valid parentheses leetcode solution

**Mastering the Valid Parentheses LeetCode Solution: A Comprehensive Guide**

valid parentheses leetcode solution is a classic problem that many
programmers encounter when preparing for coding interviews or honing their
problem-solving skills. It’s a fundamental exercise that tests your
understanding of data structures, particularly stacks, and your ability to
implement logic that handles matching pairs in a string. If you’ve ever
wondered how to efficiently validate parentheses or want to deepen your grasp
of this common algorithm challenge, this article will walk you through the
concepts, approaches, and tips to master the problem.

Understanding the Problem: What Are Valid
Parentheses?

Before diving into the solution, it’s essential to clearly understand the
problem statement. The valid parentheses challenge typically involves a
string containing just three types of characters: ‘(’, “)', ‘{', “‘}y', ‘[’,
and ‘]’. The goal is to determine if the input string is *validx*.

A string is considered valid if:
- Every opening bracket has a corresponding closing bracket of the same type.
— The brackets are closed in the correct order.

For example:
- """, "o, and ""{I[]1}" are valid.
- """ and ""([)I"" are invalid.

This problem is a great way to test your knowledge of stack data structures
because stacks naturally follow the Last-In-First-Out (LIFO) principle,
making them ideal for matching nested or sequential pairs.

Why Use a Stack for the Valid Parentheses
LeetCode Solution?

The stack data structure is the perfect fit for this challenge due to its
LIFO nature. When you encounter an opening bracket, you push it onto the
stack. When you find a closing bracket, you check whether it corresponds to
the last opening bracket you pushed onto the stack.

If at any point, the closing bracket doesn’t match the top of the stack, or
if the stack is empty when you find a closing bracket, then the string is
invalid. At the end, if the stack is empty, it means all brackets were
matched correctly.

This logic is straightforward and efficient, making it a common approach in
coding interviews and algorithm challenges.



Step-by-Step Approach Using a Stack

Here’s a high-level breakdown of how to implement the solution:

1. Initialize an empty stack.
2. Iterate through each character in the string.
3.

If the character is an opening bracket (" (', “{°, "[7), push it onto the
stack.
4. If the character is a closing bracket ()", "}, 1), check if the stack
is empty.

- If yes, return false immediately (no matching opening bracket).

— If not, pop the top element and verify if it matches the closing bracket.
5. After processing all characters, check if the stack is empty.

If empty, return true (valid string).

— Otherwise, return false.

This approach runs in O(n) time complexity since you only traverse the string
once, and stack operations are 0O(1).

Implementing the Valid Parentheses LeetCode
Solution in Python

Let’s look at a clean, readable implementation in Python that follows the
logic above.

" “python
def isValid(s: str) —> bool:
# Mapping of closing brackets to their corresponding opening brackets
bracket_map={')': l(l, v}v: l{l, v]v: l[l}
stack = []

for char in s:

if char in bracket_map.values () :

stack.append (char)

elif char in bracket_map:

if not stack or stack.pop() != bracket_map[char]:
return False

else:

# In case the string contains invalid characters
return False

return not stack

This solution uses a dictionary for quick lookup of matching brackets, making
the code concise and efficient. Notice how the stack is only appended to when
an opening bracket is encountered, and popped from when a closing bracket is

checked. The final return statement “return not stack’™ verifies that all
brackets were matched.

Common Pitfalls and How to Avoid Them

When solving the valid parentheses problem, some common mistakes can trip you



up:

- **Not checking if the stack is empty before popping:** Attempting to pop
from an empty stack will raise an error or cause incorrect results.

— **Ignoring unmatched opening brackets:** Even if all closing brackets match
correctly, leftover opening brackets in the stack mean the string is invalid.
- **Assuming all characters are brackets:** Sometimes input strings may
contain other characters, so validating the input or handling unexpected
characters can be necessary depending on the problem constraints.

Keeping these in mind will help you write a robust solution.

Exploring Alternative Approaches and
Optimizations

While the stack method is the most straightforward and efficient, it’s worth
mentioning some other ideas and nuances related to the valid parentheses
LeetCode solution.

