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Basics.v

o T—4 A
- BRI (EH, EfafE)
- #

- BABOER - BRNBEBES

o Hfi{bIC X BB
o EXMZICL BEIH
o GEMIFTICL BELHH
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Coq DEAXER(1EH)

o HEMMR (M, VAN KQEDT—H)EHEEE
DONRERETZ 7075 LDERSEE

» OCaml, Haskell D& S AFEKE OISV

- BRICEIADVTWS

» EF 27075 L LLDEIFAV

» 3GEIE OCaml ITIEWV (DMHIDITE D D TEED ;-)
(RHROME %R 2) HIEFOEE R EEE

FIRT DB DI S 55

SERA DR ERERE

(B ENFERAHERE)
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LWEOES: BEH

o B = F—9DEE

o BICET BT —49 (Coq TIROAVAIMFVHEWD)
DI BESR
» BU: day
» AV AMNZY%: monday &

Coq < Inductive day : Type :=
| monday

| tuesday

| wednesday
| thursday
| friday

| saturday
| sunday.
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RIS O (ver 1)
Inductive (EE%%) : Type :=
REDESCLLI N

| (AYRRSI9E,) .

o REDE') F K (Coq TOAAKRTDRYIY)ITER
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HHES: ROFH
o ZFAMDT (match N) ICL D2 ER
» T—YDRENTOHZDT, 7TRYDIFEDT

Coq < Definition next_weekday (d:day) : day :=
match d with
| monday => tuesday
| tuesday => wednesday
| wednesday => thursday
| thursday => friday
| friday => monday
| saturday => monday
| sunday => monday
end.

next_weekday is defined
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R EZR DI (ver.1)

Definition (FE¥%& ) ((IRBIEZ) : (BIEAE)) : RER) := (R).
=7z L
() = (ZH) | (AVARMZ94% )| (match R )
(match ) = match (F ) with
| (RXF—=2 )= (R)
| (/R5—2) = ()
end
(NRNF—=2)y u= (AVRAKIZDH)
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Compute AXY Y RICLB 7O LD
£17 (R OFHH)

Compute (X ). T(X)DEEZT 5.

Coq < Compute (next_weekday friday).

= monday
: day

Coq < Compute (next_weekday (next_weekday saturday)) .
= tuesday
: day

o FABMEAHEDIEX - FHIMDDIFH/=id OCaml &EE L
o (—HEHADTFEIMIITE)
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= BA (FIkF - op8) & EERA
o SHA (YN - BE): BT HEMETS [T

Coq < Example test_next_weekday:
(next_weekday (next_weekday saturday)) = tuesdayj

o SfFF: ZD T & | ARERIITZDON%=EREAL
=005 A

Coq < Proof. simpl. reflexivity. Qed. J
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S8 & SRR (ver.1)

AN H

Example (&ZHI) : (f&&).
Proof. (GEBA) Qed.

() == (R)=(R)

o SZ=DDH (DE) DHFELIICDOVWTHERDZZENT
x5
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Coq 7AV S LDEERER

o BMDES (Inductive)

o FAYMDES (Definition)

o EXRICATZ2MHEDSHA L& T DEERA (Example)
» T DI Theorem, Lemma 7R &
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EREREDES & BEH

Coq < Inductive bool : Type :=
| true
| false. )

Coq < Definition negb (b:bool) : bool :=
match b with
| true => false
| false => true
end.

Coq < (x ZB|HEHDEZXH *)
Definition orb (bl:bool) (b2:bool) : bool :=
match bl with
| true => true
| false => b2
end. )

™ ™ =
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orb DEFZEDIE L X D3RR
£E, EEERZEEITFTLTVWSDERL

Coq < Example test_orbl: (orb true false) = true.
Coq < Proof. simpl. reflexivity. Qed.
Coq < Example test_orb2: (orb false false) = false.
Coq < Proof. simpl. reflexivity. Qed.
Coq < Example test_orb3: (orb false true ) = true.
Coq < Proof. simpl. reflexivity. Qed.
Coq < Example test_orb4: (orb true true ) = true.
Coq < Proof. simpl. reflexivity. Qed.

o FEAMIEZAL<TEHELW
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Notation A~V YV RICL BZHEREEDE

A
BXETRICERINS <0

Coq < Notation "x && y" := (andb x y).
Coq < Notation "x || y" := (orb x y).
Coq < Example test_orb5: false || false || true = true.

