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BARADRT
BIEA N D (L) DAV A NSV 5 FEBER

Inductive natprod : Type :=
| pair : nat — nat — natprod.

o AVANZVINVEDLIFTDE
e pair: BAENcD% & > T natprod =5

» pair 1 2 : natprod

» pair (4 + 3) 2 : natprod

» natprod D (DIE) (T4 pair ... ... DF
ZLTW3

e product --- (fB®D) T HI b &

EHEEHRE (2D 3) October 24, 2017 3 /471



e BExrOEY B LB

Definition fst (p : natprod) : nat :=
match p with
| pair x y => x (x /NF—VDHELE! *)
end.

Definition snd (p : natprod) : nat :=
match p with
| pair x y => y
end.

o fst - SB—HIF (first projection)
e snd -+ B HIF (second projection)
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Notation Il & 2 RIEN/AKREDEAN
Notation "( x , y )" := (pair x y).

Definition fst’ (p : natprod) : nat :=
match p with

| (x,y) =>x (x NI—=UTHFEZS! *)
end.

Definition swap_pair (p : natprod) : natprod :=
match p with
| (x,y) => (y,%)
end.
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RTICEY R E DA

TEIE: Surjectivity of pairing
EEDORTIE, TOE—HNPEE_RNEOMEEFLL
(Tab5, HEELIBRFEIEFICEOTWS. )

Coq ICLBRITZED1

Theorem surjective_pairing’ :
forall (n m : nat),
(n,m) = (fst (n,m), snd (n,m)).
Proof. reflexivity. Qed.
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L YUBRABRNE
FD?2

Theorem surjective_pairing :
forall (p : natprod), p = (fst p, snd p).
Proof.

intros p. destruct p as [n m]. reflexivity.

Qed.

o VEDLMRWITNEZEDT
» natprod XS THDE (n,m) ZLTW3B
o B =EHBEANT B4 hO/NsF—2
» BEIC induction ORBITHTETWE T A
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JARMERE?
(5D (BER) Z—FHEREDREFY ERT
T—%5
)X NDEY FA:
o YR b (nil) « TDOY R O (1-h)
o BFDY X MDEBEANER%ZIEMT % (cons)
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BRI X NDEE

Inductive natlist : Type :=
| nil : natlist
| cons : nat -> natlist -> natlist.

(BAE) Y X bDEY 7:

e B XK (nil) XYV RAMNTH S

o BAM n ZBHAY A~ 1 OEFEHIEMLAETD
(cons n 1) [TV R KTH B

B E DBEDREISER!
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') A MEREC

e cons DXbLY DERFZEHEEEREF n :: |
o ERAFNEIBRE [n; m; ...]
s vV EBESZEOEbsEHSD LW

UTRETELY R M Z2EZELTWS:

Definition mylistl := 1 :: (2 :: (3 :: nil)).
Definition mylist2 := 1 :: 2 :: 3 :: nil.
Definition mylist3 := [1;2;3].
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) A MEVEREEN(1): repeat

n H* count B AY) R b

Fixpoint repeat (n count : nat) : natlist :=
match count with

| 0 => nil
| S count’ => n :: (repeat n count’)
end.

5% .
let rec repeat n count =
if count = O then []
else n :: repeat n (count - 1)
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) R NERVEBIEL(2): length
JAMDERE:

Fixpoint length (l:natlist) : nat :=
match 1 with

| nil => 0
| h :: t => S (length t)
end.

5% .

let rec length 1 =
match 1 with
| 1 >0
| _ :: t => length t + 1
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YA MEHBEIT SRR EEET 5TV

o 7OVUSLEELHII, ANABIERLEAT, Zh
TRHEANMICRZIRENEIERT S
» ARETHNIL Example DIREINTWVWE &
o BEAXII nil DIFEE h :: t DIFEDT
» ) ARNBIBDEHRH 2156, EE5THEDITA
TEOIMUFELWC &EDH D = BARATREMS
%3
eh :: t DBE, t ICHLTHBIRFEVCHL % LK
ROEK)ZTOTSLIFRBVWTELSERLS
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) R M EEVEREEN(3): app(end)
) R b DiE#E

Fixpoint app (11 12 : natlist) : natlist :=
match 11 with

| nil => 12
| h :: t =>h :: (app t 12)
end.

