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In modern programming, handling large integers beyond the standard data type
limits is often necessary, especially in cryptography, mathematical
computations, and data processing. A common approach is to implement a custom
BigInt class that can store arbitrarily large integers. To optimize storage
and performance, one strategy is to store each digit as a character rather
than as an integer. This approach simplifies string manipulation tasks and
aligns well with textual data processing. In this comprehensive guide, we
will walk through building a simplified BigInt class that stores digits as
characters, focusing particularly on implementing the less than (<) operator.
We will dissect the necessary steps, explain the logic, and provide a
complete code example.

Understanding the BigInt Class and Why Store
Digits as Characters

Before diving into implementation, it’s important to understand the rationale
behind this design choice.

What is a BigInt Class?
A BigInt class is a custom data type that can handle integers of arbitrary
size, surpassing the fixed limits of built-in integer types. It typically
involves:
- Storing digits of the number in a container (array, vector, list, string).
- Implementing arithmetic operations such as addition, subtraction,
multiplication, division, and comparison operators.

Advantages of Storing Digits as Characters
- Memory Efficiency: Characters typically consume less memory compared to
integers, especially if using a character per digit.
- Ease of String Operations: Many algorithms for big integers are similar to
string processing, such as comparing, adding, or subtracting digit by digit.
- Simplifies Parsing and Input/Output: Reading and writing large numbers can
be straightforward with strings.

Potential Drawbacks
- Slight overhead in conversions between character
and integer during arithmetic.



- Additional care needed for character-to-digit
conversions.

Designing the Simplified BigInt Class

Our goal is to build a minimal yet functional BigInt
class with focus on comparison operations, especially
the less than operator.

Core Data Members

- digits: A string that stores the number's digits,
each as a character ('0' to '9').
- sign: Optional, to handle negative numbers; for
simplicity, we'll assume only non-negative integers
in this example.

Basic Operations Needed

- Constructor(s) for initializing from string or
integer.
- Less than operator (<).
- Utility functions such as normalization.

Implementing the BigInt Class in C++

Below is a step-by-step implementation outline,
followed by the complete code.

Step 1: Class Definition and Data Members



Define the class with its core data members.

```cpp
class BigInt {
private:
std::string digits; // Stores digits as characters
// For simplicity, assume non-negative integers
public:
// Constructors
BigInt(); // Default
BigInt(const std::string& number);
BigInt(int number);
// Comparison operators
bool operator<(const BigInt& other) const;
// Utility
void trimLeadingZeros();
// For debugging
std::string getDigits() const { return digits; }
};
```

Step 2: Constructors Implementation

```cpp
// Default constructor
BigInt::BigInt() : digits("0") {}

// Constructor from string
BigInt::BigInt(const std::string& number) {
// Validate input: remove leading zeros
digits = number;
trimLeadingZeros();
if (digits.empty()) {
digits = "0";
}
}



// Constructor from integer
BigInt::BigInt(int number) {
digits = std::to_string(number);
}
```

Step 3: Utility Function to Remove Leading Zeros

```cpp
void BigInt::trimLeadingZeros() {
size_t pos = 0;
while (pos < digits.size() - 1 && digits[pos] == '0')
{
++pos;
}
digits = digits.substr(pos);
}
```

Step 4: Implementing the Less Than Operator

The less than comparison involves:

1. Comparing the length of the digit strings:
- If one number has fewer digits, it is smaller.
2. If lengths are equal, compare digit by digit from
the most significant digit.

```cpp
bool BigInt::operator<(const BigInt& other) const {
// Compare lengths
if (digits.size() < other.digits.size()) {
return true;
} else if (digits.size() > other.digits.size()) {
return false;



} else {
// Same length, compare digit by digit
for (size_t i = 0; i < digits.size(); ++i) {
if (digits[i] < other.digits[i]) {
return true;
} else if (digits[i] > other.digits[i]) {
return false;
}
}
// All digits are equal
return false;
}
}
```

