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1 GENERAL

1.1 Scope

This document provides a formal proof relating to the specifications in “An Execution Model for
SWORD” [2]. It constitutes part of deliverable D13 of work package 3, as given in section 3 of the
Proposal for Phase 2, [1].

(The current version is a rough draft of proofs of some of the propositions produced as pilot work
during the third stage of phase 2.)

1.2 Introduction

2 PRELIMINARIES

The following ProofPower instructions set up a new theory fef033 to hold the theorems to be proved
and set up a proof context in which to carry out the proofs. Some theorems are required from the
theory fef031 defined in [3] and so this is made a parent of the theory fef033 .

SML

open theory "fef032";

(force delete theory "fef033" handle => ());

new theory"fef033";

new parent"fef031";

set pc"hol";

3 MISCELLANY

3.1 Consistency Proofs

SML

push consistency goalpTableComputationsq;

a(prove ∃ tac);

a(strip tac THEN rewrite tac[tac proof (([], p∀x•∃z y• (y , z ) = xq),

strip tac THEN ∃ tacpSnd xq THEN ∃ tacpFst xq THEN rewrite tac[])]);

save consistency thmpTableComputationsq (pop thm());
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4 LEMMAS

SML

set pc"hol";

set goal([], p∀i1 i2• BoolItem i1 = BoolItem i2 ⇔ i1 = i2q);

a(rewrite tac(map get spec[pBoolItemq, pValuedItemItemq])

THEN REPEAT ∀ tac THEN ⇔ tac THEN TRY asm rewrite tac[]);

a(LEMMA T pVI val(MkValuedItem sterling (BoolVal i1 ))

= VI val(MkValuedItem sterling (BoolVal i2 ))q

(accept tac o rewrite rule(map get spec[pMkValuedItemq, pBoolValq]))

THEN1 asm rewrite tac[]);

val BoolItem OneOne lemma = save pop thm"BoolItem OneOne lemma";

SML

set goal([], p∀c r1 r2•

HideDerTableRow c r1 = HideDerTableRow c r2 ⇒

Length (DTR cols r1 ) = Length (DTR cols r2 )q);

a(rewrite tac(MkDerTableRow lemma :: map get spec[pHideDerTableRowq, pLetq]));

a(REPEAT strip tac);

a(LEMMA TpLength(Map(λ (c′, i) • if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols r1 ))

= Length(Map (λ (c′, i) • if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols r2 ))q

(strip asm tac o once rewrite rule[length map thm])

THEN1 asm rewrite tac[]);

val HideDerTableRow Length lemma = save pop thm"HideDerTableRow Length lemma";
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SML

set goal([], p∀c r i•

1 ≤ i ∧ i ≤ Length (DTR cols r) ⇒

Nth (DTR cols (HideDerTableRow c r)) i =

(Fst (Nth (DTR cols r) i),

if c dominates (Fst (Nth (DTR cols r) i))

then Snd(Nth (DTR cols r) i)

else ValuedItemItem (MkValuedItem sterling dummyVal))q);

a(REPEAT ∀ tac);

a(rewrite tac(map get spec[pLetq, pDTR colsq, pHideDerTableRowq]));

a(LEMMA T p∃cols• DTR cols r = colsq

(REPEAT TTCL STRIP THM THEN rewrite thm tac)

THEN1 prove ∃ tac);

a(intro ∀ tac(piq, piq) THEN list induction tacpcolsq);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(rewrite tac(map get spec[pLengthq]));

a(REPEAT strip tac THEN all var elim asm tac);

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(rewrite tac(map get spec[pLengthq, pNthq]));

a(REPEAT ∀ tac);

a(cases tac pi = 1q THEN asm rewrite tac(map get spec[pMapq, pNthq])

THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(CASES T pc dominates Fst xq rewrite thm tac);

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(GET ASM T p1 ≤ iq (strip asm tac o rewrite rule[get specp$≤q]));

a(LEMMA Tpi = i ′ + 1q rewrite thm tac THEN1

(POP ASM T (rewrite thm tac o eq sym rule)));

a(lemma tacp1 ≤ i ′ ∧ i ′ ≤ Length colsq THEN1 PC T1 "lin arith" asm prove tac[]);

a(all asm fc tac[]);

val Nth HideDerTableRow lemma = save pop thm"Nth HideDerTableRow lemma";

SML

push goal([], p∀c• DTR row o HideDerTableRow c = DTR rowq);

a(PC T1"hol2" REPEAT strip tac);

a(rewrite tac(

map get spec[p$o:((′a→′c)→((′b→′a)→(′b→′c)))q,

pHideDerTableRowq, pDTR rowq, pLetq]));

val DTR row o HideDerTableRow lemma =

save pop thm"DTR row o HideDerTableRow lemma";
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SML

set goal([], p∀f a b c• f (if a then b else c) = (if a then f b else f c)q);

a(REPEAT strip tac THEN cases tacpa:BOOLq THEN asm rewrite tac[]);

val fun if thm = save pop thm"fun if thm";

SML

push goal([], p∀c rl•

rl ↾ {r |c dominates DTR row r ∧ c dominates DTR where r} = []

⇔

(Map (HideDerTableRow c) (rl ↾ {r |c dominates DTR row r}))

↾ {r |c dominates DTR where r} = []q);

a(REPEAT ∀ tac);

a(list induction tac prlq THEN asm rewrite tac(

map get spec[pLetq, pMapq, pDTR rowq, pHideDerTableRowq, p$↾q]));

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(strip tac THEN cases tac pc dominates DTR row xq THEN asm rewrite tac(

map get spec[pLetq, pMapq, pDTR rowq, pHideDerTableRowq, p$↾q]));

a(cases tacpc dominates DTR where xq THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(strip tac THEN cases tac pc dominates DTR row xq THEN asm rewrite tac(

map get spec[pLetq, pMapq, pDTR rowq, pHideDerTableRowq, p$↾q]));

a(cases tacpc dominates DTR where xq THEN asm rewrite tac[]);

val ↾ null map hide lemma = save pop thm"↾ null map hide lemma";

SML

push goal([], p∀c rl1 rl2•

Map (HideDerTableRow c) rl1 = Map(HideDerTableRow c) rl2

⇒

Map (HideDerTableRow c) (rl1 ↾ {r | c dominates DTR where r})

=

Map (HideDerTableRow c) (rl2 ↾ {r | c dominates DTR where r})q);

a(REPEAT N 2 strip tac);

a(list induction tac prl1q THEN asm rewrite tac(

map null thm::map get spec[pMapq, p$↾q]) THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(asm rewrite tac[get specp$↾q]);
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SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN strip asm tac(∀ elimprl2qlist cases thm)

THEN all var elim asm tac1 THEN asm rewrite tac[get specpMapq]);

a(rewrite tac(MkDerTableRow lemma::

map get spec[pHideDerTableRowq, pLetq, pMapq, p$↾q])

THEN REPEAT strip tac);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tacpc dominates DTR where x ′q THEN asm rewrite tac[get specpMapq]);

a(rewrite tac(MkDerTableRow lemma::

map get spec[pHideDerTableRowq, pLetq, pMapq, p$↾q])

THEN REPEAT strip tac);

val map hide map hide ↾ lemma = save pop thm"map hide map hide ↾ lemma";

SML

set goal([], p∀l a b• l ↾ (a ∩ b) = (l ↾ a) ↾ bq);

a(REPEAT strip tac);

a(list induction tac plq THEN asm rewrite tac(

map get spec[p$↾q]));

a(strip tac THEN PC T1 "sets ext1" rewrite tac[]);

a(cases tacpx ∈ aq THEN asm rewrite tac[get specp$↾q]);

val ↾ ∩ lemma = save pop thm"↾ ∩ lemma";

SML

push goal([], p∀xy list•

Split [] = ([], []) ∧

Split (Cons xy list) =

(Cons (Fst xy) (Fst (Split list)), Cons (Snd xy) (Snd (Split list)))q);

a(rewrite tac[get specpSplitq] THEN REPEAT strip tac);

a(lemma tac p∃x y•xy = (x , y)q THEN1

(∃ tacpFst xyq THEN ∃ tacpSnd xyq) THEN

asm rewrite tac[get specpSplitq]);

val split thm = save pop thm"split thm";

SML

push goal([], p∀list•Length list = 0 ⇔ list = []q);

a(REPEAT strip tac THEN LIST [id tac, asm rewrite tac[get specpLengthq]]);

a(POP ASM T ante tac THEN list induction tacplistq

THEN rename tac[] THEN asm rewrite tac[get specpLengthq]);

val length 0 thm = save pop thm"length 0 thm";
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SML

push goal([], p∀list•Length list = 1 ⇔ ∃x•list = [x ]q);

a(REPEAT strip tac THEN LIST [id tac, asm rewrite tac[get specpLengthq]]);

a(POP ASM T ante tac THEN list induction tacplistq

THEN rename tac[] THEN asm rewrite tac[get specpLengthq, length 0 thm]);

a(REPEAT strip tac THEN prove ∃ tac);

val length 1 thm = save pop thm"length 1 thm";

SML

push goal([], p∀list•

Fst(Split list) = Map Fst list ∧

Snd(Split list)= Map Snd list q);

a(strip tac);

a(list induction tac plistq THEN

asm rewrite tac(split thm::map get spec[pMapq]));

val fst snd split thm = save pop thm"fst snd split thm";

SML

push goal([], p∀c cl• lubl [] = lattice bottom ∧ lubl (Cons c cl) = c lub lubl clq);

a(REPEAT ∀ tac THEN rewrite tac(map get spec[plublq, pFoldq]));

val lubl lemma = save pop thm"lubl lemma";

SML

push goal([], p∀c• c lub lattice bottom = cq);

a(REPEAT strip tac THEN lemma tac

pc dominates c lub lattice bottom ∧

c lub lattice bottom dominates cq

THEN LIST [rewrite tac[get specp$lubq], all fc tac[get specp$lubq]]);

a(lemma tac

pc dominates c ∧ c dominates lattice bottomq

THEN LIST [rewrite tac[get specp$lubq], all fc tac[get specp$lubq]]);

val lub lattice bottom thm = save pop thm"lub lattice bottom thm";
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SML

push goal([], p∀cc cil•

cc dominates lubl (Map Fst cil)

⇒

Map (λ (c, i)• (c, (if cc dominates c then i else Arbitrary))) cil

= cil

q);

a(REPEAT ∀ tac);

a(list induction tac pcilq

THEN asm rewrite tac(dominates lub lemma::lubl lemma :: map get spec[pMapq]));

a(REPEAT strip tac THEN asm rewrite tac[]);

val dominates lubl map hide lemma = save pop thm "dominates lubl map hide lemma";

