V(s1 :a ->bool) (s2 :a->bool). s1 € s2 & s1 S s2 A—(s2 S s1)

V(p :num ->bool). (3(n :num). p n) & p (SLEAST p) A V(n :num). n < SLEASTp = -pn

V(f:B->vy)(g:a->PB)(l:alist). MAP f (MAP g |) = MAP (fo g) |

(x :a) € RDOM ((R :a.-> B -> bool) \\ (k :a)) & x € RDOM R A x # k

WEF (R :a -> a -> bool) = antisymmetric R

V(P :a option -> bool). (V(a :a). P (SOME a)) A P (NONE :a option) = V(x :a option). P x

PROD_SET (@ :num -> bool) = (1 :num)

(p :bool) A (q :bool) = p

V(R :a ->a ->bool) (P :a-> bool). (V(x :a). (V(y:a). Ryx=Py) = Px) = V(x :a). WFP R x
= Px

V(t:bool).tAToSt

V(s :a->bool) (t :a->bool) (x:a). x ESDIFFt & xXEsAx &t

V(s :a->bool) (t :a -> bool) (x :at). (s DELETE x) Nt =s n t DELETE x

V(a :a->bool) (b :a->bool) (c:p->bool) (d:B->bool).aSbAcESEd=>axcSbxd

V(s :a-> bool) (n :num). s HAS_SIZEn = CARD s =n

V(f:a->B) (x :a option) (y :B). OPTION_MAP fx=SOMEy & 3(z:a).x=SOMEzAy=fz

V(x :num -> a -> bool) (y :num -> a -> bool). mk_rec x = mk_rec y = ZRECSPACE x A
ZRECSPACEY = x =y

((p :bool) & (q :bool) V (r:bool)) © (pV-g)A(pV-r)A(gqVrV-p)

V(s :a-> bool). (A(f :num -> a). BlJ f U(:num) s) & BIJ (enumerate s) U(:num) s

LENGTH (TAKE (n :num) (xs :a list)) = if n < LENGTH xs then n else LENGTH xs

(V(x:a) (y:a)(z:a). (R:aa->a->bool)xy ARyz= Rxz)= V(x:alist) (y :a list) (z :a list).
LIST_RELRxy A LIST_RELRyz = LIST_RELR x z

V(h1:a) (h2 :a). h1=h2 = V(I1 :alist) (12 :a list). 11 =12 = h1::11 = h2::12

(SSUBSET :(a -> bool) -> (a -> bool) -> bool)* = (SSUBSET :(a -> bool) -> (o -> bool) -> bool)

(V(x :a). x € (s :a-> bool)) © s =U(:a)

V(n :num). count (SUC n) = n INSERT count n

V(xs :a list) (x :a) (y :a) (ys :a list). LUPDATE x (LENGTH xs) (Xxs ++ y::ys) = Xs ++ X::ys

V(f:a->B) (s :B ->bool) (t :B -> bool). PREIMAGE f (s U t) = PREIMAGE f s U PREIMAGE f t

V(I :alist) (m :num). m = LENGTH | = TAKEm | =1

V(s:a->bool).sE s

(f:6 ->y) e UNCURRY (g :at-> B -> 8) = UNCURRY ((Sof:(B->6)->B->y)og)

V(t:bool).F=2teT

V(s :num ->bool). s # (@ :num -> bool) A FINITE s = MIN_SET s < MAX_SET s

V(s :a->bool). SURJ (A(x :a). x) s s

V(x :ot -> bool). BIGUNION {x} = x

V(f:B->vy)(g:a->PB)(s:a->bool). IMAGE (f o g) s = IMAGE f (IMAGE g s)

V(R1 :a->B ->bool) (R2 :a->p ->bool). R1 S, R2AR2 S, R1 = R1=R2

$! (UNCURRY (A(x :a). (P :a.-> B -> bool) x)) © V(x :a). S! (P x)

V(x :a) (y :a) (s :a-> bool). (y INSERTs) x © x=yVXEs

V(I :a list) (x :a). BUTLASTN (LENGTH I) (x::1) = [x]

SING ((x :a) INSERT (s :a -> bool)) & s = (0 :a -> bool) Vs = {x}




-LLEX (R :at -> a -> bool) (I :a list) ([] :a list)

V(P :a->B ->bool) (Q:a-> B ->bool) (11 :a list) (12 :B list). (V(x :a # B). MEM x (ZIP (I1,12))
A UNCURRY P x = UNCURRY Q x) A LIST_RELP 1112 = LIST_RELQI112

V(P :a -> bool) (I :a list). EXISTS P (REVERSE I) < EXISTS P |

(11 :a list) ++ (12 :a list) = (h :a)::(t :a list) © 11 = ([] :a list) A 12 = h::t v 3(It :a list). [1 = h::lt
At=Ilt++12

(([] :alist) < (1 :alist) © T) A ((h :a)::(t :alist) < ([] :alist) © F) A ((h1 :a)::(t1 :a list) < (h2
:a)::(t2 :alist) © hl1=h2 Atl <t2)

-~((A :bool) V (B :bool)) > F&-A=>-B=F

V(f :a -> bool) (I :a list). FILTER f (FILTER f 1) = FILTER f |

V(P :a -> bool) (I :a list). EXISTS P | & FOLDR $\/ F (MAP P I)

V(R :a -> a -> bool). irreflexive R A transitive R = antisymmetric R

(V(s :a-> bool) (t :a -> bool). s S sUt) A V(s :a->bool) (t:a->bool).sStUs

countable U(:num)

V(a:alist) (b :alist) (c:alist).a++b<c=>asc

V(rl:a-> B option) (r2 :a -> B option) (rows1 :(a -> B option) list) (rows2 :(a -> B option)
list) (rows3 :(a -> B option) list) (v :a). (IS_SOME (r2 v) = IS_SOME (r1 v)) = PMATCH v
(rowsl ++ rl::rows2 ++ r2::rows3) = PMATCH v (rows1 ++ rl::rows2 ++ rows3)

INVOL (relinv :(o. -> a -> bool) -> a -> a -> bool)

V(p :a->B) (g:a->bool) (i :B). (V(x1:a) (x2:a).gxIAgx2 Apx1l=px2=x1=x2)=>V(x
:a). PMATCH_ROW_COND pgix = (@(y :0). PMATCH_ROW_COND p giy) = x

V(f :num -> a) (s :num -> bool). countable (IMAGE f s)

V(f:o->PB->a) (e :a) (I :B list). LENGTH (SCANL f e I) = SUC (LENGTH I)

V(x :a) (s :a->bool). REST s x & x Es A x # CHOICE s

(V(x :a) (y :a). (R1 :a->a->bool) xy = (R2 :a->a -> bool) x y) A (V(x :B) (y :B). (R3:B->B
->bool)xy = (R4 :p -> B ->bool) xy) = (RLLEXR3) (x :a # B) (y :a # B) = (R2 LEXR4) x y

V(s :a->bool). FINITE s = V(t :a-> bool).t € s = FINITE t

V(r :ot-> bool) (s :at -> bool) (t :a.->bool).r Es=r DIFFs nt=r DIFF t

V(R :B ->B ->bool) (f:a->B) (x:a) (y :a). inv_image Rfxy & R (fx) (fy)

COMPL ((s :ot -> bool) U (t :a -> bool)) = COMPLs n COMPL t

V(s :a->bool) (x :a) (y :a). (s DELETEY) x © XESAX#Y

V(y :B) (s :a->bool) (f:a->B).y EIMAGEfs & J(x:a).y=fXAXEs

(x :a) € RDOM (R :a-> B -> bool) & 3(y :B). Rxy

V(R :a->a->bool) (x:a) (y:a). R*xXy <= x=yVR*xy

V(11 :a list) (12 :a list) (P :at -> bool) (P' :at -> bool). 11 =12 A (V(x :a). MEM x 12 = (P x & P!
x)) = (EVERY P 11 < EVERY P' 12)

V(m :num) (n :num). m<n = ELm (COUNT_LISTn)=m

V(c :bool) (x :bool). (if c then T else x) & -c = x

TAKE (0 :num) (Il :a list) = ([] :a list)

V(f:a->B->PB)(e:B)(x:a). FOLDRfe[x]=fxe

V(I :a list). DROP (LENGTH I) I = ([] :a list)

V(e :a) (sl :a->bool) (s2 :a->bool). s1 Es2 = s1 S e INSERT s2

V(P :a list -> bool). P ([] :a list) A (V(t :a list). Pt = V(h :a). P (h::t)) = V(I :a list). P |




-TeF |

(R:a->a->bool)* (x:a)(z:a) ©®RxzV3I(y:a). R**xyARyz

V(s :a->bool) (t :a-> bool) (u:a->bool).sCtAtEu=>scu

RC (SPSUBSET :(a -> bool) -> (a -> bool) -> bool) = (SSUBSET :(a -> bool) -> (a -> bool) ->
bool)

V(x :bool) (x' :bool) (y :bool) (y' :bool). (-y =2 x=2x)A(-x'=2y=2y)=2xVy=>x'Vy'

V(e :a) (s :a -> bool). POW (e INSERT s) = IMAGE (SINSERT e) (POW s) U POW s

V(s :o. -> bool). s DIFF s = (@ :a -> bool)

V(x :bool) (x' :bool) (y :bool) (y' :bool). (X' =2 x)A(xX'2y=2>y)=2x=2y)=2x =y

V(x :a) (I :a list). REVERSE (SNOC x I) = x::REVERSE |

(V(x :a). (P :a->bool) x = (P' :a -> bool) x) = OPTION_ALL P (opt :a option) =
OPTION_ALL P' opt

V(x:a) (P :a->bool). x € (A(x :a). Px) & P x

(tri (n :num) = (0 :num) & n = (0 :num)) A ((0 :num) =trin & n=(0 :num))

REVERSE ([] :B list) = ([] :B list) A V(x :a) (I :t list). REVERSE (x::I) = SNOC x (REVERSE I)

V(11 :a list) (12 :a list). -NULL 11 = ELL (LENGTH 12) (11 ++ I2) = LAST I1

V(x :a) (I :a list). LENGTH (SNOC x I) = SUC (LENGTH 1)

(V(f:a->B->y). MAP2 f ([] :a list) ([] :B list) = ([] :y list)) A V(f :6 -> € ->7) (h1:8) (t1 :6 list)
(h2 :€) (12 :e list). MAP2 f (h1::t1) (h2::t2) = f hl h2::MAP2 f t1 t2

V(s :a->bool) (t :B ->bool) (f:a->B) (x:a).  EFUNSETstAxEs=>fxEt

V(s:a->bool) (t:a->bool).sCStesUt=t

RC (R :a ->a ->bool) =R U, (S=:a -> a -> bool)

V(f:o0-> B ->y). UNCURRY f = (A(x :a # ). f (FST x) (SND x))

V(I :bool list). OR_EL | <> FOLDR $\/ FI

V(11 :a list) (12 :a list). LENGTH 11 = LENGTH 12 A (V(x :num). x < LENGTH 11 = EL x I1 = EL x
12) = 11=12

V(x :a) (s :a->bool). x Es = x INSERT s = s

V(P :num ->bool) (Q :num -> bool). FINITEP A (P = (@ :num -> bool) = Q (0 :num)) A (V(x
:num). (V(y :num).y EP=>y<x) AXxEP=Qx)=> Q(MAX_SET P)

V(e :a) (I :a list). MEM (LAST (e::l)) (e::l)

V(R :a ->a -> bool). R* * =R*

=((p :bool) = (q :bool)) = -q

V(n :num) (Is :a list). n < LENGTH Is = LUPDATE (ELnIs) nis =1s

V(y :bool) (x :bool). ASM_MARKER y x & x

V(x :num) (I :num list). SUM (SNOC x |) = SUM | + x

V(R :a -> a -> bool). StrongOrder R = STRORD (RCR) =R

V(11 :a list) (12 :a list) (13 :a list). (V(n :num). n < LENGTH I1 A (R :at -> a -> bool) (EL n 11)
(ELn12) AR(ELn12) (ELnI3)= R (ELn 1) (ELnI3)) ALIST_RELRI112 ALIST RELRI213 =
LIST_RELRI113

V(P :a->B) (v:y). P (PMATCH v ([] :(y -> a option) list)) = P (ARB :a)

V(s :a->bool) (t :a -> bool). INFINITES AFINITEt= 3(x:a). X ESAXEt

V(v :a) (rows :(a -> B option) list) (n :num). n < LENGTH rows A IS_SOME (EL n rows v) =
PMATCH v rows = PMATCH v (TAKE (SUC n) rows)




V(f :a-> B) (Is :a list). ALL_DISTINCT (MAP f Is) = ALL_DISTINCT Is

(V(x :a). LAST [x] =x) A V(h1:B) (h2 :B) (t :B list). LAST (h1::h2::t) = LAST (h2::t)

V(s :a -> bool). FINITE (REST s) < FINITE s

V(x :bool) (x' :bool) (y :bool) (y' :bool). (-y=2x'=2x)A(-x'=y' =2y)=2x'Vy =>xVy

PMATCH_ROW_COND (pat :a -> B) (guard :a -> bool) (inp :B) (v :a) & inp = pat v A guard
v

V(I :a list). NULL | & FOLDR (A(x :a) (I' :bool). F) T |

(0 :num) < (n :num) = TAKE n ((x :a)::(xs :a list)) = x::TAKE (n = (1 :num)) xs

COUNT_LIST (0 :num) = ([] :num list) A ¥(n :num). COUNT_LIST (SUC n) = SNOC n
(COUNT_LIST n)

V(x:a) (I :a list). ([] :o list) # SNOC x |

IDEM (RTC :(a -> o -> bool) -> a. -> a -> bool)

V(v_old :a) (v_new :B). PMATCH v_old ([] :(a -> y option) list) = PMATCH v_new ([] :(B -> v
option) list)

OPTION_GUARD (b :bool) = if b then SOME () else (NONE :unit option)

(V(opt :a option). (P :a option -> bool) opt) & P (NONE :a option) A V(x :a). P (SOME x)

V(x :a) (y :a) (s :a -> bool). x INSERT y INSERT s =y INSERT x INSERT s

V(f:a->B) (s :a->bool) (t :B ->bool). BlJ fst AFINITEs = FINITE t

V(s :o-> bool). (@ :a -> bool) DIFF s = (@ :a -> bool)

V(M :a list) (N :a list) (f :00 -> num) (f' ;o0 -> num). M =N A (V(x :a). MEM XN =>fx=fx) =
list_size f M = list_size f' N

V(m :num) (I :a list). m < LENGTH | = V(n :num). n < m = TAKE n (TAKE m |) =TAKE n |

V(s :a->bool) (t :a->bool). s St = V(f:a->B). IMAGE fs S IMAGE ft

V(s :a -> bool) (t :B -> bool). (3(f :a->B). SURIfst)=3T(g:p->a).INJgts

V(f :num ->a) (n :num). LENGTH (GENLIST fn) =n

IDEM (TC :(at -> a -> bool) -> a -> a -> bool)

V(f:o->a->a). ASSOCf= V(e:a). LEFT_ID fe = V(I :a list list). FOLDR f e (FLATI) =
FOLDR f e (MAP (FOLDR f ) 1)

V(I :a list). IS_SUFFIX I |

V(h1:a) (h2 :a). h1 2 h2 = V(11 :a list) (12 :a list). h1::11 # h2::12

V(P :B ->bool) (f :a-> B) (I :a list). EVERY P (MAP f |) & EVERY (A(x :a). P (f x)) |

V(11 :a list) (12 :a list) (n :num) (x :a). LENGTH |1 £ n = LUPDATE x n (11 ++12) = 11 ++
LUPDATE x (n - LENGTH 11) 12

{x ] (P:a->bool)x}=P

V(x:a) (s :0->bool) (t :a->bool). X INSERTsEt oS xEtAsCEt

V(t:bool).t=T

(V(x :a) (y :B). (R1:a0-> B -> bool) xy = (R2 :B -> a -> bool) y x) = V(x :a list) (y :B list).
LIST_RELR1 xy = LIST_RELR2y x

V(I :a list). =-NULL | = ELL (O :num) | = LAST |

V(v :a) (rows :(a -> B option) list) (i :num). i < LENGTH rows = (EL i
(STRONGEST _REDUNDANT_ROWS_INFO v rows) < EVERY (A(r :a -> B option). r v = (NONE
:B option)) (TAKE i rows) = EL i rows v = (NONE :B option))

UNCURRY (f:a-> B ->y) = UNCURRY (g:a->B->y) & f=g




PMATCH_ROW_COND_NOT_EX_OR_EQ (i :a) (r :a -> B option) ([] :(a -> B option) list) & r
i # (NONE :B option) = F

V(s :o->bool) (t:a0-> bool) (u:a->bool).sStNuE&sStAsCSu

V(P :a -> bool) (v :B) (rows :(B -> a option) list). P (PMATCH v rows) <
PMATCH_EXPAND_PRED P v ([] :(B -> a option) list) rows

nsnd (0 :num) = (0 :num)

V(I :a list) (m :num). m = LENGTH | = DROP m | = ([] :a list)

V(x:a) (s:a->bool). x EsA(V(y:a).yEs=>x=y) & s={x}

(3(p :o # B). (P :a-> B -> bool) (FST p) (SND p)) & I(pl :a) (p2 :B). P pl p2

([] :a list) € common_prefixes (s :a list -> bool)

V(P :B -> bool) (f :a-> B) (I :a list). EXISTS P (MAP f |) & EXISTS (A(x :a). P (f x)) |

V(x :a). (NONE :a option) # SOME x

V(f:a->B) (R:a->a->bool) (y:a)(z:a). Ryz= RESTRICTfRzy=fy

V(x:a) (y :a). SOMEx=SOMEy © x =y

V(s :o. -> bool). DISJOINT (@ :a -> bool) s A DISJOINT s (@ :a -> bool)

(V(s :a->bool) (t :00-> bool). sU (t DIFF s) =s U t) A V(s :a -> bool) (t :a -> bool). t DIFF s U
s=tUs

DATATYPE ((option :a option -> (a -> a option) -> 3) (NONE :a option) (SOME :a -> a
option))

V(s :a->bool) (t:a->bool).sCtAtESs=>s=t

V(s :o->bool) (t :a -> bool) (u:a->bool).sUtNu=(sUt)N (sU u)

V(I :a list). (0 :num) < LENGTH | & =NULL |

V(P :at -> bool) (Q :a -> bool). (V(x :a). P x = Qx) = V(I :a list). EVERY P | = EVERY Q |

V(p :num ->bool). (3(n :num). p n) = p (SLEAST p) A V(n :num). n < SLEASTp=-pn

V(s :a->bool) (t :a -> bool) (u :a -> bool). (DISJIOINT (s U t) u & DISJOINT s u A DISJOINT t
u) A (DISJOINT u (s U t) < DISJOINT s u A DISJOINT t u)

V(xs :a list) (h :a) (i :num). (P :at -> bool) h A EVERY P xs = EVERY P (LUPDATE h i xs)

V(P :(a -> bool) -> bool). (BIGUNION P = (@ :a -> bool) & P = (@ :(a. -> bool) -> bool) V P =
{(@ :0->bool)}) A ((D :a -> bool) = BIGUNION P & P = (@ :(a -> bool) -> bool) V P ={(0 :a -
> bool)})

(x :a->bool) N COMPL x = (@ :a. -> bool) ACOMPL x N x = (@ :a -> bool)

TAKE (n :num) (I :at list) = ([] :a list) © n = (0 :num) V | = ([] :a list)

APPLY_REDUNDANT_ROWS_INFO ([] :bool list) ([] :a list) = ([] :a list) A (V(is :bool list) (x
:B) (xs :B list). APPLY_REDUNDANT ROWS_INFO (T::is) (x::xs) =
APPLY_REDUNDANT_ROWS_INFO is xs) A V(is :bool list) (x :y) (xs :y list).
APPLY_REDUNDANT_ROWS_INFO (F::is) (x::xs) = x::APPLY_REDUNDANT_ROWS_INFO is xs

