corresponding Prefix (Polish Notation)
· BODMAS		Brackets	Order (square, square root)	Divide		Multiply	Add		Subtract
· Operator Precedence and Associativity in Java and C++
· Evaluating Prefix (Polish Notation)		Algorithm
· Scan the given prefix expression from Right to Left
· For each Symbol do		if Operand	then		Push onto Stack
· If Operator then	
· 	Pop operand1 from Stack	 (Right )
· 	Pop operand2 from stack
· 	Computer Operand1	operator	operand2	Push result onto stack
· In the end return the top of stack as a result
· When you're done with the entire expression, the only thing left on the stack should be the final result	If there are zero or more than 1 operands left on the stack, either your program is flawed, or the expression was invalid
· The first element you pop off of the stack in an operation should be evaluated on the right-hand side of the operator	For multiplication and addition, order doesn't matter, but for subtraction and division, the answer will  be incorrect if the operands are switched around. 
· Example trace		- * / 15 – 7 + 1 1 3  + 2 + 1 1 
· Converting Infix to Postfix Notation
· The first thing you need to do is fully parenthesize the expression. 
· Now, move each of the operators immediately to the right of their respective right parentheses. If you do this, you will see that 
· Evaluating Postfix (Reverse Polish Notation)		Algorithm
· Scan the given prefix expression from Left to Right	Same as for Infix except L to R
· For each Symbol do		if Operand	then		Push onto Stack
· If Operator then		
· 	Pop operand1 from Stack	 (Right )	
· 	Pop operand2 from stack
· 	Computer Operand1	operator	operand2	Push result onto stack
· In the end return the top of stack as a result
· Implementing Infix Through Stacks
· Implementing infix notation with stacks is substantially more difficult
· 3 stacks are needed : one for the parentheses	one for the operands, and one for the operators. 
· Fully parenthesize the infix expression before attempting to evaluate it 
· To evaluate an expression in infix notation:
· Keep pushing elements onto their respective stacks until a closed parenthesis is reached
· When a closed parenthesis is encountered
· Pop an operator off the operator stack
· Pop the appropriate number of operands off the operand stack to perform the operation
· Once again, push the result back onto the operand stack 
· Example Trace
· Application of Stacks
· Direct applications
· Page-visited history in a Web browser
· Undo sequence in a text editor
· Chain of method calls in the Java Virtual Machine
· Validate XML
· Indirect applications
· Auxiliary data structure for algorithms
· Component of other data structures
· 
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· Trees		Concept
· Trees are very flexible, versatile and powerful   non-linear data structure
· Some data is not linear (it has more structure!)	Family trees	     Organizational charts
· Linked lists etc don’t store this structure information. 
· Linear implementations are sometimes inefficient or otherwise sub-optimal for our purposes
· Trees offer an alternative Representation	Implementation strategy	Set of algorithms
· Examples and Applications
· Directory tree of Windows Explorer		Family tree	Company Organization Chart
· Table of Contents	Tic Tac Toe	Chess game		Taxonomy tree (animals, mammals, Reptiles and so on
· Decision Tree	tool that uses a tree-like graph or model of decisions and their possible consequences	including chance event outcomes, resource costs, and utility.			It is one way to display an algorithm
· Computer Applications
· Artificial Intelligence – planning, navigating, games
· Representing things:	Simple file systems		Class inheritance and composition
· Classification, e.g. taxonomy (the is-a relationship again!)		HTML pages
· Parse trees for language	3D graphics 
· Representing hierarchical data
· Storing data in a way that makes it easily searchable 
· Representing sorted lists of data
· As a workflow for compositing digital images for visual effects
· Routing algorithms
· Definition
· It can be used to represent data items possessing hierarchical relationship
· A tree can be theoretically defined as a finite set of one or more data items (or nodes) such that
· There is a special node called the root of the tree
· Remaining nodes (or data item) are partitioned into number  of subsets each of which is itself a tree, are called subtree 
· A tree is a set of related interconnected nodes in a hierarchical structure
· A tree is a finite set of one or more nodes such that:
· There is a specially designated node called the root.
· The remaining nodes are partitioned into n>=0 disjoint sets T1, ..., Tn, where each of these sets is a tree.	We call T1, ..., Tn the subtrees of the root r.	Each of whose roots are connected by a directed edge from r 
· A tree is a collection of N nodes, one of which is the root and N-1 edges 
· Tree Terminology
· Each data item within a tree is called a 'node’ 
· The highest data item in the tree is called the 'root' or root node		First node in hierarchical arrangement of data 
· Below the root lie a number of other 'nodes'. The root is the 'parent' of the nodes immediately linked to it and these are the 'children' of the parent node
· Leaf node has no children. (also known as external nodes)
· Internal Nodes: nodes with children.
· If nodes share a common parent, then they are 'sibling' nodes, just like a family. 
· The ancestors  of a node are all the nodes along the path from the root to the node 
· The link joining one node to another is called the 'branch'. Directed Edge (arc)
· Degree of a node is the number of sub-trees of a node in a given tree.		Degree of a Tree is the maximum degree of node in a given tree.	A node with degree zero (0) is called terminal node or a leaf.		Any node whose degree is not zero is called a non-terminal node
· Levels of a Tree	The entire tree is leveled in such a way that the root node is always of level 0.		Its immediate children are at level 1 and their immediate children are at level 2 and so on up to the terminal nodes		If a node is at level n then its children will be at level n+1	
· Depth of a Tree	is the maximum level of any node in a given tree.	The number of levels from root to the leaves is called depth of a tree. 
· The term height is also used to denote the depth of a tree
· Height (of node): length of the longest path from a node to a leaf.		All leaves have a height of 0		The height of root is equal to the depth (height ) of the tree.
· The depth of a node is the length of the path to its root (i.e., its root path). This is commonly needed in the manipulation of the various self balancing trees, AVL Trees in particular. 
· The root node has depth zero, leaf nodes have height zero, and a tree with only a single node (hence both a root and leaf) has depth and height zero. Conventionally, an empty tree (tree with no nodes) has depth and height of −1.
· Tree is an acyclic directed graph.
· A vertex (or node) is a simple object that can have a name and can carry other associated information.	An edge is a connection between two vertices
· A path in a tree is a list of distinct vertices in which successive vertices are connected by edges in the tree.	The defining property of a tree is that there is precisely one path connecting any two nodes
· Types of Trees		Different kinds of trees exist
· General tree	Binary Tree	Red-Black Tree	AVL Tree	Partially Ordered Tree
· B+ Trees		Minimum Spanning Tree		… and so on 
· Different types are used for different things		To improve speed	
· To improve the use of available memory		To suit particular problems
· .General Trees	Representation  There are many different ways to represent trees; 
· Common representations represent the nodes as dynamically allocated records with pointers to their children, their parents, or both, 			or 
· as items in an array, with relationships between them determined by their positions in the array (e.g., binary heap).
· In general a node in a tree will not have pointers to its parents, but this information can be included (expanding the data structure to also include a pointer to the parent) or stored separately. Alternatively, upward links can be included in the child node data, as in a threaded binary tree.
· General tree Linked representation
· Object useful info		children – pointers to all of its children nodes (1, 2, 3 ..)
· Many link fields are needed for this type of representation
· Better Option  along with data  use two pointers		left child and right sibling
· accessor methods		root() – return the root of the tree
· parent(p) –  return the parent of a node	children(p) – returns the children of a node
· query methods		size() – returns the number of nodes in the tree 
· isEmpty() -  returns true if the tree is empty		elements() – returns all elements 
· isRoot(p), isInternal(p), isExternal(p)
· typedef struct tnode {   int key; struct tnode* lchild; 	struct tnode* sibling; } *ptnode;
· Create a tree with three nodes (one root & two children)
· Insert a new node (in tree with root R, as a new child at level L)
· Delete a node (in tree with root R, the first child at level L)
· Traversal (with recursive definition)
· Preorder	Visit the node	traverse in preorder the children (subtrees)
· Algorithm preOrder(v)		“visit” node v		for each child w of v do 	recursively perform preOrder(w)
· void preorder(ptnode t) { 	ptnode ptr;		display(t->key);
· 	for(ptr = t->lchild; ptr != NULL; ptr = ptr->sibling) {  	preorder(ptr);      }		}
· Postorder	traverse in postorder the children (subtrees)	Visit the node
· Algorithm postOrder(v)	for each child w of v do 	recursively perform postOrder(w)
· 	 “visit” node v
· void postorder(ptnode t) {	ptnode ptr;	
· for(ptr = t->lchild; ptr != NULL; ptr = ptr->sibling) {	 postorder(ptr); }	display(t->key);   }
· Binary Tree		Types		Representation
· A special class of trees: max degree for each node is 2
· Recursive definition: 	A binary tree is a finite set of nodes that is either empty or consists of a root and two disjoint binary trees called the left subtree and the right subtree.
· Any tree can be transformed into binary tree by left child-right sibling representation
· A binary tree is a tree in which no node can have more than 2 children
· These children are described as “left child” and “right child” of the parent node
· A binary tree T is defined as a finite set of elements called nodes such that		T is empty if T has no nodes called the null or empty tree		T contains a special node R, called root node of T  		Remaining nodes of T form an ordered pair of disjoined binary trees T1 and T2. They are called left and right sub tree of R
· Skewed Binary tree	all nodes have either only left children or only right children
· Complete Binary Tree		Every non terminal nodes at any level will have exactly two children.
· The maximum number of nodes on level i of a binary tree is 2i-1, I >= 1.
· The maximum number of nodes in a binary tree 
of depth k is 2k-1, k >= 1.
· 
· 
· 
· 
· A binary tree with n nodes and depth k is complete iff its nodes correspond to the nodes numbered from 1 to n in the full binary tree of depth k
· A full binary tree of depth k is a binary tree of depth k having 2k -1 nodes, k >=0.	
· Only the last level will contain all the leaf nodes. All the levels before the last one will have non-terminal nodes of degree 2
· Complete	 Binary tree Sequential Representation
· If a complete binary tree with n nodes (depth =log n + 1) is represented sequentially, then forany node with index i, 1<=i<=n, we have:
· parent(i) is at I  /  2 		if i!=1. If i=1, i is at the root and has no parent.
· leftChild(i) is at 2i 		if 2i<=n. If 2i>n, then i has no left child.
· rightChild(i) is at 2i+1 		if 2i +1 <=n. If 2i +1 >n, then i has no right child.
· 
· Waste space	and 	Insertion deletion problem
· 
· Linked Representation
· typedef struct tnode *ptnode;
· typedef struct tnode {
·  	int data;
·  	ptnode left, right;
· }; 
· .
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· Binary Tree Basics
· A binary tree is a finite set of elements that are either empty or is partitioned into three disjoint subsets. The first subset contains a single element called the root of the tree. The other two subsets are themselves binary trees called the left and right subtrees of the original tree. A left or right subtree can be empty.
· Each element of a binary tree is called a node of the tree. 
· If A is the root of a binary tree and B is the root of its left or right subtrees, then A is said to be the father of B and B is said to be the left son of A.
· A node that has no sons is called the leaf.
· Node n1 is the ancestor of node n2 if n1 is either the father of n2 or the father of some ancestor of n2. In such a case n2 is a descendant of n1.
· Two nodes are brothers if they are left and right sons of the same father.
· If every non-leaf node in a binary tree has nonempty left and right subtrees, the tree is called a strictly binary tree.
· A complete binary tree of depth d is the strictly binary all of whose leaves are at level d
· A complete binary tree with depth d has 2d leaves and 2d-1 non-leaf nodes 
· We can extend the concept of linked list to binary trees which contains two pointer fields.
· Leaf node: a node with no successors 
· Root node: the first node in a binary tree.
· Left/right subtree: the subtree pointed by the left/right pointer
· Parent node:	contains the link to parent node for balancing the tree.
· Binary Tree - Linked Representation
· typedef struct tnode *ptnode;
· typedef struct tnode {	 int data;	 ptnode left, right;	 ptnode parent; // optional    }; 
· Operations on Binary Tree
· makeTree(int x) – Create a binary tree
· setLeft(ptnode p, int x) – sets the left child
· setRight(ptnode p, int x) – sets the right child
· Binary Tree Traversal		PreOrder	preOrder(ptnode tree)
· Post Order	postOrder(ptnode tree)		InOrder	inOrder(ptnode tree) 
· 
· The makeTree function allocates a node and sets it as the root of a single node binary tree.
· ptnode makeTree(int x)   { 	ptnode p; 	p = new ptnode;  	p->data = x; 
· 	p->left = NULL;	p->right = NULL;	return p;	}
· void setLeft(ptnode p, int x) {    if (p == NULL) 	        printf(“void insertion\n”);
·    else if (p->left != NULL)	printf(“invalid insertion\n”);	    else	 p->left = maketree(x);    } 
· void setRight(ptnode p, int x) {    if (p == NULL) 	        printf(“void insertion\n”);
·    else if (p->right != NULL)	printf(“invalid insertion\n”);	    else	 p->right = maketree(x);    }
· Binary Tree Traversal
· PreOrder Traversal (Depth-first order)
·  	1. Visit the root.
· 	2. Traverse the left subtree in preorder.
· 	3. Traverse the right subtree in preorder.
· InOrder Traversal (Symmetric order)
· 	1. Traverse the left subtree in inOrder.
· 	2. Visit the root
· 	3. Traverse the right subtree in inOrder.
· PostOrder Traversal
· 	1. Traverse the left subtree in postOrder.
· 	2. Traverse the right subtree in postOrder. 
· 	3.  Visit the root.
· Binary Tree Traversal - Traces
· Binary Search Tree (BST)	Concept and Example
· An application of Binary Trees
· Binary Search Tree (BST) or Ordered Binary Tree has the property that
· All elements in the left subtree of a node N  are less than the contents of N 	and
· All elements in the right subtree of a node N  are greater than nor equal to the contents of N 
· The inorder (left-root-right) traversal of the Binary Search Tree and printing the info part of the nodes gives the sorted sequence in ascending order.	Therefore, the Binary search tree approach can easily be used to sort a given array of numbers
· The recursive function	 BinSearch(ptnode P, int key) 	can be used to search for a given key element in a given array of integers.	The array elements are stored in a binary search tree
· Note that the function returns	TRUE (1) if the searched key is a member of the array and FALSE (0) if the searched key is not a member of the array 
· int BinSearch( ptnode p, int key ) {		if ( p == NULL )		return FALSE;
· 	else { 	if  ( key == p->data )		return TRUE;		else {		if ( key < p->info )
· 	return BinSearch(p->left, key);	else	return BinSearch(p->right, key);	   }	}  } 
· BinInsert()	Function
· ptnode  BinInsert (ptnode p, int x) {	 if ( p == NULL ) {	p = new ptnode;	p->data = x;
· 	p->left = NULL;	p->right = NULL;	return p;	}
· 	else {	if ( x < p->data) p->left = insert(p->left, x);   else	    p->right = insert(p->right, x);  }} 
· 
· A binary search tree is either empty or has the property that the item in its root has 
· a larger key than each item in the left subtree, and 
· a smaller key than each item in its right subtree.
· .

