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0.3 Changes History

Issue Rewvision : 2.2 (5 June 2016) Version which lists all fef theories as well as ProofPower the-
ories.

Issue 2.3 Removed dependency on ICL logo font

0.4 Changes Forecast

None.

1 GENERAL

1.1 Scope

This document contains listings of all the ProofPower release 0.4 theories which are used in the DRA
front end filter project RSRE 1C/6130.

1.2 Introduction

This document provides listings of all the theories in ProofPower release 0.4 and all the “fef” theories.
Some general library results are provided in work files wrk044, wrk046 and wrk049, which produce
theories fin_thms, lib_thms and wrk049 respectively. Theories fin_thms and lib_thms are supplied
with the ProofPower release 0.4. In addition, the theory cache_thms is listed. System functions use
this theory to cache various definitions and theorems eg. labelled product definitions.
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2 THE THEORY basic_hol

2.1 Parents

char

2.2 Children

cache' fef sets  combin one

2.3 Notes

This theory is a cache theory; its contents have not been listed.

3 THE THEORY bin_rel

3.1 Parents

hol

3.2 Children

fun_rel

3.3 Constants

$— 'a —='b—="a x'b

$x "aP—="bP —'a <+ b

$ "aP—-"bP— (la+<'b)P
Dom "a <+'b = "a P

Ran "'a < 'b - 'b P

1d "a P —'a < 'a

Graph ('a ’b)—>’aH’b

$3 (la = 'b) — (b—> c)—> a—'c
$R_g_ /aH/b—>/b<—> c—'a ¢
$R_o_R b 'e—="a'b—"a e
$< "aP—'a<'b—"a+"b
$> "a +'b—-"bP —'a+"b
$< "aP—'a<'b—"a+"b
$e> "a <'b—-"bP —'a+"b
InvRel "a <+'b—'"b+'a

$Image ’a<—>’b—> "aP —'bP
Reflexive (la < 'a) P

Symmetric ('a < 'a) P

Transitive (la < 'a) P
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Injective ("la < 'b) P

Surjective DP— (la+'b)P

Total "aP— (la+'b)P

Functional (la < 'b) P

$o "a <+'b—"a<'b—"a+"'b

$t "a < 'a > 'a +a

$* "a < 'a —'a < a

RelCombine ‘a < 'b —'a < 'c = "a + (b x '¢)

3.4 Aliases

9 $R.gR:'b<'a—"a<"c—="b+'c

o $R o R:"a+'c—>"b<'a—"b+'c

InvRel :'b & 'a — 'a < 'b

3.5 Type Abbreviations

'a P 'a P
"'a & 'b "'a < 'b
3.6 Fixity

Right Infix 240:

R_o_R R_;_R> > = ® g < <
Right Infix 280:

Image
Right Infix 300:

—

* + ~

Postfix 300:

3.7 Definitions

— F $— =8,

X FVazye(z xy)={(v,wlvezrAweuy}
> FVYzyox— y=P(z xy)

Dom FV re Dom r = {z|3 ye (z, y) € r}

Ran FV re Ran r = {y|3 ze (z, y) € r}

Id FVselds={(z,y)r=yANzes}

Graph FVY fe Graph f = {(z, y)|ly = f =}

5 EVfgefsg=golf

R_3_R FVYrsersgs={(z,z2)|3ye (z,y) €rA(y, z) € s}
R_o_R FYrseros=sgr

< FYarea<r={( ylre€an(z,y) €r}
> FYarers>a={(z, yly€an (z,y) €r}
< FYarea<dr=A{x yl-ze€aAn(z,y) €r}
B FYareresa={(z,yl-yecan(zy er}
InvRel VY orer ™~ ={(z, y)l(y, z) € r}
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Image FVrserImages = {yl3zexecsA(z,y) €r}
Reflexive F Reflexive = {r|V ze (z, z) € r}
Symmetric F Symmetric = {r|V = yo (z, y) € r = (y, z) € r}
Transitive F Transitive
={riVzyze(z,y) ernly, z)er=(z,z2) €r}
Injective F Injective
={riVzyze(z,2)erA(y,z)er=z=y}
Surjective FV se Surjective s = {r|s = Ran r}
Total F V se Total s = {r|s = Dom r}
Functional F Functional
={rVazwze (z,w)erA(z,z)er=w=z}
@ FYrser@®s=(Doms<r)Us
+ FVrert =0N{qr CqA q€ Transitive}
* FVr
o *
=N A{q|lr € q N q € Reflexive N q € Transitive}
RelCombine FV f g

o RelCombine f ¢
= {(z, y, (=, y) € f A (z, 2) € g}

3.8 Theorems

rel_c_in_clauses

FVYabzxaxl yzrrlr2stqf
e (z—yers(z,y €r)
A((z,y) €(axb) e&xe€aNyebd)
AN(rea<+bsrC(axhb)
(z € Dom r < (3 ye (z, y) € 1))
y € Ran r & (3 ze (z, y) € 1))

)
& (Fye(z,y) er Ay, 2)€s))

AN((z,z)e€sor e (z,2)€rygs)

AN((z,y) €Eadrexzecal(zy) €r)
AN({(z,y)er>besyebA(z,y er)
AN((z,yy €adre-xe€al(z,y €r)
AN(z,y) erpbesyebA(z,y) €r)
ANy, z)er™ e (z,y) €r)

A(y € rImage a < (3 zez € a A (z,y) €r))
A (q € Reflezive < (V ze (z, z) € q))

A (g € Symmetric

< (V zl 220 (21, 22) € ¢ = (22, z1) € q))
(¢ € Transitive

< (Vxl 22 28

o (x1,22) € g N (22, 28) € q = (1, 3) € q))
A (r € Injective

< (Val 22y
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o (x1,y) €r AN (z2,y) €r=xl =12))

A (r € Surjective b
& Vyeyecbe (3ae (z,y) €r))

A (r € Total a

& Vzezr eas (Fye (z,y) €r)))
A (r € Functional
< (Vo yl y2
o (z,yl) € A(z,y2) €7 = yl = y2))
((z, y) € r1 @ r2
& (2, y) € (Dom 2 < r1) U 12)

((z, y, z) € RelCombine r t
S (z,y) €rA(z,2) €t)

>

A

bin_rel_ext_clauses
FVYorlr2
o (rl C r2
& Vo ye(z,y) erl = (z,y) € 12)
A3z ye—(z,y) erl A (x, )67“2))
AN(rl Cr2 e (Vo ye (z,y) €
AN(rl =r2 & (Vxye (z,y) €
inv_rel_thm FYfabd
e (f ~ € Functional & f € Injective)
A (f ~ € Injective < f € Functional)
A (f ~ € Surjective a < f € Total a)
A (f ~ € Total b < f € Surjective b)
bin_rel_@_universe_thm
EYfgr0orl abd
e (Dom r0 = {} & r0 = {})
A (Ran 0 = {} & r0 = {})
A Dom {} = {}
A Ran {} = {}

A Dom Universe = Universe

A Ran Universe = Universe
ANdro={}=r0=1{}

AT} = {)

A(r0~ =A{} & r0 ={})

NPT =1}

A Universe ~ = Universe

A0 g {} ={}

Ao 0 = {}

AN{} =104 rl < Ran r0 N Dom r1 = {})
A (r0 3 rl ={} < Ran r0 N Dom r1 = {})
A RelCombine r0 {} = {}

A RelCombine {} r0 = {}

A 10 Image {} = {}

A A{} Image a = {}

Nfe{t=f

Njerf=f
Nfog={ef={nrng={}
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bin_rel_insert_thm

Nf=0Onrg={=feg=1{}
Nfeg={erf={3rg={}
A f @ Universe = Universe

A Universe € r0 = {}
a<{}=1{}

{} «r0 =10

Universe < r0 = r0
a<{}={}

{} <ro=1{}

r0 & Universe = {}

{} 2 b=1{}

r0 & {} = r0

r0 > Universe = r0
fob=1{

0> {) =)

>>>>>>> > > > >

FYabraxayy
e Dom (Insert (z, y) r) = Insert x (Dom 1)

A Dom (Insert xy r) = Insert (Fst zy) (Dom 1)
A Ran (Insert (z, y) r) = Insert y (Ran r)
A Ran (Insert xy r) = Insert (Snd zy) (Ran r)
A Id (Insert © a) = Insert (z, z) (Id a)
A Insert (z, y) v Image a

= r Image a U (if © € a then {y} else {})
A Insert (xz, y) r & b

=(re b)U(if -y ebthen {(z, y)} else {})
A Insert (z, y) r > b

=(r>b)U(if y€bthen {(z, y)} else {})
A a <4 Insert (z, y) r

=(a<gr)U (if -z € athen {(z, y)} else {})
A a < Insert (z, y) r

=(a<r)U (if x € a then {(z, y)} else {})
A Insert (z, y) r ~ = Insert (y, z) (r ™)

4 THE THEORY cache’fef

4.1 Parents

basic_hol

4.2 Children

Jef004

4.3 Notes

This theory is a cache theory; its contents have not been listed.
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5 THE THEORY char
5.1 Parents

list
5.2 Children

basic_hol

5.3 Constants

IsCharRep Worth — Bool

AbsChar Worth — Char
RepChar Char — Worth
5.4 Types

Char

5.5 Type Abbreviations

STRING Text

5.6 Definitions

IsCharRep
is_char_rep_def

FV ze IsCharRep © < © < 256
CHAR
char_def F d fe TypeDefn IsCharRep f
AbsChar
RepChar
abs_char_rep_char_def

F (V ae AbsChar (RepChar a) = a)

A (V re IsCharRep r < RepChar (AbsChar r) = r)

6 THE THEORY combin
6.1 Parents
basic_hol

6.2 Children

sum
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6.3 Constants

$o (b —"¢c) = (la—="b) = "a—"c
CombS (la—="b—"¢c) = (la—="b) ="a—="c
CombK 'a —-'b = "a

Combl 'a = 'a

6.4 Fixity

Right Infix 300:

6.5 Definitions

o
o_def FYfgae(fog) z=FfI(g2)
CombS

comb_s_def FYfgaxe CombS fgzx=fuz(gczx)
CombK

comb_k_def FVYazye CombK zy==c

ComblI

comb_i_def FV ze Combl x = x

6.6 Theorems

s_k_thm FV ze CombS CombK z = Combl
o_assoc.thm +FVYfghefogoh=(fog) oh
o_i_thm FV fe Combl of =f AN f o Combl =f

7 THE THEORY dyadic

7.1 Parents

7.2 Children

R

7.3 Constants

$ N—-N-=>N

$dy_times DYADIC — DYADIC — DYADIC
dy_one DYADIC

$dy_exp DYADIC — N — DYADIC
$dy_less DYADIC — DYADIC — BOOL
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7.4 Type Abbreviations

DYADIC DYADIC
7.5 Fixity

Right Infix 210:

dy_less
Right Infix 310:

dy_exp dy_times
Right Infix 320:

~

7.6 Definitions
- Viei~0=1)ANNVimei~(m+1)=1ix%i " m)

(m, 9) (n, 7)

}_
dy_times VY
o (m, i) dy_times (n,j) = (2 mxn+ m + n, i + j)
d

dy_one F dy_one = (0, NZ 0)
dy_exp F(V ze x dy_exp 0 = dy_one)
AV z mex dy_exp (m + 1) =z dy-times x dy_exp m)
dy_less FV (m, i) (n, j)
e (m, i) dy_less (n, j)
< (Jabd

eNZa+i=NZb+j
N2 ax(2xm+1)<2 bx(2xn+1))

7.7 Theorems

dy_less_irrefl_thm
FV ze - x dy_less x
dy_less_antisym_thm
FVYaxye— (zdylessy ANy dy_less x)
dy_less_trans_thm
FVYazyzexdylessy Ay dyless z= x dy_less z
dy_less_trich_thm
FVYzye =y =z dylessyVydylessx
dy_times_comm_thm
FVYaxyex dy_times y = y dy_times x
dy_times_assoc_thm
FYaxyz
o (z dy_times y) dy-times z = x dy-times y dy_times z
dy_times_order_thm
FYuzxy
e x dy_times u = u dy_times x
A (u dy_times x) dy_times y
= u dy_times z dy_times y
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Az dy-times u dy_times y
= u dy_times T dy_times y
dy_times_unit_thm
FVY xe x dy_times dy_one = x
dy_times_unit_clauses
FV xe x dy_times dy_one = x N\ dy_one dy_times x = x
dy_exp_clauses
FVzmn
oz dy_exp (m + n) = (z dy_exp m) dy_times = dy_exp n
ANz dy_exp 0 = dy_one
ANxdy_-exp 1 ==
Az dy-exp 2 = x dy_times z
AN x dy_exp 8 = ¢ dy_times x dy_times x
dy_times_mono_thm
FYaxyz
o y dy_less z = x dy_times y dy_less © dy_times z
dy_times_mono_thml
FYzyz
e y dy_less z = y dy_times x dy_less z dy_times x
dy_times_mono_thm2
FYzyvw
o x dy_less y A v dy_less w
= x dy_-times v dy_less y dy_times w
dy_times_mono_<_thm
FVYzyz
o x dy_times y dy_less x dy_times z < y dy_less z
dy_arch_thm + V z ye dy_one dy_less © = (3 te y dy_less = dy_exp t)
dy_balance_thm1l
FVY ze d ye dy_one dy_less x dy_times y
dy_balance_thm2
FVY ze dye x dy_times y dy_less dy_one
dy_right_dense_thm
FYaxy
o x dy_less y
= 3z
e x dy_less x dy_times z
Az dy_times z dy_less y)
dy_less_dense_thm
FVY a2z yex dyless y= (3 ze x dy_less z A z dy_less y)
dy_left_dense_thm
FYzy
o x dy_less y
= (32
e 1 dy_less y dy_times z
Ay dy-times z dy-less y)
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8 THE THEORY {ef003

8.1 Parents

wrk049
8.2 Children

fef040  fef004

8.3 Constants

$glb Class — Class — Class
$lub Class — Class — Class
lattice_top Class
lattice_bottom

Class
$dominates Class — Class — BOOL
same_ins Class

— ("QUERY x Class) LIST +» (QUERY x Class) LIST

same_outs Class — (Class x '"DATA) LIST « (Class x 'DATA) LIST
secure ('QUERY, 'DATA) BEHAVIOURS P
8.4 Types
Class

8.5 Type Abbreviations

(QUERY,’'DATA) BEHAVIOURS
('QUERY, 'DATA) BEHAVIOURS

8.6 Fixity

Right Infix 150:

dominates
Right Infix 250:

glb lub
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8.7 Definitions

dominates
lattice_bottom
lattice_top

lub
glb F ConstSpec
(A
(dominates’, lattice_bottom’, lattice_top’,
lub', glb")
eV yz
e dominates’ z x
A (dominates’ x y A dominates’ y x = x = y)
A (dominates’ x y A dominates’ y z
= dominates’ © z)
A (V ze dominates’ x lattice_bottom')
A (V ze dominates’ lattice_top’ )
ANNVzyz
e dominates’ (lub" z y)
A dominates’ (lub z y) y
A (dominates’ z x A dominates’ z y
= dominates’ z (lub’ = y)))
ANNVzyz
e dominates’ x (glb' = y)
A dominates’ y (glb" = y)
A (dominates’ x z A dominates’ y z
= dominates’ (glb’ x y) 2)))
($dominates, lattice_bottom, lattice_top, $lub,
$glb)
same_ins F V clear sil si2

o (sil, si2) € same_ins clear
< (let v = {(q, c)|clear dominates c}
in sil [ v=si2 | v)
same_outs F V clear sol so2
e (sol, so2) € same_outs clear
< (let v = {(¢, d)|clear dominates c}
in sol [ v =502 | v)
secure FV bm
e bm € secure
< (V clear sil si2
o (sil, si2) € same_ins clear
= (bm sil, bm si2) € same_outs clear)

9 THE THEORY fef004

9.1 Parents
cache' fef fef003
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9.2 Children

fef005

9.3 Constants

Num Worth P
Ide Ide P
I_exponent Int — Worth
I_mantissa Int — Worth
MkInt Worth — Worth — Int
F_exponent Float — Worth
F_mantissa Float — Worth
MkFloat Worth — Worth — Float
accessDenied Worth
rowClassTooLow

Worth
fieldClassOutOfRange

Worth
noNulls Worth
nonUniqueValues

Worth
nonUniformValues

Worth
ambiguousHaving

Worth
ambiguousEvaluate

Worth
noSuchDirectory

Worth

noSuchTable Worth
classChange Worth
downGrade Worth

underClassified
Worth
mayNotBeComplete
Worth
ambiguousUpdate
Worth
ambiguousColumn
Worth
noSuchColumn Worth
nullValue Worth
wrongType Worth
tooTall Worth
tooWide Worth
notCleared Worth
error Worth
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priceless Worth

sterling Worth

dinary Worth

worthless Worth

ExceptionVal Val

ClassVal Class — Val

CodeVal Code — Val

IntervalVal Interval — Val

TimeVal Time — Val

FloatVal Float — Val

IntVal Int — Val

StringVal Ide — Val

BoolVal Bool — Val

VoidVal Val

VI_val Valuedltem — Val

VI_worth ValuedItem — Worth

MkValuedItem Worth — Val — ValuedItem

NullltemItem Nullltem — Item
ValuedItemItem

ValuedItem — Item
Dat_item Data — Item
Dat_class Data — Class
MkData Class — Item — Data
DataS Data P
DataUpdate Data — Update
ClassUpdate  Class — Update
ItemUpdate Item — Update
isData Update — Bool
isClass Update — Bool
isTtem Update — Bool
destData Update — Data
destClass Update — Class
destItem Update — Item
CS_max ColSpec — Class
CS_min ColSpec — Class
CS_consGroup ColSpec — Worth
CS_default ColSpec — Data
CS_nullType  ColSpec — Bool

CS_sterlingType

CS_dinaryType

CS_posn
CS_ide
MkColSpec

ColSpec — Type

ColSpec — Type
ColSpec — Worth
ColSpec — Ide
Ide

— Worth

— Type

— Type
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R_group
R_table
MkReference

CC_referential

— Bool

— Data

— Worth

— Class

— Class

— ColSpec
Reference — Worth
Reference — Tab
Tab — Worth — Reference

ColCon — Reference LIST

CC_secondary ColCon — Bool

CC_primary

ColCon — Bool

CC_classLimited

CC_unique
CC_uniform
CC_exist
MkColCon

ColConS
R_data

R _exist
MkRow
RowS
TS_rows
TS_cons
TS_colspecs
TS_maxRow
TS_class
MkTableSpec

TableSpecS
Dir_class
Dir_exist
Dir_tables
MkDirectory
DirectoryS

ColCon — Bool
ColCon — Bool
ColCon — Bool
ColCon — Class
Class
— Bool
— Bool
— Bool
— Bool
— Bool
— Reference LIST
— ColCon
ColCon P
Row — Worth < Data
Row — Class
Class — Worth < Data — Row
Row P
TableSpec — Row LIST
TableSpec — Worth +» ColCon
TableSpec — ColSpec P
TableSpec — Class
TableSpec — Class
Class
— Class
— ColSpec P
— Worth < ColCon
— Row LIST
— TableSpec
TableSpec P
Directory — Class
Directory — Class
Directory — Ide < TableSpec
Ide < TableSpec — Class — Class — Directory
Directory P
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IdeL Tab P
StateS StateR P
isState StateR — Bool
isError "a + "Error — Bool
isVal "a + "Error — Bool
destError "a + "Error — 'Error
destVal "a + "Error — 'a
giveError "Error — 'a + 'Error
giveVal "a — "a + 'Error
SelectEffect Select — Effect
UpdateEffect UpDate — Effect
DeleteEffect Delete — Effect
InsertEffect Insert — Effect
isSelect Effect — Bool
isUpdate Effect — Bool
isDelete Effect — Bool
isInsert Effect — Bool
destSelect Effect — Select
destUpdate Effect — UpDate
destDelete Effect — Delete
destInsert Effect — Insert
tabFromEffect

Effect — Tab
9.4 Aliases
null One : Nullltem
monolean One : Nullltem
boolean One : Nullltem
chars One : Nullltem
integer One : Nullltem
floating One : Nullltem
time One : Nullltem
interval One : Nullltem
class One : Nullltem
9.5 Types
Int
Float
Time
Interval
Code
ValuedItem
Data
ColSpec
Reference
ColCon
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Row
TableSpec
Directory
State

9.6 Type Abbreviations

Char Char
String Ide
Num Worth
Bool Bool
Ide Ide
Error Worth
Worth Worth
Val Val
Nullltem Nullltem
Item Item
Update Update
Type Type
Errors Errors
Tab Tab
StateR StateR
Insert Insert
Delete Delete
UpDate UpDate
Select Select
Effect Effect

9.7 Definitions

Num F Num = Universe

Ide F Ide = Universe

Int F 3 fe TypeDefn (A zo T) f
MkInt

I_mantissa
I_exponent

Float
MkFloat
F_mantissa
F_exponent

error
notCleared

FVYtaxl z2
o I_mantissa (MkInt x1 z2) = x1
A I_exponent (MkInt x1 z2) = x2

A MEkInt (I_mantissa t) (I_exponent t) =t

F 3 fe TypeDefn (A zo T) f

FVtal a2
o F_mantissa (MkFloat 1 x2) = x1
A F_exponent (MkFloat z1 z2) = z2

N MEkFloat (F_mantissa t) (F_exponent t) = t
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tooWide
tooTall
wrongType
nullValue
noSuchColumn
ambiguousColumn
ambiguousUpdate
mayNotBeComplete
underClassified
downGrade
classChange
noSuchTable
noSuchDirectory
ambiguousEvaluate
ambiguousHaving
nonUniformValues
nonUniqueValues
noNulls
fieldClassOutOfRange
rowClassTooLow
accessDenied | error = 1

A notCleared = 2
tooWide = 8
tooTall = 4
wrongType = 5
nullValue = 6
noSuchColumn = 7
ambiguousColumn = 8
ambiguousUpdate = 9
mayNotBeComplete = 10
underClassified = 11
downGrade = 12
classChange = 13
noSuchTable = 14
noSuchDirectory = 15
ambiguousFEvaluate = 16
ambiguousHaving = 17
nonUniform Values = 18
nonUnique Values = 19
A noNulls = 20
A fieldClassOutOfRange = 21
A rowClassTooLow = 22
A accessDenied = 23

>>>>>>>>>>>>> > > > >

worthless

dinary

sterling

priceless F worthless = 1
A dinary = 2
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A sterling = 8
A priceless = J
VoidVal
BoolVal
StringVal
IntVal
FloatVal
TimeVal
IntervalVal
CodeVal
ClassVal
ExceptionVal +VY bsiftneccl
e VoidVal = InL class
A BoolVal b = InR (InL b)
A StringVal s = InR (InR (InL s))
A IntVal @ = InR (InR (InR (InL 7)))
A FloatVal f = InR (InR (InR (InR (InL f))))
A TimeVal t = InR (InR (InR (InR (InR (InL t)))))
A IntervalVal n
= InR (InR (InR (InR (InR (InR (InL n))))))
A CodeVal ¢
= InR
(InR (InR (InR (InR (InR (InR (InL c)))))))
A ClassVal cl
= InR
(InR
(InR
(InR
(InR
(InR
(InR (InR (InL cl)))))))
A EzceptionVal
= InR
(InR
(InR
(InR
(InR
(InR
(InR
(InR
(InR
class))))))
ValuedItem F 3 fe TypeDefn (A zo T) f
MkValuedItem
VI_worth
VI_val FYtal x2

o VI_worth (MkValuedItem z1 z2) = z1
A VI_val (MkValuedltem z1 z2) = x2
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A MkValuedltem (VI_worth t) (VI_val t) =t

ValuedItemItem
NullltemItem FV v n

Data
MkData
Dat_class
Dat_item

DataS

ItemUpdate
ClassUpdate
DataUpdate

isItem
isClass
isData

destItem
destClass
destData

ColSpec
MkColSpec
CS_ide
CS_posn

CS_dinaryType

o ValuedltemlItem v = InL v N NullltemlItem n = InR n
F 3 fe TypeDefn (A zo T) f

FVYtal 22
e Dat_class (MkData z1 z2) = z1
A Dat_item (MkData x1 z2) = z2
A MkData (Dat-class t) (Dat_item t) =t
F DataS = Universe

FVYicd
o [temUpdate i = InL i
A ClassUpdate ¢ = InR (InL c)
A DataUpdate d = InR (InR d)

FYu
o (isltem u < (3 ie u = ItemUpdate 1))
A (isClass v < (3 ce u = ClassUpdate c))
A (isData v < (3 de u = DataUpdate d))

= ConstSpec
(X (destltem’, destClass’, destData’)
eVicd
o destltem’ (ItemUpdate i) = i
A destClass' (ClassUpdate ¢) = ¢
A destData’ (DataUpdate d) = d)
(destltem, destClass, destData)
F 3 fe TypeDefn (X zo T) f

CS_sterlingType

CS_nullType

CS_default

CS_consGroup

CS_min
CS_max

FYtal 22 28 x4 x5 6 x7 28 9
o CS_ide (MkColSpec 1 z2 z3 x4 x5 26 7 28 29) = x1
A CS_posn (MkColSpec z1 z2 x3 x4 x5 x6 =7 28 9)
= z2
A CS_dinaryType
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(MEkColSpec x1 x2 z3 x4 x5 x6 x7 x8 x9)
= 28
N CS_sterling Type
(MkColSpec z1 z2 z3 x4 x5 x6 =7 28 9)
= ;1;4
A (CS_nullType
(MEColSpec z1 z2 x3 x4 x5 x6 z7 28 9)
< xh)
A CS_default
(MKkColSpec x1 x2 z3 x4 x5 x6 z7 x8 x9)
= 26
A CS_consGroup
(MkColSpec z1 z2 x3 x4 x5 x6 =7 28 z9)
=7
A CS_min (MkColSpec x1 x2 x8 x4 x5 x6 z7 x8 x9)
= a8
A CS_maz (MkColSpec x1 x2 z3 x4 x5 x6 x7 x8 x9)
= z9
N MEkColSpec
(CS_ide t)
(CS_posn t)
(CS_dinaryType t)
(CS_sterlingType t)
(CS_nullType t)
(CS_default t)
(CS_consGroup t)
(
(

CS_min t)
CS_maz t)
=1
Reference F 3 fe TypeDefn (A zo T) f
MkReference
R_table
R_group FYtal x2

o R_table (MkReference z1 12) = x1
A R_group (MkReference x1 x2) = x2
N MFkReference (R_table t) (R_group t) =t
ColCon F 3 fe TypeDefn (A zo T) f
MkColCon
CC_exist
CC_uniform
CC_unique
CC_classLimited
CC_primary
CC_secondary
CC_referential
FYtaxl 22 28 x4 x5 x6 x7
o CC_exist (MkColCon z1 2 x3 x4 x5 26 z7) = x1
A (CC_uniform (MkColCon x1 x2 x8 x4 x5 z6 z7)
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< x2)
A (CC_unique (MkColCon x1 x2 x8 x4 x5 z6 z7)
)
A (CC_classLimited
(MEkColCon x1 x2 x3 x4 x5 26 z7)
& z4)
A (CC_primary (MkColCon z1 z2 z3 x4 x5 x6 z7)
< xh)
A (CC_secondary (MkColCon x1 x2 x8 x4 x5 z6 z7)
< 16)
N CC_referential (MkColCon z1 x2 x3 x4 x5 26 z7)
=7
A MEkColCon
(CC_ezist t)
(CC_uniform t)
(CC_unique t)
(CC_classLimited t)
(CC_primary t)
(CC_secondary t)
(CC_referential t)
=1

ColConS F ColConS = Universe
Row F 3 fe TypeDefn (A zo T) f
MkRow

R _exist

R_data FVYitaxl 22

o R_exist (MkRow z1 z2) = x1
A R_data (MkRow z1 z2) = x2
A MkRow (R_exist t) (R_data t) =t

RowS F RowS = {r|let data = R_data r in data € Num -+ DataS}
TableSpec F 3 fe TypeDefn (A zo T) f

MkTableSpec

TS_class

TS_maxRow
TS_colspecs
TS_cons
TS_rows FYtaxl 22 28 x4 x5
o TS_class (MkTableSpec x1 z2 x3 x4 z5) = xl
A TS_mazRow (MkTableSpec x1 z2 x8 x4 x5) = 22
N TS _colspecs (MkTableSpec x1 x2 z3 x4 z5) = z3
A TS_cons (MkTableSpec x1 2 x3 x4 z5) = x4
A TS_rows (MkTableSpec x1 z2 x3 x4 z5) = x5
N MkTableSpec
(TS_class t)
(TS_mazRow t)
(TS_colspecs t)
(TS_cons t)
(TS_rows t)
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=1
TableSpecS F TableSpecS
= {ts
|let ecns = TS_cons ts and rows = TS_rows ts
in cns € Num -+ ColConS
A (Y rer € rows = r € RowS)}

Directory F 3 fe TypeDefn (A zo T) f
MkDirectory

Dir_tables

Dir_exist

Dir_class FVYitaxl 22 28

o Dir_tables (MkDirectory x1 z2 z3) = x1
A Dir_exist (MkDirectory z1 z2 z3) = z2
A Dir_class (MkDirectory xz1 x2 z3) = x8
A MkDirectory
(Dir_tables t)
(Dir_exist t)
(Dir_class t)

=1
DirectoryS F DirectoryS = {d|Dir_tables d € Ide - TableSpecS'}
IdeL F IdeL = Universe
StateS F StateS = Idel - DirectoryS
isState FV se isState s < s € StateS

state_type_def
F 3 fe TypeDefn isState f

giveVal
giveError
destVal
destError
isVal
isError F ConstSpec
(A
(giveVal', giveError', destVal', destError’,
isVal', isError’)
eV v e ve
e giveVal' v = InL v
A giveError’ e = InR e
A destVal' (giveVal' v) = v
A destError’ (giveError’ e) = e
A (isVal' ve & (3 vie ve = giveVal vy))
A (isError’ ve
& (3 e ve = giweError' e;)))
(giveVal, giveError, destVal, destError, isVal,
isError)
InsertEffect
DeleteEffect
UpdateEffect

SelectEffect FVidus
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e InsertEffect 1 = InL 1
A DeleteEffect d = InR (InL d)
A UpdateEffect w = InR (InR (InL u))
A SelectEffect s = InR (InR (InR s))

isInsert
isDelete
isUpdate
isSelect FVe
o (isInsert e < (3 ie e = InsertEffect 1))
A (isDelete e < (3 de e = DeleteEffect d))
A (isUpdate e < (3 ue e = UpdateEffect u))
A (isSelect e < (3 se e = SelectEffect s))
destInsert
destDelete
destUpdate
destSelect = ConstSpec
(A
(destInsert’, destDelete’, destUpdate’,
destSelect’)
eVidus
e destInsert’ (InsertEffect i) = i
A destDelete’ (DeleteEffect d) = d
A destUpdate’ (UpdateEffect u) = u
A destSelect’ (SelectEffect s) = s)
(destInsert, destDelete, destUpdate, destSelect)
tabFromEffect

= ConstSpec
(X tabFromEffect’
eV idu
o tabFromEffect’ (InsertEffect i) = Fst i
A tabFromEffect’ (DeleteEffect d) = Fst d
A tabFromEffect’ (UpdateEffect u) = Fst u)
tabFromEffect

9.8 Theorems

dominates_consistent
lattice_bottom_consistent
lattice_top_consistent
lub_consistent
glb_consistent
F Consistent
(A
(dominates’, lattice_bottom’, lattice_top’,
lubd’, glb")
eV oy z
e dominates’ z x
A (dominates’ x y A dominates’ y x = x = y)
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A (dominates’ © y A dominates’ y z
= dominates’ z z)
A (V ze dominates’ x lattice_bottom')
A (V ze dominates’ lattice_top’ x)
ANNVzyz
o dominates’ (lub’ z y)
A dominates’ (lub’ = y) y
A (dominates’ z x N\ dominates’ z y
= dominates’ z (lub’ z y)))
ANNVzyz
e dominates’ z (glb' = y)
A dominates’ y (glb’ x y)
A (dominates’ x z N dominates’ y z
= dominates’ (glb’ x y) 2)))

10 THE THEORY {ef005
10.1 Parents

fef004
10.2 Children

fefo14

10.3 Constants

absState StateR — State
repState State — StateR
cleanColCons Class — TableSpec — Worth < ColCon x ColSpec P
filterRow ColSpec P — Worth <> Data — Worth < Data
Hidden Ide
dummyVal Val
replaceData Class — Data — Data
cleanRow Class — ColSpec P — Row — Row
cleanRows Class — ColSpec P — Row LIST — Row LIST
cleanTable Class — TableSpec — TableSpec
cleanDirectory

Class — Directory — Directory
hideR Class x StateR — StateR
hide Class x State — State
reveal Row Class — TableSpec — Worth <> Worth

replaceRows TableSpec — Row LIST — TableSpec
changeSpec Tab — TableSpec — StateR — StateR
visibleCols Class — TableSpec — ColSpec P
tabExists Class — Tab — StateR — Bool
getTable Tab — StateR — TableSpec
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colDefaults Class — TableSpec — Worth < Data — Worth < Data
insertQuery
Class x Insert x StateR x TableSpec — StateR x Errors
deleteQuery
Class x Delete x StateR x TableSpec — StateR
updateField Class — Class — Update x Data — Data + Worth
updateRow Class — Class — Worth <> Update X Row — Row + Errors
updateQuery
Class x UpDate x StateR x TableSpec — StateR x Errors
updateStateR Class x (Effect x Errors) x StateR
— StateR x Class x Select x FErrors
updateState Class x (Effect x Errors) x State
— State x Class x Select x Errors

10.4 Definitions

repState
absState F ConstSpec
(A (repState’, absState’)
o (V ae absState’ (repState’ a) = a)

AN T

e isState r = repState’ (absState’ r) = r)
VAN (V a; as

e repState’ a; = repState’ ap & a; = ay)
A (V r; ro

e isState r; A isState 7o
= (absState’ r; = absState’ Ty
<~ Ty = 7’2))
A (V se isState (repState’ s)))
(repState, absState)
cleanColCons F V clear ts
e cleanColCons clear ts
= (let ccs
= TS_cons ts
> {cc|clear dominates CC_exist cc}
in (ccs, {col|CS_consGroup col € Dom ccs}))
filterRow FV cols ds
e filterRow cols ds
= {n|3 ce ¢ € cols N CS_posn ¢ = n} < ds
Hidden FT
dummyVal F dummyVal = StringVal Hidden
replaceData FV clear d
e replaceData clear d
= (if — clear dominates Dat_class d
then
MkData
(Dat_class d)
(ValuedItemItem

Page 29 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

(MEkValuedItem worthless dummyVal))
else d)
cleanRow F V clear cols r
o cleanRow clear cols r
= MkRow
(R_exist )
(filterRow cols (R_data 1)
s Graph (replaceData clear))
cleanRows F V clear cols rs
e cleanRows clear cols s
= Map
(cleanRow clear cols)
(rs | {r|clear dominates R_exist r})
cleanTable F V clear ts
o cleanTable clear ts
= (if — clear dominates TS_class ts
then
Mk TableSpec
(TS_class ts)
(TS_class ts)

{
{}
[

else
(let (ccs, cols) = cleanColCons clear ts
i MkTableSpec
(TS_class ts)
(TS_mazRow ts)
cols
ccs
(cleanRows clear cols (T'S_rows ts))))
cleanDirectory
VY clear dir
e cleanDirectory clear dir
= MkD:irectory
(if clear dominates Dir_class dir
then
Dir_tables dir § Graph (cleanTable clear)
else {})
(Dir_exist dir)
(Dir_class dir)
hideR FV clear s
e hideR (clear, s)
= (s > {dir|clear dominates Dir_exist dir})
s Graph (cleanDirectory clear)
hide =V clear s
e hide (clear, s)
= absState (hideR (clear, repState s))
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revealRow

replaceRows

changeSpec

visibleCols

tabExists

getTable

colDefaults

insertQuery

F V clear ts
o revealRow clear ts
= (let wvisiblerows
= {r|clear dominates R_exist r}
in Squash
(Id
(Dom
(ListRel (TS _rows ts)
> visiblerows))))
FVYtsrs
e replaceRows ts rs
= MkTableSpec
(TS_class ts)
(TS_mazRow ts)
(TS_colspecs ts)
(TS_cons ts)
TS
FVYitss
e changeSpec i ts s
= (let dir = s Q Front i
in let dir’
= MkDirectory
(Dir_tables dir @ {(Last i, ts)})
(Dir_exist dir)
(Dir_class dir)
in s ® {(Front i, dir')})
F V clear ts
e visibleCols clear ts = Snd (cleanColCons clear ts)
FYcis
o tabExists ¢ 1 s
& Front i € Dom s
A ¢ dominates Dir_exist (s @ Front 1)
A ¢ dominates Dir_class (s @ Front 1)
A Last © € Dom (Dir_tables (s Q@ Front 1))
FVYis
e getTable i s = Dir_tables (s Q@ Front i) @Q Last i
F V clear ts ds
e colDefaults clear ts ds
= ds
& {(n, d)
ERE
o - ¢ € wisibleCols clear ts
A n = CS_posn ¢
A d = CS_default c}

=V clear i ds s ts
e insertQuery (clear, (i, ds), s, ts)
= (let rl
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= Map
(MEkRow clear o colDefaults clear ts)
ds
i if = Elems rl C RowS
then (s, [ambiguousColumn))
else
(changeSpec
i
(replaceRows ts (T'S_rows ts Q 1))
s, 1))
deleteQuery
FV clear i ns e s ts
e deleteQuery (clear, (i, ns), s, ts)
= (let ns' = revealRow clear ts Image ns
in let ns”
= ns’
N {i
|R_exist (Nth (TS_-rows ts) i) = clear}
in let rs
= Extract
(1 .. # (TS_rows ts) \ ns")
(TS_rows ts)
in changeSpec i (replaceRows ts 1s) s)
updateField F V clear table_class table_d u
e updateField clear table_class (u, table_d)
= (if clear = table_class
then
if isltem u
then
give Val
(MkData (Dat-_class table_d) (destitem u))
else if isClass u
then
if destClass u dominates Dat_class table_d
then
give Val
(MkData
(destClass u)
(Dat_item table_d))
else giweError downGrade
else giveVal (destData )
else if isltem u
then
if Dat_class table_d dominates clear
then
give Val
(MkData (Dat-class table_d) (destitem u))
else giveError underClassified
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else giveError classChange)
updateRow F V clear table_class us r
o updateRow clear table_class (us, r)

= (if = us € Functional
then giveError [ambiguousUpdate]

else
(let us'
= RelCombine us (R_data r)
s Graph
(updateField clear table_class)
in let es
= (us’ > {z|isError z})
s Graph destError
in if es ={}
then
give Val
(MkRow
(R_exist )

(R_data v & us’ 3 Graph destVal))
else giveError (RelList (Squash es))))
updateQuery
FV clear i us s ts
e updateQuery (clear, (i, us), s, ts)
= (let colnums
ERE
e ¢ € visibleCols clear ts
A CS_posn ¢ = n}
in if - us € Functional
then (s, [ambiguousUpdate])
else if = Dom (U (Ran us)) C colnums
then (s, [noSuchColumn))
else
(let us’ = revealRow clear ts ™~ 4 us
i let pr
= RelCombine
us’
(ListRel (TS_rows ts))
s Graph
(updateRow clear (TS_class ts))
n let es
= (pr > {zl|isError z})
s Graph destError

in if es ={}
then
let s
= RellList

(ListRel (TS_rows ts)
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@ pr
s Graph destVal)
in (changeSpec
i
(replaceRows ts rs)
s, [1)
else (s, Flat (RelList (Squash es)))))
updateStateR F V clear ef es s
o updateStateR (clear, (ef, es), s)
= (if isSelect ef
then (s, clear, destSelect ef, es)
else if = es =]
then (s, clear, ||, es)
else
(let i = tabFromEffect ef
i if tabFExists clear i s
then
let ts = getTable i s
in if — clear dominates TS_class ts
then (s, clear, [], [accessDenied))
else
(let (s', es’)
= (if isInsert ef
then
insertQuery
(clear, destInsert ef, s,
ts)
else if isDelete ef
then
(deleteQuery
(clear,
destDelete ef, s,
ts), [])
else
updateQuery
(clear, destUpdate ef, s,
ts))
in (s, clear, [], es"))
else (s, clear, [], [noSuchTable])))
updateState F VY clear ef es s
e updateState (clear, (ef, es), s)
= (let (s, out)
= updateStateR
(clear, (ef, es), repState s)
in (absState s, out))
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11 THE THEORY f{ef006
11.1 Parents

fefo14
11.2 Children

fef022 fef007

11.3 Constants

mkTf Hide — Process — Ustate — Stf

isstate State

SSQLam Am

iterate ("QUERY x Class) x 'STATE — 'STATE x Class x 'DATA)

— ('QUERY x Class) LIST x 'STATE
— 'STATE x (Class x 'DATA) LIST
behaviours ("QUERY x Class) x 'STATE — 'STATE x Class x 'DATA)
x 'STATE
— (QUERY, 'DATA) BEHAVIOURS

11.4 Type Abbreviations

Hide Hide
Process Process
Ustate Ustate
Stf Stf
Am Am

11.5 Definitions

mkTf FYhpuqcs
e mkTf h p u ((q, ¢), s)
=u (¢, p (g, ¢, b (c, 5)), s)
isstate F true
SSQLam F SSQLam
= (mkTf hide processQuery updateState, isstate)
iterate = ConstSpec
(X iterate’
eV sisif
o iterate’ [ ([], s) = (s, [])
A (let sso = iterate’ f (si, )
in iterate’ f (si @ [i], s)
= (Fst (f (i, Fst sso)),
Snd sso @ [Snd (f (i, Fst ss0))])))

iterate
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behaviours F V tf istate si
e behaviours (tf, istate) si
= Snd (iterate tf (si, istate))

12 THE THEORY {ef007
12.1 Parents

fef006
12.2 Children

fef009

12.3 Constants

secureHide Hide P
secureUpdate Hide <> Ustate

Lemmal Bool
Lemma2 Bool
secureStf Stf P
SSQLtf Stf
Lemma3 Bool
secureltf Iif P
Lemma4 Bool
Lemma5 Bool

12.4 Type Abbreviations

Ttf Itf

12.5 Definitions

secureHide VY h
o h € secureHide
=4 (V Ci C2 S1 S2
e h(cy, s1)=h (c1, s2) N c; dominates cyp
= h (CQ, 51) =h (CQ, 52))
secureUpdate FV h u
o (h, u) € secureUpdate
& (Megceose
o (let s = Fst (u (cy, e, s))
in = h (cz2, s) = h (cg, §)
= ¢y dominates cy))
AN (Y crco s s2e
o (let s’y = Fst (u (cg, e, s1))
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Lemmal

Lemma?2

secureStf

SSQLtf
Lemma3

secureltf

Lemma4

Lemmab

and s’y = Fst (u (cg, e, s2))
in h (cgy, $1) = h (cy1, s2)
A ¢; dominates co
Sk (ery $h) = b (c1, 54)
AN (Y esysge
o (let 07 = Snd (u (c, €, s1))
and oz = Snd (u (c, e, sg))
inh (c,s1) =h(c, $2) = 05 = 02))
AN (Vcsee Fst (Snd (u (c, e, s))) = c)
F Lemmal
& hide € secureHide
A (hide, updateState) € secureUpdate
F Lemma2
& hide € secureHide
A (hide, updateState) € secureUpdate
= behaviours SSQLam € secure
FV stf
o stf € secureStf
<:>(V81 S2 11 12 C
e hide (¢, s;) = hide (¢, $2)
A ([i1], [i2]) € same_ins ¢
= (let (s, 01) = stf (i1, s1)
and (s, 02) = stf (ig, $2)
in hide (c, s';) = hide (c, s%)
A ([o1], [02]) € same_outs c))
ANV sic
e = ¢ dominates Snd i
= hide (¢, s) = hide (¢, Fst (stf (i, s)))
A = ¢ dominates Fst (Snd (stf (i, s))))
E SSQLtf = mkTf hide processQuery updateState
F Lemma$
& hide € secureHide
A (hide, updateState) € secureUpdate
= SSQLtf € secureStf
VY oitf
o itf € secureltf
< (V sy sg sig sig c
e hide (¢, s;) = hide (c, s2)
A (siy, sig) € same_ins c
= (let (s, soy) = itf (siy, s1)
and (s, soz) = itf (siz, $2)
in hide (c, s';) = hide (c, s%)
A (so1, sog) € same_outs c))
F Lemma/
& SSQLtf € secureStf
= iterate SSQLtf € secureltf
F Lemmad
& dterate SSQLtf € secureltf
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= behaviours SSQLam € secure

12.6 Theorems

lemma2_thm + Lemma3 A Lemma4 N Lemmad = LemmaZ2
lemmal_2_thm - Lemmal A Lemma2 = behaviours SSQLam € secure
main_thm F Lemmal N Lemma8 N Lemma4 N Lemmab

= behaviours SSQLam € secure

13 THE THEORY f{ef009

13.1 Parents

fef007

13.2 Children

fefo10

13.3 Constants

iterate_witness
("QUERY x Class) x 'STATE — 'STATE x Class x 'DATA)
— 'STATE
— ("QUERY x Class) LIST
— 'STATE x (Class x '"DATA) LIST

13.4 Definitions

iterate_witness
FVsisif
o iterate_witness f s [| = (s, [])
A iterate_witness f s (Cons i si)
= (Fst (f (i, Fst (iterate_witness f s si))),
Snd (iterate_witness f s si)
Q [Snd
(f
(4,
Fst
(iterate_witness

f

S

5i)))])
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13.5 Theorems

Lemma3 F Lemmas3
iterate_consistent
F Consistent
(X idterate’
eV sisif
o iterate’ f ([], s) = (s, [])
A (let sso = iterate’ f (si, s)
in iterate’ f (si Q [i], s)
= (Fst (f (i, Fst sso)),
Snd sso @ [Snd (f (i, Fst ss0))])))

Lemma4 F Lemmay
Lemmab F Lemmad
main_thml F Lemmal = behaviours SSQLam € secure

14 THE THEORY fef010

14.1 Parents

fef009
14.2 Children

fef011 fef040
14.3 Constants

secureHideR  (Class x StateR — StateR) P

14.4 Definitions

secureHideR F V h
e h € secureHideR
= (\V/ C1 C2 S1 S2
e h (cgy, $1) = h (c1, s2) A ¢; dominates cy
= h (CQ, 51) =h (CQ, 82))
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14.5 Theorems

repState_consistent
absState_consistent
F Consistent
(A (repState’, absState’)
o (V ae absState’ (repState’ a) = a)

NNV

e isState r = repState’ (absState’ r) = r)
VAN (V a; as

e repState’ a; = repState’ ap & a; = ag)
A (V r; ro

e isState r; A isState 1y
= (absState’ r; = absState’ Ty
= Ty = 7’2))
A (V se isState (repState’ s)))
dir_components
Y di’/’] di?"g
o dir; = dirs
< Dir_tables dir; = Dir_tables dirg
A Dir_exist dir; = Dir_exist dirg
N Dir_class dir; = Dir_class dirs
tab_components
EY t; to
o t; =1y
& TS_class t; = TS_class tg
A TS_mazxRow t; = TS_mazRow ts
A TS _colspecs t; = TS_colspecs ta
AN TS_cons t; = TS_cons ts
A TS_rows t; = TS_rows tg
row_components
FVYor;re
7Ty =T2
& R_exist vy = R_exist 1o
A R_data vy = R_data rg
data_components
FVd; de
° d] = dg
< Dat_class d; = Dat_class dg
A Dat_item d; = Dat_item do
hideR_hide_lemma
F hideR € secureHideR
A (V clear s
e isState s = isState (hideR (clear, s)))
= hide € secureHide
replaceData_lemma
VY C; Cz
e ¢; dominates co
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e replaceData c¢; d; = replaceData c; do
= replaceData cy d; = replaceData cy dy)
cleanColCons_lemma
VY C1 C2 tl tQ
e ¢; dominates co
A cleanColCons c; t; = cleanColCons c; tg
= cleanColCons cy t; = cleanColCons ca ts
C_cleanColCons_lemma
VY C1 C2 t
e ¢; dominates co
= Fst (cleanColCons cz t)
C Fst (cleanColCons cy t)
A Snd (cleanColCons cg t)
C Snd (cleanColCons ¢y t)
C_cleanColCons_lemmal
FVecrcot col
e ¢; dominates co
= col € Snd (cleanColCons cz t)
= col € Snd (cleanColCons c; t)
cleanRow_lemma
VY C; Cz
e ¢; dominates co
= (V t; to T1 T2
e cleanColCons c; t; = cleanColCons c; to
A cleanColCons co t;
= cleanColCons cy tg
A cleanRow
c1
(Snd (cleanColCons ¢y ty))
T1
= cleanRow
Ci
(Snd (cleanColCons ¢y t2))
T2
= cleanRow
2
(Snd (cleanColCons cz t1))
1
= cleanRow
2
(Snd (cleanColCons cz tg))
r2)
cleanTable_lemma
FV Cy1 C2
e ¢; dominates co
= (\V/ t; to
o cleanTable ¢y t; = cleanTable ¢y to
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= cleanTable cy t; = cleanTable cz t2)
cleanDirectory_lemma
VY C1 Co
e ¢; dominates co
= (V d; dg
e cleanDirectory c; d; = cleanDirectory c; ds
= cleanDirectory cs d;
= cleanDirectory cz dz)
Cdir.lemma +FVYc¢;coszy
e ¢; dominates co
= (z, y) € s > {dir|ce dominates Dir_exist dir}
= (z, y) € s > {dir|c; dominates Dir_exist dir}
dir_class_preserved_lemma
FYccer ss;r 22
e cleanDirectory c; z = cleanDirectory c; z;
A (z, 2)
€ s > {dir|c; dominates Dir_exist dir}
A (z, z1)
€ s; > {dir|c dominates Dir_exist dir}
= (z, z1)
€ s; > {dir|c; dominates Dir_exist dir}
secureHideR _lemma
F hideR € secureHideR
cleanDir_fun_thm
F V cleare Graph (cleanDirectory clear) € Functional
replaceData_fun_thm
F V cleare Graph (replaceData clear) € Functional
cleanColCons_fun_thm
FV clear tab
e TS _cons tab € Functional
= Fst (cleanColCons clear tab) € Functional
tables_fun_thm
FV clear dir
e Dir_tables dir € Functional
= Dir_tables (cleanDirectory clear dir)
€ Functional
hideR_lemma + V clear se isState s = isState (hideR (clear, s))
secureHide_lemma
F hide € secureHide

15 THE THEORY fef011

15.1 Parents

fef010
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15.2 Children

fef012

15.3 Theorems

destInsert_consistent
destDelete_consistent
destUpdate_consistent
destSelect_consistent
= Consistent
(A
(destInsert’, destDelete’, destUpdate’,
destSelect’)
eVidus
o destinsert’ (InsertEffect i) = i
A destDelete’ (DeleteEffect d) = d
A destUpdate’ (UpdateEffect u) = u
A destSelect’ (SelectEffect s) = s)
tabFromEffect_consistent
F Consistent
(X tabFromEffect
eVidu
e tabFromEffect’ (InsertEffect i) = Fst i

A tabFromEffect’ (DeleteEffect d) = Fst d
A tabFromEffect’ (UpdateEffect u) = Fst u)

giveVal_consistent
giveError_consistent
destVal_consistent
destError_consistent
isVal_consistent
isError_consistent
= Consistent
(A
(giveVal', giveError', destVal', destError’,
isVal', isError’)
eV v e ve
e giveVal' v = InL v
A giveError’ e = InR e
A destVal' (giveVal' v) = v
A destError’ (giveError’ e) = e
A (isVal' ve & (3 vie ve = giveVal v;))
A (isError’ ve
< (3 ese ve = giveError’ ey)))
giveVal_eq_thm
FV 2 ye giveVal © = giveVal y & z =y
giveError_eq_thm
FV z ye giveError x = giveError y & x =y
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—isError_giveVal_thm
FV ve = isError (giveVal v)
—isVal_giveError_thm
FV ee = isVal (giveError e)
query_type FVaq
e islnsert q
A = (isDelete q V isUpdate q V isSelect q)
V isDelete q
A = (isInsert q V isUpdate q V isSelect q)
V isUpdate q
A = (isInsert q V isDelete q V isSelect q)
V isSelect q
A = (isInsert q V isDelete q V isUpdate q)
update_type FV u
o isltem u A — (isClass u V isData u)
V isClass u A = (isltem u V isData u)
V isData u A — (isltem u V isClass u)
val_or_error_type
FV ve isVal v A = isError v V isError v A = isVal v
conjunct4 FV cs ee Fst (Snd (updateState (c, e, s))) = ¢
isState_lemma3
F V ¢ se isState (hideR (c, repState s))
hide_eq_lemma
FVecsy se
e hide (¢, s;) = hide (¢, s2)
< hideR (c, repState si)
= hideR (c, repState sz)
tabExists_lemma
FVcs; ss
e hide (¢, s;) = hide (¢, $2)
= (Vi
e tabEzists c i (repState sp)
& tabExists ¢ i (repState sz))
cleanTable_insertQuery_lemma
|—V0t1 t2 S1 Sg’i
e ¢ dominates TS_class t;
A ¢ dominates TS_class tg
A cleanTable ¢ t; = cleanTable c ts
= Snd (insertQuery (c, i, s1, t1))
= Snd (insertQuery (c, i, sa, tg))
updateRow_lemma
FVe tq tg
e cleanTable ¢ t; = cleanTable c ts
= ¢ dominates TS_class t;
A ¢ dominates TS_class tgo
= updateRow ¢ (TS_class t;)
= updateRow ¢ (TS-class tz)
isError_updateField_lemma
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FYcted; do u
e isError (updateField ¢ te (u, dy))
A replaceData ¢ dy = replaceData ¢ dp
= updateField c tc (u, dy)
= updateField c tc (u, dg)
isError_updateRow_lemma
FVYcryratu
e isError (updateRow ¢ (TS _class t) (u, 1))
A isError (updateRow ¢ (TS_class t) (u, r2))
A cleanRow ¢ (Snd (cleanColCons ¢ t)) r;
= cleanRow ¢ (Snd (cleanColCons c t)) T2
A Dom u
C{n
|3 e ¢ € visibleCols ¢ t N CS_posn ¢ = n}
= updateRow ¢ (TS_class t) (u, 1)
= updateRow ¢ (TS_class t) (u, rg)
isVal_updateRow_lemma
FVYecryratu
e isVal (updateRow ¢ (TS_class t) (u, 1))
A cleanRow ¢ (Snd (cleanColCons ¢ t)) 4
= cleanRow ¢ (Snd (cleanColCons c t)) rz
A Dom u
C {n
|3 e ¢ € wvisibleCols ¢ t N CS_posn ¢ = n}
= isVal (updateRow ¢ (TS_class t) (u, r2))
isError_<_updateRow_lemma
FYcryratu
e cleanRow ¢ (Snd (cleanColCons c t)) r;
= cleanRow ¢ (Snd (cleanColCons c t)) T2
A Dom u
C{n
|3 e ¢’ € wisibleCols ¢ t N CS_posn ¢’ = n}
= (isError (updateRow ¢ (TS_class t) (u, 71))
< isError (updateRow ¢ (TS-class t) (u, rg)))
dom_{J_ran_lemma
FYzyuct
. (3, y) € u
A Dom (U (Ran u))
C {n
|3
e ¢/ € Snd (cleanColCons c t)
A CS_posn ¢ = n}
= Dom y
C{n
|3 e ¢ € visibleCols ¢ t N CS_posn ¢ = n}
doms_null_lemmal
FV I last s u
e Dom (Squash (Id (Dom (ListRel 1 > s))) ~ g u)
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N Dom {(# | + 1, last)}
={}
doms_null_lemma2
FVYIlsu
e Dom
({(# (Squash (Id (Dom (ListRel | > s)))) + 1,
#IL+ 1)}~
5 u)
N Dom (ListRel 1)
={}
squash_doms_lemma
FVY1llast s u n; ng

® Ny
€ Dom
(((RelCombine
(Squash
(Id
(Dom
(ListRel 1
> 5))) ~
5 u)
(ListRel 1)
s Graph
(updateRow ¢ (TS-class tz)))
> {z|isError z})
5 Graph destError)
N ng
€ Dom
(((RelCombine
{(#
(Squash
(Id
(Dom (ListRel 1 > s))))
+ 1, # 1+ 1)}~
5 u)
{(# 1+ 1, last)}
¢ Graph

(updateRow ¢ (T'S-class tz)))
> {z|isError z})
s Graph destError)
= Ng > Ny
cleanRows_size_lemma
FVec tq tg
e cleanRows
c
(Snd (cleanColCons ¢ tz))
(TS_rows t;)
= cleanRows
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c
(Snd (cleanColCons ¢ tz))
(TS_rows tg)
= #
(ListRel (TS_rows tp)
> {r|c dominates R_exist r})
=#
(ListRel (TS_rows tg)
> {r|c dominates R_exist })
cleanRows_errors_or_vals_lemma
FVe tq tg u
e Dom (U (Ran u))
C{n
|3
o ¢’ € wisibleCols ¢ ty N CS_posn ¢’ = n}
A cleanRows
c
(Snd (cleanColCons ¢ tg))
(TS_rows tp)
= cleanRows
c
(Snd (cleanColCons ¢ tz))
(TS_rows tg2)
= (((RelCombine

(revealRow ¢ tg

~

0
(ListRel (TS_rows t1))
s Graph (updateRow ¢ (TS-class tz)))
> {z|isError z})
s Graph destError
= {}
< ((RelCombine
(revealRow ¢ ty ~ 4 u)
(ListRel (TS _rows tz))
5 Graph (updateRow ¢ (TS_class t2)))
> {z|isError z})
s Graph destError

={}
fun_updateRow_thm
FV ¢ te Graph (updateRow ¢ (TS_class t)) € Functional
fun_destError_thm
F Graph destError € Functional
fin_lemmal FYilrctu
e u € Functional
= ((RelCombine
(Squash
(1d
(Dom
(ListRel 1

~
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> {r
lc
dominates R_exist
)~
5 u)
(ListRel 1)
s Graph (updateRow ¢ (TS-class t)))
> {z|isError z})
s Graph destError
€ Finite
fin_lemma?2 FYlillast rctu
e u € Functional
= ((RelCombine
({(#
(Squash
(1d
(Dom
(ListRel | > {r|c dominates R_ezist r}))))
+ 1, #1+ 1)}~
5 u)
{(# 1+ 1, last)}
o Graph (updateRow ¢ (TS_class t)))
> {z|isError z})
s Graph destError
€ Finite
cleanTable_updateQuery_lemma
FYct; tog s; 82 u
e ¢ dominates TS_class t;
A ¢ dominates TS _class ty
A cleanTable ¢ t; = cleanTable ¢ t»
= Snd (updateQuery (c, u, s;, t1))
= Snd (updateQuery (c, u, Sz, t2))
tabExists_cleanTable_lemma
FVYcsyso
e hide (¢, s;) = hide (c, sg)
= (V1
e tabExists c i (repState syp)
= cleanTable c (getTable i (repState s1))
= cleanTable
c
(getTable i (repState s2))
A (c
dominates TS _class
(getTable i (repState si))
= C
dominates TS _class
(getTable i (repState s2))))
conjunct3 FYcsyspe
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e hide (c, s1) = hide (c, s2)
= Snd (updateState (c, e, s1))
= Snd (updateState (c, e, s3))

16 THE THEORY fef012

16.1 Parents

fef011

16.2 Children

fef013

16.3 Theorems

destItem_consistent
destClass_consistent
destData_consistent
F Consistent
(A (destItem’, destClass’, destData’)
eVicd
o destltem’ (ItemUpdate i) = i
A destClass’ (ClassUpdate ¢) = c
A destData’ (DataUpdate d) = d)
—giveVal_eq_giveError_thm
FY v ee - giveVal v = giveError e
—giveError_eq_giveVal_thm
FVY e ve = giveError e = giveVal v
rel_combine_one_lemma
FVIlast s u
e RelCombine
(Squash (Id (Dom (ListRel [ > s))) ™
(ListRel (1 Q [last]))
= RelCombine
(Squash (Id (Dom (ListRel | > s))) ™
(ListRel 1)
rel_combine_null_lemma
FV [ last ¢ t us
o ((RelCombine

(Squash
(Id
(Dom
(ListRel (I Q [last])
> {r
lc

©o

©o

dominates R_exist
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) -
5 us)
(ListRel (1 Q [last]))
5 Graph (updateRow ¢ (TS_class t)))
> {z|isError z})
s Graph destError

={}
= ((RelCombine
(Squash
(Id
(Dom
(ListRel 1
> {r
lc
dominates R_exist
)~

5 us)

(ListRel 1)
s Graph (updateRow ¢ (TS_class t)))
> {z|isError z})
s Graph destError

={}
dom_rel_combine_null_C_lemma
FVYIlsuct
e Dom
((RelCombine
(Squash
(Id
(Dom
(ListRel 1
> {r
lc
dominates R_exist
)~
5 u)

(ListRel 1)
5 Graph (updateRow ¢ (TS_class t)))
s Graph destVal)
C Dom (ListRel 1)
destVal_fun_thm
F Graph destVal € Functional
updateRow_fun_thm
FV ¢ te Graph (updateRow ¢ (TS _class t)) € Functional
conjunctl_fun_lemma
FVYIlsuct
e u € Functional
= (RelCombine
(Squash
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(Id
(Dom

(ListRel 1
> {r
|c

dominates R_exist
1))~
5 u)

(ListRel 1)
s Graph (updateRow ¢ (TS _class t)))
s Graph destVal
€ Functional
conjunctl_lemmal
FV1last c ut
e u € Functional
= RelList
(ListRel (I Q [last])
@ (RelCombine
(Squash
(1d
(Dom
(ListRel 1
> {r
lc
dominates R_exist

5 u)
(ListRel 1)
5 Graph (updateRow ¢ (TS_class t)))
s Graph destVal)
= RelList
(ListRel 1
@ (RelCombine
(Squash
(Id
(Dom
(ListRel 1
> {r
|e
dominates R_exist r}))) ™~
5 u)
(ListRel 1)
s Graph (updateRow ¢ (TS_class t)))
o5 Graph destVal)
Q [last]
conjunctl_lemma?2
FVoclast | uwust
o us € Functional
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A ¢ dominates R_exist last

A (#
(Squash
(Id
(Dom
(ListRel (I Q [last])
> {r
lc
dominates R_exist
1)), u)
€ us
= RellList

(ListRel (I Q [last])
@ (RelCombine
(Squash
(Id
(Dom
(ListRel (I Q [last])
> {r
|c
dominates R_exist

