Hong Kong Olympiad in Informatics Heat Event #J)%%

75 B T S BRAPR VT 508 2021/22 Senior Group =4k 4H
Format J5%Y # Questions FEE & Total Marks {543
Section A EHEf Multiple Choice % THIERE 25 25
Section B Z.Zf Fill-in-the-blanks H 7528 8(A-N) 20
Total £843 45
(1) Assume that all variables without declaration shown in the following program segments have already been

2

3)

declared properly as 32-bit signed integers (Pascal: longint, C/C++: int).
TR R AARAY I E SR - R CEE TS R 32 AT A TRV (Pascal:
longint, C/C++: int) »

The following code is added to the beginning of all C and C++ programs.

TEfTA C fl C++ R HITHEN AL TR Z0s:

C C++

#include <stdio.h> #include <cstdio>

#include <string.h> #include <cmath>

#include <math.h> #include <cstdlib>

#include <stdlib.h> #include <string>

#include <stdbool.h> #include <iostream>
using namespace std;

For C, stdbool.h defines the boolean data type bool and values true (equivalent to 1) and false
(equivalent to 0).

¥4 C > stdbool.h % T MHEEIEER bool M{H true (Z[H 1) K false (%[H 0) »

Other than questions that mention compilation, assume all programs are compiled properly in Ubuntu
20.04 using the compilers and commands below.

br T AR M AmERIE E 29 [Rar AT ERE Ubuntu 20.04 MR DU 4masds ) s < LM AR
RE ©

Pascal: Free Pascal (fp-compiler 3.0.4) fpc program.pas

C: GNU GCC (gcc-4.94.9.4) gcc -std=c99 program.c -o program
C++: GNU G++(g++-4.94.9.4) g++ -std=c++98 program.cpp -0 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 -

Alice is about to conduct word frequency analysis on the Oxford Dictionary, before that Alice makes two guesses:

R IE B R T JUE T T RASPR O © (EMLZ ATERESR TR R (EE R -

. There are more words containing e’ than words containing ’te’ or ’es’.
&F ¢ WFFALEHE © 5 e WTHATS -
ii.  There are more words ending with ’ing’ than words with ’n’ as the second last letter.

Bl ving AASRIIF AN HFRA ' (AR -
Which of the following is correct?
DU Hb—IE 2 IERER 2
A. Both Statements 1 and ii must be true.
ReRi it 1 AR 11 ELIR B EL
B. Both Statements 1 and i1 must be false.
Rttt 1 FORRA ii PR Faflr
C. Statement 1 must be true and Statement ii must be false.
Bt 1 AR R BRI i1 AR Rl

D. The correctness of at least one statement cannot be determined before the word frequency analysis is

conducted.

Z/D—(ERR A BT T R SR M AT AR B -

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

Pascal C C++
var n, i, x: longint; int n, i, Xx; int n, i, Xx;
s: string = 'hkoi.org'; char s[] = "hkoi.org"; string s = "hkoi.org";
begin int main() { int main() {
n := length(s); n = strlen(s); n = s.length();
X = 0; X = 0; X = 0;
for i := 1 to n do for (1 =0; i <n; i++) for (1 =0; i< n; i++)
if (s[i] <> s[n - i + 1]) then if (s[i] !'= s[n - i - 1]) { if (s[i] '=s[n - 1 - 1]) {
begin s[i] = s[n - 1 - 1]; s[i] = s[n - 1 - 1];
s[i] := s[n - 1 + 1]; X++; X++;
inc(x) } }
end; printf("%d", x); cout << Xx;
write(x) return 0; return 0;
end. } }
A. 3
B. 4
C. 6
D. 8
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Consider the undirected graph on the right. What is the minimum number
of edges needed to be deleted so that node 1 and 2 are disconnected? a

S [ 7T PR I - DTN %/ B B A 1 0 2 ‘
AR ? Q e
A ‘o

-
@

wn =~ WD

B.
C.
D

If it is sunny on Sunday, Charlie goes cycling. If Charlie does not go cycling, he studies at home. If Charlie does
not study at home, he fails the test. Given that Charlie has not failed the test, which of the following statements
may be true?

WMREIHEELR » SHEMGEREE - IREHIAEREE il gERPRE - IREHIH
ERFREE > Mgt E A a1 - CAEENENS AR ERE - DU REE R RE f E 2

1. Charlie has studied at home.

BEHAEEZRFRY -

1i. Charlie has gone cycling.

