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2. This assessment paper contains THREE (3) sections.

It comprises FOURTEEN (14) printed pages, including this page (page 14 is ‘empty’).

3. This is an Open Book but not an Open Laptop Assessment.

4. For Section A, use the OCR form provided (use 2B pencil).
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The answer sheet is at page 11-14.

You will still need to hand over the entire paper as the MCQ section will not be archived.

You can use either pen or pencil. Just make sure that you write legibly!

5. Important tips: Pace yourself! Do not spend too much time on one (hard) question.

Read all the questions first! Some questions might be easier than they appear.

6. You can use pseudo-code in your answer but beware of penalty marks for ambiguous answer.

You can use standard, non-modified algorithm discussed in class by just mentioning its name.

7. Please write your Student Number only. Do not write your name.

A 0

This portion is for examiner’s use only

Section Maximum Marks Your Marks Grading Remarks

A 36

B 19

C 45

Total 100
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A MCQs (12× 3 = 36 marks)

Select the best unique answer for each question.

Each correct answer worth 3 marks.

The MCQ section will not be archived to open up possibilities of reuse in the future.
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[PAGE 3 IS NOT ARCHIVED]
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[PAGE 4 IS NOT ARCHIVED]
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[PAGE 5 IS NOT ARCHIVED]
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[The upper side of PAGE 6 IS NOT ARCHIVED]

B Simpler Questions (19 marks)

B.1 Sorting Question (9 marks)

In tutorial+lab 02, we discuss the performance of various sorting algorithms on ‘nearly sorted’ inputs.

We also discussed that ‘nearly sorted’ can mean different things to different people. In this question,

we will try to formalize this a little bit.

We say two elements in a list/array 𝐴, e.g., 𝐴[𝑖] and 𝐴[𝑗], form one inversion if 𝐴[𝑖] > 𝐴[𝑗] and

𝑖 < 𝑗. We say that list 𝐴 that is already sorted in non-decreasing order has 0 inversion but list 𝐵 that

contains 𝑛 distinct elements that is sorted in decreasing order has 𝑛× (𝑛− 1)/2 inversions.

A nearly sorted list with 𝑛 elements is closer to 0 inversion than 𝑛× (𝑛− 1)/2 inversions. In this

problem, we want to count the number of inversions of any input list 𝐴 with 𝑛 elements.

Propose an algorithm (and the associated data structure(s)) that is/are needed to solve this prob-

lem and analyze its time complexity in terms of 𝑛. To score up to 6 marks, your algorithm should be

correct and runs in 𝑂(𝑛2). To score full (9) marks in this section, your algorithm should be correct

and runs in 𝑂(𝑛 log 𝑛). Hint: Modification of sorting algorithms that we have discussed in class.

B.2 Linked List Question (10 marks)

In class, we learn about Singly Linked List (SLL) where each vertex has 2 elements: the item/data/key

and the pointer to the next vertex. We also remember two special vertices: the head/tail (the first/last

element of the SLL, respectively). This way we can Insert at Head, Remove at Head, and Insert After

Tail all in 𝑂(1). For this SLL, Remove at Tail is 𝑂(𝑛) as we need to update the tail pointer to be the

one before the current tail, yet we do not immediately have this information in an SLL.

In this question, we will modify the specification of an SLL implementation and ask what are the

implications of implementing SLL that way. There are four modifications:

1. We introduce a new sentinel (dummy) vertex that contains no item/data/key,

2. We set the next of this sentinel vertex to be the actual first element of the SLL,

3. We drop the head pointer attribute, and

4. We set the next of tail element to be the sentinel vertex, effectively making the list circular.
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Figure 1 shows one example of these modifications.

Figure 1: Left: SLL as discussed in class vs Right: Circular SLL with a Sentinel Vertex

Your task is to mention/list down as many implications/effects/changes (can be positive or negative)

of this alternative SLL implication. One answer has been shown as an example. Marking scheme: 2

marks per additional correct implications, max at 10 marks.

0 To identify the head element, we need two steps, i.e., go the sentinel and advancing one time

from the sentinel pointer, e.g., sentinel.next is the head element if there are more than 1 actual

element in the list, whereas this is just one step if we have the head pointer.

1-5 Write your answers 1, 2, 3, 4, 5 in the answer sheet

C Applications (14+16+15 = 45 marks)

C.1 Cryptic Naming (14 marks)

You code in a peculiar way as your variable names are always cryptic 𝑣1, 𝑣2, 𝑣3, etc. Sometimes you

could not declare a new variable called 𝑣𝑥 because you have used that variable name 𝑣𝑥 earlier. When

that happens you tries the names 𝑣2×𝑥, 𝑣3×𝑥, 𝑣4×𝑥, etc one by one, until you find a variable name that

is not already taken.

