Hong Kong Olympiad in Informatics

Heat Event {JJ%£

7 R BB S BRUPR VT 5 3% 2025/26 Senior Group Paper 1 S4R4H%—

Paper 1 (Compulsory Part) H— (AEERS)

Format Xg%Y # Questions FEH 8 Total Marks {543
Section A EHEf Multiple Choice 2 IHEIERE 10 10
Section B ZEf Short Questions 55 RE 6(A-F) 9
Section C FIER Long Questions F£1H 7558 2(G-K) 6
Total 8453 25

(1) The term “arrays” in Paper 1 generally refers to lists in Python.

G—HE Y TS 7ZHE Python sEEHYERSI -

(2) The following code is added to the beginning of all C++ programs.
EFTA CH Z R TEERIIALL M 2 ZHS:

C++

#include <algorithm>
#include <array>
#include <cmath>
#include <cstdlib>
#include <deque>
#include <forward_list>
#include <iostream>
#include <list>
#include <queue>
#include <stack>
#include <string>
#include <utility>
#include <vector>
using namespace std;

(3) Assume all programs shall be compiled and executed in Debian 12 using the compilers and commands

below.

AT ATERF I AE Debian 12 i DU asias MBS TsE - IRRET -

GNU G++ (g++-12 12.2.0)
g++ -std=c++20 program.cpp -0 program
./program

Python 3 (python3.11 3.11.2)
python3.11 -S -m py_compile program.py
python3.11 -0 -S program.py

S-1
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Section A BHEE (10 marks 43)

For each question, choose the most appropriate answer and mark the corresponding box (A, B, C, or D) on the
answer sheet. One mark for each correct answer. No marks will be deducted for wrong answers.

i by T YRR E AR EE I E R - MRS EREER 22 (A~ B~ C~ 5(D) i -
EEHE—o0 > B -

1. Alice has an infinite amount of identical 1 x 2 tiles shown as below:

ERAHRIREMRN | x 2 7758 0 TR -
[1]

If all tiles can be rotated, which of the following shapes can be completely covered by tiles without any tiles
extending outside of the shape or overlapping with each other?

HFTATTERE T DA e - DUT AR BT REAE )R A VT R BT A s A BB S e e 7

ii.

iii.

A. i only HAE

B. iii only HA i

C.  iiandiii only A i1 i dii
D.  None of them K

2. Which of the following statements about sorting algorithms is true?
LT Wbl A e e e B A At Ry L 2

A. Selection Sort selects the median element and splits the array into two halves every iteration.
BRI IOAEE R P BOTER - MRS R EER T -

B. Insertion Sort inserts the first unsorted element into the frontmost position of the sorted section.
HATERR S —ERFER TR A AR EP P s aRAT L E -

C.  Merge Sort merges sorted subarrays by repeatedly taking the frontmost element from either subarray.
EFHR R S W I8 - Fe 51| R B R BHER A T 3R A & O PE R A TR

D. Quicksort compares adjacent elements quickly and repeatedly swaps them until the array is sorted.

PUgHR PR EERARAT TR - WA ET - BERIEY HRF e -
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Alice, Bob, and 10 other students participated in both Chinese and English exams. After the exam, their teacher
made the following claim: “All students who got 50 marks or above in the Chinese exam also got 50 marks or
above in the English exam.”

ERE4 ~ ORI 550 10 ML S T R MR HGH e - Filig o MMAyZRIES 7TATE
= TR SR HUS 50 3kl BRVERA: - FEHCE SR NS 50 73 ECDAE <)

Which of the following students can use only their exam papers to prove or disprove the teacher’s claim?

UARAIEL WRLE E2 A 8 ] C RS G [ RERE N B S a8 Al R = 7

Student Score of Chinese exam | Score of English exam
24 o ZE o H T
Alice EREE44 60 60
Bob i1 80 40

Alice only HAEERESG
Bob only HAMA
Alice and Bob EREAIEIA

jya—

None of them .

ARNY

Saw»

4. Which of the following statements about undirected, simple graphs (i.e. no self loop and no duplicate edge) are

S.

true?
HRLUT RN SRR (AR BREZAEEE) IR - AL ZIERER) ?
i. A graph of 5 nodes must have at least 4 edges.
—fEA 5 [EERRIEAHE /DA 4 fRiE -

1i. A graph of 5 nodes must have at most 10 edges.
—{EA 5 EETERIE 22 HaEA 10 i -
iii. A graph with no edges must not be a connected graph.
— &2 A B E—E N2 EE -
A. i only HAEq
B. ii only HEi
C.  iiionly HA iii
D.  None of them Kiiid

RN

There are 10 numbers arranged from left to right in a row. A number is interesting if it is larger than all numbers
to the left of it, and a number is exciting if it is larger than or equal to all numbers to the right of it. How many
numbers are both interesting and exciting?

