
OGUZ HAN ENGINEERING AND TECHNOLOGY UNIVERSITY 

OF TURKMENISTAN 

FACULTY OF COMPUTER SCIENCE AND INFORMATION 

TECHNOLOGIES 

DEPARTMENT OF COMPUTER SCIENCES AND INFORMATION 

TECHNOLOGIES 

 

 

 

"DATA STRUCTURE AND ALGORITHMS" 

 

 

COURSE CURRICULUM 

("INFORMATION TECHNOLOGIES", 

 "INFORMATICS, MATHEMATICS ", PROFESSION) 

 

YEAR:                         II 

SEMESTER:           IV 

LECTURE:        68 

PRACTICE:        68 

 

  

 

 

 

 

 

 

ASGABAT -2021 Y. 



INTRODUCTION 

Before there were computers, there were algorithms. But now that there are 

computers, there are even more algorithms, and algorithms lie at the heart of 

computing. 

What are algorithms? Why is the study of algorithms worthwhile? What is the 

role of algorithms relative to other technologies used in computers? In this chapter, 

we will answer these questions. 

Informally, an algorithm is any well-defined computational procedure that takes 

some value, or set of values, as input and produces some value, or set of values, as 

output. An algorithm is thus a sequence of computational steps that transform the 

input into the output. 

We can also view an algorithm as a tool for solving a well-specified 

computational problem. The statement of the problem specifies in general terms the 

desired input/output relationship. The algorithm describes a specific computational 

procedure for achieving that input/output relationship. 

For example, we might need to sort a sequence of numbers into non decreasing 

order. This problem arises frequently in practice and provides fertile ground for 

introducing many standard design techniques and analysis tools. 

Many programs use it as an intermediate step, sorting is a fundamental 

operation in computer science. As a result, we have a large number of good sorting 

algorithms at our disposal. Which algorithm is best for a given application depends 

on—among other factors—the number of items to be sorted, the extent to which 

the items are already somewhat sorted, possible restrictions on the item values, 

the architecture of the computer, and the kind of storage devices to be used: main 

memory, disks, or even tapes. 

An algorithm is said to be correct if, for every input instance, it halts with the 

correct output. We say that a correct algorithm solves the given computational 

problem. An incorrect algorithm might not halt at all on some input instances, or it 

might halt with an incorrect answer. Contrary to what you might expect, incorrect 

algorithms can sometimes be useful, if we can control their error rate. We shall see 

an example of an algorithm with a controllable error rate when we 

study algorithms for finding large prime numbers. Ordinarily, however, we shall 

be concerned only with correct algorithms. 

An algorithm can be specified in English, as a computer program, or even as a 

hardware design. The only requirement is that the specification must provide a 

precise description of the computational procedure to be followed. 



This syllabus provides implementations of common and uncommon algorithms in 

pseudocode which is language independent and provides for easy porting to most 

imperative programming languages. It is not a definitive book on the theory of data 

structures and algorithms.  

     For the most part this book presents implementations devised by the authors 

themselves based on the concepts by which the respective algorithms are based upon 

so it is more than possible that our implementations differ from those considered the 

norm. 

     You should use this book alongside another on the same subject, but one 

that contains formal proofs of the algorithms in question. In this book we use 

the abstract big oh notation to depict the run time complexity of algorithms 

so that the book appeals to a larger audience. 

  



II. Distribution of  “Data structures and algorithms” course topics 

№  Topics 
Total 

hours 

Included: 

Lectures 
Practical 

lessons 

 I semester 

1.  

Mathematical foundations. Growth of 

functions. Summations, recurrences, counting 

and probability 

8 4 4 

2.  Sorting and Order Statistics. Quicksort 4 2 2 

3.  Sorting in linear time 4 2 2 

4.  Medians and order statistics 4 2 2 

5.  Elementary Data Structures 12 6 6 

6.  Hash tables 4 2 2 

7.  Binary Search Trees 4 2 2 

8.  Red-Black Trees 4 2 2 

9.  Augmenting data structures 4 2 2 

10.  Heap Data Structure. Heapsort 4 2 2 

11.  Advanced data structures. B-trees. 4 2 2 

12.  Binomial heaps 4 2 2 

13.  Fibonacci heaps 4 2 2 

14.  Data structures for disjoint sets 4 2 2 

 I semester total 72 36 36 

 II semester  

15.  Dynamic Programming 8 4 4 

16.  Greedy Algorithms 8 4 4 

17.  Elementary Graph Algorithms 4 2 2 

18.  Minimum Spanning Trees 8 4 4 

19.  Single-Source Shortest Paths 8 4 4 

20.  Matrix Operations 4 2 2 

http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/parti.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap02.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap02.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap03.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap04.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap06.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap06.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/partii.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap08.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap09.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap10.htm


