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Teacher's Introduction

The resource pack consists of the following sections:

This resource is intended 1o supplement your teaching only. Please read full disclaimer (p. iii) before using it.

Code breakdown: a detailed technical overview of the Skeleton Program, describing in detail each class
and method in turn — including their purpose/function, parameters and return values. Note that this is
intended as a helpful reference document only, and not as a substitute for exploring the code in a
practical manner. There is also a ‘Grid Example’ file which can be used as a printout to help students to
understand the simulation.

UML class diagram activity: requires you to study the program and fill in the gaps with the missing
class/method names, data types, associations and access levels.

Video: a quick overview of the Ant Simulation application mechanics — intended as a visual aid to
accompany the notes in the official AQA pre-release material.

Theory questions: designed to test your understanding of the Skeleton Program. These questions
require access to the program, but no modifications need to be made to the program. Write-on (with
answer lines) and non-write-on versions are available.

Coding tasks: there are 24 modification tasks to test your programming skills — as well as an additional
15 modification ideas that you may also want to try as extension tasks.

Solutions / Mark schemes: included for UML class diagram activity, theory questions, and coding tasks.

access to the following:

DIGITAL RESOURCE

Once you have downloaded the files for this resource via (zzed.uk/ProductSupport) you will have

1

AntSimulation thisfolder contains all of the content (PDF/DOCX) accessible via a HTML interface
= Passwords. txt forteacher use - this file contains all of the passwords for the protected PDFs (also listed below)

* PRINTED COPIES OF ALL THE MATERIALS IN THIS DIGITAL RESOURCE PACK ARE INCLUDED FOR REFERENCE.

Installation: Extract the files from the downloaded ZIP file and move the entire TargetClear folder onto a
network location that is accessible for students, and provide them with a shortcut to the index.html file. All
content can be accessed from this page.

Passwords: All of the PDFs accessible via the Solutions web page are password-protected, so that students can
only access them with your permission. Each password is a four-digit code, as follows:

This pack is based on Version 2 of the Ant Simulation code released by AQA on 21/11/25.
Please ensure you are using Version 2 of the code from Centre Services.

-V -



Ant Simulation
Ant Simulation represents a small world of ants showing their interaction with nests, food and
pheromone trails.

The user can experiment with four different simulations, each representing different configurations of the
small world. The world is represented by either a 5x5 or 10x10 grid. Simulations 1-3 contain a single ant
nest, and simulation 4 contains two ant nests. At the start of the simulation, each nest contains a single
queen ant and multiple worker ants (configured by parameters when the application starts up).

The application uses the concept of stages to advance, each stage essentially being a snapshot of the
current state of the simulation world. As the user advances the stages, the entities within the simulation
world, be those ants, pheromones or the nests themselves, all advance one stage at a time, each
performing one of their preset operations. Examples of these operations are move, pick up food, follow a
pheromone trail, or deposit food at the nest.

Initially, worker ants move at random around the simulation world, moving to one of their neighbouring
cells per stage. If an ant finds a cell containing food, the ant picks up a small amount of that food, and
then as the stages are advanced by the user, makes its way directly back to the nest. As it moves back
towards the nest, the worker ant lays down a pheromone trail. If other worker ants are near to that
pheromone trail, they will follow it to the food source to also collect food and take it back to the nest.
This represents how ants behave in the real world.

The application also represents the relationship between food available at a nest and ant population. At
each stage, if the food in a nest gets too low, or the population gets too high for the food available,
some of the ants belonging to the nest are culled.

When the nest has plentiful food levels, however, the queen ant will give birth to new worker ants and
even on a very small chance, another queen.

During operation, the user can display the simulation world in its entirety, view part of it, or even view an
individual cell within the world to see it in detail.

The objective of the application is to experiment with different configurations of the simulation world,
advancing the simulation stage by stage to see how the ants interact with each other, the food around
them, and the nest.

This resource aims to help you get to grips with and prepare for the A Level Paper 1 examination for
summer 2026, which is partly based on the Ant Simulation pre-release material.



//%// %///// % ] //%%%

]

Ske!>"0. Ccde Breakde

i
7
4

Static Methods

| 4
. 4

» ¥ | Description

]

This method asks the user for the row
inputs are cast to integers and assigne:
passed by reference rather than by va.

Parameters _ il

Return values w@
e 2

YoV T G

Parameters n/a This method assigns a string input fror/

Return values Cholce : String

ers nfa This method displays the main prograr%

Para

Return values n/a

O COPYRIGHT

Parameters n/a Tt ST he ) ets (E;} the simulation. Trz

Return values n/a

~ intc 2 ist” The method asks for user i PROTECTED

Py a N _elect which configuration list to use wh
I
ag

The method then enters the main prog:
imulati ptions menu. The method |
} method ranging from 1 tc
tion object.

Education

If the user selects 9 from the GetChoice

AQA 2026: Ant Simulation (VB.NET) Page 1 0f 16




Identifier | Data

<<constructor>>

Parameters

Return values n/a

simulation world .

