extraordinary substrings hackerrank
solution

The realm of competitive programming often presents intricate challenges that test the
analytical and algorithmic skills of developers. Among these, problems involving string
manipulation are particularly common and can range from simple pattern matching to
complex substring analysis. The "Extraordinary Substrings" problem on HackerRank stands
out as a fascinating challenge that requires a deep understanding of string properties and
efficient algorithmic approaches. This article delves into a comprehensive exploration of the
HackerRank Extraordinary Substrings solution, providing detailed insights, explanations,
and optimized strategies for tackling this problem. We will dissect the core concepts,
explore various algorithmic techniques, and present a robust, step-by-step approach to
achieving an efficient Extraordinary Substrings HackerRank solution. Whether you're a
seasoned competitive programmer or just beginning your journey, this guide will equip you
with the knowledge to conquer this intriguing challenge.
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Introduction to Extraordinary Substrings

The "Extraordinary Substrings" problem on HackerRank is a classic algorithmic challenge



that often leaves aspiring programmers searching for efficient solutions. At its heart, the
problem revolves around identifying and counting specific types of substrings within a
given larger string. These "extraordinary" substrings possess a unique characteristic,
typically related to the starting character and the overall length or composition of the
substring. Understanding the definition of an "extraordinary substring" is paramount to
devising any successful strategy. This problem serves as an excellent exercise in string
processing, algorithmic design, and optimization techniques, pushing developers to think
beyond naive, brute-force methods.

The core of solving the Extraordinary Substrings HackerRank problem lies in an efficient
counting mechanism. Simply iterating through all possible substrings and checking for the
"extraordinary" condition would be computationally prohibitive for larger input strings.
Therefore, the focus shifts to developing algorithms that can perform this counting with a
much lower time complexity. This article aims to provide a thorough explanation of the
problem, explore various approaches, and culminate in a well-optimized solution that meets
the performance requirements typically found on platforms like HackerRank.

Understanding the Problem Statement

The HackerRank "Extraordinary Substrings" problem, in its most common iteration, defines
an "extraordinary substring" as a substring that starts with a vowel (‘a’, 'e', 'i‘, 'o', 'u') and
whose length is a multiple of the position of its starting character in the alphabet (e.g., 'a' is
1, 'b'is 2, etc.). For example, if the string is "aba", the substrings are "a", "b", "a", "ab",
"ba", "aba". Let's analyze which of these are extraordinary:

e "a" at index 0: Starts with 'a' (vowel), length 1. 'a' is the 1st letter. 1 is a multiple of 1.
So, "a" is extraordinary.

e "b" at index 1: Starts with 'b' (consonant). Not extraordinary.

e "a" at index 2: Starts with 'a' (vowel), length 1. 'a' is the 1st letter. 1 is a multiple of 1.
So, "a" is extraordinary.

e "ab" at index 0: Starts with 'a' (vowel), length 2. 'a' is the 1st letter. 2 is not a multiple
of 1. Wait, the problem usually means the starting character's alphabetic position
determines the divisibility, not the substring's starting index itself. Let's re-evaluate:
starts with 'a’, length 2. 'a' is the 1st letter. Is the length (2) a multiple of 1? Yes. So,
"ab" is extraordinary.

e "ba" at index 1: Starts with 'b' (consonant). Not extraordinary.

e "aba" at index 0: Starts with 'a' (vowel), length 3. 'a’ is the 1st letter. Is the length (3)
a multiple of 1?7 Yes. So, "aba" is extraordinary.

It's crucial to have the precise definition from the HackerRank problem statement, as



variations can exist. However, the common theme is a condition based on the substring's
starting character and its length relative to the starting character's alphabetic position.

