Activity 4
Iteration
Topic:




· Iteration
Levels:



· P4-P6

· S1-S3

Time required:

· 1.5 hours
Levels of Difficulties:


· Low(*) : suitable for P4 or above
· Middle(**) : suitable for S1 or above

· High(***) : suitable for S3 or above

	Low (*)
	Middle (**)
	High (***)

	P4
	
	
	
	
	
	

	
	P5
	
	
	
	
	

	
	
	P6
	
	
	
	

	
	
	
	
	S1
	
	

	
	
	
	
	
	S2
	

	
	
	
	
	
	
	S3


· Remarks:

1. Unless stated or otherwise, the level of difficulty of the components in this activity is Low.

2. The above levels of difficulties are just for reference. Teachers should choose suitable components for their students based on their professional judgements.

Skills and Content to be learnt:

· Iteration
· Definite loop

· Indefinite loop

· Computational thinking

· Pattern recognition
· Abstraction
· Algorithm design
Strategies:

· Guided learning

· Task-based approach

· Game-based learning
· Competition

Materials:


· Some laminated cards.
· Some water soluble marker pens.
· Some wet tissue papers.

· A Tower of Hanoi puzzle toy.
· Activity Worksheet for each student.

Procedure:

1. Teacher first uses some real-life examples to introduce the idea of repetition.

· Refer to Q1 of the Activity Worksheet. 

· Teacher can ask students to describe the procedures. Then, the REPEAT…UNTIL… structure can be introduced.
REPEAT
 action to be repeated 
UNTIL  stopping condition for repetition 
· Students are required to identify the action to be repeated and the stopping condition for the repetition for each example.

· Teacher can illustrate one as an example and let students to do the rest.
2. Teacher can also introduce the concepts of definite loop and indefinite loop by asking students to classify the examples into two types: the number of repetitions is known beforehand and the number of repetitions is not known beforehand.

· Refer to Q2 of the Activity Worksheet. 

3. Teacher then introduce the concepts of Iteration in programming.

· In programming, repetition is also known as iteration or looping. It is a process of repeating the execution of a block of statements.
· Teacher can use the following picture to visualize the idea of iteration.
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· Teacher should tell students that most programming languages provide some sort of iteration statements to allow a block of statements to be executed a number of times. Iteration statements can help programmers simplify their programs.

4. Teacher can further explain the need of iteration in programming by using the robotic arm drawing example.
· Refer to Q3 of the Activity Worksheet. Students are required to write down the answers on the Worksheet.
· Recall the commands for controlling a robotic arm to draw figure in Activity Worksheet 1.

· Suppose we want to instruct the robotic arm to draw a square as below. Assume that the pen is on the paper initially.
 SHAPE  \* MERGEFORMAT 



· Teacher can ask students to design the program and invite a student to write the commands on the blackboard.

Possible solution:

FD 6

RT 90

FD 6

RT 90

FD 6

RT 90

FD 6

RT 90

· After that, teacher asks students to identify the repeating parts in the above program. Students should observe that some statements are repeated in the program.
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FD 6

RT 90

FD 6

RT 90

FD 6

RT 90

FD 6

RT 90

· Then teacher introduces the iteration statement in the programming language.


REPEAT n times [


A block of statement(s)

] 
· Teacher rewrite the program as follows.

REPEAT 4 times [

FD 6

RT 90

] 

· Teacher can ask students to tell the advantage of using iteration statement.

5. Then teacher can let students practice programming with iteration statements by using Q4 and Q5 of the Activity Worksheet.

· Teacher can guide students to identify the repeating parts in the figures.


[image: image3]  
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· Teacher may invite some students to share their programs or discuss the solutions with students.

6. Next, teacher introduces the concept of definite loop. 

· In a definite loop, the number of iterations is known before the execution of the body of the loop. It is also known as count-controlled loop.

· Remind students that the iterations in Q3 to Q5 are examples of definite loop.
· Teacher can provide further examples.
E.g.
To find the total score obtained from rolling a die five times.

Score ( 0
REPEAT 5 times [

  Roll the die

  Add the Outcome to the Score

]

· Teacher may then ask students to suggest some examples that involve the use of definite loops and express the loops in the following format.
REPEAT ________ times [

]
7. To let students have further practice on definite loop, teacher can ask students to do Q6 of the Activity Worksheet. 

· The problem is a simplified version of the Tower of Hanoi problem: without the requirement of keeping smaller disks above larger disks during the moves.
· If possible, teacher can invite some students to demonstrate the moves
[image: image5.png]



8. Next, teacher introduces the other forms of definite loop.

For-Loop 
FOR counter FROM first TO last [


A block of statement(s)

] 

FOR counter FROM last DOWN TO first [


A block of statement(s)

] 

A Real-life example:
FOR Class Number FROM 10 TO 20 [

  The corresponding student comes out.
  Student gets his/her test paper from teacher.
]
9. Teacher can use the following unplugged activity to demonstrate the use of For-Loop in finding the sum of a sequence of numbers, say, 10, 11, …, 14.
Steps:

(1) Teacher asks students of class numbers 10 to 14 to come out and line up according to their class numbers.
(2) Teacher passes a laminated card with the words “Sum: 0” to the first student (No.10).
(3) Teacher instructs students to do the following task:

For students with numbers from 10 to 14 [

When you receive the card, update the sum by adding your class number to the sum. Then pass the card to the next student.

