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(1) Assume that all variables without declaration shown in the following program segments have already been
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) e

(2) 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) »

(3) Other than questions that mention compilation, assume all programs are compiled properly in Ubuntu
16.04 using the compilers and commands below.
br T AR M AmERIE E 29 > [RarFTATRFFEE Ubuntu 16.04 "N DU 4masds ) s < LM AR
RE ©

Pascal: Free Pascal (fp-compiler 3.0.0) fpc program.pas

C: GNU GCC (gcc-4.94.9.3) gcc -std=c99 program.c -o program
C++: GNU G+t (g++-4.94.9.3) g++ -std=c++98 program.cpp -0 program
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Section A BHEE (25 marks 43)

Heat Event {JJ%£
Senior Group =440

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.

af by DY E— R EE S

BG4 B -

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

PR E AR EAYZERE (A~ B~ C~ 5 D) Hif -

Pascal C C++
var int a, b, c, d; int a, b, c, d;
a, b, ¢, d: longint; int main() { int main() {
begin a=-4%5; a=-4%5;
a = -4 mod 5; b=-3%-2; b=-3%-2;
b := -3 mod -2; cC=6%4,; cC=6%4,
Cc := 6 mod 4; d=a* (b+c); d=a* (b+c);
d:=a* (b +c); printf("%d", -d); cout << -d;
write(-d) return 0; return 0;
end. } }
A. -4
B. -12
C. 4
D. 12
Consider the following program: 2% & DL NFEFE
Pascal C C++
var int a[5] = {0, 9, 7, 3, 5}; int a[5] = {0, 9, 7, 3, 5};

a: array[0..4] of longint =
(0, 9, 7, 3, 5);
i, answer: longint;

begin
read(a[0]);
answer := 0;
for i :=1 to 4 do

if (a[i] < answer) then
answer := 1i;
write(answer)
end.

int i, answer;

int main() {
scanf("%d", &a[0]);
answer = 0;
for (1 =1; i<=4; it+)

if (a[i] < answer)
answer = 1i;

printf("%d", answer);
return 0;

}

int i, answer;
int main() {
cin >> a[0];
answer = 0;
for (1 =1; i<=4; i++)
if (a[i] < answer)

answer = 1i;
cout << answer;
return O;

}

How many integer inputs between 0 and 10 (inclusive) are there, so that the program will output 07

sA A 2/ DETF 0 M 10 2 (&) WEBEEmA - gEErFmELio?

A. 0
B 3
C. 4
D 11
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What is the output of the following program? DL NFE gAYt 4 22 ?

Heat Event {JJ%£
Senior Group =440

Pascal C C++
var int dx[8] = int dx[8] =
dx: array[0..7] of longint = {3, 2, 5, 4, 1, 6, 2, 43}; {3, 2, 5, 4, 1, 6, 2, 4};
(3, 2,5 4,1, 6, 2, 4); int dy[8] = int dy[8] =

dy: array[0..7] of longint =
(21 5/ 3/ 1/ 4/ 2[ 7/ 3);
X, Y, XX, yy, i: longint;

{2I 5[ 3[ 1[ 4[ 2! 7/ 3};
int x, y, xx, yy, i;
int main() {

{2I 5’ 3[ 1/ 4’ 2I 7’ 3};

int x, y, xx, yy, i;
int main() {

begin X =0; X = 0;
X 1= 0; y = 0; y =0;
y 1= 0; for (1 =1; i <=100; i++) { for (1 =1; i <=100; i++) {
for i := 1 to 100 do xx = dx[x]; xx = dx[x];
begin yy = dy[yl; yy = dy[yl;
xx = dx[x]; X = (X + xXx) % 8; X = (X + xXX) % 8;
yy = dy[yl; y=(y +vy) %8; y=(y+vy) %8;
X = (X + xx) mod 8; } }
y := (y + yy) mod 8 printf("%d %d", X, y); cout << x << " " <« y;
end; return 0; return 0;
write(x, ' ', y) }
end.
A. 7
B.
C.
D.

Which of the following expressions is equivalent to (NOT (A AND (NOT B OR C)))?
PUFI—22 081 (NOT (A AND (NOT B OR C))) g ?

A. NOT A OR (B OR NOT C)

B.
C.
D

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

There will be a party next week.

