CITP for CafeOBJ

ver. 1.1

EH EFR
(]) ZIFE

tswd@kosakusha.com

2015/12/25

w2




Bx 1
1 HEE 3
2 CITP for CafeOBJ ®VV 4
210 EEBHDBRIA(T = JUDERTE) « v v v v e 4
MERE T—IVDEREB . . o o 4

2.2 EEBAARODBEIE . . . 5
2.3 BREERDER . . . . 6
2.3 BRBR .. 6

2.3.2 BEEOBAIER . . . . 7

233 BEEEE . .. .. 7

24 BT Wbk s O= )b 7
240 B=Tw k- O=LDIEE . . . o 8

2.5 BEBBDZEEEN . . . . . . 8
2.5.1 Sl: Simultaneous Induction . . . . . . . 9

2.5.2 TC: Theoremof Constants . . ... ... ... . . . . . ... . ..., 9

2.5.3 IP:Implication . . . . . . o 10

254 CA:Case Analysis . . . . v v v 1M1

2.5.5 RD:Reduction . . . . . . i i e 1M1

2.5.6 RD- . . . 12

2.6 :spoiler : BERIRDBERAOEIE . . . . . . ... 12
Auto DENTE . . . 13

2.7 FEBIRUEEER . . . . 13
2.7 NFEEEEASISRIX DB . . . . 13

2.8 FOMD OV VR e 13
2.8 init OV VR 13



ANt YV ERDE . e 13

2.8.2 imply OV Y R e 14
2.8.3 rollback VY E 14
2.84 cp AN YR 14

cp ANV ROERB . . 15

2.8.5 :equation/irule IVY U .. 15
requation VY RDOEERGB .. ... 15

2.8.6 :backward equation/rule AY VR .. 16
2.8.7 ctf OV 16
EXN/BRRAICLBBEDT . . . 16
BRTICELBBERT . . 17

spoiler on MIZBEDZEH . . . . . 0 17

2.8.8 wctf- ANV 17
289 csp OV VR L 18
2.8.10:csp- OV Y R 18
2.8 1 def O R L 19

i LIS OBRAICRBIZ DTS . . o 19

ctf MEDEBSMIGER . . . . . 19
2.812:show N YR L L 19
J—=IVAADRTR —ishow goal . . . . v oo oo e 19
KREEBADT—ILDFRR —:showunproved . . . . v v v v oo e 20

SEEAAR DIEIER T — :show/:describe proof . . . . . o .o oo 20

3 fiEE 21
31 BRULEOMEDIBIAICKBEA . . . . . . . 21
PNATDREZE .« o o o o e e e e e e e e e 21

B3 B 21
31.2 REBAIEHESRIDIER . . . . 28
REIBUDIERR . . . o 28
BERIDEERR . . . 32

32 BEBITIECKBEBA . . . 33
321 EYa2—JUFG-FUN EEEBATIER . . . . .. 34
3.2.2 CITP for CafeOBJ ([CKBEEEA . . . . . .. .o o o 34

BE Mk 40



EEES

AEEFERAMWIERECODOWVWTHEHBNKIMBEERRFD CafeOB) 1 -t —%Z ™R E Lz CITP for
CafeOBJ(UARETIZCITPERBIIY 3) E SN B AR ERIEBY X T LOMBAACARTHB. K
ZTEAT 5 CITP OEENE version 1.5.4 LIENCafeOB) ¥ 25 LTHIAAMETH S,

KINCUTTHERHI IV DHODOHEBEOESRE T .

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

#®1.1: BEOTES

EES | €& \
X (sentence) BREHZSIRVNEREMAI)FER =1ifC) HBLE. (F
H1E)BBRA (¢t = /). CafeOBJ DEXNET S EBRA
BENT4—LTRELETS.

S AR(context) SFA%ZEMY 2 EY1—JU. CafeOBJ TEEZNTLSZ O
YURICE, HBR3RFENDEY1-ILEMRELEZOAVYERN
Z¥EFETS. CITP for CafeOBJ TREINZ OV IURE
ZLMESTHD, ZN5OAVY REFSERC, —ANR
ETBREII-NWEEBEITZINEEDLWEZHICEASTNE
OHOXIRE VSBERTH S, XHRIE “select” *° “open” OV
VRIEEDTEHRESIN, EI21—-IENRSA=HELTED
AVYRFOBERLEZBRNCIEELE-DTD/INISAXA-F%
AIE L BRIGERALE U TRASNZEI 2 —Ib-E1E 3.
d—Jb(goal) MDO#E < M,G,C,H >. XIR(M)EZZTIABALZLWX D&
B(G), FIPAICBRL TEERA L Z#ib&(tactic)lc L DBASTH
Tz E# (constants) DE G (C) & {RE (hypothesis)H(3Z D&
B). BIHANRET I DES)ET—ILEFEI ENH
3.

& (tactic) AATHVSERBRAISLUOCZENSZHAIEGDELZEDZH
B&(tactic) & 3.

HEH(ground term) | W ZS G VA,




CITP for CafeOBJ OV >V K

ARET(L CITP for CafeOBJ) TIEHEINIZIAVY ROEHCDOVWTRRD. BBLENMEDEED
SHlcEeEXEESBI NI,

2.1 EEBAORAE(T—ILDERTE)

HRABENETEI1—ILM E#XREL T, TORTIERALEVWXDES G NIRTHIITICEE
SRR ZEIEER TR CEICEL D TIHATRCENARY I T LOBETHB.

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

c SEFAZE R D NARDERER, T(ERT igoal AVYRICL>THBALIEVWXDESZIBEY
3.

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

sentence (&, CafeOBJ (R E)ERH 2 L I(REHIE)BRRAIOVLWITNHTRET 3.

XiRET—Ivnigef

select CLOUD .

tgoal {

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

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

ceq [inv3 :nonexec]: true = false if statusp(S:Sys,J:Client) = updated /\
statusp(S:Sys,I:Client) = gotval .
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ceq [inv4 :nonexec]: true = false if (I:Client ~ J:Client) = false /\
statusp(S:Sys,J:Client) = gotval /\
statusp(S:Sys,I:Client) = gotval .
ceq [inv5 :nonexec]: true = false if (I:Client ~ J:(Client) = false /\
statusp(S:Sys,J:Client)= updated /\ statusp(S:Sys,I:Client)= updated .}

2.2 JIAROEE

CZ TV R%ZEEBAY BR1(C, CITP for CafeOBJ MIEM I 3 SEBAAK (proof tree) D&
[CDUVLWTERERT 3.

SEARKEEEE LTI —ILE ) —FET Z3ERAOAREE(directed tree structure) 25, B
(branch)ld T —JLIc U TGEA L BB E SR JL(labe) DMl TWVNE. HB3T—ILGICH L TH
ZHMIRTEEATZE, —BRUNCEBDIT—ILG,G,,....G,, NERTINEZIN, IN5G E2HLED
T WOFI—IEER. GHEE Gili—1---n) "OK(E, STEALZBIETICL3SA T%
;.