]
(4) After the last student has updated the sum on the card, the final sum will be the sum 10+11+12+13+14 = 60. 
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Teacher should explain to students that what they have done is just the iteration:
Sum ( 0
FOR Number FROM 10 TO 14 [

 
 Sum ( Sum + Number

]
OR (for primary students)
Set Sum to 0
FOR Number FROM 10 TO 14 [

 
 Add Number to Sum
]
(**)
10. Teacher then asks students to do Q7 on the Activity Worksheet to design algorithms using For-Loop.

(***)
11. For more able students in Mathematics (secondary level), the following cross-curricular activity can also be used.
· Teacher can ask students to draw a regular five-pointed star by using the robotic arm statements. 
FOR Count FROM 1 TO 5 [

FD 3


RT 144
]
· Teacher can discuss with students why the angle of turning is 144 degree?
12. Next, teacher introduces the indefinite loop.
· In an indefinite loop, the number of iterations is not known before the execution of the loop body. The execution of the loop body (block of statements) will be repeated until the exit condition is TRUE (or the continue condition is FALSE). It is also known as condition-controlled loop.
· There are two types of indefinite loops: post-test loop and pre-test loop.
· Post-Test Loop: 

· The exit condition is checked after the loop body is executed.

· The loop body is executed at least once.

REPEAT [


A block of statement(s) (i.e. the loop body)

] UNTIL exit condition (is TRUE)

E.g.
To find the number of rolls of a die to obtain a total score greater than 30.

Score ( 0
REPEAT [

  Roll the die

  Score ( Score + Outcome

] UNTIL Score > 30

OR (for primary students)
Set Score to 0
REPEAT [

  Roll the die

  Add the Outcome to the Score

] UNTIL Score greater than 30

· Teacher can ask students to think of other examples of post-test loop.

REPEAT [

] UNTIL ______________

· The following unplugged activity with cross-curricular approach may also be used.
Steps:

(1) Suppose there are ten students. Each student writes down a number between 0 and 10 on a card and the number is not visible by others.

(2) Teacher passes the “Sum: 0” card to the first student.
(3) When each student receives the card, he/she will update the sum by adding his/her number to the sum. Then he/she passes the card to the next student.

(4) Teacher can set different requirements associate to Mathematics concept like “the student who gets the sum with a multiple of 4 wins the game”.

Teacher can discuss the related algorithm with students like:

Set the SUM to 0
REPEAT

  
Pass the “Sum” card to next student


Adding your number to SUM

UNTIL the value of SUM is a multiple of 4
· Pre-Test Loop: 

· The continue condition is checked before the loop body is executed. 
· If the first checking results in FALSE, the loop body will never be executed.

WHILE continue condition (is TRUE) [

A block of statement(s) (i.e. the loop body)

]

E.g.
To eat all the biscuits in a container. (Note: the container may be empty)

WHILE Number_of_biscuits > 0 [

  Take and eat a biscuit

  Number_of_biscuits ( Number_of_biscuits – 1

] 

OR (for primary students)
WHILE the container is not empty [

  Take and eat a biscuit

  Reduce the Number_of_biscuits by 1

] 

· Ask students to think of other examples of pre-test loop.

WHILE ______________ [

]
(**)
13. Teacher then asks students to do Q8 on the Activity Worksheet. 

· Try different approaches for solving problem.

· Teacher may invite some students to share their programs or discuss the solutions with students.

(***)
14. Challenge to students:

· Q9 of Activity Worksheet (Tower of Hanoi).

· This problem not easy for primary students (even junior secondary students), it is suggested to use it for elite students.
· Teacher may arrange simple competition for students before doing the question. Teacher may let different students to try the game (e.g. with 4 disks). Student uses the minimum number of disk moves will win the game.
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· This problem requires the following skills in computational thinking:

· pattern recognition
· pattern generalization and abstraction
· algorithm design
· Reference: https://www.mathsisfun.com/games/towerofhanoi.html 
Activity Worksheet 4 : Iteration
Repetition in Our Everyday Life
In our daily life, there are many situations that we need to do something repeatedly. In fact, similar things happen in programming. Let us first study some real-life examples of repetition. 
(*)
Q1. For each of the following real-life examples of repetition, identify (1) the action to be repeated and (2) the stopping condition for the repetition. Then express the statement in the following format:

REPEAT
 action to be repeated 
UNTIL  stopping condition for repetition 
(a) Countdown for festival (e.g. New year).

For primary students:
Action to be repeated:  Count the number of seconds to New Year then 


_______________________________________________
Stopping condition: 
_______________________________________________
10 seconds before new year / The time is 11:59:50 pm
REPEAT
_______________________________________________
UNTIL _______________________________________________
For secondary students:
Action to be repeated:  Count the number of seconds to New Year then


_______________________________________________
Stopping condition: 
_______________________________________________
N ( number of seconds to New Year
REPEAT
_______________________________________________
UNTIL _______________________________________________
(b) Musical Ball Passing Game (音樂傳球)
Action to be repeated:  _______________________________________________
Stopping condition: 
_______________________________________________
Music plays
REPEAT
_______________________________________________
UNTIL _______________________________________________
(c) Correction (Students’ daily life example of correction, re-correction, re-re-correction, …)

Action to be repeated:  _______________________________________________
Stopping condition: 
_______________________________________________
Mistake(s) found