V(s :a->bool) (t:a -> bool) (u:a->bool).sN (tUu)=sNtUsnu

V(n :num) (f :num ->a) (m :num). n<m = ELn (MAP f (COUNT_LISTm)) =fn

V(x:a+B). -ISRx < ISL x

V(R :a->a->bool) (x:a) (y:a). Rxy = RA=xy

V(I :alist) (n :num). LENGTHI<n= TAKEn | =1

V(R :a->B->bool). RTT=R

V(R :a->a ->bool). R* *=R*




V(x :a) (f :a -> num ->a). PRIM_REC x f (0 :num) = x A V(m :num). PRIM_REC x f (SUC m) =
f (PRIM_REC xfm) m

V(11 :a list) (12 :a list) (1 :a list). IS_SUFFIX 12 | = IS_SUFFIX (11 ++ 12) |

V(x :a) (f :B -> a->bool) (s :p -> bool). x € BIGINTER (IMAGE fs) © V(y :B).yEs=>x€Efy

V(x:a). x INSERT U(:at) = U(:ax)

OPTION_MAP2 (f :a-> B ->y) (01 :a option) (02 :B option) = SOME (v :y) & 3(x1 :a) (x2
:B). 01 =SOME x1 A 02 =SOME x2 A v =fx1 x2

(V(s:a). (P:0->bool)s & (Q:a->bool)s) = ((I(s :a). Ps) & I(s:a). Qs)

reflexive (R :a. -> o -> bool)*=

V(f:o->B) (Is :a list) (a :B list). FOLDR (A(x :a) (y :B list). f x::y) als = MAP fIs ++ a

INJ (f ;a0 -> B) (s :a -> bool) (t :p ->bool) & (V(x:a).xEs=>fxEt) AV(x:a)(y:a). XESA
yEs=(fx=fyex=y)

V(s :a ->bool). IMAGE (A(x :a).x)s=s

(R:a->a ->bool)® (x :a) x

V(I :alist) (I' :a list) (b :B) (b":B) (f:B->a->B) (f':B->a->B).I=I"Ab=Db"A(V(x:a)(a:B).
MEM xI'= fax=f ax) = FOLDLfb|=FOLDLf b'l'

V(x:a) (f :a->a) (g1 :num ->a) (g2 :num ->a) (m1 :num) (M2 :num). SIMP_REC_REL g1 x f
M1 ASIMP_REC RELg2xfm2 = V(n:num).n<mlAn<m2=gln=g2n

V(P :a -> bool) (I :a list list). FILTER P (FLAT I) = FLAT (MAP (FILTER P) I)

V(s :a list) (h :a) (t :a list). IS_SUFFIX s (h::t) = IS_SUFFIX s t

V(P :at -> bool) (s :(a -> bool) -> bool). (V(x :a). x € BIGUNION s = P x) & V(t :a -> bool) (x
0).tESAXEt=Px

V(t:bool). FAtS F

V(P :a. -> bool) (I :a list). FILTERP | 21 & J(x :a). MEM x| A =P x

(x :alist) # ([] :a list) © (0 :num) < LENGTH x

V(y :a) (x :a) (I :a list). MEM y (SNOCxl) © y=xV MEM y |

SUM_SET (@ :num -> bool) = (0 :num)

MAP (A(x :a). x) (I :alist) = I AMAP (I :a->a) | =1

V(s :a->bool) (t :a -> bool). s € t A countable t = countable s

{x | F}=(®@ :a -> bool)

V(f:a->B) (s :a -> bool). s € PREIMAGE f (IMAGE f s)

V(x :a) (s :a -> bool) (t :a -> bool). DISJOINT t (x INSERT s) & DISJOINTts Ax &t

V(x:a) (s :o->bool) (t :a-> bool). (x INSERTs) Ut=if x Etthens U telsex INSERTsU t

V(R :a->a ->bool). (V(x:a). R*xx) AV(x:a)(y:a)(z:a). R*XyARyz=>R*xz

V(s :num ->bool) (t :num -> bool). FINITEt As €t = SUM_SET s < SUM_SET t

V(x :o list) (I :a list list). FLAT (SNOC x |) = FLAT | ++ x

V(f:a->B) (P:a->bool) (Q:B->bool).fEFUNSETPQ & V(x:a).xEP=>fXxEQ

V(v :a) (rowsl :(a -> B option) list) (rows2 :(a -> B option) list) (rows3 :(a -> B option) list).
PMATCH_EQUIV_ROWS v rowsl rows2 = PMATCH_EQUIV_ROWS v rows2 rows3 =
PMATCH_EQUIV_ROWS v rows1 rows3

V(11 :a list) (12 :B list) (f :a -> B -> bool). LIST_REL 1112 < LENGTH I1 = LENGTH 12 A EVERY
(UNCURRY f) (ZIP (11,12))

(V(s:a+B). (P:a+B->bool)s) & (V(x:a). P(INLx :a+B)) AV(y:B). P(INRy :a+p)




V(P:a#B->y). (AMp:a#B).Pp)=(A(p1:a),(p2:B)). P(pl,p2))

V(n :num). count (n + (1 :num)) = n INSERT count n

V(P :at -> bool) (I :a list). FILTER P | = FOLDR (A(x :a) (I' :a list). if P x then x::I' else I') ([] :a
list) |

V(I :(c # B) list). LENGTH (UNZIP_FSTI) = LENGTH |

V(R :a->a ->bool). WeakOrderR = V(y :a) (z:a).y=z& RyzARzy

V(opt :a option). OPTION_BIND opt (SOME :a -> a option) = opt

((p :bool) & (g :bool) A (r:bool)) & (pV-qV-r)A(qV-p)A(rV-p)

LIST_REL (A(a :a) (b :B). (P :a0-> B -> bool) ab A (Q :a -> B -> bool) a b) (11 :a list) (12 :B list)
& LIST_REL (A(a:@) (b :B). Pab) 112 A LIST_REL (A(a:a) (b:B). Qab)I1I2

V(n :num) (m :num) (I :a list). TAKE (n + m) | = TAKE n | ++ TAKE m (DROP n |)

MAX (0 :num) (x :num) = x A MAX x (0 :num) = x A MAX (NUMERAL x) (NUMERAL (y :num))
= NUMERAL (if x <y then y else x)

V(R :a->a ->bool). transitive R= R*=R

(OPTION_GUARD (b :bool) = SOME () < b) A (OPTION_GUARD b = (NONE :unit option) <
-.b)

V(f:a->B) (s :B->bool). PREIMAGE fs=s o f

V(11 :a list) (12 :a list) (P :at -> bool) (P' :at -> bool). 11 =12 A (V(x :a). MEM x 12 = (P x & P!
x)) = (EXISTS P I1 < EXISTS P' 12)

flip (UNCURRY (f :a-> B -> 6 ->)) (x :6) = UNCURRY (flip ((flip:(B->8->y) >6->B->y)o
f) x)

V(P1 :a -> bool) (P2 :a -> bool) (I :a list). EVERY P1 | = EVERY P1 (FILTER P2 )

V(p :a->B) (g :a->bool) (r:a->y) (v:B) (rows :(B ->y option) list). (V(x :a). r x = (ARB :y))
= PMATCH v (SNOC (PMATCH_ROW p g r) rows) = PMATCH v rows

V(x :a) (I :a list). MEM x | & EXISTS (S=x) |

—~(-(A :bool) V (B :bool)) > F&A=>-B=F

V(R :a -> o -> bool). SC (RC R) = RC (SCR) A RC (RC R) = RCR A (RC R)* = RC R*

V(s :a->bool). (@ :a->bool) S s

V(I :a list). NULL | & LENGTH | = (0 :num)

V(P :a# B ->bool). (V(p_1:a)(p_2:B).P(p_1,p 2)=>V(p:a#PB).Pp

WF (R:a->a->bool) = R* (x:a) (y:a) > xzy

V(f:a->B->a)(e:a)(g:y->B)(l:ylist). FOLDLfe (MAP gl) = FOLDL (A(x :a) (y :y). fx (g
y)el

V(f :a->B) (s :a -> bool) (t :B ->bool). INJ fst = IMAGEfs St

V(opt :a option). opt = (NONE :a option) V 3(x :a). opt = SOME x

(V(s :o0 -> bool). (@ :a -> bool) N s = (@ :a -> bool)) A V(s :a. -> bool). s n (@ :a -> bool) = (@
:a -> bool)

OPTION_MAP (I :a -> a) (x :ae option) = x A OPTION_MAP (A(x :a). X) X = X

(pair_CASE (p:BHY)(f:B->y—>a):a)=(v:a)=A(x:B)(y:¥).p=(Xy)Afxy=v

WEF (R :a -> o -> bool) = irreflexive R

V(s :a->bool) (t :0 -> bool). FINITESAt S s= FINITE t

V(f:a->B) (R:a->a->bool) (P:a->p->bool) (M:(a->B)->a->B)(x:a). f=WFRECRM
A WF R A INDUCTIVE_INVARIANTRP M = P x (f x)

V(R :a -> a -> bool). symmetric (RC R) & symmetric R




V(n :num) (x :a) (y :a). MEM y (REPLICATEn x) © x=y A (0 :num)<n

V(P :a -> bool) (Is :a list). NULL (FILTER P Is) & V(x :a). MEM x Is = =P x

SING (@ :at -> bool) © F

~((p :bool) V (q :bool)) = -q

(([(F :B -> a)] <*> [(x :B)]) :a list) = [f x]

V(f:a->B) (s :B->bool) (x:a). x E PREIMAGEfs & fx Es

V(f:a->B->a)(e:a)(x:B). FOLDLfe [x]=fex

V(P :a -> bool) (Q :B -> bool) (x :a). (x INSERTP) x Q={x}x QU P xQ

(n :num) = LENGTH (I1 :a list) = ZIP (11,COUNT_LIST n) = GENLIST (A(n :num). (EL n I1,n))
(LENGTH I1)

(V(x :a). MEM x (Is :at list) = (R :at -> a -> bool) x x) = LIST_RELR s Is

LAST ((h :a)::(t :a list)) = if t = ([] :a list) then h else LAST t

V(s :a.-> bool). s € (@ :a -> bool) © s = (@ :a -> bool)

SET_TO_LIST {(x :a)} = [x]

V(s :a->bool) (t :a-> bool) (x:a). (sDIFFt) x © XEsSAX & t

V(n :num) (k :num). SUM (REPLICATEn k) =n * k

V(P :a -> bool). INFINITEP = 3(x :a). x EP

(n :num) < trin

(V(x:a) (y:a). (R:a->a->bool)xy =R ((f:a->a)x) (fy)) = V(x:a) (y :a). R* xy = R> (f
x) (fy)

V(I :a list) (f :a -> B). LENGTH (MAP fI) = LENGTH |

INJ (f ;a0 -> B) (s :a -> bool) (t :B -> bool) = V(x :a) (y :B). LINV_OPTfsy=SOMEx & y=fx
AXESAYEL

MAP (A((x :a),(y :B),(z :v)). X) (funs :(a # B #y) list) = MAP (FST :a # B #y -> a) funs

V(I :(c # B) list). LENGTH (UNZIP_SND I) = LENGTH |

Order (R :a -> a -> bool) & WeakOrder (RC R)

V(I :alist) (I' :a list) (b :B) (b":B) (f:a->B->B) (f':a->B->B).I=I"Ab=b"A(V(x:a)(a :B).
MEM xI'= fxa=fxa) = FOLDRfb|=FOLDRf b'l'

V(f:o->a) (s :a->bool). (x :a) € schroeder_close f s & 3(n :num). x E FUNPOW (IMAGE
fins

V(R :a ->a ->bool) (s :a -> bool) (t :a -> bool). t € partitionRs=>tCs

V(M :(a->B)->a->B)(R:a->a->bool) (f:a->B). f=WFRECRM = WFR = V(x:a).fx=
M (RESTRICT f R x) x

V(n :num). =(n < (0 :num))

V(S :a -> bool). FINITE S = V/(t : -> bool) (f :a-> B). BIJ f St A FINITEt = CARD S = CARD t

((x :a),(y :B)) €{(x,y) | (P:a->B ->bool)xy} = Pxy

V(Is :a list) (f:p-> o # a->B) (e :B). FOLDLf e (ZIP (Is,Is)) = FOLDL (A(x :B) (y :a). fx (y,y)) e
Is

V(t :bool). -t =t

V(s :a->bool) (t :a -> bool) (x :at). (x INSERT s) DIFF t = if x € t then s DIFF t else x INSERT s
DIFF t

V(set :a -> bool) (e :a -> bool). POW set e & e C set

(V(x:a) (y:a). (R:a->a->bool)xy = (R':a->a->bool) xy) = R*= (x:a) (y :a) = R'*=xy




nfst (0 :num) = (0 :num)

V(s:a->bool).sUs=s

(V(l :a list). TAKE (0 :num) I = ([] :a list)) A V(n :num) (x :a) (I :a list). TAKE (SUC n) (x::l) =
x::TAKE n |

V(I :alist). NULLI & | = ([] :a list)

V(x :a -> bool) (y :B -> bool). FUNSET x y = DFUNSET x (Ky :a -> B -> bool)

V(A :bool).-AANASF

V(x:a) (y :B). (INLx:a+ B) # (INRy :a+B)

V(ls :a list) (n :num). DROP nls = ([] :a list) & LENGTH Is<n

DIV2 (BIT1 (x :num)) = x

V(R :a ->a ->bool) (P :a->a ->bool). (V(x:a). Pxx) A (V(x:a) (y:a)(z:a). RxyAPyz=
Pxz)=V(x:a)(y:a). R xy=>Pxy

V(s :a->bool) (x :a). x INSERTs={x} U s

BlJ (f:a->B) U(:a) U(:B) > V(x:a) (y:a). fx=fyeSx=y

V(I :a list) (f :0.-> B). MAP f (TL 1) = TL (MAP f )

V(s :a->bool) (f:a->B ->B) (b :B). FINITEs = ITSETfs b =if s = (@ :a -> bool) then b else
ITSET f (REST s) (f (CHOICE s) b)

V(x :a) (I :a list). ALL_DISTINCT (SNOC x I) & =MEM x | A ALL_DISTINCT |

V(p :bool) (g :bool) (m :bool). (stmarker m V p & p vV stmarker m) A (p V g V stmarker m
< (p Vv q)Vstmarker m) A ((p V stmarkerm)V q < (p V q) V stmarker m)

V(x:a). {x} # (@ :a -> bool)

S(f:a#tB->86->y) (UNCURRY (g:a->B ->8)) =UNCURRY (S((S:(B->6->vy)->(B->6)->
B->v)o(sof:(B->a#B)->B->5->y)o(S,:a->B->a#p))g)

V(s :a ->bool). s DIFF (@ :a -> bool) =s

V(x :a) (s :a->bool). x Es & x INSERT s =5

V(f:a->B) (P:a->bool) (Q:a->p->bool). DFUNSETPQf & V(x:a).x EP = fx € Qx

V(R :a->a ->bool) (P:a->a->bool). (V(x:a). Pxx)A(V(x:a)(y:a)(z:a). Rxy AR*yz A
Pyz=Pxz)=>V(x:a)(y:a).R*xy=>Pxy

V(f :a->B). (V(s :B ->bool). SURJ f (@ :a ->bool) s & s = (0 :p -> bool)) A V(s :a -> bool).
SURJ fs (@ :B->bool) & s=(0 :a->bool)

V(P :a -> bool) (f :B ->a) (I :B list). EVERY P (MAP f|) & EVERY (P o f) |

V(n1 :num) (n2 :num). (ind_typeSINJN n1 :num -> a -> bool) = (ind_typeSINJN n2 :num ->
o ->bool) & nl=n2

V(x :a list) (y :alist) (z:alist). yS xAzsSy=>z<X

V(P :at -> bool) (x :a) (I :a list). EVERY P (SNOC x |) & EVERYP I AP x

(V(x:a) (y:a). (R:a->a->bool)xy= (f:a->B)x=fy) > V(x:a)(y:a). SCRxy=>fx=fy

V(R :a ->a ->bool) (f :B -> a). transitive R = transitive (inv_image R f)

V(n :num) (I :a list). n < LENGTH | = SEG (1 :num) n|=[ELn ]

(V(a :alist) (c :a list). (d :a list) 2 a ++ [(b :a)] ++ c) & -MEM b d

V(a:a list) (b :alist) (c:alist).a++b<a++ceSb<c

countable U(:a # B) & countable U(:a) A countable U(:B)

V(11 :a list) (12 :a list) (e :a). FRONT (11 ++ e::12) = 11 ++ FRONT (e::12)




V(v :a) (rows_old :(a -> B option) list) (rows_new :(a -> B option) list) (r :a -> B option).
PMATCH v rows_old = PMATCH v rows_new = PMATCH v (r::rows_old) = PMATCH v
(r::rows_new)

V(R :a->a ->bool) (Q:a->bool) (a:a).QaA(V(y:a)(z:a). QyARyz=Qz) = V(z:a).
R*az=>Qz

V(n :num) (I :a list). LENGTH (DROP n I) = LENGTH | - n

(V(11 :a list) (12 :a list). ([] :alist) = 11 ++ 12 & 11 = ([] :a list) A 12 = ([] :a list)) A V(11 :a list)
(12 :alist). 11 ++ 12 = ([] :at list) © 11 = ([] :a list) A 12 = ([] :a list)

V(P :a option -> bool). P (NONE :a option) A (V(a :a). P (SOME a)) = V(x :a option). P x

V(R :a ->a ->bool). WFR = V(P :a ->bool). (V(x :a). (V(y:a). Ryx = Py) = P x) = V(x
:a). P x

V(s :a -> bool). INFINITE s = INFINITE (REST s)

transitive (R1 :a -> a -> bool) A transitive (R2 :a -> a -> bool) = transitive (R1 n, R2)

V(I :a list) (m :num) (x :a). MEM x (TAKEm |) = MEM x |

V(x :a) (s :a->bool). x € s = V(t :a->bool). s S xINSERTt &sCt

V(m :num) (n :num). m £ n = count m € countn

V(R :a ->a -> bool) (f :B -> a). reflexive R = reflexive (inv_image R f)

V(R :a->a ->bool) (P :a->a ->bool). (V(x:a) (y:a). Rxy=Pxy)A(V(x:a)(y:a)(z:a).P
XYAPyz=Pxz)=>V(u:a)(v:a). R"ruv=>Puv

LIST_BIND [(x :B)] (f :B -> a list) = f x

(V(x :a) (y :a). (R:a->a->bool) xy = (Q:a->a->bool) xy) = R* (x:a) (y:a) > Q" xy

V(X :at -> bool) (P :(ct -> bool) -> bool). X € BIGINTERP & V(Y :a->bool). YEP=>XCY

V(P :a -> bool) (Q:B ->bool) (x :a#B).xEPxQ & FSTXEPASNDXx EQ

V(f:a->B) (x:a) (s :o->bool) (t :B ->bool). INJf (X INSERTs)t & INJfstAfxEtAV(y
a).yEsAfx=fy=>x=y

FINITE (s :a -> bool) A FINITE (t :a -> bool) = CARD (s Ut) < CARD s + CARD t

V(I :alist) (f :a-> B). | 2 ([] :a list) = LAST (MAP f 1) = f (LAST I)

V(m :num). m < SUCm A m < SUC (SUC m)

V(s :a->bool). =(s C s)

V(11 :a list) (n :num). LENGTH I1 < n = V(I2 :alist). ELn (11 ++12) = EL (n - LENGTH 11) 12

LINV_OPT (f :a-> B) (s :a -> bool) (y :B) =SOME (x :a) > xEsAfx=y

V(P :a -> bool) (I :a list). EVERY P (REVERSE I) < EVERY P |

V(x :a) (s :a -> bool) (t :a -> bool). DISJOINT (x INSERT s) t & DISJOINTstAx &t

V(I :num list). SUM (REVERSE I) = SUM |

UG:a #B) = U(:a) x U(:B)

