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/*

Introduction to Formal Proof, Oxford, 2014

*/
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USE "I FP_syntax.j"

USE "I FP_rules.j"

USE "I FP_styl e_menus. "
USE "I FP_tactics.j"

/* Establish an order for the nenus */

MENU Rul es

I'S END

MENU "[Rul es]" IS END
MENU "Quantifier Rules" IS END

USE "I FP_intro_conjectures."

KEYBQOARD

- I* %]

MENU "[Rul es]" IS

ENTRY hyp
ENTRY " elint
SEPARATCR
ENTRY " intro"
ENTRY " intro"
ENTRY " intro(L)"
ENTRY " intro(R)"
ENTRY " intro"
SEPARATOR
ENTRY " elint
ENTRY " elim(L)"
ENTRY " elim(R"
ENTRY " elint
ENTRY " elin(L)"
ENTRY " elim(R)"
SEPARATOR
ENTRY "= intro"
ENTRY "= elinf
ENTRY " == elint
SEPARATOR
SEPARATCR
ENTRY cut
ENTRY thin
SEPARATOR
SEPARATOR
ENTRY " intro"
ENTRY " elint
END

MENU "Quantifier Rules" IS

ENTRY " intro" IS (WTHSELECTIONS " intro")
ENTRY " intro" IS (WTHSELECTIONS " intro")
SEPARATOR
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ENTRY " elinmt 1S (WTHSELECTIONS " elint)
ENTRY " elint IS (WTHSELECTIONS " elint)

END

MENU "= Rules" IS

ENTRY "= intro"
ENTRY "= elint
SEPARATOR

ENTRY "= elim (select t1=t2) (text-select t1 in (tl1l) to cut with (t2))" IS
For war dEQEl i m
END

/************************** D)ubl e'CI | Ckl ng *********************/

USE "IFP hits.|"

/************************** Del’l Ved RJI es **********************/

MENU "Rul es" 1S

SEPARATOR

SEPARATOR

RULE "RAA (derived)" IS FROM -A | NFER A

RULE " (derived)" ISFROMA, B CINFER AB C

RULE "-- (derived)" IS FROMB C INFER --B C
END

/* DERI VED */

RULE ""(T) IS FROMP(T) CINFER X . P(x) C

TACTI C Resol veOr Theorem (thm) |'S (ALT (Appl yOr Resol ve thm) (TheorenforwardO Backward thm))
TACTI C Appl yOrResolve  (thm) 1S (WTHHYPSEL (ALT thm (RESOLVE thm)))
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Conj ectures
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THEOREM IS x. (R(x)S(x)) vVy.R(y)z.S(z)
THEOREM IS x.R(X)y.S(y) z.(R(z)S(z))
THEOREM IS  x. (R(x)S(x)) vy.R(y)z.S(2z)
THEOREM | S x. (x=0x=1), x.R(x), -R(1) R(0)

THEOREM IS ( x . T(X)) ( x . (P(x)T(X))),
( x . Ph(x)) ( x . (T(x)Ph(x)))

(x . (T(x) Ph(x))) ( x . (P(x)Ph(x)))

BUTTON Appl y I'S apply Resol veOr Theor em COMVAND

END
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/* $ld: |FP_derived.] 642 2014-06-03 18:10:20Z sufrin $

OQpportunity to do proofs of derived rules, that we have introduced in the

regul ar rules nmenu as honest-to-god rules.
*/

CONJECTUREPANEL "Derived Rul es"

DERI VED RULE " ( RAA) " IS FROM -A | NFER A

DERI VED RULE * ()" ISFROMA, B CINFERAB C

DERI VED RULE " (--)" IS FROMB C I NFER --BC

DERI VED RULE “ ()" ISFROMP(T) CINFERX . P(x) C
DERI VED RULE "(= sym" |'S FROM T1=T2 | NFER T2=T1

DERI VED RULE "(= trans)" |S FROM T1=T2 AND T2=T3 | NFER T1=T3
BUTTON Apply 1S apply Forbi dDeri ved COMVAND
END

TACTI C For bi dDer i ved(r ul enane)
(Fail ("(A'l you can do with % here is to start proving it)\

\\nThe derived rules are already available (as if proven) on the Rules nenu.",

/** Proofs |eft unloaded

CONJECTUREPANEL " Deri ved Rul es"
PROOF " ()"
FROM A,
B
C
| NFER AB
C
FORMULAE
0 AB,
1A
2 B,
3cC
IS

rul enane))

SEQ (cut[B, A\ 1,3]) (" elimL)"[AB1,2]) (hyp[A0]) (cut[B Q2 3]) (" elimR"[AB12]) (hyp[AO0]) (G VEN 0)

END
CONJECTUREPANEL "Derived Rul es"
PROOF " (==)"
FROM B
C
| NFER --B
C
FORMULAE
0 --B,
1 B,
2 C
IS
SEQ (cut[B,CQ1,2]) ("-— elinm[B\1]) (hyp[A0]) (4 VEN 0)
END
CONJECTUREPANEL "Deri ved Rul es"
PROOF " ()"
FROM P(T)
C
I NFER x. P(x)
C
FORMULAE
0 x.P(x),
1 x,
2T,
3 P(x),
4 P(T),
5C
IS
SEQ (cut[B, C4,5]) (" elin[x,T,P\1,2,3]) (hyp[A0]) (G VEN 0)
END
CONJECTUREPANEL "Deri ved Rul es"
PROOF " ( RAA) "
FROM -A