5 us)
(ListRel (I @ [last]))
5 Graph (updateRow ¢ (TS_class t)))
o Graph destVal)
= RelList
(ListRel 1
@ (RelCombine
(Squash
(Id
(Dom
(ListRel 1
> {r
le
dominates R_exist r}))) ™~
5 us)
(ListRel 1)
5 Graph (updateRow ¢ (TS-class t)))
s Graph destVal)
Q [destVal
(updateRow ¢ (TS_class t) (u, last))]
insertRows_lemma
FVecrcotds
e — ¢y dominates c;
= cleanTable co t
= cleanTable

Cc2
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(replace Rows
t
(TS_rows t
@ Map
(MEkRow c¢; o colDefaults c; t)
ds))
insertQuery_lemma
FVecycositds
e — ¢y dominates c;
A tabEzists
Ci
(tabFromEffect (InsertEffect (i, ds)))
(repState s)
= hideR (cg, repState s)
= hideR
(ce,
Fst
(insertQuery
(CI )
destInsert
(InsertEffect (i, ds)),
repState s,
getTable
(tabFromEffect
(InsertEffect
(i, ds)))
(repState s))))
deleteRows_lemma
FVec;costmns
e — ¢y dominates ¢y
= cleanTable cy t
= cleanTable
co
(replace Rows
t
(Eztract
(1 .. # (TS_rows t)
\ revealRow c; t Image ns
N {i
|R_exist (Nth (TS-rows t) 1)
= c1})
(TS_rows t)))
deleteQuery_lemma
FVec¢;co simns
e — ¢y dominates c;
A tabEzists
1
(tabFromEffect (DeleteEffect (i, ns)))

Page 53 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

(repState s)
= hideR (cg, repState s)
= hideR
(ce,
deleteQuery
(Cl )
destDelete
(DeleteEffect (i, ns)),
repState s,
getTable
(tabFromEffect
(DeleteEffect (i, ns)))
(repState s)))
replaceData_updateField _lemma
FVecrcoditcu
e c; dominates tc N\ co dominates tc
= - ¢y dominates ¢y
A isVal (updateField c; tc (u, d))
= replaceData co d
= replaceData
o
(destVal (updateField c; te (u, d)))
cleanRow_updateRow_lemma
FVYcrcecortu
e ¢; dominates TS_class t N\ co dominates TS_class t
= - ¢y dominates ¢y
A isVal (updateRow c; (TS-class t) (u, r))
= cleanRow cz (Snd (cleanColCons cz t)) r
= cleanRow
o
(Snd (cleanColCons cz t))
(destVal (updateRow c; (TS_class t) (u, 1)))
updateRows_lemma
FYcrco st us
e us € Functional
A = ¢y dominates c;
A c¢; dominates TS_class t
A ((RelCombine
(revealRow ¢y t ~ 4 us)
(ListRel (TS_rows t))
s Graph (updateRow c; (TS_class t)))
> {z|isError z})
s Graph destError
={}
= cleanTable co t
= cleanTable
C2
(replaceRows

Page 54 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

t
(RelList
(ListRel (TS_rows t)
@ (RelCombine
(revealRow ¢y t ™ § us)
(ListRel (TS_rows t))
s Graph
(updateRow c; (TS_class t)))
o Graph destVal)))
updateQuery_lemma
FVecs;co st us
e = ¢y dominates c;
A tabEzists
1
(tabFromEffect (UpdateEffect (i, us)))
(repState s)
A
dominates TS_class
(getTable
(tabFromEffect (UpdateEffect (i, us)))
(repState s))
= hideR (cg, repState s)

= hideR
(2,
Fst
(updateQuery
(c1,
destUpdate
(UpdateEffect (i, us)),
repState s,
getTable
(tabFromEffect
(UpdateEffect
(4, us)))
(repState s))))
conjunctl FYcrceose
e — hideR (cz, repState s)
= hideR
(027
Fst

(updateStateR
(c1, e, repState s)))
= ¢y dominates c;
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17 THE THEORY fef013

17.1 Parents
fefo12

17.2 Children

fef015

17.3 Theorems

cleanTable_insert Rows_lemma
|—V01 Co ty tg ds
e cleanTable c¢; t; = cleanTable c; to
A ¢y dominates co
= cleanTable
C1
(replace Rows
ty
(TS_rows t;
@ Map
(MkRow cg o colDefaults cg t1)
ds))
= cleanTable
c1
(replaceRows
te
(TS _rows ts
@ Map
(MkRow cg o colDefaults cg tg)
ds))

extract_"_single_lemma
FVYclz
o Ezxtract
(1 .. # (I @ [z])
\ Squash
(Id
(Dom
(ListRel (1 @ [z])
> {r
lc
dominates R_exist

1))
Image ns
N {i|R_ezist (Nth (I Q [z]) i) = c})
(I @ [z])
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— (if
# 1+ 1
€1 . #(lQ]z])
\ Squash
(1d
(Dom
(ListRel (1 Q [z])
> {r
|c
dominates R_exist

r})))
Image ns
N {i|R-exist (Nth (I @Q [z]) i) = ¢}
then
Extract
(1 ..#1
\ Squash
(1d
(Dom
(ListRel 1
> {r
lc
dominates R_exist

1))
Image ns
N {i|R_exist (Nth | i) = c})

Q [z]
else
FEaxtract
(1 ..#1
\ Squash
(Id
(Dom
(ListRel 1
> {r
lc
dominates R_exist

1))
Image ns
N {i|R_ezist (Nth | i) = c})
D
map_cleanRow_lemmal
VY l] lg C; Cg S
e ¢; dominates co
A Map
(cleanRow c; s)
(Iy | {r|c; dominates R_exist r})
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= Map
(cleanRow c¢; s)
(lg | {r|c: dominates R_exist r})
= Map
(cleanRow cg s)
(I; | {r|ce dominates R_exist r})
= Map
(cleanRow cg s)
(lg | {r|ce dominates R_exist 1})
map_cleanRow_lemma?2
VY l] lg C; Cg S
e ¢; dominates co
A Map
(cleanRow cj s)
(Iy | {r|c; dominates R_exist r})
= Map
(cleanRow ¢y s)
(lz | {r|c: dominates R_exist r})
= # (ListRel l; > {r|ce dominates R_exist r})
= # (ListRel ly > {r|cs dominates R_exist r})
cleanTable_deleteRows_lemma
FVecscoty ta ns
e cleanTable c¢; t; = cleanTable c¢; to
A ¢y dominates co
A cg dominates TS_class t;
= cleanTable
1
(replaceRows
s
(Ezxtract
(1 .. # (T'S-rows t;)
\ revealRow cz t; Image ns
N {i
|R_exist (Nth (T'S-rows t;) i)
= cz})
(TS_rows t1)))
= cleanTable
C1
(replaceRows
127
(Ezxtract
(1 .. # (T'S_-rows tg)
\ revealRow cz tz Image ns
N {i
|R_exist (Nth (T'S-rows tg) i)
= cg})
(TS_rows tz)))
replaceData_updateField_lemma
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"VC] Co d1 dgt’u,
e ¢; dominates co
A replaceData c¢; d; = replaceData c; dg
A isVal (updateField cy (TS _class t) (u, dp))
A isVal (updateField co (TS_class t) (u, dg))
= replaceData
C1
(destVal
(updateField co (TS_class t) (u, d1)))
= replaceData
Ci
(destVal
(updateField cy (TS_class t) (u, dg)))
cleanRow_updateRow_lemmal
FVYcrcoryratu
e ¢; dominates co
A Dom u
C {n
EXc
e ¢ € visibleCols co t N CS_posn ¢ = n}
A cleanRow c¢; (Snd (cleanColCons ¢y t)) ry
= cleanRow c; (Snd (cleanColCons c; t)) 7
A isVal (updateRow cp (TS-class t) (u, ry1))
A isVal (updateRow cp (TS-class t) (u, r2))
= cleanRow
C1
(Snd (cleanColCons c; t))
(destVal
(updateRow ca (TS_class t) (u, 71)))
= cleanRow
C1
(Snd (cleanColCons c; t))
(destVal
(updateRow cg (TS_class t) (u, T2)))
inUpdates_lemma
EFYil;loxy z2 c us up
e R_exist x; = R_exist xo
N # (ListRel 1; > {r|c dominates R_exist r})
= # (ListRel 1y > {r|c dominates R_exist r})

= ((#
(Squash
(1d
(Dom
(ListRel (1; Q [z4])
> {r
lc
dominates R_exist
1)), up)
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€ us
& (#
(Squash
(Id
(Dom
(ListRel (I Q [z2])
> {r
lc
dominates R_exist
1)), up)
€ us)

cleanTable_updateRows_lemma
|—V01 Co tq tg us
e us € Functional
A Dom (U (Ran us))
C{n
ERC
o ¢ € Snd (cleanColCons cz tz)
A CS_posn ¢ = n}
A ((RelCombine
(revealRow cp t; ™~ § us)
(ListRel (TS _rows t;))
o Graph (updateRow cg (TS_class t2)))
> {z|isError z})
s Graph destError
= {}
A ((RelCombine
(revealRow cg to ~ 4 us)
(ListRel (TS _rows tz))
s Graph (updateRow cg (TS_class t2)))
> {z|isError z})
s Graph destError
={}
A cleanTable ¢; t; = cleanTable c; to
A ¢y dominates co
A cg dominates TS_class t;
= cleanTable
C1
(replaceRows
s
(RelList
(ListRel (TS_rows typ)
@ (RelCombine
(revealRow cp t; ™~ § us)
(ListRel (TS_rows t1))
s Graph
(updateRow
o
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(TS_class t1)))
o Graph destVal)))
= cleanTable
C1
(replace Rows
te
(RelList
(ListRel (TS _rows tz)
@ (RelCombine
(revealRow cp to ™~ § us)
(ListRel (TS_rows tz))
s Graph
(updateRow
c2
(TS_class t2)))
Graph destVal)))

©o

tabExists_lemmal
FVecrcois
e ¢; dominates co N tabExists co © s
= tabFExists ¢; 1 s
tabExists_cleanTable_lemmal
FVecs; ss
e hideR (c, repState s;) = hideR (c, repState sg)
= (V1
o tabEwists ¢ i (repState s;p)
= cleanTable c (getTable i (repState s1))
= cleanTable ¢ (getTable i (repState sz)))
colDefaults_lemma
FVecty ts
e ¢ dominates TS_class t;
A ¢ dominates TS_class to
A cleanTable ¢ t; = cleanTable c to
= colDefaults ¢ t; = colDefaults c ta
conjunct2 FYcrco sy 806
e hideR (cy, repState sy)
= hideR (cy, repState sg)
A ¢y dominates co

= hideR

(Cla

Fst

(updateStateR
(ca2, e, repState sy1)))

= hideR
(CI ’

Fst

(updateStateR
(ca2, e, repState s2)))
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18 THE THEORY fef014

18.1 Parents

fef005

18.2 Children

fef006

18.3 Constants

destNullltem Item — Maybe
destValuedItem

Item — Valuedltem
isNullltem Item — Bool
isValuedItem Item — Bool
destClassVal Val — Class
destCodeVal Val — Code
destIntervalVal

Val — Interval
destTimeVal Val — Time
destFloatVal Val — Float

destIntVal Val — Int
destStringVal
Val — Op
destBoolVal Val — Bool
isClassVal Val — Bool
isCodeVal Val — Bool
isIntervalVal
Val — Bool
isTimeVal Val — Bool
isFloatVal Val — Bool
isIntVal Val — Bool
isStringVal Val — Bool
isBoolVal Val — Bool
G_group GroupedResult — Tuple LIST
G_res GroupedResult — Data LIST
MkGroupedResult
Data LIST — Tuple LIST — GroupedResult
E_group Env — Tuple LIST
E_row Env — Tuple
MKEnv Tuple — Tuple LIST — Env
timeNow Time
userClearance
Class
userDirectory
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Col
userName Op
lubl Class LIST — Class
glbl Class LIST — Class
$dominates_w Worth — Worth — Bool
$lub_w Worth — Worth — Worth
lub_wl Errors — Worth
Equal Op
Plus Op
Or Op
And Op
Not Op
newData Class — Worth — Val — Data
lub_data Data LIST — Class
lub_wdata Data LIST — Worth
ExceptionData
Data LIST — Data
NullData Data LIST — Data
applyNot Data LIST — Data
applyAnd Data LIST — Data
applyOr Data LIST — Data
$intPlus Int — Int — Int
applyPlus Data LIST — Data
applyEqual Data LIST — Data
apply Op — Data LIST — Data
$x1 (‘e = 'y + Errors)
— ('y = 'z + Errors)
— 'z
— 'z + Errors
$xg 't + Errors — ('x — 'y + Errors) — 'y + Errors
$x3 'x + Errors
— ('z ="y = 'z + Errors)
— 'y
— "2 + Errors
B4 ('z = 'y + Errors) — ('y = '2) = 'z — 'z + Errors
$x5 't + Errors — ('x = 'y) = 'y + Errors
$xg 'z + Errors x 'y + Errors
=z ="'y —"2)
— "2 + Errors
$r ' = ('t = 'y) + Errors — 'y + Errors
$list_U "o LIST — "¢ LIST — 'x LIST
$&1 'vx + Errors — 'z + Errors — 'x LIST + Errors
$&o 'vx + Errors — 'z LIST + Errors — 'x LIST + Errors
$&3 'x LIST + Errors — 'z + Errors — 'z LIST + Errors
$&4 'x LIST + Errors — 'z LIST + Errors — 'x LIST + Errors
seq Worth — 'z — 'x LIST
enseq (Worth — 'z + Errors) — 'z LIST
promote (' = 'y + Errors) — 'z LIST — 'y LIST + Errors
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find 'x LIST — 'x — Worth + Errors

distinct 'x LIST — 'z LIST

noErrors Errors

one_col Select — Data LIST + FErrors

one_result Data LIST — Data + Errors

make_data Val — Data

fillTab Col — Col

fillCol Col — Col

getDir State — Col — Directory + Errors

getTab Directory — Op — TableSpec + Errors

getColPosn TableSpec — Op — Worth + Errors

getData Row — Worth — Data + Errors

lookup State — Col — TableSpec + Errors

isCleared Data — Bool

isNotCleared Data — Bool

checkComplete

Data LIST — Bool
check_where_complete
Bool — Bool — Data — Data + FErrors

resultBool Data — Bool + Errors

take_data Data — Data + Errors

resultClass Data — Class + FErrors

extract Bool LIST — 'x LIST — 'z LIST
emptyTuple Tuple

emptyEnv Env

$starl Tuple — Tuple — Tuple

$star2 Tuple — Tuple LIST — Tuple LIST
$star3 Tuple LIST — Tuple LIST — Tuple LIST
jay Tuple LIST — Tuple LIST LIST — Tuple LIST
join Tuple LIST LIST — Tuple LIST
$starstarl Tuple — Tuple — Tuple

$starstar2 Tuple — Tuple LIST — Tuple LIST

denote_code Code — Value
denote_class Class — Value
denote_interval

Interval — Value
denote_time Time — Value
denote_float Float — Value
denote_string

Op — Value
denote_integer

Int — Value

denote_false Value
denote_true Value
denote_void Value
denote_null Value
classification

Col_spec — Value
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contents Col_spec — Value

all_binop Op — Value — Tuple_list — Value

count_all Value

set_func_all Op — Value — Value

binop Op — Value x Value — Value

monop Op — Value — Value

current_time  Value

clearance Value

user Value

denote_col_name
Op — Col_name
denote_table_spec
Col — Table_spec
denote_col_spec
Col — Col_spec
correlate_from
Op — Table_spec — From_spec
from Table_spec — From_spec
set_class_and_value
Col_name — Value — Value — Set_clause
set_class Col_name — Value — Set_clause
set_value Col_name — Value — Set_clause
evaluate Select_list
— From_spec LIST
— Value
— Col_spec LIST
— Value
— Tuple_list
distinct_tuples
Select _list
— From_spec LIST
— Value
— Col_spec LIST
— Value
— Tuple_list
all_tuples Select _list
— From_spec LIST
— Value
— Col_spec LIST
— Value
— Tuple_list
union Insert_list — Insert_list — Insert_list
tuple Classified_value LIST — Insert_list
insert_tuples
Tuple_list — Insert_list
classify_default
Value — Classified_value
classify Value — Value — Classified_value
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select_values

all_columns
select

Value LIST — Select_list
Select_list
Tuple_list — Query

update From_spec
— Set_clause LIST
— Value
— Col_spec LIST
— Value
— Query
delete From_spec — Value — Query
insert Table_spec — Col_name LIST — Insert_list — Query
Col_spec Col_spec — Col
Table_spec Table_spec — Col
projectTuples
State — Table_spec — Col — Tuple LIST + FErrors
$&5 (Op — Update + Errors)
— (Op — Update + Errors)
— Op
— Update + Errors
$&6 (Op — Update + Errors)
— (Op — Update + Errors) LIST
— Op
— Update + FErrors
auxapply Col LIST — Tuple LIST — Env LIST — Env LIST
engroup Col_spec LIST — Tuple LIST — Env LIST
colsInGroup TableSpec — Worth — Bool LIST
andBools Bool LIST — Bool
colposns TableSpec — Worth — ColSpec + Errors
colspecs TableSpec — Op — ColSpec + FErrors
cons TableSpec — Worth — ColCon + Errors
$andb Bool + Errors — Bool — Bool + Errors
checkGroup TableSpec
— (ColCon — Bool)
— (TableSpec — Worth — Bool)
— Bool
datalList Row — Data LIST
checkUniqueness
TableSpec — Worth — Bool
test Class LIST LIST — Bool
checkUniform TableSpec — Worth — Bool
seqErr Worth — 'z + Errors — 'z LIST + Errors
checklIntegrity
TableSpec — (TableSpec — Worth — Bool + Errors) — Bool
inRange Class LIST — ColSpec LIST — Bool
elem Worth — 'a LIST — 'a
checkFieldClasses

TableSpec — Worth — Bool + FErrors
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classType Type

intervalType  Type

timeType Type

floatingType  Type
integerType Type
charsType Type
booleanType  Type
monoleanType Type

rightType Item LIST — ColSpec LIST — Bool
checkType TableSpec — Worth — Bool + Errors
rightNull Item LIST — ColSpec LIST — Bool
checkNulls TableSpec — Worth — Bool + FErrors
Col_name Col_name — Op

From_spec From_spec — State — Tuple LIST + Errors
From_name From_spec — Col

Num_to_Int Worth — Int
check_where_completel
Bool + Errors — Bool — Data — Data + Errors

all_false Bool LIST — Bool
same Bool LIST — Bool + Errors
Value_monop (Value — State — Env — Data + Errors)
— Value
— State
— Env

— Data + Errors
Value_binop  (Value — State — Env — Data + Errors)
— Value
— State
— Fnv
— Data + Errors
Value_set_func_all
(Value — State — Env — Data + FErrors)
— Value
— State
— Env
— Data + Errors
Value_all_binop
(Tuple_list — State — Env — Bool + Errors)
— (Tuple_list — State — Env — Select + Errors)
— (Value — State — Env — Data + Errors)
— Value
— State
— Env
— Data + Errors
Value_classification
Value — State — Env — Data + Errors
Value,, (Tuple_list — State — Env — Bool + Errors)
— (Tuple_list — State — Env — Select + Errors)
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— Value

— State

— Env

— Data + FErrors

Tuple_list_complete,

(Value — State — Env — Data + FErrors)
— Tuple_list
— State
— Fnv
— Bool + Errors

Tuple_list_all_tuples

(Value — State — Env — Data + Errors)
— (Select_list
— State
— Env
— Col LIST
— Data LIST + Errors)
— Tuple_list
— State
— Env
— Select + Errors

Tuple_list_evaluate

Tuple_list,

Select_list,

(Value — State — Env — Data + Errors)
— (Select_list
— State
— Env
— Col LIST
— Data LIST + Errors)
— Tuple_list
— State
— Env
— Select + Errors
(Value — State — Env — Data + Errors)
— (Select_list
— State
— Env
— Col LIST
— Data LIST + Errors)
— Tuple_list
— State
— Env
— Select + Errors

(Value — State — Env — Data + Errors)
— Select_list
— State
— Env
— Col LIST
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— Data LIST + FErrors
Select _list Select _list
— State
— Fnov
— Col LIST
— Data LIST + FErrors
Tuple_list Tuple_list — State — Env — Select + Errors
Tuple_list_complete
Tuple_list — State — Env — Bool + Errors
Value Value — State — Env — Data + Errors
Set_clause Set_clause — State — Env — Op — Update + Errors
Classified_value
Classified_value — State — Env — Data + FErrors
Insert_list Insert_list — State — Select + Errors
processIntegrity
TableSpec — FErrors
processlnsert
Class
— Table_spec
— Col_name LIST
— Insert_list
— State
— FEffect + Errors
processDelete
From_spec — Value — State — Effect + Errors
convert (Worth — Update + Errors) — (Worth < Update) + Errors
updateRowList
Row LIST — Worth +» Worth < Update — Row LIST
processUpdate
From_spec
— Set_clause LIST
— Value
— Col_spec LIST
— Value
— State
— FEffect + Errors
processSelect
Tuple_list — State — Effect x Errors
nullUpdate Effect
processQuery
Query x Class x State — Effect x Errors

18.4 Aliases

true T : Bool
false F : Bool
maybe One : Maybe
* $x 4
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S

K%
*x

18.5 Types

GroupedResult
Env

Value

Col_spec
Table_spec
Col_name
From_spec
Set_clause

: (b = 'a + Errors)
— ("a = "¢ + Errors)
—'b
— 'c + Errors
$x2 : 'a + Errors — (‘a — 'b + Errors) — 'b + Errors
$*3
:'a + Errors
— ("a = 'b — "¢ + FErrors)
—'b
— 'c + Errors
$*4
:('b = 'a + Errors) = ("a = '¢) = 'b = 'c + Errors
$*6
:'a + Errors x 'b + Errors
= (a—="b—"c)
— ¢ + Errors
$&; : 'a + Errors — 'a + Errors — 'a LIST + Errors
$& 2
:'a + Errors — 'a LIST + Errors — 'a LIST + Errors
$& 3
:'a LIST + Errors — 'a + Errors — "a LIST + Errors
$&y
:'a LIST + E'rrors
— 'a LIST + Errors
— "a LIST + Errors
$starstarl : Tuple — Tuple — Tuple
$starstar? : Tuple — Tuple LIST — Tuple LIST
$& 5
: (Op — Update + Errors)
— (Op — Update + Errors)
— Op
— Update + Errors
$& 4
: (Op — Update + Errors)
— (Op — Update + Errors) LIST
— Op
— Update + Errors
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Tuple_list
Insert_list
Classified_value
Select _list

Query

18.6 Type Abbreviations

Col Col

Tuple Tuple
Maybe Maybe
MaybeResult MaybeResult
Op Op

18.7 Fixity

Right Infix 40:
andb
Right Infix 150:
dominates_wstarstar2 & &4
list_U starl & &s
lub_w star2 &9 &g

starstarl star3 &3 *ok
Right Infix 300:

intPlus *9 %4 *g

*1 *3 *5 *7

18.8 Definitions

destValuedItem
destNullltem F ConstSpec
(A (destValuedItem', destNullltem’)
eV un
o destValuedItem' (ValuedItemlItem v) = v
A destNullltem' (Nullltemltem n) = n)
(destValuedItem, destNullltem)
isValuedItem
isNullltem Vi
o (isValuedltem i < (3 ve i = Valuedltemltem v))
A (isNullltem i < (3 ne i = NullltemItem n))
destBoolVal
destStringVal
destIntVal
destFloatVal
destTimeVal
destIntervalVal
destCodeVal
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destClassVal + ConstSpec
(A
(destBoolVal', destStringVal', destIntVal',
destFloatVal', destTimeVal',
destIntervalVal', destCodeVal',
destClassVal')
eV bsiftintccl
e (destBoolVal' (BoolVal b) < b)
A destStringVal (StringVal s) = s
A destIntVal' (IntVal i) = i
A destFloatVal' (FloatVal f) = f
A destTimeVal' (TimeVal t) =t
A destIntervalVal' (IntervalVal int) = int
A destCodeVal' (CodeVal ¢) = ¢
A destClassVal' (ClassVal cl) = cl)
(destBoolVal, destStringVal, destIntVal,
destFloatVal, destTimeVal, destIntervalVal,
destCodeVal, destClassVal)
isBoolVal
isStringVal
isIntVal
isFloatVal
isTimeVal
isIntervalVal
isCodeVal
isClassVal FYo
e (isBoolVal v < (3 be v = BoolVal b))
A (isStringVal v < (3 se v = StringVal s))
A (isIntVal v < (3 ie v = IntVal 1))
A (isFloatVal v < (3 fe v = FloatVal f))
A (isTimeVal v < (3 te v = TimeVal t))
A (isIntervalVal v
< (3 inte v = IntervalVal int))
A (isCodeVal v < (3 ce v = CodeVal c))
A (isClassVal v < (3 cle v = ClassVal cl))
GroupedResult
F 3 fe TypeDefn (A xe true) f
MkGroupedResult
G_res
G_group FVital z2
o G_res (MkGroupedResult x1 z2) = z1
A G_group (MkGroupedResult ©1 z2) = 22
A MkGroupedResult (G_res t) (G_group t) = t
Env F 3 fe TypeDefn (A xe true) f
MkEnv
E_row
E_group FVitaxl z2

o E_row (MkEnv z1 22) = z1
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N E_group (MkEnv z1 z2) = 2
A MkEnv (E_row t) (E_group t) =t

userName

userDirectory

userClearance

timeNow F true

lubl FV cle lubl ¢l = Fold $lub cl lattice_bottom

glbl FV cle glbl cl = Fold $glb cl lattice_top

lub_wl

lub_w

dominates_w
Not

And

Or

Plus

Equal
newData

lub_data

lub_wdata

ExceptionData

NullData

applyNot

F true

F Not = 7 Not”
A And = 7 And”
A Or =7 0r”

A Plus = 7 Plus”
A Equal =7 Equal”
FYcwo
e newData ¢ w v
= MkData c (ValuedItemItem (MkValuedltem w v))
FV dl
o [ub_data dl
= userClearance lub lubl (Map Dat_class dl)
FV dl
o lub_wdata dl
= lub_wl
(Map (VI_worth o destValuedltem o Dat_item) dl)

FV dl
e FExceptionData dl
= newData (lub_data dl) worthless ExceptionVal
FV dl
e NullData dl
= MkData (lub_data dl) (NullltemItem maybe)
FVdl
e applyNot dl
=(if ~# dl =1
then ExceptionData dl
else if isNullltem (Dat_item (Head dl))
then Head dl
else
(let v
= VI_val
(destValuedItem (Dat_item (Head dl)))
in if isBoolVal v
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then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal (= destBoolVal v))
else ExceptionData dl))
applyAnd FVYdl
e applyAnd dl
=Gf ~#dl =2
then ExceptionData dl
else
(let d; = Head dl and dg = Head (Tail dl)
in if isValuedItem (Dat_item dy)
then
let vy
= VI_wal
(destValuedItem (Dat_item dj))
in if isValuedItem (Dat_item dg)
then
let vo
= VI_val
(destValuedItem
(Dat_item dz))
in if isBoolVal vy A isBoolVal va
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal
(destBoolVal v
A destBoolVal vg))
else if
1sBoolVal v
A (destBoolVal v; < false)
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal false)
else if
1sBoolVal vs
A (destBoolVal vy < false)
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal false)
else FExceptionData dl
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applyOr

intPlus
applyPlus

else NullData dl
else NullData dl))
FVdl
e applyOr dl
=(Gf ~# dl =2
then ExceptionData dl
else
(let d; = Head dl and dp = Head (Tail dl)
in if isValuedItem (Dat_item dy)
then
let vy
= VI_wal
(destValuedItem (Dat_item dy))
in if isValuedItem (Dat_item dg)
then
let vo
= VI_val
(destValuedItem
(Dat_item dz))
in if 1sBoolVal vy A isBoolVal vy
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal
(destBoolVal v
V destBoolVal vg))
else if
1sBoolVal v
A (destBoolVal v; < true)
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal true)
else if
1sBoolVal vs
A (destBoolVal vy < true)
then
newData
(lub_data dl)
(lub_wdata dl)
(BoolVal true)
else ExceptionData dl
else NullData dl
else NullData dl))
F true

FV dl

Page 75 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

e applyPlus dl
=Gf ~# dl =2
then FExceptionData dl
else
(let d; = Head dl and dg = Head (Tail dl)
mn if
isNullltem (Dat_item dy)
V isNullltem (Dat_item dg)
then NullData dl
else
(let vy
= VI_wal
(destValuedItem (Dat_item dy))
and vg
= VI_val
(destValuedItem (Dat_item dg))
in if isIntVal vy N isIntVal vg
then
newData
(lub_data dl)
(lub_wdata dl)
(IntVal
(destIntVal v
intPlus destIntVal vy))
else ExceptionData dl)))
applyEqual FV dl
e applyEqual dl
=Gf ~# dl =2
then FxceptionData dl
else
(let d; = Head dl and dg = Head (Tail dl)
mn if
isNullltem (Dat_item dy)
V isNullltem (Dat_item dgz)
then NullData dl
else
(let v,
= VI_wal
(destValuedItem (Dat_item dj))
and va
= VI_val
(destValuedItem (Dat_item dz))
in newData
(lub_data dl)
(lub-wdata dl)
(BoolVal (vi = v2)))))
apply F ConstSpec

(X apply’
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oV dl
e apply’ Not dl = applyNot dl
A apply’ And dl = applyAnd dl
A apply’ Or dl = applyOr di
A apply’ Plus dl = applyPlus dl
A apply’ Equal dl = applyEqual dl)
apply
*1 FYfgzx
o (frxg)
= (4f isVal (f x)
then g (destVal (f z))
else giveError (destError (f z)))
*9 FVYax f
oz x f
= (if sVal z
then f (destVal x)
else giveError (destError x))
*3 FYaxfy
o (zxf)y
= (if isVal z
then f (destVal z) y
else giveError (destError x))
. FY fga
o (fxg)w
= (if isVal (f z)
then giveVal (g (destVal (f x)))
else giveError (destError (f z)))
*5 FVYax f
® 1 x5 f
= (if isVal z
then giveVal (f (destVal x))
else giveError (destError x))
*6 FYfxy
o (z,y) xf
= (if sVal z
then
if isVal y
then giveVal (f (destVal x) (destVal y))
else giveError (destError y)
else if isVal y
then giveError (destError x)
else giveError (destError x Q destError y))
ol d VY f T
o k7 f
= (if isVal f
then giveVal (destVal f z)
else giveError (destError f))
list_U F ConstSpec
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oV l]
o $list_ U 1y [| = 1y
VAN (V lg x
o $7list_ U 11 (I @ [z])
= (if = € Elems 4
then $7list_U"” 11 1
else $7list_U" 1; 1y Q [z])))
$list_U
&1 FV Ty T2
o (z; & x2)
= (if isVal x4
then
if isVal x»
then giveVal ([destVal x;] Q [destVal z2])
else giveError (destError xz)
else if isVal x»
then giveError (destError x;)
else giveError (destError x; Q destError xz))
&o FVY oo oal
o (z & )
= (if isVal z
then
if isVal xl
then giveVal (Cons (destVal x) (destVal zl))
else giveError (destError xl)
else if isVal xl
then giveError (destError x)
else giveError (destError x Q destError zl))
&3 FValx
o (2l & 1)
= (if isVal z
then
if isVal «l
then giveVal (destVal xl Q [destVal z])
else giveError (destError xl)
else if isVal xl
then giveError (destError x)
else giveError (destError xl Q destError x))
&4 VY l‘l] $12

° (xlj & Z‘lg)
= (if isVal zl;

then
if isVal xly
then giveVal (destVal zl; Q destVal zlyp)
else giveError (destError xlg)

else if isVal xlo

then giveError (destError xly)
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seq

enseq

promote

find

distinct

else
giveError (destError zl; Q destError zly))
F ConstSpec
(X seq’
eVnz
o seq’ nx
=@Gf n=20
then |]
else Cons x (seq’ (n — 1) x)))
seq
EVf
e enseq f
= RelList
i, 9)
|11 <
ANNVkel <kANk<i=isVal (fk))
A g = destVal (f i)}
= ConstSpec
(A promote’
eV fs
e promote’ f s
= (if s =]
then giveVal ||
else f (Head s) & promote’ f (Tail s)))
promote
F ConstSpec
(\ find’
eV se
o find s e
= (if s =]
then giveError (seq 1 error)
else if Head s = e
then giveVal 1
else if isVal (find' (Tail s) e)
then
give Val
(1 4 destVal (find' (Tail s) e))
else find' (Tail s) e))
find
= ConstSpec
(X distinct’
e distinct’ [| = ||
ANzl
o distinct’ (I Q [z])
= (if = € Elems [
then distinct’ 1
else distinct’ 1 Q [z])))
distinct
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noErrors F noErrors = []
one_col F one_col
= promote
(X ds
o if # ds =1

then giveVal (Head ds)
else giveError (seq 1 tooWide))
one_result FV ds
e one_result ds
= (if #ds =1
then giveVal (Head ds)
else giveError (seq 1 tooTall))

make_data FV ve make_data v = newData userClearance worthless v
fillTab FVY
o fillTab i
= (if # 1 = 1 then userDirectory Q i else i)
fillCol FVY
e fillCol i
= (if # 1 = 2 then userDirectory Q i else i)
getDir FV st tab

e getDir st tab
= (if tab € Dom (repState st)
then giveVal (repState st Q tab)
else giveError (seq 1 mnoSuchDirectory))
getTab FV dir i
o getTab dir i
= (if © € Dom (Dir_tables dir)
then giveVal (Dir_tables dir Q i)
else giveError (seq 1 noSuchTable))
getColPosn FVYitsi
e getColPosn ts i
= (if
i
€ {name
|3 ce ¢ € TS_colspecs ts N CS_ide ¢ = name}
then
give Val
(e n
e Jc
e ¢ € TS_colspecs ts
N CS_ide ¢ =1
A CS_posn ¢ = n)
else giveError (seq 1 noSuchColumn))
getData FYrn
e getData r n
= (if n € Dom (R_data r)
then giveVal (R_data r @ n)
else giveError (seq 1 noSuchColumn))
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lookup FV st tab
e lookup st tab
= (let dir = getDir st (Front tab)
i if isVal dir
then getTab (destVal dir) (Last tab)
else giveError (destError dir))
isCleared FVYd
e isCleared d < userClearance dominates Dat_class d
isNotCleared I V de isNotCleared d < — isCleared d
checkComplete
F (checkComplete || < true)
A (Y d
o checkComplete (Cons d tl)
< (if isNotCleared d
then false
else checkComplete tl))
check_where_complete
FY comp b d
e check_where_complete comp b d
= (if comp
then giveVal d
else if isNotCleared d
then giveError (seq 1 notCleared)
else if isNullltem (Dat_item d)
then giveVal d
else
(let v = VI_val (destValuedItem (Dat_item d))
in if isBoolVal v
then
if destBoolVal v < b
then giveError (seq 1 notCleared)
else giveVal d
else giveError (seq 1 wrongType)))
resultBool FVvd
o resultBool d
= (if isNotCleared d
then giveVal false
else if isNullltem (Dat_item d)
then giveVal false
else
(let v = VI_val (destValuedltem (Dat_item d))
in if isBoolVal v
then giveVal (destBoolVal v)
else giveError (seq 1 wrongType)))
take_data FVd
e take_data d
= (if isCleared d
then giveVal d
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resultClass

extract

emptyTuple
emptyEnv
starl

star2

else giveError (seq 1 notCleared))
FVd
o resultClass d
= (let wvi i
= (if isValuedltem i
then giveVal (destValuedItem 1)
else giveError (seq 1 nullValue))
and valClass v
= (if isClassVal v
then giveVal (destClassVal v)
else giveError (seq 1 wrongType))
in ((take_data d x5 Dat_item) * vi x5 VI_val)
x valClass)
F ConstSpec
(X extract’
oV bss
e extract’ bs s
= (if bs = ]
then s
else if s = |]
then s
else if Head bs < true
then
Cons
(Head s)
(extract’ (Tail bs) (Tail s))
else extract’ (Tail bs) (Tail s)))
extract
FV ce emptyTuple ¢ = giveError (seq 1 noSuchColumn)
F emptyEnv = MkEnv emptyTuple (seq 1 emptyTuple)
FYabec
e (a starl b) ¢
= (if a ¢ = giweError (seq 1 noSuchColumn)
then b ¢
else if b ¢ = giveError (seq 1 noSuchColumn)
then a c
else if isVal (a ¢) A isVal (b ¢)
then giveError (seq 1 ambiguousColumn)
else if isError (a c¢) A isError (b c)
then
gieError
(destError (a c) list_U destError (b c))
else if isError (a c)
then a c
else b ¢)
F ConstSpec
(A star2’
eVabd
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e star2 a b
= (if b=
then ||
else
Cons
(a starl Head b)
(star2’ a (Tail b))))
$star2
star3 F ConstSpec
(X stars’
eV alb
e star3’ a b
= (if a=1]
then ||
else
(Head a star2 b) @Q star3’ (Tail a) b))
$stars
jay = ConstSpec
(A jay’'
eV ts
o jay’ t s
= (if s =]
then t
else jay' (t star8 Head s) (Tail s)))
Jjay
join F join = jay ||
starstarl FYabc
o (axxb)c
= (if b ¢ = giveError (seq 1 noSuchColumn)
then a c
else b ¢)
starstar2 F ConstSpec
(X starstar2’
eV abd
e starstar2’ a b
— (i b=
then |]
else
Cons
(a xx Head b)
(starstar2’ a (Tail b))))
$xx
insert
delete
update
select

all_columns
select_values
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classify

classify _default
insert_tuples
tuple

union
all_tuples
distinct_tuples
evaluate
set_value
set_class

set_class_and_value

from
correlate_from
denote_col_spec

denote_table_spec
denote_col_name

user
clearance
current_time
monop

binop
set_func_all
count_all
all_binop
contents
classification
denote_null
denote_void
denote_true
denote_false
denote_integer
denote_string
denote_float
denote_time
denote_interval
denote_class
denote_code
Col_spec

Table_spec

F true
= ConstSpec
(A Col_spec’

oV gl

e Col_spec’ (denote_col_spec il) = fillCol il)
Col_spec
F ConstSpec
(X Table_spec’

oV il

e Table_spec’ (denote_table_spec il)
= fillTab il)

Table_spec
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projectTuples
FVstis cn
e projectTuples st ts cn
= (let table = Table_spec ts
i let spec = lookup st table
in if isError spec
then giveError (destError spec)
else
(let coln ¢
= (i¢f Front ¢ = table
then
getColPosn
(destVal spec)
(Last c)
else if Front ¢ = cn
then
getColPosn
(destVal spec)
(Last c)
else
giveError (seq 1 noSuchColumn))
in let entuple r
= giveVal (X ce coln ¢ * getData r)
m promote
entuple
(TS_rows (destVal spec))))
&s FVYf
[ ]

isError (f ¢) A destError (f ¢) = seq 1 error
V isError (g c)
A destError (g ¢) = seq 1 error
then f c
else if
isClass (destVal (f c))
A isltem (destVal (g c))
then
give Val
(DataUpdate
(MkData
(destClass (destVal (f ¢)))
(destltem (destVal (g c)))))
else if
isClass (destVal (g c))
A isltem (destVal (f c))
then
give Val
(DataUpdate
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(MkData
(destClass (destVal (g ¢)))
(destltem (destVal (f ¢)))))
else giveError (seq 1 ambiguousUpdate))
&g F ConstSpec
(A &
eV fs
o & f s
= (if s =
then f
else &) (f & Head s) (Tail s)))
$&
auxapply F ConstSpec
(X auzapply’
oV cs s es
e auzapply’ cs ts es
= (let add cs t e
— (if
promote t cs
= promote (E_row e) cs
then

MkEnv (E_row e) (E_group e Q [t])

else e)
in let adds cs t = Map (add cs t)
in if ts =]
then es
else
auzapply’
cs
(Tail ts)
(adds cs (Head ts) es)))
auzapply
engroup FVYygts
e engroup g ts
= auzapply
(Map (A ce Col_spec ¢) g)
ts
(Map (X te MkEnv t []) ts)
colsInGroup F true
andBools = ConstSpec
(XA andBools'
oV bs
e andBools' bs
< (if #bs=0
then true
else Head bs N andBools' (Tail bs)))
andBools
colposns FVYin
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® colposns t n
= (if 31 ce ¢ € TS_colspecs t N CS_posn ¢ = n
then
give Val
(e ce ¢ € TS _colspecs t N CS_posn ¢ = n)
else giveError (seq 1 noSuchColumn))
colspecs FVYiti
e colspecs t 1
= (if 31 co ¢ € TS_colspecs t N CS_ide ¢ = i
then
give Val
(e ce ¢ € TS _colspecs t N CS_ide ¢ = i)
else giveError (seq 1 noSuchColumn))
cons FVYitn
econstmn
= (if 31 cce (n, cc) € TS_cons t
then giveVal (TS_cons t Q n)
else giveError (seq 1 error))
andb FVobebd
e (be andb b)
= (uf isVal be
then giveVal (destVal be A D)
else giveError (destError be))
checkGroup FV ts cond check
e checkGroup ts cond check

& andBools
(enseq
(A ne cons ts n x5 cond andb check ts n))
dataList F V re dataList r = RelList (Squash (R_data 7))
checkUniqueness
FVisn
e checkUniqueness ts n
< (let key
= (let ii
= dataList
g extract (colsInGroup ts n)
o Map Dat_item in TS_rows 3 Map ii)
in key ts = distinct (key ts))
test F ConstSpec
(X test’
o Y css
o test’ css
< (if # css =0
then true

else if # (distinct (Head css)) = 1
then test’ (Tail css)
else false))

test
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checkUniform + V tsn
e checkUniform ts n
< (let classes
= (let cc
= datalList
o extract (colsInGroup ts n)
s Map Dat_class
in TS _rows § Map cc)
in test (classes ts))
seqErr FV n ze
e seqErr n xe
= (if isVal ze
then giveVal (seq n (destVal ze))
else giveError (destError xe))

checkIntegrity
FV ts check
o checkIntegrity ts check
< andBools (enseq (A ne check ts n))
inRange = ConstSpec
(A inRange’
eV cs css
e inRange’ cs css
< (let inRan cl ¢
< ¢l dominates CS_min c
A CS_maz ¢ dominates cl
mif # cs =0V # css =0
then true
else
inRan (Head cs) (Head css)
A inRange’ (Tail cs) (Tail css)))
imRange
elem FV n zle elem n xl = Nth zl n
checkFieldClasses
FYitsn
e checkFieldClasses ts n
= (let classes
= (TS_rows
s Map (dataList 3 elem n 3 Dat_class))
ts
and cs = colposns ts n
in seqErr n cs x5 inRange classes)
monoleanType
booleanType
charsType
integerType
floatingType
timeType
intervalType
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classType F monoleanType = InL maybe
A booleanType = InR (InL maybe)
A charsType = InR (InR (InL maybe))
A integerType = InR (InR (InR (InL maybe)))
A floatingType = InR (InR (InR (InR (InL maybe))))
A timeType
= InR (InR (InR (InR (InR (InL maybe)))))
A interval Type
= InR (InR (InR (InR (InR (InR (InL maybe))))))
A classType
= InR (InR (InR (InR (InR (InR (InR maybe))))))
right Type = ConstSpec
(X right Type’
e YV is css
e rightType' is css
< (let rightT i cs
< (let right t v
& t = monoleanType
AN v = VoidVal
V t = booleanType
A isBoolVal v
V t = charsType
A isStringVal v
V t = integerType
A isIntVal v
V t = floating Type
A isFloatVal v
V t = timeType A isTimeVal v
V t = interval Type
A isIntervalVal v
V t = classType
A isClassVal v
i if isNullltem i
then true
else
(let vi = destValuedItem i
i if VI_worth vi = sterling
then
right
(CS_sterlingType cs)
(VI_val vi)
else
right
(CS_dinaryType cs)
(VI_val vi)))
mif #is =0V # css =0
then true
else
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checkType

rightNull

checkNulls

Col_name

From_spec

From_name

rightT (Head is) (Head css)
A rightType' (Tail is) (Tail css)))
right Type
FVisn
e checkType ts n
= (let itemList
= (T'S_rows
s Map (dataList 5 elem n 4 Dat_item))
ts
and cs = colposns ts n
in seqErr n cs x5 rightType itemList)
= ConstSpec
(X rightNull’
oV is css
e rightNull' is css
< (let rightN i cs
< isNullltem i A CS_nullType cs
moif #£1is =0V # css = 0
then true
else
rightN (Head is) (Head css)
A rightNull' (Tail is) (Tail css)))
right Null
FVisn
o checkNulls ts n
= (let itemList
= (T'S_rows
s Map (dataList 4 elem n g Dat_item))
ts
and cs = colposns ts n
in seqErr n cs x5 rightNull itemList)
F ConstSpec
(A Col_name’
e V je Col_name’ (denote_col_name i) = i)
Col_name
F ConstSpec
(X From_spec’
eV tcn st
e From_spec’ (from t) st
= projectTuples st t ||
A From_spec’ (correlate_from cn t) st
= projectTuples st t (seq 1 cn))
From_spec
F ConstSpec
(A From_name’
eV tcn
e From_name’ (from t) = Table_spec t
A From_name’ (correlate_from cn t)
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= Table_spec t)
From_name
Num_to_Int F true
check_where_completel
VY bebd
e check_where_completel be b d
= (if isVal be
then check_where_complete (destVal be) b d
else giveError (destError be))
all_false F ConstSpec
(X all_false’
oV bs
e all_false' bs
< (if # bs =10
then true
else if Head bs < true
then false
else all_false’ (Tail bs)))
all_false
same F ConstSpec
(X same’
o Y bs
e same’ bs
=(if #bs=0
then giveVal true
else if # bs = 1
then giveVal (Head bs)
else if
Head bs < destVal (same’ (Tail bs))
then giveVal (Head bs)
else giwveError (seq 1 ambiguousHaving)))
same
Value_monop + ConstSpec
(A Value_monop’
o VYV value st e op v
e Value_monop’ value (monop op v) st e
= (let v' = value v st e
in if isVal v
then
giveVal (apply op (seq 1 (destVal v')))
else giveError (destError v')))
Value_monop
Value_binop  ConstSpec
(A Value_binop’
o YV value st e op vy vp
e Value_binop’ value (binop op (vy, vg)) st e
= (let v/, = value v; st e
and v’y = value vy st e
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in if isVal v/
then
if isVal vl
then
give Val
(apply
op
[destVal v';; destVal vly])
else giveError (destError v')
else if isVal vl
then giveError (destError v'))
else
giveError
(destError v'; @Q destError v'y)))
Value_binop
Value_set_func_all
F ConstSpec
(A Value_set_func_all’
e YV value st e op v
o Value_set_func_all’

value
(set_func_all op v)
st
e
= (let all_res
= promote
(At
o value
v
st
(MkEnv t (E_group e)))
(E_group e)

in if isVal all_res
then giveVal (apply op (destVal all_res))
else giveError (destError all_res)))
Value_set_func_all
Value_all_binop
= ConstSpec
(A Value_all_binop’
eV t [l ct.l value st e op v tl
e Value_all_binop’
tl_c
t-1
value
(all_binop op v tl)
st
e
= (let tle = t_l_c tl st e
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and calc
= (let ans = value v st e
in promote
(Ad
o if isVal ans
then
give Val
(apply
op
([destVal ans]
Q [d]))
else
giveError (destError ans)))
in (((t-1 tl st e x one_col) * calc
x5 apply And)
* take_data)
x check_where_completel tlc true))
Value_all_binop
Value_classification
F ConstSpec
(A Value_classification’
oV st ecs
e Value_classification’
(classification cs)
st
e
= (let ce
= E_row e (Col_spec c¢s) x5 Dat_class
i if isVal ce
then
give Val
(make_data (ClassVal (destVal ce)))
else giveError (destError ce)))
Value_ classification

Valuey, F ConstSpec
(A Value,
eVilctlsteisrmintclcopuvuvy vg
tl cs
e Value), t_l_c t_l denote_null st e
= giveVal
(MkData
userClearance

(NullltemItem maybe))
A Valuey, t_1_c t_l denote_void st e
= giveVal (make_data VoidVal)
A Value;, t_l_c t_l denote_true st e
= giweVal (make_data (BoolVal true))
A Value; t_l_c t_l denote_false st e
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= giveVal (make_data (BoolVal false))
A Value;,
t-l_c
-1
(denote_integer 1)
st
e
= giveVal (make_data (IntVal 1))

A Valuel, t_1_c t_l (denote_string s) st e
= giveVal (make_data (StringVal s))
A Valuey, t_1_c t_l (denote_float r) st e
= giveVal (make_data (FloatVal 1))

A Valuey, t_1_c t_l (denote_time m) st e
= giveVal (make_data (TimeVal m))

A Value;,
t_l_c
t-1
(denote_interval int)
st
e
= giveVal (make_data (IntervalVal int))
A Valuej, t_1_c t_l (denote_class cl) st e
= giweVal (make_data (ClassVal cl))
A Valuej, t-1_c t_l (denote_code c) st e
= giveVal (make_data (CodeVal c))
A Value), t_1_c t_1 (monop op v) st e
= Value_monop
(Value;, t_1_c t_1)
(monop op v)
st
e
A Value;,
t-l_c
t-1
(binop op (vi, v2))
st
e
= Value_binop
(Valuey, t_1_c t_1)
(binop op (v, v2))
st
e
A Value;,
t-l_c
t-1
(set_func_all op v)
st
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e
= Value_set_func_all
(Valuej, t-1_c t_1)

(set_func_all op v)

st
e
A Value), t_1_c t_1 count_all st e
= gweVal
(make_data
(IntVal
(Num_to_Int (# (E_group e)))))
A Value),
t_l_c
()
(all_binop op v tl)
st
e
= Value_all_binop
tl_c
()

(Valuel, t-1_c t_1)
(all_binop op v tl)
st
e
A Valuel, t_1_c t_l (contents cs) st e
= E_row e (Col_spec cs)
A Value;,
t-l_c
t-1
(classification cs)
st
e
= Value_classification
(classification cs)
st
e
A Value), t-1_c t_1 user st e
= qiveVal
(make_data (StringVal userName))
A Valuej, t_1_c t_1 clearance st e
= giveVal
(make_data (ClassVal userClearance))
A Valuel, t_1_c t_l current_time st e

= giweVal (make_data (TimeVal timeNow)))

Value,

Tuple_list_complete,

F ConstSpec
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(A Tuple_list_complete,,
o V value st e sel from_list where group having
e Tuple_list_complete;,
value
(all_tuples
sel
from_list
where
group
having)
st
e
= (let froms
= promote (A fre From_spec fr st)
* joIn
and ws ¢
= promote
(At
e value where st (MkEnv t g)
x5 isNotCleared)
g
in froms from_list x ws %5 all_false)
A Tuple_list_complete,
value
(distinct_tuples
sel
from_list
where
group
having)
= Tuple_list_complete;,
value
(all_tuples
sel
from_list
where
group
having)
A Tuple_list_complete;,
value
(evaluate
sel
from_list
where
group
having)
= Tuple_list_complete;,
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value
(all_tuples
sel
from_list
where
group
having))
Tuple_list_complete,,
Tuple_list_all_tuples
F ConstSpec
(X Tuple_list_all_tuples’
o YV value s_l st e sel from_list where group
having
o Tuple_list_all_tuples’
value
s_1
(all_tuples
sel
from _list
where
group
having)
st
e
= (let froms
= promote (\ fre From_spec fr st)
* join
and selr env
= (let tabs = Map From_name from_list
in s_l sel st env tabs)
and outer e
= Map
(X ei
o MkEnv
(E_row e xx E_row ei)
(E_-row e xx E_group ei))
and where_filter ts

= (let ws g
= (let ev t
= (let elim
= (let eliminate
s
env
h

= promote
((((X te value h s (MkEnv t (E_group env))) * seq 1)
x applyNot)
* resultBool)
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(E_group env)

x same in eliminate st (MkEnv t g) having)
i if isError elim
then elim
else if

destVal elim < true
then giveVal false
else
value
where
st
(MkEnv t g)
x resultBool)
in promote ev g)
in ts x7 ws ts x5 extract)
in ((froms from_list x where_filter
k5 E€Ngroup group)
x5 outer e)
x promote selr))
Tuple_list_all_tuples
Tuple_list_evaluate
F ConstSpec
(X Tuple_list _evaluate’
e V value s_l st e sel from_list where group
having
o Tuple_list_evaluate’
value
sl
(evaluate
sel
from_list
where
group
having)
st
e
= (let froms
= promote (\ fre From_spec fr st)
* join
and selg env

= (let tabs = Map From_name from_list

in if isVal (s-1 sel st env tabs)
then
give Val
(MkGroupedResult
(destVal
(s-1 sel st env tabs))
(E_group env))
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else
giveError
(destError
(s_l sel st env tabs)))
and outer e
= Map
(X ei
o MkEnv
(E_row e xx E_row ei)
(E_row e xx E_group ei))
and ev grs
— (if
distinct (Map G_group grs)
= Map G_group (distinct grs)
then giveVal (Map G_res grs)
else
giveError
(seq 1 ambiguousEvaluate))
and where_filter ts
= (let ws g
= promote
(At
e value
where
st
(MkEnv t g)
* resultBool)
9
in ts x7 ws ts x5 extract)
in (((froms from_list x where_filter
k5 ENgroup group)
x5 outer e)
* promote selg)
% ev))
Tuple_list _evaluate
Tuple_list, F ConstSpec
(A Tuple_list;,
o Y value s_l st e sel from_list where group
having
e Tuple_list),
value
s-1
(all_tuples
sel
from_list
where
group
having)
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st

(&

= Tuple_list_all_tuples
value
s-1
(all_tuples

st
e

sel
from_list
where
group
having)

A Tuple_list,,
value

s_1

(distinct_tuples

st
e

sel
Sfrom_list
where

group
having)

= Tuple_list),

value
s_1
(all_tuples

sel
from _list
where

group
having)

st

e

*5

distinct

A Tuple_list,,
value

s_1

(evaluate

st
e

sel
from_list
where
group
having)

= Tuple_list_evaluate
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value

s-1

(evaluate
sel
from_list
where
group
having)

st

€)
Tuple_list,,
Select_list,
F ConstSpec
(A Select_list,
o YV value st e vl ts
° Select.list;J value all_columns st e
= (let vals
= denote_col_spec
9 contents
5 (A ve value v st e)
and col t
= enseq
(((lookup st t * colposns)
x CS_ide)
x (A e ¢t @ [1]))
in (Map col g Flat) 4 promote vals)
A Select_list,,
value
(select_values vl)
st
e
ts
= promote (A ve wvalue v st e) vl)
Select _list ),

Value
Tuple_list_complete
Tuple_list
Select _list F ConstSpec

(A

(Value', Tuple_list_complete’, Tuple_list’,
Select_list")
o Value'

= Value, Tuple_list_complete’ Tuple_list'
A Tuple_list_complete’

= Tuple_list_complete, Value'
A Tuple_list’'

= Tuple_list, Value' Select_list’
A Select_list'" = Select_list, Value')
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(Value, Tuple_list-complete, Tuple_list,
Select_list)
Set_clause = ConstSpec
(X Set_clause’
oV st e col vv ve id
o Set_clause’ (set_value col vv) st e id
= (let column = Col_name col
and exp = Value vv st e
in if id = column
then exp * take_data x5 DataUpdate
else giveError (seq 1 error))
A Set_clause’ (set_class col vc) st e id
= (let column = Col_name col
and exp = Value vc st e
in if id = column
then exp * resultClass x5 ClassUpdate
else giveError (seq 1 error))
A Set_clause’
(set_class_and_value col vv vc)
st
e
id
= (let column = Col_name col
and value
= Value vv st e * take_data
x5 Dat_item
and clas = Value ve st e x resultClass
in if id = column
then
(clas, value) x MkData x5 DataUpdate
else giveError (seq 1 error)))
Set_clause
Classified_value
= ConstSpec
(X Classified_value’
oV st ew v
e Classified_value’ (classify v vc) st e
= (let resv = Value v st e
and resc = Value vc st e
in (resc x resultClass,
resv * take_data x5 Dat_item)
« MkData)
A Classified _value’
(classify_default v)
st
e

= (let combine ¢ d
= MkData c (Dat_item d)
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and newDat
= Value v st e
x (A d
e if isCleared d
then giveVal d
else
giveError (seq 1 notCleared))
and newClass = userClearance
in newDat x5 combine newClass))
Classified_value
Insert_list F ConstSpec
(X Insert_list’
oV st tl cul ily ilg
o Insert_list' (insert_tuples tl) st
= (let check d
= (let tlc
= Tuple_list_complete
tl
st
emptyEnv
in if isVal tlc
then
if destVal tlc < true
then giveVal d
else
giveError (seq 1 notCleared)
else
giveError (seq 1 notCleared))
in Tuple_list tl st emptyEnv
x promote (promote take_data))
A Insert_list’ (tuple cvl) st
= (let d_or_err
= promote
(A cv
o Classified_value
cv
st
emptyEnv)
col
in if wsVal d_or_err
then giveVal (seq 1 (destVal d_or_err))
else giveError (destError d_or_err))
A Insert_list' (union il; ilg) st
= (Insert_list' il; st
& Insert_list' ily st))
Insert_list

processintegrity
FVit
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e processIntegrity t
= (if checkGroup t CC_uniform checkUniform < true
then noFErrors
else seq 1 nonUniformValues)
Q (if
checkGroup t CC_unique checkUniqueness
& true
then noErrors
else seq 1 nonUnique Values)
Q@ (if checkIntegrity t checkFieldClasses < true
then noErrors
else seq 1 fieldClassOutOfRange)
Q@ (if checkIntegrity t checkType < true
then noFErrors
else seq 1 wrongType)
Q (if checkIntegrity t checkNulls < true
then noErrors
else seq 1 noNulls)
processInsert
FVctcensilst
e processinsert ¢ t cns il st
= (let spec = lookup st (Table_spec t)
and givenNames = Map Col_name cns
in let defaults
= (spec * colposns) x CS_default
in let givenNums
= promote
((spec * colspecs) * CS_posn)
giwvenNames
in let colNums
= Map
CS_posn
(enseq (spec * colposns))
i let map nums ds n
= (if isVal (find nums n)
then
give Val
(n,
elem
(destVal
(find nums n))
ds)
else if isVal (defaults n)
then
give Val
(n, destVal (defaults n))
else
giveError
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(destError (defaults n)))
in let addDefaults ds
= (if # givenNames = 0
then
promote
(map colNums ds)
colNums
else if isVal givenNums
then
promote
(map
(destVal givenNums)
ds)
colNums
else
gweError
(destError givenNums))
i let width ds
= (if # givenNames = 0
then
if # colNums = # ds
then giveVal ds
else
giveError (seq 1 tooWide)
else if # givenNames = F# ds
then giveVal ds
else
giveError (seq 1 tooWide))
i let effect
= (if isVal spec
then
if
TS_mazRow
(destVal spec)
dominates userClearance
then
giveError
(seq
1
rowClassTooLow)
else
Insert_list il st
* promote
(width
x addDefaults
x Elems)
else
giveError
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effect))))

FVYfw

processDelete

(destError spec))
in if isError effect
then giveError (destError effect)
else
(let newSpec
= replaceRows
(destVal spec)
(TS_rows (destVal spec)
Q Map
(MEkRow c)
(destVal effect))
i let integrity
= processIntegrity
newSpec
in if - # integrity = 0
then giveError integrity
else
give Val
(InsertEffect
(Table_spec t,
destVal

st

e processDelete f w st

= (

let table = From_name f

i let spec = lookup st table

in let ts = From_spec [ st
i let where
= (uf isVal ts
then
promote
(At
o Value
w
st
(MkEnv t (destVal ts)))
(destVal ts)
else giveError (destError ts))
in let whereBools
= where x promote resultBool
in let complete
< (if isError where
then true
else
checkComplete
(destVal where))
i let doomed
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= (4f isError whereBools
then
giveError
(destError whereBools)
else
giveVal
(Dom
(ListRel

(destVal
whereBools)

> {true})))
i if isError doomed
then giveError (destError doomed)
else if complete
then
give Val
(DeleteEffect
(From_name f,
destVal doomed))
else
giveError

(seq 1 mayNotBeComplete))
convert FVf

e convert f
— (if
dn
e isError (f n)
A = destError (f n) = seq 1 error
then
giveError
(RelList
(Enumerate
U
{z
EN’
o isError (f y)
A = destError (f y)
= seq 1 error
N
= FElems
(destError
(fyNh))
else giveVal {(id, upd)|f id = giveVal upd})
updateRowList
FV 7l nnu
e updateRowList rl nnu
= (let updateD (u, d)
= (if isltem u
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then MkData (Dat_class d) (destltem u)
else if isClass u
then MkData (destClass u) (Dat_item d)
else destData u)
in let updateR (nu, )
= MkRow
(R_exist T)
(R_data r
@ RelCombine nu (R_data 1)
o Graph updateD)
wn RelList
(ListRel 7l
@ RelCombine nnu (ListRel i)
o Graph updateR))
processUpdate
FYfsswghst
e processUpdate f ss w g h st
= (let table = From_name f
i let spec = lookup st table
in let ts = From_spec f st
in let whereResults

= (let ev e
= (let elim
= (let eliminate s env h
= promote
((((x ¢t
o Value

h

s
(MkEnv t (E_group env)))
x seq 1)
x applyNot)
% resultBool)
(E_group env)
% same
in eliminate st e h)
i if isError elim
then
giveError (destError elim)
else if destVal elim < true
then
give Val
(make_data
(BoolVal false))
else Value w st e)
i if isVal ts
then
promote
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ev
(engroup g (destVal ts))
else giveError (destError ts))
in let whereBools
= whereResults * promote resultBool
i let complete
< (if isError whereResults
then true
else
checkComplete
(destVal whereResults))
in let sets e
= (A e
e giveError (seq 1 error))
& Map
(X se Set_clause s st e)
ss)
i let getEnv n
= (if isVal ts
then
give Val
(MkEnv
(Nth
(destVal ts)
n)
(destVal ts))
else
giveError (destError ts))
in let rowUpd n
= convert
(((spec * colposns)
x CS_ide)
* getbnv n
% sets)
in let where
= (if isError whereBools
then
giveError
(destError
whereBools)
else
give Val
(Dom
(ListRel
(destVal
whereBools)

> {true})))

in if isError where
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then
giveError (destError where)
else if complete
then
let us
— {(n, nu)
|n € destVal where
A nu = rowUpd n}
n if
3 pr
® pr € us
A isError (Snd pr)
then
giveError
(RelList
(Enumerate
U
{z|3 ye y € us N x = Elems (destError (Snd y))})))
else
(let ups
= {(n, nu)
In
€ destVal where
N nu
= destVal (rowUpd n)}
in let oldRows
= TS_rows
(destVal
spec)
i let newSpec
= replaceRows
(destVal spec)
(updateRowList oldRows ups)
i let integrity
= processIntegrity newSpec

mn if
- # integrity
=0
then
gweError
ntegrity
else
give Val
(UpdateEffect (table, ups)))
else
giveError

