Computational and Algorithmic Thinking 2024 (Intermediate) 2

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. Flow-R1Z[E

The number 38 is input into the following flow chart:

BT 38 N R AR AR :

reverse digits % NO YES &
e o) % <10? output %y
3!
NO &
YES &
-2 X3 —— — 100

How many times is the ‘reverse digits’ process applied before ‘output’ is reached?

HRZE “Hi” AT 38 Had 2 ik “HrEEIF T ?

(A1 (B) 2 )3

(D) 4 (E) ‘output’ is never reached 7K JCiE “HiH”
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2. Growth-EF 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 AR I — KA. )

* 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 -

How many of the following diagrams could represent the game position after three

moves?

IR TAIE o, A20KE R R =R R REIR?
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(A1 (B)2 ©)3 (D) 4 (E)S
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3. Magnetic drone-fi; /7 %

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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4. Avalon-Pr] ELf&

You have to be careful when travelling in Avalon — there are leprechaun woods and

faerie glens.
FERA] FL R T i i D)0 = 2 4
* When you pass through a leprechaun wood you must wear green.

PRSI IR IRARARES, A5 2 (KR

N

* When you pass through a faerie glen you must wear pink.

ARG IR RIS, DATG R AR

In the map below, the woods are indicated by and glens by . The numbers

represent your travel time in hours.

FET, A §Fr: M B For. R REIR F T
K, LU

B

/\/ N

6

/. ST
\4 / 1/ /

You wish to make a journey in the shortest time possible.

AR AR B2 IS T B R R A (1] 76 B AE B BL B AR AT

* You start in the leftmost wood, wearing green.

TRATITURRY, ARFHEEORM, AT A MK AR
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* You finish in the rightmost wood, again wearing green.
TRATEE RIS, PRI FAEZORR, AT Hoh ME AR

* You have a green outfit and a pink outfit.

Al —EZORIRAN —EL KRR,

* It takes you 2 hours to unpack, change outfit and repack.
BOlRAT R, CEMARMRT . BRI, B OCBCBARIR” X =4 EniE
K—ILAED 2 /IS

What is the shortest possible time, in hours, for you to finish your journey?

V5 17 58 SR TR AT F5e /D P RE R 2 LS/ 2

(A) 17 B) 19 ©) 21 (D) 23 (E) 25
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5. Row delete—iEiH T

In a spreadsheet, rows are labelled 1, 2, 3, ... and columns are labelled A, B, C, ...

ETHEES, AR08 1. 24 3+ ... 5 FlFRidN AL B, C. ...

When a row is deleted, all of the rows below it shuffle up one position. For example,
deleting row 3 means the new row 3 is the old row 4, and so on.

R —1T, WAT R THIPTEAT B AT B, JHEREE 3 AT, BRI 447
S BONATHIEE 31T, DA

A B A B
Antares | Scorpio Antares | Scorpio
Rigel | Orion Rigel | Orion

delete ;EB&
—

Pollux |Gemini Canopus Carina

Canopus Carina row 3 5 317 Acrux | Crux

W>XwWZ O
MW > oZ0

Q| |WIN|=
OO

Acrux | Crux Polaris Ursa Min

Rows are deleted one at a time by a sequence of row numbers such as 3, 5, 2, ...

GE—MTIFA, B3, 5. 24 . FFAIPRRTE TR AT

This means delete row 3, then delete the new row 5 (which is the original row 6), then
delete the new row 2 (which is the original row 2), and so on.

HCWHRE 31T, FHERHE 517 (AIERMEE 6 17), R HERT69EE 21T
CRP RIS 2 17), DABESRHE.

Different sequences may or may not have different effects. For example, deleting 3,1,3
has the same effect as deleting 5, 1,2. Both of these delete, in some order, the rows that
were originally numbered 1, 3 and 5.