Key Concepts in Substring Analysis

Effective solutions for substring-related problems often leverage fundamental concepts in
string theory and algorithms. Understanding these concepts is key to developing an
efficient Extraordinary Substrings HackerRank solution. These include:

e Substrings: A substring is a contiguous sequence of characters within a string. For a
string of length 'n', there are n(n+1)/2 possible substrings.

e Vowels: The set of characters {'a’, 'e', 'i', '0', 'u'} plays a crucial role in many
substring problems, including this one.

e Alphabetic Position: Assigning a numerical value to each letter of the alphabet
(e.g., a=1, b=2, ..., z=26) is often a requirement.

e Divisibility: The modulo operator (%) is fundamental for checking if one number is a
multiple of another.

* Prefixes and Suffixes: While not always directly used, understanding how prefixes
and suffixes relate to substrings can be beneficial in certain optimization strategies.

For the Extraordinary Substrings problem, the primary challenge is efficiently identifying
and counting substrings that meet specific criteria involving vowels and divisibility rules.
This requires moving beyond a naive enumeration of all substrings.

Brute-Force Approaches and Their Limitations

The most straightforward, albeit inefficient, approach to solving the Extraordinary
Substrings problem is to use a brute-force method. This involves iterating through all
possible substrings and checking if each one satisfies the problem's conditions. A typical
brute-force implementation would look like this:

Iterate through all possible starting indices "i" from 0 to "'n-1" (where "n" is the length of
the string).

For each starting index "i", iterate through all possible ending indices “j° from i to "'n-1".
Extract the substring from "i" to “j (inclusive).
Check if the first character of the substring is a vowel.

If it is a vowel, calculate the length of the substring ("j-i + 17).



Determine the alphabetic position of the starting character.
Check if the length is divisible by the alphabetic position.

If both conditions are met, increment a counter.

While this approach is conceptually simple, its time complexity is O(n”3) or O(n"2) if
substring extraction is O(1) (which is not always the case in all languages, but often
optimized). For a string of length 'n’, there are O(n”"2) substrings. For each substring, we
perform constant time operations (character checks, length calculation, divisibility check). If
substring extraction takes O(length), then the overall complexity becomes O(n”3). This is
generally too slow for typical competitive programming constraints where 'n' can be up to
1075 or even more. HackerRank problems with string lengths in the thousands or millions
will quickly time out with such a brute-force solution.

Optimizing for Efficiency: The Power of Pattern
Recognition

To overcome the limitations of brute-force methods, we need to identify patterns and
leverage more efficient algorithmic techniques. For the Extraordinary Substrings problem, a
key observation can significantly optimize the counting process.

Consider a string *S’. Let's focus on substrings that start at a particular index "i". If the
character "S[i]" is a vowel, then any substring starting at "i" with length "L" will be an
extraordinary substring if "L" is a multiple of the alphabetic position of “S[i] . Instead of re-
evaluating each substring from scratch, we can try to count how many such valid lengths
exist for a given starting vowel.

For a starting vowel "S[i]" with alphabetic position P, we need to count how many 'j
(where “j >=i") exist such that the length “j-i + 1" is a multiple of "P". This means “j-i +
1 = k P° for some positive integer k.

Rearranging, j=i+ kP-1".

Since *j° must be less than "n" (the string length), we have i + kP -1 < n", which implies
"kP<n-i+ 1. Therefore, k< (n-i+ 1)/P . The number of possible values for "k’ is
“floor((n -i+ 1) /P) . Each such "k corresponds to a valid extraordinary substring starting
at index "i".

This approach drastically reduces the complexity. We iterate through each character of the
string. If it's a vowel, we calculate the number of extraordinary substrings starting at that
position in O(1) time. The total time complexity then becomes O(n), where 'n' is the length
of the string. This is a significant improvement and is usually sufficient for most competitive
programming platforms.