The following primitive recursive reformulation of CaseVal could perhaps do the case analysis more
economically. Nonetheless it serves its purpose.
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SML

set goal([], p∀cc tst cev cevs ev•

CaseVal cc tst [] ev =

(λtl rl r•

let (tc, ti) = tst tl rl r

in let (ec, ei) = ev tl rl r

in if cc dominates tc

then (ec, ei)

else (tc, ei))

∧ CaseVal cc tst (Cons cev cevs) ev =

(λtl rl r•

let (cr , ir) = CaseVal cc tst cevs ev tl rl r

in let (tc, ti) = tst tl rl r

in let (ce, cv) = cev

in let (cec, cei) = ce tl rl r

in let (cvc, cvi) = cv tl rl r

in if ti = cei

then if cc dominates tc ∧ cc dominates cec

then (cvc, cvi)

else if ¬cc dominates tc

then (tc, cvi)

else (cec, cvi)

else if cc dominates tc ∧ cc dominates cec

then (cr , ir)

else if ¬cc dominates tc

then (tc, ir)

else (cec, ir))

q);

SML

a(PC T1 "predicates1" rewrite tac[]);

a(rewrite tac(map get spec[p$domq, pCaseValq, pCheckTestq,

pCaseValValueq, pCheckListq, pLetq, pMapq]) THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(cases tac pcc dominates Fst (tst x x ′ x ′′)q THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(cases tac pcc dominates Fst (tst x x ′ x ′′)q THEN

cases tac pcc dominates Fst (Fst cev x x ′ x ′′)q THEN

cases tac pSnd (tst x x ′ x ′′) = Snd (Fst cev x x ′ x ′′)q THEN

asm rewrite tac[]);

val CaseVal lemma = save pop thm "CaseVal lemma";
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5 PROOF THAT OK TC d GIVES OkTableComputation

SML

set pc"hol";

set goal([], p∀c• OK TC d c ⊆ OkTableComputation cq);

a(PC T1"hol2"

rewrite tac(map get spec[pOK TC dq, pOkTableComputationq, pRiskInputsq, pLetq])

THEN REPEAT strip tac);

a(DROP NTH ASM T 2 (strip asm tac o eq sym rule));

a(DROP NTH ASM T 2 (strip asm tac o conv rule(RAND C eq sym conv)));

a(all asm fc tac[]);

val OK TCd lemma = save pop thm"OK TC d lemma";

6 DATA OKNESS PROOFS

6.1 Constant Expression

SML

set goal([], p∀c ci• DenoteConstant ci ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pDenoteConstantq]) THEN REPEAT strip tac);

val DenoteConstant OKd lemma = save pop thm"DenoteConstant OK d lemma";

6.2 Contents

SML

set goal([], p∀c i• Contents i ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pContentsq])

THEN REPEAT strip tac);

a(POP ASM T ante tac THEN all fc tac[HideDerTableRow Length lemma]);

a(cases tac p1 ≤ i ∧ i ≤ # (DTR cols r1 )q THEN asm rewrite tac[]);

a(lemma tacpi ≤ # (DTR cols r0 )q THEN1 asm rewrite tac[]);

a(ALL FC T (MAP EVERY (asm tac o ∀ elimpcq)) [Nth HideDerTableRow lemma]);

a(contr tac);

a(swap nth asm concl tac 4 THEN LIST DROP NTH ASM T [3 , 8 ] rewrite tac);

a(cases tac pFst (Nth (DTR cols r1 ) i) = Fst (Nth (DTR cols r0 ) i)q

THEN asm rewrite tac[]);

a(conv tac (RAND C eq sym conv) THEN asm rewrite tac[]);

val Contents OKd lemma = save pop thm"Contents OK d lemma";
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6.3 Classification

SML

set goal([], p∀c i• Classification i ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pClassificationq])

THEN REPEAT strip tac);

a(POP ASM T ante tac THEN all fc tac[HideDerTableRow Length lemma]);

a(cases tac p1 ≤ i ∧ i ≤ # (DTR cols r1 )q THEN asm rewrite tac[]);

a(lemma tacpi ≤ # (DTR cols r0 )q THEN1 asm rewrite tac[]);

a(ALL FC T (MAP EVERY (asm tac o ∀ elimpcq)) [Nth HideDerTableRow lemma]);

a(contr tac);

a(swap nth asm concl tac 4 THEN LIST DROP NTH ASM T [3 , 8 ] rewrite tac);

a(cases tac pFst (Nth (DTR cols r1 ) i) = Fst (Nth (DTR cols r0 ) i)q

THEN asm rewrite tac[]);

a(DROP NTH ASM T 3 ante tac THEN asm rewrite tac[]);

val Classification OKd lemma = save pop thm"Classification OK d lemma";

6.4 Countall

SML

set goal([], p∀c• CountAll ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pCountAllq,pLetq]) THEN REPEAT strip tac);

a(lemma tacp¬(# rl0 ) = (# rl1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(DROP NTH ASM T 2 (fn x => id tac));

a(POP ASM T ante tac THEN POP ASM T ante tac THEN POP ASM T ante tac);

a(intro ∀ tac(pr1q,pr1q));

a(intro ∀ tac(pr0q,pr0q));

a(intro ∀ tac(prl1q,prl1q));

a(list induction tacprl0q THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "1 .1" ∗∗∗ ∗)

a(DROP NTH ASM T 2 ante tac THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "1 .2" ∗∗∗ ∗)

a(swap asm concl tac

pMap (HideDerTableRow c) [] = Map (HideDerTableRow c) rl1q

THEN asm rewrite tac(map get spec[pMapq]));
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SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(swap asm concl tac

pMap (HideDerTableRow c) (Cons x rl0 ) = Map (HideDerTableRow c) rl1q

THEN asm rewrite tac(map get spec[pMapq]));

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(var elim nth asm tac 1 );

a(rewrite tac[dominates lub lemma,lubl lemma,get specpMapq]);

a(REPEAT strip tac);

a(DROP NTH ASM T 4 (strip asm tac o rewrite rule[get specpMapq]));

a(DROP NTH ASM T 6 (ante tac o list ∀ elim[plist2q,pxq,px ′q]));

a(REPEAT strip tac);

a(DROP NTH ASM T 5 (strip asm tac o rewrite rule[get specpLengthq]));

val CountAll OKd lemma = save pop thm"CountAll OK d lemma";

6.5 Monadic

SML

set goal([], p∀c f vc• vc ∈ OK VC d c ⇒ MonOp f vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pMonOpq, pLetq]) THEN REPEAT strip tac);

a(lemma tacp¬Snd (vc tl0 rl0 r0 ) = Snd (vc tl1 rl1 r1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(all asm fc tac[]);

val MonOp OKd lemma = save pop thm"MonOp OK d lemma";

6.6 Binary

SML

set goal([],

p∀cc cil1 cil2•

Map (λ(c, i)• (c, if cc dominates c then i else Arbitrary)) cil1 =

Map (λ(c, i)• (c, if cc dominates c then i else Arbitrary)) cil2

⇒ Fst(ComputeAnd cc cil1 ) = Fst(ComputeAnd cc cil2 )

∧ (cc dominates Fst(ComputeAnd cc cil1 )

⇒ Snd(ComputeAnd cc cil1 ) = Snd(ComputeAnd cc cil2 ))

q);

a(rewrite tac(∀ elimpFstq fun if thm :: ∀ elimpSndq fun if thm ::

map get spec[pComputeAndq, pMapq, pLetq])

THEN REPEAT ∀ tac THEN strip tac);

a(lemma tacpcil1 ↾ {(c, i)|cc dominates c ∧ ¬ ItemBool i}

= cil2 ↾ {(c, i)|cc dominates c ∧ ¬ ItemBool i}q);
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SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(all asm ante tac THEN intro ∀ tac(pcil2q, pcil2q)

THEN list induction tacpcil1q

THEN asm rewrite tac(map get spec[p$↾q, pMapq]));

(∗ ∗∗∗ Goal "1 .1" ∗∗∗ ∗)

a(rewrite tac[map null thm]);

a(REPEAT strip tac THEN asm rewrite tac[get specp$↾q]);

(∗ ∗∗∗ Goal "1 .2" ∗∗∗ ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimpcil2qlist cases thm) THEN all var elim asm tac1

THEN POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(REPEAT strip tac THEN all asm fc tac[]);

a(asm rewrite tac[get specp$↾q]);

a(cases tacpcc dominates Fst x ′q THEN asm rewrite tac[]);

a(DROP NTH ASM T 4 ante tac THEN asm rewrite tac[]);

a(REPEAT strip tac THEN asm rewrite tac[]);

a(cases tacp¬ ItemBool (Snd x ′)q THEN asm rewrite tac[]);

a(PC T1 "prop eq pair" asm prove tac[]);

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(asm rewrite tac[]);

a(lemma tacpMap Fst cil1 = Map Fst cil2q);

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(LEMMA Tp

Map Fst(Map (λ (c, i)•

(c, (if cc dominates c then i else Arbitrary))) cil1 ) =

Map Fst(Map (λ (c, i)•

(c, (if cc dominates c then i else Arbitrary))) cil2 )q

(ante tac o rewrite rule[map o lemma])

THEN1 asm rewrite tac[]);

a(LEMMA T p

(Fst o (λ (c, i :Item) • (c, (if cc dominates c then i else Arbitrary))))

= Fstq rewrite thm tac);

a(PC T1"hol2" rewrite tac[]);
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SML

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(cases tacpcil2 ↾ {(c, i)|cc dominates c ∧ ¬ItemBool i} = []q THEN

asm rewrite tac[]);

a(strip tac THEN LEMMA T pcil1 = cil2q rewrite thm tac);

a(lemma tacpcc dominates lubl (Map Fst cil1 )q THEN1 asm rewrite tac[]);

a(all fc tac[dominates lubl map hide lemma]);

a(swap nth asm concl tac 8 THEN asm rewrite tac[]);

val ComputeAnd lemma = save pop thm"ComputeAnd lemma";

SML

set goal([],

p∀c vcl• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpAnd c vcl ∈ OK VC d cq);

a(rewrite tac(

map get spec[pBinOpAndq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac THEN swap nth asm concl tac 1

THEN POP ASM T ante tac THEN strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl0 rl0 r0 ) vcl) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl1 rl1 r1 ) vcl)q

THEN LIST [id tac, all fc tac[ComputeAnd lemma]]);

a(POP ASM T discard tac THEN

asm ante tac pElems vcl ⊆ OK VC c cq THEN

asm ante tac pElems vcl ⊆ OK VC d cq

THEN list induction tacpvclq);
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SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(asm rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(asm rewrite tac(map get spec[pElemsq, pMapq]) THEN REPEAT N 3 strip tac);

a(LEMMA Tpx ∈ OK VC d c ∧ x ∈ OK VC c cq

(strip asm tac o rewrite rule(map get spec[pOK VC dq, pOK VC cq])) THEN1

PC T1"sets ext1" asm prove tac[get specpElemsq]);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tacpc dominates Fst (x tl1 rl1 r1 )q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (x tl0 rl0 r0 )q THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val BinOpAnd OKd lemma = save pop thm"BinOpAnd OK d lemma";

