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1. (5%) Please answer the following true-or-false questions and seléct the correct set of answers from the
provided options.
I. Ifthe height of a tree equals to the number of nodes, the tree is a complete binary tree.
JI. In asingly linked list, each node has a pointer to both its next and previous nodes.
L. The minimum number of nodes in a binary tree of depth 10 is only 10.

A. False, False, False B. False, False, True  C. False, True, False
D. False, True, True E. True, False, False  F. True, False, True
(G.  True, Ture, False H. Ture, True, True

2. (5%) Please answer the following true-or-false questions and select the correct set of answers from the
provided options.
1. Linked lists are better than arrays for random access operations.
II. In aqueue, insertion occurs at the front and deletion occurs at the rear.
II. A binary tree with » nodes has exactly n—1 edges.

A. False, False, False B. False, False, True  C. False, True, False
D. False, True, True E. True, False, False  F. True, False, True
G. True, Ture, False H. Ture, True, True

3. (5%) Please answer the following true-or-false questions and select the correct set of answers from the
provided options. ‘
1. Finding an arbitrary element in a heap with » elements takes O(log ) time in the worst case.

II. Merge sort is a stable sorting algorithm.,
1II. If there are negative edges in a graph, but no negative cycles, Dijkstra’s algorithm still rans correctly.

A. False, False, False B. False, False, True  C. False, True, False
D. False, True, True B. True, False, False  F. True, False, True
G. True, Ture, False H. Ture, True, True

4. (5%) Please answer the following true-or-false questions and select the correct set of answers from the
provided options.
1. The time complexity of bubble sort in the worst case is O(nlogn).

II. Quick sort as a worst-case time complexity of O(n?).
IIL. In an AVL tree, the height difference between the left and right subtrees of any node cannot exceed 2.
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A. False, False, False B. False, False, True  C. False, True, False
D. False, True, True E. True, False, False F. True, False, True
G. True, Ture, False H. Ture, True, True

5. (5%) Please answer the following true-or-false questions and select the correct set of answers from the

provided options. ,

I. The adjacency matrix representation of a graph is more memory-efficient than the adjacency list for
sparse graphs.

II. Breadth-first search (BFS) always finds the shortest path in weighted graphs.

L. A new node that is inserted into a binary search tree is not always at a leaf node.

A. False, False, False B. False, False, True  C. False, True, False
D. False, True, True E. True, False, False  F. True, False, True
G. True, Ture, False H. Ture, True, True

. (5%) Given the fully parenthesized arithmetic expression provided below, construct its expression tree

and answer the level-order traversal of the tree. :
(((A*B)—(C*D))—(E/F)) + G)- (H/I))

—~+/—-GHI-/**EFABCD
~+-—-*AB*/CDEFG/HI
—+--*AB*CD/EFG/HI
-+//GHI-F*E-D*CAB
None of the above

Mmoo w

. (5%) What are the output value of the Jow(y) for each vertex v (in the order of 4, B, C, D, E, F, G, H Din
the given graph, when determining articulation points? As part of the process of computing depth-first
numbers, you must start with vertex 4 and sclect the one with the smaller alphabetical order first when
performing the depth-first search.

A (1,1,1,1,3,3,6,6,6)
B.(L,LL1,1,1,1,1,1)
C (1,1,1,3,3,3,6,6,6)
D. (1,1, 1,333 1,1,1)
E. None of the above
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8.

10.

{(5%) Please find the articulation points in the graph provided in the previous question,
A. (A, CE,G)

B. B,F,G )

C. (A,B, Q)

D. (D,F,G)

E. None of the above

(5%) Find the vertices in order while performing Dijkstra algorithm on the graph below, starting from
source vertex A. If two unvisited vertices have the same distance during the algorithm, choose the vertex

with the smaller alphabetical order first.

. {A,D,B,E,F, C, G)
. (A,B,F,G,C,D,E)
. (A,D,B,F, G, C,E)
. (A,B,D,F,C, G, E)
E. None of the above

A
B
C
D

(5%) Find the sequence in which Prim’s algorithm adds edges to the minimum spanning tree for the graph
shown below, starting with vertex 4. If two unvisited vertices have the same cost during the algorithm,
chose the one with the smaller alphabetical order. Use the format (nodel, node2) to represent each edge.

A. (C,B), (D, E), (F, H), (E, H), (A, B), (E, G), (A, ), (G, )
B. (A, B), (B, BE), (E, D), (D, F), (C, F), (F, H), (H, I), (G, )
C. (A, B), (A, C), (C,D),(C,F), (D, B), (F, H), (E, G), (G, I)
D. (A, B), (B, E), (D, E), (E, H), (F, B), (C,F), (E, G), (G, )
E. None of the above
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11. (10%)

(a) (3%) Convert the binary value 1101011.01 to base ten.
(b) (3%) Convert the base ten number 17.625 to binary value.

(¢} (4%) Find the two’s complement representation for the base ten. number -120, assuming it is

represented as a 16-bit number. Write the value in hexadecimal.

12. (16%) What is the output of each program?

data=list ("abade)

key = 2

func{key, data)

print (key, "".join{data)}

(a) (4%) The program in (1) is written in C. What is the output of the program?

(b) (4%) The program in (2) is written in C. What is the output of the program?

(c) (4%) The program in (3) is written in C++ What is the output of the program?
(d) (4%) The program in (4) is written in Python. What is the output of the program?

finclude <stdia.h> (1} #lnclude <stdic.h> @) #J:_nclude <lostream> K}
#include <string>
i i k * i * *
.\[mm func{int k, char* value) ‘{oid. func{int* k, char* value) veid Eunc(int ok, std::string value]
{ .
value[k} = fa'; value{*k] = 'a’;
_ j A X value (k] = 'A';
}k k + 1; ]*s\ K+ 1 K=kt 1
]
:E.nt main {veid) 1;.nt main (void) int main(void}
int key; int key; { int key:
char data[]}="abcde*; char data[]="abcde"; stdi:string data ("abeds®];
key = 2; kay = 2; key = 2;
func(key, data): func{&key, data); Func (key, data);
printf("sd ts\a", key, data); printf ("%d $s\n", key, data); stdiicout << key << " ¥ << data << std;rendi;
return 0; return 0; return O;
1 ] }
def funcik, value): 4)
valuelk] = A"
k=5hk+1
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13. (12%) The following code fragment are 32-bit ARM instructions, where r0, rl, and 2 are 32-bit general-
purpose registers. The table gives a description of the instructions. The immediate value is represented by
a hexadecimal value with a leading "0x". Assume that r1 is 0x100 and r0 is 0x12345678.

STR r0, [rl] /% 81 */

LDRB r2Z, [rl] /* 52 */
Instruction Description
LDRB Rt, [Ra] Load the register Rt with a byte-sized value from the memory address specified by Ra.
STR Rt, [Rn] Store the word-sized value from the register Rt into the memory address specified by Rn.

(a) (6%) In a little-endian, byte-addressable memory system, after executing the code fragment, what are
the contents of the memory addresses 0x100, 0x101, 0x102, and 0x103? Additionally, what is the value
of the register r2?7 Provide your answer in hexadecimal,

. (b) (6%) In a big-endian, byte-addressable memory system, after executing the code fragment, what are
the contents of the memory addresses 0x100, 0x101, 0x102, and 0x103? Additionally, what is the value
of the register r2? Provide your answer in hexadecimal.

14. {12%) Consider the following control-flow graph, with entry node I.
(a) (4%) What are the dominators of node 4?
(b) (4%) Which nodes are dominated by node 67
(c) (4%) What is its dominator tree?







