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11. Programming

Starter Quiz - PEFI/MI

A-Level Computer Science Name: Score:

1. A constant holds a fixed value that never changes while the program runs, whereas a variable
can be reassigned.

O True 0O False

2. ”A mark of 50 or more passes” is written as ‘IF Mark 50 THEN"

3. The key difference between a procedure and a function is that a function:
[J returns a value that can be used in an expression
O cannot take parameters
O never does any work

O must be global

4. Which are benefits of using a constant for a value such as a tax rate? Select all that apply.
[ it is set once and cannot be changed accidentally by the program
[ a change is made in one place and reaches every use
O the identifier gives the value a meaningful name
O the program runs twice as fast
Tick every correct option.
5. A CASE statement is cleaner than nested IFs when you are:
O testing one value against several options
O repeating a block of code
O reading a file

O declaring a constant

6. A function ‘Square(x)‘ returns ‘x * x. What does the call ‘Square(5)‘ return?
7. What is the value of ‘7 DIV 27

8. Which of these are valid guards in a Cambridge CASE statement? Select all that apply.
O ‘1
O ‘1,2, 3¢
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O ‘1 TO 5:¢
O > 200:
O ‘OTHERWISE:
Tick every correct option.
9. A good reason to write a subroutine is that:
O the same logic is needed in more than one place
O you want to use more global variables
O the program is only one line long

O you want to avoid naming things

10. What is the value of ‘7 MOD 27
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11. Programming Answers - &

A-Level Computer Science

1.

10.

True

Constants (like Pi or a maximum score) make code clearer and let you change a recurring value in one place.

>=

”Or more” includes 50 itself, so the comparison is greater than or equal. ‘>‘ would fail a student on exactly 50.

. returns a value that can be used in an expression

A function returns a value (used in an expression); a procedure performs an action and returns nothing.

. it is set once and cannot be changed accidentally by the program; a change is made

in one place and reaches every use; the identifier gives the value a meaningful name

The three mark-scheme benefits are safety, a single point of change, and readability. Speed is not one of them.

. testing one value against several options

CASE matches one value against many possibilities; deep nested IFs become hard to read.

25

5x5=25 the value the function hands back to its caller (the frame popped off the call stack).

DIV is integer division: 7 + 2 = 3 remainder 1, so DIV gives 3.

‘1:4 1, 2, 3:4 ‘1 TO 5:5 ‘OTHERWISE:*

A single value, a value list, a range and OTHERWISE. A comparison such as ‘> 200‘ is not a guard; anything
not covered goes to OTHERWISE.

. the same logic is needed in more than one place

Subroutines remove duplication, give a named purpose, and can be tested in isolation.

1

MOD gives the remainder: 7 + 2 leaves remainder 1.
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11.1 Programming Basics

Name: Class: Date: Total: 35 marks

KEY WORDS pseudocode {lif{fi5; o variables 251 o constant {ii 5 « function pR%Y
« operators iz 4T

Objective

Build the skills to answer exam questions on programming basics e A — con-
stants, variables, operators and built-in functions.

You must be able to:

o declare constants and variables, and use assignment

« evaluate expressions with arithmetic, comparison and logic operators (including DIV
and MOD)

o use built-in functions such as LENGTH, LEFT, MID, UCASE

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Constants and variables

A constant holds a value that never changes; a variable holds one that can. Declare
with a type, assign with «:

CONSTANT Pi + 3.14159
DECLARE Radius : REAL
Radius « 5

Area « Pi * Radius * Radius

B QOperators: DIV and MOD

DIV is the whole-number quotient; MOD is the remainder:
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quotient (whole groups) remainder
17 DIV 5 = 3 17 MOD 5 = 2
three full groups of 5 = 15 2 left

Precedence (do first — last): NOT — * / DIV MOD — + - — comparisons — AND
— OR.So3 + 4 x 2 =23 + 8 = 11. Use brackets when unsure.

B Built-in functions

Function Example Result
LENGTH(s) LENGTH("Computer") 8
LEFT(s, n) LEFT ("Computer", 3) "Com"
MID(s, start, len) MID("Computer", 4, 3) '"put"
UCASE(s) UCASE("hi") "HI"
INT(x) INT(3.9) 3

MID counts characters from 1. Use the exact names from the paper’s reference list.

2 Practice

Now apply the methods above.

2.1 Write pseudocode to declare a constant Pi of 3.14159 and a real variable Radius.|

2.2 Evaluate 23 DIV 4 and 23 MOD 4.

2.3 Evaluate 3 + 4 * 2 (use precedence).

2.4 State the result of LENGTH("Computer") and LEFT("Computer", 3).
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3 Exam-style questions

3.1 Write pseudocode that inputs a Price, adds 20% tax, and outputs the total. Use a

constant for the tax rate.

3.2 Evaluate each expression.

1

Expression

Value

7 DIV 2
7 MOD 2
(5 > 3) AND
NOT (1 = 1)

(2 > 4)

MID("PROGRAM", 2, 3)

3.3 Write pseudocode that reads a word and outputs it in capitals followed by its length,

using built-in functions.

A-Level Computer Science ¢ 11.1 Programming
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3.4 A program stores the marks of 30 students in a 1D array Mark, and reports how many
passed (a mark of 50 or more).

(a) Complete the table by giving an appropriate data type and an example value for

each variable. 4]
variable purpose data type example value
Mark[1] one student’s mark

PassRate percentage that passed

TopName name of the best student

AllPassed did everyone pass?

(b) Write pseudocode that counts the passes and calculates PassRate. 5

(¢c) A programmer initialises the counter with Count + 0 before the loop. Explain what
would happen if this line were left out. 2]

(d) Describe how an IDE helps a programmer locate a fault during alpha testing. [3]
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(e) State the difference between alpha and beta testing.

Solutions
Each answer shows the steps, then the result.
2.1

e CONSTANT with a value, then DECLARE .. : REAL

CONSTANT Pi « 3.14159
DECLARE Radius : REAL

2.2

e 23 DIV 4 = 5 (integer quotient)
e 23 MOD 4 = 3 (remainder)

2.3
o multiply first (4 * 2 = 8), then add 3 — 11
2.4

o LENGTH("Computer") = 8
o LEFT("Computer", 3) = "Com"

3.1

¢ constant for tax, INPUT Price, then compute and output

CONSTANT TaxRate + 0.20
DECLARE Price : REAL

DECLARE Total : REAL

INPUT Price

Total « Price * (1 + TaxRate)
OUTPUT "Total: ", Total

3.2

« 7DIV2=3

e« 7MOD 2 = 1

« (5> 3) AND (2 > 4) = FALSE
« NOT (1 = 1) = FALSE

« MID("PROGRAM", 2, 3) = "ROG"

3.3

o INPUT, then UCASE and LENGTH

OUTPUT "Enter a word:"

INPUT Word
OUTPUT UCASE (Word)
OUTPUT "Length: ", LENGTH(Word)
3.4
A-Level Computer Science ¢ 11.1 Programming @ A-Level Computer Science ¢ 11.1 Programming
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1 Aprogram is being developed to meet a particular customer requirement.

