Exercise 81
What is the output of the following program, depending on the input number i? Describe the input in mathematical terms, ignoring possible over- and underflows. (page 194) 
# include < iostream >

int f ( int i)

{

return i * i;

}

int g ( int i)

{

return i * f(i ) * f(f(i ));

}

void h ( int i)

{

std :: cout << g(i) < < "\n";

}

int main ()

{

int i;

std :: cin >> i;

h(i);

return 0;

}
Exercise 87

Write a program swap. C that defines and calls a function for interchanging the values of two int objects.The program should have the following structure.(page 196)

# include < iostream >

// your function definition goes here

int main () {

// input

std :: cout << "i =? ";

int i; std :: cin >> i;

std :: cout << "j =? ";

int j; std :: cin >> j;

// your function call goes here

// output

std :: cout << " Values after swapping : i = " << i

<< " , j = " << j << ".\n";

return 0;

}
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i =? 5

j =? 8

Values after swapping : i = 8 , j = 5.
Exercise 89 

A perpetual calendar can be used to determine the weekday (Monday,…, Sunday) of any given date. You may for example know that the Berlin wall came down on November 9, 1989, but what was the weekday? (It was Thursday.)

Or what is the weekday of the 1000th anniversary of the Swiss confederation, to be celebrated on August 1, 2291? (Quite adequately, it will be a Saturday.)

a)The task is to wrote a program that outputs the weekday (Monday, …, Sunday) of a given output date.

Identify a set of subtasks to which you can reduce this task. Such a set is not unique, of course, but all individual subtasks should be small (so small that they could be realized with few lines of code). It is of course possible for a subtask in your set to reduce other subtasks. (without giving away anything, one subtask that you certainly need is to determine whether a given year is a leap year).

b)Write a program perpetual_calendar.C that reads a date from the input and outputs the corresponding weekday. The range of dates that the program can process should start no later than January 1, 1900 (Monday). The program should check whether the input is a legal date, and if not, reject it. An example run of the program might look like this:

day =? 13
month =? 11

year =? 2007

Tuesday

To structure your program, implement the subtasks from a) as functions, and put the program together from these functions. (page 197)
Page 198.

Exercise 93. The simplest computer model that is being studied in theoretical computer science is the deterministic finite automaton (DFA). Such an automaton is defined over a finite alphabet ∑ (for example ∑={0,1}). Them it has a finite set of states Q. The main ingredient is the transition function

б :Q x ∑→Q.

We can visualize this function as follows: whenever б(q,φ)=q’ , we draw an arrow from state q to state q’, labeled with φ.

Finally, there is a starting state s Є Q and a subset F С Q of accepting states. Figure Figure 18 depicts a DFA with state set Q={0,1,2}. The starting state is indicated by an arrow coming in from nowhere, and the accepting states are marked with double circles (in this case, there is only one).
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Why can we call such an automaton a computer model? Because it performs
a computation, namely the following: given an input word w e L* (finite sequence
of symbols from the alphabet L), the automaton either accepts, or rejects it. To
do this, the word w is processed symbol by symbol, starting in s. Whenever the
automaton is in some state q and the nest symbol is o, the automaton switches to
state q' = 5(q,0). When all symbols have been processed, the automaton is either
in an accepting state q € F (in which case w is accepted), or in a non-accepting
state q & Q\F (in which case w is rejected)

For ezample, when we feed the automaton of Figure 18 with the word w =
0101, the sequence of states that are being visited is 0,0,1,2,2. Consequently, w is
rejected.

The language L of the automaton is the set of accepted wonds. This is a (gen-
erally infinite) subset of I". Let’s try to determine the language of the automaton
in Figure 18.

It turns out that this is not such a straightforward task, and you need the right
idea. (To be homest, we had the idea first and then came up with an automaton
that realizes it). We claim that the automaton accepts ezactly all the words that
are divisible by 3 if you interpret the word as a binary number (where the empty
word is interpreted as 0). For ezample, 0101 is the binary number

0-224+1.2240-2'+1:2°

and indeed 5 is not divisible by 3 (and hence rejected). In fact (and this is the key
to the proof of our claim), the state after processing w is the one numbered with
wmad3. You can therefore say that the DFA of Figure 18 is a computer (with a
built-in program) that can solve the decision problem of checking whether a given
number is divisible by 3.