A 10 BB BT 5 - MRFAEEF A ELEMANET - AIREE R A 5 RFAE
B RN EREHBTANET - RAIRE R F 8 - A%/ D EEF RS A X R 2

A. 0
B 1
C. 2
D Cannot be determined /L H| B
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Alice has two data structures R and S, both of which are either a stack or a queue. Initially, both data structures
are empty. The following operations are then executed in order on R and S:

EREAA N EBHREE R A1 S - Ef1E Al () 5i%3 - &) > RIEEHREEEE =R - #E 2K
£ R 1S _EFZIERP#ET DL T #R1E

1. Push 1 into R. B1HEAR-

2. Push 2 into R. B2HEAR-

3. Push 3 into R. WL3HEAR -

4. Pop an element from R and push this element into S. R EBE—EcEWEZ I TERAS -
5. Pop an element from S. 7w S s —E T -

6. Pop an element from R and push this element into S. R EE—ETEWEZ TEBAS -
7. Pop an element from R and push this element into S. W REP—ETEWEZ TEBAS -
8. Pop an element from S. e S g —{E T -

9. Pop an element from S. e S s —{E T -

It is known that the order in which values are popped from S is 3, 1, 2. What are the data structures R and S?

WERAE S FEHAVERNERZ 3 ~ 1~ 20 JREE R FI1 S S EEiEaEE ?
A.  R:Queue [¥%| S: Queue [%%1|

B.  R: Queue [%%| S: Stack 1§
C.  R:Stack £ S: Queue [%51|
D R: Stack £ S: Stack £

A palindrome is a string that remains the same when read forward or backward. For example, ABBA is a palin-
drome but ABAB is not.

7 H R IS A — R T & o ZRPIRGER > ABBA 2SI ER  ABAB HIRNE ©

We denote s[ 1. .r] to be the substring of s from the 1-th letter to r-th letter. For example, if s is ABBAB, then
s[3..5] is BAB.

Tl s[ 1. .r] ZeFTmFE: s iR VEFITEIE r EFICiTF5 o BBH15EER - (R s /2 ABBAB »
H| s[3..5] /% BAB -

Given a palindrome s of length 8. Which of the following statements must be true?
EE—EREERy 8 WU & s o DUTWRIERRALAE R E 7
L. If s[1..4] is palindrome, then s[5. .8] is also palindrome.
A os[1..4] RSl ef > HI s[5..8] TRAMESF 6 -
. If s[1..3] is palindrome, then s[4. .8] is also palindrome.

% s[1..3] Ry E o Jll s[4..8] TRAEN T -

A. ionly HE 1
B. ii only HA i
C. 1and ii i il ii
D.  None of them ki

W



Hong Kong Olympiad in Informatics
i A B R SRR UE 5o i 28 2025/26

Consider the following program: 2% & DL NFEFE

Python

Heat Event {JJ%£
Senior Group Paper 1 S8R 4HE&—

C++

remain = initial value FJ4&{E
p=1[10, 6, 4, 5, 2, 3]
v = [False for _ in range(6)]
for i in range(6):
if remain >= p[i]:
remain -= p[i]
v[i] = True

int main(){
int remain = initial value @J4&{HE;
vector<int> p = {10, 6, 4, 5, 2, 3};
vector<bool> v(6, false);
for (int 1 = 0; 1<6; ++i) {
if (remain >= p[i]) {
remain -= p[i];
v[i] = true;
}
}

}

The initial value of remain is between 0 and 1000. After executing the program segment, which of the following

statements is always true for any initial value?

remain BYRJER{ELE 0 ] 1000 2 [ © SUTEIEPEAR - BIREEWIIGE - DUTREBR A E FE 2
. If v[1] and v[2] are both False (C++: false), v[0] must be False (C++: false).
W v[1] A1 v[2] &F Ay False (C++: false) » v[0] XE £y False (C++: false) »
1i. If v[4] and v[5] are both True (C++: true), v[3] must be True (C++: true).
W v[4] F1v[5] &As True (C++: true) > v[3] W EEs True (C++: true) »

A. i only HEI
B. ii only HAE{
C. iandii P F i
D.  None of them ki

What is the output of the following program? DL TFE gAYt 4 22 ?

Python C++
def f(n: int) -> None: void f(int n) {
if n: if (n) {
f(n - 1) f(n - 1);
print(n, end=' ") cout << n<< ' ';
f(n - 1) f(n - 1);
}
f(4) }
int main() {
f(4);
3
A. 121312141213121
B. 1234321
C. 4
D. The program does not terminate % f2 >~ &%k
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Consider a cyclic network of 12 nodes as shown in the figure on the right.

There are 6 communication requests (A, B, C, D, E and F), each consisting of G ° e

two ends (nodes). For each request, you can either route the communication

via the clockwise route or the anticlockwise route to connect the two ends.

% e — el b 12 {E A4 AR IR RS - G E AT » 34 6 filimEr

K (A~B~C-~D~ERMF) - &p{EERKEE &R E SR (GG - ¥ e e

JREHEEE K - ST DU IS I S B0 I S AV RSB H - DA REZ WY

e - () (E)
O¥NE0

The load on an edge is the number of communication requests whose chosen

route passes through that edge. The maximum load of the system is the

maximum load of any edge. For example, when all requests are routed ,’@\
clockwise, the maximum load of the system is 6. anti-clockwise clockwise
ER—TREN B HEFFBEZENETNFRNVEE - BEZRGH ZRAH WSt IR 1
# BERE EAIRREE - B EFTA T RETERIER SRR - &
GHIBR R 6 - (&

What is the smallest possible maximum load of the system if the requests are routed optimally?
AERFTA R KA LUREET 20 B - R RSt R B #AR el sEER %) 2
A.