· Binary Search Tree (BST) Operations
·  Search	Minimum	Maximum	Predecessor		Successor	Insert		Delete
· Minimum and Maximum
· Minimum(node x)	  while x → left ≠ NIL do		 x ← x→left 		  return x
· Maximum(node x)	  while x → right ≠ NIL do		 x ← x→right 	  return x 
· 
· Successor and Predecessor
· Successor(node x)	 if x→right ≠ NIL	    then return Minimum(x→right)
·  y ← x→p 	 while y ≠ NIL and x == y→right  do	 x ← y		 y ← y→p 
·  return y 
· BST Traversing	InOrder	PreOrder	PostOrder
· Same as Binary Tree.
· What is the running time?	Traversal requires O(n) time, since it must visit every node. 
· BST Search	
· Recursive 	Search(node x, k)	 if x = NIL or k =key[x]	    then return x
·  if x < key[x]	    then return Search(x→left,k)	    else return Search(x→right,k)
·  Iterative		Search(node x,k)	  while x≠NIL and k≠key[x] do
·       if k < key[x]	         then x ← x→left 	         else x ← x→right 
·   return x 
· Search, Minimum, Maximum, Successor 	All run in O(h) time, where h is the height of the corresponding Binary Search Tree 
· Insertion and Deletion
· Building a Binary Search Tree
· If the tree is empty	Insert the new key in the root node
· else if the new key is smaller than root’s key	Insert the new key in the left subtree 
· else	Insert the new key in the right subtree (also inserts the equal key)
· The parent field will also be stored along with the left and right child
· Deletion.	3 Cases
· Deleting a leaf node (6)		Deleting a root node of a subtree (14) having one child
· Deleting a root node of a subtree (7) having two children
· Tree Rotation
· Tree rotation is an operation on a binary tree that changes the structure without interfering with the order of the elements
· A tree rotation moves one node up in the tree and one node down
· It is used to change the shape of the tree, and in particular to decrease its height by moving smaller subtrees down and larger subtrees up. Thus resulting in improved performance of many tree operations 
· Most of the operation on BT depends on the height of the BT so rotation operations are performed to balance the BT. We will discuss on some variants later on.
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· Complete Binary Tree
· A complete binary tree is a tree that is completely filled, with the possible exception of the bottom level. The bottom level is filled from left to right.
· A Complete binary tree of height h has between 2h to 2h+1 – 1 nodes. The height of such a tree is thus log2N where N is the number of nodes in the tree. Because the tree is so regular, it can be stored in an array; no pointers are necessary.
· For languages where array index is starting from 1 the for any array element at position i, 
· the left child is at 2i,  the right child is at (2i +1) and the parent is at  i / 2
· If start of tree from index 0 then for any node I, Left child 2i + 1 and Right child = 2i + 2
· Parent of node i is at (i – 1) /2 
· Heaps are the application of Almost complete binary tree
· All levels are full, except the last one, which is  left-filled
· A heap is a specialized tree-based data structure that satisfies the heap property:
· If A is a parent node of B then key(A) is ordered with respect to key(B) with the same ordering applying across the heap. 
· Either the keys of parent nodes are always greater than or equal to those of the children and the highest key is in the root node (this kind of heap is called max heap) or
· The keys of parent nodes are less than or equal to those of the children (min heap)
· Min-Heaps and Max-Heaps
· A Min-heap is an almost complete binary tree where every node holds a data value (or key). The key of every node is less than or equal to (≤) the keys of the children
· A Max-heap has the same definition except that the key of every node is greater than or equal ()≥ the keys of the children
· There is no implied ordering between siblings or cousins and no implied sequence for an in-order traversal (as there would be in, e.g., a binary search tree). The heap relation mentioned above applies only between nodes and their immediate parents. 
· A heap T storing n keys has height h = log(n + 1), which is O(log n) 
· Heap Operations
· create-heap: create an empty heap
· (a variant) create-heap: create a heap out of given array of elements
· find-max or find-min: find the maximum item of a max-heap or a minimum item of a min-heap, respectively
· delete-max or delete-min: removing the root node of a max- or min-heap, respectively
· increase-key or decrease-key: updating a key within a max- or min-heap, respectively
· insert: adding a new key to the heap
· merge: joining two heaps to form a valid new heap containing all the elements of both
· 
· .
· Heap Insertion
· To add an element to a heap we must perform an up-heap operation (also known as bubble-up, percolate-up, sift-up, trickle up, heapify-up, or cascade-up), by following this algorithm:
1. Add the element to the bottom level of the heap.
2. Compare the added element with its parent; if they are in the correct order, stop.
3. If not, swap the element with its parent and return to the previous step. Repeatedly swap x with its parent until either x reaches the root of x becomes >= its parent (min heap) or x <= its parent (Max-heap)
4. 
· The number of operations required is dependent on the number of levels the new element must rise to satisfy the heap property, thus the insertion operation has a time complexity of O(log n).
· Heap Deletion
· The procedure for deleting the root from the heap (effectively extracting the maximum element in a max-heap or the minimum element in a min-heap) and restoring the properties is called down-heap (also known as bubble-down, percolate-down, sift-down, trickle down, heapify-down, cascade-down and extract-min/max).
1. Replace the root of the heap with the last element on the last level.
2. Compare the new root with its children; if they are in the correct order, stop.
3. If not, swap the element with one of its children and return to the previous step. (Swap with its smaller child in a min-heap and its larger child in a max-heap.)
· The number of operations required is dependent on the number of levels the new element must go down to satisfy the heap property, thus the insertion operation has a time complexity of O(log n) i.e. the height of the heap
· Time Complexities of Heap operations
· FindMin	O(1)	DeleteMin and Insert and DecraseKey    O(log n)	Merge  O(n)
· Application of Heaps
·  A priority queue (with min-heaps), that orders entities not a on first-come first-serve basis, but on a priority basis: the item of highest priority is at the head, and the item of the lowest priority is at the tail
· Heap Sort, which will be seen later. One of the best sorting methods being in-place and with no quadratic worst-case scenarios
· Selection algorithms: Finding the min, max, both the min and max, median, or even the  kth largest element can be done in linear time (often constant time) using heaps
· Graph algorithms: By using heaps as internal traversal data structures, run time will be reduced by polynomial order.
· Priority Queue	is an ADT which is like a regular queue or stack data structure, but where additionally each element has a "priority" associated with it
· In a priority queue, an element with high priority is served before an element with low priority. If two elements have the same priority, they are served according to their order in the queue.	It is a common misconception that a priority queue is a heap
· A priority queue is an abstract concept like "a list" or "a map"; just as a list can be implemented with a linked list or an array. Priority queue can be implemented with a heap or a variety of other methods 
· Priority queue must at least support the following operations
· insert_with_priority: add an element to the queue with an associated priority
· pull_highest_priority_element: remove the element from the queue that has the highest priority, and return it (also known as "pop_element(Off)“
· "get_maximum_element” or get_front(most)_element”, some conventions consider lower priorities to be higher, so this may also be known as "get_minimum_element", and is often referred to as "get-min" in the literature
· literature also sometimes implement separate "peek_at_highest_priority_element" and "delete_element" functions, which can be combined to produce "pull_highest_priority_element”. More advanced implementations may support more complicated operations, such as pull_lowest_priority_element, inspecting the first few highest- or lowest-priority elements
· peeking at the highest priority element can be made O(1) time in nearly all implementations.	Clearing the queue, Clearing subsets of the queue, performing a batch insert, merging two or more queues into one, incrementing priority of any element, etc 
· Priority Queus – Similarities as Queues.
· One can imagine a priority queue as a modified queue but when one would get the next element off the queue, the highest-priority element is retrieved first.
· Stacks and queues may be modeled as particular kinds of priority queues
· In a stack (LIFO), the priority of each inserted element is monotonically increasing; 
· thus, the last element inserted is always the first retrieved
· In a queue (FIFO), the priority of each inserted element is monotonically decreasing;
· thus, the first element inserted is always the first retrieved
· Priority Queue implemented as Heap. 	To improve performance, priority queues typically use a heap as their backbone, giving O(log n) performance for inserts and removals, and O(n) to build initially
· Binary heap uses O(log n) time for both operations, but also allow queries of the element of highest priority without removing it in constant time O(1)
· The semantics of priority queues naturally suggest a sorting method: insert all the elements to be sorted into a priority queue, and sequentially remove them; they will come out in sorted order
· Heap sort if the priority queue is implemented with a heap
· Selection sort if the priority queue is implemented with an unordered array
· Insertion sort if the priority queue is implemented with an ordered array
· Heap Sort	Concept and Algorithm
· Heap sort is a comparison-based sorting algorithm to create a sorted array (or list). It is part of the selection sort family. It  is an in-place algorithm, but is not a stable sort. Although somewhat slower in practice on most machines than a well-implemented quick sort, it has the advantage of a more favorable worst-case O(n log n) runtime 
· Heap Sort is a two Step Process
· Step 1:	 Build a heap out of data
· Step 2: 	 Begins with removing the largest element from the heap.	We insert the removed element into the sorted array.	For the first element, this would be position 0 of the array.		Next we reconstruct the heap and remove the next largest item, and insert it into the array.		After we have removed all the objects from the heap, we have a sorted array.	We can vary the direction of the sorted elements by choosing a min-heap or max-heap in step one 
· Heapsort can be performed in place. The array can be split into two parts, the sorted array and the heap. The storage of heaps as arrays is diagrammed earlier (starting from subscript 0)	Left child 2i +1 and Right  child at 2i + 2		Parent node at 2i - 1.
· The heap's invariant is preserved after each extraction, so the only cost is that of extraction 
· function heapSort(a, count) is	     input:  an unordered array a of length count 
·        (first place a in max-heap order) 		     heapify(a, count) 
·        end := count-1 //in languages with zero-based arrays the children are 2*i+1 and 2*i+2
·      while end > 0 do 
· (swap the root(maximum value) of the heap with the last element) swap(a[end], a[0])
·          (decrease the size of the heap by one so that the previous max value will stay in its proper placement) 	         end := end - 1 
·          (put the heap back in max-heap order) 	   siftDown(a, 0, end)        end-while
· Build a Heap

