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1. Which of the following best describes the characteristics of packet switching?
A A dedicated connection must be established before data transmission

B. All packets follow the same transmission path

C. Bach packet can be routed independently

. No routers are required in the network

7 Which of the following protocols is NOT an application-layer protocol?
A HITP

B. ARP

C. SMTP

D. DNS

3. During the TCP three-way handshake, which of the following statements is correct?
A. The second packet has both the SYN and ACK flags set

B. The client acknowledges the server’s sequence number in the first packet

C. The primary purpose of the three-way handshake is flow control

D. UDP uses the same handshake procedure

4 Which of the following is NOT a necessary condition for a deadlock to occur?
A, Mutual exclusion

B. Hold and wait

C. With preemption

D. Circular wait

5. In a virtual memory system, when a page fault occurs, which of the following actions is NOT
necessarily performed?

A. Loading the page into main memory

B. Updating the page table

C. Triggering an operating system interrupt

D, Performing page replacement

6. Which of the following best describes pass-by-reference?
A. Passing the value of a variable

B. Passing the address of a variable

C. Passing the data type of a variable

D. Passing a copy of a variable

7. Which of the following systems is most suitable for using a NoSQL database rather than a relational
database?

A. Core banking transaction systems

B. Social media user activity data

C. Payroll management systems

D, Accounting general ledger systems

8. Which of the following scenarios is most suitable for using multithreading rather than

multiprocessing?
A. Tasks that frequently share data and require fast context switching
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B. Tasks that require strong isolation and high security
C. Tasks that require parallel computation across multiple machines
D. Systems that must avoid any synchronization mechanisrs

8. Which of the following statements most accurately describes Big-O notation in time complexity
analygis?

A. Big-O describes the average-case running time for all inputs

B. Big-O provides the exact upper bound of actual execution time

C. Big-O applies only to recursive algorithms

D. Big-O ignores constants and lower-order terms to describe the asymptotic upper bound

10. In object-oriented programming, which of the following statements about polymorphism is most
accurate?

A. Polymorphism occurs only at compile time and is unrelated to runtime behavior

B. Polymorphism allows the actual method to be determined at runtime

C. Polymorphism is equivalent to method overloading

D. The purpose of polymorphism is to improve program execution performance

Question Group 1 (15%. each 5%)

Consider the following C program fragment, and answer question 11 to 13. Some parts are intentionally
omitted.

int* process{int n) {
int *arr = (int*) malloc(n * sizeof(int));
1f (arr == NULL) return NULL:

for (int 1 =0; 1 < n; i++) {
arrii] ioF 2,

}

// Missing statement A: ensure arr can store one extra int

arrfn] = -1:
return arr;

}

int main{) {
int *p = process(5s);

// Missing statement B
printf("%d\n", *p);

Tree(p);
return 9;

11. Which option is the best completion for statement A to ensure correctness and avoid unnecessary
overhead?
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int *tmp = (int*)realloc{arr, (n + 1y * sizeof(int));
if (tmp == NULL) { free(arr); return NULL; 3}

arr = tmp;
B.
[arr = (int*)realloc(arr, (n + 1) * sizeof(int));
C.
int *tmp = (int*ymalloc((n + 1) * sizeof (int));
for (int 1 = 0; 1 < n; 1++) tmplil = arr[1];
arr = tmp;
D,
[arr = (int*)realloc(arr, (n + 1) * sizeof (int*)); |

12. Assume the programmer chose the best answer for statement A. Which memory-related issue can still
occur in the full program?
A. The program has a use-after-free because Free(p) is executed before printf
B. The program will always double-free because process () frees arr and main() frees it again
C. If memory allocation fails, main () may dereference a NULL pointer in printf("%d\n", *p);
D. The statement arr[n] = -1; always causes a buffer overflow because arr has length n

13. Suppose Missing statement B is completed as below, what value will be printed?

p=p+ 1L
p = *(p *+3);
A0
B. 2
C. 8
D. -1

Question Group 2 (20%, each 5%)
Consider the following diagram shows an Agentic Large Language Model (LLM) System, and answer

guestion 14 to 17.
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Agentic LLM System -

Which neural network architecture is most commonly used for text generation in modern LI.Ms?
A. Generative Adversarial Network

B. Long Short-Term Memory Recurrent Neural Network

C. Variational Autoencoder

D. Decoder-only Transformer

A user asks an agentic LILM.: "Find the current stock price of TSMC and calculate how much 100

shares would cost in USD and TWD." Assume the system has access to a stock APT and a currency

conversion APL. Which behavior correctly follows the agentic workflow?

