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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.
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6. Describe how the advanceStage methods demonstrate polymorphisni
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Simulation class.
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QUESTION 2 CONTINUES OVERLEAF
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Programming Tasks
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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 | | |
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The objective of this resoi:« Is fc i “uvide you with a selection of different que. ) v
questions. Some gues % ¢ > 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. )’ /////////////
-
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
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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.

L

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 sto €
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 t;/

.
-
.
.

B

chooseCellToMoveTo method as additional weighting for selecting whetk;%

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 anc
concept to the Nest class to monitor how much has been collected by the v
WorkerAnt class so that an ant won't collect a particular food source if thei

Extension 10

Introduce polydomous colonies which can ha ¢ 1 ’T L?;Je nests. Track share
deposit food at nests within their color.; + * erwian just at one specific nes!
there is already plenty of food, .e ) ! »;ould go to another nest.

- e
3 ! f e

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 “L.ead” 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 anthas a 9
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 Ce |
allowing only three ants present at any time. Introduce a new Bridge class
which has a capacity of 10 ants present at any time. Add a new option 6 to |
user to place bridges into the simulation at any location except the nest. Adt¢
menu to allow the user to place food into cells. Demonstrate ants ignoring @
placed in a cell at a location which can’t be navigated to using bridges in fav
food that is easier to get to because overall the nest gains a greater amoun|

Extension 14

N o

Introduce the concept of “unsociality” wh ~b,"f{y«vufkér ant defects to a difl
more food in it and therefore offer -+ 3 1L & greater chance of survival.

W~ :

to the nest, it is assessed by the ants in the nest. If it is lower than other foc
at, a ReviewerAnt follows the pheromone trail out to the food source, rem.
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Question Suggested Solution

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 E/

14 | (a) | Dictionary lookups are O(1) on average, so finding phs::téforr - . a /;él would be faster

than scanning the whole list [1] ) // ' / I

They provide direct access by coordinzte 4o ' . ‘an mé/rchsng sequentially through a list E/

/m”f;:;/e e (/{éex posmo;ﬂ If a key is not hashable (mutable
/ﬂg/ﬁscﬁona!y lookups [1]

o

(b} | Dictionary keys are hasherf -

its hash value couEd

1 /éke (row column)) are hashable and safe to use as keys [1]

.

In myéc’iioraented programming, code is organised into classes which contain both data an.
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 Mest classes in this program siore attributes like row and foodleve
and contain methods such as advance8tage 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 foodl.evel and can only be changed using th
changeFood method [1]
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Task 20

e

s e

L

Coding

e  Add a suitable data structure o the WorkerAnt class which enables an ant o store its movement h
e  Store the movement history of the worker ant from one stage to another . . ]

e Override the normal worker ant movement behaviour to backtr==% -arc ¢ the_movement history ¢
e  Reset the history if the worker ant finds food. 77 - / -

; /////
Teacher Notes

The LIFO structure of a stack lends /=2 -
solution uses an attribute “Fore.1 /& 4

backtracking.
Example Solu! 11,99’%

MwﬁmMndh;/Mémmmb%mmmMWeamw%mﬁmmmkmmmmemwaMMhMmm

v fo this question; however, it could be done with
ck of the number of stages. This could also be d

static class WorkerAnt extends Ant {
// CHANGE
private Stack<int[]> movementHistory;
private int foragingStages;
private boolean backTracking = false;

public WorkerAnt(int startRow, int startColumn, int nestInRow, int nest
super(startRow, startColumn, nestInRow, nestInColumn);
typeOfant = "worker”;
foodCapacity = 30;
movementHistory = new Stack<>();
foragingStages = 8; -

// END CHANGE PR 0" A

L 4

7

_ 4

Modification of the ChooseCellToMoveTo mp"*j}, ctAnt class to push movement history o

4

.

@0Override

/-
public void - T

4
o(ArrayList<Integer> listOfNeighbours, int

movementHistory.clear();
//END CHANGE
if (row > nestRow) {

AQA 2026: Ant Simulation (Java) Page 73 of 76

y
P

W

-
_

y
L

G

.

-

.

Gl

L
i

g
s Qo

L

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

.

)
%%%%%%

P

i

i

By,

L

-

-
i
-~

"

-
«

-

COPYRIGHT
PROTECTED

ig

=

Education




row -= 1;
} else if (row < nestRow) {
row += 1;

if (column > nestColumn) {
column -= 1; =
} else if (column < nestColumn) { .., ~ 7 o
column += 1; n
}

//CHANGE
} else if (foragi:
2 ;;//
- M@%NéighbourwithStrongestPheromone == -1) {
i cexToUse = chooseRandomNeighbour(1listOfNeighbours);
Sy new IntWrapper(row);
new IntWrapper(column);
changeCell(indexToUse, r, c);
row = r.value;
column = c.value;
movementHistory.push(new int[}{row,column});
foragingStages++;
} else {
int indexToUse = 1listOfNeighbours.indexOf(index0OfNeighbouriWithsS
r = new IntWrapper(row);
¢ = new IntWrapper(column);
changeCell(indexToUse, r, ¢);
row = r.value;
column = c.value;
foragingStages = 8; //Once i
movementHistory.clear();

./ p eromone trail,

¥
//END CHANGE
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Creation of BacktrackToPreviousCell method which is called when ant reaches seven stages of m

//CHANGE
} else if (foragingStages >= 7) {
backtrackToPreviousCell();

} else if (indexOfNeighbourWithStrongestPheromone ~é -1) {
int indexToUse = chooseRandomNeighbour{;ﬁ';“?N&%ghbours);
r = new IntWrapper(row); N af /5; -
¢ = new IntWrapper(column):. - . =~ 77

changeCell(indexToUs
row = r. s

.

