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Part A: Questions 1-6

Each question should be answered by a single choice from A to E.
BEADMNE, EENNAPIEE—PMEBHER.

Questions are worth 3 marks each.

B3 5,

1. Octave Island-BR 518k 55

Octave Island has seven small towns labelled A to G. The towns are connected by one-
way roads as shown.

By EHEANNE, TR A B G 37D B/ NEZ R AT IE A,
WnEFTR .

Mabel lives in A and needs to visit G, E and D in order, then return to A. But she can’t
drive directly from A to G because of the one-way roads. Each road takes 1 hour to
travel on, so her return journey takes 6 hours.

fELE A /DME Mabel 8% G E. D BT 23X = A~/ NiRil,  28)5 fH R3] A
NE HE T B/ NEZ S RATIE, R ERN A MAES] G ME. B%
FATIE AT R4 1 /NEF, Mabel 23R B FE—JLFERT 6 /NG

Mabel’s friend Klara lives in C and wants to visit the towns A, F and E in order and
return to C.

Mabel HJIHA Klara 423G 1E C /ME, BB AL F. E BB 250X = AN/ METRT
RJE 2] C /M

What is the shortest time, in hours, that Klara could take for the return journey?

V5 1] Klara 15 3R #RE /D 75 22 DA/ ?

(A)6 B)7 )8 D)9 (E) 10
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2. Wandering drone- Tt A¥LI24

Mia and Adam were given a toy drone for Christmas. The remote control for this drone
has five buttons.

Mia A1 Adam £ 23T 2 RIE] 7 —ZREc BT AN BT AHLAT LIS 144
HHEAT AR A%

U: Go up in the air 10 metres b Ff 10 2K

D: Go down towards the ground 10 metres P& 10 >K
L: Turn left 90° 2 %% 90°

R: Turn right 90° £ %% 90°

F: Go forward 1 metre FiiE 1 K

They took it to the local park and set it down on the ground facing north.
Mia 1 Adam 80 AL FATL I A [

They then pressed the following buttons in order.
SRR AT T HIHE LR 2 .

UFRRFFLRRLFLFLFLFFRLLRFFRRFRFD w%%g

What direction is the drone facing now?

T 1) 8 AW LELALE X W47 1 2

(A) north 1k (B) east %< (C) south F4

(D) west 7 (B) it’s impossible to tell J5iZ 3 K7
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3. Growth-FF 254

The game of Growth takes place on a grid of white squares.

2P A K IFRR A > B OO R LR R

* To start, a single square somewhere in the grid is chosen. It is shaded.
BERITAEIS S RS T BEAL B — A BIRE T 4%

* To make a move, a player chooses a shaded square and shades two white squares

that are adjacent to it. (Adjacent means the squares have an edge in common.)

br e we EIEFE AR, AR NP AR A BT g TR BB
o (MBI RAR IR I — 23Uk )

* A shaded square cannot be chosen if it does not have two white squares adjacent

to it.
AR — AT A AL B BT R, IBA B RE L.
* A shaded square can be chosen more than once.

— BRI R R AR T

The example below shows the first shaded square and how the board could develop over
two moves on a 4 x 3 grid.

BRI 4 3 A AR ISR EE — AN PR 5 A% DL S il P R 4R A i A
*T At ARG L -

square 1 chosen square 2 chosen
R — N % HEFEREE AN

- 1l -

A game is played on a 6 x 5 grid.
IERAZ AR I — > 6 % 5 HIRI#
How many of the following diagrams are possible after two moves?