A. Call stock APT — Call currency API — Calculate both values in parallel — Return results

B. Tdentify two sub-tasks — Call stock API — Evaluate result — Plan currency conversion — Call
currency API— Calculate -— Verify — Return results

C. Call stock APT and currency API simultaneously — Combine results — Return answer

D. Retrieve stock price and exchange rate from memory —> Calculate — Verify with tools — Return

resultss

Which of the following techniques is generally NOT intended to reduce hallucination in an agentic AT
system?

A. Increasing sampling temperature

B. Retrieval-Augmented Generation (RAG)
C. Tool-based verification

D. Self-reflection or consistency checking
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17 Which of the following is NOT commonly encountered as an attack in an agentic LLM system?

A. Prompt injection

B. Model inversion

C. Membership inference

D. Least-privilege tool access control

Question Group 3 (15%, each 5%)
Consider the output of a student’s |

Wé command below, and answer question 18 to 20.

[Pvd Address . . . . . . . . . . : 192.168.1.23
subnet Mask . . . . . . . . . . : [hidden]
Default Gateway . . . . . . . . 192.168.1.1

18. Which operating system is most likely being used?
A. FreeBSD
B. Windows (PowerShell/Command Prompt)
C. Ubuntu
D. macOS

19. Assuming a typical home or campus LAN configuration, what is the most likely subnet mask?

A. 255.0.0.0

B. 255.255.0.0

C. 255.255255.0
D, 255.255.255.255

20. Which device is responsible for assigning the IP address shown above?
A. Tnternet Service Provider (ISP)
B. DNS Server
C. DHCP Server
D. Network Interface Card (NIC)
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Multiple Choice Questions
1. To implement Dijkstra’s shortest path algorithm on unweighted graphs, which of the following
data structures is used? (3%)
A. Tree
B. Heap
C. Stack
D. Queue
E. None of the above
2. Which of the following points is/are not true about the Linked List data structure when compared
with an array? (3%) ' ‘
A. Access to elements in a linked list takes less time than to arrays
B. Random access is not allowed in a typical implementation of Linked Lists
C. Arrays have better cache locality, which can make them better in terms of performance
D. It is easy to insert and delete elements in a linked list
E. All are true
3. A'strictly binary tree” is a binary tree in which every node that is not a leaf has two children.
Suppose that for a class of strictly binary trees there exists ¢ > 0 such that, for any tree in the
class, the ratio of the lengths of any two root-to-leaf paths is bounded above by ¢. Which of the
following best characterizes the height /4 of any tree in this class, where N is the number of nodes
in the tree and N> 1 ? (3%)
A h = loga(N)
B. A< ¢ loga(N)
C. h=1/c log2(N)
D. k> ¢ loga(N)
E. h = log:(eN)
4. Which of the following problems can be solved by a standard greedy algorithm? (3%)
L. Finding a minimum spanning tree in an undirected graph with positive-integer edge weights
II. Finding a maximum clique in an undirected graph
III. Finding a maximum flow from a source node to a sink node in a directed graph with positive-
integer edge capacities
A.Tonly
B. Il only
C. III only
D. T and II only
E. I, 11, and III
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5. Let T'be a depth-first search tree of a connected undirected graph G. For each vertex v of 7,
assume pre(v) is the number of nodes visited up to and including v during a preorder traversal of
T, and post(v) is the number of nodes visited up to and including v during a postorder traversal of
7. The lowest common ancestor of vertices # and v in T is a vertex w such that w is an ancestor of
both u and v, and no child of w is an ancestor of both u and v. Let (u, v) be an edge in G that is not
in 7, such that pre(u) < pre(v). Which of the following statements must be true? (3%)

I. 2 is an ancestor of vin 7.
IL. post(u) < post(v)
IIT. If w is the lowest common ancestor of # and v in 7, then w = u.

A.Tonly
B. Il only
C. IIT only
D.land Il
E.Iand IIT

6. Consider the recursive, nested representation of a binary tree: T = (O L R) indicates a binary tree
T with the root node O, the left sub-tree L and the right sub-tree R. Which of the following

represents a valid binary tree? (3%)