	HEAP
	Newly added Element
	Swap element

	Null
	6
	

	6
	5
	

	6, 5
	3
	

	6, 5, 3
	1
	

	6, 5, 3, 1
	8
	

	6, 5, 3, 1, 8
	
	5, 8

	6, 8, 3, 1, 5
	
	6, 8

	8, 6, 3, 1, 5
	7
	

	8, 6, 3, 1, 5, 7
	
	3,7 

	8, 6, 7, 1, 5, 3
	2
	

	8, 6, 7, 1, 5, 3, 2
	4
	

	8, 6, 7, 1, 5, 3, 2, 4
	
	1, 4

	8, 6, 7, 4, 5, 3, 2, 1
	
	


· SORTING
.
	HEAP
	Swap Element
	Delete element
	Sorted Array
	Details

	8, 6, 7, 4, 5, 3, 2, 1
	8, 1
	
	
	swap 8 and 1 in order to delete 8 from heap

	1, 6, 7, 4, 5, 3, 2, 8
	
	8
	
	delete 8 from heap and add to sorted array

	1, 6, 7, 4, 5, 3, 2,
	1, 7
	
	8
	swap 1 and 7 as they are not in order in the heap

	7, 6, 1, 4, 5, 3, 2,
	1, 3
	
	8
	swap 1 and 3 as they are not in order in the heap

	7, 6, 3, 4, 5, 1, 2,
	7, 2
	
	8
	swap 7 and 2 in order to delete 7 from heap

	2, 6, 3, 4, 5, 1, 7
	
	7
	8
	delete 7 from heap and add to sorted array

	2, 6, 3, 4, 5, 1
	2, 6

	
	7, 8
	swap 2 and 6 as they are not in order in the heap

	6, 2, 3, 4, 5, 1
	2, 5
	
	7, 8
	swap 2 and 5 as they are not in order in the heap

	6, 5, 3, 4, 2, 1
	6, 1
	
	7, 8
	swap 6 and 1 in order to delete 6 from heap

	1, 5, 3, 4, 2, 6
	
	6
	7, 8
	delete 6 from heap and add to sorted array

	1, 5, 3, 4, 2
	1, 5
	
	6, 7, 8
	swap 1 and 5 as they are not in order in the heap

	5, 1, 3, 4, 2
	1, 4
	
	6, 7, 8
	swap 1 and 4 as they are not in order in the heap

	5, 4, 3, 1, 2
	5, 2
	
	6, 7, 8
	swap 5 and 2 in order to delete 5 from heap

	2, 4, 3, 1, 5
	
	5
	6, 7, 8
	delete 5 from heap and add to sorted array

	2, 4, 3, 1
	2, 4
	
	5, 6, 7, 8
	swap 2 and 4 as they are not in order in the heap

	4, 2, 3, 1
	4, 1
	
	5, 6, 7, 8
	swap 4 and 1 in order to delete 4 from heap

	1, 2, 3, 4
	
	4
	5, 6, 7, 8
	delete 4 from heap and add to sorted array

	1, 2, 3
	1, 3
	
	4, 5, 6, 7, 8
	swap 1 and 3 as they are not in order in the heap

	3, 2, 1
	3, 1
	
	4, 5, 6, 7, 8
	swap 3 and 1 in order to delete 3 from heap

	1, 2, 3
	
	3
	4, 5, 6, 7, 8
	delete 3 from heap and add to sorted array

	1, 2
	1, 2
	
	3, 4, 5, 6, 7, 8
	swap 1 and 2 as they are not in order in the heap

	2, 1
	2, 1
	
	3, 4, 5, 6, 7, 8
	swap 2 and 1 in order to delete 2 from heap

	1, 2
	
	2
	3, 4, 5, 6, 7, 8
	delete 2 from heap and add to sorted array

	1
	
	1
	2, 3, 4, 5, 6, 7, 8
	delete 1 from heap and add to sorted array

	
	