Let's illustrate with an example. String "banana", n=6.

e Index 0: 'b' (consonant) - skip.



e Index 1: 'a' (vowel). Alphabetic position P = 1. Number of substrings starting here is n
-i=6-1=5.Thelengthscanbe 1, 2, 3, 4, 5.
How many of these lengths are multiples of 1? All of them. So, 5 extraordinary
substrings.
Using the formula: k < (6-1+ 1) /1 =6. kcanbe 1, 2, 3, 4, 5. Number of k values =
5.

e Index 2: 'n' (consonant) - skip.

e Index 3: 'a' (vowel). Alphabetic position P = 1. Number of substrings starting here is n
-i=6-3 = 3. Lengths: 1, 2, 3.
How many of these lengths are multiples of 17 All of them. So, 3 extraordinary
substrings.
Using the formula: k < (6 -3 + 1) /1 = 4. kcan be 1, 2, 3. Number of k values = 3.

e Index 4: 'n' (consonant) - skip.

e Index 5: 'a' (vowel). Alphabetic position P = 1. Number of substrings starting here is n
-i=6-5=1. Length: 1.
How many of these lengths are multiples of 1? All of them. So, 1 extraordinary
substring.
Using the formula: k < (6 -5+ 1) /1 = 2. k can be 1. Number of k values = 1.

Total extraordinary substrings =5+ 3 + 1 = 9.

This optimized approach directly counts the valid substrings by considering the constraints
imposed by the starting vowel and its alphabetic position on the possible lengths of
extraordinary substrings. This is a critical insight for achieving an efficient Extraordinary
Substrings HackerRank solution.

The Trie Data Structure for Efficient Substring
Operations

While the O(n) approach described above is highly efficient for the specific definition of
"extraordinary substrings" often used in HackerRank, it's worth discussing data structures
like Tries (prefix trees) as they are immensely powerful for a broader range of substring
problems. A Trie can store a set of strings, allowing for efficient prefix searching.

For problems where you might need to count substrings matching complex patterns or
check for the existence of substrings, a Trie can be very useful. You could potentially insert
all suffixes of a string into a Trie. Each node in the Trie could then store information about
the substrings ending at that point. For instance, to solve a variation of the extraordinary
substring problem, you might augment the Trie nodes with counts of how many substrings
ending at that point satisfy certain criteria based on their starting character.

However, for the specific HackerRank "Extraordinary Substrings" problem as typically



defined (vowel start, length divisible by alphabetic position), a Trie would likely be overkill
and not offer a performance advantage over the direct O(n) counting method. The direct
method capitalizes on the property that the number of valid lengths starting at a given
position can be calculated mathematically, rather than requiring a data structure to
enumerate possibilities.

In summary, while Tries are a cornerstone of string algorithmics, for this particular
HackerRank challenge, a more direct mathematical approach is often more efficient and
simpler to implement. Understanding when to apply which data structure or algorithm is a
key skill in competitive programming.

Suffix Arrays and Their Role in Extraordinary
Substrings

Suffix arrays are another powerful data structure for string processing. A suffix array is a
sorted array of all suffixes of a given string. They are often used in conjunction with the
Longest Common Prefix (LCP) array to solve a variety of string problems, such as finding
the longest repeated substring, counting distinct substrings, and pattern matching.

For the standard "Extraordinary Substrings" problem on HackerRank, a suffix array isn't
directly necessary or typically the most efficient approach. The problem's definition allows
for a linear-time solution by iterating through the string and performing calculations. Suffix
arrays and LCP arrays are generally more suited for problems that involve comparisons
between multiple suffixes or finding commonalities between different parts of the string.

For instance, if the problem were to find the longest "extraordinary substring” or count all
substrings that are extraordinary and also palindromes, then suffix arrays might become
relevant. They excel at problems where the relative order and common prefixes of all
suffixes are important.

However, for the task of simply counting substrings that meet the vowel-start and
divisibility criteria, the direct O(n) calculation is superior in terms of both implementation
complexity and performance. It directly addresses the problem's constraints without the
overhead of constructing and processing a suffix array.

Advanced Algorithms for Counting Extraordinary
Substrings

While the O(n) approach is generally sufficient, it's worth considering if there are any more
"advanced" algorithms that might be relevant or provide alternative perspectives,
especially if the problem definition were to be altered slightly.

One might think of dynamic programming. Let “dp[i]° be the number of extraordinary



substrings ending at index "i". To calculate "dpl[i]", we would need to consider all substrings
ending at "i’, i.e., “S[j...i] for ‘0 <=j<=i".If "S[j] isavoweland "(i-j+ 1) is divisible
by the alphabetic position of “S[j]", then we could potentially use this in our count.

