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Creating efficient algorithms to manipulate arrays is fundamental in Java
programming, especially for tasks involving data reordering. One common
scenario is transforming an array such that all positive integers are moved
to the end while maintaining the order of non-positive elements or vice
versa. This article provides a comprehensive guide on how to implement such a
program in Java, covering various approaches, their advantages, and best
practices. Whether you're a beginner or an experienced developer,
understanding this problem enhances your problem-solving toolkit for array
manipulation and improves your Java coding skills.

---

Understanding the Problem Statement

Before diving into solution strategies, it’s essential to clearly understand
the problem:

- Input: An array of integers, for example: [4, -1, 0, 3, -2, 5, -7]
- Output: The array with all positive elements moved to the end, for example:
[-1, 0, -2, -7, 4, 3, 5]

Depending on the specific requirement, the order of the non-positive elements
may or may not be preserved. Clarifying this is vital because it impacts the
choice of algorithm.

Clarifications:
- Do we need to preserve the order of non-positive elements?
- Should the relative order of positive elements be maintained?
- Are zeroes considered positive or non-positive? (Typically, zero is neither
positive nor negative, but for this problem, it can be treated as non-
positive or positive based on definition)

In most contexts, zero is considered neither positive nor negative, so for
the purpose of this problem, it can be treated as non-positive, but the
implementation can be adjusted accordingly.

---



Approaches to Moving All Positive Elements to
the End in Java

There are multiple ways to solve this problem, each with its own trade-offs
regarding time complexity, space complexity, and whether order is preserved.
Here, we explore the most common approaches:

1. Using a Two-Pass Method with Auxiliary Arrays
2. In-Place Partitioning Using Two Pointers
3. Single-Pass In-Place Reordering with Swapping
4. Using Java Streams (Functional Approach)

---

Approach 1: Using a Two-Pass Method with
Auxiliary Arrays

This method involves creating two separate arrays or lists:

- One for non-positive elements
- One for positive elements

After processing, concatenate these two lists to form the final array.

Implementation Steps:

1. Initialize two lists: `nonPositiveList` and `positiveList`.
2. Iterate over the original array:
- If the element is non-positive (`<= 0`), add it to `nonPositiveList`.
- Else, add it to `positiveList`.
3. Combine the two lists, with non-positive elements first, followed by
positive elements.
4. Convert the combined list back to an array if needed.

Example Code:

```java
public static int[] movePositivesToEnd(int[] arr) {
List nonPositiveList = new ArrayList<>();
List positiveList = new ArrayList<>();

for (int num : arr) {
if (num <= 0) {
nonPositiveList.add(num);
} else {
positiveList.add(num);



}
}

int[] result = new int[arr.length];
int index = 0;

for (int num : nonPositiveList) {
result[index++] = num;
}
for (int num : positiveList) {
result[index++] = num;
}

return result;
}
```

Pros:
- Simple to understand and implement.
- Preserves the relative order within each group.

Cons:
- Uses additional space proportional to the input size (`O(N)`).
- Slightly less efficient due to extra list creation.

---

Approach 2: In-Place Partitioning Using Two
Pointers

This approach aims to rearrange the array without extra space, ideal for
large data sets where memory efficiency is critical.

Concept:
- Use two pointers:
- `left` starting at the beginning
- `right` starting at the end
- Move `left` forward until a positive element is found.
- Move `right` backward until a non-positive element is found.
- Swap these two elements when applicable.
- Continue until `left` and `right` cross.

This method moves positive elements to the start; to move them to the end,
adapt the logic accordingly.

Implementation Steps:

1. Initialize two indices:



- `start` at 0
- `end` at `arr.length - 1`
2. Loop until `start` >= `end`:
- If `arr[start]` is positive and `arr[end]` is non-positive, swap them.
- Increment `start` if element is non-positive.
- Decrement `end` if element is positive.
3. The array will be partitioned with non-positives at the start and
positives at the end.

Example Code (Moving positives to the end):

```java
public static void movePositivesToEndInPlace(int[] arr) {
int start = 0;
int end = arr.length - 1;

while (start < end) {
if (arr[start] > 0 && arr[end] <= 0) {
// Swap
int temp = arr[start];
arr[start] = arr[end];
arr[end] = temp;
start++;
end--;
} else {
if (arr[start] <= 0) {
start++;
}
if (arr[end] > 0) {
end--;
}
}
}
}
```

Pros:
- No extra space required (`O(1)` space complexity).
- Efficient for large arrays.