A.(1234567)
B. (1 (23 null) (4 5))
C.ARHESETD)
D.(1234(56)7T)
E.(1234)(567)

7. Evaluate the following prefix expression: * - *+73+91%5+28 3 (3%)

A. 105
B. 150
D. 510
C. 501
E. None of the above
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8. Consider the following code for finding the minimum value of an array. (3%)
var
i.J ! integer ;

a : array[1..N] of real
begin
Jr=1;
fori:=2toNdo
if a[i] < a[ /] then
Ji=1i
end

Which of the following is (are) true each time the condition of the if-then statement is tested?

. 25iEN
IL. afj] = afk] forallk suchthat ] Sk = 1.
III. afj] = afk] for all k such that2 S k S 1.

A.Tonly

B. T only
C.Tand IT only
D. I and III only
E. All are true.

9. Support a stack is defined abstractly by the following rules. Let s be a stack, and X be a symbol.
The rules are: (3%)

(1) e, the "empty stack," is a stack.
(2) PUSH(s, X) is a stack.

(3) POP(PUSH(s, X))=s

(4) TOP(PUSH(s, X))= X

Which of the following are not derivable from the above rules?

A. TOP(PUSH(PUSTI(e, X), Y) ) = Y
B. POP(PUSH(e, X)) = ¢

C. PUSH(POP(PUSH(e, X)), Y) is a stack.
D. POP(POP(PUSH(e, X))) = X

E. TOP(PUSH(POP(PUSH(e, X)), 7} )= ¥
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10. Consider the following recursive program. (3%}

function X (N : integer) : integer ;

begin
if N < 3 then
X o= 1
else
Xi=XWN-D+X(N—-3)+1
end ;

How many times is the function X called when X(X(5)) is evaluated?

A7

B. 14
C.16
D.24
E. 30

11. Following the above question, as a function of X(&), which of the following best describes the
running time of this function when invoked with the call X(N)7 (3%)

A. Logarithmic
B. Linear

C. Quadratic
D. Cubic

E. Exponential
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12. What is the functionality of the following code? (3%) ]

public void displey(}

System.out. println"underflow"”);

Mede current = Tirst:
while(current != null}
{
System.out. println{current. getElal )y ;

current = current.gethext();

¥

A. reverse the list

B. display the list

C. reverse the list excluding top-of-the-stack-element
D. display the list excluding top-of-the-stack-clement
E. None of the above
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00011
00001
00010
10100
11000

ginciude <hits/stdors. b
wsing namespace std;
boal vizited[S):

int GIS][5];

void fun{int i)

{

coutedigg "y
visited]ilatrype;
Far(int J=8)f45%;5 344}
PfF{Ivisited] 188G {1]{1]==1}
fun(f);

;

int main{)
{
for{int i=8;i<5; i)
far{int Jad;j45; 3]

ciny>Gl11{1];

for{int i=@;i¢5;3i+4)
visited{if=0;

funlo}l:
return @;

}

A 02314
B.02341
C.03214
D.03241
E. None of the above

13. What is the output of the following program for the given input (in a 5x5 array) (3%)

REFMAME  FYEFEREAHE
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14. What is the number of words that can be formed from the following Directed Acyclic Word
Graph? (3%)

LS
A )
“‘\,‘. N EGF r,"“""‘\_
(T
EGF
A2
B.4
C.7
D. 12
E. None of the above

15. In the following pseudo-code for binary search, one can determine whether a particular integer x
is present in the sorted (in ascending order) array alL..R]. (4%)

Let M = (L 4+ R)div 2.

If % = afM], then terminate (success).

I x < alM]} and M > L, use the same algorithm on g[L. .M — t.
It x > a[M] and M < R, use the same algorithm on alM + 1. .R].
Otherwise erminate (failure).

Suppose that the first step in the binary search algorithm given above is changed to
"Let M= (3L +R) div 4."

What effect does this have on the worst-case number of comparisons for searching in afl..N],
where N is a large positive integer?