(seq 1 mayNotBeComplete))
processSelect
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FVY ot st
e processSelect tl st
= (let retrieved = Tuple_list tl st emptyEnv
and tlc = Tuple_list_complete tl st emptyEnv
mn if isError retrieved
then (SelectEffect [], destError retrieved)
else if isVal tlc
then
if destVal tlc & true
then (SelectEffect (destVal retrieved), [])
else
(SelectEffect (destVal retrieved),
seq 1 mayNotBeComplete)
else (SelectEffect [|, destError tlc))
nullUpdate F true
processQuery
F ConstSpec
(X processQuery’
eV csttensil fwssghtl
e processQuery’ (insert t cns il, c, st)
= (let iorerr
= processInsert ¢ t cns il st
in if isVal iorerr
then (destVal iorerr, [])
else (nullUpdate, destError iorerr))
A processQuery’ (delete f w, ¢, st)
= (let dorerr = processDelete f w st
in if isVal dorerr
then (destVal dorerr, [])
else (nullUpdate, destError dorerr))
A processQuery’
(update f ss w g h, c, st)
= (let worerr
= processUpdate f ss w g h st
in if isVal uorerr
then (destVal worerr, [])
else (nullUpdate, destError uorerr))
A processQuery’ (select tl, ¢, st)
= processSelect tl st)
processQuery

19 THE THEORY fef015

19.1 Parents

fef013
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19.2 Theorems

updateStateR_updateState_lemma
F (V¥ clear s u
e isState s
= isState (Fst (updateStateR (clear, u, s))))
= (hide, updateState) € secureUpdate
isState_insertQuery_lemma
FVcinssts
e isState s A tabExists ¢ i s
= isState
(Fst
(insertQuery
(e, (i, ds), s, getTable i s)))
isState_deleteQuery_lemma
FVcinssts
e isState s A tabExists c i s
= isState
(deleteQuery (c, (i, ns), s, getTable 1 s))
isState_updateRow_lemma
FVYrcteu
e r € RowS A isVal (updateRow ¢ tc (u, r))
= destVal (updateRow ¢ tc (u, r)) € RowS
isState_updateRows_lemma
FVYrcectu
e u € Functional
A ((RelCombine
(revealRow ¢ t ~ § u)
(ListRel (TS_rows t))
5 Graph (updateRow ¢ (TS_class t)))
> {z|isError x})
s Graph destError
={}
A (Y rer e TS rows t = r € RowS)
=T
€; RelList
(ListRel (TS_rows t)
@ (RelCombine
(revealRow ¢ t ~ § u)
(ListRel (TS_rows t))
5 Graph (updateRow ¢ (TS_class t)))
o Graph destVal)
= r € RowS
isState_updateQuery_lemma
FVciussts
e isState s A tabExists ¢ 1 s
= isState
(Fst
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(updateQuery
(¢, (i, us), s, getTable i s)))

updateStateR_lemma

FV clear s

e isState s
= isState (Fst (updateStateR (clear, u, s)))

secureSSQL

F behaviours SSQLam € secure

20 THE THEORY fef021

20.1 Parents
fef024
20.2 Children

fef025

20.3 Constants

item_sterling

Item — Item
class_bottom  Data — Data
set_bottomy Worth < Data — Worth <> Data
set_bottom, Worth <> Update — Worth < Update
Stateis State P

isState; State — Bool
absState; State — State;
repState State; — State
processQuery

Process,
updateState;

Ustatey
MKTT; Process; — Ustate, — tfy
TSQLtf tf ¢
20.4 Types
State;

20.5 Type Abbreviations

Process; Process;
Ustate; Ustate;
tf tf
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20.6 Definitions

item_sterling
)
e item_sterling 1
= (if isNullltem i
then 1
else
(let v = destValuedItem i
in ValuedltemlItem
(MkValuedItem sterling (VI_val v))))
class_bottom + V d
e class_bottom d
= (let i = Dat_item d
in MkData lattice_bottom (item_sterling 7))
set_bottomy FV nd
e set_bottomy nd
= {(n, d)|n € Dom nd A d = class_bottom (nd @Q n)}
set_bottom,, FV nu
e set_bottom, nu
= {(n, u)
n € Dom nu
AN u
= (let v = nu @Qn
in if isltem v’
then
ItemUpdate
(item_sterling (destltem u'))
else if i1sClass u’
then ClassUpdate lattice_bottom

else
DataUpdate
(class_bottom (destData u')))}
Stateig F States
= {st
|V dir

e dir € Ran (repState st)
= Dir_exist dir = lattice_bottom
A Dir_class dir = lattice_bottom
A (V tab
e tab € Ran (Dir_tables dir)
= TS_class tab = lattice_bottom
A TS_mazxRow tab = lattice_bottom
A (Y col
e col € TS_colspecs tab
= CS_min col = lattice_bottom
A CS_mazx col = lattice_bottom
A (Y cc
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e cc € Ran (TS_cons tab)
= CC_exist cc
= lattice_bottom
A (Y row
e 70w
€ Elems
(TS_rows tab)
= R_exist row
= lattice_bottom
A (Y data
e data
€ Ran
(R_data row)
= Dat_class
data
= lattice_bottom
A isValuedltem
(Dat_item data)
= VI_worth
(destValuedItem (Dat_item data))
= sterling)))))}
isState; F V se isState; s & s € Stateyg
state;_type_def
F d fe TypeDefn isState; f

repState
absState F ConstSpec
(A (repState),, absStatel,)
o (V ae absState) (repState, a) = a)
NNV
e isState; r
= repState, (absStatel, r) = r)
VAN (V a; agp
e repStatel, a; = repState, ag
~ a7 = ag)
VAN (V 1 To
e isState; r; N isState; T9
= (absState}, r; = absState, rp
ST =7Tg))
A (V se isState; (repState), s)))
(repState, absStatey)
processQuery

FYgqgs
e processQuery; (q, s)
= (let (ef, es)
= processQuery
(g, lattice_bottom, repState; s)
in let ef’
= (if isInsert ef
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then
let (t, ndl) = destInsert ef
i InsertEffect
(t, Map set_bottomg ndl)
else if isDelete ef
then ef
else if isUpdate ef
then
let (t, nnu) = destUpdate ef
i UpdateEffect
(t
{(n, nu)
|n € Dom nnu
N nu
= set_bottom,,
(nnu @ n)})
else
(let dll = destSelect ef
in SelectEffect
(Map (Map class_bottom) dll)))
in (ef’, es))
updateState;
FV efes s
e updateState; (efes, s)
= (let (¢, ¢, out)
= updateState
(lattice_bottom, efes, repState; s)
in (absState; s', out))
MKTfy FVYpugqse METfy pu (g, s) =u (p (q, s), s)
TSQLtf F TSQLtf = METf processQuery;: updateStatey

20.7 Theorems

repState_consistent
absState_consistent
F Consistent
(X (repState’, absState’)
o (V ae absState’ (repState’ a) = a)

NN T

e isState r = repState’ (absState’ r) = 1)
A (V a; ag

e repState’ a; = repState’ ay < a; = ay)
NN T T

e isState r; A isState 7o
= (absState’ r; = absState’ ry
= r; = ’/’2))
A (V se isState (repState’ s)))
repState;_consistent
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absState;_consistent
F Consistent
(A (repState),, absStatel,)
e (V ae absState), (repState), a) = a)
ANV
e isState; r
= repState, (absState, r) = r)
VAN (V a; agp
e repStatel, a; = repState, az
= a7 = ag)
A (V 1 To
e isState; r; N isState; T9
= (absState}, r; = absState), ry
> Ty = 7’2))
A (V se isState; (repState), s)))

21 THE THEORY fef022

21.1 Parents
fef006
21.2 Children
fef024
21.3 Constants

mkTf¢ ('TSQL-QUERY,’'ST) DBMS_TYPE
— ('TSQL-QUERY,'PARS) STP_TYPE
— 'PARS FILTER_TYPE
—'ST TF_TYPE
istater (State — 'ST) — 'ST
FE_SWORD (State — 'ST)
— ('TSQL_QUERY,’'ST) DBMS_TYPE
— ('TSQL-QUERY,'PARS) STP_TYPE
— '"PARS FILTER_TYPE
— (Query, ANSWER) BEHAVIOURS
ok_to_proceed
('TSQL-QUERY,’'ST) DBMS_TYPE
— ('TSQL-QUERY
x '"TSQL_.QUERY + Maybe
x '"PARS)
+ Errors
— 'S8T
— Bool
subsys_secureA
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(State — 'ST)
— ('TSQL_-QUERY,'ST) DBMS_TYPE
+ ('TSQL-QUERY,'PARS) STP_TYPE
subsys_secureB
(State — 'ST)
— ('TSQL_QUERY,’'ST) DBMS_TYPE
+ ('TSQL_-QUERY,'PARS) STP_TYPE
subsys_secureC
(State — 'ST)
— ('TSQL_QUERY,’'ST) DBMS_TYPE
< ('TSQL-QUERY,'PARS) STP_TYPFE
subsys_secureD
(State — 'ST)
— ('TSQL-QUERY,’'ST) DBMS_TYPE
< ('TSQL-QUERY,'PARS) STP_TYPFE
subsys_secureE
(State — 'ST)
— ('TSQL-QUERY,’'ST) DBMS_TYPE
< ((TSQL_QUERY,'PARS) STP_TYPE
x '"PARS FILTER_TYPE)
subsys_secure
(State — 'ST)
— ('TSQL-QUERY,’'ST) DBMS_TYPE
< (TSQL-QUERY,'PARS) STP_TYPE
x '"PARS FILTER_TYPE)

21.4 Type Abbreviations

ANSWER ANSWER
('TSQL-QUERY,'ST) DBMS_TYPE
('TSQL_QUERY,'ST) DBMS_TYPE
('TSQL-QUERY, 'PARS) STP_TYPE
('TSQL_QUERY,'PARS) STP_TYPE
'PARS FILTER_TYPE
'"PARS FILTER.TYPE
'ST TF_TYPE 'ST TF_TYPE

21.5 Definitions

mkTfy F VY dbms stp filter q c st
o mkTf; dbms stp filter ((q, c), st)

= (let res = stp (q, ¢)
i if isError res
then (st, c, [], destError res)
else

(let (dq, ocq, pars) = destVal res
in let (st', cks, errs)
= (if IsL ocq
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then dbms (OutL ocq, st)
else (st, {1, 1))
in if cks =[] N errs =[]
then
let (st”, ans2) = dbms (dg, st’)
in (st”, ¢, filter (¢, ans2, pars))
else (st', ¢, [], [notCleared])))
istater k= V repre istatey repr = repr isstate
FE_SWORD + V repr dbms stp filter
o FE_SWORD repr dbms stp filter
= behaviours
(mkTf¢ dbms stp filter, istates repr)
ok_to_proceed
FV dbms st stp_res
e ok_to_proceed dbms stp_res st
& - asError stp_res
A (let (dq, ocq, pars) = destVal stp_res
i IsL ocq
= (let (cks, errs)
= Snd (dbms (OutL ocq, st))
in errs =[] N\ cks = []))
subsys_secureA
F V repr dbms stp
e (dbms, stp) € subsys_secureA repr
< Vagec
o (let res = stp (q, ¢)
in let (dq, ocq, pars) = destVal (stp (q, ¢))
i let ok s < ok_to_proceed dbms res s
mV s
[ 31 S/
e ok (repr s)
= repr s
= Fst (dbms (dgq, repr s))))
subsys_secureB
F VY repr dbms stp
e (dbms, stp) € subsys_secureB repr
< Vqgc
o (let res = stp (g, ¢)
in let (dq, ocq, pars) = destVal (stp (¢, c))
mn V sty
e — isError res N\ IsL ocq
= (let (sta, cks, errs)
= dbms (OutL ocq, stp)
in sty = st; N errs = [])))
subsys_secureC
F VY repr dbms stp
e (dbms, stp) € subsys_secureC repr
< Vqgc

Page 119 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

o (let res = stp (q, ¢)
in let (dq, ocq, pars) = destVal (stp (¢, c))
in let ok s & ok_to_proceed dbms res s
inVc s sd
o (repr s', d) = dbms (dg, repr s)
A = hide (¢!, 8) = hide (¢, s')
A = ¢ dominates ¢
= - ok (repr s)))
subsys_secureD
F VY repr dbms stp
e (dbms, stp) € subsys_secureD repr
< Vqgc
o (let res = stp (q, ¢)
in let (dq, ocq, pars) = destVal (stp (q, ¢))
i let ok s < ok_to_proceed dbms res s
inV¥ c s; 598 sy dy da
e hide (¢, s;) = hide (¢, $2)
A (repr sy, di)
= dbms (dgq, repr si)
A (repr s, dg)
= dbms (dgq, repr sz)
A ¢ dominates c
A = hide (¢!, s)
= hide (c, s)
= = ok (repr s1)))
subsys_secureE
FV repr dbms stp filter
o (dbms, stp, filter) € subsys_secureE repr
< (Vqgec
o (let res = stp (q, ¢)
in let (dq, ocq, pars) = destVal (stp (q, c))
in let ok s & ok_to_proceed dbms res s
inV s; sp 8y s dy dg
e hide (¢, s;) = hide (¢, s2)
A (repr sy, dy)
= dbms (dgq, repr si)
A (repr s, dg)
= dbms (dgq, repr sz)
A = filter (¢, dq, pars)
= filter (c, dg, pars)
= - ok (repr si1)))
subsys_secure
F Y repr dbms stp filter
o (dbms, stp, filter) € subsys_secure repr
< (dbms, stp)
€ subsys_secureA repr
N subsys_secureB repr
N subsys_secureC' repr
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N subsys_secureD repr
A (dbms, stp, filter) € subsys_secureE repr

22 THE THEORY fef024
22.1 Parents

fef022
22.2 Children

fef021

22.3 Constants

class_of_item
Item — Class

fill_cols Class — Data LIST x Bool LIST — (Item x Class) LIST
fill_row Bool x Class + Maybe x Bool LIST x Class

— Data LIST

— Class x Class x (Item x Class) LIST
fill_table Bool x Class + Maybe x Bool LIST x Class x Select

— (Class x Class x (Item x Class) LIST) LIST
filter_where_row
Class x Class x (Item x Class) LIST
— (Item x Class) LIST x Bool
filter_table (Class x Class x (Item x Class) LIST) LIST x Class
— (Item x Class) LIST LIST x Bool
filter_cols Class — (Item x Class) LIST — Data LIST
filter_select
(Class x Class x (Item x Class) LIST) LIST x Class
— Select x Bool
outputFilter FILTER_PARS FILTER_TYPE

22.4 Type Abbreviations

FILTER_PARS FILTER_PARS
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22.5 Definitions

class_of_item
FVYi
e class_of _item i
= destClassVal (VI_val (destValuedItem 1))
fill_cols F ConstSpec
(X fill_cols’
oV d ds b bs clear
e fill_cols’ clear ([, ]]) =[]
A fill_cols' clear (Cons d ds, Cons b bs)
=(if b
then
let ¢
= class_of _item
(Dat_item (Head ds))
in Cons
(Dat_item d, c)
(fill_cols' clear (Tail ds, bs))
else

Cons
(Dat_item d, clear)
(fill_cols' clear (ds, bs))))

fill_cols
fill_row F V check_where check_rc check_cols clear dl
e fill_row
(check_where, check_re, check_cols, clear)
dl

= (let (where_c, resty)
= (if check_where
then
(class_of —item (Dat_item (Head dl)),
Tail dl)
else (clear, dl))
in let (rc, resty)
= (if IsR check_rc
then
(class_of _item
(Dat_item (Head resty)),
Tail resty)
else (OutL check_rc, resty))
in (where_c, rc,
fill_cols clear (restg, check_cols)))

fill_table F V check_where check_rc check_cols clear dll
e fill_table
(check_where, check_rc, check_cols, clear, dll)
= Map
(fill-row
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(check_where, check_rc, check_cols, clear))
dll
filter_where_row
F V clear where_c icl
e filter_where_row (clear, where_c, icl)
= (icl, (= clear dominates where_c))
filter_table FV h rest clear
o filter_table ([], clear) = ([], false)
A filter_table (Cons h rest, clear)
= (let (where_c, rc, ics) = h
in if — clear dominates rc
then filter_table (rest, clear)
else
(let (fics, msg)
= filter _where_row
(clear, where_c, ics)
in let (frest, msgs)
= filter_table (rest, clear)
in if msg
then (frest, true)
else (Cons fics frest, msgs)))
filter_cols F V clear ic ics
e filter_cols clear [| = |]
A filter_cols clear (Cons ic ics)
= (let (i, ¢) = ic
in if clear dominates ¢
then
Cons (MkData c i) (filter_cols clear ics)
else
Cons
(MkData
c
(ValuedItemItem
(MEkValuedItem
sterling
dummyVal)))
(filter_cols clear ics))
filter_select
F V table clear
o filter_select (table, clear)
= (let (ftable, check)
= filter_table (table, clear)
in (Map (filter_cols clear) ftable, check))
outputFilter FVY cldl errs cw cr cc
e outputFilter (cl, (dl, errs), cw, cr, cc)
= (if = errs =[]
then ([], errs)
else
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(let (ans, mnbc)
= filter_select
(fill_table (cw, cr, cc, cl, dl), cl)
in (ans,
(if mnbe
then [mayNotBeComplete]
else [)))))

23 THE THEORY fef025

23.1 Parents

fef021

23.2 Children

fefo2s

23.3 Constants

MkDatag Val — Data

MkNullData; Data

MkClassVal Class — Data

repr_data Data — Data x Data x Data
Repr_colCon  ColCon — ColCon
ClassName Op — Op

DinaryName Op — Op

SterlingName Op — Op

RowExistName Op — Op

rowExistCol Op — ColSpec

rowExist ColCon

ColCon
fq TableSpec — Worth — ColSpec + Maybe
ColNeeds TableSpec — Worth — Worth + Maybe
NextNum TableSpec — Worth — Worth
fo TableSpec — ColSpec — ColSpec LIST
fs3 TableSpec — Worth x Data — (Worth x Data) LIST
repr_row TableSpec — Row — Row
repr_table Op — TableSpec — TableSpec
repr_dir Directory — Directory
reprState State — State;
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23.4 Definitions

MkData; FV ve MkData; v = newData lattice_bottom sterling v
MkNullData; F MkNullData,
= MkData lattice_bottom (NullltemItem maybe)
MkClassVal FV ce MkClassVal ¢ = MkData; (ClassVal c)
repr_data FVYd
e repr_data d
= (let i = Dat_item d
i let ¢ = Dat_class d
in if isNullltem i
then
(MkNullDatay, MkNullDatay, MkClassVal c)
else
(let v = destValuedItem i
i if VI_worth v = sterling
then
(MkData, (VI_val v), MkNullDatay,
MkClassVal c)
else if VI_worth v = dinary
then
(MkNullDatay, MkDatay (VI_val v),
MFkClassVal c)
else
(MEkNullDatay, MkNullDatay,
MkClassVal c)))
Repr_colCon F V cc
e Repr_colCon cc
= MkColCon
lattice_bottom
(CC_uniform cc)
(CC_unique cc)
(CC_classLimited cc)
(CC_primary cc)
(CC_secondary cc)
(CC_referential cc)
RowExistName
SterlingName
DinaryName
ClassName F ConstSpec
(A
(RowEzistName', SterlingName', DinaryName',
ClassName')
e OneOne RowEzxistName'
A OneOne SterlingName'
A OneOne DinaryName'
A OneOne ClassName'
ANNYfgez
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o {f; g}
C {RowExistName'; SterlingName';
DinaryName'; ClassName'}
ANfr=gzx
=f=9)

(RowEzistName, SterlingName, DinaryName, ClassName)

rowExistCol F VY tab
o rowkxistCol tab
= MkColSpec
(RowFEzistName tab)
1
monolean Type
classType
false
MENullData
1
lattice_bottom
lattice_bottom
rowExistColCon
F rowEzistColCon
= MkColCon
lattice_bottom
false
false
false
false
false
[
fq FVitn
o f1 tn
= (if 31 ce ¢ € TS_colspecs t N CS_posn ¢ = n
then
InL (e ce ¢ € TS _colspecs t N CS_posn ¢ = n)
else InR maybe)
ColNeeds FVYitn
e (ColNeeds t n
= (if IsL (f1 t n)
then
let ¢ = OutL (f; t n)
in let n'
= (if CS_dinaryType ¢ = monoleanType
then 1
else 2)
i let ans
= (if CS-min ¢ = CS_maz ¢
then n’'
else n' + 1) in InL ans
else InR (OutR (f; t n)))

Page 126 of 358



DRA FRONT END FILTER PROJECT

Lemma 1 ProofPower Theory Listings

Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

NextNum FYitn
o NextNum t n
=1
+ #
{i
i < n
N IsL (ColNeeds t i)
A OutL (ColNeeds t i) = 3}
*x 3
+ #
{i
i < n
A IsL (ColNeeds t i)
A OutL (ColNeeds t i) = 2}
* 2
+ #
{i
li < n
A IsL (ColNeeds t i)
A OutL (ColNeeds t i) = 1}
fo FVtes
o fot cs
= (let n = CS_posn cs
in let rc
= (if TS-class t = TS_mazRow t
then 0
else 1)
in let next = rc + NextNum t n
mn let csg
= MkColSpec
(SterlingName (CS_ide cs))
nert
monolean Type
(CS_sterlingType cs)
(CS_nullType cs)
(F'st (repr_data (CS_default cs)))
(rc + CS_consGroup cs)
lattice_bottom
lattice_bottom
in let (17, nexty)

= (if

CS _dinaryType c¢s = monolean Type

then ([css], next + 1)
else

([ess;

MFkColSpec
(DinaryName
(CS_ide cs))
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(next + 1)
monolean Thype
(CS_dinaryType cs)
(CS_nullType cs)
(Fst
(Snd
(repr_data
(CS_default cs))))
(re
+ CS_consGroup
cs)
lattice_bottom
lattice_bottom)],

next + 2))
in if CS_min cs = CS_max cs
then
else
l4

Q [MkColSpec
(ClassName (CS_ide cs))
next ¢
monolean Type
classType
(CS_nullType cs)
(Snd
(Snd
(repr_data
(CS_default cs))))
(rc + CS_consGroup cs)
lattice_bottom
lattice_bottom))
f3 FYitnd
o fg t (Tl, d)
= (let rc
= (if TS-class t = TS_mazRow t
then 0
else 1)
in let next = rc + NextNum t n
in let cs = OutL (f; t n)
in let ds = Fst (repr_data d)
in let (17, nexty)
— (if
CS_dinaryType cs = monolean Type
then ([(next, dy)], next + 1)

else
([(next, ds);
(next + 1,
Fst
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(Snd
(repr_data
d)))], next + 2))
in if CS_min cs = CS_max cs
then
else
Iy
Q [(nexty,
Snd (Snd (repr_data d)))])
repr_row FVYitr
e repr_row t T
= MkRow
lattice_bottom
(let prs = R_data r
in let prs'
= {pr’
|3 pr
® pr € prs
A pr' € Elems (fs t pr)}
in if TS_class t = TS_maxRow t
then prs’
else
prs’ U {(1, MkClassVal (R-exist r))})
repr_table FYait
o repr_table i t
= (let css
= {cs
|3 ¢s

e ¢cs € TS_colspecs t
A cs' € Elems (f2 t cs)}
in let ccs
= {(n, cc)
|n € Dom (TS_cons t)
A cc = Repr_colCon (TS-cons t Q n)}
in let (css', ccs')
= (if TS-class t = TS_mazRow t
then (css, ccs)
else
(ess U {rowEzxistCol i},
{(1, rowEzistColCon)}

U {(n/, )
|3 n cc
e (n, cc) € ccs
An' =n+1
A cc = cc}))

in MkTableSpec
lattice_bottom
lattice_bottom
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css’

ces’
(Map (repr_row t) (TS_rows t)))
repr_dir FVYd
o repr_dir d
= MkD:irectory
{(id, tad)
lid € Dom (Dir_tables d)
A tab
= repr_table id (Dir_tables d Q id)}
lattice_bottom
lattice_bottom
reprState FVs
e reprState s
= (let s’ = repState s
in absState
(absState
{(i, dir)
|i € Dom s’
A dir = repr_dir (s’ Q 7)}))

24 THE THEORY fef026

24.1 Parents

fef029
24.2 Children

fef031 fef032

24.3 Constants

DCS_max DerColSpec — Class

DCS_min DerColSpec — Class

DCS_name DerColSpec — Col LIST

MkDerColSpec Col LIST — Class — Class — DerColSpec
DTS_colSpecs DerTableSpec — DerColSpec LIST

DTS _maxRow DerTableSpec — Class

DTS_name DerTableSpec — Col LIST

MkDerTableSpec

Col LIST — Class — DerColSpec LIST — DerTableSpec
DTR _cols DerTableRow — (Class x Valuedltem OPT) LIST
DTR_row DerTableRow — Class
DTR_where DerTableRow — Class
MkDerTableRow

Class
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— Class

— (Class x Valuedltem OPT) LIST

— DerTableRow
DT _rows DerTable — DerTableRow LIST
DT _spec DerTable — DerTableSpec
MkDerTable  DerTableSpec — DerTableRow LIST — DerTable
EM (State; — DerTable LIST)

— (Query — DerTable LIST — DerTable x Errors)

— (Query x (DerTable x Errors) x State;

— Statey x ANSWER)

= tfe
StateDirs State — (Class x Col x Directory) LIST
DirTables Directory — (Op x TableSpec) LIST
StateTables State — (Class x Col x Op x TableSpec) LIST
ColSpecqy Col x Op x TableSpec — ColSpec — DerColSpec
TableSpecqy Class x Col x Op x TableSpec — DerTableSpec
TableRowy TableSpec — Row — DerTableRow
Tableq Class x Col x Op x TableSpec — DerTable
Viewyg State — DerTable LIST
View; State; — DerTable LIST
GiveData DerTable — Select
is_select Query — Bool
Acty (Query x (DerTable x Errors) x State; — Statey)

— Query X (DerTable x Errors) x State;

— State; x ANSWER
HideDerTableRow

Class — DerTableRow — DerTableRow
HideDerTableData
Class — DerTableRow LIST — DerTableRow LIST

HideDerTable Class — DerTable — DerTable
RiskInputs Class

— (DerTable LIST — DerTable x Errors)

— DerTable LIST P
ConditionE (Query — DerTable LIST — DerTable x Errors)

— Class
— (Query x Query OPT x 'PARS) RESULT P

STP_secure_E (Query — DerTable LIST — DerTable x Errors)

EM;

— (Query, "PARS) STP_TYPE P
(Query — DerTable LIST — DerTable x Errors)
— (Query x (DerTable x Errors) x State;
— Statey)
— tfe

Correct_Compile

(Query — DerTable LIST — DerTable x Errors)
< (Query x (DerTable x Errors) x State,
— Statey)
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24.4 Types

DerColSpec
DerTableSpec
DerTableRow
DerTable

24.5 Definitions

DerColSpec F 3 fe TypeDefn (A xe true) f
MkDerColSpec
DCS_name
DCS_min
DCS_max FVYtal 22 z8
o DCS_name (MkDerColSpec z1 z2 z3) = zl1
A DCS_min (MkDerColSpec x1 z2 ©3) = x2
A DCS_maz (MkDerColSpec x1 x2 x3) = x3
A MkDerColSpec
(DCS_name t)

(DCS_min t)
(DCS_mazx t)
=1
DerTableSpec + 3 fe TypeDefn (X ze true) f
MkDerTableSpec
DTS_name

DTS_maxRow
DTS_colSpecs + V t z1 x2 z3
o DTS _name (MkDerTableSpec 1 x2 x3) = x1
A DTS_maxRow (MkDerTableSpec x1 z2 x3) = x2
A DTS _colSpecs (MkDerTableSpec x1 x2 x3) = x8
A MkDerTableSpec
(DTS _name t)
(DTS_mazRow t)
(DTS _colSpecs t)
=1
DerTableRow + 3 fe TypeDefn (A ze true) f

MkDerTableRow
DTR_where

DTR_row

DTR_cols FYtaxl 22 z8

o DTR_where (MkDerTableRow x1 x2 z3) = x1

A DTR_row (MkDerTableRow z1 z2 z3) = 22
A DTR_cols (MkDerTableRow x1 z2 z3) = x8
A MkDerTableRow

(DTR_where t)

(DTR_row t)

(DTR_cols t)

=1
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DerTable
MkDerTable
DT _spec

DT _rows

EM

StateDirs

DirTables

StateTables

ColSpecy

TableSpecq

F 3 fe TypeDefn (A ze true) f

FVYtal x2
o DT _spec (MkDerTable x1 x2) = x1
A DT _rows (MkDerTable x1 z2) = x2
N MkDerTable (DT _spec t) (DT _-rows t) =t
F VYV view compile act query st
o EM wview compile act (query, st)
= (let compute = compile query
i let viewed = view st
in let computed = compute viewed
in act (query, computed, st))
F ConstSpec
(X StateDirs'
oV s
e FElems (StateDirs' s)
= {(¢, i, d)
|(i, d) € repState s
A ¢ = Dir_exist d lub Dir_class d})
StateDirs
F ConstSpec
(X DirTables’
o V de Elems (DirTables’ d) = Dir_tables d)
DirTables
FVs
o StateTables s
= (let (cl, illdl) = Split (StateDirs s)
in let (ill, dl) = Split illdl
wn let itll = Map DirTables dl
inlet f ciit=c, i, it)
in let g (c, i, its) = Map (f c i) its
in let h cl is itss
= Map
[
(Combine cl (Combine is itss))

in Flat (h cl il dtll))
F VY d_name t_name t cs
e ColSpecy (d_name, t_name, t) cs
= (let cc = TS_cons t @ CS_consGroup cs
in let tc_name = [t_name; CS_ide cs]
in MkDerColSpec
[[CS_ide cs]; tc_name; d_name Q tc_name]
(CS-min cs)
(CS_mazx cs))
FVY ¢ d_name t_name t
e TableSpecy (¢, d-name, t_name, t)
= MkDerTableSpec
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TableRowgy

Tableq

Viewg
Viewt

GiveData

[[t-name]; d_name Q [t_name]]
(TS_mazRow t)
(RelList
(Squash
{(n, cs)
|3 es’
e cs' € TS colspecs t
A cs
= ColSpecy
(d_name, t_name, t)
cs'
A n = CS_posn cs'}))
FYitr
o TableRowgy t r
= (let f d = (Dat_class d, Dat_item d)
in MkDerTableRow
lattice_bottom
(R_exist T)
(RelList
(Squash
{(n, ic)
|n € Dom (R-data r)
A ic = f (R-data v @Q n)})))
FV ¢ d_-name t_name t
e Tabley (¢, d_name, t_name, t)
= MkDerTable
(TableSpecq (c, d_name, t_name, t))
(Map (TableRowgy t) (TS_rows t))
FV se Views s = Map Tabley (StateTables s)
F ConstSpec
(A View),
oV s, S
e s; = reprState s,
= View), s; = Views $5)
View,
FV dt
o GiveData dit
= (let class_item c
= ValuedItemlItem
(MkValuedltem sterling (ClassVal c))
in let item_data ©+ = MkData lattice_bottom 1
in let class_data c
= item_data (class_item c)
in let cell_cols (c, 1)
= [class_data c; item_data il
in let row_data r
= Flat
(Cons
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[class_data (DTR_where 1);
class_data (DTR_row )]
(Map cell_cols (DTR_cols T)))
in Map row_data (DT _rows dt))

is_select FV qe is_select ¢ < (3 te q¢ = select t)
Acty F VY upd query dt errs st
o Act; upd (query, (dt, errs), st)
= (if = errs =[]
then (st, [], errs)

else if is_select query
then (st, GiveData dt, errs)
else (upd (query, (dt, errs), st), [|, []))
HideDerTableRow
FVecer
o HideDerTableRow cc r
= (let d
= ValuedItemlItem
(MEkValuedltem sterling dummyVal)
in let he (c, 1)
= (if cc dominates c
then (c, 1)
else (¢, d))
in MkDerTableRow
(DTR_where )
(DTR_row )
(Map he (DTR_cols 1))
HideDerTableData
FV cers
o HideDerTableData cc rs
= (let okr = {r|cc dominates DTR_row r}
in Map (HideDerTableRow cc) (rs | okr))
HideDerTable F V cc ¢
o HideDerTable cc t
= MkDerTable
(DT_spec t)
(HideDerTableData cc (DT _-rows t))
RiskInputs FVYecf
e RiskInputs c f
= {ts
|3 tsg
e Map (HideDerTable c) tsg
= Map (HideDerTable c) ts
A (— HideDerTable ¢ (Fst (f tsg))
= HideDerTable ¢ (Fst (f ts))
V = Snd (f tsp) = Snd (f ts))}
ConditionE F Y compile cc
e ConditionE compile cc
= {stp_res
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lisError stp_res
V (let (dgq, ocq, pars) = destVal stp_res
i let dcomp = compile dq
m vV ori
e i € RiskInputs cc dcomp
= IsL ocq
A is_select (OutL ocq)
A (let ccomp = compile (OutL ocq)
in = DT _rows (Fst (ccomp 1))
=
V = Snd (ccomp ri) = []))}
STP_secure_E F V compile
e STP_secure_E compile
= {stp|V q ce stp (q, ¢) € ConditionE compile c}
EM; F VY compile upd
e My compile upd = EM View; compile (Act; upd)
Correct_Compile
= Correct_ Compile
= {(compile, upd)|EM ; compile upd = TSQLtf}

25 THE THEORY fef028

25.1 Parents

fef025

25.2 Children

fef029

25.3 Constants

case Value LIST — Value LIST — Value — Value
fold ("la x'a ='a) = "a LIST = "a
splice "a LIST — 'b LIST — ("a x 'b) LIST
at2 (("a x 'b) LIST —'¢) — "a LIST x 'b LIST — 'c
at3 (("a x 'b x 'c¢) LIST — 'd)
—'a LIST x 'b LIST x 'c¢ LIST
—'d
at4 ("a x b x'¢c x'd) LIST — ')
—'aq LIST x 'b LIST x 'c LIST x 'd LIST
— e
$dom Class — Class — Bool
invert "a LIST LIST — 'a LIST LIST
split3 ('a x 'b x '¢) LIST — 'a LIST x 'b LIST x '¢ LIST
split4 ("a x'b x'c x'd) LIST

—'a LIST x 'b LIST x "¢ LIST x 'd LIST
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split5 ("la x'b x'c x'd x'e) LIST
—'a LIST x 'b LIST x 'c¢c LIST x 'd LIST x 'e LIST

CASE 'a - ('la —'b OPT) LIST —'b
OTHERS ('a, 'b) WHEN_.CONST
Lift ("rep, "abs) MK_DEST — ('rep, 'abs, 'a) WHEN
LiftConstant  'abs — ("abs, "a) WHEN _CONST
ExceptionValue

"a RESULT — Errors
Exception Errors — 'a RESULT
OkValue "a RESULT — 'a
Ok "a — 'a RESULT

$WHEN _exception

(Errors,"a RESULT, 'b) WHEN
$WHEN _ok ("a, 'a RESULT,'b) WHEN
ListOk "a RESULT LIST — 'a LIST RESULT
Try (a = 'b RESULT) — 'a RESULT — 'b RESULT
dest_default TableSpecification — Worth x Col x Op
mk_default Worth x Col x Op — TableSpecification
dest_absolute

TableSpecification — Col x Op
mk_absolute Col x Op — TableSpecification
$WHEN _default

(Worth x Col x Op, TableSpecification, 'b) WHEN
$WHEN _absolute

(Col x Op, TableSpecification, 'b) WHEN
c_anyType SwordType
c_codeType SwordType
c_classType SwordType
dest_intervalType

SwordType — Op
mk_intervalType

Op — SwordType
dest_timeType

SwordType — Op
mk_timeType Op — SwordType
dest_enumType

SwordType — Fized x TableSpecification
mk_enumType Fized x TableSpecification — SwordType
dest_fixedType

SwordType — Fized X Fized
mk_fixedType Fized x Fized — SwordType
dest_stringType

SwordType — Fized X Fized
mk_stringType

Fized x Fixed — SwordType
c_booleanType

SwordType
c_monoleanType
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SwordType
c_nullType SwordType
WHEN _anyType (SwordType, 'a) WHEN _CONST

WHEN _codeType

(SwordType, 'a) WHEN _CONST
WHEN _classType

(SwordType, 'a) WHEN _CONST
$WHEN _intervalType

(Op, SwordType, 'a) WHEN
$WHEN _timeType

(Op, SwordType, 'a) WHEN
$WHEN _enumType

(Fized x TableSpecification, SwordType, 'a) WHEN
$WHEN _fixedType

(Fized x Fized, SwordType, 'a) WHEN
$WHEN _stringType

(Fized x Fized, SwordType, 'a) WHEN
WHEN _booleanType

(SwordType, 'a) WHEN _CONST
WHEN _monoleanType

(SwordType, 'a) WHEN _CONST
WHEN _nullType

(SwordType, 'a) WHEN_CONST

dest_nameg SsqlName — Op
mk_nameg Op — SsqlName
c_anong SsqlName

$WHEN _nameg (Op, SsqlName, 'a) WHEN
WHEN _anong (SsglName, 'a) WHEN_CONST

dest_name; TsqlName — Op
mk_nameg Op — TsqlName
c_anong TsqglName
c_noneg TsqlName

$WHEN _namey (Op, TsqlName, 'a) WHEN
WHEN _anon; (TsqlName, 'a) WHEN_CONST
WHEN _none; (TsqlName, 'a) WHEN_CONST
dest_constant

BoundInfo — Class
mk_constant  Class — BoundlInfo
dest_upb BoundInfo — Class
mk_upb Class — BoundlInfo
$WHEN _constant

(Class, BoundInfo,'a) WHEN
$WHEN _upb (Class, BoundInfo, 'a) WHEN
sc_col_class SsqlCol — BoundlInfo
sc_col_exist SsqlCol — Class
sc_type_field

SsqlCol — ColType
sc_name SsqlCol — SsqlName
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MkSsqlCol SsqlName — ColType — Class — BoundInfo — SsqlCol
dest_constant;.
TsqlClassName — Class
mk_constant;.
Class — TsqlClassName
dest_name;.
TsqlClassName — Op
mk_nameg. Op — TsqlClassName
c_anong. TsqlClassName
$WHEN _constant;.
(Class, TsqlClassName, 'a) WHEN
$WHEN _name;,
(Op, TsqlClassName, 'a) WHEN
WHEN _anong.
(TsqlClassName, 'a) WHEN _CONST
tc_class_name
TsqlCol — TsqlClassName
tc_dinary_name
TsqlCol — TsqlName
tc_sterling_name
TsqlCol — TsqlName
MkTsqlCol TsqlName — TsqlName — TsqlClassName — TsqlCol
ti_row_class TableInfo — BoundInfo
ti_table_class
TableInfo — Class
ti_table_exist_class
TableInfo — Class
MkTableInfo  Class — Class — BoundInfo — Tablelnfo

ci_index ConstraintInfo — FErrors LIST
ci_uniform Constraintinfo — Errors LIST
ci_unique ConstraintInfo — Errors LIST
ci_lwb ConstraintInfo — Class LIST

ci_null_allowed
ConstraintInfo — Bool LIST
MkConstraintInfo
Bool LIST
— Class LIST
— FErrors LIST
— FErrors LIST
— FErrors LIST
— ConstraintInfo
dest_specific
ColumnSpecification — TableSpecification x Op
mk_specific TableSpecification x Op — ColumnSpecification
dest_anonymous_column
ColumnSpecification — Op
mk_anonymous_column
Op — ColumnSpecification
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$WHEN _specific

(TableSpecification x Op, ColumnSpecification, 'a) WHEN
$WHEN _anonymous_column

(Op, ColumnSpecification,'a) WHEN
c_constant_null

TsqlRepr
dest_constant_class

TsqlRepr — Class
mk_constant_class

Class — TsqlRepr
dest_column TsqlRepr — Op x Op
mk_column Op x Op — TsqlRepr
dest_local_identifier

TsqlRepr — Op
mk_local_identifier

Op — TsqlRepr
WHEN _constant_null

(TsqlRepr, 'a) WHEN_CONST
$WHEN _constant_class

(Class, TsqlRepr,'a) WHEN
$WHEN _column (Op x Op, TsqlRepr,'a) WHEN
$WHEN _local_identifier

(Op, TsqlRepr,’'a) WHEN
dest_constantg.

ExpClass — Class
mk_constante.

Class — FEzxpClass
dest_variable

ExpClass — Value x Class
mk_variable Value x Class — ExpClass
$WHEN _constante,

(Class, ExpClass, 'a) WHEN
$WHEN _variable

(Value x Class, ExpClass, 'a) WHEN
dest_simple InternalExpClass — ExpClass

mk_simple ExpClass — InternalFExpClass

dest_ors InternalExpClass — Value LIST x FExpClass LIST
mk_ors Value LIST x FExpClass LIST — InternalFxpClass
dest_ands InternalExpClass — Value LIST x ExpClass LIST
mk_ands Value LIST x FExpClass LIST — InternalFxpClass
$WHEN _simple (ExzpClass, InternalExpClass, 'a) WHEN

$WHEN _ors  (Value LIST x ExpClass LIST, InternalExpClass, 'a) WHEN
$WHEN _ands (Value LIST x ExpClass LIST, InternalExpClass, 'a) WHEN
dest_name;,

TableName — TableSpecification
mk_name;, TableSpecification — TableName
C_anoni, TableName
$WHEN_name;,
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WHEN _anony,

td_constraints

(TableSpecification, TableName, 'a) WHEN
(TableName, 'a) WHEN_CONST

TableDetail — ConstraintInfo

td_implementation

td_rowClass
td_columns
td_info
td_genCorr
td_corrName
td_tableName
MkTableDetail

id_cName
id_vName

id_ lubid
id_info
id_identName
MkIdentDetail

s_identifiers

s_tables
MkScope
pi_clasf
pi-val,
pi_name

MkParamlInfo

parameterTable

symbolTable

TableDetail — TsqlCol LIST
TableDetail — TsqlClassName
TableDetail — SsqlCol LIST
TableDetail — Tablelnfo
TableDetail — Op

TableDetail — SsqlName
TableDetail — TableName

TableName

— SsqlName

— Op

— Tablelnfo

— SsqlCol LIST

— TsqlClassName

— TsqlCol LIST

— ConstraintInfo

— TableDetail
IdentDetail — TsqglName
IdentDetail — Op
IdentDetail — Class
IdentDetail — ExpType
IdentDetail — Op

Op — ExpType — Class — Op — TsqlName — IdentDetail

Scope — IdentDetail LIST

Scope — TableDetail LIST

TableDetail LIST — IdentDetail LIST — Scope
ParamInfo — Class

ParamInfo — Value

ParamInfo — Op

Op — Value — Class — ParamlInfo

ST_STACK — Paramlinfo LIST
ST_STACK — Scope LIST

MkST_STACK Scope LIST — ParamInfo LIST — ST_STACK

25.4 Types

SsqlCol
TsqlCol
TableInfo

Page 141 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

ConstraintInfo
TableDetail
IdentDetail
Scope
ParamlInfo
ST_STACK

25.5 Type Abbreviations

Enum Fixed
Integer Fized
Fixed Fixed
"a OPT "a OPT

("rep, "abs) MK_DEST

("rep, "abs) MK_DEST
("rep, "abs, 'a) WHEN

("rep, "abs, 'a) WHEN
("abs, 'a) WHEN_CONST

("abs, 'a) WHEN_CONST
'a RESULT "a RESULT

TableSpecification
TableSpecification
SwordType SwordType
SsqlName SsqlName
TsqlName TsqglName
ColType ColType
BoundInfo BoundlInfo
TsqlClassName
TsqlClassName
ColumnSpecification
ColumnSpecification
TsqlRepr TsqlRepr
ExpType EzpType
ExpClass EzpClass
InternalExpClass
InternalExpClass

TableName TableName

25.6 Fixity

Binder: WHEN _absolute = WHEN _local_identifier
WHEN_andsWHEN _nameg
WHEN _anonymous_column WHEN _name;
WHEN_column WHEN _name;.
WHEN _constant WHEN_name;,
WHEN _constant_class WHEN _ok
WHEN_constante. WHEN _ors
WHEN _constant;. WHEN_simple
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Right Infix 150:

WHEN _default WHEN _specific
WHEN _enumType WHEN _stringType
WHEN _exception WHEN _timeType
WHEN_fixedType WHEN_upb

WHEN _intervalType WHEN _variable

dom

25.7 Definitions

case

fold

splice

at2
at3
at4

dom
invert

split3

split4

split5

CASE

F true
FYfht
e fold f (Cons h t)
= (if t =[] then h else f (h, fold f t))
FV hi h2 list] list2
o splice [| [| = ]
A splice [] (Cons h2 list2) = []
A splice (Cons h1 listl) [] = []
A splice (Cons hi1 listl) (Cons h2 list2)
= Cons (h1, h2) (splice listl list2)
FV f as bse at2 f (as, bs) = f (Combine as bs)
FVY f as bs cs
o at3 f (as, bs, cs) = f (Combine as (Combine bs cs))
FY f as bs cs ds
e atj [ (as, bs, cs, ds)
= f (Combine as (Combine bs (Combine cs ds)))
F $dom = $dominates
F V xs more
e invert (Cons xs more)
= (if more = |]
then Map (X ze [z]) xs
else
Map
(A (z, ys)e Cons z ys)
(Combine zs (invert more)))
F V abcs
e split3 abcs
= (let (as, bes) = Split abes in (as, Split bes))
F V abcds
e split4 abcds
= (let (as, beds) = Split abeds
in (as, split3 beds))
F V abcdes
e splith abcdes
= (let (as, bedes) = Split abedes
in (as, split] bedes))
FVYaffs
e CASE a (Cons f fs)
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= (if IsL (f a) then OutL (f a) else CASE a fs)
OTHERS FVbae OTHERS b a = InL b
Lift FV mk dest f a

o Lift (mk, dest) f a
= (if mk (dest a) = a
then InL (f (dest a))
else InR maybe)
LiftConstant + V con a abs
o LiftConstant con a abs
= (if abs = con then InL a else InR maybe)

OkValue
Ok
ExceptionValue
Exception F Ok = InL
N FException = InR
A OkValue = OutL
A EzceptionValue = OulR
WHEN _ok

WHEN _exception
F $WHEN _ok = Lift (Ok, OkValue)
A $WHEN _exception

= Lift (Exception, ExceptionValue)

ListOk F VY resl
o ListOk resl
= (if Fold SA (Map IsL resl) true
then InL (Map OutL resl)

else
(let folder res errs
= (if IsL res
then errs

else OutR res Q errs)
in InR (Fold folder resl [])))
Try FVf
o Try f
=\a
o if isVal a
then f (destVal a)
else giveError (destError a))
dest_absolute
mk_absolute
dest_default
mk_default F mk_absolute = InL
A mk_default = InR
A dest_absolute = OutL
A dest_default = OutR
WHEN _absolute
WHEN _default - $ WHEN _absolute = Lift (mk_absolute, dest_absolute)
A SWHEN _default = Lift (mk_default, dest_default)
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c_nullType
c_monoleanType
c_booleanType
dest_stringType
mk_stringType
dest_fixedType
mk_fixedType
dest_enumType
mk_enumType
dest_timeType
mk_timeType

dest_intervalType

mk_intervalType
c_classType
c_codeType

c_anyType F conullType = InL maybe

A c_monoleanType = (InR o InL) maybe

c_booleanType = (InR o InR o InL) maybe
mk_stringType = InR o InR o InR o InL
mk_fizedType = InR o InR o InR o InR o InL
mk_enumType = InR o InR o InR o InR o InR o InL

> > > > >

mk_time Type

= InR o InR o InR o InR o InR o InR o InL

A mk_interval Type

= InR o InR o InR o InR o InR o InR o InR o InL

A c_classType

= (InR

o InR

o InR

o InR

o InR

o InR

o InR

o InR

o InL)
maybe

A c_codeType

= (InR

o InR

o InR

o InR

o InR

o InR

o InR

o InR

o InR

o InL)
maybe
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WHEN _nullType

A c_anyType
= (InR
o InR
o InR
o InR
o InR
o InR
o InR
o InR
o InR
o InR)
maybe
A dest_stringType = OutL o OutR o OutR o OutR
A dest_fizedType = OutL o OutR o OutR o OutR o OutR
A dest_enumType
= QutL o OutR o OutR o OutR o OutR o OutR
A dest_timeType
= QutL o OutR o OutR o OutR o OutR o OutR o OutR
A dest_interval Type
= OutL
o OutR
o OutR
o OutR
o OutR
o OutR
o OutR
o OutR

WHEN _monoleanType
WHEN _booleanType
WHEN _stringType

WHEN _fixedType

WHEN _enumType

WHEN _timeType

WHEN _intervalType

WHEN _classType
WHEN _codeType
WHEN _anyType

= WHEN _nullType = LiftConstant c_nullType

AN WHEN _monoleanType = LiftConstant c_monoleanType
AN WHEN _booleanType = LiftConstant c_booleanType
A $WHEN _string Thype

= Lift (mk_stringType, dest_stringType)
N $WHEN _fixed Type

= Lift (mk_fizedType, dest_fized Type)
A $WHEN _enum Type

= Lift (mk_enumType, dest_enumType)
A $WHEN _time Type

= Lift (mk_timeType, dest_timeType)
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A $WHEN _interval Type

= Lift (mk_intervalType, dest_interval Type)
AN WHEN _classType = LiftConstant c_classType
AN WHEN _codeType = LiftConstant c_codeType
AN WHEN _anyType = LiftConstant c_anyType

c_anong
dest_nameg
mk_nameg F c_anong = InL maybe
A mk_names = InR
A dest_names = OutR
WHEN _anong

WHEN _nameg - WHEN _anons = LiftConstant c_anong
A SWHEN _names = Lift (mk_names, dest_names)
c_noneg
c_anong
dest_name;
mk_name; F c_none; = InL maybe
A c_anons = (InR o InL) maybe
A mk_name; = InR o InR
A dest_name; = OutR o OutR
WHEN _none;
WHEN _anon;
WHEN _namey - WHEN _none; = LiftConstant c_none;
AN WHEN _anon; = LiftConstant c_anon;
N $WHEN _name; = Lift (mk_namey, dest_namey)
dest_upb
mk_upb
dest_constant
mk_constant F mk_upb = InL
A mk_constant = InR
A dest_upb = OutL
A dest_constant = OutR
WHEN _upb
WHEN _constant
F $WHEN _upb = Lift (mk_upb, dest_upb)
A $WHEN _constant
= Lift (mk_constant, dest_constant)
SsqlCol F 3 fe TypeDefn (A ze true) f
MkSsqlCol
sc_name
sc_type_field
sc_col_exist
sc_col_class FVYtal 22 23 x4
e sc_name (MkSsqlCol x1 22 238 24) = x1
A sc_type_field (MkSsqlCol z1 z2 xz8 x4) = x2
A sc_col_exist (MkSsqlCol z1 z2 x3 x4) = x3
A sc_col_class (MkSsqlCol z1 z2 x8 z4) = x4
N MESsqlCol
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(sc-name t)
(sc_type_field t)
(sc-col_exist t)
(sc-col_class t)

~~

c_anoni.
dest_name;.
mk_name;.
dest_constant;.
mk_constant;.
F c_anony. = InL maybe
A mk_name;. = InR o InL
A mk_constant;. = InR o InR
A dest_name;. = OutL o OutR
A dest_constant;. = OutR o OutR
WHEN _anong.
WHEN _name;
WHEN _constant
F WHEN _anon:. = LiftConstant c_anony,
AN SWHEN _name;.
= Lift (mk_namey., dest_namey.)
A $WHEN _constant;,
= Lift (mk_constant,., dest_constant,.)
TsqlCol F 3 fe TypeDefn (A xe true) f
MkTsqlCol
tc_sterling_name
tc_dinary_name
tc_class_name
FYtal z2 z8
o tc_sterling_name (MkTsqlCol z1 z2 z8) = w1
A te_dinary-name (MkTsqlCol x1 x2 z3) = x2
A te_class_name (MkTsqlCol x1 22 z3) = z8
AN MkTsqlCol
(tc_sterling-name t)
(tc_dinary_name t)
(tc-class-name t)
=1
TablelInfo F 3 fe TypeDefn (A ze true) f
MkTableInfo
ti_table_exist_class
ti_table_class
ti_row_class FYtal z2 z8
e ti_table_exist_class (MkTableInfo x1 z2 z8) = x1
A ti_table_class (MkTableInfo 1 z2 z3) = z2
A ti_row_class (MkTableInfo 1 z2 x3) = z3
A MkTableInfo
(ti_table_exist_class t)
(ti_table_class t)
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(ti-row_class t)

=1

ConstraintInfo
F 3 fe TypeDefn (A xe true) f
MkConstraintInfo
ci_null_allowed
ci_lwb
ci_unique
ci_uniform
ci_index FYtaxl 22 8 x4 x5
o ci_null_allowed (MkConstraintInfo x1 x2 x3 x4 z5)
= xl

A ci_lwb (MkConstraintInfo x1 z2 z3 x4 z5) = z2
A ci-unique (MkConstraintinfo x1 xz2 z3 x4 z5)
= 23
A ci_uniform (MkConstraintInfo x1 z2 x3 x4 z5)
= x4
A ci_index (MkConstraintInfo x1 x2 x8 x4 z5) = x5
N MkConstraintinfo
(ci_null_allowed t)
(ci_lwb t)
(ci_unique t)
(ci_uniform t)
(ci_index t)
=1
dest_anonymous_column
mk_anonymous_column
dest_specific
mk_specific F mk_anonymous_column = InL
A mk_specific = InR
A dest_anonymous_column = OutL
A dest_specific = OutR
WHEN _anonymous_column
WHEN _specific
F $WHEN _anonymous_column
= Lift
(mk_anonymous_column, dest_anonymous_column)
N $WHEN _specific
= Lift (mk_specific, dest_specific)
dest_local_identifier
mk_local_identifier
dest_column
mk_column
dest_constant_class
mk_constant_class
c_constant_null
F mk_local _identifier = InL
A mk_column = InR o InL
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A mk_constant_class = InR o InR o InL
A c_constant_null = (InR o InR o InR) maybe
A dest_local _identifier = OutL
A dest_column = OutL o OutR
A dest_constant_class = OutL o OutR o OutR
WHEN _local_identifier
WHEN_column
WHEN _constant_class
WHEN _constant_null
F $WHEN _local _identifier
= Lift
(mk_local -identifier, dest_local_identifier)
A $WHEN _column = Lift (mk_column, dest_column)
A $WHEN _constant_class
= Lift (mk_constant_class, dest_constant_class)
AN WHEN _constant_null = LiftConstant c_constant_null
dest_variable
mk_variable
dest_constantg.
mk_constante.
F mk_variable = InL
A mk_constant.. = InR
A dest_variable = QOutL
A dest_constant,. = OutR
WHEN _variable
WHEN _constante.
F $WHEN _variable = Lift (mk_variable, dest_variable)
A $WHEN _constante.
= Lift (mk_constant.., dest_constante.)

dest_ands
mk_ands
dest_ors
mk_ors
dest_simple
mk_simple F mk_ands = InL
A mk_ors = InR o InL
A mk_simple = InR o InR
A dest_ands = QutL
A dest_ors = OutL o OutR
A dest_simple = OutR o OutR
WHEN _ands
WHEN _ors

WHEN _simple - $WHEN _ands = Lift (mk_ands, dest_ands)
A $WHEN _ors = Lift (mk_ors, dest_ors)
N $WHEN _simple = Lift (mk_simple, dest_simple)
c_anongy,
dest_name;,
mKk_name;,, F c_anony, = InL maybe
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A mk_names, = InR
A dest_name;, = OutR
WHEN _anong,
WHEN _name;,
= WHEN _anon., = LiftConstant c_anongy
A $SWHEN _namesn,
= Lift (mk_namey,, dest_nameyy,)
TableDetail F 3 fe TypeDefn (A ze true) f
MkTableDetail
td_tableName
td_corrName
td_genCorr
td_info
td_columns
td_rowClass
td_implementation
td_constraints
FYtal 22 8 x4 x5 6 x7 x8
e td_tableName
(MkTableDetail x1 x2 x8 z4 x5 6 x7 x8)
=zl
A td_corrName
(MkTableDetail x1 x2 z8 z4 x5 6 x7 x8)
= 2
A td_genCorr
(MkTableDetail x1 x2 x8 x4 x5 x6 x7 z8)
= z8

A td_info (MkTableDetail x1 z2 x3 x4 x5 z6 z7 z8)

= x4
A td_columns
(MkTableDetail x1 x2 x8 z4 x5 6 x7 x8)
= x5
A td_rowClass
(MkTableDetail x1 x2 z8 z4 x5 6 x7 x8)
= 26
A td_implementation
(MkTableDetail x1 x2 x8 x4 x5 x6 x7 z8)
= z7
A td_constraints
(MkTableDetail x1 x2 xz8 z4 x5 6 x7 x8)
= 28
A MkTableDetail
(td_tableName t)
(td_corrName t)
(td-genCorr t)
(td_info t)
(td-columns t)
(td_rowClass t)
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(td_implementation t)
(td_constraints t)
=1
IdentDetail F 3 fe TypeDefn (A xe true) f
MkIdentDetail
id_identName
id_info
id_lubsg
id_vName
id_cName FYtaxl 22 8 x4 x5
o id_identName (MklIdentDetail x1 x2 x3 x4 z5) = x1
A id_info (MkIdentDetail x1 x2 x3 x4 z5) = 22
A id_lub;q (MkldentDetail 1 z2 z3 x4 x5) = x3
A id_vName (MkIdentDetail x1 x2 z8 ©4 ©5) = z4
A id_cName (MkIdentDetail x1 z2 8 x4 ©5) = x5
A MkIdentDetasl
(id_identName t)

(id-info t)
(id_lub;q t)
(id-vName t)
(id_cName t)
=1
Scope F 3 fe TypeDefn (A ze true) f
MkScope
s_tables
s_identifiers
FVYtal x2

e s_tables (MkScope x1 z2) = x1
A s_identifiers (MkScope x1 x2) = x2
A MkScope (s_tables t) (s_identifiers t) = t
ParamlInfo F 3 fe TypeDefn (A ze true) f
MkParamlInfo
pi_name
pi-val,
pi_clasf FYtal 22 z8
e pi_name (MkParamInfo z1 z2 ©3) = zl1
A pi_valy, (MkParamlinfo z1 22 x3) = z2
A pi_clasf (MkParamlInfo z1 x2 z3) = x8
A MkParamlInfo
(pi-name t)
(pi_val, t)
(pi-clasf t)
=1
ST_STACK F 3 fe TypeDefn (A ze true) f
MkST_STACK
symbolTable
parameterTable
FV izl z2
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o symbolTable (MkST_STACK z1 z2) = z1
A parameterTable (MkST_STACK z1 z2) = z2
N MEST_STACK (symbolTable t) (parameterTable t)
— ¢

26 THE THEORY fef029

26.1 Parents
fef028
26.2 Children
fef026

26.3 Constants

emptyUnionList

Worth
ambiguousName

Worth
wrongScope Worth
noScope Worth
noSuchParameter

Worth
notSetFunction

Worth
notTriadic Worth
notDyadic Worth
notMonadic Worth
onlyInTriggers

Worth
notTrigger Worth
wrongWorth Worth
internalError

Worth

client_clearance

TRANS_STATE — Class
query_constants_class

TRANS_STATE — Class
query_class TRANS_STATE — Class
st_stack TRANS_STATE — ST_STACK
MKTRANS_STATE

ST_STACK — Class — Class — Class — TRANS_STATE
default_directory

Col
contextual_data
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Op — Value x Class
unique_name TRANS_STATE — Op
timeFormatTolnterval
Op — Op
check_time Time x Op — Bool
check_interval
Interval x Op — Bool
check_floating
Float x Fized x Fized X Fized — Bool
check_fixed Fized x Fized x Fized — Bool
check_enum Fized x Fired x Table_spec — Bool
init_trans_state
Class — TRANS_STATE
ﬁlfldcolumn
ColumnSpecification x TableDetail LIST
— (TableDetail x SsqlCol x TsqlCol) LIST
ﬁndident
ColumnSpecification x IdentDetail LIST
— IdentDetail LIST
lookup_column_info_look
ColumnSpecification x Scope LIST
— (TableInfo x SsqlCol) RESULT
1()Okupcolumninfo
TRANS_STATE
— ColumnSpecification
— (TableInfo x SsqlCol) RESULT
maxBound BoundInfo — Class
innermost Scope LIST — Scope LIST
lookup_col_spec_class_look
ColumnSpecification x Scope LIST
— (TsqlRepr x Class) RESULT
1OOkupcolspecclass
TRANS_STATE
— Bool x ColumnSpecification
— (TsqlRepr x Class) RESULT
lookup_col_spec_dinary_look
ColumnSpecification x Scope LIST — TsqlRepr RESULT
1OOkupcolspecdinary
TRANS_STATE
— Bool x ColumnSpecification
— TsqlRepr RESULT
lookup_col_spec_sterling_look
ColumnSpecification x Scope LIST — TsqlRepr RESULT
lOOkupcolspecsterling
TRANS_STATE
— Bool x ColumnSpecification
— TsqlRepr RESULT

l‘:’Okuplocalcolimplementation
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TRANS_STATE — TsqlCol LIST RESULT
l‘:‘Okuplocalcolinfo
TRANS_STATE — SsqlCol LIST RESULT

lC‘Okuplocalcolspecclasses

TRANS_STATE — (TsqlRepr x Class) LIST RESULT

1C’Okuplocalcolspecsterlings

TRANS_STATE — TsqlRepr LIST RESULT
100kuplocalrowclasses
TRANS_STATE — TsqlRepr LIST RESULT
lookup_column_row_class_look
TRANS_STATE
— ColumnSpecification x Scope LIST
— TsqlRepr RESULT
1OOkupcolumnrowclass
TRANS_STATE
— Bool x ColumnSpecification
— TsqlRepr RESULT
lookup_table_row_class_look
TableSpecification x Scope LIST — TsqlRepr RESULT
1OOkuptablerowclass
TRANS_STATE
— Bool x TableSpecification
— TsqlRepr RESULT
lookup_table_detail _look
TableSpecification x Scope LIST — TableDetail RESULT
lookuptabledetail
TRANS_STATE — TableSpecification — TableDetail RESULT
update_top_scope
TRANS_STATE — Scope — TRANS_STATE
enterigentifier
TRANS_STATE
— Op x ExpType x Class
— (TRANS_STATE x Op x Op) RESULT
enteridentiferconstantclass
TRANS_STATE
— Op x ExpType x Class
— (TRANS_STATE x Op) RESULT
extractparameter
Op x ParamlInfo LIST — ParamliInfo LIST

enterparameter

TRANS_STATE — Op x Value x Class - TRANS_STATE RESULT
entercorrtable
TRANS_STATE
— Op
x TableName
x TableInfo
x SsqlCol LIST
x TsqlClassName
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x TsqlCol LIST
— (TRANS_STATE x Op) RESULT
entergaple
TRANS_STATE
— TableName
x TableInfo
x SsqlCol LIST
x TsqlClassName
x TsqlCol LIST
— (TRANS_STATE x Op) RESULT
enter_scope TRANS_STATE — TRANS_STATE
gettableinfo
TableSpecification
— Tablelnfo
x  ConstraintInfo
x SsqlCol LIST
x TsqlClassName
x TsqlCol LIST
100kuplocaltableinfo
TRANS_STATE — TableInfo LIST RESULT
1OOkupparamdata
TRANS_STATE — Op — (Value x Class) RESULT
in_new_scope (TRANS_STATE — 'a — 'b) - TRANS_STATE — 'a — b
repr_col TsqlRepr — Col_spec RESULT
all_data_columnsjgcal
TRANS_STATE — Col_spec LIST RESULT
binop_type Op x ColType — SwordType RESULT
monop_type Op x SwordType — SwordType RESULT
triop_type Op x SwordType x ColType — SwordType RESULT
set_func_type
Op x SwordType — SwordType RESULT
check_boolean
ExpType — ExpType RESULT
check_type_conversion
ColType — Maybe RESULT
convertcolspec
Col_spec — ColumnSpecification
class_column TRANS_STATE — Col_spec — (Col_spec + Class) RESULT
denote_name  TsqlRepr — Value
column_data_test
TRANS_STATE — Col_spec — Value LIST RESULT
col_exp ExpType — ColType RESULT
col_target SsqlCol — TsqlCol RESULT
convertiaplespec
Table_spec — TableSpecification
constant_valueiype
Value — Sword Type
convertgssqitype