A LR -
iii. It was not sunny on Sunday.
IR ERRK -
i only HAE
i and ii only HAE i
i and iii only A 1 dii
1, i1 and 1ii i~ il i

Sawpy

Which of the following Boolean expressions is not logically equivalent to other Boolean expressions?
DA kA e 2oz 2UB Bt A R 2 i T\ e AR (E 2

A. A OR (NOT B OR NOT C)

B. NOT (((NOT A) AND B) AND C)
C. (A OR NOT B) OR NOT C

D.  ((NOT A) AND B) OR NOT C

Which of the following numbers are equal?
PUR UL 2 A S HY 2
1. 93. 8510

ii. 1011101.110110014
iii. 135.662g

1v. 5C.C916
A.  iandiionly HAE i
B. ii and iii only WA i1 dii
C. i, ii and iii only HAE 1~ 1 i
D. i, iii and iv only =7 ii ~ iii fl iv
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C++

var
a: array[0..9] of longint =
(3, 1, 4, 1, 5,9, 2, 6, 5 3);
i, j, k, s, x: longint;

int a[10] = {3, 1,

2, 6,5, 3};
int i, j, k, s, Xx;
int main() {

4,1, 5,9,

int a[10] = {3, 1,

2, 6,5, 3};
int i, j, k, s, X;
int main() {

4,1, 5,9,

begin X = 0; X =0;
X i=0; for (1 =0; i<=9; it+) for (1 =0; 1i<=9; it+)
for i := 0 to 9 do for (j =1; j <=9; j++) { for (j =1; j<=9; j++) {
for j :=1i to 9 do s =0; s =0;
begin for (k = i; k <= j; k++) for (k = i; k <= j; k++)
s 1= 0; s = s + a[k]; s = s + a[k];
for k :=1i to j do if (s % 2 == 0) if (s % 2 == 0)
s := s + a[k]; X++; X++;
if (s mod 2 = 0) then } }
inc(x) printf("%d", x); cout << x;
end; return 0; return 0;
write(x) } }
end.
A. 25
B. 26
C. 27
D. 28
What is the output of the following program? ) N2 FrHYif H 28k ?
Pascal C C++
var int a[7] = {3, 6, 8, 2, 5, 1, int a[7] = {3, 6, 8, 2, 5, 1,
a: array[0..6] of longint = 2}; 2};
(3, 6,8, 2,5, 1, 2); int f(int x) { int f(int x) {
function f(x: longint): longint; if (x >= 4) if (x >= 4)
begin return a[x]; return a[x];
if (x >= 4) then else { else {
f 1= a[x] a[x] += f(x + 1); a[x] += f(x + 1);
else a[x] += f(x + 2); a[x] += f(x + 2);
begin return a[x]; return a[x];
a[x] := a[x] + f(x + 1); } }
a[x] := a[x] + f(x + 2); } }

f = a[x] int main() { int main() {

end printf("%d", f(0)); cout << f(0);
end; return 0; return 0;
begin } }

write(f(0))
end.

A. 59

B. 84

C. 87

D. 90
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9.  Which of the following statements about Merge Sort and Quicksort is correct?
DU BLESES 7 & R FE R A B R e B 2t 2 TERERY 2
i.  Merge sort does not need to compare the same two elements more than once.
GOt AR R E TR 2 R — 2K -
ii. Quicksort is a comparison-based sorting.
PP 2 LR —7d -
A. ionly RAi
B. iionly HA i
C. iandii i Al ii
D.  None of them Kiiid
10. Givenan array a[100] (Pascal: a[0..99]) of 100 distinct integers. After running the program segment below,
which of the following statements must be true?
(8TE I 100 flEF [E AR EEH R AV E4H a[100] (Pascal: a[0..99]) « fEHIT A MERF B 212 > 5514
IHIRYERER AL E R E 7
Pascal C/C++
for i := 0 to 99 do for (1 = 0; 1 <= 99; it++)
for j := 0 to 99 do for (j = 0; j <=99; j++)
if (a[i] < a[j]) then if (a[i] < a[j]) {
begin temp = a[i];
temp := a[i]; a[i] = a[jl;
a[i] :=a[jl; a[j] = temp;
a[j] := temp }
end
A. The array is sorted in ascending order
BHE N E KR
B. The array is sorted in descending order
BEH R 2/ N
C. a[0] is the largest element of the array
al[o] 2EMHPEARITR
D. The array is reversed
B aH (e
11. Consider the directed graph on the right. If vertices and edges could be

passed through repeatedly, which of the following cannot be the number
of edges passed through walking from vertex 1 to 2?

FZEATT TR A AE o 0] IR AR ERG KaE o HHEREE 1 EH
Btk 2 &RV HYE E A AR DL T IF—IH?