	
	1, 2, 3, 4, 5, 6, 7, 8
	completed



· Complexity and comparison with Quick and Merger Sort
· Best Case, Average Case and Worst case performance =  O(n log n)
· Worst Case Space complexity  O(n) total		O(1)	auxiliary, n is no. of elements
· Heap sort primarily competes with quick sort, another very efficient general purpose nearly-in-place comparison-based sort algorithm.		Quick sort is typically somewhat faster due to better cache behavior and other factors.	But the worst-case running time for quick sort is O(n2), which is unacceptable for large data sets and can be deliberately triggered given enough knowledge of the implementation, creating a security risk
· Heap sort is often used in Embedded systems with real-time constraints or systems concerned with security because of the O(n log n) upper bound on heapsort's running time and constant O(1) upper bound on its auxiliary storage 
· Heap sort also competes with Merge sort. 	Both have the same O(n log n) upper bound on running time. 	Merge sort requires O(n) auxiliary space, but heap sort requires only a constant O(1) upper bound on its auxiliary storage 
· Heap sort typically runs faster in practice on machines with small or slow data caches
· Merge sort have several advantages over heap sort
· Heap sort is not a stable sort; merge sort is stable.
· Like quick sort, merge sort on arrays has considerably better data cache performance, often outperforming heap sort on modern desktop computers because merge sort frequently accesses contiguous memory locations (good locality of reference); heapsort references are spread throughout the heap
· Merge sort is used in external sorting; heap sort is not. Locality of reference is the issue
· Merge sort parallelizes well and can achieve close to linear speedup with a trivial implementation; heap sort is not an obvious candidate for a parallel algorithm
Merge sort can be adapted to operate on linked lists with O(1) extra space. Heap sort can be adapted to operate on doubly linked lists with only O(1) extra space overhead.
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· Properties of Binary Tree
· A tree is a finite set of one or more modes such that
· There is a specially designated node called the root
· The remaining nodes are partitioned into n (n > 0) disjoint sets T1, T2……….. Tn, where each Ti ( i = 1, 2,…….., n) is a tree; T1, T2……….. Tn are called the sub-trees of the root
· Binary tree is a special form of tree.	It is more important and frequently used in various applications of computer science.	It is defined as a finite set of nodes such that:
· T is empty (called the empty binary tree) or
· T contains a specially designated node called the root of T and the remaining nodes of T form two disjoint binary tree T1 and T2 which are called left sub-tree and right sub-tree 
· A tree can never be empty but a binary tree may be empty.	In binary tree, a node may have at most two children (i.e. tree having degree = 2)	Full binary tree contains the maximum possible number of nodes at all levels
· Complete binary tree 	if all of its levels except possibly the last level have the maximum number of possible nodes and all the nodes in the last level appear as far left as possible
· Skew Binary tree is a one where each level has only one node and each parent has exactly one child
· Maximum number of nodes in any binary tree on level k is n = 2k where k ≥ 0
· Maximum number of nodes possible in a binary tree of height h is n = 2h – 1
· Minimum number of nodes possible in a binary tree of height h is n = h (skew binary tree) 
· For any non-empty binary tree, if n is the number of nodes and e is the number of edges, then  n =  e - 1 
· For any non-empty binary tree T, if n0 is the number of leaf nodes (degree = 0) and n2 is the number of internal nodes (degree = 2), then n0  = n2 + 1
· The height of a complete binary tree with n number of nodes is log2 (n + 1)
· Type of Binary Tree	Insertion and Deletion Ops	Time Complexity
· Expression Tree 	Threaded Binary Tree	AVL Tree	Red-Black	Splay
· Expression Tree a specific application of a binary tree to evaluate certain expressions
· Binary tree which stores an arithmetic expression
· Leaves of expression tree are operands such as constants or variables names and All internal nodes are the operators.	An expression tree is always a binary tree because an arithmetic expression contains either binary operators or unary operators.	Hence an internal node has at most two children
· Two common types of expressions:	Arithmetic and Boolean
· Expression Tree can represent expressions that contain both unary and binary operators
· Expression tree implemented as binary trees mainly because binary trees allows you to quickly find what you are looking for.
· Algorithm for Build Expression tree
· Two common operations, Traversing the expression tree and Evaluating the expression tree.	Traversal operations are the same as the binary tree traversals.	The evaluating the expression tree is also simple and easy to implement 
· Threaded Binary Tree
· It highlights the fact that in a binary tree more than 50% of link fields are with null values, thereby wasting the memory space
· A threaded binary tree defined as follows:	"A binary tree is threaded by making all right child pointers that would normally be null point to the inorder successor of the node, and all left child pointers that would normally be null point to the inorder predecessor of the node
· Threaded Binary Tree makes it possible to traverse the values in the binary tree via a linear traversal that is more rapid than a recursive in-order traversal
· It is also possible to discover the parent of a node from a threaded binary tree, without explicit use of parent pointers or a stack. This can be useful where stack space is limited, or where a stack of parent pointers is unavailable (for finding the parent pointer via Depth First Search) 
· Types of Threaded Binary Tree	Single Threaded each node is threaded towards either the inorder predecessor or successor	Double Threaded each node is threaded towards both the inorder predecessor and successor 
· Advantages of Threaded Binary tree
· The traversal operation is faster than that of its unthreaded version
· We can efficiently determine the predecessor and successor nodes starting from any node
· Any node can be accessible from any other node 
· Insertion into and deletions from a threaded tree are all although time consuming operations(since we have to manipulate both links and threads) but these are very easy to implement.
· Disadvantages of Threaded Binary tree
· Slower tree creation, since threads need to be maintained. 
· In theory, threaded trees need two extra bits per node to indicate whether each child pointer points to an ordinary node or the node's successor/predecessor node
· Self-Balancing Binary Search Tree (BST)
· Also called Heighted Balance Trees.		Binary search trees are useful for efficiently implementing dynamic set operations: 	Search, Successor, Predecessor, Minimum, 	Maximum, Insert, Delete in O(h) time, where h is the height of the tree
· When the tree is balanced, that is, its height h = O(log n), the operations are indeed efficient.	However, the Insert and Delete alter the shape of the tree and can result in an unbalanced tree. In the worst case, h = O(n)  no better than a linked list
· Find a method for keeping the tree always balanced.
· When an Insert or Delete operation causes an imbalance, we want to correct this in at most        O(log n) time  no complexity overhead.	Add a requirement on the height of sub-trees 
· The most popular balanced tree data structures: AVL Trees, Red-black trees Splay trees
· AVL Tree	AVL: Adelson-Velsky and Landis, 1962
· An AVL tree is a binary tree with one balance property:
· For any node in the tree, the height difference between its left and right sub-trees is at most one; if at any time they differ by more than one, rebalancing is done to restore this property 
· All levels have a difference of height of 1.
· The smallest AVL tree of depth 1 has 1 node. The smallest AVL tree of depth 2 has 2 nodes.  In general,  Sh = Sh-1+ Sh-2+ 1   (S1 = 1; S2 = 2)
· Balancing AVL Trees	Before the operation, the tree is balanced. After an insertion or deletion operation, the tree might become unbalanced. so fix subtrees that became unbalanced.	The height of any subtree has changed by at most 1. Thus, if a node is not balanced, the difference between its children heights is 2
· Insert and Delete Operations
· Insert/delete the element as in a regular binary search tree, and then re-balance by one or more tree rotations.
· Observation: only nodes on the path from the root to the node that was changed may become unbalanced.
· After adding/deleting a leaf, go up, back to the root. Re-balance every node on the way as necessary. 	The path is O(log n) long, and each node balance takes O(1), thus the total time for every operation is O(log n).
· For the insertion we can do better: when going up, after the first balance, the subtree that was balanced has height as before, so all higher nodes are now balanced again. 
· We can find this node in the pass down to the leaf, so one pass is enough.
· AVL Time complexity	Search, Insert and Delete  Worst O(log n) Average O(log n)
· Space 	Worst and Average  O(n).
· Red – Black tree
· Binary Search Trees should be balanced 
· AVL Trees need 2 passes: top-down insertion/deletion and bottom-up rebalancing, Need recursive implementation
· Red-Black Trees need 1 pass: top-down rebalancing and insertion/deletion Can be implemented iteratively, faster.	Red-Black Trees have slightly weaker balance restrictions	Less effort to maintain	In practice, worst case is similar to AVL Trees
· Red-Black Tree Rules
1. Every node is colored either red or black
2. The root is black
3. If a node is red, its children must be black, consecutive red nodes are disallowed
4. Every path from a node to a null reference must contain same number of black nodes
· Convention:  null nodes are black 
· The longest path is at most twice the length of the shortest path
· 
 Height of Red-Black trees
· Height of a node: the number of edges in the longest path to a leaf.
· Black-height bh(x) of a node x: the number of black nodes (including NIL) on the path from x to a leaf, not counting x. 
· All operations are guaranteed logarithmic  O(log n)
· For Insert and delete implementation code visit the following Website
· https://en.wikipedia.org/wiki/Red-black_tree#Operations 
· Red-Black Time complexity	Search, Insert and Delete  Worst O(log n) Average O(log n)
· Space Worst and Average 	O(n).
· Splay Trees
· A splay tree is a self-adjusting binary search tree with the additional property that recently accessed elements are quick to access again
· It performs basic operations such as  insertion, look-up and removal in O(log n) amortized time	For many sequences of nonrandom operations, splay trees perform better than other search trees, even when the specific pattern of the sequence is unknown 
· All normal operations on a binary search tree are combined with one basic operation, called splaying.		Splaying the tree for a certain element rearranges the tree so that the element is placed at the root of the tree
· One way to do this is to:	first perform a standard binary tree search for the element in question, and then use tree rotations in a specific fashion to bring the element to the top
·  Alternatively, a top-down algorithm can combine the search and the tree reorganization into a single phase 
· Splaying		When a node x is accessed, a splay operation is performed on x to move it to the root.	To perform a splay operation we carry out a sequence of splay steps, each of which moves x closer to the root.	By performing a splay operation on the node of interest after every access, the recently accessed nodes are kept near the root and the tree remains roughly balanced, so that we achieve the desired amortized time bounds.
· Each particular step depends on three factors:
· Whether x is the left or right child of its parent node, p (parent),
· whether p is the root or not, and if not
· whether p is the left or right child of its parent, g (the grandparent of x).
· It is important to remember to set gg (the great-grandparent of x) to now point to x after any splay operation. If gg is null, then x obviously is now the root and must be updated as such.
· Zig Step:	This step is done when p is the root	The tree is rotated on the edge between x and p 	Zig steps exist to deal with the parity issue and will be done only as the last step in a splay operation and only when x has odd depth at the beginning of the operation 
· Zig-zig Step	This step is done when p is not the root and x and p are either both right children or are both left children.	We discuss the case where x and p are both left children.		The tree is rotated on the edge joining p with its parent g, then rotated on the edge joining x with p. 
· Zig-Zag Step	This step is done when p is not the root and x is a right child and p is a left child or vice versa.		The tree is rotated on the edge between x and p, then rotated on the edge between x and its new parent g 
· Splay Tree Insertion
· Insertion: To insert a node x into a splay tree,	First insert the node as with a normal BST 	Then splay the newly inserted node x to the top of the tree		if there is a duplicate, the node holds the duplicate element is splayed
· Deletion: splay selected element to root
· disconnect left and right subtrees from root		do one of:	splay max item in TL (then TL has no right child)	splay min item in TR (then TR has no left child)
· connect other subtree to empty child		if the item to be deleted is not in the tree, the node last visited in the search is splayed. 
· https://en.wikipedia.org/wiki/Splay_tree 
· Splay trees Time complexity	Search, Insert and Delete  Worst Amortized O(log n) Average O(log n)		Space 	Worst and Average 	O(n)..
· B – Trees 
· B-tree is a tree data structure that keeps data sorted and allows searches, sequential access, insertions, and deletions in logarithmic time.	B-tree is a generalization of a binary search tree in that a node can have more than two children
· As branching increases, depth decreases
· Unlike self-balancing binary search trees, the B-tree is optimized for systems that read and write large blocks of data.		It is commonly used in databases and file systems 
· In B-trees, internal (non-leaf) nodes can have a variable number of child nodes within some pre-defined range.	When data are inserted or removed from a node, its number of child nodes changes	In order to maintain the pre-defined range, internal nodes may be joined or split	 Because a range of child nodes is permitted
· B-trees do not need re-balancing as frequently as other self-balancing search trees, but may waste some space, since nodes are not entirely full.		The lower and upper bounds on the number of child nodes are typically fixed for a particular implementation 
· B-Tree Definition:	A B-tree of order m is an m-way tree (i.e., a tree where each node may have up to m children) in which:
1. the number of keys in each non-leaf node is one less than the number of its children and these keys partition the keys in the children in the fashion of a search tree
2. all leaves are on the same level
3. all non-leaf nodes except the root have at least m / 2 children
4. the root is either a leaf node, or it has from two to m children
5. a leaf node contains no more than m – 1 keys
· The number m should always be odd
· We have seen the Construction, Insertion and Deletion operations in B-Trees
· Reasons for Using B – trees:	.
· When searching tables held on disc, the cost of each disc transfer is high but doesn't depend much on the amount of data transferred, especially if consecutive items are transferred
· If we use a B-tree of order 101, say, we can transfer each node in one disc read operation.	A B-tree of order 101 and height 3 can hold 1014 – 1 items (approximately 100 million) and any item can be accessed with 3 disc reads (assuming we hold the root in memory)
· If we take m = 3, we get a 2-3 tree, in which non-leaf nodes have two or three children (i.e., one or two keys).	B-Trees are always balanced (since the leaves are all at the same level), so 2-3 trees make a good type of balanced tree
· Binary trees	Can become unbalanced and lose their good time complexity (big O)
· AVL trees are strict binary trees that overcome the balance problem 	Heaps remain balanced but only prioritise (not order) the keys
· Multi-way trees		B-Trees can be m-way, they can have any (odd) number of children
· One B-Tree, the 2-3 (or 3-way) B-Tree, approximates a permanently balanced binary tree, exchanging the AVL tree’s balancing operations for insertion and (more complex) deletion operations

