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- Do second question before midterm ...

« “Late Day” = 1 second after 5pm

e Midterm next week in class




Polymorphic Data Structures

o Container data structures independent of type !
e Appropriate type is instantiated at each use:

‘a list ObJ
(‘a, ’b) tree / \/
(’a, ’b) hashtbl ... Cav

e Appropriate type lns’Fantlated at use 5. drve)
- No unsafe casting as in C++/Java

« Static type checking catches errors early
- Cannot add int key to string hashtable

e Generics: in Java,C#,VB (borrowed from ML)




Other kinds of polymorphisms

e« That was OCaml...

o But what about other kinds of
polymorphisms..




Other kinds of polymorphisms

hopre
° Sub-type pOlymOI‘phism / ' \
void f (Shape s) Cirele Sﬁ/ ling
- Can pass in any sub-type of Shape

[Cidle ¢ Gk €= niledeg

e Parametric polymorphism WQ(C)

void proc_elems(lis@)
- can pass in ANY T

- this is the Iﬁ\chy OQarQ/l!'l' S )




Other kinds of polymorphisms

e Bounded polymorphism
- Like parametric, except can provide a bound

void proc_elems (list[T]) T extends Printable
- Hey... isn’t this subtype polymorphism?
- No, for example:

bool ShapeEq(T a, T b) T extends Shape

- Can call on
e (Rect, Rect)

e (Circle, Circle)

- But not (Rect, Circle)




Summary of polymorphism

e Subtype

« Parametric //jﬁé (lasse: Haske!d

e Bounded = Parametric + Subtype
(In Java/C#)




Back to OCaml

e Polymorphic types allow us to reuse code

 However, not always obvious from staring
at code

e But... Types never entered w/ program!




Type inference

aka: how in the world does Ocaml
figure out all the types ???




Polymorphic Types

e Polymorphic types are tricky
e Not always obvious from staring at code

e How to ensure correctness ?

e Types (almost) never entered w/ program!




Polymorphic Type Inference

o Computing the types of all expressions
- At compile time : Statically Typed

e Each binding is processed in order
- Types are computed for each binding
- For expression and variable bound to
- Types used for subsequent bindings

e How is this different from values ?




Polymorphic Type Inference

e Every expression accepted by ML must have
a valid inferred type

e Can have no idea what a function does,
but still know its exact type

e A function may never (or sometimes terminate),
but will still have a valid type




Example 1

Nk —=inf —inf

()




Example 2

Tin= ,j - Int 7;,,"’ /booy
Troog= Ty = IN€ int — rnk




Example 3

] > _ intxipt —>int
To = T 7 Ty, = inbrint




Example 4

Tt = T, = Tapy = SHmplst sk

T = XMistoes=t igtamyloge the |
76007;; s][jyl_nction does, of even that it |

| ini ' ! |
oLy Zimispes.only its type! |
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ML doesn’t know what the

function does, or even that it
SR 3 el

Example 4




Example 5 i (‘a -> ‘b)_ﬁ“’h list -> ‘b list

______________ ~ e

Trnap =

TXS
T

boppy =

Iy =

Tys'

7:& —>Txg — Téooy - (X 7\1) _7)(/154/ > hst

X st Ty = @) @ Y

\/ [ 15+

>< Introduce unknown tyvar: Unify,solve,
Y [t Remaining tyvar gets a “forall”
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T e = T‘F_,Tﬁ
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(In Class Exercise A)

plit g\* Al > (@hsk x ¢

[ist




(In Class Exercise B)




\rM Spli¢ : o o (ot = ‘o /st 'a 116+

'a Ik 2 o list = 'a it
(WClass Exercise C

sz — T/bao‘y Ts = X fist
7;5,19', V Jis b

s = Tyy= X 5 F

let rec msort K5 =
match xs with

| [] —> (
(1) N x e > it

| x::xs’” —>

let ys,zs = split xs 1in

merge (msort ys) (msort zs)
-~ D o

S, L —
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Example 11




Example 12