I NFER A
FORMULAE
0 -A,
1A

1S
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SEQ ("-~ elim[B\1]) ("= intro"[A0]) (G VEN 0)
END

**/
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/*
Mouse-clicks on fornul ae
*/

HYPH T P PIS hyp

HYPPHT PQ RIS ALT (SEQ" elinm(L)" (W THHYPSEL hyp))
(SEQ " elinm(R" (W THHYPSEL hyp))
( For war dAndEl i mBot h)

HYPHT PQ P IS (SEQ" elimL)" (WTHHYPSEL hyp))
HYPHT PQ QIS (SEQ" elim(R" (WTHHYPSEL hyp))
HYPHT PQ R IS (SEQ ForwardAndEl i mL Forwar dAndEl i nR)
HYPHT PQ P IS Forwardl ffElinL

HYPHHT PQ QIS Forwardl ffElinR

HYPHT PQ RIS ForwardlffElinmBoth

HYPHT PQ R I'S Forwardl npEli m

HYPHT P, PQ R I'S Forwar dl mpEl i m

HYPHHT PQ R I'S ForwardUncut 0 " elint

HYPHT --P Q I'S Not Not El i nHi t

HYPH T =P I'S Not El'i m

HYPHT -P,R Q I'S Forwar dNot El i m

HYPHT x.P Q I'S Forwar dAl | El i m

HYPHIT fresh i, x.P Q IS ForwardAl | El i m

HYPHT x.P Q IS (WTHARGSEL " elint)

HYPHI T Q IS ™" elint
/************************** = **********************************/

HYPHI T T1=T2 Q IS Forwar dEqEl i m

TACTI C ForwardEgQEl im | S
WHEN ( LETHYPSUBSTSEL (_P[_x\_S])
(LETHYP (_T1=_T2)
(ALT (SEQ (UNIFY _S _T1) (cut (_P[_x\_T2])) (SEQ ("= elint) hyp) )
(Forwar dEQEl i nExpl ain (_T1=_T2))
)))
(LETHYP (_T1=_T2) (ALT (LETCONC _P (SEQ ("= elint') hyp)) (ForwardEqElinExplain (_T1=_T2))))

TACTI C For war dEqEl i mExpl ain(T) | S
ALERT ("You sel ected the equation %; but you either need to select a conclusion\n\
\or to select an instance of the left-hand of the equation within a fornula.", T)
("K', STOP)
("Explain = elinm, "Explain = elin)

MENU "= Rules" IS

ENTRY "= intro"
ENTRY "= elint
SEPARATCR

ENTRY "= elim (select t1=t2) (text-select t1l in (tl1) to cut with (t2))" IS
For war dEQEl i m

SEPARATOR

RULE "= synt I'S FROM T1=T2 | NFER T2=T1

RULE "= trans" |S FROM T1=T2 AND T2=T3 | NFER T1=T3
SEPARATOR

TACTIC "= sym (forward)" IS
WHEN (LETHYP (_T1=_T2) (cut (_T2=_T1)) ("= syni))
(Fail "'=sym(forward)' requires you to select an equation")
END

/***************************************************************/

CONCHI T OR IS ™" intro"
CONCH T QR I'S (ALT
(SEQ " intro(L)" hyp) (SEQ" intro(R)" hyp)
(Fail "Neither of the intro rules is immediately applicable"))
CONCH T QR IS" intro"
CONCHI T -Q IS "= intro"
CONCHI T x.Q IS" intro"

CONCHI T freshi x.Q 1S VarExintro
CONCHHTH x.QIS (SEQ" intro" (ALT (W THHYPSEL hyp)))
CONCHT x.Q IS (SEQ" intro" )

MENU "Rul es" |S
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ENTRY hyp
ENTRY "= elint 1S NotElim
ENTRY " elinf

SEPARATOR

SEPARATOR

ENTRY " elim (forward)" I'S Forwardl npEli m
ENTRY "= elim (forward)" I'S Forwar dNot El i m
ENTRY "=-- elim (forward)" I'S For war dNot Not El i m
SEPARATCOR

ENTRY " elinm(L) (forward)" IS ForwardAndEli nL

ENTRY " elimR) (forward)" IS ForwardAndElinR

ENTRY " intro (forward)" I'S ForwardAndl ntro(" intro")
ENTRY " intro(R) (forward)" IS ForwardOrintro(" intro(R")
ENTRY " intro(L) (forward)" IS ForwardOrintro(" intro(L)")
ENTRY " elinm(L) (forward)" IS Forwardl ffElinL

ENTRY " elim(R) (forward)" IS ForwardlffElinmR

END

/* Entries test individual tactics
MENU "[ Test Tactics]" IS
ENTRY TwoHypsNot El i m
ENTRY Forwar dNot El i m
END
*/

TACTI C SelectFail (x) IS (ALERT x ("OK", STOP) ("Show the current selections", SHOASELECTI ONS))

/************************** '\bgatl on *************************/

TACTI C For war dNot Not El i m
VHEN (LETHYP (--_B) (SEQ (cut(_B)) ("-- elinf(_B))))
(Fail "-- elim (forward) cannot be used here")