HIRETAIE o, A 20KE R TR A BRI E Z SR M 4i R ?
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(A)0 B) 1 €2 (D)3 (E)4
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4. Heads up-&i@

You have a line of coins, some with the head side up and some with the tail side up. You

want all of the coins to have the head side up. The only move you are allowed is to flip

two adjacent coins. You will apply this move repeatedly until all the coins have their

head sides up.
—HEE M, Ak (B 51k, A8 E (T §1 k. sk, fRAELE—HHE
M4 (H) 8L #EdBES, 25 R RN W AT, —
HER A MA LR (H 3 ik,
Example #15)

(1)

o

@ ®W®

You are given the following line:

ZEREUN N R T

0000w HWOOWO

What is the smallest number of moves you need so that all the coins have their head

sides up?

i 1) 2 /0 T R T LR A Re (G P A A T kTR (HD 3 B2

(A)4

B)S5

© 6

N ONCRCHC)

(D)7 (E)8



Computational and Algorithmic Thinking 2024 (Upper Primary) 6

5. Garry’s moves-Garry I /5

Garry is playing a game on an 8 by 8 chessboard. Here are the rules:

Garry 1IE/E— 8 x 8 LR L IuliExk . xRN 4an R

* On each turn he can move his playing piece up, down, left or right.

T8 EAE, Garry WTUME B By £y BT R ERSE CHIBT.

Diagonal moves are not allowed.

{H 20k FEXTH T R R 5]

« If his piece is on a dark square, on his next turn he must move exactly 1 square.
IR T RAERGTTRA, TR DU 22— T

* If his piece is on a white square, on his next turn he must move exactly 3 squares,

all in the same direction.

WARM PRGN, N ReBRAIEN gL AU R — 7 F B 1R i sl 3
NI

Examples#19):

Allowed 70 Not allowed 2% |-

On the chessboard below, Garry wants to get his piece from X to Y in the smallest
possible number of turns.

FE T B PR, Garry AHE R AT 8> F AR ECK B S RIBE T A X 7%
BB Y J7H
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X
H HE N
How many turns will he take?

i IR fth e /D T T T U A RER LT N X TR A2 3h 2] Y Tri ?

(A)4 (B)5 €6 (D)7 (E)8
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6. Pancakes-Bi ¥

There are three plates in front of you: two sorting plates (grey) and one serving plate

(orange).
HRTA =AM IR EOR S5 EA — Mg A .
You can move pancakes between the sorting plates however you wish, but:

TRATUL 42 08 8 € 89 4%, EMD DRI RIS R, (HkE:

* you can only move a pancake from the top of one pile to the top of another pile

(or to an empty plate); and

Raedg b — A st i B IR 2055 — A o i Bo7 (8E#

* once you move a pancake to the serving plate, you cannot move it again.

— BRI E R, 30T e AR A 3 i AL Bt .

ExampleZ=19):

You can move the 4-pancake to the other sorting plate or to the serving plate.
PRATUAKE 4 SRIGIRE B0 2 0 — D R eE B A

You can move the 3-pancake to the other sorting plate or to the serving plate.
PRAT LK 3 S RTGFRE B0 2 o5 — D SR BE A

You cannot move the 5-pancake since it is on the serving plate.

ANEER S 5 SRIDE, BN 5 SRIPICARAERS T 1.

( 3 )
6 ( 5 )
\ “— — /
Sorting 2 ¥ Sorting ¥ Serving 2 #%

At the start, the leftmost sorting plate contains a pile of pancakes in a random size order.
The other two plates are empty.

e ARIFARIT, B /2 I 7> PR IR BCE IX — BRI, XS RIGE T R HER TR
NIEFFHES . SRS, HABPIAN BT N7
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Your goal is to move all pancakes to the serving plate, in sorted order, with the smallest
on the top and the largest on the bottom.

IR BRI B R s B fi T, R BT U #2805 fe K A RO TRCLE
N BN R E A EH

Initial: All pancakes on the left plate, in order 4 2 5 3 6 1 (with 4 on the top).

AR ITAE BT A RIPHZIR 4253 6 1 WIRFARBUE /2 18 7y #54h (4 5 RIDE
PRAE R BT .

Gy Wy < = =

Final: All pancakes on the serving plate, in order 1 2 34 5 6 (with 1 on the top).

AR R T RIGHZIE 123 4 5 6 KIFFRRAER RS (1 5 RPHERHE &
ETED .

(
Ny s N =

How many moves would it take to arrange them in sorted order on the serving plate,

with the smallest on the top and the largest on the bottom?
1 I it 2 IR B 74 Bk BT RUGHZ A IRAE B A T B e B RUDFIR
fEd BT, B oK RUGE IR A T T ?