Complete Example with Usage

Let's put it all together and include a main function
demonstrating comparison:

```cpp
include
include

class BigInt {
private:
std::string digits; // Stores digits as characters
public:
// Constructors
BigInt();
BigInt(const std::string& number);
BigInt(int number);

// Comparison operator
bool operator<(const BigInt& other) const;

// Utility function



void trimLeadingZeros();

// For debugging
std::string getDigits() const { return digits; }
};

// Default constructor
BigInt::BigInt() : digits("0") {}

// Constructor from string
BigInt::BigInt(const std::string& number) {
digits = number;
trimLeadingZeros();
if (digits.empty()) {
digits = "0";
}
}

// Constructor from int
BigInt::BigInt(int number) {
digits = std::to_string(number);
}

// Remove leading zeros
void BigInt::trimLeadingZeros() {
size_t pos = 0;
while (pos < digits.size() - 1 && digits[pos] == '0')
{
++pos;
}
digits = digits.substr(pos);
}

// Less than operator
bool BigInt::operator<(const BigInt& other) const {
if (digits.size() < other.digits.size()) {
return true;
} else if (digits.size() > other.digits.size()) {
return false;



} else {
for (size_t i = 0; i < digits.size(); ++i) {
if (digits[i] < other.digits[i]) {
return true;
} else if (digits[i] > other.digits[i]) {
return false;
}
}
return false; // Numbers are equal
}
}

int main() {
BigInt num1("0012345678901234567890");
BigInt num2("12345678901234567890");
BigInt num3(987654321);

std::cout <std::cout <std::cout <
std::cout <std::cout <std::cout <std::cout <
return 0;
}
```

Sample Output:
```
Number 1: 12345678901234567890
Number 2: 12345678901234567890
Number 3: 987654321
Is num1 < num2? false
Is num2 < num3? false
Is num3 < num1? true
```

Extending the BigInt Class

Once the less than operator works correctly, you can
extend the class with other comparison operators,



arithmetic functions, and input/output methods.

Additional Comparison Operators

- Greater than (>), less than or equal (<=), greater
than or equal (>=), equal (==), not equal (!=).

Arithmetic Operations

- Addition
- Subtraction
- Multiplication
- Division

Implementing these requires digit-by-digit algorithms
similar to manual calculations.

Best Practices and Optimizations

- Use of Sign: To handle negative numbers,
incorporate a sign member.
- Efficiency: For large numbers, consider using more
efficient data structures like vectors or linked
lists.
- Operator Overloading: Overload other operators for
intuitive usage.
- Input/Output: Implement stream operators for easy
reading and printing.

Conclusion

Storing digits as characters in a BigInt class



simplifies dealing with large integers and aligns
well with string processing techniques. Implementing
comparison operators such as the less than operator
involves straightforward

Frequently Asked Questions

What is the purpose of overloading the less than
operator in the Simplified BigInt class that stores
digits as characters?

Overloading the less than operator allows comparison
between two BigInt objects to determine if one is
numerically less than the other, enabling proper
sorting and comparison operations within the class.

How do you implement the less than operator for a
BigInt class with digits stored as characters?

You compare the lengths of the digit strings first;
if lengths differ, the shorter is less. If lengths
are equal, compare each character from most
significant to least significant until a difference
is found to determine which is less.

Why is it important to compare the lengths of the
digit strings before comparing individual characters
in the BigInt class?

Because a number with fewer digits is always less
than a number with more digits, so comparing lengths
quickly determines the result without unnecessary
character-by-character comparison.



What edge cases should be considered when
implementing the less than operator for the BigInt
class?

Consider cases where one number is zero, leading
zeros in the digit strings, and ensuring that both
objects are valid and properly initialized before
comparison.

Can the less than operator be implemented without
converting the digit characters to integers? If so,
how?

Yes, by comparing the digit characters directly based
on their ASCII values, since '0' to '9' are
sequential in ASCII, allowing character comparison
without conversion.

How does storing digits as characters affect the
implementation of comparison operators like less
than?

It simplifies comparison because character comparison
aligns with digit order, but requires careful
handling of string lengths and leading zeros to
ensure accurate numerical comparison.

What are the advantages of storing digits as
characters in the BigInt class?

Storing digits as characters can simplify
input/output operations, reduce memory usage, and
make comparison operations straightforward by
leveraging character ASCII values.