Coq < Proof. simpl. reflexivity. Qed.
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FHZ: if-then—else

Coq < Definition negb' (b:bool) : bool :=
if b then false
else true.

@ & bool LIFTRL, AVANTIVINAEDD
inductive type RS THHEZ S
» & COIEHEKE

* —BEDAVAMZIHK5 then i, ZHBEBRD else f

o NN —VICLBEDERYELIETEARWL

Coq < Definition iszero (n:nat) : bool :=
if n then true
else false.
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{&BR%E (nandb)
IR D nandb DEFZTMIE, Ezample ICH B
nandb MDIEL SICET 2 SHZEEAE L.
Coq < Definition mandb (bl:bool) (b2:bool) : bool

. Admzitted.
Coq < Example test_mandbl: (nanddb true false) = true.
Coq < Admitted.

BABICIE, Admitted DITEREELT, HBEREX
RTCEIHZLY, SRRICDWTI,

Proof. simpl. reflexivity. Qed.
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Check A< K
ROBEEN D

Coq < Check (negb true).
negb true
: bool

Coq < Check negb. (x FAFIDEIDREE *)
negb
: bool -> bool

Coq < Check orb. (x ZB|EEE *)
ordb

: bool -> bool -> bool )
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BEOEIGHLWEZES

Coq < Inductive rgb : Type :=
| red
| green
| blue.

Coq < Inductive color : Type :=
| black
| white
| primary (p : rgb). (x RE-HW? *)

@ black, white (BT color XD{E
e primary I& rgb BDEN S color BUDEZES
» primary red, primary green & &|& color B
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BR/NY —V

Coq < Definition monochrome (c : color) : bool :=
match c¢ with
| black => true
| white => true
| primary p => false
end.

e WWM/\N¥ — primary p
» p REHDES. WIKT 3 => ODREIFTHEZS
» BIK: Y FNR ¢ D Tprimary (fE)] &WD
FBelLTWES, pZ () ICRELT => DD
XNZRY
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Coq < Definition isred (c : color) : bool
match c¢ with
| black => false
| white => false
| primary red => true

| primary _ => false
end.

o EA/NY—2D3IHIE
» red DL DBREHTE LW ¢ D Tprimary red]
EWITEELTWEDL => DEDAZRT
s Y UETAIRA—RRY =2 ¢ B Tprimary
~] EWOIHELTWEDL => OERDOAZIRT
o Ny —UT v FIFEMNLIRICELT

(primary M”17
ZEANEB A D ERRIEDD)
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RIFERFREDODEY 12—
Va1 = ER, ERAOVEAFEY
Module Playground.

Definition b : rgb := blue.
End Playground.

Definition b : bool := true.
Check Playground.b : rgb.
Check b : bool.

o EY a1—IJLEHII Module XX. ... End XX. CHD.

o EVA—INEERLZNMINSSRBRT ZEEIES 2 —
IWE%=DIT3

@ TATSNEEDEELE—BRHIZTBHDICELLFED
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#H (tuple)
BHEOSIEEMBIVANS VY

Coq < Inductive bit : Type :=
| BO
| B1.

Coq < Inductive nybble : Type :=
| bits (b0 bl b2 b3 : bit).

Coq < Check (bits B1 BO Bl BO).
bits B1 BO B1 BO
: nybble
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BEEIHIVARNS VIR T BRI —

Coq < Definition all_zero (nb : nybble) : bool :=
match nb with
| (bits BO BO BO BO) => true
| (bits _ _ _ _) => false
end.