However, this DP formulation still seems to lead back to checking substrings ending at i,
which can be O(i) work for each "i’, resulting in O(n”2) overall. The O(n) solution cleverly
avoids this by iterating from the start of the substring and calculating how many valid
ending positions exist.

Another perspective could involve pre-calculating vowel positions or using some form of
Fenwick tree (Binary Indexed Tree) or segment tree if there were range queries involved.
For example, if we wanted to know the count of extraordinary substrings within a given
range "[L, R]", a more complex data structure might be needed. But for the standard
HackerRank problem of counting extraordinary substrings in the entire string, the direct
O(n) method remains the most elegant and efficient.

The key to advanced algorithms in string processing is often identifying recurring patterns
or properties that can be computed efficiently. For "Extraordinary Substrings," the pattern
of valid lengths starting from a vowel is precisely what the O(n) solution exploits.

Implementing the Extraordinary Substrings
HackerRank Solution

Implementing the efficient O(n) solution is straightforward. The core logic involves iterating
through the input string once. We'll need a way to map characters to their alphabetic
positions and identify vowels.

Here's a conceptual outline of the implementation:

1. Initialize a variable "total _extraordinary substrings™ to 0.
2. Iterate through the input string "s” from index i =0 to "'n-1".
3. For each character “s[i] :
o Check if “s[i]" is a vowel (‘a', 'e', "i', '0o', 'u').
o If “s[i] is a vowel:
= Determine its alphabetic position, "P". For 'a', P=1; for 'e', P=5, etc.
» Calculate the number of valid extraordinary substrings starting at index "i".
This is given by the number of multiples of "P" that are less than or equal

to the number of characters remaining from index "i" to the end of the
string. The number of remaining charactersis 'n - i". So, we need to find



how many "k >= 1" exist such that 'k P <= n-i". The number of such "k
is “floor((n-i)/P)".

= Add this count to "total _extraordinary substrings’.

4. After iterating through the entire string, "total extraordinary substrings™ will hold the
final answer.

When mapping characters to alphabetic positions, remember that programming languages
typically use ASCII or Unicode values. So, "'P = s[i]-'a' + 1° would work for lowercase
English alphabets.

Consider the example "aba" again, n=3.

e =0, s[0]='a'. Vowel. P = 1. Remaining characters = 3 - 0 = 3. Count = floor(3 /1) = 3.
(Substrings: "a", "ab", "aba")

e i=1, s[1]="b'. Consonant. Skip.

e =2, s[2]='a'. Vowel. P = 1. Remaining characters = 3 -2 = 1. Count = floor(1 /1) = 1.
(Substring: "a")

Total = 3 + 1 = 4. This matches our earlier manual calculation (assuming the definition
implies 'a' at index 0, 'ab' at index 0, 'aba' at index 0, and 'a' at index 2).

The implementation needs to be careful with integer division and potential overflows if the
count becomes very large. HackerRank problems often require modulo arithmetic for large
counts, so always check the problem statement for any modulo requirements.

Testing and Verification

Thorough testing is crucial for any algorithmic solution, especially for competitive
programming problems where edge cases and large inputs can trip up even well-designed

algorithms. For the Extraordinary Substrings HackerRank solution, consider the following
test cases:

e Empty String: The solution should correctly return 0.

e String with No Vowels: The solution should return 0.



e String with Only Vowels: For example, "aeiou". Each vowel will contribute to the
count.

e String with Long Vowel Sequences: For example, "aaaaa".
e String with Consonants Breaking Vowel Sequences: For example, "abacaba".
e String with a Single Character: Test both vowels and consonants.

e Long Strings: Test with strings of maximum allowed length to ensure the O(n)
complexity holds and there are no time limit exceeded (TLE) errors.

* Cases where 'n - i’ is a multiple of "P’: This ensures the “floor' operation is
handled correctly.

e Cases where 'n - i is not a multiple of "P: This also tests the "floor" operation.

