Hong Kong Olympiad in Informatics
T AR B R B AR U veii 28 2022/23

Heat Event {JJ%£
Senior Group =440

Format J5%Y # Questions FEEH B Total Marks {543
Section A EHEf Multiple Choice % THIERE 25 25
Section B ZZf Fill-in-the-blanks E 75 &8 7 (A -M) 20
Total £843 45

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

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

FERTE CH R THEIIA L M 22

C++

#include <algorithm>
#include <array>
#include <cmath>
#include <cstdlib>
#include <deque>
#include <forward_list>
#include <iostrean>
#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.

(g T ATZ R ERRHE Ubuntu 20.04 0 FH DU N S b HE S T4RE » IMBRET -

GNU G++ (g++-11 11.1.0-1)
g++ -std=c++20 program.cpp -0 program
./program

S-1
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Section A BHEE (25 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 T E S 0 MR EEREENZERS (A~ B~ C~ 5 D) B -
BG4 o BRI -

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

C++

int main() {
char one = '1';
char zero = '0';
char ten = one + zero;
cout << ten;

}

a
1
01
10

Saow»

A graph is shown in the figure below. Each vertex can be colored by either red, blue or green. How many ways
are there to color all the vertices of the following graph such that no two vertices connected by an edge have the
same color?

TEEUR T —EE - S EepRE e DUE BALE > et Hrh—EBHE - H %/ 0T AN DL E
SRR BRI LB 1SR A NI (E S AR R RS A AR R HUBR E ©

6

12
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81

Saow»

Which of the following cannot be used as a variable name in C++?

DUR#EIE » WHMEARENE B C++ By E 4 F ?

A. hkoi

B. next-permutation
C. define

D
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4.  What is the output of the following program? DA F& AV H 2 8% 2

C++

int main() {
int cnt = 0;
for (int 1 = 0; 1 <=10; ++i) {
for (int j = 0; j < 10; ++j) {
if (1%2==08&8% j %2 ==0)

++cnt;
}
}
cout << cnt;
}

A. 25
B. 30
C. 36
D. 110

5. The following operations are performed on a singly linked list of 100,000 numbers. Order the operations from
the fastest to the slowest according to the most reasonable approximation of the order of time needed to perform
them.

$f 100,000 {8 HY BE [F) LRI T LU T HRIF - MRIBRTIRF IR GEMEE > 1 DU TR IFRE s T3 5 f%
R o

. Search whether the number 5 exists in the linked list.
BT S B ORISR -
il. Insert a number 10 at the front of the linked list.
TEHER AR EE A — @ 10 -
1. Sort the linked list in ascending order using bubble sort.

{58 'S e i T TP R

i, ii, 1ii

A

B. i, i,1ii
C iii, 1, 1l
D

i, ii, 1

6. Which of the following expressions is equivalent to ((NOT C) AND (B OR (NOT B))) OR (A AND C)?
DURMHE—Z232 2081 ((NOT C) AND (B OR (NOT B))) OR (A AND C) (g ?
A. NOT C
B. (NOT C) OR A
C. (NOT C) AND A
D. (NOT C) OR (A OR (NOT B))
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7. What is the output of the following program? L N2 Ay 2 EE ?

C++

int main() {
int a[5] = {4, 1, 3, 2, 0};
int b[5] = {1, 0, 2, 4, 3};
int ans = 0;
for (int 1 = 0; i< 5; ++i) {
for (int j =0; j <5; ++j) {
if (a[i] * b[j] >=1 * j) {

++ans;
}
}
}
cout << ans;
1
A. 8
B. 10
C. 12
D. 14

8. Which of the following statements about sorting an array is true?
DL UREE S 772 R e — R 5 Bt 2 TERFERY 2
i. Counting Sort involves counting the number of occurrences of each value.
TR N TR — (R E B A RE, -
ii. ~ Merge Sort involves splitting the array into two parts.
B HFPERE A R by o7 B RS E R 77 -
iii. Selection Sort involves selecting all elements smaller than a chosen pivot value.
EERRPER S SR T A R R AR B E NIYTT R -
A.  iandiionly HAE i
B.  iandiii only A 1 dii
C ii and iii only WA i1 i dii
D

i, ii and iii i~ i Al i

9. What is the output of the following program? DL N2 Ay H 2 EE ?

C++

int main() {
string s = "\t\\t\\\t\\\\t";
cout << s.length();