R IR 51T Bl 2 B T R 227 A R LR B, 4008 3, 1,3 (N AT 1 2%
S 51,2 (R S AT R AR o LA 9 8 R U B T RS
1 N 3 N 5 //ff o

The cost of a sequence is the sum of the row numbers: 3,1,3 has cost 34+ 1+3 =7 and
5,1,2hascost 5+ 1+2=28. So 3, 1,3 is cheaper than 5, 1,2.

A AR5 AT 5 88, Bl FEs) 31,3 BIsA N 3+14+3=7; F45,1,2
FIAS A 5+1+2=8. Kk, 3,1,3 BISALE 5,1,2 BT,

What is the cost of the cheapest sequence that has the same effectas 3,1,4,1,5,9,2,6,5?

HIH5F53,1,4,1,5,9,2,6,5 BCRMFE NP A, Sl B 7 1A 2 0 ?

(A) 21 (B) 23 (C) 25 (D) 27 (E) 29
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6. Card choices-#F~

Tyson is playing a card game. He has six pairs of numbered cards, all visible, as follows:

Tyson IEEHL— MR . AN R, nEFR:

Tyson can choose at most one card from each pair, and aims to make the highest

possible total.
Tyson WEEAL R A R % A B — KR, A5 U R LB RUR AT BEIE 1) 55 K AR

However, as he moves from left to right, any card he chooses must be higher than the

card previously chosen.

B8, A 22 1A A R R, bl B A A — 5K R B B i By b L HT—
SRAI R R R K

Examples %15
Valid sequence HRUF%): 5 - 9 _ 10 _
Invalid sequence LXUF%): 1 5 3 _ _  _

What is the highest total Tyson can make?
Tyson FHLA R i _E AT S AR REIA B2 /D2

(A) 24 (B) 25 (C) 26 (D) 27 (E) 28



Computational and Algorithmic Thinking 2024 (Intermediate) 10

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. Multiswap-F% 2 #2.52

You have a line of v's and Xs. You want all of the v's to be on the left and the Xs to be
on the right.

WEH—=NHEAN VIZA X HRRAT. RIEREZERTA T VIREA L, BTf
() X RHEAT

You will do this by several rounds of swapping. In each round:
ZHARA] LLEE 2RSS B e il B
1. a move consists of swapping a v'with the X immediately before it
—IRAZHRAR R 5 R IIHT— A X 38
2. there can be several moves in a round
TR AT AREAT 2 IR #
3. neither a v/ nor a X can be part of more than one move in a round.

A v M X HARAE TS5 2R H.

Example Z15:

X X « X v — X / X X  Roundwithone swap {{— XA 115K
X X v X / — X X v |/ X Roundwith one swap ¥ — R # 1581k

X X v X v — X / X / X Roundwithtwo swaps 2t Jj P IRAZ #1581k

For each of the following lines, what is the fewest number of rounds to move all of the

v's to the left end of the line?
T TRHNEAT, WREMFTE R v IEAT L, /b BEEIT AR ?
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Al X X x v v v /V /
B X X v X X x x v v /v V/

C x x v v v Vv X X Vv /v XXV

11
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8. 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&fEuisi | A 1 2 3 4 5 6 B
Passengerson A A% (20 10 0 5 0 5 0 -
Passengersoff A% | - 0 8 0 10 0 3 19
B.
Stop ZfEufisi | A 1 2 3 4 5 B
Passengerson FZE A% | 20 10 8 -
Passengersoff FEANEL | - 0 8 6 8 4 22
C.
Stop&fZuisi | A 1 2 3 4 5 6 B
Passengerson A% [20 5 6 4 8 5 -
Passengers off FEANZL | - 8 3 6 10 7 12
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9. Capri LLI=E

You are using your goats to clear blackberry thickets. Your goats are contrary creatures
and can’t be told what to do.

