1996 ACM Asia Regional Programming Contest

Problem 1

Special Sequence Generation

The Problem

A sequence, 

,

....,

 is called a special sequence of order n if it satisfies the following conditions.

1. 

(

( …(

, and

2. let 

=

, then

( 

 for 

=1,2,…,

(1, and 

=


For example. 1,3,5 and 2,2,5 are special sequences of order 3. However, 1,2,6 is not a special sequence of order 3 because the sum of the first two elements is less than

.In this problem, you are going to write a program to generate special sequences.

The Input

Each line of the input file contains a positive number

, which is the order of the special sequence to be generated. You may assume that

 <20.

The Output

For each input number

, generate all special sequences of 

. Each special sequence must be printed in a line. The sequence generated must be in lexicographic order. That is, 

,

....,

appears before

,

,…,

 if, for some 1(

(

, 

=

 for 

=1,2,…, 

(1, and 

<

. Your program is not supposed to print all sequences if the number of sequences is greater then 40. Your program must print the first 20 sequences, followed by "...", and then followed by the last 20 sequences only. In addition to the sequences, your program must print the total number of sequences of order

 at the last line.

Sample Input

3

5

0

Sample Output

1 3 5

1 4 4

2 2 5

2 3 4

3 3 3

total 5 sequences of order 3

 1 3 5 7 9

 1 3 5 8 8

 1 3 6 6 9

 1 3 6 7 8

 1 3 7 7 7

 1 4 4 7 9

 1 4 4 8 8

 1 4 5 6 9

 1 4 5 7 8

 1 4 6 6 8

 1 4 6 7 7

 1 5 5 5 9

 1 5 5 6 8

 1 5 5 7 7

 1 5 6 6 7

 1 6 6 6 6

 2 2 5 7 9

 2 2 5 8 8

 2 2 6 6 9

 2 2 6 7 8

 ...

 3 3 4 7 8

 3 3 5 5 9

 3 3 5 6 8

 3 3 5 7 7

 3 3 6 6 7

 3 4 4 5 9

 3 4 4 6 8

 3 4 4 7 7

 3 4 5 5 8

 3 4 5 6 7

 3 4 6 6 6

 3 5 5 5 7

 3 5 5 6 6

 4 4 4 4 9

 4 4 4 5 8

 4 4 4 6 7

 4 4 5 5 7

 4 4 5 6 6

 4 5 5 5 6

 5 5 5 5 5

total 59 sequences of order 5

Problem 2

Activity Selection Problem

The Problem

Suppose we have a set of

 proposed activities, {1,2,…,

}, that wish to use the same hall. Each activity

has a start time

 and a finish time

 , where

<

. If activity

 is selected, it takes place during the time interval [

,

). Assume that the hall can be used by only one activity at a time. Write a program to select maximum number of activities that can be scheduled in the hall.

The Input

Each set of activities begins with a positive number

, which is the number of activities. It is then followed by

 pairs of positive numbers. Each pair of numbers

 and

are the start time and the finish time of activity

. You may assume that all numbers are integers and that

<100.

The Output

For each set of activities, print the maximum number of activities that can be scheduled in one hall, followed by the list of the activities selected by your program. Print the list of selected activities in increasing order, and print at most 30 activities in a line.

Sample Input

3

1 3

2 4

3 6

5

8 9

6 10

3 8

9 11

5 7

0

Sample Output

At most 2 activities can be scheduled.

 1 3

At most 3 activities can be scheduled.

 1 4 5

Problem 3

The Shortest Path Problem

The Problem

Given a weighted, directed graph

= (

,

) with weight functions 

:

(

, a source vertex

(

, and a sink vertex

. A path from

to

 is a sequence of vertices    

=

,

,…,

=

, such that (

,

) is an edge of

for

=1,2,…,

. We assume that

(

) > 0 for every

(

. The weight of a path

 = (

,

,…,

) is the sum of the weights of its edges:



(

) =

 

The shortest path from

 to

 is a path

 such that 

(

)(

(

) for every path

  from

 to

. The second shortest path from

 to

 is a path

 such that for any path 

 from

 to

, other than

,

(

)(

(

). Note that the second shortest path

from

 to

 might be a shortest path from

 to

 if the shortest path from

 to

 is not unique. Although the shortest path and the second shortest path may share some edges, they must not be the same path.