Coq < Compute (all_zero (bits B1 BO Bl BO0)).
= false
: bool

Coq < Compute (all_zero (bits BO BO BO BO)).
= true
: bool
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B (nat B) DESH
ERNERICH B HOES

Coq < Inductive nat : Type :=
| 0 (* RXFDF— *)
| S (n: nat).

0 0 IXZFNLITT nat BLOER
@ SIE, nat M bnatZEfBHIAVAKNSD 4
» n Dnat 251X S n £ nat
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IRANEYEE A (inductively defined set)

[ ZDEEDTRDH ] ICETIHEANEUTE
ESN3EE
o Inductive BB (=T —9&KAQ) ZRMHNICERT 5
e day, bool, nat |XIFHIEIEL DA

nat B DEDES DRMNHES
LTFDSNDDIRANUIHKED DD nat DITTH 3
@ 0 |X nat DT TH B

e n M nat DA SIEX S nld nat DITTH 3
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Coq < Check 0.

o

: nat
Coq < Check (S 0).
S 0

> nat

Coq < Check (S (S 0)). (xS0 DEDLYICHEIMAHE! *)
S (S 0)
: nat

Coq < Check (S true).

Toplevel input, characters 69-73:
> Check (S true).

N e

Error:
The term "true" has type "bool" while it ts expected
Ilnat n .

o

™ = = — e

EHEEHRE (20 1) October 3, 2023 26 /76



EIE=gE k-

Coq < Definition pred (n : nat) : nat :=
match n with
| 0=>0
| Sn' =>n'
end.
pred is defined
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AMMFNY =V EHRBDT S ETE

o
F3RE0
Coq < Definition minustwo (n : nat)
match n with
| 0=>0
| S0=>0
| S (Sn') =>n'
end.
minustwo 1s defined

Coq < Check (S (8 (8 (s 0)))).
4

: nat

Coq < Compute (minustwo 4).

. nat :

EHEEHRE (20 1)
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RIE & AR

o 2D nat DERHIF, HOKRKE(BEEITLA)DVED

o AV KT I DEH S, 0 DRUHIFERARDT,
Coq < Inductive nat' : Type :=
| stop
| tick (foo : nat').

ZEARBLEER>TEHLW

o BEDMIR (BEEBL)IE, S, 05 EES AMREN
SZAUBA>TL B
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Coq ICH T 5 nat Bl & BARAEIDRKECIC
DL T

o AYIL nat BUIIEHES A TZ) THEINTWS
o POETHFLE 0, s RECIIMEHEFHEHRIND

Cog < Check S(5).
6

: nat

o HARED nat DERHIEEY 1 —Jb NatPlayground
HETINTWT, EZITEEEZE#EINGW(Z
173 ERETIERVDT)
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B EREDBX (ver.2)

Definition

(BEBE) (RBIBG ) : (BIBE ) ... : CEER) = (R).
L
(=) = (B [ (T—9%) | () () | (match )
(match ') = match (X ) with
| (RXF—=2)= ()
| (/=Y ) = ()
(INF—=) u= (T—98R) | (EE) | (T—98) (18— |._
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Bk av A NSO 4

@ SDELIRBIHAEDZAVANS VY IZBEHT A
D

Coq < Check S.
S

: nat -> nat
o A EOVANZTVHDEWN
- BEAHIEEIBAEZAOND EEEAZSIERIT

s AVANSOYIREIC THTRT) 2T 27EFE
M, [T ICDWTNRIY—UITYFTED
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BIFHNEHESR

n BMBEDE D D EHIET BEEE even:

o 0 (3B

o 1 (XBETIEAL

o n—2 WMEBHEAESIE n B

BIROBE X Definition TR < Fixpoint ZfF D

Coq < Fixpoint even (n:nat) : bool :=
match n with

| O => true

| SO => false

| S (Sn') => even n'
end.

even 1s defined
even is recursively defined (quarded on 1st argument)

i =
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N

Coq < Definition odd (n:nat) : bool := negb (even n).
Coq < Example test_odd1l: (odd (S 0)) = true.
Coq < Proof. simpl. reflexivity. Qed.

