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G. Gonthier, Formal Proof—The Four-Color Theorem. Notices of the American
Mathematical Society, 55(11), 1382—1393, 2008.
http://www.ams.org/notices/200811/tx081101382p.pdf

R. Affeldt and M. Hagiwara, Formalization of Shannon’s Therems in SSReflect-Coq,
Proc. 3rd Conference on Interactive Theorem Proving, LNCS 7406, 233—249, 2012.

G. Gonthier, et al., A Machine-Checked Proof of the Odd Order Theorem, Proc. 4th
Conference on Interactive Theorem Proving, LNCS 7998, 163—179, 2013.
https://hal.inria.fr/hal-00816699/file/main.pdf

F. Chyzak, A. Mahboubi et.al, A Computer-Algebra-Based Formal Proof of the
Irrationality of £ (3), Proc. 5th International Conference on Interactive Theorem
Proving, LNCS 8558, 2014, https://hal.inria.fr/hal-00984057.

T. Hales, Dense Sphere Packings : A blueprint for formal proofs, Cambridge
University Press, 2012. (The Kepler Conjecture)
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SSreflect in the world,
http://coqfinitgroup.gforge.inria.fr/ssreflect_world.html

Coq Proof of the Four Color Theorem, 2006/04/26,
http://bit.ly/FourColorTheorem

Feit thompson proved in Coq, 2012/09/20,
http://bit.ly/FeitThompson

The announcement of the completion of the Flyspec project, 2014/8/10.
http://bit.ly/Flyspeck

(The Kepler Conjecture)

Univalent Foundations of Mathematics, 2012,2013.
http://bit.ly/UnivalentFoundations

(Homotopy Type Theory)

Computing close approximations of Pi,
http://www-sop.inria. fr/members/Yves.Bertot/proofs.html
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SEEAZ IR Coq ZfESICIE

KA 74 Fopl#EIE Cog8.4pl5, ssreflect-1.5rc1, mathcomp-1.5rc1 THEFR I 11T
) 35 'g‘. https://github.com/KyushulUniversityMathematics/CoqExamples/tree/master/201560218

JA1E, Cog8.5betal, ssreflect-1.5.coq85betal, mathcomp-1.5.coq85betal 7333
I AT FE T, hetps://coq. inria. fr/coq-85

Mathlibre (Linux)
7 4 7 DVD IZ, cog8.4pl3, ssreflect1.5, mathcomp1.5 25 A>T ¥ 7.

http://mirror.math.kyushu-u.ac. jp/mathlibre/mathlibre-debian-amd64-20141110-ja.iso

Windows
Coq8.5betat,ssr-mathcomp-1.5 DA Y A b =035 D £,
https://coq.inria.fr/distrib/V8.5betal/files/coq-installer-8.5betal.exe

http://ssr.msr-inria.inria.fr/FTP/ssr-mathcomp-installer-1.5coq8.5betal.exe

MacOSX
Cog8.5,ssr-mathcomp-1.5 DA Y A+ —52H D F TR L T EHA.

https://coq.inria.fr/coq-85

BA¥EBREE X CoqIDE, % 7213, Emacs L ProofGeneral % fifiv> % 9°. Coq8.5%> 6
1%, Cogf[Edit B2 % & LT AR T E A oo
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LetN = {0,1,---} be the set of natural numbers.

Theorem
For any natural number n € N, we have

1 n(n+1
Zk=(_).
k=0 2
Where

0

Zk = 0,

k=0

n+1

n+)+ >k (neN)

k=0 k=0

“ﬁ
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Bl 7m 77 ADIEL S DY L &doyis:i]

BE#(7AT5L) DEE

200D f: N> N g: N> NZUTDXIICEHKRT 3.