1
B. 2
C. 3
D 4

END OF SECTION A HER5E
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Section B Z,E (9 marks 43)

The blanks are labeled from A to F. Please fill in the blanks on the answer sheet.
TIIEZEE e % A A R F o S S BN TIH FEE -

Note 3T & :

(1) Answers can be in either C++ or Python. Completed programs shall be compiled and executed according
to the procedure specified on Page 1.

fEa] DA C++ B¢ Python {EZ - SEHVIERAIELASS 1 H 2 D ERIET4maEE BT -
(2) You can write only one character in each box on the answer sheet.
Zr B AR E A Mg RTE E— R -
(3) Answers must not exceed the designated number of boxes.
EERERG L AR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FRYFAIRIEE R - AW 2 B2 & Shaham ©

There is a screen and two buttons in front of you. Initially, the screen shows the number 0. You can perform the
following actions in any arbitrary order:

TEVRHERTA — 88 AR E - SR ERIETRIVE T2 0 < FRE]DURER R FEIT A N RIE
* Click the red button: Increase the number on the screen by 1.
BT il ¢ R ERIESEEEN T -
* Click the blue button: Multiply the number on the screen by 3.
BHEEEL il ¢ R EREERDLS -

At least how many button clicks are required such that the screen shows the number 330?
B/OFRERE L DR - A AR R RS 330 B EEF ?

Answer ZZE: A (1.5 marks 47")

What is the output of the following program? L N2 Fr Ayl H 28 ?

Python C++
a=1 int main() {
b=1 int a = 1;
c=1 int b = 1;
int c = 1;
for i in range(2025): for (int i = 0; 1 < 2025; ++1i) {
an=bh a A= b;
b A=c b N=c;
c\=a c N\= a;
}
print(a, b, c, sep=",") cout << a << "," << b<x< ", " << c;
}
Answer & Z: B (1.5 marks 47°)
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What is the output of the following program? DL NFE gAYt 4 22 ?

Python C++
ans = 0 int main() {
for i in range(56): int ans = 0;
ans += (1 % 7) - (1 % 8) for (int i = 0; 1 < 56; ++i)
print(ans) ans += (1% 7) - (1 % 8);
cout << ans;
}

Answer & Z: C (1.5 marks 47")

12 seats are arranged around a circular table, with each accommodating at most one person. In how many ways can
people be seated, so that every 6 consecutive seats contains exactly 4 occupied seats? Two seating arrangements
are considered different if and only if there is at least one seat that is occupied in one arrangement but empty in
the other.

—IRIEIFFEA 12 [HEAL - FEEARZEWN—MEA - BZ DA - #1556 [EEEHREAL 3
#adr A A A AL EAr ? & HIEE 2/ DA — A E— AT A A4 - (BIE S —fEdA
7 > ETREALEA R -

Answer &2 D (1.5 marks 47")

Given an array A = [6,0, —8, 4, 8,6, —4, 2]. How many pairs (L, R) are there, such that 0 < L < R < 7 and
sum of elements in the subarray A[L]|, A[L + 1], ..., A[R] is between 10 and 14, inclusive? For example, (3,4)
is a valid pair, since the sum of A[3] and A[4] is 12, while (1, 3) is not a valid pair, since the sum of A[1], A[2]
and A[3] is —4.

(e —fERE] A = [6,0,-8,4,8,6,—4,2] - HZ/DEBH (L,R) {50 < L < R < 7 HTMHS
AL AL + 1], A[R] thoTZHY4EAITE 10 3 14 (&) ZfE 2 B4 - (3,4) 2 —(EARHVEE - A
A[3] M1 Al4] RZERTE 12 - 10 (1, 3) N2 —EARHVEES - A& A[L] ~ A[2] AT A[3] RYERTZ —4

Answer &% E (1.5 marks 47")

Complete the program f(a, b, c) so that, for integers 1 < a,b,c < 3, it returns True (C++: true) if and
only if a, b, ¢ are either all the same or all different.

FeEI f(a, b, c) » H{jitE 1 <a,b,c < 3AYEEE > FHIEE a -~ b~ ¢ ZEIHEREECEEA R E]
{8 True (C++: true) °

Python C++
def f(a: int, b: int, c: int) -> bool: bool f(int a, int b, int c) {
return bool( F == 0) return bool( F ==0);
}
Answer &2 F (1.5 marks 47)

END OF SECTION B Z#52
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Section C PJER (6 marks 43)

The blanks are labeled from G to K. Please fill in the blanks on the answer sheet.
TRz E G 2 K sF{E S ESHERH T E B -

Note 3T & :

(1) Answers can be in either C++ or Python. Completed programs shall be compiled and executed according
to the procedure specified on Page 1.

