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AEEFERAMWIERCODOWVWTERNKZMBEIFTD CafeOB) 21— —%E[HR & L CITP for
CafeOBJ(ARETIZCITPE BT 3) E SN BFHAEZERIEBY X T LOMBAAARTHB. K
ZTEAT 5 CITP OBEENE version 1.5.4 LIENDCafeOB) ¥ 25 LTHIATHETH 3",

RINCUATTHERI 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) (A% EMI 3 €Y 1—JU. CafeOBJ TEEZTNTLSZ O
YURICE, HB3FENETEI1-ILEMNRELEIVYEN
Z¥EFETS. CITP for CafeOBJ TREINZ OV U RE
ZLMESTHD, ZN5OAVY REFSERC, —ANR
EFBEI1-IVEBEITZINEEDLVLEHICEBATNTE
OHOXIRE VWSBERTH D, XHR(F “select” A “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) TIEHEHINIZIOAVY ROEFHCDOVWTRRD. BBLEEDERED
Sl FeEXEESBEINRZL.

2.1 SEFAORE(I—IVDERE)

HRABFENEI1—ILM E#XREL T, TOPRTIERALEVWXDES G NIRTHIITI LS
RIERE (MR FIEEAT R EICL > THRATICENRNARY I T LOBETHB.

- AEFAEREIIAT BIC(F, SERRZETSOMARZREL, RLWTIHBALEVWNDOESZEET 3.
XIRDEEZEE BEFED CafeOBJ O ¥V » B select <ModuleExpression> . & 3 L\ (&
open <ModuleExpression> . [C& D> TITS.

c SEFAZE R D XARDERER, T(ERT igoal AVYRICL>THBALIEVWXDESZBEYT
3.

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

sentence (&, CafeOBJ M(FHMNZ)ERNH D VWII(REZ)BRRAOVWITNHATRET .

MHRE T—IVDERER

select CLOUD

rgoal {

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 JIARDEE

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

SEAREEEELTO—-ILE ) — R ET 3ERAOAREE(directed tree structure) 25, /K
(branch)@T—Jlcx U TEA L 7288 %E SR IL(labe) MOl TWVNDE. HB3T—ILGICH L TH
ZHMIRTEEATZE, —RUCEBDIT—ILG,G,,...,.G, NEBRTNEZIN, N5 G EHEED
T WOFI—IEER. GHEE Gili=1---n) "OK(E, STEALZBIETICL3SA T%
.

LU O—BHGEERAADEEE L D EFERNICRRS. UTTlE, d—JVEEEBAD . — REXH]
T (CANS.

«igoal ANV RIEL > TCHRESN - EMHEI-ILETS.
c HBD/—R(O=IIECHLTHIE T OBRICK > THEGEI-ILRERSNEZBE, FTN5%E
FDO/)—RDF/—KFE&ETB. CNS5F/—RADRKESRNILT =152,
c BEO—VICIRRDL S (CZRIHMIME NS
- MEAT—)VIZIE root EVWSBRIDMI(FENSB.
- root EFOI—IVICIEFEARE 1,2,...,n ERZBEIDMT(FS5NS.
- T, B23TJ-ILORBIRMN THo27zETdE, ZOT—IVITIEN-1,N-2, ... N-m D&
S(CBBIHBMTITFENS.

COESBBEZEFDIMAARNICENT, T=IWHASTNI EEUTOEEZSE S:

c HZ30-ILOFI-IVHAETIEREINZEE, ZOO—IILEIATNS
« CCCHIBARNI L (IUTOEZSS
1. XH\ TR (satisfied)TNzI/HBS, HD0L(E
2. FE(contradiction)MEREINB: IhHS5
- ZOXARICH LT true = false HNEEBRAIRE(deducible) &4 3
- BRMGBRTFENRETS. AIZE X <Y <Z DB Z <Y NEETE3.
CNSOWVWITNHORRIZLEER, ZOd-LcEENdIUEIXET-ILHAS BDESNS
(dischage N3 EE3). d—ILH\SHANROXINIARTHRL G >, &0 — V(A
TNREES.



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 HEo;EA

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 HEER

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



2.3.2 HBEROERIEF

amly (@ @@

2.2: MEROEAIER

2212, 3T n (CHLT—EOEEE 11T, ... T, & BALLBC, TN5OBBNEDE
SICEATNEHERY. —RICHIHIET, £T—IU N (CERLEISE, HBECEL> TEMOT—
IVBVERENS. capply AVY RIe—EOBEE ThT,... T, BNMEESN, J—JU N [CBRTNET
3. COLERUOEIE T, (C&k>TEBRODNIT—IU N, ... N, RERS Nz & LR, RO T,
FEnsOhT— LR TERL TBASNS. LUTFRKTS3.