LECTURE 28
· Graph		Definition
· Graph is an abstract data type that is meant to implement the graph concept from mathematics.	A graph data structure consists of a finite (and possibly mutable) set of ordered pairs, called edges or arcs or links, of certain entities called nodes or vertices or Terminal or Endpoint 
· An edge (x, y) is said to point or go from x to y.	The vetex may be part of the graph structure, or may be external entities represented by integer indices or references. A vertex may exist in a graph and not belong to an edge
· A graph data structure may also associate to each edge some edge value (weight), such as a symbolic label or a numeric attribute (cost, capacity, length, etc.)
· Graph is an ordered pair G = (V, E)	consists of two sets	a finite, nonempty set of vertices V(G)	a finite, possible empty set of edges E(G) ((2-element subset)  (VV))
· Terminology
· An undirected graph is one in which pair of vertices in a edge is unordered, (u, v) = (v, u). for all v, (v, v)  E (No self loops allowed .) 
· A directed graph is one in which each edge is a directed pair of vertices, (u, v) is edge from u to v, denoted as u  v. 	<u, v> != <v, u> (not symmetric)	Self loops are allowed i.e (v, v) belong to E	
· Weighted Graph: each edge has an associated weight, given by a weight function            w : E  R.
· Dense graph: |E|  |V|2.			Sparse graph: |E| << |V|2.
· The order of a graph is |V| (the number of vertices)
· A graph's size is |E|, the number of edges
· The degree of a vertex is the number of edges that connect to it, where an edge that connects to the vertex at both ends (a loop) is counted twice 
· Adjacency Relationship	If (u, v)  E, then vertex v is adjacent to vertex u.
· The edges E of an undirected graph G induce a symmetric binary relation ~ on V that is called the adjacency relation of G.	Specifically, for each edge {u, v} the vertices u and v are said to be adjacent to one another, which is denoted u ~ v 
· Adjacency relationship  (~)is:	Symmetric if G is undirected.	Not necessarily so if G is directed.	
· If G is connected:	There is a path between every pair of vertices.		|E|  |V| – 1.
· Furthermore, if |E| = |V| – 1, then G is a tree
· UNDIRECTED Graph	An undirected graph is one in which edges have no orientation. The edge (A, B) is identical to the edge (B, A)	i.e., they are not ordered pairs, but sets {u, v} (or 2-multisets) of vertices	(v0, v1) = (v1,v0)			
· Directed Graph		A directed graph or digraph is an ordered pair D = (V, A) with V, a set whose elements are called vertices or nodes, and A, a set of ordered pairs of vertices, called arcs, directed edges, or arrows. 
· An arc a = (x, y) is considered to be directed from x to y. y is called the head and x is called the tail of the arc.	y is said to be a direct successor of x, and x is said to be a direct predecessor of y
· If a path leads from x to y, then y is said to be a successor of x and reachable from x, and x is said to be a predecessor of y.
· The arc (y, x) is called the arc (x, y) inverted.	A directed graph D is called symmetric if, for every arc in D, the corresponding inverted arc also belongs to D
· A symmetric loopless directed graph D = (V, A) is equivalent to a simple undirected graph G = (V, E), where the pairs of inverse arcs in A correspond 1-to-1 with the edges in E; thus the edges in G number |E| = |A|/2, or half the number of arcs in D. 
· An edge (a, b), is said to be the incident with the vertices it joins, i.e., a, b.	If an edge that is incident from and into the same vertex, say (d, d) or (c, c) in figure, is called a loop
· Two vertices are said to be adjacent if they are joined by an edge.	Consider edge (a, b), the vertex a is said to be adjacent to the vertex b, and the vertex b is said to be adjacent to vertex a.	A vertex is said to be an isolated vertex if there is no edge incident with it (Degree = 0)
· Identical (Isomorphic) Graphs	Edges can be drawn "straight" or "curved” 	Geometry of drawing has no particular meaning	Both figures represents the same identical graph 
· Sub-Graph	Let G = (V, E) be a graph		A graph G1 = (V1, E1) is said to be a sub-graph of G if E1 is a subset of E and V1 is a subset of V such that the edges in E1 are incident only with the vertices in V1
· Spanning Sub Graph		A sub-graph of G is said to be a spanning sub-graph if it contains all the vertices of G
· An undirected graph is said to be connected if there exist a path from any vertex to any other vertex	Otherwise it is said to be disconnected
· A graph G is said to complete (or fully connected or strongly connected) if there is a path from every vertex to every other vertex.	Let a and b are two vertices in the directed graph, then it is a complete graph if there is a path from a to b as well as a path from b to a
· A path in a graph is a sequence of vertices such that from each of its vertices there is an edge to the next vertex in the sequence	A path may be infinite
· But a finite path always has a first vertex, called its start vertex, and a last vertex, called its end vertex.	Both of them are called terminal vertices of the path.	The other vertices in the path are internal vertices. 
· A cycle is a path such that the start vertex and end vertex are the same. The choice of the start vertex in a cycle is arbitrary
· Same concepts apply both to undirected graphs and directed graphs
· In directed graphs, the edges are being directed from each vertex to the following one. Often the terms directed path and directed cycle are used in the directed case
· A path with no repeated vertices is called a simple path, and A path is said to be elementary if it does not meet the same vertex twice.	A path is said to be simple if it does not meet the same edges twice
· A cycle with no repeated vertices or edges aside from the necessary repetition of the start and end vertex is a simple cycle
· The weight of a path in a weighted graph is the sum of the weights of the traversed edges
· Sometimes the words cost or length are used instead of weight 
· A circuit is a path (e1, e2, .... en) in which terminal vertex of en coincides with initial vertex of e1.	A circuit is said to be simple if it does not include (or visit) the same edge twice.
· A circuit is said to be elementary if it does not visit the same vertex twice
· Degrees:	Undirected graph: the degree of a vertex is the number of edges incident to it. 
· Directed graph: the out-degree is the number of (directed) edges leading out, and the in-degree is the number of (directed) edges terminating at the vertex. 
· Neighbors: Two vertices are neighbors (or are adjacent) if there's an edge between them. Two edges are neighbors (or are adjacent) if they share a vertex as an endpoint. 
· Connectivity: Undirected graph : Two vertices are connected if there is a path that includes them. Directed graph: Two vertices are strongly-connected if there is a (directed) path from one to the other
· Components: A subgraph is a subset of vertices together with the edges from the original graph that connects vertices in the subset.   Undirected graph : A connected component is a subgraph in which every pair of vertices is connected. 
· Directed graph: A strongly-connected component is a subgraph in which every pair of vertices is strongly-connected. A maximal component is a connected component that is not a proper subset of another connected component
· Representation of Graphs
· Adjacency Matrix		(Array Based)
· |V|  |V| matrix A.   Number vertices from 1 to |V| in some arbitrary manner. use a 2D matrix
· Row i has "neighbor" information about vertex i. 	adjMatrix[i][j] = 1 
· if and only if there's an edge between vertices i and j	adjMatrix[i][j] = 0 otherwise
· adjMatrix[i][j] == adjMatrix[j][i]  A = AT   (Matrix A = transpose of Matrix A)
· The weight of the edge (i, j) is simply stored as the entry in i th row and j th column of the adjacency matrix.	There are some cases where zero can also be the possible weight of the edge, Then we have to store some sentinel value for non-existent edge, which can be a negative value	Since weight of the edge is always a positive number
· Space: (V2).	Not memory efficient for large graphs.
· Time: to list all vertices adjacent to u: (V). Time: to determine if (u, v)  E: (1). 
· Advantages	It is preferred if the graph is dense, that is the number of edges |E| is close to the number of vertices squared, |V|2, or if one must be able to quickly look up if there is an edge connecting two vertices		Simple to program
· Adjacency List		(Linked List based)
· Consists of an array Adj of |V| lists.  One list per vertex. For u  V, Adj[u] consists of all vertices adjacent to u.
· If weighted, store weights also in adjacency lists.
· Pros	Space-efficient, when a graph is sparse (few edges).		Easy to store additional information in the data structure. (e.g., vertex degree, edge weight)		Can be modified to support many graph variants.
· Cons	Determining if an edge (u,v) G is not efficient.		Have to search in u’s adjacency list. (degree(u)) time.		(V) in the worst case. 
· Common operations on Graphs
· adjacent(G, x, y): tests whether there is an edge from node x to node y 
· neighbors(G, x): lists all nodes y such that there is an edge from x to y 
· add(G, x, y): adds to G the edge from x to y, if it is not there
· delete(G, x, y): removes the edge from x to y, if it is there
· get_node_value(G, x): returns the value associated with the node x 
· set_node_value(G, x, a): sets the value associated with the node x to a 
· Structures that associate values to the edges usually also provide:
· get_edge_value(G, x, y): returns the value associated to the edge (x,y)
· set_edge_value(G, x, y, v): sets the value associated to the edge (x,y) to v

	
	Adjacency list
	Adjacency matrix

	Storage
	O(|V| + |E|)
	O(|V|2) 

	Add vertex
	O(1)
	O(|V|2)

	Add edge
	O(1)
	O(1)

	Remove vertex
	O(|E|)
	O(|V|2) 

	Remove edge
	O(|E|)
	O(1)

	Query: are vertices u, v adjacent? 
	O(|V|)
	O(1)


· Graph Traversals
· Breadth First Search (BFS)
· BFS Undirected
· Mark all vertices as "unvisited“
· Initialize a queue (to empty)
· Find an unvisited vertex and apply breadth-first search to it
· In breadth-first search, add the vertex's neighbors to the queue
· Repeat: extract a vertex from the queue, and add its "unvisited" neighbors to the queue 
· whereas breadth first traversal method tends to traverse very wide, short trees.