Page 156 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

Type — SwordType
convert_tableSpecification_backup

Col x Worth — Col RESULT
C‘:)nverttableSpecifcation

TableSpecification — Table_spec RESULT
table_name TableSpecification — Op
convertswordtype

SwordType — Type
convertiype

Type — Type
denOteclassexp

ExpClass — Value
lubpoundinfo

BoundInfo x BoundInfo — BoundInfo

lubexpclass
EzpClass x ExzpClass — ExpClass

lubtype ColType — SwordType
lubcoltype

ColType x ColType — ColType
lubworth

Worth x Worth — Worth
lubexp ExpType x ExpType — ExpType
1ubssqlname

SsqlName x SsqlName — SsqlName
lubssqlcol

SsqlCol x SsqlCol — SsqlCol
lubtableinfo

TableInfo x TableInfo — Tablelnfo
lubtsqlclassname

TsqlClassName x TsqlClassName — TsqlClassName
lubtsqlname

TsqlName x TsqlName — TsqlName
lu-btsqlcol

TsqlCol x TsqlCol — TsqlCol
makesg, TsqlCol x TsqlCol — Value LIST RESULT
remove_constants

(Col_spec + Class) LIST — Col_spec LIST
remove_nulls  TsqlRepr LIST — TsqlRepr LIST

upper EzpClass — Class
make_case Value x FExpClass — Value
simplifyands

Value LIST x ExpClass LIST — Value x FExpClass
simplify s

Value LIST x ExpClass LIST — Value x FxpClass
constant_valueqata

Value — Value
dinary_columns

TRANS_STATE — Col_spec LIST — Col_spec LIST RESULT
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sterling_columns

TRANS_STATE — Col_spec LIST — Col_spec LIST RESULT
tuple_listmaxrowclass

TRANS_STATE — Tuple_list — FExpClass
upb_row_class

TableInfo — Class

valueqata

TRANS_STATE — Value — Value
valuegype

TRANS_STATE — Value — ExpType
valueciass

(TRANS_STATE — Value — InternalExpClass RESULT)
— TRANS_STATE
— Value
— FxpClass RESULT
tuple_listgata
TRANS_STATE — Tuple_list — Tuple_list RESULT
tuple_listype
TRANS_STATE — Tuple_list — Tuple_list RESULT
from_specenter
TRANS_STATE — From_spec — From_spec RESULT
select_listiype
TRANS_STATE — Select_list — ExpType RESULT
select_valueiy pe
TRANS_STATE — Value — ExpType RESULT
tuple_listinro
TRANS_STATE
— Tuple_list
— (TableName x TableInfo x SsqlCol LIST) RESULT
tuple_listyake
TRANS_STATE
— Tuple_list x TsqlClassName x TsqlCol LIST
— Tuple_list RESULT
from_specinro
TRANS_STATE
— From_spec
— (Tablelnfo
x SsqlCol LIST
x TsqlClassName
x TsqlCol LIST) RESULT
select_list;nro
TRANS_STATE — Select_list — SsqlCol LIST RESULT
select_valuejnso
TRANS_STATE — Value — SsqlCol RESULT
value;nro
TRANS_STATE — Value — SsqlCol RESULT
internal_valuecjass

TRANS_STATE — Value — InternalExzpClass RESULT
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tuple_list¢iass
TRANS_STATE — Tuple_list — Tuple_list
select_listclass
TRANS_STATE — Select_list — Select_list RESULT
select_valuec)ass
TRANS_STATE — Value — Value RESULT
select_list,ake
TRANS_STATE
— Select_list x TsqlClassName x TsqlCol LIST
— Value LIST RESULT
select_valuemake
TRANS_STATE — Value x TsqlCol LIST — Value LIST RESULT
make_col TRANS_STATE — Value x TsqlCol — Value LIST RESULT
makedinary
TRANS_STATE — Value x ExpType — Value RESULT
rnakesterling
TRANS_STATE — Value x ExpType — Value RESULT
select_listgata
TRANS_STATE — Select_list — Select_list RESULT
select_valueqata
TRANS_STATE — Value — Value RESULT
tuple_listimakeouter
TRANS_STATE
— Tuple_list x Bool x TsqlClassName x TsqlCol LIST
— (Tuple_list x Query LIST) RESULT
tuple_listouterinfo
TRANS_STATE — Tuple_list — Bool RESULT
transformgeiectquery
TRANS_STATE
— Query
— (SsqlCol LIST
X Query
X Bool
x TsqlClassName
x TsqlCol LIST
X Query LIST) RESULT
queryselectquery
TRANS_STATE — Query — Query RESULT
STP (Query, FILTER_PARS) STP_TYPE

26.4 Types
TRANS_STATE

26.5 Definitions

internalError
wrongWorth
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notTrigger
onlyInTriggers
notMonadic
notDyadic
notTriadic
notSetFunction
noSuchParameter
noScope
wrongScope
ambiguousName
emptyUnionList
F true
TRANS_STATE F 3 fe TypeDefn (A xe true) f
MKTRANS_STATE
st_stack
query_class
query_constants_class
client_clearance
FVYtal 22 23 x4
o st_stack (MKTRANS_STATE z1 z2 x3 x4) = 1
A query_class (MkTRANS_STATE x1 z2 x8 z4) = x2
A query_constants_class
(METRANS_STATE z1 22 z3 x4)
= 23
A client_clearance (MKTRANS_STATE z1 z2 z3 4)
= x4
N METRANS_STATE
(st_stack t)
(query_class t)
(query_constants_class t)
(client_clearance t)
=1
check_enum
check_fixed
check_floating
check_interval
check_time
timeFormatTolInterval
unique_name
contextual_data
default_directory
F true
init_trans_state
FVYe
e init_trans_state c
= MkTRANS_STATE (MkST_STACK [] []) ¢ ¢ ¢
ﬁndcolumn
F VY cs tdl
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L4 ﬁndcolumn (CS, tdl)
= (let look (n, td, scl, tcl)

= (let sctel = splice scl tcl
in let sctcl’

= sctcl

I {(sc, te)

|sc-name sc = mk_nameg n}
m Map

(X (sc, tc)e (td, sc, tc))
sctel’)
in let doltd td
= CASE

cs

[WHEN _anonymous_ column col
o ook

(col, td, td_columns td,

td_implementation td);
WHEN _specific (ts, col)
o CASE

(td_tableName td)
[WHEN _namey, ts
e look
(col, td,
td_columns td,

td_implementation

td);

OTHERS []]]

in Flat (Map doltd tdl))
findigent
FV oes idl
o find;gen: (cs, idl)
= CASE
cs

[WHEN _specific (t, c)e [|;
WHEN _anonymous_column col
e idl | {id|col = id_identName id}]
lookup_column_info_look
= ConstSpec

(X lookup_ column _info_look’
o YV cs ti outer

e lookup_column_info_look” (cs, [])
= Exception [noSuchColumn]
A lookup_column_info_look’
(cs, outer @ [ti])
= (let t = s_tables ti
in let tdsctcl

= ﬁndcolumn (C‘Sa t)
in if tdsctcl = |]
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then
lookup _ column_info_look’
(cs, outer)
else if Tail tdsctcl = []
then
let (td, sc, tc) = Head tdsctcl
in Ok (td_info td, sc)
else Exception [ambiguousName]))
lookup_ column _info_look
1OOkupcolumninfo
FV stcs
b lOOkupcolumninfo st cs
= lookup_column_info_look
(cs, symbolTable (st_stack st))
maxBound FV b
e maxBound bi
= CASE bi [WHEN _upb ce ¢; WHEN _constant ce c]
innermost = ConstSpec
(X innermost’
o Y outer inner
e innermost’ [| = ||
A innermost’ (outer @ [inner])
= (let tds = s_tables inner
in if tds = ||
then innermost’ outer @ [inner]
else [inner]))
mnermost
lookup_col_spec_class_look
= ConstSpec
(X lookup_col_spec_class_look’
e YV cs outer ti
e lookup_col_spec_class_look” (cs, [])
= Exception [noSuchColumn]
A lookup_ col_spec_class_look’
(cs, outer @ [ti])
= (let (¢, ©)
= (s_tables ti, s_identifiers ti)
in let cds = findcorumn (cs, t)
and ids = find;gent (cs, 0)

in if ids = []
then
if cds = |]
then
lookup_ col_spec_ class_look’
(cs, outer)
else if Tail cds = |
then

let (td, sc, tc) = Head cds
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in let u
= mazBound
(sc-col_class sc)
in CASE
(tc-class_name tc)
[WHEN _anon.
(Ezception
[internalError]);
WHEN _namey. s
o Ok
(mk_column
(td_genCorr td,
s), u);
WHEN _constanty. ¢
o Ok
(mk_constant_ class
¢, u)]
else Exception [ambiguousName)
else if cds =[] A Tail ids = ||
then
let id = Head 1ids
m let ¢l = id_lub; g id
in CASE
(id-cName id)
[WHEN _none,
(Ok
(mk_constant_class
cl, cl)); WHEN _anon; (Ezception [internalError]);
WHEN _name; s
o Ok
(mk_local _identifier
s, cl)]
else Exception [ambiguousNamel))
lookup_col_spec_class_look
lOOkupcolspecclass
FV st flg cs
b lOOkupcolspecclass st (ﬂg, CS)
= (if flg
then

lookup_col_spec_class_look
(cs, innermost (symbolTable (st_stack st)))
else
lookup_col_spec_class_look
(cs, symbolTable (st_stack st)))
lookup_col_spec_dinary_look
F ConstSpec
(X lookup_ col_spec_dinary_look’
o YV cs outer li
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e lookup_col_spec_dinary_look’ (cs, [])
= FEzxception [noSuchColumn]
A lookup_ col _spec_dinary_look’
(cs, outer @ [ti])
= (let (¢, 1)
= (s_tables ti, s_identifiers ti)
in let cds = findcorumn (cs, t)
and ids = findigent (¢S, 1)
in if ids = []
then
if cds =[]
then
lookup _ col _spec_dinary_look’
(cs, outer)
else if Tail cds = |
then
let (td, sc, tc) = Head cds
in CASE
(tc_dinary_name tc)
[WHEN _none;
(Ezception
[internalError]);
WHEN _anony
(Exception
[internalError));
WHEN _name; s
o Ok
(mk_column
(td_genCorr td,

else Exception [ambiguousName]
else if cds = [| A Tail ids = []
then
let id = Head ids
in let (st, w) = id_info id
m if w = dinary
then
Ok
(mk_local _identifier
(id-vName id))
else Ok c_constant_null
else Exception [ambiguousNamel))
lookup_ col _spec_dinary_look
1()Okupcolspecdinary
FV st flg cs
i lOOkupcolspecdinary st (ﬂgv CS)
= (if flg
then
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lookup_ col _spec_dinary_look
(cs, innermost (symbolTable (st_stack st)))
else
lookup_col_spec_dinary_look
(cs, symbolTable (st_stack st)))
lookup_col_spec_sterling_look
= ConstSpec
(X lookup_col _spec_sterling_look’
o YV cs outer ti
e lookup_col_spec_sterling_look’ (cs, [])
= Exception [noSuchColumn]
A lookup_ col _spec_sterling _look’
(cs, outer @ [ti])
= (let (¢, 1)
= (s_tables ti, s_identifiers ti)
in let cds = findcorumn (cs, t)
and ids = findigent (cs, 1)
in if ids = []
then
if cds = |]
then
lookup _ col _spec_sterling_look’
(cs, outer)
else if Tail cds = |
then
let (td, sc, tc) = Head cds
in CASE
(tc_sterling_name tc)
[WHEN _none,
(Ezception
[internalError]);
WHEN _anon;
(Exception
[internalError));
WHEN _name; s
o Ok
(mk_ column
(td_genCorr td,

else Exception [ambiguousName)
else if cds =[] A Tail ids = ||
then
let id = Head ids
in let (st, w) = id_info id
m if w = sterling
then
Ok
(mk_local _identifier
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(id-vName id))
else Ok c_constant_null
else Exception [ambiguousName)))
lookup_col_spec_sterling_look
1OOkupcolspecsterling
FV st flg cs

i lOOkupcolspecsterling st (ﬂg7 CS)
= (if flg
then
lookup_ col_spec_sterling_look
(cs, innermost (symbolTable (st_stack st)))
else
lookup_col_spec_sterling_look
(cs, symbolTable (st_stack st)))
l‘:‘Okuploca\lcolimplementation

FV st
b lOOkuplocalcolimplementation
st
= (let extract_implementation sc
= Fold
$Q@
(Map td_implementation (s_tables sc))
[
wn let trs
= Fold
$Q
(Map
extract_implementation
(innermost
(symbolTable (st_stack st))))
[
in if trs = ||
then Exception [noScope]
else Ok trs)
lOOkuplocalcolinfo
FV st

i lOOkuplocalcolinfo st
= (let extract_columns sc

= Fold $Q (Map td_columns (s_tables sc)) []
in let trs
= Fold
$Q
(Map
extract_columns
(innermost
(symbolTable (st_stack st))))

[

in if trs = |

Page 166 of 358



DRA FRONT END FILTER PROJECT

Lemma 1 ProofPower Theory Listings

Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

then Exception [noScope]
else Ok trs)

1OOkuplocalcolspecclasses

FV st
d lOOkuplocalcolspecclasses st
= (let look2 (corr, sc, tc)
= (let v = mazBound (sc_col_class sc)
in CASE
(tc_class_name tc)
[WHEN _anong.
(Ezxception [internalError));
WHEN _name;. s
e Ok (mk_column (corr, s), u);
WHEN _constanty. ¢
e Ok (mk_constant_class c, u)])
in let lookl td
= at3
(Map look2)
(seq
(# (td-columns td))
(td_genCorr td), td_columns td,
td_implementation td)
in let look sc
= Fold $Q (Map lookl (s_tables sc)) ||
in let trs
= Fold
$Q
(Map
look
(innermost
(symbolTable
(st_stack st))))
[
in if trs = ||
then Exception [noScope]
else ListOk trs)

l()Okuploca\lcolspecsterlings
FV st
b lOOkuplocalcolspecsterlings st
= (let look?2 (corr, tc)
= CASE
(tc_sterling-name tc)
[WHEN _none; (Ok c_constant_null);
WHEN _anony
(Ezception [internalError]);
WHEN _name; s
o Ok (mk_column (corr, s))]
wn let lookl td
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= at?
(Map look2)
(seq
(# (td-columns td))
(td-genCorr td),
td_implementation td)
i let look sc
= Fold $Q (Map lookl (s_tables sc)) ||
in let trs
= Fold
$Q@
(Map
look
(innermost
(symbolTable
(st_stack st))))
[
in if trs = ||
then Exception [noScope]
else ListOk trs)

1OOkuplocalrowclasses

F Vst
o lookupiocalrowelasses St
= (let lookl1 td
= CASE
(td_rowClass td)
[WHEN _anong.
(Exception [internalError));
WHEN _name;. s
o Ok
(mk_column (td_genCorr td, s));
WHEN _constant;. c
e Ok (mk_constant_class c)]
in let look sc = Map lookl (s_tables sc)
in let trs
= Fold
$Q
(Map
look
(innermost

(symbolTable (st_stack st))))
[

in if trs =[]
then Ezxception [noScope]
else ListOk trs)
lookup_column_row_class_look
F ConstSpec
(X lookup_column _row_class_look’
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o YV st cs outer ti
e lookup_column_row_class_look” st (cs, [])
= FEzception [noSuchColumn]|
A lookup_column_row_class_look’

st
(cs, outer @ [ti])
= (let (t, 1)

= (s_tables ti, s_identifiers ti)
in let cds = findcorumn (cs, t)
and ids = findigent (¢S, 1)
in if ids = []
then
if cds = |]
then
lookup_ column _row_class_look’
st
(cs, outer)
else if Tail cds = |]
then
let (td, sc, tc) = Head cds
in CASE
(td_rowClass td)
[WHEN _anong.
(Exception
[internalError]);
WHEN _name. s
o Ok
(mk_column
(td_genCorr td,
s)); WHEN _constant;. ce Ok (mk_constant_class c)]
else Exception [ambiguousName]

else if cds = [| A Tail ids = []
then
let id = Head ids
in Ok

(mk_constant_class
(query_class st))
else Exception [ambiguousName)))
lookup_column_row_class_look
1OOkupcolummrowclass

FV st fig cs
o lookupcolumnrowciass St (ﬂga CS)
= (if flg
then
lookup_ column_row_ class_look
st
(cs, innermost (symbolTable (st_stack st)))
else
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lookup_ column _row_ class_look
st
(cs, symbolTable (st_stack st)))
lookup_table_row_class_look
= ConstSpec
(X lookup_table_row_class_look’
o V ts outer ti
e lookup_table_row_class_look” (ts, [])
= Exception [noSuchTable]
A lookup_table_row_class_look’
(ts, outer Q [ti])
= (let lookl1 (ts, td)
= CASE
(td_tableName td)
[WHEN _anony, [];
WHEN _nameyg, tn
o if ts = tn
then
CASE
(td-rowClass td)
[WHEN _anong.
[Exception
[internalError]];
WHEN _nameg. s
o [Ok
(mk_column
(td_genCorr td, s))l;
WHEN _constant;
c
o [Ok
(mk_constant_class

else [|]
in let (tds, ids)
= (s_tables ti, s_identifiers ti)
in let trs
= Fold
$@
(at2
(Map look1)
(seq (# tds) ts, tds))
[
in if trs = ||
then
lookup_table_row_class_look’
(ts, outer)
else if Tail trs = []
then Head trs

Page 170 of 358



DRA FRONT END FILTER PROJECT

Ref- DS/FMU/FEF /017

Lemma 1 . Issue: Revision:2.2
ProofPower Theory Listings Date: 5 June 2016
else Exception [ambiguousName)))

lookup_table_row_class_look

1OOkuptablerowclass

FV st fig ts
L lOOkuptablerowclass st (ﬂga tS)
= (if fig
then

lookup_table_row_class_look
(ts, innermost (symbolTable (st_stack st)))
else
lookup_table_row_class_look
(ts, symbolTable (st_stack st)))
lookup_table_detail _look
= ConstSpec
(X lookup_table_detail _look’
o YV ts outer ti
e lookup_table_detail _look’ (ts, [])
= FEzception [noSuchTable]
A lookup_table_detail _look’
(ts, outer Q [ti])
= (let lookl1 (ts, td)
= CASE
(td_tableName td)
[WHEN _anony,, [];
WHEN _nameyg, tn
o if ts = in
then [td]
else []
in let (tds, ids)
= (s_tables ti, s_identifiers ti)
in let tis
= Fold
$Q
(at2
(Map look1)
(seq (# tds) ts, tds))
[
in if tis = ||
then
lookup_table_detail _look’
(ts, outer)
else if Tail tis = ||
then Ok (Head tis)
else Exception [ambiguousName)))
lookup_table_detail _look
lookuptabledetail
FV st ts
o lookupiapiedetail St ts
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= lookup_table_detail _look
(ts, symbolTable (st_stack st))
update_top_scope
FV st sc
e update_top_scope st sc
= (let stk = st_stack st
i let symt = symbolTable stk
in let outer = Rev (Tail (Rev symt))
in let symt’ = outer Q [sc]
in MKTRANS_STATE
(MEST_STACK symt’ (parameterTable stk))
(query_class st)
(query_constants_class st)
(client_clearance st))
enteridentifier
FV st name et up
o enterigentifier St (name, et, up)
= (let fynd (n, id)
= (if n = id_identName id
then [id]
else [])
in let sl = symbolTable (st_stack st)
in if sl =]
then Exception [noScope]
else
(let outer = Rev (Tail (Rev sl))
in let ti = Head (Rev sl)
in let (tds, ids)
= (s_tables ti, s_identifiers ti)
in if tds = ||
then
let unv = unique_name st
i let unc = unique_name st
in let id
= MkldentDetail
name
et
up
unv
(mk_name; unc)
m if
- at?
(Map fynd)
(seq (# 1ids) name,
ids)
=

then
FEzception [ambiguousName]
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else
(let sc
= MkScope
I
(ids @ [id])
in Ok
(update_top_scope
st
sc’, unv, unc))
else Exception [wrongScope))

enterjjentiferconstantclass

F V st name et clasf
b enteridentiferconstantclass
st
(name, et, clasf)
= (let fynd (n, id)
= (if n = id_identName id
then [id]
else [])
in let sl = symbolTable (st_stack st)
in if sl =]
then Exception [noScope]
else
(let outer = Rev (Tail (Rev sl))
in let ti = Head (Rev sl)
in let (tds, ids)
= (s_tables ti, s_identifiers ti)

in if tds = ||
then
let unv = unique_name st
in let id
= MkldentDetail
name
et
clasf
UNY
c_anomny
- at?

(Map fynd)
(seq (# ids) name, ids)
=
then Ezception [ambiguousName]
else
(let sc’
= MkScope

[
(ids @ [id])
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in Ok
(update_top_scope st sc!,
unv))
else Exception [wrongScope]))
extractparameter
F V name 1
o extractyarameter (Name, 1)
= [ | {pi|pi_name pi = name}
enterparameter
FV st name v clasf
® enterparameter St (name, v, clasf)
= (let sl = symbolTable (st_stack st)
in let pt = parameterTable (st_stack st)
in if sl = ]
then Exception [noScope]
else if
extractparameter (name, pt) = ||
then
Ok
(METRANS_STATE
(MEST_STACK
sl
(pt
Q [MkParamlInfo
name
v
clasf])
(query_class st)
(query_constants_class st)
(client_clearance st))
else Exception [ambiguousName))
entercorrtable
FV st cn ts ti scs ren tes
® entercorrtable
st
(en, ts, ti, scs, ren, tcs)
= (let sl = symbolTable (st_stack st)

in if sl =]
then Exception [noScope]
else

(let outer = Rev (Tail (Rev sl))
in let t = Head (Rev sl)
in let (tds, ids)
= (s-tables t, s_identifiers t)

in if ids = ]
then
let gc = unique_name st
in let td
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= MkTableDetail
ts
(mk_names cn)
gc
t
scs
ren

tcs
(MEkConstraintInfo

[

]
]
]
]

)
in let sc
= MkScope (tds Q [td]) ||
in Ok

(update_top_scope st sc’, gc)

else Exception [wrongScope)))

enterisple
FV st ts ti scs ren tes
o enteriapre St (ts, ti, scs, ren, tcs)
= (let sl = symbolTable (st_stack st)

in if sl =]
then Exception [noScope]
else

(let outer = Rev (Tail (Rev sl))
in let t = Head (Rev sl)
in let (tds, ids)
= (s_tables t, s_identifiers t)
in if ids = []
then
let gc = unique_name st
in let td
= MkTableDetasl
ts
c_anons
gc
4]
scs
ren
tes
(MkConstraintInfo

[
[
[
[

1)
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in let sc
= MkScope (tds Q [td]) ||
in Ok
(update_top_scope st sc’, gc)
else Exception [wrongScope]))
enter_scope FV st
e cnter_scope st
= (let stk = st_stack st
i let symt = symbolTable stk
in let outer = Rev (Tail (Rev symt))
in let symt’ = outer Q |]
in MKTRANS_STATE
(MEST_STACK symt’ (parameterTable stk))
(query_class st)
(query_constants_class st)
(client_clearance st))
gettableinfo
F true
100kuplocaltableinfo
FV st
o lOOkuplocaltableinfo st
= (let look sc = Map td_info (s_tables sc)
in let trs
= Fold
$@
(Map
look
(innermost
(symbolTable (st_stack st))))
[
in if trs = |
then Ezception [noScope)
else Ok trs)
1OOkupparamdata

FV st name
o lookupparamdata St name
= (let infos
= extractparameter
(name, parameterTable (st_stack st))
in if infos = |
then Exception [noSuchParameter]
else if Tail infos = [
then
let info = Head infos
in Ok (pi-valy, info, pi_clasf info)
else Exception [internalError])
in_new_scope I+ V what
e in_new_scope what
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= (X st ae what (enter_scope st) a)
repr_col VY tr
e repr_col tr
= CASE
tr

[WHEN _local_identifier name
e Ok (denote_col_spec [name));
WHEN _column (corr, col)
e Ok (denote_col_spec [corr; coll);
WHEN _constant_class ¢
e FEuxception [internalError];
WHEN _constant_null
(Ezxception [internalError])]
all_data_columnsjgcal
FV st
o all_data_columnsj,cq; St
= Try
(ListOk o Map repr_col)
(lOOkuplocalcolspecsterlings
st)
check_type_conversion
check_boolean
set_func_type
triop_type
monop-_type
binop_type F true
convertcolspec
F ConstSpec
(A converteoispel,
oV il
o convertcoispe, (denote_col_spec il)
= (let col = Head (Rev il)
in let dir = Head (Tail (Rev il))
in let tab = Tail (Tail (Rev il))
in mk_specific
(mk_absolute (tab, dir), col)))
converteolspec
class_column F V st cs
e class_column st cs
= (let csc
= lOOkupcolspecclass
st
(true, converteoispec €S)
in if isVal csc
then
let (tr, lub_cl) = destVal csc
in CASE
tr
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[WHEN _local_identifier name
e Ok (InL (denote_col_spec [name]));
WHEN _column (gen_corr, gen_col)
o Ok
(InL
(denote_col_spec
[gen_corr; gen_coll));
WHEN _constant_class cle Ok (InR cl);
WHEN _constant_null
(Ezception [internalError])]
else giveError (destError csc))
denote_name V ir
e denote_name tr
= CASE
tr
[WHEN _local_identifier s
e contents (denote_col_spec [s]);
WHEN _column (cn, col)
e contents (denote_col_spec [cn; col]);
WHEN _constant_class ce denote_class c;

WHEN _constant_null denote_null]
column_data_test

FV st cs
o column_data_test st cs
= (let csc
= lOOkupcolspecclass
st
(true, converteoispec €S)
in if wsVal csc
then
let (tr, u) = destVal csc
i if client_clearance st dom u
then Ok ||
else
(let cc
= denote_class
(client_clearance st)
in Ok
[binop ”dom” (cc, denote_name tr)])

else giveError (destError csc))
col_exp FYtw

e col_exp (t, w)
= (if w = dinary
then Ok (c-nullType, t)
else if w = sterling
then Ok (t, c_nullType)
else if w = worthless
then Ok (t, c_nullType)
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else Ezception [wrongType])

col_target FV sc
e col_target sc
= (let bound bi
= CASE
bi
[WHEN _upb ce c_anoni;
WHEN _constant ce mk_constant;. c]
in let target ((s, d), c)
= (if s = conullType N d = c_nullType
then Exception [internalError]
else if d = c_nullType
then Ok (MkTsqlCol c_anon; c_none; c)
else if s = c_nullType
then Ok (MkTsqlCol c_none; c_anony c)
else
Ok (MkTsqlCol c_anony c_anony c))
in target
(sc_type_field sc,
bound (sc-col_class sc)))
convertiaplespec
F ConstSpec
(A convertigpiespet
oV il
i ConveTttablespe/(;
(denote_table_spec il)
= (let tab = Head (Rev il)
in let dir = Tail (Rev il)
in mk_absolute (dir, tab)))
convertigplespec
convertssqitype
constant_valueiype
F true
convert_tableSpecification_backup
FVddirsn
o convert_tableSpecification_backup ([}, 0) = Ok ]
A convert_tableSpecification_backup
(Cons d dirs, 0)
= Ok (Cons d dirs)
A convert_tableSpecification_backup ([], n + 1)
= FEzception [noSuchDirectory]
A convert_tableSpecification_backup
(Cons d dirs, n + 1)
= convert_tableSpecification_backup (dirs, n)
convertiapleSpecifcation
FV its

L] COnverttableSpecifcation ts

= CASE
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ts
[WHEN _absolute (directory, table)
o Ok
(denote_table_spec
(directory @ [table)));
WHEN _default (up, directory, table)
o (let dir
= convert_tableSpecification_backup
(default_directory, up)
wn if isError dir
then giveError (destError dir)
else
Ok
(denote_table_spec
(destVal dir
@ directory
@ [table])))]
table_name FVis
o table_name ts
= (let dot s = s @77
in CASE
ts
[WHEN _absolute (dir, tab)
o if dir =]
then tab
else Fold $Q (Map dot dir) || @ tab;
WHEN _default (up, dir, tab)
o if dir =
then Flat (seq up "—") Q tab
else
Flat (seq up "=")
@ Fold $Q (Map dot dir) ||

Q tab))
convertswordtype
F true
convertiype
FVit
o convertiype t
= Convertswordtype
(convertssqitype t)
denOteclassexp
FVec
o denotecigssexp €C
= CASE
ec
[WHEN _variable (v, c)e v;
WHEN _constant.. ce denote_class c|
lubpoundinfo
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VY bil bi2
® lubyoundinfo (bil, bi2)
= CASE
bil
[WHEN _upb c1
e CASE
bi2
[WHEN _upb c2e mk_upb (c1 lub c2);
WHEN _constant c2
o mk_upb (c1 lub c2)];
WHEN _constant c1
e CASE
bi2
[WHEN _upb c2e mk_upb (c1 lub c2);
WHEN _constant c2
o if c1 = c2
then bil
else mk_upb (c1 lub c2)]]
lubexpclass
FV ecl ec?
o lubcypeiass (ecl, ec2)
= CASE
ecl
[WHEN _variable (v1, c1)
e CASE
ec?
[WHEN _variable (v2, c2)
o mk_variable
(binop 7 lub” (v1, v2),
cl lub c2);
WHEN _constant.. c2
o mk_variable
(binop
7 lub”
(01
denote_class c2),
cl lub ¢2)];
WHEN _constant.. cl
e CASE
ec?
[WHEN _variable (v2, c2)
o mk_variable
(binop
" lub”
(v2,
denote_class c1),
cl lub c2);
WHEN _constant.. c2
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lubtype
1choltype

lubworth

lubexp

lubssqlname

lu-bssqlcol

lubgableinfo

e mk_constant.. (c1 lub c2)]]
F true

FV sl dl s2 d2
o lubcoiiype ((s1, d1), s2, d2)
= (lubgype (81, 52), lubiype (d1, d2))

VY wl w2
o lubyoren (w1, w2)
= (if wl = w2
then wi
else if w2 = worthless
then wl
else if w1l = worthless
then w2
else priceless)
FVt1 wl t2 w2
o lubey, ((t1, wi), t2, w2)
= (lubgype (11, t2), lubyorsy (w1, w2))

FVY snl sn2
o lubssqginame (snl, sn2)
= CASE
snl
[WHEN _names sl
e CASE
sn2
[WHEN _names s2
o if s1 = s2
then sni
else c_anong; OTHERS c_anong];
OTHERS c_anong]

= ConstSpec
(A ZUbssqlcoll
oV nl t1 cel ccl n2 t2 ce2 cc2
4 ZUbssqlcog
(MKESsqlCol n1 t1 cel ccl,
MFESsqlCol n2 t2 ce2 cc2)
= MkSsqlCol

(ZUbssqlname (’/L], n?))
(lubcortype (t1, t2))
(cel lub ce2)
(lubyoundinfo (ccl, cc2)))

= ConstSpec

(/\ ZUbtableinf/o
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oV tecl tcl rcl tec? tc2 rc2
4 ZUbtableinf/o
(MkTableInfo tecl tcl rel,
MkTableInfo tec2 tc2 rc2)

= MkTableInfo
(tecl lub tec2)
(tcl lub tc?2)
(lubpoundinfo (rcl, rc2)))

ZUbtableinfo
lubtsqlclassname

F VY tenl ten?2
o lUbtsqlclassname (tcn], tCTLQ)
= CASE
tenl
[WHEN _namey. sl
e CASE
tcn2
[WHEN _name. s2
o if s1 = s2
then tenl
else c_anony;
OTHERS c_anony.);
OTHERS c-anony.]
lubtsqlname
FV tnl tn2
o lubisqiname (tnl, tn2)
= CASE
tnl
[WHEN _name; sl
e CASE
tn2
[WHEN _name; s2
o if s1 = s2
then tnl
else c_anony; OTHERS c_anony];
WHEN _none;
(CASE
tn2
[WHEN _none; c_noney;
OTHERS c_anont));
OTHERS c_anony]
lubtsqlcol
F ConstSpec
(>\ lUbtsqlcog
oV sl dl cl1 s2 d2 c2
4 ZUbtsqlcoll
(MkTsqlCol s1 d1 c1, MkTsqlCol s2 d2 c2)
= MkTsqlCol
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(lubisqiname (s1, s2))
(lubtsqiname (d1, d2))
(ZUbtsqlclassname (617 CQ)))
ZUbtsqlcol
makeg,, FYft

o makes, (f, t)
= (let data_col (ftn, ttn)
= CASE
fin
[WHEN _none,
(CASE
ttn
[WHEN _none; (Ok |));
WHEN _anony
(Ok [denote_null));
WHEN _name; ts
e FException
[internalError]]);
WHEN _anon;
(CASE
ttn
[WHEN _none;
(Ok [denote_null));
OTHERS
(Ezception
[internalError])]);
WHEN _name; fs
e CASE
tin
[WHEN _anony
(Ok
[contents
(denote_col_spec
DD
WHEN _name; ts
o Ok
[contents
(denote_ col_spec
[fs])]; WHEN _none; (Exception [internalError])]]
in let class_col (fen, ten)
= CASE
fen
[WHEN _constant. fc
e CASE
ten
[WHEN _constanty. tc

e if fc = tc
then OFk ||
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else
FException
[internalError];
WHEN _names. tn
e Ok [denote_class fcl;
WHEN _anon;.
(Ezception
[internalError])];
WHEN _nameq. f
o CASE
ten
[WHEN _constant,. tc
e FException
[internalError];
WHEN _name. tn
o Ok
[contents
(denote_col_spec
D3;
WHEN _anon;.
(Ok
[contents
(denote_col_spec [f])])];
WHEN _anon;.
(Ezception [internalError])]
in let ssv
= data-col
(tc_sterling-name f,
te_sterling-name t)
in let dsv
= data_col
(tc_dinary_name f,
te_dinary_name t)
in let csv
= class_col
(tc-class_name f,
tc_class_name t)
in if
tsError ssv
V isError dsv
V isError csv
then Exception [internalError]
else
Ok
(destVal ssv
Q destVal dsv
Q destVal csv))

remove_constants
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remove_nulls

upper

make_case

SimplifYands

simplifyoys

FYaxs
e remove_constants [| = []
A remove_constants (Cons x s)
= (if IsL x
then Cons (OutL z) (remove_constants s)
else remove_constants s)
FVYxtrs
e remove_nulls [] = []
A remove_nulls (Cons z trs)
= CASE
T
[WHEN _ constant_null (remove_nulls trs);
OTHERS (Cons z (remove_nulls trs))]
FV ec
e upper ec
= CASE
ec
[WHEN _variable (¢, u)e u;
WHEN _constant. ue u]
FV data ec
e make_case (data, ec)
= CASE
ec
[WHEN _variable (¢, u)
e case [data] [denote_class lattice_top)| c;
WHEN _constant.. ¢
e case
[data]
[denote_class lattice_top]
(denote_class c)]

FV us cs
o simplifyanas (vs, cs)
= (let v = fold (binop And) vs
n let c
= case
[v]
[fold
(binop " lub™)
(Map denotecigssexp €5)]
(fold
(binop 7 glb”)
(at2 (Map make_case) (vs, cs)))

in let u = fold (Uncurry $lub) (Map upper cs)

in (v, mk_variable (c, u)))

FV vs cs
° Simplifyors (’US, CS)
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= (let v = fold (binop Or) vs
i let c
= case
[v]
[fold
(binop 7 glb”)
(Map denotecigssexp €5)]
(fold
(binop " lub”)
(at2 (Map make_case) (vs, cs)))
in let u = fold (Uncurry $lub) (Map upper cs)
in (v, mk_variable (c, u)))
constant_valuegata
F true
dinary_columns
FV st css
o dinary_columns st css
= (let look cs
= lOOkupcolspecdinary
st
(false, converteoispec €S)
m Try
(ListOk o Map repr_col o remove_nulls)
(ListOk (Map look css)))
sterling_columns
FV st css
e sterling_columns st css
= (let look cs
= lOOkupcolspecsterling
st
(false, convertcoispec €S)
mn Try
(ListOk o Map repr_col o remove_nulls)
(ListOk (Map look css)))
tuple_listmaxrowclass
FVstt
o tuple_listymazrowciass St t
= mk_constant.. (client_clearance st)
upb_row_class
= ConstSpec
(X upb_row_class’
e Y tec tc rowc
o upb_row_class’ (MkTableInfo tec tc rowc)
= CASE
rowc
[WHEN _upb rce rc; WHEN _constant rce rc|)
upb_row_class
valuegype
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valuegata
F true
valueciass
FV st e v
® value,.jqss UC St
= (let © = ivc st v
n if isError x
then giveError (destError x)
else
Ok
(CASE
(destVal x)
[WHEN _ands (datas, classes)
o (let (v, ¢)
= simplifyands
(datas, classes) in c);
WHEN _ors (datas, classes)
e (let (v, ¢)
= simplifyors
(datas, classes) in c);
WHEN _simple ec
o CASE
ec
[WHEN _variable (exp, up)
e mk_variable (exp, up);
WHEN _constant.. c
e mk_constant.. c|]))
que€ryselectquery

transformgeiectquery

tuple_listouterinfo
tuple_listmakeouter
select_valuegata
select_listgata
makesterling
makeginary
make_col
select_valuep ake
select_listhake
select_valuecjags
select_list¢jass
tuple_list¢jass
internal_valuecjass
value;jnfo
select_valuejnro
select_list;nto
from_specinfo
tuple_listimake
tuple_listinfo
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select_valueiype
select_listype
from_specenter
tuple_list{ype
tuple_listgata

STP

F true
FVYyqc
e STP (q, c)
= (let st = init_trans_state c
in let res
= transformselectquery st q
in if isError res
then giveError (destError res)
else
Ok
(let (scs, tq, scw, rc, tes, chks)
= destVal res
i let dynamic tc
& CASE
tc
[WHEN _constant,. ce false;
OTHERS true]
i let cc
= Map
(dynamic o tc_class_name)
tes
in let cr
= (if dynamic rc
then InL c
else InR maybe)
mn let cq
= (if chks = ]
then InR maybe
else InL (Head chks))
in (tq, cq, scw, cr, cc)))

27 THE THEORY fef031

27.1 Parents

fef034  fef026

27.2 Children

fef033
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27.3 Constants

View;_secureE
Bool
outputFilter_secureE
Bool

27.4 Definitions

View;_secureE
F View;_securel
& (Vesl s2
e hide (¢, s1) = hide (c, s2)
= Map (HideDerTable ¢) (View; (reprState s1))
= Map
(HideDerTable c)
(Viewy (reprState s2)))
outputFilter_secureE
F outputFilter_secureE
< (Y q ¢ t1 t2 dq ocq fps
e — isError (STP (q, ¢))
A destVal (STP (q, c¢)) = (dgq, ocq, fps)
A HideDerTable ¢ t1 = HideDerTable ¢ t2
= outputFilter (¢, (GiveData t1, []), fps)
= outputFilter (¢, (GiveData t2, []), fps))

27.5 Theorems

map_o_lemma + V f g liste Map f (Map g list) = Map (f o g) list

lub_lemma VY ceclubec=cA bl [c] =c
dominates_lub_lemma
FVYcl c2 cs

e cl dominates c2 lub c8
& ¢l dominates c2 N cl dominates c3
MkDerTable_lemma
Yl 22 yl y2
e MkDerTable x1 x2 = MkDerTable y1 y2
Szl =yl AN z2 = y2
MkDerTableRow_lemma
FYaxl 22 28 yl y2 y3
o MkDerTableRow z1 x2 x8 = MkDerTableRow y1 y2 y3
Szl =yl N2 =92 N z8 = y3
Acti_lemma F VY upd qdes
o Acty upd qdes
= (let (query, (dt, errs), st) = qdes
in if - errs = ]
then (st, [], errs)
else if is_select query
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then (st, GiveData dt, errs)
else (upd (query, (dt, errs), st), [], []))
giveVal_consistent
giveError_consistent
destVal_consistent
destError_consistent
isVal_consistent
isError_consistent
F Consistent
(A
(giveVal', giveError’, destVal', destError’,
isVal', isError’)
eV v e ve
e giveVal' v = InL v
A giveError’ e = InR e
A destVal' (giveVal' v) = v
A destError’ (giveError’ e) = e
A (isVal' ve & (3 vie ve = giveVal vy))
A (isError’ ve
& (3 e ve = giweError’ e;)))
EM_SecureE_Lemmal
YV compile upd
e STP € STP_secure_E compile
= (EM ; compile upd, STP, outputF'ilter)
€ subsys_secureE reprState
F Correct_ Compile_STP_secure_E = Subsys_Securel
EM_SecureE_Lemma?2
View_securel,
outputFilter_securel,
V te GiveData t = [| & DT _rows t = |
FV compile upd
e STP € STP_secure_E compile
= (EM; compile upd, STP, outputFilter)
€ subsys_secureE reprState
EM_SecureE_Lemma3
FV te GiveData t =[] & DT _rows t = ||
EM_SecureE_thm
View;_secureE, outputFilter_securelEl = EM _Securel

28 THE THEORY fef032

28.1 Parents

fef026
28.2 Children

fef033 fef034
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28.3 Constants

DenoteConstant

MonOp

ItemBool
Boolltem
ListAnd
ListOr
ComputeAnd

BinOpAnd
ComputeOr

BinOpOr
BinOp

TriOp

CheckList

CheckTest

CaseValValue

Class x Valuedltem OPT — VALUE_COMP
(ValuedItem OPT — ValuedItem OPT)
— VALUE_COMP
— VALUE_COMP
ValuedIltem OPT — Bool
Bool — Valuedltem OPT
Bool LIST — Bool
Bool LIST — Bool
Class
— (Class x ValuedItem OPT) LIST
— Class x ValuedItem OPT
Class — VALUE_COMP LIST — VALUE_COMP
Class
— (Class x ValuedItem OPT) LIST
— Class x ValuedItem OPT
Class — VALUE_COMP LIST — VALUE_COMP
(ValuedItem OPT — ValuedItem OPT — Valuedltem OPT)
— VALUE_COMP
— VALUE_COMP
— VALUE_COMP
(ValuedItem OPT
— ValuedIltem OPT
— Valuedltem OPT
— ValuedItem OPT)
— VALUE_COMP
— VALUE_COMP
— VALUE_COMP
— VALUE_COMP
Class
— ValuedItem OPT
— ((Class x Valuedltem OPT) x Class x ValuedItem OPT)
LIST
— Class
— Class
Class
— Class x ValuedItem OPT
— ((Class x ValuedItem OPT) x Class x ValuedItem OPT)
LIST
— Class
— Class
ValuedItem OPT
— ((Class x Valuedltem OPT) x Class x ValuedItem OPT)
LIST
— ValuedItem OPT
— ValuedItem OPT
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CaseVal Class
— VALUE_COMP
— (VALUE_COMP x VALUE_COMP) LIST
— VALUE_COMP
— VALUE_COMP
CaseC Class
— ((Class x Valuedltem OPT) x Class x ValuedItem OPT)
LIST
— Class
— Class
CaseValue ((Class x Valuedltem OPT) x Class x Valuedltem OPT)
LIST
— Valuedltem OPT
— Valuedltem OPT
Case Class
— (VALUE_COMP x VALUE_COMP) LIST
— VALUE_COMP
— VALUE_COMP
SetFuncAllAnd
Class - VALUE_COMP — VALUE_COMP
SetFuncAllOr Class — VALUE_COMP — VALUE_COMP
SetFuncAll (ValuedItem OPT LIST — Valuedltem OPT)
— VALUE_COMP
— VALUE_COMP
SetFuncDistinct
(ValuedItem OPT P — Valuedltem OPT)
— VALUE_COMP
— VALUE_COMP
NatItem Worth — ValuedItem OPT
CountNonNull VALUE_COMP — VALUE_COMP
CountDistinct
VALUE_COMP — VALUE_COMP
CountAll VALUE_COMP
ExistsTuples  Class - TABLE_COMP — VALUE_COMP
SingleValue Class —» TABLE_COMP — VALUE_COMP

Contents Worth — VALUE_COMP
ClassItem Class — Valuedltem OPT
Classification

Worth — VALUE_COMP
JoinedRowExistence
Class — VALUE_COMP

JoinSpecs DerTableSpec LIST — DerTableSpec

JoinRows DerTableRow — DerTableRow LIST — DerTableRow LIST
JoinData DerTableRow LIST LIST — DerTableRow LIST

Join DerTable LIST — DerTableSpec x DerTableRow LIST

ProjectSpec DerColSpec LIST — DerTableSpec — DerTableSpec
ProjectData  DerTable LIST
— VALUE_COMP LIST
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— DerTableRow LIST LIST
— DerTableRow LIST
Project DerTableSpec
— DerTable LIST
— (VALUE_COMP x DerColSpec) LIST
— DerTableRow LIST LIST
— DerTable
EvalProjectData
DerTable LIST
— VALUE_COMP LIST
— DerTableRow LIST LIST
— DerTableRow LIST
EvalProject DerTableSpec
— DerTable LIST
— (VALUE_COMP x DerColSpec) LIST
— DerTableRow LIST LIST
— DerTable
Where Class
— DerTable LIST
— DerTableRow LIST
— VALUE_COMP
— DerTableRow LIST
PutInGroup (‘e —'b) —» 'a — 'a LIST LIST — 'a LIST LIST
MakeGroups (‘a — 'b) — 'a LIST — 'a LIST LIST

ListNth Errors — 'a LIST — 'a LIST
CommonValue VALUE_COMP — VALUE_COMP
Group Class

— DerTable LIST
— DerTableRow LIST
— Errors
— FErrors
— VALUE_COMP
— Class x DerTableRow LIST LIST
TableContents
Worth — TABLE_COMP
AllTuples Class
— (VALUE_COMP x DerColSpec) LIST
— TABLE_COMP LIST
— VALUE_COMP
— FErrors
— Errors
— VALUE_COMP
— TABLE_COMP
RemoveDuplicates
"a LIST — 'a LIST
DistinctTuples
Class
— (VALUE_COMP x DerColSpec) LIST
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— TABLE_COMP LIST

— VALUE_COMP

— FErrors

— Errors

— VALUE_COMP

— TABLE_COMP
Evaluate Class

— (VALUE_COMP x DerColSpec) LIST

— TABLE_COMP LIST

— VALUE_COMP

— FErrors

— FErrors

— VALUE_COMP

— TABLE_COMP
N2 "aP+'bP—"aPx'bP
ValueComputations

Class — VALUE_COMP P

TableComputations
Class —» TABLE_COMP P
OkTableComputation
Class —» TABLE_COMP P
OkSTP (Query — DerTable LIST — DerTable x Errors)
— (Query, "PARS) STP_TYPE P
OK_TCy4 Class — TABLE_COMP P
OK_VCyq4 Class — VALUE_COMP P
OK_VC, Class — VALUE_COMP P
OK_TC,. Class — TABLE_COMP P

28.4 Type Abbreviations

TABLE_COMP TABLE_COMP
VALUE_COMP VALUE_COMP

28.5 Definitions

DenoteConstant
F V cie DenoteConstant ci = (X tl 7l re ci)
MonOp FVfe
e MonOp f e
=\trlr
o (let (c,v)=-cetlrlrin (c, fv))
ItemBool FYo
o ItemBool v
= U
= ValuedItemltem
(MEkValuedltem sterling (BoolVal true))
Boolltem VYo

e Boolltem v
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= ValuedltemItem
(MkValuedItem sterling (BoolVal v))
ListAnd FV b bs
o (ListAnd [| & true)
A (ListAnd (Cons b bs) < b A ListAnd bs)
ListOr FV b bs

o (ListOr [| & false)
A (ListOr (Cons b bs) < bV ListOr bs)

ComputeAnd F V cc cil

BinOpAnd

ComputeOr

BinOpOr

BinOp

e ComputeAnd cc cil
= (let heil
= cil
I {(c, i)|ecc dominates ¢ A = ItemBool i}
in let v < ListAnd (Map (ItemBool o Snd) cil)
in let makecase (c, u)
= (if ItemBool u
then lattice_bottom
else c)
in if heil = |
then (lubl (Map Fst cil), Boolltem v)
else
(lubl (Map makecase hcil),
Boolltem false))
FV ccel
e BinOpAnd cc el
=\trlr
o ComputeAnd cc (Map (X ee e tl rl 1) el))
FV cc cil
e ComputeOr cc cil
= (let hcil
= cil
I {(¢c, i)|cc dominates ¢ N ItemBool i}
in let v < ListOr (Map (ItemBool o Snd) cil)
in let makecase (c, u)
= (if = ItemBool u
then lattice_bottom
else c¢)
in if heil = ]
then (lubl (Map Fst cil), Boolltem v)
else
(lubl (Map makecase heil),
Boolltem true))
FV ccel
e BinOpOr cc el
=\trlr
o ComputeOr cc (Map (X ee e tl rl 1) el))
FV fele2
e BinOp f el e2
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=\trlr
o (let (c1,vl) =cel tlrlr
in let (c2,v2) =e2 tl rlr
in (c1 lub c2, f vl v2)))
TriOp FV fele2el
o TriOp f el e2 e3
=A\tlrlr

o (let (c1,vl)=el tl rlr
in let (c2,v2) =e2 tlrlr
in let (¢c3, v8) =e3 tl rlr
in (c1 lub c2 lub ¢3, f vl v2 v3)))
CheckList FV cc ti cv cus elsec
o CheckList cc ti [] elsec = elsec
N CheckList cc ti (Cons cv cvs) elsec
= (let ((cec, cet), vec, vei) = cv
i if - cc dominates cec
then cec
else if ti = cei
then wvec
else CheckList cc ti cvs elsec)
CheckTest F VY cc ti te cvs elsec
e CheckTest cc (te, ti) cus elsec
= (if cc dominates tc
then CheckList cc ti cvs elsec
else tc)
CaseValValue IV & cv cus elsev
o CaseValValue ti [] elsev = elsev
A CaseValValue ti (Cons cv cvs) elsev
= (let ((cec, cei), vec, vei) = cv
in if ti = cei
then vei
else CaseValValue ti cvs elsev)
CaseVal FV cc tst casevals elseval
e CaseVal cc tst casevals elseval
=\trlr
o (let (te, ti) = tst tl rl r
in let cus
= Map
(A (¢, v)e (ctlrlr,vtlrlr))
casevals
in let (ec, ei) = elseval tl vl r
in let ¢ = CheckTest cc (te, ti) cus ec
in let v = CaseValValue ti cvs et
in (c, v)))
CaseC FV cc cv cus elsec
e CaseC cc [] elsec = elsec
A CaseC cc (Cons cv cvs) elsec
= (let ((cec, cet), vec, vei) = cv
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i if - cc dominates cec
then cec
else if ItemBool cei
then vec
else CaseC' cc cus elsec)
CaseValue FV cv cus elsev
o CaseValue [] elsev = elsev
A CaseValue (Cons cv cvs) elsev
= (let ((cec, cei), vec, vei) = cv
in if ItemBool cei
then vei
else CaseValue cvs elsev)
Case F V cc casevals elseval
e Case cc casevals elseval
=\trlr
o (let cus
= Map
AN (c,v)e (ctlrlr,vtlrlr))
casevals
in let (ec, ei) = elseval tl 1l r
in let ¢ = CaseC cc cvs ec
in let v = CaseValue cvs ei in (c, v)))
SetFuncAllAnd
FVecee
e SetFuncAllAnd cc e
= (X tl rl re ComputeAnd cc (Map (e tl rl) rl))
SetFuncAllOr + V cc e
o SetFuncAllOr cc e
= (A tl rl re ComputeOr cc (Map (e tl rl) 1))
SetFuncAll FVYfe
o SetFuncAll f e
=\trlr
o (let (cl, il) = Split (Map (e tl 1) rl)
in (lubl cl, f il)))
SetFuncDistinct
FYfe
e SetFuncDistinct f e
=A\tlrlr
o (let (cl, il) = Split (Map (e tl rl) rl)
in (lubl cl, f (Elems il))))
NatItem F true
CountNonNull -V e
o CountNonNull e
= (let counter il
= Natltem (# (il | {i|isValuedItem i}))
in SetFuncAll counter e)
CountDistinct
FVe

Page 198 of 358



Lemma 1

DRA FRONT END FILTER PROJECT
ProofPower Theory Listings

Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

CountAll

ExistsTuples

SingleValue

Contents

Classltem

e CountDistinct e
= (let counter is
= Natltem (# (is N {i|isValuedItem i}))
in SetFuncDistinct counter e)
F CountAll
=A\tlrlr
o (let ¢l = Map DTR_row rl
in (lubl cl, Natltem (# 1l1))))
FV cc te
o ExistsTuples cc te
=\trlr
o (let (c, t) = te tl
in let trl
= DT _rows t
I {r
|cc dominates DTR_row r
A cc dominates DTR_where r}
wmn if cc dominates c
then
(lubl (Map DTR_row trl),
Boolltem (— trl = []))
else (¢, Arbitrary)))
FV cc te
e SingleValue cc te
=A\tlrlr
o (let (c, t) = te tl
in let trl
= DT _rows t
' {r
|cc dominates DTR_row r
A cc dominates DTR_where r}
in let cil = DTR_cols (Head trl)
in let (ic, ii) = Head cil
in if cc dominates c
then
if #trl =1 N+ cil =1
then (ic, i)
else (c, Arbitrary)
else (¢, Arbitrary)))
FVi
o Contents 1
=A\tlrlr
eif 1 <iNi<# (DTR_colsr)
then Nth (DTR_cols r) i
else Arbitrary)
FVYo
e Classltem v
= ValuedItemlItem

Page 199 of 358



DRA FRONT END FILTER PROJECT

Ref- DS/FMU/FEF /017

Lemma 1 . Issue: Reviston:2.2
ProofPower Theory Listings Date: 5 June 2016
(MEkValuedItem sterling (ClassVal v))
Classification
FVi
o Classification i
=A\tlrlr
eif 1 <iNi<# (DTR_colsr)
then
(DTR_row r,

Classltem (Fst (Nth (DTR_cols r) i)))
else Arbitrary)
JoinedRowExistence
FV cc
o JoinedRowEzistence cc
= (A tl rl re (cc, Classltem (DTR_row r)))
JoinSpecs FV sl
e JoinSpecs sl
= (let n =]
and mr = lubl (Map DTS_mazRow sl)
and csl = Flat (Map DTS _colSpecs sl)
in MkDerTableSpec n mr csl)
JoinRows FYrrs
e JoinRows r rs
= (let join2 rr
= MkDerTableRow
(DTR_where r lub DTR_where 1)
(DTR_row r lub DTR_row rr)
(DTR_cols 7 @ DTR_cols 1)
in Map join2 rs)
JoinData F JoinData || = []
A (Y tab rest
o JoinData (Cons tab rest)
= (if rest = ||
then tab
else
(let jrest = JoinData rest
in let join_blk r = JoinRows r jrest
in Flat (Map join_blk tab))))
Join F V tabl
o Join tabl
= (JoinSpecs (Map DT _spec tabl),
JoinData (Map DT _rows tabl))
ProjectSpec FVYsls
e ProjectSpec sl s
= MkDerTableSpec [| (DTS_-mazRow s) sl
ProjectData + V tl el gps
e ProjectData tl el gps
= (let h gp r
= MkDerTableRow
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(DTR_where )
(DTR_row )
(Map (X ee e tl gp r) el)
in let k gp = Map (h gp) gp
in Flat (Map k gps))
Project FV ts tl sellist gps
e Project ts tl sellist gps
= MkDerTable
(ProjectSpec (Map Snd sellist) ts)
(ProjectData tl (Map Fst sellist) gps)
EvalProjectData
FV tl el gps
o EvalProjectData tl el gps
= (let h gp r
= MkDerTable Row
(DTR_where )
(DTR_row )
(Map (X ee e tl gp r) el)
m let k gp
= (let results = Map (h gp) gp
in if # (Elems results) = 1
then Head results
else Arbitrary) in Map k gps)
EvalProject FV ts tl sellist gps
e FEvalProject ts tl sellist gps
= MkDerTable
(ProjectSpec (Map Snd sellist) ts)
(EvalProjectData tl (Map Fst sellist) gps)
Where FVYctlrle
o Where c tl 7l e
= (let hrl = 1l | {r|c dominates DTR_row r}
in let w r = DTR_where r lub Fst (e tl hrl r)
in let h r
= ((ItemBool (Snd (e tl hrl r))
V = ¢ dominates w ),
MEDerTableRow
(w r)
(DTR_row )
(DTR_cols )
in Map Snd (Map h hrl | {(¢t, 7)[t}))
PutInGroup F VY gpby =z gp gps
e PutInGroup gpby z [] = [[z]]
A PutInGroup gpby = (Cons gp gps)
= (if gpby © = gpby (Head gp)
then Cons (Cons x gp) gps
else Cons gp (PutInGroup gpby z gps))
MakeGroups + V gpby x zs
e MakeGroups gpby [] = |]
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A MakeGroups gpby (Cons z xs)
= PutInGroup gpby x (MakeGroups gpby xs)
ListNth FV n nl list
o ListNth || list = |]
A ListNth (Cons n nl) list
= Cons
(if 1 <nAn <7 list
then Nth list n
else Arbitrary)
(ListNth nl list)
CommonValue F V e
e CommonValue e
= (let pick il
= (if # (Elems il) = 1
then Head il
else Arbitrary) in SetFuncAll pick e)
Group FV cc tl rl gbsterling gbclass having
e Group cc tl rl gbsterling gbclass having
= (let gpby row
= (ListNth
gbsterling
(Map Snd (DTR-cols row)),
ListNth gbclass (Map Fst (DTR_cols row)))
i let gbc row
= lubl
(ListNth
gbsterling
(Map Fst (DTR_cols row)))
in let gps = MakeGroups gpby rl
i let has_test gp
= CommonValue having tl gp Arbitrary
in let cl
— (if
cc dominates lubl (Map gbe 1l)
then
lubl (Map (Fst o has_test) gps)
else lubl (Map gbc rl))
in let wanted_gps
= gps
[ {gp
|ItemBool (Snd (has_test gp))}
in (cl, wanted_gps))
TableContents
FVYi
e TaubleContents 1
=(\tl
eif 1 <iNni<#l
then (lattice_bottom, Nth tl 1)

Page 202 of 358



Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

DRA FRONT END FILTER PROJECT

Lemma 1 ProofPower Theory Listings

else Arbitrary)
AllTuples F V cc sellist fromspec where gbsterling gbclass having
o AllTuples
cc
sellist
fromspec
where
gbsterling
gbclass
having
=(\tl
e (let (cll, tabs)
= Split (Map (X tee te tl) fromspec)
in let (ts, tabl) = Join tabs
in let tab2 = Where cc tl tabl where
in let (cl1, gps)
= Group
cc
tl
tab2
gbsterling
gbclass
having
in let cl2
= (if cc dominates lubl cll
then cl1
else lubl cll)
in (cl2, Project ts tl sellist gps)))
RemoveDuplicates
FVazas
e RemoveDuplicates [| = []
A RemoveDuplicates (Cons x xs)
= Cons = (RemoveDuplicates xs | {y|- y = z})
DistinctTuples
F V cc sellist fromspec where gbsterling gbclass having
o DistinctTuples
cc
sellist
fromspec
where
gbsterling
gbclass
having
=(\tl
o (let (cll, tabs)
= Split (Map (X tee te tl) fromspec)
in let (ts, tabl) = Join tabs
in let tab2 = Where cc tl tabl where
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in let (cl, gps)
= Group
cc
tl
tab2
gbsterling
gbclass
having
in let rem_dups tab
= MkDerTable
(DT _spec tab)
(RemoveDuplicates
(DT _rows tab))
in (cl lub lubl cll,
rem_dups
(Project ts tl sellist gps))))
Evaluate F V cc sellist fromspec where gbsterling gbclass having
e Fvaluate
cc
sellist
fromspec
where
gbsterling
gbclass
having
=(\tl
e (let (cll, tabs)
= Split (Map (X tee te tl) fromspec)
in let (ts, tabl) = Join tabs
in let tab2 = Where cc tl tabl where
in let (cl, gps)
= Group
cc
tl
tab2
gbsterling
gbclass
having
in (cl lub lubl cll,
EvalProject ts tl sellist gps)))
ﬂz FYu
* 2 u
= (N {a|3 be (a, b) € u}, N {b|3 ae® (a, b) € u})
TableComputations

ValueComputations
F ConstSpec
(A (TableComputations’, ValueComputations’)
oV cc
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e (TableComputations’ cc,

Value Computations’ cc)

= e

{(tes, es)
|(V cie DenoteConstant ci € es)
A (V ie Contents i € es)
A (V ie Classification i € es)
A CountAll € es

AN (Y feoeces= MonOp f e € es)