UTFZO—BNEGIEFBEADBEE LD EENICRARSZ. UTTE, J—IVETFBRAD./ —REXE]
T (CANS.

cigoal AVYRIEL>THRESN IO EYPHEI-ILETS.
53/ —R(O-I)ICHLTEIE T OBRICE > THEGEI-INERSNEEBE, TN5%E
FD/)—RDF/—F&ETB. CNS5F/ —RADRKESRNILT =152,
s BEO—VICIERDL S (CZRIHDMIME NS
- #EAT—JVIZ(E root EVWSBREIDMI(F 5B,
- root EFOI—IVICIEFEARE 1,2,...,n EZBEIHDMT (TSNS,
- T, B23TJ-ILORIRMN TH-2IzETDE, ZOT—IVICIEN-1,N-2, ...N-m D &
SCRAINMITENS.

COESBBEZFDMAARNICENT, T=IHHSTNI EEUTOEEZE S:

c HB3T—IOFI—IVRETHBAINZEE, ZOI-ILEEHEINS
« CCCHIBARNB L (IUTOEEZSS
1. XH\ TR (satisfied)TNzIHBS, HDWE
2. FE(contradiction)MERIND: gixhHE
- ZOXARICE VT true = false HNEEEAIAE(deducible) & 743
- BBNGEARTFENETS. AIZE X <Y <ZDOEIC Z<Y INRIETES.
CNBEOVWTNHIMNEIZLER, ZOId-IVICEENZIUZXET—ILHS BbESNS
(dischage N3 EES). d— I SHANROXINIARNTHELEo> B, €03 —J)UIFEERA
TNEEES.
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T1
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T2 T2 T3 T3
' ¥ ¥ N
1-1 1-2 2-1 2-2
AN
Tn Tn Tn
rd ¥ N
1-2-1 1-2-2

2.1: GEEAR

xR 2.1 HiK—8B

[ BilgR | EERR \
S Simultaneous Induction (RIEERNE)
CA Case Analysis ((B&7(3)

TC Theorem of Constants

IP Implication (%)

RD Reduction (&#I1b)

2.3 HEEo:BEA

c EAT— VR ESNZE T, apply AV VY RIEL ST, BENHMEE I—IVICERATES
£2EB. d-ILRBESNTULWRWES, apply AV FOBEARFIS—& L THRDON
3.

- BX
apply OV ::

:apply [ to <GoalName> : ] (<Tactic> ... <Tactic> )

<GoalName> = d—vlcG5EhizaE
<Tactic> =SI | CA|TC|IP|RD]|RD-| <DefinedTactic>

« <Tactic> DI|/BET, ANZFENNZDOXFIE UL,
+ to <GoalName> ARSI NZIBEE, WEDT 74U ~J—IL(ER)cX L TEAINS.
+ <DefinedTactic> (32.8.11EZ T YT B idef IVY RIC L > CEBINIZHMIBORZEITH B.

2.3.1 g

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



2.3.2 HEROERIEF

:apply (@ @@) G\‘

o— —_—

n-1-1-1 n-2-1-1

2.2: MRROERIER

2212, $3T—Jn (@ LT—EOBIE 1T, ... T, & BALLEIE, CN5OBENE DS
SICHEATNZNETY. —MRCHZIBIRT, #0—)U N (CERALEZES, BIKck>TEHOT—
IVDNER S NS, :apply AV Y RIC—EDEE T\T,...T, MEESN, J—JU N [CEAINET
3. COEERVDOEIE T, (&> TERDNIT—IU N, ... N,, hERSNzE LB, RO T,
FeNSONT—LRTEHL THEATNS. UTAETSS.

2.3.3 B

BRERAIDS —HEHICBM(S IKAEANTEZCENZVEEZIZENTET 3 —ENHKZFHA
Bl, INZEECHEATEZILEENTHS. CORSHICAVYY R auto MARINTULS.

- B
auto VYV R ::= :auto
- :auto (& :apply (SI CA TC IP RD) ¢ &ffiTHh 3.

24 =5y hk-d=)

rapply OV Y REHEEZEAT 32 - ILO5IHEAKBI D ENTES(2.3). O, BELE
BEOBERANREGZI—ILEI=Hy bk« =R, I RTFTLEINERORBRIC K > TRE
93.
« HAOT—IUHN igoal AV Y RICL > TEESNLEREE root N —T' v b - -V THB.
- HBIMEZE - IVICERALEE, SMBRAOBELRETED Xik/ —FRY—5v ~ - J=Jb
Eig3.



5—Hw k- T— L& :apply IV Y R OBERIARREHRZ T—LEF TR, T—ILEBIKIC
BOOYYRT, ZNHEESNARCERNRE TS T—ILe LTRONS.

241 S9=H5vk-d=)VDIEE
H—5w k- d—JUl&, :select AV YV RICE>DTHBEIT B EDTRETHLB.
- B

:select AV YK ::= :select <GoalName>

iselect AVY RTERESNEZEI-ILRFI-ILEFE > TWLWIEE, ETNSOFT—IVIEEERAARNS
HifgE 3. K23 EIJ-IL1-109—F vk - J=JLERG>TVWRIRET select AV RTO—

root
AN
™ T1 T
' \ N
1 2 "

al RN
T2 T2 T3 T3

¥ ¥ N
1-2 2-1 2-2

|} :select 2

root

1-1 1-2

2.3: :select

JREEELEERET -2 —S v bk - =)D ZNFCT-I20FT—ILE > BEOT
212 2R E N BT ERLEEDTH S,

2.5 B|EBEOEEH

ARETEZIOBRNZBEBROZEECDLWTIHENS.



2.5.1 SI: Simultaneous Induction

{SP P (VY)0(e) | 0 : X — Txe,Y : finite}
SP 5P (VX)e

[conAbst]

CCTY =Sig(SP), ¥ C & FBRFNSRBIWRAIVIZFvrTHD. Tl : X = Tr(Y) &
Sig(SP)-Bia TH 3. LDRAIFEEL e N X [CEEINDIEHDOETHOHEEKinstantiation[c DL T
BDIIDIES (VX)e R DIDC L EEBIKT S.

[conAbst] (FEANGEAHNSEFERAITIONEL L. ARESIL—ILDA VY XE Y INERICH
DEBEIHNETHD. FORADDICTORMIPEEICL > TINZEMIT IENERKS.

SP" =ges PRSP, {{z}:}) U {(V{})e}
SP' - (VZH)e[x < f(z1,. .., 21,7, Zig1, .- 2n)] [ € F)}

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

Ind [FERFAR—2ORMBIIHEEEIMLLEEDTHS.