A 42
B. 56 e e
C. 70
D 94
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Alice and Bob are playing a game which requires them to flip some coins. They take turns to play until one wins.
Alice moves first. In her turn she will flip a fair coin. She wins if she gets a head. Otherwise it becomes Bob’s
turn. In his turn he will flip a fair coin twice. He wins if both are heads. Otherwise it becomes Alice’s turn again.
What is the probability that Alice wins?

FREGAIA EAAED— s Ay - MR RbcE @S - B2 b — ABHEL - ERE&AITH
96 o FEMAYEI G R o e (E A IEREHE o AIRMHRE] TN o e I RIRR o & A e e A i R[]
& o AEfARE G e SR IHE—E A R o QSRR T A e TR - SHIE
HXnFZREAEE -

7 [ 52 R AR5 A (e R A2 2 %/ DIE 2

A. 50%
B. 75%
C. 80%
D 87.5%

Consider the following program segment with an unknown function f(x) and a known function g(x).

LA EFEL - E P S —ER AR E T (x) A—EERIRE# g(x) -

Pascal C/C++
function f(x: longint): boolean; bool f(int x) {
begin .. omitted W% ..
. omitted &M& .. 3
end;
function g(x: longint): boolean; bool g(int x) {
begin return f(x) || !f(x);
g := f(x) or not f(x) }
end;

Which of the following is/are true? DL HFIE £ EL ?

L. If f is not recursive, calling g (x) once always calls f(x) exactly twice.
W f WA ZEET - PRI g(x) —ZREAEZIROL £ (x) MEUFRIZR.
1i. No matter what the value of x is, g(x) always returns true.
A x BHE A > g(x) dEEE true -
A. i only HAE
B. ii only HEi
C. iandii i Fl i
D.  None of them Ko
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Pascal C C++
var int stack[2][10]; int stack[2][10];
stack: array[0..1, 0..9] of int t[2]; int t[2];
longint; int i; int i;

t: array[0..1] of longint;
i: longint;

procedure push(i, x: longint);
begin

stack[i][t[1]] := Xx;

t[i] = t[i] + 1
end;

procedure pop(i: longint);
begin

t[i] = t[i] - 21
end;

function query(i: longint):
longint;
begin
query := stack[i][t[i] - 1]
end;

void push(int i, int x) {
stack[1i][t[i]] = x;
t[i] = t[i] + 1;

}

void pop(int i) {
t[i] = t[i] - 1;
}

int query(int i) {
return stack[i][t[i] - 1];
}

void push(int i, int x) {
stack[i][t[1i]] = x;
t[i] = t[i] + 1;

}

void pop(int i) {
t[i] = t[i] - 1;
}

int query(int i) {
return stack[i][t[i] - 1];
3

begin int main() { int main() {
t[o] := 0, t[o] = o, t[e] = 0;
t[1] := 0o, t[1] = 0; t[1] = 0;
push(0, 10); push(@, 10); push(0, 10);
push(0, 9); push(@, 9); push(0, 9);
push(0, 1); push(0, 1); push(e, 1);
push(0, 2); push(0, 2); push(0, 2);
push(0, 3); push(0, 3); push(0, 3);
push(1, 5); push(1, 5); push(1, 5);
for i := 1 to 2022 do for (1 =1; i <=2022; i++) { for (1 =1; i<=2022; i+t+) {
begin if (query(®) < query(1)) { if (query(0) < query(1)) {
if (query(0) < query(1)) then push(1, query(0)); push(1, query(0));
begin pop(0); pop(0);
push(1, query(0)); } }
pop(0) else { else {
end push(@, query(1)); push(0, query(1));
else pop(1); pop(1);
begin } }
push(0, query(1)); } }
pop(1) printf("%d %d", query(0), cout << query(0) << ' ' <<
end query(1)); query(1);
end; return 0; return 0;
write(query(0), ' ', query(1)) } }
end.
A.
B.
C.
D.




15.

Hong Kong Olympiad in Informatics
i AR B R SR AR UE v i 2 2021/22

Consider the following program segment: 25 & DL N FEFBES °

Pascal

C/C++

Heat Event {JJ%£
Senior Group =440

var a: array[0..14] of longint;

function aux(h, t, x: longint): longint;
var mid: longint;
begin
if (h = t) then
begin
if (a[h] = x) then
aux :=h
else
aux := -1
end
else
begin
mid := (h + t) div 2;
if (a[mid] < x) then
aux := aux(mid + 1, t, x)
else if (a[mid] > x) then
aux := aux(h, mid - 1, x)
else
aux := mid
end
end;

function search(x: longint): longint;
begin

search := aux(0, 14, x)
end;

int a[15];

int aux(int h, int t, int x) {
int mid;
if (h=1t) {
if (a[h] == x)
return h;
else
return -1;
} else {
mid = (h +t) / 2;
if (a[mid] < x)
return aux(mid + 1, t, x);
else if (a[mid] > x)
return aux(h, mid - 1, x);
else
return mid;

int search(int x) {
return aux(0, 14, x);

}

Assume a[0]..a[14] contains 15 distinct integers between 1 and 100 inclusive, sorted in ascending order.