TACTI C Not Not El i nHi t
WHEN (LETHYP (--_B)
(ALT (LETGOAL (_Q
/* We cannot sinply say: (LETGOAL (_B) ...) here.
The LET forns introduce NEWpattern vari abl es,
so we need to check that the goal is the hyp
with a (LETMATCH B _G...)
*/
/* (ALERT ("Coal is % |- %", _B, _Q) */
/* Coal sane as hyp: just apply the rule */
(LETMATCH _G B ("=~ elim'[B\_B])))
/* Goal distinct fromhyp: cut with _B, then apply the rule */
(SEQ (cut[B\_B]) ("=—~ elim[B\_B]) (WTHHYPSEL (hyp)))))
(Fail "=- elimcannot be used forwards or backwards here")

TACTIC NotElim|S
VWHEN
( LETGOAL
(WHEN
(LETHYP2 (B) (= _B) (TwoHypsNotElim()))
(LETHYP (- _B) (SEQ ("—~ elinm _B) (WTHHYPSEL (hyp (- _B)))))
(Fail "= elimneeds a goal of and a selected hypothesis of the form -P")

))
(Fail "Your goal should be : try -elimor RAA first")

TACTI C TwoHypsNotElin(Q IS
VWHEN
( LETGOAL
(WHEN
(LETHYP2 B (-~ _B)
(ALT (SEQ ("- elinmt _B) (WTHHYPSEL (hyp (- _B))) (W THHYPSEL (hyp _B)))
(ALERT ("- elimis not applicable with selected hyps % and % and goal %.\n\

\(this may have happened because you refused to select a rule-nmatch)", _B,
("K', STOP)

("Explain "rule-match'", "The rule ... matches in Ndifferent ways ...")
))

)
(TwoHypsNot El i nError (Q)))

(Fail "Your goal should be : try -elimor RAA first")

TACTI C TwoHypsNotElinError(GQ IS

—|_B,
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VHEN (LETHYP2 _A (- _B)
(ALT (SEQ (UNIFY _A _B)
(Fail ("You selected goal % and hypot heses % and %\ n\
\but —-elimcannot be applied', G _A (- _B))))
(ALERT ("You sel ected goal % and hypotheses % and %\ n\
\but --elimcannot be applied, because the hypotheses cannot be made to match\n\
\(if it is not obvious why, then perhaps a proviso was violated)?", G _A (-

_B)

("K', STOP)
("Expl ain provisos", "Wat are provisos?"))))
(SelectFail "- elimneeds a goal of and selected hypotheses of the form and -")

TACTI C ForwardNot Elim | S
VHEN
(LETGOAL ( TwoHypsNot El i m()))
(LETHYP2 B (-~ _A) (LETGOAL _G (SEQ (cut ) (TwoHypsNotElim(_G)))))
(SelectFail "Using = elimforwards this way needs hypotheses of the form and - to be sel ected")

khkkkkhkkkhkkhkhkkhkhkkhkhkkhkhkkhkkhkkhkhkkx*k N 1 1 khkkkkhkkkhkkhkkhkhkkhkhkkhkhkhkkhkhkkhkkkhkkk*x
/ Di sj unction /

TACTI C ForwardOrintro(introtac) IS
WHEN
(LETHYP _A
(WHEN (LETARGSEL (_B)
(ALT (SEQ (cut (_A B)) (introtac) (WTHHYPSEL (hyp)))
(SelectFail ("You text-selected % and fornula selected the hypothesis %.\
\\nBut % (forward) failed: because % couldn't be used i mediately to prove concl usion
%",
_A, _B, introtac, introtac, (_A _B)))
))
(Sel ectFail ("You formul a-selected the hypothesis %.\nYou al so need to text-select in order to use
% forward to establish %",
_A introtac, _A))))
(LETARGSEL _A (Fail ("You text-selected %.\nYou al so need to formul a-sel ect a hypothesis in order to use
% forward to establish %",
_A introtac, _A)))
(SelectFail ("To use % forwards to establish you need to fornul a-select a hypothesis and text-select ",
introtac))

khkkkkhkkkhkkhkhkkhkhkkhkhkkhhkhkhkhkkhkhkkhkkkx*% H H khkkkkhkkkhkkhkhkkhkhkkhkhkkhkhkhkhkhkkhkkkkkkx*x
/ Conj unction /

TACTI C Forwar dAndl ntro(introtac) IS
VWHEN
(LETHYP _A
(WHEN (LETARGSEL (_B)
(ALT (SEQ (cut (_A B)) (introtac) (WTHHYPSEL (hyp)))
(SelectFail ("You text-selected % and fornula selected the hypothesis %.\
\\nBut % (forward) failed: because % couldn't be used i mediately to prove concl usion
%",
_A, _B, introtac, introtac, (_A _B)))
))
(SelectFail ("You formul a-selected the hypothesis %.\nYou al so need to text-select in order to use
% forward to establish %",
_A introtac, _A))))
(LETARGSEL _A (Fail ("You text-selected %.\nYou al so need to formul a-sel ect a hypothesis in order to use
% forward to establish %",
_A introtac, _A)))
(SelectFail ("To use % forwards to establish you need to fornula-select a hypothesis and text-select ",
introtac))

TACTI C Forwar dAndElinL IS

WHEN
(LETHYP (_A _B) (SEQ (cut (_A)) " elimL)") (WTHHYPSEL (hyp(_A _B))))
(SelectFail "You need to select a conjunctive hypothesis for forward -elimL) to work")

TACTI C ForwardAndElIinR I S

WHEN
(LETHYP (_A _B) (SEQ (cut (_B)) " elim(R")(WTHHYPSEL (hyp(_A _B))))
(SelectFail "You need to select a conjunctive hypothesis for forward -elimR) to work")

