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Who am I?

• Ex-TJC Student (CG24/07) 

• IT Club Secretary 
(while it was under Mr Low Chang Hong) 

• Currently in NUS 

• Computer Science and Mathematics DDP



Computational Thinking
!

• Logical Thinking 

• Modelling 

• Decomposition 

• Pattern recognition 

!

!

• Pattern generalisation 

• Abstraction 

• Algorithmic Thinking 

• Efficiency



In-class Exercise 
Travel Agency



Travel Agency
Given!

A list of tourists, each with places they want to visit 

!

To do!

Charter bus rides for them so each tours get to see 
all of their places



Tourism Spots in Singapore
• Botanical Gardens 

• Gardens by the Bay 

• Marina Bay Sands 

• Sentosa Island 

• Jurong Bird Park 

• Singapore Flyer 

• Universal Studios SIngapore 

• Clarke Quay

http://commons.wikimedia.org/wiki/File:Merlion_Sentosa.jpg



Tourists
!

• Amy 

• Ben 

• Charlie 

• Dominic 

!

• Emma 

• Felicia 

• Ginna 

• Harry



Question

• Do location names matter? 

• Do tourist names matter? 

• Do tourist genders matter?



Tourism Spots in Singapore
• Botanical Gardens [BG] 

• Gardens by the Bay [GB] 

• Marina Bay Sands [MBS] 

• Sentosa Island [SI] 

• Jurong Bird Park [JBP] 

• Singapore Flyer [SF] 

• Universal Studios SIngapore [USS] 

• Clarke Quay [CQ]

http://commons.wikimedia.org/wiki/File:Merlion_Sentosa.jpg



Tourists
!

• Amy [A] 

• Ben [B]!

• Charlie [C]!

• Dominic [D]!

!

• Emma [E] 

• Felicia [F] 

• Ginna [G] 

• Harry [H]



Tourists’ Plans
BG GB MBS SI JBP SF USS CQ

A ✓ ✓ ✓

B ✓ ✓ ✓

C ✓ ✓ ✓

D ✓ ✓ ✓

E ✓ ✓ ✓

F ✓ ✓ ✓

G ✓ ✓

H ✓ ✓



Tourists’ Plans
BG GB MBS SI JBP SF USS CQ

A ✓ ✓ ✓

B ✓ ✓ ✓

C ✓ ✓ ✓

D ✓ ✓ ✓

E ✓ ✓ ✓

F ✓ ✓ ✓

G ✓ ✓

H ✓ ✓



Tourists’ Plans
BG GB MBS SI JBP SF USS CQ

A ✓ ✓ ✓

B ✓ ✓ ✓

C ✓ ✓ ✓

D ✓ ✓ ✓

E ✓ ✓ ✓

F ✓ ✓ ✓

G ✓ ✓

H ✓ ✓



Tourists’ Plans
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A ✓ ✓ ✓

B ✓ ✓ ✓

C ✓ ✓ ✓

D ✓ ✓ ✓
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Solution #1
• Singapore 1-Day Tour 

• Put all tourists in 1 bus 

• Visit all 8 places in 1 day 

• Pros 

• Works - 1 bus, 1 day 

• Cons 

• Tourists unhappy: Too rushed. No time to see anything!



Solution #2
• Constraint 1: Each tourist visits at most 1 place/day 

• Singapore Buffet-style tour 

• Schedule 8 buses to each location every day 

• Tourists pick which bus to take each day 

• Pros 

• Works - At most 3 days to complete all plans 

• Cons 

• Boss unhappy: Wasteful! 24 bus trips.



Solution #3
• Constraint 1: Each tourist visits at most 1 place/day 

• Constraint 2: Send at most 1 bus to each place 

• Singapore 8-day tour 

• Schedule 1 bus to a different location each day 

• Tourists pick which day to take the bus 

• Pros 

• Works - At most 8 bus trips 

• Cons 

• Tourists unhappy: 8 days needed. At least 5 wasted days



Moral of the Story

• Don’t work in a travel agency 

• Just kidding 

• Solutions to real world problems are affected by all 
stakeholders



Hands on

• Constraint 1: Each tourist visits at most 1 place/day 

• Constraint 2: Send at most 1 bus to each place 

• Constraint 3: Minimise number of days



Hands on

• How many days did you use? 

• How did you come up with the solution? 

• What if I increase the number of attractions to 100? 

• What if I increase the number of tourists to 100?



Graph Model Approach
• What is a graph? 

!

!

!

!

• Nope

http://www.wolframalpha.com/input/?i=sin+x%2C+cos+x!
http://www.wolframalpha.com/input/?i=random+pokemon+curve



Graph Model Approach
• What is a model? 

!

!

!

!

