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Call-by-Vaue

1 call-by-value, pass to a function the values resulting from evaluating the
argument expressions.

xample (HOFL substitution model):

((abs (xy) (* xx)) (+12) (* 34))
> ((abs (xy) (* x x)) 3 12) ; First evaluate args
> (* 3 3) ; Then substitute values

> 9 : Then continue evaluation

ach argument expression is evaluated exactly once regardless of whether or
not it is used in the body of the function.

Iternative characterization: environments map names to values (or cells
containing values in an imperative language).



al-by-Vaue: HOFL/HOILEC Implementation (without bindrec

val Exp : Exp -> Val ldent.Env -> Val

val Exp (VarRef (nane)) env =
(case Env.| ookup(nane, env) of
NONE => raise Eval Error (“Unbound vari abl e”)
| SOVE(vV) => v)

val Exp (FunApp(rator,rands)) env =
|l et val fcn = eval Exp rator env
val args = eval Exps rands env
in funapply fcn args
end

unapply (d osureVal (fnl s, body, env)) argVvals =
eval Exp body
(Env. extend(fnl s, argVal s, env))
unapply _ env = raise Eval Error “applying non-cl osure”



Call-by-Vaue: HOILIC Implementation
val Exp : Exp -> Val ref ldent. Env -> Val

val Exp (Var Ref (nane)) env =
(case Env.| ookup(nane, env) of
NONE => raise Eval Error (“Unbound vari abl e”)
| SOMVE(ref v) => v) (* Dereference value from cell *)

val Exp (FunApp(rator,rands)) env =
|l et val fcn = eval Exp rator env
val args = eval Exps rands env
in funapply fcn args
end

unapply (d osureVal (fnl s, body, env)) argVvals =
eval Exp body
(Env. extend(fnls,
map ref argVals, (* Implicit cells *
env))
unapply _ env = raise Eval Error “applying non-cl osure”



Call-by-Value Languages

lost modern languages are call-by-value (e.g. C, Java, Scheme, ML, Pascal’:
value parameters).

ML islike the HOILEC implementation: variables are bound directly to
values, not cells holding values.

C, Pascal, Java, Scheme are like the HOILIC implementation: each variabl
IS bound to an implicit cell automatically dereferenced at each variable
reference.



Parameter Passing Test

ssumethat ipri nt displays an integer followed by a newline and returns the
integer. Assumespr i nt workssimilarly for strings.

.g. assuming left-to-right evaluation, (+ (i print 1) (iprint 2))
printsa 1 and 2 on the console and returns 3 (the result of the addition).

onsider thefollowingt est functionin HOILIC:

(abs (a b c)
(seq (sprint “enter”)
(bind result (+ c (* b b))
(seq (sprint “exit”)
result))))

Vhat does the following print under various parameter passing mechanisms?

test (iprint (+ 1 2)) (iprint (+ 3 4)) (iprint (+ 5 6)))



Call-by-Name

1 call-by-name, pass to a function the unevaluated argument expressions. Th
argument is re-evaluated every timeit is used in the body. (It is never
evaluated if it is never used.)

xample (HOFL substitution model):
((abs (x y) (* x x)) (+12) (* 3 4))

> (* (+12) (+12)) ; Substitute unevaluated
, argument expressions
> (* 3 3) ; Continue evaluation

> 9

ach argument expression is evaluated the number of timesit is used in the
function body. Better than call-by-value for arguments never used, but
worse for arguments used more than once.

Iternative characterization: environments map namesto (cells of) non-
Memoi zing promises.

