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AEEFERAMIERCODOWVWTERNZMBEITD CafeOB) 21— —%E[HR & L7 CITP for
CafeOBJ(ARETIZCITPERBI Y 3) E SN BFAEZERIEBY X TLOMBAAARTHB. K
ZBTEAT 5 CITP OBEENE version 1.5.4 LIENDCafeOB) ¥ 25 LTHIATIHETH 3",

RIIMCUATTHERI BV DD DORENERZTT .

TR#HRD CafeOBJ ¥ X T L& http://cafeobj.org/download/ M55 DY O—REEETHB)

#1.1: BEOTES

EES | €& \
X (sentence) BRZEHZS IRV EREMAI)FER ¢ =1ifC) HBIWLE. (F
H1E)BBRA (¢t = /). CafeOBJ NEXNETS L EBIRA
EENT4—LTXRETS.

AR (context) SIBAZE EMES 3 EY 1 —Jb. CafeOBJ CREINTWVE O
YURICE, HB3FENETEI1-ILEMNRELEIVYEN
Z¥EFETS. CITP for CafeOBJ TREINZ OV U RE
ZLMESTHD, ZN5OAVY REFSERC, —ANR
EFBEI1-IVEBEITZINEEDLVLEHICEBATNTE
ORXI|E VS TH S, XERIE “select” ¥ “open” OV
VRIEEODTEHRESIN, EIJ21—-IENRSA=HELTHED
AVY RFOBERLSZBRNCIEELE-DTD/INSXA-F%
AIE L BRIGERALEE U TRASNZEI 21 —Ib-£18 3.
d—JL(goal) U2 < M,G,C,H >, XIR(M)EZZTIHBLIZVLWXDE
&(G), FIEPAICBRL TERA L Z#b&(tactic)lc L DBASTH
Tz E# (constants) DE G (C) & {RE (hypothesis)H(3Z D&
B). BIHANRET I DES)EdI—ILEFEI ENRH
3.

& (tactic) AATHVERBRAIS L UOCZENSZHAIEGDELZEDZH
B&(tactic) & I3,

HEH(ground term) | ¥ ZES G VA,




CITP for CafeOBJ OV >V K

ARET(L CITP for CafeOBJ) TIEHEINIZIAVY ROEHCDODVLWTRRD. BBLEMEDEED
SHlcEeEXEESBEI N,

2.1 SEEADOBIR(T—ILDERRE)

HRABENETEI1—IVM E#XREL T, TORTIERALEVWXDES G MNIRTHIITICEE
SRR ZEIEER TR CEICEL > THATRCENARY I T LOBETHB.

- SEFAZERAIAT B (C(E, SEFAZEITOMARESREL, RWTHHLEVWXDEEEZEE I 3.
XIRNDFBENL BEED CafeOBJ O ¥ ¥ K select <ModuleExpression> . & 3 L\ (&
open <ModuleExpression> . (C& D> TIT3.

c SEFAZE R R XARDERER, TICRT igoal AVYRICKL>TEHBALIEVWXDESZBEY
3.

goal OV F ::= :goal { <sentence> . ... <sentence> . }

sentence (&, CafeOBJ D(RHE)ERH 2 L I(REHTE)BRBRAIOVLWITNHTRET 3.

MR E T —IVDE&EH

select CLOUD

tgoal {

ceq [inv1 :nonexec]: true = false if statusp(S:Sy s,I:Client) = updated /\
statusc(S:Sy s)= idlec .

ceq [inv2 :nonexec]: true = false if statusp(S:Sy s,I:Client) = gotval /\
statusc(S:Sy s)= idlec .

ceq [inv3 :nonexec]: true = false if statusp(S:Sy s,J:Client) = updated /\

statusp(S:Sy s,I:Client) = gotval .
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ceq [inv4 :nonexec]: true = false if (I:Client ~ J:(Client) = false /\
statusp(S:Sy s,J:Client) = gotval /\
statusp(S:Sy s,I:Client) = gotval .
ceq [inv5 :nonexec]: true = false if (I:Client ~ J:(Client) = false /\
statusp(S:Sy s,J:Client)= updated /\ statusp(S:Sy s,I:Client)= updated .}

2.2 FEEAKRODEE

ZCTlttna~Y Y RESBEYT 3HI(C, CITP for CafeOBJ MR T % SEBAAKR(proof tree) D&
[CDVLWTEREAT 3.

SEARKEEEELTO—-ILE )/ — R ET 3ERAOAREE(directed tree structure) 25, /K
(branch)(@T—Jblcx U TEA L 7288 %E SR JV(labe) MOl TWVNDE. HB3T—ILGICHN L TH
ZHMIETEEAT 3 E, —BRUCEBDIT—ILG,Gy,....G, NEBRTINBZIN, N5 G EHLED
T WOFI—ILEER. GHEE Gili—1---n) "OK(E, STEALZBIETICL S5 T%
.

UTFZO—BNEIEFBEADBEE LD EAENICIRARSZ. UTTE, J—IVETFBRAD.) —REXE]
T (CANS.

cigoal AVYRIEE>THEESN DI EPHEI-ILETS.
- H3/—R(O-I)ICHLTEE T OBRICK > THEGEI-INERSNEBE, TNs5%E
FDO/)—RDF/—F&ETB. CNS5F/ —RADKESRNILT =152,
c BEO—VICIERDL S (CZRIHDMIMNE NS
- #EAT—JVIZ(E root EVWSBEIDMI(F 5B,
- root EFOI—IVICIEFEARE 1,2,...,n ERZBEIHMT(FS5NS.
- T, B23TJ-ILORIRMN THo2IzEgdE, ZOT—IVITIEN-1,N-2, ... N-m D&
SCREIMMITENS.

COESBBEZFDMAARNICENT, T—=IVHEATNBI EEUTOEEZES:

s HBZ3T-ILOFI—ILRETIRAS N EE, ZOT-IVEIATNS
« CCTCHIARNB L (EUTOEZSS
1. XH\ TR (satisfied)TNzIHBS, HD0L(E
2. FE&(contradiction)MERIND: gixhHE
- ZOXARICEF LT true = false HNEEEAIAE(deducible) & 753
- BBNGEARTFENETS. AIZE X <Y <Z DEIC Z<Y INRIETES.
INBEOVWITNHIMEIZLEER, ZOId-IVICEENZIUZXET-ILHS BIbESNS
(dischage N3 EES). d— I SHANROXINIANTELEo> B, 203 —I)UIFEEA
TNEEES.



root

/7 1\
T T T1
rd V N
1 2
ya N
T2 T2 T3 T3
rd \ \ N
1-1 1-2 2-1 2-2
/7 1\
Tn Tn Tn
rd \ N
1-2-1 1-2-2
2.1: EEEAR
xR 2.1 HiK—8
[ BilgR | FmERR \
Sl Simultaneous Induction ([EIRFIEAAE)
CA Case Analysis (IB&7 ()
TC Theorem of Constants

IP, IP+ | Implication (BE)
RD, RD- | Reduction (f5#41b)

2.3 HEROEA

c PO —IVIRERESNIZETIE, rapply AVYRICEL- T, BEQOEKEZ I—ILICERATES
£3EE3. T—ILBRRESNTVEWEE, apply AVY FOBEAE>IS—& L THRDDN

3.
- BX
apply OV K ::= :apply [ to <GoalName> : ] (<Tactic> ... <Tactic> )
<GoalName> = J—ule5 S hiz&A]
<Tactic> =SI |CA|TC|IP |IP+|RD |RD- | <D efinedTactic>

« <Tactic> DI/ET, AXZFENXZDOXANELELN.
+ to <GoalName> AT NZIBEE, WEDT 74U ~J—IL(ER)c L TEAINS.
« <D efinedTactic> (32.8.11ZCHAEAT B idef AV YV RIC L > TEHZINIZHBOREITHB.

2.3.1 HEg

CITP for CafeOBJ TIEBHE N 3 MR E X 2.3.1 (CRT. REEOEEHLGESCDOVTIE, 2.558
TEHET 3.