TACTI C Forwar dAndEl i nBoth | S

VWHEN
(LETHYP (_A B) (SEQ Forwar dAndEl i nL Forwar dAndEl i nR))
(SelectFail "You need to select a conjunctive hypothesis for forward -elimto work")

/************************************** Iff *********************************************/

TACTI C ForwardIffEIinL IS
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WHEN
(LETHYP (_A _B) (SEQ (CUTIN " elimL)" (WTHHYPSEL (hyp)))))
(SelectFail "You need to select an hypothesis for forward -elinm(L) to work")

TACTIC Forwardl ffEIinR | S

VWHEN
(LETHYP (_A _B) (SEQ (CUTIN " elim(R)" (W THHYPSEL (hyp)))))
(SelectFail "You need to select an hypothesis for forward -elinmR) to work")

TACTI C Forwardl ffElinmBoth IS

VWHEN

(LETHYP (_A B) (SEQ ForwardlffElinm Forwardl ffElinR))

(SelectFail "You need to select an hypothesis for forward -elimto work")
R R O R O O O 1 1 R R R O O
/ I nplication /

TACTI C Forwardl npElim | S
WHEN  (LETHYP2 _A (_A _B)
(ALT
(SEQ (cut _B)
(WTHHYPSEL (" elim[A B\_A _B])))
(Fail ("You selected % and %%, but elim (forward) failed: Tell Bernard", _A _A _B))))
(LETHYP (_A_B) (SEQ (cut _B) (WTHHYPSEL (" elinf[A B\_A _B]))))
(SelectFail "You need to select a hypothesis of the form for elim(forward) (you can also select the

")

/************************** ****************************************/

TACTI C VarExIntro | S
WHEN (LETHYP (fresh _i) (SEQ (" intro"[T\_i]) (ALT hyp (SEQ)))
(Fail "VarExlntro invoked without a fresh declaration selected.")

TACTI C ForwardExIntro |'S
WHEN ( LETHYPSUBSTSEL (_P[_x\_S])
/* (ALERT ("% % %", _P, _x, _S)) */
(CUTIN (" intro"[x,P\_x,_Pl) (hyp (_P[_x\_S]))))
(Fail ("You have invoked intro (forward).\n\

\The intro rule is: FROM () INFER x(x).\n\

\Before doing this you should have text-selected a term fromw thin a hypothesis fornula () \

\'so as to nmake clear what you neant."))

[ KKK K Kk kK Kk ok ok ok R K Kk ok ok ok R Kk kK KKK Kk kR KKk Kok kKKK kK ok kR Rk ok ok ok kR Xk k ok ok ok Kk kk ok ok [

CONSTANT

TACTIC ForwardAI lElim IS
WHEN (LETARGSEL (_T)
(ALT
(LETHYP ( _x . _P)
(CUTIN " elint [T\_T] (WTHHYPSEL (hyp))))
/* Didn't seemto be able to do this with cut/ elimhyp
Maybe | didn't specify them enough and the foll owi ng m ght have worked:
(SEQ (cut[B\(_P[_x\_T])] (" elim [T\_T]) (WTHHYPSEL (hyp))))
but, as they say, || ABDFI!
*/
(ForwardAl | El'i nSel ectFail)))
(LETHYP2 (fresh _T) ( _x . _P) (CUTIN" elin [T\_T] (WTHHYPSEL (hyp))))
(LETHYP ( _x . _P)
(ALERT
("You have invoked elim (forward) by double-clicking or fromthe Quantifier Rules nenu, \
\with sel ected hypot hesis\n %s\ n\ n\
\For this to work, you need to text-select a term (say), to substitute for % in\n %s\ n\ n\
\The result will be\n %8\ n\ n\
\If you select an assunption of the form (fresh ) then Jape will behave as if you had text-
sel ected \n\n\
\If you really want Jape to invent a term proof variable for you, then you can \
\invoke ' elim (forward, inventing a proof variable)' below, or froma nenu.", ( _x . _P), _Xx,
_Po (_P[_x\]))
("K', STOP)
(" elim(forward, inventing a proof variable)", ForwardAllElimnvent)))
(ForwardAl | El i nSel ect Fai |)

TACTI C Forwar dAl | El i nSel ectFail |S
(SelectFail "If you want to use elim (forward) at this point, then \
\you need to sel ect a conclusion, \n\
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\and a fornula of the form x . (x), \n\
\and text select a termT, or a 'fresh’ declaration.")

TACTI C ForwardAl | Eli ml nvent | S
WHEN (LETHYP ( _x . _P) (CUTIN " elinm (WTHHYPSEL (hyp))))
(SelectFail "If you want to use elimand have it invent a termat this point, then \
\you need to select a fornula of the form x . (x).")