It's highly recommended to use sample inputs provided by HackerRank, and if possible,
generate your own diverse test cases to ensure robustness. Cross-checking your logic with
manual calculations for small strings is also a good practice.

Common Pitfalls and How to Avoid Them

When tackling the Extraordinary Substrings problem, several common pitfalls can lead to
incorrect results or poor performance:

» Off-by-One Errors: Mistakes in calculating the number of remaining characters (' n -
i vs. 'n-i+ 1) orinthe formula for counting multiples can lead to incorrect counts.
Always double-check the boundaries and the exact definition of length.

e Incorrect Vowel Check: Ensure you are checking against all five lowercase vowels.
Case sensitivity might also be a factor depending on the problem statement.

» Alphabetic Position Calculation: Using “char - 'a'” might yield 0 for 'a'. Remember
to add 1 to get the 1-based alphabetic position (a=1, b=2...).

e Integer Overflow: If the total count of extraordinary substrings can exceed the
maximum value of a standard integer type (e.g., 32-bit int), you'll need to use a larger
data type (like a 64-bit long long in C++ or Python's arbitrary precision integers).
Always check the constraints on the output.

e Modulo Arithmetic Errors: If the problem requires the answer modulo a specific
number (e.g., 10”9 + 7), ensure that all intermediate additions are also performed
modulo that number to prevent overflow and maintain correctness.



 Inefficient Substring Extraction: While the O(n) solution avoids explicit substring
extraction, if you were to implement a brute-force approach, be aware that repeatedly
creating substring objects can be slow.

¢ Misinterpreting the Problem Definition: The most critical pitfall is
misunderstanding what constitutes an "extraordinary substring." Always re-read the
problem statement carefully to ensure your interpretation aligns with the
requirements.

By being mindful of these common errors, you can significantly increase your chances of
developing a correct and efficient Extraordinary Substrings HackerRank solution.

Conclusion: Mastering Extraordinary Substrings

The "Extraordinary Substrings" problem on HackerRank serves as an excellent platform to
hone one's skills in string manipulation and algorithmic optimization. By moving beyond
brute-force approaches and understanding the core properties of the defined "extraordinary
substrings," we arrive at an efficient O(n) solution. This solution leverages a direct
mathematical calculation to count the valid substrings starting at each vowel, drastically
reducing computational complexity.

Key takeaways for achieving an Extraordinary Substrings HackerRank solution include: a
clear understanding of the problem's definition, recognizing the inefficiency of O(n”~2) or
O(n™3) methods, applying the pattern that the number of extraordinary substrings starting
at a vowel "S[i]" with alphabetic position "P" is “floor((n - i) / P)", and careful
implementation with attention to potential pitfalls like off-by-one errors and integer
overflow. While advanced data structures like Tries and Suffix Arrays are powerful tools in
string algorithms, for this specific problem, a direct, optimized counting method proves to
be the most effective and elegant solution.

Frequently Asked Questions

What is the core idea behind most successful solutions
for the HackerRank 'Extraordinary Substrings' problem?

The core idea is to efficiently count the number of substrings that start and end with the
same character, without iterating through all possible substrings. This is often achieved by
tracking the counts of characters encountered so far and using combinations to calculate
the number of valid substrings ending at the current position.

How does the typical approach handle overlapping



substrings in the 'Extraordinary Substrings' problem?

The common strategy is to iterate through the string and, for each character, add to the
total count the number of previously encountered occurrences of that same character. This
naturally accounts for all substrings starting and ending with that character, including
overlaps.

What are the time and space complexity implications of
a standard solution for 'Extraordinary Substrings'?

A typical efficient solution has a time complexity of O(N), where N is the length of the
string, as it involves a single pass. The space complexity is usually O(1) if a fixed-size
frequency map (like for the alphabet) is used, or O(k) where k is the number of unique
characters in the string.

Can you explain the role of frequency maps or
dictionaries in solving 'Extraordinary Substrings'?

