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A. Identify a named self-adjusting algorithm:

I will be using a self-adjusting algorithm, specifically the nearest neighbor algorithm, to create my package delivery program. This algorithm is appropriate because it selects the next delivery location based on the shortest distance from the current location, minimizing total travel distance. 
B. Identify a self-adjusting data structure:
A hash table will be used as the primary data structure to store package data. Specifically, I implemented a chaining hash table from scratch in Python without relying on any built-in dictionary structures. The hash table is self-adjusting because it dynamically increases its capacity and redistributes the stored data as the number of packages grows, ensuring lookups stay efficient.

B1.Explanation of Data Structure:
The data structure I used in this program is a chaining hash table, which allows package data to be stored and retrieved efficiently while maintaining the relationship between all associated data components. Each package is stored using its unique package ID as the key, and the value consists of all relevant package details, such as address, delivery deadline, weight, status, and special notes. 
In a chaining hash table, each index or bucket can store multiple key-value pairs in a list, which means that if two package IDs map to the same index, both entries are stored in the same bucket without overwriting each other. This approach prevents data loss and ensures that all packages remain accessible even when collisions occur.
By grouping all attributes of a package under a single key, the hash table preserves the relationship between those data components. For example, when a package ID is used to look up a record, all associated information, such as its delivery status and address, is retrieved together. This design keeps the data organized, consistent, and easy to manage throughout the program.


C. The overview of my program:
1. Explain the algorithm’s logic using pseudocode:

Initialize all packages and trucks
Set start time for each truck
Delay Truck 2 departure until delayed packages arrive

FOR each truck:
    Assign packages based on constraints

FOR each truck:
    Set current location = hub

    WHILE truck still has undelivered packages:
        FOR each undelivered package on the truck:
            Calculate distance from current location to package address
            IF distance < nearest_distance:
                nearest_distance = distance
                nearest_package  = package

        Travel to nearest_package
        current_time = current_time + (nearest_distance / 18)
        Mark nearest_package as delivered
        Remove nearest_package from truck's delivery list
        Set current location = nearest_package address

    IF driver needs to return to hub:
        Return truck to hub

2. The programming environment:
The WGUPS Routing program will be developed using the following environment (my own personal laptop):

Hardware:
MacBook Pro M1 Pro chip
16G RAM

Software:
Operating System: macOS TAHOE 26.3.1 
Programming Language: Python 3.14
IDE: PyCharm (CE) 2025.3.3 


3. The space-time complexity:

hash_table.py

	Method
	Time-Space Complexity

	__init__
	O(n)

	insert
	O(1) 

	lookup
	O(1) 

	remove
	O(1) 

	get_all
	O(n)

	Total
	O(n)



package.py

	Method
	Time-Space Complexity

	__init__
	O(1)

	mark_en_route
	O(1)

	mark_delivered
	O(1)

	status_at
	O(1)

	Total
	O(1)



data_loader.py

	Method
	Time-Space Complexity

	__init__
	O(1)

	mark_en_route
	O(1)

	mark_delivered
	O(1)

	status_at
	O(1)

	Total
	O(1)





truck.py

	Method
	Time-Space Complexity

	__init__
	O(1)

	deliver_all
	O(n²)

	_distance
	O(m)

	print_route
	O(n)

	Total
	O(n²)



main.py

	Method
	Time-Space Complexity

	__init__
	O(1)

	deliver_all
	O(n²)

	_distance
	O(m)

	print_route
	O(n)

	Total
	O(n²)




Overall Program:
hash_table.py + package.py + data_loader.py + truck.py + main.py
= O(n) + O(1) + O(m²) + O(n²) + O(n²)
= O(n²)
The program's overall performance is dominated by the routing algorithm, resulting in a total time complexity of O(n²).
4. The capability of my solution:

My solution is very scalable and the hash table allows efficient storage and retrieval even as the number of packages increases. The hash table's self-adjusting resize behavior keeps insert and lookup at O(1) average case regardless of whether the system manages 40 packages or 4,000 [1]. 
However, the nearest neighbor algorithm has a time complexity of O(n²), meaning if the data sets grew exponentially the program would eventually begin to slow down, and different approaches would be needed such as, adding more trucks, partitioning delivery areas or even using a more optimized solution.

5. The software design efficiency:

The solution design is efficient and maintainable because I used a modular structure approach. Using classes makes easy to make changes in the code, improve readability, and separate concerns.
Functions are clearly defined for specific tasks such as loading data, calculating distances, and updating delivery status, which makes the program easier to debug, extend, and modify. Also, the use of a hash table ensures fast data access, contributing to overall efficiency. 
Using a hash table allows the program to access package data very quickly, with most lookups happening in constant time (O(1)), which helps keep the overall runtime efficient. The distance matrix is also loaded once at the start of the program, so when distances are needed during routing, they can be retrieved instantly through simple index lookups instead of repeatedly reading from a file.


6. The strengths and weaknesses of the self-adjusting data structure:

The hash tables provide several advantages that make them well suited for the solution I provided. Hash tables are easy to implement, as they allow for fast insertion, deletion, and lookup operations with an average time complexity of O(1). Hash tables also organize data efficiently using key-value pairs, making it easy to associate each package with its corresponding attributes, such as address, deadline, and delivery status. Another advantage is their ability to handle collisions through techniques such as chaining, ensuring that multiple packages can still be stored even if they map to the same index [2].

Hash tables also have limitations. When many collisions occur, performance can degrade from O(1) to O(n), which may slow down data retrieval. Hash tables also require additional memory to maintain their internal structure, including unused buckets, which can reduce space efficiency [3]. 

7. Justification:

The package ID is the most appropriate choice for a key in this program because it uniquely identifies each package and ensures efficient data management as other attributes such as delivery address, city, status, or deadline can lead to ambiguity and inefficient data retrieval.
Using the package ID as the key ensures that all related components, such as delivery status, address and delivery time, are grouped together and be quickly retrieved. This improves both accuracy and efficiency of the delivery system as each package can be accessed without searching through other records. As a result, the package ID provides a reliable and scalable solution for organizing and managing package data within the hash table.
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