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AE(Z CITP for CafeOBJ(LURE Tldcitp-cafe LMEFRT 3 ) EE(EN S EABIERZIEBY X T LD
FMAHrRTHSB. JmEM CafeOBJ EEF S UERREEAICOVWTERNLGIMRBER >TWa L

ERELTWS.

AETERT 3 cit-cafe OBHBE(L version 1.5.4 LD CafeOB) ¥ X 7 LTHIARIEETH 3.

RI1NCAXATEAHIT BV OODOHEBENERZ T .

TRk D CafeOBJ ¥ 25 L& http://cafeobj.org/download/ M55 DV O—RARETH S

®1.1: AENES

i3] |

X (sentence)

BERZEFZSTLEVWEBENZT)EFER(E = /ifC). CafeOBJ
NDEREENHR TKRIET 3(CafeOBJNEREETIEZEL
CEFN3THH, BERNICHREEWICL>THES N
TWREREBESNBEHITER. )

Ak (context)

citp-cafe THEEAIX, 3 CafeOBJ EYV 1 — VA TESS
NERB(EFERN)DESHSIAPANRETINEEHTESC
EETRTEBICL>TRETND. COEI1-IlDOE®E
(GERAD) AR & IE3. HR(E CafeOBJ 1 VA FUSDIY
VK “select” ¥ “open” [ > THRESTNB.

d—Ju(goal)

MmO < M,G,C,H >. XIR(M)EZZTEBALZVLWXD
$£5(G), FEEAICBRU TEA L g (tactic)lcEDBAE
hizE# (constants) DEF (C) & {RTE (hypothesis) H(3Z D
£8). BICHANRETZIXN(DES)ed—ILEREREN
53.

& (tactic)

GACHWSEERAISLUZNSZHIEDERLEDZH
B&(tactic) & [E38.

HEIE(ground term)

THESTRVIE.




CITP for CafeOBJ OV YV I

AETI(E CITP for CafeOBJ TIRMENZ3 IV FOBEEE ZEICDVWTEATS. HBlcH-
TRTEZILEIFERI LS DRI, BEGCEBORSICEIEEXE1]zERBINiZL.

2.1 FEBORE(T—IVDERRE)

HIBENTEI 21—V M Z2XNREL T, ZOHRTIHBALIEVWIDES G WIRTHIITI EE
SRR ZEIENER T3 CEICE>TIERT I ENKRYZITFLNOBETSH 3.

- SIBAZRAIMY B2, SMAETOXNMEREL, RVWTHHALLEWXDESEZEET 3.
XHIRDHEF, BLF D CafeOBJ OV V K select <ModuleExpression> . & 3 L\ (&
open <ModuleExpression> . [C&k 2 TIT>'

- SIAZE XY B XIMNEZER, TICRY igoal AVYRICL>THALEVWINDESEIBET
3.

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

sentence (&, CafeOBJ D (FHTE)EFERATRET 32.

XiREd-vosEEH
TRYXRDFECSIEHRV\T—ILODEENHITH 3.

select LISTE@ .
:goal {eq [eri]: (L1:List @ nil) = L1 .}

T<ModuleExpression> (& "EV 1 —)LbR" LIFEEN, HB3EI1—-IHSHDEI 1 -V ERKNICERT 3HONT
$3. EI1-IWREEIT1-IWRO—DOTHD, ZNOEI1—-IVBEBETRT.

2 (REF)EBRBAETSRT I L ETAERLD, CITP IEL3AHEEFEL UTERARBICSIIARAER/RELEEDNT
&0, EBRAOIADESICESEDEIRETENL.



CCTRBANCERSNTNS LISTe EVWSEY 1 —IbEselect AVY RICKDIIREY 1 —JL &
LTHRELTVS. ZORRET :goal AV Y RIEL > TIHEDXIHNEEAFROZE L TESTNTL)
3.

2.2 SEBAARODEE

fhd v K%EHBAY 3ai1lc, CITP for CafeOBJ DALY 3 SEBAAK (proof tree) DEBIEIC DUV T
HEAYS.

SERAKREEEE L TO-IE ) — RETIEADABIE(directed tree structure)Z2iF5, {BE
(branch)(¥d—Jv(cw U THEA L IR %E SR IL(labeDbYdMENTWS. HB3T—ILGIcHLTH
SHMETIEERATIE, —BUICEHRDOIT -G, Gy, ...,.G, BEBEINBZIN, NS5 G EEED
T—WOFT—IEER. G HEE Gi(i = 1---n) O, STEELEBIETICEZSAI TE
’D.

LT CO—BRHESIIAANESERE &K D EENIICIRRSE. Tk, T—IVETFBEAD . —REXE
HFICHWS.

«igoal AVYVRIEL>THRESNEIO-IEMHI-ILETS.
e H3/—R(O—-)IcH U THIE T OBAICL > THEEI-IVRER SNBSS, EN5%E
EFD/)—FOF/ —RFETB. INS5F/)—FADOKEISRILT Z15D.
s BEO-IEIRDOELS [CRFRMEMENS:
- MEAT—VIZE root EVWSBEIDMTIFSNSB.
- root EFOI—IVICIZERE 1,2,...,n ERFNLFSNS.
- T, $3d—-IVDOBIRHBN THholced3d3&, ZOI—IVICIE N-1,N-2, ... N-m O &L
SICREMIIFSNS.

root
/7 T\
™M T1 T1
' ¥ N
1 )
/| I\
T2 T2 T3 T3
V' ¥ ¥ N
1-1 1-2 2-1 2-2
/71X
Tn  Tn Tn
P v N
1-2-1 1-2-2
B 2.1: SEFAK



xR 2.1: HiR—E

BEE | BEmR |

Sl Simultaneous Induction (RIIFRHE)
CA Case Analysis (5§93 (F)
TC Theorem of Constants

IP, IP+ | Implication (&)
RD, RD- | Reduction (f§#31t)

COESHEBEERFDEAAARICENT, T=IHEEASRI L ELUTOEEZES:

c HB3T-IOFI—-IVETIAS Nz EE, ZOd—-I)VEIEATNS
* CCTHIATNILEUTOEEZSES
1. XHFER(satisfied)TNIBE, H3LIE
2. XBE(contradiction) B FHERBINS: 9gaHs5
- ZOXARICH LT true = false HEIERBE(deducible) & 153
- BBMGBRTEFENETS. fIZRIE X <Y <ZDIIC Z <Y INEETE3.
INSOVWTNHOMBRIZLEE, ZOd—ILICEFEN3UEZXE T -5 RHESNS
(discharge N3 EES). d—ILHSIEEANROXIMIRTKL Gz, ZOI—IVIFEE
BENiEES.

