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FAO: Dr. G. Jones

Procedural Programming

Sheet 3
Exercise A

a)

MODULE ExAa;

IMPORT Out;

PROCEDURE Downshuffle(m,n: INTEGER);

VAR k: INTEGER;

BEGIN


k := m;


WHILE k # n DO



a[k-1] := a[k];



k := k+1


END

END Downshuffle;

PROCEDURE OutputArray(VAR arr: ARRAY OF INTEGER);

BEGIN


FOR i := 0 TO LEN(arr)-1 DO



Out.Int(arr[i],0)


END

END OutputArray;

VAR


a: ARRAY 10 OF INTEGER;


i: INTEGER;

BEGIN


FOR i := 0 TO 9 DO



a[i] := i;


END;


Downshuffle(5,9);


OutputArray(a);


Out.Ln

END ExAa.

b)

MODULE ExAb;

IMPORT Out;

PROCEDURE Downshuffle(m,n: INTEGER);

VAR k: INTEGER;

BEGIN


k := m;


WHILE k # n DO



a[k-1] := a[k];



k := k+1


END

END Downshuffle;

PROCEDURE Upshuffle(m,n: INTEGER);

VAR k: INTEGER;

BEGIN


k := n;


WHILE k # m DO



a[k] := a[k-1];



k := k-1


END

END Upshuffle;

PROCEDURE OutputArray();

BEGIN


Out.Int(m,0);


Out.Char(' ');


Out.Int(n,0);


Out.Ln;


FOR i := m TO n-1 DO



Out.Int(a[i],0);



Out.Char(' ')


END;


Out.Ln

END OutputArray;

(* xs := xs ++ [x] *)

PROCEDURE PushBack(x: INTEGER);

BEGIN


IF n # N THEN



a[n] := x;



n := n+1


ELSE



ASSERT(m > 0);



Downshuffle(m,n);



m := m-1;



a[n-1] := x


END

END PushBack;

(* xs := [x] ++ xs *)

PROCEDURE PushFront(x: INTEGER);

BEGIN


IF m # 0 THEN



m := m-1;



a[m] := x;


ELSE



ASSERT(n < N);



Upshuffle(m,n);



n := n+1;



a[0] := x;


END

END PushFront;

VAR


a: ARRAY 20 OF INTEGER;


i, N, m, n: INTEGER;

BEGIN


N := 20;


FOR i := 0 TO N-1 DO



a[i] := i


END;


m := 3;


n := 20;


OutputArray;


PushBack(23);


PushBack(84);


PushBack(9);


OutputArray;

END ExAb.

c)

MODULE ExAc;

IMPORT Out;

PROCEDURE OutputArray();

VAR i: INTEGER;

BEGIN


Out.Int(m,0);


Out.Char(' ');


Out.Int(n,0);


Out.Ln;


i := m;


WHILE i # n MOD N DO



Out.Int(a[i],0);



Out.Char(' ');



i := (i+1) MOD N


END;


Out.Ln

END OutputArray;

PROCEDURE PushBack(x: INTEGER);

BEGIN


IF n # N THEN



n := n+1


ELSE



n := 1


END;


a[n-1] := x

END PushBack;

PROCEDURE PushFront(x: INTEGER);

BEGIN


IF m # 0 THEN



m := m-1


ELSE



m := N-1


END;


a[m] := x

END PushFront;

VAR


a: ARRAY 20 OF INTEGER;


i, N, m, n: INTEGER;

BEGIN


N := 20;


FOR i := 0 TO 19 DO



a[i] := 0


END;

(* PushFront Demo


m := 2;


n := 4;


a[2] := 1;


a[3] := 2;


OutputArray;


PushFront(23);


OutputArray;


PushFront(17);


OutputArray;


PushFront(51);


OutputArray;


PushFront(10);


OutputArray

*)

(* PushBack Demo *)


m := 16;


n := 18;


a[16] := 1;


a[17] := 2;


OutputArray;


PushBack(23);


OutputArray;


PushBack(17);


OutputArray;


PushBack(51);


OutputArray;


PushBack(10);


OutputArray

END ExAc.

Exercise B

MODULE ExB;

IMPORT In, Out;

PROCEDURE CountHits(VAR arr: ARRAY OF INTEGER): INTEGER;

VAR i, hits, max, N: INTEGER;

BEGIN


N:=LEN(arr);


i:=0;


hits:=0;


max:=arr[0]-1;
(* The first element in an array is always a hit, so we want to ensure that max starts off smaller than it *)

(*

Loop invariant:

max >= arr[j] for all j < i

*)


WHILE i # N DO



IF arr[i] > max THEN




hits:=hits+1;




max:=arr[i]



END;



i:=i+1


END;


RETURN hits

END CountHits;

VAR arr: ARRAY 256 OF INTEGER; i, n: INTEGER;

BEGIN


i:=0;


In.Int(n);


WHILE In.Done DO



arr[i]:=n;



i:=i+1;



In.Int(n)


END;


Out.Int(CountHits(arr),0);


Out.Ln

END ExB.

Exercise C

What went wrong is that the student didn't bother to check the value of equal again, so in fact the program just checks whether the last

characters of the strings are equal, i.e. using this program cat = dot.

