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Compute (&2 70V T LDFEF, RV T4Y 7 simpl (CENRDEHMLNED LS ITRIND
M, F/zreflexivity 2o CAEANTEDRME (THRDLLMUINFELVEIZESI VWD Zeh) 2 &
DIEREIZHER T 2 72812, Coq D (FHZ T 0T 5 IV T ZFEHND) R—ALB>TWSHHETH D
BIAFT AAEHAE (typed A-calculus) 2 E AT 5.

“calculus” & U < I& computational calculus &%, ( M#fr¥] TIEAL) EHHEARR] L0vwD, G
B7Ov A& RITHEGRAPAAD Z LT, TOT T A (B —MILU7ZHH (term) LIFEN S £ D) DE
Hikti 52T, TNEHETORRLRMES, LI FERIHENTVS.

1 BRABOMEEFREE

FPUEMER X UT S, 0 TREIND AR T HMNE - FEEZGEARLE U TRHTDI &
EHERD.

1.1 IEDHEX

(terms) M,N € Terms =
|
|

| MxN

Yo, 7%y, BELELMIEO IHEEL2IHE UTEZ S, HINIEMICIIECEZTIZRD
W, MiEEERTZOCEEHEAT . FHRORVEES, BEINMEXIDBIEEEIL, £ 568 £k
B2TH5. %72, SS0IES0IZSENIELEDE UhEALIBRNDED, BTHONLIHE
OIEZZEZT, HfZDT, S (S 0) &ELILIZTD. /2, SM IF + * XD iR FEAS
T5.

M + N * PiZM + (N x P) %7.

M+ N+Plx, M +N)+P%, M*xN=*Pl¥ (M=* N)*x P%, 77,
38 M+N & (s M)+N %R7.




1.2 &

B (reduction) & 1%, FHEOBANHE > THOBMAZTS 2L 2T, HlIAIE, KUREOHA]
EUTIE 0+SO0MNS0IZRD, LWoZENEZXLND. IhE

0+S0—S0

CRHIZEoTERT. BEMIL, E£E Terms FOZIEHEAR — C Terms x Terms 2B AT 52
IR, ZIH M, N NZOBRTHERBRANTONTWE %2 M — N & EL. BHEKZRERE
(M 231 257w 7T N IZfifIIhd | WS ZeThd. fEFIBERDAL % BHRE (redex) (reducible
expression D) LS.

eI BAGRITHEERIRA (inference rule) LIFIEND LR EH>TERZOND. PANIE, TEAREH M
WHUTE, 0+ M — M EOSBEBEPELT S e z2rnd#mBlllThd.

0+ M-—M (R-PLusZ)

Al ENN R-PLusZ (RO LT TH D, ZOHGwHANIE, M ICEEEFNREO%H
TIdH 2 Z L TEAMRIEOROBGRZEL ZODBBROMIE - 7> 7L —h& UTHRET S, #ilx
X, M =8 023,

0+S0—S0

MNEIFDBL, M=8S (S (S 0)) &dhid,
0+S8S (S (80))—s8 (S (s0))

MEITS.
ZTOMODRURE, NIEIZETIHANILITO®EY THS. HRED Coq TOD plus, mult DKE
FLobE RTE>TIELW.

(SM)+ N—S (M + N) (R-PLusS)
0 M —0 (R-MuLtZ)
S8 M) * N—N + M x N (R-MurrS)

ZNHDHAIZHES &,
S0+S0—S (0+S0)
)
S0O0*xS0—S0+0x*xS8S0
EWV o ZEAREIT S,
ZDXDITINE - BEDHEAWEHE AT Y TEHREE UTRETEI 20, INH6DELDIRD
HE2ATY T UTHRIZEEINDS

S(0 + S 0) —S(s0)



=S
S0+0*xS0—S0+0
D&, RDO—#5 (DX (subexpression) LIS IZHAIZ HTIXD TEHAEZHED D & S 23R
%, LOBAIZFTIRES ZLIETERY. 2O &S BEHAHOMNERIT 572012, HFIRIFLT
DESBHAZEATD.
M — M’
S M —s M’