Description

N
=

llowing protected a |

Eachcellis given a
of this are from 1,1 fo &

the variable €
to 1, thelo,
o)

oes notrun, which

i

senerates random values

+1,orttol
If the random

chosen, the method calls the

The method then enters anoiher Fo
bound of £
“world”. Food cells cannot be adde
te re;aeaéedéy select random locatic/

AQA 2026: Ant Simulation (VB.NET)

Page 2 of 16

COPYRIGHT
PROTECTED

g

og

Education



Identifier /| Data

Parameters

Return values n/a

n/a

Parameters

Cint

Return values n/a

.

L

Description

]

This method uses a Foreach loop t
foodtoar~-~ faNestisatthes
the ro0 « Ca ; the ChangeFood(
/,,,,,/ F

. 4

ERELN

Y]

W

.

Ao

e

&

-3

i

-

This method uses the Getindex(}
its Row and Column position in th
method for the cell at that index an
that cell. The skeleton program ofte
amount of food in a cell.

.\o.m

-

]
|

SR

@

This method contains a For...Next |
simuiation from one stage to the nex

Bond

Inside the loop, the method firstly inst
calling the Ad
the ¢

reached 0, thé '

romone is adde

RSt

Once tha @ p as completed, the
7z (60 ) 2sTdDelete list, removing

B

e

ist 7}, because you can't remo
with a Foreach loop.

.
Once the loop has completed, the
the 4 > method on each
object called zll as a referen.
investigated. The method then queri
method calls the AddFoodToNest
together with its row and location. T
Updat ICarried() method is C%
carrying, which will reduce the amo

—

L%

_.‘
e

.
P

S

4

AQA 2026: Ant Simulation (VB.NET)

Page 3 of 16

> -
.

_

-
&

V -
|

o

\\\
i

¢

=

e

g
S

¥

%
//////////////%//

=

i

\\\\\\\

-

R

Qs

P

i
g
el

~

.

4

%/////////////%

COPYRIGHT
PROTECTED

ig
og

Education




ldentifier / Data Description

.
If the ant, however, is in a cell which ¢
a food capacity greater than zero, the
capacity of the -nt. AQA updated this
(defivpd . 1. 2 Antclass) with afor
é( ;/}sc&/up food, the method ¢
4t is available in the ceil orgr
y on the Cure
%aken by the ant. Finally, it calis the
ant to carry back to the nest.

/ /
ha“

if the ant is not in a food cell, the co
its way back to the nest. If so, the m
ant to reapply or generate new pherc
statement then calis the Ch

controls whether the ant is moving re/

The final task in the method istoiters
each t i

AN

Uses nested iteration to enumerate
the top left and bottom right cornerg

Parameters

The method uses concatenationto
i -~ ring represenis a sii
as a reference of

Return values

Once the loop has completed, the

AQA 2026: Ant Simulation (VB.NET) Page 4 of 16

COPYRIGHT
PROTECTED

g

og

Education



ldentifier / Data Description

R

Parameters

> -
.

.
This method is used to build up a more s
method instanti~- 3 local cell object ca /
location ki e Jated. It first calls t /%//////////
~op ort > P cecinthat cell. If there is a & M
0P | -

t " 0 1ind out how many food units

¥

o
_

St

Return values

o

The method then uses the same technig
passing in the CurrentCell object. if the
many ants are in that cell, adding that va
€ rOfPheromonesinCeli{ m
they are.

oy

e
e

i

il

g
S

Finally, the method adds some carriage
returns the string.

¥

%
//////////////%//

=

/////////////

i

.

S——

Parameters n/a Uses nested iteration to enumerate thro

e

.

Return values . String . .
The metho.d uses concatenapon to bua)l . - /
De string represents a single cell in

i as areference of the cell in th% %/////////////////
Y (Boih .
{, éiz@z?émmberﬁmm% //////////////

W\m
F

the ¢ :
e JiFood]) helper methods ic%
Once the loop -+ mpleted, the i}maﬁ% ///////////////%
> = e
o s () COPYRIGHT
g PROTECTED
Parameters F a
Return values et i 9
- Education

AQA 2026: Ant Simulation (VB.NET) Page 5 of 16




ldentifier / Data Description

Parameters

This methos% firstly instantiates the fol

Return values

ceil at position 1. Thls i
method. Ifa nelghbour is not valid (fo!

is represented as -1. In the Foreach «
the strength of the pheromone in tha,
s0, the method updates the o
what the new

Y o

After the loop has completed, the
contain any pheromones, the i
continue moving randomly.

Parameters

at the position Row
nested iteration to iook atthecellsin
around the cell given at position R
For example, if Row was 3 and ¢ |
in a standard 55 simulation “world”, |
methodv- ' Mtum a list containing

25 10 fjﬁ'z .5,16,17]. COPYRIGHT
! - PROTECTED

Return values Int List

i | raC €ell is outside the bounds of the §i
~ | “world”, or if the cell being investigate:
the index is given as -1.

g

og

Education

-

Parameters

This method iterates through the M
parameter . If they maich, the I
the method gives a null return.

