Compilers

Tutorial 4
Exercise 8.1

Show the Keiko code for the following program, explaining the purpose of each instruction.

proc double(x: integer): integer;

begin


return x + x

end;

proc apply3(proc f(x:integer): integer): integer;

begin


return f(3)

end;

begin


print_num(apply3(double));


newline()

end.

Answer:

LABEL L1

(* Procedure double *)

FRAME 0

(* No local variables, allocate a stack frame of size 0 *)

LOCAL (0,3)

(* Push the address of local x *)

LOAD


(* Load it *)

LOCAL (0,3)

(* Push the address of local x *)

LOAD


(* Load it *)

BINOP Plus

(* Add x + x, leaving the result on the stack *)

RETURN

(* Destroy the stack frame created by CALL and FRAME and return to the caller *)

ENDPROC

(* Marker statement, in case the code is dodgy *)

LABEL L2

(* Procedure apply3 *)

FRAME 0

(* No local variables, allocate a stack frame of size 0 *)

CONST 3

(* Push the constant 3 *)

LOCAL (0,4)

(* Push the address of the local containing the static link for f *)

LOAD


(* Load it *)

LOCAL (0,3)

(* Push the address of the local containing the address of f *)

LOAD


(* Load it *)

CALL 1

(* Call f with one parameter (namely 3) *)

RETURN

(* Destroy the stack frame created by CALL and FRAME and return to the caller *)

ENDPROC

(* Marker statement, in case the code is dodgy *)

(* Main program *)

CONST 0

(* Push the static link for double *)

PUSHL L1

(* Push the address of double *)

CONST 0

(* Push the static link for apply3 *)

PUSHL L2

(* Push the address of apply3 *)

CALL 2

(* Call apply3 with two parameters (namely the two parts of the closure for double) *)

(* Assume print_num and newline are global procedures *)

CONST 0

(* Push the static link for print_num *)

PUSHL print_num
(* Push the address of print_num *)

CALL 1

(* Call print_num with one parameter (namely the result of apply3(double)) *)

CONST 0

(* Push the static link for newline *)

PUSHL newline
(* Push the address of newline *)

CALL 0

(* Call newline with no parameters *)

STOP


(* Go home, have a cup of tea, sleep, etc. *)

Exercise 8.2

Here is a procedure that combines nesting and recursion:

proc flip(x: integer): integer;


proc flop(y: integer): integer;


begin



if y = 0 then return 1 else return flip(y-1) + x end


end;

begin


if x = 0 then return 1 else return 2 * flop(x-1) end

end;

(a) Copy out the program text, annotating each applied occurrence with its level number.

(b) If the main program contains the call flip(4), use the style of Figures 8.7 and 8.8 to show the layout of the stack with static and dynamic links at the point where procedure calls are most deeply nested.

Answers:

(a)

proc flip(x: integer): integer;


proc flop(y: integer): integer;


begin



if y{2} = 0 then return 1 else return flip{1}(y{2}-1) + x{1} end


end;

begin


if x{1} = 0 then return 1 else return 2 * flop{2}(x{1}-1) end

end;

(b)

See separate sheet.

Exercise 8.3

The following picoPascal program is written in what is called ‘continuation-passing style’:

proc fac(n: integer; proc k(r: integer): integer): integer;


proc k1(r: integer): integer;


begin



return k(n * r)


end;

begin


if n = 0 then



return k(1)


else



return fac(n-1, k1)


end

end;

proc id(r: integer): integer;

begin


return r

end;

begin


print_num(fac(3, id));


newline()

end.

When this program runs, it eventually makes a call to id. Draw a diagram of the stack layout at that point, showing the static and dynamic links.

Answer:

See separate sheet.