(a) Mark[1] — INTEGER, c.g. 67 (a) The program contains these variables:
e PassRate — REAL, e.g. 73.3 Variable Data type
e TopName — STRING, e.g. "Wei"

MyChar CHAR

* AllPassed — BOOLEAN, e.g. FALSE

MyString STRING

(b)
MyInt INTEGER
Count + 0O
FOR Index « 1 TO 30 MybOB DATE
IF Mark[Index] >= 50
THEN Complete the table by filling in the gaps using functions and/or operators from the insert.
Count + Count + 1
ENDIF Each expression must be valid.

NEXT Index

PassRate « Count / 30 * 100 Expression

OUTPUT PassRate P

e initialise the counter; loop over all 30; correct condition; increment inside the IF; MyString < "X' e MyString

percentage calculated after the loop

(c) the counter would hold whatever value happened to be in that memory location, or MyChar €= .iiiiiiiiiiiieiaeeeeees ("ABCD", e [ s )
the program would fail with an “unassigned variable” error

« either way the pass count and the rate would be wrong, and the error might not show MyString <= .. (teeeeeeeeeeee e e e (MyDOB) )

every time it runs
(d) an IDE provides a debugger: breakpoints stop the program at a chosen line MyInt < N (MyString) / 2)
4

o single-stepping runs one statement at a time 4]

« a watch window shows the changing value of each variable, so the programmer sees

; (b) Different test methods will be used at different stages of the program development.
exactly where the value first goes wrong

(e) alpha testing is done inside the development organisation, on incomplete software, Complete the table by identifying the test method that matches the test description.
by staff

The first row has been completed for you.
« beta testing releases the near-finished software to selected external users, who re-

port faults found in real use

Test description Test method

carried out as soon as a program module has been coded alpha

carried out as program modules are being combined

completed by the developers without referring to the code

completed by the customer

(3]
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(c) During the alpha testing stage, an Integrated Development Environment (IDE) is used to help
locate an error that has been identified. The IDE report window feature is used to examine
the values assigned to variables.

Explain how two other IDE features are used together with the report window feature to help
locate the error.

Name:(:::::::::::::::}44444444444447 A-Level Computer Science: w25 22

1

(a) The table contains pseudocode examples.
Each example may contain statements that relate to one or more of:
*  selection
e iteration (repetition)

*  subroutines (procedures or functions).

Complete the table by placing one or more ticks (‘) in each row.

Pseudocode example Selection Iteration

Subroutine

IF Status = FALSE THEN
FOR Count <« 1 TO 20
CALL Reset (Count)
NEXT Count
ENDIF

OTHERWISE Status <«— TRUE

WHILE AllDone () = TRUE

30 : NextChar <« 'X'

(b) Complete the table by giving the appropriate data type.

Variable Example data value Data type

Result 5.42

MonthLetter "JFMAMJJASOND"

Birthday 15/11/2009

(c) Evaluate each expression in the table by using the data values shown in (b).

Write ‘ERROR’ if the expression contains an error.

Expression Evaluates to

INT (Result) + 1 > 6

NUM TO STR(LENGTH (MonthLetter))

NUM TO STR(Result + "3.2")

MID (MonthLetter, MONTH (Birthday) — 2, 1)

(4]

(3]

(4]
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2 Aprogram is being developed to calculate the pay of employees working for a company.
Afunction CalculateBonus () calculates bonus pay based on the value of sales.

Bonus pay is calculated as shown in the table.

Value of sales Bonus pay

(in dollars) (in dollars)

below 2000 0
between 2000 and 4000 inclusive 10
above 4000 100

A flowchart for the function CalculateBonus () has been designed.

START

Set BonusPay to 0

1

INPUT
ValueOfSales

Is
ValueOfSales
> 4000 ?

Is
ValueOfSales
>= 2000 ?

NO
Set BonusPay to 10

Set BonusPay to 100

A

RETURN BonusPay

END

Name: :)7 A-Level Computer Science: s25 21

(a) The flowchart contains logic errors.

One logic error is that BonusPay will not be set to 10 although the valueOfsSales inputis
between 2000 and 4000 inclusive.

(i) Explain why this error occurs.

(b) There are different ways to reduce the risk of errors when developing the new program, such
as the use of constants.

(i) State a value that could be replaced by a constant in the function CalculateBonus ()

(iii) One other way that can reduce the risk of errors when writing the program is the use of
library routines.

Explain how library routines can reduce the risk of programming errors.
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(c) All the logic errors have been corrected, and the program has been coded.
Identify and describe two other types of error that the program could contain.
TYPE OF EITOT ettt ettt et e et e e e e s e e s neeeente e e seeeanseeenteeeaneeeanaeeenneeenneeens

(D=1 o ] o) o o H PP R PU PP PPPPPR P

77 TS0 =11 (o OSSR SRR

(=TT T o] o TSP
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1

A program will calculate the tax payable based on the cost of an item.

Calculations will occur at many places in the program and these involve the use of one of three tax
rates.

Tax rate values represent a percentage. For example, a tax rate value of 5.23 represents 5.23%.
In this case, the tax payable on an item costing $100 would be $5.23.

Tax rate values are used at several places within the program. One example is given in pseudocode
as follows:

HighRate <«— FALSE
CASE OF ItemCost

<= 50 : TaxRate «— 3.75 // tax rate of 3.75%
<= 200 TaxRate «— 5.23 // tax rate of 5.23%
> 200 : TaxRate «— 6.25 // tax rate of 6.25%

HighRate «— TRUE
ENDCASE
TaxPayable «— ItemCost * TaxRate // tax payable
(a) The pseudocode contains a logical error.

Identify the error and suggest a correction.

(b) During the design of the program, tax rate values have been used wherever they are needed
as shown in the pseudocode example above. Tax rates do not change while the program runs.

(i) Identify a more appropriate way of representing the tax rate values in the final program.
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(c) Give the appropriate data type for the variables in the following table, as used in the
pseudocode:

Variable name Data type

HighRate

TaxPayable

(2]

(d) The final CASE condition (> 200) in the pseudocode example could be replaced with a
keyword.

Give the keyword.

Name:(:::::::::::::::}44444444444447 A-Level Computer Science: w24 23

(a) The following table contains pseudocode examples.
Each example may contain statements that relate to one or more of the following:
*  selection
e iteration (repetition)

*  subroutine (procedure or function).

Complete the table by placing one or more ticks ('v") in each row.

Pseudocode example Selection Iteration | Subroutine

FOR Index «— 1 TO 3

IF Safe[Index] = TRUE THEN
Flap[Index] «— 0
ENDIF

NEXT Index

CASE OF Compound(3)

REPEAT UNTIL AllDone() = TRUE

WHILE Result[3] <> FALSE

(b) Complete the table by giving the appropriate data type in each case.

Variable Example data value Data type
Available TRUE
Received "18/04/2021"
Index 100

(c) Evaluate each expression in the table by using the data values shown in part (b).

Write ‘ERROR’ if the expression contains an error.

Expression Evaluates to

Available AND NOT (Index > 100)

Index MOD 30

NUM TO STR(Index + "33")

(4]

(3]

(3]
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6 In some countries, on the third Sunday in March, daylight saving time begins when clocks move 1 Analgorithm is developed in pseudocode before being coded in a programming language.

forward by one hour. . . )
(a) The following table shows four valid pseudocode assignment statements.