2.3.3 BHEER
BREBRAINS —BANICBNSFLKHEANTERICENZVEEZDZIBEOTET I3 —EOHKE FHH
BlL, INEBECHEATETIEENTHSE. CORHICOYY R auto NEABINTWLS.

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

24 =5y pk-d=)

rapply AV Y FEIMEEEAT 3 - ILO5IMZERI B EMTES(2.3). COF, BELE
BREROBANKRERZZ TV EI=Fyv bk - dJ=IEER. Y XFTLEFINZRORBAICEL > TRE
93.

« PIHAO T — UM 1goal AV Y RICK > TERESNZBEE(E root N - v bk - T—-ILTHB.



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

5—=5wk - d=)& :apply AV Y FOBENGNRERS T—ILIZIFTTHELS, dT—-ILZESIHIC
BDOOVYRT, ZNHREBINZBRCERANRETZI-ILE L THRDODNS.

241 5=5v bk -d=)VDIEE
H—5w k- O=)Uld, :select AVVRICEODTEEIT DI ENAIREETH B.
- B
:select AV VR ::= :select <GoalName>

iselect AVY RTIHES NI -IRFI -V EF > TV EE, TNSOFI—IVIEEAARNS
HIBRE N3, K23 EId—IW1-1R5 =5 v bk - J=JLERD>TUVBRIRRET tselect AVY RTO—

root
VAN
T1 T1 T1
rd ) N
1 2 "
/| RN
T2 T2 T3 T3
) ) N
1-2 2-1 2-2
| :select 2
root
VAN
T1 T1 T1
rd \ N
/l . e
ya
T2 T2
rd ¥
1-1 1-2
& 2.3: :select

INREBEUBRI-I2RI =Ty k- J-)beleb ENFETI-IN20FT—IVE>BEFEND
—IL2-1E2-2DEIBRENekFEeRLIZENTH S,



2.5 FHEOEH

ARETEEICRARZZHEDOZEFH (C DV TIRRS.

2.5.1 SI: Simultaneous Induction

(SP 52 (¥Y)0(¢) | : X — Txe,Y : finite

[conAbst] SP I (VX )z

TZTY =SigSP), ¢ C ¥ BBRINSHEBIWAV I FrTH3. Fr0: X - Te(Y) &
Sig(SP)-Bift C¢H 3. LOBAIFEL e M X CEENBEHOETOHABERKinstantiation(C DWW T
BRDIUDES (VX)e MDD EZRBIKT B.

[conAbst] (FEBNGEAHNSEFERAITIONEL L. ABRESIL—ILDA VY XE Y INERICSH
DBZINSTHD. ZORDDICTORMITEEICL > TINEBEMIT IENERES.

SP" =aes P R (SP. {{z}s}) U{(V{})e}
SP'F (VZ )elw « f(z1,- s 21, @, Zigns - 2)] [ € FEY

[Ind] SP 5P (V{{z}s})e

Ind [FHRFA— 2 ORWNBEEEERMLL L EDTH S,

« BBE SI (F LD Ind ZERBORINER (cX U CRAKIGERARG L SIERLIZENDTHD. EE
L 72 IR Z#(induction variables)[Z UL TUTF&ETS.
- R=XAF7—-2X
- RWEDIRE+RXTv o —2
FNENCHGLUEFHIZRI-ILEERT D
- induction variables (& :ind on 3 L\E :ind+ on AV YV R(C L > TEET 3.

:ind OV UK ::= :ind on ( <ZE> ... )
rind+ VY K= 1ind+ on ( <ZEH> ...)
with base ( <I&> . ...<IEm> .)

step ( <IB> . ...<IEn> .)
<EH> (F on-the-fly DEHMESHATIEET 3.
« iind HBV\F tint+ AVY RTEELZZRICHUGITZIY— R, BRFERLZEVWY—LT
HolBEEEIZ—&93.
c BHEDRER®, HANRETIXTYIT—IANDXTIE, BMWELCLIERNRBERKS
M, TENSERDESICLTERT S.
- BREHREY —FR EVWSRBIDAIRL -5 ZEA
- COFARL—FERVWT(EREEERT S
BIZE, BREHE LT L:Foo BNIBESNIZEE, BATNIERREF IkY—F&> &85,
<V —hE> ([FXERICIHC TEYGY — b NEIREND.
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FIAEEENENIF—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 DERERACHL T 3 LNz E L TRIET S, [TCllcL > THEZICEA
TEEHRE, BIFOEHRREERNEVLS(CERL, KRAUKNCMRAIND.

