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

o AVANZVINVEDLIFTDE
o pair: BA /D% & o T natprod ZE5

» pair 1 2 : natprod

» pair (4 + 3) 2 : natprod

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

@ product --- (fB®D) T HI bE
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5 BFROHY H LR

Definition fst (p : natprod) : nat :=
match p with
| pair x y => x (x NI —2VDHFEEE! *)
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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Notationil & 5 REN/ARILEDEA
Notation "( x , y )" := (pair x y).

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

| (x,y) =>x (x NI—=UTEHFEZSD! *)
end.

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

TEIE: Surjectivity of pairing
EEDORTIE, TOE—HWPEE_RNEOMEEEFLL
(TRab5, HEELIBRFEIEFICEOTWS. )

Coq ICLBRIEETD1
Theorem surjective_pairing’ :
forall (n m : nat),
(n,m) = (fst (n,m), snd (n,m)).
Proof. reflexivity. Qed.
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LY BARLFKRIE

D2
Theorem surjective_pairing :

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

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

o UEDLMBWIThEZEDIT
» natprod RSATHOF (n,m) ZLTW3
o B =EHBAT B bONS—Y
» BEIC induction DRABITHTETWE T A
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JARMERE?
(5D (BER) Z—ANHEREDREFY E#RT
T—%5
)X MDEY FA:
o YR b (nil) « 2TDOY R O (1-h)
o BFDY X MDEBEANER%ZIEMT % (cons)
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B X MNDEE

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

(BAE) Y X bDEY 7

e ZZ) XK (nil) XY RAMNTH S

o BAM n ZHA) A~ 1 OEFEHIEMLAETD
(cons n 1) TV RAKTH S

B E DBEDREUISER!
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') A MEREC

e cons DXbLY DERFEHEEEREF n :: |
o ERAFEYTBRE [n; m; ...]
s v EBEESZEOEbsEHSD LW

UTRETELY R M 2EZLTWS:

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

n H* count B A) R b

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

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

5%
(define (repeat n count)
(if (= count 0) ’ Q)
(cons n (repeat n (- count 1)))))
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) A MEEREEN(2): length

VA MDRY:

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

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

5.

(define (length 1)
(if (null? 1) O
(+ 1 (length (cdr 1)))))
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VA MZHET SRR EEERT 5TV

o 7OUSLEELHII, ANABIERLEAT, Zh
TNHADMAIIRBZRENEIERT S
» BARETHNIL Example DIREINTWVWE &
o HEAXII nil DIFEE h :: t DIFEDIT
» ) ARNBIBDEHRH 2156, EE5THAEDITA
TEOIMUFELWC EDH D = BLARATREMS
%3
eh :: t DBE, t ICHLTHBIRFEVCHL % LK
ROEK)ZTOTSLIFRBRVWTELSERLS
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) R M EEVEREEN(3): app(end)

) 2~ DERE

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

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

5%

(define (append 11 12)
(if (null? 11) 12

(cons (car 11) (append (cdr 11) 12))))
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app 11 12 @ (Bf#EHE) 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 (1l:natlist) : natlist :=
match 1 with
| nil => nil
| h :: t =t
end.

o 5| nil THLO TEHEIS—ICTERVDTEHL
B (default) =iRY
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) A~ vs HAREK

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

&

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

o EREHMEAL T, BELIFRNIZAL!
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)R b vs BAE (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
| S n’ =>S (plus n’ m)
end.
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B bl £ SEE

Theorem nil_app
[J ++1=1.
Proof.

: forall 1l:natlist,

intros 1. reflexivity. Qed.

BAMODRBR LEELRBUTUTIEZ D BFETIT AL

Theorem app_nil_end : forall l:natlist,
1 ++ [] =1.
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SmE T IC & ZEER
Theorem tl_length_pred : forall l:natlist,
pred (length 1) = length (tl 1).

Proof.
intros 1. destruct 1 as [| n 1°].

- (x 1 = nil *)
reflexivity.