FEETARER C++ B Python R - SEEAVRR A DASE 1 H 2 DBRAE T 4RaE BT -
(2) You can write only one character in each box on the answer sheet.
ZREAN AR/ Vg R e HH Bl -
(3) Answers must not exceed the designated number of boxes.
EERERG L AR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FRYFAIRIEE R - AW 2 B2 & Shaham ©
(5) Ifblank X is divided into N parts X1, X2, ..., XN, it means that marks will only be given when X1, X2, ...,

XN are all correct.
AERZERE X 77 B N Eh X1~ X2~ ..~ XN JFEE X1~ X2 ~ ...~ XN B AIEREA 455 -

Consider the following program: % & D N EF -

Python C++
a=1[ vector<vector<int>> a = {

[11 2[ 3[ 4]! {11 2/ 3/ 4}/

[5 6, 7, 8], {5, 6, 7, 8},

[9, 10, 11, 12], {9, 10, 11, 12},

[13, 14, 15, 16] {13, 14, 15, 16}
1 }

int main() {

for i in range(4): for (int i = 0; 1 < 4; ++1i) {

for j in range(4): for (int j = 0; j < 4; ++j) {

print(a[ G1, H1 ][ G2, H2 ], cout << a[ G1, H1 ][ 62, H2 ]
end:ll l|) << n ll;
}
print() cout << endl;
}
}

(a) Complete the program so that it outputs the following:
FERE P H i
13951
14 10 6 2
15 11 7 3
16 12 8 4
Answer B Z: Gl G2 (1.5 marks 77")
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(b) Complete the program so that it outputs the following:
TERRE P Ho

1313

1313

5757

5757

Answer ZZ£: H1 H2 (1.5 marks 47")

Consider the following undirected graph. 25 & DL 4[] & -

There are multiple ways to walk from A to E in this graph. For example, A B —+G—+K—+H—+D —-H —
D — E is a walk that passes through 8 edges.
& EAET AR AESE - il A-»B—G—>K—H—D—H—D—E2—{H4# 8 fRIBHIEX -

(a) What is the minimum number of edges you must remove from the graph, such that it is impossible to walk
from A to E passing through exactly 5 edges?

TRV TREREETRIRZ /D IRE - BSARER A &RTaYT S FRBESIE?

Answer & Z: I (1 mark 47)

(b) What is the minimum number of edges you must remove from the graph, such that it is impossible to walk
from A to E passing through exactly 6 edges?

R/ DREREE TR RS - S REER A £EBTaYT 6 FRIBZERIE?

Answer &2 J (1 mark 47)

(c) What is the minimum number of edges you must remove from the graph, such that it is impossible to walk
from A to E passing through exactly 9 edges?

TRV TREREETRIRZ /D IRE - BEEARER A &B1aYT 9 IRIBESIE?

Answer ZZ&: K (1 mark %)
END OF PAPER 1 %—52

S-10
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Paper 2 %

Important Instructions E2E 5/~

(1) Choose ONE programming language: Python OR C++.
A (& Python BY, C++ HiEfE—ARIZEE S -

(2) Indicate your choice by marking the corresponding box on the answer sheet.

1 RE AR ME R ZE AR IR - DASORIRAYEEE -

(3) Ifyou choose the Python version, attempt all questions from this page to page 10, and put your answers in
the Python sections of the answer sheet.
Y7543 Python hiiAS - JEMREILEAE RS 10 HZFrARHE - IRHIRRYE AR E EARAY Python

H -

(4) If you choose the C++ version, attempt all questions from page 11 to page 18, and put your answers in the
C++ sections of the answer sheet.

QUSSR CH+ A JEIFESE 11 £ 18 HZFTAEH - IR IR E EHEEEZERA CH+ 55 -

Paper 2 . (Python)
Format JE&Y # Questions EH# Total Marks {543
Section A EFER Multiple Choice % TEEIE/E 5 5
Section B Z,Zf Short Questions %5 7H 6 (A-F) 9
Section C S8 Long Questions 1 7528 2(G-J) 6
Total 843 20

Assume all programs shall be compiled and executed in Debian 12 using the compilers and commands below.
P AT ERARAE Debian 12 NEM DU T 4Rades S5 S # T4RE - MEHIT -
Python 3 (python3.11 3.11.2)

python3.11 -S -m py_compile program.py
python3.11 -0 -S program.py
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Section A HHER (5 marks 43)

For each question, choose the most appropriate answer and mark the corresponding box (A, B, C, or D) on the
answer sheet. One mark for each correct answer. No marks will be deducted for wrong answers.

A TSRS R (R 15T - PRI EREGUE TN (A~ B C (D) H0 -
HEG—5 BRI -

What is the output of the following program? DL F2 gAYt 4 22 ?

Python

s =0
a=1[1, 2, 3, 4, 5,6, 7, 8, 9, 10]
for i in range(10):
s += a[i]
print(s)

44
45
54
55

Saow»

What is the output of the following program? DL TF2 gAYt 4 22 ?

Python

a=1[3 2 7, 6, 8]
for i in range(4):

a[i], a[3 - 1] = a[3 - 1], a[i]
for i in range(5):

print(a[i], end='")

32768
67238
72308
86723

Saow»
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Given that rand( ) returns a uniformly and independently random integer between 0 and m — 1 inclusive, what
is the expected value of the output of the following program?

CAlrand() E7E0F m—1 (&) ZHELIHEIRERERAE T E (858 550 Ty
tHHY BIZEAE Aoy 2

Python

p=[1, 5 10, 100]
s = [14, 17, 19, 20]
m = s[3]

n =10

gain = 0

for i in range(n):

X = rand()
for j in range(4):
if x < s[j]:
gain += p[j]
break
print(gain)
A. 74.5
B. 100
C. 114.45
D. 290

What is the output of the following program? DL T F2 gAYt 4 22 ?

