S)’St(’.m F Usius the elimination rule

F . fof l‘\StS’.
P°|'7m°rf\“c b b ’.enSH\Az recList,
Functions H\a{ °[’¢mje ().o..).e.suce)
zero

"in The same wa,y"t i o o
on di nt Ja{'a e of eve pe Iy, wWe must dejne
f; ere 7 r S a SQ'Za.fifC lQna"’L }u“ct;on

Examrle: Bul' H\ey're all a’e}ined

Lengu\A: List&——? No.,t n the sawme Wa)l Hmj—

i g S We would ke to sa
the Je}who f ,H. : S:v“ ;\e l"a{-k qun{hon

Joesva'i‘ Jereud onA
has many l’y pes:

Lenal'kA nl =0
Le“%“‘A (a.z0)= (‘"'3“; 0)+ lv.\naﬂ\ eVT tﬂae. Lislif-’rNaf



| 575\'0\'\‘: allows vs to make The Jegiv\i\’iou o} lenaﬂ\

t)’ Pe-leve‘. Pma‘“h’  vses second-order a.\:s’(rad‘iou
obstractions, l, b X L '
aﬂ)l.'\co.'\'ions 2“3 =/?\ . reckhs %

a-Ls'l'rac*’t on 05'

e o n \ 'l MF
The {YI’ ; le 3.“0. w Sysie tyre e g

Lenguu . TTX. Listx"‘)Nai

Szva orcler Proc‘.ucf

lenath can be aﬂ?ud
¢
to amy type X

A\vstracl'ion aml a‘;?licc, yon

a,* tﬂm level work

Similarly !‘o O'J:)ec{' leve[;

: vorio le '
X i s bipe S (o ) Ty tX=T]

Second order arp\( ca{'ion :

\.QV\S{'L Bool, : ListBool——?Nq,'l'



| Church Numerals Revisited For QxPonen‘l'iohon
e viaed nowtrals at

1= )-5‘ ).15 (5’ "') o\iﬁeru’( levels
In A> we 3“'“’ numerals Solubion n system F.
the tﬂ:e (O-—)o)-»o-ro NUMQTQ.‘.S have
Bot this was limited: |>°lymof‘>\'\i¢ tﬂ’“‘
We con only do iteraj'ion oy ...n->< (X""X) __)x _?)(
os }uncﬁons on O. 2 e - ik
No exPonenﬁai'ion. - No,t
We could ’va to yive 2 a i sysi'e»l I
‘flia.\'\er {3)'P¢= T he Je}inihon o)( Z \MUS{’

e q_lpstro.cf over X

2 (T=T)=2T->T «use X in the fypei of §,*




T2/ XX 0% e A,

§ (=) AX. n (X>X) (m X)
. g
the {” es of the a,Ls{'ra_c*eJ We instambiate the two
}irs’(—orAer vano LlQS w mqrals wi H\ Ai Hcrenf
may o‘erend on {YPQ.S
H\e aLstrac{'eJ Seccml?orAer nm: N Q’( - '“')( (\A"»() Sk
variable o L()(-;X)-))(-—))S

o

n [he unlyped A-ca —;(X"’X)”(X"X)

can be kﬂ”‘l n 575{'3‘”‘ F They can be an:lizd one
| 'l’o ,' lte o{' her



n (X=X) (M X) : (X=2X)>X>X \e om use the trick
with Podvriw that we
/\X n (X"’X) (m X) a6l i TRe uu{'7FeJ

. “9)( )-calcul‘” )("
. —E—X (X‘:i)"’)( g fa i) sl freJecessw

For this we need ‘Da.if Wy
Nat &3
We can now do ifera,{‘iou Qm—{es'\cm o T

of funchions on any ffpe Ty B iy (ArB2X)>X
9

BU{ can we Ao Yecursion ' <Q.,\’>=/\X- )'8 80_‘)
(Q‘:iminal“i:'l rg’lf) of Nat 55“2 = A.P PA (Ax. Ay. x)
n S’s em . .sml - )‘P p L (X:&)—YY)



| Lists in System F LrOE M (0
Same icleZ. as Nq.{‘ T\""' ?Olyvnor?\\(c lewa’(\'\ fuv\d\'a
Li S'l's ore ii'erq,'l'o s l.enaﬂ\ TrY Listy —p Nai‘

ListA:: WX(A—?X—)X)—)X—?X Lev\%‘:\\:: AY. AL

e Nn,{'. ().a.ﬂl“—)

nil = /\X ).5' Ax.x ool
ozl = /\X ).5- . 5:0. (Q)()C,:_) |

E xerciSe:

A l'\st S an i*era.{or ‘H\ a.t:
What is the sysfem F

o iterates a unction f'
with an argumeuf a:A o\e.)finihon of the f)t,:e
j—or the curreut ist elemen"' g 5_ £ oar )/ -trees?

. wi“\ a sfaf{'ing value x



