Hong Kong Olympiad in Informatics

Heat Event {JJ%£

BT 2022123 Junior Group 344
Format J5%Y # Questions FEHE B Total Marks {543
Section A1 EHZE (—) True or False E{ERE 5 5
Section A2 FHEE () Multiple Choice % TH#EIERE 20 20
Section B Z. Fill-in-the-blanks H 7528 7(A-L) 20
Total 4843 45

(1) Assume that the size of the int data type is 32 bits.
fRea% int ERPEIUAVREE Ky 32 firyT -

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

FEFTA CH 2PV THER LA L M2

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 Ubuntu 20.04 using the compilers and commands

below.

BT A TERAERFE Ubuntu 20.04 "I DU drades s S #E1T4RE - IREHIT -

GNU G++ (g++-11 11.1.0-1)
g++ -std=c++20 program.cpp -0 program
./program
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Section A1 EHER (—) (5 marks 43")

For each question, determine whether the statement is true or false, then mark the corresponding box (T: true or
F' false) on the answer sheet. One mark for each correct answer. No marks will be deducted for wrong answers.

#U%ﬁ?ﬂ’iaﬁlﬂ’]ﬁ% AR - PAEE AR EIEAY 224 (T HEL F: () Hiw - ZHE » H#EA
?[l

In C++, when comparing two variables of different data types, a compilation error must occur.

E C » B LRI SR B RS » AR E T -

The following program always outputs YES when the input is an integer between —10? and 10? inclusive:

EELAGZT —10° f1 107 2R (&) FUREEIR - DU Emt YES

C++

int main() {
int x;
cin >> x;
if ((x +11) %3 == (X% 3 + 2) % 3)
cout << "YES";

For all non-negative integers x and y, there always exists a non-negative integer z such that z XOR z = y.

HWIRFTAIFERE « Fly  DEFEIFEBE 2 i3 2 X0R2z =y

Assume birthdays are independent and random with uniform distribution. Then in a regular year, the probability
of at least two people having the same birthday in a group of 50 people is greater than 50%.

e H & 2 a1 BT S Ry - AP - —BE 50 ARVEEHS > e 2/ D AMEA LR H
SARHIEEORER T 50% -

For every integer N > 2, there exists a right-angled triangle with integral side lengths one of which is V.

HNEEBE N > 2 FE-HERABENEA=AE  HEP—RERE N -
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Section A2 EHER () (20 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.

o iy MY ERE TS 5 0 MR EEREIENZERS (A~ B~ C~ 5 D) K
BG4 o BRI -

What is the output of the following program? DL N2 At 4 2 & ?

C++

int main() {
cout << 5/ 4<< ' '<«5/4.0<< "' "' <5.0/4;

}

111
111.25
11.251
11.25 1.25

Saow»

What is the output of the following program? ) N2 FrHYlig H 28k ?

C++
int i, c;
int main() {
i=0;
c=0;
for (1 =1; i<=5; ++i) {
c=c+1;
}
cout << ¢ << ' ' << i;
}
A.
B.
C.
D.

Alice has a variable x. The initial value of x is 2. In each operation, Alice needs to either increase or decrease
the value of x by 1, and she also needs to keep 1 < x < 4 at all times. How many ways are there to perform four
operations, so that the final value of x is 2?

ERGA—EEE o - o RIS 2 - FERETHT > BRGHTE « OREMIIERED 1 b
FRZIREF 1 <o <4 - HZ/OHETAETIUETE) > 515 o AVRSEER 27

A. 5
B. 6
C. 8
D. 10
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I1.
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Consider the following program: 2% & DL NFEFE

C++

int main() {
int x = 5;
int y;
cin >> y;
intz=x==y?X+y:X-Y;
cout << z;

}

What are the respective outputs wheny = 5andy = 7?
By = 5Rfly = 7 @HRIREE ?

y =5 y =7
A. 12
B. -2
C. 10 -2
D. 5 2
Which of the following programs can be compiled successfully? DU WRERFEFFAE X I 4R 4E?
1. 1i.
C++ C++
int main() { int main() {
string s = "123"; string s = "123";
int x = 4; int x = 456;
cout << s * x; cout << s + x;
} }
A. i only HAEq
B. ii only HAE
C. 1and ii i Al i
D.  None of them Kiii3

NN

Alice loves to play an online game with her friends. Each round has at least 4 players, and 2 of the players are
selected as imposters randomly with equal probability. Since Alice loves to be an imposter, she wants to know
what is the maximum number of friends she can invite, such that she is expected to be the imposter in at least
one out of seven rounds.