Python

def f(x: int, y: list[int]) -> None:
X =1
y[1] =1

a = 1[0, 0]
f(a[e], a)
print(a[0], a[1])

S0 w>
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What is the output of the following program? DL NFE gAYt 4 22 ?

Python

n=7

a = [-1 for _ in range(n)]

def p(k: int) -> None:

i=k%n

while a[i] != -1:
i=(1+1)%n

a[i] = k

p(8)

p(15)

p(3)

p(1)

p(10)

print(a)
A. [-1, 8, 15, 3, 1, 10, -1]
B. [-1, 8, 1, 3, 10, -1, -1]
C. [-1, 1, -1, 10, -1, -1, -1]
D. [16, 1, 8, 15, 3, -1, -1]

END OF SECTION A HER52
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Section B Z,E (9 marks 43)

The blanks are labeled from A to F. Please fill in the blanks on the answer sheet.
TIIEZEE e % A A R F o S S BN TIH FEE -

Note 3T & :

(1) Answers must be in Python. Completed programs shall be compiled and executed according to the proce-
dure specified on Page 1.

/A ] Python E% © SERBVIRFFAFLLSE | H 2 W BRI T4REE ST -
(2) You can write only one character in each box on the answer sheet.
Zr B AR E A Mg RTE E— R -
(3) Answers must not exceed the designated number of boxes.
EERERG L AR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FRYFAIRIEE R - AW 2 B2 & Shaham ©

What is the output of the following program? L N2 FrHYi H 28 ?

Python
a=1[3 1,3, 5 7, 4]
X =0

for i in range(6):
if (i +x) %2 ==0:
X += a[i]
else:
x -= a[i]
X %= 2
print(x)

Answer & Z£; A (1.5 marks 47")

What is the output of the following program? DL T2 gAYt 4 22 ?

Python

def f(a: int, b: int) -> int:
if a <= 0:
return b
if b <= 0:
return a
return f(a+1, b-2)-f(a-2, b+1)

print(f(3, 2))

Answer B Z: B (1.5 marks 77")
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What is the output of the following program? DL NFE gAYt 4 22 ?

Python

state = 0
inputs = [2, 1, 3, 1, 1, 2, 1, 1, 3, 2]

for input_val in inputs:

if state ==
if input_val == 1:
state = 1
elif state ==
if input_val == 1:
state = 2
elif input_val == 2:
state = 0

elif state == 2:
if ipput_val == 3:

state = 0
else:
state = 1
print(state)
Answer &2 C (1.5 marks 47")

Complete the program such that it outputs 721398.
SERLATRER o i 721398 -

Python

a=1[3 8, 9 7, 1, 2]
for i in range(6):
_ Db
for i in range(6):
print(a[i], end="")

Answer ZZ£: D (1.5 marks 47)

Heat Event #/J&
Senior Group Paper 2 Sl 4H& —
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Complete the function duration(a_h, a_m, b_h, b_m), such that given four non-negative integers a_h,
a_m, b_h and b_m, the function returns the time difference of a_h:a_mand b_h:b_m (in HHMM format). It is
guaranteed that 0 < a_h,b_h <23, 0<a_m,b_m<59,and a_h:a_mis earlier than b_h:b_min a day.
SERCERE duration(a_h, a_m, b_h, b_m)  fHELTEVUEIEEEE a_h>a_m> b_h Il b_m:> :ZH
HE[E a_hra_m Flb_h:b_m ZERVEFEZE (DL HHMM (&Z0FE7R) - fre8 0 <a_h,b_h <23,0<a_m,
b_m<59> HE—KkF > »a_h:amEtb_h:b_mE -

For example, duration(10, 30, 14, 15) should return 345 and duration(7, 15, 20, 45) should
return 1330.
2= > duration(10, 30, 14, 15) JE{#[H] 345 5 [f duration(7, 15, 20, 45) fE{EH[E] 1330 -

Python

def duration(a_h: int, a_m: int, b_h: int, b_m: int) -> int:
a=ah*100 + a_m
b=bh* 100 + b_m
return E

Answer & Z; E (1.5 marks 47")

Complete the program such that it outputs HKOI.
FER A TR > H i HKOT -

Python

s = "HIOK"

for i in range(4):
print(s[__F ], end="")

oS

Answer ZZ: F (1.5 marks 47")

END OF SECTION B Z 3352
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Section C PJER (6 marks 43)

The blanks are labeled from G to J. Please fill in the blanks on the answer sheet.
THIRZERE Rk G £ 1 SHESER FH B 5E FEE -

Note 3T & :

(1) Answers must be in Python. Completed programs shall be compiled and executed according to the proce-
dure specified on Page 1.
/A ] Python E% © SERBVIRFFAFLLSE | H 2 W BRI T4REE ST -
(2) You can write only one character in each box on the answer sheet.
ZREAN AR/ Vg R e HH Bl -
(3) Answers must not exceed the designated number of boxes.
LEEREAF L ZERMR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FREHIG AR - MR 2 B E R -
(5) Ifblank X is divided into N parts X1, X2, ..., XN, it means that marks will only be given when X1, X2, ...,

XN are all correct.
AERZERE X 77 B N Eh X1~ X2~ ..~ XN JFEE X1~ X2 ~ ...~ XN B AIEREA 455 -

Consider boxes with balls inside. Each ball is marked with a number from between ® and K - 1, inclusive. We
represent a box as a list X of length K, where X[1] is the number of balls in the box with i written on it for all ©
< 1<K

G LAEARAAET - B A —EE 0 FIK - 1 (&) ZEWEF - BT —ERE =R
RIE R KAYEH X HpEFrA 0 < 1 < Ko X[1] @ fy 1 e 8 -

(a) Given a box, represented by a list X of length K. Complete the function cumulative_count (X) that modifies
the list X, such that X[1] is the number of balls inside the box with written number not exceeding i forall @ <
i < K Assumel <K< 10and 0 < X[i] < 1000 for all 1.