£(0) =0
fm+1) = (m+1)+ f(n)
nn+1)

gn) = 3

HL,neN&ELET.
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TS f, g T, XD X HIcHEHIONE T,

Theorem
For any natural number n € N, we have

f(n) = g(n).
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91 fi: 7a 77 ADIEL & Dt BeFD e

= DEEE

n=0DLx
00+1
fo=0=20*D_ 0.
(i) f(n) = g(n) (= nn + ”) RlET D L ®
fn+) = (+D+f)
nn+1)

= (n+1)+

_ nm+D((n+1D+1)

B 2

= gn+1

(i).(i) 12 & D BCEIRREIC X D 2T ne NICH LT
f(n) = g(n) IRLT 5.
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A DFE (1)

FeDFEICIZ R DO HIEDDHIETT .
Lemma
For any natural number n € N, we have

(n+1)+

nn+1) _ n+1)(n+1D+1)
2 2 ’

C DFEHIFTER + /2 DIFAN A ERIIE AL S L T
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BRAMEMEDFMHER

Definition
0eN,
peEN->(Sp) eN.

Definition
0+m=m,
Sp+m=(S(p+m).

— M BIBGE S(p) £ HEE 3%, T 2Tl Coq DELIEIZHE, (S p) &
FEOVTVET. IS, SpZp+1ESET. NEDO + LALESE
GAETPERELTXALET. T4b5,.+1: N> NIIXHL,

+: N> N->N)TT. (. CoqTlE,(n+m lE +(n)(m) ZEHL £7)

p.+1)+m=pPp+m.+1
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#F DFHE (2)

R D HL72 Hb E L ITHE - 7 BEAN NS T DRSS 2T Y
Lemma
For any natural number n € N, we have

n+0=n

(Yn=00L &
0+0=0.

(n+0=n%HET?LE

n+1D)+0 = (n+0).+1
= n+1.

(i), (i) 12 &k DBEARYFIIEIC LI DR TO ne NIZH LT, n+ 0 = n DRL 5
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W1 fili: 777 ADIEL X D Coq DEHE

Coq DFEIE & A (1)

Coq IT &k A ffifiZe &P (i) & 2 DiEHZEN L £ 7.

Lemma lemma®: forall n:nat, n + ® = n.
Proof.
elim. ¢ n SRS B BEAR NS CRERT %)
rewrite /addn/addn_rec/plus.
apply (erefl 0). (* n=0 DL ZTIFHS D *)
move => n H.
rewrite /addn/addn_rec/plus.
fold plus.
rewrite pluskE.
rewrite H. G nDEZDREZFH ST *)
apply (erefl (n.+1)). (* n+1 DL ZTDOIEHIER S *)
Qed.

J
¥ Proof. & Qed. DIFFEEHTIZZ K GEHEIES 72d D a < v FH|TTI
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Coq DEH

Coq DEIHE & (2)

HZER oDy RTEREINLIHZD S DI
fEO M %2 FFOR% (71 75 L) TT.

lemma® =
fun _top_assumption_ : nat =>
(fun _evar_O0_ : (funn : nat => n + 0 = n) 0 =>
(nat_ind (fun n : nat => n + ® = n) _evar_0_)"" _top_assumption_)
(erefl 0)
(fun (n : nat) (H: n+ 0® =n) =
(fun _evar_0_ : (n + 0).+1 = n.+1 =>
eg_ind_r
(fun _pattern_value_ : nat -> nat -> nat =>
(_pattern_value_ n 0).+1 = n.+1) _evar_0_ plusE)
((fun _evar_0_ : n.+1 = n.+1 =
eq_ind_r (fun _pattern_value_ : nat => _pattern_value_.+1 = n.+1)
_evar_0_ H) (erefl n.+1)))
: forall n : nat, n+ 0 = n
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B i 7n 77 ADIEL S OFEH Coq DEH

Coq DH#HRE (1)

BEIZZFBH & #17- Ssreflect.ssrnat 11 & 2 fififE7- &

J

/,Lemma addOn: forall n:nat, ® + n = n.
Lemma addn®: forall n:nat, n + 0 = n.
Lemma addSn: forall m n:nat, m.+1 + n = (m + n).+1.
Lemma addnS: forall m n:nat, m + n.+1 = (m + n).+1.
Lemma addnC: forall n m:nat, m + n = n + m.
\_
-~
Lemma muln_ divAdmn : d %l n->m* (n%/d) =m * n %/ d.
Lemma dvdnn m : m %| m.
Lemma mulnl n: n * 1 = n.
Lemma dvdn_mull dmn : d % n ->d %l m * n.
\\Femma divnDl mnd : d % m -> (m+n) %/ d=m%/ d +n %/ d.