Cons:
- Does not preserve original order.
- Slightly complex logic.

---

Approach 3: Single-Pass In-Place Reordering



with Swapping

This method is similar to the partition process in QuickSort. It involves
maintaining a pointer for the position where the next non-positive element
should be placed.

Implementation Steps:

1. Initialize a pointer `j` at 0.
2. Iterate through the array with index `i`.
3. For each element:
- If the element is non-positive (`<= 0`), swap it with the element at `j`,
then increment `j`.
4. After traversal, all non-positive elements will be at the start, and
positives at the end.

To move all positives to the end, you can invert this logic or adapt the
swapping condition.

Example Code (Moving positives to the end):

```java
public static void movePositivesToEndSinglePass(int[] arr) {
int j = 0; // Position for non-positive
for (int i = 0; i < arr.length; i++) {
if (arr[i] <= 0) {
// Swap arr[i] with arr[j]
int temp = arr[i];
arr[i] = arr[j];
arr[j] = temp;
j++;
}
}
}
```

In this case, after execution, all non-positive elements are at the start,
positives at the end. To place positives at the end, you could modify the
condition to swap when `arr[i] > 0`.

Pros:
- Simple and efficient.
- Maintains the order of non-positive elements if needed.

Cons:
- Does not preserve the order of positive elements.

---



Approach 4: Using Java Streams (Functional
Style)

For modern Java (Java 8+), streams provide a clean, functional way to
manipulate arrays.

Implementation:

```java
public static int[] movePositivesToEndUsingStreams(int[] arr) {
int[] nonPositive = Arrays.stream(arr)
.filter(x -> x <= 0)
.toArray();
int[] positives = Arrays.stream(arr)
.filter(x -> x > 0)
.toArray();
int[] result = new int[arr.length];
System.arraycopy(nonPositive, 0, result, 0, nonPositive.length);
System.arraycopy(positives, 0, result, nonPositive.length, positives.length);
return result;
}
```

Pros:
- Very concise and readable.
- Preserves the order of elements within groups.

Cons:
- Less efficient for large arrays due to multiple passes.
- Uses extra memory proportional to input size.

---

Choosing the Right Approach

The optimal approach depends on specific requirements:

| Criteria | Approach 1 | Approach 2 | Approach 3 | Approach 4 |
| ----------- | ----------- | ----------- | ----------- | ----------- |
| Preserves order | Yes | No | No | Yes (for non-positive) |
| Space complexity | O(N) | O(1) | O(1) | O(N) |
| Time complexity | O(N) | O(N) | O(N) | O(N) |
| Implementation complexity | Simple | Moderate | Simple | Very simple |

Summary:
- Use Approach 1 if order matters and extra space is acceptable.
- Use Approach 2 or 3 for in-place, memory-efficient solutions where order is



not critical.
- Use Approach 4 for concise, functional programming style, suitable for
small datasets

Frequently Asked Questions

How can I implement a Java program that moves all
positive integers to the end of an array?
You can iterate through the array, and whenever you encounter a positive
number, swap it with an element from the end of the array, or build a new
array with non-positive and positive numbers separately, then concatenate
them.

What is the most efficient approach to place all
positive elements at the end of an array in Java?
Using the two-pointer technique, initialize one pointer at the start and
another at the end, swapping positive elements from the front to the back,
which results in an in-place solution with O(n) time complexity.

Can I do this in-place without using extra space in
Java?
Yes, by using a two-pointer approach, you can rearrange the array in-place
without additional space, swapping positive elements towards the end as you
traverse the array.

How do I handle zero or negative numbers while
moving positives to the end?
Treat zero and negative numbers as non-positive. During traversal, only swap
or move positive numbers to the end, leaving zeros and negatives at the front
or in their original positions.

Is it necessary to preserve the original order of
non-positive elements when moving positives to the
end?
No, unless specified, the general approach does not preserve the original
order. If order preservation is required, a different method like
partitioning with extra space is needed.



