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CSC 530 L ecture Notes Week 3, Part 2

Discussion of Assignments1 and 2
Moreon Type Theory
Introduction to Typingin ML
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l. " Naive" alist from Assignment 1

A. Bindings of the form
( nane val ue ).

B. Two cateories:

1. Var binding pair

( var-nane
dat a- val ue )

2. Function binding triple

( function-nane
f or mal - par ns
functi on-body )
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Naive alist, Cont’d

C. Distinguish bindings by lengths.

D. Created and modified threaays:
1. Var bindings byset g
2. Func bindingglef un

3. Func call bindings by
(f a; ... a,)
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Naive alist, Cont’d

E. Search for bindings in LIFO discipline

F. What isnhaive-- does not accurately
represent scoping rules of Common
Lisp.
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1. Alist asenvironment and store
A. Consider tvo formal semantic struc-
tures
1. Environmentholds static attribtes
2. Stoe holds runtime glues

a. stadk store holds function acti-
vations

b. statestore holds globalars
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Environemnt and store, Cont’d

B. In pure untyped Lisp, eand store
can be combined

C. Requires some additional structure on
the alist.
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Ill. Lessnaivealist layout

A. A number of vays to lay out.

B. Heres me:

( ( state-store )
( environnent )
( stack-store ) )

wherest ack- st or e has sub-alists,
one per acte function.
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L ess naive, Cont’d

C. Same bindings as beforeganized
Into separate areas:

1. state-store holds global bindings by
set g

2. environment holds bindings by
def un

3. stack-store holds bindings by
appl y andbi nd
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L ess naive, Cont’d

D. Simple LIFO management replaced
with:

1. Stack-store is still LIFO

2. State-store and emonment man-
aged aw old way

3. Two-phase dar binding search:
a. First, topmost act rec
b. Then state-store

4. Func binding search only inen
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I\VV. Comparing naive vs non-naive

A. What's wrong with nave layout?

B. Definesdynamic scopingnstead of
static scoping

C. Consider:

(setg x 1)

(setq vy 2)

(defun t(y) (9))
(defun g() (+ x y))
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Comparing, Cont’d

1. With static scoping,f 10) and
(g) return same result 3.

2. With dynamic scopind,f 10)
returnsll, ( g) returns3.

D. Cause Is traceable to maidist han-
dling.
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Comparing, Cont’d

1. Simply start at end and search
backward

2. Finds stack bindings first

3. May find in act rec

4. This eplains abwe lehavior.
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Comparing, Cont’d

E. Rule for non-naie dist looksonlyin
topmost act rec then state-store

F. Was dynamic binding eer used?

1. Sure -- beforeCommorLisp.

2. Stems from ease of interpretation
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Comparing, Cont’d

G. Some things to consider:

1. Makes sense from implementation
perspeciie.

2. Dynamic scoping and strong typing
do not get along well.

3. With "Pascalization" of PLs,
dynamic scoping is a relic.



CSC530-W02-L.3.2 Slidés

V. Another view of Assmnt 1 and 2

A. Continuing objectie is 0 Investigate
fundamental semantics PLs

B. What do programming constructs
really mear?

C. These semantics aoperational.

D. Why interpreters and whiLisp?
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VI. Hintson Assignment 2

A. Put type bindings in endong with
xdef uns

1. form( nane type )

2. Independent ofalue bindingsn
stores

3. E.g., for
(xdefvar x i1 nt 10)

(X 1nt) Inenv, (X 10) In
state-store
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Hints, Cont'd

B. xcheck mirrorsxeval

1. Definecheck- X analogous to
eval - X

2. E.g.,check- xset g analog of
eval - xset Q.

C. equi v function used internally

D. No really hairy test cases
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Now on to
Further Discussion of
Type Theory
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VIl. Relevant readings
-- Section 2 of papers
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VIII. Recap of kinds of typedness

A. From Notes 3

1.

2.

