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

Inductive natprod : Type :=
| pair (nl1 n2 : nat).

e AVAKZIINVEDLIFTDE
e pair: BAS/=D% & > T natprod =13
» pair 1 2 : natprod
» pair (4 + 3) 2 : natprod
» natprod BOX (DfE) I$4T pair M N D%
LTW3

e product - (RED) T HI ME
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e BExrOEY B LB

Definition fst (p : natprod) : nat :=
match p with
| pair x y => x (x NI —2VDHFEE! *)
end.

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

o fst - BB—4IFS (first projection)
@ snd - % 5I% (second projection)
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Notation Il & % RIEN/KRFELEDEA
Notation "( x , y )" := (pair x y).

Definition fst’ (p : natprod) : nat :=
match p with
| (x,y) =>x (x NI—VUTHFEZ B! %)
end.

Definition swap_pair (p : natprod) : natprod :

match p with

| (x,y) => (y,x)
end.
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RTICEY R E DA

EIE: Surjectivity of pairing
EE®D p : natprod |E, TDHE— - FHFDHEEHF
LW (7205, MefFREFEHICEOTNDS. ) |

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 DEDLMARWNTNEGZED T
» natprod RS ATHDE (n,m) L TW3
o B EEBBEBAT B4 hONY—>
» BEIC induction DRABITHTETWVWE 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
| cons (n : nat) (1 : natlist).

(BAE) VR hDEY A:

e ZYZX N (nil) XY RKNTHS

o HA¥ n ZBA) A M 1 DEFHICEMLAEZED
(cons n 1)IXVRNTH D

BA & DBEDREITER!
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') A MEREC

e cons DXHLY DEHEEFEERT n :: |
o ER%EIEYTBKRE [n; m; ...]

s v 77 AN EEREGUE [|NEsoEHMSDLW
LTFIE2TRACYRAMEEELTWS:

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 B count EIAT) X

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

| 0 => T[]
| S count’ => n :: (repeat n count’)
end.

5E .
let rec repeat n count =
if count = O then []
else n :: repeat n (count - 1)
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) A MEEEREEN(2): length

JZA MDERE:

Fixpoint length (1l:natlist)
match 1 with

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

5%

let rec length 1 =
match 1 with
0 ->0
| _ :: t => length t + 1

: nat :

SHEERE (2D 3)
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YA MEHBEIT SRR EEET 5TV

o 7OVZLEELHIC, ANABIERLEAZAT, Zh
TRHEANMAILRZRENEIEFET S
» HRETHNIE Example NMEHINTWE I & T
o KT nil DIFEE h :: t DFEDIT
» ) A RNBIBAEHH 2356, EBLLTHEDITE
TEIMUFELWC EDH D —= BLRATREMES
%3
eh :: t DFPA, t ICFHLTHETEVHLAZ LG
R(OEKR)ZTOJSLIERBVWTELCERS
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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.

ZE.

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 = [1;2;3].
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) 2 MRVEEAZL(4): hd, tl

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

o BN nil THLOTCHIS—ICTIARAVDTELHAR
{& (default) Z3iRd
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) A~ vs BAE

Inductive natlist : Type :=
| nil
| cons (n : nat) (1 : natlist).

&

Inductive nat : Type :=
| O
| S (n : nat).

o EREHEAL T, BELITRNITAL!
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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.

BAMODRBR LEERBUTUTIEZ D BEETIEAL.

Theorem app_nil_end : forall l:natlist,
1 ++ [1 =1.

(HEEDL)
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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’] eqn:E.

- (x 1 = nil *)
reflexivity.

- (x1=consn 1l %)
reflexivity. Qed.

e M MNANY—YT1l1=n:1 Z#KRELTWS
o HBEL eqn 2N TS

November 10, 2020
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) A MIET 2 RNE
P(I) % (BBB) U R b | IKOWTHhREAEET S

YR MCETY % IRHEDIRE

MEEDV XK 1IZDWT P(I)] IFELTER1E

@ P(nil) D

o FEDEMRE n, YRK I IZDOWT P(I) 2iid
P(n::I")

BR2EnTE&E>T, P(n:: ") ZXRdDIC, O&

DENMNVYRANTIF PAKILLTWEZE (DFY

P(I") AREL T &L

o P(I') --- TIR#EDIRE] (induction hypothesis, 1H)
& N
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BE - L& HEMIFWNE

P(n) #BABOMEIIOWVWTHRR/IMHEE TS
HFEN TR DRI

ERDEAS n IDWT P(n)] UT & RIS
e P(0) D
o EEDBERE n' ITDWT P(n’) 725X P(S n')

BRRZGBENITEEST, P(Sn)ERTDIC, O &

DINEWHTIE PARILLTWBRZ & (DFY

P(n")) Z{RE L T&W

o P(n') Z TIEHWUEDIRE] (induction hypothesis, 1H)
& I,
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++ DFEET

Theorem app_assoc : forall 11 12 13 : natlist,

(11 ++ 12) ++ 13 = 11 ++ (12 ++ 13).
Proof.
intros 11 12 13.
induction 11 as [| n 11’ IH11’].
- (* 11 = nil *)
reflexivity.
- (x 11 = cons n 11’ *)
simpl. rewrite -> IH11’. reflexivity.