REPEAT
_______________________________________________
UNTIL _______________________________________________
(d) Teacher asks a student to write “I must be polite to everyone.” 50 times as a punishment.
Action to be repeated:  _______________________________________________
Stopping condition: 
_______________________________________________
REPEAT
_______________________________________________
UNTIL _______________________________________________
(e) Golden Goal
Action to be repeated:  _______________________________________________
Stopping condition: 
_______________________________________________
Equal score at the end of match

REPEAT
_______________________________________________
UNTIL _______________________________________________
(f) You are hungry and you have a can of cookies to eat. 
Action to be repeated:  _______________________________________________
Stopping condition: 
_______________________________________________
You are hungry and the can is not empty

REPEAT
_______________________________________________
UNTIL _______________________________________________
(*)
Q2. For some examples of Q1, the number of repetitions is known beforehand; for other examples, the number of repetitions is not known beforehand. Classify the examples in Q1 into these two types.

	The number of repetitions is known beforehand:
	

	the number of repetitions is not known beforehand:
	


Remarks:

1. The repetition is called definite loop if the number of repetitions is known beforehand.

2. The repetition is called indefinite loop if the number of repetitions is not known beforehand.
(The ideas of definite and indefinite loops will be further discussed later.)

Iteration in Programming
In programming, repetition is also known as iteration or looping. It is a process of repeating a block of statements.
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Most programming languages provide some sort of iteration statements to allow a block of statements to be executed a number of times. Iteration statements can help programmers simplify their programs.

(*)
Q3. In Activity Worksheet 1, you have learnt the following commands for controlling a robotic arm to draw figure.
· PU
-
Lifts the pen from the paper so that moving the pen will not draw a line.

· PD
-
Puts the pen on the paper so that moving the pen will draw a line.
· FD x
-
Moves the pen forwards x units
· BK x
-
Moves the pen backward x units

· RT y
-
Changes the direction of movement by turning right y degrees. This should be done before moving the pen.

· LT y
-
Changes the direction of movement by turning left y degrees. This should be done before moving the pen.
(a) Suppose we want to instruct the robotic arm to draw a square as below. Assume that the pen is on the paper initially.
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Write down the program statements for drawing the square.
	




(b) Assume our programming language provides the following iteration statement.


REPEAT n times [


A block of statement(s)

] 



Rewrite the program in (a) by using the iteration statement.
	


(c) What is the advantage of using iteration statement?
	

	


(*)
Q4. Using the same robotic arm and programming language as in Q3, you want to draw the following figure by using iteration statement.

[image: image13]
(a) The following repeating part is identified from the above figure. Design a program to draw the following figure.

[image: image14]
	


(b) Design a program to draw the original figure by using iteration statement.
	


(*)
Q5. With the same robotic arm and programming language as in Q3, design a program to draw the following figure by using iteration statement.

[image: image15]
Hint: 

First, identify the repeating part in the given figure. This part is repeated 4 times.

Then, use iteration statement to draw this part 4 times.

Remark:
If the student cannot figure out, teacher can illustrate the four stages in diagrams.
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Definite Loop
In a definite loop, the number of iterations is known before the execution of the body of the loop. It is also known as count-controlled loop.

The iterations in Q3 to Q5 are examples of definite loop. 


REPEAT n times [


A block of statement(s)

] 

Another example: 
To find the total score obtained from rolling a die five times.

Score ( 0
REPEAT 5 times [

  Roll the die

  Add the Outcome to the Score

]

Try to think of other examples of definite loop.

REPEAT ________ times [

]
(*)
Q6. In the following figure, there are three rods A, B and C and four disks of different sizes. Initially, the disks on rod A are in order of size.
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You need to move the disks from rod A to rod C so that the disks on rod C are in the same order as that on rod A. You can use rod B if necessary.

Rules:

· Only one disk can be moved at a time.

· Each move consists of taking the upper disk from one of the stacks and placing it on top of another stack i.e. a disk can only be moved if it is the uppermost disk on a stack.

Design an algorithm (the steps) for solving the problem with minimum number of steps. You may use the command MOVE(X, Y) to move a disk from rod X to rod Y.
	


Remarks:
1. If student (especially primary) cannot master iteration, teacher can assist them to do it in step-by-step approach.
2. For primary students, teacher can also provide a physical object of “Tower of Hanoi” or simulation game for students to try.
Other Forms of Definite Loop

There are other forms of definite loop which is known as For-Loop.
FOR counter FROM first TO last [


A block of statement(s)

] 

FOR counter FROM last DOWN TO first [


A block of statement(s)

] 

E.g. 
A Real-life example.


FOR Class Number FROM 10 TO 20 [

  The corresponding student comes out.
  Student gets his/her test paper from teacher.
]
Demonstration (A card passing game)
The following activity demonstrates the use of For-Loop in finding the sum of a sequence of numbers, say, 10, 11, …, 14.

Steps:

(1) Teacher asks students of class numbers 10 to 14 to come out and line up according to their class numbers.

(2) Teacher passes a laminated card with the words “Sum: 0” to the first student (No.10).
(3) Teacher instructs students to do the following task:

For students with numbers from 10 to 14 [

When you receive the card, update the sum by adding your class number to the sum. Then pass the card to the next student.

]
(4) After the last student has updated the sum on the card, the final sum will be the sum 10+11+12+13+14 = 60. 

