Exercise walk-through

Algorithm design and
problem-solving

IGCSE Computer Science



Algorithm Design

What we will cover

1 = The development life cycle
2 Design tools

3  Algorithms & IPO

4 | Validation

5 ' Trace tables

6 @ Standard algorithms



Algorithm Design
- Designing

Algorithms: input, process, output

An algorithm is an ordered
set of steps that solves a problem.
Every one splits into:

input — process — output

INPUT | PHOElEsE [ OUTPUT
> add them, >
e 8 e | then divide by 3 | the average “Average of three marks":

input the marks, process add
and divide by 3, output the
average. Name all three in an
exam answetr.



Algorithm Design
L Standard algorithms

Exam tips

m Learn the four life-cycle stages: analysis — design — coding — testing.
Abstraction keeps only the important details; decomposition breaks a problem
into smaller parts.

m Validation checks data is sensible (range, length, type, presence, format checks);
verification checks it was copied correctly (a visual check or double entry).

m Learn the four test-data types: normal (accepted), abnormal (rejected), extreme
(the largest/smallest still allowed), boundary (the values either side of a limit).

m To work out what an algorithm does, fill in a trace table — write down every
variable's value at each step.

m Know the standard algorithms: linear search (check each item in turn) and
bubble sort (swap side-by-side pairs until no swaps are needed).
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Exercises 2.1:2.2

2.1 Name the four stages of the program development life cycle, in order.

2.2 State the difference between validation and verification.
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Exercises 2.1:2.2

2.1 Name the four stages of the program development life cycle, in order.

2.1

o analysis
e design
e coding
o testing

2.2 State the difference between validation and verification.

2.2

« validation checks that data is sensible
 verification checks that data was copied or entered correctly



IGCSE Computer Science

Exercise 2.3

2.3 Name the validation check for each rule.

e a password must contain at least 8 characters
e an age must be from 11 to 18

e a name must not be left blank

e a mark must be a number, not letters
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Exercise 2.3

2.3 Name the validation check for each rule.

e a password must contain at least 8 characters
e an age must be from 11 to 18

e a name must not be left blank

e a mark must be a number, not letters

o at least 8 characters: length check

e age from 11 to 18: range check

e name not blank: presence check
 mark must be a number: type check



IGCSE Computer Science

Exercises 2.4:2.5

2.4 A range check accepts whole numbers from 10 to 50. Give one normal value, the two
extreme values, and one rejected boundary value. 3]

2.5 State what a trace table records, and why it is used. 2]
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Exercises 2.4:2.5

2.4 A range check accepts whole numbers from 10 to 50. Give one normal value, the two
extreme values, and one rejected boundary value. 3]

24

e one normal value strictly inside 10 to 50, such as 30
o extreme values 10 and 50
« one rejected boundary value, 9 or 51

2.5 State what a trace table records, and why it is used. 2]

2.5

e it records the value of each variable after each step
e it is used to follow an algorithm and find what it does, or to find an error
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Exercises 2.6-3.1

2.6 A program finds the largest of three input numbers. State the input, the process and
the output. 3]

3.1 Keeping only the details that matter, and ignoring the rest, is: 1]

D A verification

B abstraction
C a presence check
D a bubble sort
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Exercises 2.6-3.1

2.6 A program finds the largest of three input numbers. State the input, the process and

the output.

2.6

e input: the three numbers
o process: keep the largest value seen so far

o output: that largest value

3.1 Keeping only the details that matter, and ignoring the rest, is:
D A verification

B abstraction

C a presence check

D a bubble sort
3.1B

« abstraction keeps only the important details
o A is a copy check, C is a validation check, and D is a sort

3]



IGCSE Computer Science

Exercise 3.2 (a)

3.2 A program stores a percentage from 0 to 100.

(a) Name the validation check that rejects 150.
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Exercise 3.2 (a)

3.2 A program stores a percentage from 0 to 100.

(a) Name the validation check that rejects 150.

(a)

e range check
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Exercise 3.2 (b)

3.2 A program stores a percentage from 0 to 100.

(b) Name the verification method that types the percentage twice and compares the
copies. [1]
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Exercise 3.2 (b)

3.2 A program stores a percentage from 0 to 100.

(b) Name the verification method that types the percentage twice and compares the
copies. [1]

(b)

o double entry
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Exercise 3.2 (c)

3.2 A program stores a percentage from 0 to 100.

(c¢) Give one normal value, one abnormal value, one extreme value, and one boundary
pair (an accepted edge and the rejected value beside it). 4]



IGCSE Computer Science

Exercise 3.2 (c)

3.2 A program stores a percentage from 0 to 100.

(¢) Give one normal value, one abnormal value, one extreme value, and one boundary
pair (an accepted edge and the rejected value beside it). 4]

e normal: a value such as 40
e abnormal: a non-number such as cat, or a value such as -5
e extreme: 0 or 100

e boundary: an accepted edge together with the rejected neighbour, such as 0 and -1
or 100 and 101



IGCSE Computer Science

Exercise 3.3

3.3 Complete the trace table for this algorithm. The inputs are 3, then 9, then 4. 4]

Max « O
FOR I « 1 TO 3
INPUT Number
IF Number > Max
THEN
Max ¢« Number
ENDIF
NEXT I
OUTPUT Max

I Number Max QOutput
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Exercise 3.3

3.3 Complete the trace table for this algorithm. The inputs are 3, then 9, then 4. 4]

Max « O
FOR I « 1 TO 3
INPUT Number
IF Number > Max
THEN
Max ¢« Number
ENDIF
NEXT I
OUTPUT Max

I Number Max QOutput

3.3

o after input 3, Max is 3
Full solution on next slide
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Full solution 3.3

3.3

o after input 3, Max is 3

o after input 9, Max is 9

o after input 4, Max stays 9
e the output is 9

I Number Max Output
1 3 3

2 9 9

3

4 9 9
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Exercise 3.4 (a)

3.4 The algorithm in question 3.3 sets Max to 0 before the loop.

(a) Explain why the output is wrong when every input is negative.
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Exercise 3.4 (a)

3.4 The algorithm in question 3.3 sets Max to 0 before the loop.
(a) Explain why the output is wrong when every input is negative. 2]

(a)

e 0 is greater than every negative input, so the condition Number > Max is never true
e Max stays 0, which was not one of the inputs
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Exercise 3.4 (b)

3.4 The algorithm in question 3.3 sets Max to 0 before the loop.

(b) State a correct value to store in Max before the comparisons, and which list position
it comes from. 2]
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Exercise 3.4 (b)

3.4 The algorithm in question 3.3 sets Max to 0 before the loop.

(b) State a correct value to store in Max before the comparisons, and which list position
it comes from. 2]

(b)

o store the first number in Max before comparing the rest
o that value is List[1], or the first input



