
1bFeb¥

N¥¥§
f o r T L C 1 1 ¥ (O, t , N a t , c . Nat)

eg) X x : A . ((Ag: A . g) (x)) 1 / 1

¥ + 1 = p
A x : A - x .⇒

t h i s r e d e x t a l fo rm
N B : non-deterministic!

µ
M r s M '

T s
m i .

es) X x : A .<My:Aykx¥
Hg: Ayl lxy>} Ml"
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T h x [Normalization]

Every well-typed t e rm h a s a - (unique) n f

I f f t M : A , t h e n t h e r e ex i s t N s t

M → if N t >
p

. (unique)

A s i d e : unicity i s cal led Chu rch-Rosso t h u s .

F o l l o w s f r o m confluence:

*
4M¥, } t

wa rn i ng : no t
sufficient

t o prove
←
M y (Q, property)

"is:c! IF c ru t t n e r
→ I

t e x t
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Defelp-reduction] M → pm o r open t e r m s .
cwlfreevara)

✓a-paacx.mu#spCmS.Cp-axionnm),

attaint.im?:I.;iapCMyMI)
(¥¥¥¥§

(etc < m i n s ,
M . 1 , M . Z )

( "compatible" relation)
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Def ine m u l t i step:(too o r m o r e ) :

⇒ ± ÷ i ÷
(M-sts M' o n e o r m o r e , Mrs} M ' ) .

Normal f o r m = p-irreducible.
N X p .

normp
( M ) m e a n s M i s p-normalizers le

i e . M → E N A p .
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They I f f t M : A , t h e n normp( M ) . i t

" P f "

T.ie#:.n.::I.I,,,,,,],,,
a y , , , , , → §

✓
normp

( M a ) by I H
✓ a f ( Ta k . Nt,

M 2 ) up

↳ ? normp Cap (m,
m a ) ?

[M-KIN.

What i f µ → ¥ ¥¥µ)
?

n o w what?

×
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Note

T h e n o r m a l f o r m
o f a (well-typed) t e r m

n e e d n o t b e canonical!

C t M : A , → A z M → ft N →

p .

N need n o t b e a 2 !

× : A ,
→ A z E T ! C t × : A , - 1 A ,

X B
x p

I d e a N may be e i ther c a n d i d o r

neutral
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%??¥T÷, u r i n e . live.LT
I > (normal.com)

X : ( I → e) x ( t - s D t # : i → l .

F . (e-se> x u - s e )

X : 1 → ( a x e ) t Cx s ) . 1 : 1

§
-

e t c .
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strengthen t h e I t t :

I f f t M : A t h e n M i c k e y .

- norma l i za t ion

F i r s t c u t : ( n o t quite t h e r e y e t )

Hwa ( M ) b y i n d u c t i o n o n types

{
N'

( M ) " f t " " P } " " " '
" '

" 2
' ' "

' "

"negative"

HNA, x y z ( M ) i f fHNA.KM.tl/HNzlM2#-
HNa,aAzlM7iffHNaiCMi)implies HNn.la#Y)
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Already suspicious - w h a t w a r ' s a r e i n play?

T s : f t M : A implies HNA C M ) .

ca@etxAtxr.A n o w w h a t ?

T C : H Na ( x ) w h e r e A a rb i t ra ry .

(Reca l l : X E y i f f t h 2 -E x civilieczey)I i i : '
C C ' e t c
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I d e a : m u s t c o n s i d e r s u b s t . i n s t a n c e s

o f open f e r n s
- by open t o y s .

Tr y I f f t M : A a n d 8 : s - s f

t h em HNL (JIM))-use
←
p r i d e .

- ←

8 : s → f a k a A t 8 : T a k a s-51
•

-

f i r e f e f S t X x ) : A .

H o r i a t i s
o f f r e e v a r i a b l e c

I
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D e f i n e A N
A
A
( M ) f o r S t M : A

big i n d u c t i o n o n A .

H Nf ( M ) i f f normp ( M )

Z

HN¥×a, (M) i f f
HNL, CM-1) a n d

H Nda, Cm . 2 ) .

AND
a . → A z

( M ) i f f ? - .