2.3.2 HEROEARIER

wmmyQE"aNﬂ9-~)

2.2: MROERIER

®22(c, $B3T—)bn EHLTEOHEE T, ... T, % BALLEIC, CN5OBBERE D&
SICEATNEHERY. —RICHFIHIET, £T—IU N (CERLEISS, HBECEL> TEMOT—
IVDNERETNS. :apply AVY RIC—EDEIE I\ T, ... T, BNEESN, T—IU N (CBERINLET
3. COLERUOEIE T, (C&k>TEBRODNIT—IU N, ... N, RERS Nz & L, RO T,
FEnsohT— LR TERL TBASTNS. UTFRKTS3.

2.3.3 BEHRg
BEBRAINS —EHCBANS XKAANTERCENZVEEZIBZENDTET 3 —ENHIRZ FHH
Bl, INZzEECHERATEZILENTHS. CnrSHICAVYY R auto BABRINTLS.

- B
auto OV VR ::= :auto
« :auto (X :apply (SICATCIP RD) &&EMTHS.

24 =5y k-d=)

rapply AV Y FEIMEEEAT 3 - ILO5IMZERI B EMTES(2.3). COF, BELE
HIEROBANREGSZI—ILESY—=T Yy k- J=IVEES. YT LERFINZERDORANC K > TRE
93.

« PIHAO T — UM igoal AV Y RICK > THRESNZBEE(E root WY - v b - T-ILTHB.



c HB3WRET—IVICEALEZEE, SMBRAOBELREED Kis/ —FNI—Tv k- -
Ei83.

F—=5Fwbk - d=JUE rapply AV Y ROBRNGRREGED T—ILEFTHELS, d—ILZESIHIC
BOOVYRT, ZNHREBEINRBRICERANRE TSI I-ILE L TRDONS.

241 S=5v bk -d=)LDOigE
H—5w k- O=)Uld, :select AVVRICEKODTEEIT I ENAIREETH B.
- B
:select AV R ::= :select <GoalName>

iselect AVY RTHESNZI-IRFI -V EF > TVWEE, TNSOFIT—IVIEEAARNS
HIBRE N3, K23 Ed—IW1-1BR5 =5 v bk - J=JLERD>TVBIRRET iselect AVY RTO—

root
/7 1\
™ T1 T1
rd \ N
1 2
ya [\
T2 T2 T3 T3
\ \ N
1-2 2-1 2-2
| :select 2
root
VAR N
™ T1 T1
' \ N
/l . e
ya
T2 T2
rd ¥
1-1 1-2
2.3: :select

INREBEULBRI-I2RI =T v k- J—-)beldhb NI TCT-W20F I - > Bz
—IL2-1E2-2DEIBRENeRkFERLIZENTH S,



2.5 BREEOEEH
ARETEEICRARZZEBEBDOZEFH C DLV TIRRS.

2.5.1 SI: Simultaneous Induction

{SP - (VY)0(e) | 0 : X — Tse,Y : finite}
SP % (VX )e

[conAbst]

ST =SigSP), 5° C S RBRFNSHBIWAVIZFvTH3. Eh0: X - Tu(Y) &
Sig(SP)-B#aTH 3. LORBAIEEL ¢ M X [CEINBZEHDE TOABERinstantiation(c DL T
BDIUDES (VX)e MDD EZRBIKT B.

[conAbst] [(FRANGERNS (IERIT DML L. FARESIL—ILDA VX5 Y INERICH
DFBINSTHSD. TORDDICTORNRTRIB(C L > TN ZRMI 5FNHERKS.

SP" =4es P R (SP, {{z}s}) U{(V{})e}
SP'F (VZ)e[x « f(21,- ) 2io1, @, 2ig1,s - - - 2n)] f € FS}

[Ind] SP P (V{{x}s})e

Ind (FBHRFR—IDBHRHERZBEELLEENTHS.

« BB SI (F LD Ind ZRBORNER CX U CRAKIGERAARGL SILERLIZENDTHSD. EE
L 2 IRMZ# (induction variables)(cX L T T &E1TS.
- R=AF5—-2X
- BWEDIRE+RXTv o —2
FNENICHR U IFlRId—ILEERT S
- induction variables (& :ind on 3 L\(& :ind+ on VY RICL > THEET 3.
tind AV R ::= :ind on ( <ZE#¥> ... )
tindt VYV F:ii= iind+ on ( <EE> ...)
with base ( <I&> . ...<IBm> .)
step ( <IB> . ...<IEn> .)
<ZEH> (F on-the-fly DEMESHATIEET S.
-+ tind B\ rint+ AVY RTIBELZZEHICHBITZY — bR, BRFERFLEVWY—LT
HoHBEREIS—&T 3.
c BIEDRER®, HMANRETIXTYIT—IANDXTIE, BRMWELCLIERDNRBERS
M, ENSERDLSICELTERT B.
- BZEHBEY — R EVSBFIDARL -5 ZEA
- ZDARL—=FZAVWT(EH)EZERT D
BIZ(E, IBRE#HE LT I:Foo NMEESNIBES, BATNIEHBE kY — L8> 53,
<V — k&> ([FXARICIHC TEYGY — ENEIRETND.
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FIAEERORMIF—L4

iind YV RDIBE, Y XTLHNBEENIICEENDRMHEHDOY — 0O BRFERNSA—IT —
RERAFTYVIT—RCHWHTRIED/NI—V%E £HT BN, indt FIBREOR—IE LTV
DIRT—V%, FNFA base 5L U step TIHET I ENTHS. <IBE> D/IIF—VEFIHELTES
Z, TNECEDVWTELAD T—XOBEO/NRY—VEEHRTS.

2.5.2 TC: Theorem of Constants

PR (SP,Y) P (¥{})e
SP I (VY)e

[TC]

COFEEFRUNIENHCRIBINZRBICET 3 HRZTORC, EHEAD>TEALTERV
ETBEDTHD, ERELDCafeOBJNETMRA T Y I VEFALBETEENATINTULSIEE
TH3.

CITP CafeOBJ TF C DFRERACHL T 3 ENZHIRE L TRIET S, [TCllcL > THEZICEA
TEEHRE, BIFOEHRREERNEVLS(CERL, KAUKNCMBIND.

- BAZOI—IVICEBOIEANROXNEETNTVBRIBEEE, FNECAIRO/NT—ILZEER
L, PEE9 3.
s PRI -ILIEX UL TUATZRMET 3.

- IANRONICEINZIEHENLT DY — FOEHRTETHRZ S
c BHERDELS (CHFTeGARL—FZBAT Il L>TERT B

- BHAY— R EVWSEFIDARL—FZEA

- ZOARL =S EAVWT(EREEZERT S

BIZE, ZEX MY —k Foo DEHTH>ZIBE, BATNBZARL -5 (&

op X@Foo : -> Foo .
DEOCEESNEOEEMTHD.

2.5.3 IP: Implication

&, EU{({Pt = t1,..., (V{Ptn = 1) F (v{}t = 1)

U S B v Dt = iF (s = £, = 1]

RENEFATRETNERREDES, TNSEHLBRRNIBELTEAL, REFHZMOE T
—IEHFHleEI-ILELTERWVWEZ [IP] (IIRLTW3.

[IP] [€DWWTE CITP for CafeOBJ DB 2EERA & LU TR TS, REILMELHD atom D
B (A THIENZEBOZE)DIBEEX, FNSELAODEHRONEE UL TEATS.

c BRSO —IVICEHOIATRONAZINTVBIHEX, TNECHLDONT—ILZEIER
L, #EE93.
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< T, FO0—-VIEHLTUTZE#T 3.
« SEBARDOXE N ceq T = T if C F/zld ctrans T => T' if C D, HD
- CHEEEMBSICUTZTS
- C=ENEBELTEN
- TTOIEBAIRNS RUEBEHIBR L Iz EDZEFIFIEANROX ET B
- CHREBORENR A /N2 ... N anDELSIE, /\ THRESNEEOBSEDEEL, EXR
Dcl...cnz NEBEULTEATS.

2.5.4 IP+: Implication 2

IP+ DEHIL IP EEKRTH BN, REBHSERSTNIZHIR C Z2REE L TEMT 5D TEEL,
SR DX DA LHS %=,

C implies LHS = R HS
DL, HPHAHFDFARL —5 implies zAHNTEATS.