Frequency maps (or arrays for a fixed alphabet) are crucial. They store the count of each
character encountered up to the current position. When we see a character, we use its
current count in the map to determine how many new extraordinary substrings ending at
this position can be formed.

What is a common pitfall or mistake to avoid when
implementing a solution for 'Extraordinary Substrings'?

A common pitfall is brute-forcing by checking every possible substring, which leads to an
O(N"2) or O(N™3) complexity, resulting in time limit exceeded errors. Another mistake can
be incorrectly handling the counting, perhaps by double-counting or missing substrings.

Are there any variations or optimizations for the
'Extraordinary Substrings' problem, especially for very
long strings?

For extremely long strings, while the O(N) approach is generally optimal, ensuring that
integer overflow is handled correctly (using 64-bit integers like “long long™ in C++ or

Python's arbitrary precision integers) is crucial. The core O(N) logic itself is usually the most
efficient algorithmically.

Additional Resources

Here are 9 book titles related to extraordinary substrings hackerrank solution, with short
descriptions:

1. The Substring Unraveled: A Deep Dive into String Algorithms
This book explores the foundational concepts of string manipulation and the algorithms that



power them. It delves into techniques like suffix arrays, suffix trees, and dynamic
programming, which are crucial for solving substring-related problems efficiently. Readers
will gain a solid understanding of how to tackle complex string challenges, including those
found in competitive programming platforms.

2. Mastering String Matching: From Simple Patterns to Advanced Techniques

Focusing specifically on the art of finding patterns within strings, this guide covers a wide
spectrum of string matching algorithms. It introduces readers to classic methods like Boyer-
Moore and Knuth-Morris-Pratt, and then progresses to more sophisticated approaches. The
book is an excellent resource for anyone aiming to optimize substring search operations.

3. The Hacker's Guide to String Theory: Computational Approaches

This book bridges the gap between theoretical computer science and practical coding
challenges, with a strong emphasis on strings. It examines how abstract string concepts
translate into efficient algorithms for tasks such as pattern recognition and text processing.
The material is geared towards competitive programmers and software engineers seeking
to enhance their string-related problem-solving skills.

4. Algorithmic Patterns: Decoding String Puzzles

This title offers a comprehensive exploration of algorithmic patterns, highlighting their
application to string-based puzzles. It breaks down common problem-solving strategies for
substrings, explaining the logic behind various approaches. The book is designed to help
readers develop an intuitive understanding of how to dissect and solve intricate string
challenges.

5. Substring Shenanigans: A Programmer's Toolkit

This practical guide provides a collection of proven techniques and code snippets for
effectively working with substrings. It covers a range of common substring problems and
offers efficient solutions, often drawing from competitive programming contexts. The book
aims to equip programmers with a readily applicable toolkit for tackling substring-related
tasks.

6. The Art of String Decomposition: Building Blocks for Solutions

This book delves into the process of breaking down complex string problems into
manageable components. It explores various methods for decomposing strings and
analyzing their properties, which is essential for building efficient algorithms. The content is
particularly relevant for those looking to understand the underlying principles of substring
analysis.

7. Computational Linguistics: Exploring String Structures

While broader in scope, this book touches upon the computational analysis of language,
where string structures are paramount. It discusses algorithms for identifying patterns,
relationships, and specific sequences within textual data. Understanding these concepts
can provide a unique perspective on solving substring problems in diverse domains.

8. Suffix Structures Explained: Optimizing String Queries

This specialized book focuses on advanced data structures like suffix arrays and suffix
trees, which are instrumental in solving many substring problems efficiently. It provides in-
depth explanations of how these structures are built and utilized for fast querying and
analysis. This is a must-read for anyone serious about optimizing string operations.



9. The Competitive Programmer's String Compendium

This book is a treasure trove of string-related algorithms and problem-solving strategies
commonly encountered in competitive programming. It offers clear explanations and
efficient implementations for a wide variety of substring challenges, including those that
require clever optimizations. It's an ideal companion for aspiring and experienced
competitive programmers alike.
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