« BBE SI (F LD Ind ZEBORBNEH (c X U CRKFISERAARG L SR LIZENDTHS. BE
L 72N Z#(induction variables)[Z L TIU T ETS.
- R—25—2X
- BEDIRE+ R T v For—2X
FNFENCHGLUEFHZRI-ILEERT D
* induction variables (& :ind on AV FICL > TEET 3.
:ind VYK ::= :ind on ( <ZH> ... )
<ZEH> (F on-the-fly DEHMESHATIEETS.
- ind VY RTHEELRZHICHIGT DY — bR, BFZ HFlcldWW—hTHoRIBEIFT
>—&95%.
c BHSEDRER®, HMANRETIXTYIT—INDXTE, BRWELCLIERNRBERS
M, TNSERDESELTERT S.
- BB — R EVSBFIDARL -5 ZEEA
- COFARL—FERVWT(EREEERT S
BIZ(E, IBMREEHE LT I:Foo MEESNZIBES, BATNIEHRE kY —b8E> L1535,
<V —h&> [FXERICIHC TEYGY — b NEIREND.

2.5.2 TC: Theorem of Constants

PR(SP,Y) P (V{})e
SP P (VY)e

[TC]



CORERAUEZV RGN ZERCET SHRZTORIC, EHERDS>TERALTERY
ETBENTHD, MRELDCafeOBINETHRI T VIV EFA LR TEREINAINTVIKE
THh3.

CITP CafeOBJ TlEC DFEIERBCILT D2 ENZHEEE UTRHT S, [TCllcX>THRICEA
TEIEHRE, BEOEBREERNMEVLSICERL, RAUMCHRINDS.

- BAZOI—IVICEBHBOIEANROXNE TN TVBRIBEEE, FNECAIRO/NT—ILZEER
L, PEE93.
s UIFEI-IVERUTUATZERET 3.
- AN RONICEENZIEHNERIGT DY - FOEHRTETIRZ B
s BBUERDL S (CHTERARL —FZBATBRCECL>TERT %
- BHRAY— R EVSBFIDARL -5 ZEA
- COARL—FZRAVT(EREZEMT D
BIZL, ZEEMX MY~k Foo DEHTH>RBE, BATNZIIRL -5
op X@Foo : -> Foo .
DESCEESNEDEEFMTHS.

2.5.3 IP: Implication

EEU{(v{Dh =t,...,({Dtn =t,) FP ({3t =1')
(S, E) P (V{1)t =t if {ti =t],... tn = 1.}

[1P]

REMSEATREBNEBRDIZES, TNSEHLLEREBE L TEAL, REBZIRDE>RT
—EHFHEI-ILELTERWVWEZ [IP] (IRLTWS.

[IP] [€DWLWTE CITP for CafeOBJ MRt ZEERR & L TIRHET D, RAEIMNERD atom D
BiE (A CRIENTZEBORG)DIBEF, FNSEJNINLOEHONEE L TEAT 3.

c BAEOI—IVICEHOIIANROXNZTENTVIBEEE, ZNECHLO/NT—ILEER
L., PEEI3.
< BT, FO0-VIEHLTUTZEE#T 3.
« SEEARDOXE N ceq T = T if CE/zld ctrans T => T’ if C D, HD
- CHEEEMBSICUTZETS
- C(ZREBELTEM
- TTOIEBAIRNS R EHIBR L Iz EDZEFZIFIEANROX ET B
- (HREBORER A /N2 ... N cnDELSE, /\ TRESNEEOBESEDEEL, ER
Dcl...cnzx NEBELTEATS.
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2.5.4 CA: Case Analysis

{PRSP,Y)U{u=t}FHPe|t € T5(Y)s.,Y : finite}
SP P e

[split]

SPU{u = true} "¢ SPU{u = false} -7 ¢

[splitBool] SPrve

NS (FPENTIZED TOREBHECDODVWTERELIZENDTHD. CNICDWVWTIFEBEDOXARE
B2 TVBERPIEHONRE L TVWRIEICLDELGD, —RNGERIF—LEEZXZFHETRET
H3.

FDRE®, BEDTEEET 3 LTORT —IZMABRNIE(CL > THRMIICIERL, YIXTLA
MENER-RICHEBERIBEDFEERIBZIENETS. ZDEERIE Maude @ CITP Y X F LICE
2ZENTHB.

CARDLSICENMET B

1. SEARNROXNSEEIE Gy,...,G, ZBDEHT.
2. XPREFE>TWBEIT 2 —IbH5, SRIELTEEMN "CA” THED NEBEOES Ac ZRo
3.
3. 8B G(1<i<n) [D2WT, ZOEEDEMN Ac (CEENINED EOEBEEREULEGVWEE
HOESR Gs £183.
4, % g eGsZDVT, & (1 = rif() e Ac EDET UTEEET 3.
a) BEHE g; [CBET3T —XDER C; 2XEER/CEY LTS,
b) o(g;) =1 LGB B o NMEELTES, o(C); & Cs; [TEBIMT 3.
& Cs; EEHE g, CEIBT—IANEFER>TVBNT, NS5O THEFEDE
CS; x Sy x-+-§,, ®BETEL, ETOHEERT —IXDEHFEDEERHS.
5. Lo egByELE LI, FlGFI-—IZEERL, ZOd-IAT—XEZREBEL
TEMT 3.

MRIET —ZADERNHDBBHD, TENSZREL THDRCERF ERCBRLU TRBEILOBIKT
XEITBENDET B.

« ETHRTz CABEZERIET 329 BRI, BANKRODI—IVICEHRD AATNRONHBEEINT
Wwies, eNsSZ@RONIT—IVIZDEL, Z0%, Lo CANEZRMET 3.

2.5.5 RD: Reduction

BB RD (&, UT=Z=XMEIT S :

1. I—JUAT true = false WNEEARENE SHZRANB.

SP I true = false
[CT] SPEp

11



CNDTEEGBEE, FELOTI—IICEENDI IR TOIENRE L TL\BX & discharge
93.
2. D= )VCEBFENBHAANROXIANTICOWTUTZE TS, T, MHANROXZE 1 =r if
C&93.
a)l, r®E30E COENHNREEETRIFNERICELRL. INSDITRTHEEIENDS
BICOHFUTZEMET .
b) &4EB C DBEHIFZ(normal form)ZE R 3. FERMN true &5 (LORNED (REBNEFEL
BWBE(E true EHEIND) . BERN true TRONEZFEEZBILLEVWEHET.
Q) XNOEiL 1 DN E KRS S.
d) XNHED r DEENFEEZRDS.
e) EAMIOBNEN IFLW] NESHZEFARD. T, FELLWERBMTOCEZS
S5
- IHOENRLU.
cIBHO MY TFRL =5 NEF Y —EM(associative, commutative I8 E)&E R > TUL\fz
Bma, TOERKTEHLL.
f) ELINIERIITBEL, TDOX% discharge 5. EUKEITNIEMIZLEL, &F
3.
3. = IICBFENBDIARTOX N discharge SNBE, TOI—ILIFFEEASNZED ET 3.

fDOYIR(FIBATE B HE SHZBERANLVN, BEE RD T ILNERATEZHE SHZE LD
£2CLTHRNS.