21.  Number-Theoretic Algorithms 8 4 4 

22.  String Matching 4 2 2 

23.  Computational Geometry 8 4 4 

24.  NPCompleteness 4 2 2 

 II semester total 64 32 32 

 Total 136 68 68 

 

  



III. The content of the topics of “Data structures and algorithms” course 

Topic 1. Mathematical foundations. Growth of functions. Summations, 

recurrences, counting and probability 

The analysis of algorithms often requires us to draw upon a body of mathematical 

tools. Some of these tools are as simple as high-school algebra, but others, such as 

solving recurrences, may be new to you. This part of the book is a compendium of 

the methods and tools we shall use to analyze algorithms. It is organized primarily for 

reference, with a tutorial flavor to some of the topics. 

The order of growth of the running time of an algorithm, gives a simple 

characterization of the algorithm's efficiency and also allows us to compare the 

relative performance of alternative algorithms. Once the input size n becomes large 

enough, merge sort, with its (n lg n) worst-case running time, beats insertion sort, 

whose worst-case running time is (n2). Although we can sometimes determine the 

exact running time of an algorithm, as we did for insertion sort, the extra precision is 

not usually worth the effort of computing it. For large enough inputs, the 

multiplicative constants and lower-order terms of an exact running time are 

dominated by the effects of the input size itself. 

When an algorithm contains an iterative control construct such as a while or for loop, its 

running time can be expressed as the sum of the times spent on each execution of the 

body of the loop. For example, we found in Section 1.2 that the jth iteration of insertion 

sort took time proportional to j in the worst case. By adding up the time spent on each 

iteration, we obtained the summation (or series)    

Topic 2. Sorting and Order Statistics. Quicksort 

This chapter reviews elementary combinatorics and probability theory. If you have a 

good background in these areas, you may want to skim the beginning of the chapter 

lightly and concentrate on the later sections. Most of the chapters do not require 

probability, but for some chapters it is essential. 

Quicksort is a sorting algorithm whose worst-case running time is (n2) on an input 

array of n numbers. In spite of this slow worst-case running time, quicksort is often 

the best practical choice for sorting because it is remarkably efficient on the average: 

its expected running time is (n lg n), and the constant factors hidden in the (n lg n) 

notation are quite small. It also has the advantage of sorting in place (see page 3), and 

it works well even in virtual memory environments. 

Topic 3. Sorting in linear time 

We have now introduced several algorithms that can sort n numbers in O(n lg n) time. 

Merge sort and heapsort achieve this upper bound in the worst case; quicksort achieves it 

http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/parti.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap02.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap03.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap04.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap06.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/partii.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap08.htm
http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap09.htm


on average. Moreover, for each of these algorithms, we can produce a sequence 

of n input numbers that causes the algorithm to run in (n lg n) time. 

These algorithms share an interesting property: the sorted order they determine is based 

only on comparisons between the input elements. We call such sorting 

algorithms comparison sorts. All the sorting algorithms introduced thus far are 

comparison sorts. 

Topic 4. Medians and order statistics 

The ith order statistic of a set of n elements is the ith smallest element. For example, 

the minimum of a set of elements is the first order statistic (i = 1), and 

the maximum is the nth order statistic (i = n). A median, informally, is the "halfway 

point" of the set. When n is odd, the median is unique, occurring at i = (n + 1)/2. 

When n is even, there are two medians, occurring at i = n/2 and i = n/2 + 1. Thus, 

regardless of the parity of n, medians occur at i = (n + 1)/2  and i = (n + 1)/2 . 

 

Topic 5. Elementary data structures 

Elementary data structures such as stacks queues lists and heaps will be the” of the 

shelf” components we build our algorithm from. There are two aspects to any data 

structure.  

- The abstract operations which it supports.  

- The implementatiton of these operations. 