S TE— MBI R A K BYERS! X FmiAt 1 o Sealek % cumulative_count(X) » DUEHERS] X - 5
HNFrA 0 < 1 < K> X[1] BT Ea s 1 AVERAVAREL - fRag 1 < K < 10> H¥RATA 1 #
A 0 < X[1] <1000 -

Python

def cumulative_count(X: list[int]) -> None:
K = len(X)
for i in range(1, K):
X[1i] = G

e

Answer B Z: G (1 mark 47")
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In a lottery, there are K distinct prizes. The prizes are sorted according to their rarity, where prize O is the rarest,
while prize K - 1 is the most common.

FE—EHEE T > F K ERE RS - SRR A - Bhd%in o i fiA > mfEmK - 155
e,

G

Now, two boxes are given, represented by two lists A and B, each of length K.

BUE > aTEMER T Rl AREE Ry K BYERSI AR B AR -

The lottery works as follows: Alice picks one ball from each of the two boxes, separately. If Alice picks a
ball representing prize i from a box and a ball representing prize j from another box, then Alice gets the prize
max(i, j). Ifthere are N balls in a box and M balls in another box, then there are in total N x M ways of
picking balls.

SRR T AT © BREAAD HITERIEAE T h & L —EER - AR EREAAE —E S T P IR A
1 BYER > S — RS TR M EREC Ay § RYER > IR E REARI SIS 8% max (1, ) » WER—{EAE T+
A N AEER > T — R TA M EER - RIEEIHEA N x M FERERTT% -

(b) Complete the function prize_count (A, B) such that it returns a list C, where C[1] contains the number
of ways Alice can pick balls to get prize 1 forall®@ < i < K. Assume 1 < K < 10,0 <A[i],B[1] < 1000
for all i, and cumulative_count(X) has been correctly implemented.

a8 e KB prize_count (A, B) > fHEHMEE—{EHEY] - Hp¥itfrA 0 < 1 < K- C[1] 2ERE
HIESSE 1 AVHIER T EEE - R 1 S K <10 - BRArA 1 #0A 0 < A[4],B[1] < 1000 - if H.
cumulative_count (X) E&EH IFIEET -

Python

def prize_count(A: list[int], B: list[int]) -> list[int]:
cumulative_count(A)
cumulative_count(B)
K = len(A)
c=1[0] *K
C[0] = A[0] * B[0O]
for i in range(1, K):

Answer & Z: H (2 marks 47")
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Let x, y and z be integer variables that take the values 0 or 1. Alice wants to design a function such that it returns
1 if and only if at least one of the following conditions is met. Otherwise, it should return 0.
Sy il 2 BEUA O 5 | AVREBNE R - ERREAAERRE T — B LIS TR o D — TE T
E 1 ZERE 0 -

l.x=1landy=1 x=1KKy=1

2.x=0andz=1 x=0Kz=1

3.y=landz=1 y=1kxz=1

(a) Her first attempt is as follows: Consider the function f(x, y, z) below. The function checks each of the
three conditions once, and returns 1 immediately if some condition is met. Finally, the function returns 0 if none
of the conditions is met. Complete the program such that the function f (X, y, z) returns the correct value for
all0 < x,y,z < 1.

MR —EE AT - FELLTRE (X, vy, z) - ZRBERFRE=MERE > BT
VAEILZEME 1 S AT R AL - R EIE 0 - e L NZR - (& f(x, vy, z) BfA
0<xy,z < 1HRERIEIEMEIIEIE -

Python

def condition(a: int, b: int, c: int, d: int) -> bool:
return bool( I )

def f(x: int, y: int, z: int) -> int:
if condition(x, 1, y, 1):
return 1
if condition(x, 0, z, 1):
return 1
if condition(y, 1, z, 1):
return 1
return 0

Answer & Z: I (1 mark 47)

(b) Let’s assume f(x, y, z) isimplemented correctly. Complete the function g(x, y, z), such that f(x,
Y, Z) :g(Xr Y Z) for 0 < X, ¥,z <L

EEEHRMEIEME E RS f(x, v, z) o BB g(x, v, z)  HEHERAEO<xy,z<1> f(x,
Yy, 2)=9(x, y, z)°

Python

def g(x: int, y: int, z: int) -> int:
return (__ J1 ) | (__J2 )

A

Answer ZZ: J1 2 (2 marks 773)

END OF PAPER 2 #%— (Python) 5%

W -10
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Paper 2 % (C++)
Format JEEY # Questions FEHHE B Total Marks {543
Section A EFEE Multiple Choice % TEEEIERE 5 5
Section B Z.&f Short Questions 55 RH 6 (K-P) 9
Section C PNE8 Long Questions IE 7t /H 2(Q-T) 6
Total &84 20

(1) Assume that the size of the int data type is 32 bits.
{Beag int BERPEHIAYEE £ 32 it -

(2) The following code is added to the beginning of all C++ programs.

