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Beyond ML

7—/7656 are issues that are not spca}[/C to ML
but occurin other functional /a/;guagc
/}np/cmenta tions as well as in non-tunctional

77765 both Pcrtalh to IMP/cmcnt/hg a/ﬂnam/c:
5C0P/ng

Scope in ML is Lexical

TOP level environment has all Pre~de1cined
bindings

T very val x = 5; Einclir\g adds another row to the
sym ol table when comPiling/intchreting

Each row hides earlier bindings of the same name,
does not clestrog them

Local bindings can be made in functions definitions

Locals are removed from the sgmbol stack when the
function definition is complete

Felix Hernandez-Campos 2



COMP 144
Programming Language Concepts
Introduction to Functional Programming

Name/Value Bindings

:_|‘gf

T

New bindings

val rl = (7,3.14);
val x = false;
val k2 = 26.3;

x var [1,2,3] int list fun sq z:real = z*k2;
val x = [1,2,3];

sq fn \z: z¥26.3 real -> real

k2 var 26.3 real

X var 5 bool

1 var (7,3.14) int * real

name cat value type Start -- Global level

, Binding Stack

thn a name is rc{:crcnccd, you search the stack
from the toP lool(ing for the first occurrence of the
name

This corrcsPoncls to the most recentlg created

binclir\g... in ML this will either be the global
bincling, oral et binding

E_valuating cxPressions that %i,ve values to be bound
use the current bindings in the stack

— see the defn of “sq”, uses the binc]ing to “k2” and puts the value
“26.3% in the l)oclg of the function
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Binding Stack

e

When a function is defined:

~Name is looked up in the stack to get the
definition

—~Loca1 (“let”) bindings are added to the binding

stac

—~Loca| bindings are PoPPcd off the stack at end

of definition

fun

fl z =z * x;

let wval x = 2

in (f1 z) * x

end;

f1l 4; (* evals to 20 ¥*)

£2 4; (* evals to 40 with static scope *)

(* dyn scope would cause eval to 16 *)
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v. Simple binding stack
.r_ |.:'|‘-r
New bindings A/‘a\9 ],_lavc tO
search top to
bottom ( ccP) to
find a binding
X var [1,2,3] int list
sq fn \z: 2*26.3 real -> real O(n) com PlCXity
k2 | var 263 real This stglc table of
« | var 5 bool name / value
1 var (7,3.14) int * real Fairs (Comcs
' = rom old Lisp)
name  cat value type

"

:’I-:;'

Hash table of stacks

Can imPlemcnt ML scope with 55mbol table from before
hash table with lists at each hash entry
each list managccl as a stack

| \z:z*26.3 | real ->real |

T | sqg | fn

(]

curLev ——\ O(1) search time for a binding
1,1 X | var [ 123 | int list |
/\L:|—| x | var | 5 | int |
[Tt T var | (7314 | int*real |
] k2 | wvar | 263 | real |
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by, Dynamic Scope

Crr

DCCP vs. Shallow access
Adists vs. (entral |~ nvironment | ables

A~!is’t very similar to the singlc stack of
bindings, O(n) search time for each access
at run-time

CET ver similar to hash table of mini-
stacks, 6(1) access search but maintenace
at each function ca”/rcturn

Deep and Shallow Access

* Deep Access, Shallow Access are both concepts
related to dynamic scoping

I ¢

 Confusingly often called “deep binding”, “shallow
binding” elsewhere

* Terms come from search strategy and symbol table
organization... single stack of bindings (deep) vs.
hash table of little stacks (shallow)
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Binding of Referencing

'Ty, Environments

* Scope rules are used to determine the referencing

environment
— Static and dynamic scoping

Some languages allow references to subroutines

— Are the scope rules applied when the reference is created
or when the subroutine is called?

In shallow (late) binding, the referencing
environment is bound when the subroutine is called

In deep (early) binding, the referencing environment
1s bound when the reference is created

by, Deep and Shallow Binding

Deep Binding, Shallow Binding are both concepts
related to giving a function/subroutine a referencing
environment in which to run

This is important when a subprogram is passed in or
out as a parameter to another (a ‘funarg”)

When a funarg passed in is run, does it use the

environment it has when run? Or the one it has when
defined?

When a funarg is passed out and run, the
environment it was created in is gone (runtime stack)
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Example

g

T

» Pascal uses static
scoping

* Prints 1 if
shallow binding
1s used

* Prints 2 if deep
binding is used

program BindingExample (input, ocutput);

procedure & (I : integer;|procedure F);

procedure B;
begin

writeln (IJ;
end;

begin (* 4 =)
if I > 1 then
P
else
A (2, B);
end;

procedure C; begin end;
begin (* main *)

A (1, C);
end.

S

T Closures

* Deep binding is implemented using closures

* A closure is the combination of a reference to a
subroutine and an explicit representation of its
referencing environment

— Typically implemented with

» A pointer to the subroutines code

» If the scoping is dynamic, we need a way to temporarily unroll all
the changes since the reference was created

» Scott 3.4 reading
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FunArgs

* funarg problem

* The failure of traditional stack-based implementations of
procedure calls in the presence of "first-class" functions
(functions that can be passed as procedure parameters and
returned as procedure results).

* Upwards funarg problem: the problem of returning a
function as a procedure result; requires allocating activation
records on the heap and returing a closure containing a pointer
to code and a pointer to the enclosing activation record.

* Downwards funarg problem: the problem of passing a
function as a procedure parameter; requires a tree structure for
activation records.

Referential Transparency

* Functional programming languages try to
enforce referential transparency

A binding is immutable...

* Any time you see a name, you may substitute
in the value bound to that name and NOT alter
the semantics of the expression.

* “no side effects”
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Referential Transparency

» “equals can be substituted for equals”’:

— if two expressions are defined to have equal values, then
one can be substituted for the other in any larger
expression without affecting the result of the computation.
For example, in

» s =sqrt(2); z =f(s, s); we can eliminate "s" and write

» z = f(sqrt(2), sqrt(2));

Referential Transparency

* A function is called referentially transparent if,
given the same parameter(s), it always returns the
same resullt.

* In mathematics all functions are referentially
transparent,

* In programming this is not always the case, with use
of imperative features in languages.

» The subroutine/function called could affect some
global variable that will cause a second invocation to
return a different value

20
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Referential Transparency

Another example

Take a "function" that takes no parameters and
returns input from the keyboard. A call to this
function may be Getlnput(). The return value
of Getlnput() depends on what the user feels
like typing in, so multiple calls to Getlnput()
with identical parameters (the empty list) may
return different results.

21

Referential Transparency

Why is referential transparency important?

Because it allows the programmer to reason about program
behavior, which can help in proving correctness, finding bugs
that couldn't be found by testing, simplifying the algorithm,
assist in modifying the code without breaking it, or even

finding ways of optimizing it.

s = sqrt(9);

x = s*s + 17*k / (s-1)) ;

// can replace x with

// sqrt(9)*sqrt(9) + 17*k / (sqrt(9)-1)
// 9 + 17*k / 2
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