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Група B (9.-10. клас)

Task C2. Fatal algorithm  

„Tests? Easy as a pie!” – say a group of nine graders.  As it is, to complete a standard multiple choice test they successfully use this fatal algorithm: 

· they find the first prime number p, which is not smaller than a previously specified natural number M; 

· by starting from option a and number p, they count the options for each question (repeating them if necessary a, b, c, d, a, b, c, d,…), increasing p by one at each step;

· the counting stops when p reaches a number divisible by 13. The next option is the correct answer! 

· The counting for the next question starts at the first prime number following the current value of p. 

Let's analyze this sample test:  

Question 1: What is the main unit for measuring information? 

a) bit b) quant c) byte d) megahertz 

Question 2: Which one of the following two words cannot be the name of a variable in C (Pascal)?

a) zq_1 b) _1zq c) 1_zq d) z_1q 

Let M=10. The first prime number not smaller than 10 is 11. So the counting for the first question starts: 11 – a, 12 – b, 13 – c, stop!, 13 is divisible by 13, option d is selected (it is the following option). The next prime number is 17, so the counting for the second question starts: 17 – a, 18 – b, 19 – c, 20 – d, 21 – a, 22 – b, 23 – c, 24 – d, 25 –a, 26 – b, stop!, 26 is divisible by 13, option c is selected (it is the following option). The selected options are: d c. As you can see, 50% of the answers are correct! 

Easy, right? All you have to know is the number M, for which there will be even bigger match. This is where your help comes in. Write a programme called fatal, which will find the smallest value for M, for which the results from the test will be as high as possible.

Input: 

In the first line of the standard input enter n – the total number of questions in the test.

In the second line enter the correct options for every question: n small Latin letters (each a, b, c or d), without any separator. 

Output: 

At the standard output the programme returns one line with the number M – the smallest whole number, for wich the fatal algorithm would give the best result (according to you). 

Restrictions: 

1 ≤ n ≤ 50
М < 1000

Each question has four options (a, b, c, d), of which only one is the correct answer. 

EXAMPLE 

	Input 
	Output 

	2 

ac 
	1 


Output explanation: 

The first prime number not smaller than 1 is 2 (1 is not a prime number!). The counting goes  like this:  2-a, 3-b, 4-c, 5-d, 6-a, 7-b, 8-c, 9-d, 10-a, 11-b, 12-c, 13-d, stop!, mark option a as the answer to question 1. The following prime number is 17, so the counting for the second question goes like this: 17-a, 18-b, 19-c, 20-d, 21-a, 22-b, 23-c, 24-d, 25-a, 26-b, stop, select option c. In this way we even have 100% success! 1 is the smallest natural number for which this excellent result can be achieved (it is also THE smallest natural number, 0 is not included here). The same result can be achieved if the counting starts at M=2 as well, or even at M=3734, but the point here is to find the smallest one!

Solution:
The problem requires finding the smallest natural number М, for which the result of the programme completing the test is closest to the input answers of the test. The offered solutions are referred to the minimal requirements for each contestant.

The offered programme fatal1 checks every number for being natural and executes the defined algorithm. It checks the sum for different values of M and finds the lowest one.

Optimizing this solution requires optimizing the functions used in it.

Programme fatal2 avoids the check of each number for being natural by using preprocessing of prime numbers, recorded in a constant array. It also uses the function for binary search of a number in this list of numbers. Finding it would mean that the number is prime. The optimization lies in the fact that each following search of a prime number is performed from the last found number on. 

A quick empirical survey gives the results in the table and fixes the execution time to 2 seconds. 

	
	тестове

	
	01
	02
	03
	04
	05
	06
	07
	08
	09
	10

	fatal1
	0.01
	0.02
	0.25
	0.53
	0.65
	1.10
	1.21
	1.36
	1.64
	1.73


	fatal2
	0.02
	0.02
	0.02
	0.09
	0.13
	0.19
	0.21
	0.22
	0.25
	0.26


The offered problem can be used for further tests for the contestants in the Olympics. It can be set for optimization by defining stricter restrictions (increasing of N, no restrictions for M, limiting the execution time to 1 sec., setting restrictions for the use of operational memory), i.e. it is suitable for next levels of the contest.

It would be useful if the participants in the contest are familiar with the sieve of sieve Erathostenes, the sieve of Atkins and studies for finding the number of prime numbers in a given interval. 
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