Stacks and queues are dynamic sets in which the element removed from the set by 

the DELETE operation is prespecified. In a stack, the element deleted from the set is 

the one most recently inserted: the stack implements a last-in, first-out, or LIFO, 

policy. Similarly, in a queue , the element deleted is always the one that has been in 

the set for the longest time: the queue implements a first-in, first-out, or FIFO, 

policy. There are several efficient ways to implement stacks and queues on a 

computer. In this section we show how to use a simple array to implement each. 

 

Topic 6. Hash tables 

Many applications require a dynamic set that supports only the dictionary  

operations INSERT, SEARCH, and DELETE. For example, a compiler for a computer language 

maintains a symbol table, in which the keys of elements are arbitrary character strings 

that correspond to identifiers in the language. A hash table is an effective data structure 

for implementing dictionaries. Although searching for an element in a hash table can 

take as long as searching for an element in a linked list-- (n) time in the worst case--in 

practice, hashing performs extremely well. Under reasonable assumptions, the expected 

time to search for an element in a hash table is O(1). 

A hash table is a generalization of the simpler notion of an ordinary array. Directly 

addressing into an ordinary array makes effective use of our ability to examine an 

http://staff.ustc.edu.cn/~csli/graduate/algorithms/book6/chap10.htm


arbitrary position in an array in O (1) time. Direct addressing is applicable when we can 

afford to allocate an array that has one position for every possible key. 

 

Topic 7. Binary search trees 

We examine a symbol-table implementation that combines the flexibility of insertion 

in linked lists with the efficiency of search in an ordered array. Specifically, using 

two links per node leads to an efficient symbol-table implementation based on the 

binary search tree data structure, which qualifies as one of the most fundamental 

algorithms in computer science. 

Definition. A binary search tree (BST) is a binary tree where each node has 

a Comparable key (and an associated value) and satisfies the restriction that the key 

in any node is larger than the keys in all nodes in that node's left subtree and smaller 

than the keys in all nodes in that node's right subtree. 

Search trees are data structures that support many dynamic-set operations, 

including SEARCH, MINIMUM, MAXIMUM, PREDECESSOR, SUCCESSOR, IN

SERT, and DELETE. Thus, a search tree can be used both as a dictionary and as a 

priority queue. 

Basic operations on a binary search tree take time proportional to the height of the 

tree. For a complete binary tree with n nodes, such operations run in (lg n) worst-

case time. If the tree is a linear chain of n nodes, however, the same operations take 

(n) worst-case time. We shall see that the height of a randomly built binary search 

tree is O(lg n), so that basic dynamic-set operations take (lg n) time. 

 

Topic 8. Red-black trees 

A red-black tree is a binary search tree with one extra bit of storage per node: 

its color, which can be either RED or BLACK. By constraining the way nodes can be 

colored on any path from the root to a leaf, red-black trees ensure that no such path is 

more than twice as long as any other, so that the tree is approximately balanced. 

Each node of the tree now contains the fields color, key, left, right, and p. If a child or 

the parent of a node does not exist, the corresponding pointer field of the node 

contains the value NIL. We shall regard these NIL'S as being pointers to external 

nodes (leaves) of the binary search tree and the normal, key-bearing nodes as being 

internal nodes of the tree. 

A binary search tree is a red-black tree if it satisfies the following red-black 

properties: 

1. Every node is either red or black. 

2. Every leaf (NIL) is black. 



3. If a node is red, then both its children are black. 

4. Every simple path from a node to a descendant leaf contains the same number of 

black nodes. 

 

Topic 9.  Augmenting data structures 

There are some engineering situations that require no more than a "textbook" data 

structure--such as a doubly linked list, a hash table, or a binary search tree--but many 

others require a dash of creativity. Only in rare situations will you need to create an 

entirely new type of data structure, though. More often, it will suffice to augment a 

textbook data structure by storing additional information in it. You can then program 

new operations for the data structure to support the desired application. Augmenting a 

data structure is not always straightforward, however, since the added information must 

be updated and maintained by the ordinary operations on the data structure. 

This chapter discusses two data structures that are constructed by augmenting red-

black trees. We can then quickly find the ith smallest number in a set or the rank of a 

given element in the total ordering of the set. Further chapters abstracts the process of 

augmenting a data structure and provides a theorem that can simplify the augmentation 

of red-lack trees. Section We use this theorem to help design a data structure for 

maintaining a dynamic set of intervals, such as time intervals. Given a query interval, we 

can then quickly find an interval in the set that overlaps it. 