indexToUse = 1listOfNeighbours.indexOf(index0fNeighbouriithS
new IntWrapper(row);

new IntWrapper(column);
changeCell(indexToUse, r, ¢);
row = r.value;

column = c.value;
foragingStages = 0; //Once it finds a pheromone trail,
movementHistory.clear();

/l"=

o
i

¥
//END CHANGE

// CHANGE
public void backtrackToPreviousCell() {
backTracking = true;
if (ImovementHistory.isEmpty()) { -
System.out.print("Ant " + id + " b2

Ny A
Ly fchy frem " + row + ",

int[] previousPosition Higﬁﬁ?y.pop();
row = previousPos
column = pre.-- -
+ row + ", " + column);
- &stRow && column == nestColumn) {

Tracking = false;

.= foragingStages = 9;

// END CHANGE
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Testing
e  Show the program displaying backtracking route(s) of ants which have not successfully found food.

y
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o
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- number of stages to advamn

r o
Znt 3 backtracked from 2, Z to 2,
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.
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Bimulation moved on 15 stages
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Instructions

. . iy
e Enter your name in the box at the top of this page %// X

o

G

o Answer all questions by entering your answers into this document —_

e Save and print this document and any additional pages m—
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=

» Remember to save this document regularly

.

.

.

. g
e Answer all questions % ///////%
e The marks available for each question are shown in brackets %

.
.
.
. .
¢ You will need: %
.
1 access to a computer %
. .
0 access to a printer %
: .
O access to appropriate software %
. . . .
o electronic copies of the required skeleton code %
. .
o EAD (Electronic Answer Document) %
; .
g ) .
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Exam-style Questions

Answer all questions. Remember to save this document |

Answer
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Exam-style Programming Task:

Answer all questions. Remember to save this document

Answer

10

11

12

13

14

15

16

17

18

19

20
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/ .
// 1§ A1C 1

////////////////%//éf////////////////j//////////////////////// UML Cla

&

e
"
w

o

AntSimulation intWrapper o o
rF
+RGen: Random +value ;int // °
Cell 1] U |
” 0. * ructr>>{int, int) //% %
+main(y void + <<constructor=>(int) O] amountOfFood - mt - “iSameLocation{Entity) - bool -
+ displayMenu(): void 4 " & T+ petRow(} %///////////////%
+ getChoice(): str ] e i |
+ getCeliReference(IntWrapper, intWrapper): void * <<§§’”S"U‘:§;>(Ef)» "“I)t e
* getAmountQiFeady) : inf e > advanceStage(Nest [ }, Ant
+ <<overide>> getl.‘g‘et:)ails() d str o 'r + wairhuaiyy geiDeiaii;()?sgr i { // %
+ int} : voil |
.
A
W////
Simulation Ant /
s
#grid: Cell ] #nextAntiD - int Queen
#ants:Ant[] 0.7 | # nestRow :int Type of
# pheromones : Pheromone [ ] ~-~4 # nestCotumn : int / ////%
# nests : Nest[] .'—J # amountOfFoodCarried : int o % %
# numberOfRows  int # stages : int + <<constructor>>{int, int, int, int) %/%/ %
# numberOfColumns : int # foodCapacity : int
# startingFoodinNest : int # typeOfAnt : int / ///%
# startingNumberOfFoodCells : int 1 -

e

Mg

# startingNumberOfNests : int

# startingAntsinNest : int + <<consiructor>>(int, int, int, int)

+ <<virtual>> getFoodCapacity(} : int

G

+ addFoodToCeli(ing, int, int) : void

# chooseRandomNeighbour(int [ ]) : int

+ <<override>> getDetails(}) : str

z nszherongneSlt’le‘n%ih sint + <<virtual>> isAtOwnNesi() : bool WorkerAnt W%///%

pheromoneDecay : inf + <<override>> {Nest {}], Ant [ ], Pheromone [ }) : void Type of %////
+ <<gverride>> getDelails() : str

+ <<constructor>>(int { ) + <<virtual>> updateFoodCarried(int) : void L W///

+ setUpANest(int, int) : void # changeCeli{int, intWrapper, intWrapper) : void + <<constructor>>{int, int, int, int) %

- getindex{int, inl) : int + <<virtual>> chooseCeliToMaveTa(int  , int) - void + <<override>> {int{
- getindicesOfNeighbours(int, int} : int [ + <<virtual>> getFoodCarried() < int
- g MNeighbourWi gestPher onefint, int) : int + <<virtual>> getNestRow() : int

+ getNestinCell(Cell) : nest + <<virtual>> getNestColumn(} : int
+ updateAntsPheromonelnCell{ant) : void + <<virtual>> getTypeOfant() : str
+ getNumberOfAntsinCeli(Cell) : int

+ gethNumberOfPheromonesinCell{Cell) : int
+ getStrongestPheromoneinCell{Cell) : int

+ getDetails(} : str Pheromone
+ getAreaDetails(int, int, int, int) : str

+ addFoodToNest(int, int, int) : void [C..7]} # strength  int

+ getCeliDetails(int, int) : str # pheromoneDecay : int

+ (int) - void # belongsTo - int

+ <<constructor>>{int, int, int, int, int)

+ <<override>> advanceStage(Nest [ ], Ant [ ], Pheromons [ [} - void
+ {int) : void .
+ getStrength(} : int i &
+ getBelongsTo() : int e Lo
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6. # nextNestiD : int
#foodlevet : int
# numberOfQueens : int

+ <<constructor>>{int, int, int}

+ changeFood(int) : void

+ getFoodLevel() : int

+ <<override>> advanceStage(Nest [ ], Ant [ ], Pheromone [ ] : void
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