2.5.5 CA: Case Analysis

(PR (SP,Y)U{u=1t}F"e|te Ts(Y)s,,Y : finite}

[split] SPrve

SPU{u = true} -"e SPU {u = false} F e

[splitBool] P e

NS IRBNTZEDTOREMRCOVWTETELZEDNDTHS. CNICDWTIETIERDMARE

o TVWBEERPIHEEORRE UTWRIBICLDREGED, —BNEERXF—LESZ3EERET
»3.

F0rY, BERITEEMIT D LTORT—IXZMBAENRNEB(C L > THRNICIERL, YXTLA
MENER—ICHERIBED T EREITIENDET D, COEERIE Maude @ CITP Y X F LICE
2ZEDTHB.

CAIXRDLSICENMET 3!

1. SEFANIRONHNSEBEIE Gy,...,G, ZBXOHT.

2. XPREF>TWBEIT 2 -5, SRNIVELUTEHEN "CA” TIHESD REDOES Ac ZK
3.

3. 8G(1<i<n) lEDVWT, ZOEIEDEN Ac [CEINZINED ENETBEERELKVWEE
JBOES Gs 2183

4, % g, €Gs [EDVT, & (1 = rif() e Ac LORIT UTFEHET 3.
a) HEEIH g; [CBBI 3T —XD&ES C; 2Z&Elcty 3 3.
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b) o(g;) =1 LGB B o NMEELTES, o(C); & Cs; [TEBMT 3.
B Cs; FEEEg; CATZ3T—XDEEEGE>TVNEDT, CNSHETHEFAELE
CS1 xSy x -8, ZEEL, ETOARERT —XDEHEDEZRDHS.
5. LR SNEBH#EDE L, FicGFI—IVZERL, ZTZOI—IIAT—XZREBEL
TEMT 3.
TIRBET—ZADERDH DBBHD, TNSZREBEL THDREE RECRLU TRELORBKRT
T B2ENETS.

« ETHiRTz CABEZERIET 39 BRIlC, BRANKRODI—IVICEHD AAFNRKRONHBFEINT
Wes, ENSZ@RONT—ILCDERL, Z0E, tO CANEBZREY 3.

2.5.6 RD: Reduction

B RD (&, UTZRMET S :

1. O—JUAT true = false BNEEBAIRENE SHETRS.
[CT] SP F true = false

SPEp
CNDTEERBEE, FELOTI—IICEENDI IR TOIMENRE L TL\BX % discharge
g3,
2. J=VCBENBAAVROXIARTICDOWTUTEITS. T, SMAVNROXE 1 =r if
C&93.

a)l, r®E30WE COENNREEETRIINERICELRL. INSDITRTHEEEDE
BlEOHFUTZXMET .
b) HEER C DRI (normal form)&EXR&HD. BRI true &5 (ERANED (REBHNEEL
BUVIERIE true EHEEIND) . BERN true THREINEXETZERILLEVWEHET .
) XDOED 1 DB E KD 3.
d) XNHED r DEINFEERDS.
e) EAMIOBNENR IFLWLW] NESHZEFARD. T, FELLWERMTOCEZS
S5
- BOEHNRECU.
cBO LY TARL -5 DR2F Y —EM(associative, commutative EE) &R > TL\fz
ma, TOEKRTEFLL.
) ELONEWRILITDEL, TDOX% discharge 3. FUKEINERIILEGEL, &F
3.
3. J=VICBENBZIARTOXMN discharge SN2/ S, TOT—IVIEEEASNZEDET 3.

O (I TE RN E SHEBEERNLRVR, BE&E RD I —ILREATEZHE SHZE LD
£2CLTHRXNS.
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2.5.7 RD-
B8 RD- OFE(E RD EMTVB M, UTORNBRERLES.

ROT(FEEAT RO D ELGL DR ERDBRIC, CNSZEREFBRIICK > T BIRNICETF
93, EDRHXDBBRILLUIEDN2IBE, TENSOXEENFEIC ESWMI oNFEERD. FNlCH
U CTRD-T(IFBARDXMNMILY D\ E SH\E BANBIRIC, EEDNEBRRNCEZTBRZ B3R
<HAR3B.

2.6 :spoiler : [EEAEI RD & HlEH

25 TYRTLICHFAHFDOEZHBEDEEZ BTz, RD LN DS (L Z DEBR(CIE U iz 6k
EEBALREDITZRETEIN, ZOBRI-IICEITNIXNRILT IHNE SNERANGEL, &
27 LS spoiler EWSEFRD TS T &EFHF>THED, INEon[CHREITDLlCLD, B ER%
DIRETT— IVHGERATAIEENE FARD L SIERIT I EMTES. RELVHEEE S FZONKRATSH
b, ZOT7ZTMon DIFETE2.5.1TRARTZLLEDMIB(ZITHELY.

CDITSHTDHZET 1spoiler AVVRICL2TITS.

:spoiler OV K ::= :spoiler { on | off }

TS DYEREL off THB.
ZDTZTH on DBEDFEEE(SIHS K URDERS )DEENL, 2.5 THEAL 2B % EHEE (C

RDZEMTI3NEEMTHB.
rauto DEME

rauto OV Y RICLBHESERDIZES(E, :spoiler 75T M on MOIRETRITIND. :auto OV
VROERTHRRTRIET ST ETORELES.

2.7 {#HBhEISRES

CCTITEEBREE UL TUBMITSNBIEDOTEEVLWD, HERTEREEZ SN IFEEINLE
BE(C DUVLWTEBAT 3.

2.7.1 NF:SEBA SRS BEHIA
- HIHREBEALZBICT-IVCEENIEATRON(C FENBEEIE(ground term)Z £ T
BE#97E (normal form)(C 9 3.

"TEGIOBNEERDTRARZREIFALUTHS. —BIC—%{ED, ZNSEETBRI TANZO L EMBEEEETT
3.
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NF (& :apply AV YV RDEIHELTERBCEMTES.

2.8 ZoftnavYE
2.8.1 :init AVYVK

« 1init AV Y RFEBHOFEFT lemma ODEA EPEEET SOOIV R THB.

- BX
:init VYR = :init "["<label>"]" by <Substitution>

| :init "(" <axiom> ")" by <Substitution>
Substitution ::= "{" <Variable> <- <Term> ; ... <Variable> <- <Term> ; "}”

s CNEERTIBCEICEDT, <label> TEESNESARILERFDONE, H3WE"("& ") T
HENEZNB(CEETNIZH%E Substitution TRINEZEHBRICK > THHL L ZRNIEE,
=Tyt - d=JLORNBE L TEMTS.

- BMT3NEE, BTRERC init AVYRIEL>TEASTINEERGHB LS [INIT] &0
SNV ZEMMTS.

linit AV Rl
NREE>TWBET 1 —)bIc, ROLSBRENRE 72T 3.

ceq[inv3 :nonexec]: true = false if statusp(S:Sy s,J:Client) = updated /\

statusp(S:Sy s,I:Client) = gotval .
CNERUTTFOLSE tinit AVY REEHATE 3.
‘ :init [inv3] by {S:Sy s <- S#Sy s ; J:(Client <- I@Client ; I:Client <- S#Client ;}
CNZEERTIB LT, FilclanNE

ceq [INIT]: true = false if statusp(S#Sy s, I@Client) = updated /\
statusp(S#Sy s, S#Client) = gotval .

HUEMENS.

2.8.2 :imply AVYYVFK

«timply AV Y R(E tinit AV Y FERTVB M, BEFRLEFNIRITXIRIC ITICEAELT
L3 eq[label]: lhs = true . EVWSFEDFERAUMNMEET D EMTERL,

- BX
:imply OV VR ::= :imply "["<label>"]” [ by <Substitution> ]

Substitution ::= "{" <Variable> <- <Term> ; ... <Variable> <- <Term> ; "}"

- 3

14



1. <label> TIEESNZ SNV ZFDOFRICZTEND ‘eq[label]: Ihs = true. " EVWSFEDEF
DA lhs(c<Substitution> TIEESNZEHEMR o ZEAT 3.