}

10
14

Saow»
(o]
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10. If it is raining outside, Alice will bring an umbrella. If it is raining outside and today is a Monday, Bob will be
unhappy. Which of the following statements must be true?
WRSNEAE TR - B E T RAR - WFRSNEE TRE S REEN— @ A E s - UTHE
BRI 2 (TR 2

i. If Alice does not bring an umbrella, it is not raining outside.
WERERESR AR MAR - SNEUZA TR -
ii.  If Bob is not unhappy, it is not raining outside.

WEREHER AL SMARR A T -

iii. If Alice brings an umbrella, Bob will be unhappy.
WUERERESRTIIAR > (ot g =it -

iv. If Bob is unhappy, Alice will bring an umbrella.
WEREE RSB - EREGE AR -

A.  ionly HEI
B. iionly HA i
C. i and iii only A 1A i
D. iandivonly HAE 1Ml iv

11. If the input @ is within valid C++ int range (—23' < a < 23!), which of the following expressions must be true
right before the main function returns?

WRBA o ZIEAR C+ int FEIA (-2°! < a < 2% > DUTRIHEZEE EREERERTOE K E ?

C++

int main() {
int a;
cin >> a;
int b=a>> 1;
int c =b<<1;

}

i a==c

il. a>b

1ii. b I=c
A.  ionly HE i
B. iionly HAIii
C. iiionly 7 i
D None of them 4t

12. What is the 55™ smallest positive integer that only consists of digits 1, 3 and 7?
A A B 1~ 371 7 4RSS 55 /NEREELE ?

A. 1337
B. 1371
C. 3317
D 7111



Hong Kong Olympiad in Informatics Heat Event #J)%%
FE RS RAMUT ER EE 2022/23 Senior Group =5 4%4H

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

C++

int f(int a, int b) {

if (a == 0) return b;

if (b == 0) return a;

return f(a, b / 2) + f(a / 2, b);
}
int main() {

cout << f(3, 4);
}

13
14
16
17

Saow»

14. DeepMind has recently developed an Artificial Intelligence program, AlphaCode, to solve competitive program-
ming tasks in a fully automated manner. Which of the following descriptions about AlphaCode is the most
appropriate?

DeepMind f Tt & | —{E o] DA% B B {C iR e B4R A2 i R AN T YBEFZZC AlphaCode DU I—{E
F G AlphaCode R E ?

A. AlphaCode can correctly solve all competitive programming tasks in the world.
AlphaCode 1] DLIEREHN i At 5 A i B Rt

B. AlphaCode learns from previous tasks and programs written by other competitive programmers.
AlphaCode ¢ 1EHYRE H A M s E Rt 2 iR Ui 2 -

C. No training is needed for AlphaCode since it can directly parse the problem statements and translate

them into programs.

AlphaCode FEEZELLHIEATFILGK - R AE R NE BT ERCE - M BRERIES -

D. AlphaCode can only generate programs that does not use recursion.

AlphaCode A u] DA A i AR B AV RS

15. What is the output of the following program? 1 N2 gAY HE -2 2

C++

int main() {
int n = 2023;
while (n % 4 == 3) {
n=(n/2)*2-3;

}
cout << n;
}
A. -3
B. -1
C. 2020
D.  The program will not terminate 3% f2 A& 4% 1k
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The contents of array arr is initially [3, 2, 6, 4, 1, 5]. Define a swap as choosing two adjacent cle-
ments, then swapping their values. Which of the following are true?