(RC-Suco)
I, THNETORAIEEY, KEEPOPNTED EFIZM — N OFEREIPNTHNS. T
i

EBOBERMNEZ 85, TEROBEBEESHLTIL
EWDEIRT, ERIZTEROMGREZESHITAZOORSEMALZE>THD. FIRIT,

M = 0+S80
M’ = so

L9 E, ZOHAN,

0+S0—SO0PVREES
S(0+S0)—8S (S0 Z\V-oTHLW

LD Z T, BIRSMEIFHA] R-PLUSZ Do~ XNnbDT, #/ SO +s0) —S (S0) %
WoTEHEIWIIRS., Z0OkD7R,

1. JAl R-PLusZ &Y 0+S0—SO0
2. AT RC-Succ &V 8 (0+S0)—S (S0

e, BRZE MRS S 72D HEm R Z

R-PLusZ

0+S0—80 RO-SUCC

S@+s0)—s (s0

EWVD MR MO R I I TRIT D22 e DD, (—MITIZHAN AT H > TH
DPNTDHEEHDDT) 2D LD BRI EZEHAL LR,

Z ORI RC-Suce &, EHERIZHZ HZINTADE OV IZ SO 223 CTHEHNERIZH D,
THRDOLS S ORI MERHLTE ke UTHNBERIZHS ZL2RUTWD. RN Z HOME
HZTHET S, fRe LT,

R TEREZAL, YINbHEHELTE LW
EWVWH T ERT LIRS, HOHEOENEZHFTZODBANILTD LS I245.

M — M’
SM —S M

(RC-Suco)



M — M’

M N S M N (RC-PLusL)
N — N’

M N M N (RC-PLusR)
M — M’

Mr N oM N (RC-MuLrL)
N — N’

(RC-MuLTR)

M * N— M x N’

FEERE 1.1 UFDIE M; 1225\ T, M; — N; LR 5IH N; 22 TEIF L. /2, EEOEHAK
= EIT.

e Mi=S0+ (S0 *S0)
e My=(S0+S80)* (S(S0)+80)

e M3=S (8§ (8 (50))) +0

REMRE 1.2 £7/2, 8 (S 0) * S 0AfHHIINTS (S 0) IARDER(£T)%, S (S0) xS 00—
M; — M- —S (S 0) &4% M; 25%3 25 L TRE.

1.3 TILFRTy B, BHICEDCEDOEFL X

FTCEALL — 25 817, IGO0 —* & «— Z2HAIZ[HE->TEHRTD. M —* N
X TM % (0[EOAEEEE EOT) MEINENT L N BWEo5hd] LW KR, M «+— NI
(M 05, MEI2EALTCHRNEZREYIETE N 2SN CWHERTHD.

M<+— M (EQ-REFL)
M —*M (MR-REFL) M —s M’
MM (Ba-Oxe)
M — M N
M —"M M «—— M’
—_— (EQ-Symm)
M-—*M M — M M= M
— (MR-TRANS)
M —"M M<+— M M «— M"
(EQ-TRANS)
M +— M"

BIZIE, S0O+S0—*S(S0)®, 0+S8S(S0)+—=S0+S80&WVoZEFRMNVKITS.

HEEME 1.3 S0+ S0—*S (S0) DEHAKZET.



FEERE 1.4S (S0) + 0+—0 + S (S 0) DEHAZET.

—* & MR-REFL X MR-TRANS 25052 & S IIKHHN OB EBGRTH D, LV IERIC
i — 2EUEBNOKPNHBN LR, 4806, — ORMNEEBBIEAS (reflexive transtivie
closure) TH 5. F7z, +— I EQ-REFL, EQ-SYMmM, EQ-TRANS WS D0OH % K DI KA, XIFR
H, WOHEBRZELR, D F Y EMERER (equivalence relation) TH 5.

—* 1% Coq T® Compute ¥ simpl I &2 ANDHMlEETIWMLL ZFKRE VRS, £z, +—
IE reflexivity T LW LB I NDHDOMGKRE ETIMEL TV, EEMN S IKEFEIZFAR
NRON, Rk, M+— N THdIZry, Mt N OFHFEHE (BRI HWAEEZRNEZS
FCHEDZH) AR UHEHTHD Z LIFFAETHS.

2 FE#HETLYEE TLYEE

TOT I MIENT, &S8R - FHEFIEIEROEM THEITR 5 RITIE, BB TR E
2EELT, X FHOBMNHZHD ZEVR—RNTHL. HFETE

221 + 7?1 + 20%7

LEIRDYIC
F@+ F(T)+ f(20) 727U f(z) =a’n

EENE, RORBEUNEL RS, TIT 2 3N T A= LIEEN, HHONDGATIZE > TRARSHE
DeRIEEHZ2H-TWD.