The Input
The first line of each instance is the number of vertices in

. It is then followed by the values of

(

,

). These

(

,

) appear in row major order: 

(1,1), 

(1,2),…, 

(

,1), 

(2,1), 

(2,2),…, 

(

,

). If (

,

) is not an edge, then

(

,

) = 0. You may assume that the number of vertices

 is at most 100.

The Output

Assume that the vertex of

are labeled with {1,2, …,

}. The source vertex is

and the sink vertex is

. For each instance, print the weight of the shortest path and the weight of the second shortest path from

 to

.

Sample Input

3

0 1 3

1 0 1

3 1 0

4

0 3 1 0

0 0 2 2

0 1 0 4

0 0 0 0

0

Sample Output

case 1: min=2, 2nd=3

case 2: min=4, 2nd=5

Problem 4

Reflected Gray Codes

The Problem

Consider the

 -bit reflected Gray code,

. 

 can be generated by

 with the following formula:



={0, 1},



={0

, 1

}, 

 >1

where 

 is the reverse of all the code words of 

. There are in total



 EMBED Equation.2  
-bit binary strings for

. The first string represents decimal 

, the second string represents decimal 

 , ..., and the last one represents decimal

-1. For example, the $ 

 is shown as follows:

   0000
(0)

   0001
(1)

   0011
(2)

   0010
(3)

   0110
(4)

   0111
(5)

   0101
(6)

   0100
(7)

   1100
(8)

   1101
(9)

   1111
(10)

   1110
(11)

   1010
(12)

   1011
(13)

   1001
(14)

   1000
(15)

The number in the ( ) is the corresponding decimal for the Gray code.

We are interested in the

-bit reflected Gray codes with exact



 EMBED Equation.2  
's. Obviously, there are in total

(

,

) binary strings satisfy the requirement. For example, the list of 

-bit reflected Gray codes with two 

's is

as follows:

0011, 0110, 0101, 1100, 1010, 1001

There are totally

(4, 2)=6 binary strings in the above example. Those strings are ranked in ascending order according to the corresponding decimal number of that reflected Gray code. In other words, in our example, 0011 (2) is called the first string,

0110 (4) is the second string, and so on. Finally, 1001 (14) is the sixth string. Given 

, 

, and

, write a program to generate the

-th 

-bit reflected Gray code with exact 



 EMBED Equation.2  
's.

The Input

Each instance contains three integers,

,

, and

. You may assume that

(32, and 

( min{

-1, 

(

,

)}.

The Output

For each instance, print out the reflected Gray code and its corresponding decimal number.

Sample Input
4 2 4

5 3 6

6 2 3

0 0 0

Sample Output

Decimal number = 8

reflected Gray code = 1100

Decimal number = 19

reflected Gray code = 11010

Decimal number = 6

reflected Gray code = 000101

Problem 5

Compute the Value of (
The Problem

The following formula is an approximation of (:

( ( 

(

) = 


On input two positive integers

 and

, write a program to compute an

-digit approximate value of ( by the above formula.

The Input

Each instance contains two positive integers,

 and

. You may assume that both

  and

are less than 200.

The Output

For each instance

 and

, compute

(

) up to

decimal digits after the decimal point. Print at most 80 digits in a line.

Sample Input

50 8

100 50

0 0

Sample Output

3.14159264

3. 14159265358979323846264338327950288419716939937504

Problem 6

Hill Cipher

The Problem

A cipher is a method to transform a message into a text which is difficult to read, unless you know the key.

The Hill cipher is a cipher using an

(

 matrix as the key. Here is how Hill cipher works: Assume that the message is a sequence of lower case letters a, b, ..., z. Spaces between words will be ignored, and deleted in the message. After deleting spaces, the message is then appended by

to

-1 

's so that the length of the message is a mulitple of

.The message is then divided into blocks, each block contains

 letters. Each letter is then mapped to a number in {0,1,…,25}: a mapped to

, b mapped to 1, ..., z mapped to 25. Thus, a block of

letters can be regarded as vector of size

. Let

=(

,

,…,

) be a block. It is then transformed into a vector 

=(

,

,…,

) by 

=



 EMBED Equation.2  
, where

 is the key. Finally, the cipher text is obtained by mapping the numbers

,

,…,

 into capital letters: 

 mapped to A, 1 mapped to B, ..., 25 mapped to Z. Note that the method of transformation and the key will be the same for every block.