2.5.6 RD-
& RD- OESE RD EMTVLBED, UTORNELS.

ROTFEEA RO D EGLDEEMRERD BBRIC, CNSEHEETRIICK > T BRIRNICERE
93. TDREHXHBBRILLIEN > eBE, TNSONEENEC ESRI SN LTS, Ehnlcxt
LU CTRD-T(IFBAIRDXMRILT D\ E SH\E BANBRIC, EEDNERRNICEZTBRR B3R
<FAR3BT,

2.6 :spoiler : IEZRM RD i&EH O FIH

25 TYRTFTLICHFAHFDOEZHEEDEEZ BTz, RD LN DS (L Z DR (CIE U e Fiz iR
EEBALREDITZRETEIN, ZOBRI-IICEITNIXNRILT IHNE SNERARGEL, &
27 LS ispoiler EWSEFRD TS T &EF>THED, NEon[CHREITDCLlCLD, B ER%
DIRETT— JVHGERATAIEENZ AR D L SIERIT I EMTES. RELVHEEE S FZONKRATSH
b, ZOT7STMon DIFETE2.5.1TRARZLLEDMIB(ZITHELY.

CDITSHTDHZET 1spoiler AVVRICL2TITS.

'EGDOBNIEERDTARBRERL THS. —BOAE—%{ED, TNSEEERITHARNZO L EMEEFEETT
3.

12



ispoiler OV R ::= :spoiler { on | off }

T ST DOYHRER off THB.

CDTZTMon DIHEDZEIE(SIHS LK URDERRS )DEEH(E, 2.5 T L 2 IR % EHEE (C B
RD #RMET3NDEZMTHB.

:auto OENME

tauto OV Y RICKBMBEERDIBS(E, :spoiler 755 M on MIRETRITIND. :auto OV
VROERTHETERIE TS T ETORELES.

2.7 HHBHEERER

CCTIXEERAIE U THUEBMNITSNB3EOTIEEWLWR, HBEETEREE Z 5N 3 HEEITGE;
BE(CDULWTELRAT 3.

2.7.1 NF:EEBARIRSZ D BEHITE

- HIEEEERLUZBICO-IVICEENIERATRONIC FENDEEE(ground term)Z £ T
B9 (normal form)(c9 3.

NF (& :apply AVY R DEIMELTER B EMTES.

2.8 ZofinavrVEF
2.8.1 :init AVYYFK

« init OV Y RIEEEBEDZRP T lemma OB A EPJHEET SO AV RTHB.

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

| :init "(" <axiom> ")" by <Substitution>

Substitution ::= "{" <Variable> <- <Term> ; ... <Variable> <- <Term> ; "}”
s INEEFTIBREICLDT, <label> TIEESNLESANILEZFDONERE, H530WE"("&")" T

HENEZNB(CEETNIZH%E Substitution TRINEZEHBRICK > THHLLZNEE,
=Ty k- d=)LORNEBE L TEMNT 3.

- BMIBINEE, BTRERIKC (init AVYRICLK>TEAINLEZERDIND LS [INIT] &0
SSNIVEMINTS.

tinit AV EOMH
XREFES>TVNBREIT 1T, ROLSBABRE-ETS.

13



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

statusp(S:Sys,I:Client) = gotval .
CNEHUTTFOLSE tinit AVY RZBEHATES.
‘ tinit [inv3] by {S:Sys <- S#Sys ; J:(Client <- I@Client ; I:(Client <- S#Client ;}
CNZEEXRTIBECL>T, FilcG N

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

HREMENS.

2.8.2 :imply OAVYFK

< timply AV Y R(E tinit AV Y R ERITVB M, BEFRLEFRNIRITXRIC I TICEAELT
L3 eq[label]: lhs = true . EVWSFEDFERAUMNMEET D EMTERL,

- BX
dimply VYUK ::= :imply "["<label>"]" [ by <Substitution> ]

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

- 5

1. <label> TEESINZ SNV ZFDOFRICETND ‘eq [label]: |hs = true. " EVWSFEDE
RDAH lhs(c<Substitution> TIEESNEHER » ZHEAT 3.

2. 85Nz o(lhs) DBEIRE norm(o(lhs))ZKeH 3.

3. SFANROXMN ‘eqL =R.  EWVWSFEDENRZET B E, TN%E ‘eqnorm(a(lhs)) implies
L=R. VWSO TEZTHZS.

ZHEL(<Substitution>) FAEMEAIBETH B. CDIFE, MANRDIIE ‘eq lhs impliesL =R.’" &
WSTEDXTEZTEZS5NS.

2.8.3 :rollback AvYF

- roll back (&, BEDNY—7T'w k- IR U TEAS N, BRIOEKEEZ Fv>tILT3.
- B

iroll back A¥Y YK ::= :roll back
- COAVYROETICED, 545 v - D-JVIEEEBAARDSHIBRENS.

2.8.4 :cpAVYVE

< cp AV Y REBELRE2DDXD I Y T« BILRT%EKS, FMEAEBICERRT 3.
- FIABEENICH LT, RETHRANS equation AV REZHWVT, TNERNEBELTY—
vk - O=ILNEBIMIB3ENTES.

14



- B
:cpdVY YK :i:= icp <Sentence> >< <Sentence>
<Sentence> ::= "["<Label>"]" | "(" <axiom> . ")"
« <Sentence> (¥, XMREIJ 1 —ILTEETNTVIREBOSANIL%E <Label> TIEEIT DN, H3
W& CafeOB) MRNBES 74— L% "("&")'"THATREET 3.

icp AV Y R OERB

COFIE, BENX%R CafeOB) DREBOESTETER LI VT 1A - R7P%E RKOTWLWBHITH
3.

:cp (ceq top(sq(SeSys)) = I@Pid if pc(S@Sys,I@Pid) = cs .)
><

(ceq top(sq(S@Sys)) = JePid if pc(S@Sys,JePid) = cs .)
2.8.5 :equation/:rule AVVFK

c CNSOOAVYERE icp AVYRTHESNEIYXTLNSDI YT A - R7D BRIETT
%, MABEBOEEE L THEAINS.
- BY
:cplEE ::= :eugation | :rule
- tequation @O VT A - RFPEZERELTI T v b - J-IbNEMT 3.
crule FOYUT AN RPEBBRAIELTY =T v bk - O=JLAEMNT 3.

tequation OV FOfERM

TlEicp AVYRIEEBZIOUT NI - R7PEZERELTY—T v b J-ILAEBMITZHTH
3.