---

The only cases where the code falls over are those where the last letters are the same and the rest of the word is different. Suppose the two

words have length n. There are 26^n different words. So there are (26^n)^2 = 26^(2n) pairs of words of length n.

There are 26^(n-1) pairs of words with the same first n-1 characters (we can choose from 26 characters for the first n-1 characters of the first

word, but then those of the second word must be the same as them). There are 26^(n-1) * (26*25) cases where the first (n-1) characters are the

same, and the last characters are different, since we can choose from 26 characters for the last character of the first word, but we must choose

a different character for the last character of the second word.

So, the probability of the current case breaking our program is:

26^(n-1) * 26 * 25 / 26^(2n)

= 26^n * 25 / 26^(2n)

= 25/26^n

Call the number of tests we'd have to do to have at least a 50% chance of spotting the error m. Then we have:

m(25/26^n) = 1/2

m = 26^n/50

Since the number of tests must be an integer, we mean ceil(26^n/50) in practice.

(So clearly we should be testing it with something like n = 2, unless we fancy a long coffee break...)

Call the number of tests we'd have to do to have at least a 95% chance of spotting the error p. Then we have:

p(25/26^n) = 0.95

p = 0.95*26^n/25

Again, we really mean ceil(p).

Exercise D

MODULE ExD;

IMPORT Out;

PROCEDURE DetermineSmallestPeriod(VAR a: ARRAY OF INTEGER; n: INTEGER): INTEGER;

VAR


p,i: INTEGER;

BEGIN


FOR p := 1 TO n DO



(* drop p xs = a[p..n) *)



(* take (n-p) xs = a[0..n-p) *)



i := 0;



WHILE (i # n-p) & (a[i] = a[i+p]) DO




i := i+1



END;



IF i = n-p THEN




RETURN p



END


END;


ASSERT(FALSE)
(* We should never get here *)

END DetermineSmallestPeriod;

CONST REPEATLENGTH = 19;

VAR


n,i: INTEGER;


a: ARRAY 20 OF INTEGER;

BEGIN


n := 20;


FOR i := 0 TO n-1 DO



a[i] := i MOD REPEATLENGTH


END;


Out.Int(DetermineSmallestPeriod(a,n),0);


Out.Ln

END ExD.

Exercise E

(*

I wasn't entirely sure what was intended here, but assuming something like this (note the minor modification of insert):

data Record = Rec Integer String

key :: Record -> Integer

key (Rec k _) = k

sort = foldl insert []

insert ys x = takeWhile (\y -> key y < key x) ys ++ [x] ++ dropWhile (\y -> key y < key x) ys

This isn't stable. Consider:

foldl insert [] [Rec 3 "A",Rec 3 "B",Rec 3 "C"]

= foldl insert (insert [] Rec 3 "A") [Rec 3 "B",Rec 3 "C"]

= foldl insert ([] ++ [Rec 3 "A"] ++ []) [Rec 3 "B",Rec 3 "C"]

= foldl insert [Rec 3 "A"] [Rec 3 "B",Rec 3 "C"]

= foldl insert (insert [Rec 3 "A"] Rec 3 "B") [Rec 3 "C"]

= foldl insert ([] ++ [Rec 3 "B" ++ [Rec 3 "A"]) [Rec 3 "C"]

= foldl insert [Rec 3 "B",Rec 3 "A"] [Rec 3 "C"]

etc.

If we change < to <=, then it's stable.

Optional bit:

It's probably about the same as the one given in lectures. Unless I've done something really stupid (which is possible!), it should still be

O(n^2), so it's not going to be significantly worse than the one given in lectures (by more than a constant factor).

*)

MODULE ExE;

IMPORT Out;

TYPE Rec = RECORD


key: INTEGER;


data: INTEGER

END;

PROCEDURE Upshuffle(VAR a: ARRAY OF Rec; m,n: INTEGER);

VAR k: INTEGER;

BEGIN


k := n;


WHILE k # m DO



a[k] := a[k-1];



k := k-1


END

END Upshuffle;

PROCEDURE sort(VAR arr,sortedArr: ARRAY OF Rec);

VAR


i,j: INTEGER;

BEGIN


ASSERT(LEN(sortedArr) >= LEN(arr));
(* ensure we've got room in the destination array *)


FOR i := 0 TO LEN(arr)-1 DO



j := 0;



WHILE (j # i) & (sortedArr[j].key <= arr[i].key) DO
(* find where to insert it *)




j := j+1



END;



IF j # i THEN
(* if we're not inserting it at the end, we have to move things out of the way first *)




Upshuffle(sortedArr,j,i);



END;



sortedArr[j] := arr[i]


END

END sort;

VAR


a,s: ARRAY 5 OF Rec;
(* a is the array, s is the sorted array *)


i: INTEGER;

BEGIN


a[0].key := 3; a[1].key := 2; a[2].key := 3; a[3].key := 5; a[4].key := 1;


FOR i := 0 TO 4 DO



a[i].data := i + 10


END;


sort(a,s);


FOR i := 0 TO 4 DO



Out.Char('(');



Out.Int(s[i].key,0);



Out.Char(',');



Out.Int(s[i].data,0);



Out.Char(')');



Out.Ln


END

END ExE.