A. The number of comparisons is changed at most by an additive constant,
B. The number of comparisons is not affected.

C. The number of comparisons is roughly halved.

D. The number of comparisons could be as large as N,

E. The number of comparisons is somewhat more than doubled.

HHFHAST HYEFaRTHA
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16. Consider the following code. Which of the following statements about the running time of the

code as a function of the grid size » is not true? (4%)
{a) public veid partai{lnt n) |
Grid g = new Gridin);
g EXip();
b

B} public vold partbiint n) 1
Grid ¢ = pew Gridin);
For tint k = =10000; % <= 100007 kee} {
gosmazsh{l, Li;
t
3
{c} public volid partel(int n) |
Grid g = new Gridin);
for (int ¢ = 13 r < ny v o= dry)
t.raverse {r) .
)
}

{d) public void partd(int m) |
Grid g = new Gridink;
far fint ¥ = §; #® < n-i7 #++)
g.smash (M %)y
§
]

A. The smallest time complexity class for code (a) is O(n2)

B. The smallest time complexity class for code (b) is O(n)

C. The smallest time complexity class for code (¢) is O(nlogn)
D. The smallest time complexity class for code (d) is O(n)

E. All are true ' :

17. Which computational complexity represents an algorithm that runs the fastest in the worst-case
scenario if the input size 1s n? (3%)

O(n log n)
O(log n)
O()
O(n?)
O(l)

moawy

18. For a singly linked list, which operation takes the least time in the worst case? (3%)

Searching for an item in the list

Inserting an item at the beginning of the list

Inserting an item at the end of the list

Deleting the item at the end of the list

Deleting all items matching a specific value in the list

HOQE R
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19. What is the time complexity of the following code? (4%) N

int total = (;
for(inti=0; i <=n; i++){
total += 1;

}

MU0 ® e
2

20. For a binary search tree whose preorder traversal is 10 5132 79 15 11 18 and inorder traversal
is1235791011 15 18, what would be the 3rd item in its postorder traversal? (4%)

mC oW
[ AN v TR O 5 S

1
5
21. A binary search tree is generated in order with the following numbers:
‘ 11,5,3,1,20,15,17,6, 9, 7, 19. How many compares are needed to search for the number 6?

(4%) |

mUORp

1
2
3
4
5

22. For the following infix expression, what is the first character of its prefix expression? (4%)

(3+5)%(8-1)

SISROR-RS
L % — 4+
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23. If we create a min heap by inserting 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 into the data structure, what will be
the root of the min heap after removing the root item from it 3 times? (4%)

SECReR- ]S
— ] L e e

0

24, In the undirected graph below, which edge is not included in its minimal spanning tree? (4%)

AE
AG
EH
DH
CE

@mUOwe

25. In the undirected graph below, what is the weight of its minimal spanning tree? (4%)

26
27
28
29
30

SISRoY= S
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26. How many strongly connected components are in the following directed graph represented in an
adjacency matrix? (4%)

A B C D E F G H I )
AjojojJojo|joflojoj0]|0]oO
Bl1]loJO|1|1]0o]Oo|O0O]|]O|O
ciofoj;o0jo0o|lo|1Tj0]o]|0O]oO
blof1jo0]Jof1|o0o|0]O|O]|O
EfO0 (1|0 |1|0fj1|0fl0|0O]|O
FlOo(o0o|1j0|]0|0O]11T]l0]lO0O]|O
G(o|lojJo|o|O|O|O[1|O]|0O
H{1Tfo]1j0|]0|0O}lO|lO|O]|O
lrfjojojo0jojJoyjt1|ojo|o]|o
Jjofjfojyojofojo|lojO]|1]|oO

WmoOwp
s LD =

27. Which node is reached last in the directed graph represented in an adjacency list below in a
breadth-first search when starting at node A? (4%)

-—»—»@—»
~[C]-+[D]—[E]

= [E]=>[F]->[H]
= [C]—[1]
= [G]—>[H]

—TIQ|Mm OO m >

mo 0w
W
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28. The first step of heapsort is to build a max heap from an input array. What will the last item of the
mput array [2,7,1,17,10,15,6,8,11,3,20] become after running heapify to generate and store a max

heap? (4%)

MO0 w e
B~ LI R

0

29. Which item is the root of a red-black tree when constructed with the items 6,10,3,20,1,7, 16,
17, 15, 22 inserted in this order? (4%)

3
6
10
15
20

MO 0w
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