PRIEAEDKGEE L1 3 2275 v AR N, HIX 6 [ S F AR BOSE, I A 22 58 20T AR
DRSS

1. Goats will only work for whole days.
12 AR ) X BE4Z R R

2. If a goat has been assigned to a thicket, it will not permit any other goat, except
Capri, help it clear the thicket.
WUERFE S 4 BE B AR M, B2 H Al E A o vr Bk Capri 24t
) H At L 3ok 3 e IE BIX AN EAR A

3. Each goat can clear an area of 1 GoatRood (GR) of blackberries per day.
A L EARER A BETE P 1 GR KBS
4. Capri:

1. Capri will not work by himself.
Capri A2z BT AR,
ii. The other goats will let Capri join them.
HAt 1l 2 2388108 Capri — 2 LAE.
ii1. If Capri helps another goat, they clear 2 GR of blackberries per day.
W2 Capri #5 B HAh L = — 2357, AR R 1L — RIS 2
GR {1 R %

Each of the other goats has been assigned a blackberry thicket. You know the area of
each thicket, and therefore how many days one goat would take to clear it. You want to
use Capri so that all thickets are cleared in as few days as possible (6 days and 12 days
in the examples below).
% Capri Z A EE— R IR AR o AC 1 — F BRAEEEAR M o R T R Fr EAR M (1 T
P BART RATH S R R 1 3 B E 2 /D R I I [) 4 BE VS 2 56 B AT T4 0 e 21 7
AR BUEVRENR M Capri Z2HNETEAEST, XFE— Rl o] LUK T BEAR AR
I RS AT REMB A R . RIS B 2 6 KA 12 RA BEIE i 58 R %
(7P
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Examples (Rem. is the area remaining to be cleared.)
A (Rem. $5 IR TR FHE 7 XI5

Two thickets, of areas 11 and 4 GR.
PRI, A58 11 A4 GR.
Capri (*) helps clear thicket 1 for the first
5 days.

Capri(*) fERHT 5 KEpENIER 1 SHEAR
Mo

Two thickets, of areas 20 and 15 GR.

P EEARN, AR A8 20 F115
GR.

Capri (*) helps clear thicket 1 for 8 days
then thicket 2 for 3 days.

Capri(*) F 7 8 RIMENE R 1 SHEARMN,
RIG AT 3 R NTE 2 SHEARM.

English version Z& 3 A English version #& 3R A :
Thicket 1 (11) || Thicket 2 (4) Thicket 1 (20) || Thicket 2 (15)
Days || Cleared | Rem. || Cleared | Rem. Day || Cleared | Rem. || Cleared | Rem.
14 8 3 4 0 1-8 16% 4 8 7
5 2% 1 9-11 3 1 6*
1 0 12 1 0 1 0
Chinese version "1 SCRA Chinese version " SCRRA :
LSHEANAD | 2 SH#AAG) 1 2HEAMQO) | 2 BHEAMIS)
RE | Tl | frilis. | O | /i | o || e | s || o | s
14 8 3 4 0 1-8 16* 4 8 7
2% 1 9-11 3 1 6* 1
1 0 12 1 0 1 0

6 days are required to clear the thickets.

P BEAR BT S8 SR/ 2L 6 Ko

12 days are required to clear the thickets.
FIATHEAR R 5E SR 22 12 Ko

(Two tables in each example are same, but in different languages)

(RSB PRI A B, SO EARTE S RS ERD

For each of the following, find the minimum number of days required to clear all the
thickets.

RN F BTG A HEA AT 56 B P 7 0 B3 R B

A. Three thickets, of areas 40, 22 and 16 GR.
ZEERMN, AR 40, 22, 16 GR

B. Three thickets, of areas 30, 25 and 22 GR.
REEARMN, A8 30, 25, 22 GR

C. Four thickets, of areas 47, 37, 27 and 17 GR.
VO EARM, A58 47, 37, 27+ 17 GR
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Part C: Prize Questions 1-2

This section has two optional prize questions. They are not part of the core compe-
tition and do not contribute to your overall score. You can still get a perfect score

without attempting them.