How many times will function aux be called when executing the following program segment?

[ al0]..a[14] A 15 8 | /1100 2 (&) REWES « TR NEAHES] - B0 TR ESS -

BB aux GBI/ DR ?

Pascal

C/C++

for i := 1 to 100 do

for (1 = 1; 1 <=100; i++)

search(i); search(i);

A. 374

B. 389

C. 474

D.  No sufficient information to determine. &} A g i) £ HET -
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Let a be a permutation of {1,2,...,10}. There are 10 chairs, numbered from 1 to 10, in a room. On each chair

1, there is a sign with the number a;. Now 10 students, also numbered from 1 to 10, enter the room. Initially,
student ¢ sits on chair ¢ for all integers 1 < ¢ < 10. In each step, the person currently on chair ¢ moves to chair
a;. All students move at the same time.

After IV steps, for the first time, student ¢ is on chair ¢ for all integers 1 < ¢ < 10. If the students are allowed to
choose the permutation a, what is the largest possible value of V?

#asE{1,2,...,10} BYHEFN - SRR 10 5B+ » 4R90¢ 1 2 10 - fEfgsRiS 0 b #A A
F a; BIREEE o BIEA 10 HE24E A BHE - MMBvgmIthee 1 £ 10 < fBy) - BNATAREE 1 <i <10
B FAER T b TR ERIBER T | ERVRAEBEEIR T o - FTARAERTEE) -

{E N B 21858 —REEETAFTARE 1 < i <10 > 24 FBER T DAYEN - MR A4 55
Fla N WRKEZZD?

A. 24
B. 30
C. 32
D. 36

Consider a graph with 4 vertices. For each pair of vertices, there exists an undirected edge between them with
probability % independently. What is the probability that the graph contains only one cycle?

ER—EEA 4 [HESNE - ST BEA 5 R —RERE - EHEE R Ee—(EE
HIREREZ D ?

)
A. o1
7
B. 61
17
C. o1
19
D. 61

Consider indefinitely rolling a fair 12-face die, which its faces are numbered as 1 to 12. Which of the followings
is/are true?

R —E AT 12 [T HERE#IEES 1| £ 12 - DITREAE ?

. The expected required number of rolls for the following event to occur is 12: the face numbered 1
appears for the first time.
A LUNEM > TR R TR ER 12 © R85 1 RS —X -

ii. The probability of the following event to occur is 0.5: the face numbered 1 appears at least once in
the first 6 rolls.

PUN SRS ERIRE 0.5 - /25 6 IR > 1R8N | EtHED—R -

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

var
X, Y, i, n: longint;
a: array[0..999999] of longint;
begin
read(n);
a[0] :=n;
X = 0;
y = 1;
while (x < y) do
begin
for i
begin
aly] :=a[x] - 1;
inc(y)
end;
inc(x)
end;
write(y)
end.

:= 1 to a[x] do

int x, y, i, n;

int a[1000000];

int main() {
scanf("%d", &n);

a[e] = n;
X =0,
y=1;

while (x <vy) {

for (1 =1; i <= a[x];

aly] = a[x] - 1;
y++;
}
X++;
}
printf("%d", vy);
return 0;

}

i++) {

int x, y, i, n;
int a[1000000];
int main() {

cin >> n;

a[0] = n;

X =0,

y=1;

while (x <vy) {

for (1 =1; i <= a[x];
it+) {

a[x] - 1;

aly]
y+t;
}
X++;
}
cout << y;
return 0;

}

What is the output of the program if the input is 2?
EHEAZ 2 ERR R 2 EE?

S0 w>
o g~ w

Refer to the previous question, what is the output of the program if the input is 7?

R HWAR T AR S

A. 5040
B. 13700
C. 66320
D. 873612

What is the number of different ways to represent 10 as summation of only integers 1, 2, 4, or 8? Two ways with
the same integers in different order (for example, 1+1+8 and 8+1+1) are considered two different ways.