Return values

AQA 2026: Ant Simulation (VB.NET) Page 6 of 16




Identifier /| Data

Description

Parameters

(public) .

Parameters C: Cell This method initialises an integer va
Return values the locatior . “le Ant with the Iocat%
incre i, . A er the loop, Count is
J i /
. | |
: i |
Parameters ‘ 7 2 This method initialises an integer va .
o\~ ; comparing the location of the Pheron
Return values A b panng e |
Count variable is incremented. Aﬂe%
L %

This method initialises an integer va

Return values

list comparing the location of the Ph
if the Count variable and the streng

N

Parameters

the variable Strongest, the value in
P mone. After the loop, Strong

Return values n/a

Ants list. Finally, ituses a For...Ne

Parameters

has a lower bound of 2 and the upp
nisiniNest must also incl

Return values n/a

',////////
4

-
F B 4
- :“"»»,,/,,////

, and it has the same |
e’V pdateStrength() method on t
parameter, and then exits the meth
without finding a match, it means th
original path; therefore, the method i
the Pheromone list.

R

L%

%
L
.
.
.

]

L

|

-

/

7

L

]

.

AQA 2026: Ant Simulation (VB.NET)

Page 7 of 16

> -
.

_

T
|

o

.
_

¢

=

e

g
\\\\\\\

e

P

.
.

r

Sl

R

Qs

P

sy,
A

i

" 4

%/////////////%

%

COPYRIGHT
PROTECTED

ig

og

Education




Class: C

Identifier / Data ’ Description T
o
G

.
<<constructor>> %//////////%
Parameters o % —_—

- Int -
Return values /a . . ier Sets the protected attribute

-
&

V -
|

o

This is an accessor method which

\\\
i

¢

=

e

g
S

¥

%
//////////////%//

=

s

|
‘

i

-

Parameters n/a This method is only called from the
comprises the return value from the
AmountOffood inthecell. The G
empty string.

(public) 4

- ///////////////

|
%
]
.
%
.
L
-
/
/
/
/
/
/
/
/
-
-
-
.
.
.
.
%
%
%
%
%
%
.
.
.
.
%
%
%
%
%
%
.
.
.
%
%
%
%

a

Return values String

R

\\\\\\\

Parameters sint

Return values n/a

'

() COPYRIGHT
> & PROTECTED
7N

¢ . _

/////////4//////////// Education

AQA 2026: Ant Simulation (VB.NET) Page 8 of 16




Class: Ant

Identifier / Data

<=constructor>>

Parameters

Return values

Parameters

(public) <<virtual>>

:Nest L
; - Ant List

: Pheromone List

’ Description

ist

Return values

n/a

passes the param:
i Sets the following protected ¢
v 10 the parameter ke |
to the paramete

P

o the static attribute |
to0

Many of these attributes are updat.

The constructor also increments th.
new 1D number.

This method increments the ¢

AQA 2026: Ant Simulation (VB.NET)

Page 9 of 16

COPYRIGHT
PROTECTED

g

og

Education



ldentifier / Data Description

(protected)
Parameters roint This method updates the position of
Int (passed by | onthe tor parameter
reference) the r he location of neighti:
Co - Int (passed ,/ff”UL A- o) s
by reference) X position. If the parameter is gr
Return values n/a G S izhen the new direction must be dowrn
?herefore the method increments the

parameter to move
downwards. If the
3, the new direction must be upward
the method decrements the

direction must be nght ,therefore the [
the ant right. A combination of these =

table shown above.

and Coly

be returned.

(public) ==<virtual>>

Parameters This is an empty base class virtual m.

Int List

COPYRIGHT
v % PROTECTED

Return values

(protected)

This method chooses the index of &
method in the class anc
loop to select one of the neighboure C}9
does not contain -1. If an index con | .
location which is outside the bounds Education

g

AQA 2026: Ant Simulation (VB.NET) Page 10 of 16




Identifier / Data

W

Parameters n/a

Return values String

Parameters

Return values Int

Parameters

Return values int

Parameters n/a

Return values Int

Parameters n/a

Return values String

Parameters

Return values

Parameters

Return values % n/a

.

e

Description

This method is only called from the
comprises the zzturn value from th
the Ant. o | 5eOfAnt, and how
e Lase class, however

i

o

=

[
L

.

.
This is an accessor method which

R

This is an accessor method which

.

This is an accessor method which

L

This is an accessor method which

R

This is an AC¢ ;Sor method which

-

E 4

R

- 4

This returns the result of an express
attribute NesiRow and if the current |

.

This is a mutator method which upd
parameter Change to it.

AQA 2026: Ant Simulation (VB.NET)

Page 11 of 16

> -
.