2.3 RERNER

« T IVHBRESNETIE, rapply AVVRICEL>T, EENOHMEEZ I—-IVICEHATES
£5EEd. T—ILRBESNTULREWES, :apply AVY FO@EREIS—& L THRDON

3.
- BX
apply A¥Y VK ::= :apply [ to <GoalName> : ] (<Tactic> ... <Tactic> )
<GoalName> = d—Jvlci5Snf=aml
<Tactic> ::=SI | CA| TC | IP | IP+ | RD | RD- | <DefinedTactic>

s <Tactic> DIBET, KXFENZFZDOXFE L&V,
+ to <GoalName> NWABRINZIBSIE, REDT I A I T—JL(@ER) (L TEEAINS.
+ <DefinedTactic> (£2.8.11ZCHAT S :def AVVRICL > TEBINZEEBORFITH 3.

2.3.1 HIRER

CITP for CafeOBJ TRt N 3% %K 2.3.1 [ d. FEEBOBEEMLGESHICOLTIE, 2.58
THIAT 3.



QOO @

X 2.2: #iBg0;ERIER

2.3.2 KEERoiEAIERF

K22, 3T—Ibn lcRWULT—EDEKEE 1\ 7,...7, & BALERIC, INSOEEHREDK
SICERATN3IMETRYT. —RICHIWIE T, 20—)V N (EALRES, BECL>TEROI—
IWHERENS. :apply AVYRIC—EFEDOEE I\ T,... T, MEESN, d—JU N [BHSIhET
3. COLERVIOKIE T, (CL>TEHDINIT—IU N, ...N,, BERSNzE LR, RO 1,
Fohsohd—LETIER U TERAZNS. UTRE%ETS 3.

2.3.3 HBEKK
BRANS —BRICENOS FLIEENTETICENZVW)EEZZZENTEZI—EDEKREFHE
BlL, CNEEEICERATEILENTHS. CDRHICOAYYER :auto REZEINTWLS.

- B
auto VYK ::= :auto
- :auto (& :apply (SI CA TC IP RD) & &EffiThH3.

24 9=5wyhk-d=l

rapply AVY FIBRZEATZ I -ILO5IMZzEKRI B CEMTES(2.3). OB, BELE
BROBANREGEZ T EI=F ok - A=NEFR. IYXTLRINERDOREICEK > TRE
93.

« IO T —ILHN tgoal AV Y RICL > THESNIZIEREE root MY—S'w k- T-ITH3.
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c H3BWZEI—IVICERALZEEE, SAKOBELREED Kis/ —FRY—Tv k- d-)
L83,

H—5w k- T—JblF :apply AV Y ROBBRHUERRELZ T—ILEFTRLS, T—ILESIHIC
BOOAVYYRT, ZNABKREINABCERNKRET 3T —ILE LTRONS.

241 =59y bk -d=OIERE
H—Hwk - d=JUl&, iselect AVYVRICK>TEREITBICEMNAIRETH B.
- B3
:select OV VR ::= :select <GoalName>

iselect AVY R THESNZI-—ILHAFI-ILEFT >TULWEIEER, FNSOFI—IVIEEERAKRIS
HIBREN3. E2.3Ed—I1-1M59 =5 vk - dO=IbEHE>TWVWBIRRET tselect AV RTId—

root

7 TX

T1
Ny

AN
N

T2 T2 T3 T3

| :select 2

root

1-1 1-2

K 2.3: :select

INEBELVEBRI-I2BI -5y k- J-beiah ZhIcd-20Fd-IE>BEFNT
—II2-1E2-2DHIBRENZRFERLEEDTH S.



2.5 EREOFED

AETEECRARZZHEBOES (CDOVTERRS.

2.5.1 SI: Simultaneous Induction

{SP sp (VY)9(5> | 0: X — Tse,Y : f1n1te}
SP - (VX )e

[conAbst]

CCTX =Sig(SP), X C L RBRFINSKB3WRII_FvTHd. Elo: X - Tx(Y) &
Sig(SP)-BaTH 3. LENRAIZEL c BN X [CEENBIEHOETOHOABEKinstantiationlCDWT
BDIDIES (VX)e MDD EZEKT 3.

[conAbst] (FEFANGEENS (FFERAITIONELL. @BESIL—ILDL Y RI Y INERICSH
DB3INSTHS. ZORDDICTORMIIRIEBCL > TINEBMIT IHENERS.

SP" =qe PR(SP, {{z}.}) U{(¥{})e}
SP'+ (VZelw + f(21,. -y Zii1, @, 2ig1, .- 20)] f € FCY}
SP B (V{{x}s})e

[Ind]

Ind [IBRFAR—IDFMHTREZERLLIZEDTHS.

« BEBR S1 (X LD Ind ZEBORBAERICT U TCRBICGEATELL SILELEEDTHS. BE
L 72 IR Z# (induction variables) (X L TAT%1T5.
- R=22A5—-2
- IBEDIRE+R T Tor—2X
FNEFNICHBUEFEEI-IVEERT S
« induction variables (& :ind on 3 L\ME :ind {...} AV KICL>TIEET 3.
tind AVY R 1:= :ind on ( <ZEH1> ... )
vind{...} ¥V F::= :ind { on ( <ZE#¥1> ...)
base ( <IE1> . ...<HEk> .)
hypo ( <IE1> . ...<XEm> .)
step ( <IE1> . ...<HEn> .)
}
<ZH> (& on-the-fly DEMESHEATIEET 3.
« 1ind B3V rint{...} AVY FTHEELZERICHIEI BV — LR, BRFERHZEVWY -
FCHBEBIEIS—ET 3.
c BWEDRER, MANRETIATYIT—IADNTIE, BRWECLIIEHRURELLES
M, ZNSEROLSCLTERT S.
- RNEHBEY — R EVWSRFIOARL -5 EZEA
- CDARL—FZHVT(ER)EZERT S
FIZ(E, IBMEHE LT I:Foo MERESNIIBES, BATNIEHRER kY —F8&> 113,
<Y — %> [FXERICH U TEGEY — BRI NS,

9



HAEEENRNZF—L

tind AV Y FOBE, YXFLNBBNICEEDRNEROY — O BRFERNSR—I T —
RERTFTYFIT—ACHWIETIED/IAI—VE EXRT BN, :ind{...} F/WEDODR—-Z, RE, X
Ty IR —V%, FNFMNbase, hypo, step TEEETIENTHS. <IB> D/F—VEFIHL
LTEZX, ZNIEDTVTELRD T—ANBEONRI—VEERT 3.