BB, (RFLED ?) BFTIIEADEEZMA>T TALEHIDONDOESE] L UTHRA
W, AP N2 ETEA] LW RAETRICEBENTHS. ZDLS5 4% IFHRATRELE
B 2RO -ODHIRDO L ONNEGE - T LTEFE (\-calculus) THY, TOHLERDLDNT A
SELE T EN D BB DR ETH S,

T LRFEE, MNNTA=ZV(R) LWIET I8 XA—=2% AN UTROFE~REZH 1L
THEE 2RBTD. LOFID fldAva?r LESIENTED. 20T AXGLHEOREIZA £l

TOBBERIZAFT 2 D FICHEBE KRBT 2L TED

EWVWIHTHD. TNIZEY, BEBROBEZDE D LBBICATRTZ DD LW 7 Az e Z &
T LNAFEIC K BB ESI R G A (B R EA TS, L), BROMEIE T35 A—-4%
FERIETEMAKM (instantiate) §2 2 &) THDIILMNTED. §4bL, f=\va’nr 95,

f(2) + f(7) + f(20)
(EFELY) = (A\w2?m)(2) + £(7) + £(20)
(z % 2 TEMIL) = 2274 f(7) + f(20)

= 453w



D HEGR (RHRD) BRI AR S, T AKEIREOKRRIE, T AXIEIZ LD, BIBGEAICZK S8
TA—RBEHOMAMA (DA) ZTERNUIZEB L ZEDTHY, KT, NI A—ZEH (THhEzRA
(substitution) LML) ZENFHEATY TTHd, LWIHGE L.

5 AAFIC BB 2 OFEAT Y FiE B L IR, ITFOE>5/88 — (1Al TEX N3,

(\z.M[z])N — M[N]

ZIZTC, M,N X775 5%2kU, o 3EROA4H2RTILBETHD. Kid Mz] ® M[N] &
(OfE L) TR T WENEZIH M 2% A, TORKBIZ 2P N 2 ANZEDERL TS,
IHNRET DI, o 2/GI1E - NI AL e THBBEELGB N IEHTLE, fRe LT, B
AEM FDINT A= (DETOEB)IZ N 2RALEZEDIZED, LS ZEERLTWVD.

3 BNSLIEHE

BT S LY EHE (typed A-calculus) 1, T LXEHRIZ Coq (LR OMND LD BROMREZEALZE
DTHD. (RYIE Coq WA T AXFHEIZENT NS, WD REEZH, )BT LAXGREIE, T
LAGHE (FHCX AR B E R AL THELU Z AXGERE] LIER) LR, 7027 A0S T
DFEHEBLEATH D LFRIRZ, AR EFHBEARROBEL 23D AV — - NT— ROFEB G
CIEEND R AFE2 522 KRERIKRTHD.

RN Z AAGEEIZIE, e UTEDEDBEDEEZEZDINIZEISOTHRAZBNY) =23V RNH D0,
TOHRTERE UT, nat, bool D& S BFEIHHZHE (primitive type, BEIEEY (base type) £ \\VD T &
b)) BB (DHA) 25 228U T AL 2 BB S LAY FHE (simply typed N-calculus)t &I
A 2 Coq TWH &, KK Basics.v & Induction.v D TENZ T DT 5 AN T S.

X TIRHMANS T A X HBEDEZREZBE U T, Coq iZBI1FD 70T T LD (Compute 12 & D) FEfF
¢ (reflexivity CitHITE %) [FFL I ) OBEZ IEMICHET 5.

TR 5 A AL S0 oA BAITIE, BT, BB (P, BI8I1CEoTId, nat, bool THBI) 2ERA
W EAB. AROFHEKRIE Plotkin O PCF & IHENZ FHEAARITE,



3.1 B, SLYTHDEX
F9, BN S AXEHRIZE TR (type) & LY (A-term)? 2 A FOEXTEH R 5.

(types) S, T

(variables) x,y € {ab,...}
(terms) M, N

\

\

| match M with 0 => Ny | S & => N3 end
|  true

| false

| if M then N;j else Na

| funax:T => M

| fix x(y:8): T := M

‘ My M,

o B UTIX, BAKODAE nat, EAAMEDE bool, LM S->T 2% 25. 20D S %5HH,
T #RIEFL NS Z e Bh b, > I3EEET 5. W”iliy T —>T5->T3 ‘iTl -> (Tz -> T3)
DZEThHY, (Tl -> Tg) ->T3 TlEARW.