_

-
&

V -
|

o

\\\\
i

¢

=

e

g
N

¥

%
//////////////%//

=

i

F
i

-

R

Qs

P

.
0
g

~

-

4

%/////////////%

COPYRIGHT
PROTECTED

ig
ag

Education




74,

Identifier / Data
<=constructor>>

Parameters

Vo ) P P
N sl - YesVielslsl”
Class: Pheromone

Return values

. Pheromone List

Return values

n/a

Parameters

n/a

Return values

Int

Parameters

Return values

Return values

AQA 2026: Ant S

Description

m
[16ets the following protected
BelongsTo to the parameter
e Sirength to the parameter in
e PheromoneDecay to the par

-

-

el

e

.
]

This method reduces the Sirengt

It then checks the updated Streng

S

.

This is an accessor method which

s

-

e

.

This is a mutator method which upd

imulation (VB.NET)

Page 12 of 16

M

> -
.

_

-
&

V
|

o

\\\\
i

‘o

=

e

g
\\\\\\\

e

Sl

=
' &

i
v

r

Qs

.

i
il

gy,

-

4

%/////////////%

%

COPYRIGHT
PROTECTED

ig

og

Education




Identifier / Data ’ Description

<=constructor>>

T

Parameters r passes the param/;

Return values n/a

The constructor also increments the
a new |ID number.

Parameters Nest List This method performs a number of |
Ant List
: Pheromone List It first checks to see if the Anis list |
exits and the nest doesn’'t advance
Return values n/a

The method then initialises three it |
setting them all to 0. It then iterates
I\%ote that it DOESN'T check ifthe 2

ant, the € 1t vanabie is iz
normal wcrker ant the

; s/e'n(;s iéé amom/ngl of food COPYRIGHT
- Jorfood in the nest decreas: PROTECTED

“arfts that belong to the nest’, whick

regardless of their cell location in
ymethod is called, ¢ i

amount of food in the nest. 9

The method then perfcrms a numbe 0‘9

in the nest is 0 and the 2 Education
Simulation belonging fo this nest,
incremented. If th oft
this nest, the Ant variable

AQA 2026: Ant Simulation (VB.NET) Page 13 of 16




Identifier / Data ’ Description

The method then performs a wider |
number of worker ants belonging tf/
incremented ;iithin this scenario, |
grea*ﬂf ¢+~ 1. 2 number of worker
s oL ; stior-from attempting to ¢
Tl‘* thod then uses a For...Ne
f%cvmg ants from the / list.t T
fist. The loop will not selecta
hewever the ant selected could be
be in the nest. This means that any
located sn a faod cell or carrying fi
the Mu 5 variable is ¢

7
]

If the Fo }is not less than fiy
is deemed to be healthy, and ther
there is a 50% chance that the &

211 1S added to the smw%;
ants are added to the Anis list.

Parameters

sint This method adjusts the Foc

Return values n/a

It then checks the updated
back to 0.

L

COPYRIGHT
PROTECTED

Parameters ol , ccéssor method whach .

Return values Int

g

og

Education

AQA 2026: Ant Simulation (VB.NET) Page 14 of 16




Identifier /| Data
<<constructor>>
Parameters

Return values

Pheromone List

Parameters n/a

Return values String

Parameters

Return values Int

i
Parameters
Return values

Parameters

Return values ™ Bool

Description

g
—» parameter StariR

to the parameter $ta

Both of these attributes are updat

This is an empty base class virtua

This is an accessor method which

This is a base class virtual method

ésor method which

a

This is an accessor method which

j

This returns the result of an expres:
parameter £ and the attribute Colu
entities are in the same place).

.

e

L

.

s

]

s

.

L

]

.

AQA 2026: Ant Simulation (VB.NET)

Page 15 of 16

e

> -
.

_

L
¥

o

\\\\
i

il

g
N

¥

%
//////////////%//

=

/////////////

i

F
i

-

L
Qs

L

.

oy

i
il

o

4

%/////////////%

%

COPYRIGHT
PROTECTED

ig
ag

Education




Class: Qu
ldentifier / Data
<<constructor>>

Parameters

Return values

Description

- at o

.,,W,//

ltthen setsthe 7
attribute (from %he base class) to 3

Parameters

Int List

This method decides how a worke”’
ané is carrying any food. Ifitis, the |
3 of the worker ant are less |

.

Return values n/a

respectsveéy The B C
to move the worker ant one ceEI pez

Parameters n/a

Alfernativelv. he worker ant isno

g O éar‘/,;amg forfood and the
'cors @s(éromene In this caset
Zassing ln the List
callsthe ©

This method is only called from the

Return values String

whach compnses the return value fue

»

Ny

RS

/’

ied of the We

AQA 2026: Ant Simulation (VB.NET)

Page 16 of 16

COPYRIGHT
PROTECTED

g

og

Education



)
o

72
n '

