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Language £

» Language:

= X|\.e|ee

| n

| true| false

| [Iler=es

| if ep then ey else e
| pi(e) | p(er, €2)

» (-reduction: (Ax.e1)ex —3 e1[ez/X]
» Evaluation order: call-by-value
» Weak normal forms: (Ax.e) /3



Sized-Time Rank-2 ITS

Judgements

Ake:v
Types

u == «|Bool|Nat |List u|uy—u»

D= U WA AU—V

Rank-2 Intersection Types



Sized-Time Rank-2 ITS

Judgements

Ake:v
Types

u = o |Bool|Nat’|List“u | uy— U

t= U|WA...ANUp—V
= ln|lz1+2|w

Sized-Types



Sized-Time Rank-2 ITS

Judgements

Ake:v
Types

u = o |Bool|Nat’|List“u | uy— U
t= U|WA...ANUp—V
= ln|lz1+2|w

List®Nat'®

Sized-Types



Sized-Time Rank-2 ITS
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Typing Rules

Var,
{x:u}i—x:u&O[ P

x €FV(e) AXx:uiN..NupFe:v&z

Abs
AFAX.€: UiA...AlUpSv &0 [AbS
x¢FV(e) ueTy, Ate:v&z
= [AbsVacy,,,]
AFXxe:u=v&0
Ayt eq: U1/\.../\Uné>V & 74
(Vie{1,...n})AFe:u&z
[App/\zst]
AcNAIN L NARE €160 i V& T+2{+ 20+ 23
Albe:vi&zi A<t A viow 21 <2
[SUb/\zsr]

Agl—eZVQ&Zg



Typing Rules (cont.)

neN b € {true, false}
n [Nat/\zsr] [BOOI/\zst]
0Fn:Nat" &0 0+ b:Bool&0
ueTy _
[Nilp o]

O+ []: Listu&o0
Ajrke u& z Agl—egiLiStZU&Zg
AiNA e es: LiSt1+zU & z1+ 2o

[Cons/\zst]

Aol—eoiBOOI&Zo A1|—61:U&Z A2|—62:U&Z

A [/f/\zst]
AgNAINAs Hifegthenejelse es: U & Zzg+2



Subtyping Relations

u<u

Y [simple]
<2

UY A AU <1 UpA..AUp v<oV z<Z
[rank2,]

z z/
Ut A AUV <o Uy A AU, =V

n>m 3iy,...ime{1,..,n}u, < ui, ..., up, <

m
- - [rankl<,]
Ut A A\Up <9 UgA AUy,
—u uy < uy Up < Uy z< 7
- [reflex < - - [abs]
udu Ur = Up S U S U
z< Z z<Z u<gu

[nat<] - [list<]

Nat? < Nat? List?u < List® u
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...based on a rank-2 ITS
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AgNAINNApE 16 v& 1421 +20+23

[App/\zst]

twice tolist : - List'List'a



Correctness Results

» Theorem
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Correctness Results

» Theorem
(Conservative extension) If A+, e : v then there exists
Are: Vv &Z forsomeA, v and Z'.

» Theorem
(Subject reduction) Ife — € and A+ e : v & z, then there
exists a judgement A' - € : v & z where A’ C A.

» Theorem
(Cost correctness) If e — € is a 3-reduction and A-e: v & z
then there exists z’ such that1+z' < zand A+ ¢€ :v & Z
where A’ C A.

» Theorem
(At least the same results as in the Hindley-Milner approach) If
AtFum, €:u& z then there exists A' + e* : u & z for some A’
where e* = replace let by app in e.



Conclusions and Future Work

Conclusions
» More precise size information

» Cost analysis: good application domain for intersection
types

Future Work
» Cost inference algorithm
» Recursion
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