Qed.

o BELEDHESRDIAELLLERLTAHLD!
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app DIEEEDHARGEIC K SEEHA

EE: FED I1,12,13ICD2WT

(11 ++ 12) ++ I3 =11 ++ (I2 ++ I3) TH 3
FEBA: 11 12D W T DIRIIE.

o I1 =[] DIBZA.

([0 ++ 12) ++ 13 =[] ++ (I2 ++ I3)

ERYRENHBD, INhiE ++ OERLYEALH. |
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o Il =n::11" OFE. EL,
(117 ++ 12) ++ 13 = 11" ++ (12 ++ I3)
&9 5.
((n::11") ++ 12) ++ 13 = (n::11") ++ (12 ++ I3)
ERTRENH DD, ++ DEHRLY, Thid
n:: (11 ++ 12) ++ 13) = n::(I1" ++ (12 ++ 13))
ERE. ThXBWEDIRELYEESH. (GERAHR)
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HFMIFHEIC L S EEEA D BT

I EEDEARE n ICDWT P(n)
BERR: n ICRET 2EMNIFEICL 5.
o n=0 DFE:
...... P(0) DEERR ------
o n= S(n) DBA, £EL P(n) EF :
...... P(S(n')) MEEER -
(- IRIEDIRE L Y -++)
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) XA MY 5 IFMEIC K DEEFAD
21
EIE: AEDY AN 1IZDWT P()
ZEBR: / ICREY B IEMEICK B.
o | =[] OFE
...... P([1) DEEER -
o l=n::I' DizpE, L P(I') &9 %:
...... P(n::I') M3EER -----
(- IBIEDIRE L Y -+)
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OV LEMEH: )R bDRER

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

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

o BAICERZEMT BDIC append Z{F>TW3
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Theorem rev_length_firsttry :
forall 1 : natlist,
length (rev 1) = length 1.
Proof.
intros 1. induction 1 as [| n 1’ IH1’].
= &L= [ =)
reflexivity.
- (x1=mn: 1" %)
simpl.
(x S (FWT—)b:
length (rev 1’ ++ n) = S (length 1’) *)

o ¥ % |3 append & length DOREARICEAL THAHRL
TVLARRWL
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IOV fBZIL TN

Theorem app_length : forall 11 12 : natlist,
length (11 ++ 12) = (length 11)+(length 12).
Proof.
intros 11 12.
induction 11 as [| n 11’ IH11’].
- (*x 11 = nil %)
reflexivity.
- (* 11 = cons n 11’ %)
simpl. rewrite -> IH11’. reflexivity.

Qed. ]

DFELLT-INFIYDL—MIE(?) LEEEICAR ST
W5
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- RETE B

Theorem rev_length : forall 1 : natlist,
length (rev 1) = length 1.
Proof.
intros 1. induction 1 as [| n 1’ IH1’].
- (x 1 = nil %)
reflexivity.
- (x 1 = cons *)
simpl. rewrite -> app_length.
simpl. rewrite -> IH1’. rewrite plus_comm.

reflexivity. Qed.
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FERREBR (T 77— 3 v])
g1 ICaERRN—V a3V
Wl EED 1, 12 1T L
length (I1 ++ 12) = length I1 + length I2
THs5.

BERR: 11 ICBT B IRFE. (LT length & len &
B&9. )
o I1=1[] DizE

len ([1 ++ 12) = len []1 + len I2

ERTWENHBD, L -, len, + DEZE LY
HB
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I1=n::11" OFE. EL,
len (11" ++ 12) = len 11" + len I2
£9%5. IIT
len ((n::11") ++ 12) = len (n::11") + len I2

ERIREBEDDH BN, ++,len,+ DEZRLY, T
nix

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

CRAETHY, ThERMEDREL YEL. (G
BRHR)
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EHE: EFRDOY RN 1IZXHL
length (rev |) = length |
BEER: 1 I2DW T DIRHNIE.
o /=11 &9 5.
length (rev [1) = length []

ERIWMENDHBH, N rev, length DEZR &
Y BR 5 D,
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o | =n::I" 272U, length (rev I') = length I' &
9 5.