A%/ DREREFTER DR 1 - 2~ 4 50 8 4RI T2 10 7 Wit DA 6] 20 (50 FHAH [E 2 By
J37E (Bl 1+1+8 B 8+1+1) R ByRifEA[EJ70% -

A. 98

B. 169
C. 174
D. 192

S-10
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Consider a tree where all vertices either have degree 1 or degree 4. Which of the following statements must be

true?

e — IR ERIFTATERERIREfs 1 8 4 » DUNR— Rt b B E 2

I The number of vertices with degree 1 is always even.
JE By 1 AYTHREE A2 AR -
il. The total number of vertices cannot be a multiple of 3.

THESHRECNRE S 3 HUMEEL -

AR

What is the output of the following program? D N2 A H 2 -8k 2

A. i only HAEq
B.  iionly HAE i
C. iand ii i A i
D.  None of them 4t

Pascal C C++
var int a[5][5] = { int a[5][5] = {
a: array[0..4, 0..4] of {14, 9, 21, 1, 9}, {14, 9, 21, 1, 9},
longint = ( {3 2, 8 19, 6}, {3, 2, 8, 19, 6},
(14, 9, 21, 1, 9), {7, 0,16, 15, 30}, {7, 0,16, 15, 30},
(3 2 8 19, 6), { 4, 27, 31, 10, 11}, { 4, 27, 31, 10, 11},
(7, 0,16, 15, 30), {3 4, 5 6, 7} {3 4, 5 6 7}
( 4, 27, 31, 10, 11), }; };
(3, 4, 5 6, 7)); int x, y, c, d; int x, y, c, d;
X, ¥, ¢, d: longint; int main() { int main() {
begin X = 0; X = 0,
X 1= 0; y =0; y =0;
y = 0; c =0, c =0,
Cc :=0; d=20; d=0;
d :=0; while ((x < 5) & (y < 5)) { while ((x < 5) & (y < 5)) {
while ((x < 5) and (y < 5)) do c =c + a[x][yl; c =c + a[x][yl;
begin d=1<<x; d=1<<x;
c i=c + a[x][yl; d = a[x]ly] & d; d = a[x][y] & d;
d :=1 shl x; if (d > 0) if (d > 0)
d := a[x][y] and d; X =X+1; X =X+ 1;
if (d > 0) then else else
Xi=x+1 y=y+1; y=y+1;
else } }
yi=y+1 printf("%d", c); cout << c;
end; return 0; return 0;
write(c) } }
end.
A. 7
B. 54
C. 79
D. 95
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24. In Chess, bishops attack diagonally (see diagram below). At most how many bishops can be placedona 7 x 8

chessboard, so that no two bishops attack one another?

B SRR > B (UEELD DT E (ATED - 5587E 7 x 8 Byffi E -

AR O EE ?

8

12
14
15

Saow»

25. Consider the following program segment: & & DL NERFEL ¢

ST EZ e

Pascal C/C+t+
function f(x: longint): longint; int f(int x) {
begin if (x == 1)
if (x = 1) then return 1;
f:i=1 else
else return f(x / 2) + f(x / 2)

f = f(x div 2) + f(x div 2)
+ ((x + 1) div 2) * ((x + 1) div 2)

end;

+ ((x+1)/2) * ((x+1)/2);

What is the value of £(32)? 3k £(32) HY{H -

A. 496
B. 512
C. 528
D 639

END OF SECTION A HEg5E

S-12
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Section B ZZf (20 marks 43")
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The blanks are labeled from A to N. Please fill in the blanks on the answer sheet.

A ER T Ala Ry A EN

Note 3T & :

STE R B, BT L -

Heat Event {JJ%£
et EEl

(1) Select exactly one programming language on the Answer Sheet. Answers must be in that language.

T RLE B RN AR — 4R R

Evi=—s
om0 L

HEEH

ot e (FE °

(2) For C and C++, you must not use the ?: operator

ey
AL ZEL
=

Y C Je Crt af DUEE 2

/—-/— —

EETT

o

(3) You must not use any library function unless the appropriate library has been included. (See Page 1)

PRIFE E A BECHG [ (RE—)

A ZA ] DUELE (o R SR P O R L

(4) You can write only one character in each box on the answer sheet.

P ax

ZRAAR EEE M A R E— T
®)

2

|:17|—<

Answers must not exceed the designated number of boxes.

KRIEAF L&A MEEE -

(6) Write legibly. Unrecognizable answers will be regarded as incorrect.

FREAUMIEA R - ORI 2 B ES

(7) Ifblank X is divided into N parts X1, X2, ...,

XN are all correct.

UIEZERE X 438 N ER ) X1~ X2~ ...