o IHX L TIE, ZE, HREOIVANTI VAL natch IZ&D5EDT, BERMEIVA NS 7 AR
& if I BGGA, B (fun), BEIREE (fix), BEBGEHZZE X 5. BBOHEIE Coq
WIZEDETHEHN, ZLDOXERTIE, \x: T.M 2EHI1rND.

o FABMOMAZTOEDLEEIZANIE DT WD TARUMTI N TS| 2ENAEZIYL
RIS U T,

Definition f (n:nat) (m:nat) : bool := ...
D& 574 Coq DEEEE I

Definition £ : nat -> nat -> bool :=
fun (n:nat) => fun (m:nat) => ...
DL TH D.

o BAEL - MIRBIRUISFEINZ TDIMINZ DT B WRY TEZ LT REITU THde. F/-B%0EH
FEMET D, BIZE,

fun n : nat => plusnn

PILBHATIE IO I LIET AKE, © U< IFBIZHEIFENS.



(F R DBEBUHT

fun n : nat => (plusn)n

DZELThHD.

o HIREH fix (y : S) : T := M & Coq D Fixpoint TEZEINDIEKIAMY TS, = 2
B (% FIRINICSIRT 5 720) AR, y W38T A =4, 8§ BNT A—2D8, T HEEARK
M ORTH5.

Fixpoint plus (n : nat) (m : nat) : nat := ...

=4

Definition plus : nat -> nat -> nat :=

(fix plus(n:nat) : nat -> nat := fun(m:nat) => ...)

LEMTHD.

Coq TlE, BWHUZBUZKITIEIET S L5 ZRBEBUNE T2V LD ZHIEEL D > TV S5,
ZZTIEZOHIBIZOWTIZIbDEW., ZD=D,

fix f(x:nat) : nat := f x

DE>7%, —HIFHING LA 5 BVEEE (Uh><) He LTRODNS.

3.2 &

e U<, FHEEREZZITENBERIEI M — N 20O ETEMIMN, M 21 A57Y 7T NIZ
flifIxNgd ] LEd. BATHEN UL BEFHAAMNIE natch ¥ if IZ X2 5E0 T OB EFR 1 A
TV TELTERINSG.

9, BRI, KRB AZESIC

(fun = : T => M[z]) N — M[N] (R-BETA)

THRIND. R-BETA 25 &, #HlZIL,

T = n
T = nat

Mlz] = match  with 0 => S0 | Sn’ => 8 (S x) end
N = 80

LI, BARRNZ ZIHE OB

(fun n : nat => match n with 0 => S 0 | Sn’> =>8 (S 1n) end) (S 0)
——smatch SO with 0=>S 0| Sn’”=>S (S (S0)) end



NEZD.
if X match OFANE B BN LANIEELHETH S,

match 0 with 0 => N7 | S @ => N2 end — N; (R-MATCHZ)
match S M with 0 => N3 | S ¢ => Na[x| end — N3[M] (R-MATCHS)
if true then N7 else Ny — N; (R-IrT)

if false then N7 else NNy — Ny (R-IFF)

EBLLDMEIIDWTE SN ZDDHMAINHEINTWTHEDITITIR>TWDd Z bbb, £/,
BHI R-MATCHS Tk, BESTORNRTHD S M DRIO (T4bH M) BWEBIZTRAINT
W5,

REISHRERONHUZRELUZHAITHS. L BEHNEIZIERUZ2HRERBET 5720
2, ERIBZ I THELSHRERZOEOPHRWSHRTH S o ITRAINS.

(fix x(y : S) : T := M[x,y]) N — M[fix (y : S) : T := M|z, y], N] (R-F1X)

HAHOK ZTF T -ODBANIZUTDO LS8 5.