A module 2AdjustClock () will take an integer parameter representing a year. The module will
return an integer value representing the number of the day in March on which the clocks move
forward.

Complete the table by giving an appropriate data type to declare each of the variables 2, B, C
and D.

For example, the following line of pseudocode would assign DayNumber the value 20: Assignment statement Data type

DayNumber «— AdjustClock (2022) « LEFT (MyName, 1)

Total * 2

Q| w| >

T

Write pseudocode for the function AdjustClock ().
INT (ItemCost) / 3

Date functions from the insert should be used in your solution. "0dd OR Even"

|w)

(4]

(b) Other variables in the program have example values as shown:

Variable Value

Sorted False

Tries 9

ID "ZGACOOL1"™

Complete the table by evaluating each expression, using the example values.

Expression Evaluates to

Tries < 10 AND NOT Sorted

Tries MOD 4

TO_LOWER (MID(ID, 3, 1))

LENGTH (ID & "xx") >= Tries
.......................................................................................................................................................... [4]

® ®
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(c) The variable names A, B, C and D in part (a) are not good programming practice.

(i) State why these variable names are not suitable.

..................................................................................................................................... [1]

(ii) Identify one problem that these variable names might cause.
..................................................................................................................................... [1]

(iii) The choice of suitable variable names is one example of good programming practice.
Give one other example.
..................................................................................................................................... 1]
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1 (a) The following table contains pseudocode examples.

Each example may contain statements that relate to one or more of the following:
*  selection

* iteration (repetition)

*  input/output.

Complete the table by placing one or more ticks (v') in each row.

Pseudocode example Selection Iteration Input/Output

FOR Index <« 1 TO 10
Data[Index] <« 0
NEXT Index

WRITEFILE ThisFile, "#*x**"

UNTIL Level > 25

IF Mark > 74 THEN
READFILE OldFile, Data
ENDIF

(4]

(b) Program variables have data types as follows:

Variable Data type

MyChar CHAR

MyString | STRING

MyInt INTEGER

Complete the table by filling in each gap with a function (from the insert) so that each expression
is valid.

Expression
MyINt <€— i, (3.1415926)
MyChar €= e ("Elwood", 3, 1)
MYySELING €= i [P (27.509))
MYTINE €= coroeeeeeeeeeeeeeeee e (et ("ABC123", 3))

(4]

@
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(c) The variables given in part (b) are chosen during the design stage of the program development
life cycle.

The choices are to be documented to simplify program maintenance.

State a suitable way of documenting the variables and give one piece of information that
should be recorded, in addition to the data type.

A-LEVEL COMPUTER SCIENCE « EXERCISE SHEET

11.2 Constructs

Name: Class: Date: Total: 40 marks

KEY WORDS sclection ¥E4% o trace table i fi# o constructs 544 o nested {ix £

Objective

Build the skills to answer exam questions on constructs %544 — selection (IF, CASE)
and the three kinds of loop.

You must be able to:

e write IF..ELSE, nested IF, and CASE structures

« write a count-controlled (FOR), pre-condition (WHILE) and post-condition (REPEAT)
loop

« justify which loop best suits a problem

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Selection: IF and CASE

IF Age >= 18 THEN
OUTPUT "Adult"
ELSE
OUTPUT "Minor"
ENDIF

For one value against several options, a CASE is cleaner than deep nested IFs:

CASE OF Grade

"A": OUTPUT "Excellent"

"B": OUTPUT "Good"

OTHERWISE: OUTPUT "Try again"
ENDCASE
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B The three loops

FOR i « 1 TO 10 // count-controlled - known repeats
OUTPUT i
NEXT i

WHILE tests before the body (may run O times); REPEAT tests after (runs at least
once):

pre-condition (WHILE) post-condition (REPEAT)

REPEAT
false a

WHILE

true
exit
OUTPUT OUTPUT
"Adult” "Minor”
end
Selection (if-else) is the other core construct
WHILE Total < 100 DO REPEAT
INPUT n INPUT Password
Total « Total + n UNTIL Password = "OPEN"
ENDWHILE
A-Level Computer Science o 11.2 Constructs @
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B Choosing a loop

¢ repeats known in advance — FOR
o may need zero passes — WHILE

« needs at least one pass — REPEAT

B Tracing a loop (trace table)

A trace table jE i3 dry-runs code by hand: one column per variable (plus OUT-
PUT), one row each time a value changes. Trace this for N = 3:

Total « O
FOR i « 1 TON
Total « Total + i
NEXT i
OUTPUT Total

i Total OUTPUT

0

11

2 3

3 6 6
2 Practice
Now apply the methods above.
2.1 Write an IF..ELSE that outputs "Pass" when Mark >= 50, otherwise "Fail". 2]
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2.2 Rewrite this nested IF as a CASE structure.

IF Grade = "A" THEN
OUTPUT "Excellent"
ELSE
IF Grade = "B" THEN
OUTPUT "Good"
ELSE
OUTPUT "Try again"
ENDIF
ENDIF

2.3 State which loop may run zero times and which runs at least once.

2.4 Write a FOR loop that outputs the even numbers from 2 to 20.

3 Exam-style questions

3.1 A menu uses a number Choice. Write a CASE structure:

3—"Save", otherwise—"Invalid".

A-Level Computer Science ¢ 11.2 Constructs

1" New",

2—3"Open",

3.2 A program must keep asking for a password until the user types "OPEN". Write the
loop using the most suitable construct, and justify your choice. 3]

3.3 Write a pre-condition loop that reads numbers and adds them to a Total, stopping
once Total reaches 100. 3]

3.4 Complete the trace table for this algorithm when the input X is 5. 4]

A1

B+«1

WHILE A < X DO
B+«B *2
A+A+1

ENDWHILE

OUTPUT B

A B OUTPUT
1 1
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3.5 A program keeps the time of day in three global integer variables HH, MM and SS. (d) The variables are global. Explain one drawback of that, and state how you would

S Tick avoid it. B
(a) A procedure Tick() is called once every second and must advance the time correctly, restructure Tick() to avoid it 3

rolling over at 60 seconds, 60 minutes and 24 hours. Write pseudocode for Tick(). [6]

(e) State which loop construct you would use to run the clock until the user stops it,
and justify your choice. 2]

(b) Complete the trace table by dry running your procedure from the starting time

shown, for three calls. 3
call HH MM SS
start 10 59 58
1
2
3

(c) Explain why the three IF statements must be nested or tested in the right order,

2

giving what would go wrong otherwise. 3]

A-Level Computer Science  11.2 Constructs @ A-Level Computer Science o 11.2 Constructs @
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Solutions
Each answer shows the steps, then the result.
2.1

o IF .. ELSE .. ENDIF with the pass/fail condition

IF Mark >= 50 THEN
OUTPUT "Pass"
ELSE
OUTPUT "Fail"
ENDIF

2.2
e CASE OF .. ENDCASE with two value branches and OTHERWISE

CASE OF Grade

"A": OUTPUT "Excellent"

"B": OUTPUT "Good"

OTHERWISE: OUTPUT "Try again"
ENDCASE

2.3

o WHILE (pre-condition) may run zero times
o REPEAT .. UNTIL (post-condition) runs at least once