Complete the blanks below, so that g(a, b) returns the value of a®. It is guaranteed that a,b > 0, a® < 231 —

20 RA

PH oo ©

~ XN HREE X~ X2

SERUAT R » #15 g(a, b) BOEREIE S o° - EEFEE a,b > 0,ab <231 — 1o

XN, it means that marks will only be given when X1, X2, ...,

# IIERE B4 -

1.

Pascal C/C+t+
function f(a, b, c: longint): longint; int f(int a, int b, int c) {
begin if (b == 0)
if (b = 0) then return Al ;
f = Al else if ((b & 1) '=0)
else if ((b and 1) <> 0) then return f(a *a, b/ 2, ¢ * a);
f:=f(a*a bdiv2, a * c) else
else return f(a * a, b / 2, A2 );
f:=f(a*a bdiv 2, A2 ) }
end;
int g(int a, int b) {
function g(a, b: longint): longint; return f(a, b, A3 );
begin 3
g := f(a, b, A3 )
end;
Answer ZZ: Al A2 A3 (2 marks 77°)
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2. Consider the following 8 x8 maze. The arrow represents Alice. ZELLT 8x8 #K= - FHlHCREFELA -

Alice is facing the direction that the arrow is pointing, and would like to walk in the maze. In each move, she
may only perform either one of the following actions:
ERESIR IS AT - WAHEREEITE - F—F 0 A DUET DU B —FR(E
1. Walk to the cell in front of her, or
[T RS TR Bl - B
2. Rotate 90 degrees clockwise and immediately walk to the cell in front of her.
MRS S et 90 2 ML BRI it 77 HUAS TR E) -
She may perform an action only if it does not make her walk into a black cell (she cannot perform the rotation
only and not move forward). She can move to the cells that she has visited and the path may end at any cell. The
starting cell is considered visited.
HATEZIRER G ML B E R ERRE T - W BEETaZ IR0 (U REE R Tie A AT E) -
ﬂTuﬁwE%ﬂﬁ BEYIETRE) > MRS DIEERE 15¢4E - IRV T EFE 255 -

A cell is reachable by Alice if and only if there exists a valid path along which Alice visited the cell. What is
the number of cells that are reachable by Alice?

—{EREFREA I E B2 B BEBE A —EA SIS - RS EEBAR BT - 7T DI
ERGIRENR TEERZZ /D ?

Answer & Z: B (1 mark 47)

What is the maximum number of different cells that Alice can visit in a single valid path? The starting cell
is included.

TEE—RRA MRS IR - BEGR S TR 2/ MERE RS T 2 G Einivf1 -

Answer &2 C (1 mark 47)
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In a game, there is a game board of n rows and m columns, a monster is located on each cell. A warrior is located

at (x,y), meaning the 2" row and 3" column. He has two attack modes: s-attack and e-attack.

With s-attack, he can kill all monsters on the diagonal from top left to bottom right passing through (x, y).

With e-attack, he can kill all monsters on the diagonal from top right to bottom left passing through (X, y).

—E#Ek R - WA n T m SIS B EEA—EEY - A -EERLSE (x,y) > BIE% e
17~ 28 y FIHURE 1 o A RIPET B 2 ¢ s-I R A - T -
R s- T - o] DIRSERT A S /o E2A T~ HEG#E (x,y) BURMRAVEEDY) -
] e- T8 - ] DURTEFTA S iaiet 2/ T HEEE (x,y) BURKRRYEEY) -

Refer to the following diagram. The warrior is located at (2, 3), denoted as X.

With s-attack, He can kill all the monsters on cells denoted as S, including (2, 3).

With e-attack, He can kill all the monsters on cells denoted as E, including (2, 3).
2% T E > LR (2,3)  BIA XIEARET -
M -T2 - o] RSERT A B A S fRaCautsFIvEEY) - B (2,3) -
i e- T8I - o DUSEFT A SR E R FaviEy > B& (2,3) -

al ) E
2 X
3 E S
4 E S
5 S
Pascal C C++
procedure attack s(n, m, X, y: void attack_s(int n, int m, int void attack_s(int n, int m, int
longint); X, int y) { X, int y) {
var int i, j; int i, j;
i, j: longint; for (i =1; i <= n; i++) for (1 =1; i <= n; i++)
begin for (j = 1; j <= m; j+) for (j =1; j <= m; j++)
for i :=1 tondo if ( D ) if ( D )
for j := 1 tomdo printf("%d,%d\n", i, j); cout << i << ", " << j <<
if ( D ) then ||} endl;
writeln(i, ',"', j) }
end;

Complete the function attack_s such that it outputs the coordinates of all monsters that the warrior can kill

with s-attack, including (x,

y).