Bl arr 502 [3, 2, 6, 4, 1, 5] EFR TSRS EIERIEMAEMAY TR - ARMESHEMIVE -
PUT Lt 72 (ERERY 2

1. It is possible to make arr sorted in ascending order using exactly 2022 swaps.
A PAE I EET 2022 RACHARE arr 7+ ReHER -
1i. It is possible to make arr sorted in ascending order using exactly 2023 swaps.
A PABEFIE ST 2023 ZACHARE arr ¥ FHFedkRe -
iii. It is possible to make arr sorted in descending order using exactly 2022 swaps.
AU EY 2022 RACHARE arr $2[ERHET -
A. i only HAEq
B. iandiii only A1 i
C. ii and iii only A i A il
D. i, iiandiii i~ i F i
What is the output of the following program? ) N2 FrHYif H 28 ?
C++
int i, j;
int main() {
j=8;
int c = 0;

for (i =1; 1<=10; i +=2)
for (i =4, i<=j; ++i)

c=c+1;
cout << c;
3
A. 5
B. 10
C. 25
D.  The program will not terminate 3% f2FF A& 4% 11

Alice selects the sequence “Heads, Heads, Tails” while Bob selects the sequence “Tails, Heads, Heads”. A
fair coin is tossed until either Alice’s or Bob’s sequence appears as a consecutive subsequence of the coin toss
outcomes. The player whose sequence appears first wins. What is the probability that Bob wins?
EREGERY TIER > IEA > A o M@ Ry T 0 IER > 1B o RAERHE AR
fEs - EEIE ARSI AR B A RAVEE T 5| IR - Pyl E BRI E R - fafniE
BraER 2% /D ?

A L
4
1
B. -
2
2
C. =
3
3
D. -
4
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19. The following figure shows an undirected graph, where each node is labelled with a letter. Some of the nodes are
safe nodes while the other nodes are unsafe nodes. Given a number on some of the nodes that shows the number
of safe nodes within distance 1 from that node (possibly including the node itself). Which of the followings must
be true?

TER R —E R E o T E AR DL — (T BN o AR = AT A B R LR A
Ao ROy ERE EAeE—EET - AARIBEEZERA AN | WL 26EEE (FJDIEEZERES) - D
NREHSE R E ?

1. Node A is safe. Bi%E A B4 -
ii.  Node C is safe. Hi%h C @4 EnY - B D E F
; DI o S WL I

iii.  Node E is safe. EREE B 2R -

A. ii only HA i

B. iiionly A i C G
C. i and ii only HAE LM

D.  iandiii only A 1 i

20. What is the output of the following program? L F& =AY H 2 E 2

C++

int x;
void f() {
if (x < 0)
return;
if (x%2==1) {
X -= 3;
£();
}
if (x%2==0) {
X -= 2;
(),
}
}

int main() {
x = 15;
f0);

cout << x;

}

-4
-2

Saw»
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21. What is the output of the following program? A F& Ay H 2 8% 2

C++

int main() {
int a = 5;
int b = 3;

int ans = 1;
for (int i = 1; i <= a; ++i) {
int tmp = 0;
for (int j = 1; j <= b; ++j) {
tmp += ans;

}

ans += tmp;
}
cout << ans;

}

A. 16
B. 125
C. 243
D. 1024

22. What is the output of the following program? DA F& =AY H 2 E 2

C++

int main() {
int n = 10;
int x = 0;

int a[n] = {9, 23, 5, 12, 1, 29, 16, 15, 28, 6};
for (int i = n; 1>=0; --i) {
int j =1 << 1i;
if (3 >n) {
continue;
}
X +=7;
inty = 0;
for (int k = 0; k < x; ++k) {
y += a[k];
}
if (y >=79) {
X -=73;
}
}

cout << a[x];

}

16
29

Saow»
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. What is the output of the following program? DL F2 iy H 2 ?

C++

int f(int& a, int b) {
a+=b + 2;
b =3;
return a;
}
int main() {
int a = 1;
int b = 2;
a = f(b, a) + a;
b += a;
cout << b;

8

11
12
13

S0 w>

. Consider the following function: 25 & L | EA#L

C++
int f(int 1, int r) {
intmid = (1 +r) / 2;
intn=r -1+1;
int sum=n * n;
if (1<r) {
sum += f(1, mid) + f(mid + 1, r);
}

return sum;

}

What is the return value of f(1,16)?
agfd £(1,16) AMEENEZTEE ?