2.4
e FOR .. STEP 2 from 2 to 20

FOR i « 2 TO 20 STEP 2
OUTPUT i
NEXT i
o (outputting i only when 1 MOD 2 = 0 also scores)

3.1
o CASE OF .. ENDCASE with three branches, the right outputs, and OTHERWISE

CASE OF Choice

1: OUTPUT "New"

2: OUTPUT "Open"

3: OUTPUT "Save"

OTHERWISE: OUTPUT "Invalid"
ENDCASE

3.2

+ a post-condition (REPEAT .. UNTIL) loop, because the password must be entered
at least once before it can be tested

A-Level Computer Science ¢ 11.2 Constructs

REPEAT
INPUT Password
UNTIL Password = "OPEN"

3.3
o start Total at 0; loop while it is under 100; add each input

Total « O
WHILE Total < 100 DO
INPUT n
Total « Total + n
ENDWHILE

3.4

¢ B doubles on each pass until A reaches 5

A B OUTPUT

1 1
2 2
3 4
4 8
5 16 16

o stops when A =5; OUTPUT 16
3.5
(a)

PROCEDURE Tick()
SS « 8S + 1
IF SS = 60
THEN
SS «0
MM « MM + 1
IF MM = 60
THEN
MM « O
HH « HH + 1
IF HH = 24 THEN HH « 0 ENDIF
ENDIF
ENDIF
ENDPROCEDURE

« increment seconds; reset seconds and carry into minutes; reset minutes and carry into
hours; hours wrap at 24; the carries nested, not independent; correct pseudocode
syntax

(b) call 1: 10 59 59

A-Level Computer Science o 11.2 Constructs @



e call 2: 11 00 00
e call 3: 11 00 01

(c) the minutes can only roll over because the seconds just did, and the hours only
because the minutes did

« if the three were tested independently, MM would be checked against 60 before it had
been incremented on this tick, so the rollover would be a second late

« testing hours first would let the clock show 11:59:60 for one tick

(d) any global variable can be changed by any part of the program, so a fault anywhere
can corrupt the time and be hard to trace

e pass the three values in as parameters and return the updated time — or hold them
in one record passed by reference — so only Tick() can change them

(e) a post-condition loop, REPEAT .. UNTIL Stopped, because the clock must tick at
least once before the user has any chance to stop it

A-Level Computer Science o 11.2 Constructs
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4

Study the algorithm:

DECLARE Chars : ARRAY[1:4] OF CHAR
DECLARE I, J : INTEGER

DECLARE Key : CHAR

I « 2

Chars
Chars
Chars

<« 'D'
«— 'T!
<« 'H'
Chars <« 'R'
WHILE <= 4 //Outer loop
Key «— Chars|[I]
J«— I -1
WHILE J >= 0 AND Chars[J] > Key //Inner loop
Chars[J + 1] <« Chars|[J]
J«— J -1
ENDWHILE
Chars[J + 1] <« Key
I «— I+ 1
ENDWHILE

(1]
[2]
[3]
[4]
I

(a) The outer loop structure used in the algorithm is not the most appropriate one to use.

State the type of loop structure that would be the most appropriate to use and justify why it is
the most appropriate.

[ ToT o JES] (U o1 {0 = SRR
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(b) Complete the trace table by dry running the algorithm. 2 A program uses three global integer variables HH, MM and Ss to represent the current time in
hours, minutes and seconds using the 24-hour clock notation.
The first row has been completed.
Midnight would be represented as 00:00:00 (HH:MM:SS). If the variables HH, MM and Ss contained
Chars the values 16, 30 and 10 respectively, then the time would be 16:30:10 or just after 4.30 in the
I Key J Chars[J] afternoon.
[1] [2] [3] [4]
A procedure Tick () will be called every second.
2 'D! T "H! 'R' The procedure Tick () will:
e update the value in SS each time it is called
e update the values in HH and MM as appropriate
e call a procedure Checkalarm () atthe start of each minute
* call a procedure NewDay () whenever the time reaches midnight.
Complete the pseudocode for procedure Tick ().
PROCEDURE Tick ()
ENDPROCEDURE
TR1 [61
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A program contains a global 1D array Data with 100 elements of type INTEGER.
The program contains a function Process () expressed in pseudocode as follows:
FUNCTION Process (Number

DECLARE Index, Count
DECLARE ReturnValue

INTEGER, Label
INTEGER
STRING

STRING) RETURNS STRING

Count < INT (100 / Number)
Index < Data[Number]

CASE OF (Index MOD 2)
0 : ReturnValue <« TO_UPPER(RIGHT (Label, Count))
1 : ReturnValue <« "***x*x"

ENDCASE

RETURN RetVal
ENDFUNCTION

(a) Run-time errors can be generated in different ways. For example, a run-time error will be
generated if a function is called with invalid parameters.

The pseudocode contains three statements that could generate a run-time error.

Write the three statements and explain how each could generate a run-time error.

I (=Y 10 T=T o1 G ST
EXPIANGLION ...ttt b e e e e et e e e e e naeas
I (=Y 0 T=Y 01 S
EXPIANALION ..ot
STALEMENT 3 .ottt

EXPIANALION ..ttt nees
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(b) One type of run-time error can cause a program to stop responding (‘freezing’).

(c)

Identify a particular type of programming construct that can generate this type of error and
explain why it occurs.

CONSIIUCT ..eeiiiiieie ettt e e et e e e et e e e et e e e e asae e e e e ssaeeeesaaseeesessneaeaansaeeeeanns

The function Process () contains a selection construct using a CASE structure.

Write pseudocode using a single selection construct with the same functionality without
using a CASE structure.
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2 An algorithm will:

1.
2.
3.

(a)

(b)

prompt and input a sequence of 100 integer values, one at a time
sum the positive integers

output the result of the sum.

Write pseudocode for the algorithm.

Assume the value zero is neither positive nor negative.

You must declare all variables used in the algorithm.

............................................................................................................................................. [5]
The algorithm requires the use of basic constructs. One of these is sequence.

Identify one other basic construct required by the algorithm and describe how it is used.
(7] 4151 1 0T TSR PP PPRUPPPRPN
L0 T TSP U PP PPRROPRPP
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4  An examination paper has a maximum of 75 marks. One of five pass grades (A to E) is assigned,
depending on the mark obtained. The lowest mark for a given grade is known as the grade boundary.

A program is being written to process examination marks.

The five grade boundaries are stored in a global 1D array GB of type INTEGER, for example:

Index Value Comment
1 65 The minimum mark for an A grade.
2 57 The minimum mark for a B grade.
3 43 The minimum mark for a C grade.
4 35 The minimum mark for a D grade.
5 27 The minimum mark for an E grade.

Any paper that achieves a mark within 2 marks of a grade boundary must be checked. Using the
given table, a paper with 45 marks would need to be checked.

(@) The pseudocode algorithm to determine whether a paper should be checked is as shown.
The mark for the paper is stored in variable Mark. Global variables Mark, Index, Upper and
Lower are declared as integers.

Complete the pseudocode.
FOR Index €= 1 TO iiiiiiiiiiiiiiiiiiceieieeeeeeeneeanas

Lower €«— GB[Index] - 2

OUTPUT "Check this paper"
ENDIF

NEXT Index

(4]

(b) An alternative algorithm to determine if a paper needs to be checked uses a global 1D array
Check, containing 76 elements of type BOOLEAN. The indices of the array are from 0 to 75
(inclusive), corresponding to the range of possible marks.