· Depth First Search (DFS)
· Given an input graph G = (V, E) and a source vertex S, from where the searching starts
· First we visit the starting node
· Then we travel through each node along a path, which begins at S
· That is we visit a neighbor vertex of S and again a neighbor of a neighbor of S, and so on
· The implementation of DFS is almost same except a stack is used instead of the queue
· A depth first traversal method tends to traverse very long, narrow trees; 
· .
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· Shortest Path Problem	   is the problem of finding a path between two vertices (or nodes) in a graph such that the sum of the weights of its constituent edges is minimized
· This is analogous to the problem of finding the shortest path between two intersections on a road map: vertices correspond to intersections and edges correspond to road segments, each weighted by the length of its road segment
· Shortest Path for Undirected Graphs	Two vertices are adjacent when they are both incident to a common edge
· A path in an undirected graph is a sequence of vertices such that is vi adjacent to vi+1 to for 1≤ I < n.	Such a path P is called a path of length n from v1 to vn. The vi are variables; their numbering here relates to their position in the sequence and needs not to relate to any canonical labeling of the vertices
· Let ei,j be the edge incident to both vi and vj. Given a real-valued weight function  f : E → R, and an undirected (simple) graph G. The shortest path from vi to vn is the path P = (v1, v2, …., vn), that over all possible n minimizes the sum [image: ]
· When the graph is unweighted or f : E → {c}, c  R+  this is equivalent to finding the path with fewest edges
· Shortest Path for Directed Graphs		Let G=(V,E) be weighted, directed graph. Let P=<v0,v1,…,vk) be a path form v0 to vk.
·  The length of the path P is: 
· 
· Shortest-path weight from u to v： 
· 
· The problem is also sometimes called the single-pair shortest path problem, to distinguish it from the following variations:
· The single-source shortest path problem, in which we have to find shortest paths from a source vertex v to all other vertices in the graph.
· The single-destination shortest path problem, in which we have to find shortest paths from all vertices in the directed graph to a single destination vertex v
· This can be reduced to the single-source shortest path problem by reversing the arcs in the directed graph.
· The all-pairs shortest path problem, in which we have to find shortest paths between every pair of vertices v, v' in the graph.
· These generalizations have significantly more efficient algorithms than the simplistic approach of running a single-pair shortest path algorithm on all relevant pairs of vertices.
· The shortest path may not be unique. There may exist more than one shortest paths in a graph.
· Shortest Path Properties	Optimal substructure. 
· If the P is the shortest path between s & v, then all sub-paths of P are shortest paths.
· Let P1 be x-y sub-path of shortest s-v path P.	Let P2 be any x-y path.
· w(P1)  w(P2), otherwise P		not shortest s-v path. 
· Triangle inequality. Let δ(u, v) be the length of the shortest path from u to v. 
·  If x is one vertex among the path vertices, then,       δ(u, v)  δ(u, x) + δ(x, v) 
·  If x is adjacent to v, then    δ(u, v)  δ(u, x) + weight(x, v) 
· Relaxation:	Let d[v] be the shortest path from source vertex s to destination vertex v. 
· let Pred[v] be the predecessor of vertex v along a shortest path from s  to v.
· Relaxation of an edge (u, v) is the process of updating both d[v] & Pred[v] going through u. That is	if (d[v]>d[u] + w(u,v)) {	d[v] = d[u] + w(u,v);		pred[v] = u;		 } 
· Initially: 	d[s] = 0;	d[v] = ;  for any vertex vs.	Relax(u,v) will be the shortest distance to the vertex
· Dijkastra’s Algorithm
· The distance of a vertex v from a vertex s is the length of a shortest path between s and v
· Dijkstra’s algorithm computes the distances of all the vertices from a given start vertex s
· Assumptions:	the graph is connected		the edges are undirected		the edge weights are nonnegative
· We grow a “cloud” of vertices, beginning with s and eventually covering all the vertices
· We store with each vertex v a label d(v) representing the distance of v from s in the subgraph consisting of the cloud and its adjacent vertices
· At each step, we add to the cloud the vertex u outside the cloud with the smallest distance label, d(u). We update the labels of the vertices adjacent to u 
· Consider an edge e = (u,z) such that u is the vertex most recently added to the cloud z is not in the cloud
· The relaxation of edge e updates distance d(z) as follows:
· 	d(z)  min{d(z),d(u) + weight(e)}
· Algorithm 
· A priority queue stores the vertices outside the cloud 
· Key: distance	Element: vertex
· Locator-based methods
· insert(k,e) returns a locator 		replaceKey(l,k) changes the key of an item
· We store two labels with each vertex:	Distance (d(v) label)		locator in priority queue
· Algorithm DijkstraDistances(G, s)
· 	Q  new heap-based priority queue
· 	for all  v  G.vertices()
· 		if  v = s 	setDistance(v, 0) 
· 		else 		setDistance(v, ) 
· 		l  Q.insert(getDistance(v), v)			setLocator(v,l)
· while  Q.isEmpty()
· 	u  Q.removeMin() 
· 	for all  e  G.incidentEdges(u)
· 		{ relax edge e }
· 		z  G.opposite(u,e)
· 		r  getDistance(u) + weight(e) 
· 		if  r < getDistance(z) 
· 			setDistance(z,r)
 			Q.replaceKey(getLocator(z),r)
· Analysis
· Graph operations	Method incidentEdges is called once for each vertex
· Label operations		We set/get the distance and locator labels of vertex z O(deg(z)) times	Setting/getting a label takes O(1) time
· Priority queue operations	Each vertex is inserted once into and removed once from the priority queue, where each insertion or removal takes O(log n) time.	The key of a vertex in the priority queue is modified at most deg(w) times, where each key change takes O(log n) time 
· Dijkstra’s algorithm runs in O((n + m) log n) time provided the graph is represented by the adjacency list structure.	Recall that v deg(v) = 2m
· The running time can also be expressed as O(m log n) since the graph is connected 
· Dijkstra’s algorithm is based on the greedy method. It adds vertices by increasing distance 
· If a node with a negative incident edge were to be added late to the cloud, it could mess up distances for vertices already in the cloud. 
· Bellman Ford Algorithm
· Works even with negative-weight edges
· Must assume directed edges (for otherwise we would have negative-weight cycles)
· Iteration i finds all shortest paths that use i edges.
· Running time: O(nm).
· Algorithm BellmanFord(G, s)
· 	for all  v  G.vertices()
· 		if  v = s 		setDistance(v, 0) 
· 		else 						setDistance(v, ) 
· 	for i  1 to n-1 do 
· 	for each  e  G.edges()
· 		{ relax edge e }
· 		u  G.origin(e)	z  G.opposite(u,e)	r  getDistance(u) + weight(e) 
· 		if  r < getDistance(z) 
· 			setDistance(z,r)
· All Pairs Shortest Path
· Find the distance between every pair of vertices in a weighted directed graph G.
· We can make n calls to Dijkstra’s algorithm (if no negative edges), which takes O(nmlog n) time.
· Likewise, n calls to Bellman-Ford would take O(n2m) time.
· We can achieve O(n3) time using dynamic programming (similar to the Floyd-Warshall algorithm) 
· Algorithm AllPair(G) {assumes vertices 1,…,n} 
·  for all  vertex pairs (i,j) 
· 	if  i = j 	D0[i,i]  0
· 	else if (i,j) is an edge in G		D0[i,j]  weight of edge (i,j)
· 	Else			D0[i,j]  +  
·  for k  1 to n do    	for i  1 to n do    	   for j  1 to n do    
· 		  Dk[i,j]  min{Dk-1[i,j], Dk-1[i,k]+Dk-1[k,j]} 
·  return Dn 
· Spanning Tree
· A spanning tree T of a connected, undirected graph G is a tree composed of all the vertices and some (or perhaps all) of the edges of G 
· Informally, a spanning tree of G is a selection of edges of G that form a tree spanning every vertex.  That is, every vertex lies in the tree, but no cycles (or loops) are formed.
· A spanning tree of a connected graph G can also be defined as a maximal set of edges of G that contains no cycle, or as a minimal set of edges that connect all vertices. 
· A spanning tree of a graph is just a subgraph that contains all the vertices and is a tree.
· A graph may have many spanning trees.
· Minimum Spanning Tree
· A minimum spanning tree (MST) or minimum weight spanning tree is then a spanning tree with weight less than or equal to the weight of every other spanning tree
· More generally, any undirected graph (not necessarily connected) has a minimum spanning forest, which is a union of minimum spanning trees for its connected components. 
· Example:	  One example would be a telecommunications company laying cable to a new neighborhood
· If it is constrained to bury the cable only along certain paths, then there would be a graph representing which points are connected by those paths
· Some of those paths might be more expensive, because they are longer, or require the cable to be buried deeper, these paths would be represented by edges with larger weights
· A spanning tree for that graph would be a subset of those paths that has no cycles but still connects to every house. There might be several spanning trees possible. 
· A minimum spanning tree would be one with the lowest total cost. 
· The Minimum Spanning Tree for a given graph is the Spanning Tree of minimum cost for that graph.
· Kruskal’s Algorithm
· To obtain a minimum spanning tree of a graph, a novel approach is Kruskal’s Algorithm
· G is an undirected weighted graph with n vertices. The spanning tree is empty. 
· This algorithm creates a forest of trees. 
· Initially the forest consists of n single node trees (and no edges). At each step, we add one edge (the cheapest one) so that it joins two trees together
· If it were to form a cycle, it would simply link two nodes that were already part of a single connected tree, so that this edge would not be needed 
· Kruskal’s Algorithm Steps:		
· 1. The forest is constructed - with each node in a separate tree.
·    2. The edges are placed in a priority queue.
·    3. Until we've added n-1 edges,
·          1. Extract the cheapest edge from the queue,
·          2. If it forms a cycle, reject it,
·          3. Else add it to the forest. Adding it to the forest will join two trees together.
· Every step will have joined two trees in the forest together, so that at the end, there will only be one tree in T. 
· Analysis of Kruskal’s Algorithm
· Running Time =  O(m log n)  	(m = edges, n = nodes)
· Testing if an edge creates a cycle can be slow unless a complicated data structure called a “union-find” structure is used.
· It usually only has to check a small fraction of the edges, but in some cases (like if there was a vertex connected to the graph by only one edge and it was the longest edge) it would have to check all the edges.
· This algorithm works best, of course, if the number of edges is kept to a minimum 
· Prim’s Algorithm
· This algorithm starts with one node.	It then, one by one, adds a node that is unconnected to the new graph to the new graph, each time selecting the node whose connecting edge has the smallest weight out of the available nodes’ connecting edges. 
· Algorithm Steps	The steps are:
·    1. The new graph is constructed - with one node from the old graph.
·    2. While new graph has fewer than n nodes,
·          1. Find node from the old graph with the smallest connecting edge to the new graph,
·          2. Add it to the new graph
· Every step will have joined one node, so that at the end we will have one graph with all the nodes and it will be a minimum spanning tree of the original graph.
· Analysis of Prim’s Algorithm
· Running Time =  O(m + n log n)     (m = edges, n = nodes)
· If a heap is not used, the run time will be O(n^2) instead of O(m + n log n). 
· Unlike Kruskal’s, it doesn’t need to see all of the graph at once. 
· It can deal with it one piece at a time. It also doesn’t need to worry if adding an edge will create a cycle since this algorithm deals primarily with the nodes, and not the edges.
· For this algorithm the number of nodes needs to be kept to a minimum in addition to the number of edges. For small graphs, the edges matter more, while for large graphs the number of nodes matters more 
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· Dictionaries  contains a collection of pairs (key, element)
· All Pairs have different keys.	All keys are distinct.
· E.g Collection of student records in this class 
· (key, element)	= (student name, linear list of assignment and exam scores)
· Operations on Dictionaries	get(key)	put(key, element)	remove(key)
· Keys are not required to be distinct.	Word dictionary.	Pairs are of the form (word, meaning).	May have two or more entries for the same word.
· (bolt, a threaded pin)		(bolt, a crash of thunder)	(bolt, to shoot forth suddenly)
· (bolt, a gulp)	(bolt, a standard roll of cloth)	etc. 
· Dictionary Representation		Array or linked List
· 
	Representation
	Get(key)
	Put(key, element)
	Remove(key)

	Unsorted Array
	O(n)
	O(n) verify O(1) for append
	O(n)

	Sorted Array
	O(log n)
	O(log n) verify O(n) for append
	O(n)

	Unsorted Chain
	O(n)
	O(n) verify O(1) for append
	O(n)

	Sorted Chain
	O(n)
	O(n) verify O(1) for append
	O(n)



· Table is an abstract storage device that contains dictionary entries
· Each table entry contains a unique key k.	Each table entry may also contain some information, I, associated with its key.	A table entry is an ordered pair (K, I)  
· Operations
· insert:  given a key and an entry, inserts the entry into the table
· find: given a key, finds the entry associated with the key
· remove: given a key, finds the entry associated with the key, and removes it 
· Implementation
· 
	Representation
	find(key)
	insert(key, element)
	Remove(key)