M — M’
MN SN (RC-APppP1)

N — N’
(RC-ApP2)

MN — M N’

M — M’

match M with 0 => N7 | S  => N5 end
—s match M’ with 0 => Ny | S  => N> end

(RC-MATCH1)

Nl — N{
match M with 0 => N; | S & => N5 end
— match M with 0 => Ny | S @ => N3 end

(RC-MATCH2)

N2 — Né
match M with 0 => N7 | S  => N5 end
— match M with 0 => Ny | S & => N} end

(RC-MATCH3)

M — M’
(RC-IF1)
if M then N7 else Ny — if M’ then IN; else N
N1 — N{
(RC-IF2)

if M then N; else Ny — if M then NN else N»

9



Nz—)Né

(RC-IF3)
if M then N; else Ny — if M then IN; else NN,
M — M’
(RC-Fun)
funx: T => M —funxz: T = M’
M — M’
(RC-FIx)

fix x(y : S): T := M —fix x(y: S) : T := M’

BRI, EEATY 7 (0 ATy TUULE) TOMfi#ERT M —* N &, flifiz@ T HM» 15
LW Z22RTM «— N 2HAIZHi>TEHT 5.

MM (et
— (MR-REFL)
M —* M M — N
Mo N (o)
M — M’
M —" M M «— N (Eq-Svm)
S Q-SYM
M —* M’ M’ —* M" N M
— (MR-TRANS)
M —"M My «— Mo My «—— M3
Y Y (EQ-TRANS)
1< M3

M — N IXERBAIZIE, M 25 N IZEBATY TOMK (7272 LB O m & X 5 R X -
TOWTELW) THEETDZZLE2EXLTEY, Coq WBWTHMNHEZBUTELWI L 2RTHA
B R->TWD, FEE, T—IA “M = N” DI, reflexivity &> CEHHAE 79 2 DIk
WM +—— N TR ONDIHETHD. (ZOBBIKLL TS0 EHET L TIVIT) XAIZ
DNTIHERRT D, )

HEM&E 3.1 1’

M = if true then (fun n :nat => plus n n) (S 0) else (fun n :nat =>n) 0

955, MIZBLFD3DDIH

M; = (fun n :nat => plus n n) (S 0)
M, = if true then plus (S 0) (S 0) else (fun n:nat =>n)0
Mgy = if true then (fun n : nat => plus n n) (S 0) else O

RIS NS 208, M — M; (72720 i =1, 2, 3) DEHARE ZThThEHT.

HBRIE 3.2 5 AMAHTOMM (fun) BT 3IBBIKTHS. LHL, fun & ANTICTSZ
T, HEEIBERERHATLIZLNTESE., ZOT7A FF Iz ONT R L.
63 [FAfERAfR L B IEIEN S

10



R EEIRE 3.3 Basics.v IZEH LU 72 plus B Z fix 2> THL, plus (S 0) (S 0) AT
NTS (S0)IXRDitAFE%, plus (S0) (S0) — My — -+ — M, — S (S 0) &d M;
ZHIETH I L TRE.

775 LADETEMK: L, BRI IO A0EGENGOTENIRL S X5,
WO, SDIDTATITADFETEIIBRRLZEIEDH .

9, R-BEmA 2 k< W2 &, 2<DT0/ I VI EFETOREBITHLEREARY, 5N &L
TIMEEDOENHFINTE Y, BIEOFHEI KOO T RN BICEAKE T LRI L HAFET
H%. F7-, RC-Fun, RC-Fix HHIZ, () BEBOAKEMHILTINWI 2 RL TS, EE,

Example foo : (fun (x:nat) : nat => 0 + x) = (fun (x:nat) : nat => x).

I reflexivity ZJ CEEHHT X %.

INSHDRUE, fliETOY I LD TET] ZEERD L, FEHANE LAZWD, BEO1 YT
A VIERRED AV L TOREIAD LS BREDETERELT (AL L%292) IVffiHLATOS
Ih EEBROITTNDS, EEZIEXV.

RAEEHD TRl : EOBIDOES &, BEBEAROHFEZL TEIWI L 2E R 5L, BE%E true,
S 0D& S BEMKNZMETIIEL, ZH(2ELN) THRIZLHEHFINTWL I e bnd. Bl
HEBIMNINTA—AZEJRTEBIBMAZILZLES RIS, HlZIE, £ % fun
x:nat => fun y:nat => y + x &L, fun y:nat => f (y*xy) 0 2ffifNd2 2 2& 2 &S5, H
BIIZIE, £ 3R ZRDRLEZ BIBEDIEEZ V-2 VIRLUT) 75T THE7H5, fun yinat => 0
+y % yWEONDIETTHD. UL, RUMDATY T LT £ (yxy) OEFHOD [ iz, B
AKRD

fun y:nat => y + x

D x & yxy TEIMZDMEEE-
fun y:nat => y + y *x y

MEHH, IRD 0 2T 2 & T, fun y:nat => 0 + 0 * 0 IZA>TCULES.
ZHEfDNRNITA=BTHD y &, FELANZHD y x yDy ZIREALTLE 22D THS.

