
FeS92#
W T S : I f M : 2 t h e n M j

S t s : I f f t M : A , t h e n # ( 8 )

fu ry implies H TA ( I N ) ] " c > > MEA"

H TA ( M ) :

H E R E D I T A R Y TERMINATION
O F T E R M M A T T Y P E A

a k a C O M P U TA B I L I T Y O F M A T A r
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D e f i n e d by n d o n s t r u c t u re o f A :

• H T 1 ( M )
i f f M t , * s >

• H T z ( M ) i f f M c -
A 41N . .

• HTA,× A z ( M ) i f f
M t # <My M a > w i t h

I t t a , (Mc) 1 HTAalMz)

• ATA,→ A z ( M ) i f f
M 1 - * Ta, ( x . M e ) w i t h

"extensionally" HTA.CM,) > ATA, (041×742)

A l l a r e behavioral c o n d i t i o n s
- s e m a n t i c

properties o f
t e r m s .

co. I f H Ta ( M ) a n d
M ' T ' M, t h e n I t ta (M) .

" r e v e r s e execution" a k a H E A D EXPANS ION
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¥?¥
O a k a void 1 A r t A z .

1 . Me , 2 - M 2

M : : ' t n o I
↳ many c a s e . ← induction!

nullary c a n

Ex tend T a i t t o s u m s :

H TA, t a , ( M ) i f f {M-A 1 . M i u l A t a , Chi)

M u t t 2 . M , w l HTaz (Ma).

H T
O
(M) i f f ( fa lse) (never)

C h e c k F T L R ! (Fund-Thin. o f leg. Eel.)
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N a t ze d , c i r c a ) ; ⇒ M ; M . ; x . M . )

( s e e P F P L f o r gates/dynamics)
⑦

HTNa t (M )
i f f (def)

⇒ M t s
* t o o NO M t > * s a f e CM' ) a n d HTuaffM')

-

C h e c k F t w , c a s e f o r r e f . ( HW ) .

(eager c a s e :
v a l u e s o f N a t a r e Tunnels

since'
" '
( ze ro ) ( F n 3 0 ) )

•

( l a z y c a s e . . not f i n e :
S u d ( i f f i e r )
=

Why HTNa t l - l wel l-def ined?
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w h a t would b e t h e " O f f i c a l " de f i n i t i o n o f Hiway?

HTNa t l - l i s t h e strongest / least

predicate 7 pA o n closed t e r m s s - t .

1 ) I f M f )
*
t o o , t h e n M ( M )

2) I f M t # s u e (M ' )
a n d M CM ' ) ,

t h e n n ( M ) .

J u s t i f i c a t i o n :
1 . Accept i t . ✓
2 . Ta r s k i ' s t h i n (based o n sets)
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H I U s e t h i s c h a r a c t e r i z a t i o n t o p rove-FTR
f o r N a t ' s . ( m a k e c l e a r i n d u c t i o n p r o . ) .

Remarky T h e thot s h o w s t h a t t h e c h a r a c t e r

i # a t h o f HTNaf i s c o r r e c t . (Lainek's

lamina).

H o w t o d o c o n a t ?

Con a t

f
peed:

c o N a t → h t Conat i

g e n a ( X I ; NL, c u r r e n t s t a t e : A .
CPFPL)

A→ At A) → s t a t e t r a n s i t i o n .

-

D= define " a " w h o s e r e d i s " o o " .
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H o w to de f i n e HTconat ?

W a n t :

" i f HTeonaf ( M )
t h e n e i t h e r M r s * zero

o r M M A a n d CM')
a n d HTcount CM')

' '

.

→ a l l o w s f o r circular ity o f t h e k i n d

j u s t
m e n t o r e d

.

Temptation:(doesn't w o r k ) :

i f H I , w a t
( M ) t h e n M -Agena ( x .Mins)

a n d H Ta (Mo)
a n d Itta ( N ) > H T (WHIM).

H A

¥
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Mu s t define HTconaf
' ' i n p l ace" - a l l o w

fo r "circularity".. ✓

Def ine a s t h e wea@tllargesfpred.C
o n closed t e r m s e t .

i f C (M ) t h e m M t > Agena ( x . M i ; Mo )

a n d e i t h e r [Mok]M, H A 1 . - .

o r [ M o K I M . f )
* 2 -M i a n d{ E l g e n , ex-Mi, Mo' s ) .

V a l i d a t e s proof by c o i n
.
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( E x - i f experienced) } proof by c o i n d u c t i o n
F T W f o r c o N a t .

(Later: MX.tt#X.Fx1
f o r F a- positive the operator.)

-
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%ad.IT#.EtEE:ai'is
t h e o n e s w e n e e d . "

H TA,→ A z
± HTA, t H TA , .

HTa i x A z I HTa, * H t t ,

H T , I 1

H T , I 2 2

T h e a u s e t h e a c t i o n o f e a c h typec o n s t r -o n c a n d i d a t e s .
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w h a t i s a c a n d i d a t e f o r a type A ?

a n y predicate
o n c l o s e d t o n e o f type

]
d¥
[that

i s c l o sed underteadeyan-sion

CP, → Pz ) (M) i f f M r s # A a , Cx-Ma)

i f P , CM, I t h e n 73 ([M.
KHz)

( P , × Pz) ( M ) i f f M A L M y M , >
w i t h

P , Ch . ) a n d P CM z ) .

( l ) (M) i f f M a t t a >

( 2 ) (M) i f f M t s ' t Y, N .
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Checky T h e s e a l l d e f i n e c a n d i d a t e s w h e n given
c a n d i d a t e s .