5E .

let rec append 11 12 =
match 11 with
| [0 -> 12
| h :: t -=>h :: (append t 12)
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app 11 12 @ (BfEHE) PEELE: 11 ++ 12

Example test_appl: [1;2;3] ++ [4] = [1;2;3;4].
Example test_app2: nil ++ [4;5] = [4;5].
Example test_app3: [1;2;3] ++ nil =
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) 2 MRVEEAZL(4): hd, tl

Definition hd (default:nat) (l:natlist) : nat
match 1 with
| nil => default
| h :: t =>h
end.
Definition tl (l:natlist) : natlist :=
match 1 with
| nil => nil
| h :: t =t
end.

o BN nil THOTHEIFT—ICTERVDTEHA
B (default) =iRY
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) A~ vs BAE

Inductive natlist : Type :=
| nil : natlist
| cons : nat -> natlist -> natlist.

&

Inductive nat : Type :=
| 0 : nat
| S : nat -> nat.

o BEREHEMEL T, BELITRNIZAL!
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') X b vs B (2)

Fixpoint app (11 12 : natlist) : natlist :=
match 11 with

| nil => 12
| cons h t => cons h (app t 12)
end.

&

Fixpoint plus (n m : nat) : nat :=
match n with
| 0 =>m
| Sn’” => S (plus n’ m)
end.

v
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Bkl £ SEE

Theorem nil_app : forall l:natlist,
] ++1 =1.
Proof.

intros 1. reflexivity. Qed.

BABDORLEEE U TUTIEZ > BEETIEAL,

Theorem app_nil_end : forall l:natlist,
1 ++ [1 =1.
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M EDHITIC & DEERH

Theorem tl_length_pred : forall l:natlist,
pred (length 1) = length (t1l 1).
Proof.
intros 1. destruct 1 as [| n 1’].
- (x 1 = nil %)
reflexivity.
- (*x1=consnl’ %)
reflexivity. Qed.

e M hANY—VT1l=n::1 ZKRIELTWS
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) X MCET %A
P(l) # (BRE) VRN IZODWTRRRAEMBEET S

)R MMIET B IFHEDRIE

[EEDY RN 1IZTD2WT P(1)] 1T ERE

e P(nil) »D

o FEDBEARE n, YAN I IZDWVWT P(I') aiid
P(n::I")

BR2aEnltE&&E>T, P(n::I'")ZRTDIC, O &

DENMNVYRANTIF PAKILLTWEZE (DFY

P(I') BRELT &L

o P(I') --- TIB#IEDIRE] (induction hypothesis, IH)
& N
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B8 - L HERMIRWE

P(n) #BABOMEICOVWTRR/MEET S
HFRIEIE DRI

[EEDOBERE n IZDWT P(n)l FATFERE
e P(0) ™D
o EFEMBEARE n’ IZDWT P(n') B5IE P(S n')

BR2BENITEEST, P(Sn)ERTDIC, V&

DINIVWHTIE PARIZLTWBZ & (DFY

P(r')) ZIREL TLW

o P(n') = TIEHUEDIRE] (induction hypothesis, IH)
& I,
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/,
++ DFESR
: natlist,

Theorem app_assoc : forall 11 12 13 :
(11 ++ 12) ++ 13 = 11 ++ (12 ++ 13).

Proof.
intros 11 12 13. induction 11 as [| n 11°].

- (x 11 = nil *)
reflexivity.

- (x 11 = cons n 11’ %)
simpl. rewrite -> IH11’. reflexivity.

Qed.

o BLEDHEGRDIAELLLERLTAHLD!
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app DIEEEDHARGEIC K SEEHA

TR FED 1,012,132V T
(11 ++ [2) ++ I3 =11 ++ (I2 ++ I3) T

%)
EERR: /1 ICD W T DI,
0o /1 =1[] &9 5.