EREAEEFI I It — 7R LS - BREVANUSIR - E R AITF AT EHET g bE
PRI T FETEE - N B RS SRR - B RS i 26 o] UBGEE 2/ DAL A - 1St AE Lt aiE
By 2/ —F el DU R [EEE -

A. 11
B. 12
C. 13
D 14
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12. In a super-swap, you can choose a value i, and swap the i™ element and (i + 2)™ element in an array. Given the
following arrays, if you can only use super-swap, what is the minimum number of super-swaps needed to sort

them in ascending order respectively?

FE— IS > (REEFTERUTE —E ¢ ARG BEHPRYES « TR @ + 2 TR - S87E
PUTBEES > A0SR RERE B SR - /Doy B e ZEHEA T 2/ DI S HAA REAE S/ N ERHEFE 2

i.  P[8]=[8,7.6,54,3,21]
i. Q9] =19,8,7,6,5,4,3,2, 1]

Sow=w»>

13. What is the output of the following program? L N2 Ay 2 EE ?

C++

P
12

Cannot be sorted REEWHEF

28

Q

16
16
36

Cannot be sorted REE#YHERF  Cannot be sorted RNEEFHEFR

int main() {
int cnt = 0;
for (int i =
for (int j
if (1 ==
break;
++cnt;
}
}

cout << cnt;

}

0; 1 <10; ++1i) {
=0; j <10; ++j) {
3)

10
45
55
100

Sow»

14. Which of the following statements about binary search are true?
DU WREESES R 7 AR BT L2 (R ERY 2

i.  Binary search can be applied to determine if a given string exists in an array of strings sorted in
lexicographical order.
“ R DR AHIE— s EN T & - BEEER—EiE PR IRy ¥ ffEy b -

1i. Binary search can be applied when there are multiple elements with the same value in the sorted
array.

O RERAESI AR A AR E - SRR

A. i only HAE
B. iionly HA i
C. iandii i il i
D.  None of them it

W
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15. You start with a string with one character S. In each step, you could perform one of the following actions:
e EH —E¥ e > FEAEEFE S « B IRa] DI T AT B —{EfTE)
1. Replace an S with SS.
i S IUX—1iE s -
2. Replace an S with (S).
i (s) HU—fE S -

3. Remove an S from the string.

Bhr—{E S -

Which of the following strings can be produced by the above actions?

PUR Rt srul U DA EAT8hE A 2

Lo 000))
. (0)))0C0)
. (0)())
A i and ii only HAE i
B.  iandiii only WA 1 dii
C ii and iii only A i A il
D 1, i1 and 1ii i~ i Al i

16. What is the output of the following program? L N2 Ay 2 EE ?

C++

int a[30];
int cnt;
int main() {
cnt = 0;
a[o] = 3;
a[1] = -4;
for (int 1 = 2; i < 30; ++i) {
a[i] = a[i - 1] + a[i - 2];
if (a[i] % 4 == 0)

++cnt;
b
cout << cnt;
3
A.
B. 5
C.
D. 10
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Chess Cup is the top chess tournament in the Holy Kingdom Of Intelligence (HKOI). In the group stage, players
will play against each other once. At first, each player will be granted some initial points.Then after each game,
the winner of the game gains 3 points while the loser gains nothing. If the game is a draw, each player of the
game are granted 1 point.

PR SRARAR 2 R B )75 (HKOI) iR JHARRYBIFE AR E - 12/ NHE Y Fudes 8l & iR At ot
B—X - BIE —BRE GG D - EFHILEER  BEHEEE 3 o BEEkeERF 00 - 4
RIEFER BT - AILLEAE T & 28— -

Currently, 7 games has been played in a group and the score board is as follows.

HAi—fE/NEEE T 35t E - o RaT -

Player vs Alice vs Bob | vs Charlie | vs David | vs Edward | Initial Points | Total Points | Current Rank
Itz | WERESG | e | HWEE | BAE | HEEE HI4a57 oy ERTPE
Alice Win Draw Draw
ERE% / i F ? il 0.5 5.5 1
Bob Lose Win Draw
i i / i ? A 0.4 44 3
Charlie Draw Lose Win
] F B / fi% ? 0.3 43 4
David Lose Lose
N ? ? R / JEl4 0.2 0.2 5
Edward Draw Draw Win
E{EEE F gl ? i / 0.1 5.1 2

There are 3 more games to be played in the group, Alice vs David, Bob vs David and Charlie vs Edward.
B/ NHEBA ZGILE - BREGEIRM - MO - AP R
Which of the following statements are true?
PR LRt ) Fs 5L 2
L. David may get rank 1 after all games in the group have been played.
KT sEE NHFTA LT e RS 1 -
il. David may get rank 2 after all games in the group have been played.
Kl sErE NHATA EE L e R 56 2 -
iii. David may get rank 3 after all games in the group have been played.
KT REE NHATA L e B H2 56 3 -

.