Can I use Java Streams to solve this problem?
Yes, you can use Java Streams to filter and collect the non-positive and
positive elements into separate lists, then combine them to form the desired
array, but this uses extra space.

What is the time complexity of the in-place solution
for this problem?
The in-place two-pointer approach typically has a time complexity of O(n), as
it processes each element once.

How do I test my Java program to ensure all
positives are at the end?
Create test cases with mixed positive and non-positive integers, run the
program, and verify that all positive numbers appear after all non-positive
numbers in the resulting array.

Can this approach handle large arrays efficiently?
Yes, the in-place two-pointer method is efficient for large arrays, as it
operates in linear time and constant space, making it suitable for large
datasets.

What are some common pitfalls to avoid when
implementing this in Java?
Common pitfalls include not updating pointers correctly, modifying the array
during iteration improperly, and not handling edge cases like empty arrays or
arrays with all positive or all negative numbers.

Additional Resources
Java Program Implementation for Moving All Positive Elements to the End of an
Array

In the realm of software development, array manipulation remains a
foundational concept, often serving as the backbone for more complex
algorithms. Among various array operations, rearranging elements based on
specific conditions frequently appears in coding challenges, interviews, and
practical applications like data sorting, filtering, and preprocessing. One
such task involves repositioning all positive integers in an array to the
end, while maintaining the order of non-positive elements or vice versa.

This article provides an in-depth guide to implementing a robust Java program
that accomplishes this task efficiently. Whether you're a novice programmer



aiming to understand array manipulation techniques or an experienced
developer seeking a reference implementation, this comprehensive review will
equip you with the necessary insights and best practices.

---

Understanding the Problem Statement

Before diving into the implementation, it’s essential to clarify the core
requirements and constraints:

- Input: An array of integers containing both positive and non-positive
numbers (zero and negatives).
- Output: The same array, but with all positive numbers moved to the end.
- Order Preservation: The order of non-positive elements should be maintained
unless explicitly stated otherwise.
- In-place Operation: The algorithm should modify the original array without
requiring additional space proportional to the array size, if possible.
- Efficiency: The solution should aim for optimal time complexity, ideally
O(n), where n is the size of the array.

---

Key Concepts and Approaches

Implementing this functionality involves understanding various array
manipulation strategies. Below are some common approaches, their merits, and
potential trade-offs:

2.1 Naive Approach: Using Extra Space

Method:

- Create a new array.
- Copy all non-positive elements first.
- Append all positive elements afterward.

Pros:

- Simple to implement.
- Maintains relative order of elements easily.

Cons:

- Additional space proportional to the array size (O(n)).
- Not in-place, which might be a constraint in memory-critical scenarios.



2.2 Two-Pass In-Place Approach

Method:

- Traverse the array, swapping or moving non-positive elements forward.
- After the first pass, all non-positive elements are at the beginning.
- Then, move positive elements to the end.

Pros:

- In-place operation.
- Efficient with linear time complexity.

Cons:

- Slightly more complex logic.
- Might require careful handling to preserve order if needed.

2.3 Two-Pointer Technique

Method:

- Use two pointers: one starting from the beginning (`left`), and the other
from the end (`right`).
- Swap positive elements found at the `left` pointer with non-positive
elements at the `right`.
- Move pointers inward until they meet.

Pros:

- Very efficient, with O(n) time complexity.
- In-place and minimal extra space.

Cons:

- May not preserve original order unless additional logic is incorporated.
- Slightly complex to implement accurately.

---

Designing the Java Program

The goal is to create a program that efficiently moves all positive integers
to the array's end in-place, ideally preserving the order of non-positive
elements. We'll explore a solution based on the two-pass in-place approach
that balances simplicity and performance.

2.1 Program Overview



- Input: Integer array.
- Process: Traverse the array, reposition non-positive elements at the start,
and then move positive elements to the end.
- Output: The modified array with positives at the end.

2.2 Implementation Strategy

1. First pass: Iterate through the array, moving all non-positive elements to
the front while maintaining their order.
2. Second pass: Starting from the position after the last non-positive
element, ensure all positive elements are grouped at the end.

This method ensures order preservation and minimal additional space.