How can you optimize the less than operator in the
BigInt class for large numbers?

By first comparing the lengths of the digit strings,
which is an O(1) operation relative to content size,
then performing character-by-character comparison
only if lengths are equal, reducing unnecessary
comparisons.

What testing strategies should be used to verify the
correctness of the less than operator in this BigInt
class?

Test with numbers of different lengths, with leading
zeros, zero comparisons, and very large numbers to
ensure correctness across various edge cases and
typical scenarios.

Additional Resources

The Simplified BigInt Class Below Stores Its Digits
As Characters. Write The Less Than Operator. Assume

In the landscape of programming and computational
mathematics, handling large integers efficiently and
accurately is a challenge that continues to captivate
developers and researchers alike. The BigInt class,
designed to manage integers beyond the limits of
standard data types, has become an essential tool in
fields ranging from cryptography to scientific
computing. Among various implementations, a
simplified BigInt class that stores its digits as
characters offers a unique blend of simplicity and
flexibility. This approach not only simplifies the
storage structure but also opens avenues for



straightforward manipulation of digits, particularly
when implementing comparison operators such as the
less than (<) operator.

This article aims to explore the intricacies of such
a class, focusing on how the less than operator can
be implemented effectively within this context. We
will dissect the design considerations, delve into
the algorithmic logic, and analyze the efficiency and
potential pitfalls of the implementation. By the end,
readers will gain a comprehensive understanding of
how a character-based BigInt class operates and how
to implement robust comparison functionality, a
crucial component for any numeric class.

---

Understanding the Simplified BigInt Class with
Character Storage

Design Philosophy and Basic Structure

Traditional BigInt implementations often store digits
as integers within an array or vector, leveraging the
native integer types for arithmetic operations.
However, the simplified approach under discussion
opts to store each digit as a character, typically as
a char in C++ or a string in other languages. This
design choice streamlines certain operations—such as
parsing and display—since characters directly map to
their ASCII representations and can be easily
manipulated as strings.

Key features of this design include:



- Storage as a string or character array: The entire
number is stored as a sequence of characters, e.g.,
"123456789".
- Leading zeros handling: The class should decide
whether to store leading zeros or trim them.
- Sign management: Typically, a separate boolean or
sign indicator is used, but for simplicity, assume
only non-negative integers.
- Operations support: Addition, subtraction,
multiplication, comparison, etc., with comparison
operators like less than being fundamental.

Advantages:

- Simplicity in parsing input data.
- Ease of display and conversion to string form.
- Potentially more straightforward implementation for
comparison operations.

Disadvantages:

- Inefficiency in arithmetic operations compared to
numeric storage.
- Extra care needed to handle character-to-digit
conversions during calculations.

---

Implementing the Less Than Operator in a
Character-Based BigInt Class

Understanding the Comparison Logic

At its core, comparing two large integers involves
examining their digits from the most significant



(leftmost) to the least significant (rightmost). The
fundamental principle is:

- If the number of digits differs, the one with fewer
digits is smaller (assuming no leading zeros).
- If the number of digits is equal, compare digits
one by one from left to right until a difference is
found:
- The first differing digit determines the smaller
number.
- If all digits are equal, the numbers are equal, and
one is not less than the other.

This logic remains consistent regardless of storage
method, but storing digits as characters requires
extra steps to convert characters to their numeric
values during comparison.

---

Step-by-Step Implementation

Assuming the class is named `BigInt` with a private
member `std::string digits;` representing the number,
the less than operator (`operator<`) can be
implemented as follows:

```cpp
bool BigInt::operator<(const BigInt& other) const {
// 1. Compare lengths first
if (this->digits.size() != other.digits.size()) {
return this->digits.size() < other.digits.size();
}

// 2. Lengths equal, compare digit by digit
for (size_t i = 0; i < this->digits.size(); ++i) {
// Convert char to int for comparison



int digit1 = this->digits[i] - '0';
int digit2 = other.digits[i] - '0';

if (digit1 < digit2) {
return true;
} else if (digit1 > digit2) {
return false;
}
// Else, digits are equal, continue
}

// 3. All digits are equal, so not less than
return false;
}
```

Key Points in the Implementation:

- Length comparison: The primary check to quickly
determine order.
- Digit-by-digit comparison: Loop through each digit
and compare their integer values.
- Conversion from character to integer: Subtract
`'0'` from the character to get the numeric value.
- Handling equality: If all digits match, `operator<`
returns false.