X http://ssr.msr-inria.inria.fr/doc/ssreflect-1.5/Ssreflect.ssrnat.html

X http://ssr.msr-inria.inria.fr/doc/mathcomp-1.5/MathComp.div.htm
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W1 fili: 777 ADIEL X D Coq DEHE

Coq DH#HRE (2)

—H, AR LTI T 2B OWER LD 5 &, Z OWE DA A v
URINEZ V2 2 L e EMERREHZ MR T 5 2 L SHEE T,

F 7z, Bl R A mic A e L GEM T 24l %2 HE T L CREHT %
FHiE23H D £7 (ring & &).

ZDX ) TFHE % Tactic L WO EF . U ring DFIFHA.

Lemma lemmal: forall n:nat,

m.+D*2 + (n * (n.+1)) = (n.+1 * (n.+2)).
Proof.

move => n.

ring.
Qed.

Tactic ZHCTES Z £ b HEE T,

Instiute of Mathamatc for Indusiry
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Coq DEH

Coq D#HRE (3)

f

Lemma lemma2: forall n:nat,
(n.+1 * 2) %/ 2 = n.+1.
Proof.
move => n.
rewrite -(muln_divA (n.+1)).
rewrite (divnn 2).
simpl.
by [rewrite mulnl].
apply (dvdnn 2).
Qed.

Lemma lemma3: forall n:nat,
2 % (n.+1 * 2).
Proof.
move => n.
apply dvdn_mull.
apply (dvdnn 2).
Qed.

-
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Coq DEH

Coq DH#HRE (4)

Lemma
For any natural number n € N, we have

nn+1) _ n+1D)((n+1D+1)

+1) +
(n+1) 3 >

-~

Lemma lemma4: forall n:nat,

n.+l + (0 * n.+1) %/ 2 = (n.+1 * n.+2) %/ 2.
Proof.

move => n.

rewrite -lemmal.

rewrite (divnDl (n*n.+1) (lemma3 n)).

by [rewrite lemma2].
Qed.

-

J
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Bfi: 7m 7 L0l S0 RN AN

Coq lc &S ZPRAHMERELETEIE (1)

2ODBBf, g 1%, Coq TIFLLTD L I I3k % 7.

Fixpoint f (n:nat) :=
match n with

| 0O =>0

| p.+1 = (p.+1) + (£f p)
end.

(jDefinition g (n:nat) := ((n * (n.+1)) %/ 2).

FeDEMIZ, Cog TIEMTD X ICGlidINE 7.

(:Theorem sigma: forall n:nat, (£ n) = (g n).
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Coq lc & ZRAMERELTE (2)

Theorem
For any natural number n € N, we have

f(n) = g(n).
4 N
Theorem sigma: forall n:nat, (£ n) = (g n).
Proof.
elim. C* n SRS 2 AR TREH. %)
by [compute]. (* n=0 D& FIFFHETHS D )
move => n H.
rewrite /f.
fold f£.
rewrite H. G nDLEOREERMES & )
rewrite /g.
apply lemma4. (* lemma4 DFlHPSALHTE 2 *)
Qed.
2/

.............
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SEEAS N cBEARZRRICES (1)

li DGR S N7 SRR f L g % Extraction ZHWT, 77 AL
"sigma.hs" IZ Haskell SFEDBI%E L THIIT 5.

gjﬁ%@:hittcwk LT, w2 (list, symbol, bool, nat) DI
SAEE.

-

-

Extraction Language Haskell.

Extract Inductive list => "([]D" ["[1" "(:)"].

Extract Inductive sumbool => "Prelude.Bool"
["Prelude.True" "Prelude.False"].