2. B85M 7z o(lhs) DBEIRE norm(o(lhs))ZK&hH 3.

3. SEANROXMN ‘eqL =R  EVWSFEDEDNRZETD E, <N%Z ‘eq norm(a(lhs)) implies
L=R.EVWSTENONTEZTRZ 3.

ZHE(<Substitution>) FEBEAIBETH D. CDIFE, HMANRDIIE ‘eq lhs impliesL =R.’" &
WSTEDXTEZTRZSNS.

2.8.3 ‘:rollback AV F

- roll back (&, BEDNY T vk - LI U THEBI N, BERIOEEZ v tILT3.
- BX

iroll back A¥Y>YF ::= :iroll back
c COOAVYROETIEELD, =45 vk - D= JVFEERAARNSHIERENS.

2.84 :(cpAVYVVFE

ccp AVYRIFEBELRE2DDXDI YT+ HILRTEKSD, FABICRTT 3.

c MAZBEEFNCHLT, RETHRARS equation AV REEZRANT, TNERNBELTY—
Tw k- O=JLINEBIMT3ENTES.

- BX

:cpaVY YR ::= :cp <Sentence> >< <Sentence>
<Sentence> ::= "["<Label>"]" | "(" <axiom> . ")"
- <Sentence> [, XMREIJ 1 —ILTESINTVIREDOSANIL% <Label> TIEEIT DN, £

L& CafeOBJ DRIEBEE T # — L% "("&")" TEATRHET .

icp AV Y Ko {ERG
COflE, BEX%E CafeOBJ DRENESHRETERLI YT AL - R7PE ROTVBHITH
3.

tcp (ceq top(sq(SeSy s)) = I@P id if pc(SeSy s,I@P id) = cs .)
><
(ceq top(sq(SeSy s)) = JeP id if pc(SeSy s,JeP id) = cs .)

2.8.5 :equation/:rule VYK
s INSOOAVYREF :wcp AVYRTHONEVYATLNSDOV T A - R7D BRIETT
%, FIAEOEE L L THERATNS.
- BX
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:cpEE ::= :eugation | :rule
- tequation @O UFT A - RFPEZERELTI T v b - J=-IbNEMT 3.
cirule @OYUT A R7PEBBRAIELTY T v k- d=JLANEBMT 3.

:equation OV F O EFRH

T icp AVYRIEEBIUT AN RPEFRELTI—T v - J-ILIANEMTBHTH
3.

QLOCK(X) > :cp (eq I@P id = SHP id .) >< (eq S#P id ~ I@P id = false .)
[cp] :
(1) (true):B ool
=> (false):B ool
QLOCK(X)> :equation
[cp] added cp equation to goal “4-1-1-1":
eq [CP ]: true = false
[ip]=>
tgoal { ** 4-1-1-1 ------mmmmmmm
-- context module: QLOCK
-- induction variable
S:Sy s
-- introduced constant
op IeP id : -> P id { prec: 0 }
-- constants for induction
op S#Sy s : -> Sy s { prec: 0 }
op S#P id : -> P id { prec: 0 }
-- introduced axioms
ceq [SI :noexec]: top(sq(S#Sy s)) = I:P id if pc(S#Sy s, I:P id) = cs .
ceq [INIT]: top(sq(S#Sy s)) = I@P id if pc(S#Sy s, I@P id) = cs .
eq [CA]: pc(S#Sy s, S#P id) = cs .
eq [CA]: S#P id ~ I@P id = false .
ceq [INIT]: top(sq(S#Sy s)) = IeP id if pc(S#Sy s, I@P id) = cs .
eq [IP ]: pc(S#Sy s, I@P id) = cs .
eq [CP ]: true = false .
-- axiom to be proved
eq [TC :noexec]: top(get(sq(S#Sy s))) = I@P id .

}

EMENBRIEE, (cp AVY FOBREMETNZENETHRITESELS, SAICCPHIMIIFS
ns.
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2.8.6 :backward equation/rule AV F

FZDEI TRz :equation B& U rule AVY RERBKREN, BRENLEIVYTHIL - RTPDE
BVEEDEANBZIERBELT Y-S vk O=-JLANEATS.

2.8.7 :ictf AVVEF

ctf AV R, BELZSAPERBRIBRIONII - R, H30VWIEELZENEEER
FIZELULWLWHENMCKLBIBER TFTETS.

F/BBRAICL3BZEERT

ctf AIVYROTIERIBNEHZ3EXNH B VIEIBBRRAUNKILT 3HEERILLTVZEN2T
—T, BEDOS—T vk  d-)ZE220YTI-ILICHEITS.

B ERXHDVEEBBRADOBKIL/ ARILICKBIBERT
true/falselc K BBEDF ::= :ctf "{" { <Equation> . | <Transition> . } "}"

ictf {eql=r .3} 8

ctf ictf

e A
rd N\

g+{eql=r.} g+{eq (1=r)/=false.}

2.4: ctf OEME - FN/ BBREAUDMIL - FRIZICKBHBEDF

2.4 (Fd—ILg M= vk - D= )LDIRET
ctf {feq1=r .}

ELEBOBERTOKRFERLEENTHS. d—lvglceql =r . ZIREE L TEMLZ g-1
(true DIFE)E, eq (1 =r) = false . ZEBMUL 2 g-2 (false DBFE)&FKL, T—ILbgDFT

—LETB.

BRFICLBIBERT

ictf AIVYREBRFZR DOV - FDIREZEEL, TOBAFICLBIBEDTETSCEETE
3. TOHBADBXETOEEDTHS.

- B2 EHBR T LB IBERT
BRFIlCLBIBADT 1= ctf "[" <JBE> . "]"
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R25 =gy =T vk - O=JLORET ictf [t . ] ELTEELEE t N EFAFDY
— kB ool DIETHIZENHFIETRLIEEDTHS. t D true DIFEF L false DBFITHEED(FIN
Tuna.

wetf [t . ]| 8
ctf ctf
. N
rd Y
g-1 8-2
A 7
g+{eqt=true.} g+{eqt=false . }

2.5 ictf OFME - EBERF(C LB BER T

:spoiler on DIFENDEE)

:spoiler 750 Mon MIBE, CDLSBHTI—-IVICHEIE, ZNENOYT I )L TEEMNIC
BB RD (2.5.6) LTI 3.

2.8.8 :ctf- OAVVFK

ictf- (F ictf AV REBEDITOMECODVWTEEKALTHS. ULHULIERSNZFI—IL
[EXLUTRD ZHEALLEBR, EBANROXMN discharge SNBEMN > EIHSITRD L SHEEVD S
3.

« ictf AV RDIBES

AFEARDN(ER D DFEAICKL > THEKMESINIZIREDET T LGB
« ictf- AVVRDIBES

SEANRDONI(F R D NEASNIHORECETNDS

—MRICRD DEACKLDIEANROXEIBEENICEZTRZI SN2, BED T EEHGNICE
LTW KSREEHMBIETR D g% BRALZIBSE2, S %< discharge TEREN > ZBR(ETD
AR RONICEL T TS5 CBEDFERIFTTLERL. INZEBEEMNICTSDIC ictf- HMERT
»H3.

2.8.9 :cspaAVYFK

iesp VY RIEBOSHIIBBRRAUNEZEEL, SABWILIBELR/NIT—IVEERT S.
£ U :spoiler 755 Mon MIBHE(EF, ZF0#, S/NIT—ILIC L THEEMIZEES RD (2.5.6) ZEHAY
3.

2:spoiler 7S5 on DBEEEICES KB
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- BX

J—BESE ::= icsp "{" { <Equation> . | <Transition> .}+ "}"

tcsp{eql .eq2 .eq3.} 8
I

.CSp .Csp .Csp
. | N
rd ¥ N
tapply (RD ) g-1 g-2 g-3

% %
g+{e‘q1.} g+{e‘qZ.} g+{e‘q3.}

2.6: :csp DEE

26DFA S-S whkrd—ILRgRETS. "csp eql.eq2.eq3.” NDESCLT3IDNDER
eql, eq2, 8LV eq3 ZIBELIBE, :csp E3M@D/NT—JL g-1,8-2, g-3 ZERML, EFNZENIC
WU T—DDDEESNZERZENTS. KT spoiler 75T M on DIREERLTHED, E£WMET
Nz hd—IVIEN U THRENICHES RD # @A T 3% FERLTLS.

