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(1) AFEATIHA N - WREREEE - REAHEK LIEEE » N Pi4 -
(2) ZHEtE 4 H - (PRI ALE » HFBLNE RGPS BEMERENE -
(3) Note that, throughout this paper, the height of a tfee with only one node is defined as 1 while
an empty tree has height of zero. .

1. ZIF/E [A] (10 535 T3 (1-1) ~ (1-5) RREAFGRE ERERLL T 3 O o HEERFALLF 50 X o
FE20 0 BHE 20 BHERREER 0
For each statement in (1-1) ~ (1-5), please indicate T or O if it is correct and indicate F or x otherwise.
(2 points each)

(1-1) {# /] —5>48(Binary search)i:iEFERIFE R A M I I HERE(Time complexity)fS O(n) ©

(1-2) H|VIETEHR(Tree)iEE T HEIRI(Node) B & HIE[FR T 2t (Branch) 8 & - HIl V| > [E| -

(1-3) £—ER(Graph) XI5 G hLFF/E—IHEE x - H DFS 8 BFS EAAHRIZEERER - Bl
DFS(x) = BFS(x) - ([5f] DFS: Depth First Search; BFS: Breadth First Search)

(1-4) AVL Ff(AVL tree) T 2 NEREIEL(Internal node) S #7K]F(Balance factor) Z {HER 1 -

(1-5) FEF(Array)REfF A ECIERE O 5 U &M T AR A/ NIE S B s e e -

2. BIERE (B (10 53 5 (2-1)~ (2-5) ZREFCREEREHLI T 5 O R BHEREFLUAF B x TR
B2 BHE 20 BEE O UMEHT 1 1 RIFER0D)
For each statement in (2-1) ~ (2-5), please indicate T or O if it is correct and indicate F or X otherwise.
(You earn 2 points for each correct answer and lose 1 point for each incorrect answer.)

(2-1) AREBRIR (Tree)iS i BRG] (i A B 85 53 5|(Singly linked list)

(2-2) FEHE T (Binary tree) T; OB RS [$% — ST (Threaded binary tree). K A5HE T2 » ELERE
AT i RO iERB =Rl T, DA T2 » {BELESETT E S (Traversal AT RE{H fl i ALIEAB 2R
T, %R T:-

(2-3) —E(Graph) & kL5 G = (V, E)Z [HE(Vertex)BUE LAVZRIR » HiB#R(Edge) B EIFRR
E |B> W Al G HE—25EEF (Multigraph) -

(2-4) & T B— 2-3 §§(2-3 tree) » HIJR T £5— B £(B tree) -

(2-5) % T 55— B fH(B tree) I T # A (Insert)—3#7ENRS - WBEIRAD T 2B ¥ T MiER(Delete)
—HiEG  AIREIN T 2 B

3. LEsATEEAERE (15 73 FERERE T51 (3-1) ~ B-5)B A AFIEk=E 198 3 )
Term explanation ( 3 points each)
(3-1) Priority Queue (3-2) Uniform hash function
(3-3) Optimal binary search tree (3-4) Abstract data type
(3-5) Dynamic Programming
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4. FEEE 3045 B/NE3 7 BIFRRBAEESORHETERESR LAt 9 (5D
For each question from (4-1) to (4-10), please choose the most suitable item from the ones given. In case
that you think none of the given items can be selected as answer, mark & as your answer. (3 points each)

(4-1) THIEERHEZ ST EPME AT UL ERMKIREE(HE (Key value) LIFF E T H BT L FEFF 7
(A) fEFF18E(Sequential search)ik (B) B*-Tree $§&u:
(C) B K8 (Fibonacci search)i: (D) U&= (Interpolation search):
(E) ;&7 [#EF(Index search)i:

(4-2) {5 FIREEE(Hashing) B » DL ht F55R 8% (Hash table) » . ht 5355 ht[0] ~ ht{1] ~ -+ ~ ht[b-1]
LIET b $HE3HBucket) E— R 3} (Bucket) F[ R A s AR #EBEK 3\ (Hash function) L f &R7R-
& n REREFEA ht 2B EHH F4 Tl (Collision): Z &1 » Al FFIFIE Rl (Collision)
e ) S I
(A)n<b (B)n>b (C)s=1 (D)s>1 (E)RTRE RIS s J b i fHAERR

(4-3) THHAIEEMZ EARTHRE— "k (Binary tree)” T A5 7
O B TiHEET(Graph)iEHEHIFR R T 2 $ARER (Adjacency matrix)
@ THIY T BT & (Level-Order traversal)B2R( £ 5 (Preorder traversal)Z Bt -
® BHIE T 4 BIETHIFFEH(Preorder traversal Bl 1% FFE 5f(Postorder traversal)Z #H °
@ BN T HESTR{F A (Preorder traversal),Z#it H T (2 MR B (Degree) R 1 (&
2L(Node) -

