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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 D and wants to visit the towns F, C and A in order and

return to D.

Mabel FJJJ1 K Klara {E4E D /ME, I F. Co A BIIFPEX =A MR, 28
J5 FH B3] D /ME

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

1 7] Klara 7F3% #AE fe /b 75 2 T LAS /N 2

(A) 10 (B) 11 () 12 (D) 13 (E) 14
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2. 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.

—HE M, AR (WD 8 b, AR (T 8 b i, AR LE—HE
MmAIEm (W) 81 b, #BEdES, i R ae R A HAM M, —E#
HHBFAMMmAIEmD (H 58RIk,

Example #15)

WOWO - WWOO - W

You are given the following line:

ZEREUN N R T

T JOX - JOROX - X+ X - SORONCNCON

What is the smallest number of moves to have all of the coins with their head sides up?

T R 25/ B LR A e P A R R T (HD 9 B2

(A)S B)o6 <7 (D)8 E)9
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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.
ISR H B2 — AN 6 x 5 B
How many of the following diagrams are possible after three moves?

HRE NI AR, 2D E R BRI =5 2 R M ai R
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(A1 (B)2 ©)3 (D) 4 (E)S
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4. Donut Prince-EH &t B £ F

The game Donut Prince is played on the 7 x 7 grid shown. The prince can move one
square up, down, left or right on each turn. He cannot move onto a solid grey square

and diagonal moves are not allowed.

B T R W 7 < 7 Wi, ETERETUE L, R A A4
Jila) BB AT HE, ABANBEEAN K (TR, WANRRAEXS M ETT IR B
Zf).

When the prince is at any of the four edges of the grid, one more move towards that
edge transports him to the same position on the opposite side. For example, he can get
from square X to square Y with one move up.

AL T IZ RS DY S50 AR T, B TR 1) T 2 R] DR A
ERNARIFE LB Flan, ET R B X kg ) LR — B Rk Y 7.

The prince starts at square P.
BAEETNP IIHEHA.

How many of the white squares could not be reached by the prince in 6 moves or fewer?

2 6 e HAREINR S, £ bR WRNATIREZ DA

(A)2 (B)3 €4 D)5 (E)6
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5. Magnetic drone-fi; /7 % {3

Magnetic drones can only fly along magnetic field lines or perpendicular to them. Their
instructions are of the formm — n |.
WA e NHL R BEHT B G 10 A a3 B T X il 26 kAT . 2 B AR L TE N

m— nlo

| |

- E A

For instance, the instruction
E 1 < 21 could be used to fly

from island D to island B.

_C B, TAPIATIE S 1«
24, AT D & KB &

¢ D -
|

David’s drone started on one of the islands, but we don’t know which one. It then flew
to three other islands and landed on the fourth. Thus it spent time on all of the islands

exactly once, and did not return to its starting point.
David 5 AN A B i5i2 Y, St = 5i5/5, 7255 004 85
Vo MIRTRATH, RXIEANUS T S ISEIS I AT T OO, IR HEIRR
AR A K U .
To carry out this tour, it used exactly four of the instructions below in some order.
PR AT, TR ANUBEFHAZHERIFF AT 1 LR R IR 2.

2— 27

2+ 37

2— 14

2+ 17

1— 2]

1+ 2]
On which island did the drone start?

T8 1] JE AN MBIRAS S U556 1 ?

(A)A (B)B O C (D)D (E)E
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6. Square-sum-F j5-F/1

A square-sum sequence is a list of numbers where pairs of adjacent numbers add to a

perfect square.

I A I RAVECT R, HA P A IS T e AT TG

* 7,2, 14 is a square-sum sequence because 7+2 =9 = 3% and 2 + 14 = 16 = 42,
7,2, 14 2 —MPI5-MEH, BN 74+2=9=3% 24+14=16=4> % T
A AT

* 7,14, 2 is not a square-sum sequence because 7+ 14 = 21, which is not a square.
7,14,2 RNAE NI -FEE, BN 7+14 =21 A2 5Eae T4

» Note that the reverse of any square-sum sequence is also a square-sum sequence.
R, AT — AP 7 - M S AERTHRES 2 — A5 - A8
For example, 14, 2, 7 is a square-sum sequence.

Bln, 14, 2. 78— AT Ir-AEs .

You have been given the nine numbers 2, 3, 6, 8, 17, 19, 30, 34, 47.

WA 24 34 64 8y 17, 194 30, 34, 47,

Your task is to arrange them into a square-sum sequence.

PUE TR EXN ZE N FHATHI A &, TR AP I5-FE 5

After you have arranged them, how many numbers are between the 19 and the 477

i e) 3 1 B S AR B A7 -, B 19 B 47 DA 2 AN
T2

A0 B) 1 €2 (D)3 (E) 4
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Part B: Questions 7-9

Each question has three parts, each of which is worth 2 marks.
BEA=TES, FHD 257

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

7. Plantings- & R FhtE

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 fHEAERAT AR (B) . ARMER (G Bk (W) i Lok iR
BRI, IF HHRI$2 B LN AU 1 PR B

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

or waratahs

BEYUE R AR — R —— 1L (B RKMER (G) B (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).

