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Exercise A

1.

list(p,nil)

= p.head : list(p.tail,nil)
{since p /= nil}

= p.head : list(nil,nil)

{since p.tail = nil}

= p.head : []


{since nil = nil}

= p.head

2. It's defined iff q = nil. Consider:

list(nil,q)

= []



{if nil = q}

list(nil,q)

= nil.head : list(nil.tail,q)
{if nil /= q}

= oops, not defined

3.

list(p,nil)

= p.head : list(p.tail,nil)
{since p /= nil else p.tail would be undefined}

= p.head : list(p,nil)

{since p.tail = p}

So the value of list(p,nil) when p.tail = p is the infinite list containing lots of p.head's. (In practice, it's just a cyclic list with one

node, but only because we assume p is the "start" of the list.)

4.

((n p.tailn = nil) ^ ((n (m (¬(m = n) -> ¬(p.tailm = p.tailn)))

Or in other words, there is some last node in the list which has its tail pointer set to nil, and there are no loops within the list. Actually,

the first condition would probably be enough by itself.
Exercise B
MODULE ExB;

IMPORT Out;

TYPE


List =
POINTER TO Cell;


Cell =
RECORD




head: INTEGER;




tail: List



END;

(* xs,ys := xs ++ ys,[] *)

PROCEDURE assign1();

VAR cur: List;

BEGIN


IF p = NIL THEN



p := q

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


ELSE



cur := p;



WHILE cur.tail # NIL DO




cur := cur.tail



END;



cur.tail := q


END;


q := NIL

END assign1;

(* xs,ys := xs ++ [head ys],tail ys *)

PROCEDURE assign2();

VAR cur: List;

BEGIN


ASSERT(q # NIL);
(* ys /= [], since otherwise head ys and tail ys are undefined *)


IF p = NIL THEN



p := q;



q := q.tail;



p.tail := NIL


ELSE



cur := p;



WHILE cur.tail # NIL DO




cur := cur.tail



END;



cur.tail := q;



q := q.tail;



cur.tail.tail := NIL


END

END assign2;
PROCEDURE output(l: List);

BEGIN


IF l = NIL THEN



Out.String("NIL")


ELSE



REPEAT




Out.Int(l.head,0);




Out.Char(' ');




l := l.tail



UNTIL l = NIL


END;


Out.Ln

END output;

VAR p,q: List;

BEGIN

<boring test code>
END ExB.
Exercise C
MODULE ExC;

IMPORT Out;

TYPE


List =
POINTER TO Cell;


Cell =
RECORD




head: INTEGER;




tail: List



END;

(* xs,ys := xs ++ ys,[] *)

PROCEDURE assign1();

VAR cur: List;

BEGIN


cur := p;


WHILE cur.tail # NIL DO



cur := cur.tail


END;


cur.tail := q.tail;


q.tail := NIL

END assign1;

(* xs,ys := xs ++ [head ys],tail ys *)

PROCEDURE assign2();

VAR cur: List;

BEGIN


ASSERT(q.tail # NIL);
(* ys /= [], since otherwise head ys and tail ys are undefined *)


cur := p;


WHILE cur.tail # NIL DO



cur := cur.tail


END;


cur.tail := q.tail;


q.tail := q.tail.tail;


cur.tail.tail := NIL

END assign2;
PROCEDURE output(l: List);

BEGIN


ASSERT(l # NIL);


l := l.tail;
(* skip the header cell *)


IF l = NIL THEN



Out.String("NIL")


ELSE



REPEAT




Out.Int(l.head,0);




Out.Char(' ');




l := l.tail



UNTIL l = NIL


END;


Out.Ln

END output;

VAR p,q: List;

BEGIN

<boring test code>
END ExC.
Exercise D
MODULE ExD;

IMPORT Out;

TYPE


List =
POINTER TO Cell;


Cell =
RECORD




head: INTEGER;




tail: List



END;

(* xs,ys := xs ++ ys,[] *)

PROCEDURE assign1();

VAR pheader: List;