Using a Counter or Balanced Variables (Not
Recommended Here)

One might be tempted to use counters to track the number of opening and
closing brackets. However, this method fails for nested or interleaved
brackets like """ ([)]" . Counters only work when brackets are strictly ordered
and don’t overlap, which is not the case here.

Hence, stack-based solutions are preferred.

Space Optimization Techniques

In the worst case, the stack might hold all opening brackets, which implies
O(n) space. However, since the problem requires checking for balanced pairs,
this is unavoidable.

One minor optimization is to use a list for the stack instead of other data
structures, as list append and pop operations in Python are very efficient.

Time Complexity Analysis

— The algorithm runs in O(n) time — each character is processed once.

- Stack operations are O(1l), so they don’t add overhead.

- Space complexity is O(n) in the worst case when all characters are opening
brackets.

This makes the solution scalable even for very long strings.



Tips to Excel at Similar LeetCode Problems

The valid parentheses problem is a great stepping stone to more complex
challenges involving balanced strings, syntax checking, and parsing
expressions. Here are some tips to help you master this and related problems:

— **Understand the stack concept deeply:** Many problems related to strings
and sequences leverage stacks for parsing, so get comfortable with push/pop
operations.

— **Practice variations:** Try solving problems with more types of brackets
or custom matching rules.

- **Visualize the process:** Drawing the stack’s state as you iterate through
the string can clarify your logic.

- **Write test cases:** Include edge cases like empty strings, strings
without brackets, and very long inputs.

- **QOptimize readability:** Use clear variable names and comments — this
helps both you and interviewers understand your approach.

Sample Test Cases to Validate Your Solution

Testing your function thoroughly is key:

- Input: """ ()" — Output: "True’

— Input: ""(O)[I{}" — Output: "True"

— Input: ""(]" — Output: “False’

— Input: “"([)]" — Output: "False’

- Input: ""{[]}"° — Output: "~True’

— Input: """ (empty string) — Output: "~ True’

Trying these will confirm that your implementation handles different
scenarios correctly.

Conclusion: Why Mastering the Valid Parentheses
LeetCode Solution Matters

The valid parentheses problem is more than Jjust a coding puzzle — it’s an
excellent exercise for understanding fundamental concepts like stacks, string
parsing, and algorithmic efficiency. Mastering this challenge lays a solid
foundation for tackling more complex problems involving expression
evaluation, syntax parsing, and even compiler design basics.

By following the stack-based approach and practicing variations, you’ll
improve your problem-solving skills and be well-prepared for technical
interviews. Remember to focus on writing clean, efficient, and readable code,
and don’t shy away from drawing out the logic if it helps you visualize the
problem better.

With consistent practice and a clear grasp of the stack technique, the valid
parentheses LeetCode solution will become second nature — a valuable tool in
your coding toolkit.



Frequently Asked Questions

What is the common approach to solve the Valid
Parentheses problem on LeetCode?

The common approach is to use a stack to keep track of opening brackets. For
each character in the string, if it's an opening bracket, push it onto the
stack. If it's a closing bracket, check if the stack is not empty and the top
element matches the corresponding opening bracket. If it matches, pop from
the stack; otherwise, return false. At the end, if the stack is empty, the
parentheses are valid.

How do you handle different types of parentheses like
(), {}, and [] in the Valid Parentheses problem?

You can use a hashmap or dictionary to map closing brackets to their
corresponding opening brackets, e.g., {")'"': "(', 'I1': '[', "F': '"{'}. When
encountering a closing bracket, check if the top of the stack is the matching
opening bracket using this map.

What is the time and space complexity of the stack-
based solution for Valid Parentheses?

The time complexity is O(n), where n is the length of the input string,
because each character is processed once. The space complexity is O(n) in the
worst case, when all characters are opening brackets and pushed onto the
stack.

Can recursion be used to solve the Valid Parentheses
problem efficiently?

