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Answer Yes (O) /No (X) for the following descriptions: (40%)
1. Only methods of the same package or of its subclasses can access private instance variables in Java

2. A “static” variable in Java is declared as a variable that is associated with the class, not with that individual
instances (objects) of the class

3. “Inheritance” in an object-oriented design language provides a way to reuse code under a hierarchical
structure

he

An object is “polymorphism” if it has only one form and behaves methods in one way
The concrete type of a generic type varidbledsidefined ateompile time

A size n arraylist using linked-list-baséd implementation takes O(1) time for getting Al[i]
An array-based stack takes O(1)time for push(k) and pop() within its maximum size

The lower bound of sorting n elements in general is O(n log n) time

© ® N o W

Removing the tail in a singly linked list takes O(1) time

10. A heap-order specifies the relations between silbling nodes, e.g.; the value stored in the left child is greater
than the value stored in the right child

11. Insertion-sort and selection-sort are quardrati¢ sorting algorithms, 1.e., it takes O(n) time for sorting n
elements

12. A heap with n keys can be implemented.as an array of lengthatl, where for the node at rank i, the left
child is at rank 2i and the right child is at rank 2i+1

13. According to Big-Oh rules, 1000 n log n + n’— 4000 n is O(n log n)

14. The idea of the Brute-force approach is to find the optimum solution by exhaustively searching all possible
solutions
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15. The idea of the Greedy approach is to find the optimum solution by computing the local optimal at each
step

16. A postorder traversal of a binary search tree visits the keys in a decreasing order

17. An AVL tree is a binary search tree where for every internal node, the heights of its children are the same
18. In a hash table, a collision occurs when an element is mapped to different cells of the table.

19. The number of edges in a directed graph is less than (n(n-1))/2 (n is the number of vertices in the graph)

20. A spanning tree of a graph is a tree that covers all connected vertices in a graph
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IAnswer the following questions:

1.

. (10%) Consider a hash table storing integer keys that handles collision with separate chaining. Let

Sum the n elements of an integer array A.
1.1 (10%) The first idea is using a loop and iteratively adding each element to sum. Complete the
following psudo code and analyze its time complexity.

Algorithm IterativeSum(A, i, n):
Input: an array A and integers i and n
Output: The sum of the n integers in«A"starting atindex i

1.2. (10%) The second idea 1s to-divide n elements to two paiis, recmxsively sum the first half of A and
sum the second half of A, and add these-two values together. Complete the pseudo code and write its
time complexity in a recursive equation. '

Algorithm BinarySum(A, i, n):
Input: an array A and integers i and n
Output: The sum ofithen mtegers in A starting at index i

(15%) Use a bottom-up construction to build a min-heap of {32, 6, 21, 15, 18, 92, 20, 14, 7, 42, 51, 33,
25} (the value of the parentmode is smaller than the value of its ¢hild node), and then apply
removeMin() to the heap-(Describesthe-approach"and.shew"the result step by step.)

N=17. h(k) =k mod 17. Insert keys 29, 41, 22, 12, 8, 25, 26, 33, 36, and show the final result of the
hash table.
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4. You are planning your course schedule. The course prerequisites are:

CS15: (none)

CS16: CS15

CS22: (none)

CS31: CS15, CS22

CS32: CS16, CS31
CS126: CS22, CS32, CS16
CS127: CS16

(CS141: CS22, CS16
CS8169:CS32

4.1 (8%) Draw a directed graph representing the prérequisites of all courses.
4.2 (7%) Find the sequence of the courses that allows you to satisfy all the prerequisites (using a
topological order in the graph).
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— (35 %)
Q) FRLRAeFERERAH > RRA RFID (Radio Frequency
Identification) # & #/& &M as? (10 9)
(2) HFLEEEAERALHEMLE  TATER  HARAS SREK
FEE o BE b RFID » BUB RSB EGT B > AR eIRY
IR (25 9)

