CMPE 320  PRINCIPLES OF PROGRAMMING LANGUAGES
FINAL ANSWERS
a) i)  (1)
M [SP+0] = IP
save return point

(2)
R1 = M [EP+1]
follow static link once and
(3)
M [SP+1] = R1

set static link

(4)
M [SP+2] = SP
set dynamic link

(5)
M [SP+3] = entry(P)
entry point of subprogram P
(6)
R1 = M [EP+1]
follow static link once and
(7)
M [SP+4] = R1

save
(8)
EP = SP
update EP

(9)
SP = SP+5
update SP

(10)
IP = entry(Q)
continue execution from subprogram Q
Before the statement:



After the statement:
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dynamic link
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static link
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ARI for A



In ARI of Q, two data are necessary for parameter P:
· The entry address. It will be used to jump the execution to P when P is called. This data was set with instruction (5) above.

· A static link. It will be used to set the static link in ARI of P when P is called. The nesting depth between R (where Q is called) and A (static parent of P) is calculated. This is 1, so static link of R is followed once (instruction (6)). Then it is saved in M[SP+4] (instruction (7)).
See (iii) below about why these two data are necessary.

Notes: 1. Numbers in colour indicate the execution of corresponding instructions in the code.

2. For simplicity, the representation of data irrelevant to the question (return status, etc.) was not shown.

ii)  Similar to the above case. The only difference is that the instructions (5)-(7) must be replaced with the following:

M [SP+3] = entry(T)
entry point of subprogram T
M [SP+4] = EP
save static link for T
The nesting depth between R (where Q is called) and R (static parent of T) is calculated. This is 0, so static link of R is not followed at all and EP is stored in M[SP+4]. That is, static link in ARI of P will point to ARI of R when P is called.
iii)(1)
M [SP+0] = IP
save return point

(2)
M [SP+1] = M[EP+4]
set static link by assigning the static link stored previously
(3)
M [SP+2] = SP
set dynamic link

(4)
R1 = EP
save EP to use in the last instruction
(5)
EP = SP
update EP

(6)
SP = SP+3
update SP

(7)
IP = M[R1+3]
continue execution from subprogram passed as parameter
We can see that the entry address (of the actual subprogram passed as parameter) stored in M[EP+3] is used to jump the execution to that subprogram (instruction (7)) and the static link stored in M[EP+4] is used to set the static link of the actual subprogram passed as parameter.
Before the statement:



After the statement:
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ARI for A


The stack was shown for the case when subprogram P was passed as parameter. The situation for the subprogram T will be similar, except that the static link will point to ARI of R instead of ARI of A.
b) i)  (1)
M [SP+0] = IP
save return point

(2)
M [SP+1] = SP
set dynamic link

(3)
M [SP+2] = Display[1]
save current entry in Display[1]
(4)
Display[1] = SP
set Display[1]
(5)
M [SP+3] = entry(P)
entry point of subprogram P
(6)
M [SP+4] = 1
static depth of P
(7)
EP = SP
update EP

(8)
SP = SP+5
update SP

(9)
IP = entry(Q)
continue execution from subprogram Q
Before the statement:



After the statement:
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M[SP+4] will be used to set the correct display entry when P is called (see (iii) below).

ii)  Similar to the above case. The only difference is that the instructions (5)-(6) must be replaced with the following:

M [SP+3] = entry(T)
entry point of subprogram T
M [SP+4] = 2
static depth of T
iii)(1)
M [SP+0] = IP
save return point

(2)
M [SP+1] = SP
set dynamic link

(3)
R1 = M [EP+4]

(4)
M [SP+2] = D [R1]
save related display entry
(5)
D [R1] = SP
set display entry
(6)
R2 = EP
save EP to use in the last instruction
(7)
EP = SP
update EP

(8)
SP = SP+3
update SP

(9)
IP = M[R2+3]
continue execution from subprogram passed as parameter
Before the statement:



After the statement:
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The stack was shown for the case when subprogram P was passed as parameter. The situation for the subprogram T will be similar, except that the top ARI in the stack will be ARI of T.

a) A is called: ARI for first instantiation of A is created.
A calls itself: ARI for second instantiation of A is created. In this ARI, two data for label1 are stored. The first one is the address of label1 in the code segment. This will be used to jump to this location if a goto statement is executed. The second one is a pointer to the top of ARI for first instantiation of A. If a goto statement is executed, SP will be set to this pointer, i.e. ARI for second instantiation of A will be deleted from stack. This has the effect of continuing the execution from label1 in first instantiation of A.
A calls B with parameter X: ARI for B is created. In this ARI, two data for label1 are stored. The first one is the address of label1 in the code segment. This will be used to jump to this location when the statement goto X is executed. The second one is a pointer to the top of ARI for first instantiation of A. When the goto statement is executed, SP will be set to this pointer, i.e. ARI for B and ARI for second instantiation of A will be deleted from stack. This has the effect of continuing the execution from label1 in first instantiation of A.
b) Same as above. The only difference is that the pointer (in ARI of B) is to the top of ARI for second instantiation of A, instead of first instantiation of A. Thus, when the goto statement is executed, this has the effect of continuing the execution from label1 in second instantiation of A.
· Using positional and keyword parameters:
Definition: subprogram A (a, b, c, d)

Calling: call A (1, c=>2, 3)

After a keyword parameter is used, the rest may be ambiguous. In this example, after c is keyworded, the parameter 3 is ambigous – to which formal parameter does it correspond? One solution is that after a parameter is keyworded, all parameters must be keyworded. Another solution is that the actual parameter following a keyword parameter corresponds to the first formal parameter not assigned yet (i.e. 3 above corresponds to b).
· Using default parameters and overloading:

Definition: subprogram A (int x, int y = 10)

      subprogram A (int x, char y = ‘a’)

Calling: call A (1)

There is no ambiguity in the subprogram definitions, since the protocols are different. However, there is an ambiguity in the call due to default parameters. One solution is that the language does not allow such subprogram definitions if there is a potential for ambiguity. That is, the above definitions are not allowed. Another solution is that such definitions are allowed, but the compiler issues an error when an ambiguous call is encountered.
· Using keyword parameters and overloading:

Definition: subprogram A (int x, float y)

      subprogram A (float y, int x)

Calling: call A (x=>3, y=>5.0)

There is no ambiguity in the subprogram definitions, since the protocols are different. However, there is an ambiguity in the call due to keyword parameters. The solutions are similar to the previous case.
Some more ambiguity examples can be given.

1. Sorting using mergesort algorithm:
(define (sort ls n)

    (cond ((= n 1) ls)

              ((= n 2) (let ((x (car ls)) (y (cadr ls)))

                               (if (< y x) (list y x) (list x y))))

              (else

                  (let ((i (quotient n 2)))

                      (merge (sort ls i) (sort (list-tail ls i) (- n i)))))))

(define (merge l1 l2)

    (cond

        ((null? l1) l2)

        ((null? l2) l1)

        ((< (car l2) (car l1))

            (cons (car l2) (merge l1 (cdr l2))))

        (else (cons (car l1) (merge (cdr l1) l2)))))

(define (list-tail ls i)

    (if (= i 0) ls (list-tail (cdr ls) (- i 1))))

