(A9 (B) 10 ©) 11 (D) 13 (E) 15
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Part B: Questions 7-9

Each question has three parts, each of which is worth 2 marks.
BEA=TES, FHD2 7.

Each part should be answered by a number in the range 0-999.
BEHNBEREA—NNT 0-999 ZEHEF.

7. Restricted swapping-PR#l|3Z #

You are given a number with several digits. You are allowed to make several swaps.

Each swap is of two adjacent digits. Your aim is to form the largest number possible.
B —NEAE IR TR XA 2 AL A AL T AT 2 RN A R, R
FFEN D ATRER) I K E 7 DS ERI R B P AH A B AT S e

For example, suppose you start with 8 53 7 9 2 and are allowed to make three swaps.

You might choose

A EMZAER 853792, HIUFAN AT 3 IRACH . FRA] LLIEFE
853792835792 —-+835729—-5835279

Note that with these choices you have made the number smaller, not larger!
HE, L= ity T 7, mAREK!

You are presented with29 1786 5.

UL € — N2 K2917865.

What are the middle three digits of the largest number you can make with:

TE IR LUR =R R A28 L 2l 3 2 s K R B = F 2 %

>?

\\

A. 3swaps? 3 IRAZH?
B. 4 swaps? 4 {(RAZ#1?

C. 7 swaps? 7 IR H#1?

For instance, if the largest number you can make is 1 2 6 9 7 5 8, your answer will be
697.

i, WRAB R KRETE 1269758, MAVRMEZRNIZN 697,
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8. Plantings- & R F1E

Elle wants to plant her rural block with banksias (B), grevilleas (G) and waratahs (W).
She has marked out several rectangular garden beds. She wants to plant out her garden

beds so that:

Elle A Z /LR A FIAE L (B) RHER (G TLhy (W) O 2¥s gk
AR R, ELT TR I8 DL AR U P PR AP AR A

* each garden bed will be planted with only one type of plant — banksias or grevilleas

or waratahs

BEBR P R AR — R —— 1L (B) L ARMER (G) BIELIA (W)

* neighbouring garden beds will not be planted with the same type of plant (neigh-
bouring garden beds are those that have an edge or part of an edge in common,

but not just a corner).

HH B R TR A R SRR AN ] ORI v PR AR ) e SE ] — 2k i 3 —
AR R, DO — N AEREIRAZ AL E KD

Just as she is pondering the possibilities, her mother announces that she has just put
some plants in! Luckily the rules Elle set have been obeyed, and now there is no decision

to make: there is only one possible way to plant the rest of the beds.

12 Elle 5 RETHRIWIAT PERS,  dh i 0 i i i 28 4E — SE R PR BT b 1 — L2454
TR, SEEFINISIENE 1 Elle BOE MUAATN, BUAE Elle R AEFER] T AR FPAE
IR PR P AR AR 1

For each of the rural blocks below, find the number of beds that are planted with each
type of plant. This includes the beds Elle’s mother has planted.

X RAE Pt L, SREMEYNEIREE. £ 828 Elle B35 H AT 69%
R o

Your answer will be a 3-digit number, giving the number of beds planted with banksias,
grevilleas and waratahs. For instance 123 would mean 1 bed planted with banksias, 2
with grevilleas and 3 with waratahs.

PRIV RRLZA A 3G 73RS IR R . ARMEAREIIR . PR B AR 1%
o Bl 12338% 1AL EIR . 2 MRMERETRM 3 AN TURA IR .«
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A. C.

12
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9. Sami the sales rep-$H7E Sami

Sami has clients in several towns along a road.
Sami 1) ] 73 AR AE T ) LA NME
On her outward journey her expenses are covered and she can keep all the money she

makes from sales. On her return home, however, she must pay her travel expenses.

M TRV I, Sami BUTE SR ASAT DA, DLkt OB S RN T BLSE A AF oK
BAEREES, A REE OS2

Sami does not have to visit all of the towns. She can choose where she turns back.

Sami 7] LEFEMER —A/MEREE, ABERTE /M.

Example %15

Along this road, if she turns back at Forbes she makes $11 in sales but it costs her $7 in
expenses.