- BAZOI—IVICEBHBOIEANROXNE TN TVBRIBEEE, FNECAIRO/NT—ILZEER
L, PEE9 3.
s UIFEI-IVIERUTUATZEERT 3.

- AN RONICEINZIEHENLT DY — FOEHRTETHRZ S
c BHERDELS (CHFHTeGARL—FZBAT I LlCL>TERT B

- BBV — R EVWSEFIDARL—FZEA

- ZOARL =S EAVWT(EREEZERT S

BZ(E, ZEX MY —k Foo DEHTH>IBE, BATNBZARL -5 (&

op X@Foo : -> Foo .
DEOCEESNEDOEEMTHD.

2.5.3 IP: Implication

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

U S B v Wt = 0 3F (s = £, = ]

RENEFATRETNERRDES, TNSEHLLBNIEBELTEAL, REFHZMOE T
—WEHFGEI-IVELTERWEZ [IP] FRLTWVS.

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

c BRSO —IVICEHOIATRONAZINTVBIHEX, TNECHLDONT—ILZEIER
L, #EE93.

10



< T, FO0—-VIEHLTUTZE#T 3.
« SEEARDXE N ceq T = T if C£/zld ctrans T => T' if C D, HD
- CHEEEMBSICUTZTS
- C(=ENEBELTEN
- TTOIEBAIRNS RUEBEHIBR L Iz EDZEFZIFIEANROX ET B
- (HREBORENR A /N 2 ... N cnDELSIE, /\ THRESNEEOBSEDEEL, ER
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

DESIE, HHAHDARL —F implies THVNTEATS.

2.5.5 CA: Case Analysis

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

[split] SProv s

SPU{u = true} - e SPU{u = false} - e
SPEP ¢

[splitBool]

NS (IHEENGBED TOMRBHCDODVWTERMELZENDTHD. CNICDWVWTIFEBEOXARE
B TUWBEERPHBHOTRE L TWRBEICLDEKD, —NBERRF—LESX3FHERE#T
H3.

FDRE®, BEDTEERT 3 LTORT —IXZMABEBRRNE(CKL > THRNICIERL, YXTLA
MENER-XCHEBERIBED T EERIZIENETSD. ZDEERIE Maude @ CITP Y X F LICE
2ZEDTHB.

CAIIRDLSICEMET B

1. IARROIHSERIE G,,...,G, EBDOHT.
2. XPREFE>TWBEI 2 =I5, SANJELUTEEN "CA" THES REBEOES Ac ZXS
3.
3. 8Gi(1<i<n) [EDWT, ZOEIHEMN Ac [CEFINIZINED EOEIEERBELEVWEE
BOES Gs £183.
4, g, €GslcDNT, B (1 =rif() e Ac EOET UTZEHET 3.
a) EEE g; (BT 3T —XDES ¢, 2ZX&ESlctty T 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.
TIRET—ZADERDHDFBHD, TNSZREL THDRSEFE RECERLU TRELORBKRT
T BENETS.

« ETHRTz CABEZERIET 39 BRI, BANKODI—IVICEHD AAFNRONHBFEINT
Wes, ENSZ@RONT—IVCHERL, Z0E, LD CANEBZRHET 3.

2.5.6 RD: Reduction

B RD (&, UTZRMET S :

1. J—JUAT true = false HERIERIREENE S HEFANB.
[CT] SP F true = false

SPEp
CNMAERIEE, PELEOTI—IVICEENZIIARNTOIATRE L TLSE X %Z discharge
93.
2. D= VICEFNZMEIROILIARTICOVWTUTEITS. T, (ANKRONZE 1 = r if
C&93.

a)l, r®E30WE COENHNREEETRIFNERICELRL. INSDIRTHEEIEDE
BIEOHFUTZEMET .
b) HEER C DRI (normal form)&EXR&H B . BRI true &5 (ERANED (REEHNEEL
HEUVEEE true EHEEIND) . BERN true THREINEXETZERILLEVWEHET .
) XDOEiB 1 DN E KD 3.
d) XOHD r DBNFEZE KD S.
e) EEMIDEKHEN IFLWLW] NESHZERARS. T, FELLWERMTOCEZE
S5
- BOEHNRELU.
cBO LY TARL =5 DRt F Y —EM(associative, commutative EE) &> TL\fz
ma, TOEKRTEFLL.
) ELONEWRITDEL, TDOX% discharge 3. FULEITNERIZILEW, &F
5.
3. J=VIEBENB IR TOXMN discharge SNBSS, TOT—IVIEEEASNZEDET 3.

fDOEIR(FIBATE 2 HE SHZ BERAANLVN, BEE RD EFT—ILRNERATEZHNE SN ZE LD
L2 UTHRNS.
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2.5.7 RD-
B8 RD- OFE(E RD EMTVB M, UTORNBRERLES.