(00 ++ 12) ++ I3 =[1 ++ (12 ++ 13)

ERYBENDHEBD, Ihid ++ DERLYEALH. |
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o ll=n::11 7L,
(11 ++ 12) ++ I3 = [ ++ (12 ++ I3)
T 5.
((n::117) ++ 12) ++ 13 = (n::11') ++ (12 ++ [3)
ERTUHENH BN, + DEHRLY, Thid
ne (11 ++ 12) ++ 13) = n:: (11 ++ (12 ++ 13))
EFRME. CHhIZBWEDIRESL YEASH. (FEERRR)
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HFMIFHEIC L S EEEA D BT

E: EEDBEARE n ICDWT P(n)
BERR: n ICRET 2EMNIFEICL 5.
o n=0 DIFAE:
...... P(0) DEERR -
o n=S(n) DEA, =EL P(n) EF :
...... P(S(n’)) MIEBR -+
(- IFHEDIRE L Y )
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)R NMICET B IFMNEICK DEEER D&
i

EE: EFEDYV AN 1IZD2WT P(I)
SERR: 1 ICBEY BIRIIEICEL 5.
o | =[] DIFE
...... P([1) DIERR -
o l=n::I'DFE, L P(I') £T5:
...... P(n::I") OFEBR -
(- IRIEDIRE L Y -+)
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OV LEMEH: )R bDRER

Fixpoint rev (1l:natlist) : natlist :=
match 1 with

| nil => nil
| h :: t = rev t ++ [h]
end.

o BABICERZBIMT BDIC append 2{F>TW3

EHEEHRE (2D 3) October 24, 2017 30 / 47



Theorem rev_length_firsttry :
forall 1 : natlist,
length (rev 1) = length 1.

Proof.
intros 1. induction 1 as [| n 1°’].
- (x 1 =[] %)
reflexivity.
- (x1=mn:: 1 %)
simpl.

(x HEESFNWT—):
length (rev 1’ ++ n) = S (length 1’) *)

@ F~ | append & length OREMRICEAL TMAHRL
TULVRLN

EHEHRE (2D 3) October 24, 2017 31 /47



ZOWDFEZILTNIE -
: natlist,

Theorem app_length : forall 11 12 :
length (11 ++ 12) = (length 11) + (length 12)

Proof.
intros 11 12. induction 11 as [| n 11°].

- (x 11 = nil *)
reflexivity.

- (x 11 = cons n 11’ %)
simpl. rewrite -> IH11’. reflexivity.

Qed. J
DE2LET-NFYDL—MIE(?) LEEERICAST
W5
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EHEHRE (2D 3)




- RETE B

Theorem rev_length : forall 1 : natlist,
length (rev 1) = length 1.
Proof.
intros 1. induction 1 as [| n 1°].
- (x 1 = nil %)
reflexivity.
- (x 1 = cons *)
simpl. rewrite -> app_length, plus_comm.

simpl. rewrite -> IH1’. reflexivity. Qed.

@ rewrite TED EENEHRIBEETET S
» EDBIEICEB
» AAEVEDVEDIBETE S
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FERREBR (T 77— 3 v])
g2 Ia KRN —V a3y
frE: EED 11,12 IIxF L
length (11 ++ 12) = length I1 + length 2
ThHsb.

BEAA: 11 ICEAT B UmiNiE. (LR length (3 len &
B&9. )

0o /l1=1[] &9 5.
len ([1 ++ 12) = length [1 + length 12
ZRIREDNH BN, N len,+ DEHZ L YA
5.

o
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I1=n::11"77/EL,
length (11" ++ 12) = len 11’ + len 12
&E95. ZIT
len ((n::11") ++ 12) = len (n::11") + len 12

ERSBENHDZD, +H,len,+ DEELY, &
nix

S(len(11” ++412)) = S(len 11’ + len 12)

CRETHY, TRIBHEOREL YELA. (G
BRHR)
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EE: FEOU XN TICHL
length (rev 1) = length |
FERR: 1 I D W T DIRHRIE.