Strong \ersus weak

Static \ersus dynamic

. Mono- versus polymorphic
. Encapsulatedersus flat
. Subtyped ersus non-subtyped

. Generic ersus non-generic
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Kinds of typedness, cont’d

B. Items 1-3 in Assignment 2.

C. Items 4-6 in Assignments 3 and 4.
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IX. Type encapsulation

A. Used construcibsiact datatypes

B. ADT defined as:
1. Hiddenrepresentation

2. Opeiations with hidden imple’'ns
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Encapsualation, cont’d

C. Requires PL support, in some form
1. Information hiding

2. Packaging construct
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Encapsualation, cont’d

D. Info hiding features diér syntacti-
cally, but same semantically

E. Packaging difers both syntactically
semantically
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Encapsualation, cont’d
1. Syntactic distinctions of no concern.

2. Important semantic distinction is
whether ADT denotes a type.

3. When It does, constructigst-class

4. When It does not, It isecond-class
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X. Infohidingin PLs

A. Simula -- hidden/non-hidden, single
class body

B. Modula-2 -- import/gport, two-part
module body

C. Ada -- prvate/non-prvate, two- or
three-part package body
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| nfo hiding, cont’d

D. C++ -- public/prvate/protected, crude
one- or tvo-part class body

E. Java - public/private/protected, one-
part class body

F. Cardelli and VEgner «istential types --
guantified ariables, one-part represen-
tation (as a body)
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X|. Second-class encapsulation

A. Decl of ADT independent of type
declaration

B. Consider Modula-2ample:

definition nodul e Stack;
type Stack;
procedure Push(var s: Stack;
el em 1 nteger);
procedure Pop(var s: Stack):
| nt eger;
procedure Peek(s: Stack):
| nt eger;
end St ack.
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Second-class encapsulation, cont’d

| mpl enent ati on nodul e Stack;
const Size = 100;
type Stack = array[1l.. Sl ze]
of I nteger;
var curtop: integer;
(* ... 1nplenentations
of Push, Pop, and Peek *)
end St ack.

(* program *) nodul e Test | nt St ack;

| nport St ack;
var s: Stack;
| . 1 nteger;

begi n
St ack. Push(s, 1);
| = Stack. Pop(s);
end Test | nt St ack.
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Second-class encapsulation, cont’d

C. Noteworthy features

1. Module "Stack" distinct from type
"Stack"

2. Info hiding via two-part module

D. Note calling form of ADT ops:

St ack. Push(s, 1);
| .= Stack. Pop(s);
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XIl. First-class encapsulation

A. Decl of ADT declares a type.

B. Consider C++xample
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First-class encapsulation, cont’d

class Stack {
publ i c:
voi d Push(int elem;
| nt Pop();
| nt Peek();
pr ot ect ed:
const int Size = 100;
I nt curtop;
| nt body[ SI ze] ;
}s

[* ... 1nplenmentations of ops */

mai n() {
St ack s:
Int 1

s. Push(1);
| = s. Pop();
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First-class encapsulation, cont’d

C. Noteworthy features
1. Class "Stack" is type "Stack"
2. Info hiding via &plicit keywords.

3. Calling form of ADT ops:

s. Push(1);
| .= s.Pop();
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Xlll. State-free ADTSs

A. Consider ariant of C++ stack:

class Stack {
publ i c:
St ack();
void push(int elem;
voi d pop();
Int top();

equat i ons:
pop(Stack()) = null;

pop(s. push(e)) = s;

top(Stack()) = null;
top(s. push(e)) = e;
b
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State-free ADTS, cont’d

/[* NO I npl enent ati ons of
Push, Pop, and Peek */

mai n() {
St ack s;
I nt 1 ;

s. Push(1);
s. Pop();

Slidd5
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State-free ADTSs, cont’d

B. Noteworthy features ...
1. Still first-class ADT
2. Info hiding iIsunecessary
3. No op implementations necessary!

4. Side-efect-free calling:

S s. Push(1);
| s. Pop();
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State-free ADTSs, cont’d