TR SR -

If Bob goes, Alice will go.
WEGEE S - RS RS E TR -
If Bob does not go, Charlie will not go.
NS EEAR I - AR & I -

Which of the following statements must be true?

LU IR —{ERR AL R E 72

A.

B.
C.
D

If Alice goes, Charlie must go.
If Charlie goes, Alice must go.
L -

Bob will go.
Alice will go.

AR ERGLNE - A A -
FUEREHUE - SRS -
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Consider the following program: 2% & DL NFEFE

Heat Event {JJ%£
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Pascal C/C++
var int a[100];
a: array[0..99] of longint; int i;
i: longint; int main() {
begin a[e] = o;
a[o] := o, a[1] = 1,
a[1] := 1, for (i = 2; i <= 99; i++)

for i := 2 to 99 do
a[i] := a[i - 1] + a[i - 2]
end.

a[i] = a[i - 1] + a[i - 2];
return Q;

}

When calculating the value of which of the followings, integer overflow occurs the first time?

EETRLUTWRERER - ER B EBET 7

A. a[31]
B. a[4a7]
C. a[93]
D.

Integer overflow does not occur. }& 75 HFRELH L -

Which of the following graph(s) contains at least one path that visits every edge exactly once?

LU bl A A 2 /D — RS > (SR PRB A gah e —2 2

1. ® 1i.

o /e ¢
A. i only HA
B. ii only HA i
C. iii only HA il
D. i, ii only HAE 1l

Consider the undirected graph consisting of 3 connected compo-
nents, as shown on the right. How many ways to add 2 edges such
that the graph becomes one single connected component?

ZREATT RN 3 {8 ) S A e E - A 2/ DA

AN 2 fRiE - (IS ILIE S B — (A & 7

16
24
36
48

S0 w>

iil.

79 ¢
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Consider the following function: £ &L k&) -

Pascal
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C/C++

function f(n: longint): longint;
var result, i: longint;

int f(int n) {
int result, i;

begin result = 0;
result := 0; for (i =1; i <=n; it+)
for i :=1 tondo if ((i & 31) == 31)
if ((1 and 31) = 31) then result = result + i;
result := result + i; return result;
f := result }
end;
What is the return value of £(125)?
f(125) BYEEEZSHEE ?
A. 189
B. 310
C. 316
D 496
Consider the following function: & & LT ph# -
Pascal C/C++
function f(n: longint): longint; int f(int n) {
begin if (n == 0)
if (n = 0) then return -1,
fi=-1 else if (n == 1)
else if (n = 1) then return 2;
fi=2 else
else return n + f(n - 1) + f(n - 2);
fi=n+f(n-1)+ f(nh - 2) }
end;

What is the return value of £(2)?
f(2) EETEZEEE ?
A. 0

B. 1
C. 2
D. 3

Refer to the previous question. What is the return value of £(7)?

KR £(7) A EEEZEEE ?

A. 28
B. 36
C. 49
D 84
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14.
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Suppose that a1, as, . . ., ag is a permutation of 1,2,...,9. i.e. forany 1 < x < 9, there exists 1 < ¢ < 9 such
that a; = .

§§a17a2,~~~,a9%— 1727795/\35E§U ° %ED : %ﬁl‘ﬁé)ﬁﬁﬁl SZC 39 ’ ﬁ%—t‘l 31391§?%I°az =X -
What is the number of different permutations satisfying both of the following two conditions?
5 %/ DA EIRYEES o] R & DL T i feRf:

car <ayx<az<aq <as

ca <ag<ar<ag < ayg <ag

Two permutations are considered different if and only if there exists 1 < ¢ < 9 such that a; is different in the two

permutations.
MRV E B R A E S BIEEFE 1 <i <9 T o FERHYIHARE -
A. 12
B. 20
C. 24
D 64

There is a rooted tree which each node have zero or at least two children. Assume we already know the tree has
2020 leaf nodes, which of the following numbers can be the size of the tree?