MENU "Quantifier Rules" IS
SEPARATOR

ENTRY " intro (forward) (needs a text-selected termin a hypothesis; invents a variable)" IS ForwardExIntro
SEPARATOR

ENTRY " elim (forward)" IS ForwardAl | Elim
ENTRY " elim (forward, inventing a termproof-variable)" IS ForwardAllElinm nvent
ENTRY " (derived)" IS ""

END

/************************* '_bl pl Stl’y *********************************/

TACTI C EXPLAI NTHENSTOP(X) IS
SEQ (ALERT x) STCP

PATCHALERT "doubl e-click is not defined"
"Doubl e-clicking has no effect with the current selection(s).\n\
\You can find out what (IFP Jape) thinks the current selection is fromthe Hel p menu.\n\
\You will also find explanations there of how to nake sel ections."
(" oK)

TACTI C SHOASELECTI ONSW THTEXT(caption, value) IS
WHEN (LETCONC _G (ALT (LETHYPS _H
(ALERT ("Sel ected hypothes(is/es)\n %s\ n\ n\
\ Sel ected concl usi on\n %\n\n% %", _H _G caption, value)
("K', STOP)))
(ALERT ("No Sel ected hypot hesi s\ n\ n\
\ Sel ected concl usion\n %\n\n% %", _G caption, value)
("K', STOP))
))
(LETHYPS _H (ALERT ("Sel ected hypothes(is/es) \n %s\ n\ n\
\'(no selected conclusion)\n\n% %", _H caption, value)
("K', STOP))
)
(LETCONC _G (ALERT ("Sel ected concl usion\n %s\ n\ n\
\'(no selected hypothesis)\n\n% %", _G caption, value)
("K', STOP))
)
(ALERT ("No sel ected hypothesis or conclusion. \n\n% %", caption, value)
("OK", STOP))

TACTI C SHONBELECTI ONS | S
WHEN (LETMULTI ARG _T ( SHOABELECTI ONSW THTEXT "Sel ected texts:" _T))
(LETARGSEL _T  ( SHOABELECTI ONSW THTEXT "Sel ected text:" _T))
( SHONBELECTI ONSW THTEXT "No sel ected" text)

MENU Help IS
TACTI C "Show the current formula(e) selection(s)" |I'S SHONSELECTI ONS
TACTI C "Expl ain hel p" IS
EXPLAI NTHENSTOP " CGeneral hel p for Jape can be found on the Hel p nenu.\n\
\The IFP logic is explained in the notes for \
\the Oxford University course \"Introduction to Formal Proof\"."
SEPARATOR
SEPARATOR
TACTI C "Expl ain Text selection (also called subfornmula selection)" |S (SHONMONO Text Sel ect)
TACTI C "Expl ain Formul a sel ection" IS (SHOMOATO For mul aSel ect)
SEPARATOR
SEPARATOR
TACTIC "Explain = elint IS
ALERT "To make a forward inference of the form (2) froman hypothesis of the form1=2 \
\ (when the goal conclusion is already of the form(2)) just double-click \
\on the hypothesis 1=2.\n\nWen the goal conclusion is not already of the form(2) \
\then text-select the 1 in an hypothesis of the form (1) first."
("K', STOP)
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SEPARATOR
TACTI C "Hypot heses and Concl usi ons" | S
ALERT

"When you sel ect a hypothesis, you get a downward-pointing selection (a box round the \
\fornula, open at the bottom). You work forward from a hypothesis sel ection.\n\n\
\ Unproved conclusion fornulae are witten with three dots above them \
\ When you sel ect an unproved concl usion, you get \
\'an upwar d- poi nting selection (a box round the formula, open at the top). You can work \
\ backwards from a concl usion selection, or it can be a target for a forward step.\n\n\
\ Sone formul ae i ntroduced by buttons |abelled (forward) can be used as a hypothesis or as an \
\unproved concl usion. The sel ection box for these has a dotted horizontal line. \
\Cdick in the bottomhalf of the fornula to make an \
\ hypot hesis selection, in the top half for a conclusion sel ection.\n\n\
\Any formula can be used as a hypothesis if there are rel evant unproved concl usions below it \
\in the proof."

("OK", STOP)
("Expl ai n hypotheses in scope", "Hypotheses in scope")
TACTIC "Meaning of ..." IS
EXPLAI NTHENSTOP
"An ... (ellipsis) in a proof-in-progress narks a place (an open goal) where there is still work to be
done. \
\The formula just below the ... is an unproved conclusion (notice that it doesn't have a reason beside

it). \
\Your job is to show that each unproved conclusion follows \
\fromthe hypotheses in scope for it.\n\n\
\ When neki ng a proof step you nearly al ways need have an open goal selected: \
\IFP Jape is set up to do this automatically after each nove; but you can \
\change the goal by selecting another; and you can change Jape's policy fromthe Proof Style menu.\n\n\
\When there are no unproved conclusions |left, the proof is finished."

TACTI C "Hypot heses in scope" IS
EXPLAI NTHENSTOP
"The hypotheses in scope at a fornmula are the ones that are not greyed-out when the concl usion \
\is selected.\n\n\
\'You can also find out what they are by changing the viewto Tree display \
\(though | don't recommend doing this in the mddle of a |arge proof.)"

TACTI C "The Rul es nmenu and the [Rul es] nmenu"
ALERT

"The Rul es menu contains frequently-used, and sone derived rules. \n\
\It also has buttons that invoke proof-tactics that appear to have a 'forward' effect: \
\these operate by using 'cut' to establish a new fornula in the context.\n\n\
\The [Rules] nenu has /all/ the rules on it: Jape invokes themw thout trying to be clever."
("K', STOP)
("Explain the cut rule", "The cut rule")

TACTIC "The cut rule" IS
EXPLAI NTHENSTOP

"The rule cut() transforns a proof goal of the form into the two proof sub-goals: \n\n\
\ \n\
\ , \ n\ n\

\'In the box formdisplay |FP Jape normally shows only the second subgoal, \

\thereby giving the appearance that has been added to the context.\n\n\

\Tactics labelled (forward) on the Rules nenu generally operate by inserting a cut, \
\then trying to use the rule nanmed on their button to close the goal . \

\If that rule fails, then the tactic itself fails, and IFP Jape will try to explain why."