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

e M hANY—YT1l1=n::1 Z2KRIELTWS

October 25, 2016
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) X MCET %A
P(I) %# (BRE) VRN IIODWTRRRAEMBEET S

YR MCET 3 IENEDIRE

[EEDY RN 1IZD2WT P()] 1T ER1E

e P(nil) »D

o FERDBEARE n, YAN I IZDOWT P(I') aiid
P(n::I")

BRBBAERTEEST, P(n::I")ZTRTDIC, V&

DENMNVYRANTIF PAKILLTWSZE (DFY

P(I) AREL T L

o P(I') = TIHm#IEDIRE] (induction hypothesis, IH)
& N
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BE - L& HEMIFNE

P(n) #BABOMEICOVWTRRHBEET S
HFBFINE DR

[EEOBERE n IZDWT P(n)l FATFERE
e P(0) D
o EFEMBEARE n’ IZDWT P(n') 5K P(S n')

BRR2BENITEEST, P(Sn)ERTDIL, V&

DINEWHTIE PARILLTWBRZ & (DFY

P(r')) ZIREL TLW

o P(n') Z TIEHUEDIRE] (induction hypothesis, IH)
& N
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/,
+ DIEE
Theorem app_assoc : forall 11 12 13 : natlist,
(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 ELEDHAEDIALLEERLTHLEL D!
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app DIEEEDHARGEIC K SEEHA

TR FED I1,12,13 1DV T
(11 ++ [2) ++ I3 =11 ++ (I2 ++ I3) T

p %)
ZERR: 11 ICD W T DR,
0o /1 =1[] &9 5.

(01 ++ 12) ++ 13 =[] ++ (12 ++ [I3)

ERYBEDNDHEBD, IhiE ++ DERLYEALH. |
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o ll=n::11" 7L,
(11 ++ 12) ++ I3 = [T ++ (12 ++ I3)
T 5.
((n::117) ++ 12) ++ 13 = (n::11') ++ (12 ++ [3)
ERTUENHZD, + ODEHRLY, Thid
no (11 ++ 12) ++ 13) = n:: (11 ++ (12 ++ 13))
EFRME. CHhIZBWEDIRESL YBAS D, (FEERRR)

A+EZE (FREKRE) October 25, 2016 27 / 47



HFMFNE IC £ D EEEA D BER

EH: EEDBEARE n IZDWT P(n)
BEBR: n ICRAT 2 EMIFNEICL 5.
o n=0 DIFAHE:
...... P(0) (DSEER -
o n=S(n) DEA, =EL P(n) £F :
...... P(S(n’)) MIEBR -+
(- IRHEDIRE L Y -++)
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)R MY B IFNEICK DEEER D&
i

EE: EFEDOYV AN 1IZD2WT P(I)
SERR: 1 ICEAT B IRIEICK 3.
o | =1[1 DIFE
...... P([1) DEEER -----
o Il =n::I'DFE, L P(I') £T5:
...... P(n::I') MEEER -+
(- BHEDRESL 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 BAICERZEBIMNT HDIC append =fF>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°’].
- (x1=1[] %)
reflexivity.
- (x1=mn :: 1" %)
simpl.

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

o F~ X append & length OREMRICEAL THAHRL
TLARWL
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COWDEEAILTNIL -

Theorem app_length : forall 11 12 : natlist,
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.
DFES>ET—LLYDL—RIE(?) LAEBICAST

W3
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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°].
- (x 1 = nil %)
reflexivity.
- (x 1 = cons *)
simpl. rewrite -> app_length, plus_comm.
simpl. rewrite -> IH1’. reflexivity. Qed.

@ rewrite TED EENEHRIEETE S
» EDBIJEICER
» ABHVEDVEDIBETES
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FERREBR (T 77— 3 v1)
[8E21 ISR 7cRRAN—Y 3 Y
fea: =D 11,12 IZx L
length (/11 ++ 12) = length I1 + length 12
Ths.