AN (Y f el e2
ecl ces Ne2ces
= BinOp f el e2 € es)
AN (Y fel e2 el
ecl cesNe2cesNedces
= TriOp f el e2 e3 € es)
A (Y el
e FElems el C es
= BinOpAnd cc el € es)
A (Y el
o Elems el C es
= BinOpOr cc el € es)
A (Y te cel ee
e lec € es
A Elems (Map Fst cel) C es

A Elems (Map Snd cel) C es

N ee € es
= CaseVal cc te cel ee € es)
A (Y cel ee
e Elems (Map Fst cel) C es

A Elems (Map Snd cel) C es

N\ ee € es
= Case cc cel ee € es)
A (Ve

o ¢ € es = SetFuncAllAnd cc e € es)

A (Ve

o ¢ € es = SetFuncAllOr cc e € es)

A (Ve

o ¢ € es = CountNonNull e € es)

A (Ve

o ¢ € es = CountDistinct e € es)

A (Ve

o ¢ € es = CommonValue e € es)

ANV fe
o ¢ € es = SetFuncAll f e € es)
ANV fe
e cces

= SetFuncDistinct f e € es)
A (Y te
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e te € les
= FEmistsTuples cc te € es)
A (Y te
e fe € tes
= SingleValue cc te € es)
A JoinedRowExistence cc € es
A (V ie TableContents i € tes)
A (Y esl tel el ml nl e2
e Elems (Map Fst esl) C es
A Elems tel C tes
A el € es
N e2 € es
= AllTuples
cc
esl
tel
el
ml
nl
e2
€ tes)})
(TableComputations, ValueComputations)
OkTableComputation
FV ccte
o te € OkTableComputation cc
< (let ¢ tl = Fst (te tl)
in let f tl = (Snd (te tl), [])
in RiskInputs cc f
C {Hl|= cc dominates c tl})
OkSTP F VY compile stp
e stp € OKSTP compile
< Vagc
e isError (stp (q, c))
V (let (dq, ocq, pars) = destVal (stp (g, c))
in 3 dte
e dte € TableComputations c
A compile dq
= (X tle (Snd (dte tl), []))
A (Yt
e — ¢ dominates Fst (dte tl)
= IsL ocq
A is_select (OutL ocq)
A = DT _rows
(Fst
(compile
(OutL ocq)
1)
=)
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OK_TCy FVYctc
eilcc OK.TCy, ¢
= (\V/ tly tl;
o Map (HideDerTable c) tlg
= Map (HideDerTable c) tl;
A — HideDerTable ¢ (Snd (tc tly))
= HideDerTable ¢ (Snd (tc tly))
= = ¢ dominates Fst (tc tly))
OK_VCq4 FVYcouc
euvc € OK_VC, c
= (V tlg tl4 T’lo 7l o T1
e Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) iy
= Map (HideDerTableRow c) rl;
A HideDerTableRow ¢ ry
= HideDerTableRow ¢ 14
A = Snd (ve tly rlg o)
= Snd (vc tly rly r1)
= - ¢ dominates Fst (vc tly rlp 19))
OK_VC, FVcowc
evc e OK_VC, ¢
iS4 (\V/ tlg tly rlg rl; ro T4
o Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) iy
= Map (HideDerTableRow c) rl;
A HideDerTableRow ¢ 1¢
= HideDerTableRow c 7
= Fst (ve tly rlg ro)
= Fst (vc tly rly 1))
OK_TC. FVecte
etce OK_TC, ¢
= (\V/ tly tl;
o Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
= Fst (tc tlg) = Fst (tc tly))

29 THE THEORY {fef033

29.1 Parents

fef031 fef032

29.2 Children

fef035
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29.3 Theorems

TableComputations_consistent
ValueComputations_consistent
F Consistent
(A (TableComputations’, ValueComputations’)
oV cc
o (TableComputations’ cc,
ValueComputations’ cc)
=2
{(tes, es)
|(V cie DenoteConstant ci € es)
A (V ie Contents i € es)
A (V ie Classification i € es)
A CountAll € es
AN(Vfeeeces= MonOp [ e € es)
ANV fele2
ecl ces Ne2 ces
= BinOp f el e2 € es)
A (Y fel e2 el
ecl cesNe2cesNedces
= TriOp f el e2 e3 € es)
A (Y el
o Flems el C es
= BinOpAnd cc el € es)
A (Y el
e Elems el C es
= BinOpOr cc el € es)
A (Y te cel ee
e te € es
A Elems (Map Fst cel) C es
A Elems (Map Snd cel) C es
N ee € es
= CaseVal cc te cel ee € es)
A (Y cel ee
o Elems (Map Fst cel) C es
A Elems (Map Snd cel) C es
N ee € es
= Case cc cel ee € es)
A (Ve
o ¢ € es = SetFuncAllAnd cc e € es)
A (Ve
o ¢ € es = SetFuncAllOr cc e € es)
A (Ve
o ¢ € es = CountNonNull e € es)
A (Ve
e ¢ € es = CountDistinct e € es)
A (Ve
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o ¢ € es = CommonValue e € es)
AN fe
o ¢ € es = SetFuncAll f e € es)
AN fe
® cces
= SetFuncDistinct f e € es)
A (Y te
e te € tes
= FEwistsTuples cc te € es)
A (Y te
e le € tes
= SingleValue cc te € es)
A JoinedRowEzistence cc € es
A (V ie TableContents i € tes)
A (V esl tel el ml nl e2
o Llems (Map Fst esl) C es
A Elems tel C tes
N el € es
N e2 € es
= AllTuples
cc
esl
tel
el
ml
nl
e2

€ tes)})
Boolltem_OneOne_lemma
FV il 12e Boolltem i1 = Boolltem 12 < il < i2
HideDerTableRow_Length_lemma
FYcrl r2
e HideDerTableRow ¢ r1 = HideDerTableRow ¢ r2
= # (DTR_cols r1) = # (DTR_cols r2)
Nth_HideDerTableRow_lemma
FYcri
o 1 <iANi<# (DTR_cols r)
= Nth (DTR_cols (HideDerTableRow ¢ r)) i
= (Fst (Nth (DTR_cols r) 1),
(if ¢ dominates Fst (Nth (DTR_cols r) 1)
then Snd (Nth (DTR_cols ) 1)
else
ValuedItemlItem
(MEkValuedItem sterling dummyVal)))
DTR_row_o_HideDerTableRow_lemma
FVY ce DTR_row o HideDerTableRow ¢ = DTR_row
fun_if _thm FVYfabe
o f (if a then b else ¢) = (if a then f b else f ¢)
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[_null_map_hide_lemma
FVYecrl
o7l
I {r
|c dominates DTR_row 1
A ¢ dominates DTR_where r}
=1
< Map
(HideDerTableRow c)
(rl | {r|c dominates DTR_row r})
I {r|c dominates DTR_where r}
=1
map_hide_map_hide_|_lemma
FVYocrll ri2
e Map (HideDerTableRow c) rll
= Map (HideDerTableRow c) ri2
= Map
(HideDerTableRow c)
(ri1 | {r|c dominates DTR_where r})
= Map
(HideDerTableRow c)
(r12 | {r|c dominates DTR_where 1})
[_N_lemma FVYiabel](anb)=1]alb
split_thm FY xy list
o Split || = ([, )
A Split (Cons xy list)
= (Cons (Fst zy) (Fst (Split list)),
Cons (Snd zy) (Snd (Split list)))
length_0_thm + V liste # list = 0 < list = []
length_1_thm F V liste # list = 1 < (3 ze list = [z])
fst_snd_split_thm
VY list
e Fst (Split list) = Map Fst list
A Snd (Split list) = Map Snd list
lubl_lemma FVYecoc
e [ubl [| = lattice_bottom
A lubl (Cons ¢ cl) = ¢ lub lubl cl
lub_lattice_bottom_thm
FV ce ¢ lub lattice_bottom = c
dominates_lubl_map_hide_lemma
FV cc cil
e cc dominates lubl (Map Fst cil)
= Map
(A (e, 9)
‘e,
(if cc dominates c
then 4
else Arbitrary)))

Page 210 of 358



DRA FRONT END FILTER PROJECT e DS/FMU/FEF/017
Lemma 1 ProofPower Theorv Listines Issue: Revision:2.2
! wer Iy Lasting Date: 5 June 2016

cil
= cil
CaseVal_lemma
FV cc tst cev cevs ev
o CaseVal cc tst || ev
=A\trlr
o (let (te, ti) = tst tl rl r
in let (ec, ei) = ev tl rl r
i if cc dominates tc
then (ec, ei)
else (te, ei)))
A CaseVal cc tst (Cons cev cevs) ev
=\trlr
o (let (cr, ir)
= CaseVal cc tst cevs ev tl rl r
in let (tc, ti) = tst tl vl r
in let (ce, cv) = cev
in let (cec, cei) = ce tl rl r
in let (cve, cvi) = cv tl rl r
m if ti = cet
then
if
cc dominates tc
A cc dominates cec
then (cve, cvi)
else if = cc dominates tc
then (tc, cvi)
else (cec, cvi)
else if
cc dominates tc
A cc dominates cec
then (cr, ir)
else if = cc dominates tc
then (tc, ir)
else (cec, ir)))
OK_TC4_-lemma
FVYce OK_TC,; ¢ C OkTableComputation c
DenoteConstant_OKy4_lemma
FV ¢ cie DenoteConstant ci € OK_VCy ¢
Contents_OK4_lemma
FV c ie Contents i € OK_VCy ¢
Classification_OKg4_lemma
FV ¢ ie Classification i € OK_V(Cy4 c
CountAll_OK4_lemma
FV ce CountAll € OK_VCy ¢
MonOp_OK,4_lemma
FYecfocewvece OK_VCyc= MonOp f vce € OK_VCy ¢
ComputeAnd_lemma
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FVY ce cill cil2
e Map

(if cc dominates ¢

then 1
else Arbitrary)))

cill

= Map
(A (¢, )
e (c,
(if cc dominates ¢

then 1
else Arbitrary)))

cil2

= Fst (ComputeAnd cc cill)
= Fst (ComputeAnd cc cil2)
A (cc dominates Fst (ComputeAnd cc cill)
= Snd (ComputeAnd cc cill)
= Snd (ComputeAnd cc cil2))
BinOpAnd_OK4_lemma
FV cwucl
e Flems vel C OK_VCy4 ¢ N\ Elems vel C OK_VC, ¢
= BinOpAnd c vel € OK_VCy ¢
ComputeOr_lemma
FV cec cill cil2
e Map

(if cc dominates ¢
then ¢
else Arbitrary)))
cill
= Map
(A (¢, )
[ ] (07
(if cc dominates c
then 1
else Arbitrary)))
cil2
= Fst (ComputeOr cc cill)
= Fst (ComputeOr cc cil2)
A (cc dominates Fst (ComputeOr cc cill)
= Snd (ComputeOr cc cill)
= Snd (ComputeOr cc cil2))
BinOpOr_OKg4_lemma
FV cwcl
e Flems vel C OK_VCy4 ¢ N\ Elems vel C OK_VC, ¢
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= BinOpOr c vel € OK_VCy ¢
BinOp_OK4_lemma
FVYecf vel ve2
euvcl € OK_VC4jcANwve2 € OK_VCy4 ¢
= BinOp f vcl ve2 € OK_VCy ¢
TriOp_OK4_lemma
FVecf vel ve2 vel
euvcl € OK_VCjcANwvc2 € OK_VCy cNwvel € OK_VCy ¢
= TriOp f vcl vc2 ve3 € OK_VCy ¢
CaseVal_OKg4_lemma
FVY cte cel ee
eteec OK_V(C, c
A Elems (Map Fst cel) C OK_VCy ¢
A Elems (Map Snd cel) C OK_VCg4 ¢
Ne € OK_VCy ¢
= CaseVal c te cel ee € OK_VCy ¢
Case_OKg_lemma
FVY ccel ee
e Elems (Map Fst cel) C OK_VCy4 ¢
N Elems (Map Snd cel) C OK_VCq4 ¢
Ne € OK_VCy ¢
= Case c cel ee € OK_V(C4 ¢
SetFuncAll_OK4_lemma
FVecf o
e vc € OK_VCy ¢ = SetFuncAll f ve € OK_VCy ¢
SetFuncDistinct_OK4_lemma
FVecfoce
e vc € OK_VCy ¢ = SetFuncDistinct f ve € OK_VCy4 ¢
SetFuncAllAnd_OK,_lemma
FVY cwc
evc e OK_VC4cNwvece OK_VC,. ¢
= SetFuncAllAnd ¢ ve € OK_VC,4 ¢
SetFuncAllOr_OK4_lemma
FVYcowe
evc e OK_VC4c Nwvece OK_VC,. ¢
= SetFuncAllOr ¢ ve € OK_VCy ¢
CountNonNull_OK4_lemma
FVY cuce ve € OK_VCy ¢ = CountNonNull ve € OK_VCy ¢
CountDistinct_OK4_lemma
FVY cuce ve € OK_VC4 ¢ = CountDistinct ve € OK_VCy ¢
CommonValue_OK4_lemma
FVY cuoce ve € OK_VCy; ¢ = CommonValue ve € OK_VCy ¢
ExistsTuples_OK4_lemma
FVYcte
etce OK.TCyc ANtce OK_TC, c
= ExistsTuples ¢ tc € OK_VC,4 ¢
SingleValue_OK,_lemma
FVYecte
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etce OK.TCyc ANtce OK_TC, c
= SingleValue ¢ tc € OK_VCy ¢
JoinedRowExistence_OK4_lemma
FV ¢ ie JoinedRowFExistence i € OK_VCy ¢
DenoteConstant_OK._lemma
F VY ¢ cie DenoteConstant ci € OK_VC,. ¢
Contents_OK._lemma
F VY c ie Contents i € OK_VC, ¢
Classification_OK._lemma
FV ¢ ie Classification i € OK_VC,. ¢
CountAll_OK._lemma
FV ce CountAll € OK_VC, ¢
MonOp_OK,._lemma
FYcf vceve e OK_VC. ¢c = MonOp f ve € OK_VC. ¢
BinOpAnd_OK,._lemma
FVY ¢ wvel
e Flems vel € OK_VCy4 ¢ N Elems vel C OK_VC, ¢
= BinOpAnd c vel € OK_VC, ¢
BinOpOr_OK._lemma
FVY ¢ wvel
e Flems vel € OK_VCy4 ¢ N\ Elems vel C OK_VC, ¢
= BinOpOr c vcl € OK_VC, ¢
BinOp_OK._lemma
FVYcf vel ve2
euvcl € OK_VC. c Nwvc2 € OK_VC, ¢
= BinOp [ vcl vc2 € OK_VC, ¢
TriOp_OK,._lemma
FVcf vel ve2 vel
evcl € OK_VC,.c Nwvec2 € OK_VC. ¢c Nwve3 € OK_VC, ¢
= TriOp f vecl ve2 ve8 € OK_VC, ¢
CaseVal_OK._lemma
F VY cte cel ee
etec OK_VC, ¢
ANtee OK_VC, c

A Elems (Map Fst cel) C OK_VCy ¢
A Elems (Map Fst cel) C OK_VC, c
A Elems (Map Snd cel) € OK_VC. ¢

ANe € OK_VC, c
= CaseVal ¢ te cel ee € OK_VC, ¢
Case_OK._lemma
FVY c cel ee
o Elems (Map Fst cel) C OK_VC, c
A Elems (Map Fst cel) C OK_VC. ¢
A Elems (Map Snd cel) C OK_VC. ¢
Ne € OK_VC, c
= Case ¢ cel ee € OK_VC, ¢
SetFuncAll_OK,._lemma
FVecf o
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e vc € OK_VC,. ¢ = SetFuncAll f vce € OK_VC, ¢
SetFuncDistinct_OK._lemma
FVecfoce
e vc € OK_VC,. ¢ = SetFuncDistinct f ve € OK_VC, ¢
SetFuncAllAnd_OK_._lemma
FVYcowc
evc e OK_VC4¢c Nwvece OK_VC,. ¢
= SetFuncAllAnd ¢ ve € OK_VC,. ¢
SetFuncAllOr_OK_._lemma
FVYc o
evc e OK_VC4cNwvece OK_VC,. ¢
= SetFuncAllOr ¢ vc € OK_VC,. ¢
CountNonNull_OK._lemma
FVY cuce ve € OK_VC,. ¢ = CountNonNull ve € OK_VC,. ¢
CountDistinct_OK;_lemma
FVY cuvce ve € OK_VC. ¢ = CountDistinct ve € OK_VC, ¢
CommonValue_OK,._lemma
FVY cuce ve € OK_VC,. ¢ = CommonValue ve € OK_VC. ¢
ExistsTuples_OK._lemma
FVYecte
etcc OK.TCycNtce OK_TC. ¢
= FEuxistsTuples ¢ tc € OK_VC, ¢
SingleValue_OK_._lemma
FVYcte
etc e OK.TCyc ANtce OK_TC, c
= SingleValue ¢ tc € OK_VC, ¢
JoinedRowExistence_OK._lemma
FV c ie JoinedRowFEzxistence i € OK_VC,. ¢

30 THE THEORY fef034

30.1 Parents

fef032

30.2 Children

fef031

30.3 Constants

FE_SWORD_SYSTEM

(Query, ANSWER) BEHAVIOURS
FE_SWORD_SYSTEM_secure

Bool
Architecture_Secure

Bool
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Subsys_SecureE

Bool
Subsys_SecureD

Bool
Subsys_SecureC

Bool
Subsys_SecureB

Bool
Subsys_SecureA

Bool
Correct_Compile_STP_secure_E

Bool
EM_SecureE  Bool
OkSTP_Secure_E_Lemma

Bool
TableComputationsSecure

Bool
Correct_Compile_OkSTP

Bool

30.4 Definitions

FE_SWORD_SYSTEM
= FE_SWORD_SYSTEM
= FE_SWORD reprState TSQLtf STP outputFilter
FE_SWORD_SYSTEM _secure
F FE_SWORD_SYSTEM _secure < FE_SWORD_SYSTEM € secure
Architecture_Secure
F Architecture_Secure
< (TSQLtf, STP, outputFilter)
€ subsys_secure reprState
= FE_SWORD_SYSTEM € secure
Subsys_SecureA
Subsys_SecureB
Subsys_SecureC
Subsys_SecureD
Subsys_SecureE
F (Subsys_SecureA
< (TSQLtf, STP) € subsys_secureA reprState)
A (Subsys_SecureB
& (TSQLtf, STP) € subsys_secureB reprState)
A (Subsys_SecureC
< (TSQLtf, STP) € subsys_secureC reprState)
A (Subsys_SecureD
& (TSQLtf, STP) € subsys_secureD reprState)
A (Subsys_SecureE
< (TSQLtf, STP, outputFilter)
€ subsys_secureE reprState)
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Correct_Compile_STP_secure_E
F Correct_Compile_STP _secure_E
< (3 compile upd
o (compile, upd) € Correct_Compile
N STP € STP_secure_E compile)
EM_SecureE + EM_SecureE
& Correct-Compile_STP_secure_ . = Subsys_Securel
OkSTP_Secure_E_Lemma
F OkSTP_Secure_FE_Lemma
< (VY compilee OKSTP compile C STP_secure_E compile)
TableComputationsSecure
F TableComputationsSecure
< (VY cc
e TableComputations cc C OkTableComputation cc)
Correct_Compile_OkSTP
= Correct_ Compile- OkSTP
< (3 compile upd
e (compile, upd) € Correct_Compile
A STP € OkSTP compile)

30.5 Theorems

Theoreml Architecture_Secure,
Subsys_SecureA,
Subsys_SecureB,
Subsys_SecureC',
Subsys_SecureD,
Subsys_SecureF
F FE_SWORD_SYSTEM _secure
Theorem2 Architecture_Secure,
Subsys_SecureA,
Subsys_SecureB,
Subsys_SecureC,
Subsys_SecureD,
EM _SecureE,
Correct_Compile_STP_secure_E
F FE_SWORD_SYSTEM _secure
Theorem3 F TableComputationsSecure = OkSTP_Secure_FE_Lemma
Theorem4 Architecture_Secure,
Subsys_SecureA,
Subsys_SecureB,
Subsys_SecureC,
Subsys_SecureD,
EM _SecureE,
Correct_Compile_ OkSTP,
TableComputationsSecure
F FE_SWORD_SYSTEM _secure
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31 THE THEORY fef035

31.1 Parents
fef033
31.2 Children
fef036

31.3 Constants

GroupA DerTableRow LIST

— Errors

— FErrors

— Class x DerTableRow LIST LIST
GroupB DerTable LIST

— DerTableRow LIST LIST
— VALUE_COMP
— Class x DerTableRow LIST LIST
W Class
— DerTable LIST
— DerTableRow LIST
— DerTableRow LIST
— VALUE_COMP
— DerTableRow LIST
H Class — DerTableRow LIST — DerTableRow LIST

31.4 Definitions

GroupA FV 7l gbsterling gbclass
e GroupA rl gbsterling gbclass
= (let gpby row
= (ListNth
gbsterling
(Map Snd (DTR_cols row)),
ListNth gbclass (Map Fst (DTR_cols row)))
in let gbc row
= lubl
(ListNth
gbsterling
(Map Fst (DTR_cols row)))
in (lubl (Map gbc rl), MakeGroups gpby rl))
GroupB FV tl gps having
e GroupB tl gps having
= (let has_test gp
= CommonValue having tl gp Arbitrary
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i let wanted_gps
= gps | {gp|ItemBool (Snd (has_test gp))}
in (lubl (Map (Fst o has_test) gps),
wanted_gps))
W FYctlrly rriye
e Wectlrly[] e=]
AN W ctlrly (Consrrig) e
= (let w = DTR_where r lub Fst (e tl rl; )
wn let h
< (ItemBool (Snd (e tl rl; 1))
V = ¢ dominates w)
A ¢ dominates DTR_row r
in if h
then
Cons
(MkDerTableRow
w
(DTR_row 1)
(DTR_cols T))
(W ctlrly rlig e)
else W c tl rl; rly e)
H FYcrie Hcrl=rl] {rlc dominates DTR_row r}

31.5 Theorems

length_map_lemma
EY fle# (Map f1)=H#1
fun_nth_map_lemma
FYlif
o i < H#INT1<i= f(Nthli)= Nth (Map f 1) i
fun_nth_map_lemmal
FYiflls
o i < H Iy N1 <iANMapfl; = Mapfls
= f (Nth l; 1) = f (Nth ls 1)
ProjectData_lemma
FVY tl el gp gps
e ProjectData tl el [| = |
A ProjectData tl el (Cons gp gps)
= Map
(Ar
o MkDerTableRow
(DTR_where )
(DTR_row 1)
(Map (X ee e tl gp 1) el))
gp
@ ProjectData tl el gps
DT _spec_HideDerTable_lemma
FV ¢ te DT _spec (HideDerTable ¢ t) = DT _spec t
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map_HideDerTable_map_DT_spec_lemma
FV octsl ts2
o Map (HideDerTable c¢) ts1 = Map (HideDerTable c) ts2
= Map DT _spec ts1 = Map DT _spec ts2
HideDerTableData_lemma
FYcrmrs
e HideDerTableData ¢ || = |]
A HideDerTableData ¢ (Cons 1 rs)
= (if ¢ dominates DTR_row r
then
Cons
(HideDerTableRow ¢ )
(HideDerTableData c rs)
else HideDerTableData c rs)
JoinRows_lemma
FYcrl r2rs
e JoinRows rl || = |]
A JoinRows r1 (Cons r2 rs)
= Cons
(MkDerTableRow
(DTR_where r1 lub DTR_where r2)
(DTR_row r1 lub DTR_row 12)
(DTR_cols 11 @ DTR_cols r2))
(JoinRows 11 15)
HideDerTable_flat_lemma
FV ¢ blks
e HideDerTableData ¢ (Flat blks)
= Flat (Map (HideDerTableData c) blks)
Join_lemmal V c ts1 ts2
e Map (HideDerTable c¢) ts1 = Map (HideDerTable c¢) ts2
= HideDerTableData ¢ (JoinData (Map DT _rows tsl))
= HideDerTableData
c
(JoinData (Map DT _rows ts2))
FV tlg tll C
e Map (HideDerTable c) tly
= Map (HideDerTable c) ti;
= HideDerTuable
c
(MkDerTable
(Fst (Join tly))
(Snd (Join tly)))
= HideDerTable
c
(MkDerTable
(Fst (Join tly))
(Snd (Join tly)))
Join_lemma2 V c ts1 ts2
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o Map (HideDerTable c¢) ts1 = Map (HideDerTable c) ts2
= Map (HideDerTableData c) (Map DT _rows ts1)
= Map (HideDerTableData c¢) (Map DT _rows ts2),
YV ¢ dsl ds2
e Map (HideDerTableData c) dsi
= Map (HideDerTableData c) ds2
= HideDerTableData ¢ (JoinData dsl)
= HideDerTableData ¢ (JoinData ds2)
FVoctsl ts2
e Map (HideDerTable c) tsl
= Map (HideDerTable c) ts2
= HideDerTableData
c
(JoinData (Map DT _rows ts1))
= HideDerTableData
c
(JoinData (Map DT _rows ts2))
Join_lemma3 FV c tsl ts2
e Map (HideDerTable c¢) ts1 = Map (HideDerTable c¢) ts2
= Map (HideDerTableData c) (Map DT _rows tsl)
= Map (HideDerTableData c) (Map DT _rows ts2)
Join_lemma4 V c rsl rs2
o Flat
(Map
(A re HideDerTableData ¢ (JoinRows r r52))
rsl)
= Flat
(Map
(A re JoinRows r (HideDerTableData ¢ r52))
(HideDerTableData ¢ rsl))
FV c dsl ds2
o Map (HideDerTableData c) ds1
= Map (HideDerTableData c) ds2
= HideDerTableData ¢ (JoinData dsl)
= HideDerTableData ¢ (JoinData ds2)
Join_lemma5 V¢ r s
e HideDerTableData ¢ (JoinRows r 75)
= (if ¢ dominates DTR_row r
then
JoinRows
(HideDerTableRow ¢ )
(HideDerTableData c rs)
else [])
FV crsl rs2
o Flat
(Map
Ar
e HideDerTableData ¢ (JoinRows r 152))
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rsl)
= Flat
(Map
A r
o JoinRows r (HideDerTableData c 1s2))
(HideDerTableData ¢ rsl))
Join_lemma6é FVcrrs
e HideDerTableData ¢ (JoinRows r 18)
= (if ¢ dominates DTR_row r
then
JoinRows
(HideDerTableRow ¢ )
(HideDerTableData ¢ rs)
else [])
Join_OK4_lemma
EY tly tly c
e Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
= HideDerTable
c
(MkDerTable
(F'st (Join tlp))
(Snd (Join tly)))
= HideDerTable
c
(MkDerTable
(F'st (Join tly))
(Snd (Join tly)))
AllTuples_lemmal
FVe tlg tl] tel
e Flems tel C OK_TC,4 ¢
A c
dominates lubl
(F'st (Split (Map (X tee te tly) tel)))
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
= Map
(HideDerTable c)
(Snd (Split (Map (X tee te tly) tel)))
= Map
(HideDerTable c)
(Snd (Split (Map (X tee te tly) tel)))
ProjectData_lemmal
EYoctlyg tly rlp rly ro 1 sl
e Elems sl C OK_VC4 cnN OK_VC, ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) iy
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= Map (HideDerTableRow c) rl;
A HideDerTableRow ¢ ry9 = HideDerTableRow ¢ 74
= HideDerTableRow
c
(MkDerTableRow
(DTR_where T¢)
(DTR_row r¢)
(Map (X ee e tly rlg T9) sl))
= HideDerTableRow
c
(MkDerTableRow
(DTR_where T7)
(DTR_row r4)
(Map (X ee e tly; rly 1) sl))
HideDerTableData_lemmal
FYcrly rl;
e Map (HideDerTableRow c) rly
= Map (HideDerTableRow c) rl;
= HideDerTableData ¢ rly
= HideDerTableData ¢ rl;
Group_lemmal F V cc tl 7l gbsterling gbclass having
e Group cc tl rl gbsterling gbclass having
= (let (c1, gps) = GroupA rl gbsterling gbclass
in let (c2, wanted_gps) = GroupB tl gps having
in ((if cc dominates c1 then c2 else cl1),
wanted_gps))
Group_lemma2V rly rl; c gbsterling gbclass
e ¢ dominates lubl (Map DTR_row rlp)
A ¢ dominates lubl (Map DTR_row rly)
A Map (HideDerTableRow c) rlg
= Map (HideDerTableRow c) rl;
A = Map
(Map (HideDerTableRow c))
(Snd (GroupA rlg gbsterling gbclass))
= Map
(Map (HideDerTableRow c))
(Snd (GroupA rl; gbsterling gbclass))
= T C
dominates Fst
(GroupA rly gbsterling gbclass),
YV tly tl; gpsp gpsi ¢ having
e having € OK_VCy4 c N OK_VC,. ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) ti;
A Map (Map (HideDerTableRow c)) gpsg
= Map (Map (HideDerTableRow c)) gpsi
A - Map
(Map (HideDerTableRow c))
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(Snd (GroupB tly gpsg having))
= Map
(Map (HideDerTableRow c))
(Snd (GroupB tl; gps; having))
= T C
dominates Fst (GroupB tly gpsy having)
FY tly tly rlp rl; ¢ e ml nl
ecc OK_VC4jcnN OK_VC, ¢
A ¢ dominates lubl (Map DTR_row rlp)
A ¢ dominates lubl (Map DTR_row rly)
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) 1y
= Map (HideDerTableRow c) rl;
A = Map
(Map (HideDerTableRow c))
(Snd (Group ¢ tly rly ml nl e))
= Map
(Map (HideDerTableRow c))
(Snd (Group ¢ tly rl; ml nl e))
= — ¢ dominates Fst (Group c tly rlg ml nl e)
Where_W _lemma
FYctlrle
o Where ctlrl e = W ctl (H crl) (Hcrl)e
Where_dominates_lemma
FYitrice
o ¢ dominates lubl (Map DTR_row (Where ¢ tl 7l €))
Where_lemma + V tly tl; rlg rly ro 71 c e
ecec OK_.VC4jcnN OK_VC,. ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) rlg
= Map (HideDerTableRow c) rl;
A HideDerTableRow ¢ r9 = HideDerTableRow ¢ r;
= ((ItemBool (Snd (e tly rlg rp))
V oc
dominates DTR_where rg
lub Fst (e tly rlg T9))
A ¢ dominates DTR_row ry
& (ItemBool (Snd (e tly rly ry1))
V oc
dominates DTR_where 7y
lub Fst (e tl; rly r71))
A ¢ dominates DTR_row 1)
W _lemma EY tly tly rlg iy i1 T2 c e
ecec OK_VC4s4cnN OK_VC, ¢
A Map (HideDerTable c) tlg
= Map (HideDerTable c) tl;
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A Map (HideDerTableRow c) 1lg
= Map (HideDerTableRow c) rl;
A Map (HideDerTableRow c) i1
= Map (HideDerTableRow c) ri2
= Map (HideDerTableRow c¢) (W ¢ tly rl1 1y €)
= Map (HideDerTableRow ¢) (W ¢ tl; ri2 rl; e)
Where_OKg4_lemma
FV tlo tlj Tlg 7"11 c e
ecc OK_.VC4cN OK_VC, ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A HideDerTableData c rlg
= HideDerTableData ¢ rl;
= Map (HideDerTableRow c¢) (Where ¢ tly iy e)
= Map (HideDerTableRow c) (Where ¢ tl; rl; e)
MakeGroups_lemmal
FV zs gpbye — [] € Elems (MakeGroups gpby xs)
GroupA _cols_lemmal
FVYr;rec
e HideDerTableRow ¢ r; = HideDerTableRow ¢ rg
= Map Fst (DTR_cols r;) = Map Fst (DTR_cols r2)
GroupA _cols_lemma2
VY ry ro c gbsterling gbclass
o
dominates lubl
(ListNth
gbsterling
(Map Fst (DTR_cols ry1)))
A HideDerTableRow ¢ r; = HideDerTableRow ¢ rg
= ListNth gbsterling (Map Snd (DTR_cols 1))
= ListNth gbsterling (Map Snd (DTR_cols r2))
MakeGroups_lemma2
FYorlg rl; g
e Map g rly = Map g rly
= Map (Map g) (MakeGroups g rlp)
= Map (Map g) (MakeGroups g rly)
MakeGroups_lemma3
EYorlg rly g h
o Map g rlg = Map g rly N Map h rlg = Map h rl;
= Map (Map h) (MakeGroups g rlg)
= Map (Map h) (MakeGroups g i)
GroupA _lemma FY rlg rl; c gbsterling gbclass

dominates lubl
(Map
(X row
o [ubl
(ListNth
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gbsterling
(Map Fst (DTR_cols row))))
’Fl())
A Map (HideDerTableRow c) iy
= Map (HideDerTableRow c) rl;
= Map
(A row
e (ListNth
gbsterling
(Map Snd (DTR_cols row)),
ListNth
gbclass
(Map Fst (DTR_cols row))))
’I“l()
= Map
(A row
e (ListNth
gbsterling
(Map Snd (DTR-_cols row)),
ListNth
gbclass
(Map Fst (DTR_cols row))))
Tl]
GroupA_OK,y_lemma
FV rlg rl; ¢ gbsterling gbclass
e ¢ dominates lubl (Map DTR_row rlp)
A ¢ dominates lubl (Map DTR_row rly)
A Map (HideDerTableRow c) iy
= Map (HideDerTableRow c) rl;
A = Map
(Map (HideDerTableRow c))
(Snd (GroupA rly gbsterling gbclass))
= Map
(Map (HideDerTableRow c))
(Snd (GroupA rl; gbsterling gbclass))
= 7 C
dominates Fst
(GroupA rly gbsterling gbclass)
GroupB_OK,_lemma
EY tly tl; gpsg gps: c¢ having
e having € OK_VC4q cnN OK_VC, ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (Map (HideDerTableRow c)) gpsg
= Map (Map (HideDerTableRow c)) gpsi
A = Map
(Map (HideDerTableRow c))
(Snd (GroupB tly gpsg having))
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= Map
(Map (HideDerTableRow c))
(Snd (GroupB tl; gps; having))
= = ¢ dominates Fst (GroupB tlg gpsg having)
Group_OKy_lemma
EY tly tly rlp rly ¢ e ml nl
ecec OK_ VC4jcnN OK_VC,. ¢
A ¢ dominates lubl (Map DTR_row rly)
A ¢ dominates lubl (Map DTR_row rly)
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (HideDerTableRow c) 1lg
= Map (HideDerTableRow c) rl;
A = Map
(Map (HideDerTableRow c))
(Snd (Group ¢ tly rlp ml nl e))
= Map
(Map (HideDerTableRow c))
(Snd (Group ¢ tly rl; ml nl e))
= = ¢ dominates Fst (Group c tly rlgp ml nl e)
GroupA_OK._lemma
FY rlg rl; c gbsterling gbclass
e Map (HideDerTableRow c) rly
= Map (HideDerTableRow c) rl;
= Fst (GroupA rly gbsterling gbclass)
= Fst (GroupA rl; gbsterling gbclass)
GroupB_OK_._lemma
FVY tly tl; gpsg gps: ¢ having
e having € OK_VC, c
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
A Map (Map (HideDerTableRow c)) gpsg
= Map (Map (HideDerTableRow c)) gps;
= Fst (GroupB tly gpsg having)
= Fst (GroupB tl; gps; having)
Group_OK._lemma
EY tly tly rlg rly ¢ e ml nl
ecc OK_VC, ¢
A Map (HideDerTableRow c) iy
= Map (HideDerTableRow c) rl;
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
= Fst (Group c tly rly ml nl e)
= Fst (Group c tly rl; ml nl e)
ProjectData_ OK4_lemma
FY tly tl; gpsg gpsy c sl
e Elems sl C OK_VC4 cnN OK_VC, ¢
A Map (HideDerTable c) tly
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= Map (HideDerTable c) tl;
A Map (Map (HideDerTableRow c)) gpsg
= Map (Map (HideDerTableRow c)) gpsi
= Map
(HideDerTableRow c)
(ProjectData tly sl gpsg)
= Map
(HideDerTableRow c)
(ProjectData tl; sl gpsi)
TableContents_OK4_lemma
FV ¢ ie TableContents 1 € OK_TCy ¢
AllTuples_OK4_lemma
FV cesltel el mlnl e2
o Elems (Map Fst esl) C OK_VC4 ¢ N OK_VC, ¢
A FElems tel C OK_TCy ¢
ANel € OK_.VCzcnN OK_VC, ¢
ANe2 e OK_.VCz;cnN OK_VC, ¢
= AllTuples c esl tel el ml nl e2 € OK_TC, ¢
TableContents_OK._lemma
FV ¢ ie TableContents 1 € OK_TC, ¢
AllTuples_lemma2
FVe tlo tlj tel
e Flems tel C OK_TC, ¢
A Map (HideDerTable c) tly
= Map (HideDerTable c) tl;
= lubl (Fst (Split (Map (X tee te tly) tel)))
= lubl (Fst (Split (Map (X tee te tly) tel)))
AllTuples_OK._lemma
FV cesl tel el ml nl e2
ecl € OK.VC. cnN OK_VCy4 ¢
A FElems tel C OK_TC4y ¢cnN OK_TC, ¢
ANe2 e OK_VC. ¢
= AllTuples c esl tel el ml nl e2 € OK_TC. ¢

32 THE THEORY {ef036

32.1 Parents
fef035
32.2 Children

fef042
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32.3 Theorems

table_computation_induction_thm
FV cc tes ves
e (V cie DenoteConstant ci € vcs)
A (V ie Contents i € vcs)
A (V ie Classification i € ves)
A CountAll € ves
A (Y f eeecves = MonOp f e € ves)
ANV fele2
e cl € ves N\ e2 € ucs = BinOp f el e2 € vcs)
ANV fele2ed
e cl € vecs N e2 € ves N\ ed € vcs
= TriOp f el e2 e3 € wvcs)
A (V ele Elems el C ves = BinOpAnd cc el € wves)
A (V ele Elems el C ves = BinOpOr cc el € wves)
A (V te cel ee
e te € vcs
N Elems (Map Fst cel) C ves
A Elems (Map Snd cel) C wves
N ee € vcs
= CaseVal cc te cel ee € vcs)
N (V cel ee
e Llems (Map Fst cel) C wves
A Elems (Map Snd cel) C ves
N ee € vcs
= Case cc cel ee € ves)
A (V ee e € ves = SetFuncAllAnd cc e € vcs)
A (V ee e € ves = SetFuncAllOr cc e € ves)
A (V ee e € ves = CountNonNull e € wvcs)
A (V ee e € ves = CountDistinct e € vcs)
A (V ee e € ves = CommonValue e € ves)
A (VY f ee e € ves = SetFuncAll f e € wvcs)
A
A
A\
A
A\

D DD DD

(V f ee e € ves = SetFuncDistinct f e € ves)
(V tee te € tes = FExistsTuples cc te € ves)
(V tee te € tes = SingleValue cc te € vcs)
JoinedRowFExistence cc € vcs
(V ie TableContents i € tcs)
A (V esl tel el ml nl e2
e Elems (Map Fst esl) C ves
A Elems tel C tcs
A el € wves
A e2 € vcs
= AllTuples cc esl tel el ml nl e2 € tcs)
= TableComputations cc C tcs
A ValueComputations cc C wvcs
ok_vc_tc_lemmas
F (V ¢ cie DenoteConstant ci € OK_VC4 ¢ N OK_VC. ¢)
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(V ¢ i Contents i € OK_VC4q ¢ N OK_VC, ¢c)
(V ¢ ie Classification i € OK_VC4 ¢ N OK_VC, ¢)
(V ce CountAll € OK_VC4 ¢ N OK_VC. ¢)
Vefe
ecc OK_VC4jcN OK_VC, ¢
= MonOp f e € OK_VC4; ¢ N OK_VC, ¢)
ANNcfele2
ecl €c OK.VC4s4cN OK_VC. ¢
ANe2 e OK_.VCzcnN OK_VC. ¢
= BinOp f el e2 € OK_VC4; ¢c N OK_VC, ¢c)
AN(Vefele2e3
ecl € OK.VCycnN OK_VC, ¢
ANe2 e OK_.VCzecnN OK_VC, ¢
ANed € OK_.VC4zcnN OK_VC, ¢
= TriOp f el e2 e3 € OK_VCy c N OK_VC, ¢)
A (Y cel
e Flems el C OK_VC4¢cnN OK_VC,. ¢
= BinOpAnd c el € OK_VCy c N OK_VC, c)
A (VY cel
e Llems el C OK_VC4 cnN OK_VC, ¢
= BinOpOr c el € OK_VC4y c N OK_VC, ¢)
A (Y ¢ te cel ee
etec OK_.VCy cN OK_VC. ¢
A Elems (Map Fst cel) C OK_VC4z c¢cnN OK_VC, ¢
A Elems (Map Snd cel) C OK_VC4 ¢ N OK_VC, ¢
ANe € OK_VC4genN OK_VC, ¢
= CaseVal c te cel ee € OK_VC4 ¢ N OK_VC, ¢)
A (Y ¢ cel ee
o Elems (Map Fst cel) C OK_VC4 ¢ N OK_VC, ¢
A Elems (Map Snd cel) C OK_VCy4 ¢ N OK_VC, ¢
ANe € OK_VC4gcnN OK_VC, ¢
= Case ¢ cel ee € OK_VC4y ¢ N OK_VC, ¢)
AN (Ve
ecc OK.VC4zcN OK_VC, ¢
= SetFuncAllAnd ¢ e € OK_VCy4 ¢ N OK_VC. ¢)
AN (Ve
ecc OK_VC4jcnN OK_VC, ¢
= SetFuncAllOr ¢ e € OK_VC4 ¢ N OK_VC, ¢)
AN(Vee
ecc OK_.VC4jcnN OK_VC, ¢
= CountNonNull e € OK_VCy4 ¢ N OK_VC, ¢)
AN(Vece
ecc OK_VC4jcnN OK_VC, ¢
= CountDistinct e € OK_VCy ¢ N OK_VC, ¢)
AN (Ve
ecc OK_VC4cnN OK_VC, ¢
= CommonValue e € OK_VC4 ¢ N OK_VC, ¢)
ANNMecefe

A
A
A
A
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ecc OK.VC4zcN OK_VC, ¢
= SetFuncAll f e € OK_VCy ¢ N OK_VC, ¢)
ANNMcfe
ecc OK_VC4jcnN OK_VC, ¢
= SetFuncDistinct f e € OK_VCy ¢ N OK_VC, c)
A (Y e te
etec OK_.TCy cN OK_TC. c
= EuxistsTuples ¢ te € OK_VCy ¢ N OK_VC, ¢)
A (V¢ te
etec OK_.TCy cN OK_TC. ¢
= SingleValue ¢ te € OK_VC4 ¢ N OK_VC, ¢)
A (Y e
e JoinedRowEzistence ¢ € OK_VC4 ¢ N OK_VC, ¢)
A (VY ¢ ie TableContents i € OK_TCy ¢ N OK_TC. c¢)
A (V c esl tel el ml nl e2
o Elems (Map Fst esl) C OK_VC4 ¢ N OK_VC, c
A Elems tel C OK_TC4; ¢cnN OK_TC, ¢
ANel € OK_.VC4zcnN OK_VC, ¢
Ne2 e OK_.VCz ecnN OK_VC. ¢
= AllTuples c esl tel el ml nl e2
€ OK_.TCy cnN OK_TC, ¢)
fef036_main_lemma
FVY ce
e TableComputations cc C OK_TC4 cc N OK_TC. cc

A ValueComputations cc € OK_VCy4 cc N OK_VC,. cc
TableComputationsSecure_thm

F TableComputationsSecure
Theorem5 Architecture_Secure,
Subsys_SecureA,
Subsys_SecureB,
Subsys_SecureC,
Subsys_SecureD,
View;_securel,
outputFilter_securel,
Correct_Compile_ OkSTP
F FE_SWORD_SYSTEM _secure

33 THE THEORY fef040
33.1 Parents

fef010  fef003
33.2 Children

fef042
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33.3 Constants

$4 Class — Class P

$r Class — Class P

$t Class P — Class P
Equivalence a+'a)P
IndexedEquiv (Class P —> 'a <> 'a) P

(

(

LiftRel (Class = "a +»'a) = Class P — "a < 'a

Independent (Class P — 'a <> 'a) P

x_ml_secure (Class P — "I <+ 'I) = (Class P —-'0 <+ '0) —» ("I - '0) P
ml_secure (Class —'I <+ 'I) — (Class =+ '0 +'0) - ('I - '0) P
Influenced ( !

Class P —'a < 'a) = 'a = ('a = 'b) — Class P
ObservedValue

("a, "b) OBSERVATION — 'a — Class x 'b
SameLabVal  Class — (Class x 'b) <+ (Class x 'b)
BoundedObs (Class P — 'a < 'a)
— Class +» (('a — Class) x ("a — 'b))

33.4 Type Abbreviations

('a, 'b) OBSERVATION
('a, 'b) OBSERVATION

33.5 Fixity

Postfix 300: 3 T +

33.6 Definitions

{ FV ce ¢ | = {d|c dominates d}
0 FV ce ¢t = {d|d dominates c}
L FV A
o At

= {c

IV de d € A = — ¢ dominates d N — d dominates c}
Equivalence F Equivalence = Reflexive N Symmetric N Transitive
IndexedEquiv + IndexedEquiv

|(V Ae s A € Equivalence)
AN(YABe ACB=sBCs A))

LiftRel FV Re LiftRel R = (A As N {r|3 ce c € ANT =R c})
Independent + Independent

= {5

IV Az

e (Fye~(z,y) €sA)
= (Jze - (z,2) €5 AN (z,2) €5 (A1)}
x_ml_secure FVYsrsob
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e b € z_ml_secure s; o
< s; € IndexedEquiv
A so € InderedEquiv
AN (V c iy t2
o (i, i2) € s (c )
= (b i1, b Zg) € So (C i))
ml_secure FYorrro
e ml_secure r; o
= z_ml_secure (LiftRel r) (LiftRel r0)
Influenced FVYsazf
o Influenced s x f
Fye(z,y) €s(~(cN)A~fa=fy}
ObservedValue
FVYec C V ze ObservedValue (¢, C, V) z = (C z, V x)
SameLabVal F V¢
e SameLabVal c
= {((Cl) Ul)v €2, 02)
lc; = c2 A (¢ dominates ¢c; = vy = v2)}
BoundedObs F V s
e BoundedObs s
={(¢, C, V)
vV z
o Influenced s x C C ¢ |
A Influenced s x 'V C C z |}

33.7 Theorems

[_]_thm FYlabellalb=1](anb)
not_lattice_top_thm
FVYe

e — ¢ = lattice_top = — lattice_top = lattice_bottom
up_down_thml + lattice_bottom 1 = Universe
A lattice_top | = Universe
up_down_thm2 - V ¢
ecccl
ANce€ec?
A lattice_bottom € c |
A lattice_top € ¢ 1
up_down_clauses
FVYec
e (lattice_bottom 1 = Universe
A lattice_top | = Universe)
ANc€ecl
ANcect
A lattice_bottom € c |
A lattice_top € ¢ 1
up_down_thm3 -V ¢ d
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e - d dominates ¢ = d | C ~ (¢ 1)
lift_rel_indexed_equiv_thm
FVYR
e (VY ce R ¢ € Equivalence) = LiftRel R € IndexedEquiv
same_ins_equiv_thm
FV ce same_ins ¢ € FEquivalence
same_outs_equiv_thm
FV ce same_outs ¢ € Equivalence
same_ins_same_outs_indexed_equiv_thm
F LiftRel same_ins € IndexedEquiv
A LiftRel same_outs € InderedEquiv
equiv_anti_mono_lift_rel_thm
FVR
e (V ce R ¢ € Equivalence)
A (Y ¢ de ¢ dominates d = R ¢ C R d)
= (V ce LiftRel R (¢ |) = R ¢)
same_ins_anti_mono_thm
FV c de ¢ dominates d = same_ins ¢ C same_ins d
same_outs_anti_mono_thm
FV c de ¢ dominates d = same_outs ¢ C same_outs d
lift_rel_same_ins_same_outs_down_set_thm
FVYe
o LiftRel same_ins (¢ |) = same_ins c
A LiftRel same_outs (¢ |) = same_outs ¢
thm_040_1 FV bme bm € secure < bm € ml_secure same_ins same_outs
same_lab_val_equiv_thm
FV ce SameLabVal ¢ € Equivalence
lift_rel_same_lab_val_equiv_thm
F LiftRel SameLabVal € InderedEquiv
same_lab_val_anti_mono_thm
FV ¢ de ¢ dominates d = SameLabVal ¢ C SameLabVal d
lift_rel_same_lab_val_down_set_thm
FVYe
o LiftRel SameLabVal (¢ |) = SameLabVal ¢
thm_040_2 FVs
e s € IndexedEquiv
= VcCV
e ObservedValue (¢, C, V)
€ z_ml_secure s (LiftRel SameLabVal)
= (¢, C, V) € BoundedObs s)
down_[_.comp_up_thm
FVYec
ec |
=N
{A|3 de = ¢ dominates d N A =~ (d 1)}
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34 THE THEORY fef042
34.1 Parents

fef036 wrk057 fef040
34.2 Children

fef043
34.3 Constants

objectRefers  0bj — Obj LIST

objectContains

Obj — Text
objectClass 0bj — Class
MkObj Class x Text x Obj LIST — Obj
reqSsql Req — Obj
reqClearance Req — Class
MkReq Class — 0Obj — Req
identicalObj Class — Obj + Obj
identicalObjs

Class — Obj LIST < Obj LIST
VisibleReq Class — Req P
sameRequest Class — Req < Req
sameRequests Class — Req LIST <> Req LIST
VisibleOutput

Class — Obj P
sameQutputs Class — Obj LIST < Obj LIST
SWORD_ml_secure

ML_BEHAVIOUR P

Init 'State Machine — 'State
Output 'State Machine — 'State x Req — Obj
Next 'State Machine — 'State x Req — 'State

MkMachine ("State x Req — 'State)
— ('State x Req — Obyj)
— 'State
— 'State Machine

lift_machine  'State Machine — 'State x Req LIST — Obj LIST x 'State

Behaviours "State Machine — ML_BEHAVIOUR

FilterObj Class — Obj — Obj
SWORD_construction

'State Machine — ML_BEHAVIOUR

sameFilterInputs

Class — Obj LIST < Obj LIST
FlowSecureMachine

'State Machine P
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34.4 Types

Req

"1 Machine

34.5 Type Abbreviations

Text Text
Obj Obj
ML_BEHAVIOUR ML_BEHAVIOUR

34.6 Definitions

MkObj
objectClass

objectContains

objectRefers

Req

MkReq
reqClearance
reqSsql

identicalObj

F ConstSpec
(A
(MEOb;', objectClass’, objectContains’,
objectRefers’)
eV ct os
o MkObj' (¢, t, 0s) = MkTree ((c, t), os)
A objectClass’ (MkObj" (¢, t, 0s)) = ¢
A objectContains’ (MkObj' (¢, t, 0s)) =t
A objectRefers’ (MkObj' (¢, t, 0s)) = o0s)
(MEObj, objectClass, objectContains, objectRefers)
F 3 fe TypeDefn (A ze true) f

FVitaxl z2
o reqClearance (MkReq z1 z2) = z1
A reqSsql (MkReq x1 x2) = 22
A MkReq (reqClearance t) (reqSsql t) =t
F ConstSpec
(A identicalObj’
eV ¢
e identicalObj’ ¢
= {(o1, 02)
B ci ty; 0sq Co tQ 0S89
® 07 — Mk‘Obj (61, tj, 081)
A 02 = MEkObj (CQ, to, 082)
VAN C; = Co
A (¢ dominates c¢;
= t; = to
AN F# 0871 = F 0sp
A Elems (Combine 0s; 0sg2)
C identicalObj’ ¢)})
identical Obj
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identicalObjs
FVYec
e identicalObjs ¢
= {(s1, s2)
|# s1 = # s2
A Elems (Combine s; sg) C identicalObj c}
VisibleReq FVYec
e VisibleReq ¢
= {r|c dominates objectClass (reqSsql r)}
sameRequest + V ¢
e sameRequest c
= {(r1, r2)
|(reqSsql 11, reqSsql r2) € identicalObj c}
sameRequests + V ¢
e sameRequests ¢
= {(rs1, rs2)
|let 7sg = rs; | VisibleReq ¢
in let rs; = rsy | VisibleReq c
in F# rsg = # 18y
N Elems (Combine 153 1sy)
C sameRequest c}
VisibleOutput
FVYec
e VisibleOutput ¢ = {ob|c dominates objectClass ob}
sameQutputs + V ¢
e sameQutputs ¢
= {(os1, 0s2)
losy | VisibleOutput ¢ = osg | VisibleOutput c}
SWORD_ml_secure
F SWORD_ml_secure = ml_secure sameRequests sameQutputs

Machine F 3 fe TypeDefn (A ze true) f
MkMachine

Next

Output

Init FYtal z2 z8

o Next (MkMachine z1 z2 x3) = 1
A Output (MkMachine z1 z2 z3) = z2
A Init (MkMachine x1 x2 z3) = x8
N MkMachine (Next t) (Output t) (Init t) =t
lift_machine = ConstSpec
(X lift_machine’
oV mch s rrl
e lift_machine’ mch (s, [|) = ([], s)
A lift_machine’ mch (s, Cons r 1)
= (let out = Output mch (s, r)
and s’ = Next mch (s, r)
in let (outl, final_state)
= lift_machine’ mch (s', rl)
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in (Cons out outl, final_state)))
lift_machine
Behaviours FV mch rs
e Behaviours mch rs
= Fst (lift_machine mch (Init mch, rs))
FilterObj F ConstSpec
(A FilterObj’
eV cdtos
e FilterObj' ¢ (MkObj (d, t, 0s))
= (if ¢ dominates d
then MkObj (d, t, Map (FilterObj’ ¢) os)
else MkObj (d, Arbitrary, Arbitrary)))
FilterObj
SWORD_construction
FV mch
o SWORD_construction mch
= (let sec_output (st, r)
= FilterObj
(reqClearance )
(Output mch (st, 1))
in let sec_mch

= MkMachine
(Next mch)
sec_output
(Init mch) in Behaviours sec_mch)
sameFilterInputs
FVYec
e samekFilterInputs c

= {(os1, 0s2)
|let 0sg = os; | VisibleOutput c
in let 0s; = osg | VisibleOutput c
in # 0s3 = F# 05y
A Elems (Combine osg 0sy)
C identicalObj c}
FlowSecureMachine
= FlowSecureMachine
= {mch
| Behaviours mch
€ ml_secure sameRequests sameFilterInputs}

34.7 Theorems

mk_tree_one_one_thm

FV a2z ye MkTree v = MkTree y = z =y
mk_tree_onto_thm

FVtedxet = MkTree x
MkODbj_consistent
objectClass_consistent
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objectContains_consistent
objectRefers_consistent
F Consistent
(A
(MEObj', objectClass’, objectContains’,
objectRefers’)
eV ctos
o MLOb;" (¢, t, 0os) = MkTree ((c, t), os)
A objectClass’ (MEkObj' (¢, t, 0s)) = ¢
A objectContains’ (MEOb]' (c, t, 0s)) =t
A objectRefers’ (MkObj' (c, t, 0s)) = os)
obj_prim_rec_thm
FVd
L 31 h
eV ct ose h (MkObj (c, t, 0s)) = d ¢t (Map h o0s)
object_clauses
F(Vz
o MEObj =
= MkTree ((Fst z, Fst (Snd z)), Snd (Snd x)))
A (Y ctos
e objectClass (MkTree ctos) = Fst (Fst ctos)
A objectContains (MkTree ctos) = Snd (Fst ctos)
A objectRefers (MkTree ctos) = Snd ctos)
lift_machine_consistent
F Consistent
(X lift_machine’
oV mch s rrl
e lift_machine’ mch (s, []) = (], 3)
A lift_machine’ mch (s, Cons r rl)
= (let out = Output mch (s, r)
and s’ = Next mch (s, r)
in let (outl, final_state)
= lift_machine’ mch (s', rl)
in (Cons out outl, final_state)))
identicalObj_consistent
F Consistent
(X identicalObj’
eVe
e identicalObj’ c
— {(01, 02)
|3 ci b7 0sq Co tg 0S89
® 07 = MkOb] (61, t1, 081)
A 0 = MEKObj (CQ, to, 082)
N Cc1 = Co
A (¢ dominates c¢;
= t; = t2
N # 0s; = # o0sp
A Elems (Combine 0s; 0sg2)
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C identicalObj’ ¢)})
FilterObj_consistent
F Consistent
(X FilterObj’
eV cdtos
o FilterObj' ¢ (MkObj (d, t, 0s))
= (if ¢ dominates d
then MkObj (d, t, Map (FilterObj’ c) os)
else MkObj (d, Arbitrary, Arbitrary)))
elems_combine_thm
FYilzy
o (2, y) € Elems (Combine | l) < y € Elems I ANz =y
elems_combine_elems_thm
FYII2zy
o # 11 =# 12 AN (z, y) € Elems (Combine 11 12)
= x € FElems 11
elems_combine_swap_thm
FVII2 z1 x2
o # 11 =# 12 A (x1, 22) € Elems (Combine 11 12)
= (22, z1) € Elems (Combine 12 11)
elems_combine_map_thm
EV fI112 x1 x2
o # 1l =#12
A (z1, z2) € Elems (Combine 11 12)
AN Map f 11 = Map f 12
= fxl =f 22
elems_combine_map_thml
FY fil1il2
o # 1l =#12
A (Y yl y2
o (y1, y2) € Elems (Combine 11 12)
= fyl =fy2)
= Map f Il = Map f 12
obj_induction_thm
FVY P
o (Vctis
o (V te t € Elems ts = P t)
= P (MkObj (c, t, ts)))
= (V te P t)
identical_obj_filter_obj_thm1l
FV cobl ob2
o (ob1, 0b2) € identicalObj c
= FilterObj ¢ obl = FilterObj c ob2
identical_obj_filter_obj_thm?2
FV c obl ob2
e FilterObj ¢ obl = FilterObj ¢ ob2
= (ob1, 0b2) € identicalObj c
identical_obj_filter_obj_thm
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FVYec
e identicalObj c
= {(ob1, 0b2)|FilterObj ¢ obl = FilterObj ¢ 0b2}
identical_obj_refl_thm
FV ¢ obe (0b, 0b) € identicalObj ¢
identical_obj_sym_thm
Y c obl ob2
e (obl, 0b2) € identicalObj ¢
= (0b2, obl) € identicalObj c
identical_obj_trans_thm
FV c obl ob2 0b3
o (0b1, 0b2) € identicalObj c
A (0b2, 0b3) € identicalObj c
= (ob1, 0b3) € identicalObj c
identical_obj_rft_thm
FVYec
e identicalObj ¢ € Reflexive
A identicalObj ¢ € Symmetric
A identicalObj ¢ € Transitive
identical_obj_equiv_thm
F V ce identicalObj ¢ € Equivalence
same_requests_filter_obj_thm
FVYec
e sameRequests ¢
= {(rs1, rs2)
|Map (FilterObj c¢ o reqSsql) (rs1 | VisibleReq c)
= Map
(FilterObj ¢ o reqSsql)
(rs2 | VisibleReq c)}
same_requests_equiv_thm
FV ce sameRequests ¢ € Equivalence
same_outputs_equiv_thm
F V ce sameQutputs ¢ € Equivalence
same_requests_indexed_equiv_thm
F LiftRel sameRequests € Indexed Equiv
same_outputs_indexed_equiv_thm
F LiftRel sameQutputs € Indexed Equiv

35 THE THEORY {fef043

35.1 Parents

fef042
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35.2 Constants

$or 'State Factor — 'State Factor — 'State Factor
same_to_level

Worth — Obj < Obj
factor_level Worth — 'State Factor P

factor3 'State Factorisation — 'State Factor
factor2 'State Factorisation — 'State Factor
factorl 'State Factorisation — 'State Factor
factor0O 'State Factorisation — 'State Factor
MkFactorisation

State Factor
— 'State Factor
— 'State Factor
— 'State Factor
— 'State Factorisation
composite 'State Factorisation — 'State Factor
factor_out 'State Factorisation — 'State x Req — Obj
levelled_factorisation
'State Factorisation P

factors 'State FactoredMachine — 'State Factorisation
machine 'State FactoredMachine — 'State Machine
MkFactoredMachine

'State Machine
— 'State Factorisation
— 'State FactoredMachine
well_factored
'State FactoredMachine P
special_machine
'State Machine x 'State Factor x 'State Factor
— Req LIST
— Req
— Req LIST
— Oby
same_at_c_below_level
Worth — Class — Obj <> Obj
label_secure_to
Worth

— 'State Machine <+ ('State Factor x 'State Factor)

label_secure 'State FactoredMachine P
simplest_witness

'State FactoredMachine
identity_witness

'State FactoredMachine
purge_above_level

Worth — Class — Obj — Obj
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35.3 Types

'] Factorisation
’1 FactoredMachine

35.4 Type Abbreviations

'State Factor
'State Factor

35.5 Fixity

Right Infix 250:

o

of
35.6 Definitions

of FY f1 f2 cs obj
o (f1 97 f2) cobj s=1[2c(fl cobjs)s
same_to_level
FV n objl obj2
e same_to_level 0
= {(obj1, 0bj2)
|objectClass objl = objectClass 0bj2}
A same_to_level (n + 1)
= {(obj1, 0bj2)
|objectContains objl = objectContains obj2
A objectClass objl = objectClass obj2
A # (objectRefers objl)
= # (objectRefers 0bj2)
A Elems
(Combine
(objectRefers objl)
(objectRefers obj2))
C same_to_level n}
factor_level FVn
e factor_level n
= {factor
|V ¢ state obj
e (0bj, factor c obj state) € same_to_level n}

Factorisation
F 3 fe TypeDefn (A ze true) f
MkFactorisation
factorO
factorl
factor2
factor3 FYtal 22 z8 x4
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o factor0 (MkFactorisation x1 z2 z3 z4) = zl

A factorl (MkFactorisation x1 z2 xz8 z4) = x2
A factor?2 (MkFactorisation x1 x2 x8 x4) = x8
A factor8 (MkFactorisation x1 x2 x8 x4) = x4