SML

set goal([],

p∀cc cil1 cil2•

Map (λ(c, i)• (c, if cc dominates c then i else Arbitrary)) cil1 =

Map (λ(c, i)• (c, if cc dominates c then i else Arbitrary)) cil2

⇒ Fst(ComputeOr cc cil1 ) = Fst(ComputeOr cc cil2 )

∧ (cc dominates Fst(ComputeOr cc cil1 )

⇒ Snd(ComputeOr cc cil1 ) = Snd(ComputeOr cc cil2 ))

q);

a(rewrite tac(∀ elimpFstq fun if thm :: ∀ elimpSndq fun if thm ::

map get spec[pComputeOrq, pMapq, pLetq])

THEN REPEAT ∀ tac THEN strip tac);

a(lemma tacpcil1 ↾ {(c, i)|cc dominates c ∧ ItemBool i}

= cil2 ↾ {(c, i)|cc dominates c ∧ ItemBool i}q);
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SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(all asm ante tac THEN intro ∀ tac(pcil2q, pcil2q)

THEN list induction tacpcil1q

THEN asm rewrite tac(map get spec[p$↾q, pMapq]));

(∗ ∗∗∗ Goal "1 .1" ∗∗∗ ∗)

a(rewrite tac[map null thm]);

a(REPEAT strip tac THEN asm rewrite tac[get specp$↾q]);

(∗ ∗∗∗ Goal "1 .2" ∗∗∗ ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimpcil2qlist cases thm) THEN all var elim asm tac1

THEN POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(REPEAT strip tac THEN all asm fc tac[]);

a(asm rewrite tac[get specp$↾q]);

a(cases tacpcc dominates Fst x ′q THEN asm rewrite tac[]);

a(DROP NTH ASM T 4 ante tac THEN asm rewrite tac[]);

a(REPEAT strip tac THEN asm rewrite tac[]);

a(cases tacp¬ ItemBool (Snd x ′)q THEN asm rewrite tac[]);

a(PC T1 "prop eq pair" asm prove tac[]);
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SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(asm rewrite tac[]);

a(lemma tacpMap Fst cil1 = Map Fst cil2q);

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(LEMMA Tp

Map Fst(Map (λ (c, i)•

(c, (if cc dominates c then i else Arbitrary))) cil1 ) =

Map Fst(Map (λ (c, i)•

(c, (if cc dominates c then i else Arbitrary))) cil2 )q

(ante tac o rewrite rule[map o lemma])

THEN1 asm rewrite tac[]);

a(LEMMA T p

(Fst o (λ (c, i :Item) • (c, (if cc dominates c then i else Arbitrary))))

= Fstq rewrite thm tac);

a(PC T1"hol2" rewrite tac[]);

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(cases tacpcil2 ↾ {(c, i)|cc dominates c ∧ ItemBool i} = []q THEN

asm rewrite tac[]);

a(strip tac THEN LEMMA T pcil1 = cil2q rewrite thm tac);

a(lemma tacpcc dominates lubl (Map Fst cil1 )q THEN1 asm rewrite tac[]);

a(all fc tac[dominates lubl map hide lemma]);

a(swap nth asm concl tac 8 THEN asm rewrite tac[]);

val ComputeOr lemma = save pop thm"ComputeOr lemma";
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SML

set goal([],

p∀c vcl• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpOr c vcl ∈ OK VC d cq);

a(rewrite tac(

map get spec[pBinOpOrq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac THEN swap nth asm concl tac 1

THEN POP ASM T ante tac THEN strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl0 rl0 r0 ) vcl) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl1 rl1 r1 ) vcl)q

THEN LIST [id tac, all fc tac[ComputeOr lemma]]);

a(POP ASM T discard tac THEN

asm ante tac pElems vcl ⊆ OK VC c cq THEN

asm ante tac pElems vcl ⊆ OK VC d cq

THEN list induction tacpvclq);

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(asm rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(asm rewrite tac(map get spec[pElemsq, pMapq]) THEN REPEAT N 3 strip tac);

a(LEMMA Tpx ∈ OK VC d c ∧ x ∈ OK VC c cq

(strip asm tac o rewrite rule(map get spec[pOK VC dq, pOK VC cq])) THEN1

PC T1"sets ext1" asm prove tac[get specpElemsq]);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tacpc dominates Fst (x tl1 rl1 r1 )q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (x tl0 rl0 r0 )q THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val BinOpOr OKd lemma = save pop thm"BinOpOr OK d lemma";
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SML

set goal([], p∀c f vc1 vc2• vc1 ∈ OK VC d c ∧ vc2 ∈ OK VC d c

⇒ BinOp f vc1 vc2 ∈ OK VC d cq);

a(rewrite tac(dominates lub lemma :: map get spec[pOK VC dq, pBinOpq, pLetq])

THEN REPEAT strip tac);

a(lemma tacpSnd (vc2 tl0 rl0 r0 ) = Snd (vc2 tl1 rl1 r1 )q

THEN1 (contr tac THEN all asm fc tac[]));

a(lemma tacp¬Snd (vc1 tl0 rl0 r0 ) = Snd (vc1 tl1 rl1 r1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(all asm fc tac[]);

val BinOp OKd lemma = save pop thm"BinOp OK d lemma";

6.7 Triadic

SML

set goal([], p∀c f vc1 vc2 vc3•

vc1 ∈ OK VC d c ∧ vc2 ∈ OK VC d c ∧ vc3 ∈ OK VC d c ⇒

TriOp f vc1 vc2 vc3 ∈ OK VC d cq);

a(rewrite tac(dominates lub lemma :: map get spec[pOK VC dq, pTriOpq, pLetq])

THEN REPEAT strip tac);

a(lemma tacpSnd (vc2 tl0 rl0 r0 ) = Snd (vc2 tl1 rl1 r1 ) ∧

Snd (vc3 tl0 rl0 r0 ) = Snd (vc3 tl1 rl1 r1 )q

THEN1 (contr tac THEN all asm fc tac[]));

a(lemma tacp¬Snd (vc1 tl0 rl0 r0 ) = Snd (vc1 tl1 rl1 r1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(all asm fc tac[]);

val TriOp OKd lemma = save pop thm"TriOp OK d lemma";

6.8 Conversions

Omitted. see [4].

6.9 Sterling

Omitted. see [4].

6.10 Dinary

Omitted. see [4].

6.11 Declarations

Omitted. see [4].
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6.12 Case Expressions

The proof below could probably be reworked to run rather quicker by taking care to move the lemmas
proved by tac1 . . . tac4 before the case split.

SML

set goal([], p∀c te cel ee•

te ∈ OK VC d c ∧

Elems (Map Fst cel) ⊆ OK VC d c ∧

Elems (Map Snd cel) ⊆ OK VC d c ∧

ee ∈ OK VC d c ⇒

CaseVal c te cel ee ∈ OK VC d c

q);

a(REPEAT ∀ tac);

a(list induction tacpcelq THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(rewrite tac(CaseVal lemma:: map get spec[pOK VC dq, pLetq])

THEN REPEAT ∀ tac);

a(rewrite tac[∀ elimpSndq fun if thm]);

a(CASES Tpc dominates Fst (te tl0 rl0 r0 )q rewrite thm tac);

a(CASES Tpc dominates Fst (te tl1 rl1 r1 )q rewrite thm tac);

(∗ ∗∗∗ Goal "1 .1" (duplicates "1 .2") ∗∗∗ ∗)

a(REPEAT strip tac THEN

DROP ASM T pee ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])

THEN REPEAT strip tac);

(∗

SML

∗)

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(rewrite tac(∀ elimpSndq fun if thm::∀ elimpFstq fun if thm::CaseVal lemma::

map get spec[pOK VC dq, pLetq])

THEN REPEAT ∀ tac);

a(MAP EVERY (fn t => CASES T t (fn th => rewrite tac[th] THEN strip asm tac th))

[pSnd (te tl0 rl0 r0 ) = Snd (Fst x tl0 rl0 r0 )q,

pc dominates Fst (te tl0 rl0 r0 )q,

pc dominates Fst (Fst x tl0 rl0 r0 )q]);

(∗
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SML

∗)

(∗ ∗∗∗ Goal "4 .1" ∗∗∗ ∗)

val tac1 = REPEAT strip tac THEN

LEMMA T pSnd x ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])

THEN1 PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq]);

val tac2 = REPEAT strip tac THEN

cases tacpSnd (te tl0 rl0 r0 ) = Snd (te tl1 rl1 r1 )q

THEN LIST [

asm ante tac p¬ Snd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q

THEN POP ASM T (asm rewrite thm tac o eq sym rule)

THEN REPEAT strip tac THEN

LEMMA T pFst x ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])

THEN1 PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq])

,

DROP ASM T pte ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])];

a(MAP EVERY (fn t => CASES T t (fn th => rewrite tac[th] THEN strip asm tac th))

[pSnd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q,

pc dominates Fst (Fst x tl1 rl1 r1 )q,

pc dominates Fst (te tl1 rl1 r1 )q]

THEN LIST [tac1 , tac1 , tac1 , tac1 , tac2 , tac2 , tac2 , tac2 ]);

(∗
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SML

∗)

(∗ ∗∗∗ Goal "4 .2" ∗∗∗ ∗)

val tac3 = REPEAT strip tac THEN

cases tacpSnd (te tl0 rl0 r0 ) = Snd (te tl1 rl1 r1 )q

THEN LIST [

asm ante tac p¬ Snd (te tl0 rl0 r0 ) = Snd (Fst x tl0 rl0 r0 )q

THEN asm rewrite tac[]

THEN STRIP T (asm tac o conv rule(RAND C eq sym conv)) THEN

LEMMA T pFst x ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])

THEN1 PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq])

,

DROP ASM T pte ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th])];

val tac4 = REPEAT strip tac THEN

DROP ASM T pCaseVal c te cel ee ∈ OK VC d cq

(fn th => all fc tac[rewrite rule(map get spec[pOK VC dq])th]);

a(MAP EVERY (fn t => CASES T t (fn th => rewrite tac[th] THEN strip asm tac th))

[pSnd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q,

pc dominates Fst (Fst x tl1 rl1 r1 )q,

pc dominates Fst (te tl1 rl1 r1 )q]

THEN LIST [tac3 , tac3 , tac3 , tac3 , tac4 , tac4 , tac4 , tac4 ]);

val CaseVal OKd lemma = save pop thm"CaseVal OK d lemma";
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SML

set goal([], p∀c cel ee•

Elems (Map Fst cel) ⊆ OK VC d c ∧

Elems (Map Snd cel) ⊆ OK VC d c ∧

ee ∈ OK VC d c ⇒

Case c cel ee ∈ OK VC d c

q);

a(rewrite tac(map get spec[pLetq,pCaseq]));

a(REPEAT ∀ tac);

a(list induction tacpcelq THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN

rewrite tac(map get spec[pOK VC dq, pLetq,pMapq,pCaseCq,pCaseValueq])

THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

SML

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(DROP NTH ASM T 4 ante tac THEN

rewrite tac(map get spec[ pLetq,pMapq,pCaseCq,pCaseValueq,pOK VC dq])

THEN REPEAT strip tac);

a(DROP NTH ASM T 5 (ante tac o list ∀ elim

[ptl0q,ptl1q,prl0q,prl1q,pr0q,pr1q])

THEN asm rewrite tac[]);

a(POP ASM T ante tac

THEN cases tacp¬ c dominates Fst (Fst x tl0 rl0 r0 )q

THEN cases tacpItemBool (Snd (Fst x tl0 rl0 r0 ))q

THEN cases tacpItemBool (Snd (Fst x tl1 rl1 r1 ))q

THEN asm rewrite tac[]

THEN REPEAT strip tac);

(∗ 4 .1 and 4 .2 the same except for asm 1 ∗)

Page 25 of 60



Lemma 1
DRA FRONT END FILTER PROJECT

Value Computation Security Proofs

Ref: DS/FMU/FEF/033
Issue: Revision : 1 .16

Date: 5 June 2016

SML

(∗ ∗∗∗ Goal "4 .1" ∗∗∗ ∗)

a(POP ASM T (fn x => id tac));

set labelled goal"4 .2";

(∗ ∗∗∗ Goal "4 .2" ∗∗∗ ∗)

a(POP ASM T (fn x => id tac));

a(lemma tacpSnd x ∈ OK VC d cq

THEN LIST [PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq]),

all asm fc tac[get specpOK VC dq]]);

(∗ ∗∗∗ Goal "4 .3" ∗∗∗ ∗)

(∗ 4 .3 and 4 .4 the same except for asm 1 ∗)

a(POP ASM T (fn x => id tac));

set labelled goal"4 .4";

SML

(∗ ∗∗∗ Goal "4 .4" ∗∗∗ ∗)

a(POP ASM T (fn x => id tac));

a(lemma tacpFst x ∈ OK VC d cq

THEN1 PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq]));

a(lemma tacp¬ Snd (Fst x tl0 rl0 r0 ) = Snd (Fst x tl1 rl1 r1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(all asm fc tac[get specpOK VC dq]);

(∗ ∗∗∗ Goal "4 .5" ∗∗∗ ∗)

a(lemma tacpFst x ∈ OK VC d cq

THEN1 PC T1 "sets ext" asm prove tac(map get spec[pElemsq, pMapq]));

a(lemma tacp¬ Snd (Fst x tl0 rl0 r0 ) = Snd (Fst x tl1 rl1 r1 )q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(all asm fc tac[get specpOK VC dq]);

val Case OKd lemma = save pop thm"Case OK d lemma";

6.13 Set Functions

The main lemma (the second of the two below) is an example of strengthening an induction hypothesis
almost beyond belief. The point is that, in the goal as stated, both rl0 and rl1 appear in two different
ways, viz. as an argument to the “recursive” call on vc and as the operand for what we’re doing.
To get a strong enough induction hypothesis we have to quantify separately over the the row lists
appearing in these different roles.
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SML

set goal([], p∀c f vc• vc ∈ OK VC d c ⇒ SetFuncAll f vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pSetFuncAllq, pOK VC dq, pLetq])

THEN REPEAT strip tac);

a(lemma tacp¬ Snd(Split(Map(vc tl0 rl0 ) rl0 )) =

Snd(Split(Map (vc tl1 rl1 ) rl1 ))q

THEN1 PC T1 "prop eq" asm prove tac[]);

a(lemma tac p∀rl1 rl2 rl1•

Map (HideDerTableRow c) rl1 = Map (HideDerTableRow c) rl2 ∧

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒ ¬ (Snd (Split (Map (vc tl0 rl1 ) rl0 )))

= (Snd (Split (Map (vc tl1 rl2 ) rl1 )))

⇒ ¬ c dominates lubl (Fst (Split (Map (vc tl0 rl1 ) rl0 )))q

THEN LIST [id tac, all asm fc tac[]]);

a(LIST DROP NTH ASM T [1 , 2 , 3 , 4 ] (Combinators.K id tac));

a(list induction tacprl0q THEN REPEAT strip tac);

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "1 .1" ∗∗∗ ∗)

a(swap asm concl tac

p¬ (Snd (Split (Map (vc tl0 rl1 ) [])))

= (Snd (Split (Map (vc tl1 rl2 ) rl1 )))q

THEN asm rewrite tac(map get spec[pSplitq, pMapq]));

(∗ ∗∗∗ Goal "1 .2" ∗∗∗ ∗)

a(swap asm concl tac

pMap (HideDerTableRow c) [] = Map (HideDerTableRow c) rl1q

THEN asm rewrite tac(map get spec[pMapq]));
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SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(swap asm concl tac

pMap (HideDerTableRow c) (Cons x rl0 ) = Map (HideDerTableRow c) rl1q

THEN asm rewrite tac(map get spec[pMapq]));

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(var elim nth asm tac 1 );

a(rewrite tac[fst snd split thm, lubl lemma,

get specpMapq, dominates lub lemma]);

a(swap asm concl tac

p¬ (Snd (Split (Map (vc tl0 rl1 ) (Cons x rl0 ))))

= (Snd (Split (Map (vc tl1 rl2 ) (Cons x ′ list2 ))))q

THEN asm rewrite tac[fst snd split thm, lubl lemma,

get specpMapq, dominates lub lemma]);

a(GET NTH ASM T 3 (strip asm tac o rewrite rule[map def ]));

a(DROP NTH ASM T 7 (strip asm tac o rewrite rule[fst snd split thm]));

a(contr tac THEN all asm fc tac[]);

val SetFuncAll OKd lemma = save pop thm"SetFuncAll OK d lemma";

SML

set goal([], p∀c f vc• vc ∈ OK VC d c ⇒ SetFuncDistinct f vc ∈ OK VC d cq);

a(REPEAT strip tac);

a(lemma tacpSetFuncDistinct f vc = SetFuncAll (f o Elems) vcq

THEN LIST [rewrite tac(map get spec[pSetFuncDistinctq, pSetFuncAllq, pLetq]),

POP ASM T rewrite thm tac]);

a(bc tac[SetFuncAll OK d lemma]THEN asm rewrite tac[]);

val SetFuncDistinct OKd lemma = save pop thm"SetFuncDistinct OK d lemma";
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SML

set goal([], p∀c vc• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllAnd c vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pSetFuncAllAndq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac THEN swap nth asm concl tac 1

THEN POP ASM T ante tac THEN strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

THEN LIST [id tac, all fc tac[ComputeAnd lemma]]);

a(LEMMA Tp

∀rl0 rl1•

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

(fn th => all fc tac[th]));

a(strip tac);

a(list induction tacprl0q THEN asm rewrite tac[map null thm, get specpMapq]);

(∗ rewrite solves base case ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimprl1q list cases thm) THEN all var elim asm tac1 );

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(strip tac THEN ALL ASM FC T rewrite tac[]);

a(cases tacpc dominates Fst (vc tl1 rl1 x ′)q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (vc tl0 rl0 x )q

THEN1 ALL ASM FC T asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val SetFuncAllAnd OKd lemma = save pop thm"SetFuncAllAnd OK d lemma";

Page 29 of 60



Lemma 1
DRA FRONT END FILTER PROJECT

Value Computation Security Proofs

Ref: DS/FMU/FEF/033
Issue: Revision : 1 .16

Date: 5 June 2016

SML

set goal([], p∀c vc• vc ∈ OK VC d c ∧ vc ∈ OK VC c c ⇒ SetFuncAllOr c vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pSetFuncAllOrq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac THEN swap nth asm concl tac 1

THEN POP ASM T ante tac THEN strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

THEN LIST [id tac, all fc tac[ComputeOr lemma]]);

a(LEMMA Tp

∀rl0 rl1•

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

(fn th => all fc tac[th]));

a(strip tac);

a(list induction tacprl0q THEN asm rewrite tac[map null thm, get specpMapq]);

(∗ rewrite solves base case ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimprl1q list cases thm) THEN all var elim asm tac1 );

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(strip tac THEN ALL ASM FC T rewrite tac[]);

a(cases tacpc dominates Fst (vc tl1 rl1 x ′)q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (vc tl0 rl0 x )q

THEN1 ALL ASM FC T asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val SetFuncAllOr OKd lemma = save pop thm"SetFuncAllOr OK d lemma";
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6.14 Count Functions

SML

set goal([], p∀c vc• vc ∈ OK VC d c ⇒ CountNonNull vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pCountNonNullq, pLetq])

THEN REPEAT strip tac);

a(bc tac[SetFuncAll OK d lemma]THEN asm rewrite tac[]);

val CountNonNull OKd lemma = save pop thm"CountNonNull OK d lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC d c ⇒ CountDistinct vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pCountDistinctq, pLetq])

THEN REPEAT strip tac);

a(bc tac[SetFuncDistinct OK d lemma]THEN asm rewrite tac[]);

val CountDistinct OKd lemma = save pop thm"CountDistinct OK d lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC d c ⇒ CommonValue vc ∈ OK VC d cq);

a(rewrite tac(map get spec[pCommonValueq, pLetq])

THEN REPEAT strip tac);

a(ALL FC T rewrite tac [SetFuncAll OK d lemma]);

val CommonValue OKd lemma = save pop thm"CommonValue OK d lemma";

6.15 ExistsTuples

SML

set goal([], p∀c tc• tc ∈ OK TC d c ∧ tc ∈ OK TC c c ⇒ ExistsTuples c tc ∈ OK VC d cq);

a(rewrite tac(BoolItem OneOne lemma :: dominates lub lemma ::

∀ elimpFstqfun if thm :: ∀ elimpSndqfun if thm ::

map get spec[pOK TC dq, pOK TC cq, pOK VC dq, pExistsTuplesq, pLetq]));

a(REPEAT strip tac THEN POP ASM T ante tac);

a(all asm fc tac[]);

a(asm rewrite tac[]);

a(cases tac pc dominates Fst (tc tl1 )q THEN asm rewrite tac[BoolItem OneOne lemma]);

a(cases tac pHideDerTable c (Snd (tc tl0 )) = HideDerTable c (Snd (tc tl1 ))q);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac(MkDerTable lemma::

map get spec[pHideDerTableq, pHideDerTableDataq, pLetq]));

a(strip tac);

a(once rewrite tac[↾ null map hide lemma]);

a(asm rewrite tac[]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(all asm fc tac[]);

a(POP ASM T ante tac THEN asm rewrite tac[]);

val ExistsTuples OKd lemma = save pop thm"ExistsTuples OK d lemma";
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6.16 SingleValue