In this question, let’s simulate this peculiar variable naming strategy. First, you are given an

integer 𝑛 that denotes the number of variables that you will create one by one. Then, there will be

𝑛 integers in the next 𝑛 lines. Each of this integer 𝑥 (1 ≤ 𝑥 ≤ 104) means that you want to create

variable 𝑣𝑥. Determine what variable names that actually declared.

For example, 𝑛 = 7 (that is, 7 variables to be declared) and the variable names to be declared

are {𝑣1, 𝑣3, 𝑣1, 𝑣2, 𝑣1, 𝑣5, 𝑣5}, one after another. Then these are the variables that are actually created

using the peculiar variable naming strategy above.

No Initially Actually Explanation

1 𝑣1 𝑣1 𝑣1 is available

2 𝑣3 𝑣3 𝑣3 is available

3 𝑣1 𝑣2 𝑣1 is not available, creating 𝑣2×1 = 𝑣2 instead

4 𝑣2 𝑣4 𝑣2 is not available, creating 𝑣2×2 = 𝑣4 instead

5 𝑣1 𝑣5 𝑣1, 𝑣2, 𝑣3 and 𝑣4 are not available,

creating 𝑣5×1 = 𝑣5 instead

6 𝑣5 𝑣10 𝑣5 is not available, creating 𝑣2×5 = 𝑣10 instead

7 𝑣5 𝑣15 𝑣5 and 𝑣10 are not available,

creating 𝑣3×5 = 𝑣15 instead
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C.1.1 One Manual Test Case (2 marks)

If you have understood this question, what is the answer if you are given 𝑛 = 5 and you want to

declare these 5 variables {𝑣8, 𝑣4, 𝑣4, 𝑣2, 𝑣2} one after another. Follow the format shown above.

C.1.2 Solve This Problem (12 marks)

Propose an algorithm (and the associated data structure(s)) that is/are needed to solve this problem

and analyze its time complexity. To score up to 6 marks, your algorithm should be correct and fast

enough for 𝑛 ≤ 103. To score full (12) marks in this section, your algorithm should be correct for

𝑛 ≤ 105 — Notice the major gap between the two and hence the major gap of marks.

C.2 Grid Expansion (16 marks)

This problem is on a 2D grid. You are given the initial state of an alien bacteria on an initially

small grid (of not more than 20 × 20, see the 2 ‘#’s on the leftmost diagram below). On each day,

if any bacteria part occupies cell (𝑟, 𝑐), that bacteria part will expand to all eight neighboring cells

(𝑟± 1, 𝑐± 1) and still occupy cell (𝑟, 𝑐). For example, see the middle/right diagram below to see what

the bacteria looks like after one day/two days, respectively.

Initial 6x9 After one day After two days

(2 # cells) (14 cells) (34 cells)

......... ......... .22222...

......... ..111.... .211122..

...#..... ..1#11... .21#112..

....#.... ..11#1... .211#12..

......... ...111... .221112..

......... ......... ..22222..

Important note: By now you should realize that the bacteria will grow quite fast. Although the input

is given as a small finite grid (of not more than 20 × 20) initially, the bacteria can grow beyond these

finite boundaries. For example, if the bacteria is left for additional two more days, we will have:

After two days After three days After four days

(34 cells) (62 cells) (98 cells)

(as above) (bigger than 6x9) 444444444. (bigger than 6x9)

3333333.. 4333333344

.22222... 32222233. 4322222334

.211122.. 32111223. 4321112234

.21#112.. 321#1123. 4321#11234

.211#12.. 3211#123. 43211#1234

.221112.. 32211123. 4322111234

..22222.. 33222223. 4332222234

.3333333. 4433333334

.444444444
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C.2.1 One Manual Test Case (2 marks)

If you have understood this question, what is the state of the grid if you are initially given this 4× 11

grid where a ‘#’ denotes the initial cells occupied by the bacteria parts (there are 5 cells initially

occupied) and leave the grid for 3 days. To convince the grader that the answer is not a random guess,

simulate the daily growth of the bacteria as shown in the example earlier (use characters 1, 2, 3) and

then mention the number of cells occupied by the bacteria parts after 3 days.

...#...#...

...........

....#.#....

.....#.....

C.2.2 What Is This Problem? (2 marks)

The small case of this problem (2 or more ‘#’s — up to 20×20 — and only 𝑘 ≤ 20 days) is a variation

to one of the problem that we have discussed in class. What is the name of this problem?

C.2.3 Special Cases (2 marks)

There are two simple mathematical formulas to count the answer if there are only 0 ‘#’ or 1 ‘#’ in

the initial grid and you leave this grid for 𝑘 days. What are they?