Results for these questions will only be used in determining prize winners. If you
would like to be considered for a prize, you are invited to attempt these questions.
Prize questions should only be attempted after you have completed your responses

for Questions 1-9.
Each prize question has two parts and has the same rules as a core question in the
paper.

Note: the full introductory text is copied below but the examples are omitted.

Prize 1. Multiswap

You have a line of v's and Xs. You want all of the v's to be on the left and the Xs to be
on the right.

You will do this by several rounds of swapping. In each round:
1. a move consists of swapping a v'with the X immediately before it
2. there can be several moves in a round
3. neither a v nor a X can be part of more than one move in a round.

A. The following line has 36 Xs and 36 Vs.
10 10 12 12 8 8 6 6

et N et T e W st

How many rounds would it take to move all of the v's to the left?

36 36

This would give ~ =

B. The following line has 26 Xs and 21 v's.
8 9 7 4 8 5 3 3
et N e N N N e N e W

How many rounds would it take to move all of the v's to the left?

21 26

This would give ~ =
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Prize 2. Capri

You are using your goats to clear blackberry thickets. Your goats are contrary creatures

and can’t be told what to do.
PR IEAEDNGEE 1L 2 757 AR REAR M, (HiX Y8 [ 2EERIR i, FEA S 5220 MAR
GEES

1. Goats will only work for whole days.
L1 3 H AR 1) R BESZ BRI

2. If a goat has been assigned to a thicket, it will not permit any other goat, except

Capri, help it clear the thicket.

IRFER N BN EARN, 2K FEAZ SCVFER Capri Z4b
A L =R T XM EAR A

3. Each goat can clear an area of 1 GoatRood (GR) of blackberries per day.
B AR A BEEE 1 GR ) E%E.
4. Capri:

1. Capri will not work by himself.
Capri A2 T AR
ii. The other goats will let Capri join them.
HoAt 1 2 28505 Capri —jt TAE.
iii. If Capri helps another goat, they clear 2 GR of blackberries per day.
N2k Capri F B AR L F — &S, AR A L —RtBEIHE T 2
GR {1 B %

Each of the other goats has been assigned a blackberry thicket. You know the area of
each thicket, and therefore how many days one goat would take to clear it. You want to
use Capri so that all thickets are cleared in as few days as possible.
B Capri ZAMNAEE— R SR ARG BC 1 Fr SRAREAR Ao 1K T A EAR DA ) T
R, BT CURT DLUE 5 A 1 = B 2 /D R IR I 8] 4 RS B 52 E AT 100 e 21 14
AR BUEARABIR Y Capri ZINTEAESS, IXHE Rl al ELRs AT HEAR DA 35
I RS AT REh A A . CR R A0 ) 75 2 6 RN 12 KA REIR i 58 R &
%)
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A. How long would it take to clear six thickets, of areas 56, 50, 48, 42, 39 and 37 GR?

B. How long would it take to clear seven thickets, of areas 87, 78, 72, 67, 63, 59 and
54 GR?
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Solutions
Part A: Questions 1-6

1. Flow

There are two key shortcuts:

o the i loop:

this finds the largest odd factor of a number.

this finds the last two digits of a number (mod 100).

Tracing through the flow chart we get the sequence of numbers in the following table,

reading top to bottom then left to right:

Input 38

Reverse 83 94 14 12
Odd factor 83 47 7 3
Triple 249 141 21 9

Mod 100 49 41 21 9

Output 9

So the ‘reverse the digits’ process is applied 4 times in all.

Hence (D).


Sophia 
Highlight
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2. Growth

We make the following observations:

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

chosen.
2. If there is no 2 x 2 block:

(a) If there is more than one square with 2 neighbours, the final diagram is not

possible.
3. If there is a 2 x 2 block:
(a) If there is exactly one square with 2 neighbours outside the block, it must

have been the first square chosen.

(b) If there is more than one square with 2 neighbours outside the block, the

final diagram is not possible.

