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FAO: Dr. G. Jones

Procedural Programming

Week 2
Exercise A

Sample functions f, p and q have been written for testing purposes:

MODULE ExA;

IMPORT In, Out;

PROCEDURE f(c: CHAR): CHAR;

BEGIN


RETURN CHR((ORD(c)+1) MOD 128)

END f;

PROCEDURE p(c: CHAR): BOOLEAN;

BEGIN


RETURN ODD(ORD(c) - ORD('0'))

END p;

PROCEDURE q(c: CHAR): BOOLEAN;

BEGIN


IF (c >= '0') & (c <= '9') THEN



RETURN TRUE


ELSE



RETURN FALSE


END

END q;

VAR c: CHAR;

BEGIN


In.Char(c);


WHILE In.Done & q(c) DO



IF p(c) THEN




Out.Char(f(c))



END;



In.Char(c)


END

END ExA.

Exercise B

(*

fib n = fibit(1,0,n)

We're aiming for:

fibit(a,b,n) = fibit(b,a+b,n-1)


{when n > 0}

fibit(b,a+b,n-1)

= b*fib (n-1) + (a+b)*fib n

= b*(fib (n-1) + fib n) + a*fib n

= b*fib (n+1) + a*fib n

= fibit(a,b,n) as required

The remaining point is that fibit(a,b,0) = b.

*)

MODULE ExB;

IMPORT In, Out;

VAR a,m,n,temp: INTEGER;

BEGIN


a:=1;


m:=0;


In.Int(n);


IF In.Done THEN



WHILE n # 0 DO




temp:=a;

(* a:=m, m:=a+m *)




a:=m;




m:=temp+m;




n:=n-1



END;



Out.Int(m,0)


END

END ExB.

Exercise C

(*

(3^7) 0

(3^3)^2 1

((3^1)^2)^2 3

3 7 0 0 = (3^7)^(2^0) * 3^0 = 3^7

3 3 1 1 = (3^3)^(2^1) * 3^1 = 3^7

3 1 2 3 = (3^1)^(2^2) * 3^3 = 3^7

(3^15) 0

(3^7)^2 1

((3^3)^2)^2) 3

(((3^1)^2)^2)^2) 7

2 9 0 0

2 4 1 1

2 2 2 1

2 1 3 1

3 3 0 0

3 1 1 1

Call the columns a..d. Then we have (a^bn)^(2^cn) * a^dn = (a^bn+1)^(2^cn+1) * a^dn+1.

Proof:

i) If bn is even, then we do:

bn+1 = bn / 2

cn+1 = cn + 1

dn+1 = dn
Whence (a^bn+1)^(2^cn+1) * a^dn+1
= (a^(bn/2))^(2^(cn + 1)) * a^dn+1
= ((a^(bn/2))^2)^(2^cn) * a^dn+1
= (a^bn)*(2^cn) * a^dn+1
= (a^bn)*(2^cn) * a^dn
as required.

ii) If bn is odd, then we do:

bn+1 = (bn - 1)/2

cn+1 = cn + 1

dn+1 = dn + 2^cn
Whence (a^bn+1)^(2^cn+1) * a^dn+1
= (a^((bn - 1)/2))^(2^(cn + 1)) * a^(dn + 2^cn)

= (a^(bn - 1))^(2^cn) * a^(dn + 2^cn)

= (a^(bn - 1))^(2^cn) * (a ^ dn * a^(2^cn))

= (a^bn)^(2^cn) * a^dn
as required.

Let's see if we can develop this into a tail-recursive Haskell definition:

pow2 :: Integer -> [Integer]

pow2 n = map (2^) [0..n]

inner :: (Integer,Integer,Integer,Integer) -> [Integer] -> (Integer,Integer,Integer,Integer)

inner (1,c,d,p) pow2 = (1,c,d,p)

inner (b,c,d,p) pow2


| b `mod` 2 == 0
= inner (b `div` 2,c+1,d,p*p) pow2


| otherwise

= inner (b `div` 2,c+1,d+pow2!!(fromInteger c),p*p) pow2

outer :: (Integer,Integer,Integer,Integer,Integer,Integer,Integer) -> [Integer] -> Integer

outer (r,_,_,0,_,_,_) _ = r
-- if b == 0

outer (r,x,n,b,c,d,p) pow2 = outer (r*p1,x,n,d1,0,0,x) pow2


where (b1,c1,d1,p1) = inner (b,c,d,p) pow2

exp :: Integer -> Integer -> Integer

exp x n = outer (1,x,n,n,0,0,x) (pow2 20)

*)

(*

Note: A more efficient solution would hard-code the powers of 2, but it's an exercise not a real-world program.