L GOL-60 was a call-by-name language.



all-by-Name: HOFL/HOILEC Implementation (without bindrec

atatype Promise = Delay of Exp * Promise ldent.Env
val Exp : Exp -> Promise |dent. Env -> Val

val Exp (Var Ref (nane)) env =
(case Env.| ookup(nane, env) of
NONE => rai se Eval Error ("“Unbound vari abl e”)
| SOME(Delay(exp,env)) = evalExp exp env)

val Exp (FunApp(rator,rands)) env =
|l et val fcn = eval Exp rator env
val argProm ses = map (fn r => Delay(r,env)) rands
I n funapply fcn argProm ses
end

unapply (d osureVal (fm s, body, env)) argProm ses =

eval Exp body
(Env.extend(fm s, argProm ses ,env))



Simulating Call-by-Name in Call-by-Value

an simulate call-by-name in a call-by-value language by wrapping a thunk
around every argument and dethunking every variable reference.

or example, hereisthe call-by-name parameter test expressed in Scheme:

defi ne test
(Il anbda (a b c)
(begin (print “enter”)
(let ((result (lambda () (+ (c) (* (b) (b))))))
(begin (display “exit”)
(result))))))

test (lanbda () (print (+ 1 2)))
(lanbda () (print (+ 3 4)))
(lanmbda () (print (+ 5 6))))



Call-by-Need (Lazy Evaluation)

1 call-by-need, pass to a function the unevaluated argument expressions. The
argument is evaluated only thefirst timeit is used in the body, and that
value is used thereafter. (It isnever evaluated if it is never used.)

xample (HOFL)

((abs (x y) (* x x)) (+12) (* 3 4))
Substitute (but share) uneval uated argunent expression

> (% . ) -> (%, ) -> 9
\ / \ /
(+1 2) 3

ach argument expression is evaluated once if it isused in the function body,
but zero timesif it isnever used. Thisisthe best case scenario!

Iternative characterization: envs map namesto (cells of) memoized promise

he Haskell language uses call-by-need.



all-by-Need: HOFL/HOILEC Implementation (without bindrec

atype Prom se = Delay of Exp * Prom se |ldent.Env * Val option re
| EXp : EXp -> Prom se ldent.Env -> Val

| Exp (Var Ref (nane)) env =
ase Env. | ookup(nane, env) of
NONE => rai se Eval Error (“Unbound vari abl e”)
SOVE( Del ay(exp, env, memo)) =
case Imemo of
NONE => let val v = evalExp exp env
in (memo := SOME(Vv); Vv) end
| SOME(V) => v

| Exp (FunApp(rator,rands)) env =
et val fcn = eval Exp rator env
val del ayedArgs = map (fn r => Del ay(r, env, ref NONE))
rands
i n funapply fcn del ayedArgs
nd



Simulating Call-by-Need in Call-by-Vaue

an simulate call-by-need in a call-by-value language by wrapping a promise
around every argument and forcing every variable reference.

or example, hereis the call-by-need parameter test expressed in Scheme:

define test
(Il anbda (a b c)
(begin (print “enter”)
(let ((result (delay (+ (force c)
(* (force b)
(force b))))))
(begin (display “exit”)
(force result))))))

test (delay (print (+ 1 2)))
(delay (print (+ 3 4)))
(delay (print (+ 5 6))))



Relationship between by-value, by-name, by-need

1apurely functional language, evaluating expression E under call-by-name
and call-by-need always gives the same result.

1apurely functional language, if E evaluates to values V1, V2, and V3 under
call-by-value, call-by-name, and call-by-need (respectively), then V1, V2,
and V3 must be the same value.

lowever, call-by-name/need will sometimes return values in cases where call
by-value fails to do so (because of errors or infinite loops). E.g.:

((lambda (x y) (* x x)) (+12) (/ 30))
((lambda (x y) (* x x)) (+ 1 2) (loop))
Suppose (loop) loops infinitely

1 an imperative language, all bets are off. That is, for some expressions, each
mechanism can return a completely different value.



Call-by-Reference

1 call-by-reference, pass to afunction the reference cell of any parameter tha
Isavariable (create a new reference cell for parameters that are not
variables).

; HOILIC example
; In HOILIC, “<-” updates the mmplicit cell of a variable
; (like set! 1In Scheme)
bi ndseq ((a 0)
(inc (abs (x) (seq (<- x (+ x 1)) a))))
(prepend a ; In both CBV and CBR, returns O
(prepend (inc a) ; CBV returns 0; CBR, returns 1
(prepend (inc a) ; CBV returns 0; CBR, returns 2

(empty)))))



Call-by-Reference in Pascal

ascal supports both call-by-value and call-by-reference. Call-by-reference
parameters are distinguished with avar keyword in parameter declarations

programt est Ref

procedure p (x : int, var y : int);
begi n
X =X * 2
y =y + X
end;
begi n
var a . int := 3;
var b : int = 4
p(a, b);
{a 1s still 3, but b 1s now 10}
end

end.