A—IRARE - ERVEEERENA ZEECE /D RIE 8% - BERMELEZ A 2020 [EIEEHRS -
DU Wb 85 nT e 2 A A N 2

L. 4038

il. 4039

1. 4040

iv. 4041
A i only HE
B. i,iionly A i
C 1, ii and iii only HAE 1~ i Ml i
D 1, ii, iii and iv i~di~ il fliv

Alice is navigating through a maze which can be represented by a grid of 4 x 4 numbered 16115114 | 13

cells. She can start at any of the cells in the bottom-most row, and would like to end at o 110111112

any of the cells in the top-most row. In each move, she may only move to the cell to the
left, to the right or the cell above, and she may only move to a cell that has its number 8176

larger than the one on the current cell. How many different paths may Alice possiblytake? | 1 | 2 | 3 | 4

BREAIEE M 4 x A TR E AT DR — (T sth— M IER TR —THY
Hep— S - AR T « ATE RSB - 3 BLRAER BRI BT LE B AT P
FEAHZEN - MEBGIHS DR R G

A, 64

B. 246
C. 340
D. 964
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Consider the following function: £ &L k&) -
Pascal C/C++
function f(x: longint): longint; int f(int x) {
begin if (x == 0)
if (x = 0) then return O;
f:=0 else if ((x % 2) == 1)

else if ((x mod 2) = 1) then
fi=f(xdiv2) +1
else
fi=f(xdiv 2) + 2
end;

return f(x / 2) + 1;
else
return f(x / 2) + 2;

What is the return value of £(88)?
f(88) HYHEHEZHEE ?

A. 11
B. 12
C. 13
D. 14

In this question, we only consider simple graphs, i.e. undirected graphs with no self-loops and repeated edges.
We call a graph bipartite if its vertices can be divided into two disjoint sets A and B, such that each edge connects

one vertex in A with one vertex in B.

fEsE - MRS - B B A R E - 45— (BB BT L5 R E A
965 AT B (HHEHORERE (8 A KB —(E B (08  HITRRE2 A6 -

What is the largest possible number of edges of a disconnected bipartite graph with 8 vertices?

s — A 8 (ERERFEEE e - RIS RE ?

A, 4
B. 8
C. 12
D. 16

Alice and Bob are having an archery duel, where they take turn alternatively to shoot a target. In every indepen-
dent round, the player shoots an arrow and it would have a g chance of hitting the target. The player who hits
the target first wins the duel. If Alice shoots first, what is the probability that Alice wins the game?
ERESGHGERIE TR LLE - MRS —E E TR - E—EEIIEEa S > HREEH
R MaATA 2 EeRdth EE - Sedh HEMSEERT - IR BEASUETHE - SRS
tHEEBERIR 22/ DIE ?

A 2
88
B 2
8
365
C. 5@
p. =
11
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18. What is the output of the following program? L N2 Ay 2 EE ?

Heat Event {JJ%£
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Pascal C C++
var int g[10]; int q[10];
g: array[0..9] of longint; int head, tail, sum, i, v; int head, tail, sum, i, v;
head, tail, sum, i, v: longint; void push(int x) { void push(int x) {
procedure push(x: longint); g[tail] = x; g[tail] = x;
begin tail = (tail + 1) % 10; tail = (tail + 1) % 10;
q[tail] := x; } }
tail := (tail + 1) mod 10 int pop() { int pop() {
end; int v; int v;
function pop(): longint; if (head == tail) if (head == tail)
var v: longint; return -1; return -1;
begin else { else {
if (head = tail) then v = g[head]; v = g[head];
pop := -1 head = (head + 1) % 10; head = (head + 1) % 10,
else return v; return v;
begin } }
v := qg[head]; } }
head := (head + 1) mod 10; int main() { int main() {
pop :=vVv head = 0; head = 0;
end tail = 0; tail = 09;
end; sum = 0Q; sum = 0;
begin v = 0; v =0;
head := 0; for (1 =1; i <=15; i++) for (1 =1; i <=15; i++)
tail := 0; push(i); push(i);
sum := 0; while (v != -1) { while (v != -1) {
v i=0; sum = sum + v; sum = sum + v;
for i := 1 to 15 do v = pop(); v = pop();
push(i); } }
while (v <> -1) do printf("%d", sum); cout << sum;
begin } }
sum := sum + v;
v = pop()
end;
write(sum)
end.
A. (0]
B. 65
C. 105
D. 120

19. Recall that English vowels are A, E, I, 0, and U. How many substrings of the string EXHAUSTION contains exactly
three vowels? A substring of a string is a continuous segment of characters appearing in the given string.
FXHIEE TR A~ E~ T~ 0 MIU - 55R 5 55 EXHAUSTION A %/ Ml T Biair & =\ %7 i 7
AR — i SR BT — B T R e T8