An element value in Check is TRUE if the index is within 2 marks of a grade boundary. For
example, in the case where the C grade boundary is 43 the corresponding part of the Check
array would be as follows:

Index Value
40 FALSE
41 TRUE
42 TRUE
43 TRUE «— The grade boundary for a C grade
44 TRUE
45 TRUE
46 FALSE
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(i) The mark for a given paper is stored in variable Mark. 5 Aglobal 1D array of strings contains three elements which are assigned values as shown:
Describe how an algorithm would use the Check array to determine whether this paper Data[l] <« "aaaaaa"
should be checked. Data[2] <« "bbbbbb"

Data[3] <« "ccccce"

Procedure Process () manipulates the values in the array.

The procedure is written in pseudocode as follows:

PROCEDURE Process (Format : STRING)

..................................................................................................................................... [2] DECLARE Count, Index, L : INTEGER
DECLARE Result : STRING
(ii) A procedure GBInitialise () will initialise the Check array using values from the GB DECLARE C : CHAR

array.

Result «— "*xxx"
Note it can be assumed that the maximum grade boundary value for A is 70 and the

minimum value for E is 15. FOR Count «— 1 TO LENGTH (Format) STEP 2
C « MID(Format, Count, 1)

Write pseudocode for the procedure. L < STR TO NUM(MID(Format, Count + 1, 1))
........................................................................................................................................... Index <« (Count + 1) DIV 2
........................................................................................................................................... CASE OF C

'X"'" : Result <« TO UPPER(Data[Index])
........................................................................................................................................... 'Y' : Result <« TO LOWER (Data[Index])

'72' : Result « "**" & Data[Index]
........................................................................................................................................... ENDCASE
........................................................................................................................................... Data[Index] <«— LEFT (Result, L)

NEXT Count

ENDPROCEDURE
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(a) Complete the trace table by dry running the procedure when it is called as follows:

CALL Process ("X3Y2W4")

Count Cc L Index Result Data[l] Data[2] Data[3]

6]

(b) The procedure is to be modified. If variable C is assigned a value other than 'x', 'y' or 'z,
then procedure Error () is called and passed the value of variable C as a parameter.

This modification can be implemented by adding a single line of pseudocode.

(i) Write the single line of pseudocode.

Name: :)7 A-Level Computer Science: s24 22

2 Aprogram is being developed.
(a) An algorithm for part of the program will:
*  input three numeric values and assign them to identifiers Num1, Num2 and Num3
*  assign the largest value to variable Ans
* output a message giving the largest value and the average of the three numeric values.
Assume the values are all different and are input in no particular order.

Complete the program flowchart on page 5 to represent the algorithm.

@)
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( START )

Y

/ INPUT Numl, Num2, Num3 /

No

\i
A

END

(3]
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(b) A different part of the program contains an algorithm represented by the following program

flowchart:

START

Set Flagto GetStat ()

Set porttol

[
-t

CALL Reset (Port)

'

Set Port to Port +1

Write pseudocode for the algorithm.

L
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4  Atriangle has sides of length A, B and C. Write pseudocode for the procedure IsRA ().

5 R

A

In this example, Ais the length Of the [ONGESE SIAE. s
This triangle is said to be right-angled if the following equation IS trUE: e
AxA=(BxB)+(CxC)

A procedure will be written to check whether three lengths represent a right-angled triangle. | o
The lengths will be input in any sequence.

The procedure IsRA () will:

. prompt and input three integer values representing the three |engths ..........................................................................................................................................................
* test whether the three lengths correspond to the sides of a right-angled triangle

o outpUt A SUITADIE MESSAGE. L e
The |ength of the |ongest side may not be the first value input. ..........................................................................................................................................................
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5

A program is being designed in pseudocode.

The program contains a global 1D array Data of type string containing 200 elements.

The first element has the index value 1.
A procedure Process () is written to initialise the values in the array:

PROCEDURE Process (Label : STRING)
DECLARE Index : INTEGER
Index <« 0
INPUT Data[Index]
WHILE Index < 200
Index «— Index + 1
CASE OF (Index MOD 2)
0 : Data[Index] <« TO UPPER (Label)
1 : Datal[Index] <« TO LOWER (Label)
OTHERWISE : OUTPUT "Alarm 1201"
ENDCASE
NEXT Index
OUTPUT "Completed " & Index & " times"
ENDPROCEDURE

(@) (i) The pseudocode contains two syntax errors and one other error.

Identify the errors.

SYNEAX ITON T .ottt

(ii) The procedure contains a statement that is not needed.

Identify the pseudocode statement and explain why it is not needed.

SEALEMENT ... e e e e e e e e aanaaes
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(b) After correcting all syntax errors, the pseudocode is translated into program code which

compiles without generating any errors.
When the program is executed it unexpectedly stops responding.

Identify the type of error that has occurred.

@)
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11.3 Structured Programming
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« function pR%T

Objective

Build the skills to answer exam questions on structured programming Z5#4{k 42
procedures, functions and parameters.

You must be able to:

o define and call a procedure and a function
« use parameters, including by value and by reference
o use the terms argument, parameter, return value, local/global

1 Worked examples

Study these first. Each one shows the method for a question type used later — follow
the steps and you can do the Practice and Exam-style questions yourself.

B Procedure vs function

A procedure does an action and returns nothing; a function returns a value used
in an expression.

PROCEDURE Greet(Name : STRING)
OUTPUT "Hello, ", Name

ENDPROCEDURE

CALL Greet("Ada")

FUNCTION Square(x : INTEGER) RETURNS INTEGER
RETURN x * x

ENDFUNCTION

Result + Square(5) + 1 // Result = 26

B Parameters: by value or by reference

A parameter is the variable that receives input; the value the caller supplies is the
argument.

A-Level Computer Science o 11.3 Structured Pr ning @

®

pass by value (a copy) pass by reference (BYREF)
caller X =5 caller X =5

copy same box
oo q
param a = 5 ! param a |
el

change a — X stays 5 change a — X changes too

procedure function

call Greet("Ada") set y = Square(5)

returns 25

does an action:
prints "Hello, Ada”

computes a value:
5x5=25

returns no value now y holds 25

Procedures and functions structure a program
Swap must use BYREF so the new values stay in the caller:

PROCEDURE Swap (BYREF a : INTEGER, BYREF b : INTEGER)
DECLARE temp : INTEGER
temp + a
a+b
b « temp
ENDPROCEDURE

B Local, global, and when to use a subroutine

A local variable lives only inside its subroutine; a global is visible everywhere (prefer
locals). Use a subroutine when logic repeats, has a clear purpose, or to test a part
on its own.
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2 Practice
Now apply the methods above.

2.1 State one difference between a procedure and a function.

2.2 Define a procedure Greet (Name) that outputs "Hello, " followed by the name.

2.3 Define a function Cube(x) that returns x cubed.

2.4 State the difference between an argument and a parameter.

3 Exam-style questions

3.1 Write a function Max0f (a, b) that returns the larger of two integers.
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®

3.2 Explain pass by value and pass by reference, and state which one a Swap proce-

dure must use, and why.