We are slowly approaching the actual challenge. For every subset L of 0,11
from the following list, either find a DFA that has L as its language, or prove



 [image: image3.jpg]that such a DFA cannot ezist (which would show that DFA are limited in their
computational power).

a) L={we{0,1}" | w has an even number of zeros and an even number of ones}
b) L={we{0,1) | wis divisible by 5 when interpreted as a binary number}

¢) L={we (0,1 | w has more zeros than ones}

@) L={w e {0,1)" | w does not contain three consecutive ones}

Exercise 04 A Sudoku puzzle is posed on a grid of 9 9 cells, subdivided into 9 square
bozes of 3x 3 cells each. Some grid cells are already filled by numbers between 1
and 9; the goal is to fil the remaining cells by numbers between 1 and 9 in such
a way that within each row, column, and boz of the completed grid, every number
occurs ezactly once. Here is an ezample of a Sudoku puzzle.
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Why can we call such an automaton a computer model? Because it performs
a computation, namely the following: given an input word w e L* (finite sequence
of symbols from the alphabet L), the automaton either accepts, or rejects it. To
do this, the word w is processed symbol by symbol, starting in s. Whenever the
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to the proof of our claim), the state after processing w is the one numbered with
wmad3. You can therefore say that the DFA of Figure 18 is a computer (with a
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b) L={we{0,1) | wis divisible by 5 when interpreted as a binary number}

¢) L={we (0,1 | w has more zeros than ones}

@) L={w e {0,1)" | w does not contain three consecutive ones}

Exercise 04 A Sudoku puzzle is posed on a grid of 9 9 cells, subdivided into 9 square
bozes of 3x 3 cells each. Some grid cells are already filled by numbers between 1
and 9; the goal is to fil the remaining cells by numbers between 1 and 9 in such
a way that within each row, column, and boz of the completed grid, every number
occurs ezactly once. Here is an ezample of a Sudoku puzzle.
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[image: image6.jpg]In solving the puzzle, one may try to deduce from the already filled numbers that
exactly one number is a candidate for a suitable empty cell. Then this number is
filled into the cell, and the deduction process is repeated. There are two situations
where such a deduction for the cell in row r / column ¢ and number n is particularly
easy and follous the Sherlock Holmes approach (How often have I said to you that
when you have eliminated the impossible, whatever remains, hawever improbable, must
be the truth?).

1. All numbers distinct from n already appear somewhere in the same row, col-
umn, or 23 boz. This necessarily means that the cell has to be filled with n,
since we have eliminated all other numbers as impossible.

2. All other cells in the same row, or in the same column, or in the same 33
boz are already known not to contain n. Again, the cell has to be filled by n
then, since we have eliminated all other cells for the number n within the Tow,
column, or boz.
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sequence of 81 numbers between 0 and 9 (the grid numbers given row by row, where
0 indicates an empty cell). The numbers might be separated by whitespaces, so that
the Sudoku puzzle from above could convensently be encoded like this in a file
000 100 740

050 030 032

006 700 8500

04 007 300
30 020 060
065 004 000

The program should now try to solve the puzzle by using only the two Sherlock
Holmes type deductions from above. The output should be a (partially) completed
grid that 15 either the solution to the puzzle, or the unique (why?) partial solution.
tn which no Sherlock Holmes-type deductions apply anymore (agawn, empty cells
should be indicated by the digit 0)
In the above ezample, the output of a correct program will be the solution.

392 185 746

57 256 132

126 732 958
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[image: image8.jpg]For reading the wnput from a file, 1t can be convenient to redirect the standard
wnput to the file containing the puzze data For checking whether any Sherlock
Holmes-type deductions apply, it can be useful to maintan (and update) for any
traple (v,c,n) the information whether . 1s shil a possible candidate for the eell in
row r / column c.

You will discover that many Sudoku puzies that typically appear in newspapers
can be solved by your program and are therefore easy, even if they are labeled as
medium or hard

Hint: 1t is advisable not to optimize for efficiency here, since this will only lead
to more complicated and error-prone code. Given the very small problem size, such.
optimizations won't have a notaceable effect anyway