TACTIC "The rule ... matches in Ndifferent ways ..." IS
EXPLAI NTHENSTOP
"Cccasionally a 'forward' tactic will put up a dial ogue box that asks you to \

\ choose between different ways of applying a rule. Sonetinmes it shows \

\ways that are not actually different[*], but in any case any of them can be safely selected.\n\n\

\[*]What is happening here is that Jape is ms-reporting the fact that it has found two distinct lines
with the same \

\ hypot hesis on."

TACTI C "What are provisos?" IS
EXPLAI NTHENSTOP
"A proviso is Jape's representati on of one of the side-conditions of a quantifier rule.\n\
\ Provi sos usually constrain the way that proof-variables invented by Jape may | ater be resolved /
bound. \ n\
\ The provisos, if any, on proof-variables present in the current context are always visible on a panel

\ bel ow the proof display, that starts with the Iine 'Provided:'.\n\
\It is possible that the invocation of a forward tactic, or of a quantifier rule with an inappropriate
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\
\text-selection, would violate a proviso that you cannot yet see; in that case you will usually receive
an expl anati on of what went wong."

END
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CONJECTUREPANEL "I ntroductory Conj ectures”

THEOREM | S

THEOREM
THEOREM
THEOREM

THEOREM
THEOREM

THEOREM
THEOREM

THEOREM

THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM

THEOREM
THEOREM

THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM
THEOREM

THEOREM

BUTTON Apply

END

-=E E

ISE -E F
ISE -E G F
IS EFGH GFEH

S
S

S
S

S

S
S
S
S
S
S
S
S
S

S
S

S
S
S
S
S
S
S
S

S

E(FO (EF)G
(EF)G E(FQ

-(EF) -E-F
E-E

~F-E EF

-E -F =(EF)
-E -F =(EF)
E F =(-E-F)
E F =(-E-F)
-(-E-F) EF
-(-E-F) FEF
-(EF) =E-F
-(EF) -E-F
(EF) (FE)

X.R(x) y.R(y)

X .y . Rxy)

=X. R(x) y.-R(y)
=X. R(x) y.=-R(y)
=X =R(x) y. R(y)
=X. =R(x) y.R(y)
X. R(x) =y.=R(y)
X. R(x) =y.-R(y)
X. =R(x) =y.R(y)
X. =R(x)  =y. R(y)

R(k)  x. (ROX)R(j ) R(k))

I'S apply Resol veOr Theor em COMVAND
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/*

*/

/*

*/

RULE
RULE
RULE
RULE

RULE
RULE
RULE
RULE
RULE

RULE
RULE
RULE
RULE
RULE
RULE

RULE
RULE
RULE

RULE

$I d:

Rul es

hyp(A)

I FP_rul es.j

671 2015-04-16 10:29:30Z sufrin $

ISINFER A A
elinm IS FROM

I NFER B

intro" IS INFER
elin ISFROMC INFER C

intro"
intro"
intro(L)
intro(R)
intro"

elint
elimlL)"
elimMR"
elint
elimlL)"
elimMR"

= intro"

"(B)
"(B)

IS FROM A B I NFER AB
IS FROM A AND B INFER A B
IS FROMA INFER A B
IS FROMA INFER B A
I'S FROM AB AND BA INFER A B

I'S FROM AB AND A | NFER B

IS FROM A B INFER A

IS FROM A B INFER B

IS FROMA B ANDA CANDB CINFERC
IS FROM A B I NFER AB
IS FROM A B | NFER BA

"~ elint(B)

cut (B)
RULE t hi n( A)

== elint

IS FROM A | NFER -A
I'S FROM -B AND B | NFER
I'S FROM --B | NFER B

IS FROMB AND B C INFER C
IS FROMC INFER A C

'S FROM P(T) | NFER X. P(x)

'S FROM x. P(x) | NFER P(T)

/* AND i NOTIN x.P(x) */
FROM fresh i, P(i) CINFER x.P(x) C

RULE " intro"(OBJECT i)
WHERE FRESH i | S
FROM fresh i P(i)
I NFER x . P(X)

RULE " intro"(T)

RULE " elini(T)

RULE " elini (OBJECT i)

VWHERE FRESH i
IS
RULE "= intro" IS T=T
RULE

"= elin(T1, T2, ABSTRACTION P) | S FROM T1=T2 AND P(T1) | NFER P(T2)

Decl are the nanes of the standard structural rules

formula'' used in the presentati on of FRESH */

/*

*/

| DENTI TY hyp

cur cut

WEAKEN thin
AUTOVATCH hyp

/* and the "'

SCOPEHYP X IN fresh x
/* ________________ */
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/*
$ld: IFP_style_nenus.j 631 2014-05-30 13:22:08Z sufrin $
*/

UMENU " Proof Style"
RADI OBUTTON appl yconj ect ur es
"Apply conjectures as theorens" IS all
AND " Apply only proven theorens"” I'S none
I'Nl TI ALLY none
END

CHECKBOX tryresolution "Cut, if necessary, when applying theorens"

CHECKBOX aut osel ect "Sel ect goal autonmatically"

END

I'NI TI ALI SE tryresol ution fal se
I NI TI ALI SE showal | proof steps fal se
I NI TI ALI SE aut osel ect true

I' NI TI ALI SE hi decut true

I NI TI ALI SE hi dehyp true
MENU " Vi ew'