length (rev [1) = length []

ERIWMENDHBH, N rev, length DEZ &
Y BR 5 D,
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o | =n::I'"7z/2L, length (rev I') = length I' &
9 5.

length (rev (n::1')) = length (n::I')

ERTIELH BN, rev, length DEFZLY, Z
niE

length ((rev I') ++ [n]) = S (length I')
EEME. RIDMWELY, IhiZ
length (rev I') + 1 = S (length I')
EEMET, Ihid+ DORXBE, FINEDIRER E L
Y BR 5 D,
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FMRIR(T7—Ya>v2)
Hhh>TWBABEITDERE/NN—Y 3>

EH: EFEDY RN TIIHL
length (rev 1) = length |

F9, length (I +4 [n]) = S (length]) TH 3 (Z
NiE HICET2RMEICEL D) ZEICFRT R E, &
DEERIFNICETBR/INETRT I ENTES. KIS
| =n::I'DBET, LOUEZBIWEDRE &HEH
BhETES.

ELLHAVVHNINRR - FAFICLDED, OVEFTK
LICEBNDETIIMRABRAY AN ZF>TLIEI W,
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EF <> K: Search

o HIICEERA L. EEDEZRIRATEA TV O
@ Search foo. EMNT B E foo ICAT ZEEARIR
LT< 3!

e proofgeneral 785 C-c C-a C-a THME, MBRFHR
& C-c C-; TR—APMNTES.
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* 73R
[~HE LA nil

Inductive natoption : Type :=
| Some : nat -> natoption
| None : natoption.

@ Some 5
@ Some 42
@ None
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7o avBEOFEWNE

JZARND n EEDER%ZRI AL nth
e N MRKIFTXBHFICEILAELWLWWN?

Fixpoint nth_bad (n:nat) (l:natlist) : nat :=
match 1 with
| nil => 42 (% arbitrary! *)
| a :: 1” => match beq_nat n 0 with
| true => a
| false => nth_bad (pred n) 1’
end

end.
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47y a v BEFED &

o ZDOMIRYIEART Some
0 WMYMIRYENZRWNT & %7RT None

Fixpoint nth_error (l:natlist) (n:nat)

: natoption :=

match 1 with

| nil => None

| a :: 1’ => match beq_nat n 0 with
| true => Some a
| false => nth_error 1’ (pred n)
end
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FZHZ: if-then—else

| a :: 1”7 => if beq_nat n 0 then Some a
else nth_error 1’ (pred n)

@ Eld bool £IF TR, AVANZVINNDD
inductive type RS CTHHEZ 5!
» EHETCODIEHKE

* —FBBDOAVANZ VK5 then i, —HBADS else

o NY—VICLBEORY B LIETERWN
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Lists.v

o BARBDART (A71=D#i)
o BRI A K

o JANICEAY DR

o A g B

* ]

[EDER] OT—49 KR (BR)

» partial maps, dictionary, 7= (3:EB 1 X b
(association list) DT — ¥ #BEICEAT 2 EHR LIRS
B!
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B8 : 11/ F8110:30 #Ft]

@ Exercise: snd_fst_is_swap (1), list_funs (2),
list_exercises (3), beq_natlist (2), hd_error

(2) )
° %@1@‘1%%#%
o FAB A EXAAT Basics.v, Induction.v,

Lists.v %E?D zip 774NV EF Vo4 VIRHV R
T L%38 U TRE
o LU %=X MBEICEAE:

- & - RBICET2EM, bhYILKWERLE
&, TOMKICARZZE. (IR LL 1E9 A
T9. )

» REIHEZTELSED, %@A@%ﬁﬁ, D&
Et (web 70 &) Z#5EICLIIBR, TOBEHRIER
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BREDODE Y N

@ list_exercises D rev_involutive X FH F HE
L LM

o MEZDFHRETHDOHNAY (I—ILDEHKZ &
<EZT)
» rev_involutive TIX rev & append DEEfRICD
WT
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