N MkFactorisation
(factor0 t)
(factorl t)
(factor2 t)
(factor3 t)
=1
composite FVf
e composite f
= factor0 f
of factorl f
of factor2 f
or factors f
factor_out FYfsr
e factor_out f (s, T)
= composite f (reqClearance r) (reqgSsql r) s
levelled_factorisation
FV facts
e facts € levelled_factorisation
< factor0 facts € factor_level 0
A factorl facts € factor_level 1
A factor? facts € factor_level 2
A factor3 facts € factor_level 3
FactoredMachine
F 3 fe TypeDefn (A xe true) f
MkFactoredMachine
machine
factors FVital z2
e machine (MkFactoredMachine x1 x2) = x1
A factors (MkFactoredMachine x1 x2) = x2
N MkFactoredMachine (machine t) (factors t) =t
well_factored
FVm
e m € well_factored
& factors m € levelled_factorisation
A Output (machine m) = factor_out (factors m)
special_machine
Y (m, f1, f2) ril ri2 r
e special_machine (m, f1, f2) il r ri2
= (let s1 = Snd (lift_machine m (Init m, ri1))
and s2 = Snd (lift-machine m (Init m, rl2))
i let pe_req
= f1 (reqClearance r) (reqSsql r) s1
in f2 (reqClearance r) pe_req s2)
same_at_c_below_level
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FV n c objl obj2
e same_at_c_below_level 0 ¢ = identicalObj c
A same_at_c_below_level (n + 1) ¢
= {(obj1, 0bj2)
|# (objectRefers objl) = # (objectRefers 0bj2)
A Elems
(Combine
(objectRefers objl)
(objectRefers obj2))
C same_at_c_below_level n c}
label_secure_to
FVn
o label_secure_to n
= {mff
IV 7l r
o (let sm = special_machine mff rl r
m sm
€ ml_secure
sameRequests
(same_at_c_below_level n))}
label_secure F label_secure
= {fm
|let m = machine fm and fs = factors fm
in let Ifl = factor0 fs
and If2 = factor0 fs 3 factorl fs
and If3
= factor0 fs
or factorl fs
or factor2 fs
and rf1
= factorl fs
or factor2 fs
of factor3 fs
and 1f2 = factor2 fs 4; factord fs
and 1f8 = factor3 fs
in (m, If1, rfl) € label_secure_to 1
A (m, If2, rf2) € label_secure_to 2
A (m, If3, rf3) € label_secure_to 3}
simplest_witness
F simplest_witness
= (let next sr = Arbitrary
and output sr = Arbitrary
and init = Arbitrary
and f0 c ob s = Arbitrary
in let (f1, 2, f3) = (f0, f0, f0)
i let mach = MkMachine next output init
and facs = MkFactorisation f0 fl f2 f3
in MkFactoredMachine mach facs)
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identity _witness
F identity _witness
= (let next = Fst
and output = reqgSsql o Snd
and init = Arbitrary
and f0 ¢ ob s = ob
in let (f1, 2, f3) = (fo0, fo, f0)

i let mach = MkMachine next output init
and facs = MkFactorisation f0 f1 f2 f3
in MkFactoredMachine mach facs)

purge_above_level
= ConstSpec
(X purge_above_level'
o (V c ob
e purge_above_level’ 0 ¢ ob = FilterObj ¢ ob)
ANNVncdtos
e purge_above_level’
(n+ 1)
c
(MEOb; (d, t, os))
= MkObj
(Arbitrary, Arbitrary,
Map (purge_above_level’ n c) 0s)))
purge_above_level

35.7 Theorems

purge_above_level_consistent
F Consistent
(X purge_above_level’
e (Vcob
e purge_above_level’ 0 ¢ ob = FilterObj ¢ ob)
ANNVmnecdtos
e purge_above_level’
(n+ 1)
c
(MKEObj (d, t, 0s))
= MkObj
(Arbitrary, Arbitrary,
Map (purge_above_level’ n ¢) 0s)))
purge_above_level _thm
FVncob
e purge_above_level (n + 1) ¢ ob
= MkTree
((Arbitrary, Arbitrary),
Map
(purge_above_level n c)
(objectRefers ob))
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same_at_c_below_level_purge_above_level _thm1l
FV ncobl ob2
o (ob1, 0b2) € same_at_c_below_level n c
= purge_above_level n ¢ obl
= purge_above_level n ¢ 0b2
same_at_c_below_level_purge_above_level thm2
FYncobl ob2
e purge_above_level n ¢ obl
= purge_above_level n ¢ 0b2
= (obl, 0b2) € same_at_c_below_level n c
same_at_c_below_level_purge_above_level _thm
FV ncobl ob2
o (obl, 0b2) € same_at_c_below_level n ¢
< purge_above_level n ¢ obl
= purge_above_level n ¢ ob2
simple_witness_thm
F machine simplest_witness
= MkMachine
(X sre Arbitrary)
(X sre Arbitrary)
Arbitrary
A factors simplest_witness
= MkFactorisation
(X ¢ ob se Arbitrary)
(X ¢ ob se Arbitrary)
(X ¢ ob se Arbitrary)
(A ¢ ob se Arbitrary)
identity_witness_thm
F machine identity_witness
= MkMachine Fst (reqSsql o Snd) Arbitrary
A factors identity_witness
= MkFactorisation
(X ¢ ob se ob)
(A ¢ ob se ob)
(A ¢ ob se ob)
(A ¢ ob se ob)
same_at_c_below_level_equiv_thm
FV n ce same_at_c_below_level n ¢ € FEquivalence
lift_rel_same_at_c_below_level_indexed_equiv_thm
F V ne LiftRel (same_at_c_below_level n) € IndexredEquiv
lift_rel_same_at_c_below_level_refl_thm
FVn C ze (z, x) € LiftRel (same_at_c_below_level n) C
simplest_witness_label_secure_thm
F simplest_witness € label_secure
identity _witness_label_secure_thm
F identity - witness € label_secure
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36 THE THEORY fin_set

36.1 Parents

seq

36.2 Children

fin_thms

36.3 Constants

N NP

Finite "'a PP

F "aP —='aPP

Fq "aP ='qgPP

Min NP — N

Max NP — N

Size "aP - N

Iter N—='a+<'a—"a+"a
B+ "aP—="bP— (la+'b)P
$re "aP—-"bP— (la<'b)P

36.4 Aliases

# Size : 'a P — N

36.5 Fixity

Right Infix 240:

36.6 Definitions

N F N = Universe
Finite F Finite = N {u{} e u A NVazeacu={z}Uacu)}
F FVYazeF o =PaznN Finite
Fq FYzeF; z=Fz)\ {{}}
Min F ConstSpec
(A Min/
eV ma
emecaAN (Viei € a=m<i)= Min a=m)
Min
Max F ConstSpec
(A Maz'
eV ma
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emecaAN (Viei € a=1i<m)= Mar' a = m)
Max
Size FVYa
o # a = Min {i|3 liste # list = i N\ Elems list = a}
Iter FVYrn
o lter 0 r = Id Universe
N lter (n + 1) r=rg lter nr
> FVYabea-+ b= (a-+ b)N Finite
o FYabearw b= (a-wbN(arb)

36.7 Theorems

Min_consistent
F Consistent
(A Min/
eV ma
emecaA (Viei € a=m<i)= Min a=m)
Max_consistent
F Consistent
(A Maz'
eV ma
emeaAN (Viei € a=i<m)= Mar' a = m)
finite_induction_thm
FVop
ep {}
AN (Y azx
eac Finite N\paAN-z€a=p({z}Ua))
= (V a® a € Finite = p a)
empty_finite_thm
F {} € Finite
singleton_U_finite_thm
FV aze a € Finite = {z} U a € Finite
C_finite_thm + V a be a € Finite A b C a = b € Finite
U_finite_thm VYV a be a U b € Finite < a € Finite A b € Finite
N_finite_thm + V a be a € Finite V b € Finite = a N b € Finite
finite_distinct_elems_thm
FVa
e a € Finite
= (3 liste list € Distinct N\ Elems list = a)
length_[_<_thm
FV list ae # (list | a) < # list
length_[_less_thm
F VY list a
o = Elems list \ a = {} = # (list | a) < # list
elems_[_thm  V list ae Elems (list | a) = Elems list N a
distinct_length_<_thm
FV listl list2
e list] € Distinct N FElems list] = FElems list2
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= # list] < # list2
distinct_size_length_thm
F VY list a
e list € Distinct N\ Elems list = a = # a = # list
size_empty_thm
F# =0
size_singleton_U_thm
FVYazaeac Finite N~z €a=# {z}Ua)=#a+ 1
size_singleton_thm
FVze # {z} =1
size_U_thm FYabd
e o € Finite N b € Finite
=#(aUb)+# (anNbd)=#a+#Db
size_0_thm FV ae a € Finite = (# a =0 < a = {})
size_1_thm FV ae a € Finite = (# a =1 < (3 ze a = {z}))
J-finite_thm + V uwe u € Finite A u C Finite = |J u € Finite
pigeon_hole_thm
FYu
o u € Finite N u C Finite N # u < # (U u)
= (JaeacuNF#a>1)
_size_<_thm +V a be a € Finite NbC a=#b<#a
_size_less_thm
FYabeacFinite NbCaAN-b=a=#Hb<#a
min_e_thm FVnaeneca= Minac€a
min_<_thm FVYnaene€a= Mna<mn
max_€_thm FYmmnoae (Viei€a=1i<m)An€Ea= Maz a € a
<_max_thm FVmmnae (Vieic€a=1i<m)An€ca=n< Maz a
finite_ C_well_founded_thm
FVYpa
e a € Finite AN p a
= (JbebCaNApbA(NVNcoecCbApc=c=1b))

C
C

37 THE THEORY fin_thms

37.1 Parents

fin_set

37.2 Children

lib_thms
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37.3 Theorems

fin_set_induction_thm

min_thm
min_clauses

fin_set_thml

elems_thml
elems_thm?2

elems_thm3

length_thm
[_thml

[_thm2
[_thm3
[_thm4
distinct_thm1l

size_thml
size_thm?2
fin_set_thm?2
fin_set_thm3
fin_set_thm4
size_thm3
size_thm4
size_thmb5

size_thm6
size_thm'7

FV P
. P {}
AN (Y azx
ea € Finite N\PaN-xz€a= P ({z}Ua))
= (V a® a € Finite = P a)
FYmaeme€a= Minaé€aAMna<m
F (V me Min {m} = m)
A (Y m ne Min {m; n} = (if m < n then m else n))
ANV ma
e Min ({m} U a)
= (if a = {} then m else Min {m; Min a}))
FVYa
e a € Iinite
= (3 liste a = Elems list A list € Distinct)
F V liste Elems list = {} < list = ||
F (V liste Elems list = {} < list = [])
A (V liste {} = Elems list < list = [])
=V listl list2

e Elems (list1 ™ list2) = FElems list1 U Elems list2
FV listl list2e 4 (list] ™ list2) = # list] + # list2
F V list ae Elems (list | a) = Elems list N a
FV list ae # ((list | a) — (list | ~ a)) = # list
FV list ae Elems list C a = list [ a = list
FV list ze © € Elems list = # (list | ~ {z}) < # list

F VY listl list2
e list] € Distinct N Elems listl = Elems list2
= # list] < # list2
F# =0
F V liste list € Distinct = # (Elems list) = # list
F {} € Finite
FV aze a € Finite = {z} U a € Finite
F V liste Elems list € Finite
FVY a be a € Finite AN b € Finite = a U b € Finite
FY abeac Finite Nb C a = b € Finite
FVYacz
e a € Finite
= # ({2} Ua) = (if © € a then # a else # a + 1)
FVY a be a € Finite AN b € Finite = a N b € Finite
FYab
e a € Finite \ b € Finite

= #(aUb) +# (anbd)=#a+ #D

size_singleton_thm

N_set_thm1l

FVYze # {z} =1
FVa
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e o € Finite N = a = {}
= (ImemeaAN (Vieica=i<m)
finite_max_thm
FVa
e o € Finite N - a = {}
= Max a € a AN (Viei € a= 1< Maz a)
finite_size_thm
FVYam
o (3 list
e Elems list = a A list € Distinct A\ # list = m)
& a € Finite N # a=m
length_map_thm
FV f liste # (Map f list) = # list
elems_map_thm
EV f list
e Elems (Map f list)
= {y|3 ze z € Elems list N f x = y}
map_distinct_thm
Y f list
e Map f list € Distinct
& list € Distinct

NNMzy
ez € Elems list Ny € Elems list N fx=fy
=1 =y)
pair_eq-thm VY xz ye Fst x = Fst y AN Snd x = Snd y = 2 =y
at_thm FVYfx

e f € Functional N z € Dom f
= (VyefQz=y& (z,y) €f)
finite_function_thm
FVf
o f € Functional A (f € Finite V Dom f € Finite)
= f € Finite N Dom f € Finite N # (Dom f) = # f

38 THE THEORY fun_rel

38.1 Parents

bin_rel

38.2 Children

fun_rel_thms seq
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38.3 Constants

$—+ "aP—="bP— (la+'b)P
$— "aP—="bP— (la+'b)P
$r "aP—="bP— (la+'b)P
$— "aP—-"bP— (la<'b)P
$— "aP—=-"bP— (la+-'b)P
$— "aP—-'bP— (la<'b)P
$—» "aP—->"bP— (la+'b)P
$At 'a <'b—"a—"b

38.4 Aliases

@ $At :'a & 'b = 'a = 'b
38.5 Fixity

Left Infix 600:
At
Right Infix 240:

38.6 Definitions

FYabea-+b=(a< b)N Functional
FVabe(a— b)=(a< b)N Functional N Total a
FVYabear b= (a< b)N Functional N Injective
FYab
e a— b= (a<+ b)N Functional N Injective N Total a
FVYabea-»b=(a<+ b)N Functional N Surjective b
FYab
ea—»b
= (a <> b) N Functional N Surjective b N Total a
—> FYab
e gD
= (a <> b)
N Functional
N Injective
N Surjective b
N Total a
At F ConstSpec
(A At
oV fuxy
o (z,y) efAN(Nze(z,2)€f=2=01y)
= At' fz =y)

rtri4

¢

4

$Q
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38.7 Theorems

At_consistent
F Consistent
(N At
oV fxuy
e (z,y)efANze(z,2)€f=2=y)
= At f x = y)
graph_at_thm +V f ze Graph f @ x = f x
inv_rel_e€_arrow_thm
FYfabd
e(fYeberasfeawd)
AN(f~eb-+a<sfe(a+ b)N Injective)
AN(f~e(b— a)
< f € (a < b) N Injective N Surjective b)
AN(f~eb~a
< f € (a < b) N Injective N Functional)
AN(f~eb+a
& f € (a < b) N Injective N Total a)
AN([f~eb—a
< f
€ (a < b)
N Injective
N Total a
N Surjective b)
AN(f~eb—»a
& f
€ (a <)
N Injective
N Functional
N Surjective b
N Total a)
AN(f~eb—a
< f
€ (a < b)
N Injective
N Functional
N Surjective b)
at_at_eq.thm +FVf X Y zy
efe X w»YANzeDomfAye Dom f
~ (faz=fay
& (Fz2e (z,2) € f A (y, 2) €))

39 THE THEORY fun_rel_thms

39.1 Parents

set_thms fun_rel
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39.2 Constants

Reflexiveln "aP— (la'a)P
Antisymmetric

("a < 'a) P
Chains 'a <'a - "aPP
UpperBounds 'a <+ 'a —'aP — 'a P
MaximalElements

"a <+'a - "aP —"aP

39.3 Definitions

Reflexiveln F V ae Reflexiveln a = {r|V ze z € a = (z, z) € 1}
Antisymmetric
F Antisymmetric
={riVzye (z,y) €erA(y,z) €Er=2x=y}
Chains FVYor
o Chains r
VzyezecaANyea= (z,y) erV(y,z)€r}
UpperBounds + V r ae UpperBounds r a = {z|V ye y € a = (y, z) € r}
MaximalElements
FVYra
o MazximalElements r a
={zlrcanMVyseycaA(z,y €er=y=u2)}

39.4 Theorems

zorn_thm FVra
e r € Reflexiveln a
A r € Transitive
A 1T € Antisymmetric
A (Y ¢
ecCaAce Chains r
= (Jze z € a AN x € UpperBounds r c))
= (3 ze x € MazximalElements r a)
comparability _thm
FYabe(Ifefeca—bV(Igegebr— a)
schroeder_bernstein_thm1l
FYabecef
ecChbAbDCaNnfeEea—c=(Thehea—»b)
schroeder_bernstein_thm
FVYabfgefea—bANgeb—a= (Fhehecar—»b)

40 THE THEORY hol

40.1 Parents

sets sum one
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40.2 Children

bin_rel

41 THE THEORY init

41.1 Parents

log

41.2 Children

misc
41.3 Axioms
bool_cases_axiom

FV be (b < true) V (b < false)
=_antisym_axiom

FV b1 b2e (b1 = b2) = (b2 = b1) = (b1 & b2)
n-axiom FVYfe(ANze fux)=Ff
e_axiom FY P ze Pz = P ($ P)

infinity _axiom
F d fe OneOne f A = Onto f

42 THE THEORY lib_thms

42.1 Parents

fin_thms

42.2 Children

wrk057 wrk049
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42.3 Theorems

rel_ext_thm FYrser=s< Vaye(z,y) €r<(z,y) € s)

rev_" _thm F V list ze Rev (list — [z]) = Cons x (Rev list)
rev_rev_thm + V liste Rev (Rev list) = list
rev_list_induction_thm
FVop
e p [| A(V liste p list = (¥ ze p (list ~ [z])))
= (V liste p list)
length_ " _thm + V list] list2e # (list1 ™ list2) = # listl + # list2
list_rel_thm FV list
o ListRel list
= {(i, z)|1 < i A i < # list N\ Nth list i = z}
list_rel_cons_thm
F ListRel [] = {}

A (Y z list
o ListRel (Cons z list)
= {(i, )
|3 jej + 1 =1iA(j,y) € ListRel list}
u {1, z)})

list_rel_ " _thm
FV list] list2

o ListRel (list1 ™ list2)
= ListRel list1
U {(i, v)
|3 je # list1 + j =i A (j, y) € ListRel list2}
list_rel_singleton_thm
FV ze ListRel [z] = {(1, z)}
list_rel_""_singleton_thm
FV list x
o ListRel (list ™ [z])
= ListRel list U {(# list + 1, =)}
dom_list_rel_thm
F V liste Dom (ListRel list) = 1 .. # list
dom_id_ran_id_thm
FV ae Dom (Id a) = a N Ran (Id a) = a
dot_dot_size_thm
FYigj
e i .. 5 € Finite
ANF# (1..7)=(if j <ithen 0 else j — i+ 1)
enumerate_thm
FVa
e Fnumerate a
={(m, n)ln € a AN # {ili € a AN i < n} =m}
squash_id_thm
F V ae Squash (Id a) = Enumerate a
squash_thm FVYr
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e Squash r
= {(m, y)
|3 ne (n,y) € r AN# {ilt € Dom r N i <n}=m}
U_>_thm FYrsaerUs>a=(r>a)U(s>a)

dom_U_thm FV r se Dom (rUs) = Dom r U Dom s
enumerate_U_thm
FVYab
e VijeicaNnjeb=1<])
= FEnumerate (a U b)
= Enumerate a
U {(m, n)
n € b
NEN]
e # a+j=mA(j, n) € Enumerate b)}
elems_set_comp_thm
FV list
o Elems list
= {z|3 18 1 < i A i < # list N Nth list i = z}

43 THE THEORY list

43.1 Parents

N

43.2 Children

char

43.3 Constants

IsListRep (Worth — 'a) x Worth — Bool
i 'a LIST

Cons "a —'a LIST — 'a LIST
Length "a LIST — Worth

Hd "a LIST —'a

T1 "a LIST — 'a LIST

Append "a LIST — 'a LIST — 'a LIST
Rev "a LIST — 'a LIST

Split ('a x 'b) LIST — 'a LIST x 'b LIST
!/

Combine a LIST — 'b LIST — ("a x 'b) LIST
Map ('la —'b) = 'a LIST — "b LIST
Fold ('la—="b—"b) = 'a LIST —"'b —'b

43.4 Aliases

@ Append :'a LIST — 'a LIST — 'a LIST
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43.5 Types
'1 LIST
43.6 Fixity

Right Infix 300:
@

43.7 Definitions

IsListRep
is_list_rep_def
F 3 nal
Mrmk_var(” cons”, :("a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)™
e [sListRep nil
A (Y
o [sListRep x
= (Vh
o — viimk_var(” cons”, ":('a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)™
h
T
= nil))
ANNVazy
e [sListRep x© N IsListRep y
= Mab
o [mk_var(” cons”, :("a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)™
a
= vmk_var(”cons”, ":('a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)"
b
Y
Sa=bAz=y)
A (Y z
e [sListRep x
= (Vh
o [sListRep
(Mumk_var(” cons”, ":('a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)™
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h
z)))
A (Y p
e p nil
A (Y m
® D m
= (Vh
®p
(Mumk_var(” cons”, ":('a
— (Worth — "a) x Worth
— (Worth — "a) x Worth)™)™
h
m)))
= (V ne IsListRep n = p n))
LIST
list_def F 3 fe TypeDefn IsListRep f
Nil
Cons

nil_cons_def

Length
length_def
Hd

hd_def

Tl

tl_def
Append
append_def

Rev
rev_def

Split
split_def

Combine
combine_def

F (V z liste = Cons x list = [])
A (Y xl x2 list] list2
e Cons z1 listl = Cons z2 list2
& xl = 22 A list] = list2)
A (Y p
e p [] A (Y liste p list = (V ze p (Cons xz list)))
= (V liste p list))

E# [ =0NA (Y hliste # (Cons h list) = # list + 1)
FV h liste Head (Cons h list) = h
FV h liste Tail (Cons h list) = list

F (V liste [| @ list = list)
A (V h list list’
e Cons h list Q list' = Cons h (list Q list’))

F Rev [| =[]
A (VY h liste Rev (Cons h list) = Rev list Q [h])

= Split [| = ([, )
A (¥ list h1 h2

o Split (Cons (h1, h2) list)
= (Cons h1 (Fst (Split list)),
Cons h2 (Snd (Split list))))

F Combine || [| = |]
A (Y h1 h2 list] list2
e Combine (Cons hl list1) (Cons h2 list2)
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= Cons (h1, h2) (Combine listl list2))

Map
map_def F(V ge Map g [| =)
A (Y h g list
o Map g (Cons h list) = Cons (g h) (Map g list))
Fold
fold_def (Vg xze Fold g [|] z = x)

AN (Y h gx list
e Fold g (Cons h list) x = g h (Fold g list x))

43.8 Theorems

list_induction_thm
FVop
e p [] N (Y liste p list = (V xe p (Cons z list)))
= (V liste p list)
list_prim_rec_thm
FVnec
ed; f
efh=n
A (Y list a
o [ (Cons a list) = c a (f list) list)
list_clauses FV 2l x2 listl list2
e = Cons z1 list] = |]
A =[] = Cons x1 listl
A (Cons x1 list1 = Cons x2 list2
& xl = 22 A list] = list2)
A Head (Cons x1 listl) = x1
A Tail (Cons z1 listl) = list1
list_cases_thm
FV list1
o list] =[]V (3 z list2e list1 = Cons x list2)

44 THE THEORY log
44.1 Parents

min
44.2 Children

it
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44.3 Constants

$
$
F

$—

$A

$v
OneOne
Onto
TypeDefn

v
3

44.4 Fixity

Binder:
Right Infix 30:

Right Infix 40:

Prefix 50:

Bool

("a — Bool) — Bool

("a = Bool) — Bool

Bool

Bool — Bool

Bool — Bool — Bool

Bool — Bool — Bool

("a — 'b) — Bool

("a — 'b) — Bool

("o — Bool) = ("a — 'b) — Bool

44.5 Terminators

v 3 - A \%

44.6 Definitions

T

t_def

v

V_def

3

d_def

F

f_def
—_def

VAN

A_def

V

V_def
OneOne
one_one_def
Onto
onto_def
TypeDefn

F true < (A ze ) = (X zeo 1)
F$V = (A Pe P = () ze true))
F $3 = (A Pe P ($¢ P))

F false < (V be b)

F$—= = () be b = false)
F$A = (X bl b2e YV be (b1 = b2 = b) = b)
F$v = (\ bl b2eV be (b1 = b) = (b2 = b) = b)

F OneOne = (A fe ¥V xl 220 f 21 = f 22 = xl = z2)

F Onto = (X feV ye Jze y = f z)
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type_defn_def

45 THE THEORY min

F TypeDefn
= (AP rep

e OneOne rep N (V ze Pz < (3 yo z = rep y)))

45.1 Children

log

45.2 Constants

$=
$:
$e

45.3 Types
"1 =2

Bool
IND

45.4 Fixity

Binder:
Right Infix 20:

Right Infix 100:

Right Infix 200:

Bool — Bool — Bool

'a — 'a — Bool

("a = Bool) = 'a

45.5 Terminators

46 THE THEORY misc

46.1 Parents

— = =

it
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46.2 Children

pair

46.3 Constants

Arbitrary ‘a

$3; ("a — Bool) — Bool
Let ("la —='b) = 'a —"b
Cond Bool —'a —"a —'a
pp'TS Bool — Bool

46.4 Aliases

& $= : Bool — Bool — Bool
46.5 Fixity
Binder: 3

Right Infix 10:
=

46.6 Terminators

=P =

46.7 Definitions

1
J1_def F$d;, =(ANPedtePtN(Vaxe Par=z=1))
Let
let_def F Let = (N f zo f )
Cond
cond_def F Cond

=\bal 22

ecx

o (b & true) = x =x1) A (b & false) = x = x2))

pp'TS
pp'ts_def FVYzepp'TS v &
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46.8 Theorems

t_thm F true
V_thm FV i1 t2e t1 V 12 & (V be (t1 = b) = (t2 = b) = b)
—_thm FVie—-t<< t= false
f_thm F - false
—_t_thm F = true < false
A_thm FV t1 t2e t1 N t2 < (V be (1 = t2 = b) = b)
—_thm1l FVYie—t e t<s false
Jintro.thm +FV Pze Py = $3 P
cond_thm FVoatlt2

o (if a then t1 else t2)

= (ex
e ((a & true) =z =1t1) A ((a & false) = = = t2))

-_V_thm FVpe—-8p<s (3ze—pux)
—_3_thm FVYpe—-83p<s (Vaze—pa)
J;_thm FYPe$3d;, P& (Fte Pt A (Vaze Pax=x=1t))
< _thm FYabe(asbd) < (a=b)AN(b=a)
=_thm FYabea=0bs-aVh
—_—_thm FYae - =a<sa
—_V_thm FYabe—-(aVb)e—-aAN-b
—_A_thm FVYabe—-(aNb)<—-aV b
—_=_thm FVYabe—-(a=b)<aAN-b
—_&_thm FVYabe-(as b)) aN-bVDIA-a
—_f_thm F = false < true
—_if _thm FVYabe

o = (if a then b else ¢) < (if a then — b else = ¢)
if _thm FVYabce (if athen belse c) < aANbV —aAc

eq_rewrite_thm
FVazerx =uzx<& true
& _rewrite_thm
V¢
o ((true & t) & t)
A ((t & true) < t)
A ((false & t) < = t)
A ((t < false) < = t)
—_rewrite_thm
FVit
o (mt e t)A (- true & false) A (= false < true)
A_rewrite_thm
FVit
o (true Nt < t)
A (N true < t)
A — (false A t)
A = (t A false)
AEALS )
V_rewrite_thm
FVit
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o (true V t)
A (t V true)
A (false V t < 1)
A (tV false < t)
ANtV iEST
=_rewrite_thm
V¢
o (true = t & t)
A (false = t < true)
A (t = true < true)
A (t = t < true)
A (t = false & = t)
if_rewrite_thm
FV t1 2
o (if true then t1 else t2) = t1
A (if false then t1 else t2) = t2
V_rewrite_thm
FVie(Vzet) st
J_rewrite_thm
FVie(Jzet) st
B_rewrite_thm
FV t1 t2e (A ze tl) t2 = t1
one_one_thm +V fe OneOne f< Vaxyoefo=fy<saz=y)

ext_thm FYfgef=g< (Vaefax=ga2x)
type_lemmas_thm
FV pred

e (3 fe TypeDefn pred f)
= (3 abs rep
e (V ae abs (rep a) = a)
A (VY re pred r < rep (abs r) = 1))
fun_rel_thm FVr
c@feVuyefuo=yeray)
S NVMzeJyerzyANNVzerzz=z=y))

47 THE THEORY one

47.1 Parents

basic_hol

47.2 Children

hol

47.3 Constants

IsOneRep BOOL — BOOL
One ONFE
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47.4 Types

ONE

47.5 Definitions

IsOneRep
is_one_rep_def
F d onee V ze IsOneRep x < x < one

ONE

one_defl F 3 fe TypeDefn IsOneRep f
One

one_def FV ze z = One

47.6 Theorems
one_fns_thm FV fe f = (X ze One)

48 THE THEORY orders

48.1 Parents

sets

48.2 Children
R

48.3 Constants

Irrefl 'a SET x ("a — 'a - BOOL) — BOOL
Antisym 'a SET x ("a - 'a — BOOL) — BOOL
Trans "a SET x ("a = 'a — BOOL) — BOOL
StrictPartialOrder

'a SET x ("a — 'a — BOOL) — BOOL
Trich "a SET x ("a —'a - BOOL) — BOOL
StrictLinearOrder

"a SET x ("a = 'a — BOOL) — BOOL
$Denseln "a SET — 'a SET x ('la —'a — BOOL) — BOOL
Dense "a SET x ("a —'a - BOOL) — BOOL

UpperBound 'a SET x (a —'a — BOOL) x "a — BOOL
$HasSupremum’a SET — 'a x 'a SET x ('a —'a — BOOL) — BOOL
UnboundedAbove

"a SET x ("a = 'a — BOOL) — BOOL

UnboundedBelow

"a SET x ("a — 'a — BOOL) — BOOL
Complete "a SET x ("a = 'a - BOOL) — BOOL
Cuts "a SET x ("a = 'a — BOOL) — 'a SET SET
DownSet 'a SET x ("a - 'a — BOOL) x'a — 'a SET
DownSets "a SET x ("a = 'a — BOOL) x 'a SET — "a SET SET
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48.4 Fixity

Right Infix 210:
Denseln HasSupremum << <<<

48.5 Definitions

Irrefl FV X $<<eIrrefl (X,$<<) & (Vrez e X = -z << 1)
Antisym FVX $<<
e Antisym (X, $<<)
s Vay
ereXNyeXA-z=y=-(z<<yANy<<uz))
Trans FV X $<<
e Trans (X, $<<)
e VMzyz
exc X ANyeXNzeXNr<<yAhy<<z
=1z << 2)
StrictPartialOrder
FV X $<<
e StrictPartialOrder (X, $<<)
& Irrefl (X, $<<)
A Antisym (X, $<<)
A Trans (X, $<<)

Trich FVX $<<
o Trich (X, $<<)
s Vay
erzceXANyeXAN-z=y=>z2<<yVy<<uz)
StrictLinearOrder
FV X $<<

e StrictLinearOrder (X, $<<)
& StrictPartialOrder (X, $<<) A Trich (X, $<<)
Denseln FVAX $<<
e A Denseln (X, $<<)
s Moy
exc X Nye XNz <<y
= (Jaeac ANz << aAa<<y))
Dense FV X $<<e Dense (X, $<<) & X Denseln (X, $<<)
UpperBound +V A4 $<< 2z
e UpperBound (A, $<<, z) & (Va® a € A = a << x)
HasSupremum F V A $<< z X
e A HasSupremum (z, X, $<<)
< UpperBound (A, $<<, 1)
AV y
e y € X A UpperBound (A, $<<, y) = -y << x)
UnboundedAbove
FVAS$S<<
e UnboundedAbove (A, $<<)
& Vbebe A= (Fcoce AND << ()
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UnboundedBelow
FVA$<<
e UnboundedBelow (A, $<<)
& (Vbebe A= (Fcoece AN c<<D))
Complete FVX $<<
e Complete (X, $<<)
s VAz
e A=)
NACX
A UnboundedAbove (A, $<<)
Nz e X
A UpperBound (A, $<<, )
= (Fye y € X A A HasSupremum (y, X, $<<)))

Cuts FV X $<< A
e A € Cuts (X, $<<)
S ACX
A= A={}

A UnboundedAbove (A, $<<)
A (3 ze z € X A UpperBound (A, $<<, x))
ANVabeacANDbe X Nb<<a=0beA
DownSet FV X $<< ze DownSet (X, $<<, z) = {yly € X ANy << x}
DownSets FV X S$<< As
e s € DownSets (X, $<<, A)
& (Jzez e ANs = DownSet (X, $<<, x))

48.6 Theorems

C_irrefl_thm FV Ve Irrefl (V, $C)
C_antisym_thm
FV Ve Antisym (V, $C)
C_trans_thm FV Ve Trans (V, $C)
cuts_trich_thm
FVX$<<
e Trans (X, $<<) A Trich (X, $<<)
= Trich (Cuts (X, $<<), $Q)
cuts_strict_partial_order_thm
FV X $<<e StrictPartialOrder (Cuts (X, $<<), $C)
cuts_strict_linear_order_thm
FV X $<<
e StrictLinearOrder (X, $<<)
= StrictLinearOrder (Cuts (X, $<<), $C)
cuts_complete_thm
FV X $<<e Complete (Cuts (X, $<<), $C)
down_sets_cuts_thm
FVXS<<A
e AC X
A Irrefl (X, $<<)
A Trans (X, $<<)
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A UnboundedBelow (A, $<<)
A A Denseln (X, $<<)
= DownSets (X, $<<, A) C Cuts (X, $<<)
down_sets_dense_thm
FVXS<<A
e AC X
A StrictLinearOrder (X, $<<)
A UnboundedBelow (A, $<<)
A A Denseln (X, $<<)
= DownSets (X, $<<, A)
Denseln (Cuts (X, $<<), $C)
dense_superset_thm
FVXS$<<AB
e AC BABCX A A Denseln (X, $<<)
= B Denseln (X, $<<)
dense_universe_thm
FVX << A
e A C X A A Denseln (X, $<<) = Dense (X, $<<)
downset_cut_thm
FVX$<<a
eac X
A Trans (X, $<<)
A UnboundedBelow (X, $<<)
A X Denseln (X, $<<)
= DownSet (X, $<<, a) € Cuts (X, $<<)
down_sets_less_thm
FVXS$<<abd
eac€ X ANbe X A StrictLinearOrder (X, $<<)
= (DownSet (X, $<<, a) C DownSet (X, $<<, b)
& a << b)
cuts_unbounded_above_thm
FVX $<<
o Irrefl (X, $<<)
A Trans (X, $<<)
A UnboundedAbove (X, $<<)
A X Denseln (X, $<<)
= UnboundedAbove (Cuts (X, $<<), $C)
cuts_unbounded_below_thm
FV X $<<
o Irrefl (X, $<<)
A Trans (X, $<<)
A UnboundedBelow (X, $<<)
A X Denseln (X, $<<)
= UnboundedBelow (Cuts (X, $<<), $C)
dense_complete_subset_thm
FVXS$s<< A
e StrictLinearOrder (X, $<<)
NACX
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A UnboundedAbove (X, $<<)
A UnboundedBelow (X, $<<)
A A Denseln (X, $<<)
A Complete (A, $<<)

= A=X

induced_order_irrefl_thm

FV X $<<f
o (Vae facX)A Irrefl (X, $<<)
= Irrefl (Universe, (A a be f a << f b))

induced_order_antisym_thm

FV X $<< f
o (VaefaecX)AIrrefl (X, $<<) A Antisym (X, $<<)
= Antisym (Universe, (A a be f a << f b))

induced_order_trans_thm

FV X $<<f
o (VaefaecX)A Trans (X, $<<)
= Trans (Universe, (A a be f a << f b))

induced_order_trich_thm

FV X $S<<f
o (Vae faec X)A OneOne f N Trich (X, $<<)
= Trich (Universe, (A a be f a << f b))

induced_strict_partial_order_thm

FVY X $<< f
e (Vae f a € X) A StrictPartialOrder (X, $<<)
= StrictPartialOrder
(Universe, (X a be f a << f b))

induced_strict_linear_order_thm

FV X $<<f
o (VaefacX)
A OneOne f
A StrictLinearOrder (X, $<<)
= StrictLinearOrder
(Universe, (A a be f a << f b))

induced_order_complete_thm

FV X $<<f
o (Vae facX)
A OneOne f
ANNVzereX = (3aez=Ffa))
A Complete (X, $<<)
= Complete (Universe, (A a be f a << f b))

induced_order_dense_thm

FVX$<<fA
o (Vae facX)
A OneOne f
ANNVzereX = (3aez=Ffa))
AN{z|3 ae a € ANz = f a} Denseln (X, $<<)
= A Denseln (Universe, (A a be f a << f b))

induced_order_unbounded_above_thm
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FVY X $<< f
o (VaefacX)
A OneOne f
ANNVzereX = (3aez=7Ffa))
A UnboundedAbove (X, $<<)
= UnboundedAbove (Universe, (A a be f a << f b))
induced_order_unbounded_below_thm
FV X $<< f
o (Vae facX)
A OneOne f
ANNVzezxe X = (Faez=Ffa))
A UnboundedBelow (X, $<<)
= UnboundedBelow (Universe, (A a be f a << f b))

49 THE THEORY pair

49.1 Parents
masc
49.2 Children

N

49.3 Constants

IsPairRep ("a = "b — Bool) — Bool

$, "'a = 'b—"a x'b

Fst 'a x'b —="a

Snd "a x'b —"b

Uncurry (la—="b—"c)—="ax'b—='c
Curry (lax'b—="¢c)="a—"b—="c

Pair ("la —='b) x ('a—"¢c)—>"a—"bx"c
49.4 Types

"1 x'2

49.5 Fixity

Right Infix 150:

49.6 Terminators

X
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49.7 Definitions

IsPairRep

is_pair_rep_def

X
x _def
comma_def

fst_def

Fst
Snd

pair_ops_def
snd_def

Uncurry
uncurry_def
Curry
curry_def
Pair
pair_def

F 3 comma fst snd
o (Vay

e IsPairRep (comma x y)
A fst (comma = y) = x
A snd (comma z y) = y)

ANNVzyabd

e comma a b= commazxy<a=1zANAb=y)

A (V pe IsPairRep p = comma (fst p) (snd p) = p)

F d fe TypeDefn IsPairRep f
F 3 fst snd
o (Vz yefst(z,y) =z A snd (z,y) =vy)
ANNVzyabe(a b)=(z,y) < a=zANb=y)
A (¥ pe (fst p, snd p) = p)
F 3 snd
o (Vz ye Fst (x,y) =x A snd (z, y) = y)
ANNVzyabe(a b)=(z,y < a=zANb=y)
A (¥ pe (Fst p, snd p) = p)

F (V2 ye Fst (z,y) =x A Snd (z, y) = y)
ANNMzyabe(a,b)=(z,y) S a=zANb=y)
A (V pe (Fst p, Snd p) = p)

EY fxye Uncurry f (z,y) =f x y

EYfxzye Curry fxzy=7Ff(z,9)

FVY f ge Pair (f, g) = (A ze (f z, g x))

49.8 Theorems

pair_clauses

FYzyabdbpfufcfy
o Fst (z,y) ==z
A Snd (z,y) =y
A((a, b)) =(z,y) ea=xNb=y)
A (Fst p, Snd p) = p
A Curry fe ¢y = fe (z, y)
A Uncurry fu (z, y) = fu z y
A Uncurry fu p = fu (Fst p) (Snd p)
A ((a, b) =p < a=Fst p ANb= Snd p)
AN(p=(a,b) < Fstp=aA Snd p=>)
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A Pair fg x = (Fst fg z, Snd fg x)
50 THE THEORY seq

50.1 Parents

fun_rel

50.2 Children

fin_set

50.3 Constants

Elems "a LIST — 'a P

Distinct "a LIST P

Lists "aP = 'q LIST P

Lists; 'a P = 'aq LIST P

InjLists "a P — "a LIST P

Nth 'a LIST - N —'q

$.. N—-N-=>NP

ListRel "a LIST — N < 'q

RelList N+ 'a —'a LIST

Last "a LIST — 'a

Front 'a LIST — 'a LIST

81 "a LIST —'a P — 'a LIST
Enumerate NP—-N+N

Squash N+ '/a =N 'a

Extract NP — 'aq LIST — 'a LIST
$Prefix "a LIST — 'a LIST — BOOL
$Suffix "a LIST — 'a LIST — BOOL
$In "a LIST — 'a LIST — BOOL
Flat "a LIST LIST — 'a LIST

50.4 Aliases

# Length : 'a LIST — N

a Append :'a LIST — 'a LIST — 'a LIST
Head Hd :'a LIST —'a

Tail Tl :'a LIST — 'a LIST

50.5 Fixity

Left Infix 300:
Right Infix 290:

Right Infix 300:
In Prefix Suffix &
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50.6 Definitions

Elems

Distinct

Lists
Lists;
InjLists
Nth

ListRel
RelList

Last

Front

Enumerate

Squash
Extract

Prefix
Suffix
In
Flat

F Elems [| = {}
A (Y z le Elems (Cons z 1) = {z} U Elems )
F [] € Distinct
ANzl
e Cons z | € Distinct
& -z € Elems | N | € Distinct)
FV ae Lists a = {l|Elems | C a}
FV ae Lists; a = Lists a \ {[|}
FV ae InjLists a = Lists a N Distinct
FVYilzn
e Nth (Cons z 1) n
= (if n = 1 then x else Nth | (n — 1))
FVYmnem.n={im<iAi<n}
FV le ListRel | = 1 .. # | < Graph (Nth 1)
F ConstSpec
(X RelList's V/ lo RelList’ (ListRel 1) = 1)
RelList
FVal
e Last (Cons x 1) = (if | =[] then z else Last )
FVal
e Front (Cons x 1)
= (if | =[] then [] else Cons x (Front 1))
FYazl
efJla=1]
A Conszl ] a
= (if © € a then Cons = (Il | a) else | | a)

FVYa
e Enumerate a
— {(i, j)
|31
ejca
A | € Distinct
N#HL=1

A Elems I =a N0 .. j}
F V re Squash r = Enumerate (Dom r) g r
FV a le Extract a | = RelList (Squash (a < ListRel 1))

FVstes Prefir t & (3 ves ™ v=t)
FVstesSufficte (Jueu™s=t)
FVstesnts (Juveu " s v=
FVele Flat [ =[] A Flat (Cons e ) = e ™ Flat 1
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51 THE THEORY sets

51.1 Parents

basic_hol

51.2 Children

orders set_thms Z hol

51.3 Constants

IsSetRep (a - BOOL) — BOOL
$SetComp (a = BOOL) = 'a SET
$e "a —'a SET — BOOL
{} "a SET
Universe "a SET
Insert "a —'a SET — "a SET
~ "a SET — 'a SET
$U "a SET — 'a SET — 'a SET
$N "a SET — 'a SET — 'a SET
$\ 'a SET — 'a SET — 'a SET
$o "a SET — 'a SET — 'a SET
$C "a SET — 'a SET — BOOL
$C "a SET — 'a SET — BOOL
U 'a SET SET — 'a SET
N "a SET SET — 'a SET
P "a SET — 'a SET SET
51.4 Types
'l SET
51.5 Fixity
Binder: SetComp
Left Infix 265:
\
Right Infix 230:
C € C
Right Infix 250:
©
Right Infix 260:
@)
Right Infix 270:
N
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51.6 Definitions

IsSetRep
is_set_rep_def
F IsSetRep = (A zo T)
SET
set_def F 3 fe TypeDefn IsSetRep f
SetComp
S
set_comp_def Yz pabd
o (z € {v|p v} & p 1)
ANla=bs Vrzer€aszehb)
Empty
Universe
Insert
insert_def FYzya
ez e}
A z € Universe
A (z € Insert y a < x =y V x € a)
complement_def
FVYzaezxze~a& 1 €a

B_def FVzabercaUbsrzecaVaoebd

g_def FYzabezcanbezseahzed
set_dif_def FYzabezeca\besrzecaNh-zeEDd

g_def FYzabezecaobe ~(ze€aszehbd)
é_def FYabeaCbs (Vazereca=zechb)

E_def FYabeaCbsalbA(FJze-zeaAhzebd)
U_def FVYzaezeclJa<s (Tseze€sAscEa)

R_def FYzrzaezeNas (Vseseca=xzc€s)
ﬁ_def FVYzaezecPa<szCa

51.7 Theorems

sets_clauses FYzypaq
c@ef{} e P
A (z € Universe & T)
A (z € {v]g} & q)
A (z € {vlp v} < p 1)
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Az €{vjv=y}ez=y)
ANz e{ytez=y)

complement_clauses

U_clauses

N_clauses

set_dif_clauses

©_clauses

_clauses
_clauses
U-clauses
(N-clauses
P_clauses

C
C

&_clauses

F(Vzaez €~as -z € a)
A ~ Universe = {}
A ~ {} = Universe

FVYa

eaU{}=ua
ANUa=ua
A a U Universe = Universe
A Universe U a = Universe
NalUa=a

FVYa

ean{}={}
AP na={}
A a N Universe = a
A Universe N a = a
ANaNa=a

FVa
ca\{}—a
A\ ae={}
A a \ Universe = {}
A Universe \ a = ~ a
Aa\ a={}
FVYa
ceao{}=ua
ANloa=a
A a © Universe = ~ a
A Universe © a = ~ a
ANaoa={}
FVaeaCaA{} CaAaC Universe
FYae—~aCaA-acC{}A{} C Universe
FU{} ={} AU Universe = Universe
F N {} = Universe A () Universe = {}
FVYa
P {} = {{}}
A P Universe = Universe
NaclPa
N{}ePa
FVYza
e (olF) = {)
AN-xed}
ANUa=ua
NaU{}=a
AFna={}
Aand{}=1{}
Na\{}=a
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AiNae={}
Nao{}l=a
ANlea=ua
A} Ca

AeC{} o a={})
AN{}Caena={})

AN=a C{}

AN-zel{}

Nz eN{}

N{} ePa
AP = {{}}

FMzya
o (z € Universe < T)

ANz e{}eF)

A(z € Insert y a <z =yVazéEa))
ANNzab
e(rceaUbexecaVarehd)

ANzeanbszeahsebd)

ANze€ea\besxzecaNh-zeEDd)

ANz€eaobe -(xe€aszzed)))
ANNza
e(zelas (FsexzecsAsea))

ANzeNas (Vsese€a=zc€s))

ANVzaezrePaszCa)

€_in_clauses

sets_ext_clauses
FVYabd
e (aCb
& Vzer €ca=xehb)
AN(Fze -~z €aNzeDd)
ANlaCbs Vrezeca=xchb))
ANla=bs (Vrzer€aszehb)

52 THE THEORY set_thms

52.1 Parents

sets

52.2 Children

fun_rel_thms
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52.3 Constants

Nest "a SET SET — BOOL
SubsetClosed 'a SET SET — BOOL
NestClosed "a SET SET — BOOL
Maximalc 'a SET SET — 'a SET — BOOL
Choose "a SET — 'a

52.4 Definitions

Nest FYue Nestu< (VabeacuANbeu=aCbVbCa)
SubsetClosed F V ue SubsetClosed u < (¥ a be a € u ANb C a= b€ u)
NestClosed FV ue NestClosed v < (V ve v C u A Nest v = J v € u)
Maximalc FYua
o Maximalc v a
sSacuNVbebeuNalb=b=a)

Choose = ConstSpec

(A Choose’e ¥V ae = a = {} & Choose’ a € a)

Choose

52.5 Theorems
Choose_consistent

F Consistent (A Choose’e ¥ ae = a = {} < Choose’ a € a)
zorn_thml FYu

o = u = {} A SubsetClosed u N NestClosed u
= (3 ae Mazimalc u a)

53 THE THEORY sum

53.1 Parents

combin

53.2 Children

hol

53.3 Constants

IsSumRep "a x 'b x BOOL — BOOL
InL "a —="'a +'b

InR b —='a +'b

OutL "a +'b = 'a

OutR "a +'b —"'b

IsL 'a +'b — BOOL

IsR 'a +'b — BOOL
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"1 +7'2

53.5 Fixity

Right Infix 300:
+

53.6 Definitions

IsSumRep
is_sum_rep_def
F Jinl inr outl outr isl isr
oV xl 22 yl y2 z
e IsSumRep (inl x1)
A IsSumRep (inr yl)
A (IsSumRep z
= inl (outl z) = z V inr (outr z) = 2)
A (inl 1 = inl 22 < z1 = z2)
A (inr yl = inr y2 < yl = y2)
A —inl 1 = inr yl
A = anr yl = inl ¢l
A outl (inl x1) = x1
A outr (inr y1) = yl
A (IsSumRep z = (isl z < inl (outl z) = z))
A (IsSumRep z = (isr z < inr (outr z) = z))
+
sum_def F 3 fe TypeDefn IsSumRep f
InL
InR
OutL
OutR
IsL
IsR
sum_clauses FYaxl 22 yl y2 2
o (InL (OutL z) = z V InR (OutR z) = z)
A (InL z1 = InL 22 < z1 = z2)
A (InR y1 = InR y2 < yl = y2)
A - InL z1 = InR yl
A - InR y1 = InL x1
A OutL (InL z1) = z1
A OutR (InR y1) = yl
A (IsL z < InL (OutL z) = z)
z

A (IsR z & InR (OutR z) = z)
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53.7 Theorems
sum_cases_thm

FVaze (Fyex=1InLy)V (3zex = InR 2)
sum_fns_thm +V f ged; he hoInL=f AhoInR =g

54 THE THEORY wrk049

54.1 Parents

lib_thms

54.2 Children
fef003
54.3 Constants

$c 'a = 'a LIST — BOOL

54.4 Fixity

Right Infix 230:
€1
Postfix 300: ~

54.5 Axioms

fin_enumerate_ax
FVs
o s ¢ Finite

= Enumerate s € Finite N # s = # (Enumerate s)

fin_squash_eq_ax
Y Ty To
e r; € Finite
A ro € Finite
A Squash r; = Squash 7y
= # (Dom ry) = # (Dom ry)
extract_" _single_ax
FVliax
e Extract a (I ™ [z])
=f#1+1€a
then Extract a 1 ™ [z]
else Eztract a )
rel_list_®_ax1
FYrilz
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e r € Functional A Dom r C Dom (ListRel 1)
= RelList (ListRel (I ~ [z]) & )
= RelList (ListRel | ® r) ™ [x]
rel_list_®_ax2
FVYrilzy
e r € Functional A Dom r C Dom (ListRel 1)
= RelList

(ListRel (I © [z]) @ r U{(# | + 1, y)})
= RelList (ListRel | & r) ™ [y]

54.6 Definitions

€1 F(Vze—xel])
ANNVhtzoexe Conshtesz=hVazet)

54.7 Theorems

one_one_inv_thm

FV fe OneOne f = (3 ge V ze g (f ) = x)
fin_set_thm5 F V ze {z} € Finite
dom_singleton_thm

FV ze Dom {z} = {Fst x}
fin. dom_thm FV re r € Finite = Dom r € Finite
squash_id_fin_thm

FV re r € Finite = Squash (Id (Dom 1)) € Finite
id_singleton_thm

VY ze Id {z} = {(z, z)}
id_U_thm FVabeld (aUb)=1daUIdb
fin_id_thm FV re r € Finite = Id r € Finile
dom_singleton_thm1l

FY2yabe Domaz={y} AN(a,b) ex=a=y
set_thml FVne{ili=nAi<n}=/{n}
squash_single_thm

FY 7y regng no

e Dom r; = {nz}
A Dom 19 = {ng}
A Ran r; = Ran 12
= Squash r; = Squash 12

enumerate_singleton_thm

FV ze Enumerate {z} = {(1, z)}
g-U_thm FYabreaUbgsr=(agr)U(byr)
s_U_thm1l FYabrergaUb=(rga)U(rsghb)
9

_singleton_thm
FYax; zo0 {:} 5 {z2} € Finite
fin_g_thm FVYorysore
e r; € Finite N\ (rg € Functional V rp € Finite)
= r; § r2 € Finite
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fin_squash_thm
FY ryer; € Finite = Squash r; € Finite
rel_combine_U_thm
VY ry ro T3
e RelCombine 71 (r2 U rg)
= RelCombine r; ro U RelCombine r; rg
rel_combine_U_thml
Y ry To T3
o RelCombine (r; U rg) T3
= RelCombine r; rg U RelCombine ry 13
rel_combine_singleton_thm
FV z; zge RelCombine {z;} {z2} € Finite
fin_rel_combine_thm
[ V s T2
e r; € Finite A\ ry € Finite
= RelCombine r; ro € Finite
fin_>_thm FVYrsere Finite = r > s € Finite
inv_rel_U_thm
FVYabe(aUb ~=a~Ub"™
inv_rel_singleton_thm
EV oy {(z, y)} ¥ ={(y, =)}
fin_inv_rel_thm
VY re r € Finite = r ~ € Finite
squash_null_thm
F Squash {} = {}
squash_null_thm1l
FVYor
o (Squash r ={} & r ={}) A ({} = Squash r & r = {})
dom_U_greater_thm
FYrazyn
o (Vijoeiec Domr ANj€ Domax=j>i)A(n, y €r
= {ili € Dom r AN i < n}
= {ili € Dom (r U z) A i < n}
squash_U_thm FVY r; rp z y
e Squash r; = Squash ry
A Squash x = Squash y
AN r1 € Finite
A ro € Finite
A z € Finile
Ay € Finite
A (Vijei€ Domr; ANjeE Domxz = j > i)
AN (Vijeie€ Domreg ANje Domy=j > 1)
= Squash (r; U z) = Squash (rg U y)
map_null_thm FV f [
e Map fl=[el=[)A{l=Mpflel=])
—_cons_thm FVYIlze—Conszxl=1
~_Cons_.thm FVYalefa ™ 1= Consal
rel_ext_clauses

Page 284 of 358



DRA FRONT END FILTER PROJECT

Lemma 1 ProofPower Theory Listings

Ref- DS/FMU/FEF /017

Issue: Revision:2.2
Date: 5 June 2016

FVYab
e (aCbs (Vo ye (z,y) € a= (z,y) €0))
ANla=bses Vzye(z,y) € as (z,y) €D))
pair_eq_.thml +V z ye Fst x = Fst y AN Snd x = Snd y < x =1y
rel_thm FYrr;ab
e a 9y Graph r = b 9 Graph r
ANNVNzzjerz=rx; =r;x=r72)
= a 3 Graph r; = b § Graph r;
at_thml FVY fazyef e Functional A (z,y) e f=fQuz =y
s_fun_thm FYfr
o f € Functional N Graph r € Functional
= f 9 Graph r € Functional
o_fun_thml FYr;re
e r; € Functional N ry € Functional
= 11 § re € Functional
rel_combine_fun_thm
VY 1 To
e r; € Functional N ry € Functional
= RelCombine r; ro € Functional
list_rel_null_thm
F ListRel [| = {}
U-null_thm FYabeaUb={}sa={} ANb={}
map_"_thm FV fzle Map f (I 7 [z]) = Map f 1 ™ [f «]
s_graph_null_thm
VYV re{} s Graph r = {}
>_null_thm FVYre{}>r={}
s_null_thm FVYor;reoe{} =r;9rs< Ran r; 0 Dom rp = {}
o_null_thml FYryrger; gre =4} < Ran r; N Dom ry = {}
dom_null_thm FV re Domr ={} < r={}
id_dom_null_thm
F Id (Dom {}) = {}
inv_rel_g_null_thm
FVYre{}~gr={}
rel_combine_null_thm
FV re RelCombine {} r = {}
rel_combine_null_thm1
F V re RelCombine r {} = {}
>_singleton_thm
FYabs
e {(a, b)} > s =(if b € s then {(a, b)} else {})
list_rel_fun_thm
-V le ListRel | € Functional
list_rel_>_fun_thm
FV [ se ListRel | > s € Functional
rel_combine_null_thm?2

FVYor;re
e Dom r; N Dom re = {} = RelCombine r; ro = {}
dom_thm FVYaxrexze Domr < (3 ye(z,y) €r)
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ran_thm FYyreye Ranr < (3 ze (z,y) €r)
fin_list_rel_thm
-V le ListRel | € Finite
fin_list_rel_>_thm
FV [ se ListRel | > s € Finite
length_"_one_thm
FVize# (I " [z])=#1+1
size_list_rel_thm
FV le # (ListRel 1) = # 1
size_squash_thm
VY Ty To
o r; € Functional
A r9 € Functional
A ry; € Finite
A ro € Finite
NH#r;=H#r
= # (Squash (Id (Dom ry)))
= # (Squash (Id (Dom r3)))
size_squash_id_dom_thm
FVIls
o # (ListRel | 1> s) = # (ListRel I' 1> s)
= # (Squash (Id (Dom (ListRel I 1> s))))
= # (Squash (Id (Dom (ListRel I' 1> s))))
G_thm FYzyrs
o (z,y) €ET D s
& -z € Doms A (z,y)€rV(z,y) €s
length_single_thm
FV ze # [z] = 1
@_single FYfxyab
e (z,9) €1 @ {(a b))
< (z,y)=(a,b)V(z,y) efAN-z=0a
set_dif _U_thm
FYabcecoa\(bUc)=(a\bd)N(a)\ec)
image_U_-thm + V a b se (a U b) Image s = a Image s U b Image s
U_N_thm FYabcoe(aUb)Nec=ancUbnNe
<_thm FYzysre(z,y) esdrezesA(z,y) er
<_null_thm FVses<a{}={}
<_null_thm FVses<{}={}

~_I_thm EViilpse(ly Sl)[s=(r]s) " (la]s)
list_rel." _>_thm
FYlzxzs
o ListRel (I ™ [z]) > s
= (if z €5

then (ListRel | > s) U {(# (ListRel 1) + 1, z)}
else ListRel | > s)

size_list_rel_"_>_thm
FVIizs
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o # (ListRel (I ™ [z]) > s)
= (if z € s
then # (ListRel | > s) + 1
else # (ListRel | > s))
squash_"_thm FVI[zs
o Squash (Id (Dom (ListRel (I ™ [z]) > s)))
=(f ~z€s
then Squash (Id (Dom (ListRel | > s)))
else
Squash (Id (Dom (ListRel | > s)))
U {(# (Squash (Id (Dom (ListRel I > s))))
+1,# 1+ 1)}
@_null_thm F{ e {} =1}
<_U_thm FYabreaUub<adr=(a<ar)Ju(bar)
map_" _thml VY f ;I
o Mapf (l] - 12) = Mapf l1 ’\Mapf lg
nth_""_thm FYilzn
encl . #I1+1
= Nth (I 7 [z]) n
= (if n=# 1+ 1 then x else Nth |l n)
nth_length_one_thm
F VI laste Nth (I © [last]) (# | + 1) = last
image_single_thm
FYabs
e {(a, b)} Image s = (if a € s then {b} else {})
length_set_def_thm

FVize 1 . # (I " [z)\{#I+1}=1.#1
length. N_thm FVY/se—-# [+ 1ecsn1. #I

nth_"_thm1l FV Iz last

erxc 1. #1= Nth (Il [last])) © = Nth | z

—_<_plusl_thm

FVmne—-(m<nAm=mn+1)
<_plus_one_thm

FVYizers < #HIl=z<H#I+1
®_single_thml

FVYaxygexrec Domg={(z,y)}dg=g
®_single_thm?2

FVYaxzyge-zeDomyg={(z,y)dg={(=y}Uy
dot_dot_single_thm

FYrznexen.nsx=n
~_"_thm FVY iz ye (17 [z]) T [yl =1"[z] 7 [y
~_"_thml FVYizyo (I 7 [z]) Tyl =1" [z; 9]

list_rel_list_thm
FVise ListRel l>s ={} < 1| s=]
list_rel_®_thm
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FVYlzxs
o ListRel (I ™ [z]) @& s
= (ListRel | & s) U ({(# I+ 1,2)} & s)
@_null_thml +FVYfgef ®g= {} ={}rng={}

®_null_thm2 +Vfef ®{}=
list_rel_null_thm1l

FV le ListRel | = {} & | = |]
list_rel_null_thm2

FVile{} = ListRel | & | =]
dot_dot_eq_thm

FVnyneoel .. ng=1.ng9< ny = ny
size_list_rel_eq_thm

F VY l; lge ListRel Iy = ListRel lp = # 1; = # 1»
list_rel_"_eq_thm

VY l] lg Ty T2

e ListRel (I; © [z4]) = ListRel (lz ™ [z2])
= ListRel 1; = ListRel lg N\ ©; = x2

list_rel_one_one_thm

F OneOne ListRel
RelList_consistent

F Consistent

(X RelList's ¥V lo RelList’ (ListRel 1) = 1)

rel_list_null_thm

F RelList {} = |]
distinct_single_thm

F V ze [z] € Distinct
elems_"_thm F V[ ze Elems (I © [z]) = {z} U Elems [
distinct_ " _thm

FVIiz

e | 7 [z] € Distinct < — z € Elems | N | € Distinct
size_squash_plusl_thm
FVYixzs
ez cEs
= # (Squash (Id (Dom (ListRel (I ™ [z]) > s))))
= # (Squash (Id (Dom (ListRel | > s)))) + 1
size_""_one_thm
FYilxzs

e S

= (# (Squash (Id (Dom (ListRel (I ~ [z]) > s)))),

#I1+1)
€ Squash (Id (Dom (ListRel (I © [z]) > s)))
[_null_thm FYiel [ {}=]
[_extract_null_thm
FVisael|s=1[ = Extract al | s =]
€1-""_thm FVYalilgex el Tl xel; Vel
€1-elems_thm
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FVYzlex e |l xe Elemsl
€j-extract_thm
FYxzalex € Extract al = x €1

55 THE THEORY wrk057

55.1 Parents

lib_thms

55.2 Children

fef042

55.3 Constants

FinitaryRecType

('D —'T)

< (D="TP)x (T =-N)x (T —="y)='D—="Y))

LocalFunctional

(T =-'y) ='D="Y)« ('D—'TP)
Tree (N x "a) LIST P
Unparse (N x 'a) LIST - N — (N x 'a) LIST
MkTree 'a x 'a TREE LIST — 'a TREE
55.4 Types
'l TREE

55.5 Definitions

FinitaryRecType

F FinitaryRec Type
= {(k, ¢, w, M)
|OneOne k
ANNVtedzecor C{zlwz<wtiANt=Fkuz)
AN(Vigrge
e (Vyowy <i=g;y=gzy)
= (Vu
eczx C{ylwy<i}=Myg; z=M gp )}

LocalFunctional

F LocalFunctional
= {(M, ¢)
VI g1 g2
e (Vyseycl=g:y=g2vy)
= Vzece CI=Myg;z=Mygsz)}
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Tree F Tree
=N
{A
|V lab trees

o FElems trees C A
= Cons (# trees, lab) (Flat trees) € A}
Unparse F VY ¢ nv more
e Unparse [| i = |]
A Unparse (Cons nv more) i
= (if i=0
then []
else
Cons nv (Unparse more ((Fst nv + i) — 1)))
TREE
tree_def F 3 fe TypeDefn (A te t € Tree) f
MkTree = ConstSpec
(N MEkTree’
e OneOne MkTree'
AT w
oV i
=
o (V ze z € Elems (Snd z) = w z < w t)
At = MkTree' x))
MFKTree