QLOCK(X) > :cp (eq I@Pid = S#Pid .) >< (eq SKPid ~ I@Pid = false .)
[ep] :
(1) (true):Bool
=> (false):Bool
QLOCK(X)> :equation
[cp] added cp equation to goal “4-1-1-1":
eq [CP]: true = false
lip]=>
tgoal { ** 4-1-1-1 ------ommmmmmr i
-- context module: QLOCK
-- induction variable
S:Sys
-- introduced constant
op I@Pid : -> Pid { prec: 0 }

15



-- constants for induction
op S#Sys : -> Sys { prec: 0 }
op S#Pid : -> Pid { prec: 0 }
-- introduced axioms
ceq [SI :noexec]: top(sq(S#Sys)) = I:Pid if pc(S#Sys, I:Pid) = cs .
ceq [INIT]: top(sq(S#Sys)) = I@Pid if pc(S#Sys, I@Pid) = cs .
eq [CA]: pc(S#Sys, S#Pid) = cs .
eq [CA]: S#Pid ~ I@Pid = false .
ceq [INIT]: top(sq(S#Sys)) = I@Pid if pc(S#Sys, I@Pid) = cs .
eq [IP]: pc(S#Sys, I@Pid) = cs .
eq [CP]: true = false .
-- axiom to be proved
eq [TC :noexec]: top(get(sq(S#Sys))) = I@Pid .

}

EBMENB3REE, (cp AVY FOBREMSNZBERETHRITEELS, ST CPHIMIITS
ns.

2.8.6 :backward equation/rule AV F

FZDEI TRz :equation B& U rule AVY RERBRENR, BRENLEIVYT DL - RTPDE
BVEEDEANBEZZRNBELTH—T Y L O=ILABAT 3.

2.8.7 :ctf OAVVF

wctf AV VR, BELZSAPERBRIBRIONII - R, H30VWIEELZENEEER
FIZELULWLWHENMCKLBBER TETS.

S/ EBRAICLIZESRF

ctf AIVYRFOTIERIBNEHZEANH B VWEIBBRAUNKILT 3HEEMILLGEVIBED2T
—XT, BEDY—T vk  J-IZ20720YTI-VICPEITS.

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

2.4 (Fd—ILg M =T vk - T—)LDIRET
ictf feql =r . }

ELEERBDOBER TORFERLEENDTHSD. d—-Jbglceql=r . ZREE L TEMULZ g-1
(true DIZFE)E, eq (1 =r) = false . ZENML 2 g-2 (false DFE)ZERL, T—ILgDFT
=g 3.

16



ictf {eql=r .3} 8

ctf ictf

e N
g N
[ g-1 g-2 }

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

2.4: ctf OEMF - FN/ BBHRAUDOKIL - FRIZICKBHBEDF

BRFICLIBEART

ctf AV REBRF R DOV —-—FDEEEEL, FOBRFICLIGENITETSEETE
3. FOBEOBIYIETOEEDTHS.

- B2 EEEBRFCLBBERT
BRFICLBIBEERT 1= ctf "[" <E> . "]"
K25 @Fd—=IbgMy—T vk - O=JLORET :ictf [t . ] ELTEELRE t NEFAHFDY

— kBool DIETHIBEEDHIZTRLEZEDOTHSD. t M true DIBE E false DIBEFICHEED TN
Tuna.

ctf [t . ]| 8

ctf ictf

Sz N\

g-1 g-2
»\\ Fl

/

g+{eqt=true.} g+{eqt = false . }

2.5: :ctf OFUF - EEBRF(CLBHBEN (T

:spoiler on DIFS DEE)

:spoiler 750 Mon MIBE, CDESBEYTI—-IVICREIE, ZNENOYTI—-I)LTREMIC
BEHE RD (2.5.5) X179 3.
2.8.8 :ctf-AVYVF

ictf- (Fictf AV REBEDITOEBECDOVWTEEZKALTHS. ULHUERSNeFI—ILIC

XU TRD ZEALBR, SEEAMRONN discharge SNEM > EIBS(CRDL SIHEVNS S ¢

17



cictf AV RDBES
SERAR O I(E RD OBEAIC &L > TEHRESNIZIREBDF T KB
< ictf- AVY RDES
EERATTSRD (1 RD BT NI RIDRECETND
—RZ(C RD OBEAIC K DEEANRON (IHIENCETRZISND 6, BED TEERGMNICERL

TWL KSHEEBAMIBIZT RD ¥l %= WAL 21HBE&2, S & < discharge TEH N > 1ZBR(ETT D EEA
WROXICELT TEICBEDTERIFTTVEZL., INEZBFNCITSDIC ictf- NMEFITH B,

2.8.9 :cspAVYVEK

iesp AVY FIEHOSAIIBRRAZEEL, SR/BRILITBELRINT—IVEERT B.
£ U :spoiler 755 Mon OB, Z0#&, S/NT—ILIC L THEEMI(ZEES RD (2.5.5) Z@&HAY
3.

- BX
—IBENDE ::= :csp "{" { <Equation> . | <Transition> .}+ "}"

tcsp{eql .eq2 .eq3.} 8

r'd ¥ Y
:apply(RD) [ g-1 g-2 g-3 }

A

>

4 i A

g+{eq1.} g+{eq2.} g+{eq3.}
2.6: :csp DENME

26MHRMA S—Tvhd—ILMNgfEed3. "“icsp eql.eg2.eq3.” DLSCLT3IDNER
eql, eq2, 8LV eq3 ZHE L IBE, csp (F3MED/NT—IU g-1, 8-2, g-3 EEML, ENETMNIC
XU T—D2DDEESNEERNEEDTS. NI spoiler 7S5 TN on DIREERLTHD, BT
Nrehd—Iblex U CTHRERMICEES RD Z @A 3FERL TV,

2.8.10 :csp-AVYFK

iesp- AV Y REIIBEDITOBEEC DOWVWTIE tesp AIVVY RERKAUTHSD. BXERKETTET—
TD—R icsp (EADD>T iesp- ZEETS. BULIE ictf & ictf- DEBVWERUTHSD. THDS,
ERENzFId—IVICH U TEBAT N RD BEEDER discharge SNEHN>IBE(C, TTOIEREN
KROXICET (icsp-)N BESEWV(:esp)HDEWLTH S

2:spoiler 7S5 on DBEEEICES KB

18



2.8.11 :def OAVVF
U BR0EAICREIZDITS

idef VY RE—EUZEISERICRAIZ DT tapply AVYRD BIHELTERXZENTES
K329 3.

—EDOIRES ::= :def <name> = ( <BEER1> ... <BEB&n> )

T XS IP (B EHUWLWTRD ZBEAIT B &I iptrd EVWSBEIZEDIFTZENTH S,
| :def iptrd = (IPRD )

EDLSETBCEEED, tapply AV RDF|IHEL T iptrd Z IEET B CENTEDLSCIR
3.
‘ tapply (... ip+rd ...)

L iptrd DEZE(F :spoiler 755 M on DBFEDEE IP D EZEHERU THB. <DL SIC spoiler
TSODoff DIRR&(T 7 24 )L ) TRD ZBEEBRICETLRZVMBEERE DL SBEREZL THLIET
BECNZITSENTES.