When a cipher text is received, it is difficult to compute the message from the cipher text. However, if

 is known, then 

 =



 EMBED Equation.2  
. Of course, 

 must be chosen carefully so that its inverse exists. Note that all arithmetics should be done in

. For example, 13+14=27=1, 12-15=-3=23, 5(21=105=1. Division will be computed by mulitipling its inverse. For example, $13/5=13(

=13(21=273=13. Note that the inverse of 5 is 21 since 5(21=1.

Cryptanalysis is a technique to compute the key from the cipher text. After the key is recovered, the message can be revealed. It is usually difficult to compute the key from the cipher text without additional information. In this problem, we assume that 

=3 in the Hill cipher, and that a pair of message and its cipher text are given. Write a simple cryptanalysis program for the Hill cipher to reveal the message.

The Input

The first line of the input data is the message. The second line of the input data is the cipher text of the message of first line. It is then followed by cipher texts, one cipher text in a line. The last line of the input file contains 

=3 0's. This indicates the end of cipher text. Your program need not process this line.

The Output

Your program must use the first two lines to determine the key

, (or its inverse 

).

When the key is determined, then read the following cipher text in the input file, decipher them, and print the message out. Assume that no messages ends with x. Do not print the tailing x's in each message.

Sample Input

thisisatest

AVWSMYRZPCZU

DKNGGMFZTQEYXGZHDL

EIGIZADDFKQOXIBGHGJEP

000

Sample Output
welcometokaohsiung

acmprogrammingcontest

Problem 7

Permutation Enumeration

The Problem

Consider the permutation of 

 distinct objects 1,2,...,

. Let

 be the permutations of 

 objects out of the

 objects. Let (

,

,...,

) and (

,

,...,

) be two permutations of

. The lexicographic order is defined to be: (

,

,...,

)< (

,

,...,

) if there is an 

, 1(

(

, such that 

=

 for every

<

 and 

<

.

For example, the permutations of

 in lexicographic order are listed as follows.

(1,2,3) (1,2,4) (1,3,2) (1,3,4) (1,4,2) (1,4,3)

(2,1,3) (2,1,4) (2,3,1) (2,3,4) (2,4,1) (2,4,3)

(3,1,2) (3,1,4) (3,2,1) (3,2,4) (3,4,1) (3,4,2)

(4,1,2) (4,1,3) (4,2,1) (4,2,3) (4,3,1) (4,3,2)

The first element in the list is (1,2,3), the second element is (1,2,4), ..., and the last element is (4,3,2). Write a program to compute the

-th element of

.

The Input

Each line of the input file contains three integers, 

, 

, and 

. You may assume that 

<

<32767, and

<32767.

The Output

The output is the

-th element of

 in lexicographic order.

Sample Input
4 3 15

4 2 1

0 0 0

Sample Output

(3 2 1)

(1 2)

Problem 8

Evaluate a Boolean Function

The Problem
Given 2 elements 0 and 1, define a binary operator +: 0+0=0, 0+1=1, 1+0=1, 1+1=1. Define another binary operator ( : 0(0=0, 0(1=0, 1(0=0, 1(1=1. Furthermore, define a unary operator ': 0'=1, 1'=0.

A Boolean variable is a variable whose value can only be 0 or 1. A Boolean expression is an expression of Boolean variables with +, ( , and ' operators. For example, 

(  (b+c') + a' ( c is a Boolean expression. In a Boolean expression, the ' has the highest precedence, followed by ( , and the + operator has the lowest precedence. Therefore, 

( (b+c')+a'( c=(a ( (b+(c')))+((a') ( c).

The ( operator is usually omitted. For example, we shall write

(b+c')+a'c, instead of 

( (b+c')+a'( c.

An 

-variable Boolean function is a Boolean function with 

 Boolean variables. For example, 

(a,b,c)=a(b+c')+a'c is a 3-variable Boolean function. Given the values of 

, 

, and 

, the value of 

 can be evaluated from the associated Boolean expression. 