A. 341
B. 496
C. 511
D 512

S-10
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A subsequence of a given sequence is a sequence that can be derived by deleting zero or more elements without
changing the order of the remaining elements.

Consider a non-empty subsequence consisting of only digits as a numerical value (e.g. subsequence {1, 2, 3}
will be considered as 123). How many different non-empty subsequences in {1,1,1, 2, 2, 2, 3} is divisible by
2 but not 3? Two subsequences are different if and only if they have their deleted elements at different positions.
— {8 R ARESTIE S 1 e 5 iR KR ZE B 2 TR - 1SR ek N TR AIEE A E P -

R R e BRI E TRy E B ERE (5 {1,2,3} sl EFEIE 123) - HHEERFY
{1,1,1,2,2,2,3} th » HE/MERERFEZETR5F 2 BUEE - (HAZ 3 BUREEL? WE T3 A A
EHEEEMER T AEENITE -

A. 36
B. 39
C. 42
D 56

END OF SECTION A HER52
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Section B ZZf (20 marks 43")

The blanks are labeled from A to M. Please fill in the blanks on the answer sheet.
TRtk A B M > SE{EE AR CEERI T IE FEER -

Note 3T & :

(1) Answers must be in C++. Completed programs shall be compiled and executed according to the procedure
specified on Page 1.
A CH 1EZ  SERBVIRFP A LASE — H 2 P B T 4ReE ST -
(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 -

Alice has IV gift points and she plans to use them to redeem gifts. There are two types of redeemable gifts: gift
A and gift B. Gift A costs pA gift points and has value v A. Gift B costs pB gift points and has value vB.

Alice wants to redeem some gifts, so that their total value is maximized. For each type of gift, she may redeem
zero, one, or more of it. The total number of gift points used must not exceed N.

ERESGA N B TR R ARG - ] RIRAVISY A T © 187 A TS B - 181 A1E
& pAfay » EE vA - BY) BIEHE pB 1857 > {E{E vB -

EREATE A IREYEECEYNEEERK - FEEYRIDULIAEME - —EEE % - SRR
ol N -

(a) Complete the function FindMaxValue(N, pA, VA, pB, VB), so thatitreturns the maximum total value
of the redeemed gifts. Assume that N, pA,vA, pB,vB are integers between 1 and 10000 inclusive.

FEREKE FindMaxvalue(N, pA, VA, pB, vB) - {HEHAR[EAEYIHIERAMEE -

&g N,pA,vA,pB,vB 72 1 £ 10000 (&) HYFEH -

C++

int FindMaxValue(int N, int pA, int vA, int pB, int vB) {
int ans = 0;
for (int xA = 0; XA * pA <= N; ++xA) {
for (int xB = 0; xB * pB <= N; ++xB) {

if ( Al ) {
ans = max(ans, A2 );
3
3
}
return ans;
}
Answer ZZ: Al A2 (1 mark 47)

S-12
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(b) Complete the function FindMaxValueFaster (N, pA, VA, pB, VvB), so that it also returns the max-
imum total value of the redeemed gifts. You may not call FindMaxValue in your answer. Assume that
N,pA,vA,pB,vB are integers between 1 and 10000 inclusive.

SR EL FindMaxvalueFaster (N, pA, VA, pB, vB) » fEHE[EFIXE LISV R AMEE - Aa]
B ZEIPE FindMaxValue » 2% N, pA,vA, pB,vB £ 1 £ 10000 (&) HYEEH -

C++
int FindMaxValueFaster(int N, int pA, int vA, int pB, int vB) {
int ans = 0;
for (int xA = 0; XA * pA <= N; ++xA) {
ans = max(ans, B );
}
return ans;
}
Answer ZZ&: B (1.5 marks 47°)

(c) Suppose now that there is a third type of gift, gift C, which costs pC' gift points and has value vC. Complete the
function FindMaxValueABC(N, pA, VA, pB, vB, pC, vC), so that it returns the maximum total value
of the redeemed gifts. You may call FindMaxValue or FindMaxValueFaster in the answer. Assume that
they have been correctly implemented.