[image: image21.png]Teacher

No.10

No.11

No.12

No.13




[image: image22.png]Teacher No.10 No.11 No.12 No.13 No.14




[image: image23.png]Teacher No.10 No.11 No.12 No.13 No.14





[image: image24.png]Teacher No.10 No.11 No.12 No.13 No.14




What the students have done is just the following iteration.

Sum ( 0
FOR Number FROM 10 TO 14 [

 
 Sum ( Sum + Number

]
OR (for primary students)
Set Sum to 0
FOR Number FROM 10 TO 14 [

 
 
Add Number to Sum
]
E.g.
To find the sum of 10 to 20

Sum ( 0
FOR Number FROM 10 TO 20 [

 
 
Sum ( Sum + Number

]
OR (for primary students)
Set Sum to 0
FOR Number FROM 10 TO 20 [

 
 
Add Number to Sum
]
E.g.
To find the product of 1 to 10

Product ( 1
FOR Number FROM 1 TO 10 [

 
 
Product ( Product * Number

]
OR (for primary students)
Set Product to 1
FOR Number FROM 1 TO 10 [

 
 
Multiply Product by Number

]
(**)
Q7. Use For-Loop to design algorithm for finding the following values.

(a) Find the sum of integers between 1 and 100 inclusively.
	


(b) Find the product of integers between 20 and 30 inclusively.
	


(c) Find the sum of even numbers between 1 and 50 inclusively.

Hint: You may need to use IF-THEN statement.

	


(d) Find the sum of odd numbers between 50 and 100 inclusively.

Hint: You may need to use IF-THEN statement.

	


Indefinite Loop

In an indefinite loop, the number of iterations is not known before the execution of the loop body. The execution of the loop body (block of statements) will be repeated until the exit condition is TRUE (or the continue condition is FALSE). It is also known as condition-controlled loop.

There are two types of indefinite loops: post-test loop and pre-test loop.
Post-Test Loop: 

· The exit condition is checked after the loop body is executed.

· The loop body executes at least once.

REPEAT [


A block of statement(s) (i.e. the loop body)
] UNTIL exit condition (is TRUE)

E.g.
To find the number of rolls of a die to obtain a total score greater than 30.

Score ( 0
REPEAT [

  Roll the die

  Score ( Score + Outcome

] UNTIL Score > 30

OR (for primary students)
Set Score to 0
REPEAT [

  Roll the die

  Add the Outcome to the Score

] UNTIL Score greater than 30

Try to think of other examples of post-test loop.

REPEAT [

] UNTIL_________________________________________
E.g. 
A card passing game again.

Steps:

(1) Suppose there are ten students forming a queue. Each student writes down a number between 0 and 10 on a card and the number is not visible by others.

(2) Teacher passes the “Sum: 0” card to the first student.

(3) When each student receives the card, he/she will update the sum by adding his/her number to the sum. Then he/she passes the card to the next student.

(4) The student who gets the sum with a multiple of 4 wins the game.

By using REPEAT-UNTIL statement, write an algorithm to describe the above steps.

Set the SUM to 0

REPEAT [

] UNTIL_________________________________________

Pre-Test Loop: 

· The continue condition is checked before the loop body is executed. 
· If the first checking results in FALSE, the loop body will never be executed.

WHILE continue condition (is TRUE) [

A block of statement(s) (i.e. the loop body)
]

E.g.
To eat all the biscuits in a container. (Note: the container may be empty)
WHILE Number_of_biscuits > 0 [

  Take and eat a biscuit

  Number_of_biscuits ( Number_of_biscuits – 1
] 

OR (for primary students)
WHILE the container is not empty [

  Take and eat a biscuit

  Reduce the Number_of_biscuits by 1

] 

Try to think of other examples of pre-test loop.

WHILE ______________________________ [

]
(**)
Q8. Suppose you want to design a program to change an amount of money into minimum number of coins. The amount of money is a positive integer. The coins available are $5, $2 and $1. 
The input to the program is the amount of money (in $) to be changed: A

The output results are


Number of $5 coin(s): N5


Number of $2 coin(s): N2


Number of $1 coin(s): N1


One method for solving the problem is by using “Greedy” algorithm: 

(1) Take a coin of the largest value that does not exceed the amount. 

(2) Deduct the value of the coin from the amount. 

(3) Repeat the steps until the amount becomes $0. 


For example, you want to change $13 into coins.













N5

N2

N1













0

0

0

Original amount = $13



(
Take $5

1

0

0
Remaining Amount = $13 – $5 = $8
(
Take $5

2

0

0
Remaining Amount = $8 – $5 = $3

(
Take $2

2

1

0
Remaining Amount = $3 – $2 = $1

(
Take $1

2

1

1
Remaining Amount = $0



(
Stop


2

1

1
Remark:


Variable A represents the amount of money (in $) to be changed;



Variable N5 represents the number of $5 coin(s);


Variable N2 represents the number of $2 coin(s);


Variable N1 represents the number of $1 coin(s).

(a) Complete the following “Greedy” algorithm by using WHILE loop.
	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

WHILE A >= 5 [


N5 ( N5 + 1


A ( A – 5

]

OUTPUT N5 

OUTPUT N2

OUTPUT N1


(b) Complete the following “Greedy” algorithm by using REPEAT-UNTIL loop.
	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

IF A >= 5 THEN [


REPEAT [



N5 ( N5 + 1



A ( A – 5


] UNTIL A < 5

]

OUTPUT N5 

OUTPUT N2

OUTPUT N1


(c) The problem can also be solved without using iteration. Complete the algorithm below for solving the problem without using iteration.
Hint:
You are allowed to use the following expressions to find the quotient and remainder of division.

