CS311 DSA Homework 2

Your Name: ____________________    Univ. ID: ____________________
Instructions
Answer all five questions. Total: 100 points. Show traces and reasoning. For programming tasks, submit commented C++ functions or classes. A main function is not required.
Assume constant-time arithmetic, pointer updates and individual node allocation. Report auxiliary space separately from input nodes and include recursion-stack space.
Write answers below and add pages for code and explanations as needed. Follow current course announcements for the deadline and submission method.
1. List operations and implementation costs (20 points)
Use the notation <left | right>: the current element is the first item to the right of the bar. insert(x) inserts immediately after the bar without moving it; remove() deletes and returns that item. append(x) adds at the end without moving the bar. next() and prev() move the bar one position right or left. moveToEnd() puts it after the last item.
(a) [8 points] Starting from <7 | 14, 21, 28>, execute the following operations in order. Show the list and bar after every operation, and give the values of r and v.
insert(10); next(); r = remove(); append(35);
moveToEnd(); prev(); v = getValue();
(b) [12 points] Compare the tight worst-case time bounds for insert at the current position, prev, and access by a supplied index in (i) an array list with spare capacity and (ii) a singly linked list with a dummy head, tail and current predecessor pointer. Use n for the list length. The current position is already known for insert and prev; indexed access starts from the head. Explain the differences.
Answer



2. Postfix evaluation with a stack (20 points)
Tokens are separated by spaces. Each operator is binary. The top of a stack is shown on the right. For an operator, pop the right operand first, then the left operand.
(a) [5 points] Evaluate 12 3 1 + / 5 2 - *. Show the stack after every token. The division in this expression is exact.
(b) [5 points] Evaluate 9 4 - 2 * 6 +, again showing the stack after every token.
(c) [10 points] Explain why 8 + and 8 2 are invalid complete postfix expressions. State the two stack-size checks needed for a valid expression.
Answer



3. Merging two sorted linked lists (20 points)
Write two commented C++ functions, mergeIter and mergeRec, that merge lists sorted in nondecreasing order. One must be iterative and the other recursive. The input lists are acyclic, share no nodes, and may be empty. Relink existing nodes; do not allocate new data nodes. Preserve duplicates and prefer the first list when values are equal.
struct Node {
    int value;
    Node* next;
    explicit Node(int v, Node* p = nullptr)
        : value(v), next(p) {}
};
(a) [5 points] Implement mergeIter(Node* a, Node* b). A local dummy node is allowed.
(b) [5 points] Implement mergeRec(Node* a, Node* b).
[bookmark: OLE_LINK15][bookmark: OLE_LINK16](c) [10 points] Give the merged values for A = [2, 5, 5, 11] and B = [1, 5, 8, 12]. Give worst-case time bounds for both methods, for lengths m and n. 
Answer



4. Merging several sorted lists (20 points)
Write commented C++ code to merge k sorted singly linked lists containing N nodes in total. Use balanced divide and conquer with the iterative two-list merge from Question 3; do not use a heap or copy values into an array for sorting. Input lists satisfy the same disjointness and ordering assumptions as Question 3, and individual lists may be empty.
(a) [10 points] Implement Node* mergeK(std::vector<Node*>& lists). Handle k = 0 and k = 1. Relink the original nodes.
(b) [5 points] Show the intermediate lists in each merge round for [[0, 6, 10], [1, 6], [2, 9], []], and give the final list.
(c) [5 points] Analyze worst-case time in terms of N and k. 
Answer



5. Palindrome checking with different ADTs (20 points)
A palindrome reads the same forwards and backwards. Treat every character literally: case, spaces and punctuation matter. The empty string and any one-character string are palindromes.
(a) [5 points] Implement bool palindromeList(const std::string& text) using a doubly linked list of characters. Compare and remove the two end characters until a decision is possible. You may use std::list<char>.
(b) [5 points] Implement bool palindromeSQ(const std::string& text) using both std::stack<char> and std::queue<char>. Use their ADT operations; do not index the string during comparison.
(c) [10 points] Give the results for "", "x", "level", "noon", "lever" and "Level". Explain why both methods handle odd and even lengths.
Answer