Assume that all parameters are integers between 1 and 10000 inclusive.

BAERKA S =EY C> B1tE pC i) 7k [HER vC - €5 B FindMaxvalueABC(N,
PA, VA, pB, VB, pC, vC) - i FAR[E| A AGYIHY R K LEME - T DIfE % S 0945 FindMaxvalue B
% FindMaxValueFaster - R TMEKEHEEH -

e FTA2EE2 1 £ 10000 (&) HYRREL -

C++

int FindMaxValueABC(int N, int pA, int vA, int pB, int VB,
int pC, int vC) {
int ans = 0;
for (int xA = 0; XA * pA <= N; ++xA) {

ans = max(ans, C );
}
return ans;
}
Answer ZFZE: C (1.5 marks 77")

S-13
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The following program tries to compute the checksum of a string S (variable s) of length 4 consisting of only
uppercase alphabets.

In the calculation, A is regarded as 1, B is regarded as 2, etc, up until Z which is 26. Let .S; be the ¢-th character
of the string S. The checksum of a string S is calculated as (S1)* + (S2)® + (S3)% + S,.

For example, the checksum of the string ABCD is 1% 4- 2% + 32 + 4 = 22,

DTt Eaet BRI PRHHR HRE R 4 BIFRTEE S (R s) AYRSRM -

TEaTE T - A SRRy 1> B A 2, WIS E 2 Z WK 26 - 3% S By eR S BUSE @ 74T - S HY
FRBRAIEI(E L (S1)* + (S2)° + (S3)* + Sy ©

B4 - ABCD HIREERALE 11+ 28 +32 +4 =22 -

Complete the program so that it calculates and outputs the above checksum.
mypow (b, p) is a function that returns the value of b”.

FER AN A S H T R S i DA AOREBRA -

ek & mypow(b, p) EE1EH WP HYE

C++

int main() {
string s;
cin >> s;
int checksum = 0;
for (int 1 = 0; 1< 4; ++i) {

checksum += mypow( D1 , D2 );
}
cout << checksum << endl;
}
Answer ZZE: D1 D2 (1.5 marks 47°)

Find another string of length 4 and consists of only uppercase alphabets other than the string PAGE and have the
same checksum as the string PAGE

ittt —fEbR T PAGE DISNAF AR ST R HRE Ry 4 > HEL PAGE AAHRNERAIAT 74T -

Answer & Z; E (1.5 marks 77")

S-14
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Alice is playing a computer game, and it takes place in the following map with 23

cells: Alice can only walk from S towards E by zigzagging. By walking few steps | E X X
each time, Alice will skip the cells in the middle and land at the cell according to how X
many steps she walks. To win the game, Alice has to walk from cell S, get the key

and arrive cell E. Notice that Alice cannot land at the cells marked with an X and she X X

has to land exactly at the cell with the key in order to get it. o

EREGIEAED— B SY - WEHAEATRA 23 fEAYMhE thaEtT © BREGIEE 37 ¢
PAZFIAE S 1M E » F—IGERP N - BRGEHE IR - R
WRER S BUSTEZAS T F - By TR{SEE > ERGLAR S 18P1T - ZTiR
RCNEE(RE E A - GER - BREMAEISHERA X 1R L B mises | s | ) X4
Saetnyts T EfREE -

If Alice can only walk 6 times and the sequence of number of steps she walks has to be a permutation of {2, 2,

3,4, 5, 6}, please output one possible sequence of Alice winning the game.
WRERELAARERE 6 XX I HMERPEEWVAZLL (2,2, 3,4, 5, 6} HAkBVEEY > SR HH P — T ERE
“hn] DUsmiS sk eIk -

Answer ZZ&: F (1.5 marks 47")

If Alice can walk 1 to 6 (inclusive) steps each time, how many different ways can Alice win the game?
WEREREGEXOILUE 1 6 (&) HEEERESK 0] DU % DA FE BT 2Um S 228K 2

Answer & Z: G (2 marks 47")

Consider implementing a linked list using array, where -1 is used to represent the null pointer, h is the head
pointer, a[ ] stores the values of every linked list node and p[ ] stores the next pointers of every linked list node.
Complete the following program so that f(x) can delete the first x found in a singly linked list. The linked list
remains unchanged if X is not found.