ROTFIFIROXDEGLOBMIRE RHBBIC, CNSEBBSRWRCL > T RBENCER
3. TORHABRILEDSLIBE, TNEOXEBFIC BERISNLELEBS. TNl
U TRD-THEBHROXAMULT B0E 50% BABKIC, BEONERBEN(CESRIZ LR
<HN3B'.

2.6 :spoiler : IEZRM RD iEH O FIH

25 TYRTLICHFAHFDOEZHEDEEZ BTz, RD LN DS (L Z DEER(CIE U iz i8R
EEBALREDITZRETEIN, ZOBRI-IICEITNIXNRILT IHNE SDNERANGEL, &
27 LS spoiler EWSEFRD T ST &EF>THED, NEonlCHREITDCLlCLD, B ER%
DIRETT— JVHGERATAIEENZEFARD L SIERIT I EMTES. RELVHEEE S FZONKRATSH
b, ZOT7STMon MIFETE25.1THRARTZLLEDMIB(ZITHELY.

CNITSTDHEREL ispoiler AVY RICL>TITS.

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

ST OB off THB.

ZDTZTH on DBEDFEEE(SIHS K URDERS )DEEN(L, 2.5 THEAL 2R % EREE (C S
RD #RMT 3N EZMTHB.
:auto NEME

tauto OV Y RIC K ZMBSERNDIZS(E, :spoiler 755 on MRETETEINS. :auto OV
YROETHERTEIET ST ETORELES.

2.7 #HBhEIEEES

CCTIEEERAE U TRBNITSNBEDOTIE GV, IEFABRETCEREZZ 5N 3 ML
BE(CDULWTELRAT 3.

2.7.1 NF:SEEANSRZ ORI
- HIEEEBERALUZBICO-IVICEENIEATRONIC FENZEEE(ground term)Z 2T
B9 (normal form)(c 9 3.

"EGDOBNEERDTARBRERLTHS. —BOAE—%{ED, TNSEEETRITHARNZO L EMEEFEETT
3.
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NF (& :apply AV YV RDEIHELTERBCEMTES.

2.8 ZofsipavrVE
2.8.1 :init AVvYVFK

« 1init AV Y RIFEBHDOFEFT lemma DEA EPEEET SOOIV R TH B.

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

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

s CNERTIBCEICEDT, <label> TEESNLESRILERFDONE, H3WET"("& ") T
HEENZNB(CEETNIZEH%E Substitution TRINEZEHBRICK > THHL L ZRNIE:,
H—Fvyk - d=JLONBELTEMTS.

- BT ANEF, BTRERIC init AVYRIEL>TEASTNEZENS NS LS [INIT] &Ly
SNV ZEMMT S.

tinit A7V KO
NEREFESDTWBEIT1—IUIC, ROLSENBRE>ET 3.

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

statusp(S:Sy s,I:Client) = gotval .
CNERMULTTOLSKA tinit AVY RZBEATES.
‘ :init [inv3] by {S:Sy s <- S#Sy s ; J:(Client <- I@Client ; I:Client <- S#Client ;}
CNZEERTIBLlCL>T, FilclG N

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

HREMENS.

2.8.2 :imply AVvYFK

«timply AV Y R(E tinit AV Y R ERITVB M, BEFRLERN(IRITXRIC ITICEAELT
L3 eq[label]: lhs = true . EWVWSFEDFERAUMNMEET D ENMTERL,

- BX
rimply OV YR ::= :imply "["<label>"]" [ by <Substitution> ]

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

- EH

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>) FAEMEAIBETH D. CDIFE, MANRDIIE ‘eq lhs impliesL =R.’" &
WSTEDNTEZTRZS5NS.

2.8.3 :rollback AVYYF

- roll back (&, BEDNY T v bk - LI U THEBAI NN, BERIOEEZ v otILT3.
- BX

iroll back ¥ F ::= :iroll back
s COOAVYROETIEELD, =45 vk - D= JVIFEERAARNSHIERENS.

2.8.4 :cpAVYVE

ccp ANV REFBELR2DDXDI YT « DILRT %R, FIBEBICERRTS.

- MABEFENCH LT, REITIRAR S :equation AVY REEZANT, TNERNBELTY—
Jw bk - O=ILNEBMTB3ENTES.

