
t.is?:sIaeameuE.
1 . M a s t e r f o r m a l i sm

- f o r m a l i s m o f a l l

f o r m a l i s m s .

2 . Introducing dependent types v i a a f o r m a l i s m .

Later : s e m A f @ p e s . C e f E r i c )
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w h a t i s a logical f r a m e w o r k ?

(GENERALIZED) AB ST RACT S Y N TA X

E NCOMPA S S E S SYNTAX A N D
( F o rm a t )

D E D U C T I V E APPARATUS O F LOG I C S .

Key i d e a :¥µPESPRwqPlf#AfT
A type M ex p } syn ta x , B N F - l i k e

" a s " {M;
A m = m i : A . }batiiinFj@tforms.C

A t r u e ) ( A v a l i d ) . . -

u-s '
{x.LA#n:Ant5Cypothetio-geneeal)

judgment.
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Pay-off: c o d i f i e s l u n i f o r m i z e s b a s i c principle,
s h a r e d by " a l l ' ' f o r m a l i a n s

1 . B e h a v i o r o f variables Cd c awn i t u r i )

" x .
M" structural properties

c u b s t i t u t i o n

b inding t s cope . o u c h

2 . B e h a v i o r o f deduc t i on (inference (Anton)

structural properties.including
" t " transitivity o f i n f e r e n c e .

hypotheses (variables t t h e i r scope.

These a r e a l l oze thing!
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F i r s t off, l e t ' s l o o k a t ABT ' s c a r i n P F P L ) .

P R E S E N T S Y N TA X B Y A C O L L E C R O W

O F G E N I O 4 T H S P E C I AT E D

" s o r t s " .
E a r t h

h t : Chiefkind)

eg) S T L C h i t s
@iCgjudEsisnatud-
cFcoscept1tYitffIIeI.c-

L F

concert

o n e , T y . I
prod: t y

→ ty → t y . " a r t y " Cty, t y t y:&:: Finns.
(system F )

( a l l : Ity-sty) → t y . )
"valence"

( i n d : Cty → ty ) → t y )
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egs 'a → 2 ) → cz→2)' =

o r r C a r r ( one , two), o r (two,t w o ) ) : Ty .

Adequacy f o r Types
(closed c a s e )

¥ a b i ¥ b t w types o f ' T L C a n d

canonical f i r m s o f I 0 0 Sty o f type

t y .

A type ⇒tstytA7o.ty@-
TnFE.aaiizqzionstmBNF.n'

→
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:÷:÷:÷÷÷i:m#n
a c i ty - an i t y

C u z o ) .

There e x i s t s a compositional bijection b t w

type o f C r c w ((free) type va r i a b l e s a , - a n

←

a , : t y - u n i t y t.gg
TA ' i try .

S t . ' [Ala] B ' =/'A'la] ' B ' .

←

"comitiitulsuanatuality''
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[ a ' = a l . w a r s encode a c wars .?

I r ' = o n e

I z ' = t w o

'A i xAz ' = prod ' A i ' A r '

' A , → AT = a n A . ' ' A i .

C l a v i n : c o n s t i t u t e s a compositional
↳ ijecton ( n a t u r e i s o ) a e a b o v e .

-
.

Consequently, type variables strictrally

"fee" (weakening, contractor, e x charge
s u b s t i t u t i o n
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ex ) s t i c " r a w " expression- E e
x p

I I t y .
z - z

e x p : s o r t .

y e s : e x p .
n o : exp.
n u l l : exp|pa i r : e m ' " " T → E P '

f e t : e xp → exp.
a n d : exp → e x p .

l a m : ty → (exp → exp) → exp
C ! ) .

a p p : e x p → exp → e x p .

e , , , , , , , , , , , ,

±
¥,µ§µ#

→ ex? = x
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AIIII.IT#=4IIImJnpositonae
bijection

- -

B e t w e e n
M

Expwreccions w / f r e e r a r e × , - x n f T k
n

n

← canonical'

k ' : exp f i tx . : ex t - × ' ' - e x p tap ¥ .

c o m m u t e s u l subst i tut ion !
'

[mix)N ' = (M'1×3 ' N ' . ←

(Check !)
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ex) add s u m o , nat's, i n c l l c o i n d t o

t h e syntax -
d e f i n e C - T f o r T h e a .