2.8.10 :csp- AVYVFEK

icsp- AVY REBEDITOMEECDWVWTE 1esp AV RERKALUTH D, BXERAETTF—
D—FR icsp (0D >T iesp- BIBETSD. EBULIE ictf & ictf- DBVWERIUTHS. TRKEDE,
ERENEFI-IVIEW L THEHASNZ R D BIEOER discharge TN > IBE(C, TTOIEA
WROXZICET (resp-)D\ BSE UL\ (iesp) HhDEBWNTH B.

2.8.11 :def AVVF
R L BROERICEMZEDITS

idef AV RIEF—ELUEISERICRAIZ DT tapply IV RO BIHELTEZXZCEMTE
3£5CTF 3.

—EDOHIRES ::= :def <name> = ( <EEER1> ... <#B&n> )

T8RS IP (C5IZEHUVWTRD ZHEAITACEIC iptrd EVWSHERIZEDIFRENDTH 3.
| :def ipsrd = (IP RD )

EO&LSETBEEED, tapply OAVVREDEIHMELTipird Z IEETBICENTEBRLS(CIF
3.

| capply (... iptrd ...)

19



L ®D ip+rd DEZE (S :spoiler 75T on DIFEDHEEE IP O EEERMUTHS. DK SIT :spoiler
TS0 Moff DIRRE(T T #JU) TRD ZEFMCERTLEVWVBEECOLSBERELTHLCL
TREECINZETOENTES.

ictf 15 E DEIRAIR(EF

Ffe, ctf AVVREDIEEN (esp IVY FOIEEICHAIZ DT, :apply AVVREODE|IEHELT
BZ23EMTEBRLSICT 3.

ictf BEEREE ::= :def <name> = :ctf "{" { <Equation> . | <Transition> . } "}"
| :def <name> = :ctf [ <Term> . ]
icsp BEBREE ::= :def <name> = :csp "{" { <Equation> . | <Transition> .}+ "}"

ictf- {° icsp- TR TH 3.

CDEIETBCET, (ctf-GFEODIVY FDOERZ, MMOBKEMBAIEDET tapply IV
ROEIBMELTERBCEMTES.

2.8.12 :show OAVYVF

SERADETIKRGE ZHRI D DICEREBONZBHR=EH S8, BEED show AV R ERE
PIOEREZ IRIL T S 1show OV R ZRIHT 3.
d—IVABDFET - :show goal

- d=ILOARABERTI B.
- B
d—JVDFRT ::= :show goal [ <GoalName> ]
+ <GoalName> THEELTeI—ILZzKRTT 3.
- <GoalName> MAMEN/ZIFH(EF, BEDI—T vk - I—-ILERTRI .

KREEBAD T — IV DFT - :show unproved

c BRRCEEIERIATVWEWI—-ILERRT 3.
« RIEFAOT— L&, BEDIERBRECH(FBAHAKRT, RED/ —F>5 TLIEATRDX
M discharge SN TLWEWI—JLDEESS.
- B
FKREFBAD T — UKD ::= :show unproved

SEEAARDIBERT - :show/:describe proof

:show proof
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- BRRIES TR IAAROBEZRINICEKRTT B.
- B
SEBAARMRTR ::= :show proof
c SEFAARDERRICEH o222 TUE, UMTOERABICHBIHEKRDZ LTS,
- O=ILIREDHIEIC L > TERSINIZEDTH S H
- 5=y bk - d=JLHMATHZIH
- d—JVIFEERREH H\ED

:describe proof

- show proof EEARLEHRANGEEDRTTIEEL, FAHDOBET FASNERECET 31E
BZRTIDIONENTHB.
- B
SFEABFENER ::= :describe proof
s RINCHE->TE, UTOBHR=ZERRITS.
- ZOO-IVEER L 2 Elg
- SEERATREX
- IBREONRE LIEH
-SIH3WE TCHEBZERTICH> TEBATNLEEHN
- B K> TEASTNRE
- J—JLHEERAS N TV B HEDH
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{528

ARET(E 2TEBA Lz CITP for CafeOBJ MEAXRMNGHEREZ HEE L ZHIEICDVT, ZDOERTHIE
BHOHETERAET 3.

3.1 BRLEOEEORBWIEIC X S5

R7/)ROBRBOLETELEZERL, ELEORRAIEHESAINKDIIDC & =AY 3.

PNATDES

BARABOY—KIEPNat &L, FIY—rELTP Zero(ZO)& P NzNat (1L FOBEAB)EESH
93. BLEIIF+, 0&sHEBHRFTHS.

** P rove associativity and commutativity of addition

** using CITP for CafeOB J]
k%

mod! P NAT {
[ P Zero P NzNat < P Nat ]
op 0 : -> P Zero {ctor} .
op s_ : P Nat -> P NzNat {ctor} .
op _+_ : P Nat P Nat -> P Nat .
eq 0 + N:P Nat = N .
eq s M:P Nat + N:P Nat = s(M + N) .

3.1.1 #(§
ESROIRICHELREEE L TROMENRS 3.
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N:P Nat + 0 = N:P Nat
M:P Nat + s N:P Nat = s(M:P Nat + N:P Nat) .

ZFORY, TITRVICEUEIT, INSOMEZSLICEATS. CIT for Cafe TIEAT 3726,
B#IC PNAT #XRE U THRELTHS SEBAELZVWI—ILERET 3.
select P NAT .

tgoal { eq [lemma-1]: M:P Nat + 0 = M:P Nat .
eq [lemma-2]: M:P Nat + s N:P Nat = s(M:P Nat + N:P Nat). }

£® igoal AVY FOERTHBRIIRDEL SRS,
tgoal { ** root --------------c--mm
-- context module: P NAT
-- axioms to be proved
eq [lemma-1]: M:P Nat + 0 = M .
eq [lemma-2]: M:P Nat + s N:P Nat = s (M + N) .
}

** Initial goal (root) is generated. **

J—JL&M root THD, 5EIC :goal AVY FTHEEL XN EARNREL > TLEIBERRINTL
3.

SEER(EZZE M:P Nat D EDRINEIC L > TITS. 2D iind on AV Y R T IBNETHEAT S
ZTHEESIS. iHOBETERSINDZI—ILEBER LUV iverbose IV R Ton BHEET
3. T 74JUETIE :verbose DB off THS.

:ind on (M:P Nat)

**> Wle want to see every goal generated in proof process.

:verbose on
LERTIDEIIFTLEND L TR EZRBVWIIBAZEMT 2 EXRTT 3.

**> Induction will be conducted on M:P Nat

SERA (XA rauto TITS. CAISEEE (SICATCIP RD) &&EMTHB(2.3.3). F/z, tautod
E1THI(E, :spoiler 75T D on OIRETHEISHER I NS(2.6).

:auto

BIFIEXR, :auto IV FOHENETRT.
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[si]=> :goal{root}
** Generated 2 goals
[si]=>
tgoal { 1 ----mmmrmri i
-- context module: P NAT
-- induction variable
M:P Nat
-- sentences to be proved
eq [lemma-1]: 0 + 0 = 0 .
eq [lemma-2]: 6 + s N:P Nat = s (0 + N) .
}
[si]=>
tgoal { ** 2 ----emmm
-- context module: P NAT
-- induction variable
M:P Nat
-- constant for induction
op M#P Nat : -> P Nat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#P Nat + 0 = M#P Nat .
eq [SI lemma-2]: M#P Nat + s N:P Nat = s (M#P Nat + N) .
-- sentences to be proved
eq [lemma-1]: s M#P Nat + 0 = s M¥P Nat .
eq [lemma-2]: s M#P Nat + s N:P Nat = s (s M#P Nat + N) .
}

FITRYCHES si BNBASN, 220T—ILHRERSINTWVS. T—I)L 1 BRBHEOR-IT—X
THD, CEDAATRONICH >z IRINEDEH M ZBMF 0 & LENHEATNREG S,

T2 RFTYFITr—ATHD. BIEDIREELT, "H3EABMN THRDIIDELIEEE"
[CHYTIXNEBAINTLS. HI3BEARKN (CHYT 3 EDRHICEE MP Nat HNMEHNTULS.
CHEMEERITBDICBATNEARL—FIEEICDOVWTET—IORTRTCREINTUNS.