Wi A Forbes 1IRF2, WhHIEEUWAR $11, HFE AT ATHE R $7 .

If she goes on to Dubbo she makes $11 + $3 = $14 in sales but it costs her $7 +$13 =

$20 in expenses.

R it A Dubbo iR FE, MBI $11+9$3 =$14 , (HFEEEIT A TEE SR
$7+9$13=9$20 .

Dubbo

2]
Q
2
=]
=

outward #hH (1) > 3 sales #5& JAN

—
—_

return 1R F¢ expenses 5%

In this case there is only one travel option where her sales are greater than her expenses

— turning back at Forbes.

TEIXFIEN T, Sami XA M Forbes IR, A REIRIEFHEIRALLKRZ .

For each of the following roads, how many travel options are there where her sales are
greater than her expenses?

THIRAE A =55t 70 A 2/ MR AR sl R BEREAE Sami HOHT B ION LL %
%%
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A.

outward #hH!
return IR FE

outward #pH
return J% &

(V)1

AN

outward % H
return IR £

14
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Solutions
Part A: Questions 1-6

1. Octave Island

Travelling between the towns on the list may require going via other towns.
(B|D) means that Kara could go via B or D.

Towns Hours

leg route
C—A C—-BD —-G—A 3
A—F A—F 1
F—E F—-G—=E 2
E—C E— FD) —-G—A 3
Kara’s journey will take a total of 3+ 1+2+3 =9 hours.

Hence (D).

2. Wandering drone

The Us, Ds and Fs do not affect the way the drone is facing, so can be ignored.

This leaves 9 Rs and 7 Ls. As an R and an L cancel each other out, this is equivalent to
2 Rs.

The first R turns the drone east, and the second R turns it south.

Hence (C).
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3. Growth

We make the following observations: M ZZ U1

1. If there is exactly one square with 2 neighbours, it must have been the first square

chosen.

2. If there is more than one square with 2 neighbours, the final diagram is not

possible.
We use these rules to determine the order in which squares were selected.

Diagrams (A), (B), (D) and (F) could be the board position after two moves;

Diagrams (C) and (E) would require choosing two squares that are not adjacent.

(A) (B)

©) (D)

(E) F)

Hence (E).


Sophia 
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4. Heads up

Solution 1

We make the following observations:

1 The options for flipping two coins are

TT — HH
TH — HT
HT — TH
HH — TT

In each case if you start with an even number of Ts you end with an even number of Ts.
So if there was an even number of Ts in the line, there will always be an even number of
Ts in the line and it will be possible to end up with no Ts.
(This is the case for the line in the question.)
2 If a coin is flipped with both of its neighbours, it does not matter in which order the flips

are executed.

Observation 2 enables us to develop a left-to-right algorithm.

If the first coin is T, we flip the first two coins.

Then if the second coin is T, we flip the first and second coins, and so on.

So in this case the first coin is a T so the first two coins must be flipped.

This flips the second coin from an H to a T, so the second and third coins must be
flipped.

This also flips the third coin from a T to an H, so the third and fourth coins do not need

to be flipped.

In the diagram below, pairs of coins that need to be flipped are indicated by a ™ .
T"H T THHT THT

Seven flips are required.

Hence (D).

Solution 2
Here we make a further observation
3 Consider the sequence of coins TH ... HT with n Hs.
This can be be changed into HH ... HH with (n+ 1) flips.
THHT -HTHT - HHTT - HHHH
We can use this observation to deduce the number of flips required without tracing

through the algorithm.
THTTHHTTHT=THT THHT THT
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THT requires 2 flips
THHT requires 3 flips
THT requires 2 flips
Seven flips are required.
Hence (D).
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5. Garry’s moves

Whether he moves 1 or 3 steps, the colour of the square he is on will change from dark
to white or vice versa. Since his first move is from a white square, the numbers of steps

on each turn will alternate 3, 1, 3, 1 and so on.

The shortest one-square-at-a-time path from X to Y is 10 steps (for example, 6 to the
right then 4 up). But using 4 turns will take him at most 341+ 3 4 1 = 8 steps away

from X which is not enough. So he will need more than 4 turns.