FEREKEL attack_s fEHEGHFTA o] ISR G s- B RSTHYEY IR - BE& (x,y) -

o

Answer ZZ: D

(1 mark 47")
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Pascal C C++
procedure attack e(n, m, X, y: void attack_e(int n, int m, int void attack_e(int n, int m, int
longint); x, int y) { X, int y) {
var int i, j; int i, j;
i, j: longint; for (1 =1; i <=n; i++) for (1 =1; i <=n; it++)
begin for (j =1; j <=m; j++) for (j =1; j <=m; j++)
for i :=1 tondo if ( E ) if ( E )
for j :=1 tom do printf("%d,%d\n", i, j); cout << i << "," << j <<
if ( E ) then ||} endl;
writeln(i, ',', j) }
end;

Complete the function attack_e such that it outputs the coordinates of all monsters that the warrior can kill
with e-attack, including (X, y).

FERREKEL attack_e (EHEGHFTA O] IS 6 o BIBRSTHYEEMAVERE - /& (X, y)

>

Answer & Z: E (1 mark 47)

Alice and Peter are playing a game of numbers! Rules of the game are as follows:

/J\E#%D/J\E{HIEEEJ_AE%Z?%EX ' ﬁ%ﬁ%ﬁﬁﬂﬁﬂ? :

In the beginning of the game, each of Alice and Peter has an array of n integers. Alice and Peter take turns to
remove an element from their array, with Alice being the first to move. The game ends when there is one element
remaining in each of Alice’s and Peter’s array.

TERHERBAYERT - /N A NI A — BRI Ry n BYEEHE - /NS A NI R O R 2% B B AV B B —1E T
0 /NGFSEAT o B/ NP NERAYEAE AR R R —E T AR o BESAS R

Alice tries to maximise the absolute difference of the 2 remaining elements, while Peter tries to minimise it.
Suppose Alice and Peter both play optimally, find the absolute difference of the remaining elements.

NFE R BB 2 TTRAVAEEE - T/ NHESIEEBrIME © FRa NEFR R I A BRI - 55
&ﬁtﬁﬁﬁﬁﬁjﬂa%m?mﬁ Pz

Given Alice’s array is {2, 6, 7,11} and Peter’s array is {3, 9, 13, 14} what is the resulting absolute difference?

CHVINGFEEE By {2,6, 7,11} » /NEHEVEAE B {3, 9,13, 14} - S5 BRAE R PRI BR T =AU 4B 22 -
Answer & Z: F (1 mark 47)

Given Alice’s array is {3, 4, 12,19, 25, 34, 36, 37, 55, 66 } and Peter’s array is {6, 9, 16, 23, 29, 31, 43, 54, 60, 70},
what is the resulting absolute difference?
LA/ NSRS A B4H B {3,4,12,19,25,34,36,37,55,66) » /NIHEIEAE B {6,9,16,23,29, 31,43, 54,60, 70}
s P B R AS TR IS R BT 2R V4B -

Answer & Z: G (2.5 marks 47)
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Consider the following function: £ &L k&) -

Pascal C/C++
function multiply(x, y: longint): longint; 41|int multiply(int x, int y) {
var 42| int ans = 0;
ans: longint; 43| while (x > 0)
begin 44| {
ans := 0; 45 if (x % 2==1)
while (x > 0) do 46 ans = ans +vy;
begin 47 X=x/2;
if (x mod 2 = 1) then 48| }
ans := ans + vy, 49| return ans;
X = x div 2 50|}
end; 51
multiply := ans 52
end; 53

The multiply function above attempts to calculate the product of two integers x and y. However, there is a
bug in the function.

PLEZ multiply sRECERAETHE x Ky HUSEFE - HILRE &R —ihaR

Write down the return value of multiply (2021, 2021).
BN multiply (2021, 2021) HYfEH[EE -

Answer & Z: H (1 mark 47)

The bug can be fixed by changing exactly one line. Find the line and correct it WITHOUT using asterisk (*) so
that the function correctly returns the product xy for all integers 1 < z,y < 10%.

BESEIR A RE L —1TEREIEIE - FEARBEREST () BYBILT » Sk i D e (A5 ef B A [y
AEH1<z,y< 104 THHYIERE 2y

Line number 1785:
Correction [ 1F: 12 (2 marks 47)

Consider the following functions: &L e/ EL

Pascal C/C++
function f(): longint; int f() {
begin .. omitted & ..
. omitted &g .. 3}
end;
function g(): longint; int g() {
begin return J ;
g := J }
end;

Function f () returns a random integer between 0 and 99 inclusive uniformly and independently. Complete
function g () such that it returns a random integer between 0 and 79 inclusive uniformly and independently.