HANRETBINE, ECRRFZRENBRDIIDE ULERBICRIREINTHD. FDROHEBHF s
(CLD M#P Nat DMEREE N TUL S,

g si Z@ALZSHE, YT LE ca ZzBFNICERT 3. ca FEITRMDCT—IVICHL THE
HEnsd. BHOMBANKNIT-IICEENTUNRRLS, ENENEZRLROFI—-ILICHEL, Z
NENTT —XBFNAENE SHERARDS. COBET—IDFEETINGEN (T —IDF
DIRET D REBEES TN TLEL).

calET —XDFRIHIET LizIZ, :spoiler 750D on MIFE TR > T BEEMI(CEBERDIC Y
FTRIWB(XNFTRHEEFBEOEENVAB)ETON, ZOBR—DOOXRTRINTHEDZOEHN
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9%, BHEHGEHEADERDLS(ICES.

[ca]=> :goal{1}
[ca] discharged: eq [lemma-1]: 6 = 0
** Generated 2 goals
[cal=>
tgoal { ** 1-1 ------mmii
-- context module: P NAT
-- discharged sentence
eq [ST lemma-1]: 0 = 0 .
-- induction variable
M:P Nat
} << proved >>
[cal=>
tgoal { ** 1-2 —---oommmo
-- context module: P NAT
-- induction variable
M:P Nat
-- sentence to be proved
eq [lemma-2]: 0 + s N:P Nat = s (0 + N) .

rauto (F—EDEEEEA (SICATCIPRD) (CHF LW EEFIGRARTZMN. BIBCATER S NIzT—
W11 ELV1-2 ([E0 U TCALIBROEEEMN IBSER TN TT< . 1-1 (FBECSEIOCADERIC K >
T discharge 2N TWL3 26, FSHEEEEIMELEV. 1-2 (FXLAAIREIXXRE> TLDZ6H. B
EEERAONREE S,
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[tc]=> :goal{1-1}
[ip]=> :goal{1-1}
[rd]=> :goal{1-1}
[tc]=> :goal{1-2}
[tc] discharged:
eq [TC lemma-2]: s N@P Nat = s N@P Nat
[tc] discharged the goal "1-2-1"
** Generated 1 goal
[tc]=>
tgoal { ** 1-2-T1 ------mmmmm e
-- context module: P NAT
-- discharged sentence
eq [TC TC lemma-2]: s N@P Nat = s N@P Nat .
-- induction variable
M:P Nat
-- introduced constant
op N@P Nat : -> P Nat { prec: 0 }
} << proved >>
[ip]=> :goal{1-2-1}
[rd]=> :goal{1-2-1}

TCIFEEBANRDNNEH = EHIECE TR 2%, T U :spoiler 7S5 M on THNIETLMNRIIT B
DNENEFAND. REE :auto TEITLTED. %> T :spoiler H on DIRETH B 126D, LDET
DERFDESDT—IV1-2 DXNHILT DD EHEH, ZDIER discharge (CHIIL TWL 3.

CCETT, YRFLERIO-I1 BLUVCZ0FI-ILIcT LU TIEREIEZ EH LD TWS., #
D%, B> TWBI—IL2(CW L THU ca BBOMIEZIEERT 3. ZORTOKRFERDELSI(C
3., CCTEEMOIEPNRERNNRONIT=IVICREILTHS, ZNENTIT —INFTUEEZE
g3, ®EDT—IDFEES, VEBOEDDTERmI S ST+ CT T, d—Jb 2-1 N discharge
IhTwns.
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[ca]=> :goal{2}
[ca] discharged: eq [lemma-1]: (s M#P Nat) = (s M#P Nat)
** Generated 2 goals
[cal=>
tgoal { ** 2-1 -------imim
-- context module: P NAT
-- discharged sentence
eq [ST lemma-1]: s M#P Nat = s M#P Nat .
-- induction variable
M:P Nat
-- constant for induction
op M#P Nat : -> P Nat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#P Nat + 0 = M#P Nat .
eq [SI lemma-2]: M#P Nat + s N:P Nat = s (M#P Nat + N) .
} << proved >>
[cal=>
tgoal { *2-2 ----oi
-- context module: P NAT
-- induction variable
M:P Nat
-- constant for induction
op M#P Nat : -> P Nat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#P Nat + O = M#P Nat .
eq [SI lemma-2]: M#P Nat + s N:P Nat = s (M#P Nat + N) .
-- sentence to be proved
eq [lemma-2]: s M#P Nat + s N:P Nat = s (s M#P Nat + N) .

B, J=I)b1 OBEEERICED OMBNEERAINTLW., ETOKRFE NORY . Fhz (A
TAREIZEF (T,
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[tc]=> :goal{2-1}
[ip]=> :goal{2-1}
[rd]=> :goal{2-1}
[tc]=> :goal{2-2}
[tc] discharged:
eq [TC lemma-2]: s (s (M#P Nat + NeP Nat))
= s (s (M#P Nat + N@P Nat))
[tc] discharged the goal "2-2-1"
** Generated 1 goal
[tc]=>
tgoal { ** 2-2-1 -----mmmimm e
-- context module: P NAT
-- discharged sentence
eq [TC TC lemma-2]: s (s (M#P Nat + N@P Nat))
= s (s (M#P Nat + N@P Nat)) .
-- induction variable
M:P Nat
-- introduced constant
op NeP Nat : -> P Nat { prec: 0 }
-- constant for induction
op M#P Nat : -> P Nat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#P Nat + 0 = M#P Nat .
eq [SI lemma-2]: M#P Nat + s N:P Nat = s (M#P Nat + N) .
} << proved >>
[ip]=> :goal{2-2-1}
[rd]=> :goal{2-2-1}
(consumed 0.0280 sec, including 16 rewrites + 58 matches)
** ALl goals are successfully discharged.

}

Y RTLEFETOIT—IUNdischarge s, HPDOIANRMNIABATE e EZHF LT, :auto 3
VYROUMEBERTLTWS.

B EDIRRICHE VT, BENERAINEDLSCT—ILRERSTNIZNIE, :show proof OV VR
EL>THBENERD. TICETHETT.
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root*

[si] 1*
[cal] 1-1*
[cal 1-2*
[tc] 1-2-1%*
[si] 2*
[ca] 2-1*
[ca] 2-2*
[tc] 2-2-1*

d—ILROARID * (F, ZOT—-IVICEENDIARTOH FATROXHN discharge TNTLB &,
IEDE SEHTNTNB CEZETRT.

3.1.2 A EESRIDEEEA

BlE/HmVT, BELE + XA EBESA AT S, CNSEBEICIFSEICEEEAL 2 lemma-1 &
lemma-2 MAETHSB. FDRREHINSENBELTEALZFIZHLETEY 21—V PNAT-L EES
3.

mod! P NAT-L {

inc(P NAT)

eq [lemma-1]: N:P Nat + 6 = N .

eq [lemma-2]: M:P Nat + s N:P Nat = s(M + N).
}

32 iRl o EiEEA

FIRVICKBAZEBAT D. PNAT-L Z2XrE UTEREL, d—ILEEETS.
open P NAT-L .
:goal { eq M:P Nat + N:P Nat = N:P Nat + M:P Nat . }

SEIXMNFXEIC select TIEEL, open ZALE. EITHERIIRDELS (S,
-- opening module P NAT-L.. done.

el Rl 10 O e CEEE e
-- context module: %
-- axiom to be proved
eq M:P Nat + N:P Nat = N + M .
}

** Initial goal (root) is generated. **
ALEARIBNEZERWVS Y, IRINETHERI 2EHZIEET 3.
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%P NAT-L> :ind on (M:P Nat)

**> Induction will be conducted on M:P Nat

i & U TSMOE rauto TE%GL, BICHEEZIEEL apply AVY RICL > TiAZHH#B. &
FTRAICSI AVYREL>TRIMEDR—IRT - EXFTY I —CHYTZ3T—ILE (ERT
3.