E.g.
B ( quotient of 7 / 3  
(  
 B stores 2 



B ( remainder of 7 / 3  
(   B stores 1



	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

OUTPUT N5 

OUTPUT N2

OUTPUT N1


(***)
Q9. This question is a modification of Q6. An additional rule is added to the move. The puzzle is known as Tower of Hanoi.

Task:

· To move the disks from rod A to rod C so that the disks on rod C are in the same order as that on rod A. 

Rules:

· Only one disk can be moved at a time.

· Each move consists of taking the upper disk from one of the stacks and placing it on top of another stack i.e. a disk can only be moved if it is the uppermost disk on a stack.

· No disk may be placed on top of a smaller disk.
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In designing an algorithm for solving the problem, you may use the command MOVE(X, Y) to move a disk from rod X to rod Y. 
Remark:
For primary students, teacher can also provide a physical object of “Tower of Hanoi” or simulation game for students to try.
(a) Start with two disks. It is known that the minimum number of disk moves required is 3. Try to solve the problem with minimum number of disk moves. Record the steps by completing the table below. In each step, you should write down 
· the instruction used,
· the rods involved in the move (( = Out, ( = In),

· the disks on the rods (from top to bottom).

Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2
	
	


Complete the following table. Step 1 is provided to you as an example.
	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, B)
	(
	(
	
	2
	1
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	


(b) With three disks on rod A. It is known that the minimum number of disk moves required is 7. Try to solve the problem with minimum number of disk moves. Record the steps by completing the table below. Step 1 is provided to you as an example.
Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, C)
	(
	
	(
	2,3
	
	1

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	


(c) With four disks on rod A. It is known that the minimum number of disk moves required is 15. The Instructions for solving the problem are listed on the left of the table below.
(i) Try to "execute" the following instructions and record the steps in the table below. Step 1 is provided to you as an example.
Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3,4
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, B)
	(
	(
	
	2,3,4
	1
	

	2
	MOVE(A, C)
	
	
	
	
	
	

	3
	MOVE(B, C)
	
	
	
	
	
	

	4
	MOVE(A, B)
	
	
	
	
	
	

	5
	MOVE(C, A)
	
	
	
	
	
	

	6
	MOVE(C, B)
	
	
	
	
	
	

	7
	MOVE(A, B)
	
	
	
	
	
	

	8
	MOVE(A, C)
	
	
	
	
	
	

	9
	MOVE(B, C)
	
	
	
	
	
	

	10
	MOVE(B, A)
	
	
	
	
	
	

	11
	MOVE(C, A)
	
	
	
	
	
	

	12
	MOVE(B, C)
	
	
	
	
	
	

	13
	MOVE(A, B)
	
	
	
	
	
	

	14
	MOVE(A, C)
	
	
	
	
	
	

	15
	MOVE(B, C)
	
	
	
	
	
	


(ii) Describe the repeating pattern that can be observed from the “Rods involved” part of the above table.
	

	

	

	

	

	


(d) With five disks on rod A. It is known that the minimum number of disk moves required is 31. The first 15 Instructions for solving the problem are listed on the left of the table below.
(i) Try to "execute" the following instructions and record the steps in the table below. Step 1 is provided to you as an example.
Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3,4,5
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, C)
	(
	
	(
	2,3,4,5
	
	1

	2
	MOVE(A, B)
	
	
	
	
	
	

	3
	MOVE(C, B)
	
	
	
	
	
	

	4
	MOVE(A, C)
	
	
	
	
	
	

	5
	MOVE(B, A)
	
	
	
	
	
	

	6
	MOVE(B, C)
	
	
	
	
	
	

	7
	MOVE(A, C)
	
	
	
	
	
	

	8
	MOVE(A, B)
	
	
	
	
	
	

	9
	MOVE(C, B)
	
	
	
	
	
	

	10
	MOVE(C, A)
	
	
	
	
	
	

	11
	MOVE(B, A)
	
	
	
	
	
	

	12
	MOVE(C, B)
	
	
	
	
	
	

	13
	MOVE(A, C)
	
	
	
	
	
	

	14
	MOVE(A, B)
	
	
	
	
	
	

	15
	MOVE(C, B)
	
	
	
	
	
	


(ii) Describe the repeating pattern that can be observed from the “Rods involved” part of the above table.
	

	

	

	

	

	


(e) By observing the repeating patterns in “Rods involved” part of the tables in (a) to (d), an algorithm can be designed to solve the Tower of Hanoi problem with any number of disks.

Define a legal move of disk to be a move that obey the given rules. 


Complete the following algorithm for solving the Tower of Hanoi problem.
IF number of disks is even THEN [
REPEAT [

make the legal move between rods A and B (in either direction)

make the legal move between rods          (in either direction)

make the legal move between rods          (in either direction)
] UNTIL all the disks are moved to rod C

]

IF number of disks is             THEN [
REPEAT [

make the legal move between rods          (in either direction)

make the legal move between rods          (in either direction)

make the legal move between rods          (in either direction)
] UNTIL                                                   .
]

Answers

(*)
Q1. For each of the following real-life examples of repetition, identify (1) the action to be repeated and (2) the stopping condition for the repetition. Then express the statement in the following format:

REPEAT
 action to be repeated 
UNTIL  stopping condition for repetition 
(a) Countdown for festival (e.g. New year).