(c) If there are two non-adjacent squares with exactly 2 neighbours in the block,

either could be the first square chosen.

We use these rules to determine the order in which squares were selected.
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v rule 1 v rule 1

X rule 2(a) v rule 3(a)

X rule 2(a) X rule 2(a)

3 diagrams are possible.

Hence (C).

3. 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,

2 < 11 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).


Sophia 
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4. Avalon

It is clear that going right to left will only increase the time. You will always go left to

right.
Solution 1

In the map below, the number above each wood or glen gives the earliest time in hours
that you could leave it in the outfit you needed to be in while travelling through it. For
instance it will take you 6 hours to reach the top left glen and another 2 hours to change

your outfit.

Where a wood or glen could be reached from more than one direction, you will come

from the direction allows you to enter it in the correct outfit earliest.

e \\

6 ~3<

4 Sy
N /

- //” 7
5 ° \\419

5
N ai

The double green line shows the route that results in you finishing your journey in the
least time. This takes 21 hours.
Hence (C).

Solution 2

In the first solution we added 2 hours to the entry time to a wood or glen if we left the
previous wood or glen in the wrong outfit. Consider the glen directly to the left of the
final wood. It can be approached from four directions, two via a wood and two via a

glen. This means that every time we determine the entry time we have to decide whether
to add the 2 hours.

A simpler approach is to add the 2 hours to the time taken between a wood and a glen,

and between a glen and a wood. This gives us the following map.


Sophia 
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/&\4\ 6 7&\
68 \‘/B'/\ \1 79
/ 57 4 | \

\ / /
5 57
46 o 13
\ 74 ¢ T / e

2 T 4
SN 46
37 2
aa A6

We can now use the method in Solution I without having to worry about whether or not
to add the 2 hours.

5. Row delete

Solution 1

We first find out the effect of the sequence 3,1,4,1,5,9,2.6,5.

Start by listing the row numbers 1, 2, 3, ... in order. The first 3 in the sequence means
cross out the 3rd number, which is 3. The 1 means cross out the first number, which is

1. The 4 means cross out the 4th remaining number, which at this point is 6. So after

three steps we have the following:
I 23 45 67

For each new row number n, cross out the nth remaining number in the list. If at any
point additional numbers are needed, just add them to the end. After the full sequence

we are left with the following:

Y 2 3 4 %8 6 7 8 9 10 U VM 13 M4 15

So we need to find the cheapest sequence which ultimately deletes the same collection

of rows.

Starting at the left end, we can delete rows 1, 2 and 3 with 1,1, 1 and clearly this is the
cheapest strategy that does this:

I 2 3 45 6 7
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In order to leave 4 and 7 alone and cross out 5 and 6, we proceed with 2, 2:

123 4367

Continuing in this way, we find that the cheapest sequence is 1,1,1,2,2,4,5,5,6 which
has cost
1+14+14+24+2+4454+54+6=27.
Hence (D).
Solution 2
We have to delete the rows originally numbered 1, 2, 3,5, 6,9, 11, 12 and 14.
Clearly we will delete them in that order.
The 1 costs 1.
It will cost 2 —1 =1 to delete the 2.
It will cost 3 —2 =1 to delete the 3.
It will cost 5 — 3 = 2 to delete the 5.

Continuing in this way we have
1+2-1)+(3-2)+(5-3)+(6—-4)+(9-5)+(11-6)+(12—7)+ (14 -38)
=(142+3+54+64+9+11+12+14)—(14+2+3+4+54+6+7+8)
=(14+24+3+5+6+9+11+12+14)—((8 x9)+2)

=63—-36=27

Hence (D).