While recursion can be used, it is generally less efficient and more complex
compared to the stack-based approach. Recursion may lead to higher memory
usage and risk of stack overflow for long strings.

How do you implement the Valid Parentheses solution
in Python?

Here is a sample Python implementation:

" “python
def isValid(s):
stack = []
mapping = {")': "(', '"}': "{', "]': '"["}
for char in s:
if char in mapping:
top_element = stack.pop() if stack else '#'
if mapping[char] != top_element:
return False
else:
stack.append (char)
return not stack



What edge cases should be considered when solving
Valid Parentheses?

Some edge cases include an empty string (which is wvalid), strings with only
opening brackets, strings with only closing brackets, and strings with
mismatched pairs like '(]', '"{[}]', or incomplete pairs.

Why does the stack-based approach work well for Valid
Parentheses?

Because parentheses are nested structures, a stack naturally models the Last
In First Out (LIFO) order required to ensure that every closing bracket
matches the most recent unclosed opening bracket.

How do you optimize Valid Parentheses solution for
readability and performance?

Use a dictionary for bracket pairs, concise condition checks, and handle
empty stack cases carefully to avoid errors. Avoid unnecessary operations and
keep the code clean and straightforward.

Is it possible to solve Valid Parentheses without
using extra space?

It's challenging to solve this problem without extra space because you need
to keep track of opening brackets to match closing ones. The stack is
necessary to correctly validate nested and mixed parentheses.

Additional Resources

Mastering the Valid Parentheses Leetcode
Solution: An Analytical Review

valid parentheses leetcode solution is a quintessential problem widely
recognized in the programming community, especially among those preparing for
coding interviews or honing algorithmic skills on platforms like Leetcode.
This problem, though seemingly straightforward, encapsulates core concepts
such as stack data structures, string parsing, and algorithmic efficiency,
making it an ideal candidate for both novices and seasoned coders to
demonstrate their problem-solving prowess.

Understanding the intricacies behind the valid parentheses problem is
critical for software developers, as it not only tests logical thinking but
also serves as a foundation for more complex syntax validation tasks in
compilers, interpreters, and various parsing algorithms. This comprehensive
review delves into the problem’s nature, explores diverse solution
methodologies, and evaluates the optimal approaches to mastering the wvalid
parentheses Leetcode solution.



Exploring the Problem Statement

The valid parentheses problem typically asks whether a given string
consisting of the characters “(', “)’, “{’, ‘', ‘[’, and ‘]’ is wvalid. A
string is considered wvalid if every opening bracket has a corresponding
closing bracket of the same type and the pairs are properly nested.

For example, the string ~ () []1{}  is wvalid, whereas "~ (]  or "~ ([)]  are
invalid. The problem is deceptively simple but requires careful consideration

to ensure that the algorithm correctly handles nested and sequential
brackets.

Why Is This Problem Important?

This problem is a staple in coding interviews because it tests:
e Stack Utilization: Understanding and implementing stack operations
efficiently.
e String Traversal: Iterating through characters with conditional logic.

e Algorithmic Complexity: Crafting solutions with optimal time and space
complexity.

e Edge Case Handling: Managing empty strings, single characters, and
unusual bracket sequences.

Mastering the valid parentheses Leetcode solution also builds a foundation
for tackling more complex parsing challenges, including expression evaluation
and syntax validation.

Standard Approaches to the Valid Parentheses
Problem

Various approaches exist to solve this problem, each with different trade-
offs in terms of clarity, efficiency, and maintainability. The most popular
and efficient method involves using a stack data structure.

Stack—-Based Solution

The stack-based method leverages the Last In First Out (LIFO) principle,
which is inherently suitable for matching opening and closing brackets in a
nested structure.

1. Initialize an empty stack.

2. Iterate through each character in the string.



3. If the character is an opening bracket (i.e., “‘(’', ‘{’, *‘[’), push it
onto the stack.

4, If it is a closing bracket (i.e., “)’, ‘}’, *1’), check if the stack is
not empty and the top element matches the corresponding opening bracket.