(ctf 18 E DEIRAIS(ER

e, ictf IV RDIEER icsp AVY RDIEE(CHAIZ DT, :apply AVVRDE|I#ELTE
ZBCENTERLSICTS.

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

ictf- 0 icsp- TR THB.

CNDELSETBCET, ictf-REDIVY FDEAZ, MOEMKREEFSHET tapply IV R
DEIMELTEZRBEMTES.
2.8.12 :show OAVYF

MFADETIKRGE ZHRBI B HICERERONBBHREH DS, BEFED show AVY R EHE
LIOMREZ 12T S show OV Y RERIHT 3.

J—=IVABNET - :show goal

c d=ILOARBERTRT 3.
- B
d—JVDFET ::= :show goal [ <GoalName> ]
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+ <GoalName> CHEELZI—-ILERTT S.
. <GoalName> &I NZIHEEIL, BEDY—FT vk - J-ILERRT 3.

FREEBAD T — IV DFT - :show unproved

c BERCEEHREINTLWREVWI-ILERRT 3.
- RIEFAOT— L EF, BEDERBRCH(FBIAHAKRT, RiED/ —F>5 LEATRDONX
M discharge SN TLWEWI—JILDEESS.
- HBX
FKREEBAD T — JURT ::= :show unproved

SFEAAR D IEERT - :show/:describe proof
:show proof

- BRRCHS (TR HHAAROBEZRRANICERTT B.
- B
SEBAAR DI ::= :show proof
c HFAARKDRRICH>>TE, UTOENREZ(CHBIERD L ST 3B.
- = ILREDERRIC L > TERSNIZEDTH B H
- 5=y bk - d=LHMAITH B H
- J—JVIFEERRREH DVE D

:describe proof

« show proof & AREHRRNNEBENRTTIEIEL, HHDBERT EAINZERCET 3B
RZERTIDIONENTHB.
- B
SEBABIEDRT ::= :describe proof
- RMEHE->TEF, UTOBBRERTT 3.
- ZOO—I)VEER L 2 Bl
- SEBAIAREN
- IBEDTRE L B8
-SIHB3WI TCEBZERTSICHI> TEBATNLZEN
- BER(IC L > TEASTNLE
- J—ILHDEERRE N TV B HED
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{528

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

3.1 RULROMEEDRHRIEIC & S

R7)ROBRBOLETELEZERL, ELEORIRAIEHESAINKRDIIDC & =AY 3.

PNATDEH

BARBOY — kL PNat &L, TRIY— k&L T PZero (ZO)& PNzNat (1L O BRAB) = E&H
3. BLE[E+, 0&shHBERFTHS.

k%

** Prove associativity and commutativity of addition

** using CITP for CafeOBJ]
k%

mod! PNAT {
[ PZero PNzNat < PNat ]
op 0 : -> PZero {ctor} .
op s_ : PNat -> PNzNat {ctor} .
op _+_ : PNat PNat -> PNat .
eq 0 + N:PNat = N .
eq s M:PNat + N:PNat = s(M + N) .

3.1.1 ¥fE
RERIDRICRBLREEE U TROEENH S .
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N:PNat + 0 = N:PNat
M:PNat + s N:PNat = s(M:PNat + N:PNat) .

ZFORY, TITRVICELUEIT, INSOMEZLICEATS. CIT for Cafe TIEAT 3726,
B#IC PNAT #XIRE LU TERELTHS SEBELZVWI—IILERET 3.
select PNAT .

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

£® igoal AVY FOERTHBRIIRDEL SIS,
tgoal { ** root -----------------omm
-- context module: PNAT
-- axioms to be proved
eq [lemma-1]: M:PNat + 0 = M .
eq [lemma-2]: M:PNat + s N:PNat = s (M + N) .
}

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

T—JbB&D root TH D, FIC igoal AVY FTHEE L XN EATREL > TVFIENRINTL)
3.

SEER(EZEI M:PNat O EDRIREIC L > TTS. ZD7edh tind on AV Y R T RINETHERAIT I E
WEEEJTD. HOBETERINSI I —ILZEHER LI\ iverbose IV Y R Ton ZIEEY
3. T 74 JUETIE :verbose DB off THS.

:ind on (M:PNat)

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

:verbose on
LZERTIZIEIIFTLEND L THENEZRAVWIIBAZEMT 2 EXRTT 3.

**> Induction will be conducted on M:PNat

SERA (S BRES rauto TFTS. ZALIZEEEE (SI CA TC IP RD) & &M TH B(2.3.3). Ffz, :auto DE
71, :spoiler 75T on MRETEESHNERA I NS(2.6).

:auto

BIFIEXR, :auto IV FOENETRT.
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[si]=> :goal{root}
** Generated 2 goals
[si]=>
tgoal { 1 ----ommmmmrr i
-- context module: PNAT
-- induction variable
M:PNat
-- sentences to be proved
eq [lemma-1]: 0 + 0 = 0 .
eq [lemma-2]: O + s N:PNat = s (0 + N) .
}
[si]=>
tgoal { ** 2 ----oemmm
-- context module: PNAT
-- induction variable
M:PNat
-- constant for induction
op M#PNat : -> PNat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#PNat + 0 = M#PNat .
eq [SI lemma-2]: M#PNat + s N:PNat = s (M#PNat + N) .
-- sentences to be proved
eq [lemma-1]: s M#PNat + 0 = s M#PNat .
eq [lemma-2]: s M#PNat + s N:PNat = s (s M#PNat + N) .
}

FITRYCHEES si BNBASN, 220T—ILHRERSNTWVS. T—IL 1 BRBIHEOR—-IT—X
THD, CEDAATRONICH >z IRINEDEH M ZBMF 0 & LENHEIATNRELE S,

T 2QERFTYFITr—ATHD. BIEDIREELT, "b23EABN THRDIIDELIEEE"
[CHYTIINBASTNTLS. HIBAK N (CHYT B BEDOSICEL MPNat HDMEHONTUL B,
CHEBEEHRIBHDICBATNEIRL—FIEECODVWTET—ILORTTCRINTUNS,

SANRE T BN, ETRARIZRENRDIDEULERBICRIREINTHDB. FDRHEBERF s
(Z&L D Mi#PNat DMEREEI N TUWLS.

g si Z@EALZHE, YXTLE ca ZzBFNICERTS. ca FEITRDCT—IVLICHL THE
HAenh3., EBOIEENKRNI-ILICEENTVSRZS, FNENERRLOFI—-ILICHEL, #
NENTT =X IFNRTHENE SHEFARND. COBET —IDFEEFTSNGEN>Z(IT—I DT
D/RET B REBEFEEINTULGEW).

ca @7 —XDIFRIHNRT LizIZ, :spoiler 750D on MIFE TR > T BEEMI(CEBERDICAHY
FTRIWB(XNFTRHEEFBEOEENAB)ETON, ZOBR—DODOXNRTRINTHEDZOEHN
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9%5. BHEHGEHEADERDLS(CES.