A. 8
B. 9
C. 10
D 11
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20. What is the output of the following program? DL ~F& Ay H 2 8% 2

Heat Event {JJ%£
Senior Group =440

Pascal C C++
var int a, b; int a, b;

a, b: longint; int f(int x) { int f(int x) {
function f(x: longint): longint; if (x <= 1) if (x <= 1)
begin return 1; return 1,

if (x <= 1) then else { else {

fi=1 a=f(x - 1); a=f(x - 1);
else b =f(x - 2); b="f(x - 2);
begin return a + b; return a + b;

a = f(x -1); } }

b :=f(x - 2); } }

f:=a+b

end int main() { int main() {
end; printf("%d", f(5)); cout << f(5);
begin return 0; return 0;

write(f(5)) } }
end.

A.

B.

C.

D. 13

21. What is the output of the following program? DL 27 2 e ?
Pascal C C++
var int a, b, ¢, i; int a, b, ¢, i;

a, b, ¢, i: longint; int main() { int main() {
begin a = 56; a = 56;

a := 56; b:G), b=0,

b:=0; for (i =0; i <=4, i++) { for (1 =0; i <=4; i++) {

for i :=0 to 4 do c=ag&(1<<i); c=ag& (1<<1i);

begin b=Db+ (c>1); b=>b+ (c>1i);

c :=aand (1 shl i); } }

b :=b + (c shr i) printf("%d", b); cout << b;

end; return 0; return 0;

write(b) } }
end.

A. 1

B. 2

C. 3

D. 4
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22. Alice has n coins and Bob has (n + 1) coins. Every coin is fair and independent. When they flip all the coins at

the same time, what is the probability of Bob getting more heads than Alice?

BEEGH n KRR BIERIA (n + 1) B -

(e e T ) EH LSRRGS AR Z

1
A. —
2
2
B. -
3
n+1
C.
n+3

D.  None of the other options E At #EIHEGIE

Pascal

23. Consider the following program: &L N2F -

C

PR By A TERVBIL » MM B A s

C++

var
a, b: array[0..3] of longint;
X, y, 1: longint;
begin
for i := 0 to 3 do
read(a[i]);
for 1 := 0 to 3 do

read(b[i]);
X 1= 0;
y i=0;

for i := 0 to 7 do

if ((x <> 4) and ((y = 4)
or (a[x] <= b[y]))) then

begin
write(a[x], ' ');
inc(x)

end

else

begin
write(b[y], ' ');
inc(y)

end

end.

int a[4], b[4];
int x, y, 1i;
int main() {
for (1 =0; i<=3; it+)
scanf("%d", &a[i]);
for (1 =0; 1i<=3; it++)
scanf("%d", &b[i]);
X =0;
y =0;
for (1 =0; i<=7; it+) {
if (x 1= 488 (y == 4
Il alx] <= b[y])) {
printf("%d ", a[x]);
X++;
} else {
printf("%d ", b[y]l);
y++;
}
}

return 0;

}

int a[4], b[4];
int x, y, i;
int main() {
for (1 =0; i<=3; i++)
cin >> a[i];
for (1 = 0; i <= 3; i++)
cin >> b[i];
X = 0;
y =0;
for (1 =0; i<=7; it+) {
if (x 12488 (y == 4
Il alx] <= bly])) {
cout << a[x] < " ",
X++;
} else {
cout << b[y] << " ',
y++;
}
}

return 0;

}

Which of the following inputs give the same output?

PUT L A9 A HH g 2
i 315724868

ii. 35872416
iii. 31862457

A. i and ii only HA i A0 i
B. iandiii only A 1 i
C. ii and iii only A i1 dii
D. 1, i1 and 1ii i~ i A did

S-10
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How many ways are there to delete 1 to 5 elements from the array [1,4, 2,8, 5, 7], such that the remaining ele-
ment(s) are in ascending order? The elements’ relative order are preserved.

HE DREJTARIES [1,4,2,8,5, 7] thiffifR 1 2 5 E7Tz - EER Tans2d/ NEAHI0 2 (R
EXONEESRAGD)

A 27
B. 28
C. 29
D 30

Some blocks are placed in a 3 x 3 x 3 cube, neglecting the gravity.