Topic 10. Heap Data Structure. Heapsort 

The (binary) heap data structure is an array object that can be viewed as a 

complete binary tree (see Section 5.5.3), as shown in Figure 7.1. Each node of the tree 

corresponds to an element of the array that stores the value in the node. The tree is 

completely filled on all levels except possibly the lowest, which is filled from the left up 

to a point. In this chapter, we introduce another sorting algorithm. Like merge sort, but 

unlike insertion sort, heapsort's running time is O(n lg n). Like insertion sort, but unlike 

merge sort, heapsort sorts in place: only a constant number of array elements are stored 

outside the input array at any time. Thus, heapsort combines the better attributes of the 

two sorting algorithms we have already discussed. 

Heapsort also introduces another algorithm design technique: the use of a data structure, 

in this case one we call a "heap," to manage information during the execution of the 

algorithm. Not only is the heap data structure useful for heapsort, it also makes an 

efficient priority queue. The heap data structure will reappear in algorithms in later 

chapters. 

Topic 11. Advanced data structures. B-trees. 

B-trees are balanced search trees designed to work well on magnetic disks or other 

direct-access secondary storage devices. B-trees are similar to red-black trees (Chapter 

14), but they are better at minimizing disk I/O operations. 



B-trees differ significantly from red-black trees in that B-tree nodes may have many 

children, from a handful to thousands. That is, the "branching factor" of a B-tree can be 

quite large, although it is usually determined by characteristics of the disk unit used. B-

trees are similar to red-black trees in that every n-node B-tree has height O(lg n), 

although the height of a B-tree can be considerably less than that of a red-black tree 

because its branching factor can be much larger. Therefore, B-trees can also be used to 

implement many dynamic-set operations in time O(lg n). 

Topic 12. Binomial heaps 

Present data structures known as mergeable heaps, which support the following five 

operations. 

MAKE-HEAP() creates and returns a new heap containing no elements. 

INSERT(H, x) inserts node x, whose key field has already been filled in, into heap H. 

MINIMUM(H) returns a pointer to the node in heap H whose key is minimum. 

EXTRACT-MIN(H) deletes the node from heap H whose key is minimum, returning a pointer 

to the node. 

UNION(Hl, H2) creates and returns a new heap that contains all the nodes of 

heaps H1 and H2. Heaps H1 and H2 are "destroyed" by this operation. 

 

Topic 13. Fibonacci heaps 

We saw how binomial heaps support in O(lg n) worst-case time the mergeable-heap 

operations INSERT, MINIMUM, EXTRACT-MIN, and UNION, plus the 

operations DECREASE-KEY and DELETE. In this chapter, we shall examine 

Fibonacci heaps, which support the same operations but have the advantage that 

operations that do not involve deleting an element run in O(1) amortized time. 

From a theoretical standpoint, Fibonacci heaps are especially desirable when the 

number of EXTRACT-MIN and DELETE operations is small relative to the number 

of other operations performed. This situation arises in many applications. For 

example, some algorithms for graph problems may call DECREASE-KEY once per 

edge. 

Topic 14. Data structures for disjoint sets 

Some applications involve grouping n distinct elements into a collection of disjoint 

sets. Two important operations are then finding which set a given element belongs to 

and uniting two sets. This chapter explores methods for maintaining a data structure 

that supports these operations. 



Topic 15.  Dynamic programming 

Dynamic programming, like the divide-and-conquer method, solves problems by 

combining the solutions to subproblems. ("Programming" in this context refers to a 

tabular method, not to writing computer code.) As we saw in Chapter 1, divide-and-

conquer algorithms partition the problem into independent subproblems, solve the 

subproblems recursively, and then combine their solutions to solve the original problem. 

In contrast, dynamic programming is applicable when the subproblems are not 

independent, that is, when subproblems share subsubproblems. In this context, a divide-

and-conquer algorithm does more work than necessary, repeatedly solving the common 

subsubproblems. A dynamic-programming algorithm solves every subsubproblem just 

once and then saves its answer in a table, thereby avoiding the work of recomputing the 

answer every time the subsubproblem is encountered. 

Dynamic programming is typically applied to optimization problems. In such 

problems there can be many possible solutions. Each solution has a value, and we wish 

to find a solution with the optimal (minimum or maximum) value. We call such a 

solution an optimal solution to the problem, as opposed to the optimal solution, since 

there may be several solutions that achieve the optimal value. 