=~(30 %)
(1)  Hoirpise B o %3R8 QR (Quick Response) Code #BH » &dw
E: X
(2) HHEEATRBASLGRE BITRGK—BIH L HEHE
S EH R JE@ AL QRCode FP A H R E ASHE RFRAHER
$EL EAEE - NS RAUMSR R BRHA KA TR
oS L A Ae9QR Code R HHK—F T 38 ,(25 2)

~(35 %)
(1) %39 Web 2.0 ey A AR AISHEF (105)
Q) FFUTFEBRBHA Veb 2.0 T HMKEEN |28 A KE M
B kA W e Mk RS ZERRBRE S B (25
%)
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1. (15%) FTALESFERBHTAS > BX ~ {3 - ¥R =ARGEH%KT L

B E | 12% | 25% | S0% | P3| 75% | 88% | EAMA | REZ
B 0 27 | 34 | 44 | 43.56 | 53 | 60 93 13.88

EX 0 8 16 | 34 | 36.68 | 56 | 69 98 23.88

m= | o | 6 | 12|23]2875] 41|57 100 | 2150

(a) B Eui g3t it il EEHRGH Pt -G HE - FRoEE)
(b) BRERAE T4 #3548 Boxplox @ 3B BA BB~ 40 B iAo (a) AR ER
— B B HlErE = F R 4 s4 [E(Outlier)

2. (10%) #: 4% (Sampling)f #:t#HEE LA E
(8) %4 & b egde ¥ 8 654 & 4% (Probability Sampling) 7 & » 3¢ S {3 858 &
N RATERRF 2 R -
(b) ERWEYY REEE 5 F& AN — Bk Bk RV THRAE -

3. (15%) MFET FlAARET w3t 7 A & B 6 BERARM -
(a) ¥ 3245 R 552 (Central Limit Theorem)s
(b) 95%1% ## & F1(Confidence Interval) ¥ 95% R &89 & &
() BHEREHRE T HEE1068 [ THEL

4. (15%) #¥F/EEHE 100 % » UBBEFZRELFTANERY -
(@) B #H & & 5% (Null Hypothesis)#2 # 3r {5 3% (Alternative Hypothesis)
(b) 4o & 34 p-value ~ B 5744 35 (Critical Value) ~ 8 & 2 > a3l E (@) T &
EaEE  FHHE-HYEEEXTELAEMT
(€ B EABIIELEBRS (Fldo - BF ~#Y) BYESBRETLM
R WAL - |
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5.(18%) FRAEE % B4 dEI R BB ERTE 5 #(GPA) r BR
L GPA it B At h (3 @HEMH):

Y | 26.0 310

28.0

300

34.0

38

41.0

44.0

40.0

43.0

23

GPA

1.8

2.6

24

2.8

3

34

32

3.6

3.8

(8) SAE /T F #(Least Squares) K 1@ 8y 2 X e ¥t

(b) 3E #] % 44 $#(Coefficient of Determination) > 3£ BA LA BEFBAGRE
© EEFEXTHaREES? (BREAE a=005)

(d) A% £ ¥ 5 #7 (Analysis of Variane€)WIRERes A% T &

__ Source S8 d.f. giﬁ__ __IE
Regression 1
Error
Total 9

6. (15%) WAL BBGIBRE H RBRGWH S X RY FHATER IS F 4%
AREGI B NRZ LS BREY D= X-VARRMAAEEH 2
EomASEBERG P - R E2HRTERBERH, ‘mp =0vs. ¥ LB%
H, :my#00 BERZEAR L0 =010 Fo GG/ FantER - (3 H¥F
W AR GRS R GATREREEBTHBE )

Before  After m|_BL‘f¢_)! ¢ After | Before & After, After
03 7S e 117 P
98 85 106 98 123 132
109 103 111 108 129 141
104 94 114 113 121 77
95 79 129 145 123 132

7. (12%) %48 ey k% RGO % B m » Bt i 40 R R IR R

RFA > RAFARREAEELES

(a) 71t & &ABER

5% 831 21043 :