FRBE R TP A RS R AN ] CRAR s PR TR A R SR — 2k s 3 —
IR . VERL DO — NS I B R AR AR SR B R )

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.

124 Elle & THRITTAT RS, 4t B 05 05 1 itk 48/ — LE B PR FR T A 1 — L2 A 4))
TN, SEIFISILEAE 1 Elle BOE BB, IUAE Elle R REFER] T R FiH
BT R ARFIED 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 R AN HR R, SREMEYIEIREE. £ &8 Elle B8 #4149 %
Ko
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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.

PREVE RRLZ N —A 3ALH, 70 2R LA R . ARMEAR IR . DUA P PR L
o BIInEF1235%R 1A IR R 2 MRMEAR T RA 3 AN PLRA T IR .

A. B.
W \4
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8. Communication towers-1B/{51%

There are several towns along a road. Sites have been identified for communication
towers to service the towns. To have service, each town must be next to one or two
communication towers.

TER A JUPEIEAS B . F5 IS B 0y 1 45 30T e R S A7 IE A fR B, PR an 2
B OREEAS N ST — PR B PR 15 15

Examples 15

o)
RN AT
\\\(A)’//
el el Al " RN
\\\ ///MI‘I Mlﬁl MH\\\O/// X second town misses out
el e NS AT

You know the cost of building a communication tower on each site. You want the total

cost of building the communication towers to be as low as possible.

TR BT E PR A L B I E B A, BUAE VAR I A I8 A5 B 1 B Ak
A A AT RE B 21 B 1K

For each of the following, what is the lowest cost to build communication towers so that
every town is next to at least one tower?

TR MR E R @ T SR, tHE A DR R NME S AR 2 D — ARl
EEE AR

(Each number represents the cost of building a tower on that site. The Ts represent

towns.) (HAS MR ZA BiEE - BEE R A T ARNME)
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9. Bus passengers-/3 32 &

A bus is travelling from A to B, with several stops along the way.

AN A RITE B s, WA R
At each stop several passengers get on and get off, as shown in the following tables.
BRE AR, #E —fE ENE, WNIERMTR.
Every passenger travels at least one leg. No-one gets on and off at the same stop.
FHaREEVHR—k, HEANER 38 BT 24,
For each of the following trips, what is the greatest number of passengers who could

have travelled from A to B for the entire journey?

XTI A LR, TR A S—EHERE B AU ER R KTRE

=
Ho

A.
Stop &fFulim | A 1 3 4 56 B
Passengerson A A% (20 10 0 5 0 5 0 -
Passengers off FZEANZEL | - 0 0 10 0 3 19
B.
Stop Z&fFui | A 1 3 4 B
Passengerson FZE A% |20 10 4 7 0 -
Passengersoff NN | - 0 8 10 5 18
C.
Stop&fZuisi | A 1 2 3 4 5 6 B
Passengerson A% (20 5 6 4 8 5 5 -
Passengersoff FEANEL | - 8 3 6 10 7 7 12
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Solutions
Part A: Questions 1-6

1. Octave Island

Travelling between the towns on the list will require going via other towns.
(E|A) means that Kara could go via E or A.

Towns Roads

list route
D—F D—G—(E|A)—F 3
F—C F—G—C 2
C—A C—(B|D)—»G—A 3
A—D A—(F|B)-»G—(E|C)—D 4
Kara’s journey will take a total of 342+ 3 +4 = 12 hours.

Hence (C).


Sophia 
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2. 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 ™ .
TTH THUHTTTHHHHT

Eight 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.
THTHHTTTHHHHT=THT HH TT THHHHT


Sophia 
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THT requires 2 flips
TT requires 1 flip
THHHHT requires 5 flips
Eight flips are required.
Hence (D).

14
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3. Growth

We make the following observations: M ZZU1T :

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.

v rule 1

v rule 1

X rule 2

v rule 1

X rule 2

4 diagrams are possible.

Hence (D).

v rule 1


Sophia 
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4. Donut Prince

We label the squares that the prince can get to with 1 move, then the squares he could

get to in 2 moves, and so on.

T

2

There are 3 white squares that the prince could not reach in 6 moves.
Hence (B).

5. Magnetic drone

2 — 21 does not get from one island to another,
2 < 371 is the instruction for D to A,
2 — 1 is the instruction for E to B,
24 171 is the instruction for B to E,
1 — 2| is the instruction for B to D,
1 < 2] is the instruction for A to C.

As there is no instruction from C to any other island, C is the end point. Thus, working
backwards, the sequence is EBDAC.
Hence (E).

6. Square-sum

We first build a table of the potential neighbours of each number.