- B

:cpOVY YR ::= :cp <Sentence> >< <Sentence>
<Sentence> ::= "["<Label>"]" | "(" <axiom> . ")"
- <Sentence> (¥, XAREI 1 —IVTEETNTVIREBOSARIL%E <Label> TIEEITZIH, £3

L& CafeOBJ DRIEBEE T # — L% "("&")"TEATRHEHT 5.

icp AV Y FofERM
C OB, BEEXZ CafeOB) DREBEDEELRETHERLI VT A - R7%Z KHTLWBHITH
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 AVYVFK
s INSOOAVYREF :wcp AVYRTHONEVYATLNSDIOV T A - R7D BRIETT
%, MAEOOELE L TEHATNS.
- B
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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 Y FOERH

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

QLOCK(X) > :cp (eq I@P id = S#P 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 ------mmmmmm i
-- 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 .

}

EBMENBRIEE, :cp AVY FOBREMETNZEHRETHRITEE LS, SN CPHIMIIFS
ns.
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2.8.6 :backward equation/rule VY F

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

2.8.7 :ctf AVVEF

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

S/ EBRAICLIZESRF

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

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

ictf {eql=r .3} 8

ctf ictf
r ™~
[ g-/l g-z }

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

2.4: ctf OEMF - FN/ BBRAUDKIL - FRIZICKBHBEDF

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

ELEERBDBER TOBRFERLIEENDTHS. d—-Jbglceql=r . ZREE L TEMULZ g-1
(true DIFE)E, eq (1 =r) = false . ZEBMUL = g-2 (false DBFF)&EKL, T—IbgDFT

=& 3.

BRFICLIBEEDT

ictf AIVYREBARFZR DY - FDREZEEL, TOBAFICLBBENTZTSEETE
3. TOHBAOBXETOEEDTHS.

- B2 EHBR T LB IBEDT
BRFICLBIFEEDT 1= ctf "[" <IBE> . "]"
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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 DR DEE)

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

2.8.8 :ictf-JVVF

ictf- (F ictf AV REBEDITOMECODVWTEEKALTHS. ULHULIERSNZFI—IL
[EXLUTRD ZHEALLEBR, GEBANROXMN discharge N> EIHFSIRD L SHEEVD S
3.

« ctf AV RDIES

AR DX(ER D DFEAICKL > THEKHESINIZIREDET T LGB
« ictf- AVVRDIBES

SANRDON(F R D NMEASNIHORECETNDS

—fZ(CRD DERICLDIAANROX(IWRNICESTEZ SNBIZS, BED T EERNICEE
LTW KSREEBHMBIE TR D g% BRALZIBS2, S %< discharge TEREN > ZBR(ETD
SEANROXICEL T TSIEHBERFERFTTVEZL., CNEEHBMNICTSDIC ictf- HMERT
Hd.

2.8.9 :cspaAVYVEF

iesp VY RIEBOSAIIBBRRAUNEZEEL, SABRILIBELR/NIT—IVEERT S.
£ U :spoiler 755 Mon MIBHE(F, ZF0#, S/NIT—ILICN L THEEMIZEES RD (2.5.6) ZEHAY
3.

2:spoiler 7S5 on DBEEEICES KB
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- BX

—IBENDE ::= :csp "{" { <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 OEME

26MRMA S—Tvhd—ILMNgfEd3. "icsp eql.eg2.eq3."” DLSCLT3IDNER
eql, eq2, BEL UV eq3 £EBE L IBE, csp F3MBNNT—IL g-1,g-2,8-3 EEML, ZhENIC
WU T—DDDEESNLEERZEN T S. KT spoiler 75T on DIREZERLTHD, EWE
NI —IVIC U THRERNICERE RD Z @RI 3/FERLTWVS.

2.8.10 :csp-AVYYFK

icsp- AVY REBEDITOMEECDWVWTIE tesp AVV R ERKALUTH D. BYXERAETTF—
D—R icsp (0> T iesp- BIBETSD. EBULIE ictf & ictf- DBVWERIUTHS. TRKEDE,
ERENEFI-ILIEN L THEHASNZ R D BIEOER discharge SN > IBE(C, TTOIEA
WRDIZICET (resp-)D\ BSEL\(iesp) HhDEBWNTH B.

2.8.11 :def OAVVFK

ERULBROBAICRIZEDTS

idef AV RIE—EULEISERICRAIZ DT tapply IV RO BIHELTEZXZCEMTE
5L£5(CT3.

—EDHIRES ::= :def <name> = ( <EEKER1> ... <#EB&n> )
T8RS IP (C5IZEHUVWTRD ZHEAITACEIC iptrd EVWSHERIZEDIFRENDTH 3.
| :def iptrd = (IP RD )

Eo&XSETBEEED, tapply AVVEDEIHELTipird Z IEET B CENTESR LSl
3.

‘ tapply (... ip#rd ...)
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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.

(ctf 18 E DEIRAIE(ER

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.
COESETBIET, ictf- BREDIAVY ROBEAE, OB EFSHOE T tapply IV
FOBIMELTEZRBZCENTES.