BEGIN


IF ~empty(q) THEN



(*



p.tail, q.tail, p := q.tail.tail, p.tail, q



makeEmptyList(q)



*)



pheader := p.tail;



p.tail := q.tail.tail;



q.tail := pheader;



p := q;



makeEmptyList(q)


END

END assign1;

(* xs,ys := xs ++ [head ys],tail ys *)

PROCEDURE assign2();

VAR h: List;

BEGIN


ASSERT(~empty(q));
(* if ys is empty, then head ys and tail ys are undefined *)


h := q.tail.tail;


IF h = q THEN
(* ys is a one-element list *)



assign1;
(* this has exactly the same effect as assign2 for one-element lists *)


ELSE



q.tail.tail := h.tail;



h.tail := p.tail;



p.tail := h;



p := h


END

END assign2;
PROCEDURE empty(l: List): BOOLEAN;

BEGIN


ASSERT(l # NIL);


ASSERT(l.tail # NIL);


RETURN l.tail.tail = l.tail

END empty;

PROCEDURE makeEmptyList(VAR l: List);

BEGIN


NEW(l);


l.tail := l

END makeEmptyList;

PROCEDURE output(l: List);
(* the l we pass in is either p or q *)

VAR cur: List;

BEGIN


ASSERT(l # NIL);


ASSERT(l.tail # NIL);


cur := l.tail.tail;


IF cur = l.tail THEN



Out.String("NIL")


ELSE



WHILE cur # l.tail DO




Out.Int(cur.head,0);




Out.Char(' ');




cur := cur.tail



END


END;


Out.Ln

END output;

PROCEDURE pushBack(VAR l: List; x: INTEGER);

VAR h: List;

BEGIN


h := l.tail;


NEW(l.tail);


l := l.tail;


l.head := x;


l.tail := h

END pushBack;

VAR p,q: List;

BEGIN

<boring test code>
END ExD.
Exercise E
MODULE ExE;

IMPORT Out;

TYPE


List =
POINTER TO Cell;


Cell =
RECORD




head: INTEGER;




tail: List



END;

PROCEDURE filterOk();

BEGIN


(* Establish the invariant *)


q := p;


(* ys := [] ^ xs := list(p.tail,nil) *)


WHILE q.tail # NIL DO
(* WHILE xs = list(q.tail,nil) # [] DO *)



IF ok(q.tail.head) THEN




q.head := q.tail.head;




q := q.tail



ELSE




q.tail := q.tail.tail




END


END;


(*


Explanation: After the loop, we've got p pointing to the start of ys, and q pointing to one past the end of ys. There are two things we


need to do to set xs := ys. Firstly, we need to add a header cell back on the front. Secondly, we need to remove the element which q is


pointing at, by setting the previous node's tail pointer to NIL. Note that if ys = [] at this point, p and q will point to the same thing,


so we'll end up adding a header cell and then deleting the following node (which was in fact the previous header cell). This is fine, and


does exactly what we want.


*)

q := p;


NEW(p);


p.tail := q;


q := p;


WHILE q.tail.tail # NIL DO



q := q.tail


END;


q.tail := NIL

END filterOk;
PROCEDURE ok(x: INTEGER): BOOLEAN;

BEGIN


RETURN x MOD 2 = 0

END ok;

PROCEDURE output(l: List);

BEGIN


ASSERT(l # NIL);


l := l.tail;
(* skip the header cell *)


IF l = NIL THEN



Out.String("NIL")


ELSE



REPEAT




Out.Int(l.head,0);




Out.Char(' ');




l := l.tail



UNTIL l = NIL


END;


Out.Ln

END output;

PROCEDURE makeEmptyList(VAR l: List);

BEGIN


NEW(l);


l.tail := NIL

END makeEmptyList;

PROCEDURE pushBack(l: List; x: INTEGER);

VAR cur: List;

BEGIN


cur := l;


WHILE cur.tail # NIL DO



cur := cur.tail


END;


NEW(cur.tail);


cur.tail.head := x;


cur.tail.tail := NIL

END pushBack;

VAR p,q: List;

BEGIN

<boring test code>
END ExE.