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

;auto [F—EDEEZBEM (SICATCIPRD) (CH LW EEFKICRATZN, BEECATER S NIzT—
W1-1 HEXT1-2 ([EH L TCALBEOHEEA IBISERAINTIT< . 1-1 (FBECSEOCAOBERAIC K >
T discharge N TW3 8. SEEEFIMAELEV. 1-2 FXLEEEHIRETINES>TLR6H. 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@PNat = s N@PNat
[tc] discharged the goal "1-2-1"
** Generated 1 goal
[tc]=>
tgoal { ** 1-2-7 ----cmmmm
-- context module: PNAT
-- discharged sentence
eq [TC TC lemma-2]: s N@PNat = s N@PNat .
-- induction variable
M:PNat
-- introduced constant
op N@PNat : -> PNat { prec: 0 }
} << proved >>
[ip]=> :goal{1-2-1}
[rd]=> :goal{1-2-1}

TCIEFEEANRD N NEH = EHIECE TR 2%, T U :spoiler 75T M on THNIETIMNRIIT B
DENEFAND. REE :auto TEITLTED. %> T :spoiler H on DIRETH B 126D, LDET
DERFOESDT—=IV 1-2 DXHNKILT 2DV EHEDSD, T DFER discharge (CHRIIL TWLS.

CZETT, YRFALEFEI-I1 BLUZ0FI-ILIcH LU TIEREIEZEH LD TWS. #
D&, o TWVWB3T—-IL2lCW L THU ca B0 IEERAT 3. ZOERTORF(EIRDLSIC
3., CCTEEMOIEPNRERNRDODNIT=IVICREILTHS, ZNENTIT—INFTUEEZE
I3, ®LEDT—IDFEELS, DEBOEDDTEMmI S ST+ CT T, d—Jb 2-1 M discharge
ThTwns.
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[ca]=> :goal{2}
[ca] discharged: eq [lemma-1]: (s M#PNat) = (s M#PNat)
** Generated 2 goals
[cal=>
tgoal { ** 2-1 -----ii
-- context module: PNAT
-- discharged sentence
eq [ST lemma-1]: s M#PNat = s M#PNat .
-- induction variable
M:PNat
-- constant for induction
op M#PNat : -> PNat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#PNat + 0 = M#PNat .
eq [SI lemma-2]: M#PNat + s N:PNat = s (M#PNat + N) .
} << proved >>
[cal=>
tgoal { ** 2-2 ----oiim
-- context module: PNAT
-- induction variable
M:PNat
-- constant for induction
op M#PNat : -> PNat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#PNat + 0 = M#PNat .
eq [SI lemma-2]: M#PNat + s N:PNat = s (M#PNat + N) .
-- sentence to be proved
eq [lemma-2]: s M#PNat + s N:PNat = s (s M#PNat + N) .

B, J=I)L1 OBEEERICED OMBNEERAINTL., ETOKRFE NORT . Fhz(CEHEA
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#PNat + N@ePNat))
= s (s (M#PNat + N@PNat))
[tc] discharged the goal "2-2-1"
** Generated 1 goal
[tc]=>
tgoal { ** 2-2-71 -----mmmimm e
-- context module: PNAT
-- discharged sentence
eq [TC TC lemma-2]: s (s (M#PNat + N@PNat))
= s (s (M#PNat + N@PNat)) .
-- induction variable
M:PNat
-- introduced constant
op N@PNat : -> PNat { prec: 0 }
-- constant for induction
op M#PNat : -> PNat { prec: 0 }
-- introduced axioms
eq [SI lemma-1]: M#PNat + 0 = M#PNat .
eq [SI lemma-2]: M#PNat + s N:PNat = s (M#PNat + N) .
} << proved >>
[ip]=> :goal{2-2-1}
[rd]=> :goal{2-2-1}
(consumed 0.0280 sec, including 16 rewrites + 58 matches)
** A1l goals are successfully discharged.

}

Y RTFTLEFETOI—IUN discharge s, HPDOIANRMNIABATE e EZHF LT, :auto d
VYROUMEBERTLTWS.

B EDIIBRICHEWVWT, BENERAINEDLSCT—ILRERSTNIZHNIE, :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—ILRDARID * (F, ZOT-IVICEENDIARTOH FATROIMN discharge TNTLB &,
IEDE SEATNTNB CEZETRT.

3.1.2 FHAIEESRIOGENA

BlE/mVT, BELE + oXRXBAIEBESAIEHETS. CNSHEBEICIESEICEEEAL 2 lemma-1 &
lemma-2 MAETHSB. FDRHINSENBELTEALZFZELETY 21 —JUPNAT-L EES
3.

mod! PNAT-L {

inc(PNAT)

eq [lemma-1]: N:PNat + 0 = N .

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

g3l [N L

FIRVICKBAZEBAT D. PNAT-L ZXiRE UTEREL, d—ILEEETS.
open PNAT-L .
:goal { eq M:PNat + N:PNat = N:PNat + M:PNat . }

SEIXMNEZE(C select TlEFE<, open ZALVZ. EITHREIRDLS(CES.
-- opening module PNAT-L.. done.

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

** Initial goal (root) is generated. **
SFRRFIRINEZ R LB 26, BRNETHAI I EHZIEET S.
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%PNAT-L> :ind on (M:PNat)

**> Induction will be conducted on M:PNat

Hi& & U TSMOE rauto TlEGL, BICHEEZIEEL apply AVY RlCL > TiAZHH#B. &
TRACSI AVYREL>TRINEDR—IXT - ERXT v I —(cBYET 3T —ILE (ERT
3.

%PNAT-L> :apply (SI)

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

>> Remaining 2 goals.

fo&SE2o20d—-ILRERSNE. REDHERAKIRDLS(CHE>TNS,
%PNAT-L> show proof

root
>[si] 1
[si] 2
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TIAIW N TROMBOBERANREGEZ T, IEHESY—5 v k- I—)vlclF, FEBARD ./ —
RIE> ERRUTENEDDBLDICHE>TWVWS. RIGEAITIEEEE LT TC ZIBELEAZTIC
Y. ERINZI-IR—KENFEIN3DOEIMEHIT S7z6D, :verbose off & L TL\3B.

%PNAT-L> :verbose off

%PNAT-L> :apply (tc)

[tc]=> :goal{root}

** Generated 1 goal

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

>> Remaining 1 goal.

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

TCOBAICE>TI D2OFI—ILBNERSTN, FTNHRRODI—T vk - D=JLERE>TVS.
[EX U CESRDZ @A U CEERRZ S H 3.
%PNAT-L> :apply(rd)

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

>> Remaining 1 goal.

%PNAT-L> :show proof
root

[si] 1*

[tc] 1-1*

>[si] 2

dischage 93 ENHRKR. FHAARD / — R * BMIMIENTVBDIE FNH discharge T
BPEETRLEEDTHS.