2.8.12 :show OAVYYVEK

SAEROETIKRR E ZHRI 2 DICEREBONBBEHRZEH B8, BIFD show IVY K EHE
PIOKREZIRM T B 1show VY FZRIHT 3.

Jd—=IVABNET - :show goal

- d—-ILOARBZXRTT 3.
- B
d—JVDFRT ::= :show goal [ <GoalName> ]
- <GoalName> CTHEELI—ILZEXRTT .
- <GoalName> MAMEINZIBH(EF, BEDI—T vk - I—-JILERRTD.

FREEBAD T — VD FT - :show unproved

s BRACEXLIERINTUVWEWI—IILERRT S.
- RIEFAOT— L &, BEDIRBRECH(FBIAHAKRT, RED/ —F>5 TLEATRDX
M discharge SN TLWEWI—JLDEESS.
R 5%
FKREFBAD T — UKD ::= :show unproved

SFEAAR D#EERT - :show/:describe proof

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

:describe proof

+ show proof L ARLEHRAMNGEEDRTTIFIEL, AHDOBET FAINEREICET 31E
BZRTIDIONENTHB.
5%
SFEABFENER ::= :describe proof
s RNCHE->TE, UTOBH=ZRRITS.
- ZOO—-IVEER L Iz Elg
- SERATREX
- IBREDONRE LIEH
-SIH3WE TCHEBZERTICH> TEBATNLEEHN
- BRI K> TEASTNRE
- J—JLHEERAS N TV B HEDH
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{528

ARET(E 2TEBA L 7z CITP for CafeOBJ MEARMNSHEEEZ HE7E L ZHIEICDVT, ZDETHIE
BHOHETERAET 3.

3.1 RULROMEEDRBRHRIEIC & SEEH

R7/)ROBRBOLETELEZERL, ELEORIRAIEHERAINKDIIDC & =AY 3.

PNATDER

BABOY—KIEPNat &L, TIVY—rELTP Zero(ZO)& P NzNat (1L EOBEAB)EESH
93. BLEIF+, 0&sHEBERFTHS.

k%

** 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 ¥{§

EERIDIRICKBIRIEELE U TROMELRH .
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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) .

ZDed, FIRVMICRULELT, cNSOMEZFKICEIAT 3. CIT for Cafe THAT 3728,
FAIC PNAT ZXAkE L TREL THS SERALZVWI—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 VY FOERTHBRIEIRDELS(CES.
tgoal { ** root -----------------oom
-- context module: P NAT
-- axioms to be proved
eq [lemma-1]: M:P Nat + 8 = 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 EARNREQL > TLBEIBERRINTL
3.

SEEAFZE M:P Nat D LEDRBINEIC L > TITS. DR tind on VY R T IBIRNETHEAT B
ZTHEESID. iHOBETERSINDII—ILEBER LUV iverbose IV K Ton BIEET
3. T 74 JUETIE :verbose DB off THS.

:ind on (M:P Nat)

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

:verbose on
LERITIBZEIVIFTLEND L TERNEZRAVWIIBAZERIT 2EXRRT 3.

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

SERA (XA sauto TITS. CALISEEE (SICATCIP RD) &&MTHB(2.3.3). F/z, :autod
EITHI(E, :spoiler 7SI D on DIRETHEESHER I NS(2.6).

:auto

BUFIEXR, :auto AV ROENETRT.
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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—IL 1 BRBIEOR-IT—X
THD, CEDAAFRONICH >z IRINEDEH M ZBMF 0 & LENHEATNRELE S,

T2 RFTYFIT—IATHD. BIEDIREELT, "H3EABN THRDIIDELREEE"
[CHYTBINYNEAINTND. HI3EARHN (CHEYT D EOHICELH MP Nat iMEHNTULS,
CHDEHEERIREHICEATN EARL—HSABEECDODVWTEI—ILORRTRINTNS,

EANRETBINIE, LTRREFEENRDIDELEBICRIRENTHD. FDIEHEHRF s
[CLD M#P Nat DNERHE N TUL S,

g si @ BERALEHE, YXT LG ca zEHENMICERAYTS. ca FFEFIRMICT—ILICTL THE
AENn3. BHOIEANKNT—ILICEENTWVSRZ, EFNENZRLOFI-ILICHEL, Z
NENTT XD IR FHENE SHZEFARND. COBET—IDFERTEINEN> (T —I DT
D/RET B REBEFESINTULGW).