Coq < Example test_odd2:
(odd (8 (8 (8 (8 0))))) = false.

Coq < Proof. simpl. reflexivity. Qed.
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EHEIHOBREAN: BELE

Coq < Fixpoint plus (n : nat) (m : nat) : nat :=
match n with
| 0 =>m
| Sn' => S (plus n' m)
end.
plus is defined
plus ts recursively defined (guarded on 1st argument)

Coq < Compute plus (S (S (S 0))) (8 (8 0)).
=5
: nat
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BHEIHOBRELZ: NMNIE - 5IEE

Coq < Fixpoint mult (n m : nat) : nat :=
match n with
| 0=>0
| Sn' => plus m (mult n' m)
end.

Coq < Fixpoint minus (n m:nat) : nat :=
match n, m with

|l o, _ => 0
| S_, 0 =>n
| Sn', Sm' => minus n' m'

end.

o IREINES DI L BB DIEDREFFY Y F T
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Notation A~ Y~ KRB

Coq < Notation "x + y" :=
(plus x y)
(at level 50, left associativity)
. nat_scope.

Coq < Check ((0 + 1) + 1). (* plus (plus 0 1) 1 *)
0+1+1

: nat
o BRI (BENNT NHARAI BN DIEE
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B A DLEER (1)

Coq < Fixpoint egqb (n m : nat)
match n with
| 0 => match m with
| 0 => true
| S m' => false

: bool :=

end
| S n' => match m with
| 0 => false
| Sm' => egb n' m'
end

end.

o BETIRYED bool DEFIE b 2#DIF 3
o SRIITIHEETF =7 ZffD (+, * &[A#Fk Notation

TES
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RO H 8% (2)

Coq < Fixpoint leb (n m : nat) : bool :=
match n with
| 0 => true
| Sn' =>
match m with
| 0 => false
| Sm' => leb n' m'
end
end.

@ le -+ “Less than or Equal”

o SRIFTIHERF <=7 %=fF>

EHEEHRE (20 1) October 3, 2023

39/76



Basics.v

o 7T — 4 LB
o BAffi{bIC & BEIRA
- 2 EF
o EXMZICL B
o HEDIFICL BELHA
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ETEIIC & % EEA

SETICES LEBARICOWTOMESR WA WA
L&D

S TO Example © EIHE & FFFAD—1

» 5EFR: M ZEETHEF LB
o o &—MRHIEE ?
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I 0B LED () BAT J

Theorem plus_O_n : forall n:nat, O + n =

@ Theorem OAY 2V K

o &M EIbF forall: MEED~IZCDWT]

o HKiZLL %DM plus DEZEZR D EETEI#H m
DEICEHSY 0 + mildm RSB
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SHHDEX (ver.2)

{Example,Theorem} (%&HI) : (#ARE).
=7zZL

() n= (F)=()
| forall (&) : (E),(#&)
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SI7T4v Y

REBAGEIRICHED TEF LW - SEAT AN X B2 ZE1k

IgBraT KD E

o simpl: ZEBAINEHEFDADETE

o reflexivity: [= OMEIIEEFLL. L>TEER
~EIN.

o intros: XARNDIREDEA (R TERHR)
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Basics.v

o 7T — 4 LB
o BAffi{bIC & BEIRA
- 2 EF
o EXMZICL B
o HEDIFICL BELHA

EHEEHRE (20 1) October 3, 2023 45 /76



LB S N BB E -

Theorem ((EEDBEAE n ICDWT
O+n=nTHB)
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LB S MBI -

