CSE341, Fall 2011, Lecture 25 Summary

Standard Ihsclaimer: This lecture summary i nod necessarily a complete subsiifute for atfending class,
reading the associated code, efc. I iz designed to be a useful resource for students whoe aftended class and
are lnfer revieudng the material

Types for Objects (in the Mext Lecture)

We previously studied static types for functional programs, in particular ML's type system. ML uses its
type system to prevent errors like treating a momber as a function. A key spurce of expressiveness in MLs
type system (not rejecting too many programa that do nothing wrong and programmers are likely to write)
ia parametric polymorphism, also known as generics.

50 we ghonld also study static types for object-oriented programs, auch as those found in Java. If everything
ia an object (which @ lesa true in Java than in Huby), then the main thing we would want our type system
to prevent ia “method missing” errors, e, sending & message to an object that has oo method for that
meseage. If objects have fields accessible from outside the object (e.g., in Java), then we also want to prevent
“feld missing” errora. There are other possible ermors as well, like calling a method wath the wrong number
of anpuments.

While lanpuages like Java and CFF have generics these days, the source of type-systom expressiveness most
himdamental to object-onented style 138 sublype polymorphism, also known as subtyping. ML does not have
subtyping, though thie decision is really one of language design (it would complicate type inference, for

excample).

Char plan for this lecture and the next one is to:

& Study subtyping
& Compare subtyping and generics, determining which idioms are best supported by each

& Combine aubtyping and generics, ahowing that the result 8 even more useful than the sum of the two
technigques

Subtyping for Hecords and Functions

It would be natural to study subtyping using Java since it i a well-known object-oriented language with
a type avstem that has subtyping. But it is also fairly complicated, using classes and interfaces for types
that describe ohjects with methods, overriding, static overloading, ete. While these features have pluses and
minses, they can complicate the fundamental ideas that underlie how subtyping should work.

S0 thia lecture studies subtyping nsing only records (like in ML, things with named fields holding contents

hasically objects with public fields, no methods, and no class names) and functions (like in ML or Hacket).
This will let vs see how subtyping should  amd should not work, 80 that then the next lecture can then

apply the results to the more complicated setting of a class-hased object-orented lanpoame.

This approach has the disadvantage that we cannot use any of the lanmage we have studied: ML does not
have subtyping and record belds are immutable, Racket and Huby are dynamically typed, and Java is too

complicated for our starting point. 50 we are going to make up a langoage with just records, hinctions,
varables, numbera, stringg, ete. and explain the meaning of expressions and types as we @,

A Made-Up Language of Records

To study the basic deas behind subtyping, we will use records with mutable helds, as well as functions and
other expressions. (ur syntax will be a mix of ML and Java that keeps examples short and, hopefully, clear.
For records, we will have expressions for making records, petting a held, and setting a held as follows:



# In the expression {fl=el, f2=e2, ..., fo=en}, each fi ia a beld name and each el 8 an ex-
pression. The semantics I8 to evaluate each el to a valoe vi and the result is the record value
{f1=wl, £2=v2, ..., fo=vn}. 50 a record value is just a eollection of fields, where each field has a
name amd a contents.

# For the expression e, f, we evaluate & to a valoe v. If v 8 a record with an £ held, then the result is
the contents of the £ held. Our type system will ensure v has an £ held.

& Hor the expression el.f = o2 we evaluate el and 2 to values vl and v2. If v1 B8 a recond with an
f field, then we update the £ held to have v2 for its contenta. Owur type system will ensure w1 has an
f field. Like in Java, we will choose to have the result of el . £ = a2 he w2, though vsually we do not

use the result of a held-update.

Mow we noed a type system, with a form of types for reconds and typing rules for each of our expressions.
Like in ML, let’s write record types as {f1:t1, £2:¢2, ..., fn:ton}. Forexample,{x : real, y : real}
would describe records with two fields named x and v that hold contents of type real. Amd

ifoo: {x : real, y : real}, bar : string, baz : stringl would describe a record with three hields

where the foo field holds a (nested) record of type {x : real, y : real}. We then type-check expressions
as follows:

e |f el has type £, e2 has type t2, ..., en has type tn, then {fl=el, f2=2 ..., fo=en} has type
1f1:t1, £2:x2, ..., In:tm}.
a If e has a record type containing £ : t, then e.f has type t (clse e f does not type-check).

s If el has a record type containing £ : t and e2 has type t, thenel . f = e2 has type t (else el . f = o2
does not type-check).