The development of a dynamic-programming algorithm can be broken into a 

sequence of four steps. 

1. Characterize the structure of an optimal solution. 

2. Recursively define the value of an optimal solution. 

3. Compute the value of an optimal solution in a bottom-up fashion. 

4. Construct an optimal solution from computed information. 

Topic 16. Greedy algorithms 

Algorithms for optimization problems typically go through a sequence of steps, 

with a set of choices at each step. For many optimization problems, using dynamic 

programming to determine the best choices is overkill; simpler, more efficient 

algorithms will do. A greedy algorithm always makes the choice that looks best at the 

moment. That is, it makes a locally optimal choice in the hope that this choice will lead 

to a globally optimal solution. This chapter explores optimization problems that are 

solvable by greedy algorithms. Greedy algorithms do not always yield optimal solutions, 

but for many problems they do. 

Topic 17.  Elementary graph algorithms 

This chapter presents methods for representing a graph and for searching a graph. 

Searching a graph means systematically following the edges of the graph so as to visit 

the vertices of the graph. A graph-searching algorithm can discover much about the 

structure of a graph. Many algorithms begin by searching their input graph to obtain this 



structural information. Other graph algorithms are organized as simple elaborations of 

basic graph-searching algorithms. Techniques for searching a graph are at the heart of 

the field of graph algorithms. 

Topic 18. Minimum spanning trees 

In the design of electronic circuitry, it is often necessary to make the pins of 

several components electrically equivalent by wiring them together. To interconnect a 

set of n pins, we can use an arrangement of n - 1 wires, each connecting two pins. Of all 

such arrangements, the one that uses the least amount of wire is usually the most 

desirable. 

We can model this wiring problem with a connected, undirected graph G = (V, E), 

where V is the set of pins, E is the set of possible interconnections between pairs of pins, 

and for each edge (u, v)  E, we have a weight w(u, v) specifying the cost (amount of 

wire needed) to connect u and v. We then wish to find an acyclic subset T  E that 

connects all of the vertices and whose total weight 

 

is minimized. Since T is acyclic and connects all of the vertices, it must form a 

tree, which we call a spanning tree since it"spans" the graph G. We call the problem of 

determining the tree T the minimum-spanning-tree problem.1 Figure 24.1 shows an 

example of a connected graph and its minimum spanning tree. 

Topic 19. Single-source shortest paths 

A motorist wishes to find the shortest possible route from Chicago to Boston. 

Given a road map of the United States on which the distance between each pair of 

adjacent intersections is marked, how can we determine this shortest route? 

One possible way is to enumerate all the routes from Chicago to Boston, add up 

the distances on each route, and select the shortest. It is easy to see, however, that even if 

we disallow routes that contain cycles, there are millions of possibilities, most of which 

are simply not worth considering. For example, a route from Chicago to Houston to 

Boston is obviously a poor choice, because Houston is about a thousand miles out of the 

way. 

In this chapter and in Chapter 26, we show how to solve such problems 

efficiently. In a shortest-paths problem, we are given a weighted, directed graph G = 

(V, E), with weight function w : E  R mapping edges to real-valued weights. 

The weight of path p = v0, v1, . . . , k  is the sum of the weights of its constituent edges: 

 

We define the shortest-path weight from u to v by 



 if there is a path from u to v, otherwise. 

A shortest path from vertex u to vertex v is then defined as any path p with 

weight w (p) = (u, v). 

Topic 20. Matrix operations 

Operations on matrices are at the heart of scientific computing. Efficient 

algorithms for working with matrices are therefore of considerable practical interest. 

This chapter provides a brief introduction to matrix theory and matrix operations, 

emphasizing the problems of multiplying matrices and solving sets of simultaneous 

linear equations. 

Introduces basic matrix concepts and notations, presents Strassen's surprising 

algorithm for multiplying two n  n matrices in (nlg 7) = O(n2.81) time. Defines 

quasirings, rings, and fields, clarifying the assumptions required to make Strassen's 

algorithm work. It also contains an asymptotically fast algorithm for multiplying boolean 

matrices. Shows how to solve a set of linear equations using LUP decompositions. Then, 

Explores the close relationship between the problem of multiplying matrices and the 

problem of inverting a matrix. Finally, discusses the important class of symmetric 

positive-definite matrices and shows how they can be used to find a least-squares 

solution to an overdetermined set of linear equations. 