(check'. proof b r e a k s d o w n wlprevdefn)
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"Possible wor lds" - t r i p l e .

Wo r l d s n c o n t e x t s S .
-

accessibility -
A ' E S . d e f ' d by

" S E d " i e . A f i x : A t h e n s ' t x . A

i e . S ' extends A
←
extended.

Impertant I f S '
E d a n d Hiram),

t h e n H
Nad
' (M). "weakening"-
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t{e[p?¥want
to c o n s i d e r computable open i n s t a n c e s

o f well-typed t e r m s :
f o r a l l

the

⇒ I f f t M : A a n d H # ( 8 ) t h e n HAT'
(¥¥n%,

^ -
-

w h e r e HNL ( m ) i s d e f ' d by incincia:
HN? (M) i f f M normp(HN
L,×a,

( M ) i f f HNI.CM#xHNda. (zz)
✓

HN '
a ,→ a (m) i f f t ¥M ¥ H N µ )
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I d e a : t h i n k o f t h e r t s a s t h e

" w o r l d " . (Reynolds toke)

c- m u s t
b e

"transportable
t o t h e future""at¥I

← defnapocP c a n n o te m a i lf. I t x
✓ → d # "← w e e p ! could t h a t

a c c e s s e s

= c , d , a , b . )

Feb 16-18 2021 14 of 21



L e n y a [Time Tr a v e l ]

I f D ' E S t h e n H Nad E
HIV:P' r

= infinit ies.
¥ ¥ s ' t M : A

LEIT I f f t M : A a n d T ' E f t h e n

[ ' t M : A . (weakening)

P I i n d o n A .

A- = 1 : V

A = A . X A z :
u s e I t t w i c e , p l u s . .

⇐ ifm.lnormpandmznornp.thenmnomp.sn
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A=Ai→A= ( s ' E s ) ,

spseftt@a.sTsiHNI
En.fspseHNf.i(mi)

s t s : HNL' Caya, n i ) ) . .

>

lifHNL.cmijthenHN.fzcapcm.MN

'
' p r o c w o r k e o n

s t a c k a t a , b . "

l o s t - n o w a y t o proceed.
wtf???
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I d e a : deinand t h a t f u n c t i o n s b e

"polymorphic" i n t h e w o r l d - r e s t

w o r k n e w , a n d
i n a l l f u t u r e w o r l d s .

Htt#A-(M) i f f (de f )

A . {fires..ifHT.IM?
mthehfame.l4&#

Ed prove the,
b u r n a .

→
' ' H TA :

CHOP → Set" CONTRAVA R A N T

#
PRE-SHEAF.

-
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Thuy I f f t M : A t h i n f o r a l l 1 ,

i f H N? ( 8 ) t h e n HNL (8cm)).
-

P I .
VAI E x : A t × : A . w t s : HAIL ( X x l ) .

-

-

By assumption!

API I H , : f o r a l l b ,
HINA
? → a "

( J I M ) ) .

IHL:bf o r a l l D , HNL ( E l m ) ) .

t s : f o r a l l A , HNL a t ¥ ¥ ) .
u s e I t t a . a t A £ 1 w ) I H z
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LAM
IA: Y A i f . HT}×,,, ( 8 ' ) t h e n Itta? (E lm) )
•

F i x A , HT}(r). M T : HAE, A , CAA, (x-81421).

C h o o s e S' E f . By t i m e t r a v e l Atf
'

( 8 ) .

Choose HTa?' (m i ) .
WTC : HTai' Caf ftp.cx.8mz), M,%

N o t e : Ht}'×a, (8hAM,']). s o by
I H

H ta! ( t e x t s m i ]
" (Mat) i e . ATI' (a .'1×72%21).

⇒
F i n i s h by head I I . f o r P ⇐ thi

sDX (out.
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1 . A r e t h e re a ny H N i n s t a n c e s 3

• t M : A implies HMI ( M ) .

[ n o requirement.
2 . A n d t h e r e f o r e

w h a t ?

w l H T : H M M ) > M terminating
A by d e f u .

v . I A N : ANA (M) s M # ? ?
M¥541 ' MAP.
"Pas-de-deux " a k a "computability yoga"
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