@ NOI 2007 TASKS OVERVIEW

Executable file Input file Output file
Task 1: GIFT GIFT.EXE GIFT.IN GIFT.OUT
Task 2: RECT RECT.EXE RECT.IN RECT.OUT
Task 3: CIPHER CIPHER.EXE CIPHER.IN CIPHER.OUT
Task 4: HOLE HOLE.EXE HOLE.IN HOLE.OUT
Task 5: JAWBREAK | JAWBREAK.EXE | JAWBREAK.IN | JAWBREAK.OUT
Task 6: STREET STREET.EXE STREET.IN STREET.OUT

Notes:

1. Each task will be tested on 5 data sets.

2. The maximum execution time for every task is 10 seconds.
3. Each data set is worth 20 points.
4

. For each question, the 5 data sets vary in size, starting from small,
and ending with sizes around the limits given in each question.

5. Either zero mark or full mark (20 points) is awarded to your answer
to each data set. There is no partial credit per data set.

6. The task statements are contained on 11 pages following this overview
page.

7. In the event of tie breaking, a bigger-numbered task is favoured over
a smaller-numbered one.

HAPPY PROGRAMMING!



TASK 1: GIFT

The coach of Jacqueline Yo, Olympic swimmer for Singapaepincerned about her
Butterfly stroke. He records her daily timing in millisecan¢h millisecond is one-
thousand of a second) and devises a scheme whereby eacth@raetseves a timing
that is lower than the previous day’s timing by at least aaiemumber of milliseconds,
he will reward her with a small encouragement gift.

Given a list of daily timings, determine how many gifts Jaglipe would have
received.

Input File: G FT. I N

The first line contains 2 integersandk, wheren (3 < n < 100) is the number of
days, and: (0 < k < 100,000) the desired improvement (in milliseconds). Whenever
Jacqueline’s timing reduces by at le&smilliseconds over the previous day'’s timing,
she will receive a gift from her coach. The first line is thelidwed byn lines where
each line contains a single integef0 < ¢ < 100,000) which is Jacqueline’s daily
timing in milliseconds. The: timing records are listed in chronological order.

Example

6 100
59420
59410
59310
59290
59470
59350

Output File @ FT. QUT

The output file consists of a single integer that indicatesitimber of gifts Jacqueline
would have received.

Example
2



TASK 2: RECT

Given a set of rectanglesR;, Ro, - - -, R, }, compute the area of their common inter-
section. i.e.,

Area(RiNR2N---NRy)

The edges of the rectangl&s, Ro, - - -, R,,, are either vertical or horizontal lines.
For example, the intersection of 4 rectanglBs, Ro, R3, and Ry, in the following
figure is the shaded rectangle.

Ry

Ry

Ry

R3

Input File: RECT. I N

The first line specifies the number of rectangiesvherel < n < 1,000. Since the
sides of the rectangles are parallel to thandy axes, each rectangle is bounded by
the linesz = z1, x = x2, y = y1 andy = y, and each subsequent line of the input file
thus specifies one rectangle in the following format:

x1 x2 yl y2

such thal < z; < 29 < 10,000 and0 < y; < yo < 10,000, andzy, z2,y; andys
are integers.

Example 1



Output File: RECT. QUT

The output file contains the area of the intersection of &llrédctangles.

Example 1

1

Example 2

0



TASK 3: CIPHER

You are the leader of a crack intelligence unit, and todayr yeam intercepted a set
of encrypted messages ("ciphertexts”) from “Kojak”, a wiallown and much feared
terrorist leader. It is thought that these ciphertextsaiorinstructions to his henchmen
on which targets to attack next. One of the ciphertexts raadsllows:

XLMV MWV GSNEO. M EQ LI'VI FC SVHI VMRK XLEX EPP QC Q R QYWK
| EX TITTIVSRM TMDDEW | ZI VCHEC. XLMWN SVHI V. AMPP FI
VI TI EPI H SRPC YTSR QC VI XWI Q RX. PSRK PMZI XLI G-MIQYROW

Your team knows that despite Kojak’s sophistication, hesussimple Caesar Cipher.
In this cipher, letters are shifted by a fixed number of posgiP, where P is unknown
to you. For example, if letters are shifted by P=2 positiovesget the following “key”:

Plaim |A|B|C|D|E|F|G|H|I |J|K|L|M
Cipher|| C|D|E|F|G|H|IT | J|K|L|M|N|O
Plan [ N|O|P|Q|R|S|T|U|V|W|X]|Y]|Z
Cipher|| P| Q|R| S| T|U|V | W |X|Y | Z|A|B

So, for exampletHELLO WORLDis encrypted td GNNQ YQTNF. Kojak encrypts only
upper-case letters.

