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m11t·~4• 

?;BE ==!!Emfttil : 
(1} ~::fiiJWtiff1Jit 0 ·~~ ' ~~{~ ' ::f7it~ 0 

(2} *WI~it 4 J{ 0 {~IJ\fiiJ::f~~ ' ffilii5~~~~Jif4§{'J=mlz.&t~MRI:tr!H! 0 

(3) Note that, throughout this paper, the height of a tree with only one node Is defined as 1 while 

an empty tree has height of zero. 

1. ~~~m £A](1o Jt: "-F37U o-1)- (1-5) ~m~~:EIEut~PJ T :@Go ~iG. =EiiU~~PJ F :®G x ~71\: 
~M25t·~W~25t·~m:®G*~~~Offi 
For each statement in (1-1)- (1-5), please indicate Tor 0 if it is correct and indicate For x otherwise. 
(2 points each) 

(1-1) ftJf.J=Jttfij\(Binary search)t*tfij\fl*l-*E:'=~~2JI~OO:fl.J5t(Time complexity)m O(n) o 
'I 

(1-2) :EIVI~/l\WW\(Tree)*Em T g:tfij,Ji(Node)ti::;l:lilEI~/l\ T zWtt(Branch)J5(:!1 • t'lU lVI >lEI o 

(1-3) ff~fiHf~(Graph)Ji*l-*Em G $16,f.f:f£~JJtl!ix • ~DFS WBFS ~~if§~Zilrl:B*E* • RP 
DFS(x) = BFS(x) o ([tt] DFS: Depth First Search; BFS: Breadth First Search) 

(1-4) AVL W(AVL tree) T ZP9$f!l!Wi(Intemal node)~~~r(Balance factor)ZftmWm 1 o 

(1-5) ~37U(Array)falf¥:tn~amer:pzfr1tii:1J~~~~*!ln\GJG~ft(~fii::k'N~J¥~1lf.ffjj(:fn~ctiR o 

2. ~~PI! [BJ (10 Jt: "-F1U (2-1)- (2-5) ~m~~:EIEut~J-j. T :®Go ~71\. :Em~~PJ F !JfG x ~71\: 

~Jm 2 53' • ~!-H~ 2 53' • ~-1~ o 5t:ML1J!JfD 1 53' • *1'F~1~ o 53') 
For each statement in (2-1)- (2-5), please indicate Tor 0 if it is correct and indicate For X otherwise. 
(You earn 2 points for each correct answer and lose 1 point for each incorrect answer.) 

(2-1) ~Wffl.WW\(Tree )*Emzflfl*EmiU ftJf.J !f!lmi$37U(Singly linked list) o 

(2-2) ;fi~ =JGW(Binary tree) T1 25c~msr~=JGW(Threaded binary tree )Z*!ln\G*Em T2 • tt~ft 

f.f?JTflftJf.J z.~ame~rJ.It'liJ T1 :P:tn T2 : {B tt~~lrfi§:ID'J(Traversai)?JTflftJf.J Z.~ctlft~rJ.J 

t'liJ T1 ~;In T2 o 

(2-3) ~IIJ~(Graph)f(*l-*5m G = (V, E)2.JJ{!Wf(Vertex)551::MLPJIVI~7J\ • Jt~(Edge)lfl:PJIEI~/l\ : 

:E lEI> IJ12 
• t'liJ G 16,m~~mli1~(Multigraph) o 

(2-4) :E Tm~ 2-3 W(2-3 tree) • t'liJ# Tm~ B W(B tree) o 

(2,.5) ;E Tm~ B fti(B tree)t'liJlf Tfm)...(Insert)~~f!:i"'Ji • "iUfmr~:J/ T Z~J5t : W Tfllflj~(Delete) 

~frl!Wf • mn~!i:IJo T z~J5t 0 

3. ~~RJ:®GfirL1mtwf-J (15 Jt : ~twf-J"-F1U (3-1)- (3-5)~Jmz~~RJ!J!Gfirg~!f : EJm 3 Jt) 
Term explanation ( 3 points each) 

(3-1) Priority Queue 

(3-3) Optimal binary search tree 

(3-5) Weight-biased leftist tree 

(3-2) Uniform hash function 

(3-4) Minimum cost spanning tree 
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4. ~f¥Ji!li (30 7t, m'J\M 3 7t; ;f:ff3\~ll~~~-~-@IZ~JJfaJf'F~~~, ~llf~J{'q~ 0 f'F~) 

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 ans~er, mark 0 as your answer. (3 points each) 

(4-1) ""f)lUfilJ=tfJl~fi~:1J$~fflfrJ • ::f~,)'G~~~{&!Jfi@fi!(Key value)~J~5E:1JA~IWUMLfiiftf¥? 