---

Edge Cases and Robustness Considerations

Implementing the less than operator isn't merely
about the core comparison logic; it must also handle
various potential edge cases to ensure correctness
and robustness.

Leading Zeros



Challenge: Leading zeros can distort comparison
logic, making a number like "000123" appear smaller
than "123" if not handled properly.

Solution: Normalize the number by trimming leading
zeros during construction or comparison. For example:

```cpp
void normalize() {
while (digits.size() > 1 && digits[0] == '0') {
digits.erase(digits.begin());
}
}
```

Call `normalize()` in constructors and before
comparisons to maintain consistency.

Empty String Handling

Challenge: Ensure that an empty string isn't stored
or processed, which could cause undefined behavior.

Solution: During construction, validate input and set
the number to "0" if input is invalid or empty.

Sign Management

While the current discussion assumes non-negative
integers, real-world BigInt classes handle signed
numbers. If signs are introduced, comparisons must
consider the sign:

- Negative numbers are always less than positive
numbers.
- When both are negative, the comparison logic
reverses.

Performance Considerations



- For very large numbers, character-by-character
comparison is inherently linear, which is acceptable
for most applications but might be slow for extremely
large datasets.
- Optimization strategies include early exit when a
difference is found, as implemented.
- Caching the length and number of digits can improve
performance in repeated comparisons.

---

Advantages and Limitations of Character-Based
Storage for Comparison

Advantages

- Simplicity: Easy to implement and understand; no
need for complex parsing or conversion routines.
- Direct mapping: Digits stored as characters
directly correspond to their string representation,
making display and I/O straightforward.
- Flexibility: Easily handle numbers as strings,
useful in parsing from input streams.

Limitations

- Conversion overhead: Each comparison involves
subtracting `'0'` to convert characters to integers.
- Inefficiency in arithmetic: While comparison is
straightforward, arithmetic operations are more
complex and less efficient compared to numeric
storage.
- Potential for leading zeros: If not normalized,
leading zeros can cause incorrect comparison results.

---



Extending the Comparison Capabilities

Beyond `<`, it is essential to implement other
comparison operators like `<=`, `>`, `>=`, `==`, and
`!=` to facilitate comprehensive comparisons.

Example: Equal To Operator (`operator==`)

```cpp
bool BigInt::operator==(const BigInt& other) const {
// Normalize both numbers before comparison
// assuming normalization is handled during
construction
return this->digits == other.digits;
}
```

Example: Greater Than Operator (`operator>`)

```cpp
bool BigInt::operator>(const BigInt& other) const {
return other < this;
}
```

Combining Operators

Implementing `operator<=` and `operator>=` can
leverage existing operators:

```cpp
bool BigInt::operator<=(const BigInt& other) const {
return !(this > other);
}

bool BigInt::operator>=(const BigInt& other) const {
return !(this < other);
}



```

---

Conclusion: Balancing Simplicity and
Performance

The approach of storing digits as characters in a
BigInt class simplifies many aspects of handling
large numbers—parsing, display, and comparison—by
leveraging string operations and character
manipulations. Implementing the less than operator
within this framework is straightforward, relying on
length comparisons and character-by-character digit
evaluations.

However, this simplicity comes with trade-offs. While
comparison operations are relatively efficient, the
character-based storage system isn't optimal for
arithmetic operations, which would require more
complex conversions and handling. Nonetheless, for
applications where comparison and display are primary
concerns, and arithmetic isn't heavily used, this
design offers an elegant and accessible solution.

In summary, the key to an effective less than
operator in a character-based BigInt lies in thorough
normalization, careful handling of edge cases, and
efficient implementation of comparison logic. As with
any design choice, understanding its strengths and
limitations ensures that developers can tailor their
implementations to meet specific needs, balancing
clarity, correctness, and performance.

---

End of Article
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