Theorem (fEEDBEARE n ICDWT
O+n=nThH)
n%Z=8BA¥ETSE. + DEELY, 04+ n lTE5TET S

EniICRS. WRIC(=ORMNMELY), 0+n=nT
H5. nlFEEICR27=2DT, BEEIEBPEINL. O

o n EWD (BHID) BEABOBEEERE
. LIET n 1d, BAMAERE0,1,...) EALE
TR

@ NICDWVWTIXBAMTHD Z ELUAMEIIREL TWL
BRWDT, BonfEHiE MEED n ICDWT-]
EWoTLW
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rintros ¥ VT AV Y

IR (assumption) ZE AT B7DDY I T14v 7

o RYNIMEN, £MEBLLINTVEIHICHERD

o BAINLIREIEX TXAR] (context) ICTEENIT B
» XAk RE DT

Coq < Theorem plus_O_n'' : forall n:nat, O + n = n.
1 goal

forall n : nat, 0 + n =n

Coq < Proof.
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Coqg < (¥ n ZIRE (nat THB I EIFMBEDNSALN) *)
intros n.
1 goal

n : nat

0O+n=mn

Coq <  simpl.

1 goal
n : nat
n=mn

Coq < reflexivity.
No more goals.

4C
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R simpl & reflexivity ICDWT
o EI&, reflexivity ICEMBZETET 2EMMEH > T
W3

» reflexivity DAMVEBHICEIEZ LT3
» simpl. reflexivity. & reflexivity. IC1E
IHZ A

o simpl (XM EFE LAHEREEZRL T IFHH
YZiRB] DITED (&)

o reflexivity I&, ZFN7EITTIEAIEDLZMIE
XRVWHDEL LM
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INE &

STBALT O (IR B0 S 1
[MEED x € S ITDOWT P(x)] #E3RT 572
(=

o SOTEVEDEY (BEARELT), x EWS%

Bi%E DT 3

XICDOWTIE S DT THBZ EUMN, MEREL

TlE LT AL

o TOXRDE ET, P(x) &RT
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Basics.v

o 7T—X% EEE

o Hfli{bIC & BEIHA
o EXMZICL BELHA
o IZBEMITIC L BEEHH
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T Tn&EmHAEFELWVWEARBRSIE,

n+n=m++ mJ

Coq < Theorem plus_id_example : forall n m:nat,
n=m->
n+n=m+m.

o —> (I 2] (%, implication)
- BfES, $AHHB A ->B > C Ik

* A > (B ->C) TH>T,
* (A -> B) -> C TlEiu,

EHEEHRE (20 1) October 3, 2023
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Coq < Proof.
Coq < intros n m.

Coq < intros H.
1 goal

n+n=m-+m

o A5IX] DIBAICEHIREDEA intros ZFD
» TARGIEB] IE, ADRRILT B EAIRELT

B =Rt lEL W
» IREICARIZDITZHEHY

* H for hypothesis
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REINIEAZFE>/IT-ILDEX
A

Coq < rewrite -> H.
1 goal

n, m : nat
H:n=m

m+ m=m+m
o IRE H DELMLHIDAN (->)DEXHMAZRET
s BSOS EBICE IR A 2T NIL rewrite <-
o HEIFTWDEEREL

Coq < reflexivity. Qed. J

i = = — S A
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rewrite ¥ 79714V )

o XRICHZEAAF>T, T—ILEEXHZ?
» BRATIX3EIANE-DH > TEHE—EMEITEE
b3
» EXVZEMOFIEINKERIBEHY (8R)
o EXWMZADHFMEZIETE (->, <-)
@ intros CIRE LAEFXLIF T, BEICEERAL &
EEZFE->THLIWVW(RE)
» EIBIZEE forall N DW=—RIIATE
» < DIFE Coq HEMKIEAE LTSNS
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ZERRE A E I & {§1 - /- EIFBH
S475YDEBOHSR:

Coq < Check mult_n_0O.
mult_n_0
: forall n : nat, O =n * 0

Theorem mult_n_O_m_O : forall p q : nat,
(p x0) + (g x 0) =0.
Proof.
intros p q.
rewrite <- mult_n_0.
rewrite <- mult_n_0.

reflexivity. Qed.

