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1.

True or False (totally 20 points, 2 points each) AW (3£204, &8 2 4

Please indicate in the answer sheet whether each statement is true or false. Write down

“T” for being true and “F” for being false.

TWEEE AL S POV G IR AT <N, fBIHT “x?

Given three functions f(n), g(n) and h(n), if f(n) € Q(h(n)) and g(n) € Q(h(n)), then f(n)-g(n)
eQ([h(n)]?). ()
25 5E 3DNREL f(n), g(n) AT h(n), G12R fin) e Q(h(n)) TTH. g(n) eQ(h(n)), A4 fin)-g(n)
e Q([h(n)]?). C )

If a problem is in NP, it cannot be solved by a deterministic algorithm in polynomial time.
)

WER—AN RS T NP, ERAS B — NI A) 52 44 55 O 22 T A e 1k SRR o o
()

The in-order depth-first traversal of a binary search tree (BST) produces elements in
descending order. ()

T XA R R FE AL S P T B A AN R A RS ()

For a DFS graph traversal, we can use a queue to keep track of vertices. ( )

FERMREILSE (OFS) e, W LRI — BRI SE BT A R R . ¢ )

For a rooted binary tree, ny denotes the number of nodes with degree 0, n; denotes
the number of nodes with degree 1 and n, denotes the number of nodes with degree 2.
Then we have the property that ng =n, +1. ( )

FE—BREMR ZXR, ngfREREEN 0 5 RS ng ARERFEN 1 7Y s AN,
n AR 2 B AL B A%EXng =n, +1 BGL. ()

In a binary heap (a heap that is implemented using a complete binary tree), if a node A is
the ancestor of a node B, then we can deduce that the insertion of node A is performed
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before the insertion of node B. ( )
E—ANTXHE (54 XMW HE) B, F5 58 A 254 B itlse, A mr DU
Wit = s AT A B F NI X HEF, ()

7. The operation of insertion before the current position is not efficiently supported by a singly-
linked list. ()
ARERANREA RO SR S AT B AT HE AR E. C D

8. Queue is typically used to implement recursion in a program. ( )
PAFE T AERE e s il = . C )

9. With a poorly chosen hash function, it is possible to have a situation in which the search time
in a hash table of N items goes to ®(N?). ( )
IR S A RABOR A S, WIATRES R BLLL N OL: A2 N BUTER KA R 4%
RIS RONY. )

10. For the linked list implementation of the queue, the enqueue is performed after the last
element, dequeue is at the first element. ( )
X1 AR SEELEI A S, NS G — Mo R ZJE AT, T AR S — ok BT .

¢ )
2. Multiple Choices — Select One (totally 20 points, 2 points each) Hi%f (320 4y, &
& 25

Each question has only one correct choice. Please indicate the correct choice in the answer

sheet.
B R A —/ N IERED. EEE 84 LS T IEME T 5.

1.

Given an array that has been almost sorted in ascending order, to sort this array in
ascending order, which of the following sorting algorithm would be the most efficient in
running time?

A. Insertion sort

B. Merge sort

C. Quicksort

D. None of the above

IR E R — M QAR BT RS, BN H T, R A
R SRAEB AT N ] b fe s R ?

A. EAHE?

- AFFHER?
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2. Which of the following list of functions is in the increasing order of asymptotic growth rate?
If two (or more) functions are of the same asymptotic order, the order between them does
not matter.

IS TR — ZELFR) R KR i HROAT B ORI G HE R 2 RS (B B[R —
ANEEERT, A AT IR IR TC 75 7% R

A. 100n?, nlog(10n)?, logn*, 2", n?+1000

B. nlog; (10n)? log,n?, 100n?, n*+1000, 2"

C. logan?, nlog, (10n)?, 100n?, 2", n>+1000

D. logan?°, nlog, (10n)?, 100n?, n*+1000, 2"

3. Ifarray P=15, 8, 3, 1, 10, 14, 12, 11] is the output of running the partition function in
Quicksort, which of the following elements is the pivot at its final position?
IMRHA P=15,8,3,1,10,14,12, 11] EHREHFFE R A0 X Bf s, T~ e
N ICER A O A H e 2 B AR Al 2
A 1