3.3 State two benefits of using subroutines in a large program.

3.4 State what is meant by a local variable.
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ning
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Solutions
Each answer shows the steps, then the result.

2.1

+ a function returns a value (used in an expression); a procedure does not return
a value (it performs an action)

2.2

o PROCEDURE .. ENDPROCEDURE with a parameter

PROCEDURE Greet(Name : STRING)
OUTPUT "Hello, ", Name
ENDPROCEDURE

2.3

e FUNCTION .. RETURNS .. ENDFUNCTION with RETURN

FUNCTION Cube(x : INTEGER) RETURNS INTEGER
RETURN x * x * X
ENDFUNCTION

2.4

« an argument is the value the caller passes in
« a parameter is the variable inside the subroutine that receives it

3.1

o FUNCTION .. RETURNS INTEGER; compare; RETURN the larger

FUNCTION MaxOf (a : INTEGER, b : INTEGER) RETURNS INTEGER
IF a > b THEN
RETURN a
ELSE
RETURN b
ENDIF
ENDFUNCTION

3.2

« by value — the routine gets a copy, so changes inside it do not affect the caller

« by reference — the routine shares the caller’s actual variable, so changes do affect
it

 Swap must use pass by reference (BYREF)

« so the swapped values remain in the caller’s variables after the call

3.3

A-Level Computer Science ¢ 11.3 Structured Pi ning @

S

o any two: avoids repeating code; easier to read/maintain; can be tested on its own;
supports decomposition/teamwork

3.4

e a variable declared inside a subroutine that exists only while that subroutine
runs (and is not visible outside it)

A-Level Computer Science o 11.3 Structured P1 ning @
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4

A program contains a global 1D array Number consisting of 20 elements of type REAL

A procedure Store () will input a sequence of up to 20 real values, one value at a time. These
values will be assigned to elements of the array using four steps:

Step 1:
Step 2:

Step 3:
Step 4:

store the first value in the sequence in the first element of the array

check each subsequent value input. If this value is larger than the previous value input,
then assign the value to the next array element, otherwise go to step 4

repeat from step 2 unless the array is full

output the count of the number of values stored in the array together with a suitable
message.

(a) Complete the pseudocode for Store ()

All variables used in the algorithm must be declared.

PROCEDURE Store ()

ENDPROCEDURE
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(b) The requirements of the program change:

the number of values in the sequence is unknown, but may be higher than 20
the values will need to be accessed by another program as data.

The data will be stored in a text file instead of an array.

U]

Give two benefits of using a text file instead of an array.

ettt ettt ettt eteeheeh e oAt Rt et et et e Rt eEeeR e eR e e a s et oA e bt ehteReeR e ent et e aneeneereeneenteneens
2 e ettt et — e —eeteete st st At et et e eteeheeReeae st et e eteeteeheereene et etesaeereeaeeneeneen
(2]
State any change that will need to be made before each value is written to the file.
..................................................................................................................................... 1]
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A string function Compare () will compare two strings.

The function will:
e take four parameters:

e}
e}

two strings, Stringl and String?2

a character, Position, to indicate whether stringl will be compared with the start
(*s'),ortheend ('e')of String2

a Boolean, CaseMatters, to indicate whether an upper case character and lower case
character (for example, 'A' and 'a') are regarded as different (TRUE), or as the same
(FALSE)

e return FALSE if String2 has fewer characters than Stringl
e return TRUE if the comparison is true, otherwise return FALSE

For example:

Parameter Return
Stringl String2 CaseMatters Position value
"Cat" "Catalogue" TRUE 's' TRUE
"CAT" "Catalogue" TRUE 's' FALSE
"CAT" "Catalogue" FALSE 's! TRUE
"Cat" "Catalogue" TRUE 'e! FALSE
"GUE" "Catalogue" FALSE 'e! TRUE
"Catalogue" "Cat" TRUE 's' FALSE
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Write pseudocode for the function Compare ()
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8

A program is being developed to manage student book loans from a college library.

The programmer has defined a record type to define each loan.

The data items are:

Data item Data type Comment
StudentID STRING the unique ID of the student who has borrowed the book
BookID STRING the unique ID of the book being borrowed
OnLoan BOOLEAN TRUE if the book has not been returned

The programmer has defined a global array Loan to store 7000 loan records.

There are more elements in the array than books in the library. Unused elements have the
StudentID set to an empty string. These may occur anywhere in the array.

The programmer has defined a program module:

Module

Description

CountLoans ()

e called with a parameter of type STRING representing a
StudentID

e counts the number of books currently on loan to the
specified student

*  counts the number of books that the student has already
returned

*  output both counts together with a suitable message
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(a) Write pseudocode for module CountLoans () (b) As a reminder, a global array Loan stores 7000 loan records with data items for each loan
record:
Data item Data type Comment
................................................................................................................................................... R p— e uniaue D of the student who has borrowed the book
................................................................................................................................................... BookID STRING the unique ID of the book being borrowed
................................................................................................................................................... onLoan BOOLEAN TRUE if the book has not been returned

A new module is defined:

Module Description
................................................................................................................................................... + called with two parameters of type STRING representing a
StudentID and a BookID
................................................................................................................................................... NewLoan () «  searches the array for an unused loan record
» if found, updates the loan record and returns TRUE, otherwise
................................................................................................................................................... returns FALSE
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Write efficient pseudocode for NewLoan ()
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(c)

(d)

When a book is returned, the loan record will have its OnLoan data set to FALSE

A new procedure Archive () will mark these records as unused after first saving them for
future reference.

Explain how these records can be saved for future reference.

It is decided to extend the program so that a new module Reminder () will send an email to
the student three days before the book is due to be returned.

Outline the changes that will need to be made to the data stored and how this data will be
used to generate the reminder email.
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7

A program is being developed to implement a customer loyalty scheme for a coffee shop.

The programmer has decided that the following data items need to be stored for each customer:

Data item Description
customer ID a unique six-digit string
oints an integer value that is increased by one for every cup of coffee the
P customer orders

When a customer visits the shop and orders coffee, the scheme operates as follows:

*  The total number of points is increased by the number of coffees ordered.

*  If just one cup of coffee is ordered and the number of points goes above 10, then:
o the cup of coffee they have just ordered is given to them free of charge
o the number of points is reduced by 11.

e If the order is for multiple coffees and the number of points goes above 10, then:
o they get one coffee free of charge for every 11 points
o the number of points is reduced by 11 for each free coffee.

For example, the:

e customer currently has 9 points

e customer orders 16 cups of coffee

e total number of points now becomes 25

* customer gets 2 free coffees and now has 3 points left.

The programmer has defined a program module that is called every time a customer places an
order:

Module Description

e called with two integer parameters:
o the number of coffees ordered
CustomerOrder () o the current number of points
*  output a suitable message giving the number of free coffees
e return a value for the new points total.