%/////Q/////////////%//////////////////////////////////////////

-

-
a

\
N\

_
o

—
ga e | -

y o i

;

j
4

,, : A e
Program e . i %/ /%
> - /’, 4 / e
+ RGen: Random i /// L e ///// 4 /%
> R | 2y Cell
+ GetChoice(): sir . ” // o . %////%
+ GetCeliReference(int, int): void 3 //// . /,/,/////// N éqt:zns'{mct‘g;fgi’) int) ¢
o + GetAmountOfFood() : in -
o g +V<<override>> GetDetails() : str % / %
ISR (n) : vod R
Ant
e # NextAntID : int
# Ants At . [0..4 # NestRow : int
# Pheromones © Pheromone | ] —4 # NestColumn : int
# Nests : Nest {] 0—— | AmountOfFoodCarried : int
# NumberOfRows ; int »r— # Stages : int
# NumberOfColumns : int ‘ # FoodCapacity : int
# StartingFoodInNest : int # TypeOfAnt : int
# StartingNumberOffoodCells : int
# StaningNumberOngsts -int + <<constructor>>(int, int, int, int)
# StartingAntsinNest :int + <<virtual>> GetFoodCapacity() : int
Z gg;il:;gggg;&rjei:?th int + <<virtual>> isé\tOwnNey : bool
y: + <<overr?ge>> f/////{//{/////{/////l///(//)////%rest {1 Ant[], Pheromone [ 1)
+ <<gverride>> GetDetails() : str
+ <<constructor>>{int{ ]) + <<virtual>> UpdateFoodCarried(int) : void
+ SetUpANest{int, int) : void # ChangeCeli(int, int, int) : void
+ AddFoodToCeli(int, int, int) : void # ChooseRandomNeighbour(int [ ]} : int
- Getindex(int, int) : int + <<virtual>> ChooseCeliToMoveTo(int [ |, int) : void
- GetindicesOfNeighbours(int, int) . int [ ] + <<virtual>> GetFoodCarried() : int
- GetindexOfNeighbourWithStrongestPheromone(int, int) : int + <<virtual>> GetNestRow() : int
+ GetNestinCell{Cell) : Nest + <<virtual>> GetNestColumn() : int
+ UpdateAntsPheromoneinCell(Ant) : void + <<virtual>> GetTypeOfAnt() : str
+ GetNumberOfAntsinCell(Cell) - int
+ GetNumberOfPheromonesinCel{Cell) : int .
+ GetStrongestPheromonelnCeli(Cell) : int I - 1
+ GetDetails() : str s . Pheromone
+ GetAreaDetails(int, int, int, int) : str . 5 ;
+ AddFoodToNest(int, int, int) : void //M { . %ﬂg } %: s CO PY R I G H T
+ GetCellDetails(int, int) : str 1 / w2 newscay int
+] (int) : void - 1B JbegSTo tint PROTECTED
v B + <<gonstructor>>{int, int, int, int, int) y
+ <<pverride>> AdvanceStage(Nest [ ], Ant [ ], Pheromone [ ]) :%
+ SRR i) : void - .
+ GetStrength(} : int % i
+ GetBelongsTo() : int /
/
Nest % 09
> 0.7 # NextNestD : int % ‘ »
# FoodLevel it % Education
# NumberQfQueens : int %
o .
+ «<gonsiructor=>(ing, int, int) /
+ ChangeFood{int) ; void %
+ GetFoodlLevel() : int %
+ <<override>> AdvanceStage(Nest [ ], Ant [ ], Pheromone [ ]} :

AQA 2026: Ant Simulation (VB.NET) Page 1 of 1



1

Simulation 1

2

3

Grid Index Grid index Grid Inde> /E ' jnﬁex/ Grid Index
0 1 a\\ _AdE 4
Grid In¢ Grid Index Grid Index Grid Index
5 6 7 8 9
Nest Food:
Ants: 5 500
Numb,
Grid Index Grid index Grid Index Grid Index Grid Index Colur
10 11 12 13 14 Starting /
Food: of Food |
500 Starting ©
of Foo.
Grid Index Grid Index Grid Index Grid Index Grid I=dex S—/
15 16 17 18 75 M tarting #
i of Ants
//////», # e
- &b | Strength
@b 12 Pherorr
¥ /////».,:// ¢ o /- N T
Grid Index Grid Index A’ax” | Grid Index Grid Index Pheron
20 w26 23 24 Decay

AQA 2026: Ant Simulation

Page 10of 1

COPYRIGHT
PROTECTED

=
S

Education




.
w
i

.
VB Theory Questions %%Z//

These questions refer to the Preliminary Material and the Sk Zé//}

but do not require any additional programmin: S

. |

TOTAL M\ S: 54 7N

1. The Main procedure in %« pre ;tsieése program asks the user to entel "
One of those is /'« s n_‘adon number e

Jo% 30 . oy

A . . , .

Curre 2 Liogram assumes the user will always enter valid nume! %/ |

|
1-4 in& e
(a) Explain why this program is not robust when processing user inpu| ////////%///

(b) The code contains a prompt on line 12: Enter simulation numbe

What error would occur during runtime if the user typed “four” whe P
from line 12? g %
(c) How would a programmer resolve this issue? P
2. Give an identifier used for: /////////////
(a) A local variable used within the GetCellReference procedure. ///////%
/
(b) A class variable. %///%
(c¢) The loop counter variable used when nests are being created with @
Simulation class. .
(d) A variable that is used to store the neighbouring cell indices as a/%
.
3. This program makes use of Encapsulation. %
(a) Explain what encapsulation means in object-oriented programmnﬂg
(b) Describe how this concept is used within the Cell class. %
.
.
4. This program makes use of Inheritance. %
: N . - W, .
(a) Explain what inheritance means ir o' jec < icnted programming. % COPYRIGHT
I -
. PROTECTED
.
.