Topic 21. Number-theoretic algorithms 

Number theory was once viewed as a beautiful but largely useless subject in pure 

mathematics. Today number-theoretic algorithms are used widely, due in part to the 

invention of cryptographic schemes based on large prime numbers. The feasibility of 

these schemes rests on our ability to find large primes easily, while their security rests on 

our inability to factor the product of large primes. This chapter presents some of the 

number theory and associated algorithms that underlie such applications. 

In this chapter, a "large input" typically means an input containing "large integers" 

rather than an input containing "many integers" (as for sorting). Thus, we shall 

measure the size of an input in terms of the number of bits required to represent that 

input, not just the number of integers in the input. An algorithm with integer 

inputs a1, a2, . . . , ak is a polynomial-time algorithm if it runs in time polynomial in 

lg a1, lg a2, . . . , lg ak, that is, polynomial in the lengths of its binary-encoded inputs. 

 

Topic 22.  String matching 

Finding all occurrences of a pattern in a text is a problem that arises frequently in 

text-editing programs. Typically, the text is a document being edited, and the pattern 

searched for is a particular word supplied by the user. Efficient algorithms for this 

problem can greatly aid the responsiveness of the text-editing program. String-matching 



algorithms are also used, for example, to search for particular patterns in DNA 

sequences. 

We formalize the string-matching problem as follows. We assume that the text is 

an array T[1 . . n] of length n and that the pattern is an array P[1 . . m] of length m. We 

further assume that the elements of P and T are characters drawn from a finite alphabet 

. For example, we may have  = {0, 1} or  = {a, b, . . . , z}. The character 

arrays P and T are often called strings of characters. 

Topic 23. Computational geometry 

Computational geometry is the branch of computer science that studies algorithms 

for solving geometric problems. In modern engineering and mathematics, computational 

geometry has applications in, among other fields, computer graphics, robotics, VLSI 

design, computer-aided design, and statistics. The input to a computational-geometry 

problem is typically a description of a set of geometric objects, such as a set of points, a 

set of line segments, or the vertices of a polygon in counterclockwise order. The output 

is often a response to a query about the objects, such as whether any of the lines 

intersect, or perhaps a new geometric object, such as the convex hull (smallest enclosing 

convex polygon) of the set of points. 

In this chapter, we look at a few computational-geometry algorithms in two 

dimensions, that is, in the plane. Each input object is represented as a set of points {pi}, 

where each pi = (xi, yi) and xi, yi  R. For example, an n-vertex polygon P is represented 

by a sequence p0, p1, p2, . . . , pn-1  of its vertices in order of their appearance on the 

boundary of P. Computational geometry can also be performed in three dimensions, and 

even in higher- dimensional spaces, but such problems and their solutions can be very 

difficult to visualize. Even in two dimensions, however, we can see a good sample of 

computational-geometry techniques. 

 

Topic 24. NPCOMPLETENESS 

We have been writing about efficient algorithms to solve complex problems, 

like shortest path, Euler graph, minimum spanning tree, etc. Those were all success 

stories of algorithm designers. In this post, failure stories of computer science are 

discussed. 

Can all computational problems be solved by a computer? There are 

computational problems that can not be solved by algorithms even with unlimited 

time. For example Turing Halting problem (Given a program and an input, whether 

the program will eventually halt when run with that input, or will run forever). Alan 

Turing proved that general algorithm to solve the halting problem for all possible 

program-input pairs cannot exist. A key part of the proof is, Turing machine was used 

as a mathematical definition of a computer and program  

 

 

 

https://www.geeksforgeeks.org/greedy-algorithms-set-6-dijkstras-shortest-path-algorithm/
https://www.geeksforgeeks.org/eulerian-path-and-circuit/
https://www.geeksforgeeks.org/greedy-algorithms-set-2-kruskals-minimum-spanning-tree-mst/


IV. The theme of the self –studies for students 

1. Elementary Data Structures 

2. Hash tables 

3. Binary Search Trees 

4. Red-Black Trees 

5. Augmenting data structures 

6. Heap Data Structure. Heapsort 

7. Dynamic Programming 

8. Greedy Algorithms  

9. Elementary Graph Algorithms 

10. Minimum Spanning Trees 

11. Single-Source Shortest Paths 

12. Matrix Operations 

13. Number-Theoretic Algorithms 

14. String Matching 

15. Computational Geometry  
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