	Unsorted Array
	O(n)
	O(n) verify O(1) for append
	O(n)

	Sorted Array
	O(log n)
	O(log n) verify O(n) for append
	O(n)

	Linked List
	O(n)
	O(n) verify O(1) for insert at front
	O(n)

	Sorted List
	O(n)
	O(n) 
	O(n)

	AVL Tree
	O(log n)
	O(log n)
	O(log n)


· Direct addressing	Suppose the range of keys is 0..m-1 and keys are distinct
· Idea is to setup an array T[0..m-1]  T[i] = x  where x T and key[x] = I    T[i] = Null otherwise
· Operations take O(1) time! ,the most efficient way to access the data
· Works well when the Universe U of keys is reasonable small
· When Universe U is very large, 	Storing a table T of size U may be impractical, given the memory available on a typical computer.
· The set K of the keys actually stored may be so small relative to U that most of the space allocated for T would be wasted
· An ideal table needed		Table should be of small fixed size	Any key in the universe should be able to be mapped in the slot into table, using some mapping  function 
· Hash Table
· An array in which TableNodes are not stored consecutively.	Their place of storage is calculated using the key and	 a hash function
· Keys and entries are scattered throughout the array
· Hashing
· Use a function h to compute the slot for each key.	Store the element in slot h(k)
· A hash function h transforms a key into an index in a hash table T[0…m-1]: 
· All search structures so far relied on a comparison operation		Performance O(n)   or    O( log n) Assume we have a function that maps a key to an integer
· Use the value of the key itself to select a slot in a direct access table in which to store the item.	To search for an item with key, k, just look in slot k 		If there’s an item there, you’ve found it	If the tag is 0, it’s missing.		Constant time,  O(1) 
· Hash Table Constraints
· Keys must be unique		Keys must lie in a small range		For storage efficiency, keys must be dense in the range		If they’re sparse (lots of gaps between values), a lot of space is used to obtain speed		Space for speed trade-off
· Hash Table Implementation
· . Linked List of duplicates		Construct a linked list of duplicates “attached” to each slot	If a search can be satisfied by any item with key, k, performance is still O(1)
· But If the item has some other distinguishing feature which must be matched, we get O(nmax), where nmax is the largest number  of duplicates - or length of the longest chain
· A hash function may return the same value for two different keys. This is called collision
· Collisions occur when h(ki)=h(kj), i≠j 
· A variety of techniques are used for resolving collisions
· Chaining
· Linked list attached to each primary table slot
· Put all elements that hash to the same slot into a linked list.		Slot j contains a pointer to the head of the list of all elements that hash to j
· How to choose the size of the hash table m?	Small enough to avoid wasting space.
· Large enough to avoid many collisions and keep linked-lists short. Typically 1/5 or 1/10 of the total number of elements.
· Should we use sorted or unsorted linked lists?	Unsorted	Insert is fast
· Can easily remove the most recently inserted elements  O(n) + time to compute hash func
· Open Addressing
· Another option is to store all the keys directly in the table. This is known as open addressing	where collisions are resolved by systematically examining other table indexes, i 0 , i 1 , i 2 , … until an empty slot is located
· To insert: if slot is full, try another slot, and another, until an open slot is found (probing)
· To search, follow same sequence of probes as would be used when inserting the element
· Search time depends on the length of probe sequences!
· Common Open Addressing Methods
· None of these methods can generate more than m2 different probe sequences!
· Linear Probing.
· h’(x)   is    +1
· Go to the next slot until you find one empty 		Can lead to bad clustering		Re-hash keys fill in gaps between other keys and exacerbate the collision problem 
· The position of the initial mapping i0 of key k is called the home position of k.
· When several insertions map to the same home position, they end up placed contiguously in the table.  This collection of keys with the same home position is called a cluster.
· As clusters grow, the probability that a key will map to the middle of a cluster increases, increasing the rate of the cluster’s growth.  This tendency of linear probing to place items together is known as primary clustering.
· As these clusters grow, they merge with other clusters forming even bigger clusters which grow even faster 
· Long chunks of occupied slots are created.		As a result, some slots become more likely than others.	Probe sequences increase in length. 
· Quadratic Probing
· h’(x)   is    c i2    on the ith probe 	Avoids primary clustering		Secondary clustering occurs	All keys which collide on h(x) follow the same sequence
· First a = h(j)  = h(k) 	Then    a + c,  a + 4c,  a + 9c, ....		Secondary clustering generally less of a problem 
· h(k,i) = (h’(k) + c1i + c2i 2) mod m for i = 0,1,…,m  1. 
· Leads to a secondary clustering (milder form of clustering)	The clustering effect can be improved by increasing the order to the probing function (cubic)
· However the hash function becomes more expensive to compute
· Double Hashing 	refers to the scheme of using another hash function for c
· Advantage	Handles clustering better
· Disadvantage	More time consuming
· How many probes sequences can double hashing generate?   m2 
· Overflow Area
· Linked list constructed in special area of table called overflow area
· Separate the table into two sections: the primary area to which keys are hashed 
· an area for collisions, the overflow area When a collision occurs, a slot in the overflow area is used for the new element and a link from the primary slot established
· .
· Bucket Addressing
· Another solution to the hash collision problem is to store colliding elements in the same position in table by introducing a bucket with each hash address
· A bucket is a block of memory space, which is large enough to store multiple items 
· 
	· Organization 
	· Advantages 
	· Disadvantages 

	· Chaining
	· Unlimited number of elements
· Unlimited number of collisions
	· Overhead of multiple linked lists

	· Open Addressing 
	· Fast re-hashing 
· Fast access through use of main table space
	· Maximum number of elements must be known
· Multiple collisions may become
probable

	· Overflow area
	· Fast access 
· Collisions don't use primary table space
	· Two parameters which govern performance
need to be estimated 