8

10
11

0w

4. Consider a 4-degree tree with 20 4-degree nodes, 10 3-degree nodes, 1 2-degree node
and 10 1-degree nodes, then how many leaf nodes are there in the tree?
CA—ANE N 4 MR, 20 MEEA 4 BT AL 10 NN 3T AL 1AM 2 1)
T RUF 10 AN EEN 1 Y e S A TXRRRN B LAY A2
A. 41

82

113

122

Onw

5. Forthe two binary trees in Figure 1 below, Tree 1 and Tree 2, which DFS (Depth First Search)
traversal will produce the same sequence of nodes?
A. Post-order of Tree 1, Post-order of Tree 2
B. Post-order of Tree 1, In-order of Tree 2
C. Pre-order of Tree 1, Post-order of Tree 2
D. In-order of Tree 1, Pre-order of Tree 2

KT 1 TR X Treed F1 Tree2, 51 WHR W Foh ok FEAIC Sl [ 25 77 A —
BT R A ?

A. Treel J5/7i)J, Tree2 J5IFiE[

B. Treel J5/7i#E]i, Tree2 H/7ik /)

C. Treel JG/Fi)I, Tree2 JG)Ti)h

D. Treel HJFid[i, Tree2 Jo/7ik )
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Tree 1 Tree 2

Figurel. &1

6. If a complete binary tree has a number of 1880 nodes, what is the height of the tree?
—A TR XA 1880 AN AL, AR E A -
A 9
B. 10
C. 11
D. 12

7. A hash table has b buckets where each bucket can hold k keys. What is the minimum
number of distinct keys that we must insert into the hash table such that overflow will
surely occur?

— AR b DB, RNERERT RN k. EXAIRA R, BAOHE
AL DDA F R BEA S IR A ?

A 2

B. k+1
C. b+1
D. b*k+1

8. If we have a doubly linked list [a b ¢ d e f] and we want to delete the element d and add a
new element after f, how many pointers of the list must be changed or initialized?

WRFATE — DA EERabedef], I HAABEMR TR d FHHAE f Z G IN—NHT
%, WA MBI ZEE R 2 DA FEE?
A1

B. 2
C. 3
D. 4
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9.

10.

3.

Suppose we have two non-empty stacks stored in arrays: S1=[a, b, c] and S2=[f, e, d]. The
left side of an array indicates the bottom of a stack. After the following sequence of
operations:

B IA A AR PR HERR: S1=[a, b, JFIS2=[f, e, d]. HHMW
Fe o AR HERR RS . 7ELA FERAERF S )5

Push(S1, Pop(S2))

Push(S2, c)

Push(S1, Pop(S2))

Then the two stacks become:
XA HERRAE

A. Sl1=[c,f, a, b, c] and S2=[e, d]
S1=[a, b, ¢, d, c] and S2=[f, e]
S1=[a, b, ¢, d, ¢, €] and S2=][f]
S1=[a, b, ¢, d, e] and S2=][c, f]

O 0w

The UNIX editor vi allows searching in both directions, with wrap-around if necessary. If
the sequence of lines is stored as a linked list, which of the following is most reasonable
in terms of time efficiency?

A. Singly linked list

B. Doubly linked list

C. Circular singly linked list

D. Circular doubly linked list

UNIX iR af vi RVFR AR 2R, DR A AT 08 &R . B AT P 556 '
K, AL — TR A 1) L e A B 2

A, BBER

PUEEES

TEIA R

IR 7 5

O o0®

Multiple Choices — Select One or More (totally 15 points, 3 points each) Z &/ (3t 15

G B 3 4

Each question may have one or more correct choices. Please indicate all the correct choice(s)

in the answer sheet.

BRI — B IEREI. TSR RAR_ES N r IR BT

1.

In which of the following situations, using an adjacency matrix would be better than using

an array of adjacency lists to represent a graph?