None of them 4

i and ii only HAE 1Ml
ii and iii only A i fll iii
i, ii and i i 01 i i

Saow»
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What is the output of the following program? DL NFE gAYt 4 22 ?

C++

int main() {
int a[5] = {3, 1, 9, 2, 4};
stack<int> x;
queue<int> y;
for (int 1 = 0; i< 5; ++i) {
x.push(a[i]);
y.push(a[i]);
}
while (!x.empty() && !y.empty()) {
if (x.top() > y.front()) {
X.pop();
} else {
y.pop();
}
}
cout << x.size() << ' ' << y.size();

}

S0 w>

Heat Event #/J&
Junior Group #JJ4%4H

Suppose functions () and g( ) use two different algorithms and both solve the same problem. Bob tested them

with 2023 different valid inputs, and for all tested inputs, f( ) runs faster than g( ).

(B e 8 £ () A9 () AT WA A [F] O A B i A — (8 R - B 1 2023 {EA [E]HY A 80dm AR

AEEM - MERTAHE TRy A S - £() FRETISEE 9 () B1 -

Given the above description, which of the following statements must be true?

ERNLEAAIFEZL - DA WREERR AL A bR R H 7

1. () runs faster than g () for all inputs.

fERTAE A () #ETEE g() TR -

il. () runs faster than g () for all valid inputs.
FERTA ARG AT () #ETEEE g() B -
1il. () runs slower than g () for all invalid inputs.
FERTA S A () #RETEEE 9() 1€ -
A. ionly HA i
B. iionly HA i
C. iii only HA iii
D.  None of them Kiii3

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

C++

int main() {
int ans = 0;
for (int 1 = 0; i < 16; ++i) {
ans += i | 8;
}

cout << ans;

}

120
184
216
248

ocaw>

Consider the following function: £ &L N E/E] -

C++

int f(int x) {
int cnt = 0;
while (x) {
if (x % 5 == 0)
X += 3;
else if (x % 2 == 0)
X -= 4,
else
--X:
++cnt;
}

return cnt;

}

What is the return value of £(28)? 5[4 f(28) HYREIEH BB ?
A. 7

B. 8

C. 11

D. 12

Heat Event #/J&
Junior Group #JJ4%4H

Alice and Bob are planning to have a meal with 6 friends. All 8 people are to sit around a circular table but

Alice and Bob do not wish to sit next to each other. How many distinct seating arrangements are there? (Two
arrangements are the same if, for every person, the persons sitting on their left are the same.)

BRI 6 A —RIZAT - o) 8 ATEBIStE— RIS (BRI R A A
—itt o FH—HAE L DA EALZ P ? AR EHE AR - LB AEREZ P EH

5 - AL HEE A ERY <)

A, 2520
B. 3600
C. 4320
D 5040
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23. What is the output of the following program? L F& Ay H 2 8% 2

C++

int main() {
int n = 50;
int cnt = 0;
for (int 1 = 1; i <=n; ++i) {
for (int j = 1; j <= n; ++j) {
if (j%1=0) {

++Cnt;
}
}
}
cout << cnt;
1

A. 204
B. 205
C. 206
D. 207

24. Suppose the following statements are true.

(B AT BRAL A E -

+ If a typhoon is approaching Hong Kong, Charlie plays football with friends.
WA REERETEE - EFRERIAAE 2K -

+ If Charlie plays football with friends or Charlie wins a chess game, Charlie feels happy.
AR A PR A P R ERE A FE G T — R B EA » BFRLRKEF O -

* If there is no typhoon approaching Hong Kong, Charlie does not feel happy.
WSR2 A REE T T - BN RERO -
Which of the following statements must be true?
PUR IR AR R H 2
i. If there is no typhoon approaching Hong Kong, Charlie does not win any chess game.
WA BRI E R - EHHULA BT —FEIERE -

ii. If there is no typhoon approaching Hong Kong, Charlie does not play football with friends.
WEZ AR ERER - EHEBRIRIAA S B3 -

iii. If Charlie does not feel happy, Charlie wins a chess game.
WREHAREFO > BHESE T —FERSRE -
A.  None of them 4t
B. ii only HA i
C. iandiionly WA
D. i, iiandiii i A i1 A ii

J-10
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. For how many different integer inputs between —10000 and 10000 (inclusive) does the following program output
Nice?