EHEEHRE (20 1) October 3, 2023
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5 &0 & L7cEE(?)

o > MNEAHMDEBDESEo>7/Y THLIE] o7V
rewrite ICfEbN7Y TH5DIERE?2#H 5 LWL

@ intros & [EED~] IZH TA5IX] ICTHEFEHD
IFRE?2#H5H LW

2ix M a5 TIEED~] IEEWIEL BE
ERCY I ARANOYL.

(X)rewrite D -> ¥ <- [FHEL DS AMEZ R I ERTERAL
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INFED

(75X D (GERRERAY) =ORAT (7
[ARSIEB] ZFERT 570121,
o ADRII (ADIADEE) #REL,
o ZOXMDE &ET B &R

EHE B (REPAZ) SHEERE (20 1)

October 3, 2023
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Basics.v

o 7T—X% EEE

o Hfli{bIC & BEIHA
o EXMAICL BEIHA
o IZBEMITICL BELEHA

=] F = = £ DA
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e StRICK HEAADR T

EHAESORE (BBET)HETEIRVNI E1H D

Theorem plus_1_neq_O_firsttry: forall n : nat,
(n + 1) =7 0 = false.

Proof.
intros n. simpl. (* does nothing! *)
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BaaT: FTRICEL SEBADRRSR
EHAESORE (BBET)HETEIRVNI E1H D
Theorem plus_1_neq_O_firsttry: forall n : nat,

(n + 1) =7 0 = false.

Proof.
intros n. simpl. (* does nothing! *)

o + (plus) FEBDE (F1518) ICDODWTDIFZED T
TEEINTWSBDT, n + 1 DEFFRIEINLILEE
ERAN A

» B ld n OISOV TRADOHES 7L
» (Sn&n+ 1 DEVSER)
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M EDITIC & DEERH

n REGKMICEALTEEY D BhEER D EEEN
D (BANH D)

e (n=0DFAB): n+ 1IFFET1IIWD

e (n=28C") MDIFE): n + 1 EFTETSESE)) OF
IS8 %

WIFNDIFEE, + 1B BD, =7 (eqb) DETEX TR

193!
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destruct ¥ 7 74y J I & B0 7

Theorem plus_1_neq_O : forall n : nat,
((n + 1) =7 0) = false.
Proof.
intros n. destruct n as [| n’] eqn:E.
- reflexivity. (* n = 0 DIFH *)
- reflexivity. (* n = S(---) DIFH *)
Qed.

BEDEDNN=DROTT—ILEN=DICEZ S

» TNENDOY T T—)UIE reflexivity —RHEHK
o BAEDIRRDERICHK > TI—ILHD n AL

» 0 DIFE: (0 + 1) =7 0 = false

» SDIFE: (S n’ + 1) =7 0 = false
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A4 bhanNy—y

Theorem plus_1_neq_O : forall n : nat,
(n + 1) =7 0 = false.
Proof.
intros n. destruct n as [| n’] eqn:E.
- reflexivity. (* n = 0 DIFH *)
- reflexivity. (* n = S(--*) DIFH *)
Qed.

o " ERNICKARIZEDITS
> [1 NIZ, ZHI% | TRU>TIHERS
» BEHIDOE = 15EDT D

o Bt % & CogMBEFICHRZ DT TN
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intros n. destruct n as [| n’].
- reflexivity.
- reflexivity.

destruct IC & BIHFEDITED/NA T !
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intros + destruct

o T—HDHERERELLBERICENIIOVWTDRE

SIFIEHE.
@ intros ICA Y AN —=UHNMEZ B,
@ eqn MMEZ XL

nat DiZH

intros x.

destruct x as [| y]. = intros [| yl.

bool MiZE

intros b.

destruct b. intros [J.

g = =
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e P(false)
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o RELEFXICLIBEZMZ: rewrite 7
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