SML

set goal([], p∀c tc• tc ∈ OK TC d c ∧ tc ∈ OK TC c c ⇒ SingleValue c tc ∈ OK VC d cq);

a(rewrite tac(BoolItem OneOne lemma :: dominates lub lemma ::

∀ elimpFstqfun if thm :: ∀ elimpSndqfun if thm ::

map get spec[pOK TC dq, pOK TC cq, pOK VC dq, pSingleValueq, pLetq]));

a(REPEAT strip tac THEN POP ASM T ante tac);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tac pc dominates Fst (tc tl1 )q THEN asm rewrite tac[]);

a(cases tac p¬HideDerTable c (Snd (tc tl0 )) = HideDerTable c (Snd (tc tl1 ))q);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(all asm fc tac[]);

a(POP ASM T ante tac THEN asm rewrite tac[]);

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac(MkDerTable lemma::

pc rule1 "sets ext1" prove rule[]

p{r |c dominates DTR row r ∧ c dominates DTR where r} =

{r |c dominates DTR row r} ∩ {r |c dominates DTR where r}q::

map get spec[pHideDerTableq, pHideDerTableDataq, pLetq]));

a(rewrite tac[↾ ∩ lemma] THEN strip tac);

a(all fc tac[map hide map hide ↾ lemma]);

a(LEMMA Tp

#(Map (HideDerTableRow c)

((DT rows (Snd (tc tl0 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r})) =

#(Map (HideDerTableRow c)

((DT rows (Snd (tc tl1 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}))q

(strip asm tac o rewrite rule[length map thm])

THEN1 asm rewrite tac[]);
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SML

a(cases tacp

#((DT rows (Snd (tc tl1 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}) = 1q

THEN asm rewrite tac[]);

a(lemma tacp

#((DT rows (Snd (tc tl0 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}) = 1q

THEN1 asm rewrite tac[]);

a(LIST DROP NTH ASM T [1 ,2 ]

(MAP EVERY (strip asm tac o rewrite rule[length 1 thm])));

a(asm rewrite tac[]);

a(lemma tacpHideDerTableRow c x = HideDerTableRow c x ′q);

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(DROP NTH ASM T 5 ante tac THEN asm rewrite tac[get specpMapq]);

SML

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN

rewrite tac[MkDerTableRow lemma, let def , get specpHideDerTableRowq]);

a(strip tac);

a(LEMMA Tp

#(Map (λ (c′, i)• if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols x )) =

#(Map (λ (c′, i)• if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols x ′))q

(strip asm tac o rewrite rule[length map thm])

THEN1 asm rewrite tac[]);
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SML

a(asm rewrite tac[]);

a(cases tacp# (DTR cols x ′) = 1q THEN asm rewrite tac[]);

a(lemma tacp# (DTR cols x ) = 1q THEN1 asm rewrite tac[]);

a(LIST DROP NTH ASM T [1 ,2 ]

(MAP EVERY (strip asm tac o rewrite rule[length 1 thm])));

a(DROP NTH ASM T 4 ante tac THEN asm rewrite tac[get specpMapq]);

a(cases tacpc dominates Fst x ′′q THEN asm rewrite tac[]);

a(cases tacpc dominates Fst x ′′′q THEN asm rewrite tac[]

THEN REPEAT strip tac THEN asm rewrite tac[]);

a(DROP NTH ASM T 3 ante tac THEN asm rewrite tac[]);

val SingleValue OKd lemma = save pop thm"SingleValue OK d lemma";

6.17 JoinedRowExistence

SML

set goal([], p∀c i• JoinedRowExistence i ∈ OK VC d cq);

a(rewrite tac(map get spec[pOK VC dq, pJoinedRowExistenceq])

THEN REPEAT strip tac);

a(GET NTH ASM T 2 ante tac THEN

rewrite tac(MkDerTableRow lemma::map get spec[pHideDerTableRowq, pLetq])

THEN REPEAT strip tac);

a(PC T1 "prop eq" asm prove tac[]);

val JoinedRowExistence OKd lemma = save pop thm"JoinedRowExistence OK d lemma";

7 CLASSIFICATION OKNESS PROOFS

7.1 Constant Expression

SML

set goal([], p∀c ci• DenoteConstant ci ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pDenoteConstantq]) THEN REPEAT strip tac);

val DenoteConstant OKc lemma = save pop thm"DenoteConstant OK c lemma";
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7.2 Contents

SML

set goal([], p∀c i• Contents i ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pContentsq])

THEN REPEAT strip tac);

a(all fc tac[HideDerTableRow Length lemma]);

a(cases tac p1 ≤ i ∧ i ≤ # (DTR cols r1 )q THEN asm rewrite tac[]);

a(lemma tacpi ≤ # (DTR cols r0 )q THEN1 asm rewrite tac[]);

a(ALL FC T (MAP EVERY (ante tac o ∀ elimpcq)) [Nth HideDerTableRow lemma]);

a(asm rewrite tac[]);

a(PC T1 "prop eq pair" prove tac[]);

val Contents OKc lemma = save pop thm"Contents OK c lemma";

7.3 Classification

SML

set goal([], p∀c i• Classification i ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pClassificationq])

THEN REPEAT strip tac);

a(all fc tac[HideDerTableRow Length lemma]);

a(cases tac p1 ≤ i ∧ i ≤ # (DTR cols r1 )q THEN asm rewrite tac[]);

a(DROP NTH ASM T 4 ante tac THEN

rewrite tac(MkDerTableRow lemma::map get spec[pLetq, pHideDerTableRowq])

THEN taut tac);

val Classification OKc lemma = save pop thm"Classification OK c lemma";
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7.4 Countall

SML

set goal([], p∀c• CountAll ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pCountAllq,pLetq]) THEN REPEAT strip tac);

a(LIST DROP NTH ASM T [1 ,3 ] discard tac);

a(POP ASM T ante tac);

a(intro ∀ tac(prl1q,prl1q));

a(list induction tacprl0q);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(∀ tac);

a(strip asm tac (∀ elimprl1q list cases thm)

THEN asm rewrite tac(map get spec[pMapq]));

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(REPEAT ∀ tac);

a(strip asm tac (∀ elimprl1q list cases thm)

THEN asm rewrite tac(map get spec[pMapq]));

a(rewrite tac(lubl lemma::MkDerTableRow lemma::map get spec[pLetq, pHideDerTableRowq])

THEN REPEAT strip tac);

a(ALL ASM FC T asm rewrite tac[]);

val CountAll OKc lemma = save pop thm"CountAll OK c lemma";

7.5 Monadic

SML

set goal([], p∀c f vc• vc ∈ OK VC c c ⇒ MonOp f vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pMonOpq, pLetq]) THEN REPEAT strip tac);

val MonOp OKc lemma = save pop thm"MonOp OK c lemma";
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7.6 Binary

SML

set goal([],

p∀c vcl• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpAnd c vcl ∈ OK VC c cq);

a(rewrite tac(

map get spec[pBinOpAndq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl0 rl0 r0 ) vcl) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl1 rl1 r1 ) vcl)q

THEN LIST [id tac, all fc tac[ComputeAnd lemma]]);

a(asm ante tac pElems vcl ⊆ OK VC c cq THEN asm ante tac pElems vcl ⊆ OK VC d cq

THEN list induction tacpvclq);

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(asm rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(asm rewrite tac(map get spec[pElemsq, pMapq]) THEN REPEAT N 3 strip tac);

a(LEMMA Tpx ∈ OK VC d c ∧ x ∈ OK VC c cq

(strip asm tac o rewrite rule(map get spec[pOK VC dq, pOK VC cq])) THEN1

PC T1"sets ext1" asm prove tac[get specpElemsq]);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tacpc dominates Fst (x tl1 rl1 r1 )q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (x tl0 rl0 r0 )q THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val BinOpAnd OKc lemma = save pop thm"BinOpAnd OK c lemma";
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SML

set goal([],

p∀c vcl• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpOr c vcl ∈ OK VC c cq);

a(rewrite tac(

map get spec[pBinOpOrq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl0 rl0 r0 ) vcl) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (λ e• e tl1 rl1 r1 ) vcl)q

THEN LIST [id tac, all fc tac[ComputeOr lemma]]);

a(asm ante tac pElems vcl ⊆ OK VC c cq THEN asm ante tac pElems vcl ⊆ OK VC d cq

THEN list induction tacpvclq);

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(asm rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1"sets ext1" asm prove tac[get specpElemsq]);

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(asm rewrite tac(map get spec[pElemsq, pMapq]) THEN REPEAT N 3 strip tac);

a(LEMMA Tpx ∈ OK VC d c ∧ x ∈ OK VC c cq

(strip asm tac o rewrite rule(map get spec[pOK VC dq, pOK VC cq])) THEN1

PC T1"sets ext1" asm prove tac[get specpElemsq]);

a(all asm fc tac[] THEN asm rewrite tac[]);

a(cases tacpc dominates Fst (x tl1 rl1 r1 )q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (x tl0 rl0 r0 )q THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val BinOpOr OKc lemma = save pop thm"BinOpOr OK c lemma";

SML

set goal([], p∀c f vc1 vc2• vc1 ∈ OK VC c c ∧ vc2 ∈ OK VC c c

⇒ BinOp f vc1 vc2 ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pBinOpq, pLetq])

THEN REPEAT strip tac);

a(ALL ASM FC T rewrite tac[]);

val BinOp OKc lemma = save pop thm"BinOp OK c lemma";
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7.7 Triadic

SML

set goal([], p∀c f vc1 vc2 vc3•

vc1 ∈ OK VC c c ∧ vc2 ∈ OK VC c c ∧ vc3 ∈ OK VC c c ⇒

TriOp f vc1 vc2 vc3 ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pTriOpq, pLetq])

THEN REPEAT strip tac);

a(ALL ASM FC T rewrite tac[]);

val TriOp OKc lemma = save pop thm"TriOp OK c lemma";

7.8 Conversions

Omitted. see [4].

7.9 Sterling

Omitted. see [4].

7.10 Dinary

Omitted. see [4].