T LAFETIE, ZOLDRERPEZ 25E611E, BEUST A =2 DHFHRA %2 UTRA%Z T 5.

LOHITIE, £ % fun x:nat => fun (yO:nat) => y0 + x & U72 ETBf#iN%E1T XIS,

fun yO:nat => yO + y *x y
WEONT, g 0 TIENE
0O+y=*y
WRLND.

T ARHETIE, BROLHEZ % UZgiE0OMHEAE LIZEA—HT20MEETH D, FAEDOZ I1E
match R EMMDEME S 2SS HXUZOVWTH VR D.

11



3.3 BENICEAITZ2EELME

T LAZHEOHRICE T 2 EEAMEE, FHREIFEINLFEDIFTEMBEIIEDLL RN L %R
T, AR (confluence) TH 2. GIMIFLATO LS REHE UTHRRLE I ENTES.

EEE 1 (éiﬁ'l‘i) {f%’ﬁ\@lﬁ Ml, M2, M3 c:jj‘bfy M1 — M2 D M1 — M3 @%Ci, »H
% My PFAEL, Mo —* My DD Mg —* My D3 L.

EFE 1 (ERF) HM PN EEHTERY, §82b5, M — N 22H N PFELUROE,
H M XERE (normal form) THD, WD,

EFE 2 (ERILTTEE) H M PEMRPICHENTES, $4805, M —* N (/U N ZEHE) T
HdDEDB N WFET D, H M IXESLATRE (normalizable) TH D, F721k, M FERE%E
FD, Lo,

BIRMEDEALT 2 &, HIZHTIIEHRIERRmXVEDTHD I LD 5.

REME 3.4 AP T 2461, HICHTIEMRENEXVEDOTHD I L 2T L.

3.4 Coq I8 3EHDEE

AHIFETRNZ LS, ZOfiIE Coq IZE T DFHBEDOMEEZRKRL THY, Compute IV R
X simpl, reflexivity &WoZFREIZLDEEHZITD 2DDE T T4V I DNR—AIZBES>TWND.

reflexivity X7 7 v ZIIBRITB R X D12, S DDHED +— BRICH DI NEFANDHEEE
F-oTw3.

Compute IV YV RiE, HOEMKZKDD-ODDIAYY RTHDLMETLILNTED. (£7,
ARMEDOENT T, EHBIEE 2 OEDITRED. /2, BRTD LD, RIIBTEHELFET
52 EHRAINT NS, )

simpl #4277 4v 71E 15 F<SHHMALTE L LD THITHEMLT D] LW D KD BEHEZN, Z
D I5FL] 22 LIXTHMHTD2OPEMHE L. EBE, Coq DY¥=aTIVZIZBATD & S RFAET
simpl OFEFAFHIAI N TS (FRIFTEE).

These tactics apply to any goal. They try to reduce a term to something still readable
instead of fully normalizing it. They perform a sort of strong normalization with two
key differences:

(s1184)

In detail, the tactic simpl first applies Si-reduction. Then, it expands transparent
constants and tries to reduce further using Si-reduction. But, when no ¢ rule is applied
after unfolding then d-reductions are not applied. For instance trying to use simpl on

(plus n 0)=n changes nothing.

oY (1 A 2 f8#9) £ 1%, match X if IZ& 255G 71 (R-MAaTcHZ, R-MaTcHS, R-IFT, R-IFF)
DILEELTWD. F/2, SEH (TNVAER) L%, EHBETOEENATEIMAD I LERL
TWd. OT, EOHBIFENZW, TBBERZEMU CEHELZED TEHED T @B L Rno/
5, BBERRMOENETREYT] Lo TWa.

12



Bl Z1E, plus n 0 WD IHIE, 9, plus,n, 01X LT, B flifEiITE> L T5H, oo
LT ERNDT, TNETNIDEETHD. TOWIZ, E plus 2 TDOEHRNATER (0l
F) LT, IH6ICAfiMEEDS. 58, LT T

match n with

0=>0
| Sn’> =>8 (plus n’ 0)
end

EWHSIHFE THET S, match OEBMIIFHHETERVDT, “when no ¢ rule is applied” DM
FUTD. TDRD, EREORBOLIAETHF Y EAINT, #H, plus n 0 IZE>TULES.