Your team also knows that the words “CHIPMUNKS” and “LIVE"vays ap-
pear in Kojak's messages, and that he uses a different kegadchh message. You
can assume that for each message, there is exactly one kegshés in the words
“CHIPMUNKS” and “LIVE” to appear in the decrypted messag@uytask is to write
a program to decrypt all of Kojak’s encrypted messages (rsttthe one shown above)
to produce the corresponding plaintext. The fate of youionas in your hands!

Input File: Cl PHER. | N

This is a text file containing a single line of ciphertext dsting of at most1,000
characters.

Example

XLMV MWV GSNEO. M EQ LI VI FC SVHI VMRK XLEX EPP QC Q R QYWK
| EX TITTIVSRM TMDDEW | ZI VCHEC. XLMWN SVHI 'V AMPP FI
VI TI EPI H SRPC YTSR QC VI XWI Q RX. PSRK PMZI XLI G-MIQYROW

Output File: CI PHER. QUT

The plaintext version of the ciphertext. The plaintext i@mshas exactly the same
characters as the ciphertext (including newlines, spat®s except that uppercase
letters are replaced by their decrypted version. Thus, Kojaessage above leads to
the following output:



THIS | S KOQJAK. | AM HEREBY CORDERI NG THAT ALL MY MEN MJST
EAT PEPPERONI Pl ZZAS EVERYDAY. THI S ORDER W LL BE
REPEALED ONLY UPON MY RETI REMENT. LONG LI VE THE CH PMUNKS!

Hints

You will have to read the ciphertext from the input file. BeJguwu find how to do this
in the three competition languages:

c
FILEx fin = fopen("Cl PHER IN', "r");
char |ine[1005];
fgets(line, sizeof(line), fin);
C++
ifstreamfin("ClPHER I N');
char 1ine[1005];
fin.getline(line, sizeof(line));
Pascal
var
infile: text;
str : array[1l..1005] of char;
begi n

assign(infile, "CIPHER I N );
reset(infile);
readl n(infile, str);



TASK 4: HOLE

Background: A group of scientists want to monitor a huge forest. They péaair-
drop small sensors to the forest. Due to many unpredictalpidittons during airdrop-
ping, each sensor will land in a random location in the forédter all sensors have
landed, there will be square regions in the forest that daontain any sensor. Let us
call such a region &ole. It is desirable that all holes are small. This can be aclieve
by airdropping very large number of sensors. On the othed hdrose sensors are
expensive. Hence, the scientists want to conduct a compimetation to determine
how many sensors should be airdropped, so that the chanbesiofj a large hole are
small. To conduct this simulation, a subroutine is requited, given the locations of
the sensors, outputs the size of the largest hole. This stibechas to be very efficient
(i.e. fast) since the simulation will be repeated many timvéh different parameters.
You are tasked to write this efficient subroutine.

Problem formulation: Consider am by n arrayA of 0 and 1's. We say that there is
a hole inA at (z, y) with width d if the value ofA[i, j] is O, where

i = z(x+1),(z+2),....,(x+d-1)
b= u+1),y+2),. ... (y+d-1),
and(z+d—1) <n,(y+d—1) < n. Thatis, all values within the “square” &t, y)

with width d are 0’s. Note that the indices of the array start from 0.
Given the arrayd, we want to find the width of the largest hole.

Example

The following figure shows an array where the ently, j] is at thei-th row andj-th
column. The arrow points to the location 4f3, 7).

In this array, there is a hole of width 3 at (0,0), and it is no$gible to have a hole
of width 4 at (0,0). The largest hole has width 5 and it is a2),lwhich is highlighted
in the figure.

01 2 3 45 6 7
0/00 000100
110 00000 00
2(0 000 00 00
3]0 1.0 0 0 0 0 0 «—A[3,7
410 00 0 0 0 00
5/0 00 00001
6/0 00 01 00 0
7110 0 0 0 0 0 0

Input File: HOLE. I N

The input file represents the input arrdy The following is the input file for the array
shown above.



GO o ~N WO
~NOolh~ OB

The first line contains a positive integer< 1,024 which is the width of the array.
The second line contains an integemhich is the number of 1's in the array. Next, it
is followed byk more lines which specify the entries with value 1. Each lioetains
two integerse andy, which indicates thatl[z, y] = 1.

Since the value ofi may be as large as024, your program has to run fast enough
to handle arrays of that size.

Output File: HOLE. QUT

The output file consists of an integer, which is the width & ldrgest hole. If there is
no hole in the array, the output is 0. The following is the aipf our example.