Call-by-Reference: swap
ou can use call-by-reference to write a swap function. E.g., in Pascal:

program t est Swap

procedure swap (var x : int, var y : int);
begi n
var tenp : int = Xx;
X =Y,
y = tenp
end;
begi n
var a .= 3;
var b := 4,
swap(a, b);

{Could also call swap on array slots. E.g.

swap(cl[i], digD}
end
end.



Simulating call-by-referencein C
Ithough C is a call-by-value language, it has “features’ that allows simulating call-by
reference.

The address-of operator (&) returns the location of (i.e. pointer to) avariable.
The dereference operator (*) returns the contents of a pointed-at variable.

void swap (int* x, int* y) {
int tenp = x*;

X* = y*:
y* = tenp;

}

int a = 3;

int b = 4;

swap( &, &b);

/* Can also use on arrays. E.g.: swap(&c[i], &d[j]) */



Call-by-reference in C++

++ 1S an object-oriented extension to C that supports a call-by-reference
parameter passing mode.

void swap (int &, int &) {
Int tenp = X;
X =Y,
y = tenp;
}
int a = 3;
int b = 4;
swap(a, b);
/* Can also use on arrays. E.g.: swap(c[i1], d[j]) */



Simulating call-by-reference in ML, Scheme, and Java

1ML, the effect of call-by-reference can be achieved by passing explicit cell:
(references)

fun swap (x, y) =
let val tenp = (N X)

val _ =x = (Mvy)
val =y :=tenp
in ()
end
val a = ref 3
val b =ref 4
val _ = swap(a, b)

he same trick can be pulled in Scheme and Java. Note that there is no way tc
access the implicit cells that variables are bound to in Scheme and Java, so
IS impossible to write a swap function on the implicit cells. E.g., if aand b
are Scheme variables, thereisno swap function suchthat (swap a b)
swapsthevaluesof a and b.



Compound Data

arameter passing issues are more complex in the context of compound data
structures, which can be allocated either on the stack (Execution Land) or
the heap (Object Land).

1ML, Scheme, and Java
all compound values are allocated in the heap.

All compound values are “small” pointers to heap-allocated objects that ar
automatically dereferenced.

| naccessi ble objects are automatically reclaimed by garbage collection.

1 C and Pascal:

Can choose between allocating compound data on stack (the default) vs.
heap (C'snal | oc, Pascal’snew).

Stack-allocated compound values are “big” values in structured variables.
All pointers must be dereferenced explicitly (using C's*, Pascal’s- ).

Programmer must manually reclaim inaccessible objects (C'sf r ee,
Pascal’sdispose.)



Pointsin C

ypedef struct P {int x; int y;} point;

oi nt scal edCopy (int s, point p)

{ point q; g.Xx =s * p.X; q.y =S * p.y; return q; }
oid scalel (int s, point p)

{ pox=s*px5 py=s%*py; }

oid scale2 (int s, point* p)
{ (*pP).x =s * (*p).x; (*p).y

oid printPoint (point p)
{ printf("x=%l;y=%\n", p.x, p.y); }

s * (*p).y: }

nt main () {
{ point a,b; a.x =1, a.y = 2
b = scal edCopy(3,a); printPoint(a); printPoint(b);
scal el(4,a); scale2(5,&d); printPoint(a); printPoint(b



Integer ListsinC
ypedef struct IL {int head; struct IL *tail;} intlist;

nt sumist (intlist* |st)
i f (I'st == NULL) return O;
el se return (*lIst).head + sumist((*Ist).tail);}

ntlist* fromlo (int lo, int hi)
intlist* result;
If (lo > hi) return NULL;

el se {result = (intlist*) malloc(sizeof(intlist));
(*result). head = I o;
(*result).tail = fromlo(lo + 1, hi);

return result;}}

nt main () {
printf("sumist(fromlio(1, 10)) =%\ n",
sumist(fromlo(1,10)));}



