
Type Systens
types to d calculus -"Simply typed" À calculus (STLC)
(can also add int, book etc.)
Adding types
Types = ::= unit I eze
↑
functions
E ::== x 1 Axiz. E lE E |()
↑
type of arg
Types don't change evaluation (operational semantics)
But rule out type-related bugs, e.g. () ()
Another form of semantics!
E>E'
(Small step) Operational semantics for STLC
"E steps to Ell
E  →E '
E  → E '
Ez is a value
E  E  → E  E  (xicillez» (λxiq. E  ) E '. (Axiz- E ) E  → [6 /x] E
E 
(λximit. dyimit. x) () → Ay: mit. ()
1
-
→
2
(λ fi mit-smit. √x: mit. f x). (dy: wit, y) ()
(dximit. (dyimit.y) x ) ( )
(dy: Unitry) ()
Ü
() () # "is stuck"
(Af: mitmit. A x: mit. f x) () ()
(1x: mit. () x) ()
().() now stuck



Well-typed programs don't get stuck
Typing judgment freiz
UNIT
Content maps vars to types
e.q. Ø ximit, y: mit -smit
we write Mixiz for Pextended w/ x .2
[+(): mit
↑
any context
ABS Pixiz re: Z'
P+Axiz. Ez az'
VAR.
VAR
[ix: c rx:c
and ctx w/xiz
App [+E : ='+? [Héziz'
THE  E :2
Xi with ximit
ABS
UNII
App + Xximit. Ximit zunit Ør(): mit
APP-
+ (1x: mit - X) (): mit
Type Safety:
yo or more steps
If Ø+E=C and Ex* É' then either E' is a value
or there exists .E" such that E'>E"
2 partsi
"preservation": It Ø+ Eit and E-SE! then P+E 1.2
"progress": If or + E-Z then either Eis a value or
there exists E' such that E+E!
proy
pres
ØrE: < => E¬E' =) OFE` = = =) E' SE" pres
 ØLE"??...