For primary students:
Action to be repeated:  Count the number of seconds to New Year then 



decrease the number of seconds by one
Stopping condition: 
The time is 12:00am (The next day has come)
10 seconds before new year / The time is 11:59:50 pm
REPEAT
Decrease the number of seconds by one
UNTIL The time is 12:00am
For secondary students:
Action to be repeated:  Count the number of seconds to New Year then 

decrease the number of seconds by one
Stopping condition: 
The number of seconds is 0

N ( number of seconds to New Year
REPEAT
N ( N – 1
UNTIL N = 0
(b) Musical Ball Passing Game (音樂傳球)

Action to be repeated:  Passing the ball to the person on left (or right)
Stopping condition: 
Music stops
Music plays

REPEAT
Passing the ball to the person on left (or right)
UNTIL Music stops
(c) Correction (Students’ daily life example of correction, re-correction, re-re-correction, …)

Action to be repeated:  Modify/Rewrite/Change the answers
Stopping condition: 
All the answers are correct
Mistake(s) found

REPEAT
Modify/Rewrite/Change the answers
UNTIL All the answers are correct
(d) Teacher asks a student to write “I must be polite to everyone.” 50 times as a punishment.
Action to be repeated:  Write “I must be polite to everyone.”
Stopping condition: 
The sentence has been written 50 times
REPEAT
Write “I must be polite to everyone.”
UNTIL The sentence has been written 50 times
(e) Golden Goal

Action to be repeated:  Each team scores a penalty kick
Stopping condition: 
One team scores AND another team misses
Equal score at the end of match

REPEAT
Each team scores a penalty kick
UNTIL One team scores AND another team misses
(f) You are hungry and you have a can of cookies to eat. 
Action to be repeated:  Take a cookie and eat
Stopping condition: 
The can is empty OR your stomach feels full
You are hungry and the can is not empty

REPEAT
Take a cookie and eat
UNTIL The can is empty OR your stomach feels full
(*)
Q2. For some examples of Q1, the number of repetitions is known beforehand; for other examples, the number of repetitions is not known beforehand. Classify the examples in Q1 into these two types.

	The number of repetitions is known beforehand:
	(a), (d)

	the number of repetitions is not known beforehand:
	(b), (c), (e), (f)


Remarks:

1. The repetition is called definite loop if the number of repetitions is known beforehand.

2. The repetition is called indefinite loop if the number of repetitions is not known beforehand.

(The ideas of definite and indefinite loops will be further discussed later.)

(*)
Q3. In Activity Worksheet 1, you have learnt the following commands for controlling a robotic arm to draw figure.
· PU
-
Lifts the pen from the paper so that moving the pen will not draw a line.

· PD
-
Puts the pen on the paper so that moving the pen will draw a line.
· FD x
-
Moves the pen forwards x units
· BK x
-
Moves the pen backward x units

· RT y
-
Changes the direction of movement by turning right y degrees. This should be done before moving the pen.

· LT y
-
Changes the direction of movement by turning left y degrees. This should be done before moving the pen.
(a) Suppose we want to instruct the robotic arm to draw a square as below. Assume that the pen is on the paper initially.


[image: image30]


Write down the program statements for drawing the square.

	FD 6

RT 90

FD 6

RT 90

FD 6

RT 90

FD 6

RT 90





(b) Assume our programming language provides the following iteration statement.


REPEAT n times [


A block of statement(s)

] 



Rewrite the program in (a) by using the iteration statement.
	REPEAT 4 times [

FD 6

RT 90

] 




(c) What is the advantage of using iteration statement?
	The program can be shortened. / Fewer statements are needed. /

	Simplify the program.


(*)
Q4. Using the same robotic arm and programming language as in Q3, you want to draw the following figure by using iteration statement.


[image: image31]
(a) The following repeating part is identified from the above figure. Design a program to draw the following figure.

[image: image32]
	FD 2

LT 90

FD 2

RT 90

FD 2

RT 90




(b) Design a program to draw the original figure by using iteration statement.

	REPEAT 4 times [

FD 2

LT 90

FD 2

RT 90

FD 2

RT 90

] 




(*)
Q5. With the same robotic arm and programming language as in Q3, design a program to draw the following figure by using iteration statement.

[image: image33]
Hint: 

First, identify the repeating part in the given figure. This part is repeated 4 times.

Then, use iteration statement to draw this part 4 times.

Remark:
If the student cannot figure out, teacher can illustrate the four stages in diagrams.
[image: image34.png]
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	REPEAT 4 times [

FD 6
LT 90

FD 2

LT 90

FD 2

LT 90
] 




(*)
Q6. In the following figure, there are three rods A, B and C and four disks of different sizes. Initially, the disks on rod A are in order of size.

[image: image38.png]



You need to move the disks from rod A to rod C so that the disks on rod C are in the same order as that on rod A. You can use rod B if necessary.

Rules:

· Only one disk can be moved at a time.

· Each move consists of taking the upper disk from one of the stacks and placing it on top of another stack i.e. a disk can only be moved if it is the uppermost disk on a stack.

Design an algorithm (the steps) for solving the problem with minimum number of steps. You may use the command MOVE(X, Y) to move a disk from rod X to rod Y.
	REPEAT 4 times [

MOVE(A, B)

] 

REPEAT 4 times [

MOVE(B, C)

] 




Remarks:
1. If student (especially primary) cannot master iteration, teacher can assist them to do it in step-by-step approach.
2. For primary students, teacher can also provide a physical object of “Tower of Hanoi” or simulation game for students to try.
(**)
Q7. Use For-Loop to design algorithm for finding the following values.