Name: :)7 A-Level Computer Science: s25 21

(a) Write pseudocode for module CustomerOrder ()




Name: :)7 A-Level Computer Science: s25 21 Name: :)7 A-Level Computer Science: s25 21

(b) Atextfile Loyalty.txt will be used to store the data items for the loyalty scheme. The data
items for each customer will be stored on a separate line of the text file Where @ach data 1emM | e e ettt oottt e e ettt e e e e et e e e e e aeeeee e e beeeeaanseeeeeannseeaeeanseeaeaannneaaaannes
is separated by a comma:

<CustomerID>,<Points>
The contents of the text file Loyalty.txt will always be stored in ascending order by
{18 ] (o0 1Y |15 PSSO P PP PPPPPN

When the data items are read from or written to the text file Loyalty. txt, ey MAy NEEA T0 | e e e et et h oo h e oottt e ettt e e h et e oot e be e e eh bt e e b e e e eae e e e e e e
be converted to the appropriate data type.
Each customer has a unique customer ID starting at "100001" with this value increasing by
one each time a new customer joins the loyalty SCheme. L e et e e e e e e e e e e e eneas

When a customer joins the loyalty scheme, they are assigned the next cusStomer ID @nd VAIUE | o e e et e e h et e bt oo h et e e et e e e b et e e ht e e e b et e bt e e ea bt e e bt e e nn e e e b e e b e e nnae e
of points is set to 0.

For example, if the loyalty scheme has 204 customers and a new customer joins the loyalty
scheme, the following line is added to the text file Loyalty . txt: L e e e e e ee ettt eaeeea—eeaeeeeareee e eee e EeeeEeee ettt ettt e st e e ettt e st e e aneeeanneeene e e neeeaneeeenren

TI00205, 0™ L e eeeeeeeeeeeeee e e e e e e e e e e e e e et e e e e e e e e e e e e e reae e e

You can assume that the number of customers in the loyalty SCheme Will NEVEr De MOTE than | e oottt oottt e e e ettt e e e e s teee e e e s et eeeeaabbeee e e bbeeeeaansbeeeeeanbbeeeeanseeeaaanneeeas
9000.

The programmer has defined a program module as follows:

Module Description

* called with an integer parameter representing the number of
new customers to be added t0 the l0yalty SCREME | | e et e e e e e e e e —eeeea——aeeee——eeeeataeeeeatraaeeaaaaaens

* adds a new line, containing the required information, to the
AddNewCustomers () textfile Loyalty.txt foreach customer added t0 the lOyalty | | e e e e e ——— e e e ——ee e e ———eeae——eeaai——eeeee—eeeeaaaataeaaaaaaaaans

scheme

e outputs each new customer ID added t0 the l0yalty SCREME | | e e —— e e e e e e e e———a e e e ——t e e e e e e e e ea—aaaeaaaaeeaaas
(i) Write pseudocode for module AddNewCustomers () L e
Assume that there is at |east ohe customer a|ready in the |oya|ty Scheme_ ...........................................................................................................................................

.......................................................... ........................................................................... @
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(ii) The requirements for AddNewCustomers () are changed. There may be no existing 3 A programmer has been asked to create a module Rol1Dice () to simulate multiple rolls of a
customers in the loyalty scheme. dice. This module will be used as part of a program for a game.

Explain the changes that will need to be made to the module AddNewCustomers () The module will:
........................................................................................................................................... step 1 — take a positive integer parameter representing the number of times the dice will be rolled
___________________________________________________________________________________________________________________________________________ step 2 — simulate one roll of the dice by generating a random integer between 1 and 6 inclusive
........................................................................................................................................... step 3 — output the integer generated
........................................................................................................................................... step 4 — repeat, as required from step 2
........................................................................................................................................... step 5 — calculate the average value of the random integers generated
........................................................................................................................................... step 6 — return the average value.

........................................................................................................................................... Write pseudocode for the module Rol1Dice ()
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5 Amodule Parity () takes a string as a parameter. The parameter has the identifier BitString
and it represents a binary value.

The module will concatenate a single character to the end of BitString by @pplying 0ne 0f the | sttt
two rules:

. Lot i Bitetring contains aneven number of 1
. '1' if Bitstring contains an odd number of 1s.

The modified value of BitString is then returned.

For example:

Parameter String returned Explanation ..........................................................................................................................................................

"0010010110" "00100101100" there are an even number of 1s in the string
passed to Parity () soa '0' is concatenated
to the end of BitString

"101010" "1010101" there are an odd number of 1s in the string 18]
Dassed t0 Parity () S0@ '10is Concatenated | | T
to the end of BitString

Write pseudocode for the module Parity ()

Assume the parameter BitString can only contain the characters '0' and '1'

......................................................................... @
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3

An algorithm will output the last three lines from a text file Result.txt

The lines need to be output in the same order as they appear in the file.

Assume:

(a)

(b)

Three variables LineX, LineY and LineZ will store the three lines. These are of type string
and all three variables have been initialised to an empty string.

The file exists and contains at least three lines.

The algorithm to output the lines is expressed in eight steps.

Complete the steps.

1. 0penthe file ...
2. Loop UNtil oo
G 7SSOSR and store in ThisLine

4. Assign LineY to LineX
5. Assign LineZ to LineY

6. Assign ThisLine to LineZ

7. ARErthe l0OP, ..ooeeeieieiiie e
8. Output LineX, LineY, LineZ

[4]
Explain the purpose of steps 4, 5 and 6 in the algorithm from part (a).
............................................................................................................................................. [1]
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(c) The requirement changes, and the algorithm will now output three lines from the file, starting
from a given line number.

The modified algorithm will be implemented as a function which will:
*  be called with an integer parameter representing the given line number
*  output three lines, starting at the given line

* return TRUE if the 3 lines are output, or FALSE if it was not possible to output the 3 lines.

Describe the changes that need to be made to steps 2 to 8 of the algorithm given in part (a).
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4

A global integer variable Tick is always incremented every millisecond (1000 times per second)
regardless of the other programs running.

The value of Tick can be read by any program but the value should not be changed.
Assume that the value of Tick does not overflow.

As an example, the following pseudocode algorithm would output "Goodbye" 40 seconds after
outputting "Hello".
DECLARE Start INTEGER

OUTPUT "Hello"
Start <« Tick

REPEAT
//do nothing
UNTIL Tick = Start + 40000
OUTPUT "Goodbye"
A program is needed to help a user to time an event such as boiling an egg.
The time taken for the event is known as the elapsed time.
The program contains a procedure Timer () which will:
*  take two integer values representing an elapsed time in minutes and seconds
e use the value of variable Tick to calculate the elapsed time
e output a warning message 30 seconds before the elapsed time is up
* output a final message when the total time has elapsed.
For example, to set an alarm for 5 minutes and 45 seconds the program makes the following call:
CALL Timer (5, 45)
When 5 minutes and 15 seconds have elapsed, the program will output:
"30 seconds to go"

When 5 minutes and 45 seconds have elapsed, the program will output:

"The time is up!"
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Write pseudocode for the procedure Timer ().
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6 A shop sells sandwiches and snacks. The owner chooses a ‘daily special’ sandwich which is (a) Complete the pseudocode for the procedure Special ().
displayed on a board outside the shop. Each ‘daily special’ has two different fillings and is made
with one type of bread. Assume that both arrays are global.

The owner wants a program to randomly choose the ‘daily special’ sandwich. PROCEDURE Special ()

The program designer decides to store the possible sandwich fillings in a 1D array of type string.

The array is declared in pseudocode as follows:

DECLARE Filling : ARRAY [1:35] OF STRING

Each element contains the name of one filling.