3.5 BIfTIFEAfR
EHMOBWNT THdZre M : T EL. HlZIES 0: nat ®
fun n:nat => match n with 0 => true | S n’ => false end : nat —> bool

Thd. Coq THIUTHDI L Check AY Y REMOTHIDZ Z LN TE LM, ZOHEMORER (Z
NEBAFEBREND) DIEMHEREZREZ AT L.

HIZIZZEEDBNDG 720, —BIIFRA T BRIEZROBIZOWTOEHR T 2 INA 7~ ZIHER
'FM: T UTKT. TIE : T EVIOROEHOMESEDFITHY, XK (context) F7-1FE
RIE (type environment)” L LIFEN D, HlZIZ,

x:nat S x : nat
n:nat,b:bool - if b then n else S n : nat
n:nat - fun b:bool => if b then n else S n : bool —-> nat

EWV o ZBRMERNL T B

RUSITBIRE fR L AR 2 > CEFRT D Z N TE S, BT EBERD 72O D ANZ BT (3
]RA (typing rule) & LIEENSD. BLFD, BIIFHAITHS.

(x:Tel)
_ (T-VAR)

I'ax:T
(T-ZERO)

I'-0: nat
(T-Suco)

I' - S : nat ->nat
I' - M : nat 'ENy: T I' x :nat - Ny : T (x & dom(T"))
(T-MATcH)
I' match M with 0 => N7y | S@® => Ny end: T
TIEREIZIE
' == e
| T,x:T

EWVWOMXTERIND. KEHD o IFEIET DI LHE .
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(T-TRUE)
I' F true : bool

(T-FALSE)
I' - false : bool
I' - M : bool 'Ny:T I'-Ny: T
(T-1r)
I' - if M then N7 else N : T
Lx:SFM:T x&d Tr
(@ ¢ dom(T)) -
'Hfun x: S => M :S8->T
'e:S>T, y:SFM:T (x & dom(T)) (y & dom(T"))
(T-F1x)
Ffix x(y:8): T :=M:S8->T
'-M:S->T 'EN:S
(T-APP)

'-MN:T
o HiH| T-MarcH, T-Ir TlE, DIBEEOHORMNEL W L 2HEWRL TS,

o Bl T-Fun (&2 &, BRI S ->T RO DiE, NI A—2DM%E § L LT (XRIZE
MUT), AMRRIZ T MAOKHTHD I ervbhnd. HIREBIZOWTE, = ORBLAED
BEFELL L2 ZEICERTNE, IZIEAKTHD.
dom(D) IZ T DI Y OLEMANIEHNDSZE NG R2EEGTHS. Tk, URICBEIZHEN T
BEBIISURITEINMTE RN 2 /RUT WS, 2D/, fun x : nat => fun x : bool => x
IEEIRONBNE S IR DD, THEEROF Y TFYDLEIALRAUTAT 7 %2ffi>T
INT A =B DR Z %47\, fun x : nat => fun x0 : bool => x0 ¥ & X582 & CHET
5.

A TR E (R0 L RkRIC) B ARZ M- T, TOBRBHAERLTL2O02BITEIENT
5. HIAIE

F fun n:nat => match n with 0 => true | S n’ => false end : nat -> bool

DEHAZFOE >4, UF T =n:nat £55. )

TFn:nat 1 V*® TF true : bool I LRUE I',n’:nat I false : bool

I' - match n with 0 => true | S n’ => false end : bool
F fun n:nat => match n with 0 => true | S n’ => false end : nat -> bool

T-FALSE
T-MATCH
T-FuN

RBMIE 3.5 Basics.v (ZHH U/ plus BIMZ fix 2o TELU (M &95), BIATIFEGR
F M : nat->nat->nat

DEHAZFHT.

8fun x0 : nat => fun x : bool => x0 TIXAL, I X IZHE. ZHOHHIZ—FBFNES22RBT5.
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3.6 BEMFICEATIEELRMEE

2GS ZLOBREOD DL BROZLWTO TSI A 28HRTD2IENTEIDZILILHD.[E
WOBNTOT T A LiE, T—4 - BRI U THRHEINTOARWMENS 232 XD RIET

e 0 true D& H 7R, B TIIARWMEDEH
e if (fun x : nat => ...) then ... else ... PEAEIUNTOEE DT

MERIOBRETRET D LD BRIHENWDS ZENTES.
IR D A ZGHRIZOWTI, BURO THRIGAFER ) & THEN] &0 D EBRELT 5.