FLLLTT AL RAR E I RIPE I TR EAE— M 3 x 3 x 3 ByIrfg -

The following is an example for you to familiarize with the setting of the question:

PUN 22—l i B R 88 0E H S BB -

The top view and the front view of this cube are shown:

T ERURZ AR R E AR E

Top view R[] Front view 1FfR[E i
B|.|B . . | B
B
B | . . B|.|B

where “B” means there is at least 1 block and *“.” means there is no block. 4 f

f “B” FonlEAE VT - "7 U%%Tﬁﬁ%aﬁfii%

The following are the top view and the front view of another cube:

AN 2y — (BN AR R I AR

Top view iR & Front view 1FH[E
B B B
B B
B|B| . B|.|B

Let x be the number of blocks in this cube. What is the difference between the minimum possible = and the
maximum possible z?

i v RiE LAE T ITIRIVEE © o B9 MER » lUERKIEZ 2%/ 7
A.

w N B o

B.
C.
D

END OF SECTION A HER58
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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.
T ZERE A E A M > sEEES R EEERH T IE FEEE -

Note 3T & :

(1) Select exactly one programming language on the Answer Sheet. Answers must be in that language.
TR AR E M —fEARREEE S R HREE SRS -

(2) For C and C++, you must not use the ? : operator.
B C K C o FFEARDIERE 20 EET -

(3) You must not use any library function unless the appropriate library has been included. (See Page 1)
PRI ERREEC G [ (RE—) » GRIZZA ] DU e s Ak -

(4) You can write only one character in each box on the answer sheet.
Zr AR E AR Mg A A E—{E A

(5) Answers must not exceed the designated number of boxes.
LEEREAFZ N ZER MR MEEE -

(6) Write legibly. Unrecognizable answers will be regarded as incorrect.
TR AR - AW 2 B E R -

(7) 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.
AISRZERE X 77 N E X1~ X2~ o~ XN JBBE X1~ X2~ ..~ XN B Ay IEREA 2455 -

In a room escape game, some clues have dependencies on other clues. That means the player needs to find out
some particular clues before some other particular clues could be possible for discovery. There are 7 clues A, B,
C, D, E, F and G, their dependencies are listed below:

E—{E % = A MR AR - AL RUEE HAMARR - BIEbix R ERN LR ERER - L H MR
EHSREAREW BT - A 7 {84722 A, B, C, D, E,F f1 G » DU THI S L4 2 {KEE

* Clues A and C together unlock the access to clues E and F.

B AN CEEGIRAG R EFIF -

* Clue B unlocks the access to clue D.

8RR B R D -

* Clue D and E together unlocks the access to clue G.

82 D M E &R G -

Which of the clues can possibly be the 6" clue the player finds in the room? Write down the letters represented
by the clues and separate them with commas. (Example: W, X, Z)

IREL BB FAEE E RS 6 (EnREFREIMVRR ? B MURRRNTHT - ILLUESRHE - (B w, X, Z)

s

Answer ZZ: A (2 marks 47")

S-12
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Complete the following program such that it calculates the value of f(z) correctly for all 1 < = < 100.

TR TIERP BESAE P RES BTN AT 1 < o < 100 [EREHIEHE f(2)

flx)=1-2-3+2-3-44+ -4z (x+1) - (v+2)

Pascal

C/C++

function f(x: longint): longint;
var sum, i: longint;

int f(int x) {
int sum, i;

begin sum = 0;
sum := 0; for (1=0; 1<= B1 ;o oitt)
for i := 0 to Bl do sum = sum + B2 ;
sum := sum + B2 ; return sum;
f 1= sum }
end;
Answer & Z: Bl B2 (2 marks 77")

Complete the following program, so that it outputs the number of integers between 1 and n (inclusive) divisible

by 6 or 8, but not both. It is guaranteed that the input n is a positive integer less than or equal to 10°.