® BH% I)'ﬁﬁth FrE & (Inorder traversal) @ B T 5528 — Ui (Complete binary tree)

A T YREPRISEEE ¢

(A) OO R LATRIE T 2 ASHE » @O ELIRE T ZAHRASHE -

(B) @O R DABLE T KK ASHE » OORRLIRE T ZAHASHE -

(C) QO R DATTE T A A -

(D) QO R LARE T 2GS -

(E) BOTRLIRE T ZAHAEHS -

(4-4) If a set of n data records is processed through the three stages as listed below one by one, what is the
total time complexity of the three stages?
Stage 1: Sort the data records into non-decreasing order according to key K1 by merge sort;
Stage 2: Sort the data records into non-increasing order according to key K1 by bubble sort;
Stage 3: Sort the data records into non-decreasing order according to key K1 by quick sort;
(A) O(1) (8) O(n) (C) O(wlogn) (D) O(") (E) O(’)

(4-5) THUAIE S48 AR (Hashing I TERHEF  BRL :
(A) ETERHYSR A RE LB A (Key value)  (B) B¥IFN < HSIFHSEHRER 0(1)
(C) B IR T 2= (D) #{EF K (Key density)a] XY 100%
(E) BRI TREIMKIBEE(Key value)HEF & FEF
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Questions (4-6) to (4-10) are independent unless otherwise indicated, but they are based on the same
scenario as described below:

Suppose that we need to sort a data set of n data records using a comparison-based sorting algorithm. If
the length of data record R; is L; where (1 £i < n) and (m; <'L; < m;,)) hold, and there are two keys K1
and K2 associated with each data record for the purpose of identification.

(4-6) If n = 250000 and 1500 < L; £ 2250, then which sorting algorithm is most suitable to sort the data
records into non-decreasing order based on K1?

(A) Bubble sort (B) Selection sort
(C) Insertion sort (D) Quick sort
(E) Merge sort (F) Heap sort )

(4-7) If n > 200000 and the data records have been sorted into non-increasing order based on K1 and
stored as a doubly linked list, and we want to sort the data records into non-decreasing order based
on K2, what is the average case time complexity that we can expected?

(A) O(1) (8) O(n) (C) O(rlogn) (D) O(n") (E) O(r’)

(4-8) If K1 is not unique and we want to sort the data records into the non-decreasing order based on both
K1 and K2 such that the data records with the same value of K1 are ordered by non-decreasing order
of K2, what is the worst case time complexity that we can expected?

(A) O(n-logn) (B)O(n’)  (C) O(n’logn) (D) O(n’(logn)’) (E) O(n®)  (F) O(n*)

(4-9) If K1 is unique and the data records have been sorted into non-increasing order based on K1, now
we want to sort the data records into the non-decreasing order based on K2, what is the best case
time complexity that we can expected when n > 200000 and the data records are stored into an
array?

(A) O(1) (B) O(n) (C) O(n-logn) (D) O(n?) (E) O(n™logn)

(4-10) If n < 1000 and 150000 < L; < 250000, then which sorting approach is most suitable to sort the data
records into non-decreasing order based on K1?
(A) Store the data records into a singly linked list and use selection sort algorithm
(B) Store the data records into an array and use selection sort algorithm
(C) Store the data records into an array and use insertion sort algorithm
(D) Store the data records into an array and use quick sort algorithm
(E) Store the data records into a singly linked list and use quick sort algorithm
(F) Store the data records into a singly linked list and use merge sort algorithm
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5. Please do the following: (20 points)
(5-1) Please develop a recursive algorithm based on the conditions listed below.
(a) Name: theMax
(b) Function/Purpose: Find the element with the maxil;l}un value in an array of » integers.
(c) Input: an array 4 of » integers.
(d) Output: the index of the element with the maximum value in A. For example, if the elements in
array A of 5 integers are: A[1] =26, A[2] =49, A[3] = 14, A[4] = (-82), A[5] =31, then
the output of algorithm theMax is 2.
(5-2) Using recurrence relation to show the time complexity for your algorithm developed in (5-1).
(5-3) Using recurrence relation to show the space complexity for your algorithm developed in (5-1).
6. Assume that the current population of a country is 10 millions. If the birth rate per year and death rate per
year are 1.25% and 0.75% respectively, and the country admits 1000 immigrants each month. Please find
the number of years from now that the population of this country will exceed 50 millions. (5 points)

7. Please give an implementation for each program units listed below. Note that your implementation must
use programming language C or C++ and meet the criteria to get the points. (5 points each)

(7-1) A function r4bits that returns the number of 1’s in the rightmost 4 bits of the 32-bit integer argument.
For example, the values returned by r4bits(98) and r4bits(11) are respectively 1 and 3.

(7-2) A program that reads an integer m (100 < m < 365) and print out the following message:
“The mth day of 2014 is in XXX~
where XXX is the name of a month in a year. For example, if 168 is read, the message printed will be
The 168th day of 2014 is in June.