• Similar

http://math.nie.edu.sg/ame/matheduc/tme/tmeV6_2/05-Yan%20KC%20Final%20version.pdf



Graph Model Approach
• A mathematical model G = (V, E) 

• Nodes/Vertices (V) 

• Edges (E) 

• In our case: 

• V = Attractions 

• E = Conflicts

GB

BG

JBP



Hands on
Draw the constraint graph



Constraint Graph
GBBG

MBS

SI

JBPSF

CQ

USS
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Re-arranging…

GBBG

MBS

SI

JBP

SF

CQ

USS



Graph Model
• Usage 

• Easy to read constraint 

• (Or the lack of it) 

• Claim 

• Colour the vertices. Adjacent vertices not same colour 

• # colours used = # days needed 

• Same color = Visit on same day



Possible solution

GBBG

MBS

SI

JBP

SF

CQ

USS

Day 1 - JBP, MBS 
!
Day 2 - BG, SI 
!
Day 3 - CQ, USS 
!
Day 4 - GB, SF



Questions

• Does the ordering of the colours matter? 

• How do we get the list of tourists on each bus?



Models

Actual Problem Actual Solution

Model Problem Model Solution
Known methods

???



Models

Bend Steel Bar Bent Steel Bar
???

http://youtu.be/MkibO5PdAiI?t=29s



Models

Bend Steel Bar Bent Steel Bar

Physics Model Calculated heat!
and pressure points

Apply Heat and Pressure

???



Models

Bus Scheduling Bus Schedule

Constraint!
Graph

Vertex!
Colouring

Colour graph

???



Exam Scheduling

Given!

A list of students, each with subjects that they take 

!

To do!

Plan the exam times and dates for the school



Fighting fish
Given!

A list of fish, each with a list of other fish which they 
will fight with 

!

To do!

Use as little bowls to hold all the fish



Models
Exam Scheduling!

Fighting Fish
Exam Schedule!

Fish Bowls

Constraint!
Graph

Vertex!
Colouring

Colour graph

???



Math to Wolfram

http://www.wolframalpha.com



Wolfram’s TED talk

19min 19sec



Lessons Learnt
• Abstraction 

• Remove useless information that don’t help in solving 
the problem (e.g. names) 

• Simplify if possible 

• Real world problems are usually subject to many 
constraints 

• Models are helpful 

• Grants you access to well-known problems/solutions



Palindromes
• What are palindromes? 

• It is the same thing when you read it both forwards and 
backwards 

• Are these strings palindromes? 

• 121 

• ASDF 

• ASDFDSA 

• 1



Homework
1) Palindromes 

Given a string,  
How do you check if it is a palindrome? 

!

2) Read this and tell me the moral of the story: 

http://www.comp.nus.edu.sg/~leonghw/Courses/
cattywampus.html



If you are interested…
• Topics covered: 

• Abstraction 

• Modelling 

• Graph Theory 

• Graph colouring



Computational 
Thinking 

Temasek Junior College

Davin Choo 
cxjdavin+CTC@gmail.com



Homework

2) What is the moral of the Cattywampus story? 

1) Palindromes 

• It is the same thing when you read it both 
forwards and backwards 

Given a string,  
How do you check if it is a palindrome?



Discussion

• Are the steps provided by your classmates 
unambiguous/clear? 

• Can you use their steps to check if something is a 
palindrome? Let’s try…



Next few sessions might feel like this

The Karate Kid (2010) 
4min 19sec

https://www.youtube.com/watch?v=hkORWn_wbcY



But there are good reasons…

The Karate Kid (2010) 
1min 53sec https://www.youtube.com/watch?v=T10ycFr770g



Goal of next few sessions

• Teach you the basics and foundations (Important!) 

• A step into understanding the world of Computer 
Science 

• The core of Computer Science is “Algorithms”



Algorithms
• Google’s definition 

!

!

• Properties 

• Well defined (i.e. not ambiguous) 

• Finite/Fixed number of steps



Algorithm Examples
• Cooking 

1. Preheat oven to 350℃ 

2. Sift together flour, cocoa, baking soda and 1 
tsp salt 

3. Beat in eggs and vanilla 

4. …



Algorithm Examples
• Giving directions to a tourist (or Google Maps) 

1. Go straight until you reach “XXX Drive” 

2. Make a left turn and walk straight to bus stop 
#55423 

3. Take bus 42 for 9 stops 

4. …



What’s “wrong” with the examples?