RADI OBUTTON di spl aystyle IS

"Box displ ay" I'S box
AND "Tree display" 1S tree
I NI TI ALLY box
END
CHECKBOX showal | provi sos "Show al | provi sos"
CHECKBOX showal | pr oof st eps "Show conpressed steps"
CHECKBOX hi deusel esscut s "Hi de unnecessary forward steps"
SEPARATOR
CHECKBOX hi decut "Hi de cuts in box display"
CHECKBOX hi dehyp "Hi de duplicated hyp lines in box display"
SEPARATOR
CHECKBOX hi detransitivity "Hi de transitive steps"
CHECKBOX hi dereflexivity "Hi de reflexive steps"
SEPARATOR
CHECKBOX f ol dsequent s "Fold |l ong sequents in tree display"
CHECKBOX nul ti assunptionlines "Miltiple assunptions per line in box display"
CHECKBOX f ol df or mul ae "Fold long formul ae in box display"
SEPARATOR
SEPARATOR

CHECKBOX tactictracing "Trace tactic applications”

END
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/*
$ld: IFP_syntax.j 647 2014-09-30 16:51:20Z sufrin $
*/
CLASS VARIABLE x y z
ij k
CLASS FORMULA A BCD
EFGH
PQ
RST

CLASS BAG FORMULA

CONSTANT

PREFI X 10 fresh term

INFI X 100R
INFI X 100R
INFI X 120L
INFI X 140L

PREFI X 200 -

LEFTFI X 200
LEFTFI X 200

I NFI X 500T =

JUXTFI X 3000
SUBSTFI X 4000

BIND x SCOPE AINXx . A
BIND x SCOPE B IN x B

SEQUENT | S BAG FORMULA

I NI TI ALl SE aut oAddi ti velLeft true /* allowrules to be stated without an explicit left context */
INI TIALI SE interpretpredicates true /* allow predicate syntax ... */
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/*
Tactics that support ''do what | probably nean'' interaction
for the | FP presentation of I|ogic.

*

/

TACTIC Fail (x) |S SEQ (ALERT x) STOP

TACTI C ForwardCut (n,rule)
CUTIN (ForwardUncut n rule)

TACTI C Forwar dUncut (n, Rul e)
VWHEN
(LETHYP _Ah
(LETGOALPATH G (W THARGSEL Rul €) (GOALPATH (SUBGOAL G n)) (W THHYPSEL hyp) (GOALPATH G) NEXTGOAL))
/* If LETHYP fails at this point, we had better have a singleton LHS. */
(LETLHS _Ah
(LETGOALPATH G
(W THARGSEL Rul e)
( GOALPATH (SUBGOAL G n))
(LETGOAL _Ag
(ALT (UNIFY _Ag _Ah)
(Fail ("Error in IFP Jape (can't unify lhs % with rhs % in ForwardUncut).",
_Ah, _AQ)))
(ANY hyp)
)
(GOALPATH G
NEXTGQAL) )
(Fail "Error in |FP Jape (ForwardUncut falls through).")

TACTI C Theorenforward (thm |S CUTIN (ALT thm (RESOLVE thm))

TACTI C Theor enfor war dOr Backward(thm 1S
VWHEN
(LETHYP _A
(ALT (Theor enfForward (W THHYPSEL (W THARGSEL thm)))))
(LETHYPS _As
(Fail ("At present |IFP Jape can't deal with nultiple hypothesis selections when applying theorens.
Sorry.\
\\nCancel all but one of themand try again.")))
(LETGOAL _A
(ALT (W THARGSEL t hm)
(RESOLVE (W THARGSEL t hm))
(Theor enfForward (W THARGSEL thn))
(Fai l "Theorem application failed -- tell Bernard Sufrin")))
(LETOPENSUBGOAL G _A
(Fail ("Error in |IFP Jape (open subgoal in TheorenforwardO Backward). Tell Bernard Sufrin.")))
(LETOPENSUBGOALS _As
(ALERT ("There is nore than one unproved conclusion in the proof. Please select one — \
\or select a hypothesis — to show \
\Jape where to apply the theorem™")
("OK", STOP)
))
(ALERT "The proof is finished -- there are no unproved conclusions left."
("OK", STOP)
)
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CONJECTUREPANEL Conj ect ur e2c

THEOREM | S

(x . TO9) (x. (P(x) T(x))),

( x . Ph(x)) ( x . (T(x) Ph(x)))

(x . (T(x) Ph(x))) ( x . (P(x) Ph(x)))

THEOREM | S
(x.R(x)) (y. S(y)) z.(R(2)S(2))

END
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CONJECTUREPANEL "I ntroductory Conj ectures”
PROOF "-x.-R(X) Vy.R(y)"
I NFER —-x. =R(x)

y. R(y)

Y,

fresh i
IS
SEQ (" intro"[i,P,x\1,7,8]) ("RAA (derived)"[A\6]) ("- elinm[B\5]) (hyp[A4]) (" intro"[T,P,x\1,2,3])
(hyp[ A\ 0])
END
CONJECTUREPANEL "1 ntroductory Conj ectures”
PROOF "-x.R(x) y.=-R(y)"
I NFER -x. R(X)

y. =R(y)