5

Hints

There are different fast methods that find the largest holelow are hints to two
different methods.

Hint 1: Consider these 2 values:

di: the width of the largest possible hole at (1,1), and
do:  the width of the largest possible hole at (2,2).

What is the relationship betwedh andds? Suppose we know the valued, is there
a fast method to computh ?

Hint 2: Consider these 2 values:

s1: the number of 1's within the square at (0,0) with width 7, and
s9:  the number of 1's within the square at (0,1) with width 7.

What is the relationship between ands,? Suppose we know the value £f, is there
a fast method to computg?



TASK 5: JAWBREAK

Jawbreaker is a simple game that is often bundled with PDA&iandphones. A player
starts with a board filled with coloured balls. The player satect any group of 3 or
more adjacent, like-coloured balls to make them disapp@#éren the selected balls
are removed, balls in the same column(s) above the removisd@adown, leaving
empty space at the top. If any columns become empty as a ofshis, the remaining
columns to the right of the empty columns are compacted tdeteleaving empty
space on the right of the board.

A player start with a score of 0. Each move adds to the plagedse by the square
of the number of balls removed. A player wins Jawbreaker f§lme is able to remove
all balls from the board. A win adds a bonusligfi00 points to the score. The game is
over if there are no valid moves remaining on the board.

Adjacent means balls directly above, below or to the leftgirtr Diagonally touch-
ing balls are considered not adjacent.

In this problem, you are givena x n Jawbreaker board with: colours. Your
program should output the maximum score that can be achgved the board.

Input File: JAWBREAK. | N

The first input line gives the size of the boatdand the number of colours, where
(1 <n < 8andl < m < 4). The remaining: lines give the initial board, where each
of n characters in the line is a number 1rtg indicating its colour.

Example 1

33
113
211
112



For Example 1, there is only one valid move to remove the gmafugix 1s, which
results in the following board (-’ indicate empty spacelpte that after the removal
of the group ofls, the second column is empty and is compacted.

- 3-
22-

No subseqguent moves are possible.

Example 2

4 3

3222
3211
2212
3322

For Example 2, there are three possible initial moves. Gmyremoval of the group
of threels allows the two groups &fs to collapse into one large group that will result
in the maximum score.

Output File: JAWBREAK. OQUT

Output the maximum score that can be achieved from thelibivard.

Examplel

36

Example 2

1106



TASK 6: STREET

There aren lots on one side of a street (whete< 500). We would like to erect at
mostk apartment buildings on these lots. Each building must og@upinterval of

at mostt consecutive lots. Moreover, each lohas a height restriction[i] (where

r[¢] < 100). A building cannot exceed any of the height restrictionmf bt on which

it is built (that is, the maximal height of the building tharcbe erected on latto

jis H = min{rli],r[i + 1], ...,7[j]}). Hence, the maximum usable facade space of
the building isH x (j — i + 1). We would like to have a program to select at mist
non-overlapping intervals to erect the buildings such thatiotal usable facade space
is maximized.

Example 1

Consider a street of lengti). The height restriction of each lot is as follows.
7, 3, 12, 11, 13, 4, 8, 6, 6, 20

Suppose we would like to erect at mdst= 2 buildings and each building occu-
pies at most = 4 lots. Then, to maximize the total usable facade space, weseho
two intervalsr([3..5] = (12,11,13) andr[7..10] = (8,6, 6, 20) (see “Example 1" in
the figure below). The maximum usable facade space+isnin{12,11,13} + 4 x
min{8,6,6,20} = 57.

- N W A OO N ® ©
- N W A O N o ©

7 3 12 11 13 4 8 6 6 20 7 3 12 11 13 4 8 6 6 20
Example 1 Example 2

10



Example 2

Suppose we would like to erect at mdst= 3 buildings on the same street with the
same height restrictions as in Example 1, and each buildingmes at most = 4 lots.
Then, to maximize the total usable facade space, we chooee ititervals-[3..5] =
(12,11,13), r[7..9] = (8,6,6) andr[10..10] = (20) (see “Example 2" in the figure
above). The maximum usable facade spa&eximin{12,11,13} + 3 +min{8,6,6} +
1%20="TI1.

Input File: STREET. | N

The input file STREET.IN is as follows. The first line contathsee integers, &, and
t separated by a space character, wheren < 500,1 < k < n,andl <t¢ <n. The
rest of then lines contaim positive integers representing the height restrictiorttier
n lots. For Example 1, the input file looks like:

10 2 4
7
3
12
11
13
4
8
6
6
20

Output File: STREET. QUT

The output file STREET.OUT contains an integer which is th&imam usable facade
space. For the above example, the output file looks like:

57

11