For example, let

(a,b,c)=a(b+c')+a'c, then

(1,0,0)=1(0+0')+1'0=1(0+1)+0(0 = 1(1+0 =1+0=1. Since 100 in binary is 4 in decimal, we shall use

(4) to denote

(1,0,0). In general, if

is an 

-variable Boolean function, we shall use

(d) to denote 

(

, 

,...,

), where 

, 

,...,

 is the binary representation of 

. In this problem, you are going to write a program to evaluate the value of Boolean functions.

The Input

Each instance contains four records. The first record is a positive number 

. The second record is an 

-variable Boolean function. Assume that the first variable is 

, second variable is 

, etc. The function will be given in one line. The third record is a positive number 

. The last record is a list of integers 

, 

,...,

. You may assume that 

<20, and 0(

(

, for 

=1,2,...,

.

The Output
For each instance print 

(

)

(

) ...

(

). That is, for 

=1,2,...,

, evaluate 

(

), and print them out.

Sample Input
3

a'b'c+a(b'+bc)

7

0 1 3 4 5 6 7

5

a'be'+cde'+a(c'e+ce')+a'c'd'e'

11

0 5 7 8 12 14 18 21 22 25 28

0

Sample Output
0101101

10011100111

Asia96-12

_910852056.unknown

_910856734.unknown

_910971256.unknown

_910972893.unknown

_910974052.unknown

_910974664.unknown

_910974857.unknown

_910975103.unknown

_910975178.unknown

_910975217.unknown

_910975269.unknown

_910975275.unknown

_910975248.unknown

_910975187.unknown

_910975140.unknown

_910975147.unknown

_910975116.unknown

_910974973.unknown

_910975044.unknown

_910975070.unknown

_910975010.unknown

_910974890.unknown

_910974921.unknown

_910974871.unknown

_910974776.unknown

_910974809.unknown

_910974835.unknown

_910974790.unknown

_910974698.unknown

_910974752.unknown

_910974665.unknown

_910974457.unknown

_910974543.unknown

_910974587.unknown

_910974622.unknown

_910974663.unknown

_910974564.unknown

_910974500.unknown

_910974526.unknown

_910974473.unknown

_910974171.unknown

_910974256.unknown

_910974432.unknown

_910974203.unknown

_910974081.unknown

_910974096.unknown

_910974070.unknown

_910973142.unknown

_910973898.unknown

_910973986.unknown

_910974007.unknown

_910973947.unknown

_910973660.unknown

_910973796.unknown

_910973159.unknown

_910973007.unknown

_910973072.unknown

_910973089.unknown

_910973062.unknown

_910972974.unknown

_910972993.unknown

_910972925.unknown

_910972349.unknown

_910972538.unknown

_910972646.unknown

_910972702.unknown

_910972741.unknown

_910972684.unknown

_910972603.unknown

_910972634.unknown

_910972565.unknown

_910972426.unknown

_910972466.unknown

_910972513.unknown

_910972427.unknown

_910972424.unknown

_910972425.unknown

_910972422.unknown

_910972423.unknown

_910972387.unknown

_910972138.unknown

_910972255.unknown

_910972313.unknown

_910972330.unknown

_910972281.unknown

_910972215.unknown

_910972235.unknown

_910972183.unknown

_910971789.unknown

_910972080.unknown

_910972120.unknown

_910971818.unknown

_910971634.unknown

_910971733.unknown

_910971457.unknown

_910858038.unknown

_910970974.unknown

_910971156.unknown

_910971192.unknown

_910971234.unknown

_910971175.unknown

_910971007.unknown

_910971138.unknown

_910970975.unknown

_910970842.unknown

_910970896.unknown

_910970973.unknown

_910970862.unknown

_910858084.unknown

_910970779.unknown

_910858053.unknown

_910857770.unknown

_910857925.unknown

_910857965.unknown

_910858021.unknown

_910857942.unknown

_910857848.unknown

_910857887.unknown

_910857831.unknown

_910857626.unknown

_910857679.unknown

_910857698.unknown

_910857655.unknown

_910857469.unknown

_910857606.unknown

_910857348.unknown

_910854546.unknown

_910855607.unknown

_910856604.unknown

_910856684.unknown

_910856708.unknown

_910856719.unknown