5. If it matches, pop the top element from the stack; otherwise, the string
is invalid.

6. After processing all characters, if the stack is empty, the string is
valid; otherwise, it’s invalid.

This approach operates with time complexity O(n), where n is the length of
the string, because each character is processed once. The space complexity is
O(n) in the worst case when all characters are opening brackets.

Code Example in Python

" “python
def isValid(s: str) —> bool:
stack = []
mapping = {')': '(', '}': '{', ']': '['}

for char in s:

if char in mapping:

top_element = stack.pop() if stack else '#'
if mapping[char] != top_element:

return False

else:

stack.append (char)

return not stack

This succinct implementation highlights the elegance and efficiency of the
stack-based solution, often cited as the canonical approach to the valid
parentheses Leetcode solution.

Alternative Methods

While the stack approach is predominant, some alternative techniques are
worth mentioning:

e Counting Method: Tracking counts of each bracket type - generally
insufficient for nested structures.

e Recursive Parsing: Recursively validating substrings - more complex and
less efficient.

e Regular Expressions: Attempting pattern matching - impractical for
nested validations.



Among these, the stack method remains superior due to its balance of clarity
and performance.

Performance Considerations

When analyzing the valid parentheses Leetcode solution, performance metrics
such as runtime and memory usage become critical, especially for large inputs
or real-time systems.

Time Complexity

The stack-based method achieves linear time complexity O(n), which is optimal
since every character must be inspected at least once. No solution can
realistically improve on this lower bound.

Space Complexity

The space complexity is also O(n) in the worst case, where all characters are
opening brackets, thereby requiring storage in the stack. However, if the
input string is balanced or contains many closing brackets, the stack size
remains minimal.

Comparative Insights

Compared to naive methods like brute force substring checking, which may
incur quadratic time complexity O(n?), the stack solution is markedly more
efficient and scalable. This efficiency is why it 1is recommended for
interview scenarios and production-grade code.

Common Pitfalls and Best Practices

Even with a straightforward problem like valid parentheses, programmers often
encounter certain pitfalls:

e Ignoring Edge Cases: Empty strings or strings with single characters
must be handled gracefully.

e Incorrect Mapping: Misaligning opening and closing brackets can lead to
false positives or negatives.

e Stack Underflow: Popping from an empty stack without checks causes
runtime errors.

Best practices to avoid these issues include:



e Always check if the stack is empty before popping.

e Use a dictionary or hash map for bracket mapping to avoid multiple if-
else conditions.

e Test the solution against diverse test cases, including nested and
sequential brackets.

Enhancing Readability and Maintainability

In professional environments, code clarity matters. Naming variables
meaningfully (e.g., “bracket_stack’, "bracket_map’ ) and adding comments can
make the valid parentheses Leetcode solution easier to understand and
maintain. Additionally, modularizing the code into reusable functions may
prove beneficial in larger projects.

Extending the Problem: Variants and Challenges

Beyond the classic problem, several variants introduce additional complexity,
such as:

e Handling strings with other characters beyond parentheses.
e Validating parentheses with constraints on depth or count.

e Processing expressions interlaced with operators and operands.

Each of these variants requires adapting the fundamental stack approach or
integrating other parsing techniques, highlighting the versatility and
foundational importance of the valid parentheses Leetcode solution.

Integration with Other Algorithms

In compiler design and expression evaluation, parentheses validation is often
the first step before applying algorithms like the Shunting Yard or recursive
descent parsers. Mastery of this problem thus serves as a gateway to
understanding more advanced algorithmic paradigms.