*)

PROCEDURE SetupPow2Array(VAR arr: ARRAY OF INTEGER);

VAR i,n: INTEGER;

BEGIN


n:=1;


FOR i:=0 TO 19 DO



arr[i]:=n;



n:=n*2


END

END SetupPow2Array;

VAR x,n,b,c,d,p,r: INTEGER; pow2: ARRAY 20 OF INTEGER;

BEGIN


In.Int(x);


IF In.Done THEN



In.Int(n);



IF In.Done THEN




SetupPow2Array(pow2);




b:=n;




c:=0;




d:=0;




p:=x;




r:=1;




WHILE b # 0 DO





WHILE b # 1 DO






IF b MOD 2 = 0 THEN







b:=b DIV 2;






ELSE







b:=b DIV 2;
(* bn+1 = (bn - 1)/2 *)







d:=d + pow2[c];






END;






c:=c+1;






p:=p*p





END;





r:=r*p;





b:=d;





c:=0;





d:=0;





p:=x;




END;




Out.Int(r,0)



END


END

END ExC.

Exercise D

(*

Specification:

decimalIt :: (Int,String) -> String

decimalIt (n,acc) = decimal n ++ acc

decimal n = decimalIt(n,[])

Case n <= 10

decimalIt (n,acc) = d:acc

decimal n = decimalIt(n,[]) = d:[] = [d]

Case otherwise

decimalIt (n,acc) = decimalIt (n `div` 10, d:acc)

decimal n

= decimalIt(n,[])



{by spec.}

= decimalIt (n `div` 10, [d])


{defn. of decimalIt}

= decimal (n `div` 10) ++ [d]


{by spec.}

The difficulty in translating d:ds into a proper Oberon program is that adding something to the front of an array involves shifting all the

existing elements up by one (an upshuffle, in other words), which is theta(n). We overcome this by appending to the end of the array and reading

it out backwards.

*)

MODULE ExD;

IMPORT In, Out;

(*

Note: This function is intended to mirror the assert macro in C++ (and indeed C). Unlike its C++ equivalent, it doesn't break into the debugger

when something goes wrong (because I have no idea how to do it, or indeed how to use a debugger with Oberon), but it does provide a handy way both of halting the code as a result of erroneous input and of documenting assumptions made when writing the program (such as that the user will only input natural numbers).

Comment: We'd like to write VAR s: ... here, to avoid the expensive array copy, but that makes calling the function less convenient, since then

we can't pass in string literals. In this instance, it makes sense to accept the copy both for this reason and because if this function gets called then the program ends anyway.

*)

PROCEDURE assert(b: BOOLEAN; s: ARRAY OF CHAR);

BEGIN


IF ~b THEN



Out.String("Assertion failed: ");



Out.Char('"');



Out.String(s);



Out.Char('"');



HALT(1)


END

END assert;

VAR n, i, j: INTEGER; d: CHAR; acc: ARRAY 20 OF CHAR;

BEGIN


In.Int(n);


IF In.Done THEN



assert(n >= 0, "n >= 0");



IF n = 0 THEN


(* We have to special-case this because of the termination condition below *)




Out.Char('0')



ELSE




i:=0;




WHILE n # 0 DO





d:=CHR(ORD('0') + n MOD 10);





acc[i]:=d;
(* This is the d:ds bit, where acc = ds *)





i:=i+1;





n:=n DIV 10




END;




j:=i;




WHILE j # 0 DO





j:=j-1;





Out.Char(acc[j])




END



END


END

END ExD.