FERTE C+ R THESIIA LN M 22

C++

#include <algorithm>
#include <array>
#include <cmath>
#include <cstdlib>
#include <deque>
#include <forward_list>
#include <iostream>
#include <list>
#include <queue>
#include <stack>
#include <string>
#include <utility>
#include <vector>
using namespace std;

(3) Assume all programs shall be compiled and executed in Debian 12 using the compilers and commands

below.

{RaATARER- &R (E Debian 12 "MEF LU dRaEes KI5 S HEITERRE » IMEEIT -

GNU G++ (g++-12 12.2.0)
g++ -std=c++20 program.cpp -0 program
./program
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Section A HHER (5 marks 43)

For each question, choose the most appropriate answer and mark the corresponding box (A, B, C, or D) on the
answer sheet. One mark for each correct answer. No marks will be deducted for wrong answers.

A TSRS R (R 15T - PRI EREGUE TN (A~ B C (D) H0 -
HEG—5 BRI -

What is the output of the following program? DL F2 gAYt 4 22 ?

C++

int main() {
int a[5] = {2, 4, 6, 8, 10};

cout << a[1] << ' ' << a[4];
3

A. 28

B. 2 10

C. 4 8

D. 4 10

Choose the correct answer to fill into the line such that it converts a positive integer between 1 and 10000 to its
hexadecimal form. For example, if the input is 2026, the output should be 7ea.

BEHTEREAYES FHUAZERS » (RN 1 5] 10000 2 FE) TE RSB A HA- Ol R ot -
B - ARy 2026 > Rl 7ea -

C++

int main() {
list<char> a;
int x;
cin >> x;
while (x > 0) {
int y = x % 16;
char z = (y>=107? 'a' : '0') +y % 10;

* .
4

X /= 16;

}

for (char c : a) {
cout << ¢;

}

}

.back() = z
.front() = z
.push_back(z)

S owp>
» o o

.push_front(z)

W -12
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What is the output of the following program? DL NFE gAYt 4 22 ?

C++

int main() {
int i;
for (1=1; i<=7; ++i) {
int j = i,
if (++i == j) break;
if (i++ == j) break;

} .

cout << 1i;
}

A. 2

B. 8

C. 9

D. 10

What is the output of the following program? DL T2 gAYt 4 2 EF ?

C++

int main() {
int a=3, b =5;
a, b=">b, a;
cout << a << " " << b;

}

Sow»

What is the output of the following program? DL 2 gAYt 4 22 ?

C++

void f(int &a, int b, int &c) {
b=a?*2;
c=b- a;
a=c+b;

}

int main() {
inta=2, b=3, c=1;
f(c, a, a);

cout <k a<<" "< b<«<""<<c;
}

A. 132

B. 133

C. 231

D. 337

END OF SECTION A HEE5E
W -13
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Section B Z,E (9 marks 43)

The blanks are labeled from K to P. Please fill in the blanks on the answer sheet.
TIIEZEE a4 A K 2 P A R E I H F &5 -

Note 3T & :

(1) Answers must be in C++. Completed programs shall be compiled and executed according to the procedure
specified on Page 9.
AR CH 1B  STEBVIRFPARLASE 9 H 2P B T 4Rs ST -
(2) You can write only one character in each box on the answer sheet.
ZREAN AR/ Vg R e HH Bl -
(3) Answers must not exceed the designated number of boxes.
LEEREAF L ZERMR MEEE -

(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FREAIMIEARE - SRR 2 B2 E S -

What is the output of the following program? L N2 FrHYi H 28 ?

C++

int main() {
int ans = 0;
for (int i = 0; 1 < 10; ++i)
for (int j =1i% 4; j<(8-1) % 4; ++j)
++ans;
cout << ans;

}

Answer ZZ£: K (1.5 marks 47")

What is the output of the following program? DL 2 gAYt 4 22 ?

C++

int f(int a, int b) {
if (a <= 0)
return b;
if (b <=0)
return a;
return f(a - 2, b+1) - f(a+1, b - 2);
}

int main() {
cout << f(3, 2);

}

Answer &2 L (1.5 marks 47")

W - 14
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What is the output of the following program? DL NFE gAYt 4 22 ?