· .
· Applications of Hash Tables
· Compilers use hash tables to keep track of declared variables (symbol table).
· A hash table can be used for on-line spelling checkers — if misspelling detection (rather than correction) is important, an entire dictionary can be hashed and words checked in constant time.
· Game playing programs use hash tables to store seen positions, thereby saving computation time if the position is encountered again.
· Hash functions can be used to quickly check for inequality — if two elements hash to different values they must be different. 
· 
· Hash tables are very good if there is a need for many searches in a reasonably stable table.
· Hash tables are not so good if there are many insertions and deletions, or if table traversals are needed — in this case, AVL trees are better.
· Also, hashing is very slow for any operations which require the entries to be sorted
· e.g. Find the minimum key
· .
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· Hash Functions
· A hash function is a mapping between a set of input values (Keys) and a set of integers, known as hash values. 
· Most hash functions assume that universe of keys is the set N = {0, 1, 2,…} of natural numbers.	If keys are not N, ways to be found to interpret them as N
· A character key can be interpreted as an integer expressed in ASCII code
· Properties of a Good Hash Function
· Rule1: The hash value is fully determined by the data being hashed.
· Rule2: The hash function uses all the input data.
· Rule3: The hash function uniformly distributes the data across the entire set of possible hash values.
· Rule4: The hash function generates very different hash values for similar strings 
· (1)	Easy to compute
· (2) Approximates a random function  i.e., for every input, every output is equally likely.
· (3) Minimizes the chance that similar keys hash to the same slot (minimize collision)
· 	i.e., strings such as pt and pts should hash to different slot. 	Keeps chains short
· 	maintain O(1) average 
· Choosing hash function Key criterion is minimum number of collisions 
· Hash Function Methods
· Division (use of mod Function)
· Map a key k into one of the m slots by taking the remainder of k divided by m
· 	h(k) = k mod m
· Advantage: fast, requires only one operation
· Disadvantage: Certain values of m are bad (i.e., collisions), e.g.,
· power of 2	non-prime numbers
· Choose m to be a prime, 	Good values of m are primes not close to the exact powers of 2 (or 10).
· Multiplication
· (1) Multiply key k by a constant A, where 0 < A < 1
· (2) Extract the fractional part of kA
· (3) Multiply the fractional part by m (hash table size)
· (4) Truncate the result to get result in the range 0 ..m-1
· Disadvantage: Slower than division method
· Advantage: Value of m is not critical 
· Mid square Method
· The key is squared and the address selected from the middle of the squared number
· The hash function H is defined by:		h(k) = k2 = l
· Where l is obtained by digits from both the end of k2 starting from left
· The most obvious limitation of this method is the size of the key
· Given a key of 6 digits, the product will be 12 digits, which may be beyond the maximum integer size of many computers	Same number of digits must be used for all of the keys
· Folding Method
· In this method, the key K is partitioned into number of parts, k1, k2,...... kr 	The parts have same number of digits as the required hash address, except possibly for the last part
· Then the parts are added together, ignoring the last carry		h(k) = k1 + k2 + ...... + kr 
· Universal Hashing
· A determined “adversary” can always find a set of data that will defeat any hash function
· Hash all keys to same slot     O(n) search 
· Selecting a hash function at random (at run time) from a family of hash functions
· This guarantees a low number of collisions in expectation, even if the data is chosen by an adversary		Reduce the probability of poor performance 
· Files
· Field	represent attribute of an entity
· Record	collection of related fields
· A file is an external collection of related data treated as a unit.
· Files are stored in auxiliary/secondary storage devices.	Disk	Tapes
· A file is a collection of data records with each record consisting of one or more fields.
· Text Files
· A file stored on a storage device is a sequence of bits that can be interpreted by an application program as a text file or a binary file.
· A text file is a file of characters.	It cannot contain integers, floating-point numbers, or any other data structures in their internal memory format
· To store these data types, they must be converted to their character equivalent formats
· Text file is structured as a sequence of lines of electronic text.		The end of a text file is often denoted by placing one or more special characters, known as an end-of-file(EOF) marker, after the last line in a text file 
· Text files commonly used for storage of information
· Some files can only use character data types.	Most notable are file streams (input/output objects in some object-oriented language like C++) for keyboards, monitors and printers.	This is why we need special functions to format data that is input from or output to these devices
· When data corruption occurs in a text file. it is often easier to recover and continue processing the remaining contents
· Unformatted Text files (Plain Text)		contents of an ordinary sequential file readable as textual material without much processing. 	Plain text encoding has traditionally been either ASCII, or sometimes EBCDIC. Unicode-based encodings such as UTF-8 and UTF-16.	Files that contain markup or other meta-data are generally considered plain-text, as long as the entirety remains in directly human-readable form (as in HTML, XML, etc.)
· Formatted Text Files (Styled Text, Rich text)		has styling information beyond the minimum of semantic elements: colours, styles (boldface, italic), sizes and special features (such as hyperlinks)
· Formatted text files is not necessarily binary, it may be text-only, such as HTML, RTF or enriched text files, PDF is another formatted text file format that is usually binary 
· Binary Files	is a computer file that is not a text file
· A binary file is a collection of data stored in the internal format of the computer
· In this definition, data can be an integer including other data types represented as unsigned integers, such as image, audio, or video, a floating-point number or any other structured data (except a file). 
· Unlike text files, binary files contain data that is meaningful only if it is properly interpreted by a program.	If the data is textual, one byte is used to represent one character (in ASCII encoding).	But if the data is numeric, two or more bytes are considered a data item.
· It may contain any type of data, encoded in binary form for computer storage and processing purposes.	Typically contain bytes that are intended to be interpreted as something other than text characters
· A hex editor or viewer may be used to view file data as a sequence of hexadecimal (or decimal, binary or ASCII character) values for corresponding bytes of a binary file.
· Common Operations on Files
· Creating a file with a given name
· Setting attributes that control operations on the file
· Opening a file to use its contents
· Reading or updating the contents
· Committing updated contents to durable storage
· Closing the file, thereby losing access until it is opened again
· File Access Methods
· The access method determines how records can be retrieved: sequentially or randomly. 
· Sequential Files
· One record after another, from beginning to end
· records can only be accessed sequentially, one after another, from beginning to end
· Processing records in a sequential file
· While Not EOF   {	Read the next record	 Process the record		}
· Used in applications that need to access all records from beginning to end	Personal Information	Because you have to process each record, sequential access is more efficient and easier than random access.	
· Sequential File is not efficient for random access 
· Indexed Files
· Access one specific record without having to retrieve all records before it. 
· To access a record in a file randomly, you need to know the address of the record.
· An index file can relate the key to the record address.
· An index file is made of a data file, which is a sequential file, and an index.
· Index – a small file with only two fields:
· The key of the sequential file		The address of the corresponding record on the disk.
· To access a record in the file :
· Load the entire index file into main memory.
· Search the index file to find the desired key.
· Retrieve the address the record.
· Retrieve the data record. (using the address)
· Inverted file – you can have more than one index, each with a different key
· A file that reorganizes the structure of an existing data file to enable a rapid search to be made for all records having one field falling within set limits.	For example, a file used by an estate agent might store records on each house for sale, using a reference number as the key field for sorting. 
· One field in each record would be the asking price of the house. To speed up the process of drawing up lists of houses falling within certain price ranges, an inverted file might be created in which the records are rearranged according to price. 
· Each record would consist of an asking price, followed by the reference numbers of all the houses offered for sale at this approximate price 
· Hashed Files
· Access one specific record without having to retrieve all records before it.
· A hashed file uses a hash function to map the key to the address.	Eliminates the need for an extra file (index).		There is no need for an index and all of the overhead associated with it
· Hashing Methods
· Direct Hashing – the key is the address without any algorithmic manipulation. The file must contain a record for every possible key.
· Advantage		No collision.
· Disadvantage 	Space is wasted.
· Hashing techniques –  map a large population of possible keys into  a small address space. 
· Modulo Division Hashing – (Division remainder hashing) divides the key by the file size and use the remainder plus 1 for the address.
· address = key % list_size + 1		list_size : a prime number produces fewer collisions 
· Digit Extraction Hashing – selected digits are extracted from the key and used as the address.
· Collision		Because there are many keys for each address in the file, there is a possibility that more than one key will hash to the same address in the file.
· Synonyms – the set of keys that hash to the same address.
· Collision – a hashing algorithm produces an address for an insertion key, and that address is already occupied. 
· Prime area – the part of the file that contains all of the home addresses
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· Files	-	Implementation
· Files are places where data can be stored permanently.
· Some programs expect the same set of data to be fed as input every time it is run.
· Cumbersome.
· Better if the data are kept in a file, and the program reads from the file. 
· Programs generating large volumes of output.
· Difficult to view on the screen.
· Better to store them in a file for later viewing/ processing
· Text Data Files	
· When you use a file to store data for use by a program, that file usually consists of text (alphanumeric data) and is therefore called a text file.
· Text files can be created, updated, and processed by C programs. Text Files are used for permanent storage of large amounts of data
· Storage of data in variables and arrays is only temporary
· Basic File Operations
· Opening a file
· Reading data from a file
· Writing data to a file
· Closing a file
· OPENING A FILE
· A file must be “opened” before it can be used.
· 	FILE   *fp;
·         fp = fopen (filename, mode);
· fp is declared as a pointer to the data type FILE.
· filename is a string - specifies the name of the file.
· fopen returns a pointer to the file which is used in all subsequent file operations. 
· mode is a string which specifies the purpose of opening the file:
·  “r”    ::  open the file for reading only
· “w”   ::  open the file for writing only
· “a”    ::  open the file for appending data to it
· FILE MODES
· r - open a file in read-mode, set the pointer to the beginning of the file. 
· w - open a file in write-mode, set the pointer to the beginning of the file. 
· a - open a file in write-mode, set the pointer to the end of the file. 
· rb - open a binary-file in read-mode, set the pointer to beginning of file. 
· wb - open a binary-file in write-mode, set the pointer to beginning of file. 
· ab - open a binary-file in write-mode, set the pointer to the end of the file. 
· r+ - open a file in read/write-mode, if file does not exist, it will not be created. 
· w+ - open a file in read/write-mode, set the pointer to the beginning of file. 
· a+ - open a file in read/append mode. 
· r+b - open a binary-file in read/write-mode, if the file does not exist, it will 	not be created. 
· w+b - open a binary-file in read/write-mode, set pointer to beginning of file. 
· a+b - open a binary-file in read/append mode. 
· Points to note:
· Several files may be opened at the same time.
· For the “w” and “a” modes, if the named file does not exist, it is automatically created.
· For the “w” mode, if the named file exists, its contents will be overwritten.
· OPENING A FILE
· FILE    *in,  *out ;
·     in  =  fopen (“mydata.dat”, “r”) ;
·     out  =  fopen (“result.dat”, “w”);
·     FILE    *empl ;
·     char  filename[25];
·     scanf  (“%s”, filename);
·     empl  =  fopen (filename, “r”) ;
· CLOSING A FILE
· After all operations on a file have been completed, it must be closed. 
· Ensures that all file data stored in memory buffers are properly written to the file. 
· General format:   fclose  (file_pointer) ; 
·   FILE   *xyz ;
·   xyz  =  fopen (“test.txt”, “w”) ;	  …….
·   fclose (xyz) ;
· fclose( FILE pointer )
· Closes specified file
· Performed automatically when program ends
· Good practice to close files explicitly
· system resources are freed. 
· Also, you might not find that all the information that you've written to the file has actually been written to disk until the file is closed. 
· feof( FILE pointer )
· Returns true if end-of-file indicator (no more data to process) is set for the specified file
· READ/WRITE OPERATIONS ON TEXT FILES
· The simplest file input-output (I/O) function are getc and putc.
· getc is used to read a character from a file and return it.
· char   ch;   FILE   *fp;
· ch  =  getc (fp) ; 
· getc will return an end-of-file marker EOF, when the end of the file has been reached.
· putc is used to write a character to a file.
· char   ch;   FILE   *fp;
· putc  (ch, fp) ;
· We can also use the file versions of scanf and printf, called fscanf and fprintf.
· General format:
·     fscanf  (file_pointer, control_string, list) ;
·     fprintf  (file_pointer, control_string, list) ;
· Examples:
· fscanf  (fp, “%d %s %f”, &roll, dept_code, &cgpa) ;
· fprintf  (out, “\nThe result is: %d”, xyz) ; 
· fprintf 
· Used to print to a file
· It is like printf, except first argument is a FILE pointer (pointer to the file you want to print in)
· How to check EOF condition when using fscanf?
· Use the function feof 
·     if   (feof (fp))
·         printf  (“\n Reached end of file”) ;
· How to check successful open?
· For opening in “r” mode, the file must exist.
·     if   (fp == NULL)
·         printf  (“\n Unable to open file”) ;
· FILES AND STREAMS
· C views each file as a sequence of bytes
· File ends with the end-of-file marker
· Stream created when a file is opened
· Provide communication channel between files and programs
· Opening a file returns a pointer to a FILE structure
· Example file pointers:
· stdin - standard input (keyboard)
· stdout - standard output (screen)
· stderr - standard error (screen)
· FILE structure
· File descriptor	Index into operating system array called the open file table
· File Control Block (FCB)	Found in every array element, system uses it to administer the file 
· Read/Write functions in standard library
· fgetc  Reads one character from a file
· Takes a FILE pointer as an argument
· fgetc( stdin ) equivalent to getchar()
· fputc Writes one character to a file
· Takes a FILE pointer and a character to write as an argument
· fputc( 'a', stdout ) equivalent to putchar( 'a' )
· fgets	 reads a line (string) from a file
· fputs	 writes a line (string) to a file 
· fscanf / fprintf 
· File processing equivalents of scanf and printf 
· CREATING A SEQUENTIAL FILE
· C imposes no file structure
· No notion of records in a file
· Programmer must provide file structure
· Creating a File
· FILE *myPtr;
· Creates a FILE pointer called myPtr 
· myPtr = fopen("myFile.dat", openmode);
· Function fopen returns a FILE pointer to file specified
· Takes two arguments – file to open and file open mode
· If open fails, NULL returned
· fprintf 
· Used to print to a file
· Like printf, except first argument is a FILE pointer (pointer to the file you want to print in) 
· feof( FILE pointer )
· Returns true if end-of-file indicator (no more data to process) is set for the specified file
· fclose( FILE pointer )
· Closes specified file
· Performed automatically when program ends
· Good practice to close files explicitly
· Details
· Programs may process no files, one file, or many files
· Each file must have a unique name and should have its own pointer
· READING DATA FROM A SEQUENTIAL ACCESS FILE
· Reading a sequential access file
· Create a FILE pointer, link it to the file to read
· myPtr = fopen( "myFile.dat", "r" );
· Use fscanf to read from the file
· Like scanf, except first argument is a FILE pointer
· fscanf( myPtr, "%d%s%f", &myInt, &myString, &myFloat );
· Data read from beginning to end
· File position pointer
· Indicates number of next byte to be read / written
· Not really a pointer, but an integer value (specifies byte location)
· Also called byte offset
· rewind( myPtr )
· Repositions file position pointer to beginning of file (byte 0) 
· Sequential access file Cannot be modified without the risk of destroying other data
· Fields can vary in size	Different representation in files and screen than internal representation
· 1, 34, -890 are all ints, but have different sizes on disk
· size_t fread(void *buffer, size_t numbytes, size_t count, FILE *a_file);
· size_t fwrite(void *buffer, size_t numbytes, size_t count, FILE *a_file);
· Buffer in fread is a pointer to a region of memory that will receive the data  from the file. Buffer in fwrite() is a pointer to the information that will be written to the file.
· The second argument is the size of the element; it is in bytes.
· Size_t is an unsigned integer.
·     For example, if you have an array of characters, you would want to read it in one byte chunks, so numbytes is one. You can use the sizeof operator to get the size of the various datatypes;  for example, if you have a variable, int x; you can get the size of x with sizeof(x);
· The third argument count is simply how many elements you want to read or write; for example, if you pass a 100 element array
· The final argument is simply the file pointer 
· fread()  returns number of items read and
· fwrite() returns number of items written 
· To check to ensure the end of file was reached, use the feof function, which accepts a FILE pointer and returns true if the end of the file has been reached. 
· 
· .
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