2.5.2 TC: Theorem of Constants

(SP,Y) =P (v{})e
SP P (VY )e

[TC] PR

COFRBRAUEEFNICRIBINZEHNICET IHEMZTORIC, EHEAD>TEALTERL
ETBENDTHD, RKEDCafeOBIJNESTMI IV I VEFALIEATEEIAINTULSIKE
TH3.

CITP CafeOBJ T C DEEFRACHILIT B ENZERE L TRILT 3. [TCllEL>THICE
AT BIEHRE, BFOEHRREARNEVLS(CERL, RAUNCHAINS.

 WARKOI—IVICEBHOIEEARNROXINZFINTWVIEEIE, ZNECARONIT—IVEMER
L, P9 3.
s LTFEI-IVICR U TUTZEERHT 3.
- SIANRONICEINZIEHENLT IV —FOEHRTESTHRZS
c BBUIRDE S CHFHEARL - EEATIEICL>THERT B
- BBV — B EVWSBAFIDARL -5 ZEA
- ZOARL—IERAVWT(EH)EEERT S
FIZ(E, B X MY—k Foo DEBTH>IBEES, BATNZIARL -5
op X@Foo : -> Foo .
DELSCEESNEDOEEMTHS.

2.5.3 IP: Implication

&, BEU{({Dtr = t1, ..., (V{Dtn = t,) F7 (v{}t = ')

UP) S By o T = ¢ 3 {6 = 0ot = 1]

REIZEATREBNEEBIRDIBE, TNSEMLLGREBEULTEAL, FREWMEMDOE-7ZT
—IEHmeiEI-ILELTERWVWEZ [IP] IRmLTWS.

[IP] E2WT% CITP for CafeOBJ DiEHt Y 3 HEHAUE L TRIET 3. RETMHEE D atom
DERE (N THRENZEHORE)DBER, ENSZANROEHONEE L TEATS.

 BAKOIT—IVICEBOIEARROINZINTVBIHEEIX, FNEICHLONT—ILZIER
L, D29 3.

10



« T, Ed—-IIcWUTUTEERET 3.
- SEFAIRODZI D ceq T = T' if C E/zld ctrans T => T’ if C D, HhD
- CHEEEMZSICUTETS
- CERABELTEM
- TTOSEFANRN S R EHIBR L 2 EDZEHRGHBANROIET S
- (HEBORED A /N2 ... /N cnD&LSIE, /\ TRESNEEOBSESEEL, BR
Dcl...cnz2 RBEULTEAT 3.

2.5.4 IP+: Implication 2

IP+ OE#HI IP LRAKRTHIN, KREBHSERSTNEAR C ZRBELTEMI 3NDTEE
<, HHANROXDAEI LHS %,

C implies LHS = RHS
DL, PHRAFDARL—25 implies EHVWTEAT 3.

2.5.5 CA: Case Analysis

{PR(SP,Y)U{u=1t} -7 e |t € Ts(Y)s,,Y : finite}

[split] P e

SPU{u=true}F*e  SPU{u=false} - e
SP P e

[splitBool]

INSEIWMBENRZBED TOREBMCODVWTERILLEZENTHS. CNICDWTIZEEADMARE
2 TVBEERPIEHOTRE LU TVWBREICEDELGD, —BAGBERIF—LEEZX3HEHHET
H3.

ZO0R, BERITIEEEIT I LTORT—IAZ2FHENLEB(CK > THRNICIETRL, YXFL
MENER-RICHERIBEDIZEMIZIENETS. CD{EIEIE Maude D CITP Y XFLICH
2IENTHB.

CA [FRDELSICENMET 3:

1. SEEARKROXHNSEEHR Gy,...,G, ZWMOHHT.

2. XREB>TWBEI21—ILH5, SARIVE LU THEEN “CA” TIHES REBEOES Ac R
3.

3. 8Gi(1<i<n) [E2WVWT, ZOEMAEM Ac CEINIZINED ENELEEREULLKVEE
JHOES Gs £183.

4. 89, €GsE2VWT, (1 = rif () c Ac EOET UTEEET 3.
a) EEIE g, (CAAT3 7 —XN&KE C; 2E&K8IcEv T3

11



b) o(g;) =1 EIXBEM o BWFEELRES, o(C); & Cs; [CIEBMT S.
B Cs; IEEE g, CET3T—ANDEFTERL>TUVEINT, CNAS5OETOHEFIEDE
CS1 xSy x---§, ZEHHL, 2TORIELGT —IDEHEHEEKHS.
5. Ec@snfe&yabelLlc, HRZRFI-IWEERL, ZOI-INANT—XZREBEL
TEMT 3.
MRET—ZDERRHDB3HD, ZNSEREL TR B RRICBRLU TRECOEKT
EfEITI3ENET 3.

« ETliRTz CAUEZRMET 39 3Rllc, BATNKROT—ILICEHD SIATRONHNEZINT
Wwkes, nNsSZEERONI—IVicsaEL, Z0n#, Lo CALEBZRET 3.

2.5.6 RD: Reduction

B8 RD (X, UTZXMET 3 :

1. d—JVAT true = false HNNEIEFRENE SHEHHRS.
[CT] SP F true = false

SPFp
CNDEIEERIRE, FBELOTI—IICEENBI IR TOIATRE L TLB3 X% discharge
3.
2. - IVIEEBENBANRRKROILIARTIEOVWTUTEITS. T, HMANKOXE 1 = r if
C&d93.

a)l, rbE30E CHOENHBEEBETHEFNERICELEL. CNSOITRTHEEENDIS
BIEOHLUTZEET .
b) 488 C DEEHIFE (normal form)ERHB. ERD true K SIERNET (REEBHEFEEL
BUWIERIE true EHEEINDB) . BEN true THREHINEXZEFTERILEVWEHET.
c) XDED 1 DEIFEKRHS.
d) X0HD r DB ERDS.
e) EAMADEHEN TELWL] HhESHERARS. CCT, ELLWERBUTOCEEZSE
S
- BOELREL.
s JBO Ry T7FARL -5 htF U —Ei(associative, commutative G E) & F> TULfe
ma, TOEKRTEFLL.
f) ELINIEMITBEL, DX % discharge §3. ZFULKEIFNERILEGZW, &F
3.
3. d=NICEFNB3ITRTOX M discharge TNRIBS, ZOI—ILEHHSINEZENET 3.