7.11 Declarations

Omitted. see [4].
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7.12 Case Expressions

SML

set goal([], p∀c te cel ee•

te ∈ OK VC d c ∧

te ∈ OK VC c c ∧

Elems (Map Fst cel) ⊆ OK VC d c ∧

Elems (Map Fst cel) ⊆ OK VC c c ∧

Elems (Map Snd cel) ⊆ OK VC c c ∧

ee ∈ OK VC c c ⇒

CaseVal c te cel ee ∈ OK VC c c

q);

a(REPEAT ∀ tac);

a(list induction tacpcelq THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(LIST DROP NTH ASM T [1 ,5 ] (MAP EVERY ante tac)

THEN rewrite tac(CaseVal lemma:: map get spec[pOK VC cq, pLetq])

THEN REPEAT strip tac);

a(rewrite tac[∀ elimpFstq fun if thm]);

a(ALL ASM FC T rewrite tac[]);

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "5" ∗∗∗ ∗)

a(rewrite tac(∀ elimpSndq fun if thm::∀ elimpFstq fun if thm::CaseVal lemma::

map get spec[pOK VC cq, pLetq])

THEN REPEAT strip tac);

a(lemma tacp

Fst (te tl0 rl0 r0 ) = Fst (te tl1 rl1 r1 ) ∧

Fst (Fst x tl0 rl0 r0 ) = Fst (Fst x tl1 rl1 r1 ) ∧

Fst (Snd x tl0 rl0 r0 ) = Fst (Snd x tl1 rl1 r1 ) ∧

Fst (CaseVal c te cel ee tl0 rl0 r0 ) =

Fst (CaseVal c te cel ee tl1 rl1 r1 )q);
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SML

(∗ ∗∗∗ Goal "5 .1" ∗∗∗ ∗)

a(lemma tac pFst x ∈ OK VC c c ∧ Snd x ∈ OK VC c cq

THEN1 PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

a(LIST DROP NTH ASM T [1 ,2 ,10 ,12 ]

(MAP EVERY (strip asm tac o rewrite rule[get specpOK VC cq])));

a(ALL ASM FC T rewrite tac[]);

(∗ ∗∗∗ Goal "5 .2" ∗∗∗ ∗)

a(asm rewrite tac[]);

a(cases tacpc dominates Fst (te tl1 rl1 r1 )q

THEN cases tacpc dominates Fst (Fst x tl1 rl1 r1 )q

THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "5 .2 .1" ∗∗∗ ∗)

a(LEMMA TpSnd (te tl0 rl0 r0 ) = Snd (te tl1 rl1 r1 )

∧ Snd (Fst x tl0 rl0 r0 ) = Snd (Fst x tl1 rl1 r1 )q

rewrite thm tac);

a(lemma tac pFst x ∈ OK VC d cq

THEN1 PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

a(LIST DROP NTH ASM T [1 ,16 ]

(MAP EVERY (strip asm tac o rewrite rule[get specpOK VC dq])));

a(lemma tacpc dominates Fst (te tl0 rl0 r0 )

∧ c dominates Fst (Fst x tl0 rl0 r0 )q

THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

SML

(∗ ∗∗∗ Goal "5 .2 .2" ∗∗∗ ∗)

a(CASES T pSnd (te tl0 rl0 r0 ) = Snd (Fst x tl0 rl0 r0 )q

rewrite thm tac

THEN CASES TpSnd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q

rewrite thm tac);

(∗ ∗∗∗ Goal "5 .2 .3" ∗∗∗ ∗)

a(CASES T pSnd (te tl0 rl0 r0 ) = Snd (Fst x tl0 rl0 r0 )q

rewrite thm tac

THEN CASES TpSnd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q

rewrite thm tac);

(∗ ∗∗∗ Goal "5 .2 .4" ∗∗∗ ∗)

a(CASES T pSnd (te tl0 rl0 r0 ) = Snd (Fst x tl0 rl0 r0 )q

rewrite thm tac

THEN CASES TpSnd (te tl1 rl1 r1 ) = Snd (Fst x tl1 rl1 r1 )q

rewrite thm tac);

val CaseVal OKc lemma = save pop thm"CaseVal OK c lemma";
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SML

set goal([], p∀c cel ee•

Elems (Map Fst cel) ⊆ OK VC d c ∧

Elems (Map Fst cel) ⊆ OK VC c c ∧

Elems (Map Snd cel) ⊆ OK VC c c ∧

ee ∈ OK VC c c ⇒

Case c cel ee ∈ OK VC c c

q);

a(rewrite tac(map get spec[pLetq,pCaseq]));

a(REPEAT ∀ tac);

a(list induction tacpcelq THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN

rewrite tac(map get spec[pOK VC cq, pLetq,pMapq,pCaseCq,pCaseValueq])

THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "3" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

(∗ ∗∗∗ Goal "4" ∗∗∗ ∗)

a(PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));
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SML

(∗ ∗∗∗ Goal "5" ∗∗∗ ∗)

a(rewrite tac(map get spec[ pLetq,pMapq,pCaseCq,pCaseValueq,pOK VC cq])

THEN REPEAT strip tac);

a(lemma tacpFst x ∈ OK VC c cq THEN1

PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

a(POP ASM T (fn th => all asm fc tac[rewrite rule[get specpOK VC cq]th]));

a(asm rewrite tac[]);

a(cases tacp¬ c dominates Fst (Fst x tl1 rl1 r1 )q

THEN asm rewrite tac[]);

a(lemma tacpSnd x ∈ OK VC c cq THEN1

PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

a(POP ASM T (fn th => all asm fc tac[rewrite rule[get specpOK VC cq]th]));

a(asm rewrite tac[]);

a(LEMMA TpSnd (Fst x tl0 rl0 r0 ) = Snd (Fst x tl1 rl1 r1 )q

rewrite thm tac);

(∗ ∗∗∗ Goal "5 .1" ∗∗∗ ∗)

a(lemma tacpFst x ∈ OK VC d cq THEN1

PC T1 "sets ext1" asm prove tac(map get spec[pMapq, pElemsq]));

a(POP ASM T (strip asm tac o rewrite rule[get specpOK VC dq]));

a(lemma tacpc dominates Fst (Fst x tl0 rl0 r0 )q

THEN1 asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

(∗ ∗∗∗ Goal "5 .2" ∗∗∗ ∗)

a(cases tacpItemBool (Snd (Fst x tl1 rl1 r1 ))q

THEN asm rewrite tac[]);

a(DROP NTH ASM T 12 (fn th => all asm fc tac[rewrite rule[get specpOK VC cq]th]));

val Case OKc lemma = save pop thm"Case OK c lemma";
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7.13 Set Functions

SML

set goal([], p∀c f vc• vc ∈ OK VC c c ⇒ SetFuncAll f vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pSetFuncAllq, pOK VC cq, pLetq])

THEN REPEAT strip tac);

a(lemma tac p∀tl0 tl1 rl1 rl2 rl1•

Map (HideDerTable c) tl0 = Map (HideDerTable c) tl1 ∧

Map (HideDerTableRow c) rl1 = Map (HideDerTableRow c) rl2 ∧

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒ Fst (Split (Map (vc tl0 rl1 ) rl0 ))

= Fst(Split (Map (vc tl1 rl2 ) rl1 ))q

THEN LIST [id tac, ALL ASM FC T rewrite tac[]]);

a(LIST DROP NTH ASM T [1 , 2 , 3 ] discard tac);

a(list induction tacprl0q THEN REPEAT strip tac);

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "1 .1" ∗∗∗ ∗)

a(asm rewrite tac(map get spec[pMapq]));

(∗ ∗∗∗ Goal "1 .2" ∗∗∗ ∗)

a(var elim nth asm tac 1 );

a(all asm ante tac THEN asm rewrite tac(map get spec[pMapq]));

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(strip asm tac (∀ elimprl1q list cases thm));

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(swap asm concl tac

pMap (HideDerTableRow c) (Cons x rl0 ) = Map (HideDerTableRow c) rl1q

THEN asm rewrite tac(map get spec[pMapq]));

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(var elim nth asm tac 1 );

a(all asm ante tac THEN rewrite tac[fst snd split thm, get specpMapq]

THEN REPEAT strip tac);

(∗ ∗∗∗ Goal "2 .2 .1" ∗∗∗ ∗)

a(all asm fc tac[]);

(∗ ∗∗∗ Goal "2 .2 .2" ∗∗∗ ∗)

a(all asm fc tac[]);

val SetFuncAll OKc lemma = save pop thm"SetFuncAll OK c lemma";
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SML

set goal([], p∀c f vc• vc ∈ OK VC c c ⇒ SetFuncDistinct f vc ∈ OK VC c cq);

a(REPEAT strip tac);

a(lemma tacpSetFuncDistinct f vc = SetFuncAll (f o Elems) vcq

THEN LIST [rewrite tac(map get spec[pSetFuncDistinctq, pSetFuncAllq, pLetq]),

POP ASM T rewrite thm tac]);

a(bc tac[SetFuncAll OK c lemma]THEN asm rewrite tac[]);

val SetFuncDistinct OKc lemma = save pop thm"SetFuncDistinct OK c lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllAnd c vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pSetFuncAllAndq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

THEN LIST [id tac, all fc tac[ComputeAnd lemma]]);

a(LEMMA Tp

∀rl0 rl1•

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

(fn th => all fc tac[th]));
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SML

a(strip tac);

a(list induction tacprl0q THEN asm rewrite tac[map null thm, get specpMapq]);

(∗ rewrite solves base case ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimprl1q list cases thm) THEN all var elim asm tac1 );

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(strip tac THEN ALL ASM FC T rewrite tac[]);

a(cases tacpc dominates Fst (vc tl1 rl1 x ′)q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (vc tl0 rl0 x )q

THEN1 ALL ASM FC T asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val SetFuncAllAnd OKc lemma = save pop thm"SetFuncAllAnd OK c lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC d c ∧ vc ∈ OK VC c c ⇒ SetFuncAllOr c vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pSetFuncAllOrq, pOK VC dq, pOK VC cq])

THEN REPEAT strip tac);

a(lemma tacp

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

THEN LIST [id tac, all fc tac[ComputeOr lemma]]);

a(LEMMA Tp

∀rl0 rl1•

Map (HideDerTableRow c) rl0 = Map (HideDerTableRow c) rl1

⇒

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl0 rl0 ) rl0 ) =

Map (λ (c′, i)• (c′, (if c dominates c′ then i else Arbitrary)))

(Map (vc tl1 rl1 ) rl1 )q

(fn th => all fc tac[th]));
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SML

a(strip tac);

a(list induction tacprl0q THEN asm rewrite tac[map null thm, get specpMapq]);

(∗ rewrite solves base case ∗)

a(REPEAT strip tac);

a(strip asm tac(∀ elimprl1q list cases thm) THEN all var elim asm tac1 );

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN rewrite tac[get specpMapq]);

a(strip tac THEN ALL ASM FC T rewrite tac[]);

a(cases tacpc dominates Fst (vc tl1 rl1 x ′)q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (vc tl0 rl0 x )q

THEN1 ALL ASM FC T asm rewrite tac[]);

a(contr tac THEN all asm fc tac[]);

val SetFuncAllOr OKc lemma = save pop thm"SetFuncAllOr OK c lemma";

7.14 Count Functions

SML

set goal([], p∀c vc• vc ∈ OK VC c c ⇒ CountNonNull vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pCountNonNullq, pLetq])

THEN REPEAT strip tac);

a(bc tac[SetFuncAll OK c lemma]THEN asm rewrite tac[]);

val CountNonNull OKc lemma = save pop thm"CountNonNull OK c lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC c c ⇒ CountDistinct vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pCountDistinctq, pLetq])