C++

int main() {
int a[] = {13, 9, 5, 8, 6, 3, 0};
int ans = 0;
while (a[0] > 0) {
for (int i = 0Q; a[i] > 0; ++i) {
--a[i];
++ans;
}
}

cout << ans;

}

Answer & Z£; M (1.5 marks 47)

Complete the following program so that it outputs hkoj-uoj-joj.
FERCA N ER » (15 Hintt hkoj-uoj-joj -

C++

int main() {
string s = "hkoi-uoi-ioi";
for (int i = 0; i < s.length(); ++i) {
if (N ) {
++s[i];
}
}

cout << s;

}

AL

Answer & Z: N (1.5 marks 47")

Heat Event #/J&
Senior Group Paper 2 Sl 4H& —

Let x be an integer between 1 and 10 inclusive. Complete the following function IsValidTyphoonSignal(x)

such that it returns true if and only if X is a valid typhoon signal. The valid typhoon signals are 1, 3, 8, 9 and

10, while other numbers are invalid.

i x Fy—fE T 1R 10 Z[H (&) HYEEEL - 52 LT i IsvalidTyphoonSignal(x) » {f HAH[H]
true & HEE x 2—EHABARREIS5: - ARSI 1~ 3~ 8~ 9 F1 10 HAhE 7RI K sy -

C++

bool IsValidTyphoonSignal(int x) {
if (x == 2)
return false;
else
return o

}

Answer B Z: @) (1.5 marks 77")

W -15
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Let a[0..n-1] be an array of integers sorted in ascending order. Assume that f(a, x) is a function that re-
turns the smallest index i such that a[i] > X, or returns n if no such index exists.

s al0..n-1] f—EEIREEIEFHE AV BIES - faed® f(a, x) EEDWE a[i] > x WE/VER
11 BRG] AEE N -

Complete the function g(a, X) so that it returns |[x — a[@]| + |x —a[1]]| +--- + |[x — a[n-1]]|. You may
assume that no integer overflow occurs.
ok E 9(a, x) o BEEEE] x—a[0]|+[x—a[1]|+---+[x—a[n-1]

o A B AN S 4 A BB L
Here, |x| is defined as the absolute value of z: if x > 0, then |z| = z; if z < 0, then || = —z. For example,
13 =3,| -1 =1.

EEE o B/ WERE He 20 Az =o:F <0 Al [z] = —z - BHIHGER > 3] = 3>
1=t

C++

int g(vector<int> a, int x) {
int n = a.size();
vector<int> b(n + 1, 0);
b[e] = 0;
for (int 1 =1; i <=n; ++i) {
b[i] = b[i - 1] + a[i - 1];
}
int u = f(a, x);
return _ P ;

}
Answer ZZ: P (1.5 marks 47")

END OF SECTION B ZZf52

W -16
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Section C PJER (6 marks 43)

The blanks are labeled from Q to T. Please fill in the blanks on the answer sheet.
ARG Al Q B T » SEfE B4R EHERI T IH EEZE -

Note 3T & :

(1) Answers must be in C++. Completed programs shall be compiled and executed according to the procedure
specified on Page 9.

AR CH 1B  STEBVIRFPARLASE 9 H 2P B T 4Rs ST -
(2) You can write only one character in each box on the answer sheet.
ZREAN AR/ Vg R e HH Bl -
(3) Answers must not exceed the designated number of boxes.
EERERG L AR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FRYFAIRIEE R - AW 2 B2 & Shaham ©
(5) Ifblank X is divided into N parts X1, X2, ..., XN, it means that marks will only be given when X1, X2, ...,

XN are all correct.
AERZERE X 77 B N Eh X1~ X2~ ..~ XN JFEE X1~ X2 ~ ...~ XN B AIEREA 455 -

Consider the following function: £ &L N E#Y -

C++

int f(int n, int k) {
vector<int> a(n + 1);
for (int 1 = 0; i < k; ++i)

a[i] = 1;
for (int i = k; i <=n; ++i) {
a[i] = o;

for (int j =i - k; j < i; ++j)
a[i] +=a[jl;

}

return a[n];
}
(a) Write down the return value of (7, 3). B f(7, 3) FYEHREIE -
Answer & Z: Q (1 mark 47)

W - 17
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(b) Without calling the function f(n, k), complete the following function g(n, k), sothatg(n, k) has the
same return value as f(n, k) forl < k <n < 30.

FEAREFHRE f(n, k) BIENT > B ECA TR g(n, k) » FEEEIAN 1 <k <n <300 g(n, k) Al
f(n, k) HYEE1EMEE -

C++

int g(int n, int k) {

vector<int> a(n+1);

for (int 1 = 0; i < k; ++i)
a[i] = 1;

alk] = R1 ;

for (int i = k + 1; i <= n; ++1i)
a[i] = R2 ;

return a[n];

}

Answer ZZ&: R1 R2 (2 marks 47")

Consider the following function: £ &L RS -

C++

vector<int> p = {1, 10, 100, 1000, 10000, 100000, 1000000,
10000000, 100000000, 1000000000},

int r(int x, int n) {
if (n == 0)
return x;
else if (n == 1)
return (x + 5) / 10 * 10,
else
return r(r(x, n - 1) / p[n - 1], 1) * p[n - 1];
}

(a) Write down the return value of r (1122444669, 6). 5 | r(1122444669, 6) HYEHEIE -

Answer &2 S (1 mark 47)

(b) Complete the following function rnd(x, n), sothat rnd(x, n) returns the value of = rounded off to the
nearest 10". It is guaranteed that 0 < x < 10 and 0 < n < 9. You may use the variable p and/or the function r.
FERRLL TR rnd(x, n) > {5 rnd(x, n) {EE] x W0 FA B 2R E 10" BE91E - fReE0 < x < 107
K0 <n<9- fRafDARERSESE p AI/EEREL T -

C++
int rnd(int x, int n) {
return r( T ,n);
}
Answer ZZ&: T (2 marks 47")

END OF PAPER 2 #%— (C++) 52

W - 18



