
( o f A u t o M A T H 1960's)6.LI#Ik2aIaitu-
t h e f o r m a l i s m - o f - f o r m a l i s m s .

• f r a t example o f a deep type t h e o r y
o r

a adequacy = cattive t h e w e r e l a t e

- opera t e r m s ( w / f r e e w e )

- t y p o f e e l judgment
d e r v a t o n s

• t¥¥A=AE t {miraia
ncettai.ka.fat.kz#s

C a n h a ve objects w i t h i n s o r t s a nd
k i n d s !
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Managing dependency .

I . Re- factor r u l e s t o l i m i t i n v a r i a n c e

"ii÷fiIfi,?¥;¥#1¥i:#
( a l s o Ap )

Reduces t . c . t o
e . C .

D e f i n e f t K # K ' , T t A ⇒ A ' t k ,

S t M e r i t A .

(Trickier t h a n i t seems ! )
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I I . C a n o n i c a l - only L F

→ D e f i n e f t K d f t A t K f t M.lv A

u s i n g
T t A T K . f t - M TA .

Hereditary s u b s t i t u t i o n :
*

* = ? ? ? ? ? ? , ?
n

[Mlk]aoN
L

[Mlxtao B * = on , .c c .

[MKF.no K * = c. c.

Ao = dependency e r a s u r e
o f A

a ° = a (AM)-= A
°

(x : A i → Az)°= Ai-SA!
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c o n t e x t s X T A signatures a t K , C T A

E t F i e s t a : #
(Tx , :A . k z )

t . am#a I i i i i ' . i F
¥ ¥ i ← i ÷ E ¥ ¥
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# A t x A F t

i E i ¥ ¥ ±
i i i . i ¥ ÷ i ÷ ÷ ±

(A = a Mi-Mn)
DX. A ÷ a .

→ "entry points" a r e n o r m a l
f o r m s .
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Hereditarysusstitelion [ M i x Into E = E.
'

a

[Miao A E
'Ai'

o K.z = K,z ' .

T.is#=sorIEEii*:'''
[ M k7¥ B = B '

I i E i n s t e i n
::i¥"i÷. i t '
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X i a o - Q i n g ¥¥¥=y

cnn.ie#iiiiiiiEiiiiiifMlxIa!N=N'

CNN.FM, = M,'

[Mk)¥iN=#CAR).
CNN.ie?h=Mi÷÷÷÷i÷÷÷÷÷÷E¥"

.

'

epenimi)
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NoticeH@r r r .Am u s t b et.EE/=A.#xN=N:i=E.

N o t i c e : A i i s s t r u c t u r e component
= o f A o ! sma l l e r structurally

t h a n A .

Therefore t h e t e e c a l l a t A i i s d e f 'd .

Lexicographic induct ion (Ao, E ) <(Bo,F )
when e i t h e r A°<Bo o r A E Bo a n d E L F .

.
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H I
s h o w t h a t [MIX]Io E i s d e f ' d by

lexicographic i n d u c t i o n o n CAO, E )

" I f I t , M i ? C, XT? t e E o k t h e n [MIX#o E = E '
"

F E ' a -

H I
add 1, x . : A . X A z t o c a n o n i c a l L F

• de f i n e c a m . f o r m s x . fafcn.li#t,s-d,apCNzL

• hereditary s u b s t .

10=1 (X l : A i x A)
°

= Af x AI } smiletyres
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Next theory
-

specialize L F t o t h e formalettyu- - o f - a l l -

formTI type - t h e o r i e s .

I d e a : m a k e adequacy t a k e
a c c o u n t o f

(judgmental) equality of t h e
e n c o d e d

fo rma l i sm .
o f equality a s

" s em a n t i c encoding". equality o f L E

Q u i n e ' s D i c t u m : " n o entity w 10 identity"

I , t E . "generatora t r e l a t i o n s "

I reduce t o generators + m o r e generators
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i.EE#i:.i:::-..:iI::I2.EgFuI-c
governing t h e m .

Adequacy
r e l a t e s L F equiv. c l a s s e s

t o

d e f t i v c l a s s e s o f t h e object log ic .