THEN REPEAT strip tac);

a(bc tac[SetFuncDistinct OK c lemma]THEN asm rewrite tac[]);

val CountDistinct OKc lemma = save pop thm"CountDistinct OK c lemma";

SML

set goal([], p∀c vc• vc ∈ OK VC c c ⇒ CommonValue vc ∈ OK VC c cq);

a(rewrite tac(map get spec[pCommonValueq, pLetq])

THEN REPEAT strip tac);

a(ALL FC T rewrite tac [SetFuncAll OK c lemma]);

val CommonValue OKc lemma = save pop thm"CommonValue OK c lemma";
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7.15 ExistsTuples

SML

set goal([], p∀c tc• tc ∈ OK TC d c ∧ tc ∈ OK TC c c ⇒ ExistsTuples c tc ∈ OK VC c cq);

a(rewrite tac(

map get spec[pOK TC dq, pOK TC cq, pOK VC cq, pExistsTuplesq, pLetq])

THEN REPEAT strip tac);

a(cases tacp¬ HideDerTable c (Snd (tc tl0 )) = HideDerTable c (Snd (tc tl1 ))q);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(all asm fc tac[]);

a(DROP ASM T p¬ c dominates Fst (tc tl0 )q ante tac THEN asm rewrite tac[]);

a(strip tac THEN asm rewrite tac[]);

SML

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(all asm fc tac[]);

a(cases tacpc dominates Fst (tc tl1 )q THEN asm rewrite tac[]);

a(DROP ASM T pHideDerTable c (Snd (tc tl0 )) = HideDerTable c (Snd (tc tl1 ))q

ante tac);

a(rewrite tac(MkDerTable lemma::

pc rule1 "sets ext1" prove rule[]

p{r |c dominates DTR row r ∧ c dominates DTR where r} =

{r |c dominates DTR row r} ∩ {r |c dominates DTR where r}q::

↾ ∩ lemma::

map get spec[pHideDerTableq, pHideDerTableDataq, pLetq])

THEN REPEAT strip tac);

a(all fc tac[map hide map hide ↾ lemma]);

a(lemma tacp

Map DTR row(Map(HideDerTableRow c)

((DT rows (Snd (tc tl0 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r})) =

Map DTR row(Map(HideDerTableRow c)

((DT rows (Snd (tc tl1 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}))q

THEN1 asm rewrite tac[]);

a(POP ASM T ante tac THEN

rewrite tac[map o lemma, DTR row o HideDerTableRow lemma]);

a(STRIP T rewrite thm tac);

val ExistsTuples OKc lemma = save pop thm"ExistsTuples OK c lemma";
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7.16 SingleValue

SML

set goal([], p∀c tc• tc ∈ OK TC d c ∧ tc ∈ OK TC c c ⇒ SingleValue c tc ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK TC dq, pOK TC cq, pOK VC cq, pSingleValueq, pLetq])

THEN REPEAT strip tac);

a(all asm fc tac[] THEN asm rewrite tac[∀ elimpFstqfun if thm]);

a(cases tacpc dominates Fst (tc tl1 )q THEN asm rewrite tac[]);

a(lemma tacpc dominates Fst (tc tl0 )q THEN1 asm rewrite tac[]);

a(cases tacp¬HideDerTable c (Snd (tc tl0 )) = HideDerTable c (Snd (tc tl1 ))q

THEN1 all asm fc tac[]);

a(POP ASM T ante tac THEN rewrite tac(MkDerTable lemma::

pc rule1 "sets ext1" prove rule[]

p{r |c dominates DTR row r ∧ c dominates DTR where r} =

{r |c dominates DTR row r} ∩ {r |c dominates DTR where r}q::

map get spec[pHideDerTableq, pHideDerTableDataq, pLetq]));

a(rewrite tac[↾ ∩ lemma] THEN strip tac);

a(all fc tac[map hide map hide ↾ lemma]);

SML

a(LEMMA Tp

#(Map (HideDerTableRow c)

((DT rows (Snd (tc tl0 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r})) =

#(Map (HideDerTableRow c)

((DT rows (Snd (tc tl1 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}))q

(strip asm tac o rewrite rule[length map thm])

THEN1 asm rewrite tac[]);

a(cases tacp

#((DT rows (Snd (tc tl1 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}) = 1q

THEN asm rewrite tac[]);

a(lemma tacp

#((DT rows (Snd (tc tl0 )) ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}) = 1q

THEN1 asm rewrite tac[]);

a(LIST DROP NTH ASM T [1 ,2 ]

(MAP EVERY (strip asm tac o rewrite rule[length 1 thm])));

a(asm rewrite tac[]);

a(lemma tacpHideDerTableRow c x = HideDerTableRow c x ′q);
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SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(DROP NTH ASM T 5 ante tac THEN asm rewrite tac[get specpMapq]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(POP ASM T ante tac THEN

rewrite tac[MkDerTableRow lemma, let def , get specpHideDerTableRowq]);

a(strip tac);

a(LEMMA Tp

#(Map (λ (c′, i)• if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols x )) =

#(Map (λ (c′, i)• if c dominates c′

then (c′, i)

else (c′, ValuedItemItem (MkValuedItem sterling dummyVal)))

(DTR cols x ′))q

(strip asm tac o rewrite rule[length map thm])

THEN1 asm rewrite tac[]);

SML

a(asm rewrite tac[]);

a(cases tacp# (DTR cols x ′) = 1q THEN asm rewrite tac[]);

a(lemma tacp# (DTR cols x ) = 1q THEN1 asm rewrite tac[]);

a(LIST DROP NTH ASM T [1 ,2 ]

(MAP EVERY (strip asm tac o rewrite rule[length 1 thm])));

a(DROP NTH ASM T 4 ante tac THEN asm rewrite tac[get specpMapq]);

a(cases tacpc dominates Fst x ′′q THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2 .1" ∗∗∗ ∗)

a(cases tacpc dominates Fst x ′′′q THEN asm rewrite tac[]

THEN REPEAT strip tac THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2 .2" ∗∗∗ ∗)

a(cases tacpc dominates Fst x ′′′q THEN asm rewrite tac[]);

a(PC T1 "prop eq pair" prove tac[]);

val SingleValue OKc lemma = save pop thm"SingleValue OK c lemma";

7.17 JoinedRowExistence

SML

set goal([], p∀c i• JoinedRowExistence i ∈ OK VC c cq);

a(rewrite tac(map get spec[pOK VC cq, pJoinedRowExistenceq])

THEN REPEAT strip tac);

val JoinedRowExistence OKc lemma = save pop thm"JoinedRowExistence OK c lemma";
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8 CLOSING DOWN
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9 THE THEORY fef033

9.1 Parents

fef031 fef032

9.2 Children

fef035

9.3 Theorems

TableComputations consistent
ValueComputations consistent

⊢ Consistent

(λ (TableComputations ′, ValueComputations ′)
• ∀ cc

• (TableComputations ′ cc,

ValueComputations ′ cc)
=

⋂
2

{(tes, es)
|(∀ ci• DenoteConstant ci ∈ es)

∧ (∀ i• Contents i ∈ es)
∧ (∀ i• Classification i ∈ es)
∧ CountAll ∈ es

∧ (∀ f e• e ∈ es ⇒ MonOp f e ∈ es)
∧ (∀ f e1 e2

• e1 ∈ es ∧ e2 ∈ es

⇒ BinOp f e1 e2 ∈ es)
∧ (∀ f e1 e2 e3

• e1 ∈ es ∧ e2 ∈ es ∧ e3 ∈ es

⇒ TriOp f e1 e2 e3 ∈ es)
∧ (∀ el

• Elems el ⊆ es

⇒ BinOpAnd cc el ∈ es)
∧ (∀ el

• Elems el ⊆ es

⇒ BinOpOr cc el ∈ es)
∧ (∀ te cel ee

• te ∈ es

∧ Elems (Map Fst cel) ⊆ es

∧ Elems (Map Snd cel) ⊆ es

∧ ee ∈ es

⇒ CaseVal cc te cel ee ∈ es)
∧ (∀ cel ee

• Elems (Map Fst cel) ⊆ es

∧ Elems (Map Snd cel) ⊆ es
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∧ ee ∈ es

⇒ Case cc cel ee ∈ es)
∧ (∀ e

• e ∈ es ⇒ SetFuncAllAnd cc e ∈ es)
∧ (∀ e

• e ∈ es ⇒ SetFuncAllOr cc e ∈ es)
∧ (∀ e

• e ∈ es ⇒ CountNonNull e ∈ es)
∧ (∀ e

• e ∈ es ⇒ CountDistinct e ∈ es)
∧ (∀ e

• e ∈ es ⇒ CommonValue e ∈ es)
∧ (∀ f e

• e ∈ es ⇒ SetFuncAll f e ∈ es)
∧ (∀ f e

• e ∈ es

⇒ SetFuncDistinct f e ∈ es)
∧ (∀ te

• te ∈ tes

⇒ ExistsTuples cc te ∈ es)
∧ (∀ te

• te ∈ tes

⇒ SingleValue cc te ∈ es)
∧ JoinedRowExistence cc ∈ es

∧ (∀ i• TableContents i ∈ tes)
∧ (∀ esl tel e1 ml nl e2

• Elems (Map Fst esl) ⊆ es

∧ Elems tel ⊆ tes

∧ e1 ∈ es

∧ e2 ∈ es

⇒ AllTuples

cc

esl

tel

e1

ml

nl

e2

∈ tes)})
BoolItem OneOne lemma

⊢ ∀ i1 i2• BoolItem i1 = BoolItem i2 ⇔ i1 ⇔ i2

HideDerTableRow Length lemma
⊢ ∀ c r1 r2

• HideDerTableRow c r1 = HideDerTableRow c r2

⇒ # (DTR cols r1 ) = # (DTR cols r2 )
Nth HideDerTableRow lemma

⊢ ∀ c r i

• 1 ≤ i ∧ i ≤ # (DTR cols r)
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⇒ Nth (DTR cols (HideDerTableRow c r)) i

= (Fst (Nth (DTR cols r) i),
(if c dominates Fst (Nth (DTR cols r) i)

then Snd (Nth (DTR cols r) i)
else

ValuedItemItem

(MkValuedItem sterling dummyVal)))
DTR row o HideDerTableRow lemma

⊢ ∀ c• DTR row o HideDerTableRow c = DTR row

fun if thm ⊢ ∀ f a b c

• f (if a then b else c) = (if a then f b else f c)
↾ null map hide lemma

⊢ ∀ c rl

• rl

↾ {r
|c dominates DTR row r

∧ c dominates DTR where r}
= []

⇔ Map

(HideDerTableRow c)
(rl ↾ {r |c dominates DTR row r})

