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- f: map 4>B2AI
(map f) o (map g) = map (fog)

B ®
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TWht: a7 5 AME LT (2)

¢ ARLEROH: ZARBSFIME

maximum o (map sum) o segs
maximum o (map sum) o (concatMap inits) o tails
maximum o (map sum) o concat o (map inits) o tails

= maximum o (scanr (®) 0)
where x ©y =max 0 (x +y)
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Introduction to Theory of Lists

¢ Brdickd7RSFLEEDLYFr—/—F
¢ BMF (Bird Meertens Formalism) ICE2< Y X b LDEHE
-eg. Z4NZ - 7AE— 3 V|

740% - 7AF— 3 E|DEEA

Coq el 2iEEhi=-7 055 LEEDHR | 9

o f&E (+H)
e 7414 ()
o 2v7 (x)

e UFa—-2(/)




WAFWI%E [Tesson+, 2011]

Theorem filter promotion :
p <| :o0: @concat A = @concat A :0: p <| *.

¢ Coqlckd7m !
7\“3 AE%G)?‘: 3 Proof.
HDODRIT 4y g ={ Ir::usurite (filter mapreduce) }
73’{75”% S (++ / :o: f % :0: @concat A).
8

= { rewrite map promotion }

%ﬁ (++ /:0: @concat (list A) :0: fx* x*).
9 = { rewrite comp assoc }
- Theory of Lists 10 ((++ /:0: @concat (list A)) :o0: fx x).
N 11 = { rewrite reduce promotion }
’\JEFH 12 (++ / :0: (++ /)% :0: Tx x).
N - = 13 = { rewrite concat reduce }
- BREICEVRE 14 (@concat A :0: (++ /)* :0: f* x).
;f—cﬁaiﬂ_x_g-é Z 15 = { rewrite map distr comp }
. 16 (@concat A :o0: (++ / :o0: f %) *).
t?b‘ﬁl"ﬁ‘ﬁ 17 = { rewrite filter mapreduce }
18 (@concat A :o: (p <|) *).
oy [].
20  Qed.

Coqlcsii3isni-7045 LEBEEE | 10



Outline

2. FATHRDEN

. i —IRORBIT — 2B DR

4. BEBADERE
5. SBDOFEEELE LY

Coq lcsltaiEahi-705 5 LiEEDHR | 0



— R DB T — 2 Y

¢ SITHRR: EICU R FADER
¢ —iE DRI T — 2 B DR
- KB T—2ER A%, YR, K -
- Coq Tld Inductive A% FZHWVWTESR
- BH, TITRRAKRBEELEL
+ ZEE Bird, De Moor: Algebra of Programming
- —RORBAT—2BADT AT 7 LEEDOHR
- [i& (category theory) DEE%#{E > THER
o KT —42E = F B

Coq icB I 3RIEINAE70S T LEEDEE | 11



Pl & 13 ?
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k4 (initial object)
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k4 (initial object)
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k4% (initial object)

¢ IR0
- £80DE Set TIX, 0=10

1 Inductive InitialObj : Type :=.
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XG5 (terminal object)

& HEIR
- EADE Set TlE, 1 ={0} (¥ FILIbY)
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XG5 (terminal object)

& HEIR
- EADE Set TlE, 1 ={0} (¥ FILIbY)

Coq icBI 3RS NA-705 5 LBEEDEE | 14



#h5 (terminal object)

> MR
- EADE Set T, 1 ={0}(¥¥FILIY)

1 Inductive TerminalObj : Type :
2 | singletonobj : TerminalObj.
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# (product)

¢ EAXB
- EADE Set TlX, AxB={(a,b)|ac A, becB}

X
f 5 g
' (f, g)
XB——B
outr

A—A
outl
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B (product)

¢ EAXB
- EADE Set TlX, AxB={(a,b)|ac A, becB}

X

i g

' (f, g)

X B——B
outr

A&—————A

1 Inductive Pair {A B : Type} : Type :=
2 | pair (x : A) (y : B) : @Pair A B.
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KB (coproduct) - Fll (sum)

* RE-MA+B
- ADE Set TlE, A+B={inlalac Alu{inrb|b e B}

A——A+B+——B
inl inr
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KB (coproduct) - Fll (sum)
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KB (coproduct) - Fll (sum)

* RE-MA+B
- ADE Set TlE, A+B={inlalac Alu{inrb|b e B}

AN
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A (coproduct) * Fll (sum)

*RE-MA+B
- ADE Set TlE, A+B={inlalac Alu{inrb|b e B}

AN

A-————+A4—B+—————B

1 Inductive Either {A B : Type} : Type :=
2 | inl (a : A) : @Either A B
3 | inr (b : B) : @Either A B.
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F iR & catamorphism

¢ £ @ catamoprhism: F#3X# o : F(I) — [ B F KEK
f:F(X) = X~DERB
- FICRLT-BR/ 2 %2RR
- Haskell TW 35 foldr ®—fi%1k

F(I) —>—— 1 : P

F(X) ——— X :Ff#
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F iR & catamorphism

¢ £ @ catamoprhism: F#3X# o : F(I) — [ B F KEK
f:F(X) = X~DERB
- FICRLT-BR/ 2 %2RR
- Haskell TW 35 foldr ®—fi%1k

(08

F(D) I : P
Fi: O i
FX) ——— X :F R
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F iIRB o] nat(1)

¢ BEEFFZROLSHICER
FIX) = 1+X (X € Objge,)
F(f) = [inlyinrof] (f € Homge)
¢ nat & a:F(nat) — nat Z2XRD & 5 ICER
- «:F(nat) — nat |& F i4X#ic4h 3

. axx = match x with
Inductive nat : Type := ,
linft = 0
| 0:nat _
linrm = Sn
| S:nat — nat
end.
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F IiIRB O Hl: nat(2)

¢ (f) DR
(lc, g]) x = match x with
10 = c©
ISn = g((le, gl n)
end

¢ catamorphism Dl
- # plus : nat — nat — nat
plus=({At=Ay=y, Af=Ay=S(fy)l)
- #& mult : nat — nat — nat

mult =(At=Ay=0,Af=Ay = plusy (fy)])
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BB e catamorphism DY

FIaRRE o« F(I) = I

i (o) =id;

EE hof=goF(h) &IE ho(f) = (g)
EE oo (Fo) =id, (Fof) oo =1idem

- Thbb, «lZFAESH

® & o o
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((h), (kD)

((h o F(outl), k o F(outr)))

¢ catamorphism & pair DANEZ
¢ SRBI: average = div o (sum, length)
- EIZ ([zeros, pluss]) &5 1 [BD catamoprhism THETE S
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¢ EEIIAZIER Coq BT B FERETR L HE 2018 TR
L1=20T714v27477V%BW3
- Tesson bDF A 75 1) [Tesson+, 201l mHFIL Z & 3B F S £ ATHE

T Lruutc o Lurr otTpy T

~-@goal : (2~ (Sm+ 1) <= (Sm!).
@IHle : (2~ (m+ 1) <=m!).
Left

(27~ (Sm+1)).

(22" (m+1)).

AA L

= (2 *m!) { by IHle }.
= ((Sm) xm?!)
{ because (2 <= (S m)) by omega }.
= ((Sm)!).
= Right.
ed.
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