• s t a n d a r d i z e s st ructura l properties,
I i i x e s , v a r i a t i o n s

f. s u i t a b l e f o r defining t h e i n i t i a l m o d e l needed

f o r f u n c t i o n a l s e m a n t i c s
(henna)]

S L F c o n s o l i d a t e s G T E i n t o j u s t G ' s using

e q u a l i t yApr 6-8 2021 11 of 21



s t i t e d
1 . P r e s e n t syntax, a s b e f o r e .

t y : s o r t . e l : t y → s o r t . Cvs o f : e x p → ty→ sort)

• I respect equality8¥
w a n t : M : A A = A ' ⇒ M : A ' . o r

f a l l s o u t " f o r f r e e "
M i e l ( A ) = e l CAY

2 . Postulate equations.
(1-7) m : I c o n e ) t m = L > : e l Ce)

.

ref's a,, .az:-Ty, Mirella,), n z :
e l l a - s t

f S t a , a r (pair a , a 2 M , M z ) I m . : ella,)
(x-p)

m z
send

(XM) a y a z : t y , m i e l (prod a . a z ) ' t

M E pa i r a . a z As ta , o r
m ) (Sendai, a , §
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2 . Conf'd) ( ! )

a y a z i t y , f : I c a n → elcan, n , i e l c a , ) t

a p p a , a , ( l a n n a , a z f ) M , E f m , i el laz)
=

(A
i, a z : t y , m : e l C a r r a , a s I f

m = e a r n a . a z Heecan"Ipp9¥¥¥)

Upshot

elcarr.a.az) I I (el.ca#elfaz))
p - n : mutually

inverse! ' 'structure,

A r r

elcarraiazlnelcad.edu#..notTop"
d a t a
structure!

I A r s . a p A s r . e a r n
A r t . p e n A r t , M BApr 6-8 2021 13 of 21



E I d o t h e s a m e f o r products.

Z e r o : ty p l u s : t y
→ try → Ty.

Cty x t y ) → t y

O - c a s e : a i t y → e l ( z e r o ) → e l c a ) .
/

→ i n l : c h a r i t y → e l ( a i ) → e l (plus a . a z )

→ i n r : -

I c a n →

f - c a s e : a , a , a z i t y → Ce e c a n → e l l a ) ) →

Cee c a n → e l C a s s → e l Cphis a . a ) → e l l a ) .

(t-case, ( A a a , Cx . . M . ) ) (Texas,
Cx-Ma) M : A.)

a i t y , a , , a z i t y , - -
-

- t

(p+) t o e a a . a z f , f - l i n e a , a , m . ) E f , m , idea,
M r f z M 2

Apr 6-8 2021 14 of 21



w h a t a r e t h e C o r r n p m c ' s ?

eg) C I 1 ) i f ( M , true, f a l s e ) = m : e l 1 2 )

E ( i f f ? , ? i , m,z ) . ) E i f a n , E (mi), E a r l i l l @ )
7 ,

I

1 . coin w r i t e
down u n i v e r s a l properties

✓
o f f i n i te c r i m e s . A , t - t A n .

(just t r y implementing
t h e m ) .

2 . c o i n t w r i t e d o w n u n m e r s a l poop's

f o r infutary s u m s - induct ive types.
✓

I t ( h t . . . . . ) µ X . I t X . = N a t .
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affffortmoreannertors
s t K u s . T t K E K ' d e } consonance

c

gon'd by
f t O : K f t 0=0' : K p m f o r →

(signatures a r e distinguished c o n t e x t s )

1 3 ¥ E f I ¥ ¥ } ± .

I d e a : s o f t i s a "Russe l l i a n " universe
A u n i v e r s e i s a - c l a s s

o f c l a s s e s ( n o t a l l ! )
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i t :÷:÷÷÷÷i÷
{X : S , } K z

( a no t he r f o r
X : S , → se,2etc).

Es R e v i e w s u r N o t e .

Extend w l 1 , x : S , x s z
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Equalityclasses

# i ¥ ¥ ± ⇐e s

a h a . E q g (O i ,
O z ) .

÷ ÷ ÷ a ± i i ÷ ÷⇐⇒t÷÷±¥÷¥a€
Apr 6-8 2021 18 of 21



Notice

f t 01=0,' i s f t Oz E Oz': S

t ¥ = E E
i

• : 0 = 0 .
Ill ill} Pm d a n s o r p o s t

• : OFF ?
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'319,45¥
e e c a r r a . a z , → fella.> → dead)

✓ l a w : ←:{ar-
pi: c . aiia.ie#m=eeafcms.
Vann : L
: . l b s = r h s : e l C a z ) .

" (Extensional) Equality Type"
Are identity v s P l n )
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