(a) Find the sum of integers between 1 and 100 inclusively.

	Sum ( 0

FOR Number FROM 1 TO 100 [

 
 Sum ( Sum + Number

]


(b) Find the product of integers between 20 and 30 inclusively.

	Product ( 1

FOR Number FROM 20 TO 30 [

 
 Product ( Product * Number

]


(c) Find the sum of even numbers between 1 and 50 inclusively.

Hint: You may need to use IF-THEN statement.

	Sum ( 0

FOR Number FROM 1 TO 50 [

  
IF Number is divisible by 2 THEN
 


 
Sum ( Sum + Number
]
OR

Sum ( 0

FOR Number FROM 1 TO 25 [

   
Sum ( Sum + 2*Number
]



(d) Find the sum of odd numbers between 50 and 100 inclusively.

Hint: You may need to use IF-THEN statement.

	Sum ( 0

FOR Number FROM 50 TO 100 [

  
IF Number is NOT divisible by 2 THEN
 


 
Sum ( Sum + Number
]
OR

Sum ( 0

FOR Number FROM 25 TO 49 [

   
Sum ( Sum + (2*Number + 1)

]



(**)
Q8. Suppose you want to design a program to change an amount of money into minimum number of coins. The amount of money is a positive integer. The coins available are $5, $2 and $1. 

The input to the program is the amount of money (n $) to be changed ($): A

The output results are


Number of $5 coin(s): N5


Number of $2 coin(s): N2


Number of $1 coin(s): N1


One method for solving the problem is by using “Greedy” algorithm: 

(1) Take a coin of the largest value that does not exceed the amount. 

(2) Deduct the value of the coin from the amount. 

(3) Repeat the steps until the amount becomes $0. 


For example, you want to change $13 into coins.













N5

N2

N1













0

0

0

Original amount = $13



(
Take $5

1

0

0

Remaining Amount = $13 – $5 = $8
(
Take $5

2

0

0

Remaining Amount = $8 – $5 = $3

(
Take $2

2

1

0

Remaining Amount = $3 – $2 = $1

(
Take $1

2

1

1

Remaining Amount = $0



(
Stop


2

1

1

Remark:


Variable A represents the amount of money (in $) to be changed;



Variable N5 represents the number of $5 coin(s);


Variable N2 represents the number of $2 coin(s);


Variable N1 represents the number of $1 coin(s).

(a) Complete the following “Greedy” algorithm by using WHILE loop.

	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

WHILE A >= 5 [


N5 ( N5 + 1


A ( A – 5

]

WHILE A >= 2 [


N2 ( N2 + 1


A ( A – 2

]
IF A = 1 THEN [

N1 ( N1 + 1


A ( A – 1
]

OUTPUT N5 

OUTPUT N2

OUTPUT N1


(b) Complete the following “Greedy” algorithm by using REPEAT-UNTIL loop.
	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

IF A >= 5 THEN [


REPEAT [



N5 ( N5 + 1



A ( A – 5


] UNTIL A < 5

]

IF A >= 2 THEN [

REPEAT [


N2 ( N2 + 1


A ( A – 2

] UNTIL A < 2
]
IF A = 1 THEN [

N1 ( N1 + 1

A ( A – 1
]
OUTPUT N5 

OUTPUT N2

OUTPUT N1


(c) The problem can also be solved without using iteration. Complete the algorithm below for solving the problem without using iteration.
Hint:
You are allowed to use the following expressions to find the quotient and remainder of division.

E.g.
B ( quotient of 7 / 3  
(  
 B stores 2 



B ( remainder of 7 / 3  
(   B stores 1



	N1 ( 0

N2 ( 0

N5 ( 0

INPUT A

N5 ( quotient of A / 5
A ( remainder of A / 5
N2 ( quotient of A / 2
A ( remainder of A / 2
N1 ( A
OUTPUT N5 

OUTPUT N2

OUTPUT N1


(***)
Q9. This question is a modification of Q6. An additional rule is added to the move. The puzzle is known as Tower of Hanoi.
Task:

· To move the disks from rod A to rod C so that the disks on rod C are in the same order as that on rod A. 

Rules:

· Only one disk can be moved at a time.

· Each move consists of taking the upper disk from one of the stacks and placing it on top of another stack i.e. a disk can only be moved if it is the uppermost disk on a stack.

· No disk may be placed on top of a smaller disk.
[image: image39.png]



In designing an algorithm for solving the problem, you may use the command MOVE(X, Y) to move a disk from rod X to rod Y. 
Remark:
For primary students, teacher can also provide a physical object of “Tower of Hanoi” or simulation game for students to try.
(a) Start with two disks. It is known that the minimum number of disk moves required is 3. Try to solve the problem with minimum number of disk moves. Record the steps by completing the table below. In each step, you should write down

· the instruction used,

· the rods involved in the move (( = Out, ( = In),

· the disks on the rods (from top to bottom).

Initial state:
	[image: image40.png]



	

	
	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2
	
	


Complete the following table. Step 1 is provided to you as an example.