BOBIEISTERTE 308 50 EBERANENS, BIERD FT—LAERTEZHESHELD
&3 CLTHANS.

12



2.5.7 RD-
¥B& RD- OEE(EI RD EWUTVBH, UTORNRES.

ROTIIEEATNROXDERLDEENRERDBRIC, CNSEREFBRR(CEL > T BIRNICER
93. TORHIDMILLED > TeHEE, ENSOXEENEIC EERR SR ELS. EThlcH
U TRD-TISEEBAI RO BRI Y B3 NE SHE FARBERIC, BENNEZBRNICEZTBRR B LR
<HARB3,

2.6 :spoiler : IGZM RD ;&R I

2.5 TYRFTLICHFAHDREBROEEZ Rz, RD UADEIRIEZDHEERICIK U #HiltGR
BEBALREDIIRETIMN, ZOBRI-NICEEINIXIHRRITINE SMIARGL. ¥
27 L& :spoiler EVWS BN I ST EF>THED, NE on [CRETICLlcLb, HBIgER
BORETIT—ILDIAAENERHARB L SERIBCEMNTES. RELVEESI GZCONRAT
HD, TOITSTh on DIBETE2.5.1TRAZULEDME(FITHOL.

CDITSTNHREL :spoiler AVY RICL > TITS.

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

7 ST DOHHRIEX off THB.
CDIT TN on DFEDRHEIR(SIS K URDZRRS )DEF (X, 2.5 THEAL LNE = K% (¥

B RD #EfEd 3N EEMTH S.
rauto NENE

tauto AV Y RIC KB MEBERNIBAI(E, :spoiler 7S50 H on MIRETRITETNS. :auto OV
VRDRTMETRE TS TETOIREELS.

2.7 HHEhEOSSEER

CCTCIEERAE U TRERITSNB3EDOTIIERVWS, FIHEETEREEZ SN 3FEINLE
BRICDWTERBAT 3.

2.7.1 NF:EERA SR DB
s HIHWWEFBALUZEICO-IICEEINIAAVRNZIC FSFNB3EEIE(ground term)=E £
TEI#IF (normal form)Ic 9 3.

SEGINBNEERDTARBARRALTHS3. —BOE—%{ED, TNSEBERITRARNZO L SMEEFERTYT
3.

13



NF (& :apply AV VY FDEIBELTER B3 ENTES.

2.8 ZofinavrF

2.8.1 :init dVYF

tinit AV Y RIZEEBDRFB T lemma DEA L IERLEITSEHOAV YR THS.

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

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

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

« INERTIBCLICELDT, <label> THESNESARIVEFROAR, H3LWE"("E")" T
BENARBCEEINIZEH% Substitution T RESNZEHERICEL > THHLLEEAERE,
HS—=Fwk - d=JLORBELTEMT 3.

BN 3NE(E, BTRERC :init AVYFRIEL>TEAINEZENRDNSB LS [INIT] &W
SSNIVEMMT 3.

:init A7V RO
MAREE>TWBET 2 —)bic, ROLSBERERH LT 3.

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

statusp(S:Sys,I:Client) = gotval .
CNEHUTTOLSK tinit AVY FEBATES.
‘ :init [inv3] by {S:Sys <- S#Sys ; J:(Client <- I@Client ; I:Client <- S#Client ;}
CNERTIBEILE DT, HZRE

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

hEMENS.

2.8.2 :imply OVYF

« timply AV Y R(F tinit AV Y RERITVI N, IBEORELERNIEIERITIRIC TTICHFELT
L3 eq[label]l: lhs = true . EVWSTEDERUMEET D EMTERL.

- B
timply VYUK ::= timply "["<label>"]" [ by <Substitution> ]

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

.« EH
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1. <label> TEESINESRIZFHFODERICEENS ‘eq [label]: Ihs = true. " EVWSFED
ZX DD lhslc<Substitution> TIEESNZEWEIR « ZEAHT 3.

2. 85N o(lhs) DEIIRE norm(a(lhs))Z K& 3.

3. SEEEAIRONM ‘eqL =R.  EWSTENDEDNREET B E, TN%E 'eq norm(a(lhs)) implies
L=R. EVWSENNTEZTRZS.

BHBEE(<Substitution>)[FAIERIEETH S. CDIFES, HBANRDIIF ‘eq lhs impliesL=R." &
WSTENNTEZTBRZISNS.

2.8.3 ‘:roll back AV?YF

« irollback (&, BEDNY—5'v k - I—VlcW U TGERASNZ, BEFiOEEE FvotILT3.
- B

iroll back A¥Y>YF ::= :iroll back
« COAVVROERTIEED, =5y - T—IVIFEEBAKRDSHIFRET NS,

2.8.4 :cpAVYVF

c:cp AVYVRIEIEBRELE2DDXD UV F « DIL_RT%EKRS, FABICIETRTS.

- FIFEEZENEWL T, RETHRAS equation AV RFEEZHWVT, ZNERBELTHY—
Fwk - O=JLINEBINT3ENTE3S.

- BX

:cpadVY YR ::= :cp <Sentence> >< <Sentence>
<Sentence> ::= "["<Label>"]" | "(" <axiom> . ")"
« <Sentence> (&, XIREI 1 —ILTESINTLILREBDOSANIL%E <Label> TIEET I, $3
L\(E CafeOBJ DREBEE 74 —L%Z "("&")"THATEHIT 3.

icp AV Y FOERAR
COPIF, BEEEX%Z CafeOB) DABOEERETHERLIYT AL - R7%Z KHTWVWBHITH
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 AV?YF
c CNSOOAVYEREE :icp AVYRTH/OSNEIAFTLOSDO YT A - R D RBRIENT
3, FAEOEEL LTERATNS.
- BX
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:cpEE ::= :eugation | :rule
« tequation FOYF AN - R7PEZFERELTI =S vk - J=-ILAEIMT S.
cirule FOUFT A - RPEBBHAELTY =S v b - T—ILAEBINT 3.

tequation VY FOERA

TR :icp AVYRIEELBIUT AN - RPZEFRNELTHY—T vk - T-ILAEBNMITBHTH
3.

