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Answer Yes (0) / No (X) for the following descriptions: (30%)

1. The idea of “Divide and Conquer” is to divide the problem into sub problems that can be solved

independently, and conquer the results of sub problems.

The idea of “Dynamic Programming” is to define global optimum in terms of optimal sub problems.
Sub problems may overlap. We can solve and store the results of sub problems bottom-up to

accelerate the computation.

In a binary search tree, any value in the left subtree ofia node is less than any value in the right subtree

of the same node.
An inorder traversal’'ofia binary searchttee visits the'keys of nodes m.an increasing order.

In a graph, two vertices in a graph are adjacent if there exists an edge having these two vertices as its

end vertices, and two edges in a graph are parallel if they have different end vertices.

The sum of the degree ofall vertices in a graph is equal to the number of edges in the graph.
Removing the tail in a singly linked'list (with the pointexs’ofhead and tail) takes O(1) time.
A skip list contains a series of lists where each listiS a subsequence of the previous one.

In a skip list with n entries, the expected seazeh, insertion‘and deletion time is O(n).

Checking whether an edge is incident to a vertex can be done in O(1) time in an adjacency-matrix

graph.

Removing a vertex in an adjacency-matrix graph takes O(n’) time, where n is the number of vertices

in the graph.

The height of a binary tree is the maximum depth of its node, where the depth of a node in a tree 1s

the number of its descendants.

. An AVL tree is a binary search tree where for every internal node the heights of its children are the
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In a splay tree, splaying a node means moving the node to a leaf.
A Map is an ADT where multiple entries with the same key are allowed.

While using an unsorted list to implement a Map, get(k) (find the entry with the key k) takes O(1)

time.

While using an unsorted list to implement asmapszemove(k) (remove the entry with the key k) takes

O(n) time.

A hash function maps a key-to'ifitegers in a fixed interval, ¢.¢++{0,N-1] for a hash table associated

with an Array of size N.

Hashing is more efficient when thefload factor (the number of stored elements / the size of the Array)

is higher.

Liner probing handles collisions on a hash'table by letting each cell of in the table point to a linked

list, while separate chaining handles collisions by finding themearest available cell.

An array-based stack takes O(n) time in average for push(k) using the constant incremental strategy

when it is full.
The basic unit in Java is an object whose typeds.dcfined by a class.

In Java, “Overloading” means that we redefine a method in the subclass, while “Overriding” means

that we define the same method in the same class with different signatures.
An interface can inherit multiple interfaces; a class can inherit only a single class.
A class can implement many interfaces as long as it implements all the methods of each interface.

Using brute-force pattern matching (forward), we need 18 comparisons to find a match “aab” in

“aaaaaaab”.
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27. A heap storing n values has height O(n), and methods insert(k) and removeMin() take O(n) time.

28. 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.
29. A min heap has the minimal key stored in the last node (the right most node of the bottom layer).
30. Heap-sortis a ‘quardratic sorting algorithm, i.e., it takes O(n”2) time for sorting n elements.
I,
Answer the following questions:
1. Evaluating an arithmetig€xpression:

1.1 (10%) Represent the expression 3= 5+ 2> 15=4%3 + 5using a binary tree. (An internal node

stores an operator, €.8., *, +, and an external fode stores a value, €.g., 3, 5.)
1.2 (15%) Write the'psendo code to evaluate such kind of an expression.
Algorithm: evaluateExpression (T, v)

Input: A binary tree T and a node vin F

Output: the value of v

2. Sorting n elements:
2.1 (10%) Given n integers, describe a sorting algorithm that has O(n) complexity.

2.2 (15%) Run an in-place quick sort on the following array. Show the result of each iteration by

choosing the first element as a pivot.

{15, 3,12, 7, 35, 28, 16, 9, 19, 20, 5, 32, 18}
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3. Finding the minimal string combination in the alphabetic order:

Given a set of n strings, S= {s1, s2, ..., sn}, we say that a string s is a combination of S if's is equal to
a combination of all strings in S (in any order). We say that a string s is the minimal combination of

S, if s has the minimal alphabetical order among all the combinations of S.
For examples:

(1) S= {bb, aa, cc}, the minimal combination is “aabbcc.”