Extract Inductive bool => "Prelude.Bool"
["Prelude.True" "Prelude.False"].

Extract Inductive nat => "Prelude.Int"

["0" "Prelude.succ"]

"(\fO fS n -> if (n Prelude.== 0)
then fO () else fS (n Prelude.- 1))".

Extraction "sigma.hs" f g.

WIS (JLK IMI)
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SR T 7T A
S NIcERERICES (2)

A&7 74 )L sigma.hs 11 1 17
import qualified GHC.Base
ZHER LD EA~EET 2 05035 5.
e N

import qualified Prelude

import qualified GHC.Base <-- (Z ZIZf&H))

unsafeCoerce :: a -> b

#ifdef __GLASGOW_HASKELL__

-- import qualified GHC.Base <-- (Z Df7%HE)
unsafeCoerce = GHC.Base.unsafeCoerce#

#else

-- HUGS

import qualified IOExts

unsafeCoerce = IOExts.unsafeCoerce

#endif

iaffote of Mathematic fo Indusiry
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SRS NS EREICES (3)

Hi1 & 7z Haskell S350 %% Glasgow Haskell Interpreter’ T3£47 L T
HB.
/
ym$ ghci sigma.hs h
GHCi,

version 7.6.3: http://www.haskell.org/ghc/
[1 of 1] Compiling Sigma

Ok, modules loaded: Sigma.
*Sigma> £ 5

15

*Sigma> g 5

15

*Sigma> :q

:? for help
( sigma.hs, interpreted )

N /
X BIE f & PR g DAEDHICE L » Z L IFEEH STV E
AR 72 7 — 2 1§ 250 (7 A ) TORSROMERIT AT

.............

"https://www.haskell .org/ghc/ = "
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91 fi: 7u 77 ADIEL E D AN 7| 77 4

SERRS N EIME RICES (4)

HEhA4 R S L7 3P D Haskell SEED 7’0 7' 5 L.

f :: Int -> Int
fn-=
(\fO £fS n -> if (n == 0) then fO () else £fS (n - 1))
- >
0
QAp ->
addn (succ p) (f p))
n
g :: Int -> Int
gn-=
divn (muln n (succ n)) (succ (succ 0)) j

.............
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A DAL

E II\\&-L@ HFEE (1 )

5z on-HR IXRLT
H (True) ’1'7% (False) ZRTEBOB E LTEL2E A 2.

Definition E1 (x:nat):Prop :=
match x with

| ® => False

| n.+1 => match n with
| 0 => True
| _.+1 => False
end

end.

Compute [:: (E1 0); (E1 1); (E1 2); (E1 3)].

= [:: False; True; False; False]

Bz RSB EAE EoMmETLH D,
GHE(EL ) I, x=1DLEEIFITETx21DEEIIBTHS.
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82 i A LEoMmE  ENTEHOR

ETEDEEHA (1)

Coq TIE{HE 1 False ZE (il & L TEREI NS,

-P I P> False £t %% 5.

False I3[ THIEHHR 2 L L TERI N T 5.
I CHIEHTE 2 & v I FEHD 411X False_rect TH 5.
(False_rect P) |¥ False —» P DilHHTH 5.

Lemma lemma5: (E1 0) -> False.
Proof.

compute.

apply (False_rect False).
Qed.

.............
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A DAL

EEDEA (2)

1 #0113, (1=0) > False TH 5.

(E1 1) [FEHHECTIHEHER 3.

RED1 =055, (E1 1) » (E1 0) 2SEEHHHK 3.
(E1 0) — False # lemma5 TilfH L 7-.

> T, (1 =0) > False 2%iEHHH K 5.

Lemma lemma6: (1 = 0) -> False.
Proof.
have: (E1 1).
compute.
apply I.
move => H1 H2; move: HI1.
rewrite H2.
apply lemma5.
Qed.

.............
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B EDEHRE (2)
BISYNEL Z LT DX HICZT 5.

Definition NE1 (x:nat):Prop :

match x with
| 0 => True
| n.+1 => match n with
| 0 => False
| _.+1 => True
end
end.
N J
ZDEE,
Lemma

Vx,=(El x) & (NE1 x)
XFR ERHE T CEEBHR S .