_910856692.unknown

_910856628.unknown

_910856642.unknown

_910856615.unknown

_910856349.unknown

_910856529.unknown

_910856542.unknown

_910856519.unknown

_910855900.unknown

_910855913.unknown

_910855618.unknown

_910854817.unknown

_910855333.unknown

_910855416.unknown

_910855600.unknown

_910855372.unknown

_910855291.unknown

_910855309.unknown

_910855282.unknown

_910854756.unknown

_910854788.unknown

_910854807.unknown

_910854768.unknown

_910854730.unknown

_910854744.unknown

_910854589.unknown

_910853743.unknown

_910854082.unknown

_910854461.unknown

_910854486.unknown

_910854526.unknown

_910854476.unknown

_910854370.unknown

_910854394.unknown

_910854115.unknown

_910853864.unknown

_910853966.unknown

_910854000.unknown

_910853884.unknown

_910853789.unknown

_910853851.unknown

_910853757.unknown

_910853419.unknown

_910853617.unknown

_910853667.unknown

_910853722.unknown

_910853631.unknown

_910853468.unknown

_910853552.unknown

_910853455.unknown

_910852202.unknown

_910852253.unknown

_910853385.unknown

_910852236.unknown

_910852153.unknown

_910852178.unknown

_910852125.unknown

_910850407.unknown

_910851322.unknown

_910851802.unknown

_910851935.unknown

_910851996.unknown

_910852032.unknown

_910852033.unknown

_910852031.unknown

_910851956.unknown

_910851994.unknown

_910851944.unknown

_910851871.unknown

_910851914.unknown

_910851924.unknown

_910851879.unknown

_910851836.unknown

_910851859.unknown

_910851803.unknown

_910851592.unknown

_910851702.unknown

_910851747.unknown

_910851800.unknown

_910851731.unknown

_910851611.unknown

_910851683.unknown

_910851610.unknown

_910851536.unknown

_910851558.unknown

_910851591.unknown

_910851557.unknown

_910851472.unknown

_910851473.unknown

_910851470.unknown

_910851471.unknown

_910851344.unknown

_910850858.unknown

_910851132.unknown

_910851224.unknown

_910851285.unknown

_910851321.unknown

_910851235.unknown

_910851160.unknown

_910851213.unknown

_910851148.unknown

_910851043.unknown

_910851080.unknown

_910851096.unknown

_910851044.unknown

_910851002.unknown

_910851018.unknown

_910850990.unknown

_910850637.unknown

_910850779.unknown

_910850825.unknown

_910850837.unknown

_910850780.unknown

_910850690.unknown

_910850716.unknown

_910850778.unknown

_910850662.unknown

_910850538.unknown

_910850588.unknown

_910850618.unknown

_910850556.unknown

_910850463.unknown

_910850502.unknown

_910850428.unknown

_910790735.unknown

_910849555.unknown

_910850075.unknown

_910850180.unknown

_910850348.unknown

_910850380.unknown

_910850318.unknown

_910850142.unknown

_910850167.unknown

_910850118.unknown

_910849904.unknown

_910849954.unknown

_910850020.unknown

_910849939.unknown

_910849872.unknown

_910849890.unknown

_910849589.unknown

_910791334.unknown

_910849356.unknown

_910849427.unknown

_910849522.unknown

_910849400.unknown

_910791443.unknown

_910791444.unknown

_910791361.unknown

_910791208.unknown

_910791286.unknown

_910791323.unknown

_910791242.unknown

_910791110.unknown

_910791154.unknown

_910790876.unknown

_910788246.unknown

_910790290.unknown

_910790492.unknown

_910790706.unknown

_910790734.unknown

_910790555.unknown

_910790385.unknown

_910790461.unknown

_910790362.unknown

_910788450.unknown

_910789596.unknown

_910790234.unknown

_910788451.unknown

_910788345.unknown

_910788449.unknown

_910788317.unknown

_910787429.unknown

_910787693.unknown

_910787958.unknown

_910788188.unknown

_910787757.unknown

_910787577.unknown

_910787653.unknown

_910787557.unknown

_910786525.unknown

_910787166.unknown

_910787409.unknown

_910786526.unknown

_910786225.unknown

_910786255.unknown

_910786524.unknown

_910786108.unknown