V(I :alist). Il = (] :a list) V I(x :a) (I :a list). Il = SNOC x |

V(P :o+ B ->bool). (3(s:a+B).Ps) < (I(x:a). P(INLx:a+B))VI(y:B).P(INRy:a+p)

V(R :a-> a -> bool). reflexive R = reflexive R*

V(p :bool) (g :bool) (m :bool). (p V stmarker m & stmarker m V p) A ((stmarker mV p) vV q
& stmarkermV p Vv ) A(pV stmarker mV q & stmarkermV p V q)

V(11 :a list) (12 :a list) (f:a-> B) (f' :a->B). 11 =12 A (V(x :a). MEM x 12 = fx =f"x) = MAP f
11=MAPTf'I2

(V(x:a) (y:a). (R:a->a->bool) xy = (Q:B->B->bool) ((f :a->B) x) (fy)) A reflexive Q A
transitive Q = V(x :a) (y :a). R*xy = Q (fx) (fy)




V(s :a->bool) (t :a-> bool) (u:a->bool).sEtAtcCu=>scu

Vip:a#B)(q:a#B).p=q=FSTp=FSTgASNDp=SNDq

V(n :num). ELn (I :a list) = if n = (0 :num) then HD | else EL (PRE n) (TL 1)

V(s :a->bool) (t :a->bool) (x:a). xESsUtES XESVXETL

V(I1 :num list) (12 :num list). SUM (11 ++12) = SUM I1 + SUM |2

V(IM:a+B) (M :a+B)(f:a->y)(fl:B->y).M=M"A(V(x:a). M'=(INLx :a+B)=fx=(f
a->y)x)A(V(y:B).M'=(INRy:a+B)=>fly=(f1':B->y)y) = (sum_CASE M ffl:y) =
(sum_CASE M' f' f1' :y)

REVERSE (I :a list) = ([] :a list) & | = ([] :a list)

V(I :a list). FOLDR (CONS :a -> a list -> a list) ([] :o list) | = |

V(f:o->B) (x:a) (s :a->bool). x € s = IMAGE f (s DELETE x) = IMAGE f s

V(c :bool) (x :bool). (if c then F else x) & -c A x

OPTION_CHOICE (m1 :a option) (NONE :a option) = m1

(V(x:a) (y:a). (R:a->a->bool)xy= (f:a->B)x=fy) > V(x:a)(y:a). RCRxy=>fx=fy

V(c :bool) (I :a list). EXISTS (A(x :a). c) | & | 2 ([] :alist) A c

V(x :a list) (y :alist). x < y ALENGTH x = LENGTHy © x =y

((SOME (f :B -> a) <*> SOME (x :B)) :a option) = SOME (f x)

V(I :a list). LENGTH I = (0 :num) & | = ([] :a list)

(R :a-> a-> bool) equiv_on (s :a -> bool) = V(t1 :a -> bool) (t2 :a -> bool). t1 € partition R
s A t2 € partition Rs A tl # t2 = DISJOINT t1 t2

V(L :a list). LENGTH L = LEN L (0 :num)

V(R :a->a->bool) (x:a) (z:a).R*xz=>RxzV3I(y:a). RxyAR*"yz

V(1 :a list) (12 :a list). REVERSE (11 ++ 12) = REVERSE 12 ++ REVERSE 11

total (R1:a -> a -> bool) A total (R2 : -> B -> bool) = total (R1 LEX R2)

(V(y:a) (x :a). (INLx :a+B)=(INLy:a+B) ©x=y) AV(y:B) (x:B). (INRx:a+B)=(INRy
a+pB)ex=y

V(s :a -> bool). POW s # (@ :(a -> bool) -> bool)

V(1 :a list). | # ([] :a list) = EL (PRE (LENGTH I)) | = LAST |

V(x :a -> bool) (y :a-> bool). x Uy DIFFx=y DIFFx Ax U y DIFFy = x DIFF y

V(P :a -> bool) (Q:B ->bool) (x :a#B). (PxQ)x < FSTxEPASNDx € Q

V(n :num).SUCn #n

V(x:a). x & (@ :a -> bool)

(V(m :num). m < (n :num) = (f1 :num ->a) m = (f2 :num -> a) m) = GENLIST f1 n =
GENLIST f2 n

V(f:o->B) (11 :a list) (12 :a list). INJ f (set 11 U set 12) U(:B) = (MAPfl1=MAPfI2 & 11 =
12)

V(R :a->a ->bool) (x :a). (V(y :a). Ry x = WFP Ry) = WFP R x

V(12 :a list) (11 :ot list). LASTN (LENGTH 12) (11 ++12) =12

V(I :a list). (0 :num) < LENGTH | = LENGTH (TL1) = LENGTH | - (1 :num)

V(s :a->bool) (t :B ->bool) (f:a->B).BUfst= V(e :a). e €s= Bl f (s DELETE e) (t
DELETE fe)

V(n :num) (x :a). LENGTH (REPLICATE n x) = n

IMAGE (I :a->a) (s :a->bool) =s




antisymmetric (SRSUBSET :(a -> B -> bool) -> (o -> B -> bool) -> bool)

V(I :a list). LASTN (LENGTH I) | = |

V(R :a ->a ->bool). equivalence R © V(x :a) (y:a). Rxy © Rx=Ry

V(I :a list) (x :a). ELL (LENGTH I) (SNOC x I) = if NULL | then x else HD |

V(I :a list) (m :num) (P :a -> bool). EXISTS P (DROP m |I) = EXISTS P |

V(m :num) (n :num). (A(x :num) (y :num). y = SUC x)* m (SUC n) & (A(x :num) (y :num).y =
SUCX)* mn

V(P:y->8) (M:a#B)(N:a->B->y).P(let((x:a),(y:B)=MinNxy)=(let ((x :a),(y :B)) =
MinP (Nxy))

V(R :a -> a -> bool). rcdiamond R < diamond (RCR)

V(s :a->bool). -(U(:a) C s)

V(I (o # B) list). ZIP (UNZIP 1) =1

V(P :a ->bool). BIGINTER {P} =P

V(M:'al#'a2)(N:'al->'a2->B->y) (b :B). (let ((x:'al),(y:'a2)) =M in N xvy) b = (let ((x
'al),(y:'a2))=Min Nxy b)

(V(x:a).x E(s:a->bool) = (INRx:B+a)E(t:B+a->bool)) = INJ(INR:a->B+a)st

V(n:num) (m:num).n<m=trin<trim

V(m :num) (n :num). SUCm<n=m<n

transitive (R :a -> a -> bool)*=

V(s :a->bool) (t:a->bool).s=t=>sCStAtCs

V(I :a list) (n :num). n < LENGTH (FRONT ) A=NULL = EL n (FRONTI)=ELn |

(sO :a -> bool) € (s :a ->bool) A INJ (f :a ->B) s (t :B -> bool) = BlJ f sO (IMAGE f s0)

V(n :num). LENGTH (11 :a list) < n = TAKE n (11 ++ (12 :a list)) = 11 ++ TAKE (n - LENGTH 11)
12

V(x:a+ ). ISLx = (INL (OUTL x) :a + B) = x

V(s :num -> bool). FINITE s = V(e :num). SUM_SET (s DELETE e) = if e € s then SUM_SET s
-eelse SUM_SET s

V(f :a->B). IMAGE f (@ :a -> bool) = (@ :B -> bool)

V(m :num) (n:num).n<n @ m

V(I :a list) (x :a). MEM x (TL 1) = MEM x |

V(R :a ->a ->bool) (s :a -> bool) (t :a -> bool). pairwise Rt A's St = pairwise Rs

-—=(p :bool) = p

V(s :o-> bool). (@ :a -> bool) € POW s

V(l :a list). ~-NULL | = HD I::TL I = |

V(x :a) (y :a list). FRONT (x:1y) < x:y

S! (UNCURRY (f:a->B ->bool)) & S! ((S! :(B -> bool) -> bool) o f)

V(n :num) (I :a list). n < LENGTH | = V(x :a). LASTN n (x::I) = LASTN n |

V(x :a). SOME x # (NONE :a option)

V(R :a -> a -> bool). symmetric (SC R)

V(11 :a list) (11" :a list) (12 :B list) (12" :B list) (P :a -> B -> bool) (P' :a-> B -> bool). 11 = 11" A 12
=12'A(V(x:a) (y:B). MEMXII' \MEMyI2'= (Pxy & P'xy)) = (LIST_RELPI1 12 &
LIST_RELP'I1"12')

Vip:a#B)(f:a->y)(g:p->06). SND ((f ## g) p) =g (SND p)




ind_typeSISO (f :a->y) (f' :y -> a) A ind_typeSISO (g :B -> &) (g' :6 -> B) = ind_typeSISO
(Ah:a->B) (a":y). g (h (f'a"))) (A(h :y ->6) (a :@). g' (h (fa)))

V(R :a -> o -> bool). symmetric R = R"=R

V(11 :a list) (n :num). LENGTH 11 £ n = V(|2 :a list). DROP n (I1 ++ [2) = DROP (n — LENGTH
11) 12

V(n :num) (11 :a list). n < LENGTH |11 = V(12 :a list). TAKE n (11 ++12) = TAKE n 11

V(11 :a list) (12 :a list). LENGTH (11 ++ 12) = LENGTH 11 + LENGTH I2

V(s :a->bool) (t:a->bool).sSt e V(x:a).sx=>tx

V(P :a -> bool) (I :a list). EVERY P | & FOLDR $/\ T (MAP P )

V(11 :a list) (12 :a list). DROP (LENGTH I1) (11 ++12) =12

V(f:'z->'2). INVOLf & V(x:'z). f (f x) =x

V(R :a -> a -> bool). antisymmetric R" & antisymmetric R

V(P :a -> bool). P x (@ :B -> bool) = (@ :a # B ->bool) A (@ :y ->bool) x P = (0 :y # a-> bool)

V(P :a -> bool) (I :a list). EVERY P | & FOLDR (A(x :a) (I' :bool). PxAI') T |

~NULL (12 :a list) A (n :num) = LENGTH (I1 :a list) = ELn (11 ++12) =HD 12

(rl:a)=(r2:a) = (Abbrev ((v :a) =rl) & Abbrev (v =r2))

MAP2 (f:B->y->a) (x :B list) ([] :y list) = ([] :a list)

V(c:alist) (a:alist).a<<xa++c

V(P :a. -> bool) (Q :a -> bool) (I :a list). (EXISTS (A(x :a). Px vV Qx) | & EXISTS P I) V EXISTS Q
I

V(x :a option). -=IS_SOME x < x = (NONE :a option)

OPTION_MAP2 (f:a-> B ->y) (0l :a option) (02 :B option) = (NONE :y option) & o0l =
(NONE :a option) V 02 = (NONE :B option)

V(11 :a list) (12 :a list). REVERSE I1 = 12 & [1 = REVERSE 12

V(s :num -> bool). countable s

V(P :a -> bool) (I :a list). EXISTSP | < 3(e :a). MEM el APe

V(x :a) (I :a list). MEM x | & FOLDR $\/ F (MAP (S=x) I)

symmetric (R :a -> a -> bool) © RT S, R

OPTION_IGNORE_BIND (NONE :B option) (m :a option) = (NONE :a option) A
OPTION_IGNORE_BIND (SOME (v:y)) m=m

V(s :o->bool) (t:a->bool).sNnt=tnNs

V(p :bool) (g :bool) (m :bool). (p A stmarker m & stmarker m A p) A ((stmarker m A p) A g
& stmarkerm Ap Aq) A(p Astmarker m A q & stmarkerm Ap A Q)

V(x :a) (I :a list). SNOC x | = REVERSE (x::REVERSE I)

SURJ (f :a-> B) (s :a -> bool) (IMAGE f s)

PMATCH_ROW (p :B ->v) (g :B -> bool) (r :B -> a) (i :y) = SOME (y :a) = 3(x :B).
PMATCH_ROW_CONDpgixAy=rx

V(x :a) (sos :(a -> bool) -> bool). BIGUNION sos x & 3(s :a-> bool). x Es A's € sos

(V(p:o#B).(P:a#tB->bool)p)=V(p_1:a)(p_2:B).P(p_1,p_2)

V(f :a-> B) (s :B -> bool) (t :B -> bool). PREIMAGE f (s N t) = PREIMAGE f s n PREIMAGE ft

V(s :a->bool). (3(x:a).x Es) & s # (D :a ->bool)

(diag (A :a -> bool))" = diag A

V(f :a->bool) (n :num) (x :a). EVERY f (REPLICATE n x) © n = (0 :num) V f x




X | x=(y:a)}={y}

transitive (SPSUBSET :(a -> bool) -> (a -> bool) -> bool)

V(f :a-> B -> y). CURRY (UNCURRY f) = f

V(e :a) (11 :alist) (12 :a list). MEM e (11 ++ 12) & MEM e I1 V MEM e I2

V(x :alist) (y:alist). xS yAysx=>x=y

V(P :at -> bool) (L :a list) (M :a list). FILTER P (L ++ M) = FILTER P L ++ FILTER P M

(V(x :a) (y:a). (R:a->a->bool)xy = (Q:a->a->bool)xy) = SCR (x :a) (y :a) = SC Q x
y

V(P :a -> bool) (I :a list). =EXISTS P | & EVERY ($S-° P) |

V(x :bool) (x' :bool) (y :bool) (y' :bool). (x = xX')A(X'=y' =y)=> (X'=2y)=>x=>y

V(I :alist) (e :a) (y :a). MEM y (FRONT (e::l)) = MEM y (e::l)

(V(I11 :alist) (12 :alist). 11 ++ 12 =11 & 12 = ([] :a list)) A (V(I11 :a list) (12 :a list). [1 ++ 12 =12
S 11 =([] :alist)) A (V(I11 :a list) (12 :alist). 11 =11 ++ 12 & 12 = ([] :a list)) A V(I1 :a list) (12
:alist). 12=11++12 & 11 = ([] :a list)

V(x :a). ALL_DISTINCT [X]

V(s :a->bool). FINITE s = V(x :a). CARD (x INSERT s) = if x € s then CARD s else SUC (CARD
s)

V(m :num) (n:num). m<n @ m

V(I :alist) (11 :alist) (12 :alist). 1S TARSI=I11<12VI2<I1

V(A :bool). A=>-A=>F

V(f:a->B) (I :alist). set (MAP fl) = IMAGE f (set )

V(x:a) (s :o-> bool) (t :a-> bool). (x INSERTs) nt=if x Etthen x INSERTs Nntelsesnt

V(Is :a list) (n :num). n < LENGTH Is = TAKE (n + (1 :num)) Is = SNOC (EL n Is) (TAKE n Is)

OPTION_MAP2 (f :B -> y -> a) (SOME (x :B)) (SOME (y :y)) = SOME (f x y) A OPTION_MAP?2 f
(SOME x) (NONE :y option) = (NONE :a option) A OPTION_MAP2 f (NONE :j3 option)
(SOME y) = (NONE :a option) A OPTION_MAP2 f (NONE :3 option) (NONE :y option) =
(NONE :a option)

V(R1:a->a ->bool) (R2 :B -> B -> bool) (vl :a #B) (v2 :a # B) (R1' :a -> a -> bool) (R2' :p ->
B ->bool) (v1':a#B) (v2':a#B).vli=vl'Av2=Vv2'A(V(a:a)(b:B)(c:a)(d:B). vl =(a,b)
Av2'=(cd)=(Rlace R1l'ac)) A(V(a:a)(b:B)(c:a)(d:B).vl'=(a,b) Av2'=(c,d)Aa=
c=(R2bd & R2'bd)) = ((R1LEX R2) v1v2 & (R1' LEX R2') v1' v2')

V(f:a->B) (R:a->a->bool) (D :a->bool) (P:a->p->bool) (M:(a->B)->a->B)(x:a).f
= WFRECR M A WF R A INDUCTIVE_INVARIANT_ ONRDPMADXx=Px (fx)

V(x :bool) (y :a ->bool). (Kx :a->bool) Sy < -xVU(:a) Sy

(OPTREL (R :a -> B -> bool) (SOME (x :a)) (NONE :B option) < F) A (OPTREL R (NONE :a
option) (SOME (y :B)) & F) A (OPTREL R (NONE :a option) (NONE :B option) © T) A
(OPTREL R (SOME x) (SOME y) < R x y)

V(s :a-> bool). SING s = FINITE s

V(s :o+ B) (s':a+ B) (P :a->bool) (P' :a -> bool) (Q :B ->bool) (Q' :B ->bool).s=s"A (V(a
:a).s'=(INLa:a+B)=(PaePa)A(V(b:B).s'=(INRb:a+B)=>(Qb<=Q'b))=>
(SUM_ALLP Qs & SUM_ALLP'Q's')

V(f :a-> B) (M :(a -> bool) -> bool). IMAGE f (BIGUNION M) = BIGUNION (IMAGE (IMAGE )
M)

V(s :a->bool) (t :a -> bool) (x :at). s DIFF (x INSERT t) = s DELETE x DIFF t




V(v:a) (p:B->a)(g:B->bool). (V(x:B). ~g x) = (PMATCH_ROW_COND_EXvpg<F)

(V(x:a) (y:a). (f:a->B)x=fy © x=y) = (IMAGE f (s1 :a -> bool) = IMAGE f (s2 :a ->
bool) & s1 =52)

V(R :a -> a -> bool). transitive RT < transitive R

V(t:bool) TVteT

V(t:bool).tAFSF

V(t:bool). TAtot

V(f :a->B # bool). (V(x :a). =SND (f x)) = GSPEC f = (@ :B -> bool)

V(R :a -> a -> bool). equivalence R=R"=R

(V(x :a) (y :a). (R:a->a->bool) xy = R ((f:a->a)x) (fy)) = V(x:a) (y:a). RCRxy = RC
R(fx)(fy)

SND (p:B#a)=(y:a) < 3(x:B).p=(xy)

V(P :num ->bool). P (0 :num) A (V(n :num). P n= P (SUCn)) = V¥(n :num). P n

(V(x :a). (P :a-> bool) x = (Q :a option -> bool) (SOME x)) A ((V(x :a). =P x) = Q (NONE :a
option)) = Q (Ssome P)

V(1 :a list). | # ([] :a list) = ELL (PRE (LENGTH 1)) = HD |

V(n1 :num) (n2 :num) (x :a). n1 < n2 = EL n1 (REPLICATE n2 x) = x

V(n :num) (11 :a list) (12 :a list). n < LENGTHI1 = ELn (I11++12)=ELn 11

V(f:a->B) (t:B ->bool) (sp :a ->bool). PREIMAGE f (COMPL t) N sp = sp DIFF PREIMAGE f
t

V(x :a) (s :a->bool). x Es = V(f:a->B). fx EIMAGE f s

V(11 :a list) (h :a) (12 :a list) (13 :a list). [1 ++ h::12 ++ 13 = 11 ++ h::(12 ++ 13)

V(n :num). count n = if n = (0 :num) then (@ :num -> bool) else (let (p :num) =PREninp
INSERT count p)

V(x:a) (s :0->bool). x ECOMPLs & x & s

V(I :a list) (n :num). LENGTH | <n = DROP n | =([] :a list)

V(P :a -> bool) (B :(a -> bool) -> bool). BIGINTER (P INSERT B) = P n BIGINTER B

V(xs :a list) (ys :B list) (P :a-> B -> bool) (x :a). LIST_REL P xs ys A MEM x xs = 3A(y :B).
MEMyysAPxy

longest_prefix (@ :a list -> bool) = ([] :a list)

(V(x :a) (y :a). (R:a->a->bool) xy =R ((f:a->a)x) (fy)) = V(x:a) (y:a). SCRxy = SCR
(fx) (fy)

V(s :a->bool) (t :a -> bool). countable s At € s = countable t

V(Is :num list). SUM Is = (0 :num) & V(x :num). MEM x Is = x = (0 :num)

V(s :a ->bool) (t :a -> bool). DISJOINT st < DISJOINT t s

V(n :num). n < LENGTH (I11 :a list) = TAKE n (11 ++ (12 :a list)) = TAKE n 11

V(xs :a list) (k :num) (n :num). TAKE k (DROP n xs) = DROP n (TAKE (k + n) xs)