A c t i o n e x t e n d s t o 0 , A t Az, N a t , c o N a t

( a n d µ (f) a n d v ( 8 ) m o r e generally).

E I spse y o u
e n r i c h 7 - c a l c u l u s w /

variable types d i s t , M : A

£ s e t o f type w e

YhatistheFTL
- →

(want termination)i n t h i s c a s e ?

(there a r e t w o pocable answers)
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Ex I f y o u only w a n t te rm ina t ion a t 2 , t h e n

t h e negative f o r m s o f a c t i o n m a y b e u s e d

i n s t e a d :

(P, x Pz) (M) i f f P i (M - t ) a n d R (M-2) .

(p, → p 2) (m) i f f P i (M i ) implies 1 2 ( a f a r , m . ) )

w h a t changes a r e required f o r t h e proof?

Wh a t i s t h e negative f o r m u l a t i o n o f c o Na t ?

H i n t : t h i n k i n t e r m s o f elimination,
n o t i n t roduc t i on .
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1 l F e b =
C a n d i d a t e ( f o r A ) = s e t C o f d o t e d M : A s - t .

i f E C a n d M ' A M , t h e n M ' E C .

A c t i o n s o f type C o n s t r u c t o r s o n c a n d i d a t e s ;

1 ( M ) i f f M ↳ A c >

2 ( M ) i f f M t > A Y o r M # * N } positive

(C, × Cz)(M) i f f C. (M i l ) a n d ↳( M . 2 )

(C, → C2)(m) i f f Ca lm . ) implies C . lap cm,
Mi))) Fm.

D e a n e O , C, t C z positvely.
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cwmandf.d.atef
ornat-HTN.fm)

i f f M i→ *
t o o o r M t s ' t since cm' ) a n d HTuata)

By Ta r s k i d e f i n e H TN a t C - ) t o b e t h e strongest
a k a eeet Nat-closed c a n d i d a t e C G ) :

a ) I f M 1 - ' * ze ro t h e n C ( m )

b ) I f M H # c u d ( M ) a n d C (M'), t hen C c u ) .
"
"

Or, br ief ly, (2=00 t s a d (C)) E C .
. . .

E± C h e c k I h a t d i e d holds !
E I F T L R f o r N a t .
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H i n t s r e F µ o N a t ( E x ) .

1 . Zero, s a x e s a r e immediate, by d e f n .

2 . r e f s 1 M ; M o ; x . M i ) re qu i re s i n d u c t i o n .

I Ho ' : H TA ( M o )

-
I H e : I t t a ( N ) implies H Ta ( ( N i x ) M . )

"

.

L e t R C N ) ± I c a C N ; n o ; x . M I

→ W I S : HTna t ( N ) inpliesHT.it R CN ) ) .

S T L : I t t a ( R ( - ) ) . . i s Nat-closed .

U s e d e f n o f Nat-closed, I H o a n d I H i ,
a n d h e a d expanc ion .

i
- i
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f.ES?IiIwIaEeIat2ease#coNat-ancient

c a n d i d a t e c c - ) :

✓ (if C ( M ) t h e n e i t h e r peed (M ) t - * I - O of
pied ( M ) ↳

* 2 . M ' w i t h C ( n ' ) .

o r , C ( M ) implies T t c ) (peed cm ! ) . @

Chetek' H I , * (m ) - i f f , K
t H Ion * ) (peed o n ) .

E I F T L R f o r Co N a t .
.
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FTLRforc-onat
1 . E l m f o r m p a d : C o w a r t → 1 t C o t e a t .

immed i a te , by d e f n .

2 . I n t r o f o r m GEA. ( x . N ; Mo ) : c o N a t .
-

prem
ise}

a) HTA ( M o )

b) i f H Ta ( P ) t h e n HT, + a ( CPK IN ) .

=
A t t a

W T S : H I , N a t (gena ( x . N ;
M o )

De f r i e G f ) = gena ( x . N ; - ) .

W T S : H Tc,N a t ( E l m o ) ) .
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How to o b t a i n HTconat ( M ) ?

E x h i b i t a c and i d a t e C C - ) t h a t

1 . Co N a t - c o n s i s t e n t . ( c o n s i e u l pied.)
- 2 . C C M ) .

" P r o o f by c o induction.''

F T L R : M I G ( M o ) .

Spse C i s s i t . C ( E lmo ) ) /

W T S : C E A t C )Geed C - D .

M u s t showi.lt#GMoTD.
(g iven CCocmol).)
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pied (Ga to ) ) l →

case ( [Molx]N; - . ? - 2 ? ; y . GCy)).
i e . ( i t G )T W I N ) .

-

w t s : ( I t c ) ( C t a ) ([M%]N)
µi ) e . a s : c l o n e - }

2 ) 2 . M , i 6 ¥ .
S T S : C ( G a l i ) ) .

÷

S t s : C- ( G H z ) )
i.
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E E !
De f i n e C s t . C (Gov)), C (Gahl),

- . . . (possibly a sequence).

(Tricky part i s a y t h i s precisely.)
c h e c k : a l l l i e s a r e c r o s s - r e f ' d !

C ( G a l i ) ) necess i t a te s[CCGCMit.
tl.

i . C i s
Conat-consistent! -

DX
And CC610)) by d e f n .
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Next open

consider r i m m o f te rm o f type ,

X-ca lcu lus .

esl Ax.. 17¥11 I s
7 x - x .

Crs c l osed t e r n s f o r termination).
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Fast F o r any pre-order ( X , - 4 ,
x ⇐ y i f f V z H E X s 2 - Ey )

( Yo n e d a l e m m a
' f o r Pre-Orders)

I f ⇒ t r a n s ⇐ r e f l T A
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