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Question 1 (10 points)

Algorithm 1 is the pseudo-code for the forward pass of a 1-D convolution neural network
(CNN) layer with a kernel size of k, stride of 1, dilation rate of 1, and no bias term. Denote
the input features as X € ROn*L, the output features as ¥ € RCux(I=k+1)  Aggume that
k << L, express the worst-case runtime of this function in big-© notation as a function of

C’in: th,k,L.

Algorithm 1 1D Convolution
Input: X € RCinxL
Parameters: W € RCeutXCinxk
Output: Y € RCutx(L-k+1)
fori=0to Cy,; —1do

for j=0to L —k do
sum_val « 0
forc=0to C;, —1do
form=0tok—-1do
sum_val < sum_val + X[c,j + m] x W[i,c,m]
end for
end for
Yz, 7] < sum_val
end for
end for
return Y

Question 2 (10 points)

We construct an undirected graph G with |V| vertices as follows. For each pair of vertices
u, v, we randomly decide whether (u,v) will be included in E, which is the set of edges, with
a chance of 50%. We repeat this process for all possible pairs of vertices (including the case
when u == v). Express the expected value of edges in terms of |V|.
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Question 3 (10 points)

The pseudo-code of the Rabin-Karp algorithm is shown in Algorithm 2. Assume that P = 12
and r = 10, i.e., we use the radix-10 system to represent a string that consists of only digits
(0,1,2,...,9), and ¢ = 11. Find a T with exactly 8 digits such that spurious hit occurs for
all Tji..i + 1], where 0 < i < length(T') — 1.

Algorithm 2 The Rabin-Karp algorithm
Input: Text T, Pattern P, Radix d, Prime ¢
Output: All indices where P occurs in T’

n + length(T); m « length(P)
h—d™ ! modgq
pe—0;t+0
fori=0tom—1do

p ¢« (d-p+ P[i]) mod ¢

t < (d-t+T[i]) mod g

end for
for s=0ton—mdo
if p =1t then

if P0...m—1]=T[s...s+m —1] then
print “Pattern occurs at shift” s
else
print “Spurious hit at shift” s
end if
end if
if s <n—m then
t < (d(t — T[s]- h) 4+ T[s +m]) mod ¢
end if
end for

Question 4 (10 points)

Priority queue stores a set of n elements with their respective keys. Using a max-heap, we
can achieve a worst-case time complexity of O(logn) for MAX-HEAP-INSERT (insert an
element into the priority queue) and HEAP-EXTRACT-MAX (remove the element with the
largest key from the priority queue) operation. Show how to build a modified version of
priority queue that supports MAX-HEAP-INSERT and a new function, HEAP-EXTRACT-
FIRST-QUARTILE, which returns the [n/4]-th largest element, where n is the current
number of elements in the priority queue. Both functions should have a worst-case runtime
of O(logn).
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Question 5 (10 points)

The idea of tree sort is to first build a binary search tree (BST) and then perform in-order
traversal, which naturally prints nodes in non-decreasing order. The pseudo-code of tree sort
is shown in Algorithm 3. Assume that we implement tree sort using an unbalanced BST
(with no self-balanced mechanism). Express the best-case and worst-case runtime of the
algorithm in big-© notation and justify your answer by providing one example for best-case
and one for worst-case.

Algorithm 3 The tree sort algorithm.
Input: Array A of size n
Target: Sorted elements printed in order
root < Node(A[1])
fori=2tondo
root + INSERT_NODE(root, A[é])
end for
procedure INORDER(node)
if node # NULL then
INORDER((node.left)
print node.val
INORDER(node.right)
end if
end procedure
INORDER(root)

Question 6 (10 points)

Let f(n) and g(n) be asymptotically positive functions. Which of the following conjecture(s)
is(are) true? This is a multiple-choice question, and you’ll earn the point once your answer
is exactly correct.

(A) f(n) = O(g(n)) implies g(r) = Q(f(n)).
(B) f(n) = O(g(n)) implies 2/™ = O(29M).
() f(n)+o(f(n)) = O(f(n)).

(D) f(n) = O(f(n/2)).

(E) f(n) = O(((n)?)-



TERGRAZ NS EFERALHR A2 HRA

Question 7 (10 points)

Let R(,7) be the number of times that table entry mli, 5] is referenced while computing
other table entries in a call of MATRIX-CHAIN-ORDER (see Figure 1). Please calculate
the total number of references for the entire table. In other words, what is the value of
Y1 2= R(3,7) in terms of n?

MATRIX-CHAIN-ORDER(p, nn)

1 letm[l:n,1:n]and s[1:n— 1,2:n] be new tables

2 fori =1ton

3 mli,i] =0

4 for/ =2ton

5 fori =1ton—-1+1

6 j=i+l-1

7 mli, j] = o0

8 fork =itoj—1

9 q = m[l’k] +mik + 1, jl1+ Pi-1PePj

10 ifg <mli, j]

11 mli, j] = ¢

12 s[i,j] =k

13 return m and s

Figure 1: Pseudocode of Matrix-Chain-Order.

Question 8 (10 points)

The edges can be classified into four types: tree, back, forward, and cross edges after per-
forming a depth-first search. While depth-first search is applied to the graph in Figure 2
(choose node 0 as source), how many tree edges and back edges are present in this graph?
Please traverse the graph in ascending order.
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Figure 2: A directed graph for use in Question 8.

Question 9 (10 points)

Apply the Floyd-Warshall algorithm to the graph shown in Figure 3 and update the shortest
path distances table until such an algorithm is terminated. Please use the same format as

in Table 1 on the answer sheet.

Figure 3: An undirected graph for use in Question 9.



A

i

G g AR 115 % &£ B AE 3148 4 & 3

—e a6 oo
g 88388 o
g8 8B BT
888 =8 3|°
g8 =88 3|~
o8 8 8 3|»
28882

oo 0

Table 1: Initial state of all-pairs shortest paths for the example presented in Figure 3.

Question 10 (10 points)

Huffman code is an efficient algorithm for lossless data compression that assigns variable-
length binary codes to symbols based on their frequency, giving shorter codes to frequent
symbols and longer codes to rare ones, thus minimizing overall file size.

The results of the 2025 Taiwan Annual Representative Character Election have been an-
nounced. The word “recall” was elected with a high vote of 15,084, becoming the most
representative character of the year and reflecting the strong shock caused by the mass re-
call issue in society. Let’s examine the different forms of this important word. What is an
optimal Huffman code for the following context?

MMMMMMAAAASSSSSRRRRRRRRREECCCCCCCCL
Note that lower frequencies are always on the left leaf of the binary tree and encoded as 0.
1. What is the Huffman code for the character A and S7

(A) A:011, S:100

(B) A:001, S:110

(C) A:101, S:010

(D) A:001, S :101

2. What is the plain text that decodes the “101101001001010010000” according to the

Huffman code?

(A) RSRCACAL

(B) MASSRACE

(C) SMALLREC

(D) LLEACASE