A. The graph has 1,000 vertices and 450,000 edges, and space efficiency is important.

B. The graph has 1,000 vertices and 2,000 edges, and it is important to save memory
usage.

FH JLIM
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C. We need to determine whether two vertices in the graph are adjacent or not as fast
as possible, whereas space efficiency is less important.

D. None of the above.

FE TR HWBAHE ST, FH— MR R R BILL ] — AR R s Ad ?

A, XAEA 1,000 AN AR 450,000 2530, FEHAAIRCRIBEE,

B. XA 1,000 N AA 2,000 i, FFHATE NAERE AR E

C. FRATTFR EEPR ) Wi A TR AN TR A5 AR AT, T 2 T 5 3R AR O L

D. A E#ANIEH.

2. Consider a BST (Binary Search Tree) created by inserting the following keys in an initially
empty BST in the given order: 4 2 6 5 1 3 7. Which of the following sequences would
produce the same BST?

W —MNEEFS) 426513 7 KEAGAS]— MRS M Z XA E R, @57
— AN XHEEREN . FAFHIRERLE (A PRI SRRSO X
HRR—2?

A. 4263157

B. 4657123

C. 4267153

D. 4621537

3.  Which of the following statements about graphs with N vertices is (are) true?
A. The maximum number of edges in an undirected graph is O(N?).
B. The maximum number of edges in a directed graph is O(N?).
C. The maximum degree of a vertex in an undirected graph is O(N).
D. The maximum number of edges in an undirected acyclic graph with N vertices is
N(N —1)/2.

TN N AT A EL, TG00 o Rk & IR ) 2
A AW ERERIAECE— A O(N?) KRR

B. — A REMEKLEE T O(N2) MR,

C. TmPEF—AT AR KEHGE O(N) B

D. — A NS TR ERZAENN — 1)/2%10.

4. Suppose you have a sorted list of numbers stored in one of the following data structures.
Which of the following data structures should you use if you want to print the numbers in
reverse order in linear time without using any auxiliary data structure except for a pointer?
A. Alinked list
B. Acircular linked list
C. Adoubly linked list
D. Anarray




FHEAS: 991 FHHARR: Bl s 550

5.

4.

BB A AE LN BUREH 2 — BT P 5138 . A SR EE DU S I T BN 4
T NIRRT R AR, HER—NREAMS RV T B 454, 1%

A5 FH AR e 5 0 5 4 2
A, BER

B. 1EIfEER

C. WEER

D. #A

Which of the following is (are) solution(s) for a hashing collision:

A. Replace the original hash function with a hash function without collision and re-hash
all elements in the table

B. Build a linked list of the hashed items for each bucket

C. Find a different, empty bucket for each colliding item

D. None of above

DA BRI %o — AN A i SR A R T 5%

A BT RMING AT R, REETEL T TE LRGSR
B. AR MG A Il . — MER

C. AMERMIGERE S — DT

D. LDLE#EAR

Linked List (25 points) 8% (25 2)

Detect duplicates from an unsorted linked list. Given an unsorted linked list, [20,7, 12, 31, 25,
46,52,67,85,94,73,12,46, 85,12, 7, 46, 99], our goal is to detect all the keys with duplicates
in the list: 7, 12, 46, 85.

MR R TR E R T, 2 € — MARHFIIEER, (20,7, 12, 31, 25, 46, 52, 67, 85,
94,73, 12, 46, 85, 12, 7, 46, 99], AT Hir @A EEER P HEEM D 7, 12, 46,

85.
1)

Using a hash table with separate chaining, 10 positions and hash function h(x) = x mod 10
for this task, describe your algorithm and show the resulting table after all the data are
inserted. (5 points)

il T E A B EE R AN 10 MALE LUK G A BN h(x) = xmod 10 IS 77, SKAIA IR
WEE, JHEmAIT A B G Bonm & e mk. (570)

What is the average time and space complexity of the detection algorithm based on this
type of hash table (with M positions) as in 1)? (5 points)
FT W 1) FREREAR CE M ALED) BRI ELIE 1 I )R ) 52 2%

ERZA? (54

Use a sorting algorithm rather than hashing to implement the detection algorithm. (5

BT IR
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points)
AP ARG A FoR SE Iz E % . (540

4) Design an algorithm for duplication detection if no auxiliary data structure or sorting is

allowed. (10 points)
WA Fo VA A B R 25 M BHE P, 1wt — R T E SR 5. (10 40

5. AVLtree (25 points) — X PETH (25 43)

Given an initially empty AVL tree, insert the sequence of integers 15, 20, 23, 10, 13, 7, 30, 25
from left to right into the AVL tree. If there is an imbalance after you insert an integer, you
should restore the balance of AVL tree before you insert the next node.