	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, B)
	(
	(
	
	2
	1
	

	2
	MOVE(A, C)
	(
	
	(
	
	1
	2

	3
	MOVE(B, C)
	
	(
	(
	
	
	1,2


(b) With three disks on rod A. It is known that the minimum number of disk moves required is 7. Try to solve the problem with minimum number of disk moves. Record the steps by completing the table below. Step 1 is provided to you as an example.
Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, C)
	(
	
	(
	2,3
	
	1

	2
	MOVE(A, B)
	(
	(
	
	3
	2
	1

	3
	MOVE(C, B)
	
	(
	(
	3
	1,2
	

	4
	MOVE(A, C)
	(
	
	(
	
	1,2
	3

	5
	MOVE(B, A)
	(
	(
	
	1
	2
	3

	6
	MOVE(B, C)
	
	(
	(
	
	
	2,3

	7
	MOVE(A, C)
	(
	
	(
	
	
	1,2,3


(c) With four disks on rod A. It is known that the minimum number of disk moves required is 15. The Instructions for solving the problem are listed on the left of the table below.
(i) Try to "execute" the following instructions and record the steps in the table below. Step 1 is provided to you as an example.
Initial state:
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	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3,4
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, B)
	(
	(
	
	2,3,4
	1
	

	2
	MOVE(A, C)
	(
	
	(
	3,4
	1
	2

	3
	MOVE(B, C)
	
	(
	(
	3,4
	
	1,2

	4
	MOVE(A, B)
	(
	(
	
	4
	3
	1,2

	5
	MOVE(C, A)
	(
	
	(
	1,4
	3
	2

	6
	MOVE(C, B)
	
	(
	(
	1,4
	2,3
	

	7
	MOVE(A, B)
	(
	(
	
	4
	1,2,3
	

	8
	MOVE(A, C)
	(
	
	(
	
	1,2,3
	4

	9
	MOVE(B, C)
	
	(
	(
	
	2,3
	1,4

	10
	MOVE(B, A)
	(
	(
	
	2
	3
	1,4

	11
	MOVE(C, A)
	(
	
	(
	1,2
	3
	4

	12
	MOVE(B, C)
	
	(
	(
	1,2
	
	3,4

	13
	MOVE(A, B)
	(
	(
	
	2
	1
	3,4

	14
	MOVE(A, C)
	(
	
	(
	
	1
	2,3,4

	15
	MOVE(B, C)
	
	(
	(
	
	
	1,2,3,4


(ii) Describe the repeating pattern that can be observed from the “Rods involved” part of the above table.

	The following block of instructions is repeated again and again:

	Move of disk between A and B

	Move of disk between A and C

	Move of disk between B and C

	

	


(d) With five disks on rod A. It is known that the minimum number of disk moves required is 31. The first 15 Instructions for solving the problem are listed on the left of the table below.
(i) Try to "execute" the following instructions and record the steps in the table below. Step 1 is provided to you as an example.
Initial state:
	[image: image43.png]



	

	
	Disks on rods (from top to bottom)

	
	A
	B
	C

	
	1,2,3,4,5
	
	


	Step
	Instruction
	Rods involved
	Disks on rods (from top to bottom)

	
	
	A
	B
	C
	A
	B
	C

	1
	MOVE(A, C)
	(
	
	(
	2,3,4,5
	
	1

	2
	MOVE(A, B)
	(
	(
	
	3,4,5
	2
	1

	3
	MOVE(C, B)
	
	(
	(
	3,4,5
	1,2
	

	4
	MOVE(A, C)
	(
	
	(
	4,5
	1,2
	3

	5
	MOVE(B, A)
	(
	(
	
	1,4,5
	2
	3

	6
	MOVE(B, C)
	
	(
	(
	1,4,5
	
	2,3

	7
	MOVE(A, C)
	(
	
	(
	4,5
	
	1,2,3

	8
	MOVE(A, B)
	(
	(
	
	5
	4
	1,2,3

	9
	MOVE(C, B)
	
	(
	(
	5
	1,4
	2,3

	10
	MOVE(C, A)
	(
	
	(
	2,5
	1,4
	3

	11
	MOVE(B, A)
	(
	(
	
	1,2,5
	4
	3

	12
	MOVE(C, B)
	
	(
	(
	1,2,5
	3,4
	

	13
	MOVE(A, C)
	(
	
	(
	2,5
	3,4
	1

	14
	MOVE(A, B)
	(
	(
	
	5
	2,3,4
	

	15
	MOVE(C, B)
	
	(
	(
	5
	1,2,3,4
	


(ii) Describe the repeating pattern that can be observed from the “Rods involved” part of the above table.

	The following block of instructions is repeated again and again:

	Move of disk between A and C

	Move of disk between A and B

	Move of disk between B and C

	

	


(e) By observing the repeating patterns in “Rods involved” part of the tables in (a) to (d), an algorithm can be designed to solve the Tower of Hanoi problem with any number of disks.
Define a legal move of disk to be a move that obey the given rules. 


Complete the following algorithm for solving the Tower of Hanoi problem.
IF number of disks is even THEN [
REPEAT [

make the legal move between rods A and B (in either direction)

make the legal move between rods  A and C  (in either direction)

make the legal move between rods  B and C  (in either direction)
] UNTIL all the disks are moved to rod C

]

IF number of disks is     odd     THEN [
REPEAT [

make the legal move between rods  A and C  (in either direction)

make the legal move between rods  A and B  (in either direction)

make the legal move between rods  B and C  (in either direction)
] UNTIL  all the disks are moved to rod C     
]
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