©EO~NOOE®WNRO
J
><
J
A
x
=

Y,
fresh i

SEQ (" intro"[i,P,x\1,6,7]) ("= intro"[AO0]) ("- elinm[B\5]) (hyp[A4]) (" intro"[T,P,x\1,2,3]) (hyp[AO0])
END
CONJECTUREPANEL "I ntroductory Conjectures”
PROOF "-x.-R(X) Vy.R(y)"
I NFER -x. =R(X)
y. R(y)
FORMULAE
R(Y).
Y,
X,
=x. =2R(X),
X. =R(X),
y.-R(y),
6 -y.R(y)
IS
SEQ ("RAA (derived)"[A5]) ("- elim[B\4]) (hyp[A3]) ("-x.R(x) Vy.-R(y)"[RXx,y\0,1,2])
END
CONJECTUREPANEL "I ntroductory Conj ectures”
PROOF "x.R(x) =y.=-R(y)"
I NFER x. R(X)
ay. =R(y)
FORMULAE
R(i),
-R(i),
x. R(x),
I,
R(x),
X,

g b wNEF O

-R(y),
Y,
9 vy.-R(y),
10 fresh i
IS
SEQ ("~ intro"[A9]) (" elinf[i,C P,x\3,6,7,8]) (cut[B,A0,6]) (" elin[T,P,x\3,4,5]) (hyp[A2]) ("~
elin[B\0]) (hyp[A\1]) (hyp[A\0])
END
CONJECTUREPANEL "I ntroductory Conj ectures”
PROOF "x.R(x) =y.=-R(y)"
I NFER x. R(x)
-y. ~R(y)
FORMULAE

o~NoO O~ wWNEO
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R(i),
=R(i),
y- ~R(y),
Ly
“R(Y).,
Y,

R(x),
X,
9 fresh i,
10 x. R(x)
IS
SEQ ("~ intro"[A2]) (" elinf[i,C P,x\3,6,7,8]) (cut[B,CA1,6]) (" elin[T,P,x\3,4,5]) (hyp[A2]) ("~
elint[B\0]) (hyp[A\1]) (hyp[A\0])
END
CONJECTUREPANEL "I ntroductory Conj ect ures”
PROOF "-x.R(x) y.=-R(y)"
I NFER -x. R(X)

y. =R(y)
FORMULAE
=R(i),
I,
-R(y),
\a
Ty =R(y),
y. =R(y),
R(i),
R(x),
X,
9 -x.R(x),
10 x. R(x),
11 fresh i
IS
SEQ (" RAA (derived)"[A5]) ("- elim[B\10]) (hyp[A9]) (" intro"[i,P,x\1,7,8]) ("RAA (derived)"[A6]) ("=
elimM[B\5]) (hyp[A4]) (" intro"[T,P,x\1,2,3]) (hyp[AO0])
END
CONJECTUREPANEL "I ntroductory Conjectures”
PROOF "x.-R(x) =y.R(y)"
I NFER x. =R(x)

=y. R(y)
FORMULAE
R(i),
=R(i),
y. R(y),
[
R(Y).
Y,

o~NoO O~ wWNPEO o~NoO O~ WNEO

o~NOoO O~ wWNPREO

—R(x),
X,
9 fresh i,
10 x. =R(x)
IS
SEQ ("-~ intro"[A2]) (" elin[i,C P,x\3,6,7,8]) (cut[B,C0,6]) (" elim[T,P,x\3,4,5]) (hyp[A2]) ("~
elint[B\0]) (hyp[A\1]) (hyp[A\0])
END
CONJECTUREPANEL "1 ntroductory Conj ectures”
PROOF "x.-R(x) =y.R(y)"
I NFER X. =R(X)
ay. R(y)
FORMULAE
R(i),
=R(i),
X. =R(X),
[
=R(X),
X,

R(y) .

Y,

y. R(y),

10 fresh i

IS

SEQ ("~ intro"[A9]) (" elin[i,C P x\3,6,7,8]) (cut[B,C1,6]) (" elim[T,P,x\3,4,5]) (hyp[A2]) ("~
elint[B\0]) (hyp[A 1]) (hyp[A0])

END

o~NoO O~ wWNEO

[Ce]
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CONJECTUREPANEL "I ntroductory Conj ectures”
CURRENTPROOF " =( EF)  —E-F"
I NFER -( EF)
-E-F
FORMULAE
0 —(-E-F),
1 -E-F,
2 E,
3 F,
4 -(EF),
5 EF,
6 -E,
-( EF)

~

IS
SEQ ("RAA (derived)"[A\1]) ("- elin[B\5]) (hyp[A\4]) (" intro"[A B\2,3]) ("RAA (derived)"[A2]) ("=
elinm[B\1]) (hyp[A0]) (NEXTGOAL) (NEXTGOAL)
END
CONJECTUREPANEL "I ntroductory Conj ectures”
CURRENTPROOF "=(EF) —E-F"
I NFER -( EF)

-E-F
FORMULAE
E,
F,
-(EF),
EF,
-E,
-F,
6 -(EF)
IS
SEQ (" intro"[A B\4,5]) ("= intro"[AQ]) ("-elin[B\3]) (hyp[A2]) (" intro(L)"[B,A1,0]) (hyp[ADQ])
( NEXTGOAL)
END
CONJECTUREPANEL "1 ntroductory Conj ect ures”
CURRENTPROOF " =(-E-F) EF"
I NFER -( -=E=F)

EF
FORMULAE
0 =(-E-F),
1 -E-F,
2 E,
3
4

g WNEFEO

F,

~(-~E-F),

5 -E

IS

SEQ (" intro"[A B\2,3]) ("RAA (derived)"[A2]) ("=~ elim[B\1]) (hyp[A0]) (NEXTGOAL) (NEXTGOAL)
END
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