The enduring relevance of the valid parentheses Leetcode solution lies in its
ability to blend simplicity with algorithmic rigor. By dissecting the problem
through the lens of data structures and computational efficiency, programmers
can not only solve the immediate challenge but also build skills transferable
to a wide array of software development and algorithmic tasks.
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Algorithm and Data Structure Interview Questions With Optimal Solutions. Asked-in: Amazon,
Facebook, Google, Microsoft, Morgan Stanley etc. Fissha Seyoum Teshome, 2022-09-29 This book
presents optimal solutions for the problem statements at hand. The purpose of the book is to help
the interviewee save time while preparing for Amazon, Facebook, Google, Microsoft, Morgan Stanley
and Other similar big tech companies interview questions. It is recommended to have your own copy
of the book and understand and exercise each of the questions thoroughly. The book presents eighty
algorithm and data structure most frequently asked coding questions at Amazon, Facebook, Google,
Microsoft, and Morgan Stanley but, it is also helpful to prepare oneself for other big tech job
interview coding questions. The book is the answer for how to practice the best way to prepare for
coding interviews. The internet sure has thousands of questions. Which should you practice for an
interview? This book contains the most important 80 questions solved by different people including
the author. The background for questions are from credible sources. It is the simplest and most
efficient book organized for you the reader to successfully crack the interview coding section. To the
most part, other thousands of questions are a mash of the techniques from these individual
questions. The scope of the book is limited to only presenting coding questions, for the leadership as
for Amazon for instance and other theoretical parts of the interview, the reader must prepare using
other materials separately. Additionally, this book displays only optimal solutions in the Java
language. The main goal is to save the readers time while searching for optimal solutions from the
internet and get prepared in a short period of time to crack the interview code.

valid parentheses leetcode solution: Programming Interviews For Dummies John
Sonmez, Eric Butow, 2019-09-16 Get ready for interview success Programming jobs are on the rise,
and the field is predicted to keep growing, fast. Landing one of these lucrative and rewarding jobs
requires more than just being a good programmer. Programming Interviews For Dummies explains
the skills and knowledge you need to ace the programming interview. Interviews for software
development jobs and other programming positions are unique. Not only must candidates
demonstrate technical savvy, they must also show that they’'re equipped to be a productive member
of programming teams and ready to start solving problems from day one. This book demystifies both
sides of the process, offering tips and techniques to help candidates and interviewers alike. Prepare
for the most common interview questions Understand what employers are looking for Develop the
skills to impress non-technical interviewers Learn how to assess candidates for programming roles
Prove that you (or your new hires) can be productive from day one Programming Interviews For
Dummies gives readers a clear view of both sides of the process, so prospective coders and
interviewers alike will learn to ace the interview.

valid parentheses leetcode solution: The Problem Solver's Guide To Coding Nhut
Nguyen, 2024-04-30 Are you ready to take your programming skills to the next level? Look no
further! The Problem Solver's Guide To Coding is the ultimate guide that will revolutionize your
approach to coding challenges. Inside this book, you'll find a comprehensive collection of
meticulously solved and explained coding challenges, accompanied by tips and strategies to enhance
your programming skills, especially data structures, algorithms, and techniques. Whether you're a
beginner or an experienced coder, this book is designed to challenge and elevate your skills to new
heights. This book is not just about providing solutions - it's about empowering you to become a
coding champion. Each chapter offers detailed explanations, step-by-step breakdowns, and practical
tips to sharpen your coding techniques. You'll learn how to optimize time and space complexity,
employ practical algorithms, and easily approach common coding patterns. What people say about
the book The book not only focuses on solving specific problems but also provides guidance on
writing clean, efficient, and readable code. It can be a valuable tool for readers who are preparing
for coding interviews or want to enhance their problem-solving and coding skills. - Dinh Thai Minh
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Tam, R&D Director at Mobile Entertainment Corp. Through each specific exercise, you can
accumulate more ways of thinking in analyzing and designing algorithms to achieve correct results
and effective performance. - Le Nhat-Tung, Software Developer, Founder of TITV.vn. The book
provides not only solutions to each selected problem, but also many notes and suggestions, hoping to
help readers practice analytical thinking and programming skills. - Nguyen Tuan Hung, Ph.D.,
Assistant Professor, Tokyo University of Agriculture and Technology. If you spend time reading,
practicing, thinking and analyzing all the problems, I believe you will be a master in coding and
problem-solving. - Tran Anh Tuan, Ph.D, Academic Manager at VIC Academy. Learn more at
theproblemsolversguidetocoding.com
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