6. Card choices

We will use the notation n(i) for the card numbers, and 7(i) for the largest total of the

first i numbers subject to the given rules.
We will write the card numbers in a line, with a | to indicate the pairs.
51(45|39|57|710|89
Then ¢(i) = n(i) +1(j) where #(j) is the largest ¢ value for all j < i. So for our data,
t(1)=n(1)=5,1(2) =n(2) =1. Thent(3) =n(3)+t(2) =441 =75, etc.

n@) |5 1]4 5|3 9|5 7] 7 10]8 9

(@) |5 15 64 15[10 1317 25|25 26
The largest total following the rules is 26 (144 +5-+7+9), by choosing the numbers

circled below.

HIOIENONOIE:
W[ 519]710]0

Hence (C).
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Part B: Questions 7-9

7. Multiswap

Consider X X  V V

round moves :  giving
1 We can only swap the first v/ X v X v v
2 We swap the first two v's L X VXS
3 We swap the 2™ and 3 /s /Y X v/ X
4 We swap the 3" v v VL XX

This establishes the pattern. If there are ¢ Xs ahead of several Vs, it will take ¢ rounds

to move the first v ahead of the Xs, and extra round to move the second v/, and so on.

A.

X X x v v v /v V/

The leftmost v* will take 3 rounds to move past the 3 Xs.

The second from the left will not take part in the first round, then will take another
3 rounds to swap with the 3 Xs, for a total of 4 rounds.

Similarly the third v will take 5 rounds, the fourth 6 rounds and the fifth 7 rounds.

Hence 7.

X X Vv X X X x v v v/ Vv

The leftmost v* will take 2 rounds to move past the 2 Xs.

The first v'in the second group will take 2 4+ 4 = 6 rounds to move past all of the
Xs, by which time the first v' has moved to the left of the line.

The remaining 3 v's will take anther 3 rounds, for a total of 6 +3 = 9 rounds.

Hence 9.

X X v v v v X X v /v VvV X XV

The first v in the second group will take 2 42 = 4 rounds to move past all of the
Xs.

However the rightmost v in the first group will take 2 4+ 3 = 5 rounds to move
past the Xs ahead of it.

So the first v in the second group can’t be in position until after 6 rounds and the
rightmost v* will need another 2 rounds, making 8 rounds.

The final tick has 6 Xs ahead of it so would need 6 rounds to move past them.
However the previous v needs 8 rounds so the final v needs a 9 round.

Hence 9.
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8. Capri

We will use t; < 1, ... for the number of days to clear thicket 1, thicket 2, ...

Solution 1

Two thickets

Capri only helps clear thicket 1.
This is the case where 1, <1,/2

Capri helps clear both thickets.
This is the case where t; > 1, /2
* Capri will help with thicket 1 until both thickets have the same time remaining.

* Then he will help clear both thickets equally.

Note that once both thickets have 2 days left, it does not reduce the time to clear both if
Capri helps with one of them.

Three thickets

Capri only helps clear thicket 1.
This is the case where 1 <1,/2

Capri helps clear thickets 1 and 2.
This is the case where t; > 11 /2 and 13 <1 /2.

 Capri will help with thicket 1 until both thickets have the same time remaining.

* Then he will help clear both thickets equally.

Capri helps clear all three thickets.
This is the case where 13 > 1/2

 Capri will help with thicket 1 until thickets 1 and 2 have the same time remaining.

* Then he will help clear thickets 1 and 2 equally until they have the same time

remaining as thicket 3.

* Then he will help clear all thickets equally.

Note that once all the thickets have 2 or 3 days left, it does not reduce the time to clear

them all if Capri helps.