(2) § = {ab, abc}, the minimal combinafionfis “ababe.™

(3) S = {cae, abc, cd}, the minimal combination is “abccaecd.”

3.1 (5%) Please describe a greedy, algorithm.with the aim to find the minimal combination of §.
3.2 (5%) Show an example to illtistrate how it works.

3.3 (10%) Show a countgr example that the algorithm fails.
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F| 25 20 05 05 22 D01
T 132 164 “3m4 02 541 10,83
b 237 P R 1382
3} o4au Hod TRl 535 w2 1627
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25| 2034 3068 3228 3438 3765 4065 4157 ., 4693 4944 5262
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27| 3155 3291 3457 3674 4011 4319 4414 4696 4968 52227 5548,

28| 3262 3403 3571 3752 4134 4446 4542 48 5089 53.58 5689
291 3371 3514 3685 3909 4256 4572 4660 4959 5234 5497 5330
30| 3480 3625 3799 4026 4377 4698 4796 50.80° 5367 5633 5990
40| s, 4127 4924 5181 5576 5934 6044 6369 6677 6970 7340
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60| 6658 6857 7134 7440 7608 | £330 8458  ER38 9195 9534 5961
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TABLE B; +-DISTRIBUTIGN CRITICAL VALUES

_ Tall probability p I B
25 20 15 0 408 W5 8 Loh oS 0025 001 Q005
1000 1376 1963 30780 B34 127 1389 ELE> £366 1273 3183 7 €366
816 1061785 1886 ‘2020 4303 A849 6865 0995 w1409 2233 3160
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1
3
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5 w3 | .88 1,833 23262 2398 2. 4781
0| 700 | 879 2 1B1Z 2228 1359 4587
SR EE G | L796 22010 2328 4437
12} £95 0 73 1782 2138, 2303 2.t 5 y 0 4318
131 94 km S AT 2160 2283 (2650 30127 33T 3852 4228
141 892 1761 2145 2264 p624 2990 83260 3T AL
A5 651 568 3131 2245 26022947 5286 3733 4073
T 16 G000 568 2120 2235 2583 288 8252 3636 4015
17] 689 863 2110 2224 1567 J2898 32  3.646 3965
18| 682 862 2301 2214 #5528 SRIE @197 0 3611 39
9] 688 .36l 20032008 285350 2861 3134 3579 3883
20| 587 .60 2086 2ug90 2528 2845 3153 3352 34s0
21:| 686 859 . 2080 2189 2518 2831 3435 5527 3819
2| 6. &SE 2074 2383 2508 281 3119 - 3505 3392

| 685 &58 TG0 4319 1714 20co 2A77 2500 28073104 3485 3768
241 685  A5T 1050, ITIERIN 2084 217200492 2597 3091 3467, 34745
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261 684 856 1058 1315 1706 2056 " %162 2479 2779. 3067 3435 1707
27 684 B55 LOS7 1314 1703 2052 2438 2473 2771 3057 342 3.690
28 633 855 1056 1313 L701 2048 Z154 2467 2763 3047 3408 3674
29| .683 834 L0S5 1311 1699 2D45 2450 2462 2756 3.038 3396 3.659
30| 683 8% 1055 LII0 1697 2042 2147 2457 2750 3030 3385 3646
40| 681 851 LOSD 1303 1684 2021 2123 24235 2704 2970 3307 5SSl
50| 679 R4D 1047 1299 1676 2009 2109 2403 2678 2987 3261 349
B0 | 679 248 1045 1296 14671 2000 2099 2390 2660 2915 3232 3460
80| 678 B46 1043 1292 1664 1950 2088 2374 26397 2887 3195 3416
100 | 677 845 1042 1200 1.660 1984 2081 2364 2626 2871 31714 3390
1000 475 842 1037 1282 1646 1962 2056 2330 2581 2813 3.098 3300
w| 674 841 1036 1282 1645 1950 2054 2326 2576 2807 3097 3291
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