QLOCK(X) > :cp (eq I@Pid = S#Pid .) >< (eq S#Pid ~ I@Pid = false .)
[cp] :
(1) (true):Bool
=> (false):Bool
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:Sys
-- introduced constant
op I@Pid : -> Pid { prec: 0 }
-- 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)) = IePid 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)) = IePid 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 .

}

BMENB3REEE, :cp AVY FOBEREMSNZEHNETHRITESZLS, SR CP RHFEFS
ns.
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2.8.6 :backward equation/rule VY F

SR TNz iequation FLX VG rule AV Y R ERREMN, BRENEIVFT NI - RT7DA
BMEEDEANBRIRABELT Y-Sy k- O=-JIANEAT3S.

2.8.7 :ictf AVVF

ictf AVYRE, BELZERNCERBRAUBAIOMIL - REIL, »3VIIEELRBENEBER
FIEZFLLWHEDCLBBZERTZITS.

S/ EBRAK LIRS

(tf AVYFOTICRIBNEHI3ERNH 3 VEEBBRANRILYT 3HBE EMILLIEWVEED2T
—T, BENDS—Tv bk - J-IZ220YTI-IICHEITS.

s B EXHIVEEBBRUOMIL/ ARILICLBBER T
true/falselc K BBEDF ::= :ctf "{" { <Equation> . | <Transition> . } "}"

ictf {eql=r .3} 8

ictf ictf

e \
r Y

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

2.4: :ctf OEME - FX/ BBRADOMIL - FRILIC L BIHEE 2T

2.4 (Fd—ILg RS —=S'v bk - D= ILDOIRET
ictf {feql=r .1}

ELEBOBARTOEIETLEEDTHS. T—lbglceql=r . EREELTEMLE g-1
(true DIZF)E, eq (1 = r) = false . ZEMUL Tz g-2 (false DI/FF)EZEHRL, d—Ibg nFTd

—lbEg3.

BRFICELIBESR

ictf AV FEBRFZER DOV —FDEZEEL, ZOBRFICLIBED T ZTS5CEETE
3. TOBREOBXETOESEDTHS.

c B2 ERBRFICLBEST
BRFICLBIBEERT 1= ctf "[" <E> . "]"
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K25 (Ed—IbghM =5 vk - d—JLDRRET ictf [t . ] ELTIBELREIBE t N HIFAHFNOY
— FBool DIETHBIBEAENHEIZTRLEZENTHS. t M true DIFF L false DIFFICIHFEED TSN
TWn3.

ctf [t . ]| 8

ictf ictf

Sz N

g-1 g-2
X il

’

g+{eqt.=true.} g+{eqt=/false.}
2.5: :ctf OEME - EEBRFIC L BBERT

:spoiler on DB NEH

ispoiler 750D on MBS, CHOESKBYITIT—ILICHEE, ZnENOY T I—ILCREMIC
BEM& RD (2.5.6) 2179 3.

wctf- ([ :ctf AV R EBEDITOEECODVWTIEEZ<KAULTHS. ULHULIERSNzFOd—IVIC
WU TRD Z@EALUER, ERANRDOIMN discharge ENBM> B IRDLSHBVLRS S !

« ictf AVVRDBS

SEEATRDZ(E RD DBEAIC L > TEKMES N EREBOEF LS
« ictf- AV RDIBES

SEBATERD X (E RD BRI N BEINREBICET NS

—RZIC RD OEAIC K DIEANRON(IBIBNICEZTRISNS 26, BED T EEGNICERL
TWL &S REEAMBIRET RD Hlg%E BALZIBES*, S E < discharge TEGEH > 12BRIZ TN EEEA
WRONXICELT SSICIFER ITFERIFITULEZUL. CNEBEINECTSDIC ictf- KMERTHS.

2.8.9 :csp AYYF

icsp AVY FIIEHOSAIRIBBRAEZEEL, SABRILIBELRINT—IVEERT S.
£ U :spoiler 7S50 Mon MIFEEK, Z0#, FNhI—IL(Tx L THREMNICER RD (2.5.6) ZEHA
93.

- BX

4:spoiler 7S5 h on DIBBEEICESKS
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—IBEDE ::= :csp "{" { <Equation> . | <Transition> .}+ "}"

icsp{egql .eq2.eq3.3} 8
I

‘csp ‘csp ‘csp
. | N
' Y N\
:apply(RD) {: g-1 g-2 g-3

T x
|
|
|

g+{eq1.} g+{eq2.} g+{eq3.}
K 2.6: :csp OEE

2.6 S-S v hd—-IbNgRE&dB. "icsp eql.eq2.eq3.” NDELSICLT 3DNER
eql, eq2, LV eq3 ZIBELIHES, :csp [@3@ED/NMIT—IL g-1, g-2, g-3 FEERML, ENFNIC
WLUT—2DDEBEINEERNZEIITS. KIS spoiler 75T M on DIREEZTRLTHD, E£HS
Nrehd—Jvicw U TIRERNICEEE RD £ AT 3KFERL TV 3.

2.8.10 :csp- AVYYVF

icsp- AVYRIBEDITOBEEICDVWTE iecsp AVVRERLKAIUTHDZ. BIXERBKETTF—
T—F icsp [E0D> T icsp- ZHET S, BLIT :ctf & ictf- DEBVWERUTHS. Thibhs,
ERETNFId—-IVIEH U TEAS N RD BEEDOER discharge ShiEh > RIBS(C, TTOERAX
KOXICET (icsp-)D REKEW(iesp) hDBVWTH S,

2.8.11 :def AVPYVF

L ERig0BAICRRZDITS

idef AVY RE—E U EIBERICRAIZ DT tapply AVV RO 5IHELTEZRZCENTES
&£5lcF3.

—EDHIRES ::= :def <name> = ( <EEER1> ... <#B&n> )
TIEXHBE IP (CEIZHMUVLWTRD Z@EAHIT B3 C &I iptrd EVWSBEIZE DI ZENTHS.

| :def ipsrd = ( IP RD )

to&LSlEcTgBElcdD, apply AV FDF|IMEL T iptrd Z IEEIT B CENTEBR LS
3.