V(P1 :a -> bool) (P2 :a -> bool) (I :a list). EVERY P1 (FILTER P2 |) & EVERY (A(x :a). P2 x =
P1x) I

V(n :num) (I :alist). n < LENGTH | = ELn | =HD (SEG (1 :num) n I)

V(x :a option). (option_CASE x x (SOME :a -> a option) :a option) = x

V(R :a-> a -> bool). WeakOrder R = Order R

V(s :a->bool) (t :a -> bool) (u :a -> bool). DISIOINT (s U t) u < DISJOINT s u A DISJOINT t
u




(s:a->bool) € (t:a->bool) =>sU (tDIFFs)=t AtDIFFsUs=t

(V(s :(a -> bool) -> bool) (t :a -> bool). DISJOINT (BIGUNION s) t & V(s' :a -> bool).s' Es =
DISJOINT s' t) A V(s :(a -> bool) -> bool) (t :a. -> bool). DISJOINT t (BIGUNION s) & V(s' :a -
> bool). s' € s = DISIOINT t s'

(V(x :a) (y :B). (R1 :a0-> B -> bool) xy = (R2 :a. -> B -> bool) x y) = LIST_RELR1 (I1 :a list)
(12 :B list) = LIST_RELR2 1112

V(R :a->a->bool) (x:a) (y:a) (z:a). R*==xy ARM=yz=>RA=x12z

V(x :a) (I :ot list). SNOC x | = FOLDR (CONS :a -> a list -> at list) [x] |

V(n :num) (x :a). REVERSE (REPLICATE n x) = REPLICATE n x

(y:a)E{x| (P:a->bool)x}= Py

V(P :at -> bool) (x :a) (I :a list). EXISTS P (SNOC x 1) & P x V EXISTS P |

V(v :a) (rows :(a -> B option) list). PMATCH_EQUIV_ROWS v rows rows

V(I :num -> bool) (J :num ->bool) (n:a). | # (@ :num ->bool) AJ # (@ :num ->bool) Al S )
= MIN_SET J < MIN_SET |

(V(x :a) (y :a). (P :a->bool) x A (R:a->a->bool)xy=Py)=> V(x:a)(y:a). PXx ARCRxy
=Py

V(P :a -> bool) (I :a list). =EVERY P | & EXISTS (S- < P) |

V(m :num) (I :a list) (n :num). n £ m = TAKE n (TAKE m |) = TAKE n |

V(f:a->B->PB)(e:B)(g:y->a)(l:ylist). FOLDR f e (MAP g 1) = FOLDR (A(x :y) (y :B). f (g x)
y)el

V(P :a->B ->bool) (11 :a list) (12 :B list) (v1 :a) (v2 :B) (n :num). P v1v2 A LIST_RELP 112
= LIST_REL P (LUPDATE v1 n I1) (LUPDATE v2 n I2)

V(P :a-> B ->bool) (xs :a list) (ys :B list) (n :num). LIST_REL P xs ys = LIST_REL P (TAKE n
xs) (TAKE nys)

V(I :a list) (m :num) (P :a -> bool). EXISTS P (TAKE m |) = EXISTS P |

RC (SSUBSET :(a -> bool) -> (a -> bool) -> bool) = (SSUBSET :(a -> bool) -> (a -> bool) ->
bool)

transitive (R1 :a -> a -> bool) A transitive (R2 : -> B -> bool) = transitive (R1 LEX R2)

V(P :at -> bool) (Q :a -> bool) (I :a list). EVERY (A(x :a). Px A Qx) | & EVERY P | A EVERY Q|

V(11 :a list) (12 :a list). 11 #12 = V(h1 :a) (h2 :a). h1:11 # h2:12

V(y :a) (I :a list). MEM y | & FOLDR (A(x :a) (I' :bool).y =x V I') F

Vix:a) (y:a). {x}={y} = x=y

V(P :unit -> bool). P () = V(x :unit). P x

V(s :a -> bool). FINITE s = V(t :a -> bool). FINITE (s DIFF t)

V(m :num) (n :num) (I :a list). m + n = LENGTH | = BUTLASTN m | ++ DROP n | = |

V(11 :a list) (12 :@ list). LENGTH 11 = LENGTH 12 = LENGTH (ZIP (I1,12)) = LENGTH I1 A
LENGTH (ZIP (11,12)) = LENGTH I2

V(x :at) (xs :o list). LENGTH (FRONT (x::xs)) = LENGTH xs

V(s :a->bool). COMPLs n's = (0 :a->bool) ACOMPLs Us=0U(:a)

UNZIP ([] :(o # B) list) = (([] :a list),([] :B list)) A UNZIP (((x :a),(y :B))::(t :(a # B) list)) = (let
((L1 :a list),(L2 :B list)) = UNZIP tin (x::L1,y::L2))

V(s :a->bool) (t :a -> bool) (x :a). DISJOINT (s DELETE x) t < DISJOINT (t DELETE x) s

V(f:a->B)(g:y->a)(s:y->bool). IMAGE f (IMAGE g s) = IMAGE (fo g) s

V(P :a -> bool) (Q :B -> bool) (x :B). Px (x INSERTQ) =P x {x} UP xQ




V(f:a->B) (n :num) (I :a list). MAP f (TAKE n |) = TAKE n (MAP f )

V(P :a -> bool) (f:B->a) (s :p ->bool). (I(y :a).y EIMAGEfsAPy) & 3(x:B).xEsAP(f
X)

V(x :a) (s :a->bool). x EREST s & x € s A x # CHOICE s

REPLICATE (x :num) (y :a) = ([] :a list) © x = (0 :num)

V(n :num). n<SUCn

V(x :a) (y :a) (s :a -> bool). s DELETE x DELETE y = s DELETE y DELETE x

((p :bool) & -(q :bool)) & (pV q) A(-q V -p)

NULL ((I1 :at list) ++ (12 :a list)) & NULL 11 A NULL 12

IS_SOME (OPTION_MAP (f :a.-> B) (x :a option)) < IS_SOME x

V(M :a option) (M' :a option) (v :B) (f:a->B). M =M"'A (M'=(NONE :a option) = v = (V'
B)) A (V(x:a). M'=SOME x = fx = (f' :a -> B) x) = (option_CASE M v f :B) = (option_CASE
M'v' ' :B)

V(f:a->B) (s:a->bool) (f':a->B) (s':a->bool).s=s'A(V(x:a). xEs'=fx=fx)=
IMAGE f s = IMAGE f' &'

V(x :o. -> bool) (P :(a -> bool) -> bool). x € P = x € BIGUNION P

V(f:a->B->y) (x:a)(y:B). UNCURRY f (x,y) =fxy

V(sp :a ->bool) (s :(a -> bool) -> bool). (V(t :a -> bool).t Es =t S sp) As # (0 :(a -> bool)
-> bool) = BIGINTER s € sp

(V(s :a->bool). (@ :a->bool) Us=s) AV(s:a->bool).sU (@ :a->bool) =s

V(ls :a list). Is # ([] :a list) = TAKE (PRE (LENGTH Is)) Is = FRONT Is

V(f:a->B->a)(e:a)(l1:B list) (12 :B list). FOLDLfe (11 ++12) = FOLDL f (FOLDLf e I11) I12

V(R :a ->a ->bool). WFR & V(x :a). WFP R x

V(l :a list list list). FLAT (FLAT I) = FLAT (MAP (FLAT :a list list -> a list) )

V(P :at -> bool) (Q :a -> bool) (I :a list). (V(x :a). MEM x | A P x= Qx) A EVERY P | = EVERY
Ql

(x1 :num) @ (y1 :num) = (x2 :num) Q (y2 :num) © x1=x2 Ayl =y2

(x :a) € RDOM ((R1 :a -> B -> bool) U, (R2 :a. -> B -> bool)) & x € RDOM R1 V x € RDOM
R2

V(y :a) (x:B) (P:a->bool). PyAx=(f:a->B)y=>x€e{fx| Px}

((if (P :bool) then (X :a option) else (NONE :a option)) = (NONE :a option) & P = IS_NONE
X) A ((if P then (NONE :a option) else X) = (NONE :a option) & IS_SOME X = P) A ((if P
then X else (NONE :a option)) = SOME (x :a) & P A X = SOME x) A ((if P then (NONE :a
option) else X) = SOME x & -P A X = SOME x)

(V(x:a).x € (s:a->bool) = (INLx:a+B) E(t:a+B->bool)) = INJ(INL:a->a+B)st

V(m :num) (n :num). m<n = SUCm < SUCn

PMATCH_ROW (p :B ->v) (g :B -> bool) (r :B -> a) (i :y) # (NONE :a option) &
PMATCH_ROW_COND _EXipg

OWHILE (G :a -> bool) (f :a -> a) (s :a) = (NONE :a option) & V(n :num). G (FUNPOW f n s)

V(f:a->a)(P:a->bool) (I :alist). (V(x :a). P (fx) & P x) = MAP f (FILTER P ) = FILTER P
(MAP f1)

V(s :a ->bool). COMPL (COMPLSs) =s

(y :a) € RRANGE (R :p ->a ->bool) © J(x:B). Rxy




LIST_REL (P :a -> B -> bool) (REPLICATE (n :num) (x :a)) (REPLICATE n (y :B)) © n> (0 :num)
=>Pxy

V(s :a-> bool) (t :y -> bool) (u :B ->bool). (3(f:a->y).BUfst)A(I(g:y->PB).BUgtu)=
A(h:a->B).BUhsu

V(R :a -> o -> bool). reflexive R © ($=:a -> a -> bool) &, R

DATATYPE ((sum :(a->a+B)->(B->a+B)->y) (INL:a->a+B)(INR:B->a+B))

GENLIST (f :num -> a) (SUC (n :num)) = (0 :num)::GENLIST (f o SUC) n

V(n :num) (11 :a list). n < LENGTH |11 = V(I2 :at list). DROP n (11 ++12) = DROP n 11 ++ 12

V(f:o->B) (x:a) (I :alist). MAP f (SNOC x |) = SNOC (f x) (MAP f 1)

INVOL S-

V(f:o->num) (x :a) (y :a). measure fxy & fx<fy

V(f:a->B)(g:a->B). f(EXT_POINTfg)=g (EXT_POINTfg) & f=g

V(t:bool).tVFot

V(I :a list). -NULL | & F(e :a). MEM e |

V(f:a->B->PB)(e:B) (P:a->bool) (I :alist). FOLDR f e (FILTER P |) = FOLDR (A(x :a) (y :B).
if Pxthenfxyelsey)el

(R :a0-> a-> bool) equiv_on (s :a -> bool) = V(t :a -> bool). t € partition Rs = V(x :a) (y
‘). XEtAYEt=>Rxy

V(v :a) (rsl :(a -> B option) list) (rs2 :(a -> B option) list) (i :num). i < LENGTH rs1 =
(PMATCH_ROW_REDUNDANT v (rs1 ++rs2) i ©& PMATCH_ROW_REDUNDANT v rs1 i)

V(I1 :a list) (12 :a list). IS_SUFFIX 11 12 & REVERSE 12 < REVERSE 11

V(f:a# B ->y). UNCURRY (CURRY f) = f

EL (NUMERAL (BIT1 (n :num))) (I :a)::(Is :a list)) = EL (PRE (NUMERAL (BIT1 n))) Is A EL
(NUMERAL (BIT2 n)) (I::Is) = EL (NUMERAL (BIT1 n)) Is

V(al :a list) (a0 :a). a0::al # ([] :a list)

V(x :num) (y :num). x @ y = (0 :num) & x = (0 :num) Ay = (0 :num)

V(R :a->a->bool). (V(x:a) (y:a). Rxy=R*xy) AV(x:a)(y:a)(z:a). R*xy AR*yz = R*
Xz

V(v_old :a) (v_new :B) (rows_old :(a ->y option) list) (rows_new :(B ->y option) list)
(r_old :a ->y option) (r_new :B ->y option).r_old v_old =r_new v_new = PMATCH v_old
rows_old = PMATCH v_new rows_new = PMATCH v_old (r_old::rows_old) = PMATCH
V_new (r_new::rows_new)

V(s :a->bool). FINITE s = V(t :a ->bool). t € s = FINITE t

V(f:a->B) (s :a->bool) (t :B ->bool). INJ fst=INJ fs (IMAGE fs)

V(x:a) (y :a) (s :a->bool). x EYy INSERTs & x=yVXEs

V(v :a) (rowsl :(a -> B option) list) (rows2 :(a -> B option) list). PMATCH_EQUIV_ROWS v
rowsl rows2 & PMATCH_EQUIV_ROWS v rows2 rows1l

(antisymmetric (R1 :a -> a -> bool) = antisymmetric (R1 N, (R2 :a -> a -> bool))) A
(antisymmetric R2 = antisymmetric (R1 N, R2))

V(s :a->bool) (M :a->num). (I(x:a).XxEs) & I(x:a).XESAV(y:a).yEs=>Mx<My

V(f:a->B) (s :a->bool) (t :a -> bool). IMAGE f (s N t) € IMAGE fs n IMAGE ft

V(s :a->bool) (t :a -> bool). s n t = COMPL (COMPL s U COMPL t)

V(R :a->a ->bool) (P :a->a ->bool). WFRA (V(x :a) (y:a). Pxy=>Rxy) = WFP




V(fl :num -> a -> bool) (f1' :num -> a -> bool) (f2 :num -> a -> bool) (f2' :num -> a -> bool).
ind_typeSINJP f1 f2 = ind_typeSINJP f1' f2' & f1 =f1' A f2 = 2"

V(R :a->a->bool) (x:a) (y:a).R*xy<=x=yV3I(u:a). RXUAR* Uy

V(s :o->bool) (t:a->bool).sUt=tUs

V(x :a) (y :alist) (a :a) (b :alist). SNOCxy=SNOCab & x=aAy=b

V(n :num). TAKE n ([] :a list) = ([] :a list)

DROP (n :num) (REPLICATE (m :num) (a :a)) = REPLICATE (m - n) a

((a:a),(b:B)) €{(y,(x:B)) | (P:a->bool)y} & PaAb=x

v(l :a list list). FLAT (REVERSE I) = REVERSE (FLAT (MAP (REVERSE :a list -> a list) 1))

V(n :num) (m :num) (I :at list). n + m < LENGTH | = LASTN n (BUTLASTN m |) = BUTLASTN m
(LASTN (n + m) 1)

V(P :a -> bool) (Q :a -> bool) (I :a list). FILTER P (FILTER Q1) = FILTER (A(x :at). Px A Q x) |

V(x :a option). (option_CASE x (NONE :a option) (SOME :a -> a option) :a option) = x

FINITE (@ :a -> bool)

V(s :a->bool) (e :a) (s2 :a-> bool). s DELETE e € s2 & s € e INSERT s2

U(:a -> bool) = POW U(:a)

NULL ([] :a list) A V(h :a) (t :a list). =NULL (h::t)

V(R :a->a->bool) (x :a). R*=x x

V(v :a). IS_REDUNDANT_ROWS_INFO v ([] :(a -> B option) list) T ([] :bool list)

V(f :a-> B) (s :(B -> bool) -> bool). PREIMAGE f (BIGUNION s) = BIGUNION (IMAGE
(PREIMAGE f) 5)

V(f:'z->'z). I DEMfo V(x:'z). f(fx)=fx

V(x:a) (s :o-> bool). x & s DELETE x

(OPTION_MAP (f :B -> a) (x :B option) = (NONE :a option) < x = (NONE :B option)) A
((NONE :a option) = OPTION_MAP f x & x = (NONE :B option))

V(x :a) (y :alist) (z :alist). z< SNOCxy < z<yVz=SNOCxy

V(c :num) (i :a) (r :num ->num -> a -> bool). ind_typeSZCONSTR ciir # (ind_typeSZBOT
:num -> o -> bool)

V(f:a->B->y). I(fn:a#B->y). V(x:a)(y:B).fn(xy)=fxy

(set (I :alist) = (@ :a-> bool) & | = ([] :a list)) A ((@ :a -> bool) =set | & | = ([] :a list))

=((p :bool) = (q :bool)) = p

V(f:o-> B) (g :B -> V) (s :y -> bool). PREIMAGE f (PREIMAGE g s) = PREIMAGE (g o f) s

V(x :a) (n :num) (ys :a list). LENGTH (LUPDATE x n ys) = LENGTH ys

(V(s :a->bool). U(:a) Us=U(:a)) A V(s :a->bool). s U U(:a) = U(:a)

VIM:B#HY) (M :B#Y)(f:B->y->a). M=M"A(V(x:B)(y:y).M'=(xy) =>fxy=(f:B->y-
> a) x y) = (pair_CASE M f :a) = (pair_CASE M' f' :a)

V(R :a ->a -> bool). (RCR)"=RCRT

V(n :num). SUC n # (0 :num)

V(n :num) (I :a list). n < LENGTH | = BUTLASTN n (LASTN n I) = ([] :a list)

V(s :o->bool) (t:a->bool). sUt=(0 :a->bool) & s=(D :a->bool) At= (D :a->bool)

V(s :num ->bool). (3(n :num). n €s) & J(n:num). N EsSAV(m :num).mMEs=>n<m

((2(opt :a option). (P :a option -> bool) opt) & P (NONE :a option)) V 3(x :a). P (SOME x)

V(P :a -> bool) (11 :a list) (12 :a list). EVERY P (I1 ++ [2) < EVERY P I1 A EVERY P |2




V(v :a) (rs :(a -> B option) list). (EVERY (A(r :a -> B option). r v = (NONE :B option)) rs = F)
= PMATCH_IS_EXHAUSTIVE v rs

(s1:a->bool) € (s2 :a -> bool) = REL_RESTRICT (R :a -> a -> bool) s1 S, REL_RESTRICT R
s2

nsnd (n :num) <n

V(R :a->a->bool) (x:a) (y:a)(z:a). RxyAR*yz=R*xz

V(s :a-> bool). =(s € (@ :a -> bool))

V(s :a->bool) (t :a -> bool). s DIFF t DIFF t =s DIFF t

V(c :bool) (x :bool). (if c then x else F) & c A x

(R:a->B ->bool) o, (S=:a->a ->bool) =R

Vip:a#B)(f:a->y)(g:B->06). FST ((f ## g) p) = f (FST p)

V(n :num). count n DELETE n = count n

V(s :a->bool) (t :a-> bool). sU (s DIFFt) = s

PMATCH_ROW (p :B ->V) (g :B -> bool) (r :B -> a) (v :y) # (NONE :a option) = PMATCH v
(PMATCH_ROW p g r::(rs :(y -> a option) list)) = r (@(x :B). PMATCH_ROW_COND p g v x)

V(f:a->B)(g:y->06) (x:a)(y:y). (f##g) (xy) =(fx,gy)

V¥(n :num). ALL_DISTINCT (COUNT_LIST n)

MAP (f :a->B) (I :a list) = [(x :B)] © 3(x0 :a). | = [x0] Ax =fx0

V(y:a->B->bool)(z:a->B->bool).y=2yS,zAz2C,y

LIST_BIND ({11 :B list) ++ (12 :B list)) (f :B -> a list) = LIST_BIND I1 f ++ LIST BIND I2 f

IDEM (SC :(a -> a -> bool) -> a -> a -> bool)

V(n :num) (12 :at list). n < LENGTH 12 = V(I1 :a list). LASTN n (11 ++ 12) = LASTN n 12

V(x:a)(y:a).xE{y}ex=y

V(tl :a) (t2 :a). (if T then t1 else t2) = t1

V(o1 :a option) (02 :a option) (f1 :a -> B option) (f2 :a -> B option). 01 =02 A (V(x :a). 02 =
SOME x = f1 x =12 x) = OPTION_BIND 01 f1 = OPTION_BIND 02 f2

V(L :num list). SUM L=SUM_ACC L (0 :num)