%P NAT-L> :apply (SI)

[si]=> :goal{root}
** Generated 2 goals
[si]=>
tgoal { ** 1 -----mmmme
-- context module: %
-- induction variable
M:P Nat
-- sentence to be proved
eq O + N:P Nat =N + 0 .
}
[si]=>
tgoal { 2 ---ooiiiiii
-- context module: %
-- induction variable
M:P Nat
-- constant for induction
op M#P Nat : -> P Nat { prec: 0 }
-- introduced axiom
eq [SI]: M#P Nat + N:P Nat = N + M#P Nat .
-- sentence to be proved
eq s M#P Nat + N:P Nat = N + s M#P Nat .
}
(consumed 0.0000 sec, including @ rewrites + 0 matches)
>> Next target goal is "1”.

>> R emaining 2 goals.

Fo&S@2o20d—-IvRERS Nz, REDIAKEROLS([CE>TWLWS.
%P NAT-L> show proof

root
>[si] 1
[si] 2
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TIAIW R TROMBOBERANREGEZ T, IEHESY—5 v k- I—)vlc(F, FEARD ./ —
FIE> ERRUTENEDDBLDICHE>TVWS. RICEAITIEEEE LT TCEZBELEAIZETIC
Y. EREINZI-IR—KENFEIN3DOEIMET S7z6D, :verbose off & L TL\3B.

%P NAT-L> :verbose off

%P NAT-L> :apply (tc)

[tc]=> :goal{root}

** Generated 1 goal

(consumed 0.0200 sec, including @ rewrites + 0 matches)
>> Next target goal is "1”.

>> R emaining 1 goal.

%P NAT-L> :show proof
root
>[te] 1

TCOBAICE>TTI D2OFI—ILBNERSTN, FTNHRODI—T vk - d=JLER>TWVD. <
[EX U CERSRDZ @A U CIERRZ i 3.
%P NAT-L> :apply (rd)

[rd]=> :goal{1-1}
[rd] discharged:
eq [TC]: 0 + NeP Nat = N@P Nat + 0
[rd] discharged goal "1-1".
(consumed 0.0160 sec, including 3 rewrites + 6 matches)
>> Next target goal is "2".

>> R emaining 1 goal.

%P NAT-L> :show proof
root

[si] 1*

[tc] 1-1*

>[si] 2

dischage 9 3ENHRKR. FHAARD/ — R * BMIMENTVBDIE FNH discharge TV
BPEETRLEEDTHS.

BOOI—-I)2 (WL THE TC HLURD TikBAZHH# 2. SEFTCERDZEX 6T apply D5l
HELTEET 3.
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%P NAT-L> :apply (tc rd)

[tc]=> :goal{2}
** Generated 1 goal
[rd]=> :goal{2-1}
[rd] discharged:
eq [TC]: s M#P Nat + NeP Nat = N@P Nat + s M#P Nat
[rd] discharged goal "2-1".
(consumed 0.0200 sec, including 4 rewrites + 31 matches)

** ALl goals are successfully discharged.

%P NAT-L> :show proof
root*

[si] 1*

[tc] 1-1*

[si] 2*

[tc] 2-1*

CNT, RBAIDIIANT T L.

LI EDERA(F tapply (SITCRD ) DELSCLTHEIITEHBTERATZILS(CTES. DB
(&, EOERBEHIDELSIC TC 22EBET IHNELHLLIKES.

TOETHT, :apply AV YR T/ —RIBE(ZNIBE root) ZIBEL TVWIREBISEEI NV, /
—RZIEEITDE, TD/—RICW U TEIHOHMBEZEHAT 5. CDIHFE root ZIEEL TWLWBTz®,
INE T EEEERZ v VL BUMBAEBEIRTIDICE L L.
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%P NAT-L> :apply to root (SI TCR D )

[si]=> :goal{root}
** Generated 2 goals
[tc]=> :goal{1}
** Generated 1 goal
[rd]=> :goal{1-1}
[rd] discharged:
eq [TC]: 0 + NeP Nat = N@P Nat + @
[rd] discharged goal "1-1".
[tc]=> :goal{2}
** Generated 1 goal
[rd]=> :goal{2-1}
[rd] discharged:
eq [TC]: s M#P Nat + N@P Nat = NeP Nat + s M#P Nat
[rd] discharged goal “2-1".
(consumed 0.0320 sec, including 7 rewrites + 37 matches)

** A1l goals are successfully discharged.

FERUCEF, —B iselect root ELTroot #5 =4 w bk - I—JLEL, XRULT :apply (si tc
rd) ELTETES.

fHaRIDEA

CNETERUL, BRUBBNFEZAVWTIIRET 3. BICHECHEBANMURERZBDOEFELN TV
TUL\fe8D, :verbose off & L T :auto TEITULEHIETICRT.
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%P NAT-L> :goal {eq (M:P Nat + N:P Nat) + P :P Nat
tgoal { ** root ---------------o
-- context module: %

-- axiom to be proved

= N:P Nat + (M:P Nat + P :P Nat) .

eq (M:P Nat + N:P Nat) + P :P Nat =N+ (M+ P ) .

}
** Initial goal (root) is generated. **
%P NAT-L> :ind on (M:P Nat)
**> Induction will be conducted on M:P Nat
[si]=> :goal{root}
** Generated 2 goals
[ca]=> :goal{1}
[tc]=> :goal{1}
[tc] discharged:
eq [TC]: NeP Nat + P @P Nat = NeP Nat + P @P Nat
[tc] discharged the goal "1-1"
** Generated 1 goal
[ip]=> :goal{1-1}
[rd]=> :goal{1-1}
[cal=> :goal{2}
[tc]=> :goal{2}
[tc] discharged:
eq [TC]: s (NeP Nat + (M#P Nat + P @P Nat))
= s (N@P Nat + (M#P Nat + P @P Nat))
[tc] discharged the goal "2-1"
** Generated 1 goal
[ip]=> :goal{2-1}
[rd]=> :goal{2-1}

(consumed 0.0320 sec, including 9 rewrites + 128 matches)

** ALl goals are successfully discharged.

%P NAT-L> :show proof
root*

[si] 1*

[tc] 1-1*

[si] 2*

[tc] 2-1*

3.2 IJ\ERIICKSEEA

KD

AEADOHIFIZED TNRELESEDTEEM o TZ.

SERA%ZTRY .
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x 3.1 AERBED TOESEHE

F(X : Nat) | G(X : Nat)
(@) X<7 X <4
(2) X <7 5<X
(3) 8<X X <4
4) 8< X 5 <X

3.2.1 ¥€¥a1-—JU FG-FUN &EEBAXISR

TIEEI 21—V FG-FUN DEZZTI. < DOPIEEF Maude d CITP ¥ X5 LDFIE%Z CafeOBJ
RICEERELRLEDTHS.

mod! FG-FUN {

pr(NAT)

op F : Nat -> Nat

op G : Nat -> Nat

ceq[CA-1]: F(X:Nat) =5 if X <=7 .
ceq[CA-2]: F(X:Nat) = 1 if 8 <= X .
ceq[CA-3]: G(Y:Nat) =2 if Y <=4 .
ceq[CA-4]: G(Y:Nat) =7 if 5 <=Y .

BICEKRDBEWEI 21— IVEERETHD. 4DDRUNZTFANESINTLIN, TN5I(E (A TH
F3 SAVEHSTUS. CAEYRFLICNLT, Th50SRIE BESTOT— &MWL
EDTHD, INZEAVWTBERTETZILSICEBRIDIENTHS.

SIEANIRETBINIIRDED TH B.
9 <= G(F(X:Nat)) + G(X:Nat) = true
WHNVEBRFECNDRIL T D CEZTIDHNBEETHSD. LDIMANRIICEENTLS F(X : Nat)

E G(X : Nat)lcDWT, ZNENNRIBTEESNG 2 DO —X&HFEDRS, BIEERT —IDIE
BHOEER321DLSCKZETTHS.