(b) Give an advantage of 1< fg';),,i%‘:i;gf\stfhniaue.

(c) Explain how ir )&»mij;;m’s”u“%sed between the Entity, Ant, and Wo

w

uéﬂire is used to represent the grid of cells, and how m

lg

Edza}r::atian

6 Describe how the AdvanceStage methods demonstrate polymorphis

7. Explain how the simulation demonstrates the use of abstraction by m
advantage of using this technique to simulate the behaviour of ant co
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These questions refer to the Preliminary Material and the Sk %////%

but do not require any additional programmin, S
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1—4 ir} b %/ o

|
....................................................................................................... /////////////

....................................................................................................... %/////////
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(b} The code contains a prompt on line 12: Enter simulation numbe

\\\\\\\\\\\

=

e

What error would occur during runtime if the user typed “four” whe
from line 127

rF

B R L R R R R R E E R P FE TR TR, - |

2. Give an identifier used for:
(a) A local variable used within the GetCellReference procedure.

i

S, ’(»“’ ,,,,,,,,,,,,,,,,,,,,,,,,,,,
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(c) The loop counter variable used when nests are being created wit
Simulation class.

Edza}»r::atian
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Programming Tasks

&

These questions require you to load the Skeleton Program and to make e
Note that any alternative or additional code changes that A eemed appropriate ;/////////////%
ensuring that it is clear where in the T at: rogram those chang | | |
g -4 Prog g o |
i 3’" B P
The objective of this resot: . 1s k }mvi‘ffe you with a selection of different que. ) v
questions. Some gues % ¢ 2 iiore prescriptive than others in how the task sht i
range of legs . ' ;s which have a similar theme may use different techn ////////////%
options on § \soive problems. Questions in this resource are not necessarily || %// /
///////////
Unless specified by the question, the solutions assume valid input and therefore | //
beyond that supplied by the original pre-release material || /////////////
Students are recommended to start with a clean copy of the pre-release code | ;///////////////%
questions in this resource. This will prevent modifications made for one question . %/% %/
different question. o
7N
O .
These questions are based on Version 2 of the Ant Simulation code released by . 4
you are using Version 2 of the code from Centre Ser.| ////////%////%
v
Ve & COPYRIGHT
, P
e . 2 PROTECTED
i gw,.x"’ e
247 4
W

»Edmafiam ,
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This question extends the Skeleton Program to confirm that the user has s
simulation. Modify the application to confirm that the user would like to end
when they input option 9 from the main menu. On confirmation, the progra
the simulation has ended.

What you need to do
Task 1.1

Update the Main method. When the user selects option 9 (quit), confirm th.
quit the simulation as usual and display that the simuy!="" n has ended.

- -

L

Task 1.2 ” 4

Test that the changes you b2y #in ¢ = work:

Run the Skeletor/ ' .2

Enter ggE3kai 1.uiation 1.

Enter | it the simulation.

Show the program correctly displaying a check to confirm that the use:
When prompted confirm to quit the simulation

Show the program displaying a message confirming that the simulatic:

-

Evidence that you need to provide:
e Your PROGRAM SOURCE CODE showing the modifications to the |
e SCREEN CAPTURE(S) showing the required tests.
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This question extends the Ant class and the Nest class to show a worker .
reaches the age of 14 (stages). Modify the Ant class to include a getter foi
Stages to ask an ant its age. Modify the AdvanceStage method in the Ne |
from the Ants list which are older than 14 stages. This should happen at ti.
method. Confirm to the user as each old worker ant dies.

What you need to do
Task 2.1

Update the Ant class to include a new method which == oses the protecte:
AdvanceStage method in the Nest class to ci;“g . j"\ watis olderthan 1.
the Ants list and confirm to the user that *+ » ¢ ~* Jias died of old age.

Y

e

s :

¥

A i

Task 2.2 #

i e
o

. R
W

Test that thes#lan « = _ahave made work:

start simulation 1.
Enter 1 to display five ants in the nest at the start of the simulation.

Enter 5 followed by 15 to move the simulation on 15 stages.

Evidence that you need to provide:

e Your PROGRAM SOURCE CODE showing you exposing the protec.
modification to the AdvanceStage method in the Nest class.

e SCREEN CAPTURE(S) showing the required tests.
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Programming Tasks (Extensi

Extension 1

In the standard simulation, ants will continue to follow a pheromone trail ta.
when that food source has been exhausted. Introduce a second pheromor
to the Ant class. When an ant finds that the food snu « nas less than 10%
lay down the new pheromone rather than the . d7 s | prieromone as it reft
“food source exhausted” pheromone 0 ¢ '%qwd’rijple the decay level of {1
help erase the path more quiwr;!«},z . . e

o

G

In the stan imulation it is possible for the Queen ant to be culled at ra
method into the Nest class which detects if a Queen has not been presen
promotes a normal WorkerAnt to a new Queen.