V(R :a -> o -> bool). reflexive RT & reflexive R

(V(x :a) (y :B) (z :a). (if (P :bool) then (INRx :p + a) else (INLY :B+a))=(INRz:B+0a) & P
ANz=x)A(V(x:y)(y:0)(z:6). (if Pthen (INRx:5 +y)else (INLy:5+y))=(INLz:6+y) &
-PAz=y)A(V(x:€)(y:Q) (z:€). (if Pthen (INLx:e+ Q) else (INRy:e+7))=(INLz:e+ Q) &
PAz=x)AV(x:n)(y:0)(z:0).(if Pthen (INLx:n +6)else (INRy:n+06))=(INRz:n+6) &
-PAz=y

V(h :a) (11 :a list) (12 :a list). LAST (11 ++ h::12) = LAST (h::12)

trichotomous (STRORD (R :a -> a -> bool)) & trichotomous R

V(I :a list) (x :a) (y :a) (i :num). MEM x (LUPDATEYil) © i<LENGTHIAXx=yV 3(j :num). j
<LENGTHIAi#jAELjl=x

numeralSiiSUC ZERO = BIT2 ZERO A numeralSiiSUC (BIT1 (n :num)) = BIT1 (SUC n) A
numeralSiiSUC (BIT2 n) = BIT2 (SUC n)

-((A :bool) V (B :bool)) = F& (A=F)=>-B=>F

V(R :a ->a ->bool) (f :B -> a). total R = total (inv_image R f)

numeralStexp_help (n :num) (0 :num) = (2 :num) ** (n + (1 :num))

BIGUNION (@ :(a -> bool) -> bool) = (@ :a -> bool)




V(P :a->B ->bool). (3(x :a) (y :B). Pxy) & I((x :a),(y :B)). Pxy

V(s :a->bool) (t :a -> bool) (u :a -> bool). DISJOINT st Au St = DISJOINTs u

PMATCH_ROW_COND _EX (i:a) (p:B->a)(g:B->bool) & I(x:B).i=pxAgx

FILTER (P :a -> bool) ([] :a list) = ([] :a list) A (V(h :a). P h = FILTER P (h::(l :a list)) =
h::FILTER P 1) A V(h :a). =P h = FILTER P (h::l) = FILTER P |

V(c :bool) (x :bool). (if cthen x else T) & c = x

V(s :a->bool) (t :a->bool) (x:a). XEsNtES XxESAXE L

IDEM (STRORD :(a -> a -> bool) -> a -> a -> bool)

(V(x :a) (y :B). (P:a->pB ->bool) xy = (Q:a->p ->bool) xy) = OPTREL P (x :a option) (y
:B option) = OPTREL Q xy

(V(x :num). pair_to_num (num_to_pair x) = x) A Y(x :num) (y :num). num_to_pair
(pair_to_num (x,y)) = (x,y)

V(n :num). (0 :num) < n & count n # (@ :num -> bool)

V(ls :a list) (n :num). n < LENGTH Is = DROP n Is = EL n Is::DROP (n + (1 :num)) Is

(2 :num) * tri (n :num) =n* (n + (1 :num))

(x :a) € BIGINTER (B :(a -> bool) -> bool) © V(P :a->bool).PEB=x€P

V(x:a) (s :00-> bool). s DELETEx E s

V(s :a-> bool). FINITE s = V(x :a). x €Es & MEM x (SET_TO_LIST s)

V(s1 :a ->bool) (s2 :a -> bool) (x :a). s1 € s2 = s1 DELETE x S s2 DELETE x

V(s :a->bool). s = (@ :a->bool) V I(x :a) (t :a -> bool). s =x INSERTt Ax & t

V(sl:a->bool) (s2 :a->bool). s1 € s2 = POW s1 € POW s2

MAX_SET (@ :num -> bool) = (0 :num) A MAX_SET {(e :num)}=e

OPTION_MAP (f :a -> B) (x :at option) = (option_CASE x (NONE :3 option) ((SOME : -> B
option) o f) :B option)

V(R :a->a->bool) (x:a) (y:a). R*xy=RCRxyVR*xy

V(R :a->a ->bool). (V(x:a). R*xx) AV(x:a)(y:a)(z:a). Rxy AR*yz=>R*xz

V(x:a) (y :B). (INRy:a+B)=(INLx:a+p)

V(x :a) (s :o-> bool) (t :a -> bool). (x INSERT s) Ut=x INSERTs U t

V(n :num) (I :a list). n < LENGTH | = DROP n | = EL n I::DROP (SUC n) |

V(s :a -> bool). FINITE s & s HAS_SIZE CARD s

V(n :num) (I :a list). n < LENGTH | = LENGTH (LASTN n l) =n

V(opt :a option). IS_SOME opt < 3I(x :a). opt = SOME x

V(x :a) (sos :(a -> bool) -> bool). x € BIGUNION sos < 3(s :a -> bool). x Es A's € sos

V(P :a->bool) (Q:a->bool). {x | PxvQx}={x| Px}U{x| Qx}

([] :a list) € (s :a list -> bool) = longest_prefix s = ([] :a list)

V(R :a->a->bool). SC(SCR)=SCR

V(a :a ->bool) (b :B -> bool) (c :B -> bool). FUNSET a (b N c) =FUNSETab n FUNSET a c

INFINITE U(:a) © V(s :at -> bool). FINITEs = 3(x:a). x & s

V(l :a list list). LENGTH (FLAT I) = SUM (MAP (LENGTH :a list -> num) 1)

V(n :num) (m :num) (I :a list). m £ n = TAKE m | ++ TAKE (n - m) (DROP m |) = TAKE n |

V(x :a) (I :ot list). -NULL (SNOC x 1)

INJ (f :a -> B) (s :a -> bool) (t :B -> bool) = FINITE s = CARD (IMAGE fs) =CARD s

V(P :a list -> bool). P ([] :a list) A (V(l :a list). P | = V(a :a). P (a::l)) = V(I :a list). P |




V(s :o->bool) (t :a0 -> bool). sDIFFt E s

V(I :a list). BUTLASTN (LENGTH I) I = ([] :a list)

V(P :a -> B -> bool) (I1 :a list) (12 :B list). LIST_RELP 1112 = LENGTH I1 = LENGTH I2

V(f :a-> B) (s :B -> bool). PREIMAGE f (COMPL s) = COMPL (PREIMAGE f s)

symmetric (R :a -> a -> bool)”=

V(P :a -> bool) (I :a list) (m :num). EVERY P | = EVERY P (DROP m [)

V(s :a -> bool) (t :B -> bool). (3(f:a->B).BlUfst) = I(g:B->a).Bllgts

V(f :a->B) (s :a-> bool) (t :B ->bool). Bl fst =t =IMAGE f s

V(11 :a list) (x :a) (12 :a list). 11 ++ SNOC x 12 = SNOC x (I1 ++ 12)

CURRY (f:a#B->y)=CURRY (g:a#B>y)=f=g

¥(n :num) (I :a list). n < LENGTH | = TAKE n | = BUTLASTN (LENGTH | - n) |

V(x:a). U(:a) x

V(m :num) (n :num). TAKE n (TAKE m (I :a list)) = TAKE (MIN n m) |

V(f:a->B) (s :a-> bool) (t :a -> bool). IMAGE f (s U t) = IMAGE fs U IMAGE f t

(V(x:a) (y:a). (R:a->a->bool)xy= (f:a->B)x=fy) > V(x:a)(y:a). R*xy=Ffx=fy

V(f:a->B) (s :B ->bool) (t :p -> bool). PREIMAGE f (s DIFF t) = PREIMAGE f s DIFF
PREIMAGE f t

V(A :a ->bool) (B :a->bool) (x :a). AU B DELETE x = A DELETE x U (B DELETE x)

(V(I :a list). BUTLASTN (0 :num) | =1) A V(n :num) (x :B) (I :B list). BUTLASTN (SUC n) (SNOC
x 1) = BUTLASTN n |

V(R :a->a->bool) (x:a) (y:a). Rxy=R*xy

¥(n :num) (I :a list). n < LENGTH | = TAKE n (REVERSE I) = REVERSE (LASTN n )

V(xs :a option list) (n :num) (f :a -> B) (h :a). LUPDATE (SOME (f h)) n (MAP (OPTION_MAP
f) xs) = MAP (OPTION_MAP f) (LUPDATE (SOME h) n xs)

V(x:a) (s :0->bool). x €s = x INSERT s DELETE x = s

V(R :a->a ->bool). reflexive R=RCR =R

(OPTION_BIND (p :a option) (f :a -> B option) = (NONE :B option) & p = (NONE :a option)
V 3(x :a). p=SOME x A f x = (NONE :B option)) A (OPTION_BIND p f = SOME (y :B) & 3I(x
:a). p=SOME x A f x=SOME y)

V(11 :a list) (12 :a list). set 11 U set 12 = set (11 ++ 12)

V(R :a->a->bool) (x:a) (y:a). R*xy < I(u:a). R*XuUARuy

MIN (0 :num) (x :num) = (0 :num) A MIN x (0 :num) = (0 :num) A MIN (NUMERAL x)
(NUMERAL (y :num)) = NUMERAL (if x <y then x else y)

V(c :bool) (x :bool) (x' :bool) (y :bool) (y' :bool). (x' = x) A (y' = vy) = (if cthen x' else y') =
if cthen x else 'y

V(P :at -> bool) (s :a0 -> bool) (t :a -> bool). (V(x:a).xEsUt=>Px) = (V(x:a). x Es=Px)
AV(x:a).xEt=>Px

PMATCH_ROW (p :B ->v) (g :B -> bool) (r :B ->a) (i :y) = (NONE :a option) & V(x :B).
~PMATCH_ROW_COND p gi x

V(f1 :a -> bool) (f2 :B -> a) (I :B list). FILTER f1 (MAP 2 I) = MAP f2 (FILTER (f1 o f2) I)

V(s :a->bool) (t :a -> bool) (u:a->bool).sEtAtEu=>sCu

(V(R :a-> B -> bool) (x :a) (y :B option). OPTREL R (SOME x) y & 3(z :B). y=SOME z AR x
z) AVY(R:y -> 6 ->bool) (x :y option) (y :6). OPTRELR x (SOME y) & 3(z:y). x=SOME z AR
zZy




V(m :num) (n:num). m<SUCnhn=m=nVm<n

tri (n :num)=n* (n + (1 :num)) DIV (2 :num)

V(f:o->B->PB)(e:B) (x:a)(l:alist). FOLDR f e (SNOC x I) = FOLDRf (fx e) |

V(11 :a list) (12 :@ list). LENGTH 11 = LENGTH 12 = (ZIP (I1,12) = ([] :(a # B) list) & 11 = ([] :
list) A 12 = ([] :B list))

{x| x€(y:a->bool)}=y

V(n :num). n # (0 :num) = COUNT_LIST n = (0 :num)::MAP SUC (COUNT_LIST (n - (1
:num)))

V(R :a->a->bool) (x:a) (y:a) WFR=>RXxy=>xzy

V(s :a->bool) (t :a -> bool) (u:a->bool).sU(tUu)=sUtUu

V(m :num) (n:num). m<SUCh& m=nVm<n

V(s :a->bool) (t :a->bool).sct e J(x:a).x € s AXINSERTs C t

V(x:a) (s :o->bool) (t :a->bool). s St DELETEx & x&sAsCt

(V(l :a list). DROP (0 :num) I =1) A V(n :num) (x :a) (I :a list). DROP (SUC n) (x::) = DROP n |

V(n :num) (f :num ->a). (0 :num) < n = HD (GENLIST f n) = f (0 :num)

V(x :a list) (y :B list). LIST_REL (R :a -> B -> bool) x y = LENGTH x = LENGTH y

(11 :alist) ++ (12 :alist) = [(e:a)] @ 11 =[e] A 12 = ([] :a list) V I1 = ([] :at list) A 12 = [e]

V(b :a->B) (s :a->bool) (t:B->bool) (x:a) (y:B). INJbstAx&sAy&t=INJblx—yD(x
INSERT s) (y INSERT t)

V(n :num) (x :a) (I :a list). ELL (SUC n) (SNOC x 1) =ELLn |

V(n :num) (m :num) (I :a list). n + m < LENGTH | = V(x :a). SEG n m (SNOC x 1) =SEG n m |

V(s :a ->bool) (f:a-> B). IMAGE fs = (@ :B ->bool) © s = (0 :a->bool)) A ((@ :B ->bool) =
IMAGE fs & s = (0 :a-> bool))

V(L :(a # B) list). UNZIP L = (MAP (FST :a # B -> a) L, MAP (SND :a # B -> B) L)

V(p:a#B)(p':a#pB)(P:a->bool) (P :a->bool) (Q:B->bool) (Q':B->bool). p=p'A(V(x
:a) (y:B).- p'=(xy) = (Px & P'x)) A (V(x:a) (y:B). p' = (xy) = (Qy & Q'y)) = (PROD_ALL
PQp < PROD_ALLP'Q'p)

SET_TO_LIST (@ :a -> bool) = ([] :a list)

V(f:a-> B -> bool) (s :a -> bool) (t :y -> bool). BIGUNION (IMAGE f s) x t = BIGUNION
(IMAGE (A(n:a). fnxt)s)

V(s :a-> bool) (t :a -> bool) (u :a -> bool) (v :a ->bool). DISJOINTSst A\ USEsAVCt=
DISJOINT u v

FST (p:a#B) = (x :a) = 3(y :B). p = (xy)

V(x :a list) (y :a list). x <y = LENGTH x < LENGTH y

V(x :a). one_CASE () x = x

V(A :a ->bool) (B :B -> bool) (C :a -> bool) (D :f ->bool). AXxBNn (CxD)=AnCx(BnD)

V(x:a) (y:a).{y}x = x=y

WeakOrder (SRSUBSET :(a -> B -> bool) -> (a -> B -> bool) -> bool)

INFINITE U(:a) © 3(f:a->a). (V(x:a) (y:a). fx=Ffy=>x=y)AT(y:a). V(x:a).fxzy

V(R :a->a->bool) (x:a) (z:a).R*xz=>RxzV3I(y:a).R**xyARyz

V(R :a ->a ->bool) (RTC' :a -> a -> bool). (V(x :a). RTC' x x) A (V(x :a) (y :a) (z:a). Rxy A
RTC'yz = RTC'xz) = V(a0 :a) (al:a). R* a0 al = RTC'a0 al

V(x :a) (s :a -> bool). x INSERT s # (@ :a -> bool)




V(f :a -> B). PREIMAGE f U(:B) = U(:a)

V(P :a -> bool) (I :a list). EXISTS P | & FOLDR (A(x :a) (I' :bool). PxV I') F

IDEM (RC :(a -> at -> bool) -> a -> a -> bool)

V(X :a -> bool) (P :(a -> bool) -> bool). BIGUNION P S X & V(Y :a->bool). YEP =Y C X

V(f:a->B) (x :a). IMAGE f {x} = {f x}

(U, :a->B ->bool) S, (R:a->B ->bool) & R=(U,:a->B->bool)) ARS, (U, :a->p ->
bool)

V(x :a+ ). ISLx V ISR x

transitive (R :a->a ->bool) © Ro, RS, R

FoT |

-((p :bool) V (q :bool)) = -p

WEF S<

V(f:a->B)(g:B->y)(s:a->bool)(t:B->bool)(u:y->bool).BUfstABlJgtu=Bll(geo
fysu

V(s :o.-> bool) (t :at -> bool). INFINITE s A FINITEt = s DIFF t # (@ :a -> bool)

V(f:a->B)(v:)(p:B->v)(g:B->bool)(p':a->y) (g :a->bool).
~PMATCH_ROW_COND_EXvp g = (V(x:a). p'x=p (fx)) = (PMATCH_ROW_COND_EX v
p'g' & PMATCH_ROW_COND_EXv p' (A(x:a).g'x A-g(fx)))

V(f :o-> B) (I :a list list). MAP f (FLAT 1) = FLAT (MAP (MAP f) 1)

V(m :num) (n :num). SUCmM=SUCn=>m=n

V(s :a->bool) (x:a). x € s = s DELETEx =s

V(11 :a list) (x :a) (12 :a list). SNOC x |11 ++ 12 = 11 ++ x::12

pairwise (R :a-> a -> bool) ((s1 :a -> bool) U (s2 :a -> bool)) & pairwise R s1 A pairwise R
S2AV(x:a)(y:a).XxESIAYES2=>RXxyARyx

V(s :a->bool) (t:a->bool).sStesnt=s

V(I :a list). REVERSE | = FOLDR (SNOC :a -> a list -> a list) ([] :at list) |

V(x:a#B).3(q:a)(r:B).x=(q,r)

V(P :a. -> bool) (Q :a -> bool). BIGINTER{P; Q}=P n Q

V(m :a) (n:a). (A(x:a) (y:a).y=(f:a->a)x)* (fm)ne (A(x:a)(y:a).y=fx)*mn

V(xs :a list) (n :num) (k :num). DROP n (TAKE k xs) = TAKE (k - n) (DROP n xs)

V(n :num) (12 :a list). n < LENGTH 12 = V(I1 :a list). ELLn (11 ++12) =ELL n I2

(@, :a->a->bool) & (R:a->a->bool) A (RS, (@, :a->a->bool) ©R=(0,:a->a->
bool))

V(P :a -> bool) (Is :a list). EXISTS ($- o P) Is = LENGTH (FILTER P Is) < LENGTH Is

LIST_BIND (I :a list) (A(x :a). [x]) =1

(some(x :bool). -x) = SOME F

V(x :a) (s :o-> bool) (t :a-> bool). s € x INSERT t < s DELETEx C t

V(P :a+ 3 ->bool). (V(x :a). P (INLx :a+B)) A (V(y:B).P(INRy:a+B))=>V(s:a+B).Ps

V(P :at -> bool) (a :a) (s :0 -> bool). (V(x :a). x EaINSERTs=>Px) ©PaAV(x:a).xEs=>
P x

(V(x:a). (P :a->bool) x = (Q:a->bool) x) = EVERY P (I :a list) = EVERY Q |

(LIST_REL (R :a-> B -> bool) ([] :a list) (y :B list) & y = ([] :B list)) A (LIST_REL R (x :at list) ([]
B list) © x = ([] :a list))




V(I :bool list). OR_EL| < FOLDL$\/ FI

V(R :a -> a -> bool). antisymmetric (RC R) & antisymmetric R

(V(x:a)(y:a). (R:a->a->bool)xy= (f:a->B)x=fy)=V(x:a)(y:a). R*xy=>fx="fy

V(x :a) (s :a -> bool). PREIMAGE (K x :B -> a) s = if x € s then U(:B) else (@ :B -> bool)

V(xs :a list) (i :num) (n :num) (x :a). oEL n (LUPDATE x i xs) = if i # n then oEL n xs else if i <
LENGTH xs then SOME x else (NONE :a option)

V(R :a -> o -> bool). reflexive R*

(list_CASE (x :alist) (v :B) (f :a-> alist -> B) :B) = (v' :B) © x = ([] :a list) Av=v'V I(a:a) (I
:alist). x=a:zlAfal=V'

¥(n :num) (I :a list). n < LENGTH | = LASTN n (REVERSE |) = REVERSE (TAKE n )

V(s:a->bool) (t:a->bool).sCStAtSses=t

(p :bool) A (q :bool) = q

V(P :a -> bool) (Is :a list). dropWhile P Is = ([] :a list) & EVERY P Is

V(p :a->bool) (q :a->bool). pnqU COMPLp N qg=q

((p :bool) & (q :bool) = (r:bool)) @ (pVg)A(pV-r)A(-qVrV-p)

(pair_CASE ((x :B),(y:y)) (f:B->y->a) :a)=fxy

V(s1 :(a -> bool) -> bool) (s2 :(a -> bool) -> bool). BIGUNION (s1 U s2) = BIGUNION s1 U
BIGUNION s2

FINITE (s :a -> bool) A SURJ (f :a-> ) s (t :B -> bool) = FINITE t

OPTION_MAP (f:y -> ) (OPTION_MAP (g :a ->y) (x :a option)) = OPTION_MAP (f o g) x