C.2.4 Solve This Problem (10 marks)

Propose an algorithm (and the associated data structure(s)) that is/are needed to solve this problem

(you just need to count the number of cells occupied by bacteria parts) and analyze its time complexity.

To score up to 5 marks in this subsection, your algorithm should be correct for just 𝑘 ≤ 20 days of

simulation. To score full (10) marks in this section, your algorithm should be correct for 𝑘 ≤ 106 days

— Notice the major gap between the two and hence the major gap of marks.

C.3 Jumping Game (15 marks)

Given an 𝑛 × 𝑛 matrix where each cell contains an integer between 1 to 𝑘 (duplicate integers may

exist), you want to play a jumping game on it. First, you start on any cell in the matrix with integer

1, then jump to any cell with integer 2, then 3 and so on until you reach any cell with integer 𝑘. You

can only visit exactly one cell for each integer 1 to 𝑘. You can assume that you can go from any cell

(𝑥1, 𝑦1) to any other cell (𝑥2, 𝑦2) in the matrix (with Manhattan distance of |𝑥1 − 𝑥2| + |𝑦1 − 𝑦2|),
as long as the consecutive numbering rule is satisfied, i.e., the integer on (𝑥1, 𝑦1) is one less than the

integer on (𝑥2, 𝑦2).

Your task is to compute the shortest possible total distance that you can make to complete this

game. However, if it is not possible because the matrix is missing one or more integers between 1 to

𝑘, you have to output −1 instead.
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Example 1: If you are given the following 4× 4 matrix and 𝑘 = 16, then the answer is 15 by spiraling

through the 16 integers.

1 2 3 4 the path is 1->2->...->15->16 that spirals through the matrix

12 13 14 5

11 16 15 6

10 9 8 7

Example 2: If you are given the following 4 × 4 matrix and 𝑘 = 7, then the answer is 8.

*1 *2 *3 7 the path is 1->2->3->4->5->6->7

4 *4 *5 5 1 1 2 1 2 1

3 6 5 *6 there can be other valid path with cost 8

4 5 7 *7

Example 3: Same 4 × 4 matrix as above, but 𝑘 = 8, then the answer is −1.

1 2 3 7 there is no integer 8 in the matrix

4 4 5 5

3 6 5 6

4 5 7 7

C.3.1 One Manual Test Case (2 marks)

If you have understood this question, what is the answer if you are given this test case: 7 × 7 matrix,

𝑘 = 5. To convince the grader that the answer is not a random guess, highlight the jumping path

(using * or just draw the path).

1 3 4 2 4 2 1

5 3 4 1 5 3 1

2 4 1 5 4 5 2

2 1 5 5 3 5 2

5 2 3 2 3 1 5

4 2 4 2 2 4 4

5 1 1 2 5 4 1

C.3.2 What Is This Problem? (2 marks)

This problem is a variation to one of the problem that we have discussed in class. What is the name

of this problem?

C.3.3 Solve This Problem (11 marks)

Propose an algorithm (and the associated data structure(s)) that is/are needed to solve this problem

and analyze its time complexity. To score up to 9 marks in this subsection, your algorithm should

be correct and runs in 𝑂(𝑛4 log 𝑛). To score full (11) marks in this section, your algorithm should be

correct and runs in 𝑂(𝑛4). The 𝑂(log 𝑛) gap is not that much hence the minor difference in marks.
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The Answer Sheet

My section B.1 answer:

My section B.2 answer (mention as many implications/effects/changes):

0 To identify the head element, we need two steps, i.e., go the sentinel and advancing one time

from the sentinel pointer, e.g., sentinel.next is the head element if there are more than 1 actual

element in the list, whereas this is just one step if we have the tail pointer.

1. Your answer 1:

2. Your answer 2:

3. Your answer 3:

4. Your answer 4:

5. Your answer 5:

My section C.1.1 answer (fill in this table):

No Initially Actually Explanation

1 𝑣8

2 𝑣4

3 𝑣4

4 𝑣2

5 𝑣2
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My section C.1.2 answer:

My section C.2.1 answer (update this grid and count the number of occupied cells):

...........

...........

...........

...#...#...

...........

....#.#....

.....#.....

...........

...........

...........

My section C.2.2 answer:

My section C.2.3 answers (two simple mathematical formulas):

My section C.2.4 answer:
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My section C.3.1 answer (show the jumping path):

1 3 4 2 4 2 1

5 3 4 1 5 3 1

2 4 1 5 4 5 2

2 1 5 5 3 5 2

5 2 3 2 3 1 5

4 2 4 2 2 4 4

5 1 1 2 5 4 1

My section C.3.2 answer:

My section C.3.3 answer:
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This page 14 is for extra writing space if you need any.

But if you ever need it, Steven thinks you are probably already digressing to wrong answers...

– END OF PAPER; All the Best –
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