‘ tapply (... ip+rd ...)
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Lo iptrd DERE(T :spoiler TSI M on DIFEDEEE IP D HEEBHERU THSD. DK SIC spoiler
TS off DIREE(T 7 # V) TRD ZHEBMNICEITLEVWBSECDLSBESRBELTHL L
TREEICNETSCENTES.

ictf I8 E DERIREY/E(ER

Ffe, (ctf APV REDIEENY (csp AVY FOIEEICRRIZD(F, :apply AVYVIFDEIHELTE
ZBCEDNTERLSICTS.

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

ictf- 2 icsp- ERUTH B.

CNELSICTBCET, ictf- REDIAVY FOEAE, tMOBREEFEDET tapply AV F
DEIMELTEZRIENTES.

2.8.12 :show OAVYF

SEADETIRRREZHBI B HICEALBDNIBEREH 3, BIFD show AV FEH
LClOMEEZIRLT B (show AV R ERIHT 3.

T=IVABNERT - :show goal

« d-ILORBZERTI S.
- B
J—JVDFERT ::= :show goal [ <GoalName> ]
* <GoalName> TEELI—-IZRTT 3.
* <GoalName> MEMINIBERX, BENDY—S' vk - T-ILERTTS.

KRN T — VR - :show unproved

s BEFRCELIEAINTLWEWI—ILERTTS.
« REFBAO -V &(F, REDIABRICS(FBIAAART, KRKiED./ — K55 TEEATRDI
Hidischarge ENTVEWI—ILDBEZESS.
- BXY
KREFBAD T — )UK ::= :show unproved

SEBAAR DIEERT - :show/:describe proof

:show proof
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s BEFRICHTIEAROBEEZRRANICERTT S.
R 574
SEBAARMRTR ::= :show proof
« EEAKRKDRRICH 2> TR, UTOBHBRBICHBILERDI L ST S.
- = IVREDHBEC L >TERSINEZENTHIH
- 5=y k- -d=ILHBMEAITHIH
- d—JVIXEERABEH D\ED

:describe proof

« show proof EAKRENRRNNGEENKRRTIIEL, AMANBIET FASNZEEICET IS
RERTRIZIOHNENTHS.
- BXY
SFEABFENER ::= :describe proof
s RIREHE->TE, UTOBEZIRTIS.
- ZOd—-ILEER U g
- SERATREX
- IBEDONRE LB
-SIH3WI TCHIBZEHAIT 3 CHhi> TEATNIEER
- BRRICL > TEAITNZLE
- d—JLHEERAST N TVBI HEDH
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pI=R

AET(E 2TEBA Lz CITP for CafeOBJ NEXRMLZKEEEEMR@AB L ZHIEEICDWVWT, ZNERTHILE
BHETHET 3.

3.1 BEULEOERMBINEIC K SN

R7)ZROEBREBOELETRULEZERL, ELEORBAICHESRINRDI D L Z5ERAY 3.

PNATOES

BARMOY — k& PNat &L, THRIYV— k& UL T PZero (FO)& PNzNat MU EOBARMEEST
3. BLEIE+, 0&shHhBRFTHS.

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 #(H
EAAOTRICHELMEE L TROMENRSS.
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N:PNat + 0 = N:PNat
M:PNat + s N:PNat = s(M:PNat + N:PNat) .

Z0RS, FITRADICRBLELT, cNSHMERKEICAIAYTS. CIT for Cafe TIHIAY 3728,
B¥IC PNAT Z2XRE L TERELTHS SIFALIEVWI—ILERET .
select PNAT .

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

LE? igoal AVY ROEITR/RIIRDES(C1EB.
:goal { ** root ------------------ooooooooo -
-- 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. **

d—Jv&M root THO, 5EIC :goal AVY FTIBEL XM FIARNREGE > TLUBIENRRINTL
3.

SEBA(ZZE M:PNat D EDRBWEIC L > TITS. ZD7ed tind on AVY R T RNETHERTIE
HEESJI3. MHANBETERINZII-IEZER LV verbose VY KT on ZIEET
3. T7#IJVETIL :verbose DE(T off THB.

:ind on (M:PNat)

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

:verbose on
LERFTFTIIEVATLENDLETIRNEZRAVWIIRAZ RT3 ERRI 3.

**> Induction will be conducted on M:PNat

SEBA (L HERE :auto TITS. CNITHEEE (SI CA TC IP RD) & HEMTH B(2.3.3). Ffz, :auto DE
f7HR(E, :spoiler 755D on DIRREETHERHNER TN S(2.6).

:auto

BUFIER, :auto AV ROHENDETRT.
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[si]=> :goal{root}
** Generated 2 goals
[si]=>
tgoal { ¥ 1 ----ommmrmrr i
-- context module: PNAT
-- induction variable
M:PNat
-- sentences to be proved
eq [lemma-1]: 0 + 0 = 0 .
eq [lemma-2]: @ + s N:PNat = s (0 + N) .
}
[si]=>
tgoal { ** 2 ----ooemm
-- 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 (MfPNat + 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) .
}

FITRADICHEEE si NEASH, 220T—-IbHERSNATVS. T—I)L 1 BRWEDR—-IT—X
THD, LEDMARRONICH > e BMENDEB M ZBMF 0 & LIEXHIIANRELES.

J-W2RB3RFTFYIFITr—AThH3. BIEDREELT, "H3EARBNTEDOIDELIEEE"
[CHYETINHNEASTNTULS. HI3ERHBN (CHHYNT S BEOZHICEE MPNat NMEHDONTLS.
CHOEBEERIIRHICBATNEARL—FIEECODVWTET—ILORRTRINTVS

SERANRE T B3N, ETCRRIERENEDIIDELERICRIRENTHSE. ZDRHBRF s
(Z&L D MiPNat DNEBRES N TUL3B.

BIgsi Z@RALHE, YXT LG ca 2BFNICERATS. ca FEITRVICT—IL1ICH L THE
A2Nn3. EHOMANKNT-ILICEENTWVS R, FNEFNEZRLOFI-IICHEL, &
NENTT BTN TFENESHERARNS. COBSTr—IDFEETSNEM> (T —X DT
DRRET S REBEFESINTLEW).

ca [T —XADFBHRMNIET LIzEIC, :spoiler 75T H on DIFS (TR > T BEMICEEERDI(CHE
LIINB(XLORRMEEFBEOEROFAR)ZTOSN, ZOBR—DOOXRTRINTEDZNEH
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NT3. BHEMLGHARROELSCES.