55.6 Theorems

T_empty_thm FVII 211 T 12=[<ll=]ANI2=]
flat_empty_thm

F VY lse Flat Is = [| & Elems Is C {[]}
append_assoc_thm

EVIiL1213e (11 T 12) " 18=11"12"13
flat_append_thm

FV ilst [s2e Flat (Is1 ™ Is2) = Flat Is1 — Flat Is2
length_append_thm

FV st Is2e # (Is1 7 1s2) = # Is1 + # s2
elems_append_thm

FV i1 12e Elems (11 ™ 12) = Elems l1 U Elems 12
append_empty_thm

FViel ™[ =1
append_cancel_thm

FYI1i218e11 " 12=101"18<102=13
map_map_id_thm

FYfgl

o (Vzoex € Elems |l = f (gx)=u1)
= Map f (Map g 1) =1

length_length_flat_thm
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Vil lel € Elems Il = # 1 < # (Flat 1)
elems_map_thm
FVYfl
e Elems (Map f 1) = {y|3 ze z € Elems Il N f z = y}
length_ 0_thm FVie#[l=0<<1=]
one_one_left_inv_thm
FV fe OneOne f = (3 ge V ze g (f ) = x)
onto_right_inv_thm
FV fe Onto f = (3 geVyef(gy)=y)
one_one_onto_inv_thm
FVf
e OneOne f N Onto f
= (Fge(Vaeg (fz)=a)NVyef(9y)=y))
fin_rec_type_induction_thm
FYEkcwM
o (k, ¢, w, M) € FinitaryRecType
= VXe(Vzeczr CX=kzxeX)= (Viete X))
fin_rec_type_induction_thml

FYkcwM
o (k, ¢, w, M) € FinitaryRecType
= (VP
o (Vze (Vietecca= Pt)= P (kux))
= (V te P t))
fin_rec_type_prim_rec_lemmal
FYEkcuw
o (k, ¢, w, M) € FinitaryRecType
= (30

o (Vzed (kz)=ux)
AN(Yyek (dy)=y)
AV d
e 1 H
o (Vyoe H O y=4d (§y, M Arbitrary (§ y)))
ANNViy
e H(i+ 1)y
= (if wy <1
then H iy
else d (0 y, M (H i) (o
ANVjys H(wy+j)y=
fin_rec_type_prim_rec_exists_thm
FYkcwM
o (k, ¢, w, M) € FinitaryRecType
= (Vde I heV ze h (kz)=d (z, M h z))
fin_rec_type_prim_rec_unique_thm
FYkcwM
o (k, ¢, w, M) € FinitaryRecType
= (V d hy; he
o (Vze hy (kz)=4d (z, M h; 1))
A (V ze hy (kz)=d (z, M hp x))

¥))))
H (wy) y)))
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= h] = hg)
fin_rec_type_prim_rec_thm
FYEkcwM

o (k, ¢, w, M) € FinitaryRecType
= (V de 3; he V ze h (kz) =d x (M h z))
local_functional_thm
FYcwM
e (M, ¢) € LocalFunctional
= (Vig:r ge
e (Vyowy <i=g;y=gzy)
= (Vz
ecxC{ylwy<i}=Myg;z=M gs 1))
i_local_thm E (A feof), (A ze{z})) € LocalFunctional
k_local_thm  + ((A f ze {}), (\ ze {z})) € LocalFunctional
x _local_thm Y M] Cq Mg Co
o (My, ¢1) € LocalFunctional
A (Mg, c2) € LocalFunctional
S (N f (5 y)e (M4 f 2. My f y)),
(A (2, y)o c1 z U cz y))
€ LocalFunctional
sum_local_thm
VY M1 Cq Mg Co
o (My, ¢1) € LocalFunctional
A (M2, cp) € LocalFunctional
= ((Nfz
o if IsL x
then My f (OutL x)
else Mo f (OutR x)),
Nz
o if IsL x
then ¢; (OutL x)
else cy (OutR x)))
€ LocalFunctional
list_local_thm
FVYMec
o (M, ¢) € LocalFunctional
= (A fo Map (M f)), (A ze |J (Elems (Map c x))))
€ LocalFunctional
list_local_thml
F (Map, Elems) € LocalFunctional
o_snd_local_thm
FY Mec
e (M, ¢) € LocalFunctional
= (A fe M f o Snd), ¢ o Snd) € LocalFunctional
o_fst_local_thm
FYMe
o (M, ¢) € LocalFunctional
= (A fe M f o Fst), ¢ o Fst) € LocalFunctional
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tree_induction_lemmal
FV X
o (Vuxts
e Elems ts C X = Cons (# ts, z) (Flat ts) € X)
= Tree C X
tree_induction_lemma2
FYaxts
e Llems ts C Tree = Cons (# ts, x) (Flat ts) € Tree
tree_induction_lemma
FVY X
o (Vuzts
o Elems ts C Tree N X
= Cons (# ts, x) (Flat ts) € X)
= Tree C X
tree_induction_tac_lemma
FY P
o (Vuzts
o (Vtetc Elems ts =t e Tree N P t)
= P (Cons (# ts, z) (Flat ts)))
= (Vtet e Tree = P t)
tree_cases_lemma
FVi
ot c Tree
= (Fzts
o Elems ts C Tree N t = Cons (# ts, x) (Flat ts))
—_empty_list_tree_lemma
F o € Tree
unparse_thm F V ts more
o Elems ts C Tree

= Unparse (Flat ts ~ more) (# ts) = Flat ts

unparse_thml + V ¢ moree t € Tree = Unparse (t ~ more) 1 =t
tree_cases_lemmal
FVit
ot & Tree
= (31 (z, ts)
e Elems ts C Tree N t = Cons (# ts, x) (Flat ts))
leaf_is_a_tree_thm
FV ze [(0, z)] € Tree
MkTree_consistent
F Consistent
(N MEkTree’
e OneOne MkTree'
AT w
oVt
L=
o (V ze z € Elems (Snd z) = w z < w t)
At = MkTree' x))
tree_local_thm
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F (A fe Map f o Snd), Elems o Snd) € LocalFunctional
tree_fin_rec_thm
F3dw
o (MkTree, Elems o Snd, w, (A fe Map f o Snd))
€ FinitaryRec Type
tree_induction_thm
FY P
o (Vuz
o (V te t € Elems (Snd z) = P t) = P (MkTree x))
= (V te P t)
tree_prim_rec_thm
FV de 3; he ¥V ze h (MkTree x) = d x (Map h (Snd z))

56 THE THEORY Rr

56.1 Parents

orders dyadic

56.2 Constants

Is_R_Rep DYADIC SET — BOOL
$<r R - R — BOOL
$<mr R — R — BOOL
$>r R - R — BOOL
$>Rr R - R — BOOL
Sup R SET — R

1r R

ORr R

$+r R—R—>R

~R R —- R

$—Rr R—-R—-R

NR N - R

AbSR R—-R

$*r R—-R—>R

$/r R—-R—R

$/N N—-N=R

$—1 R >R

N R—-N-=R

ZR 7Z — R

$77 R—+7Z—R
Float N—>Z—->7Z—R
Maxg, R LIST — R
Ming R LIST — R
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56.3 Aliases

< $<p : R - R — BOOL
< $<p : R - R — BOOL
> $>p: R - R — BOOL
> $>r: R - R — BOOL
+ $+r :R—-R =+ R

~ ~g:R—=R

- $—r:R—-R—-R
Abs Absg : R —- R

* $xp : R >R = R

/ $/p :R—>R >R

/ $/n : N> N>R

- $y: R-N-=R

- $z:R—>7Z =R
56.4 Types

R

56.5 Fixity

Left Infix 305:
Left Infix 315:

Right Infix 210:
<R >R =R 2R
Right Infix 300:
TR
Right Infix 310:
*R
Right Infix 320:

Postfix 320: -1

56.6 Definitions

Is_R_Rep FV ae IsR_Rep a < a € Cuts (Universe, $dy_less)
R
R_def F 3 fe TypeDefn Is_R_Rep f
<R = ConstSpec
O <

e StrictLinearOrder (Universe, <'p)
A UnboundedBelow (Universe, <'p)
A UnboundedAbove (Universe, <)
N Complete (Universe, <'p)
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A (T
o (Vabe<p(ra)(tb) < adylessb)
A A{z|3 ae t a = z}
Denseln (Universe, <'y)))
$<
<R FVzyerx <y ax<yVe=y
>R FYzyexr >y y<czo
R FVzyezr >y y<uz
Sup F ConstSpec
(XA Sup’
eV A
e A={}AN(FbeVzerec A=z <b)
= (Vzez e A=z < Sup’ A)
A (VDb
e (Vrzerz e A=z <b) = Sup’ A <))
Sup
TR
Or
1r = ConstSpec
(A (+s O, 1)
e Vzuyz
o +h (thzy) 2=+ v (+hy 2)
ANNVzyo+hoy=+%hy1)
N (Y ze +5 z 0 = 1)
A (Y ze 3 ye +p zy = 0%)
ANVzyzey<z=+4Rhzy<+hzz)
A 0% < 1'%)
($+, Ogr, 1R)
~R F ConstSpec (A ~po ¥V z0 v + ~p © = Op) ~
-R FYrzyexr —y=2x+~y
NR 0. =0p A (¥ meNR (m + 1) = NR m + 1)
Absg FV xe Abs © = (if 0. < z then z else ~ x)
*R F ConstSpec
O\
e Vzyz
o ¥p (¥g w y) 2 =+ x (¥f y 2))
NV zesyal =ux)
ANNVzyz
ez (y+2)=+pzy+ 2
ANNVzyeoshry=x+hyaz)
ANNVzyoe 0.<z N0 <y=0.<x%pzy)
$x
/R F ConstSpec
O /o
e (Vyzenz=0.5 [ (ys2)2=0y)
ANNVzyz
e z=0.=/p(zxy)z=10%*/fy2)
$/
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/N FVYmmnem/n=NRm/NRn
-1 FVoex 1 =1./z
N FVeez " 0=1)ANNVNzmex " (m+ 1)=zxz " m)
ZR F ConstSpec
(A $7ZR"”
o $”ZR” (NZ 0) = 0.
ANSZR” (NZ 1) = 1.
AN(Vij
e "ZR"” (i + j) = $"ZR"” i + $"ZR" 7))
ZR
“ F ConstSpec
(Y,
eV rm
oA/Zx(NZm):.TA

Float FY mp ee Float m p e = NR m x 10. ™ (e + ~ p)
Maxg F ConstSpec
(A Maz',
o (V zo Maz'y [z] = x)
ANNVzylL
e Maz'y (Cons x (Cons y L))
= (if z < Max'’y (Cons y L)
then Maz'y, (Cons y L)
else x)))
Mazp
Ming F ConstSpec
(A Min'y,
o (V zo Min’y [z] = )
ANNMzylL
e Min’y (Cons x (Cons y L))
= (if x > Miny (Cons y L)
then Min'y (Cons y L)
else x)))
Ming

56.7 Theorems

dy_less_order_lemmas_thm
F StrictLinearOrder (Universe, $dy_less)
A UnboundedBelow (Universe, $dy_less)
A UnboundedAbove (Universe, $dy_less)
A Universe Denseln (Universe, $dy_less)
is_R_rep_consistent_thm
Fdae Is_R_Rep a
<R_consistent
F Consistent
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(A <k
e StrictLinearOrder (Universe, <)
A UnboundedBelow (Universe, <'p)
A UnboundedAbove (Universe, <'p)
N Complete (Universe, <'p)
A (T
e (Vabe<h(ta)(th) < adylesshb)
A A{z|3 ae 1 a = z}
Denseln (Universe, <'p)))
R_unbounded_below_thm
FVazedyey <z
R_unbounded_above_thm
FVzedyex <y
R_less_irrefl_thm
FVYaze 2 <z
R_less_antisym_thm
FVYazye - (z<yAy<uz)
R_less_trans_thm
FVYzyrexz<yAhNy<z=z<z2z
R_less_cases_thm
FYrzyerx <yVae=yVy<uzx
R_<_cases_thm
FYrzyexr <yVy<c
R_<_less_cases_thm
FYzyex <yVy<zx
R.eq.<_thm FVazyez=y<srz<yAny<c
R_<_antisym_thm
FYVzyez <yAy<z=z=y
R_less_<_trans_thm
FVYrzyrzex<yNANy<z=2zx<z2z
R_<_less_trans_thm
FYrzyrzex <yANy<z=z<z
_refl_thm FVzez <z
_trans_thm
FVryzex <yAy<z=z<z
R_<_-_less_thm
FVryer <y y<cz
R_—_<_less_thm
FVrzye <y y<zo
R_less_.—_eq_-thm
FYrzyexr <y=-2x=y
R_less_dense_thm
FYzyezr <y= (Fzez<zAz<y)
R_complete_thm
FV A
e A={}AN(FbeVzerec A=z <)
= (s
o (Vzez e A=z <ys)

<
<
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ANNMbe(Vrzer e A= z<b)=s<b))
Sup_consistent
F Consistent
(A Sup’
oV A
e A={}AN(FbeVzerec A=z <bh)
= Vzezec A=z < Sup’ A)
A (Vb
o (Vrzezr e A=z <b) = Sup’ A <))
R_sup_thm FVAa
e A={} ANNVzez e A=z <a)
= (Vzex € A=z < Sup A)
ANV be(Vzerxec A=z <b) = Sup A<Db)
R_less_sup_thm
FV A
e A={}AN(JaeVzezxc A= 2z<a)
= Vzez < Sup A (Gyeye ANz <y))
R_less_sup_bc_thm
FVAx
e~ A={}
AN(FaeVzezrecAd=z<a)
AN(Fyeye ANz <y)
=1z < Sup A
R_<_sup_.thm +V A a
e A={}AN(JaeVzezxec A= 2z<a)
= Vz
o1 < Sup A
& Vye (Vzeze A= 2<y) =2z <y))
R_<_sup_bc_thm
FYAacz
—!
AN(JaeV zez e A=z < a)
ANNVyo (Vzeze A= 2<y) =z<y)
=1z < Sup A
R_e_<_sup_bc_thm
FYAzezc AN(FaeVzezrzec A=z<a)=1z<Sup A
R_C_sup_.thm +V A B
e A={}
AN(FaeV zer e A=z < a)
A B={)
A(TbeVyeyec B=y<b)
NACB
= Sup A < Sup B
R_sup_<_bc_thm
FVYAacz
e - A={}
AN(FaeVzezrecAd=z<a)
ANNVyoye A=y <ux)
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= Sup A <z
R_sup_less_bc_thm
FVYAzz
e A=)
AN(JaeVzezec A=z <a)
ANNVyoye A=y < x)
Nz <z
= Sup A < z
R_sup_eq_bc_thm
FVYAas
e A=)
ANNVzereA=z<s)

ANNVze Vyoyec A=y <uz)=s<uz)
= Sup A =s
R_eq_sup_bc_thm
FVYAas
o« A=)
ANNVzereAdA=z<s)
ANNVze(Vyeye A=y <z)=s<uzx)
= s=Sup A
R_less_sup_-€_thm
FVYAa
e " A={}ANNVzezeA=>z<a)N-SupAec A
=V

erx < Sup A= Fyex<yANy<Sup ANyE€EA)
+Rr_consistent
Or_consistent
1r_consistent
F Consistent
(A (+s O, 1)
e Vzyz
o +th (thzy) 2 =4k z (+h ¥ 2))
NVzyo+hzy=+%yaz)
A (Y ze +5 z 0 = )
AV zeTye +h zy=0%)
ANVzyzoey<z=+hzy<+hz2)
N 0% < 1%)
~R-consistent
F Consistent (A ~po ¥V ze z + ~p © = 0p)
R_plus_assoc_thm
FYzyze(z+y) +2z=2+y+z
R_plus_comm_thm
FVzyex +y=y+ =
R_plus_unit_thm
FVYzezxr+ Op ==z
R_plus_mono_thm
FYrzyzey<z=z+4+y<az+z
R_plus_assoc_thm1l
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FVYzyzez+y+2=(x+y) + =2
R_plus_mono_thm1
FVYzyzey<z=y+ax<z+z
R_plus_mono_thm2
FVYrzystezs<yAs<t=>zxz+s<y+t
R_plus_.O_thm FVzez + 0. =2A0.+2==2
R_0_1_thm FOr=0. N1r=1.
R_plus_order_thm
FYaxzyz
eytrz=1c+y
ANz4+y)+z=z+y+z2
ANy+zx+z=z2+y—+=z
R_plus_minus_thm
FVYzer +~x=0 AN~z +2=0.
R_eq_thm FYzyerx =y ax+~y=20.
NR_plus_homomorphism_thm
FY m neNR (m +n) =NRm+ NR n
R_minus_clauses
FYzy
o~ (~vz)==x
Nx +~axz=0.
AN~z 4+ 2 =0.
AN~v(z+y) =~z +~y
AN~ 0.=0.
R_minus_eq_thm
FYzye~ax =~y =y
NR_0_less_thm
FVY me 0. < NR (m + 1)
NR_one_one_thm
FVYVmneNRm=NRn<&m=mn
R_plus_clauses
FYzyz
ez +z=y+zEc=y)

Nz+z=y+zez=y)
Nrx+z=z+yez=y)
ANz+z=z+y<ez=y)
Nz+z=ze12=20)
ANz+z=zz=020.)
Nz=z+yey=20)
Nz=y+zey=20.)
Nz +0 ==z
NO.+z=1

AN—-1.=0.

AN=0.=1.

R_less_less_0_thm
FVYrzyerx <y ax+~y<0.
R_less_clauses
FYaxyz
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e (z+z<y+zez<y)
+z<y+zez<y)
+z2<z4+yer<y)
z+z<z4+yez<y)
(z+z2<ze<0.)
(z+z<ze&1<0)
(z<z4+ze0.<2)
ANz <z+ze0. <2)
ANz <z

ANO.< 1.

A= 1.<0.

A
A
A
A
A
A

R_less_0_less_thm
FVYrzyer <y 0.<y+~=x
R_<_clauses FVYzuyz
e(z+2<y+zex<y)
y+z& 1<
z+yes o<
z4+y<e<y)
)
)
)
)

—~
ISR
+
S

+ z
+z
+ z

N

—~~

ze x < 0.
ze o < 0.
+ < 0. <z
+ 2z 0. <z

S
VA VANVANRVANRPAN

—~ A~
8 8
+
8

=AM A A

> > > >SS > > >
|/\tNR&N

1 o8

0.
R < < O0.thm FVzyezr < ysz+~y<0.
R.<0.<_thm FVzyezr<y& 0. <y+~=z
NR_less_.thm FV mneNRm <NRn& m<n
R_less_strong_dense_thm

FYzyer <y=(FTde 0. <dANz+d<y)

NR_<_thm FYmneNRm <NRn&m<n
R_sup_plus_thm
FYAaz

e A={}ANMVzez e A=z <a)

= Sup A+ x=Sup {t|Faeac ANt <a+ z}

R_sup_plus_sup_thm

FYAaBb

e A=)
ANNVzere A=z <a)
A= B=1{}

AN(Vyoye B=y<h)
= Sup A + Sup B

= Sup {t}3abeac ANbEBANL<a-+ b}

R_delta_induction_thm

FYzp

o (3d
e (. <d
A (Te
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ed<eN(NVtez<tANt<z+e=pt))
ANVsoex<sAps=pI(s+d)))
= Vysz<y=py)
R_ord_pres_strict_thm
FVf
e Vzyorz<y=fuz<fuy)
= Vzyefar<fy=uz<y)
R_add_hom_0_thm
-V f
e(Vayef(z+y)=Fa+fy) = (Vaefo =0)
R_add_hom_minus_thm
FVf
e(Vzyef(z+y)=fz+fy)
= (Vaef (~a) =~ (f 2))
R_add_hom_extension_thm
FVf
e Vzye 0.<zANO.<y=fx+y)=Ffz+[y)
ANNVze 0 <z=f(~z)=n~(f2x)
= Vzyef(z+y)=fz+fy)
R_monoid_delta_dense_thm
FY G d
e (). € (@
AN(NVghege GANheEG=g+heq)
NdeG
A0 < d
= Vz
e ). <zr=(dgege GNANg<zANz<g-+d)
R_monoid_dense_thm
FY G
e (). € (G
AN(Vghege GANhe G= g+ he@)
ANVze O <z=(Fgege GANO.<gAg<u))
= Mzy
el. <z ANz <y= Tgege GANTz<gANg<y)
R_subgroup_dense_thm
FY G
e (). € (@
AN(Vghege GANhe G= g+ hel)
AN(VgegeG=n~geaQq)
AN(VzelO <xz=(FJgege GANO.<gAg<zx)
= Vzyer<y=(Tgege GANz<gAg<y))
R_semigroup_dense_thm
FY G
e Vghege GANhe G=g+ heQq)
ANVzel <z=(3gege GANO.<gAg<u))
= Mzy
el.<zAhNz<y=Tgege GANz<gANg<y))
R_add_hom_image_group_thm
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FYfI
e(Vzyef(z+y)=fz+fy)
NI ={bl3 aeb=Ffa}
= 0.l
ANNVghegel Nhel=g+ hel)
ANNVgoegel =>~gel)
R_add_hom_kernel_group_thm
FYfK
e(Vzyof(z+y=fz+fy AK={af a=0}
= 0.€ K
ANVghege KNhe K =g+ hekK)
AN(VgegeK=~gcK)
R_opah_thm FV f
e(Vryef(z+y)=fz+fuy)
ANNVze 0. <z=0.<fz)
= Vzyez<y=faz<fy)
R_opah_strict_thm
FVf
e(Vazyof(z+y)=fz+[y)
ANNVze 0. <z=10. <Ffuzx)
= NVzyefarx<fy=uz<y)
R_opah_one_one_thm
FVYf
e(Vzyef(z+y)=fz+fy)
ANNVze 0. <z=10. <Ffuzx)
= OneOne f
R_opah_dense_image_thm
FVfe
e(Vzyef(z+y)=fz+fy)
ANNVze 0 <z=10. <fuzx)
ANO.<e
= (dde 0. <dANfd<e)
R_opah_onto_thm
FVYf
e(Vzyef(z+y)=fz+fy)
ANNVze 0. <z=10. <Ffuzx)
= Onto f
R_opah_inverse_add_hom_thm
FYfyg
e(Vzyef(z+y)=fz+fy)
ANNVze 0. <z=10. <Ffuzx)
A (Y we g (f 2) = 1)
AV ze f(gz)=1)
= Voyeg(z+y =gu
ANNVze 0 <z=10 <grzx)
R_opah_inverse_thm
FVYf
e(Vzyef(z+y)=fz+fy)
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ANNVze 0 <z=0.<fzx)
=3y
o (Vazeg (fz)=u2)
A (Ve f(gz)=u2)
ANVzyoeg(z+y =gz+gy)
ANNVze 0. <z=10. <gu))
R_copah_id_thm

F3d.

o (Vzerz=n0)
ANVzyor(z+y) =tz +ry)
ANNVze 0. <z=0.<1x)
NS
e(Vzyeof(z+y =fz+fy)

S (Vae(f o) = (o))
R_copah_double_thm
F3da

o (Vzeavz =1z+ x)

ANVzyoa(z+y) =az+ay)

ANNVzel <z=10 <az)
ANNVze 0. <z=2z<aczr)

ANV f

e(Vazysf(z+y) =fz+[y)
= (Vazea(fz)=[(xa)
R_copah_halve_thm
F3g
o (Vzefu+ fux=ux)
ANVazyoeB(z+y)=B8z+py)

ANNVze 0. <z=0. <puz)
ANNVze 0 <z=pz<z)

AV f
e(Vazysf(z+y) =fz+/[y)
= (Vae B (fz)=f(B1))
R_copah_comp_thm
FVa g
eVzyoa(z+y) =az+ay)
ANNVze 0 <z=10 <arz)
AN f
e(Vzyeof(z+y =fz+fy)
= (Vzea (fz)=[(x2)))
ANVazyeB(z+y)=B8z+pBy)
ANNVze 0 <zxz= 0. <pfux)
ANV f
e(Vzysf(z+y)=fz+/[y)
= (Vze B (fz)=[ (B 1))
CR

ANNVze 0. <z=0.<vu)
ANNVzyoy(r+y =vz+7y)
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AV f
e (Vzyef(z+y)
?(on ( )

R_copah_sum_thm

FYapg
e Vzyoea(z+y)=azx+ ay)
ANNVze 0 <z=0 <az)
ANV
e(Vazyefa+y)=fz+fy)
= (Vze a(f ) = f (a 1))
ANVzyeB(z+y =Bz+pBy)
ANNVze 0 <z= 0. <pfux)
AN f
e(Vzysf(z+y =fz+fy)
= (Vaze 8 (f z)=f (B 1))

e Vzeyz=az+ 5 x)
ANNVze 0. <z=0.<vuz)
ANVzyey(z+y) =vz+7y)

A (Y f
e(Vazyo f(z+y)=fz+fuy)
= (Yoo v (f o) = f (v o))
R_halve_closed_dense_thm
FVAe
e ). <e
NeeAd

ANNVysoye A= (Fzez€ ANz+ 2=y))
= Vdeo. <d=(FJaeaec ANO.<aAa<d))
R_copah_dense_thm
FVYdaxy
e ). <dNO. <zxzANzT <y
= (37
e(Vzyey(@+y =vz+7Yy)
ANNVze 0 <z= 0. <vzx)
N (Y f

e(Vazye f(z+y)=fz+[y)
= (Voo (fz)=[(y2)
ANx <~d
ANy d<y)
R_opah_extension_thm1l
FVf
e(Vrzyoe 0. <z ANO.<y=f(z+y)=fz+7[y)
ANNVze 0. <z=10. <Ffuzx)
= (3¢
e ¢ 0. =0.
ANNVze 0. <z=¢z=Ffz)
ANNVzy
0 0.<azN0.<y=>¢(x+y =dz+0¢y)
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R_opah_extension_thm2
FVf
e f 0. =0.
ANNYzy
e (). <zNO.<y=fr+y) =fz+fy)
= 3
o (Vze 0. <z =vuz=fuz)
ANVzyet (v +y) =va+y)
R_opah_extension_thm
FVf
e(Vrzyoe 0. <z ANO.<y=f(x+y) =fz+7[y)
ANNVze 0. <z=10. <Ffuzx)
= (3¢
o (Vze 0. <z =¢uz=fuzx)
ANzyed(s+y) =03+0y)
ANNVze 0. <z=0.<0¢uzx))
R_opah_order_thm
FVYfgd
e(Vzysf(z+y)=fz+/[y)
ANNVzel0 <z= 0. <Ffux)
ANVzyeg(z+y =gz+gy)
ANNVze O <z=10 <gzx)
AO0.<d
ANfd<gd
= (Vze 0. <z =fz<gux)
R_opah_eq_thm
FYfgd
c(Vuyeflo+y)=fz+Ffy)
ANNVze 0. <z=10. <Ffuzx)
ANVzyeg(z+y =gz+gy)
ANNVze 0 <z=10 <gzx)
ANO0.<d
ANfd=gd
=f=y
R_opah_complete_thm
FVde
o). <dANO.<e
= 3f
e(Vayef(z+y)=faz+fy)
ANNVze 0. <z=0.<fuzx)
ANfd=ce)
xR _consistent
F Consistent
(O
e Vzyz
oy (Kpxy) z =, x (¥ y2)
A (Y ze sy z 1. = 1)
ANNVzyz
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e x (y+2) =+ y+ 1 2)
NNz yeshoy=+phya)
ANNVzye 0.<zAN0.<y= 0. <xpzy)
R_times_assoc_thm
FVYzyze(zxy)xz=2xx%yx*z
R_times_comm_thm
FYzyex xy=yxz
R_times_unit_thm
FVzerxl =z
R_0_less_0_less_times_thm
FYzye 0. <z NO0. <y=0.<2xx*xy
R_times_assoc_thml
FVYzyzersxyxz=(xxy)x*z
R_times_plus_distrib_thm
FYaxyz
exx(y+z)=zc*xy+c*z2
ANz +y) *xz=x%xz+y=*z
R_times_order_thm
FYzyz
oYX IT =1I %Yy
AN(z*xy)*xz=1z%x7y*z
NY*xT *2z2=21T%7Yx*xZ2
R_times_0_thm
FYzexx0.=0.N0.xz=20.
R_times_1_thm
FVYzexrxl.=zxAN1l.xx==
NR_times_homomorphism_thm
FVY m neNR (m xn) =NR mx*xNRn
R_times_minus_thm
FYzy
e~z xy=nr~(xxy)
ANz *xr~y=nr (z%y)
N~T ke~ y=2a%*Yy
/R-consistent
F Consistent
(A /r
e(Vyze-z=0=/p(yx2)2=y)
ANNMzyz
e z=0.=/hrxy z=zx/f{y2)
R_over_times_recip_thm
FVz2e=z2=0.= NVNarex/z=u1xx2z 1)
R_times_recip_thm
FVze—-2=0.=2z%z 1 =1.
R_eq_recip_thm
FVzeaz2=0.=Vyey=zcy*xz 1 =1)
R_times_cancel _thm
FVzyze—z=0.=(rxz=yxz<x=2y)
R_times_eq_0_thm
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FYrzyexxy=0 <x=0 Vy=20.
R_times_clauses

FVz

e l.xx=0 Nzx0. =0 NxxIl.=zAN1l.xzx==¢
R_times_mono_<_thm

FVzel. <z = VNVyzey<zor*xy<zxkz)
R_times_mono_thm

FVzyze . <z ANy<z=z*xy<zx=xz2
R_0_<_0_<_times_thm

FVYVzye 0. <z N0 <y=0.<zxy
_—_recip_0_thm

FYz2ea2=0 =-2"1=0.
R_recip_clauses

F(1. 71 =1.
ANV w
e w = 0.
w171 =uw
ANwsxw 1 =1.
Aw L xw=1.)
NNV wz
o ~w=0AN-2=0.
= (wx*z) tT=w"1x%xz"1)
R_cross_mult_eq_thm
FYwz

e ~w=0AN-2z=0.
> NVzyez /w=y/zE&cx2=wx*y)
R_less_.—_eq_-0_thm
FVze 0. <z=-2=0.
R_0_less_0_less_recip_thm
FVz2e0.<2z=0.<z 1!
R_cross_mult_less_thm
FYwz
e ). <wANO0. <z
= Vzyor /w<y/zerzxz<wxy)
R_over_cancel_eq_thm
FYwz
o~ w =0 N—-2z=20.
= Vze (zx2)/ (wx*2z)=1/w)
R_over_plus_over_thm
FYzyuw
e~ u=0 N—-v=0.
sz /u+ty/v=(*xv+yx*xu)/ (ux*xv)
R_O_over_.thm FVze-2z=0.=0./z=0.
R_over_.1_thm FVzez /1.=12
NR_plus_homomorphism_thm1
FY m ne NRm + NR n =NR (m + n)
NR_times_homomorphism_thm1l
FVY m ne NR m x NR n =NR (m * n)
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R_frac_cross_mult_eq_thm
FYmmnaij

R_frac_cancel_eq_thm
FVimn
e liv(n+ 1)/ (m+1)x(m+1)=i/(m~+1)
R_frac_.0O_.thm +FVY me 0/ (m + 1)=20
R_frac.N_thm +Viei /1 =NR;:
R_frac_plus_frac_thm

FYijkmn
ei/(m+1)+j/(n+1)
=@G*x(n+1)+j*x(m+ 1))
/ (m+ 1) (n+ 1))
R_frac_minus_frac_thm
FYijkmn
ejx(m+1)<ix(n+1)
S/ (m 1)+~ G/ (0t 1))
= (i (n+1)—j*(m+ 1)

/ (m+ 1) % (n+ 1))
R_frac_minus_frac_thml
FYijmmn
eix(n+1)<j=x
=i/ (m+1)+~G/(n+ 1)

R_over_times_over_thm
FYzyuw
e ~u=0 AN—-v=20.
sz /uxy/v=(xxy)/ (u=x0)
R_frac_times_frac_thm
FYijmmn
i/ (m+1)*j/(n+1)
= (i %5) / (m+ 1) % (n + 1))
R_over_recip_thm
FYuve-u=0AN=v=0=u/v) 1T=0v/u
R_frac_recip_thm
FVYmmne((m+1)/(n+1) 1t=mn+1)/(m+ 1)
R_minus_recip_thm
FVzenz=0 =~z 1=~ (271
R_over_eq_0_thm
FYuvemu=0AN-v=0 =-u/v=0.
R_over_over_over_thm
FYzyuw
e u=0 N—-v=0 N-y=0.
=z /u/(y/v)=(zxv)/ (uvx*y)

R_frac_less_frac_thm

Page 310 of 358



Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

DRA FRONT END FILTER PROJECT

Lemma 1 ProofPower Theory Listings

FVYijmmn
i/ (m+1)<yj/(n+1)
Sixn+1)<jx(m+1)

R_minus_frac_less_frac_thm
FYijmne~(i/(m+1)<j/(n+1)e0<i+]
R_frac_less_minus_frac_thm
FVYijmmne i/ (m+1)<~(/(n+1))
R_0_<_frac_thm
FVYime 0. <i/(m+1)
R_abs_frac_thm
FYimeAbs (i / (m+ 1)) =1/ (m+ 1)
R_abs_minus_thm
FV ze Abs (~ z) = Abs x
Maxpg _consistent
F Consistent
(A Mazx',
o (V zo Maz'y [z] = x)
ANNMzylL
e Maz'y (Cons x (Cons y L))
= (if x < Max'’, (Cons y L)
then Maz'p (Cons y L)

else x)))
Ming _consistent
F Consistent
(A Min'y,
o (V zo Min’y [z] = z)
ANNMzylL

e Min’, (Cons x (Cons y L))
= (if = > Miny (Cons y L)
then Min'y (Cons y L)
else x)))
R_max_cons_thm
FYaxlL
e Mazxp (Cons x L)
— (L=
then z
else if © < Maxp L
then Maxg L
else 1)
R_max_conv_thm
FYzylL
e Maxp (Cons x (Cons y L))
=(fz<y
then Maxpr (Cons y L)
else Maxgr (Cons z L))
R_min_cons_thm
FVYalL
e Minp (Cons z L)
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— L=
then x
else if Ming L < x
then Ming L
else 1)
R_min_conv_thm
FYzylL
e Ming (Cons x (Cons y L))
=(ifzr<y
then Ming (Cons x L)
else Ming (Cons y L))
“z_consistent
F Consistent
(A
eV m
QA'Zx(NZm):xA

ZR_consistent
F Consistent
(A $7ZR"”
e $”ZR"” (NZ 0) = 0.
ANSZR” (NZ 1) = 1.
AN(Vij
o $7ZR” (i + j) = $YZR"” i + $"ZR"” j))
ZR_plus_homomorphism_thm
FVijeZR (i +j) =ZR i+ ZRj
ZR_minus_thm - V je ZR (~ i) = ~ (ZR 1)
ZR_NZ_thm FV me ZR (NZ m) = NR m A ZR (~ (NZ m)) = ~ (NR m)
ZR_times_homomorphism_thm

FVijeZR (i xj) = ZR i % ZR j
57 THE THEORY N
57.1 Parents

pair
57.2 Children

list

Page 312 of 358



Lemma 1

DRA FRONT END FILTER PROJECT
ProofPower Theory Listings

Ref: DS/FMU/FEF /017
Issue: Revision:2.2
Date: 5 June 2016

57.3 Constants

Is_N_Rep
Zero
Suc
$+

$<

$>

$<

$>

$x
$Mod
$Div
$_

57.4 Types
Worth
57.5 Fixity

Left Infix 305:

Left Infix 315:

Right Infix 210:
Right Infix 300:

Right Infix 310:

IND — Bool

Worth

Worth — Worth

Worth — Worth — Worth
Worth — Worth — Bool
Worth — Worth — Bool
Worth — Worth — Bool
Worth — Worth — Bool
Worth — Worth — Worth
Worth — Worth — Worth
Worth — Worth — Worth
Worth — Worth — Worth

Div  Mod
< > < >
_|_

57.6 Definitions

Is_N_Rep
is_N_rep_def

N_def
Zero
Suc

F 3 zero suc
o (Is_N_Rep zero
A (V ne Is_N_Rep n = Is_N_Rep (suc n)))
A (V ne Is.N_Rep n = — suc n = zero)
A OneOne suc
AN op
o p zero A (Y me p m = p (suc m))
= (V ne Is:N_Rep n = p n))

F 3 fe TypeDefn Is_N_Rep f
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zero_suc_def F (V ne = Suc n = Zero)
A OneOne Suc
A (Y p
o p Zero N (Y me p m = p (Suc m)) = (V ne p n))

+
plus_def FVYmn
o)+ n=mn
Am+1)+n=(m+n)+1
A Suc m =m + 1
<
<_def FVmnem<mn< (Fiem+ i=n)
>
>_def FYmnem>n<n<m
<
less_def FVYmnem<nsm4+1<n
>
greater_def FVmnem>n&n<m
*k
times_def FYmneOsxn=0AN(m+1)xn=mxn-+n
Mod
mod_def FVYmn
e ) <n
= 0 Mod n =0
A (m + 1) Mod n
= (if m Mod n + 1 < n
then m Mod n + 1
else 0)
Div
div_def FYmn
e <mn
= 0 Divn=20
A (m + 1) Divn
= (if m Mod n + 1 < n
then m Div n
else m Div n+ 1)
minus_def FYmmne(m+n)—n=m

57.7 Theorems

induction_thm

FVYpepOAN(Nmepm=p(m-+1)) = (Vnepn)
—_plusl_thm +FVYne-n+1=20
one_one_plusl_thm

FVYal 220zl + 1 =22+ 1= 21 =22
prim_rec_thm +Vzse3d; fefO0=2ANNMnef(n+1)=s(fn)n)
plus_assoc_thm

FYimne(i+m)+n=i+m+n
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plus_assoc_thml
FYimnei+m+n=(i+m)+n
plus_comm_thm
FVmnem+4n=mn+m
plus_order_thm
FVimn
em+ 1 =1+ m
AN({i+m)+n=1i+m+n
Am+i+n=14¢+m-+n
plus_clauses FVYmmni
e(m+i=n+1i< m=n)
AN(i+m=n+1i< m=n)
(m+i=1i+n<sm=n)
AN(i+m=1+n< m=n)
ANlm+i=1ism=20)
AN(i+m=1iem=0)
ANi=1i+ns&n=0)
ANi=n+ien=20)
Am+i=0&m=0Ni=0)
ANO=m+ieom=0Ni=20)
m +

A ( 0=mA 0+ m=m)
A-1=10
AN-0=1

<_trans_thm FVminem<iAi<n=m<n

less_trans_thm
FVYminem<iAi<n=m<n
<_clauses FVYmmni
e(m+i<n+ism<n)

AN(i+m<n+ism<n)
Am+i<i+n<esm<n)
AN(i+m<i+nsm<n)
Alm+i<i&s&m=0)
ANi+m<ism=D0)
Am+i<0om=0Ai=0)

A(m <0< m=20)
<m+1
Am< i+ m
Am<m
A0 <m
AN—-1<0
less_clauses FVmmna1
e(m+i<n+is m<n)
AN(i+m<n+iem<n)
Alm+i<i+nem<n)
AN(i+m<i+nesm<n)
Alm<m+is0<i)
ANm<i+me 0 <i)
AN=m+1i<m
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m—+ 1 <1
m < 0
m < m
<m+ 1
<14+ m
A0 < 1
Y mem=
FY mnem
FVY m ne
FY m ne

> > > > >
J

S O

N_cases_thm
<_cases_thm
<_plusl_thm
plusl_<_thm
—_plusl_<_thm

FVm
less_cases_thm

FVm
—_less_plusl_thm

FVYm
less_plusl_thm

FVYm
plusl_less_thm

FVm
<_antisym_thm

FVm
less_irrefl_thm

FVYm
cov_induction_thm

FVYpe(Vne(Ymem<mn=pm)=pn)= (Vnepn)
less_well_order_thm

—

Jiem=1i+1)
Vvn<m
+ 1 m
<né&m

n+1Vm<n
nN—-m=mn

+ ININ =
~ 3 3L

m
m

I <n&en<m

ne

ne Vm=nVn<m

ne-m<mn-+1&n<m

nem<mn-4+I1l&m=nVm<n

nem-—+I1l<n&Sm<nA--m+1=n

nem<nAn<mem=n

ne - (m<nAn<m)

FVpe(Jiepi)e (TImepmA((Niepi=—i<m))
—_less_thm FYmne - m<n&sn<m
—_<_thm FVYmne—-—m<n&sn<m

<_well_order_thm
FVpe (Fiepi)es (ImepmA (Viepi=m<i))
<_least_upper_bound_thm
FVop
e (Jiepi) AN (IneVjepj=7j<n)
& (@mepmA(Yjepj=j<m)
minimum_—-_thm
FVYopb
ep OAN—-pb
= (dme (Vnen<m=pn)A-p(m-+ 1))
times_comm_thm
FVYmmnems*xn=mnxm
times_assoc_thm
FYimmne (ixm)xn=1ixmsxn
times_plus_distrib_thm
FYimn
e(i+m)sn=1i*xn+msx*n
ANix(m4+n)=ixm-4+ix*xn
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times_clauses
FVYmem+«x0=0AN0xm=0Amx1=mANI1xm=m
mod_less_thm VY m ne 0 < n = m Mod n <mn
div.mod_thm FVmne 0 <n=m=m Divnxn+ m Modn
div_mod_unique_thm
FYmndr
er<n=m=dxn—+r=d=mDwvnAr=m Modn
minus_clauses
FVYmn
em —m =0
Am—0=m
AN(m+n)—n=m
AN(m+mn)—m=n

58 THE THEORY 7z

58.1 Parents

sets
58.2 Children
dyadic

58.3 Constants

Is_Z_Rep (N x N) SET — BOOL
NZ N — Z

$~7, 7 — 7

$+z 7 =7 — 7
$—z 7 — 7 — 7

$*Z 7 — 7 — 7
$<z 7Z — 7Z — BOOL
$<z 7 — 7. — BOOL
$>7 7 — 7 — BOOL
$>7 7 — 7. — BOOL
$Absz 7. — 7

$Mody 7 — 7 — T
$Divy 7 — 7 — 7
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58.4 Aliases

+ $4+2:7Z -7 — 7
- $—2:Z2Z -7 — 7
~ $NZ 17— 7
* $x7 :Z -7 — 7
< $<7 :Z - Z — BOOL
< $<z:72Z — Z — BOOL
> $>,:7Z — 7Z — BOOL
> $>7 :7Z - Z — BOOL
Abs $Absy 7 — 7
Div $Divy; : 2 -7 — 7
Mod $Mody : 7 — 7 — 7
58.5 Types
Z
58.6 Fixity
Left Infix 305:

-7
Left Infix 315:

Din Modz

Right Infix 210:
<z >7 <z >7
Right Infix 300:

+z
Right Infix 310:
*Z
Prefix 350: Absy ~g

58.7 Definitions

Is_Z_Rep FV ae Is.Z_Rep a < (3 m ne a = {(z, y)lm + y =n + z})
Z
Z_def F d fe TypeDefn Is_Z_Rep f
+z
~Z
NZ F ConstSpec

()‘ (+/Za NlZa $”NZ/”)

e Vijk

o+ (+y ij) k=+5i(+, ] k)
N+yig=471
A +y i (~hy i) = $"NZ” 0
A+ i (°NZ7 0) = 1)

ANV mmn
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o +1, ($"NZ” m) (§'NZ” n)
= $’NZ"” (m + n))
A OneOne $"NZ'”
A (Vi
e Ime i =3NZ” mVi=~) (NZ” m)))
($+, ~, NZ)
—y FVijedi—j=i4n~j
*7 F ConstSpec
O+,
oVijk
ox, i (J+k)=x,i7+ %+, ik
Ny i (NZ 1) =1)

$x
<z FVijei<j< (Imei+ NZm=j)
<z FVYijei<jei+NZI1I<
>z FVijei>j & j<i
>z FVijei>j& <1
Absy, FVie Abs i = (if NZ 0 < i then i else ~ 1)
Divy
Mody F ConstSpec
(A (Div',, Mod",)
eV g
e -7 =NZ2J0

=i =Divy i jxj+ Mody, ij
ANZ 0 < Mod'y i j
A Mod', i j < Abs j)
($Div, $Mod)

58.8 Theorems

is_Z_rep_consistent_thm
3 ae Is_Z_Rep a
+7 _consistent
~yz_consistent
NZ_consistent
F Consistent
(A (+y. ~, §'NZ)
e (Vijk
o« £y (Hyid) k= 4y i (k)
N4y ij=+4+571
N+, i (~y, i) =8$"NZ” 0
A+, i (3'NZ™ 0) = i)
AN(KYmmn
o +, (3"NZ"” m) ($"NZ" n)
= $’NZ"” (m + n))
A OneOne $"NZ"”
A (Vi
e 3me i =8$'NZ” mVi=~ (NZ"” m)))
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Z_plus_comm_thm

FVYijei+j =341
Z._plus_assoc_thm

FYijke (i+j)+hk=i+j+k
Z_plus_assoc_thml

FYijkei+j+k=(G+yj)+k
Z_plus_order_thm

FVYijk
oj+ti=1i+]
Ni+j)+k=i+j+k
ANj+i+k=i+j+k

Z_cases_thm VYV ie 3 mei=NZmVi=n~ (NZm)
Z_plusO_.thm +FViei+NZO=iANZO+1i=1
Z_plus_minus_thm
FVYiei+~i=NZOAN~i+i=NZ2JO
Z_eq_thm FVijei=j<i+~75=NZJ0
NZ_plus_homomorphism_thm
FVYmneNZ (m+ n) =NZm + NZn
Z_minus_clauses
FYij
o~ (~i)=1
ANi+~i=NZJ?O
AN~i+i=NZJ0
AN~ (i4j)=m~i+~]
AN~ (NZ 0)=NZ 0
Z_cases_thml FVie3mei=NZmVi=~ (NZ(m+ 1))
Z_induction_thm
FVop
p (NZ 1)
A(Viepi=p(~1i))
ANNVijepinpj=p(i+}j))
= (V ie p 1)
NZ_one_one_thm
FVYmneNZm=NZn<s m=n
7Z._plus_clauses
FYijk
e (i+k=j+ksi=yjy)
k+i=j+kei=j)
(i+k=k+jei=jy)
(k+z:k+j<:>z_j)
(i+k=k<i=NZDO0)
(k+i=k< i=NZDO0)
(k—k’+]<:>]—NZO)
Nk=j+k<j=NZ0)
ANt +NZO =1
ANZ 0+ i =1
AN-NZ1=NzZ?0
AN-NZ 0 =NZ 1
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7Z.< < 0.thm FVijei<j&i+~j<NZO
Z,_minus_<_thm

FVYije~ni<~j o<1
Z_<_minus_thm

FVYijei<jo~j<~jg
Z_<_clauses FYijk

e (i+k<j+kei<y)

ANk +i<j+kei<y)
ANi+Ek<k+jei<j)
ANk+i<k+jei<y)
AN+ k<k<si<NZDO)
ANk +i<k<i<NZO)
/\(k<k+j<:>NZO<j)

AN(k<j+ ke NZO <)

ANt <1
AN-NZ1<NZO
ANNZ 0 <NZ 1
NZ_<_thm FYmneNZm<NZn<&m<n
*7_consistent
F Consistent
(O«
eV gk
ox, i (j+k)y=x,i7+«, ik
Ny i (NZ 1) =1)
NZ_times_homomorphism_thm
FY mneNZ (mxn)=NZmxNZn
Z_times_minus_thm
FVYij
o~ inj = (ix])
ANikn~j=nr~ (ix*])
Nk~ ] =19%]
Z._times_comm_thm
FYijeixj=3 xi
Z._times_assoc_thm
FVijke (i*xj)xk=1dixjx*k
Divy_consistent
Modz_consistent
F Consistent
(A (Div',, Mod",)
eV iy
[ ] —\j = NZ 0
=i =Divy ijxj+ Mody, ij
ANNZ 0 < ModZ 17
A Mod', i j < Abs j)
NZ_plus_homomorphism_thm1
FVY m ne NZ m + NZ n = NZ (m + n)
Z_N_induction_thm
FVop
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ep (NZO)NNVieNZO<iANpi=p(i+NZ1I1))
= (VmeNZ 0 < m = pm)
Z_N_plus_thm FVijeNZ 0 < iANZO<j=NZO<i+]}
Z_N_plusl_thm
FVYieNZ0O<i=NZ0<i+NZI
Z_minus_thm +Vij
o~ (~i)=1
ANt +~1=NZ20
AN~i4+1=NZJ0
AN~(i+j)=m~i+n~]
A~ (NZ 0) =NZ 0
7Z_N_cases_thm
FVYi
e NZ 0 <1
=i=NZ0Vv (3jeNZO<jNi=j+NZLI)
Z_N_—_minus_thm
FYieNZO0O<i=i=NZ0V-NZO<~1
Z_—_N_thm FVYie-NZO<i=NZ0O<~1
Z._plus_eq_thm
FVYijkei+j=kesi=k+~j
Z_N_—-_plusl_thm
FVieNZO<i=-9i1+NZ1=NZJ0
Z_times_assoc_thml
FVYijkeixjxk={(ix*xj)*k
Z_times_order_thm
FVYijk
®j X1 =15%)
AN(@E*j)xk=1ixjx*xk
Njxixk=14x%x7xk
NZ_times_homomorphism_thm1l
FVY m neNZ m * NZ n =NZ (m x n)
Z_timesl_thm +FVie i *xNZ 1 =¢ANZI1x1i=14
Z_times_plus_distrib_thm
FYijk
eix(J+k)=ixj+ixk
ANi+j)*xk=ixk+jxk
Z_timesO_thm VYV ie NZ 0 xi=NZO0OANi*xNZO0=NZ2J0
Z_eq_thm1l FVYijei=j<~i+35=NZJ0
Z_times_eq_0_thm
FVYijeixj=NZ0<i1=NZ0Vj;=NZJO
Z._times_clauses
FVij
e NZ 0 i =NZ 0
ANixNZ 0 =NzZ20
Ni*xNZ1=1i
ANZ 1 xi=14
Z_N_times_thm
FVYijeNZO<iANZO<j=NZO<ixj
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7Z_<_trans_thm
FVYijhkei <jAN)j<k=1<k
7Z_<_cases_thm
FVijei<jVvj<i
Z_<_refl_thm FViei </
7Z_.< < 0_thmlkVijei<joNZO<j+~i
Z_<_antisym_thm
FVijei<jAnj<i=i=]
Z_less_trans_thm
FYijhkei <jANj<k=1i<k
Z_less_irrefl_thm
FVije-(i<jANj<i)
7Z._less_cases_thm
FVYijei<jVi=jVyj<i
NZ_less_.thm FV mneNZ m < NZn<< m<n
Z_less_less_0_thm
FVijei<j&e i+ ~j7<NZO
Z_less_less_0_thml
FVYijei<jeoNLZO<j+ ~1
Z_minus_less_thm
FYijer~i<~j o j<i
Z_—_less_thm FVije-i<j&sj<iq
Z_—_<_thm FVYije-i<j&ej<i
7Z._<_less_eq_thm
FVYijei<jei<jVi=]j
Z_less_<_trans_thm
FYijhkei<jNj<k=1<k
7_<_less_trans_thm
FYijhkei<jAnj<k=i<k
Z_minus_N_<_thm
FVYimei+ ~ (NZm)<i
Z_<_plus_N_thm
FVYimei<i+NZm
Z_€_N_thm FVieNZ0O<i< (3mei=NZm)
7Z._less_clauses
FYijk
e (i+k<j+kei<y)
k+i<j+kei<y)
(i+k<k+jei<y)
k+i<k+jei<y)
(i+k<k<i<NZO)
(k+i<k<i<NZO)
(i<k+ieNZO<Ek)
ANi<i+ k< NZO<E)
A=<
ANZ 0 < NZ 1
AN-NZ1<NZO
Z_N_abs_thm F V me Abs (NZ m) = NZ m A Abs (~ (NZ m)) = NZ m
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Z_abs_thm FVYieNZO<i= Absi=1i N Abs (~ 1) =i
Z_abs_N_thm +FV ieNZ 0 < Abs i
Z_abs_eq_0_thm
FV ie Abs i
Z_abs_minus_thm
FV ie Abs (~ i) = Abs i
Z_N_abs_minus_thm
FVYij
e NZ O0O<iANNZO<jNj<i= Abs (i +~j)<i
Z_abs_times_thm
FV ije Abs (i * j) = Abs i * Abs j
Z._abs_plus_thm
FVigje Abs (i + j) < Abs i + Abs j
Z_div_mod_unique_lemmal
FYijeNZO<SiANNZO<jANixj<j=1i=NZJ
Z_div_mod_unique_lemma2
FYjdr
e - j=NZ20
=d*xj]+r=NZOANNZO<rANr < Absj
=d=NZ0ANr=NZ2J0
Z_div_mod_unique_lemma3
FYijdrDR
e -7 =NZ2J0
=Dxj+R=dxj+r
ANZ 0 <r
ANr <R
AN R < Abs j
=D=dANR=r
Z_div_mod_unique_thm
FYijdr
e~ j=NZ20
= (=d*xj+rANZO<rANr<Absj
< d=1iDivjANr=1iMod j)