Using 5 turns will take him 341434143 = 11 steps away from X. But dark and
white squares alternate, so any such path will end on a dark square, not at Y. So he will

need more than 5 turns. (This also rules out 7 turns.)

The diagram shows one way to get from X to Y in 6 turns:

R YR

—>

Hence (C).

6. Pancakes

Before moving pancake 6 to the third plate, the pancakes above it have to be moved to

the second plate. Then the pancake above pancake 5 has to be moved to the first plate,

and so on.
4
2
5 3
3 5 2 4
6 5 M}es 2 2 m_ov)es 3 2 5 2 Mes 3 5 2 Mes
1 _ 1 4 6 1 4 6 1 _ 6
1
2
3 3
4 4
5 2@)& 5
1 2 6 6
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A total of 5+2+42+2+2 = 13 moves are required.
Hence (D).
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Part B: Questions 7-9

7. Restricted swapping

Your aim is always to move as large a digit as possible to the left of the list.

A. 2917865: 3 swaps
Your first swap is to move the 9 to the left of the list.
2917865 —+9217865
You have 2 swaps left.
The 8 can’t be moved next to the 9 in 2 steps, so you have to use the 2 steps to
move 7 next to the 9.
9217865 —+9271865—+9721865
The largest number you can formis 9721865
Hence 218.

B. 2917865: 4 swaps
Your first swap is to move the 9 to the left of the list.
2917865 —+9217865
You have 3 swaps left.
You will use them to move the 8 next to the 9.
9217865 —+9218765—+9281765—+9821765
The largest number you can form is 9821765
Hence 217.

C. 2917865: 7 swaps
Your first swap is to move the 9 to the left of the list.
2917865 —9217865
You have 6 swaps left.
You will use 3 of them to move the 8 next to the 9. (This is the same as part B.)
9217865 —+9218765—+9281765—+9821765
You will use 2 of them to move the 7 next to the 8.
9821765 —+9827165—+9872165
You have 1 swap left.
The best you can do is to advance the 6.
9872165 —9872615
The largest number you can formis 9872615
Hence 726.


Sophia 
Highlight

Sophia 
Highlight

Sophia 
Highlight


Computational and Algorithmic Thinking 24 (Upper Primary Solutions) 22

8. Plantings

If a bed has two adjacent beds that have been planted with different species it will be
planted with the third species.
In the diagrams below the number in the circle represents one order in which the beds

could be planted.

4 beds have been planted with banksias.
5 beds have been planted with grevilleas.
4 beds have been planted with waratahs.
Hence 454.

7 beds with banksias.
7 beds with grevilleas.

6 beds with waratahs.
Hence 776.

If two beds are each adjacent to two beds that are also adjacent to each other, then the

two beds will be planted with the same species.

Examples:
Beds S will have the same plants Beds T will have the same plants

S
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4 beds with banksias.
4 beds with grevilleas.

3 beds with waratahs.
Hence 443.

9. Sami the sales rep

We calculate the total sales to each town and the total expenses from each town.

A. A B C D E F
outward 8 7 4 6 3 5
sales 8 15 19 25 28 33
return 5 8 7 4 1 8
expenses 5 13 20 24 25 33
sales >expenses | v vV X V V -

Returning at four cities would be profitable.
Hence 4.

B. A B C D E F G H 1
outward 9 6 5 6 5 3 5 4 6
sales 9 15 20 26 31 34 39 43 49
return 8 8 3 7 6 1 4 7 4
expenses 8 16 19 26 32 33 37 44 48
sales >expenses (v X VvV - X V V X V/

Returning at five cities would be profitable.
Hence 5.

C. A B E F G H I J K L M
outward |5 4 2 6 5 3 3 7 5 1 4 2 3
sales 5 9 11 17 22 25 28 35 40 41 45 47 50
return 6 31 5 6 6 5 2 6 0 3 3 5
expenses | 6 9 10 15 21 27 32 34 40 40 43 46 51
sales> | X - vV V V X X vV - VvV VvV VvV X

Returning at eight cities would be profitable.

Hence 8.
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