Next R e - fo rmu l a t e syntax
i n typed f o r m .

§ a s be fo re , b u t Leap i s n o w :

init
-

ffanfyo.fm#
e x p : t y

→ t y p e .

y e e : exp t w o . [ M ' : exp f t >
n o ; exp t w o . [¥,er #
nude : cap m e . f

r.

dry i t out)
Elneedsomethignew!
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2.fi?
5I2IIwlbindinstscope.acwwnts

f o r v a r i a b l e s .

• v a r i a b l e s behav io ra l l y c w µ s )

t y : sof t . exp: s o f t .
" r a w " .

o n e : t y . n u l l : exp.

: ::

Never specify
"variables" o c "things"!

' A ' : t y M ' : exp ( in,¥¥¥)
i i i . caiman . -
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JudgmentetEn-dence

Representing typing judgment: 1 m F " I I I
¥ f o r m .

• L F provides automatically
hypothetical t general judgments

& '
i

x . : A i - X m : A n t M : A

¥ t o f he c l a c c -possible
w o r l d .

# provided they b e h a v e structurally (w, c,X, S , R)

Howtoachievethisoepresentation
w h a t i s t h e adequacy t h e o r e m ?

a) e x t r i n s i c

A b ) i n t r i n s i c
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Extincic (dates)

• o f : exp → ty
→ s o f t . (family o f o r t e a k a judgment)

X . : exp,¥#h, i o f X , ' A P . . . h n : o f × n
' A r '

t @ : " o f M ' N ] (x:Ai→A#
[encoding o f dervation " t r e e "

€ 9 "

compositionally! ( k i k ) G ' ' =

( t h x ) D ' '

A
exp

( X . Xof×q,' ( h , I x , h ) ) -

→ Ia,Ar, M '
→ ( X : exp

→ o f × ' A T → o f I m i ' A r ' ) .
s o I ¥ ¥ ¥ 9 'Catone)"

¥¥E.→ o f 'Aa, ( x . M a ' ' A r ' A z ' .
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Inhalation
exp entreey " re- tone"

2 . Explicitly typed syntax i n s t e a d .
' ' t o m e ' ' .

t y : so f t - - - - - -
Cac a b o v e )

. - .

e l ; t y → s o f t . ( e x p : t y → so f t . ) .

p a i r : a . i t y → a r : ty →

n u l l i e l ( o n e ) .
e t c a n → e l Cai) → e l (Sarai)

y e s i e l l t w o ) .
f -s t : a . ily → azity → today.

n o r. e l l t w o ) .
e l l ' a . x a z ' ) → e l l a ? ) ,

a ,

s n d : . . . . . e l C a c ) .

l a m : a . i t y → a z i t y → (elcan) → e l C a r m e l ( Tama i ) .

a pp : a . i t y - r a r i t y → e l C ¥ # ¥ # ) .
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va r i a t i on

p a i r : a . ity-→ a z : ty → ÷ . .

' ceecaixelcayl-
selckxais.LI/Es+Jpig' : a , i t y - i a r . l y # y

.

elCacxaz7)→(elCai)xelCazD

Adequacy a i d

A , i t y , . . . ,
a k : Ty ← , .

(K:
e l l ' a i ) . . . × , :

eecan,] ¥91': e l ' a '

← s

q u e .
X i : A i - X u : A n ta,-a,,, M : A..]

=

(compositional)
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Dynamics w o r l d s = # ⇒
steps: exp → exp → s o r t . M r s m '

v a l : Exp → short. M m e .

-
: v a l n u l l .

-
: u n l y e s .

- : steps ( f a t (pa i r
r e , M r ) ) ( n . ) .

^ #Ceqr¥1 m i : exp, m e : exp

e r a s e : a : t y → e l ( a ) → e x p .

i

'Ce¥e ! )
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Preservation

p i e s :
a : t y → m , m ' : exp

→

o f o n a → steps o n m ' →

-

O f M ' a .

prog:
-

c o r n ' t ) - .

Tw e l f coverage c h e c k e r .
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Next

represent t t M E M ' : A i n L F .

Mar 23-25 2021 19 of 19