Extension 3

Introduce the concept of a soldier ant which can spray formic acid. Create ¢
moves using the normal random movement around the simulation world. Al
should review all of its neighbouring cells. If the soldier ant finds an ant or &
different nest, it should spray formic acid towards that cell, killing all of the &

Extension 4

Introduce a “message-passing” system whereby ants can leave messages
heads as they move past each other. Modify the Cell class to include the ¢
scale of 1-5 (1 being poor, 5 being highly nutritious). As ants pass each oi!
nest, the returning ant, carrying food, “bumps heads” with other ants to info
food source. Modify the ChooseCellToMoveTo method to use this informa
for deciding if an ant will follow the pheromone trail.

.

Extension 5
Introduce the concept that a nest can have a maximum of 30 ants belongin

been reached, create a new Queen ant which leaves t-¢ nest and moves &
simulation to create a new nest. Two nests cannodi: in Leighbouring cells.
& Jg t L

i

e

. s i ]

Extension 6 Waal e
S e e

X 2 . ; L

Introduce twoggew: « » 7&.»1&;;; &and 7, to the main menu to give the user the

simulation| a oV file. .

Extension 7

Implement a dictionary data structure into the WorkerAnt class which stor
source found and how much food there is. At each stage, use the sirengtl’%
to the food source to make a guess at how many ants have visited the foof
much food is being consumed per stage, and update the dictionary. Use thi
ChooseCellToMoveTo method as additional weighting for selecting whet

pheromone trail back to a food source.

.
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Extension 8

Implement the A* algorithm for a worker ant to find the shortest path back |
Use Manhattan distance as the heuristic.

Extension 9

Modify the Cell class to allow different types of food — for example, food an
concept to the Nest class to monitor how much has been collected by the |
WorkerAnt class so that an ant won't collect a particular food source if the
nest.

Extension 10 o

—E
Introduce polydomous colonies whichk.c» ngfﬁﬁitiple nests. Track share
deposit food at nests within the.c A . ., rather than just at one specific nes!
there is already plentv 7 -t + Jién'it should go to another nest.

: ; o - T

Modify the Nest class to create a new method called ShareFoodWithNea!
one nest to take food to the ants in another nest if it is running low.

Extension 12

Implement Tandem Running by implementing new LeadAnt and Followe!
been found, instantiate two ants in the nest: one “Lead” and one “Follow”. |
pheromone, instead moving randomly, but has double the food-carrying ca|
pheromone trail, moving slowly (one cell per two stages). At each stage it &
follower is within one cell distance. If not, it waits. The follower ant has a 90
the leader’s current position. It stops if already adjacent. When both ants re
ant picks up the food and takes it back to the nest.

Extension 13

Introduce the concept of “most food per unit of time” (stage). Modify the C¢
allowing only three ants present at any time. Introduce a new Bridge class
cell which has a capacity of 10 ants present at any time. Add a new option |
the user to place bridges into the simulation at any location except the nes
main menu to allow the user to place food into cells. Demonstrate ants ignt
being placed in a cell at a location which can’t be navigated to using bridge
amount of food that is easier to get to because overall the nest gains a gre:
time. |

Extension 14 e e
S T '
Introduce the concept of “.+ = ~izliLy“ whereby a worker ant defects to a diff

. . Y Felll® 3 .
more food intanc ey cewifers the ant a greater chance of survival.

e

Extensi 5

Introduce the concept of “nutritional value” in a food source. Once a unit of
to the nest, it is assessed by the ants in the nest. If it is lower than other fou
at, a ReviewerAnt follows the pheromone trail out to the food source, rem¢
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Preview of Questions Ends Here

This is a limited inspection copy. Sample of questions ends here to avoid students previewing
questions before they are set. See contents page for details of the rest of the resource.



Question | Suggested Solution

L
13 The numbers are not truly random; they are produced by a deterministic algorithm using a
seed value [1]

This means the same seed will always produce the same sequence < “random” numbers |

14 | (a) | Dictionary lookups are O(1) on average, so finding pherom < ~a %E would be faster
than scanning the whole list [1] - o 14 % -

=

4
They provide direct access by ccordm??e et an wé/fchmg sequentially through alist |/

_;,—/

{(b) | Dictionary keys are hashed ‘2 ,/;«(rfp //i”-, Teo
its hash value Couid 2h ;,/ /,4

dex position. If a key is not hashable (mutable
jﬁgdtcﬂonary lookups [1]

5 ke (row column)) are hashable and safe {o use as keys [1]

£
in cweféfwor;ented programming, code is organised into classes which contain both data arv/
behaviour. In a procedural program, these would instead be handled by separate functions
and shared data structures, rather than being combined in a class. [1]

15

Example, the Ant and Nest classes in this program store atiributes like Row and
Foodlevel, and contain methods such as AdvanceStage and ChangeFood [1]