Sophia 
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2| 34,47
316
61]3,19,30
8| 17

17 | 8, 19,47

19 | 6,17, 30

30 | 6,19, 34

34 | 2,30,47

47 | 2,17, 34
From the table we see that 3 and 8 only have 1 potential neighbour. So they must be at

the ends of the sequence.

The only neighbour of 3 is 6, and the only neighbour of 8 is 17.

At this stage it will be convenient to draw a graph of our progress to date.

We now add the remaining potential neighbours of 6.

(We could equally have added the neighbours of 17.)

—6O— 0006

30)

And the remaining potential neighbour of 30.

O——B—O—0@

30—34)

Finally the remaining potential neighbours of 34.

OB O—®
30—B4—@)
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From the graph the square sum sequence including all of the numbers is
36193034247 178.
There are 3 numbers between 19 and 47.

Hence (D).

18
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Part B: Questions 7-9

7. Plantings

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
T
T
S
A.

banksias: 3 beds
grevilleas: 3 beds.

waratahs: 6 beds.
Hence 336.

banksias: 4 beds
grevilleas: 5 beds.

warratahs: 5 beds.
Hence 455.


Sophia 
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banksias: 5 beds
grevilleas: 8 beds.

warratahs: 7 beds.
Hence 587.

8. Communication towers

Consider maps below, where the numbers indicate the cost of building a tower on that

site.
2 4 !
N¥ KA SA7
4 3
NI N

Iﬁl ﬂ
|I.I.I.I.I.I LL| |I.I.I.I.I.I LL|
LLLLL e RLLLL I

In each case the town(s) covered by the tower with cost 4 can be covered more cheaply

with neighbouring tower(s). This leads to the following rule

1 If the cost of a tower at a site is greater than the cost of building towers at neigh-

bouring site(s), it is better not to build a tower at that site.

Now consider

NI PR Y
s [ 8
NI

Iﬁl ﬂ
|I.I.I.I.I.I LL| |I.l.l.l.l.l LL|
(TUNNY |0 (UYNNY ||

In the first case the towns covered by the tower with cost 3 can be covered at the same

cost with neighbouring tower(s). In the second case, a tower at the leftmost site only
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covers one town which is covered at the same cost by a tower at the other site. And in
each case the neighbouring sites cover other towns, which may lead to a cheaper overall

cost. This leads to the following rule

2 If the cost of a tower at a site is greater than or equal to the cost of building towers

at neighbouring site(s), it is no better to build a tower at that site.
We will use rule 2 to determine the lowest cost in our solutions.

A. 1 253 2 865 61

Using our rule, we build towers on the neighbours of the sites with costs 5, 8

and the second 6. This results in

15 @8 6 660

foracostof 2+3+2+6+5+1=109.

B. 32125323495

Using our rule, we build towers on the neighbour of each of the end sites, and

the neighbours of the site in the middle with cost 5. This results in

3@ 1 @ 5 @2 3 @ 5

The only town not covered is that between the sites costing 2 and 3. We build on

the site with cost 2.

3 @1 @50 @3 @5

The costis2+2+3+2+4=13.

C. 432147265341
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Using our rule, we build towers on the neighbour of the left end sites, and the
neighbours of the site with cost 7 and the rightmost site with cost 4. This results

in

4 @2 1 @7 @16 5 3 4 @
There are two towns not covered, that between sites costing 2 and 1, and that

between sites costing 6 and 5. We build on the sites with costs 1 and 5.

4320 @7 Q@66 G40

The costis3+14+4+2+5+3+1=109.

9. Bus passengers

We will refer to the passengers who got on at A as ‘the originals’, and those who got on

later as ‘the subsequents’.

Our aim is to have as many originals as possible on the bus at each leg. So we assume
that when passengers get off, as many as possible are subsequents, keeping in mind the
requirement that every passenger must complete at least one leg. We only need to keep

track of the number of originals and the number of subsequents on the bus for each leg.

A.

Stop | A 1 2 3 4 5 6 B
On |20 10 0 5 0 5 0 -
Ooff| - 0 8 0 10 0 3 19

Originals 20 20 20 20 17 17 17

20-3
Subsequents 0 10 2 7 0 5 2
0+10 10-8 2+5 7-7 0+5 5-3

At most 17 passengers could have travelled from A to B.
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23

Stop | A 1 2 3 B
On |20 10 4 7 -
Off | — 0 8 10 18
Originals 20 20 20 16 16
20-(10-6)
Subsequents 0 10 6 7 2
(10-8)+4 (6-6)+7 (7-3)+0
At most 16 passengers could have travelled from A to B.
C.
Stop | A 1 2 3 4 5 B
On |20 5 -
Ooff| - 8 3 6 10 7 12
Originals 20 12 12 12 8 8 7
20-8 12-(10-6) 8-(7-6)
Subsequents 0 5 8 6 8 6 5
(5-3)+6 (8-6)+4 (6-6)+8 (8-7)+5 (6-6)+5

At most 7 passengers could have travelled from A to B.
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