R BEHE R —E % > b -1 AERZE1ES > h 2EfEst > al] fF 7 & —EERERAVEE -
p[] 7 7 EF—(E#RETR TS A N EETRAYTEST -

FERRPATZR > (15 T (x) BIDAMER B [ R th S —{E IR x  AIFRFAE] x - AJJERAERF A -

C++

int h, a[], p[l;
void f(int x) {
if (h = -1 && a[h] == x) {
h = p[h];
return;
}
for (int 1 = h; i !'=-1; i = p[i]) {
if ( H1 && ( H2 = x)) {
H3 ;
return;
}
}

}

Answer & Z£: HI H2 H3 (2 marks 47")

S-15
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Complete the function f such that the program outputs 210.

FERekE T R T 210.

C++

int f(int a) {
return a I ;

}

int main() {
int ans = 0;
for (int i = 1; 1 <=70; ++i) {
ans += f(i);
}

cout << ans;

}

AL

Answer ZZ: I (1.5 marks 47)

Consider the following function: £ &L /&Y -

C++

int f(int n) {
int sum = 0;
for (int 1 = 1; i <= n; ++i)
sum += i & -1i;
return sum;

}

Write down the return value of £(64).
HT f(e4) IEENE -

Answer &2 J (1 mark 47)

Heat Event {JJ%£
Senior Group =440

Without calling the function f, complete the following function g, so that g(n) has the same return value as

f(n) for 1 <n < 10000.

FEANEER R T BYTEI T e FAIREL g @ fEFHEHN 1 < n < 10000 > g(n) A1 f(n) HYEEEMHE -

C++

int g(int n) {
int i = 2;
int sum = K1 ;
while (i <=n) {
sum += K2 ;
i*=2;
}

return sum;

}

Answer & Z&: K1 K2 (2 marks 47")

S-16
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Alice is asked to write a program to calculate the sum of differences of adjacent elements in an array. The
program should first read an integer n, indicating the number of elements in the array, then n integers, which are
the elements in the array. The program should output only one integer, which is the required sum. For example,
when the inputis 3 1 3 4, the program should calculate |1 — 3| 4 |3 — 4], and output 3.

EREAIEOR T — e e Rt B — (B AR R (E T 2R Z EAYZRV4ER - T2 Rp—Pavars 2 A —1E
B o o RBEHTTENEE > AEHIA n BB TR ITE - B AR E - E R
FOREORETERVAER - Bldl > EmAZ 3 1 3 4K BFEZETE (1 -3+ (3 -4] @ Wht&ExE3 -
Alice tries to write the following program to solve the problem:

ERGERS T TP AR ERE

C++

int main() {
int n;
cin >> n;
vector<int> a(n);
for (int i = 09;
i< a.size();
++1)
cin >> a[i];
int sum = 0;
for (int i = 0Q;
i< a.size() - 1;
++1)
sum += abs(a[i] - a[i + 1]);
cout << sum;

}

However, the program contains a bug. When the input is 0, runtime error occurs. Please indicate which line
when the above program executes, runtime error occurs.
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Answer ZZ£: L (1 mark 47)

The bug can be fixed by changing exactly one line. Find the line and correct it so the program can output correctly
for all the following cases:

BEshER AR AT EREIEIE - SRR — 1T R o (S ATA DU S - R Fr B aES T
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Input #igj A Output i
(0] (0]
15 0]
3134 3
520223 5
Line number 178 M1
Correction [ 1F: M2 (2 marks 47)
END OF PAPER £#5¢
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