[cal=> :goal{1}
[ca] discharged: eq [lemma-1]: 6 = 0
** Generated 2 goals
[cal=>
tgoal { ** 1-1 -----ommmmmrr
-- context module: PNAT
-- discharged sentence
eq [ST lemma-1]: 0 = 0 .
-- induction variable
M:PNat
} << proved >>
[cal=>
tgoal { *1-2 ----ociimmm e
-- context module: PNAT
-- induction variable
M:PNat
-- sentence to be proved

eq [lemma-2]: @ + s N:PNat = s (0 + N) .

:auto (F—ENDEEERER (SICATCIPRD) [C&E LW EELIORREN, HERCATER S NI —
JW1-1 L0 1-2 [0 U TCALBEOEERD IBISERAINTITL, 1-1 FERICSHIOCADEAIC L

> T discharge TN TW3 o), FHEERIIAE LGV, 1-2 (FHEEATAREINHLE > TLB o,
BIRERAONREE 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 -----mmmmmm e
-- 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}

TCIFEEFAN RO NEHZEHECEIRZ %, T U :spoiler TS5 TMon THNIEXINRILT
B3HENEFNRSD. BRE rauto TETLTHE D, /&> T :spoiler h' on DIRETH S8, LDE
TOBRFOESDI—IV1-2 ODXMRILT B EED D, ZDER discharge [CHIILTW3S.

CCETT, YAFTLRIA-IW1 BLUZ0FId-LIcT U TIEREEZEALED>TWS. Z#
D%, Bo>TWB3d—JL2(cn U THU ca RO ZIEXERT 3. ZORTORTFIIROLSI(C
3. CCTHEHOIANKRENLONT—IVICREILTHS, ZFNENTIT—IADIFUEBEE
g3. ®EOy—IDIFEES, NEOKRDDTEMIS ST+ CT T, d—JL 2-1 MR discharge
TNTV3.
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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 -------immm
-- 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 (MfPNat + N) .
} << proved >>
[cal=>
tgoal { **2-2 -----iim
-- 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 (MfPNat + N) .
-- sentence to be proved
eq [lemma-2]: s M#PNat + s N:PNat = s (s M#PNat + N) .

BB, J—L1 0BE ERRICED OEENIEGERASTN TV, RTOKRFZE TICRYT . Hie(cEHHNA
IAREEF (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 { ** 2-2-1 -----mmmim 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)

** ALl goals are successfully discharged.

}

YT LEETHOT— VD discharge N, HYPOIEANKRHNEATE e EZMFL T, :auto
AVYRFOUNEZERTLTWVS.

U EDIRICEWVWT, BENMEASINE DL S ICT—ILDBERSNIZHIE, :show proof AV VK
E&L>THBEMHKS. TlCRTHZERT.
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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—ILBROAERID * (&, ZOT—IVIZEFNITATO SEAFTRDOIN discharge TNTVNBC L,
DS AT TVB CEERT.

3.1.2 TBAEKESA DN

BlEHVT, BLE + OXBAILIFSANZIRATS. CNSEHMAICEEICEERAL lemma-1 &
lemma-2 BAETHB. ZNHNSERBELTEALRHFHRIKZEI 1—JV PNAT-L ZEEY
3.

mod! PNAT-L {

inc(PNAT)

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

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

iRl EER

FITRCKIRAZEEBAT B. PNAT-L ZXARE L THREL, d-ILEEET 3.
open PNAT-L .
:goal { eq M:PNat + N:PNat = N:PNat + M:PNat . }

SEEXIRNDEEE(C select TlEHE<, open ZAHLE. EIT/RFIRDLS(CE3B.

-- opening module PNAT-L.. done.

:goal { ** root -----------------oo o
-- context module: %
-- axiom to be proved
eq M:PNat + N:PNat = N + M .
}

** Initial goal (root) is generated. **
SERRREZ VWS 26, RMETHERAIIEHNZEET S.

29



%PNAT-L> :ind on (M:PNat)

**> Induction will be conducted on M:PNat

HigE U TS :auto TGS, BICEIBZIEEL :apply AVY RICK > TiEAZE R #S5. &
FTRAKCSI AV RIEE > TRIEDR—RT—RERFTY I —R(CHETZ3T—ILE {ERLT
3.

%PNAT-L> :apply (SI)

[si]=> :goal{root}
** Generated 2 goals
[si]=>
Zgoal R s e oo oo oo oo oo
-- context module: %
-- induction variable
M:PNat
-- sentence to be proved
eq 0 + N:PNat =N + 0 .
}
[si]=>
tgoal { 2 ----iiirr
-- 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 0 rewrites + 0 matches)
>> Next target goal is "1”.

>> Remaining 2 goals.

Eo&S2o20d—-IvRERENz. REDOAKEIRDOLSCHE>TWLS.
%PNAT-L> show proof
root
>[si] 1
[si] 2
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T2 TROBEBOBBANKREGS -V, TKEDOESY -5y k- J=)vlc(F, FEEARD . —
FIE> ERTUTENERDBLSIEH-o TS, RICEATIHIEE LT TC ZIBELHAZ TIC
RY. ERSNhB3T-IHR—LKHNESN3OEMEHEIT S726b, :verbose off ELTLSB.

%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

TCHOBAICL>TI2OFI-ILBRERS N, FNHNRODI—T vk - T-lbEG>TVWS. Ch
([Cxt U CTHBRRDZ &M L TitAZHH# 3.
%PNAT-L> :apply(rd)

[rd]=> :goal{1-1}
[rd] discharged:
eq [TC]: 0 + NePNat = N@PNat + 0
[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 $3FEMERKE. AKRKD ./ —K(C * HBMIMETNTLBD(F ZNH discharge TV
BBEERLEENTHS.

BOd—JL2 L TE TC LU RD TitFAZHH#S3. SEFTCERDZ X LT :apply D5l
BMEUTIEETS.
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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)

** ALl goals are successfully discharged.

%PNAT-L> :show proof
root*

[si] 1*

[tc] 1-1*

[si] 2*

[tc] 2-1*

T, RIBAIDERANTT L.