TE 2 (BREEE)TFM : T H»2, M— M %56, THM' :T ThH5.

I M DWW (canonical form) TH D, &Ik, M »'0,S N, true, false, fun  : T => N,
HULKIE, fix a(y:8) : T := N WINLDEZLTVWDEIEE VD,

EE 3 (AEME) THM: T &35, EED M DERIE My (ZDW\WT, BLFKALT 5.

o My 7% My My DY (272U My \FEHER) 2561, My & fun = : T => M’ £ UL IE
fix x(y : 8") : T := M’ D TH 5.

e My 7 match My with 0 => Ms | S & => M3 end DO (272U My IFEHER) 261,
My ¥0 E-&, sM OETH5.

o My »if M, then My else M3 DY (272U My I3EHER) 2 61F, My idtrue U<
IZ false TH 5.

HIENEE, MERNZRS VA TIEH S0, BRPEAT S RIH (FHERPBN S BIECEA, match, if)
FEBRICRAHED (0 true DE DRI T —LEBERZOLNDHTIIA W) 2L E2RLTWD.

INLDSEDODEMEZELED L, EOXRO FTHREZFEDHIZOWT, & UEHN»MEIET S
o, TOMBREOLNAZIERFIX, S(...(0)...), true, false, fun = : T => N, & LI,
fix x(y : 8) : T := N WITNHLDEEL TN EBbnd.

X502, HARMWIZHRZHEDRORY, BODOWZIEOEHRIEE S - FET 2 Z L3 RNWZ L8
A5, INEEBEMEE WS EHYEMEIZIXES - 8O 2 FEMSFEEL, HMIIZNENES (RIEHR
{EPEIX TSI ERUEIE %2 BT 2 NI Y 3272780 WWHEMIRLAT 7 A X FHETIRE D 5§19 3.

EIE 4 (EREM) M I2iE fix 28N T, »D, THFM : T 295.
1. M —* N D, NIZZTh EZEHTEIRNES R N BWEETD. (SERE)
2. M — My — My — -~ 2 2HDMRY] My, My, .. \3FAEL R, (BRIEBALME)

Coq Tl&, fix 2o TWTEHRIESMEZ RO LD RELPFHFINT VAR, (B 3RID ik
TIEFEFDZEPMEINTWD. ) BIEFLME L GRMEPERLT D L, M «— N 2¥ET 2 FED
REFREIZRD.

REME 3.6 MIEHLME L GWRMEIRLT DL, M «— N 2¥ET L HEIEAERIZR D D%
BEEIE &
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4 BB S ATEEALRT
RY TR U 2 WAL 5 A SFHEE 2 5.

(types) S, T == ---|S*xT

(terms) M,N == - | (M, M)
| match M with (x, y) => N end

match (M;,M>2) with (x, y) => Nlz,y] end — N[My, M5] (R-PMATCH)

'-M:S T'EN:T

(T-PAIR)
', N):8«T
'EM: T, xT: 'ax . T, y:ToFN: S x, dom (T
1* A2 1, Y- L2 (z,y & I)) (T-PMaTCH)
' match M with (x, y) => N end: S
5 BMEMSLASFHEFLBEARAEI X
5.1 BX
(types) S, T  u=
| natlist
(terms) M,N ==
| il
| cons
| match M with nil => N; | cons = y => N2 end
5.2 &
match nil with nil => Ny | cons = y => N3 end — N3 (R-MATCHN)
match cons My My with nil => Nj | cons x y => Na[x,y] end — Na[My, M>|
(R-MATCHC)
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M — M’

match M with nil => N3 | cons  y => N2 end
—— match M’ with nil => N; | cons = y => N> end

(RC-MATCHL1)

Nl — N{
match M with nil => Ny | cons  y => N2 end
— match M with nil => Ny | cons « y => N2 end

(RC-MATcHL2)

N2—>N£

match M with nil => N3 | cons  y => N3 end
— match M with nil => N; | cons & y => NJ end

(RC-MATCHL3)

5.3 EFIFRA
I' F nil : natlist (T-NiL)

I' - cons : nat ->natlist ->natlist (T-Cons)

I' - M :natlist 'Ny: T
I',x : nat,y : natlist - No: T (x #y and x,y & dom(T"))
I' F match M with nil => N;j | cons © y => Np end: T

(T-MATCHL)
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