• Too verbose 

• Different people have different  
“levels of understanding” 

• We need a model of how things(in our case, 
computers) work before we can provide an 
appropriate algorithm at a “suitable level”



Dijkstra’s algorithm 
(Can you understand this?)

http://en.wikipedia.org/wiki/Dijkstra's_algorithm



Pseudocode

• “Language” of algorithms 

• Used to describe an algorithm in 
“fairly standardised method” (there are variants) 

• Similar to programming code but is 
programming language agnostic



Pseudocode
• Simple building blocks 

1. Numbering 

2. Comments 

3. Assignment 

4. Print/Return 

5. Conditionals (if-else) 

6. Repetition (while-loops) 

7. Function calls



1. Numbering

ALGORITHM_A (<Inputs>) 

1. Do A  

2. Do B  

3. Do C  

END



2. Comments

ALGORITHM_A (<Inputs>) 

1. Do A // This helps others 

2. Do B // to understand 

3. Do C // what you wrote 

END



3. Assignment

ALGORITHM_A (<Inputs>) 

1. X ← 3 

2. Do B 

3. Do C 

END

X 3

X 3



4. Print/Return

PLUS_ONE (A) 

1. X ← 1 + A 

2. PRINT “Hello” 

3. RETURN X 

END

Example: 
PLUS_ONE(2) 
 
Shows: “Hello” 
Returned: 3

Just visual display. 
Cannot be 

used further

Can still 
be used

Question: 
PLUS_ONE(PLUS_ONE(2)) returns ___?



5. Conditionals

If __________, then __________ 

Otherwise, __________

Condition
Condition!

is met
Condition!
not met



5. Conditionals

If __________, then __________ 

Otherwise, __________

it rains today
Natalie will!

bring umbrella
Natalie will!

wear sunglasses



5. Conditionals

If __________, then __________ 

Otherwise, __________

Yun Feng is!
hungry

Yun Feng!
will eat

<Blank>



5. Conditionals
IS_EVEN (N) 

1. IF (A % 2 == 0) 

2.         RETURN TRUE 

3. ELSE  

4.         RETURN FALSE 

5. END IF  

END

X == Y!
returns TRUE, if X is equal to Y!
returns FALSE, otherwise!
!
Convention (Why == instead of =)!
In programming, = denotes ←

Condition

Example: 

IS_EVEN (5) returns ___? 

IS_EVEN (4) returns ___?



5. Conditionals

Nested Conditionals 

If (A and B), then ____. 

If (A and ¬B), then ____. 

Otherwise (i.e. ¬A), ____.

Condition 2Condition 1



NESTED_IF_ALGO () 

1. IF (A) 

2.     IF (B) 

3.         ____ 

4.     ELSE 

5.         ____ 

6.     END IF 

7. ELSE 

8.     ____ 

9. END IF 

END

5. Conditionals

} Check 
Conditional 2



6. Repetition
SAY_HI_N_TIMES (N) 

1. WHILE (N != 0) 

2.     PRINT “HI” 

3.     N ← N - 1 

4. END WHILE  

END

Condition
X != Y!
returns TRUE, if X is not equal to Y!
returns FALSE, otherwise!
!
Convention!
! represents “not”/negation

Example: 

SAY_HI_N_TIMES (1) returns ___? 

SAY_HI_N_TIMES (5) returns ___? 

SAY_HI_N_TIMES (-1) returns ___?



6. Repetition
SAY_HI_N_TIMES (N) 

1. WHILE (N > 0) 

2.     PRINT “HI” 

3.     N ← N - 1 

4. END WHILE  

END

Condition

Choice of condition!
MATTERS!

Example: 

SAY_HI_N_TIMES (1) returns ___? 

SAY_HI_N_TIMES (5) returns ___? 

SAY_HI_N_TIMES (-1) returns ___?



6. Repetition
SAY_HI_N_TIMES (N) 

1. WHILE (N ≥ 1) 

2.     PRINT “HI” 

3.     N ← N - 1 

4. END WHILE  

END

Condition
(N != 0)!

vs.!
(N > 0)!

vs.!
(N ≥ 1)

Assumption!
MATTERS!

Example: 

SAY_HI_N_TIMES (1) returns ___? 

SAY_HI_N_TIMES (5) returns ___? 

SAY_HI_N_TIMES (-1) returns ___?



Math Joke

• An empty kettle is on the stove, how do you boil 
water? 
 
 

• An empty kettle is on the floor, how do you boil 
water?



7. Function Calls
MAKE_EVEN (N) 

1. IF (!IS_EVEN(N)) 

2.     RETURN (N + 1) 

3. ELSE 

4.     RETURN N 

5. END IF 

END

MAKE_EVEN (N) 

1. IF (!IS_EVEN(N)) 

2.     RETURN PLUS_ONE(N) 

3. ELSE 

4.     RETURN N 

5. END IF 

END



Learning Points
• Pick your conditions carefully 

• Be lazy. Re-use previous solutions! 

• Don’t repeat work 

• Don’t reinvent the wheel 

• Unless your wheel is better (Prove it) 

• Decompose/Break down large problems into smaller, 
more manageable parts



Dijkstra’s algorithm 
(How about now?)

http://en.wikipedia.org/wiki/Dijkstra's_algorithm



Factorial
• Definition: 

• n! = n * (n-1) * (n-2) * … * 1 

• Is there a pattern here?  
Can we break down the definition into smaller, 
easier parts? 