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

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

** A1l goals are successfully discharged.

%PNAT-L> :show proof
root*

[si] 1*

[tc] 1-1*

[si] 2*

[tc] 2-1*

NT, RBAIDIIANT T L.

LA EEEBA(E tapply (SI TC RD) D& S(CLTHIITEHETEAT S LS(CTESR. NS,
LOEBEHOLSIC TC #2EBIBEIT MBI ES.

TOETHT, :apply AVY R T/ —RIBE(ZNIBE root) ZIEL TVWIREISEFEI NV, /
—RZEEITIEL, 20O/ —RENL TEIHOEEZERT 3. COBFE root ZIBEL TWLB7,
INE T EEERZ v VL BUMBAEEIRTIDICE L L.
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%PNAT-L> :apply to root (SI TC RD)

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

** A1l goals are successfully discharged.

FERUCEF, —B iselectroot &L Troot #5 =4 w bk - I—JLEL, XRULT :apply (si tc
rd) ELTETES.

= ={:l [N L

CNETERUL, BRUBBNEZAVWTIIRET 3. BICHECHBAMNERZEDOEFELN TV
TUL\fe8h, :verbose off & L T :auto TETLEHIETICRT.
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%PNAT-L> :goal {eq (M:PNat + N:PNat) + P:PNat = N:PNat + (M:PNat + P:PNat) . }
tgoal { ** root ---------------oe
-- context module: %
-- axiom to be proved
eq (M:PNat + N:PNat) + P:PNat = N + (M + P) .
}
** Initial goal (root) is generated. **
%PNAT-L> :ind on (M:PNat)
**> Induction will be conducted on M:PNat
[si]=> :goal{root}
** Generated 2 goals
[ca]=> :goal{1}
[tc]=> :goal{1}
[tc] discharged:
eq [TC]: N@PNat + P@PNat = NePNat + P@PNat
[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 (N@PNat + (M#PNat + P@PNat))
= s (N@PNat + (M#PNat + P@PNat))
[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)

** A1l goals are successfully discharged.

%PNAT-L> :show proof
root*

[si] 1*

[tc] 1-1*

[si] 2*

[tc] 2-1*

3.2 BeAFICL SN

FZOIADHFZEDTNREERZENTEGEN /2. TR CA ZAVZEBEER(TCX
SERA%ZTRY .
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x 3.1 AEBED 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 €Y 1-JV FG-FUN &R

TIEEI 21—V FG-FUN DEZZTI. < DOHIEEF Maude d CITP ¥ X5 LD FIE%Z CafeOBJ
RICEERELREDTHS.

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 .

BICEKROBWEI1—IVERTHD. 4DORUNESEANEESTNTLEIN, EN5IF (A TH
3 SALEHO TS, CNEYRXTLEMULT, TNSOERE BEDTOTr - EMRBLLE
EOTHD, INZRAVNTRERTEIBLSCEBERIZENTHS.

SIEANIRETBINIIRNDED TH B.
9 <= G(F(X:Nat)) + G(X:Nat) = true
WHNVEBRFECNDRIL T I CEZTIDHNBEETHSD. LOMANRIICEENTLS F(X : Nat)

E G(X : Nat)lcDWT, ZNENNRIBTEESNG 2 DO —X&HFEDR, BIEERT —IDIE
BHEER32I1DLSCKBETTHD.

CNSDEHFENDEDSE, B)DT—XEXMEULEND 4 UTEWSEEDZOHH DB,
R>TYZXFLEFCOEHEDE(CODVWTFCNERIML, UHOXGFEZT T —IL% discharge T
FHIFNELE SN,

3.2.2 CITP for CafeOBJ [C & S EEHA

FICRUEEY 1—JUFG-FUN £#XfkE U CEEBRZREL 72BlZ U T (g, AR DR EH

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

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

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

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

FEOT-IVEH L THBERFC L BEAZTS. FHAT ZHEIE (CATCRD) TH3. UTFYX
TLOENEZOMIDEIL, RELHRAZBICIMT 3ETRY .

FG-FUN> :apply (TC CA RD)

[tc]=> :goal{root}
** Generated 1 goal
[tc]=>
tgoal { ** 7 ----mmm 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 [ TC NEASTN, SEANRETBX
eq 9 <= (G(F(X:Nat)) + G(X)) = true .

DX %= XeNat (CBEZTBRZ e LEFHEGD-IL1 ZERLTWVS.

REZOT—=IV1ET L TERE CA BRI, KICREADODT —IFIC T—IVRERET LTV
. CART—REFREABELTEAR, ZNS5OBICFENBONESHE FIvIT 3.
RETBEHDIEFBREOERCFENBEONE SHOFNBEIND. cNlcL>TI—=IL1-3M
discharge TN TUL\3.

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

** Generated 4 goals
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UFTRY 27 LAER L EBL DT—ILONEEH S,

[cal=>
tgoal { ** 1-1 ------mmii e
-- 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)ODT —RCHWET . MAREI 1—IUFG-FUN TEESTNTL
J/NES

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 .

D55, CA-1 ECA-4 DS TNESDT—IANESNTLNS.

[cal=>
tgoal { ** 1-2 —---ommmmo
-- context module: FG-FUN
-- introduced constant
op XeNat : -> 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 —X(4)EHHL TWLS.
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tgoal { ** 1-3 ------mmmmmi

-- 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 <= XeNat

} << proved >>

true .

true .

T—I1-3FK 3.2107 —XB)CWETS. FKlchRfeeHD, BATNERABEEWCFET D
&, YRFLEFCOIT—IL% discharge LTL\S. discharge SNZIEANRTH > eXE, T
—ILDERTRESANIVLE ZEMU X E UL TRRINTWVS.

[cal=>
tgoal { *1-4 ~---oommmee
-- context module: FG-FUN
-- introduced constant
op X@eNat : -> 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 L eREICOT—IV1-4(FFKR 3.2 1R LET—X (1) EHIGT 3.

BEDOCARER U z4DDd—ILD S5, 1E(1-3)EBEC CA O REBIE(C L > T discharge a1
TW3. BOD3d—JLIETHLTRD BNEATINS. RDIMTSC L EXNTRURBEFBENDRET
Horlz.

37



[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, ETOIT-ILHEEINTULS.

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

RD Ed—ILZEERMLIGVes, SEAARETHZL )/ —RERTFINTVEL., BREERI S
&, J=I1-1Z2XRRLTHBERDLS(CESB.
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FG-FUN> :show goal 1-1

[cal=>
tgoal { ** 1-1 -----ommmmmrr e
-- context module: FG-FUN
-- discharged sentence
eq [RD TC]: 9 <= G(F(XeNat)) + 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 aN7zX(E, SARJUIC RD BNEMENTERRSEIND. AL >T, RD D
FIZ &3 discharge THh ol &ZMBCEMTES.
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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.
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