V(f :num -> a) (n :num). set (GENLIST f n) = IMAGE f (count n)

V(m :num) (n:num).m=nvVm<n=>m<SUCn

REVERSE (I :a list) = [(e :a)] & | = [e]

V(n :num). SUM_SET {n} =n

V(f1 :num -> num -> a -> bool) (f2 :num -> num -> o -> bool). ind_typeSINJF f1 =
ind_typeSINJF f2 & f1 =12

LIST_REL (R :a-> B -> bool) ((h :a)::(t :a list)) (xs :B list) & 3(h' :B) (t' :B list). xs=h'::t' AR h
h' ALIST_RELRtt'

V(n :num) (I :a list). n < LENGTH | = V(x :a). DROP n (SNOC x |) = SNOC x (DROP n |)

V(x :a) (y :B). FST (x,y) = x

is_measure_maximal (m :a -> num) {(x :a)} (y :a) & y = x

V(P :a -> bool) (I :a list). EXISTS P | & -EVERY (A(x :a). =P x) |

V(x :a option). IS_NONE x < x = (NONE :a option)

V(x :bool) (x' :bool) (y :bool) (y' :bool). (y=>x=2x)A X' =2y=2y)=2xAy=>x AY

(R:a->a ->bool) equiv_on (s :a -> bool) = (@ :a -> bool) & partitionR s

V(R :a->a->bool) (x:a) (y:a). Rxy = RCRxy

V(a:alist) (b :alist) (c:alist).as<b++c=>asbVvb<a

V(n :num). set (COUNT_LIST n) = count n

V(x :a option option) (y :a). OPTION_JOIN x = SOME y < x = SOME (SOME y)

-(A:bool) > F= A

V(s :a->bool). RESTs E s

V(R :a ->a ->bool) (f :B -> a). symmetric R = symmetric (inv_image R f)

V(R :a->a ->bool). RC(RCR)=RCR




PRE (0 :num) = (0 :num) A ¥V(m :num). PRE (SUCm) =m

V(l :a list). TAKE (LENGTH 1) | = |

V(f :a-> B) (x :o # B) (Is :at list). ALL_DISTINCT Is = (MEM x (ZIP (Is,MAP f Is)) & MEM (FST
X) Is ASND x = f (FST x))

LIST_BIND (I :a list list) (\(x :a list). x) = FLAT | A LIST_BIND I (I :a list -> a list) = FLAT |

V(v_old :a) (v_new :B) (rows_old :(a ->y option) list) (rows_new :(B ->y option) list)
(r_old :a ->y option). r_old v_old = (NONE :y option) = PMATCH v_old rows_old =
PMATCH v_new rows_new = PMATCH v_old (r_old::rows_old) = PMATCH v_new
rows_new

V(x1 :a option) (x2 :a option) (y1 :B option) (y2 :B option) (f1 :a->B ->y) (f2:a-> B ->y).
x1=x2Ayl=y2A(V(x:a)(y:B).x2=SOMExAy2=SOMEy=flxy=f2xy)=>
OPTION_MAP2 f1 x1 y1 = OPTION_MAP2 {2 x2 y2

V(11 :a list) (12 :a list). 11 = REVERSE 12 < 12 = REVERSE 11

V(x :a) (y :B) (I :(c # B) list). MEM (x,y) | = J(z:a #B).x=FSTzAMEM z |

$? (UNCURRY (A(x :a). (P :a.-> B -> bool) x)) © 3(x :a). $? (P x)

V(s :a->bool). s € U(:a)

V(f :a0-> num) (g :a -> num) (Is :a list). SUM (MAP (A(x :a). f x + g x) Is) = SUM (MAP fs) +
SUM (MAP g Is)

(V(p:a#B). (P:a->p->bool) (FST p) (SND p)) © V(pl:a) (p2 :B). P pl p2

V(P :a. -> bool) (L :a list) (x :a). MEM x (FILTERP L) & P x A MEM x L

V(j :num) (n :num) (h :a) (t :alist). (0 :num) <jAn+j<LENGTHt+ (1 :num)=SEGnj
(h::t) =SEGn (j - (1 :num)) t

V(s :a->bool) (t :a -> bool). s DIFFt =s n COMPL t

(SPSUBSET :(a -> bool) -> (a -> bool) -> bool)® = (SSUBSET :(a -> bool) -> (a -> bool) ->
bool)

V(h:a) (t:alist). TL (h::t) =t

V(1 :a list). | # ([] :a list) = LENGTH (FRONT I) = PRE (LENGTH I)

V(l:alist). | = ([] :alist) V 3(h :a) (t :a list). | = h::t

((p :bool) © ((q :bool) & (r:bool))) @ (pVaqVI)A(pV-rv-q)A(qV-rv-p)A(rv-q
Vv -p)

U(:a) # (@ :0 -> bool)

(((f :(a -> B) option) <*> SOME (x :a)) :B option) = ((SOME (A(f :a -> B). f x) <*>f) :B option)

((a:a),(b:B)) €{((x:a)y) | (P:B->bool)y} <> PbAa=x

V(x:a+B). -ISLx & ISR x

V(n :num). LENGTH (FLAT (REPLICATE n (Is :a list))) = n * LENGTH Is

LIST_BIND (MAP (f:y -> B) (I :y list)) (g :B -> a list) = LIST_BIND | (g o f)

V(f:a->B). (V(x:a)(y:a). fx=fy=x=y)= V(s :a->bool). INFINITE s = INFINITE
(IMAGE f s)

V(n :num) (f :num -> a). NULL (GENLIST f n) & n = (0 :num)

(V(x:a) (y:a). (R:a->a->bool)xy = (Q:a->a->bool)xy) = RCR (x :a) (y :a) = RCQx
y

V(P :a->bool) (Q:a->bool). PSS Q=V(x:a).XxEP=>XxEQ

V(x :a) (s :o -> bool). x INSERT x INSERT s = x INSERT s

V(I :a list). REVERSE (REVERSE I) = |




ind_typeSISO (A(x :a). x) (A(x :a). x)

V(s :a->bool) (t:a->bool).s=te&sCStAtEs

V(R :a->a ->bool) (P :a->a ->bool). (V(x:a). Pxx) A (V(x:a) (y:a)(z:a).PXyARyz=
Pxz)=V(x:a)(y:a). R xy=>Pxy

EVERY (P :a -> bool) (FLAT (Is :a list list)) < EVERY (EVERY P) Is

(V(I :a list). LASTN (0 :num) | = ([] :a list)) A ¥(n :num) (x :B) (I :B list). LASTN (SUC n) (SNOC
x 1) = SNOC x (LASTN n |)

((V(n :num). =(P :num -> bool) n) = (Q :num option -> bool) (NONE :num option)) A (V(n
:num). P n A (V(m :num). m<n = -Pm)= Q(SOME n)) = Q (SOLEAST P)

(V(I :a list). I ++ ([] :a list) = 1) A V(I :B list). ([] :B list) ++ | =1

V(c :bool) (I :a list). EVERY (A(x :a).c) | & 1 =([] :alist) V ¢

V(s :a->bool) (t:a->bool).szte I(x:a). XEtS XES

PMATCH (v :B) (rows :(B -> a option) list) = PMATCH v (SNOC (PMATCH_ROW (A(_O :B).
_0) (M_O:B). T) (AM(_O:B). (ARB :at))) rows)

V(x :o # B) (I :(c # B) list). UNZIP (SNOC x I) = (SNOC (FST x) (FST (UNZIP 1)),SNOC (SND x)
(SND (UNZIP 1))

V(X :a). (P :bool) & Case X=P

(V(l :alist). (P :a list -> bool) 1) & P ([] :a list) A V(h :a) (t :a list). P (h::t)

V(f:a->B). (V(s :B->bool). BUf (@ :a -> bool) s & s = (0 :B ->bool)) A V(s :a->bool). BlJ f
s (@ :B->bool) ©s=(0 :a->bool)

V(P :a -> bool) (f :B->a) (s :B ->bool). (V(y:a).y EIMAGEfs = Py) & V(x:B).xEs=P
(fx)

V(s :a->bool). INJ (A(x :at). x) s s

V(f:o->B) (s:a->bool) (t :B->bool). INJfst= V(e:a).e €s=INJf (s DELETE e) (t
DELETE fe)

V(P :a -> bool) (I :a list). EVERY (A(x :a). =P x) | = SPLITP P | = (I,([] :a list))

V(x :a -> bool) (y :bool). x € (Ky :a->bool) © x S (@ :a ->bool) Vy

V(al:a) (a2 :a). ind_typeSINJA al = ind_typeSINJA a2 & al = a2

V(R :a -> o -> bool). (SCR)T = SCR A SCR™ = SCR

V(s :a->bool) (P :(a -> bool) -> bool). BIGUNION (s INSERT P) =s U BIGUNION P

V(t:bool).Totet

V(B :a->bool) (C:a->a) (R:a->a->bool). WFRA (V(s:a).Bs=>R(Cs)s)= V(P:a->
bool). (V(s:a). (Bs=>P(Cs))=Ps)=>V(v:a).Pv

WF (@, :a -> a -> bool)

ZIP (([] :y list),([] :6 list)) = ([] :(y # 6) list) A V(x1 :a) (11 :a list) (x2 :B) (12 :B list). ZIP
(x2::12,x2::12) = (x1,x2)::ZIP (11,12)

V(x:a) (L :a list list). MEM x (FLAT L) & 3(l :a list). MEM | LA MEM x |

GSPEC (f :B -> o # bool) = IMAGE ((FST :a # bool -> a) o f) ((SND :a # bool -> bool) o f)

V(adjacent' :a list -> a -> a -> bool). (V(a :a) (b :a) (t :a list). adjacent' (a::b::t) a b) A (V(a
:a) (b :a) (h:a) (t :alist). adjacent' t a b = adjacent’ (h::t) a b) = V(a0 :a list) (al :a) (a2
:a). adjacent a0 al a2 = adjacent' a0 al a2

V(m :num) (n :num) (I :a list). n + m < LENGTH | = BUTLASTN n (BUTLASTN m |) =
BUTLASTN (n+m) |

trichotomous (RC (R :a -> a -> bool)) & trichotomous R




V(n :num) (I :a list). n < LENGTH | = BUTLASTN n (REVERSE I) = REVERSE (DROP n |)

V(s :o-> bool) (t :at -> bool). s DIFFt = (@ :a -> bool) & sCSt

V(s :a->bool) (t:a->bool).sSt=>tNns=s

V(f:B->vy)(g:a->B). MAP (fog)=MAPfo MAP g

(V(x :unit). (P :unit -> bool) x) © P ()

V(f:'z->'z). INVOLf=>V(a:'z)(b:'z).fa=bea=fb

OPTION_CHOICE (m1 :a option) (m2 :a option) = (NONE :a option) & m1 = (NONE :a
option) A m2 = (NONE :a option)

V(I :alist) (n :num). LENGTH | =SUC n < 3(h :a) (I' :a list). LENGTHI'=n Al = h::I'

V(R :a->a->bool) (x:a)(y:a).R*xy<=x=yV3I(u:a). R“KuARuYy

(V(s :a->bool) (t :a->bool).sNt Es) AV(s:a->bool) (t:a->bool).tNsCs

reflexive (SSUBSET :(a -> bool) -> (a -> bool) -> bool)

V(xs :a list) (n :num) (y :a). oELn xs =SOMEy < n < LENGTH xs Ay = EL n xs

V(s :B ->bool). FUNSET (@ :a -> bool) s = U(:a -> B)

V(11 :a list list) (12 :a list list). FLAT (11 ++ 12) = FLAT 1 ++ FLAT 12

FLAT ([] :a list list) = ([] :a list) A FLAT (([] :B list)::(t :B list list)) = FLAT t A FLAT (((h :y)::(t1
iy list))::(t2 :y list list)) = h::FLAT (t1::t2)

V(P :at -> bool) (x :a) (I :a list). FILTER P (SNOC x I) = if P x then SNOC x (FILTER P I) else
FILTER P |

V(x :a). (@ :a -> bool) # {x}

(3(I :a list). (P :a list -> bool) 1) & P ([] :a list) V 3(h :a) (t :a list). P (h::t)

ind_typeSISO (f:a->B) (g:B->a) = (V(P:a->bool). (V(x:a). P x) © V(x :B). P (g x)) A
(V(P :a->bool). (3I(x:a).Px) © 3A(x:B).P(gx)) AV(a:a)(b:B).a=gbsfa=b

V(f:a->B->PB)(b:B). ITSETf(@ :a->bool)b=b

(V(x :at) (xs :a list). FRONT (x::xs) = ([] :at list) & xs = ([] :a list)) A (V(x :a) (xs :a list). ([] :a
list) = FRONT (x::xs) & xs = ([] :a list)) A V(x :a) (xs :a list). NULL (FRONT (x::xs)) & NULL xs

(0 :num) < SUC (0 :num)

V(e :a) (I :alist) (h:a). MEM e | A e # LAST (h::l) = MEM e (FRONT (h::1))

V(f:a->B->a)(e:a)(P:B->bool)(l:B list). FOLDL f e (FILTER P I) = FOLDL (A(x :a) (y :B). if
Pythenfxyelsex)el

V(x :a list). ([] :alist) < x A (x < ([] :alist) © x = ([] :a list))

V(x :a). FINITE {x}

V(f :(a -> bool) -> bool) (g :(a -> bool) -> bool). f € g = BIGUNION f € BIGUNION g

V(11 :a list) (12 :a list). REVERSE |1 = REVERSE 12 & 1 =12

V(al:alist) (a0 :a). ([] :a list) # a0::al

DROP (0 :num) (I :a list) = |

V(I :alist) (n1 :num) (n2 :num). ALL_DISTINCT I An1 < LENGTH I A n2 < LENGTH | = (ELn1
[=ELn2l & nl=n2)

V(ls :a list list). set (FLAT Is) = BIGUNION (set (MAP (set :a list -> o -> bool) Is))

V(s :a-> bool). FINITE s = V(x :a). MEM x (SET_TO_LISTs) © xE s

V(f:a->y)(g:B->08)(z:a+p).SUM_MAP fgz=(sum_CASE z ((INL:y ->y + &) o f) ((INR :6
>y+08)og):y+90)

(@ :00->bool) # U(:a)




V(Is :a list) (n :num). ALL_DISTINCT Is = ALL_DISTINCT (DROP n Is)

V(s :a->bool) (t :a -> bool). DISJOINT st & -3(x :a). X ESAXE t

V(P :a->bool) (Q:a->bool). {x | PxAQx}={x | Px} n{x | Qx}

V(P :a. -> bool) (I :a list). FILTER P | # ([] :a list) © 3(x :a). MEM x| A P x

V(n :num) (I :a list). TAKE n | ++ DROP n | =1

V(x:a) (s :o->bool). COMPLsx < x € s

V(l :a list). LENGTH (REVERSE |) = LENGTH |

MAP (f :num -> a) (COUNT_LIST (n :num)) = GENLIST f n

{(x,y) | (P:a->pB->bool) xy}=UNCURRY P

V(s :a->bool) (x :a) (x' :a). (x Es © x' €Es) & (x € s DELETE x' © x' € s DELETE x)

(V(x :a). (P :a->bool) x = (P' :a -> bool) x) A (V(y :B). (Q :B ->bool) y = (Q"' :B -> bool) y)
= SUM_ALLP Q(s:o+B)=SUM_ALLP'Q's

V(p :bool) (g :bool) (m :bool). (stmarker m A p & p A stmarker m) A (p A g A stmarker m
< (p A g) Astmarker m) A ((p A stmarker m) A q & (p A q) A stmarker m)

(LEAST(n :num). n = (x :num)) = x A (LEAST(n :num). x = n) = x

V(f:a->B->a)(e:a)(l:plist). FOLDL f e (REVERSE |) = FOLDR (A(x :B) (y :a). fy x) e |

(Case (X:a) A (Y:bool) ®Y)A(YACase XS Y)A(Case X =Y oY)

V(s :o->bool) (t:a0-> bool) (u:a->bool).sUtSuesSuAtCSu

V(pl :(o # B) list). LENGTH (FST (UNZIP pl)) = LENGTH pl A LENGTH (SND (UNZIP pl)) =
LENGTH pl

V(p :a->bool). p (UNIV_POINT p) © V(x:a). p X

DATATYPE ((list :a list -> (o -> a list -> a list) -> bool) ([] :a list) (CONS :a -> a list -> a list))

LIST_BIND (LIST_BIND (I :y list) (g :y -> B list)) (f :B -> a list) = LIST_BIND | (flip (LIST_BIND :B
list -> (B -> a list) -> a list) f o g)

V(I :bool list). AND_EL| < FOLDR $/\T|I

(x :alist) < ([] :alist) © x = ([] :a list)

V(m :num) (n :num). m € countn & m<n

V(I :a list) (i :num). MAP (f :a->B) (DROP i l) = DROP i (MAP f 1)

V(s1:a->bool) (s2 :a->bool) (s3 :a -> bool). s1 € s2 DIFF s3 & s1 € s2 A DISJOINT s1 s3

V(m :num) (n :num). SUCmM=SUCh& m=n

V(R :a-> a -> bool). transitive R*

V(n :num) (m :num) (Il :a list). n + m < LENGTH | = DROP n (DROP m |) = DROP (n + m) |

V(s :a->bool). s = (@ :a -> bool) © DISJOINT s s

V(x:a) (y :B). {x} x {y} = {(x,y)}

(V(x :a). (R :a->a ->bool) x x) = V(x :a option). OPTREL R x x

(0 :num) @ (0 :num) = (0 :num)

V(v :unit). v= )

V(ss:o+B). (F(x :a). ss=(INLx :a+ B)) V I(y :B). ss=(INRy :a + B)

V(R :a ->a ->bool). (V(P :a -> bool). (V(x :a). (V(y:a). Ryx=>Py)=>Px)=> V(x:a). Px) >
WF R

V(x :a). {x} DELETE x = (@ :a -> bool)

V(s :a->bool). INFINITE s & V(t :a-> bool). FINITEt=tEs=>tCs

V(R :a -> a -> bool). diamond R = diamond (RC R)




OPTION_MCOMP (g :y -> & option) (SOME :y -> y option) = g A OPTION_MCOMP (SOME :B
-> B option) (f :a -> B option) = f

V(x :a) (y :B). SND (x,y) =y

V(n :num) (I :a list). n S LENGTH | = V(x :a). TAKE n (SNOC x |) = TAKE n |

V(f:a->B) (s :a->bool) (t :B -> bool) (sO :a -> bool) (t0 :B -> bool). INJfstAsOSsAtC
t0=1INJfsOtO

V(n :num) (x :a). REPLICATE n x = GENLIST (K x :num ->a) n

($=:B -> B ->bool) o, (R :a -> B -> bool) = R

V(R :a -> a -> bool). transitive R = transitive (RC R)

V(t:bool)t=>teT

V(v :a) (V' :a) (rows :(a -> B option) list) (rows' :(a -> B option) list) (r :a -> B option) (r' :a -
> B option). v=Vv'Arv'=r'v' APMATCH v' rows = PMATCH v' rows' = PMATCH v (r::rows)
= PMATCH V' (r'::rows')

((A:a->bool) N (B:aa->bool)=A=ACSB)A(ANB=BS BCEA)

LENGTH (STRONGEST_REDUNDANT_ROWS_INFO (v :a) (rows :(a -> B option) list)) =
LENGTH rows

(R1:a->B ->bool) &, (R2 :a-> B -> bool) A (S1:y ->a ->bool) S, (S2 :y -> a -> bool) = R1
0,§1 S, R20,S2

V(optl :a option) (opt2 :a option) (f1 :a -> B) (f2 :a -> B). optl = opt2 A (V(x :a). opt2 =
SOME x = f1 x =2 x) = OPTION_MAP f1 optl = OPTION_MAP 2 opt2

V(m :num) (n:num). m<n=m#n

V(x:a) (y:a). (R:a->a->bool)* xy = Rr=xy

STRORD (R :a. -> a -> bool) =R n, RCOMPL ($= :a -> a -> bool)