PR T () 1955 RIETTHFEIREE—1E 0 2 99 (&) BYTEEL - 5eRierEl g () (HHIYE KB T st fEig e m—
8 0 2 79 (&) HUREH -

Answer ZZ&: J (1.5 marks 47°)
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Consider the following function: £ &L k&) -

Pascal C/C++
function f(x: longint): longint; int f(int x) {
var y: longint; inty = 0;
begin if (x < 10)
y = 0; return x;
if (x < 10) then else {
fi=x while (x > 0) {
else y =y +Xx%10;
begin X =X / 10;
while (x > 0) do }
begin return f(y);
y :=y + x mod 10; }
X = x div 10 }
end;
= 1(y)
end
end;

For how many integers = where 1 < x < 2021 does f(x) return 1?
HZ/ 1 <o <2021 FRYEE « {15 £ (x) {EE] 1?

K

KL 2,
Answer & 2%

(1.5 marks 47)

The following program uses the function f above. What is the output of the program?

PATNERe R T LA ERIRREL T A2 e A 2 (2 7

Pascal C C++

var int a[20][20]; int a[20][20];
a: array[0..19, 0..19] of int i, j, sum; int i, j, sum;

longint; int main() { int main() {

i, j, sum: longint; for (1 =0; 1i<=19; i++) { for (1 =0; 1i<=19; it++) {
begin a[il[e] = 1, a[i][e] = 1;
for i := 0 to 19 do for (j =1; j <=19; j++) for (j =1; j <=19; j++)
begin a[i][j] = o; a[i][j] = ©;
a[i, 0] :=1; } }
for j := 1 to 19 do sum = 0; sum = 0;

a[i, j] := o0 for (1 =1; 1 <=19; i++) for (i =1; i <=19; i++)
end; for (j =1; j <=1, j++) for (j =1; j <=1; j++)
sum := 0; a[i][j] = a[i - 1][]] a[i][j] = a[i - 1][]]
for i := 1 to 19 do +a[i - 1][j - 11; + a[i - 1]1[j - 11;

for j :=1 to i do for (i =1; i <=19; i++) for (1 = 1; i <=19; it++)

a[i, j] :=a[i - 1, 3] sum = sum + a[19][i]; sum = sum + a[19][i];

+af[i-1, j-1]; printf("%d", f(sum)); cout << f(sum);
for i := 1 to 19 do return 0; return O;
sum := sum + a[19, i]; } }
write(f(sum))
end.

KL 2,
Answer &-2£:

L

(1.5 marks 47)
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Ina game, NV participants, one by one in order, cross a bridge formed by K pairs of indistinguishable glass panels.
At the beginning of the game, participants know nothing about how the glass panels are set up, except for the
fact that: for every pair of glass panels, one of them is tempered glass which can support participant’s weight,
and another one is fragile glass which cannot.

E— {8 > N AR — il — R K SHE D WY BRI ARG - fEBESBRIANT » Tt R
A HIZEIFEN S A EOERY - A AR08 B Bt - Hoh—8 Ry o] DURTE It E = AY5R1E
IS ~ SR BRI AT DL -

The 2nd pair of glass panels
EHIFIER

AL
@@@@@@@ DD' DDDD The other end

[ W LTI Sl

An example of N = 7, K = 8 Hyf§l+

In every step, a participant chooses one panel from the next pair to step on. When a participant steps on a fragile
glass panel, the panel breaks and the participant gets eliminated. If steps on a tempered glass panel, the participant
continues to the next step. A participant wins when arrives at the other end of the bridge. Assume all participants
are smart and only aim for their personal win, and they can see which panels are broken and the decisions made
by participants in front of them.

iR —H T — BB P R EH 8 - B Ui L AN - BB IR
BREK - ERCBEERIEE T —F - iR S — IS (R - B AR S 2
HEEA H A DLE CRIB I A R - AMT7R e A B R BEE DU AT T A HAhET R HRE -

For the questions below, if the answer is not an integer, express the answer using reduced fraction.
HALUNRE A& IR s5 AR TR E R -

What is the expected number of winning participants when N = 2 and K = 2?
EN=2MK=2K  BHEHEEHVHZEZERE?

Answer & Z£: M (1 mark 47)

What is the expected number of winning participants when N = 7 and K = 8?
BN =TH K =8 BFHEtxEEHIEEZEE?

Answer &% N (2 marks 47)
END OF PAPER £4&5%
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