---

Implementing the Java Program

Below is a detailed, step-by-step Java implementation with explanations.

```java
public class MovePositivesToEnd {

/
Moves all positive elements in the array to the end while maintaining the
order of non-positive elements.
This method modifies the array in-place.

@param arr The input array of integers
/
public static void movePositivesToEnd(int[] arr) {
if (arr == null || arr.length == 0) {
// Handle null or empty array
return;
}

int n = arr.length;
int index = 0;

// First pass: move all non-positive elements to the front
for (int i = 0; i < n; i++) {
if (arr[i] <= 0) {
// Swap only if current element is not already at the 'index' position
if (i != index) {
swap(arr, i, index);
}
index++;
}
}



// Now, all non-positive elements are at the start
// The positive elements are from 'index' to 'n - 1'
// The array is now partitioned; positive elements are at the end
}

/
Utility method to swap elements at two indices in the array.

@param arr The array
@param i First index
@param j Second index
/
private static void swap(int[] arr, int i, int j) {
int temp = arr[i];
arr[i] = arr[j];
arr[j] = temp;
}

/
Utility method to print the array.

@param arr The array to print
/
public static void printArray(int[] arr) {
System.out.print("[");
for (int i = 0; i < arr.length; i++) {
System.out.print(arr[i]);
if (i != arr.length - 1) {
System.out.print(", ");
}
}
System.out.println("]");
}

// Main method for demonstration
public static void main(String[] args) {
int[] array = {3, -1, 0, 5, -2, 8, -7, 2};
System.out.println("Original array:");
printArray(array);

movePositivesToEnd(array);

System.out.println("Array after moving positives to the end:");
printArray(array);
}
}
```

---



Detailed Explanation of the Implementation

2.1 The `movePositivesToEnd` Method

This method performs the core operation:

- It initializes an `index` to zero, indicating the position where the next
non-positive element should be placed.
- It iterates through the array:
- When it encounters a non-positive element (`arr[i] <= 0`), it swaps it with
the element at `index`, if they are not already the same.
- It then increments `index` to move to the next position.
- This process ensures all non-positive elements are moved to the front in
their original relative order.

2.2 Preservation of Order

Because the method only swaps when a non-positive element is found out of
place (i.e., at a position beyond `index`), the relative order of non-
positive elements is maintained. Positive elements naturally move towards the
end as they are swapped with non-positive elements.

2.3 Time and Space Complexity

- Time Complexity: O(n), where n is the size of the array, since the array is
traversed only once.
- Space Complexity: O(1), as the operation is performed in-place with only a
few auxiliary variables.

---

Extending the Solution: Handling Different
Requirements

While the above implementation maintains the order of non-positive elements,
some scenarios might require:

- Order Preservation of Positive Elements: If required, a more complex
approach involving auxiliary lists or arrays is necessary.
- Moving All Positive Elements to the Front: The logic can be inverted
accordingly.
- Custom Sorting: For more sophisticated arrangements, combining this
approach with sorting algorithms might be necessary.

---



Practical Applications and Use Cases

This array manipulation technique isn't merely academic; it has real-world
applications:

- Data Preprocessing: Moving certain categories of data (e.g., positive
values) to a specific section for targeted processing.
- Filtering and Sorting: Efficiently partitioning data for quick access or
further sorting.
- Game Development: Managing game elements with specific properties, such as
active/inactive status.
- Financial Data Analysis: Segregating profit (positive) and loss (non-
positive) figures for separate analysis.

---

Conclusion

Efficiently moving all positive elements to the end of an array in Java is a
common yet critical programming task that exemplifies array manipulation, in-
place operations, and algorithmic thinking. The approach outlined combines
simplicity, efficiency, and minimal auxiliary space, making it suitable for
large datasets and performance-critical applications.

By understanding the underlying principles—such as the two-pass approach and
in-place swapping—you can adapt and extend this method for various array
rearrangement problems. Mastery of such techniques enhances your problem-
solving arsenal and prepares you for coding challenges, technical interviews,
and practical software development tasks.

Whether you’re developing a data processing pipeline, optimizing algorithms,
or just want to sharpen your array manipulation skills, implementing these
strategies will undoubtedly add to your coding proficiency.

---

Happy coding!
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