H 2%/ MEAE —10000 A1 10000 2 (&) HEEE A GHELI T EFHL Nice ?

C++

int main() {
int a[10] = {-15, 19, 77, 4, -80, 56, 123, -147, 234, -2};
int v;
cin >> v;
int cnt = 0;
for (int i = 0; 1 < 10; ++i)
if (a[i] >=v)
++cnt;
if (cnt < 4)
cout << "Too low";
else if (cnt > 8)
cout << "Too high";
else
cout << "Nice";

72
80
125
136

Saow»

END OF SECTION A HER52

J-11
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Section B ZEf (20 marks 43%)

The blanks are labeled from A to L. Please fill in the blanks on the answer sheet.
TR TR AR L sFES AR EEERH T E &K -

Note 3T & :

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

TERRER Cr 1EE - Se AR DL — H 2 D BRI T 4R S BT
(2) You can write only one character in each box on the answer sheet.
Zr AR E AR ME A A E— A
(3) Answers must not exceed the designated number of boxes.
LEEREAFE N ZER MR MEEE -
(4) Write legibly. Unrecognizable answers will be regarded as incorrect.
FREFAIMIEE R » FUEHH 2 B & fhaham -
(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.

YUERZERS X 73Ry N B X1~ X2~ s XN FEBEXT ~ X2~ .~ XN B Ry IEHEA 4577 -

Let text be a string. For every slash (/) in text, it is guaranteed that there must be 2023 immediately in
front of each slash, and 24 immediately after each slash. For example, text can be HKOI2023/24Heat or
2023/242023/24, but cannot be 2023/2024 or /24.

i text B — 7 & - BRFTALE text BURIE (/) 0 fRaEA 2023 BRAEFWER K AT MEHA
24 SRIEEERIR 2 1% - Bl > text O DLE HKOI2023/24Heat B 2023/242023/24 » {EARO]LLE
2023/2024 55 /24 -

Complete the function Update(text), such that Update(text) change all 2023/24 in text into 2022/23.
SERREREL Update (text) @ f#i{5 Update(text) BFTALE text thfy 2023/24 55 2022/23 -

C++

void Update(string& text) {
int len = text.length();
for (int i = 0; i< 1len; ++i) {
if (A1 ){
text[ 1--;
text[ A3 1--;

Answer & Al A2 A3 (2 marks 77")

J-12
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Let a be an array of integers of length n.

& a B—RE R n BYEEEEY] -

(a) Complete the following subprogram Rever sePrefix with an input parameter k£ (0 < k& < n) that reverses
the subarray a[@], a[1], ---,a[k-1].

SR TEEMAZSE L0 < k < n) BF: ReversePrefix » DIE# F[#%] a[0], a[1], ---,
a[k-17 -

C++
void ReversePrefix(int k) {
for (int 1 =0; i< B1 ; ++i) {
int j = B2 ;
swap(a[i], a[j]);
}
}
Answer ZZE: Bl B2 (1.5 marks 47")

(b) The subprogram ReverseSubarray with input parameters [ and r (0 < [ < r < n) reverses the subar-
ray a[1], a[1+1], ---, a[r-1]. By using ReversePrefix only, complete the subprogram. Assume that
ReversePrefix has been correctly implemented.

BEWMASE IR r (0 <1 <r <n) BlFFEI{ Reversesubarray g#I#E Y] a[1], a[1+1], - -,
a[r-1] - &# A ReversePrefix » 52 (HTFEF - {RE% ReversePrefix ELH IEREHI BTN -

C++

void ReverseSubarray(int 1, int r) {
ReversePrefix(_ C1 );
ReversePrefix(__ C2 );
ReversePrefix(__ C3 );

}
Answer ZZ&: Cl C2 C3 (2 marks %473)

J-13
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Without using “-”, complete the following function MyAbs so that MyAbs (x) returns the absolute value of x.