56 63 65 68 72 72 73 75

78 79 80 80 80 80 80 80

82 84 | 84 86 86 87 88 90

92 93 | 93 94 95 96 97 | 98 |
« B IR

(b) ¥+ B i 4 & ¥ & (Goodness-of-fit Test) &) i
(c) EBAEAKEL 99% - BE A A RER TR ETE -
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TABLE B. !—DISTRIBUTION mmm VALUES

. Tailpmbabthtyp
df | 25 20 a5 10 405 NGRS 2, 0h, 005 0025 001 0005
1} 1000 1376 1963 3078 6304 A1 1589 3L 6366 1273 3133 6366
2| 816 1061 138 1834 2920 4303 4849 6965 8925 1409 2233 3160
3| 765 978 1250° 1638 2353 3182 3482 4541 SEATwG4s 1021 1292
4| 741 541 SN 190000535 2132 2976 799003047 W604e.5578, 7.173 8610
s| om 9w 2356 1416 2005 28712759 3365 4032 47 5893 6369
6| 718 906 41134 1440 794" 2447 2612 Ing3 AT A3 508 5959
7| 711 #o6 1119 1415 18952365 25172998, 3490 4000 475 5408
8| 706 3%9 1108 1397 LB6). 2306 2440 2896 5338 3833 4501 5041
g| 703 389 1100 1283 1433 2252 2398 281 3330 A600 4297  A78]
1] 700 &/ 1093 1im 1812 2998 239 2764 369 3581 Audd  ART
11] g7 (E%6 1088 1361 L796 2201 2338 2718 3106 JAST 4025 447
12| €65 §73 1083 135 1782 2179 2303° 1681 3055 3428 3930 421R
1B F #0 10P 1380 1773 20600 2282 2650 30027 3372 3852 4A2r
14| 92 868, LO76 135 176l 2145 2764 2624 2977 332 3Te7 A0
151 601 hss WafHE 134 17 2181 2245 2400 1947 32863733 4073
16| g0 365 J07b 1374 U746 2120 2235 2583 2920 325 3686 401
17| 689 363 (1060 13d MO 200 2224 257 /2898 3221 3646 3065
18| 688 862 |1.067 13300 1934 2301 23214 2355 2818 4197 3611 3922
19| 688 g5l 1066 $328 Mre2093 2205 @S35 2861 8474 3579 3813
20| £87 860 (1068 1328 1925, DORE2I5) 2498 9845 3153 3352 3B90
21| 686 859 1063 1323 1720 2080 2189 2518 2831 3135 3527 3819
221 686 25R 14}61, 1321 1707 2004 2343 2508 2819 2419 3505 3g92
75| 685 8SE 1060 1319 17i4 2089 ZIF 2500 2807 3104 3.485 2768
241 685 85T LOTO N13ISLTIL 20642 1720492 T2 3.091 3,745
257 684 856 1058 139600708 2060 Z¥61, 2435 2787 3.72%
261 684 856 LOSE 1315 L6 2086 T AaEL  2ATD. 2779 E B i
271 684 &S5  L0S7 13M 1703 2052 2158 2473 277 3421 3.690
28] 683 855 1056 -1313 LI01 2O4E 2154 2467 2763 3047 3403 3674
29| 58 854 12055 1311 1699 2045 2450 2462 2956 I03R 3396 3659
30| 583 854 L0S5 1410 1697 2042 2147 2457 2750 3,030 3385 3846
40| 481 351 LosD 1303 L1684 2021 2123 2423 2704 297 3307 3551
50| 679 R4y LOS7 1299 14676 2000 2409 2403 2678 2937 3261 3496
60| £79 848 . 1445 1256 1471 2000 2099 2390 2660 2615 3232 3460
80| 678 346 1043 1292 1664 199500 2088 2374 2639 2887 3195 3416
200 677 345 1042 1200 1660 1984 2081 2354 2626 2871 3174 339
1000 { 675 B¥z 1087 1287 1646 1962 2056 2330 2581 2813 3098 3300
| 674 H41 1036 1282 1645 1650 2054 2326 2576 2807 30001 3291
0% 6% 70% 80% O0% . 95% 6% 9B% 99% D9S% 99.8% 99.9%
Confiderce level C
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