OOP uses encapsulation to protect data by keeping attributes private and controlling acces
through methods. In a procedural approach, this value might be stored in a global variable,
meaning it could be accidentally changed by any part of the program. [1]

For example, the nest’s food level is stored in Foodlevel and can only be changed using
the ChangeFood method [1]

AQA 2026: Ant Simulation (VB.NET) Page 4 of 4

COPYRIGHT
PROTECTED

g

og

Education



Task 20

Coding

Add a suitable data structure to the WorkerAnt class which enables an ant to store its movement h
Store the movement history of the worker ant from one stage to another 12> rk’

Override the normal worker ant movement behaviour to backtrack * .1 * <he ‘movement history ¢
Reset the history if the worker ant finds food. {4 K ot | T

}////

7
i

Teacher Notes
The LIFO structure of a stack lends itseif

i

Y , triis question; however, it could be done wit

o

Example Solution
Modification of fe

private MovementHistory As Stack(0Ff Tuple(0f Integer, Integer))
Private ForagingStages As Integer
Private BackTracking As Boolean = False

Public Sub New(StartRow As Integer, StartColumn As Integer, NestInRow As I
MyBase.New(StartRow, StartColumn, NestInRow, NestInColumn)
TypeOfAnt = "worker®
FoodCapacity = 30
MovementHistory = Hew Stack(0f Tuple(Of Integer, Integer))(O
ForagingStages = @

End Sub

=

Modification of the ChooseCellToMoveTo method in the WorkerAnt clase fv « s %*novement history o

- = 4
a4

Public Overrides Sub ChooseCellToMoveTo(List( %ﬁ{
It AmountOfFoodCarried > @ Then ..

(Of Integer

ForagingStages =
MovementHist

g 11

TTE Column > NestColumn Then
Column —-= 1

Eiself Column < NestColumn Then
Column += 1

End I+
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Elselt ForagingStages >= 7 Then
BacktrackToPreviousCell()
Elsel+ IndexOfNeighbourWithStrongestPheromone = -1 Then
Dim IndexToUse As Integer = ChooseRandomNeighbour(ListOfNeighbours
ChangeCell(IndexToUse, Row, Column)
Console WriteLine($"ForagingStages for this Ant:
MovementHistory.Push(7upie.Create(Row, Colim 2]
ForagingStages += 1 &

M

ForagingStages}”
. T

;//,%

-

R

2 | . O
ot Ad

Else Y s
Dim IndexToUse As Integer elymwéurs.IndexOf(IndexOfNeighb
ChangeCell(IndexToUs . 7
ForagingStages =

MovementHi-

2
Creation of Bac:§ ///,/,/oPreviousCell method which is called when ant reaches seven stages of m

Elself ForégingStages >= 7 Then
BacktrackToPreviousCell()

Elself IndexOfNeighbourWithStrongestPheromone = -1 Then
Dim IndexToUse = ChooseRandomNeighbour(ListOfNeighbours)
ChangeCell(IndexToUse, Row, Column)

Else
Dim IndexToUse = ListOfNeighbours.Index0f(IndexOfNeighbouriWithStro
ChangeCell{IndexToUse, Row, Column)

End If
End Sub
Public Sub BacktrackToPreviousCell() "y . A2
BackTracking = True W ot /} s
I+ MovementHistory.Count > 0 Ther - é . /WW”/
Console.Write($“Ant {ID? 4 from {Row}, {Column}”)
Dim PreviousPosit Z s+ Integer, Integer) = MovementHisto

$" to {Row}, {Column}")
3 Row AndAlsc Column = NestColumn Then
aCkTracking = False
” ForagingStages = ©
If
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Testing

Show the program displaying backtracking route(s) of ants which have not successfully found food.

AN

from 1,

ed from 8, U to 7, 5
d from 2, 5 to 3

. 5
d from 2, 6 to 3, &
7 > #

from 3, 5 to2, B g 2 COPYRIGHT

ed “ron

PROTECTED

ig

S
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Preview of Answers Ends Here

This is a limited inspection copy. Sample of answers ends here to stop students looking up answers to
their assessments. See contents page for details of the rest of the resource.
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e Enter your name in the box at the top of this page

e Answer all questions by entering your answers into this document
» Remember to save this document regularly

e Save and print this document and any additional pages

e Answer all questions
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Exam-style Questions

Answer all questions. Remember to save this document regularly.

Mark
Answer {leave
blonk)

(a)
1 | (b)
(c)
(a)
(b)
2
(c)
(d)
(a)
3
(b)
(a)
4 | (b)
(c)
5
6
7
(a)
8
(b)
(a)
9
(b)
(a)
(b)
10
(c)
(d)
(a)
(b)
(c)
11
(d)
(e)
(f)
12
13
(a)
14
(b)
15
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Exam-style Programming Tasks

Answer all questions. Remember to save this document regularly.

Mark
H ﬂeava biank)

1

10

11

12

13

14

15

16

17

18

19

20
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