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

ERTIELH BN, rev, length DEFZLY, Z
niE

length ((rev I') ++ [n]) = S (length I")
ERME. RIDMELY, ThiZ
length (rev I') + 1 = S (length I')
ERMET, Ihid+ OR#|E, FINEDREMRE L
Y BR 5 B
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FMRIR(T7—Ya>v2)
Hhh>TWBABEITDERE/NN—Y 3>

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

£9, length (I ++ [n]) = S (length |) TH 53 (Zh
i N ICET 2IBINEICE D) ZEIERT D E, 2O
EIRFICEY BIRETTRT I ENTES. KIS

| =n::I'DHBET, LOMEZIFNEDRE EHAG
HETES.

EELNVVNMIRR - FZAFICL BN, 0EFTAEH
LICEBNB2ETCERARBRRYAMILAF>TL LI,
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EF <> K: Search

o HIICEEFA L e EBEDAFIIRA TR A TSN
@ Search foo. ENT B & “foo” ICEHT B EEZR
FZLT< N3B!

@ proofgeneral 785 C-c C-a C-a THME, MRFEHR
& C-c C-; TR—RAMNTE 5.
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Lists.v

BARBDRTY (57=D#f)
B R

) A MCEETY i
F7oavE

[FFE] OT7T—9FKIK
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TS 3 R
[~HhE LA ng)

Inductive natoption : Type :=
| Some (n: nat)
| None.

@ Some 5
@ Some 42
@ None
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7o avBEOFEWNE

JZARND n EEDER%ZRI AL nth
e N MRKIFTXBHFICEILAELWLWWN?

Fixpoint nth_bad (1l:natlist) (n:nat) : nat :=
match 1 with
| nil => 42 (* arbitrary! *)

| a :: 1’ => match n with
| 0 => a
| S n’> => nth_bad 1’ n’
end

end.
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T avBAaFES &

o 3 DOMIRYIEART Some
0 WMYMIRYENRNT & %7RT None

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

: natoption :=

match 1 with

| nil => None

| a :: 1° => match n with
| 0 => Some a
| S n’ => nth_error 1’ n’
end

end.
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FZHZ: if-then—else

| a :: 17 => if n =7 0 then Some a
else nth_error 1’ (pred n)

e ElL bool £IF TR, AVANZVINN=DD
inductive type RS THFEZ B!
» EHETCODIEHKEF

* —FBBEDOAVANZ VA5 then £, —HFBAS else fl

o NY—VICLBEORMY B LIETEW
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Lists.v

o BARDART (A 7=DHf)
B X b

) A MCETY 3 H#m
73 B

(B ER] OTF—4 KR
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A BIR
id DD nat NDERDER (dictionary, key—value pair,
R R~ (association list) & )

Inductive id : Type :=
| Id (n : nat).

Definition egb_id (x1 x2 : id) :=
match x1, x2 with
| Id n1, Id n2 => nl =? n2
end.

id: ABERRIIEANED, FLIDKREITAT
T3
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HABEHROT— 5 H

Inductive partial_map : Type :=
| empty
| record (i : id) (v : nat) (m : partial_map)

o empty: ZZDE(R
o record: BEFEDER m IC i — v ZB1N
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B{RDEF

dix —v] = xZ vICEL, x UAE d ICHE-TE
I &5 0EK
Definition update (d : partial_map)
(x : id) (value : nat)
: partial_map :=
record x value d.

e update: BRDEH = LR DIENM
» ACIdAZEUERENZLEDITHD?
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TRIZIRZR find

Fixpoint find (x : id) (d : partial_map)
. natoption :=
match d with
| empty => None
| record y v 4’ => if eqb_id x y
then Some v

else find x d’
end.

@ HINLATWOTHIOHT x B DIFLETHD v
HRTDT, ZEULE x BEOBEROFICHOTEH
EifEANA
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B8 : 11/ F8110:30 #Ft]

@ Exercise: snd_fst_is_swap (1), list_funs (2),
list_exercises (3), eqblist (2), hd_error (2)
(Z DhIIPERERRE)

o AENEAINT Lists.v %& origin/master | push

o LR MY D Reportmd EWD 774 ILICLL T %
BAEC:

o LLFZ XY MEICHAE:

- EBE - RBICEHY2ER, hhYICKWERLE
Z&, TOMRUARB I &, (MFICALL BT X
T9. )

» REFEICHZATEL KDL, %@A@%ﬁﬁ, D&
Ft (web 2 &) Z#5EICLIIBE, TOBRHRIE
(URL %2 &).
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