FERRLATRER » (EEER TR 1 fln 28 (&) > #% 6 5035 8 BERR » {E R [EIRF MR SO BRI E S - £7

S A n Ry NREE 107 BYIEREE -

Pascal C C++

var int i, n, answer; int i, n, answer;
i, n, answer: longint; int main() { int main() {

begin scanf("%d", &n); cin >> n;
read(n); answer = 0; answer = 0;
answer := 0; for (i =1; i <=n; i++) for (1 = 1; i <= n; i++)
for i :=1 to n do if ( c ) if ( c )

if ( C ) then answer++; answer++;
inc(answer); printf("%d", answer); cout << answer;

write(answer) return 0; return 0;

end. } }

Answer B Z: C (1.5 marks 77")

Now, complete the following program, so that it also outputs the number of integers between 1 and n (inclusive)

divisible by 6 or 8, but not both. It is guaranteed that the input n is a positive integer less than or equal to 10°.
BAEFER LA T 2R » fEH AR AR 1 M n 2R (&) #7 6 50 8 #EFk - {EAIE R g B PR AV EHY
fE - CREEEA n Ry NABERY 109 BYEREEL -

Pascal C C++

var int n, answer; int n, answer;
n, answer: longint; int main() { int main() {

begin scanf("%d", &n); cin >> n;
read(n); answer = D ; answer = D ;
answer := D ; printf("%d", answer); cout << answer;
write(answer) return 0; return 0O;

end. } }

Answer & Z: D (1 mark 47)
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Complete the following program such that its output is hkoi.

FERLL T RER S it hkod -

Heat Event {JJ%£
Senior Group =440

Pascal C C++
var int v, m, 1i; int v, m, i;
v, m, i: longint; int main() { int main() {
begin v = (int)' E1 '; v = (int)' El ',
v = ord(' El ") m=1; m=1;
m:=1; for (i =2; i <=6; i++) for (i =2; i <=6; i++)
for i := 2 to 6 do if ( E2 ) if ( E2 )
if ( E2 ) then m=-1; m=-1;
m:= -1 else { else {
else v=v+m*i; v=v+m?*i;
begin printf("%c", (char)v); cout << (char)v;
Vi=v+m*i; } }
write(chr(v)) return 0; return O;
end } 3
end.
Answer ZZ: El E2 (2 marks 473)

Consider the following functions: &8 LT PREY -

Pascal C/C++
function f(x: longint): longint; int f(int x) {
begin if (x == 0)
if (x = 0) then return 0;
f:=0 else
else return f(x / 2) ~ x;
f 1= f(x div 2) xor x 3
end; int g() {
function g(): longint; int y, 1i;
var y =0;
y, i: longint; for (1 =1; i <= 64; it+)
begin y =y + f(i);
y =0, return y;
for i := 1 to 64 do }
y =y + f(i);
g =y
end;

Write down the return value of £(25).
BT f(25) AWEENE -

Answer & Z: F (1 mark 47)

Write down an integer x such that f(x) returns 25.
NS x 515 f(x) &HE 25 -

Answer &2 G (1.5 marks 47")

Write down the return value of g( ).
T g() BEEHE -

Answer ZZE: H (1.5 marks 47")
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Consider a function f which, for integer input x, returns the remainder of (ax? + bx + ¢) divided by 3. a, b, c are
equal to 0, 1, or 2. We denote this return value by f(x).

ok E f o AR o B f KA (ar® +0r + o) BR3AIERE o a > b c 0~ 152 o FAM
LA f(z) ForiEg—R[EE -

Here is an example. Suppose a = 0,b = 2, ¢ = 0. Then, when the input z is —1, f(x) equals 1, because:

PITAE—BIT - i a=0,b=2,c=0- JE > E@FAxzE 1K  f(x) FR 1 Ak

ar® +br +c=0-(—=1)>+2- (1) +0 = -2,

and the remainder of —2 divided by 3 is 1.
i —2 bR 3 HUERELE 1 -

The values of a, b, and ¢ are unknown to you, and you want to find them out by making queries. Each time you
make a query, you can pick an integer x as input, and you will then receive the value of f(z).

TRARIEE a ~ b~ c HU{E - MiREEE ARG e Mkt - S2EH > R ISR — R 8 o (FfA > 1o
TR E 1S5 f(z) HUME

In the following questions, you need to determine the minimum number of queries needed to find out the value
of one unknown (a, b, or ¢). Note that you do not need to find out the values of the other two. If it is impossible
to do so, write X as your answer.

