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The Algebrai
 Hierar
hyCj � j R (FTC) seriesOrdFields �= Fields� Rings� Groups P+ SemiGroupsPFid,
onst,
omp Setoids 3



Partial Fun
tionsLet f be a partial fun
tion from A to B and x be an element ofA.In order to apply f to x we need to know that x is in the domainof f .

P(x) def, x 2 dom(f)

We 
an identify f with a total fun
tion from fx 2 A : P(x)g toB. 4



Re
ord PartFun
t : Type :={pfpred : S->Set;pfprwd : (pred_well_def S predG);pfpfun : (Build_SubCSetoid S P)->S}givenf : PartFun
tx : SH : (pfpred f x)f(x) is represented by (pfpfun f (Build_sub
setoid_
rr S P x H))
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Advantages:
� Intuitive de�nition

� Strongly extensional, well de�ned

Short
omings:
� Unnatural mixing up between setoid elements and proofs

� Expensive simpli�
ation pro
edure 6



Re
ord PartFun
t : Type :={pfpred : S->Set;pfprwd : (pred_well_def S predG);pfpfun : (x:S)(predG x)->S;pfstrx : (x,y:S)(Hx:(predG x))(Hy:(predG y))(((partG x Hx)[#℄(partG y Hy))->(x[#℄y))}.givenf : PartFun
tx : SH : (pfpred f x)f(x) is represented by (pfpfun f x H) 7



Advantages:
� More eÆ
ient

� Proofs are kept separate from setoid elements

� More suited to automation

Short
omings:
� Dupli
ates the notion of setoid fun
tion 8



Constru
tive approa
h to analysis

� No pointwise 
on
epts

� Some di�eren
es in statements of de�nitions/theorems

� Many di�eren
es in proofs
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DerivativeClassi
ally: f 0(x) = limy!x f(y)� f(x)y � xor, equivalently,8">09Æ>08y jx� yj < Æ ) �����f(y)� f(x)y � x � f 0(x)����� < "

Constru
tively:8">09Æ>08y jx� yj � Æ ) jf(y)� f(x)� f 0(x)(y � x)j�"jy � xj
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Rolle's Theorem:Classi
ally:f(a) = f(b)) 9x2[min(a;b);max(a;b)℄ f 0(x) = 0

Constru
tively:f(a) = f(b)) 8">09x2[min(a;b);max(a;b)℄ jf 0(x)j� "
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Taylor's Theorem

f(x) = nXk=0 f(k)(x0)k! (x� x0)k +R(x)

Classi
ally: R(x) = f(n+1)(
)(n+1)! (x� x0)n+1

Constru
tively: R(x) � f(n+1)(
)n! (x� 
)n(x� x0) 12



Ta
ti
sTypi
al goals:
� X � Y , where typi
ally Y is the domain of some fun
tionAuto with Hints

� f is 
ontinuousAuto with Hints

� f 0 = gAuto with Hints is not enough
f(x) = 3x+4; g(x) = 3 13



Re
e
tion

� Indu
tive type symbPF

� Interpretation fun
tion [[�℄℄ :symbPF! [R!R ℄

� Symboli
 derivation 0 :symbPF!symbPF

� Lemma: for all symboli
 f , [[f 0℄℄ = [[f ℄℄0
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Ta
ti
Given f and g:
� Build s su
h that [[s℄℄ = f Easy

� (Try to) prove that [[s℄℄ = f Usually easy

� (Try to) prove that [[s0℄℄ = g Not trivial!

� Apply the lemma 15