V(x :a) (s :o -> bool). s DELETE x DELETE x = s DELETE x

V(R :a -> a -> bool). WeakOrder R = RC (STRORD R) =R

CARD (@ :a -> bool) = (0 :num)

V(m :num) (n :num). m=n=-(m<n)

V(R1:a->a ->bool) (R2 :a -> a -> bool). irreflexive R2 A R1 €, R2 = irreflexive R1

V(s :o->bool) (x :a). x Es = (s DELETE x = (@ :a. -> bool) © s = {x})

V(n :num) (m :num) (I :a list). DROP n (DROP m 1) = DROP (n + m) |

V(opt :a option) (opt' :a option) (P :a -> bool) (P' :a -> bool). opt = opt' A (V(x :a). opt' =
SOME x = (P x & P' x)) = (OPTION_ALL P opt < OPTION_ALL P' opt)

U(:bool) ={T; F}

((A:a->bool)U (B:a->bool)) NA=AA(BUA)NA=AAAN(AUB)=AANAN(BUA)=
A

V(f:a>B->y)(f:a->B->y) (M :a#B)(M:a#pB). M=M"A(V(x:a)(y:B).M'=(xy)=>f
xy =f' xy) = UNCURRY f M = UNCURRY f' M'

V(v :a) (rowsla :(a -> B option) list) (rows1b :(a -> B option) list) (rows2a :(a -> B option)
list) (rows2b :(a -> B option) list). PMATCH_EQUIV_ROWS v rowsla rowslb =
PMATCH_EQUIV_ROWS v rows2a rows2b = PMATCH_EQUIV_ROWS v (rowsla ++
rows2a) (rowslb ++ rows2b)

V(t:bool)tVTeT

V(x :a) (y :a) (s :a -> bool). (x INSERT s) DELETE y = if x =y then s DELETE y else x INSERT s
DELETE y




V(R :a->a ->bool) (Q:a->bool) (b:a). Qb A (V(x:a)(y:a). RxyAQy = Qx) = V(x:a).
R*xb=Qx

V(a :a list) (b :B list) (c :a list) (d :B list). LENGTH a = LENGTH b A LENGTH ¢ = LENGTH d =
ZIP (a,b) ++ ZIP (c,d) = ZIP (a ++ c,b ++ d)

V(x :a) (f :a -> num -> a). (V(n :num). PRIM_REC_FUN x f (0 :num) n =x) A V(m :num) (n
:num). PRIM_REC_FUN x f (SUC m) n = f (PRIM_REC_FUN x f m (PRE n)) n

(V(s:a). (P :0->bool)s & (Q:a->bool)s) = ((V(s:a). Ps) & V(s :a). Qs)

V(x :a -> bool) (y :a -> bool) (z :a -> bool). x DIFF (y U z) = x DIFF y DIFF z

(OLEAST(n :num). n = (x :num)) = SOME x A (OLEAST(n :num). x = n) = SOME x A (OLEAST(n
:num). F) = (NONE :num option) A (OLEAST(n :num). T) = SOME (0 :num)

V(n :num).-=(n<n)

V(P :a -> bool) (I :a list). LENGTH (FILTER P I) < LENGTH |

V(P :num ->bool) (n :num). EVERY P (COUNT_LIST n) © V(m :num).m<n=Pm

V(m :num) (n :num). countnm & m<n

(V(P :a -> bool). PREFIX P ([] :a list) = ([] :a list)) A V(P :B -> bool) (x :B) (I :B list). PREFIX P
(xz:1) = if P x then x::PREFIX P | else ([] :B list)

(V(x :a). LAST [x] =x) A V(x :a) (y :a) (z :a list). LAST (x::y::z) = LAST (y::z)

V(n :num) (I :a list). n < LENGTH | = ELL n | = EL (PRE (LENGTH | = n)) |

V(x :a). DISJOINT {x} (@ :a -> bool)

V(n :num) (I :a list). n < LENGTH | = LENGTH (BUTLASTN n ) = LENGTH | - n

(V(x :a). (P :a->bool) x = (P' :a -> bool) x) A (V(y :B). (Q:B ->bool) y = (Q' :B -> bool) y)
= PROD_ALLP Q(p:o #B)= PROD_ALLP'Q'p

V(11 :a list) (12 :a list) (13 :a list). IS_SUFFIX 11 12 A IS_SUFFIX 12 13 = IS_SUFFIX I1 I3

DATATYPE ((pair :(a->B->a #B)->y) (S, :a->B ->a#B))

INJ (LINV_OPT (f :B -> a) (s :B -> bool)) (IMAGE f s) (IMAGE (SOME :3 -> B option) s)

V(s :a-> bool) (t :a -> bool). countable s V countable t = countable (s N t)

V(f :a->B) (s :a->bool) (u:a->bool) (t :B ->bool). s SUAIMAGEfuCS t= IMAGEfsCt

V(R :a -> a -> bool). transitive R*

V(X :a -> bool) (Y :a -> bool) (P :(a. -> bool) -> bool). Y € P A DISJOINT Y X = DISJOINT X
(BIGINTER P) A DISJIOINT (BIGINTER P) X

(0 :num) = LENGTH (I :a list) © | = ([] :a list)

(option_CASE (x :a option) (e :B) (f :a -> B) :B) = if IS_SOME x then f (THE x) else e

V(s :a ->bool). DISIOINT s s & s = (@ :a -> bool)

V(R :a->a->bool) (a:a)(b:a). R*ab e V(Q:a->bool). QaA(V(y:a)(z:a). QyARyz
=>Qz)=Qb

V(R :a->a->bool) (x:a) (y:a). RCRxy = R*xy

V(m :num) (n :num). m<n=m<SUCn

BIGINTER (@ :(a -> bool) -> bool) = U(:a)

(~(A:bool) > F)= (A= F)=F

V(f:a->B#v)(a:B->bool)(b:y->bool). PREIMAGE f (a x b) = PREIMAGE ((FST :B #y ->
B) o f) a N PREIMAGE ((SND :B#y ->y) o f) b

V(f:a->B) (x :a option). OPTION_MAP f x = (NONE :3 option) & x = (NONE :a option)

V(f:a->B)(s:a->bool) (t:p->bool).Blifst = (V(x:a).xEs=>fxet)AI(g:p->a).
(V(ix:B).xEt=gxES)A(V(x:a).xEs=>g(fx)=x) AV(x:B).xEt=>F(gx)=x




V(11 :a list) (12 :at list) (n :num) (x :a). n < LENGTH |11 = LUPDATE x n (11 ++ 12) = LUPDATE x
nil++12

(some(x :a). x = (y :a)) = SOME y A (some(x :a). y = x) = SOME y

(V(x :a). FRONT [x] = ([] :a list)) A V(x :a) (y :a) (z :a list). FRONT (x::y::z) = x::FRONT (y::2)

ZRECSPACE (ind_typeSZBOT :num -> a -> bool) A V(c :num) (i :a) (r :num -> num -> o ->
bool). (V(n :num). ZRECSPACE (r n)) = ZRECSPACE (ind_typeSZCONSTR cii r)

V(m :num) (n :num). MEM m (COUNT_LISTn) © m<n

V(P :a->B ->bool). (V(x:a) (y :B). Pxy) © V((x :a),(y :B)). Pxy

V(P :ot-> bool) (x :a). X EP & P x

BIGINTER (B :(a -> bool) -> bool) (x :a) © V(P :a->bool).PEB=>x€EP

LIST_REL (P :at -> B -> bool) (GENLIST (f :num -> a) (I :num)) (GENLIST (g :num ->B) |) & V(i
:num).i<I=P(fi)(gi)

V(f:a->B) (s :a->bool) (t :B ->bool). SURI fst & IMAGE fs=t

V(f:a->B) (g :num ->a) (n :num). MAP f (GENLIST g n) = GENLIST (fe g) n

V(f:a->B) (I :alist) (a :a). MEM a | = MEM (f a) (MAP f 1)

BIGUNION (IMAGE (f :B -> a -> bool) (set (Is :B list))) € (s :a -> bool) © V(x :B). MEM x Is
=>fxCs

V(s :a->bool) (t :a-> bool). t Es= s DIFF (s DIFF t) =t

V(set :a -> bool) (e :a -> bool). e € POW set & e C set

FINITE U(:o # B) < FINITE U(:a) A FINITE U(:B)

V(f:a->B) (s :a->bool) (t :B ->bool). FINITEs ABIJ fst= CARDs=CARD t

x| T} =U(:a)

COMPL (@ :a -> bool) = U(:a)

V(s :a->bool) (t:a->bool).s=t S V(x:a). XEs S xEt

V(s :a->bool). (3(f :num -> a). BlIJ f U(:num) s) = countable s

V(a0 :a) (al :alist) (a0' :a) (al' :a list). a0::al =a0"::al' & a0 =a0' A al =al'

V(s1 :(a -> bool) -> bool) (s2 :(a -> bool) -> bool). BIGINTER (s1 U s2) = BIGINTER s1 n
BIGINTER s2

V(f :a-> B -> bool) (s :y -> bool) (t :a -> bool). s x BIGUNION (IMAGE f t) = BIGUNION
(IMAGE (A(n :a). s xfn)t)

PMATCH_EQUIV_ROWS (v :a) (rows1 :(a -> B option) list) (rows2 :(a -> B option) list) =
PMATCH v rows1l = PMATCH v rows2

V(I :a list) (x :a). SEG (1 :num) (LENGTH I) (SNOC x 1) = [x]

V(s :a -> bool). FINITE s = countable s

V(I :a list). FINITE (set )

V(f:a->num) (x :a) (Is :a list). MEM x Is = f x < SUM (MAP f Is)

V(x :a) (s :o -> bool). x € x INSERT s

¥(n :num) (I :a list). n < LENGTH | = BUTLASTN n (FRONT I) = FRONT (BUTLASTN n )

V(v:a)(p:B->a)(g:B->bool)(p':y->a)(g :y->bool) (RES :bool).
PMATCH_ROW_COND EXvpg= (V(x:B).gx=((3(x":y). p'x' =pxAg'x') < RES)) >
(PMATCH_ROW_COND_EX v p'g' < RES)

V(x :a). (@ :a-> bool) DELETE x = (@ :a -> bool)

V(s :a->bool) (t :a -> bool). s DIFFt n s =s DIFF t




V(n :num) (11 :a list) (12 :a list). TAKE n (11 ++ 12) = TAKE n 11 ++ TAKE (n - LENGTH 11) 12

V(s :a->bool) (t :a->bool) (u:a->bool).sNn(tNu)=snNntnu

V(P :a list -> bool). (V(l :a list). LENGTH | = (0 :num) = P 1) & P ([] :a list)

ASSOC (S++ :a list -> a list -> a list)

PMATCH_ROW_REDUNDANT (v :a) ([] :(a -> B option) list) (i :num) & F

V(ZRECSPACE' :(num -> a -> bool) -> bool). ZRECSPACE' (ind_typeSZBOT :num -> a -> bool)
A (V(c :num) (i :a) (r :num -> num -> o -> bool). (V(n :num). ZRECSPACE' (r n)) =
ZRECSPACE' (ind_typeSZCONSTR cir)) = V(a0 :num -> a -> bool). ZRECSPACE a0 =
ZRECSPACE' a0

V(11 :a list) (12 : list). LENGTH 11 = LENGTH 12 = V(x1 :a) (x2 :B). ZIP (SNOC x1 I1,SNOC x2
12) = SNOC (x1,x2) (zZIP (I1,12))

~SHORTLEX (R :a. -> a -> bool) (I :a list) ([] :at list)

V(e:a). A(fn:unit->a).fn () =e

V(I :alist). 1 # ([] :a list) = FRONT | ++ [LAST I] = |

V(I :a list) (n :num). n < LENGTH | = LAST (DROP n I) = LAST |

V(n :num) (I :a list). n < LENGTH | = V(x :a). BUTLASTN n (x::1) = x::BUTLASTN n |

V(f :a-> B) (s :B -> bool) (t :B -> bool). DISJIOINT s t = DISJOINT (PREIMAGE f s) (PREIMAGE
f1)

(3(Is :a list). (P :a list -> bool) Is) & 3(n :num) (f :num -> a). P (GENLIST f n)

nub ([] :a list) = ([] :a list)

WF (R :a.-> a -> bool)* © WFR

V(n :num). countable (count n)

| (y:a) =x}={y}

V(x:a) (I ;o list). SNOC x | = | ++ [X]

V(s :a->bool) (t :a -> bool). DISJOINTst & V(x:a). XEs=>x &t

GENLIST (f :num -> a) (0 :num) = ([] :a list) A GENLIST f (NUMERAL (n :num)) =
GENLIST_AUX f (NUMERAL n) ([] :a list)

V(s :a) (x :a->bool). x c {s} & x = (@ :a -> bool)

V(R :a -> a -> bool). symmetric R" & symmetric R

V(tl :a) (t2 :a). (if F then t1 else t2) = t2

V(11 :a list) (12 :a list). set (11 ++12) = set 11 U set |2

V(11 :a list) (12 :alist). 12 < 11 & 3(1 :alist). 11 =12 ++ |

V(R :a -> a -> bool). irreflexive RT & irreflexive R

V(s :a ->bool). CHOICE s & REST s

V(11 :a list) (12 :at list). 11 ++ 12 = FOLDL (A(I' :a list) (x :a). SNOC x I') 11 12

V(L :alist) (n :num). LEN Ln = LENGTH L+ n

V(x :bool) (x' :bool) (y :bool) (y' :bool). (x =2y =2 y)A(-y'=2x=2x)=2 (X' 2y)2x=2y

V(P :at -> bool) (I :a list). EVERYP | & V(e :a). MEMel=Pe

V(n1 :num) (n2 :num). count n1 = count n2 & nl=n2

V(n :num). (0 :num) <n = V(x:a) (I :a list). EL n (x::l) = EL (PRE n) |

V(e :a) (I :a list). LIST_ELEM_COUNT e | > (0 :num) & MEM e |

V(t:bool)tVtet




(V(x :a) (y :a). (f:a->B) x=fy & x=y) = (DISJOINT (IMAGE f (s1 :a -> bool)) (IMAGE f (s2
:a -> bool)) & DISJOINT s1 s2)

V(x :bool) (x' :bool) (y :bool) (y' :bool). (y=2x'=2x)A(X' =2y =2y)=2xX' Ay XAy

V(n :num). DROP n ([] :a list) = ([] :a list)

V(s:a->bool).sc U(:a) & I(x:a). X & s

(Q :a option -> bool) (Ssome (P :a -> bool)) = (3(x :a). P x A Q (SOME x)) V (V(x :a). =P x) A
Q (NONE :a option)

transitive (SSUBSET :(a -> bool) -> (a -> bool) -> bool)

V(f:a->B)(g:B->y)(s:a->bool)(t:B->bool) (u:y->bool). INNSfstAINJgtu=INJ(go
fysu

V(y :B) (s :a->bool) (f:a->B). IMAGEfsy < J(x:a).y=fXAXEs

V(f:a->B)(g:B->y)(s:a->bool)(t:B->bool) (u:y->bool). SURJfst ASURIgtu =
SURJ (gof)su

V(f:'z->'z). INVOLf=>V(a:'z)(b:'z).fa=fbea=b

V(11 :a list) (12 :a list) (13 :a list). 11 ++ (12 ++ 13) = [1 ++ 12 ++ 13

SOLEAST (P :num -> bool) = (NONE :num option) © V(n :num). =P n

V(n :num) (11 :a list) (12 :a list). DROP n (11 ++ 12) = DROP n |1 ++ DROP (n - LENGTH 11) 12

V(Is :a list) (f :p -> a). EVERY (A(x :a). A(y :B). x =fy) Is = (I :B list). Is = MAP f |

V(opt :a option). (3(x :a). opt = SOME x) V opt = (NONE :a option)

SURJ (f:a-> B) (s :a -> bool) (t:p->bool) =>I(g:p->a). INJgtsAV(y:B).yeEt=>"F(gy) =
y

V(R :a->a->bool) (x:a)(y:a)(z:a). R“ Xy ARyz=R*xz

V(f :a-> B) (s :a-> bool) (t :p -> bool). INJ f s t A INFINITE s = INFINITE t

V(x1 :a) (I1 :a list) (x2 :@) (12 :a list). SNOC x1 11 = SNOC x2 12 = LENGTH 11 = LENGTH I2

V(x:a) (I :alist). TL (SNOC x I) = if NULL | then ([] :a list) else SNOC x (TL I)

V(P :a list -> bool) (n :num). (V(l :a list). LENGTH | =SUCn = Pl) & V(I :a list). LENGTH | =
n= (A(l:alist). V(x :a). P (x::1)) |

(x :a) € RDOM (RRESTRICT (R :a -> B -> bool) (s :a -> bool)) ©& x ERDOMRAXE s

V(x :a) (I ;o list). FRONT (SNOC x 1) = |

V(I :a list) (x :a). MEM x (REVERSE |) & MEM x |

V(I :a list). NULL | & FOLDL (A(x :bool) (I':a). F) T |

V(I :a list) (m :num) (x :a). MEM x (DROP m |) = MEM x |

V(x:a+ ). ISRx= (INR (OUTR x) :a + B) = x

(([(f :B ->a)] <*> (I :B list)) :a list) = MAP f |

V(n :num) (x :a). SNOC x (REPLICATE n x) = REPLICATE (SUC n) x

V(s :a->bool) (x :a) (y :a). X INSERT s = {y} © x=y As C {y}

V(n :num) (11 :a list) (12 :a list). 11 <12 An < LENGTHI1 An<LENGTHI2=ELnI1=ELnI2

V(R :a-> a -> bool). reflexive (RC R)

(R1:y->B ->bool) o, (R2:6 ->y ->bool) o, (R3 :a -> 6 -> bool) = (R1 o, R2) o, R3

V(n :num). (0 :num) < n = V(x:a) (I :a list). ELL n (SNOC x I) = ELL (PRE n) |

V(11 :a list) (12 :a list). ALL_DISTINCT (I1 ++ 12) & ALL_DISTINCT I1 A ALL_DISTINCT 12 A V(e
:a). MEM e 11 = -MEM e |2

V(I :alist). | # ([] :a list) = BUTLASTN (1 :num) | = FRONT |




V(s :a->bool) (t :a -> bool). BIGUNION {s; t}=s U t

V(12 :a list) (11 :a list). =NULL 12 = EL (LENGTH I1) (11 ++ 12) = HD I2

reflexive ((R1 :a -> o -> bool) LEX (R2 :B -> B -> bool)) & reflexive R1 V reflexive R2

INJ (f :a -> B) (s :at -> bool) (IMAGE f s) = (countable (IMAGE f s) & countable s)

MAP (f :B -> a) (LIST_BIND (I :y list) (g :y -> B list)) = LIST_BIND | (MAP f o g)

FUNSET U(:a) U(:B) = U(:a -> B)

V(A :bool) (B :bool) (C:bool). AAB=CSA=B=>C

MAP (SND :B # a > a) (FILTER (A((x :B),(y :00)). y # (z :a)) (Is :(B # o0 list)) = FILTER (A(y :a0). 2
#y) (MAP (SND :B # o -> a) Is)

REPLICATE (n :num) (a :a) ++ REPLICATE (m :num) a = REPLICATE (n + m) a

V(b :bool). -b = (b & F)

V(x:a) (y :B) (a:a) (b :B). (x,y) =(a,b) ©®x=aAy=b

V(f:a->B) (n :num) (x :a). MAP f (REPLICATE n x) = REPLICATE n (f x)

V(n :num) (I :a list). n < LENGTH | = SNOC (EL n 1) (TAKE n |) = TAKE (SUC n) |

PMATCH_ROW_COND_EX (i :a) (p :B-> a) (g :B -> bool) = PMATCH_ROW p g (r:B->vy)i=
SOME (r (@(x :B). PMATCH_ROW_COND p g i X))