Instiute of Mathamatc for Indusiry
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5 2 fili: AARMC o T IE E gha f (Ri

BA LD (3)

HAB EOmEIZ M 2R T 2B TL 2 5721 T4 <
TR e L b K 5.

Inductive even: nat -> Prop :=
|even_0: even 0
|even_SS: forall n, (even n) -> (even (n.+2)).

SETETIZ,
1. 0 IXfHETH 5.
2. nMEE L SIE, n+ 2 1 3MEHKTH B.

T, il "x ZEBTH B, 2EEHRKS.
1. DIEHD 4TS even_0, # L C, 2. DIEHHD 445D even_SS TH 5.

.............
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FRANIIC E 2 S L A O A E

IRV ICESR S i fcanREDEERA

Lemma

2 13EETH 5
ZEEWIT 5.
(even_SS n): (even n) -> (even (n.+2))
BDE,0.+2=2DFEDHKL DT, (even_SS 0) 1&

(even 0) -> (even 2)

DHEHTH %. (even 0) IF even_0 TIEH I LTV 5 DT,
(Ceven_SS 0) even_0) 723, (even 2) DilHIZ 72 5.

Lemma lemma7: (even 2).
Proof.

apply (even_SS 0 even_0).
Qed.

WS (LK IMI) CoqFa—FU 7L
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5 2 fili: AARMC o T IE E gha f (Ri

IFIICER S hicmED S EWm—EDER (1)

Lemma

1 1B TR

DA% % % % . ~(even 1) 13, (even 1) — False TH 5. (even n)

Z SN ICEERH § 3 3EPH even_0, even_SS @ X 9 12, = (even n) % fiil
IZHER 9 % odd_1, odd_SS ? Xk 9 ZiFH % #Efi L CRIMRCRET % /57
HLEZEZ oD, HEOELSDLE IIHEATH 2T DOEL ZIFIIC
EFHR % D3, — I IHER DI ] B S DRSS 2 i RS
ELTERT S Z EIFHEZR .

[ ERE DN A FEEADIRNIIEATH 2 DI TR, )

Instiute of Mathamatc for Indusiry
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5 2 fili: AARMC o T IE E gha f (Ri

RIMNICER SN -DHEDOEEMADEHA (2)

JRANIIC B 28 S L7z il even % BIBUCE R S 7z NE1 & BRI %
Lk, FRICK AWE DGO AIREIC 72 5.
a N
Lemma lemma8: forall n, (even n) -> (NE1 n).
Proof.
move => n.
case. (* even DML DIFINEETIEH )
compute. (* (even 0) D& ZIEIELTHSL D *)
apply I.
move => n® H.
compute. (* (even (n.+2)) D& X LIETHL D )
apply I.
Qed.
J

(even n) Z{K7E L 7-fiElZ, even DR D IHNEIZ X > THEHT 5. Z
DL F, (NEL n.+2)=True [FFIECHEHHR S Z L ITHET 5.

.............
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Gl AR S e @O S
IFMRICER S hictnEDEE ana DFEHA (3)

(NE1 1) - False IIFIE CIEHHKE 2 O THROHIE lenma8 Tn=1 &
BWEE%2% 27T, (even 1) — False 25iEHHHE 5.

Lemma lemma9: (even 1) -> False.
Proof.

apply (lemma8 1).
Qed.

%1%, inversion & \» 9 Tactic I%, NE1 D X 9 72 BH%z HEhAE L L T <
nas.

Lemma lemmal®: (even 1) -> False.

Proof.
move => H.
inversion H.
Qed.

.............
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5 3 fili: F&

FeH

Ak, THEIHEIZEL W7 a7 5 L4528 LOICHE I N TR,

HALwmHEA TR INA 7177 LD L S FEACHHEADOEL I, ¢
oL, BYOMEDIEL SIC&EEN5.