• 0! = 1, 1! = 1 

• n! = n * (n-1)!

Base case

Recursive case



Hands on
• How would you implement Factorial in Pseudocode? 

FACTORIAL(n) 

• Example: 

• FACTORIAL(0) = 1 

• FACTORIAL(1) = 1 

• FACTORIAL(3) = 6

Recall: 
n! = n * (n-1) * (n-2) * … * 1 
n! = n * (n-1)!



Factorial
FACTORIAL(n) 

1. result ← 1 

2. WHILE (n ≥ 1) 

3.     result ← result * n 

4.     n ← n - 1 

5. END WHILE 

6. RETURN result 

END

Question: 
What if I change to > ? 

Will it work?

Which definition is this using?

Recall: 
n! = n * (n-1) * (n-2) * … * 1 
n! = n * (n-1)!

Can we use the other one?



Factorial
FACTORIAL(n) 

1. IF (n == 0 OR n == 1) 

2.     RETURN 1 

3. ELSE 

4.     RETURN n * FACTORIAL(n-1) 

5. END IF 

END

Question: 
What if I change to “AND” ? 

Will it work?

Recall: 
n! = n * (n-1) * (n-2) * … * 1 
n! = n * (n-1)!



Model of Computer
• No “intermediate” memory 

• Use variables (boxes) to hold data 

• A single variable can hold 1 value 

• Overwritten when asked to store another value 

• Instructions are executed sequentially 
(i.e. step by step, unless loop or function call) 

• Index numbering start from 0 (why: Binary numbers)



Abstraction!
Circuitry

Bits

Assembly language

Human readable 
programming languages

Pseudocode

Current flows, resistors, NAND gates

0’s and 1’s (like in the Matrix)

MIPS / ARM architecture 
(PUSH, MOV, etc)

Java, C++, Python, JS, etc

What we are currently doing



SWAP
We want to swap the values of 2 variables,  

how do we do it?

2 3

A B

3 2

A B



Sequences / Arrays
• A contiguous (joined-up) chain of variables (boxes) 

• Values are referenced by 1 name (chain’s name) 
and the index (position in the chain) 

• Example:

LEN(SEQ) = 6 
SEQ[0] = 4 
SEQ[1] = 3 
SEQ[2] = 2 

// Length of SEQ 
SEQ[3] = 7 
SEQ[4] = 3 
SEQ[5] = 6

4 3 2 7 3 6SEQ



Hands on
• How would you implement Swap in an array in 

Pseudocode? 

SWAP(SEQ, i, j) 

• Example: 

 SEQ = [A, B, C, D, E] 
 SWAP(SEQ, 1, 4) 
 SEQ = [A, E, C, D, B]



SWAP

SWAP (SEQ, i, j) 

1. SEQ[i] ← SEQ[j] 

2. SEQ[j] ← SEQ[i] 

END

Does this work? 
!

Why / Why not?



SWAP
SWAP (SEQ, i, j) 

1. temp ← SEQ[i] 

2. SEQ[i] ← SEQ[j] 

3. SEQ[j] ← temp 

END

i … j ……SEQ

temp

temp i

j … j ……SEQ

j … i ……SEQ

1.

2.

3.

temp

SEQ[i]SEQ[j]

1.

2.

3.



Discussion

• SWAP(SEQ, i, j) == SWAP(SEQ, j, i) ? 

• Symmetric in 2nd and 3rd input parameters 

• What other kinds of operations/functions are 
symmetric? 

• ADD(i, j), MULTIPLY(i, j)



Hopefully, you will be like…

https://www.youtube.com/watch?v=84VtdVK2a0A

Kung Fu Panda (2008) 
4min 12sec



One last thing for today



FIND_MAX
• Idea: Find largest value in an array of numbers 

• Example: 4 3 2 7 3 6SEQ
Largest value = 7 
Largest index = 3

-4 3 2 -7 3 -6SEQ
Largest value = 3 

Largest index = 1 or 4?



FIND_MAX

• Should FIND_MAX return: 

• “largest value”, or 

• “index of largest value”? 

• Why?



Homework
1) Find recipe of favourite food (as per the survey!) 

Write algorithm so that a computer/automated chef can 
understand it. 
(Use repetitions and function calls where suitable!) 

2) Write pseudocode of FIND_MAX(SEQ), 
which returns the first index of the largest value 

FIND_MAX(SEQ)!

1. …!

END



If you are interested…
• Topics covered: 

• Pseudocode Structure 

• Working model of a computer 

• Arrays 

• Factorial, Swap, Find_max
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