ca T —XDIFRHHRT Liz&IC, :spoiler 750D on MIFE TR > T BEEMI(CEEBERDICAHY
FTRIWB(XNFTRMEEFBEOEENAEB)ETON, ZOBRB—DOOXNRTREINTEDZOEHN
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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 EEFIRARTZMN. BIBCATER S NIzT—
W11 ELV1-2 (20 U TCALIBROEEEMN IBSER TN TT< . 1-1 (FBEHCSEIOCANERIC K >
T discharge 2N TL\B 26, SHEEEIMELEV. 1-2 (FXLABAIREIXXHNE> TLBH. B
EERADONREE 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}

TCIEFEEBAN RN NEH = EHIECE TR 2%, T U :spoiler TS5 M on THNIETLMNRIIT B
DENEFAND. BEE :auto TEITLTED. %> T :spoiler H\ on DIRETH B 726D, LDET
DRFOEESDT—=IV1-2 DXHKILYT 2D EHED, T DFER discharge (CHRIIL TWLS.

CCETT, YRFLERIO-IW1 BLUCZ0FI-ILIcT U TIEREIEZ EH LD TWS. #
D&, B> TLWBI—)L2(CX U THU ca BEOMEZIEXERT 3. ZORTORFERDLSIC
3. CCTEEMOIEPENRERNRDODNIT=IVICREILTHS, ZNENTIT—IDFTUEEZE
I3, ®LEDT—IDFEELS, NEBOEDDTEMRI S ST+ CT T, d—Jb 2-1 N discharge
INTWN3SB.
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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, d=I)b1 OBEEERICED OMEBNEXERAINTWLW., ETOKRFE NORY . Fhz (A
IARIZEF (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 RTFTLEFETOI—IUN discharge N, HPDOIANRMNIABATE e EZHF LT, :auto 3
VYROUMEBERTLTWS.

B EDIRICHEWVWT, BENERAINEDLSET—ILRERSTNZHIE, :show proof OY 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*

J=IL2OA[ID * (&, ZOT-IVICEENDIIARTO SEANROIMN discharge sNTVB &,
IIEHDE RSN TNBCEZTRT .

3.1.2 A EESRIOEER

BlE/mVT, BELE + oXRXBAIEEBESA%EHATS. CNSEBEICIESEICEEEAL 2 lemma-1 &
lemma-2 MAETHSD. FDRREHINSENBELTEALZFZHZETY 21—V PNAT-L ®EES
3.

mod! P NAT-L {

inc(P NAT)

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

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

g3l [N L

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

SEIXMNEZE(C select T, open ZAHLZ. EITHEREIRDLS(CES.
-- opening module P NAT-L.. done.

sgoall { ¥ root ——--im---m oo oo
-- context module: %
-- axiom to be proved
eq M:P Nat + N:P Nat = N + M .
}

** Initial goal (root) is generated. **
SFRRFIRINEZ LR 20, IRINETHAI I EHZIBET S.
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%P NAT-L> :ind on (M:P Nat)

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

& & U TSMOE rauto TG, BICHEEZIEEL apply AVY RICL > TiAZRHH#B. &
FTRACSI AVYREL>TRINEDR—IXT —XERXFT v I —(CBYET 3T —ILE (ERT
3.

%P NAT-L> :apply (SI)

[si]=> :goal{root}
** Generated 2 goals
[si]=>
tgoal { ** 1 -----ommmee
-- context module: %
-- induction variable
M:P Nat
-- sentence to be proved
eq O + N:P Nat = N + 0 .
}
[si]=>
tgoal { 2 ----iiiii
-- 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&LS22o0T-IvRER SNz, REDIAKREIRD L S(EHE>TLS.
%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—ILBERSTN, FTNHRRODI—T vk - D=JLER>TWVD.
[EXF L CESRDZ @A U CEERRZ s 3.
%P NAT-L> :apply (rd)

[rd]=> :goal{1-1}
[rd] discharged:
eq [TC]: @ + 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 93 ENHRKR. FHAARD /) — R * BMIMETNTVBDIE FNH discharge T
BEZTRLIEZEDOTHD.

BEOOT—)U2 (WL TH TC BLVRD THPERHB3. SEFTCERDEF EHT :apply D3
MELUTERETS.
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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*

INT, RBAOIEBENRTET L.

I EOFERA(E zapply (SITCRD ) DLSCLTHIITHBTEATZLS(CTES. C0ga
(&, FOEMHOLSI(C TC B2EEETZNBFHES.

TOETHIT, apply AV RT/ —RIBE(CDIBES root)ZIEEL TLWBREHITEET NV, /
—REEBEIDE, Z0O/—RICH U TEIHOHBEZEAT 5. CDOIBS root ZIBEL TWLB T2,
INE T EEEREZ v VL BUBAEBEIRTIDICE 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 iselectroot ELTroot #5 =45 w bk - d—JLEL, LT :apply (si tc
rd) ELTETES.