LA Em3EA(E :apply (SI TC RD) D& SCLTHRIITEHMTEATILSICTES. ZNHESI(E,
LTOEBBEINDELSIC TC Z2EBIBEI INEKLLKES.

THERTHIT, :apply AV R T/ —RIBE(ZNDIBE root) ZBEL TLBEISERESI NV, J
—REEEIIE, 20/ —FICHLUTEIBOEEEERTS. COIBE root ZIBEL TWLB26,
CNFETT>RBEREREF vV EILL BUEAZEBRITIDICELL.
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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 + @
[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.

EERUCEF, —H :selectroot ELTroot €5 —45'w k- J=JLb&L, RWLT :apply (si tc
rd) ELTETES.

=Ll (oL

CNFETLERAUL, BRUTRWEEHWVWTIIRAYT 3. BICHCHENMNKREREDOEFEHDNA TV
FL\ =8, :verbose off & L T :auto CETURHAIZTICRT.
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%PNAT-L> :goal {eq (M:PNat + N:PNat) + P:PNat = N:PNat + (M:PNat + P:PNat) .

tgoal { ** root ----------------oie

-- 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 BJSPFICSL SN

EOIERDBITBEN T HRBEERBEDTREN ST
BEMAETY.
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& 3.1: ARGBEER TOEFEDE

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

3.2.1 €Y a1-—J)V FG-FUN ESERANS

TIEEY21—)UFG-FUN DEZZETYI. ZNDHIREIE Maude @ CITP ¥ X F LDFHIE% CafeOBJ
AICEZTLHHELEENTHS.

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 .

BICEKDEWEI1—IVERTHS. 4DDRMHFAETFANEEINTNBEH, ENS5(E (A TH
T3 SANNZEF>TVS. CNEBIYXTFTLIER/LT, CNSHOFRNE BEDTOT—IX=zlRL
EDTHD, CNZAVWTBEDRITZEIBLSICERIZIENTHS.

SEEARE T BXIIRNDBEDTHS.
9 <= G(F(X:Nat)) + G(X:Nat) = true
WHVEBRECNDIRIITICEERIDNEETHS. LOFMANRIICEEFNTULS F(X : Nat)

L GX:Na)leDWT, ZRENHRABTESENE 2 DD —EH DR, LT —I0MH
EhEEE 3.210ESEHBETTHS.

INSOPHEDEDNDSSE, B) DT —XEXMSUENDAUTEVSREDRHH DB,
LTIV RTFLECOEFEDEICDODVTIEFINERIML, UZOFXGFZSLI—IL% discharge T
FRIFNEE STV,

3.2.2 CITP for CafeOBJ [c & S5

KICRUEEY21—JVFG-FUN #XRE U TEEBAZ ML 12BlE AT (CcRY. ELOEIRDERA

TIERENfed— =R\ zs, :verbose on & UTEEL Z.
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Fe, BB TEENIC

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. **

EEBOT-ICH L THEERFC L BHAZITS. HEHT SHBRE (CATCRD) TH3. UTFYX
TLOHEAZZEONCDEIL, BELHBAZECHMT 3ETRY.

FG-FUN> :apply (TC CA RD)

[tc]=> :goal{root}
** Generated 1 goal
[tc]=>
tgoal { ** 7 —---mme
-- context module: FG-FUN
-- introduced constant
op XeNat : -> Nat { prec: 0 }
-- sentence to be proved
eq [TC]: 9 <= G(F(XeNat)) + G(XeNat)

= true .

RAICT—JV root [ TC NNERASTN, SEANRETIX
eq 9 <= (G(F(X:Nat)) + G(X)) = true .

D X & XeNat [CEBE@Z XX & LizFifeid—IL1 ZEB L TW3S.

RlEZHT—IL1cxt U TERE CA MR, KICRRZ4DDT—IABIC T—IVHERSTNTL
3. CART —REFREGRABEULTEAER, ZNS5OBIICFEANBLNESHE FIvDIT 3.
RESBHDIEFBREOERICFBENREVHNLE SHOHFNRREINS. ChlcL>TI—IL1-3R
discharge N TWL3.

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

** Generated 4 goals
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UFTRYZTLNERUBEROI-ILORETZ=HS.

[cal=>

tgoal { ** 1-1 ------mmmmmmi

-- context module: FG-FUN
-- introduced constant
op X@Nat : -> 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=>

T=I1-13%NEK 3.2 1R LEQ)DT— X CHIET 3.

Wiz nE

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 DSINEDT—IAMBESNTWVS.

[cal=>

fgoal { FE -2 oo oo oo

-- 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 .

- 1-2 (3% 3.210T7—XA)ICRIGLTWS.
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tgoal { ** 1-3 ------mmmmrr

-- 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—1-3[3F 3.2.107—XB)IcWET 3. KlCdRfeeEh, BATNERABEEWVICFET S
e®, YRFLEFOT—)V%E discharge LTW3. discharge ENZIEANKRTH > =X(E, I
—ILORTESARIVLE ZEMULEXELTRRESNLTLS.

[cal=>
tgoal { ** 1-4 —---oommmo
-- 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 .

CARERLUIBEBICOI-I1-4FKR 3.21CRLET—X (1) EHGT 3.

LUEDCARER LIZ4DDd—ILDS55, 1E(1-3)IEBE(C CA ) REBME(C & > T discharge &
nTwnad. Bbmn3d—)LIic L TRD hEAHENS. RDIMTSCERBENNDTEREEREBEE FEDIRE
Thofle.
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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)

** A1l goals are successfully discharged.

FoETHIOED, ETOT-ILBFEEINTNS.

Bl EDOIIBADERICH T BEAAARERTI D ERDLS(CES.
FG-FUN> :show proof
root*
[tc] 1*
[cal] 1-1*
[ca] 1-2*
[ca] 1-3*
[cal] 1-4*

RD Ed—ILZER LRV, SAKRETHZG ) —FRERERSNTULRKL. BREZEEIS
%, T—I-1ZRTLTHBIERDELS(CIEB.
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FG-FUN> :show goal 1-1

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

true .

true .

RD [E& > T discharge ez X(d, SARJVIC RD HBIMIENhTRRSTNB.

BHAIC L B discharge THoeC L EHMB3CENTES.

40

chic&>T, RDD



E5 Bk

[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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