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Problem 2.10
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Problem 2.10

The following algorithm checks whether the vector P of length N represents any permutation
of Ay. It uses a vector A of length N that contains Boolean values (true or false) to keep
track of the integers already encountered in P. The result is set into the variable E, which is
true upon termination of the algorithm precisely if P indeed represents a permutation.

for [ going from 1 to N do the following:
A[l] < false;
I —1;
E <« true;
while E is true and I < N do the following:
J «— P[I]:;
if 1 <= J < N and A[J] is false then do the following:
A[J] < true;
[ — I+ 1;
otherwise
E <« false.
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Problem 2.11

Here is an algorithm which, given N, prints all the permutations of A . It uses two vectors A
and P of length N each. The vector A contains Boolean values and represents those integers
already considered in the current permutation being generated in the vector P.



for I going from 1 to N do the following:
A[l] < true;
call perms-from 1.

where the subroutine perms, with local variable J, is defined by

subroutine perms-from K':
if K = N then do the following:
print(“New permutation: (7);
for J going from 1 to N do print( P[J]);
print(*)”):
otherwise (i.e., K < N) do the following:
for J going from 1 to N do the following:
if A[J] is true then do the following:
PIK] <« J;
Al J] < false;
call perms-from K + 1;
AlJ] < true;

return.



#include <iostream>

#define N 7 /7242 ~614 B[] permutation.
using namespace std;

void permsfrom(int);

bool check[N];

int p[N];
int main()
{
for(int | = 1;I<N;l++)
{
check[l]=true;
}
permsfrom(1);
}
void permsfrom(int k)
{
if (k>N-1){
cout<<"New permutation:(";
for(int j = 1;j<=N-1;j++)
cout<<pl[j];
cout<<")"<<endl;
}
else
{
for(int j=1;j<=N-1;j++)
if (check]j] ==true)
{
plk]=j;
check|j]=false;
permsfrom(k+1);
checklj]=true;
}
}
}



CAWindows\system32\cmd.exe

Mew permutation:<651234>
Mew permutation:<651243>
Mew permutation:{651324>
Mew permutation:<651342>
Mew permutation:<651423>
Mew permutation:{651432>
Mew permutation:<652134>
Mew permutation:<652143>
Mew permutation:{652314>
Mew permutation:<652341>
Mew permutation:<652413>
Mew permutation:{652431>
Mew permutation:<653124>
Mew permutation:<653142>
Mew permutation:{653214>
Mew permutation:<653241>
Mew permutation:z<653412>
Mew permutation:{653421>
Mew permutation:<654123>
Mew permutation:<654132>
Mew permutation:{(654213>
Mew permutation:<654231>
Mew permutation:<654312>
Mew permutation:<654321>
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Problem 2.12
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(b) We prove that the following permutations cannot be obtained by a stack:

i.

1.

The permutation (3, 1, 2). In order to print 3 first, the input integers 1 and 2 have to be
previously pushed on to the stack. But this can only happen in the order 1. 2, so that
2 will necessarily be on the top. Now, 2 has to be popped and immediately printed,
otherwise it is lost.

The permutation (4, 5, 3.7, 2, 1, 6). In order to print 4 first, the integers 1, 2, and 3
must be pushed (in this order) on to the stack. After printing 5, the integer 3 has to
be popped and printed. Now, in order to print 7, the input 6 has to be first pushed on
to the stack. Therefore, the integer at the top of the stack is now 6, and 2 cannot be
printed before it.



(c) It is easy to check all 4! = 24 permutations of A, and find that precisely 10 of them
cannot be obtained by a stack. Alternatively, the number of permutations of A, that can
be obtained by a stack is given by the formula

(2 x N)!
N!x (N +1)!

which we will not prove here. Therefore, A, has

2x4 8
4 x(4+1) 4'x5!

permutations obtained by a stack, so that 24 — 14 = 10 permutations are not.
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Catalan Numbers
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Problem 2.14
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Problem 2.15

The following algorithm prints the series of operations on one or two stacks for obtaining a
given input permutation. The variable R is true at the end precisely if the permutation can
be obtained by one stack. The algorithm uses two stacks, S and §', with the push, pop, and
is-empty operations. The result is produced in the variable E, which is true upon termination
precisely when the input permutation can be obtained by a single stack.



E <« true;
I — 1;

while input is not empty do the following:

read(Y);

while ¥ = I do the following:
push(/, 5);
print(“read(X)”);

print(“push(X, §)”);
I —T+1;
if ¥ = I then do the following:

print(“read(X)”);

print(“print(X)”):

I — T +1;

otherwise (i.e., ¥ < [') do the following:

pop(Z, §):

print(“pop(X, 5)");

while Z # Y do the following:
E <« false:
push(Z, §);
print(“push(X, §)7);
pop(Z, S).
print(“pop(X. §)");

print(“print(X)");

while is-empty(S’) is false do the following:
pop(Z, §');
print(“pop(X, §)");
push(Z, §):
print(“push( X, §5)7).



Problem 2.16

2.16.  Consider the treesort algorithm described in the text.

(a) Construct an algorithm that transforms a given list of integers into a binary search
tree.

(b) What would the output of treesort look like if we were to reverse the order in which
the subroutine second-visit-traversal calls itself recursively? In other words, we
consistently visit the right offspring of a node before we visit the left one.
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PASCAL in BNF

 http://bernhard.userweb.mwn.de/Pascal-
EBNF.html



http://bernhard.userweb.mwn.de/Pascal-EBNF.html
http://bernhard.userweb.mwn.de/Pascal-EBNF.html

C in BNF

« The C Programming Language




ALGOL 60 in BNF

« ALGOL 60
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Example 4.29: Consider the grammar

d

S = cAd
A = ab | a

To construct a parse tree top-down for the input string w = cad.



PARN N PN
C A d c A d c A
m/ \b |
(a) (b) (©)

Figure 4.14: Steps in a top-down parse

Compilers: Principles, Techniques, & Tools, Aho, Lam, Sethi, Ullman.



4.4.1 Recursive-Descent Parsing

void A() {
1) Choose an A-production, A = X; Xo - X};
2) for (i=1to k) {
3) if ( X; is a nonterminal )
4) call procedure X;();
5) else if ( X; equals the current input symbol a )
6) advance the input to the next symbol;
7) else /* an error has occurred */;
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