We can now solve parts A and B.
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A. Thicket 1 (40) || Thicket 2 (22) || Thicket 3 (16)
Day || Cleared | Rem. || Cleared | Rem. || Cleared | Rem.
1-16 32% 8 16 6 16 0
17-18 4% 4 2 4
19 2% 2 3
20 1 1 2% 1
21 1 0 1 0
The thickets will be cleared in 21 days.
Capri helps with the first two thickets.
Thicket 1 (30) || Thicket 2 (25) || Thicket 3 (22)
Day || Cleared | Rem. || Cleared | Rem. || Cleared | Rem.
B. 1-5 10* 20 5 20 5 17
6-8 6* 14 3 17 3 14
9-11 3 11 6%* 11 3 11
12-13 4% 7 2 9 2 9
14-15 2 5 4% 5 2 7
16-17 2 3 2 3 4% 3
18-20 3 0 3 0 3 0
The thickets will be cleared in 20 days.
Capri helps with all three thickets.
Four thickets

The pattern is now established:

Check to see whether Capri spends all of his time helping clear thicket 1.
If he does, we are finished
If not, even up thickets 1 and 2.
If thicket 3 is finished, Capri helps thickets 1 and 2 equally.
If not, even up thickets 1, 2 and 3.
If thicket 3 is finished, Capri helps thickets 1, 2 and 3 equally.
If not, even up thickets 1, 2 and 3 and then Capri helps all thickets equally.

We can now apply this procedure to the remaining data in the question.
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¢ Thicket 1 (47) Thicket 2 (37) Thicket 3 (27) Thicket 4 (17)

Day || Cleared | Rem. || Cleared | Rem. || Cleared | Rem. || Cleared | Rem.
1-10 20* 27 10 27 10 17 10 7
11-17 14* 13 7 20 7 10 7 0
18-19 4% 9 2 18 2 8

20-27 8 1 16%* 2 8 0

28 1 0 2%
The thickets will be cleared in 28 days.
Capri helps with the first two thickets.
Solution 2

We can short-cut the above solutions by doing a little analysis.

If Capri only helped with thicket 1, it would take #; /2 (rounded up) days to clear the
thicket.
(We need to round up to allow for #; being odd, in which case Capri would not help on

the last day.)

If by this time thicket 2 (and therefore all other thickets) has been cleared, Capri will
only help with thicket 1. This gives us our first step.

o If ceiling(t;/2) > t, then the time to clear all thickets is ceiling(t;/2).

(ceiling 1s the rounding-up function.)

If ceiling(t;/2) < ty, then Capri should help with thicket 2 as well. This will take
(t1 +1)/3 days. If this is > 3 then Capri will just help with thickets 1 and 2.

It will be useful to introduce a helpsWith; function. This is the time it would take to
clear the first i thickets with Capri’s help.

hel psWith) = ceiling(t,/2)

helpsWithy = ceiling((t; +12)/3)

helpsWiths = ceiling((t) + 1t +13)/4)

We can now extend the approach above
condition days to clear
helpsWithy > t; helpsWith
else helpsWithy, > t3 helpsWith,
else helpsWiths >ty hel psWiths

else

We can now use this approach with the thickets in the question.

A. 3 thickets, taking 40, 22 and 16 days.
helpsWith; = 20, which is < 1,
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helpsWith, = 21, which is > 13,
Hence helpsWithy = 21 days.
Capri helps with 2 thickets.

. 3 thickets, taking 30, 25 and 22 days.

helpsWith; = 15, which is < 1,
helpsWith, = 19, which is < t3,
Hence hel psWithy = 20 days.
Capri helps with 3 thickets.

. 4 thickets, taking 47, 37, 27 and 17 days.

hel psWithy = 24, which is < 1,
helpsWith, = 28, which is > t3,
Hence hel psWith, = 28 days.
Capri helps with 2 thickets.

28
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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.

BD.

Stop | A 1 2 3 4 5 6 B
On |20 10 0 5 0 5 0 -
off| — 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.

B.
Stop | A 1 2 3 4 5 B
On | 20 10 8 4 4 2 -
Ooff| — 0 8 6 8 4 22
Originals 20 20 20 20 20 20
Subsequents 0 10 10 8 4 2
(10-8)+8 (4-6)+10 (4-8)+8 (2-4)+4
All 20 passengers could have travelled from A to B.
C.
Stop | A 1 2 3 4 5 6 B
On | 20 5 6 4 8 5 5 -
Off | - 8 3 6 10 7 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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