(A) MJ¥fi~(Sequential search)$ (B) B•-rree f!ll~$ 

(C) ft~tf~(Fibonacci search)$ 

(E) ~ij Iff~( Index search)$ 

(D) P'l~tf~(lnterpolation search)$ 

(4-2) ~m~~(Hashing)$ff,j • ~), ht ~/1\~~~(Hash table) ' 1i ht )t~ ht[O] , ht[1] , ··· , ht[b-1] 

~::ttrr b M!J:fPHBucket) 'm- .ffi4(Bucket) "a}f-¥ A s *Jl~; ~~fti~(Hash fu!lction )~),I ~/T\ 0 

;En ~-~ff:A ht ZJifl¥~ ' liff5i:Ji!l[fi(Collision)Z'If~; ""fJUff!J=tf~ff5!:.1i!lKfi(Collision) 

-ar ffgzl* IZ9 : 
(A) n < b (B) n > b (C) s = 1 (D) s > 1 

(4-3) ""f)lUfilJ=tfB~llZJi~"aJ~)E:- "=YGW(Binary tree)" T z*HIVG~ffll? 
<D B~~ T iiil~fii~(Graph)*lifMW~/f\ T ztt~~W(Adjacency matrix) o 

® B~ti T 7t73U~1T~J¥}t::IDJ(Level-Order traversal)WfrJJ¥}t::ID](Preorder traversal)ZWiftB o 

® B~ti T 7t73U~fifrJJ¥}t::ID](Preorder traversal)Wt&J¥Jt::ID](Postorder traversal)ZWiftB o 

® B~!-1 T ~1TfrJJ¥:;Q§:ID](Preorder traversal)ZWifl:B£1. T 2*.13.!VGt::f:l1fWf!t~(Degree)~ 1 Zf!J 
l'li(Node) o 

® B~ti T ~1Tt::f:lJ¥:;Q§:ID](Inorder traversal)ZWifl:B£1. T ~%:1f=YGW(Complete binary tree) o 

~83--"f)lU~:IJl t::f:l~tei1rd~-@r=tf = 

(A) <D®~~),~)E: TZ*fi.IVG*liffll' ®®=1'~~),~5£ TZ*fi.J$G*Sff4 ° 

(B)®® ~~Jr;R;)E: T Z*fl.fflG~ffll • <D®::f~~),~)E: T 2*13.!$G~ff/l o 

(C) ®®~~Jr;R;)E: r z*fi.!VG~ffll o 

(D) ®®::f ~~),r;R;)E: T 2*13.~~- o 

(E) fM®"aJ~~),r;R;)E: T Z*fl.~~- 0 

(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 Kl 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 Kl by quick sort; 

(A) 0(1) (B) O(n) (C) O(n·logn) (D) O(n2
) (E) O(n3

) 

(4-5) ""f)7UfilJ=tf~~ffl~~(Hashing)$~1Tfiflfi~Z~~~ : 

(A) :if§fijftflfl~fflf::f~~tc~l!fWi(Key value) (B) fiM1Wi£Zfi~fflfra,~~l!t~ 0(1) 

(C) f!J~~ctltlftf.f~ra, (D) JJ!fi!~f!t(Key density)"a}j(~ 100% 

(E) jftfl::ffl~{&i~Jj!fi!(Key value)~j:J¥1&ftf-¥ o 
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Questions ( 4-6) to ( 4-1 0) are independent unless ~therwise 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 usihg a comparison-based sorting algorithm. If 

the length of data record Rt is L1 where (1 ~ i ~ n) and (m1 ~ Lt ~ m2)) hold, and there are two keys Kl 

and K2 associated with each data record for the purpose of identification. 

(4-6) If n = 250000 and 1500 ~ L1 ~ 2250, then which sorting algorithm is most suitable to sort the data 

records into non-decreasing order based on Kl? 

(A) Bubble sort 

(C) Insertion sort 

(E) Merge sort 

(B) Selection sort 

(D) Quick 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) 0(1) (B) O(n) (C) O(n·logn) (D) O(n2
) 

(4-8) lfK1 is not unique and we want to sort the data records into the non-decreasing order based on both 

Kl and K2 such that the data records with the same value ofKl are ordered by non-decreasing order 

ofK2, what is the worst case time complexity that we can expected? 

(A) O(n·logn) (B) O(n2) (C) O(n1·logn) (D) O(n2·(logn)2) (E) O(n3) (F) O(n4) 

{4-9) IfKl is unique and the data records have been sorted into non-increasing order based on Kl, 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) 0(1) {B) O(n) (C) 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 Kl? 

(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: (15 points) 

(5-1) Please develop an algorithm based on the conditions li$ted below. 

(a) Name: Max2nd 

(b) Function/Purpose: Find the element with the second maximum value in an array of n integers. 

(c) Input: an array A of n integers. 

(d) Output: the index of the element with the second maximum value inA. For example, if the 

elements in array A of 5 integers are: 

A[l] = 26, A[2] = 49, A[3] = 14, A[4] = 82, A[5] = 31, 

then the output of algorithm Max2nd is 2. 

(5-2) Analyze the time complexity of your algorithm developed in (5-1). 

6. Assume that the current population of a country is 1 0 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 Cor C++ and meet the criteria to get the points. (5 points each) 

(7 -1) A function Swap that, when given 2 integer variables as its arguments, swap (exchange) their values. 

Not~ that 

(a) the Swap function can not have local data declaration in side it; and 

(b) Neither accessing global data nor calling a function is allowed inside the Swap function. 

(7-2) A function r4bits that returns the number of 1 'sin the rightmost 4 bits of the 32-bit integer argument. 

For example, the values returned by r4bits(98) and r4bits(ll) are respectively 1 and 3. 

(7-3) 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 I 68th day of2014 is in June. 