↾ {r |c dominates DTR where r}
= []

map hide map hide ↾ lemma
⊢ ∀ c rl1 rl2

• Map (HideDerTableRow c) rl1

= Map (HideDerTableRow c) rl2

⇒ Map

(HideDerTableRow c)
(rl1 ↾ {r |c dominates DTR where r})

= Map

(HideDerTableRow c)
(rl2 ↾ {r |c dominates DTR where r})

↾ ∩ lemma ⊢ ∀ l a b• l ↾ (a ∩ b) = l ↾ a ↾ b

split thm ⊢ ∀ xy list

• Split [] = ([], [])
∧ Split (Cons xy list)
= (Cons (Fst xy) (Fst (Split list)),
Cons (Snd xy) (Snd (Split list)))

length 0 thm ⊢ ∀ list• # list = 0 ⇔ list = []
length 1 thm ⊢ ∀ list• # list = 1 ⇔ (∃ x• list = [x ])
fst snd split thm

⊢ ∀ list

• Fst (Split list) = Map Fst list

∧ Snd (Split list) = Map Snd list

lubl lemma ⊢ ∀ c cl

• lubl [] = lattice bottom

∧ lubl (Cons c cl) = c lub lubl cl
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lub lattice bottom thm
⊢ ∀ c• c lub lattice bottom = c

dominates lubl map hide lemma
⊢ ∀ cc cil

• cc dominates lubl (Map Fst cil)
⇒ Map

(λ (c, i)
• (c,

(if cc dominates c

then i

else Arbitrary)))
cil

= cil

CaseVal lemma
⊢ ∀ cc tst cev cevs ev

• CaseVal cc tst [] ev
= (λ tl rl r

• (let (tc, ti) = tst tl rl r

in let (ec, ei) = ev tl rl r

in if cc dominates tc

then (ec, ei)
else (tc, ei)))

∧ CaseVal cc tst (Cons cev cevs) ev

= (λ tl rl r

• (let (cr , ir)
= CaseVal cc tst cevs ev tl rl r

in let (tc, ti) = tst tl rl r

in let (ce, cv) = cev

in let (cec, cei) = ce tl rl r

in let (cvc, cvi) = cv tl rl r

in if ti = cei

then

if

cc dominates tc

∧ cc dominates cec

then (cvc, cvi)
else if ¬ cc dominates tc

then (tc, cvi)
else (cec, cvi)

else if

cc dominates tc

∧ cc dominates cec

then (cr , ir)
else if ¬ cc dominates tc

then (tc, ir)
else (cec, ir)))

OK TCd lemma
⊢ ∀ c• OK TC d c ⊆ OkTableComputation c
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DenoteConstant OKd lemma
⊢ ∀ c ci• DenoteConstant ci ∈ OK VC d c

Contents OKd lemma
⊢ ∀ c i• Contents i ∈ OK VC d c

Classification OKd lemma
⊢ ∀ c i• Classification i ∈ OK VC d c

CountAll OKd lemma
⊢ ∀ c• CountAll ∈ OK VC d c

MonOp OKd lemma
⊢ ∀ c f vc• vc ∈ OK VC d c ⇒ MonOp f vc ∈ OK VC d c

ComputeAnd lemma
⊢ ∀ cc cil1 cil2

• Map

(λ (c, i)
• (c,

(if cc dominates c

then i

else Arbitrary)))
cil1

= Map

(λ (c, i)
• (c,

(if cc dominates c

then i

else Arbitrary)))
cil2

⇒ Fst (ComputeAnd cc cil1 )
= Fst (ComputeAnd cc cil2 )

∧ (cc dominates Fst (ComputeAnd cc cil1 )
⇒ Snd (ComputeAnd cc cil1 )
= Snd (ComputeAnd cc cil2 ))

BinOpAnd OKd lemma
⊢ ∀ c vcl

• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpAnd c vcl ∈ OK VC d c

ComputeOr lemma
⊢ ∀ cc cil1 cil2

• Map

(λ (c, i)
• (c,

(if cc dominates c

then i

else Arbitrary)))
cil1

= Map

(λ (c, i)
• (c,

(if cc dominates c
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then i

else Arbitrary)))
cil2

⇒ Fst (ComputeOr cc cil1 )
= Fst (ComputeOr cc cil2 )

∧ (cc dominates Fst (ComputeOr cc cil1 )
⇒ Snd (ComputeOr cc cil1 )
= Snd (ComputeOr cc cil2 ))

BinOpOr OKd lemma
⊢ ∀ c vcl

• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpOr c vcl ∈ OK VC d c

BinOp OKd lemma
⊢ ∀ c f vc1 vc2

• vc1 ∈ OK VC d c ∧ vc2 ∈ OK VC d c

⇒ BinOp f vc1 vc2 ∈ OK VC d c

TriOp OKd lemma
⊢ ∀ c f vc1 vc2 vc3

• vc1 ∈ OK VC d c ∧ vc2 ∈ OK VC d c ∧ vc3 ∈ OK VC d c

⇒ TriOp f vc1 vc2 vc3 ∈ OK VC d c

CaseVal OKd lemma
⊢ ∀ c te cel ee

• te ∈ OK VC d c

∧ Elems (Map Fst cel) ⊆ OK VC d c

∧ Elems (Map Snd cel) ⊆ OK VC d c

∧ ee ∈ OK VC d c

⇒ CaseVal c te cel ee ∈ OK VC d c

Case OKd lemma
⊢ ∀ c cel ee

• Elems (Map Fst cel) ⊆ OK VC d c

∧ Elems (Map Snd cel) ⊆ OK VC d c

∧ ee ∈ OK VC d c

⇒ Case c cel ee ∈ OK VC d c

SetFuncAll OKd lemma
⊢ ∀ c f vc

• vc ∈ OK VC d c ⇒ SetFuncAll f vc ∈ OK VC d c

SetFuncDistinct OKd lemma
⊢ ∀ c f vc

• vc ∈ OK VC d c ⇒ SetFuncDistinct f vc ∈ OK VC d c

SetFuncAllAnd OKd lemma
⊢ ∀ c vc

• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllAnd c vc ∈ OK VC d c

SetFuncAllOr OKd lemma
⊢ ∀ c vc

• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllOr c vc ∈ OK VC d c

CountNonNull OKd lemma
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⊢ ∀ c vc• vc ∈ OK VC d c ⇒ CountNonNull vc ∈ OK VC d c

CountDistinct OKd lemma
⊢ ∀ c vc• vc ∈ OK VC d c ⇒ CountDistinct vc ∈ OK VC d c

CommonValue OKd lemma
⊢ ∀ c vc• vc ∈ OK VC d c ⇒ CommonValue vc ∈ OK VC d c

ExistsTuples OKd lemma
⊢ ∀ c tc

• tc ∈ OK TC d c ∧ tc ∈ OK TC c c

⇒ ExistsTuples c tc ∈ OK VC d c

SingleValue OKd lemma
⊢ ∀ c tc

• tc ∈ OK TC d c ∧ tc ∈ OK TC c c

⇒ SingleValue c tc ∈ OK VC d c

JoinedRowExistence OKd lemma
⊢ ∀ c i• JoinedRowExistence i ∈ OK VC d c

DenoteConstant OKc lemma
⊢ ∀ c ci• DenoteConstant ci ∈ OK VC c c

Contents OKc lemma
⊢ ∀ c i• Contents i ∈ OK VC c c

Classification OKc lemma
⊢ ∀ c i• Classification i ∈ OK VC c c

CountAll OKc lemma
⊢ ∀ c• CountAll ∈ OK VC c c

MonOp OKc lemma
⊢ ∀ c f vc• vc ∈ OK VC c c ⇒ MonOp f vc ∈ OK VC c c

BinOpAnd OKc lemma
⊢ ∀ c vcl

• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpAnd c vcl ∈ OK VC c c

BinOpOr OKc lemma
⊢ ∀ c vcl

• Elems vcl ⊆ OK VC d c ∧ Elems vcl ⊆ OK VC c c

⇒ BinOpOr c vcl ∈ OK VC c c

BinOp OKc lemma
⊢ ∀ c f vc1 vc2

• vc1 ∈ OK VC c c ∧ vc2 ∈ OK VC c c

⇒ BinOp f vc1 vc2 ∈ OK VC c c

TriOp OKc lemma
⊢ ∀ c f vc1 vc2 vc3

• vc1 ∈ OK VC c c ∧ vc2 ∈ OK VC c c ∧ vc3 ∈ OK VC c c

⇒ TriOp f vc1 vc2 vc3 ∈ OK VC c c

CaseVal OKc lemma
⊢ ∀ c te cel ee

• te ∈ OK VC d c

∧ te ∈ OK VC c c

∧ Elems (Map Fst cel) ⊆ OK VC d c

∧ Elems (Map Fst cel) ⊆ OK VC c c

∧ Elems (Map Snd cel) ⊆ OK VC c c
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∧ ee ∈ OK VC c c

⇒ CaseVal c te cel ee ∈ OK VC c c

Case OKc lemma
⊢ ∀ c cel ee

• Elems (Map Fst cel) ⊆ OK VC d c

∧ Elems (Map Fst cel) ⊆ OK VC c c

∧ Elems (Map Snd cel) ⊆ OK VC c c

∧ ee ∈ OK VC c c

⇒ Case c cel ee ∈ OK VC c c

SetFuncAll OKc lemma
⊢ ∀ c f vc

• vc ∈ OK VC c c ⇒ SetFuncAll f vc ∈ OK VC c c

SetFuncDistinct OKc lemma
⊢ ∀ c f vc

• vc ∈ OK VC c c ⇒ SetFuncDistinct f vc ∈ OK VC c c

SetFuncAllAnd OKc lemma
⊢ ∀ c vc

• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllAnd c vc ∈ OK VC c c

SetFuncAllOr OKc lemma
⊢ ∀ c vc

• vc ∈ OK VC d c ∧ vc ∈ OK VC c c

⇒ SetFuncAllOr c vc ∈ OK VC c c

CountNonNull OKc lemma
⊢ ∀ c vc• vc ∈ OK VC c c ⇒ CountNonNull vc ∈ OK VC c c

CountDistinct OKc lemma
⊢ ∀ c vc• vc ∈ OK VC c c ⇒ CountDistinct vc ∈ OK VC c c

CommonValue OKc lemma
⊢ ∀ c vc• vc ∈ OK VC c c ⇒ CommonValue vc ∈ OK VC c c

ExistsTuples OKc lemma
⊢ ∀ c tc

• tc ∈ OK TC d c ∧ tc ∈ OK TC c c

⇒ ExistsTuples c tc ∈ OK VC c c

SingleValue OKc lemma
⊢ ∀ c tc

• tc ∈ OK TC d c ∧ tc ∈ OK TC c c

⇒ SingleValue c tc ∈ OK VC c c

JoinedRowExistence OKc lemma
⊢ ∀ c i• JoinedRowExistence i ∈ OK VC c c
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