C. Does this mean gthing?

1. Most definitely yes.

2. It's CG++ syntax for the OBJ alge-
braic language
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XIV. Object-orientedness, part 1

A. Relation between ADTs and OQ?

B. Patial ans: OO needs ADTSs.

C. Needfirst-classADTs for OQO?

D. Most say yes.

E. However, theres Boochs "OOP In
Ada".
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XV. Subtyping

A. Allows parenttype from whichchild
typesinherit.

B. Does subtyping require ADT?

1. Theoretic answer IS no.

2. In practice, yes in most PLs.

3. Notable &ception is OBJ.
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Subtyping, cont’d

C. Wide \ariety of issues:

1.

2.

Multiple or single inheritance.

Representation inheritance.

. Representation and/or operation

overiding.

Op behaior inheritance.

. Strong, weak, static, or dynamic

typing.
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XVI. Subtypingin common PL S

A. Simula -- single rep+ops inheritance,
full override, strong static typing

B. Smalltalk -- single rep+ops inheri-
tance, full werride, weakish dynamic

typing

C. Modula-2, Ada (pre 9X) -- no subtyp-
INg
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Subtyping in PLs, cont’d

D. C++ -- multiple rep+ops inheritance,
full override, weakish mostly static

typing

E. Emerald, Owl -- single ops-only
Inheritance, nowerride, strong static
typing, behaior inheritance

F. Java -- single reps inheritance
(classes), multiple ops inheritance
(interfaces), full @erride, strong
mostly static typing
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XVIlI. Generics

A. A form of parameterized type

B. Almost all languages pvide generics
with ADTSs.

1. Unencapsulated parameterized
types reasonable in theory

2. Euclid is notable.
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Generics, cont’d

C. A Modula-2esquexample

(* A generic stack nodule. *)
definition nodul e Stack(

Sl ze: 1 nteger,

El emlype: type);

type Stack;

procedure Push(var S. Stack;
Elem El emlype);

procedure Pop(var S: Stack):
El enType:

procedure Peek(S: Stack):
El enType,;

end St ack.
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Generics, cont’d

| mpl enent ati on nodul e Stack;

type Stack = array[1l.. Sl ze]
of El enmlype;

var curtop: Integer,;

(* ... 1 nplenmnentations of
Push, Pop, and Peek *)

end St ack:
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Generics, cont’d

(* program *) nodul e Test | nt St ack;
| nport Stack(100, 1nteger);

var S. Stack;
| . 1 nteger;

begi n
St ack. Push(S, 1);
| = Stack. Pop(S);

end Testl nt St ack;



CSC530-W02-L.3.2 Slidé7

Generics, cont’d

(* program *) nodul e Test ThreeSt acks;
| mport Stack(100, 1 nteger)
as | ntStackl00;
| mport Stack(200, 1 nteger)
as | ntStack200;
| mport Stack(200, real)
as Real St ack200;

var SI 100: I ntStackl1l00. St ack:
var S| 200: | ntStack200. St ack:
var SR200: Real St ack200. St ack;

begi n
| nt St ack100. Push( SI 100, 1);
| nt St ack200. Push( SI 200, 2);
Real St ack200. Push( SR200, 2.5);

(* etc. ... *)
end Test Thr eeSt acks:
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XVIII. OO, complete picture

A. So, what gactly constitutes OO?

B. Danforth and ®mlinsons take:

Is it possible that OOP is simply
ADTs? Notan uneasonable conjec-
ture ... . However, there is nore -
Inheritance

C. SummaryOOP = first-class ADTs +
Inheritance.
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OO complete picture, cont’d

D. Almost unversally accepted that
genericdNOT needed for OO.
E. An inherent conflict of OOP:

1. a primary goal of data abstraction is
to hide info

2. a primary goal of inheritance is to
share info

F. Does this mean that OOP Is a crock?
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