=L I[N L]

CNFTERUL, BRAEBMNEEZRAVWTIIRRY 3. FCHlICHBENARERED(EFELNTL
EUL\fe8h, :verbose off & L T :auto TEITULEHIETICRT.
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%P NAT-L> :goal {eq (M:P Nat + N:P Nat) + P :P Nat = N:P Nat + (M:P Nat + P :P Nat) .

tgoal { ** root ----------------oe

-- context module: %

-- axiom to be proved

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 BeAFICK SN

KD

AEADOHIFIZED TNRELESEDTEEM o TZ.

SERA%ZTRY .

34

CCTIIEBE CA ZRVWIBEDFIC K



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 E¥Y 1-JV FG-FUN EEEAMI &R

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 .

BFICEKDBWEI1—IVERTHSD. 4DORUMNIEFANESINTLBIN, N5 (A THA
F3 SALERF>TNS. TNEYXTFLIEFLT, INSOFREF BEDTNT - =@RBLE
EOTHD, INZAVWTBED ITEITZLDCBRIZENTHB.

SIBANIRETBINIIRDED TH B.
9 <= G(F(X:Nat)) + G(X:Nat) = true
WHNVEBRFECNDRIL T I CEZTIDHNBEETHD. LDIMANRIICEEFNTLS F(X : Nat)

L G(X: Nat)l2DWT, ENENHABTEESNGE 2 DO —XEH DR, AHHT —IDME
HBEDEIEFE3210&SHBETTHS.

CNSDEHFEDEDSE, B) DT —XEXNSUEND A4 BUTEVNSIREDTZDHH DFIEL.
OTIVRTFLECDEFAEDEICDODVWTEINERIML, HUHZOXEZESTI—)U%E discharge T
FIRINLTE SR,

3.2.2 CITP for CafeOBJ [c & 3 EEHA

FICRUEEY 1—JUFG-FUN £#XfkE U CEEBAZRIEL T2BIZE U T (CR YT . AR DEIRDEH
TIERSINed—ILE R ULWz&, :verbose on & L TEMEL fZ.
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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. **

FREOT-IVEH L THBERFC L BEAZTS. FHT 2HEIE (CATCRD) TH3. UTFYX
TLOENZHEOMNIAEIL, MERHAZRECMITZIETRY.

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 .

RAICd—)b root (C TC NEASTMN, HEANRETIX
eq 9 <= (G(F(X:Nat)) + G(X)) = true .

D X % XeNat (CEFRR X E LT —IL1 ZERLTWS.

RlCCHOT—=IV1EX U TR CA BRI, RICR4DDT B T—ILDERTNTL
3. CART —REFREEABE U TEAR, ZNS5OBIICFENEVNE SHEZE FIvIT 3.
REIBEHDIEFBREOERCFENBEONE SHOFNBEINDS. cNlcL>TI—=IL1-3MN
discharge N TuL\3.

[cal=> :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 3.21 R LEEQ)DT—RCHWET D, MAREI 1—I)UFG-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-A DS INESDT—IANESNTVNS.

[cal=>
tgoal { ** 1-2 —---ommmme
-- 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 .

=L 1-2 FFR3.21DT —X@)ZHHEL TWLWS.
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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 .

T—I1-3(FK 3.2105 —XB)CWETS. KlChdRfzEHD, BATNERABEEWCFET D
&, YRFLEFCOI—IL%E discharge LTLS. discharge SNZIIANR TH > (E, T
—ILORIRESANIVLE ZEBMULZXE L TERRETNTWVS.

[cal=>
tgoal { ** 1-4 —---oommmme
-- context module: FG-FUN
-- introduced constant
op XeNat : -> 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 .

CADER LTzREBICcHOT—IL1-4ER 3.21CRLET—X (1) BT 3.

B EDOCARER LU z4D0Td—ILD S5, 1E(1-3)EBE(C CA 0 REBLIE(C K > T discharge 1
TW3. BOD3T—JLIELTRD N#ATNS. RDITSCEREXDRRUREB L FENDRET
Horle.
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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.

FOERFHOED, ETOT-ILHEEINTULS.

U EDIBADER(CHILT BAAARZERTIT D ERDLS(CES.
FG-FUN> :show proof
root*
[tc] 1*
[cal] 1-1*
[ca] 1-2*
[ca] 1-3*
[cal 1-4*

RD @ —ILZER LRV, ABEAKRETHZG/ —FERTRINTLKRL. BRZERVI S
&, T=I1-1Z2RRLTHBERDLS(CES.
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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 N7z, SARJUIC RD BNEMENTERRSIND. AL >T, RD D
FIZ &3 discharge THholec &ZMBCEMTES.
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