TEAMM «-" BT » SoAKeRE MyAbs (15 MyAbs (x) BHE o (=271 +1 <o < 2% — 1) HU4EHHE -

C++

int MyAbs(int x) {
if (x >= 0) return x;
else return D ;

}
Answer ZZE: D (1.5 marks 47")

Consider the following program: % E D N EF :

C++

int main() {
string a[8];
for (int 1 = 0; 1< 8; ++i) {
cin >> a[i];
}
int count = 0;
for (int 1 = 0; 1 < 8; ++i) {
for (int j =1 +1; j<8; ++j) {
for (int k = 0; k < 5; ++k) {
if (a[i].length() > k && a[j].length() > k
&& a[i][k] == a[j][k]) {
++count;
}
}
}
}

cout << count;

}

Ifthe inputis it is never too late to join hkoi, what is the output?
EREFPHER AE it is never too late to join hkoi » HEEg R EE ?

Answer ZZ&: E (1.5 marks 47")

Give an input with lowercase English letters and spaces only, such that the program outputs 40.
& — 8 A AR RS ME R RERS R > (SRR 40 -

Answer &2 F (2 marks 773)

J-14
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Alice and Bob is playing a game. There is a 1 x N grid where every cell is initially white. Alice and Bob take
turns to perform the following actions.
EREGIMAET—EHTEE - 28R A — 1 x N A958R - EAEERMANT > FTAR FEEH G - &
FE A (R B A EREA AT 8
1. Choose any cell such that the cell and all its adjacent cells are white.
EE— e e R 2 0 a1 -
2. Paint the chosen cell black.
TRERARS T AR
Alice plays first and if a player cannot make a valid move, they lose.
Note: two cells are adjacent to each other if they share a common edge.

EREASET - IRAMRLAGENT D » MR gimaiEises -
it - WERFIERS THEA AR > et E Y -

For example, when N = 3, Alice can paint the cell 2 black and win since Bob has no valid moves after that.
BYIE N = 3K > BRG] DIERS T 2 HER G - SSRGS ERSEHEE > NAROIAEE
BT -

1 | 2 | 3 — 1!3

If both players play optimally, can Alice win the following games? If yes, find any winning first move and write

down the cell’s number. If no, write down 0.
e A g EmED - IEERAAER LTRSS ? R AT LL » S5kt — P g2 2B Es
— S AE FAE TRV - WRATTLL 3FELE0 -

N =4: Gl

Answer & Z: Gl G2 (1 mark 47)

Answer ZZ&: H1 H2 (1.5 marks 47°)

J-15
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Consider the following program: 2% & DL NFEFE

C++

int main() {
for (int x = 0; x < 9; ++x) {
for (int y = 0; y <9; ++y) {
cout << ( I, J, K ?2 000 /Y,
}
cout << endl;
}
}

Complete the program so that it outputs the following:

TR RS R DL M -

CGHL L UHL
HL L LHL
HHH#BRHHH
LLHLLLHL
LGHLLLHL
GHLLLHL
HUHARBHHH
R
LHL L UH L
Answer B Z: I (1.5 marks 47")

Complete the program so that it outputs the following:

TR AR DL T i

H#HHHH#
Hovwonn #
Hovwnnn #
H.o.o.o.... #
H.ooooo.. #
Hovooon #
Hevwunn #
Hevwwnn #
HAHHHHBHHIE
Answer ZZ£: J (1.5 marks 47")

Heat Event {JJ%£

Junior Group #JJ4%4H
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Complete the program so that it outputs the following:

FERGE P EHAE LU Bt

oo o

H#H# | HHHH

oo o

S

Answer ZZ&: K (2 marks 47")

In a game of Rock Paper Scissors, two players simultaneously form a shape of Rock, Paper, Scissors with a hand.
For convenience, we represent Rock as 1, Paper as 2, and Scissors as 3. Rock beats Scissors, Paper beats Rock
and Scissors beats Paper. If both players show the same shape, the game ends in a tie.

TE—45 50 T ) A BEAT Bk - W B 22 (B0 F4HCEEE ~ A7~ BTTTRVEAR - RyIrERE R Ba
PRy 10 AR Ry 20 BOT)RoR Ry 3 - A TIEY V] - AT G EE » BYTJFTHUN - AR IR Ay
ToRAEE - RIS /R 45K -

C++

bool AwWins(int a, int b) {
return L ;
}
int main() {
int a, b;
cin >> a >> b;
if (Awins(a, b))
cout << "A Wins";

Alice and Bob play the shapes denoted by integers a and b respectively. Complete the program so that the
program outputs A Wins if and only if Alice wins.

EREGHIAEE 0 BIE HEE S a 1 b FTfonmIIER © SEB2f  [(E1EE BEE EREAIER T - fl
A Wins e

Answer &% L (2 marks 77")
END OF PAPER £%52
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