B — A HF S 15,20, 23,10,13,7,30,25 2 A2 B4 FRIITE A AE N B — AN WTIRAR
BT ZXCPER (AVLtree). fEAEAN—DMREHCZ G, WERBIR T A ERRA M H-F
7, AR — AN R R 7 SR E I R A

1) Draw the final tree after all these insertions. (10 points)

1] H R T Bl R BTSSP . (10 93D

2) Write the sequence of integers resulted from pre-order traversal of the final AVL tree built in
1). (5 points)
BHREE 1) BT ST PR AT e P D P S 2 B S (573D

3) Continue with the final AVL tree in 1), erase the node with integer 23 from the AVL tree. Draw
the resulting AVL tree after the deletion. (10 points)
W 1 A3 BIHFET h 23 e E AT IR IR TS RS A T T A
(10 71

6. Minimum Spanning Tree (25 points) H/NERM (25 4
Given an undirected weighted graph in Figure 2.

SR 2 HF R I A AU

Figure2 & 2
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1)

2)

3)

Draw the adjacent-matrix representation of the graph. (7 points)

% SRR R R . (7 73D

Write down the edges of the MST (Minimum Spanning Tree) in the order in which Prim’s
algorithm adds them to the MST. Use the format (nodel, node2) to denote an edge. For
example, adding the edge between A and B into the MST is denoted as (A, B). (9 points)
TE 5 A Prim BVETHE N R IS AR RS I R, (TR 1, TR 2)
gitFis. B, SRR o R AN T A A RO A B 2[R P2 B de /N A

B, ATLARIRA (A, B). (943)

For the same weighted graph as in Figure 2, write down the edges of the MST in the order
in which Kruskal’s algorithm adds them into the MST. Please use the same format as in 2).
(9 points)

KM Kruskal 59%, SR 2 FHA BRI AN . R 20 R TVESR
RTHEERE. (970)

Sorting (20 points) HEFF (20 43

Write the pseudocode of the merge function of the merge sort algorithm, to merge two

lists sorted in ascending order into one list sorted in ascending order, of totally n elements.

Analyze the worst-case time complexity of the merge function. (5 points)

5 A IR SRR B AR R O AR, B EIEE n AR E A Tt

FPHRIBIREFER— DT ISR . AT AN VA I R B e IR O T IS TR) S 2%
(543

Suppose you are given k lists with a total of n distinct elements, where k > 2. Each list has
been sorted in descending order. Design an algorithm using the strategy of Merge sort to
merge the k lists into one list sorted in descending order, in running time O(nlogk). Write
the pseudocode of your algorithm and analyze its worst-case time complexity. (7 points)

BgsE k MEIREE n DAFETCRISIR, XH k> 2. B FIR CEHNERT .
PRI SRR SRS Bt — DN EE, KXk DFIZRAE O(nlogok) I 18] A U I 21—
MEFPHRIISIRR o B HARBET A SR Oy ARSI 70 M E BRI TR B A% . (7 73D

Design an algorithm using a maximizing heap to solve the problem of merging k lists into
one list in 2), in running time O(nlogzk). Assume that the subroutines of Heapsort
algorithm using a maximizing heap are already given. Write the pseudocode of your
algorithm and analyze its worst-case time complexity. (8 points)

Bt — AR, D ROAHERAR S 20 RBNHHI k DFIRA I, [E1FH
[ 5225 B2 O(nlogak). BB I B RALHE R HERF P BE ) TR PR A% €. Sill
PREIEERI DD, R B IR TR 22 . (8 7))
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