LT8G - IRdR ¥‘J%i‘fcﬂj¥—1@§ﬁ%ﬂ1ﬁ (a~ b c) BRI - & - IRAFREE R E
BRI EARKIE - AIRAFTREME] - 558 X FEE X -

What is the minimum number of queries needed to find out the value of a?
Bt o WYE > 2/ 0ZRR /DR ?

Answer &% I (1 mark 47)

What is the minimum number of queries needed to find out the value of b?
B 0 BUE - BASERR %/ DR Y

Answer & Z: J (1 mark 473%)

What is the minimum number of queries needed to find out the value of ¢?
L c WE > 2/0ERRM S /DR ?

Answer & Z: K (1 mark 77)
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The input to the following program is 801 integers between 1 and 100 inclusive. Complete the following program
so that it outputs the inputted numbers in ascending order.

PIT2FrRYEn A 801 fiE 1 K 100 2 (&) RYEEH - 52k A MERBES et A8 B/ 2 K -

Pascal C C++
var int a[801], b[801]; int a[801], b[801];
a, b: array[0..800] of longint; ||int c[101]; int c[101];
c: array[0..100] of longint; int i, j; int i, j;
i, j: longint; int main() { int main() {
begin for (1 =0; i <=100; i++) for (1 =0; i <=100; i++)
for i := 0 to 100 do c[i] = ©o; c[i] = 0;
c[i] := o; for (i = 0; i <=800; i++) { for (1 = 0; 1 <=800; i++) {
for i := 0 to 800 do scanf("%d", &a[i]); cin >> a[i];
begin cla[i]]++; cla[i]]++;
read(a[i]); } }
inc(c[a[i]]) for (1 =1; i <=100; it++) for (1 =1; i <= 100; i++)
end; c[i] = c[i] + c[i - 1]; c[i] = c[i] + c[i - 1];
for 1 := 1 to 100 do for (i =1; i <= 100; i++) for (1 =1; i <= 100; i++)
c[i] := c[i] + c[i - 1]; for (j = L1 ; for (j = L1 ;
for i := 1 to 100 do j <= L2 ; j <= L2 ;
for j := L1 to j++) j++)
L2 do L3 ; L3 ;
L3 ; for (i = 0; i <= 800; i++) for (i = 0; i <=800; i++)
for i := 0 to 800 do printf("%d ", b[i]); cout << b[i] << " ";
write(b[i], ' ') return 0; return O;
end. } }
Answer & Z£; L1 L2 L3 (2 marks 473)

Consider the following 16x 16 grid. Black cells represent obstacles and the circle represents the robot.

HBRELLT 16x16 4% - REAVRRAEREEDY) - BIPRAREEEEA -

Whenever the robot arrives at a new position (including the initial position), information of the adjacent 8 cells
will be given and stored in array s (Pascal: s[0..7] of boolean, C/ C++: bool s[8]), where s[1i]
equals true if and only if that cell is an obstacle.

S A B OME (RENRORE) M 8 ARG WA T IS s (Pascal:
s[0..7] of boolean, C/C++: bool s[8])° s[i] E true & HIEE 4 AlEE) -
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s[0] | s[1] | s[2]

si7] @ s3]

s[6] | s[5] | s[4]

Given array s, the robot can take four possible actions: UP, DOWN, LEFT, RIGHT.
GriEg s o fEes A DAEHVOfETTE) ¢ E (UP) ~ '~ (DOWN) ~ 7 (LEFT) ~ 45 (RIGHT) -

Complete the following function f (s) such that by repeated calling f(s), the robot can:
FERCAU RS F(s) fESEMEEEIFI f(s) @ a5 ARE -
1. Move UP until it reaches the boundary, and then
] ERETE 2 REER - /R
2. Follow the boundary in CLOCKWISE direction:
WEBES - AR T IA R B

Add 44 PPV

Pascal C/C+t+
type enum Dir { UP, DOWN, LEFT, RIGHT };
Dir = (UP, DOWN, LEFT, RIGHT); enum Dir f(bool s[]){
function f(s: array of boolean): Dir; if ( M1 )
begin return RIGHT;
if ( M1 ) then else if ( M2 )
f = RIGHT return DOWN;
else if ( M2 ) then else if ( M3 )
f := DOWN return LEFT;
else if ( M3 ) then else
f = LEFT return UP; // default
else }
f 1= UP // default
end;
Answer & Z: MI M2 M3 (2.5 marks 47")

END OF PAPER £#%52
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