AR IS BEE O L W OB OFEWIRGEE I b E BRI A S T
w3,

TEAGEHTHH L3 i & 2 9 ThWOWimdEd H 5.
FfE, & % i, WEBRO H 2 FIH L3 Wi b,

o EiiE O)ﬁ%ﬁbﬁ (Abstract 2% Nonsense T7z { 72 72))
AEARGE L T ikt 7rr 77 A2 ESHEH AL

R 70 77 MEFIGHD D ICED»PNL LD TH D, NI
NZDOLDEIELALY  BMELZDTE2HDTIERL.
BerOEHIZEE L 72D, 2NZ20b0E R L LT LB HEILNS.

Bt 7075 Ao EREEH A B A

WIS (Juk IMI) CoqFa—FYU7H 2015/02118  34/36



SE X (1)

Reynald Affeldt, EBEFERAZHE R Cog AM, HAY 7 b7 = 7R#EEF 2 — 1+ ) 7
)b, 2014,
https://staff.aist.go.jp/reynald.affeldt/ssrcoq/

Adam Chlipala, Certified Programming with Dependent Types, MIT Press, 2013.
http://adam.chlipala.net/cpdt/

G.Gonthier et.al., A Small Scale Reflection Extension for the Coq system, Inria
Research Report, 2014.
https://hal.inria.fr/inria-00258384/en

G.Gonthier, R. Stéphane Le, An Ssreflect Tutorial, 2009.
https://hal.inria.fr/inria-00407778/file/RT-367.pdf

The Coq Development Team, The Coq Proof Assistant Reference Manual,
Ver.8.4pl5, 2014.
https://coq.inria.fr/distrib/V8.4pl5/files/Reference-Manual.pdf

.............

WIS (Juk IMI) Coq F2— kY 7L 2015/02/18  35/36


https://staff.aist.go.jp/reynald.affeldt/ssrcoq/
http://adam.chlipala.net/cpdt/
https://hal.inria.fr/inria-00258384/en
https://hal.inria.fr/inria-00407778/file/RT-367.pdf
https://coq.inria.fr/distrib/V8.4pl5/files/Reference-Manual.pdf

93l LD

SEH (2)

TPP2014, HifSii Mg & A 7 0 OEMREH B X OEBGEHER, WK, 2014,
http://imi.kyushu-u.ac.jp/lasm/tpp2014/index_ja.html

Y. Bertot, Interactive Theorem Proving and Program Development, Springer, 2004.
(Coqg’Art)

The Univelent Foundations Program, Homotopy Type Theory: Univalent Foundations

of Mathematics, http://homotopytypetheory.org/book, Institute for Advanced
Study, 2013.

WIMER, ML, 7 77 —FROFHEEKIC X 250 EBEEC OV T, Bt 25—
12 H%5, 48-54, 2014.

http://bit.ly/KeplerConjecture

WO, ARA— < by ERT 4y A —RICBHT 3 Coq T X 2TAGEHIZD
VT, HABUARERHIA 74 F, 2014,
http://www.slideshare.net/yoshihiromizoguchi/coq-32356516

Insitute of Mathemaics for Industry

.............

MO Juk IMI) Coq F2— kY 7L 2015/02/18  36/36


http://imi.kyushu-u.ac.jp/lasm/tpp2014/index_ja.html
http://homotopytypetheory.org/book
http://bit.ly/KeplerConjecture
http://www.slideshare.net/yoshihiromizoguchi/coq-32356516

	Âè1Àá: ¥×¥í¥°¥é¥à¤ÎÀµ¤·¤µ¤Î¾ÚÌÀ
	¿ô³Ø¤ÎÄêÍý
	Coq¤ÎÄêÍý
	¾ÚÌÀÉÕ¥×¥í¥°¥é¥à

	Âè2Àá: ¼«Á³¿ô¾å¤ÎÌ¿Âê
	ÈÝÄê¤Î¾ÚÌÀ
	µ¢Ç¼Åª¤ËÄêµÁ¤µ¤ì¤¿Ì¿Âê¤ÎÈÝÄê

	Âè3Àá: ¤Þ¤È¤á