BERA: 11 ICEBT 2 URiNE. (LR length (3 len &
B&9. )

0o /1=1[] &9 5.
len ([1 ++ 12) = length [1 + length 2
ERTELHBD, I len,+ DEHE L YA
5 h.

v
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I1=n::11"77/L,
length (11" ++ 12) = len 11’ + len 12
&E95. IIT
len ((n::11") ++ 12) = len (n::11") + len 12

ERSMENDHDD, +H,len,+ DEELY, &
nix

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

CRETHY, ThERMEDREL YELA. (G
BRHK)
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EE: FEDOY XN NICHL
length (rev 1) = length |
BERR: 1 I DWW T DIRHRIE.

length (rev [1) = length []

ERIWMENDHBH, N rev, length DER &
Y BR 5 D
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o | =n::I" 722U, length (rev I') = length I' &
¥ 5.

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

ERTIELH DD, rev, length DEFZFLY,
niE

length ((rev I') ++ [n]) = S (length I')
ERME. RIDMELY, ThiZ
length (rev I') + 1 = S (length I')
ERMET, Ihid+ ORBE, FINEDRERE L
Y BR 5 D,
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FERNEBRA (V7 —Y 3 v2)
o> TWB AAEITDRERE/N— 3 Y

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

F79, length (I +4 [n]) = S (length]) TH 3 (Z
NEHICET2RMEICEL D) ZEICFRTRE, &
DEERIFZICETBR/INETRT I ENTES. KIS
| =n::I'DBET, LOUEZBINWEDRE &HEH
BhETES.

ELLAVVNNINRR - HFAFICLED, OVEFTK
LICEBNDETIIMTRABRAY AN ZF>TLIEIW,

BEEHRE (TD 3) October 25, 2016 38 / 47



{EF) 3~ > N: SearchAbout

o HIICEEFA L - EEDEZRIRATEA TV O
@ SearchAbout foo EMF B & foo ICAT D EES
MREZELTL<ND!

@ proofgeneral 78 C-c C-a C-a

EHEEHE (20 3) October 25, 2016 39 / 47



Lists.v

BRBDRT (A 7=DH)
B X b

) A NMCEEY i
73 B

[FE | OTF—49KRIE (B)

EHEEHE (20 3)



A7 avE
[~m% Lhgwil)

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

@ Some 5
@ Some 42
@ None
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7 avBIOFEWNE
J)Z MDD n ZEEDODER %R I EH nth
e N MRKIFTEXBHRFICEILAELWLWWN?

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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T avBAaFES &

@ 3 DIMIRYIEART Some
0 WMYMIRYENRWNT & ART None

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

: natoption :=

match 1 with

| nil => None

| a :: 1’ => match beq_nat n 0 with
| true => Some a
| false => nth_error (pred n) 1’
end

end.
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FHZ: if-then—else

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

@ ElX bool £ZIFTARL, AVANZIVINN=DD
inductive type RS CTHHEZ 5!
» EHETCODIEHFKE

* —HBBDOAVANZ VA5 then fl, —HFBAS else il

o NY—VICLBEORY B LIETERW
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Lists.v

o HAMDART (A7=D#H)
o BRI A K

o YR MNICEHY iR

o A a vy

o

[EDER] OTF—49 KR (BR)

» partial maps, dictionary, E7=(3:EE 1 X b
(association list) DT — ¥ #BEICHAT 2 ER LIRS
%R
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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) )
° %@ﬂﬁtil‘iﬁ%#i
o FAB HEXAAT Basics.v, Induction.v,

Lists.v %E?D zip 774NN EF Vo4 VIRHV R
T L%@E U TRE
o LA T4 X MEICEREE:

- BE - EBICETER, bhWICKWERLE
&, TOMKUIAZB I E. (IR LL 1E9 A
T9. )

» REICBZATEL 6, %O))\O)%ﬁﬁ, D&
£ (web 72 &) Z5EICL1HE, TOERIR
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BREDODE Y N

@ list_exercises D rev_involutive X FH F HE
L LM

o AEZDFHRETHDOHNAY (I—ILDEKZ &
<EZT)
» rev_involutive TIX rev & append DEERICD
WT
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