An example of the first five elements is as follows:

Index Element value | L RS e

1 "Cheese"

"Onion"

"Salmon"

2
3
4 anchovies" |l
5

"Peanut Butter"

Asecond 1D array stores the possible bread Used:
DECLARE Bread : ARRAY [1:10] OF STRING s
Each element contains the name of One type of bread.

Anexample of the first three elements is as TOllOWS:

Index Element value

1 WIRAEE™ |l s

2 "Brown"

3 "Pitta"

Both arrays may contain unused elements. The value of these will be an empty string and they
may occur anywhere in each array.

A procedure Special () will output a message giving the ‘daily special’ sandwich made from two
randomly selected different fillings and one randomly selected bread.

Unused array elements must not be used when creating the ‘daily special’ sandwich.

Using the above examples, the output could be: ENDPROCEDURE

"The daily special is Cheese a nion on Brown bread."

®
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(b) The owner decides that some combinations of fillings do not go well together. For example,

anchovies and peanut butter.

Describe how the design could be changed to prevent certain combinations being selected.

Name: :)7 A-Level Computer Science: w24 23

8 Aprogram is being developed to implement a game for up to six players.

During the game, each player assembles a team of characters. At the start of the game there are
45 characters available.

Each character has four attributes, as follows:

Attribute Examples Comment

Player 0,1,3 The player the character is assigned to.

Role Builder, Teacher, Doctor The job that the character will perform in the
game.
The name of the character. Several characters

Name Bill, Lee, Farah, Mo may perform the same role, but they will each
have a unique name.

Skill level | 14, 23,76 An integer in the range 0 to 100, inclusive.

The programmer has defined a record type to define each character. The record type definition is
shown in pseudocode as follows:

TYPE CharacterType

DECLARE
DECLARE
DECLARE
DECLARE
ENDTYPE

Player : INTEGER
Role : STRING

Name : STRING
SkillLevel : INTEGER

The Player field indicates the player to which the character is assigned (1 to 6). This field value
is 0 if the character is not assigned to any player.

The programmer has defined a global array to store the character data, as follows:

DECLARE Character : ARRAY[1:45] OF CharacterType

At the start of the game all record fields are initialised, and all P1ayer fields are setto 0

The programmer has defined a program module as follows:

Module

Description

Count ()

¢ called with two parameters:

e searches the Character array for characters with the given role that are

e counts the number of assigned characters and sums their total skill level
*  outputs the result of the search if characters with the given role are found,

e if no characters with the gi' le are found, outputs:

o aninteger representing a player
o  a string representing a character role

assigned to the given player
for example:
"Player 3 has 4 characters with the role of Teacher

and the total skill level is 65"

"No characters with cuac role are assigned to this

player" @
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(a) Complete the pseudocode for module Count (). (b) The Character array data has been saved in the text file SaveFile.txt
Each line of the file contains one element of the array (one record).

PROCEDURE Count (ThisPlayer : INTEGER, ThisRole : STRING)
New modules are defined:

Module Description

Extract () called with two parameters:
(already written) o  a string representing a complete line from the text file

o aninteger representing a field number (see structure below)
e returns a string representing the required field

Restore () * opens the text file SaveFile.txt
................................................................................................................................................... 0 reads Iines from the f||e and assigns values tO each record in the
Character array using data from each line of the file

As a reminder, the record structure is repeated here:

TYPE CharacterType

DECLARE Player : INTEGER //Field number 1

................................................................................................................................................... DECLARE Role : STRING //Field number 2

DECLARE Name : STRING //Field number 3

................................................................................................................................................... DECLARE SkillLevel : INTEGER //Field number 4
ENDTYPE

Write pseudocode for module Restore ().

You must use the module Extract ().

A\ N
ENDPROCEDURE @
70 | e e
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7 A fitness club has a computerised membership system. The fitness club offers a number of
................................................................................................................................................... different exercise classes.

................................................................................................................................................... The following information is stored for each club member: name, home address, email address,
mobile phone number, date of birth and the exercise(s) they are interested in.

(a) When an exercise class is planned, a new module will send personalised text messages to

................................................................................................................................................... each member who has expressed an interest in that exercise. Members wishing to join the
class send a text message back. Members may decide not to receive future text messages
............................................................................................................................................. [7 by replying with the message ‘STOP".
(c) The game can last for several days and users often find that they have to close and rerun the The process of abstraction is used to filter out unnecessary information.

game program many times in order to complete it.
(i) State one advantage of applying abstraction to this problem.
Describe the benefit of using the file SaveFile. txt as described in part (b).

(ii) Identify three items of information that will be required by the new module.
................................................................................................................................................... Justify your choices with reference to the given scenario.

10T 0 0 B I (=Y [T =Y RSP PPRPRPP
JUSHIFICALION ..t
EEM 2 FEQUITEA ...ttt ettt an
JUSTIFICATION ..ttt
L1 C=Ta TR I (=Y TU T T SRR

JUSTIfICATION ..eeeeeieiiee e e e e e e e e e e e e e e e e e eaanes

(iii) Identify two operations that would be required to process data when the new module
receives a text message back from a member.

(0] 07=] = 1 ([o ] Nt U UPPUPPPRPRNE
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(b) The structure chart illustrates part of the membership program: 7  Afitness club has a computerised membership system.

The system stores information for each club member: name, home address, email address, mobile
phone number, date of birth and exercise preferences.

Many classes are full, and the club creates a waiting list for each class. The club adds details of
members who want to join a class that is full to the waiting list for that class.

When the system identifies that a space is available in one of the classes, a new module will send
a text message to each member who is on the waiting list.

(a) Decomposition will be used to break the new module into sub-modules (sub-problems).

Identify three sub-modules that could be used in the design and describe their use.

5101 o B g T o (U] =Y U ERRRURRRRRRRUIN
Sub-A Sub-B Sub-C
U S ittt e et e e e e e e e e ee e a——————eteeeeeeeaaaaa————————etaaeeeaeaaaanaarrrrnaaeaas

Dataitem notes:

. Name contains the name of a club member L

e P1andT1 are of type real.

(i) Explain the meaning of the diamond symbol (labelled with the letter A) in the chart. SUD-MOAUIE 2 ..ottt e e e e e e et e e e ettt e e e e ebaeeeeaasaaeaaanes
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" L 1SS
..................................................................................................................................... [2] LR LR R R L L R T T

(i) Write the pseudocode module headers for Sub-A and Sub-B. ST o R g g T o (U] =Y TSRS
Sub-A U oottt ettt ettt ettt ettt et et e e e e e e et e e e e et e eeeeaeee e
Sub-B
........................................................................................................................................... [3]

[4]
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(b) A different part of the program is represented by the following state-transition diagram.

Input-B | Output-W

START

Input-A Input-A | Output-W

Input-B | Output-Y

Input-A | Output-X

(i) Complete the table to show the inputs, outputs and next states.

Assume that the current state for each row is given by the ‘Next state’ on the previous
row. For example, the first Input-A is made when in state S1.

If there is no output for a given transition, then the output cell should contain ‘none’.

The first two rows have been completed.

Input Output Next state

S1

Input-A none S3

Output-W
none

Input-B

Input-A
S4

(3]

(ii) Identify the input sequence that will cause the minimum number of state changes in the
transition from S1 to S4.
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