V(R1 :a ->a ->bool) (R2 :a -> a -> bool) (x :a) (y :a). (R1 N, R2)*xy = (R1* N, R2%) x y

V(P :a -> bool) (a :a) (s :a->bool). (I(x :a). x EAINSERTsAPx) & PaVv3a(x:a).xESAP
X

V(f:a->y)(g:p->8)(z:a+p).SUM_MAP fgz=if ISLz then (INL (f (OUTL z)) :y + 8) else
(INR (g (OUTR 2)) :y + &)

V(I :a list list). REVERSE (FLAT I) = FLAT (REVERSE (MAP (REVERSE :a list -> a list) 1))

V(fl:a->B) (f2 :a->B) (I :a list). MAPf1 | =MAP f2 | & V(e :a). MEMel=>fle=f2e

($=:a->a ->bool)" = ($=:a -> a -> bool)

¥(n :num) (I :a list). n < LENGTH | = ELL n (REVERSE I) = ELL (PRE (LENGTH I - n)) |

V(x :a) (s :a -> bool). (@ :a -> bool) # x INSERT s

(-SHORTLEX (R :0t -> a -> bool) ([] :a list) ([] :at list) A =SHORTLEX R ((h1 :a)::(t1 :a list)) ([]
:a list)) A SHORTLEX R ([] :a list) ((h2 :a)::(t2 :a list)) A (SHORTLEX R (h1::t1) (h2::t2) &
LENGTH t1 < LENGTH t2 V LENGTH t1 = LENGTHt2 A(Rh1 h2 V hl =h2 A SHORTLEX R t1
t2))

(V(v :a). PMATCH_IS_EXHAUSTIVE v ([] :(a. -> B option) list) & F) A V(v :y) (r :y -> 6 option)
(rs :(y -> & option) list). PMATCH_IS_EXHAUSTIVE v (r::rs) & r v # (NONE :6 option) V
PMATCH_IS_EXHAUSTIVE v rs

(V(s:a->bool). U(:a) N s=s) AV(s:a->bool).s nU(:a) =s

V(f:a->B)(s:a->bool) (t:B->bool).BlJf st = feE FUNSETst A V(y:B).y Et= 3(x:a).
XEsAy=fx

¥(n :num) (I :a list). n < LENGTH | = BUTLASTN n | = TAKE (LENGTH | - n) |

V(12 :a list) (I1 :a list). IS_SUFFIX (REVERSE I1) (REVERSE 12) & 12 < 11

V(s :a->bool) (x:a) (y:a).x EsDELETEy © X EsAx#y

V(Is :a list) (n :num). n < LENGTH Is = REVERSE (DROP n Is) = REVERSE (LASTN (LENGTH Is
-n)ls)

V(f :a-> B). PREIMAGE f (@ :B -> bool) = (@ :a -> bool)

V(f :o-> B) (I :a list). MAP f (REVERSE I) = REVERSE (MAP f )

V(s :a->bool) (t :a-> bool) (x:a). (sUt) x & xESVXEL




V(n :num). LENGTH (COUNT_LIST n) =n

(I(p:a#tP). (P:a#tP->bool)p) = A(p_1:a)(p_2:B).P(p_1,p_2)

V(11 :a list) (12 :at list). [1 ++ 12 = FOLDR (CONS o -> a list -> a list) 12 11

V(s :a->bool) (x :a). COMPL (x INSERT s) = COMPL s DELETE x

V(t:bool)t=Te&T

countable (@ :a -> bool)

V(R :a ->a -> bool). Order R & StrongOrder (STRORD R)

V(x :bool) (x' :bool) (y :bool) (y' :bool). (x=>2y=2y)A(-y' =2x'=2x)=2(x=>y)=2x' =Y

(x :alist) < (y :a)::(ys :a list) © x = ([] :a list) V I(xs :a list). x = y::xs AXs < ys

V(P :a -> bool) (I :a list) (m :num). EVERY P | = EVERY P (TAKE m [)

IS_SOME (OPTION_BIND (x :a option) (g :a ->  option)) = IS_SOME x

(V(x:a) (y:a). (R:a->a->bool) xy = (Q:a->a->bool) xy) = R* (x:a) (y:a) = Q¥ xy

V(x :o list). x < x

count (0 :num) = (@ :num -> bool)

(V(x:a). (P :a->bool) x = (Q:a->bool) x) = EXISTS P (I :a list) = EXISTS Q |

V(s :a->bool) (t:a->bool).sSt=>snt=s

V(R :a->a->bool) (x:a) (y:a). Rxy = R*xy

V(xs :a list). FILTER (A(x :at). T) Xs = xs

V(s :a->bool). (A(x :a). x) PERMUTES s

V(11 :a list) (n :num). LENGTH 11 £ n = V(|2 :a list). TAKE n (11 ++ 12) = 11 ++ TAKE (n -
LENGTH I11) 12

V(s :a->bool). INFINITE s = V(t :a -> bool). s €t = INFINITE t

(option_CASE (NONE :a option) :B -> (ot -> B) -> B) = (A(v :B) (f :a.-> B). v) A (option_CASE
(SOME (x :a)) :B -> (ot -> B) -> B) = (A(v :B) (f :00 -> B). f x)

V(t :bool).t=>F < -t

V(f1 :a -> bool) (f2 :a -> bool) (I :a list). FILTER 1 (FILTER f2 1) = FILTER f2 (FILTER f1 I)

V(f:a->B) (P :a->bool) (Q:B->bool). FUNSETPQf & V(x:a).xEP=>fxEQ

U(:a + B) = IMAGE (INL :a0 -> o + B) U(:a) U IMAGE (INR :B -> o + B) U(:B)

V(x:a) (s :0 -> bool). s € x INSERT s

V(l:alist) (x :a). I 2 x:l Axzl #1

PROD_SET (@ :num -> bool) = (1 :num) A V(x :num) (s :num -> bool). FINITE s = PROD_SET
(x INSERT s) = x * PROD_SET (s DELETE x)

V(f:o->B) (s :p->bool) (x :a). PREIMAGEfsx & fx E s

V(f:a->B->PB)(e:B) (11 :alist) (12 :a list). FOLDR f e (11 ++12) = FOLDR f (FOLDR fe 12) I1

V(n :num) (I :a list). n < LENGTH | = DROP n | = LASTN (LENGTH | - n) |

V(n :num) (I :a list). n < LENGTH | = LENGTH (TAKE n [) =n

(0 :num) < (n :num) = DROP n ((x :at)::(xs :a list)) = DROP (n - (1 :num)) xs

V(I :bool list). AND_EL| < FOLDLS/\TI

V(P :at -> bool) (I :a list). FILTER P | = ([] :a list) & EVERY (A(x :a). =P x) |

V(v :a) (rows :(a -> B option) list) (p :bool) (infos :bool list). FST
(STRONGEST _REDUNDANT _ROWS_INFO_AUX v rows p infos) < p A EVERY (A(r :o -> B
option). r v=(NONE :3 option)) rows

V(s:a->bool).sNns=s




V(x :a -> bool) (y :a -> bool) (z :a -> bool). x DIFF y DIFF z = x DIFF z DIFF y

V(c :bool) (x :bool) (x' :bool) (y :bool) (y' :bool). (c = x'=x) A (-c = y' = y) = (if cthen X'
elsey') => if cthen x else y

V(x :a). SING {x}

((a:a),(b:a)) €{(x,x) | (P:a->bool)x} >PaAa=hb

V(M :a list) (M' :a list) (v :B) (f:a->alist->B). M=M'A (M'=([] :alist) = v=(v':B)) A
(V(a0 :a) (al :alist). M'=a0::al = fa0al = (f' :a->alist->pB)a0al) = (list. CASEM v f
:B) = (list_CASE M' V' f' :B)

V(x:a) (I ;o list). SNOC x | # ([] :a list)

V(ig:a->a->a)(f:p->a->a). FCOMM g f= V(e :a). LEFT_ID ge = V(I :B list list). FOLDR
fe (FLAT|) = FOLDR g e (MAP (FOLDR f e) )

V(m :num) (n:num). m<SUCh=m#n=m<n

V(s :a->bool) (t :a -> bool) (u:a->bool).sCctAtcu=>scu

V(s :a -> bool) (t :a -> bool). FINITE s A FINITE t = CARD (s U t) = CARD s + CARD t — CARD
(snt)

V(s :a->bool). U(:a) S s & s =U(:a)

V(v :a) (rows :(a -> B option) list) (p :bool) (infos :bool list). LENGTH (SND
(STRONGEST_REDUNDANT_ROWS_INFO_AUX v rows p infos)) = LENGTH rows + LENGTH
infos

LIST_REL (R :a-> B -> bool) (xs :a list) ((h :B)::(t :B list)) & I(h' :a) (t' :a list). xs=h"::t' AR
h'h ALIST_RELRt't

(V(x :a) (y:a). (P :a->bool) x A(R:a->a->bool) xy=Py)=>V(x:a)(y:a). PXAR*xy =
Py

((p :bool) & if (g :bool) then (r :bool) else (s :bool)) © (pVgV-s)A(pV-rv-q)A(pV
~-rv-s)A(-qVrVv-p)A(qQVsV-p)

V(s :a->bool) (x:a). x Es & F(t:a->bool). s=x INSERTt AXx & t

PMATCH_ROW_REDUNDANT (v :a) ((r :a -> B option)::(rs :(a -> B option) list)) (0 :num) &
rv=(NONE :B option)

V(s :a->bool) (t :a -> bool). DISJOINT t (s DIFF t) A DISJOINT (s DIFF t) t

V(f :a-> B -> bool) (s :a -> bool) (y :B). y € BIGUNION (IMAGE fs) © J(x:a). x Es Ay Efx

(V(e :a). LIST_ELEM_COUNT e ([] :a list) = (0 :num)) A (V(e :B) (11 :B list) (12 :B list).
LIST_ELEM_COUNT e (I1 ++ 12) = LIST_ELEM_COUNT e I1 + LIST_ELEM_COUNT e I2) A (V(e
:v) (h :y) (1:y list). h = e = LIST_ELEM_COUNT e (h::l) = SUC (LIST_ELEM_COUNT e I)) A V(e
:8) (h :8) (I :6 list). h # e = LIST_ELEM_COUNT e (h::l) = LIST_ELEM_COUNT e |

V(s :a->bool) (t :a->bool) (x:a). (sNt)x & xESAXE L

V(P :a -> bool) (11 :a list) (12 :a list). EXISTS P (I1 ++ 12) < EXISTS P I1 V EXISTS P 12

V(Is :a list) (f :a # a -> B). MAP f (ZIP (Is,lIs)) = MAP (A(x :a). f (x,x)) Is

MAP (f :a->B) (I :a list) = (h :B)::(t :B list) & I(x0 :a) (t0 :a list). I=x0:t0 Ah=fx0O At =
MAP f t0

V(R :a ->a ->bool). symmetricR = SCR =R

V(11 :a list) (12 :a list). SHORTLEX (R :o -> a -> bool) 11 12 = LENGTH I1 < LENGTH 12

V(f:B->a->PB)(e:B)(x:a)(l:alist). FOLDLfe (SNOCxI)=f(FOLDLfel)x

V(P :(a -> bool) -> bool). P (@ :a -> bool) A (V(s :a->bool). FINITESAPs= V(e:a).e &s
= P (e INSERT s)) = V(s :a -> bool). FINITEs = P s

V(s :a -> bool). FINITE s = FINITE (REST s)




V(s :a -> bool). FINITE s = 3(f :num -> a) (b :num). BlJ f (count b) s

V(P :a -> bool) (11 :a list) (12 :a list). EVERY P |11 = dropWhile P (11 ++ 12) = dropWhile P |12

(OPTION_IGNORE_BIND (m1 :a option) (m2 :B option) = (NONE : option) & m1 = (NONE
:a option) V. m2 = (NONE :B option)) A (OPTION_IGNORE_BIND m1 m2 = SOME (y :B) ©
A(x :a). m1 = SOME x A m2 = SOME y)

V(P :a. -> bool) (I :a list). EVERY P | & -EXISTS (A(x :a). =P x) |

V(s :a->bool).s=U(:a) > V(v:a).VEs

V(n :num). SUC (m :num)=n=m<n

((if (P :bool) then SOME (x :a) else (NONE :a option)) = (NONE :a option) & -P) A ((if P
then (NONE :a option) else SOME x) = (NONE :a option) & P) A ((if P then SOME x else
(NONE :a option)) = SOME (y :a) © P Ax =y) A ((if P then (NONE :a option) else SOME x)
=SOMEy & -PAx=Y)

(some(x :bool). x) =SOME T

REDUNDANT_ROWS_INFOS_CONIJ ([] :bool list) ([] :bool list) = ([] :bool list) A
REDUNDANT_ROWS_INFOS_CONJ ((i1 :bool)::(is1 :bool list)) ((i2 :bool)::(is2 :bool list)) =
(i1 Ai2)::REDUNDANT_ROWS_INFOS_CONJ isl is2

V(I :num list list). SUM (FLAT I) = SUM (MAP SUM I)

V(x :a recspace) (y :a recspace). dest_rec x=dest_recy © x=y

((R1:a->a->bool) LEX (R2 :B -> B -> bool)) ((a :a),(b :B)) ((c:a),(d :B)) ©®RlacVa=cA
R2bd

(V(l:alist). ([]:alist) S T T) A (V(x:a) (1 :alist). x:I < ([] :alist) © F) AV(x1 :a) (11 :a
list) (x2 :a) (12 :alist). x2:2 < x1:l1 & x1=x2A12< 11

¥(n :num) (I :a list). n < LENGTH | = DROP n (REVERSE I) = REVERSE (BUTLASTN n I)

V(I :alist) (f :a->B) (x :B). MEM x (MAP fl) & F(y :a). x=fy AMEM y |

V(f:a->B) (s :p->bool) (t :B ->bool). s €t = PREIMAGE fs € PREIMAGE f t

PROD_ALL (P :a -> bool) (Q :B -> bool) ((x :a),(y :B)) @ PxAQy

V(R :a->a->bool) (x:a) (y:a). R*xy = R*xy

V(12 :a list) (I1 :a list). BUTLASTN (LENGTH 12) (11 ++12) =11

V(! :a list). LENGTH | = FOLDR (A(x :at) (I' :num). SUCI') (O :num) |

V(n :num) (I :a list). n < LENGTH | = LASTN n | = DROP (LENGTH | - n) |

V(t:bool). FVtet

V(f:o->B) (s :B -> bool). IMAGE f (PREIMAGE fs) C s

V(s:a->bool) (t:a->bool).sctesCStAI(y:a).yELtAYES

(R:a->a->bool)* (x:a)(z:a) ©®RxzV3I(y:a). RxyAR*yz

V(m :num) (n :num) (I :alist). m<n An < LENGTH | = BUTLASTN m (LASTN n I) = LASTN (n
- m) (BUTLASTN m |)

V(f:a->B) (P:a->bool) (Q:a->p->bool).f EDFUNSETPQ & V(x:a).x EP = fx € QX

(V(x:a). MEM x ([] :alist) © F) AV(x :a) (h :a) (t :a list). MEM x (h::t) © x=h V MEM x t

V(x :a) (s :a->bool). x € s & s DELETEx =s

((INL (a:a) :a+B) € (A:a->bool) U (B:B->bool) & a€A)A((INR(b:B):a+B)EALB
< b EB)

WEF (A(x :num) (y :num). y = SUC x)

V(L :num list) (n :num). SUM_ACCLn=SUML+n

INFINITE U(:a) © V(s :at -> bool). FINITEs = s c U(:a)




V(Is :a list list). FLAT Is = ([] :a list) © EVERY (5= ([] :a list)) Is

V(f:a->B). (V(s :B ->bool). INJ f (@ :a -> bool) s) A V(s :a->bool). INJ fs (@ :B->bool) &
s=(0 :a->bool)

V(I :a list) (f:a->B). (MAP f1=([]:Blist) & | =([]:alist)) A (([]:B list) = MAPfl = 1=([] :a
list))

V(I :num list). SUM | = FOLDR $+ (0 :num) |

V(R :a-> B -> bool) (11 :a list) (12 :B list) (n :num). LIST_RELR 112 = LIST_RELR (DROP n
11) (DROP n 12)

(some(x :a). F) = (NONE :a option)

V(f:o->B) (11 :a list) (12 :a list). MAP f (11 ++ 12) = MAP f [1 ++ MAP f 12

V(ig:a->a->a)(f:p->a->a). FCOMM g f= V(e :a). LEFT_ID ge = V(I1 :B list) (12 :B list).
FOLDR fe (I1 ++12) =g (FOLDR f e I11) (FOLDR f e 12)

P(x:a)=F ‘

V(R :a -> a -> bool). WeakLinearOrder R & WeakOrderRAV(a:a)(b:a). RabVRba

V(R :a-> B ->bool) (R':y -> a->bool). (Re,R)"=R'To,RT

V(x:a) (I :olist). x::1 = [x] ++ |

V(f:o->B) (I :alist). MAP f | = FOLDR (A(x :a) (I' :B list). f x::I') ([] :B list) |

V(x:a). x € U(:a)

U(:a+B) =U(:a) u U(:B)

V(s :a ->bool) (t :a ->bool) (g :a-> bool). (s DIFFt) n g=s N g DIFF t

V(Q :num -> bool) (P :num -> bool). (3(n :num). P n) A (V(n :num). (V(m :num). m<n=
-Pm)APn=Qn)= Q(SLEASTP)

V(xs :a list). FILTER (A(x :a). F) xs = ([] :a list)

V(f:a->B) (x:a) (s :a->bool). IMAGE f (x INSERT s) = f x INSERT IMAGE f s

V(11 :a list) (12 :at list). TAKE (LENGTH I1) (11 ++12) =11

V(I :a list list). FLAT | = FOLDR (S++ :a list -> a list -> at list) ([] :at list) |

(=LLEX (R :at -> a -> bool) ([] :a list) ([] :at list) A =LLEX R ((h1 :a)::(t1 :a list)) ([] :a list)) A
LLEX R ([] :a list) ((h2 :@)::(t2 :a list)) A (LLEX R (h1::t1) (h2::t2) © R h1 h2 V h1 = h2 A LLEX
Rt112)

V(I :a list). | ++ ([] :at list) = |

V(s :a->bool) (f :a -> B). f € FUNSET s (@ :B -> bool) & s = (0 :a -> bool)

V(b:bool).b=(beT)

V(I :a list) (x :a). ELL (O :num) (SNOC x |) = x

V(Is :a list). Is # ([] :a list) = MAP (f :a -> B) (FRONT Is) = FRONT (MAP f Is)

V(n :num). (0 :num) < SUCn

IMAGE (f:B->a) (s:B->bool)={(z:a)} & s# (0 :B->bool) AV(x:B).xEs=>fx=1z2

V(f:a->B->PB) (e :B) (I :alist). FOLDR fe | = FOLDL (A(x :B) (y :a). fy x) e (REVERSE 1)

V(11 :a list) (12 :a list) (a :@). IS_SUFFIX 1112 = IS_SUFFIX (a::I1) 12

V(x:a) (P:a->bool).x EP < Px

V(R :a -> a -> bool). StrongOrder R = Order R

V(n :num) (I :a list). n < LENGTH | = MEM (EL n 1) |

V(x:a) (y:a) (P :a->bool).x EYINSERTP & x=yVXzZyAXEP

OWHILE (G :a -> bool) (f :a-> a) (s :a) = SOME (s' :a) = -G s'




symmetric (R1 :a -> a -> bool) A symmetric (R2 :f -> B -> bool) = symmetric (R1 LEX R2)

V(P :a -> bool) (I :a list). PREFIXP | < |

V(s :a-> bool) (f :a->B). (A(t :p -> bool). INJ fs t) = Bl) fs (IMAGE f s)

V(s :a-> bool). s DIFF U(:a) = (@ :a -> bool)

V(t:bool)tAtet

(3(x :a). x € (s :a-> bool)) A (V(x :a). x Es = (P :a -> bool) x) = P (CHOICE s)