Assuming the “repular” typing niles for other expressions like variables, functions, anthmetic, and function
calla, an example like this will type-check a8 we would expect:

fun distTolrigin (p:{x:real,y:real}) =
Math.aqrt{p.x*p.x + p.y*p.¥y)

val pythag : {x:real,y:real}l = {x=3.0, y=4.0}
val five : real = distTolrigin{pythag)

In particular, the function distTol0rigin has type {x : real, y : real}l -> real, where we write func-
tion types with the same syntax as in ML.

This type system does what it I8 intended to do: No program that type-checks would, when evaluated, try
to look up a beld in a record that does not have that field.

MNow Add Subtyping
With our typing miles a0 far, this program would not type-check:

fun distTolrigin (p:{x:real,y:real}) =

Math.aqrt{p.x*p.x + p.y*p.¥y)
val ¢ : {x:real,y:real,color:etring} = {x=3.0, y=4.0, color="green"}
val five : real = distTolrigin{(c)

In the call distTolrigin(c), the type of the arpument is {x:real y:real  color:atring} amd the type
the function expects ia {x:real ,y:real}l, breaking the typing rule that functions must be called with the



type of arpument they expect. Yet the program above is safe: running it would not lead to accessing a held
that does not exist.

A natural idea g to make our type system more lenient as follows: I pome expression has a record type
1f1:t1, ..., frn:tn}, then let the expression alzo have a type where some of the helds are removed. “Then
our example will type-check: Sinee the expression ¢ has type {x:real ,y:real ,color:atringk, it can also
hawve type {x:real,y:reall, which allows the call to typecheck. Notioe we could also use ¢ as an arpurment
to a function of type {color:atring}->int, for example.

Letting an expression that has one type also have another type that has less information is the wdea of
subtyping. (It may seem backwards that the subiype has more information, but that is how it works. A
bess-hackwards way of thinking about it is that there are “fewer” values of the subtype than of the supertype
becanse values of the subtype have more obligations, e.g., having more fielda.)

We will now add subtyping to our made-ap langnage, in a way that will not require ua to change any of our
exting typing rules. For example, we will leave the function-call mile the same, still requiring that the type
of the actual arpument egual the type of the function parameter in the function delmition. To do this, we
will add two things to our type system:

& T'he idea of one type being a subtype of another: We will write t1 <@ £2 to mean t1 i a subtype of
T2

o Omne and only new typing rule: If e has type t1 and £1 <: t2, then e (also) has type t.

a0 now we just need to mive rules for t1 <: t2) e, when i3 one type a subtype of another.
Subtyping is Mot a Matter of Opinion

A common misconception 18 that if we are deliming our own language, then we can make the typing and
aubtyping miles whatever we want. That s only troe if we forget that our type syatem is allegedly preventing
something from happening when programs ron. If our goal is (still) to prevent field-missing errors, then we
cannot add any subtyping rules that sould canse us to stop mesting our goal.

For aubtyping, the key puiding principle is substitutababify: If we allow t1 <: t2, then any valoe of type £1
must be able to be vased in every way a t2 can bee For recorda, that means t1 ghould have all the belds that
t2 has and with the same types.

Some Good Subtyping Hules

Without further ado, we can now give four rales that we can add to our lanpuage to accept more programs
without breaking the type system. The first twn are specibe to records and the next two, while perhaps
aeeming unnecesaary, do no harm and are common in any language with subtyping becanse they combine
well with other miles:

& “Width™ subtyping: A supertype can have a subset of fields with the same types, i.e., a subtype can
have “extra™ felds

* “Permutation” subtyping: A supertype can have the same set of fields with the same types in a different
order.

& Trangitivity: If £1 <: t2 amd £2 <: t3, then t1 <: t3.

« Reflexivity: Every type i a subtype of itself: © <: t.

Maotice that width subtyping lets us forget fields, permutation subtyping lets us reorder fields (e.g., 80 we can
pasg a {x:real,y:real}t in place of a {y:real ,x:real}) and tramsitivity with those mles lete g do both
(e.g., B0 we can pass & {x:real foo:string,y:real} in plare of a {y:real ,x:real}).