CNSOEHFEDEDNDSE, B) DT —XEXMEULEND 4 UTEVNSREDTZHH DEBEL.,
ROTIVRTFLECOEFEDECDODVTREINERIML, UZOREGZST I —)U%E discharge T
FHIFNELE SN,

3.2.2 CITP for CafeOBJ [c & B EFHA

FICRUETI 21 —JUFG-FUN ZXRE U CEEBRZEEL 72BlE AT ICRe . EL O E B

TIERESNfed—ILER U\ 26D, :verbose on & LU TEMEL 2.
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e, BYBETEEMNI(C

FG-FUN> :goal { eq 9 <= G(F(X:Nat)) + G(X:Nat) = true . }

tgoal { ** root ----------------oi
-- context module: FG-FUN
-- sentence to be proved
eq 9 <= (G(F(X:Nat)) + G(X)) = true .
}

** Initial goal (root) is generated. **

FEREOT-IVEH U TBERFC L BEAZTS. FHAT ZHEIE (CATCRD) TH3. UTFYX
TLOENEZEOMIDEIL, RELHRAZBICIMT 3ETRY .

FG-FUN> :apply (TC CARD )

[tc]=> :goal{root}
** Generated 1 goal
[tc]=>
tgoal { ** 1 —---mm e
-- context module: FG-FUN
-- introduced constant
op X@Nat : -> Nat { prec: 0 }
-- sentence to be proved
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat)

= true .

RAICT—)b root [ TC NEARASTN, HEANRET DX
eq 9 <= (G(F(X:Nat)) + G(X)) = true .

DX %= XeNat (CBEFTBRZeXELEFHEGI IV ZERLTVS.

REZOT—=)IV1ET L TERE CA BRI, KICREADODT—IFIC TJ—=IVRERET LTV
3. CART—REFREABELTEAR, ZNS5OBCFENBONESHE FIvIT 3.
REIBEHDIEFBREOERCFENBEONE SHOFNBEINDS. cNlcL>TId—=IL1-3M
discharge N TUL\3.

[ca]=> :goal{1}
[le] discharged the goal "1-3"

** Generated 4 goals
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BFTEY 2T LRERLZBELOT-ILOREEH 3.

[cal=>
tgoal { ** 1-1 ==
-- context module: FG-FUN
-- introduced constant
op XeNat : -> Nat { prec: 0 }
-- introduced axioms
eq [CA]: 5 <= XeNat = true .
eq [CA]: XeNat <= 7 = true .
-- sentence to be proved
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat)
= true .
}

[cal=>

J—=IL1-1E%NE 3.21CRLEEQ)OT —R(CHWET . MAREI 1—IUFG-FUN TEESTNTL
J/ANES

ceq[CA-1]: F(X:Nat) =5 if X <=7 .
ceq[CA-2]: F(X:Nat) =1 if 8 <= X .
ceq[CA-3]: G(Y:Nat) =2 if Y <=4,
ceq[CA-4]: G(Y:Nat) =7 if 5<=Y .

ND>5, CA-1 ECA-4 DS TNESDT—IANESNTNS.

[cal=>
tgoal { ** 1-2 —---oommme
-- context module: FG-FUN
-- introduced constant
op X@Nat : -> Nat { prec: 0 }
-- introduced axioms
eq [CA]: 5 <= XeNat = true .
eq [CA]: 8 <= XeNat = true .
-- sentence to be proved
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat)

= true .

d=1-2 (FF 32107 —XA)CHHEL TWLS.
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tgoal { ** 1-3 ------mmmmir

-- context module: FG-FUN

-- discharged sentence
eq [LE TC]: 9 <= G(F(XeNat)) + G(XeNat)

= true .

-- introduced constant
op XeNat : -> Nat { prec: 0 }

-- introduced axioms
eq [CA]: XeNat <= 4
eq [CA]: 8 <= X@Nat

} << proved >>

true .

true .

J—=IU1-3FK 32107 —XAB)CHIET 3. KlChBRfTzeHD, BATNZRBEEWVICFET S
&, YZFLIFZOT—IV%E discharge LTW3. discharge NANKRTH >72X(E, I
—ILDERTRESANIVLE ZEMUEXE UL TRRINTWVDS.

[cal=>
tgoal { *1-4 ~-----mmmee
-- context module: FG-FUN
-- introduced constant
op X@Nat : -> Nat { prec: 0 }
-- introduced axioms
eq [CA]: XeNat <= 4 = true .
eq [CA]: XeNat <= 7 = true .
-- sentence to be proved
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat)

= true .

CADNER U eREICDOT—IV1-41FFKR 3.2 1R LET—X (1) EHIGT 3.

BEDOCARER LU z4D0 =L S5, 1E(1-3)EBE(C CA O REBIE(C K > T discharge a1
TW3. BOD3d—JLIEKHLUTRD BNEAINS. RD BT L EXNTRURBEFBENDRET
Horlz.
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[rd]=> :goal{1-1}
[rd] discharged:
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat) = true
[rd] discharged goal "1-1".
[rd]=> :goal{1-2}
[rd] discharged:
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat) = true
[rd] discharged goal "1-2".
[rd]=> :goal{1-3}
[rd]=> :goal{1-4}
[rd] discharged:
eq [TC]: 9 <= G(F(X@Nat)) + G(XeNat) = true
[rd] discharged goal "1-4".
(consumed 0.0320 sec, including 35 rewrites + 117 matches)

** ALl goals are successfully discharged.

FOERTHOED, ETOT-ILDEEINTULS.

B EDIBADER(CHIG T BAAARZERTI D ERDLS(CES.
FG-FUN> :show proof
root*
[tc] 1*
[cal] 1-1*
[ca] 1-2*
[ca] 1-3*
[cal 1-4*

RDEd—ILEERMLIGVes, EEAARETHZL )/ —RERTFTNTVEL., BREERI S
&, J-I-1Z2XRRLTHBERDLS(CESB.
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FG-FUN> :show goal 1-1

[cal=>
tgoal { ** 1-1 -----ommmmmri e
-- context module: FG-FUN
-- discharged sentence
eq [RD TC]: 9 <= G(F(X@Nat)) + G(XeNat)
= true .
-- introduced constant
op XeNat : -> Nat { prec: 0 }
-- introduced axioms
eq [CA]: 5 <= XeNat
eq [CA]: XeNat <= 7
} << proved >>

true .

true .

RD (C & o T discharge N 7zX(E, SARJUIC RD BEMENTERRSIND. AL >T, RD D
FIZ & B discharge TH ol & EMBEMTES.
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[1] Kokichi Futatsugi, Daniel Gin, and Kazuhiro Ogata. Principles of proof scores in cafeobj.
Theor. Comput. Sci., 464:90-112, December 2012.

41



	目次
	用語
	CITP for CafeOBJ のコマンド
	証明の開始(ゴールの設定)
	文脈とゴールの設定例

	証明木の構造
	戦略の適用
	戦略
	戦略の適用順序
	自動戦略

	ターゲット・ゴール
	ターゲット・ゴールの指定

	各戦略の挙動
	SI: Simultaneous Induction
	利用者指定の帰納スキーム

	TC: Theorem of Constants
	IP: Implication
	IP+: Implication 2
	CA: Case Analysis
	RD: Reduction
	RD-

	:spoiler : 暗黙的 RD 適用の制御
	:auto の動作

	補助的戦略
	NF:証明対象文の既約形

	その他のコマンド
	:init コマンド
	:init コマンドの例

	:imply コマンド
	:roll back コマンド
	:cp コマンド
	:cp コマンドの使用例

	:equation/:rule コマンド
	:equation コマンドの使用例

	:backward equation/rule コマンド
	:ctf コマンド
	等式／遷移規則による場合分け
	構成子による場合分け
	:spoiler on の場合の挙動

	:ctf- コマンド
	:csp コマンド
	:csp- コマンド
	:def コマンド
	連続した戦略の適用に名前をつける
	:ctf などの戦略的な使用

	:show コマンド
	ゴール内容の表示 – :show goal
	未証明のゴールの表示 – :show unproved
	証明木の構造表示 – :show/:describe proof



	例題
	足し算の性質の帰納法による証明
	PNATの定義
	準備
	交換則と結合則の証明
	交換則の証明
	結合則の証明


	場合分けによる証明
	モジュール FG-FUN と証明対象
	CITP for CafeOBJ による証明


	参考文献