NZ 0 < i =NZ 0

7Z_<_induction_thm
FYJp
epjANNMiej<iApi=p(i+NZI))
= (Viej <i= pi)
Z._cov_induction_thm
FYJp
e (Viej<iNNVMkej<kANk<i=pk)=pi)
= Viej <i= pi
Z_fun_d_thm +FVYf gz
e (Vaeg (fz)=a)AN(Vyef(gy)=y)
:>(31h
e h (NZ 0) =2z
AN(Vieh (i +NZ1)=Ff(hi)
AN (Vieh (i —NZ1)=g (h1)))
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59 INDEX
KK L e T0 R e 294
KK o Tl — R 295
E 3 20 B8 R 296
3 20 Tl = 317
3 20 T 318
K D e e B3 — 319
KD e e e e Tl — 295
K D e e e e e T = e 313
K et e e e e B3 — 314
K G e e e e e e e T — 318
K G e e e e e e e e e 4O 274
T B3 275
O I I 71 /N ........................................ 294
K e 0 295
2 B3 N 297
S P Tl Jpoconsistent .......... ..., 308
L3 T 77 /R ........................................ 294
Ll S S 63 /R ........................................ 295
K G e e e e e e e e e e Y 296
3 P 07 295
K e e e e 63 Op-_consistent ...........ccuiiiinnnan.. 300
K e e e e e e e TL 0R e 294
T 77 OR ........................................ 296
KR_CONSISTENT .. oot 307 ITR_consistent ..........cuuuuiiiiiiinnan. 300
KR e e e e e e e e 204 I R et 294
KR e e e e e e e e 200 I R e 296
- P 200 << ittt 268
*7_COMSISTENT ... .o R 268
K e 317 < g_consistent ............ .. 297
3728 318 R i 294
K e e e e e 810 R i 295
K e e e e e 60 <z 317
K e e 0 < g i 318
K e e e e e 20D g e 319
K e e e Bl8 295
K e e e e e Bld < 313
K e e e e e e 18 314
FR_CONSISTENT « oo 300 < i 318
R e 204 = 263
R e e e 20D > R 294
R e 206 > R 295
+z_consistent ... ... 319 > R 296
R 72 31T > 317
B 72O Bl > g 318
o 28 > g e 319
o e 20D > 295
A 318 > 313
AP 314 > 314
B S 318 > 318
s e e e e 272 Q. 253
e e e e 278 Qe 258
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@ 259 And ... 63
ADSCRAT .o oot 10 And ... 73
absState_consistent ........ .. . o oo 40 ANSWER. ... . i 118
absState_consistent ........ ... .. o ... 116 Anbisymmetric. . ... i, 255
absState,_consistent .. ... .. o oL 117 Antisym ..o 267
absState, ... 113 Anbisym .. .ov oo 268
absState; . ... 115 append_assoc_thm ........... .. ... ... ..... 290
absState . ... 28 append_cancel_thm........... .. . .. ... ..... 290
absState . ... 29 append_def ... 260
abs_char_rep_char_def ........ ... ... .. .. ... ... 10 append_empty_thm...... ... .. .. ... ... ..... 290
ADSR oo oo 204 Append . ... 258
ADSR oot 296 Append . ... 260
ADSZ oo 317 applyAnd ... 63
ADSz oo 318 applyAnd ... 74
AbSz oo 319 applyEqual ... ... .. ... 63
ADS o 295 applyEqual ....... .. . 76
ADS o 318 applyNot . ... ... 63
accessDenied ....... ... .. . . i i 16 applyNot . ... ... . 73
accessDenied . ....... ... . . . 21 applyOr ... 63
Actilemma .. ..o 190 applyOr ... 75
ACty oo 131 applyPlus . ... oo 63
ACty oo 135 applyPlus . ... 75
AllTuples_lemmal ...............ccciuin... 222 apply ..o 63
AllTuples_lemma2 ....... ... ... .. 228 apply . ..o 76
AllTuples_OK c_lemma . ..................... 228  Arhitrary ... 264
AllTuples_OK g_lemma ...................... 228  Architecture_Secure ......... ... . 215
AllTuples . ... 194  Architecture_Secure ............. ... ... ... .. 216
AllTuples ..o 203 at2. .. 136
All_binop . ... 6D Gt ... 143
all_binop ... . 84 Gt . o 136
all_columns ....... ... .. . . . 66  ald ... 143
all_columns . ... ... .. . .. .. . 83 Gl4 o 136
all_data_columns peal -« oo vv e 156 @t . oo 143
all_data_columnsipgear « oo oo ee e 177 at_at_eq_thm........ .. .. .. ... 254
all_false ... .. 67 At_consistent.......... ..., 254
all_false ... .. 91 at_thml ... ... . 285
all_tuples ... ... 65 at_thm ... ... 252
all_tuples . ... 84 At o 253
ambiguousColumn ...... ... .. .. .. .. .. ... ... 16 auzapply ...... .o 66
ambiguousColumn . ....... ... ... ... ... ... .. 21 auxapply . ... 86
ambiguousEvaluate . . ... ... .. .. ... 16 BEHAVIOURS ..... ... i 14
ambiguousEvaluate .. ....... ... ... .. . ... 21 behauiours . ... ... 35
ambiguousHaving . ...... ... .. ... ... .. .. . ... 16 behaviours ..........o i 36
ambiguousHaving . ....... ... ... ... 21 Behauiours ............u.iiiiii 235
ambiguousName ...... .. .. .. .. . .. 153 Behauiours .. ...........iiiiiiii i 238
ambiguousName .. ... 160 BinOpAnd_OK . lemma ..................... 214
ambiguousUpdate . ..... ... ... ... ... . ... 16 BinOpAnd_OK g _ lemma ..................... 212
ambiguousUpdate . ...... ... .. ... ... . ... ... ... 21 BinOpAnd ........ ... i 192
AM 35 BinOpAnd .......... ... 196
andBools ....... ... .. .. 66 BinOpOr_OK . lemma ...................... 214
andBools ....... .. . .. 86 BinOpOr_OK g lemma ...................... 212
andb ... 66 BinOpOT ... .o 192
andb ... 71 BinOpOr ... 196
andb ... 87 BinOp_OK . lemma.............. ... ... 214
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BinOp_OK g lemma......... ..., 213 CC_uniform ...... .. .. ..., 24
binop_type ... . . 156 CO_unique. . ....ooovin i 18
binop_type ... . . 177 CO_unique. . ....ooov i 24
DINOD « oo v 65 Chains .........oiiie i 255
DINOD .« oo 84 changeSpec. ... ... .. .. 28
BinOp ... 192 changeSpec .. ... .. .. .. 31
BinOp ... oo 196 charsType .. ... 67
bin_rel_ext_clauses........... ..., 8 charsType . ... ... 88
bin_rel_insert_thm ...... ... ... ... ... . . .. .. .. 9 Chars .o 19
bin_rel_&_universe_thm ....................... 8 char_def ... ... ... . 10
booleanTlype . ........ .o 67 CHAR. ... ..o 10
booleanType .. ... ... .o i 88 Char ... ..o 10
boolean . ....... .. ... ... 19 Char ... 20
Boolltem_OneOne_lemma ................... 209 checkComplete . ........ .. ... 64
Boolltem ....... .. ... 192 checkComplete . ....... ... ... .. 81
Boolltem ....... .. .. . . 195 checkFieldClasses . ............ i, 66
BoolVal...... .. .. 17 checkFieldClasses . ......... ... .. 88
BoolVal...... .. . . 22 checkGroup ......... ... 66
bool_cases_axiom ............ ..., 256 checkGroup ........ .. ... 87
Bool ... .. . 20 checkIntegrity . ......... ... 66
Bool ... ... 263 checkIntegrity .......... ... i 88
BoundedObs . ........ .. ... . . .. . . ... 232 CheckList . ... 192
BoundedObs . ........ .. . .. . . .. 233 CheckList . ......ouii i 197
BoundInfo ......... .. .. . . . . . . 142 checkNulls . ... .. .. . . i 67
CaseC . ... 193 checkNulls ... 90
CaseC .. ..o 197 CheckTest . .. ..o 192
CaseValue ....... ... . . .. 193 CheckTest . .. ... 197
CaseValue ....... . . . i .. 198  checkType . . ..o 67
CaseValValue ....... ... .. ... .. .. ...... 192 checkType . ... ..o 90
CaseValValue ......... . ... .. ... ... ... 197  checkUniform ...... ... ... 66
CaseVal_lemma ........ .. .. ... ... 211  checkUniform ....... ... .. .. i i 88
CaseVal_OK ._lemma ....................... 214 checkUniqueness . .........couueiiinnenen... 66
CaseVal_OK g_lemma ........... ... .. .... 213 checkUniqueness . ..., 87
CaseVal ...... ... i, 193  check_boolean ........ ... .. .. .. . .. o ... 156
CaseVal ...... .. . i, 197  check_boolean ........ ... .. .. .. . .. ... 177
Case_OK . lemma .............ccccvuviuin.. 214 check_enum ...... ... .. .. .. .. 154
Case_OK g_lemma ......... ... ... ... ........ 213 check_enum ...... ... . .. ... ... 160
COSE . o oottt e 136 check_fized . ...... ... .. . 154
CASE .. 137 check_fized . ....... .. 160
CASE .. 143 check_floating . ....... .. ... .. . .. . ... 154
CASE . o e o et et e e e 143 check_floating ........ ... ... ... .. . .. 160
Case ..o 193  check_interval ........ ... .. .. .. 154
CaSe . oot 198  check_interval ........ .. . .. . L. 160
CC_classLimited . .. ...... .. ... i, 18 check_time ...... .. .. . . 154
CC_classLimited . ........ ... o i, 24 check_time ...... .. . . 160
CO_eXiSt « oot e 18  check_type_conversion ....................... 156
CO_eTist « oo e 24 check_type_conversion .......... ... ... ...... 177
CO_primary ........c.. i .. 18 check_where_completel ............ ... .. ... ... 67
CO_Primary ........c.ouiiiiniiininnn.. 24 check_where_completel ......... .. .. .. .. .... 91
CC_referential ....... ... . ... 18 check_where_complete ........... .. . .. ... ... 64
CC_referential ....... .. .. . .. 24 check_where_complete .......... .. .. .. . ... 81
CCO_Secondary .. ....oouuuie . 18 Choose_consistent.............c.ovuiinin .. 280
CCO_secondary .......... oo, 24 ChooSe ........uoiiiii i 280
CO_uniform ... ... 18 cisinder ... 139
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CLoINAET « oo 149  cleanRow_lemma ......... ... .. .. .. .. .. .. .. 41
cilwb oo 139  cleanRow_updateRow_lemmal ................. 59
ctlwb oo 149 cleanRow_updateRow_lemma . ................. 54
ci-null_allowed ........... . .. ... .. .. ... 139 cleanRow . ......co i 28
ci_null_allowed .. ....... ... ... ... ... ..., 149  cleanRow . ..... ... 30
CO_UNGIOTII « oot 139 cleanTable_deleteRows_lemma . ................ 58
CL_UNEOTII . oo 149  cleanTable_insertQuery_lemma ................ 44
CL_UNAQUE o o v v e e et 139 cleanTable_insertRows_lemma ................. 56
CL_UNAQUE o o v v vttt e 149  cleanTable_lemma. .. ... .. ... .. .. ... .. .... 41
classChange . ... .. .. i 16 cleanTable_updateQuery_lemma ............... 48
classChange . ....... ... . i 21 cleanTable_updateRows_lemma ................ 60
Classification-OK ._lemma . .................. 214 cleanTable . ... ... .. . 28
Classification- OK g_lemma . .................. 211 cleanTable . ... ... .. .. 30
classification ....... ... . . .. . 64 clearance ....... . 65
classification ... 84 clearance .......... . .. 84
Classification . ....... ... .. 193  client_clearance .. ..... .. ... ... . . ... 153
Classification . ..... ... .. . .. 200 client_clearance.......... .. .. .. . . ... 160
Classified_value . ........ ... ... i, 69 CodeVal ...... .. 17
Classified_value . ......... ... .. ... 71 CodeVal ...... ... i 22
Classified_value . ........ ... ... ... ... 102 Code ..o 19
classify_default . ... ... .. . . . . 65 ColConS ..... ..o 18
classify_default ... ... .. .. . . .. 84 ColConS ..... ... o 25
classify ... 65 ColCom ...... ..o 19
ClasSify « oo 84 ColCon ... 24
ClassItem .. ..., 193 colDefaults_lemma ......... ... .. .. ... ... 61
ClassItem .. ..., 199  colDefaults . ... 29
ClassName . ..., 124 colDefaults . ...... ... oo 31
ClassName . . ... 125 ColNeeds ....... ... 124
classType . ... 67 CoINeeds .......c.ouuiiiiniii .. 126
classType .. ..o 89 colposns ... . 66
ClassUpdate .. ... .. 17 colposns ... 86
ClassUpdate .. ... .. 23 colsINGTouUp . .. ..o 66
ClassVal .. ... 17 colsInGroup . ... 86
ClassVal ... 22 COlSPECS .. oo 66
class_bottom ... .. 113 colspecs ... 87
class_bottom ...... ... .. .. . 114 ColSpecy .. ... ooo i 131
class_column ... ... ... 156 ColSpecy .. ...voon 133
class_column ...... ... .. . o i 177 ColSpec. ... ... 19
class_of _item .. ... . 121 ColSpec .. ..o oo 23
class_of _item ... 122 ColType .. .cov 142
Class ..o ov e 14 ColumnSpecification ............ ... .. ...... 142
class ... 19  column_data_test ....... ... ... ... .. ... ..... 156
cleanColCons_fun_thm ....................... 42 column_data_test ....... .. ... .. .. . . ... 178
cleanColCons_lemma . .......... ... ... .. ... A1 col_exp ..o 156
cleanColCons . ... 28 col_€xp ..o 178
cleanColCons . ... 29 Col-mame....... ... 67
cleanDirectory_lemma ....... ... ... ... .. ... 42 Col_mname. . ... ... 70
cleanDirectory .. ... 28 Col_mame..... .. .. i 90
cleanDirectory .. ... . 30 Col_spec ... ..o 66
cleanDir_fun_thm . ...... ... ... ... ... ... 42 Col_SPEC . oot 70
cleanRows_errors_or_vals_lemma .............. AT COl_SPEC .o oo 84
cleanRows_size_lemma . ........... .. .. ... ... 46 col_target ....... .. .. ... 156
cleanRows ... 28 col_target ........ ... 179
cleanRows .. ... 30 Col ..o 71
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combine_def ....... .. .. 260 Contents..........ueuiiniiniiii, 199
Combine ...... ... i, 258 contextual_data ............ ... .. . .. . ... 153
Combine ...... ... i, 260 contextual_data ............ .. .. . .. .. .. .. 160
Combl ... 11 convert_tableSpecification_backup ............. 157
CombK ... 11 convert_tableSpecification_backup ............. 179
CombS ... 11 convertcoispec -« v ovvveeeia i 156
comb_i_def ... ... .. 11 convertcoispec-vvvovvve e 177
comb_k_def ...... .. .. .. 11 convertssqitype - oo e oo 156
comb_s_def ...... .. .. 11 convertssqitype -« oo oo oo 179
comma_def . ... D o O 157
CommonValue_OK ._lemma .. ................ 215 COMVETEsordtype « -« v v vvvvrnnneeeeeenn. 180
CommonValue_OK g_lemma ................. 213 convertygpieSpecifeation « e 157
CommonValue . ........... ... ... ... 194 convertiapieSpecifcation ««vvvererneeriinaais 179
CommonValue . ......... ... ... ... ... ........ 202 cONVETtyghlespec v v 156
comparability_thm ...... ... .. .. ... ... ..... 255 COMVETLtgblespec -« oo v vrevmmnnnneeeinn. 179
complement_clauses ..............cciin... 278 COMVETEpype oo e e 157
complement_def ...... .. ... .. .. . . .. 277 CcONVETEyype «vvee e 180
Complete ........ i, 267  CONVETE ..o vt 69
Complete ... i 269 CONVETE ..o oot 107
COMPOSILE . oo vttt 242 Correct_Compile_OkSTP .. .................. 216
COMPOSILE . oo v et e 244 Correct_Compile_OkSTP .. .................. 217
ComputeAnd_lemma ........................ 211 Correct_Compile_STP _secure _ E .............. 216
ComputeAnd ........ ... .. . i, 192 Correct- Compile.STP_secure-E .............. 217
ComputeAnd ........ ... .. . .. 196  Correct_Compile .. ............ oo, 131
ComputeOr_lemma ............ ..., 212 Correct_Compile . ......c.ccviiiiiinnn.. 136
ComputeOr . ..., 192 correlate_from ... .. .. . i 65
ComputeOr . ..., 196  correlate_from ... ... .. . i 84
ConditionE .. ...... .. .. . .. . . . . . ... 131 CountAll_OK . lemma ...................... 214
ConditionE . ....... ... . . .. .. . .. . . . . . ... . 135 CountAll_OKg_lemma ...................... 211
cond_def ... .. 264 CountAll ... 193
COnd_thm . ... 265  CountAll ... .. . . . . 199
Cond . ..o 264 CountDistinct_OK ._lemma .................. 215
conjunctl _fun_lemma ...... .. ... . . ... 50 CountDistinct_OK g_lemma .................. 213
congunctl _lemmal ........ .. . . .. 51  CountDistinct ....... ... .. 193
congunctl _lemma2 ...... . .. .. . . .. 51  CountDistinct ....... ... 198
CONJUNCEL oo e 55  CountNonNull_OK ._lemma .................. 215
CONJUNCED .o oo 61 CountNonNull_OK 4_lemma.................. 213
COMJUNCES ..o 48 CountNonNull...... ... .. ... .. .. ... ... 193
CONJUNCEY o v o e e e e e e e 44 CountNonNull . ... ... .. .. .. . i .. 198
CONSEANE_VAIUC Jgta -« v v oo e e 157 count_all ....... .. . . . . . . . 65
CONSLANE_VAIUC G gt v v oo veee e e ee e e e 187 count_all ..... .. ... . . . . . ... 84
constant_valuetype . oo 156 cov_induction_thm ........ ... ... ... ... ...... 316
constant_valtuetype i 179 CS_consGroup ..........c.uuuiiiiiiinnnn. 17
ConstraintInfo. ... ... .. .. .. ... ... .. ... 142 CS_consGroup ......... .. ... 23
ConstraintInfo....... ... ... ... ... ...... 149 CS_default ....... ... i 17
COMS . v v e e e e e e e e e e e e e e e e 66 CS_default ........ ... . 23
COMUS . o e o ettt e e e e e e e 87 CS_dinaryType ... 17
CONS o oot 258  CS_dinaryType ........couiiiiiii 23
CONS o vt 260 CS_ide ..o 17
Contents_OK ._lemma....................... 214 CS_ide ... 23
Contents_OK g_lemma ...................... 211 CS_max ... 17
CONTENES © oot e e 65 CS_Mmax ........co 23
CONTENES .« ot e e 84 CS_mim ...t 17
Contents . . ..o e 193 OS_min ... 23
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CS_nullType ..., 17 Dat_item ....... . 17
CS_nullType .. ..o 23 Dat_item ....... ... . 23
CS_POSTL o oo 17 DBMS_TYPE ... .. i, 118
CS_POSTL v et 23 DCOS_max ... .o 130
CS_sterlingType . ... .. 17 DCS_mazx ... 132
CS_sterlingType ..., 23 DOS_min ... 130
CUTTENE_LEIME o oot 65 DOS_Min ... 132
CUTTENE_LEME oot e 84 DCS_name ... 130
curry_def ... 273 DCOS_name ... 132
CUTTY « o 272 default_directory ........ .. .. .. 153
CUTTY oot 273 default_directory . ....... .. ... . .. 160
cuts_complete_thm ............. ... .. ..... 269 DeleteEffect .. ... 19
cuts_strict_linear_order_thm ................. 269 DeleteEffect .. ....oooi 26
cuts_strict_partial_order_thm ................ 269 deleteQuery_lemma ....... ... . ... ... ... ... 53
cuts_trich_thm ... ... .. .. ... . . .. ... 269  deleteQuery ... 29
cuts_unbounded _above_thm .................. 270 deleteQuery ... 32
cuts_unbounded_below_thm................... 270 deleteRows_lemma . ...... ... .. . .. 53
CUES oo 267 Delete ... 20
CULS oo 269 delete ... 66
CoQNOMg « v v et et e e e et e e e e 138 delete ... ... 83
CoOMOMg + v e e et e et e e et e e e et 147 DenoteConstant_OK ._lemma ................ 214
CoOMOME L+ o et et e et e e e e e e et 139  DenoteConstant_OK 4_lemma ................ 211
CoQMOTUE G« v et e e e e e et e et e e 148 DenoteConstant .......... ... ... .cc.ccuon.. 192
CoQNOME gy « v e e e et e e et e e e e 140 DenoteConstant ..............c.cccuiiienon... 195
CoQNOMtgy « v et e et e e e e e e e 150 denote_class...........c.uiiiiiiiinnann.. 64
CoOMOME + v et et e et e e e et et et 138 denote_class. ........c.co i 84
CoOMOMYE « v et e et e et e e e et e e e e e 147 denote_code . ...... ... ... 64
ceanyType ... 137 denote_code ....... ... .. .. . i 84
c_anyType . ..o 145 denote_col_name ....... ... .. .. .. . .. . ... 65
c_booleanType .. ... ... .. .. .. . ... ... 137 denote_col_-mname ......... .. .. .. . .. . ... 84
c_booleanType ... ... ... 145 denote_col_spec......... ... i 65
cclassType . ... 137 denote_col_spec......... ... ... ... 84
cclassType . ... 145 denote_false ....... .. ... . i i 64
cocodeType . ..o 137 denote_false ....... .. ... . . .. .. 84
c_codeType . ..o 145 denote_float ...... ... .. 64
coconstant_mull . ... ... .. . L o i, 140 denote_float ...... ... 84
coconstant_null . ... ..o o o 149 denote_integer .. ...... ... .. i 64
comonoleanType .. ..... ... ... .. . ... 137 denote_integer ........ ... ... ... i, 84
c-monoleanType .. ... .. .. . .. . ... 145 denote_interval ....... .. .. . . oo .. 64
CoMOMCE v v et et et e e e e e e e 138 denote_interval ........ ... . ... ... .. ... ..., 84
CoMOMCE « vt et e e et e e e e e e e 147 denote_name . ......... .. .. 156
conullType ..o oo 138 denote_mame ........ ... .. . oo, 178
conullType ..o oo 145 denote_null ... .. ... .. 64
dataList ........ . 66 denote_mull ... ... 84
dataList ........ . 87 demote_string........ ... i, 64
DataS ... .o 17 denote_String.............ouuiieninennnan.. 84
DataS ... ..o 23 denote_table_spec ... ... 65
DataUpdate . ...... ... .00 ... 17 denote_table_spec . ......... ... ... . ... .. ... ... 84
DataUpdate ....... ... ... 23 denote_time ....... ... ... 64
data_components .......... ... ... 40 demote_time ... . 84
Data ... 19 denote_true ........ .. .. ... i 64
Data ... ..o 23 denote_true .......... .. 84
Dat_class ... 17 denote_void ...... ... . 64
Dat_class ... 23 denote_void ...... .. 84
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AENOteclassemp « oo v 157 destUpdate_consistent ............ ..., 43
AENOLC classemp « v v v v 180 destUpdate ........couuinn i 19
Denseln ....... . i i 267 destUpdate .......... .. .. . i 27
Denseln .........c i 268 destValuedltem ............. ... ... ... ........ 62
dense_complete_subset_thm .................. 270 destValuedltem ........... ... ... .. 71
dense_superset _thm .......... .. ... ........ 270 destVal_consistent ........ ... ... .. .. .. ... .. 43
dense_universe_thm .......... ... ..., 270 destVal_consistent .......... ... . ... 191
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DerTableRow . ... 132 dest_absolute .......... .. ... .. ... 137
DerTableSpec .. ... i 132 dest_absolute ......... .. . .. .. . .. ... 144
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destData . .......... ... 17 dest_constant............ ... .. ... 138
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destDelete ...........c i 19 dest_default ........ ... ... .. . .. 144
destDelete ......... ... i 27 dest_enumType . ... .. 137
destError_consistent ......... ... .. ... 43 dest_enumType ... ..o 145
destError_consistent . ......... ... ... oo, 191 dest_fixedType .. ... 137
AeStErTor oo 19 dest_fixedType .. ... 145
AeStEITOT o 26 dest_intervalType . ...... ... . 137
destFloatVal . ...... .. .. . . . i .. 62 dest_intervalType ....... .. ... . ... .. 145
destFloatVal ... ... ... . .. . . ... 71 dest_local_identifier ........ ... ... ... ...... 140
destInsert_consistent ............ .. .. .. ... ... 43  dest_local_identifier ..... ... ... ... . ... 149
destInsert .. ... 19 dest_nameg .......... . 138
destInsert .. ... 27 deSt_Mames ..o v 147
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destSelect ........ . 19 dest_specific.......... i 139
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dest_upb . ... 138 dominates ........ ... .. 15
dest_upb . ... 147  doms_null_lemmal ......... .. .. .. .. .. .... 45
dest_variable ........ .. .. . .. . i .. 140 doms_null_lemma?2 ......... .. .. . ... .. .... 46
dest_variable . ... ... . 150 dom_id_ran_id_thm .............. ... ........ 257
DinaryName ... .. . .. .. . ... 124 dom_list_rel_thm ........ .. ... .. .. ...... 257
DinaryName . ... i 125 dom_null_thm ....... ... .. ... .. .. ...... 285
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Dir_exist . ... 18 downGrade........... ... . ... 16
Dir_exist . ... 26 downGrade......... ... .. 21
Dir_tables ...... ... .. . . 18 DownSets ... 267
Dir_tables ...... .. .. . . .. 26 DownSets ... 269
DistinctTuples . .. ..o 194 downset_cut_thm .......... ... . . ..., 270
DistinctTuples ... ... 203 DownSet......... i 267
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AISEINCE oo 64 DTR_row-o_HideDerTableRow_lemma .. ... ... 209
Aistinet .. ... 79 DTR.-row ............. ... ... 130
DiSHNCE oo 274 DTR_row ... 132
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div_def ..o 314 DTR where .............. ... 132
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div_mod_unique_thm .. ...................... 317 DTS _colSpecs ... i 132
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DiVZ oot 319 DTS_name ... 132
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Dit o 314 DT_rows ... 133
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dominates_w ... . 63 dummyVal ....... ... ... ool 29
domanates_w ... 71 DYADIC ........ ... il 12
dominates_w ............. ... 73 dy-arch_thm ....... .. ... .. . oo 13
dominates .............. ... 14 dy-balance_thml ............ .. .. ... ... ... 13
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dy_balance_thm2 ....... ... . ... .. .. .. .. ... 13 EM _SecureE_Lemmal ...................... 191
dy_exp_clauses ....... .. . .. . i i 13 EM_SecureE_Lemma2 ...................... 191
AY_€TP oo v 11 EM_SecureE_Lemma8 ...................... 191
AY_€TP oot 12 EM _SecureE_thm........... ... ... .. ..... 191
dy_left_dense_thm ......... .. ... .. ... ..... 13 EM_SecureE ...... .. .. . . 216
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dy_less_dense_thm ........... .. ... . .. ... 13 EMyg oo 131
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dy_less_trans_thm ......... .. ... ... . ... .. 12 EM .o 133
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AY_0Me oot 12 enter_scope .......... .. .. .. . . ... 156
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dy_times_mono_<_thm ...................... 13 enterigentifier - oo ovvvnoeemnne i 172
dy_times_order_thm........... .. ... ... ... ... 12 enterparameter «vovvvriee i 155
dy_times_unit_clauses ........ ..., 13 enterparameter «oovvveerii 174
dy_times_unit_thm ....... ... ... ... ... .. ... 13 eNterigble « v ov e 156
AY_TIMES . o oo 11 enterigple «oovevemne e 175
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Effect ... . 20 enumerate_thm ....... .. ... .. .. . .. 257
elems_append_thm ........... ... .. .. .. .... 290 enumerate_U_thm .......... ... .. ... .... 258
elems_combine_elems_thm ................... 240 Enumerate ............. i 274
elems_combine_map_thml ................... 240 Enumerate ........... ...t 275
elems_combine_map_thm .................... 240 ERUM oo oo 142
elems_combine_swap_thm .................... 240 ENU .o 70
elems_combine_thm ......................... 240 Enu ..o 72
elems_map_thm ....... ... . . . .. 252 Equal ........ ... 63
elems_map_thm ....... ... . . . . . . . ... 291 Equal ...... .. 73
elems_set_comp_thm ........................ 258  FEquivalence ............. . ... 232
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Empty . ..o 277  FEzceptionValue . ... .. ... ... ... ... .. .. 137
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ExceptionVal ... .. . ... . . . 17 fillTab .. ..o 80
ExceptionVal ........ ... . . . . . 22 fill_cols ... 121
Exception ...... .. . .. . 137 fill_cols ... 122
Exception ... . .. .. 144 fill_row ... oooo i 121
ExistsTuples_.OK ._lemma . ................... 215 fill_row ..o 122
ExistsTuples_. OK g_lemma ................... 213 fill_table . ... 121
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ExpType .. ... 142 FilterObj ... ..o 238
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ETITACEy rameter - e 174 filter_cols ...... ... . . . . 123
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factor2 ..o 949 find ... &
factor2 ... . 943 FinitaryRecType ..............oooiiiiiiin 289
factord ... 949 finite_distinct_elems_thm .................... 249
factord ... 943 finite_function_thm ......................... 252
FactoredMachine . ........................... 943 finite_induction_thm ........................ 249
FactoredMachine . . .............. ... .. ..... 244 ﬁmite,max,thm """"""""""""""" 252
Factorisation . ...... ... ... . . . . .. 243 finite_sizethm ... 252
factors ... .. 949 finite_-C_well_founded_thm ................... 250
FACLOTS + v oo e e o4q4 Finite ... 248
factor_level ........... ... .. ... . .. ..., 949 Jin-dom_thm ... 283
factor_level ... .. ... . . .. i . 943 fin-enumerate_az ... 282
factor_out ........ .. ... 949 fin-id_thm ... 283
factor_out ...... ... .. 944 fin-tnv_rel_thm ... 284
Factor ... ... . 243 finlemmal oo 47
false o 69 fin-lemmaZ ... 48
fef05’6,mam,lemma ......................... 231 ﬁn,lzist,rel,thm ............................. 286
FE_SWORD_SYSTEM _secure . ... ... .. 915 fin-list_rel_ D>_thm ............. ... ... ..., 286
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FE_SWORD_SYSTEM ..\ 915 fin-rec_type_induction_thm .................. 291
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finset_thm2 ... ... . . 251 fodef ..o 262
fin_set_thmS ... ... .. .. 251 F_exponent ............iiiiiiii i 16
fin_set_thmg ... .. 251 F_exponent ............iiiiiiii i 20
fin_set_thmd ... .. . 283 F_mantissa ........... ... 16
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fincgthm .. oo 283 124
fincD>_thm oo 284 126
Fized. ... . . 142 fo 124
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Flat ... o 274 g o 128
Flat ... 275 F 262
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Fsto 273 greater_def ....... .. ... 314
Functional . ... ... . . . 6 GroupA_cols_lemmal ....................... 225
Functional . ... ... . . . .. 7 GroupA_cols_lemma2 ....................... 225
fun_destError_thm ........ .. ... .. .. ... .... 47 GroupA_lemma ......... .. 225
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GroupB ... .. 218 identical _obj_refl_thm ....................... 241
GroupedResult .. ..... .. .. .. i .. 70 ddentical_obj_rft_thm........... ... ... ...... 241
GroupedResult .. ..... .. .. .. i .. 72 ddentical_obj_sym_thm ......... ... ... .. ... 241
Group_lemmal ...... ... .. .. .. 223 identical_obj_trans_thm ..................... 241
Group_lemma2 ...... ... .. .. . 223 identity_witness_label_secure_thm ............. 247
Group_OK . lemma ......................... 227 identity_witness_thm ....... ... ... ... ... . ... 247
Group_OK g_lemma ......................... 227  ddentity_-witness . .......... ... 242
GToup « oot 194 identity_witness ... i 246
GTouUD « oo 202 Ide...... ... 16
G_group . ... ve i 62 Ide.......i i 20
G_group . ... u i T2 dd_cName........ .. i 141
G_TES oot 62 dd_cName....... ... 152
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HasSupremum . ........ i 267 dd_identName .......... ... 141
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HideDerTableRow . .......... .. .. .. ... .... 135 image_single_thm ......... ... .. .. .. .. ..... 287
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HideDerTable ........... ... ... .. 135 Image . ... 6
hideR_hide_lemma .. ........ ... .. .. ...... 40 Image . ..o 7
hideR_lemma .. ... ... .. ... 42 Independent .......... .. .. ... . 232
hideR ... .o 28 IndexedEquiv ......... ... ... 232
hideR ... .. 30 induced_order_antisym_thm ............ ... ... 271
hide_eq_lemma ......... .. ... . . ... 44 induced_order_complete_thm ................. 271
hide . .o 28 induced_order_dense_thm .................... 271
hide . ..o 30 induced_order_irrefl_thm ............. ... ... 271
Hide ... ... 35 induced_order_trans_thm ............ .. ... ... 271
H o 218 induced_order_trich_thm..................... 271
H oo 219 induced_order_unbounded_above_thm .......... 271
IdeL. ... .o 19 induced_order_unbounded_below_thm .......... 272
IdeL. ... .o 26 induced_strict_linear_order_thm .............. 271
IdentDetail .. ....... .. .. 142 induced _strict_partial_order_thm ............. 271
IdentDetail . . ... .. . i 152 induction_thm ........ .. . ... . . .. . ... .. 314
identicalObjs . ... 235 IND . ... 263
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identicalObj . ... . 235 Influenced ......... ... . ... . . i, 233
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Injective ... T InvRel..... .. . 6
IngLists .. ... 274 dinv_rel_singleton_thm ......... .. ... ... .... 284
INGLists . ..o 275 dnv_rel_thm ... . 8
InL .. 280 dnv_rel_U_thm ........ ... .. . .0 284
InL . 281 dnv_rel_€_arrow_thm........................ 254
INMETMOST . . oo 154 dnv_rel_g_null_thm ......... ... .. .. ...... 285
TMNETINOSE . o oot 162 in_new_scope....... ... .. .. i 156
mRange ... .. 66 IN_MEW_SCOPe. ... ... .. 176
mRange ... 88 In 274
InR .. 280 I o 275
InR ... 281 Irrefl oo 267
InsertEffect . ... .. 19 Trrefl ..o 268
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InternalExpClass ........... o, 142 isFloatVal. ... ... .. . .. . i 62
NEETNAl_VAIUC cgss e v v o vve e 158 isFloatVal...... ... . .. . . . . . .. 72
INEETNAL_VAIUC ggs - - v o v v e e e e 188 dsImsert ....... ... . 19
intervalType ... ..o 67 dsInsert...... ... ... 27
intervalType . ... ... 88 isIntervalVal ........ .. .. ... . .. .. .. . ... 62
IntervalVal . ... . .. . . .. . .. .. 17 asIntervalVal ... ... .o 72
IntervalVal .. ... 22 asIntVal ... . . 62
Interval....... .. .. 19 dsIntVal ....... ... . . . 72
nterval .. ... 19 asltem ... oo 17
EPlus ... o 63 dsltem ... .. 23
mtPlus ... . Tl ISLiStRep . .....c.ooinii i, 258
INEPlus .« 75 ISListRep . ......oue i 259
IntVal ...... .. . G L 280
IntVal ... 22 IsL. .o 281
Int oo 19 isNotCleared ............uuiiiiiinnnnnn... 64
Int .o 20 disNotCleared ............c.c.ciiiiiiiiennon.. 81
imUpdates_lemma . .......... . ... ... .... 59 asNullltem ......... . i 62
TIVETT © oo ettt e e e e e 136 isNullltem ........ .. i 71
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rel_combine_U_thm ......... .. ... ... .. ... 284 revealRow .. ...... ... 28
rel_ext_clauses ......... .. .. .. .. .. . ... 284 revealRow .. ....... ... 31
rel_ext_thm ... ... 257 rev_def ... 260
rel_list_null_thm........ ... ... ... ... .. ... 288 rev_list_induction_thm .......... ... ... .... 257
rel_list_@P_axl ... ... 282 rev_Tev_thm .. ... ... 257
rel_list_®_ar2 ... 283 rev AN 257
rel_thm .. ... 285 REU o v 258
rel_€_in_clauses ....... ... .. .. . .. .. T Rev ..o 260
RemoveDuplicates. . ........... .. .. .. .. ... 194 rightNull. ... ..o 67
RemoveDuplicates . .......... .. ... .. 203 rightNull. ... o 90
TEMOVE_CONSTants . ........ ... .. ... ... 157 rightType ..o 67
TEMOVE_CONSLANES .. oo it 185 rightType ... .o 89
remove_nulls ...... .. .. 157  RiskInpuls ........ ... 131
remove_nulls ...... ... . 186  RiskInputs ... 135
RepChar . .. oo oo 10 rowClassTooLow . .............cc.cuiiiiiinin.. 16
replaceData_fun_thm ......................... 42 rowClassTooLow . ........ ... .. ... ... 21
replaceData_lemma . ...... .. ... .. ... .... 40 rowFExistColCon . ...... ... ... i, 124
replaceData_updateField_lemma ............... 54  rowFEzistColCon ........ ... ..ccoiiiiii.. 126
replaceData_updateField_lemma ............... 58 rowExistCol ....... ... .. . .. . 124
replaceData ....... ... 28 rowExistCol ....... ... ... .. .. 126
replaceData . ........ ... .. . . . . 29 RowExistName ......... .. ..., 124
replaceRows .. ... ... 28 RowEzistName ......... ... .. i, 125
replaceRows . ...... .. . . 31 RowS ... 18
reprState . ... 124 RowS .o 25
TeprState ... 130 row_components ........ .. ... ... i .. 40
Repr_colCom . ... 124 ROW ..o 20
Repr_colCon ... o 125 ROW .. oo 25
TEPT_COl oo 156 R_data ........ ... 18
TEPT_COl o i 177 R_data ....... .. .. . 25
TePr_AatQ .. oo oot 124 R_exist ..o v vt 18
rePr_data .. ... 125 R_exist oo 25
TEPT AT o e ot e e e 124 R_group ... 18
TEPT AT ottt 130 R_group ........o. o 24
TEPT_TOW . v v e vttt e e e et e 124 R_0-R .o 5
TEPT_TOW . o v e ittt e e e et e 129 R_0_R .. o 6
repr_table . ... . 124 R_table . ... ..o 18
repr_table ... ... 129 R_table ... ... 24
repState_consistent .. ...... ... ... .. . . 40 R_g R .. 5
repState_consistent . ......... ... i, 116 Rog-R oo 6
repState;_consistent . ... ..o i 116 sameFilterInputs .. ... .. ... .. 235
TePStater ... 113 sameFilterInputs .. ...... .. .. .. . .. . .. ... 238
TepStates ..o 115 SameLabVal ....... ... .. .. .. .. ... ... ..... 232
repState . ... 28 SameLabVal....... ... .. .. ... ... ... ... .. ... 233
repState . ... 29 sameOutputs ... 235
reqClearance .......... ... ... ... 235 sameQulputs .. ... 237
reqClearance ........... ... ciiuiiiiein.. 236 sameRequests.......... . 235
TeqSSql . . 235 sameRequests...... ... . 237
TeqSSql . .o 236 sameRequest ........ ... 235
Req ..o 236 sameRequest ...... ... ... 237
resultBool ...... . .. . .. . 64 same_at_c_below_level _equiv_thm ............. 247
resultBool . ..... .. .. . .. .. . . 81 same_at_c_below_level _purge_above_level _thm1 . 247
resultClass . ... 64 same_at_c_below_level _purge_above_level _thm2 . 247
resultClass . ... 82 same_at_c_below_level_purge_above_level _thm .. 247
RESULT ... e 142 same_at_c_below_level ... .................. .. 242
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same_at_c_below_level . ...................... 244 SeleCt _liStpake « o v v 188
same_ins_anti_mono_thm.................... 234 Select_listy........... . 68
same_ins_equiv_thm ......... ... ... ... .. 234 Select_listy ... 101
same_ins_same_outs_indexed_equiv_thm ....... 234 select_listiype «ovooooeo 158
L 1 X 14 select_listiype oo 189
SAME_TTS v v et e e et e et et e 15 Select_list .. ..... ... . . . . . . . . . 69
same_lab_val_anti_mono_thm ................ 234 Select_list .. ... 71
same_lab_val_equiv_thm ............ .. .. ... 234 Select_list.......coooii i 101
same_outputs_equiv_thm ..................... 241 select_wvalues .........c i 66
same_outputs_indexed_equiv_thm ............. 241  select_values .........c.o i 83
same_outs_anti_mono_thm .................. 234 SeleCt_VAIUC 1 gss + v+ v v v e 159
same_outs_equiv_thm ........... .. ... ... 234 Select _ValUe jgss « v v v vv e 188
SAME_OULS « o oo e e 14 select_valuegara « oo vve e 159
SAME_OULS .« o oot 15 select_value gaia oo ee e 188
same_requests_equiv_thm .................... 241  select_valu€info - o ooviiii 158
same_requests_filter_obj_thm ................. 241 select_valu€info -« ooovvii 188
same_requests_indexed_equiv_thm ............. 241 select _Value pyghe - o oo v 159
same_to_level ........ .. . . . . ... . ... .. ... 242 select _ValUe gl o o v v 188
same_to_level ......... . ... . .. .. .. . .. ..., 243  select_valueiype oo ovviii 158
SAME « v oot e et e e e 67 select_valueiype oo 189
SAME © o oo e et e 91  Select . ... .. 20
schroeder_bernstein_thm1 .................... 255 select ... 66
schroeder_bernstein_thm ..................... 285 SeleCt .o 83
SCOPE . oo 142 seqBErr . ... 66
SCOPE . o oot 152 seqBErr . ... 88
sc_col_class ... 138 Seq .o 63
sc_col_class ... AT Seq ..o oo 79
SC_COl_€TIST ..o 138 SetComp. ... 276
SCoCOl_€TIST ..o 147 SetComp. ..o 277
SCoMAME v ot e e e e e e e 138  SetFuncAllAnd_OK ._lemma ................. 215
SCoMAME v o e e e e e et e e 147  SetFuncAllAnd_OK g_lemma ................. 213
se_type_field ... .. 138 SetFuncAllAnd ...... ... . ... o i 193
se_type_field ... 147 SetFuncAlAnd ....... .. .. ... .. ... ... ...... 198
secureHideR_lemma . ......................... 42  SetFuncAllOr_OK ._lemma .................. 215
secureHideR . . ... .. . . .. . . .. 39 SetFuncAllOr_OK g . lemma .................. 213
secureHide_lemma ......... ... ... ... ... ...... 42 SetFuncAllOr ...... ... . . . . ... 193
secureHide .. ... .. .. . . ... ... ... ... 36 SetFuncAllOr ......... . .. . . . . . .. 198
secureltf ... 36  SetFuncAll_OK . lemma ..................... 214
secureltf ... .. 37 SetFuncAll_.OK gy lemma..................... 213
secureSSQL ... 113 SetFuncAll ... 193
secureStf .. 36 SetFuncAll...... ... .. . . . i 198
secureStf ... 37 SetFuncDistinct_OK ._lemma . ............... 215
secureUpdate . ........c i 36 SetFuncDistinct_OK g_lemma ................ 213
SECUTC v v et et e e e 14 SetFuncDistinct ... ... 193
SECUTE « v v v e e e e e e e e 15 SetFuncDistinct ..........c.c.ccuiiiniiena... 198
SelectEffect ........ .. . . . . . 19 sets_clauses ...........c. i 277
SelectEffect ....... .. . . . 26 sets_ext_clauses .......... .. ... .. 279
SElECt _liSt e gss v o v oo e 159  set_bottomg .. ... 113
SELECE_lTST ¢l ass + v v v vvve e et 188  set_bottomg . ..o oo vvv i 114
SEleCt _liSt gata « v oo e e 159 set_bottomy ..o oo 113
SEleCt ISt gata « v v oo e e 188  set_bottomy ..o oo 114
select_listinfo oo 158 set_class_and_value .......................... 65
select _listinfo oo 188 set_class_and_value . ...... ... ... ... ... ........ 84
SElECt LTSty ale « v v ve e 159  set_class ..o oo 65

Page 346 of 358



DRA FRONT END FILTER PROJECT

Ref- DS/FMU/FEF /017

Lemma 1 . Issue: Revision : 2.2

ProofPower Theory Listings Date: 5 June 2016
SEL_Class ..o 84 snd_def ... 273
Set_clause ......... .. . i 69 Snd ... 272
Set_clause ........... . i TO Snd oo 273
Set_clause . ........ .. . 102 spectal_machine ....... ... . ... . . . ... 242
set_comp_def .. ... 277  special_machine ......... ... .. .. ... .. ... 244
set_def ..o 277 splice .. ..o 136
set_dif _clauses ........ .. .. . i 278 splice . ... 143
set_dif _def ... .. 277 split3 .. o 136
set_dif U_thm ... ... .. . 286 Split3 ... . 143
set_func_all .. .. ... . 65 SPlitd . oo 136
set_func_all .. ... .. 84 splith . oo 143
Set_func_type . ... 156 splith ... 137
set_func_type . ... 177 splith ..o 143
Sset_thml ... ... 283 split_def .. ... . 260
set_value ... . 65 split_thm ... .. 210
set_value ... . 84 Split ... 258
SET 276 Split ..o 260
SET 277  squash_doms_lemma .......... .. .. .. .. ..... 46
simplest_witness_label_secure_thm ............ 247 squash_id_fin_thm .......... ... ... ... .. .... 283
SIMPlest_wWitness . ... 242 squash_id_thm....... ... ... ... .. . . . ... 257
simplest_witness . ....... ... . 245 squash_null_thml1 .......... ... .. ... .. ....... 284
simple_witness_thm ..... ... .. ... ... ... ... 247  squash_null_thm ........... ... .. ... ... .... 284
SIMPUfY gnds « oo e 157  squash_single_thm ....... ... .. .. .. .. ..... 283
STMPUSY s « o v oo et 186  squash_thm ........ .. .. .. .. .. . ... 257
SEMPUSY ors o v e e e 157 squash_U_thm ...... .. .. ... .. . .. .. ..... 284
SIMPUifY s o v 186 squash_"_thm ......... ... . ... ... ... ... 287
singleton_U_finite_thm ...................... 249 Squash ... 274
SingleValue_-OK c_lemma .................... 215 Squash ... ... 275
SingleValue- OK g-lemma ................. ... 213 SSQLam ... 35
SingleValue ............. ... ... o 193 SsqlCol ... o 141
SingleValue ............... ... ... o 199 SsqlCol ... 147
size-0-thm................ ... i 250 SsqlName ............ ... 142
stize 1 _thm. ... ... 2500 SSQLIf ... 36
size_empty-thm ........... . ... ... ..o 250 SSQLtf ... 37
size_list_rel_eq thm . ........................ 288 stard ... 64
size_list_rel_thm ............... ... ... .. ... 280 starl ... 71
size_list_rel "B thm. . ... 286 Starl ... 82
size_singleton_thm .......................... 250 star2 .. 64
size_singleton_thim . ......................... D51 star® .o 71
size_singleton_U_thm ........................ 250 star® .. 82
size_squash_id_dom_thm..................... 286 stand .. 64
size_squash_plus! thm ...................... 88 Stard oo 71
size_squash_thm . ... ..o 286 stard . 83
sizecthml ... i 251 starstarl......... . 64
sizethm2 ... il 251 starstarl......... .. 71
size_thms ... oo 251 starstarl.......... ... 83
size_thmg ... ool 251 starstar2.......... .. 64
size-thmb ... ool 251 starstar2....... ... 71
size_thmb ...l 251 starstar2....... ... 83
sizecthm7 ...l 251 StateDirs ............... i 131
size-U_thm. ... 250 StateDirs ............... i 133
size-"one-thm ... ... 288 StateR. ... ... 20
Size .o 248 StateS ... ... 19
Size ..ol 249 StateS .. ... .. 26
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StateTables ......... .. .. .. 131 sum_clauses . ... 281
StateTables ...........c.c. i 133 sum_def ... 281
state_type_def . ... . 26 sum_fns_thm ........ ... i 282
SEALCLS oot 113 sum_local_thm.......... ... . .. ... ... ... ..... 292
StALCLS « ot 114 Sup_consistent ......... ... ... 299
stater_type_def ... .. 115 Sup oo 294
Statey ..o 113 Sup oo 296
State . ..o 20 SUTJECtive .. ... 6
SterlingName . . ... i 124 Surjective . ... 7
SterlingName . . ... i, 125 SwordType . ... 142
sterling_columns . ....... ... .. . . 158 SWORD _construction ....................... 235
sterling_columns . ...... ... .. . . 187 SWORD_construction ....................... 238
Sterling .. ... 17 SWORD_ml_secure ............ccccouueioo.. 235
SEETTIMG « o v ot e 21 SWORD_ml_secure . .......coouuiuuienenn... 237
7 35 symbolTable ..... ... ... .. .. . ... 141
STP_secure_E..... ... .. .. .. 131 symbolTable . ..... ... .. .. . . 152
STP_secure_F....... .. . . .. 136 Symmetric ... 5
STP_TYPE .. ..ot 118 Symmetric .. ..o 7
STP o 159  s_identifiers . ... ... 141
STP o 189  s_identifiers . ... 152
StrictLinearOrder . .......... .o i, 267 s k_thm ... 11
StrictLinearOrder .. ... ... i 268 s_tables.......... .. 141
StrictPartialOrder ...... ... .. .. .. ... ... 267 s_tables.......... . 152
StrictPartialOrder ........ ... ... ... ... .. 268 tabEwists_cleanTable_lemmal ................. 61
StringVal ... 17  tabExists_cleanTable_lemma . .................. 48
StringVal ... . 22 tabExists_lemmal ..... .. .. ... .. ... 61
STRING . ... 10 tabFExists_lemma ....... ... ... . .. 44
SEPING oo 20 tabExists. . ... 28
ST_STACK . ... i 142 tabExists. . ... 31
ST_STACK . ... 152  tabFromEffect_consistent ..................... 43
stostack ... 153 tabFromEffect ... ... .. .. . . . . .. 19
SE_Stack ... 160 tabFromEffect ... ... .. ... . .. . ... 27
SubsetClosed ........ ... i 280 TableComputationsSecure_thm................ 231
SUbSYS_SecureA ... ... 117 TableComputationsSecure .. .................. 216
SUbSYS_SeCUTeA .. ... 119  TableComputationsSecure .. .................. 217
Subsys_SecureA .. ... .. ... 216  TableComputations_consistent ................ 208
subsys_secureB .. ... ... . 118  TableComputations .. ....... ... .. 195
Subsys_secureB .. ... ... 119  TableComputations.......... ... ... 204
Subsys_SecureB ....... ... .. . 216 TableContents-OK ._lemma .................. 228
subsys_secureC . ... . 118  TableContents_.OK g_lemma .................. 228
subsys_secureC' ....... .. .. 119  TableContents . ....... ... 194
Subsys_SecureC' . ..... ... .. .. . ... . 216  TableContents .. ... . 202
subsys_secureD ........ . o 118  TableDetail ....... ... .. i 142
subsys_secureD . ... . . o 120  TableDetail ........ .. ... i 151
Subsys_SecureD ....... ... ... .. i 216 Tablelnfo ...........coo i 141
subsys_securelE .. ... 118 TableInfo ......... oo, 148
subsys_secureE .. ... ... L L i 120 TableName .. .......ooiiiiiiii i, 142
Subsys_SecureE . ...... ... .. . i 216 TableRowg ... oovvvie i 131
SUDSYS_SECUTE . . o ot 118 TableRowg .. oo o oo 134
SUDSYS_SECUTE . . .ottt 120  TableSpecification .. ......... ... ... .. ..., 142
SUC « e 313 TableSpecS .. ... ..o 18
SUfir .o 274 TableSpecS .. ... 26
Suffix ..o 275 TableSpecy .. ...ovi 131
sum_cases_thim . ........ ... . i 282 TableSpecq . ... vovi 133
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TableSpec .. ... 20 HMENOW .. .ot 73
TableSpec .. ... 25 times_assoc_thm ........... .. ... . .. . ... 316
tables_fun_thm ......... ... ... . .. 42 times_clauses........... .. .. i 317
table_computation_induction_thm ............. 229  times_comm_thm ....... ... .. .. .. ... .. 316
TABLE _COMP ....... ... i, 195 times_def ... 314
table_mame. . ... ... .. .. . 157  times_plus_distrib_thm ...................... 316
table_mame. ... .. . . L 180  timeType ... .o 67
Table_spec . ... 66  timeType ... 88
Table_spec . ... 70 TwmeVal . ... . 17
Table_spec . ... 84 TimeVal ... 22
Tableg . ..oooo o 131 TUme ..o 19
Tableg . ... 134 time. ..o 19
tab_components . ....... ... . 40 tirow_class . ...... ... 139
Tab ..o 20 ti_row_class . ... 148
Tail .o 274 ti_table_class ........ ... .. 139
take_data ........ .. . . . . . 64 ti_table_class .......... .. ..., 148
take_data ......... ... .. 81 ti_table_exist_class ......... ..., 139
te_class-mame . ... ... oo 139  ti_table_exist_class ........... .. . .. ... ..... 148
te_class_mame . ... 148 tl_def ... 260
te_dinary_name ........ .. . . o, 139 TT o 258
te_dinary_name ........ .. .. o i ... 148  TT oo 260
te_sterling_mame....... ... .. ... .. ... 139 tooTall ... oo 16
te_sterling-mame. . ... .. .. .. .. . .. . ... 148 tooTall ... ... 21
td_columns........ . . . i 141 tooWide ... 16
td_columns. ....... ... 151 tooWide ... .. o 21
td_constraints .. ........c.iiiiiiii . 141 Total ... 6
td_constraints ..........c.iiiiii . 151 Total . ... e 7
td_corrName .. ..... ... .. . .. 141 transformgeicctquery -« o v v vvvvinnenee 159
td_corrName ......... ... ... . iiiiiiniin... 151 transformaelectquery -« -« v oo veeeeeee 188
td_genCorr ... 141 Transitive . . ..o 5
td_genCorr ... 181 Transttive . .. ... 7
td_implementation ...... ... .. ... ... ... ... .. 141 TRANS_STATE ...... ... ... i .. 159
td_implementation ...... ... .. ... ... .. .. ... 1561 TRANS_STATE ...... ... .. .. 160
EA_Info ..o 141 Trans ..o 267
Ed_info ..o 181 Trans ... 268
td_rowClass .. ..o 141  tree_cases_lemmal ............ ... ... .. .. .... 293
td_rowClass . .. ..o 151 tree_cases_lemma ............ ... . ... .. ... 293
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td_tableName ........ .. .. .. .. . .. . ... 151 tree_fin_rec_thm ...... .. ... .. 294
TESE ot 66 tree_induction_lemmal ........... .. .. ... ... 293
LeSt o 87 tree_induction_lemma2 ........... ... ........ 293
Text. ..o 236 tree_induction_lemma ......... ... .. .. ... ..., 293
TE_TYPE ... e 118 tree_induction_tac_lemma.................... 293
17 P 113 tree_induction_thm ........... .. ... ... ..... 294
TheoremI . ... 217 tree_local_thm ......... .. ... .. . ... ... 293
Theorem2 .. ... 217 tree_prim_rec_thm ....... ... .. ... .. 294
Theorems .. ... e 217 TREE ... e 289
Theoremd .. ... 217 Tree . ..o 289
Theoremdb . ..o 231 TREE ... 290
thm_040_1 ... ... i, 234 Tree.....oi i 290
thm_040_2 .. ... .. i, 234 Trich . ... 267
timeFormatTolnterval ........... ... .. ... ... 154 Trich ..o 268
timeFormatTolnterval . ...................... 160 TriOp_OK . lemma .......... ... oo .. 214
EmMeNOW . ..o 62 TriOp_OK g lemma .........c.couiiiiion.. 213
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IPIOP_TYDE o oot 156 Tuple. ... 71
IriOP_TYDE .« oot 177 tuple ... 84
TriOp oo 192 TypeDefn ..o 262
TriOp o voe e 197 type_defn_def ... .. .. 263
TPUE . oo 69 type_lemmas_thm ......... ... .. .. ... ... 266
Try o 137 Type ..o 20
7 PP 144 todef ..o 262
TsqlClassName .. ...... ... 142 t_thm ..o 265
TsqlCol .. ..o 141 T 262
TsqlCol .. ... 148 UnboundedAbove . ......... ... ... .. ... ..... 267
TsqlName .. ... 142 UnboundedAbove .. ...... ... ... ... ......... 268
TsqlRepr ..o 142 UnboundedBelow .. ........... .. ... ... ..... 267
TSQLf o 113 UnboundedBelow .. ........... .. . ... ..... 269
TSQLLf .o 116 wuncurry_def . ... 273
TS_class. ..o 18 Uncurry ..o 272
TS_class. ..o 25 Uncurry ... 273
TS_colspecs . ... 18 wnderClassified ........ ... ... .. 16
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Tuple_list_complete, ......................... 68  UNparse .........ouuuii 289
Tuple_list_complete, ......................... 95 UNparse . ........oouini i 290
Tuple_list_complete .......................... 69 upb_row_class ....... .. . .. i 158
Tuple_list_complete ......... ... ... ... ..... 101 wupb_row_class ......... ..., 187
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Tuple_list_evaluate . . ........ ... .. .. ...... 98 UpdateEffect ... ... 26
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tuple_listinfo .o ooooee 158  wpdateQuery .......... . 33
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UpperBound ........... .. .. .. . ... 268  VIEEW§ « oot 134
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Value, ... oo 93 WHEN _colummn........ ... .. 150
VAMUC L ype « oo v e e e 158 WHEN _constant_class ...................... 140
VAMUC L ype « oo v e e e 187 WHEN _constant_class ...................... 142
Value . ... .. 69 WHEN _constant_class ...................... 150
Value ... .. 70 WHEN _constant_null ....................... 140

Page 351 of 358



DRA FRONT END FILTER PROJECT

Ref- DS/FMU/FEF /017

Lemma 1 . Issue: Revision : 2.2

ProofPower Theory Listings Date: 5 June 2016
WHEN _constant_null ....................... 150 WHEN _simple . ..., 142
WHEN _constantee. ... .. 140 WHEN _simple . .......o ... 150
WHEN _constantec.........covuveiienn.. 142 WHEN _SPecific . .. ...c.ooiiiiiinnnaon. 140
WHEN _constantec......oovveuiiaiiienno... 150 WHEN _Specific .. ... covuiiee e 143
WHEN _constant;c .. ... .. 139 WHEN _Specific .. ....ooueiie .. 149
WHEN _constantic ... covvvenniiiinnn.. 142 WHEN _stringType . . .. .. ... 138
WHEN _constantyc .. ...c.oovvininiinn.. 148  WHEN _stringType . . .. ..o, 143
WHEN _constant .................ccouuo.. 138 WHEN _stringType . . .. ..., 146
WHEN _constant ............... ... 142 WHEN _timeType . . ... .. 138
WHEN _constant ........................... 147 WHEN _timeType .. ... . ... i .. 143
WHEN _CONST . ... .00, 142 WHEN _timeType . .. ..o .. 146
WHEN _default . ........... ... .. ... .... 137 WHEN _upb . ... 138
WHEN _default ......... ... ... ... ....... 143 WHEN _upb . ... i 143
WHEN _default ......... ... .. ... ... ...... 144 WHEN _upb ... ..o 147
WHEN _enumType . ...... ... i, 138  WHEN _wvariable ........... ... ... ... 140
WHEN _enumType .. ... .. ... .. .. ... .... 143 WHEN _variable ........... ... .. .. ...... 143
WHEN _enumType . ... ..o ... 146 WHEN _wvariable . ....... ... .. ... ... ..... 150
WHEN _exception ..........c.coueiuvenen... 137 WHEN ... 142
WHEN _exception . ........coouuiuiienenen.. 143  Where_dominates_lemma .................... 224
WHEN _exception . ...... ..., 144 Where_lemma . ........ ..., 224
WHEN _fizedType . . .....coooiiiiiii .. 138 Where_OK g_lemma . ........... ... .. 225
WHEN _fizedType . . .....cooiiiiiiii .. 143 Where_W_lemma .. ............ ... 224
WHEN _fizedType . ... .....iiiiii .. 146 Where ... .o oo 194
WHEN _intervalType . ........... ..., 138 Where . ... 201
WHEN _intervalType . ...... ... .. .. ... .... 143 worthless ... ... .. . 17
WHEN _intervalType .. ...... ... couo... 146 worthless ... 21
WHEN _local_identifier ...................... 140 Worth oo 20
WHEN _local _identifier ...................... 142 Worth . ..o 313
WHEN _local_identifier ...................... 150 wrongScope . ... 153
WHEN _monoleanType ......... ... ... .. ... 138  wrongScope ... ... 160
WHEN _monoleanType ...................... 146 wrongType . ... ... 16
WHEN _names ........ ..., 138 wrongType .. ... 21
WHEN _names ... 142 wrongWorth .. ... 153
WHEN _names ........c.couiiiniieinen.. 147  wrongWorth . ... 159
WHEN _NGMEte oo ee et 139 Wi.lemma ......... ... .00 0., 224
WHEN _NGMEte o vve e ) 218
WHEN _namese o oo 148 W 219
WHEN _namespn . oo 140 z_ml_secure . .........ouiiiiiii. 232
WHEN _NGM€tpy oo ie e 142 zero_suc_def ....... .. . . ... 314
WHEN _NGMe€tpn o ovovi e 151 Zero ... 313
WHEN _names .. ..o, 138 zorn_thml ....... . ... i 280
WHEN _names ..o, 142 zorn_thm ... ... .. . 255
WHEN _name; ......coviiiniiiiiinnn.. AT 248
WHEN _NOnes .« ovoveii i i, 188 274
WHEN _NONE€t . oo e 147 &y e 63
WHEN _nullType ..., 138 &y e 71
WHEN _nullType ..., 146 &g oo 78
WHEN _0k . ..o 137 &g oo 63
WHEN _0k .. ..o i 142 &g oo 71
WHEN _0k .. ..o i 144 &g oo 78
WHEN _OTS .o o et 140 &g oo 63
WHEN _O7S oo 142 &g oo 71
WHEN _0TS oo et 150 &g i 78
WHEN _stmple . ..., 140 &y 63
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§C) TU By o 248
§C) T8 F oo 248
& o 66 N_cases_thm ........... i ... 316
s o oo TU NCdef oo 313
&5 o 85 Ni_set_thml ...... ... ... . .. . i ... 251
& o 66 NR_O_less_thm......... ..., 301
D 71 NR_less_thm .........cccoiiiiiiiiinena. .. 302
&6 o 86 NR_one_one_thm............. ... .... 301
& 70 NR_plus_homomorphism_thm1 ............... 309
& 71 NR_plus_homomorphism_thm ................ 301
Borewrite_thm .......... ... . . . 266 NR_times_homomorphism_thm1 .............. 309
(-clauses . ... 278 NR_times_homomorphism_thm ............... 308
(Vodef oo 97T NRUSARM oo 302
12 e 195 NR .o 204
D)2 e e 204 NR ..o 296
() e 276 NZ_consistent ..........couiiiiiiiiinein... 319
() e 277 NZ_less_thm ..., 323
U-clauses . ... 278 NZ_one_one_thm ........................... 320
U-def oo 277 NZ_plus_homomorphism_thml ............... 321
U-finite_thm ... 250 NZ_plus_homomorphism_thm ................ 320
U 276 NZ_times_homomorphism_thml .............. 322
U 277 NZ_times_homomorphism_thm ............... 321
N_ClaUSes . oot 278 NZ_<_thm........ ... .. 321
Odef e T NZ oo 317
Oofindte_thm ... 249 NZ oo 318
D) e 276 N o 248
D) e 27T N o 313
U_cl@UusSes .o ovvn e 278 P_clauses ... 278
Uodef oo e DT Podef « oo 277
U_finite_thm ... 249 P . 6
U_null_thm ..o 285 P o 276
UCDthm . e 286 P .. 277
UDthm oo 258 R_O_I_thm ........ . ... . .. 301
P 276 R_0_less_0_less_recip_thm ................... 309
U et e e e 277 R_0_less_0_less_times_thm .................. 308
KPP 276 R_O_over_thm ............c.ccuuiiiieeinn... 309
KPP 277 R_O_<_0_<_times_thm ..................... 309
P 232 R_O_<_fraccthm.................ccciiin.. 311
b 232 R_abs_frac_thm ....... ... ... ... i, 311
<onull_thm ..o 286 R_abs_minus_thm ..............c.c.ccoiiinn.. 311
UM o 287 R_add_hom_0_thm ......................... 303
0SS 5 R_add_hom_extension_thm .................. 303
Qo 6 R_add_hom_image_group_thm................ 303
D_clauses .. ... 278 R_add_hom_kernel_group_thm ............... 304
E_QTIOML o oottt et e e 256 R_add_hom_minus_thm ..................... 303
€ e e e 263 R_complete_thm ..............cccccvvuiinn... 298
I Yo 1 P 256 R_copah_comp_thm ......................... 305
Jodef 262 R_copah_dense_thm ......................... 306
Joantro_thm ... 265 R_copah_double_thm ........................ 305
dorewrite_thm .. ... 266 R_copah_halve_thm ......................... 305
i def oo 264 R_copah_id_thm ....... ... iiiiii... 305
i thm oo 2656 R_copah_sum_thm .......................... 306
S 264 R_cross_mult_eq_thm ....................... 309
P 262 R_cross_mult_less_thm ...................... 309
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Rodef oo 295 R_opah_strict_thm .......... ..., 304
R_delta_induction_thm ...................... 302 R_opah_thm ......... . 0 ... 304
R_eg_recip_thm............ccciiieiiiin... 308 R_ord_pres_strict_thm ...................... 303
R_eqg_sup_bc_thm ............cccciiieiinn... 300 R_over_I_thm ..........0ccciiiiiiieeinn... 309
Roeq_thm ... ... 301 R_over_cancel_eq_thm....................... 309
Roeqg < thm ....oooiii .. 298 R_over_eq_ O_thm........... ..., 310
R_frac_0_thm ........ ... . .. . i, . 310 R_over_over_over_thm ...................... 310
R_frac_cancel_eq_thm ....................... 310 R_over_plus_over_thm ...................... 309
R_frac_cross_mult_eq_thm ................... 310 R_over_recip_thm....... ..., 310
R_frac_less_frac_thm ........................ 310 R_over_times_over_thm ..................... 310
R_frac_less_minus_frac_thm ................. 311 R_over_times_recip_thm ..................... 308
R_frac_minus_frac_thmi1 .................... 310 R_plus_O0_thm ........ccouuiiiiiiiinen... 301
R_frac_minus_frac_thm...................... 310 R_plus_assoc_thml ......................... 300
R_frac_plus_frac_thm ....................... 310 R_plus_assoc_thm ..............ciiiii... 300
R_frac_recip_thm .......... ... ..., 310 R_plus_clauses ...........ccccvieiinieeinn... 301
R_frac_times_frac_thm ...................... 310 R_plus_comm_thm .......................... 300
R_frac.N_thm ........ ... . ... ... .. ...... 310 R_plus_-minus_thm .......................... 301
R_halve_closed_dense_thm ................... 306 R_plus-mono_thml ......................... 301
R_less_0_less_thm ...... ... iii... 302 R_plus_-mono_thm2 .................ccoou... 301
R_less_antisym_thm ........... ... ......... 298 R_plus-mono_thm ....................coo... 300
R_less_cases_thm ........................... 298 R_plus_order_thm ...............ccouuiun... 301
R_less_clauses.........ccooiiiiiiineinn. .. 301 R_plus_unit_thm ............ ... ... 300
R_less_dense_thm .......................... 298 R_recip_clauses........ ..., 309
R_oless_irrefl_thm ....... ..., 298 R_semigroup_dense_thm ..................... 303
R_less_less_O0_thm ............. ..., 301 R_subgroup_dense_thm ...................... 303
R_less_strong_dense_thm .................... 302 R_sup_eq_bc_thm ...........cccuiiiiieinn... 300
R_less_sup_bc_thm............cccciviein... 299 R_sup_less_be_thm...........cccciviiiin... 300
R_less_sup_thm .......... . ... 299 R_sup_plus_sup_thm ............. ... ..... 302
R_oless_sup_€_thm ........cccciiiiiiiiin... 300 R_sup_plus_thm ....... ..., 302
R_less_trans_thm ........... ..., . 208 R_sup_thm............iiiiiieiiineinn... 299
R_less_<_trans_thm ....... ... .. ... ........ 298 R_sup_<_be_thm ........... ... ..., 299
R_less_—_eq_0_thm ..............cccin... 309 R_times_O_thm.............ccciiiiiin... 308
R_less_—_eq_thm .......... ... ...0.c.oi... 298 R_times_1_thm........ ... 308
R_max_cons_thm .......... ... . ... ........ 311 R_times_assoc_thml ........................ 308
R_maz_conv_thm .....................oo... 311 R_times_assoc_thm ......................... 308
R_minus_clauses .................cccn... 301 R_times_cancel_thm ........................ 308
R_ominus_eq_thm ............c.cccciueiinn... 301 R_times_clauses ...........c.ccvvuiiiinei... 309
R_minus_frac_less_frac_thm ................. 311 R_times_comm_thm......................... 308
R_minus_recip_thm ............ . ... ........ 310 R_times_eq-O0_thm ...........cciiiein... 308
R_min_cons_thm .............. ... ......... 311 R_times_minus_thm ........................ 308
R_min_conv_thm ........................... 312 R_times_mono_thm ......................... 309
R_monoid_delta_dense_thm .................. 303 R_times_mono_<s_thm ...................... 309
R_monoid_dense_thm ....................... 303 R_times_order_thm ......................... 308
R_opah_complete_thm ....................... 307 R_times_plus_distrib_thm .................... 308
R_opah_dense_image_thm ................... 304 R_times_recip_thm.......... ..., 308
R_opah_eq_thm ............................. 307 R_times_unit_thm ...............cccueinn... 308
R_opah_extension_thm1 ..................... 306 R_unbounded_above_thm..................... 298
R_opah_extension_thm2 ..................... 307 R_unbounded_below_thm..................... 298
R_opah_extension_thm ...................... 307 R_e_<_sup_be_thm ..........cccccviiiin... 299
R_opah_inverse_add_hom_thm ............... 304 R_<_O_<_thm ... 302
R_opah_inverse_thm ........................ 304 R_<_antisym_thm ..............iiiin... 298
R_opah_one_one_thm ....................... 304 R_<_cases_thm............. ..., 298
R_opah_onto_thm........................... 304 R_<_clauses ...........cciuiiiiiiiin.. 302
R_opah_order_thm .......................... 307 R_<_less_cases_thm .............cccoueiun... 298
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R_<_less_trans_thm ........................ 298  Z_times_comm_thm ......... ... .. ..., 321
Ro<_reflithm ... 298 Z_times_eq_0_thm .......... ... ..., 322
R_<_sup_bc_thm .......... ... . 299 Z_times-minuS_thm . ........ ... ... 321
Ro< sup_thm ..., 299 Z_times_order_thm ............c..coeueiin... 322
R_<_trans_thm............ ..., 298 Z_times_plus_distrib_thm .................... 322
R_<_ < O_thm ... .. 302 Z_N_abs_minus_thm ........................ 324
R_<_—_less_thm ...........cuiiiiiaii. .. 208 Z_N_abs_thm .......... .. .. 323
R.o—_recip O thm ...... ... .. 309 Z.N_cases_thm ...........ccccuueiiiiiiin... 322
Ro—_<_less_thm ............ciiiiiiiino. .. 298 Z_N_induction_thm ......................... 321
R.Cosup_thm ..., 299 Z_N_plusl _thm..........c.cciiiiiiieei... 322
R o 295 Z_N_plus_thm.........cccuiiiiiiiiiiein. .. 322
Ziabs_eq-0_thm .........ccccoiiiiineiin... 324 Z_N_times_thm ....... ... i, 322
Z_abs_minus_thm ................c.cc.oo... 324 Z_N_—_minus_thm.......................... 322
Zi_abs_plus_thm ........... ... . 324 Z_N_—_plusl_thm ...............c.0cc... 322
Zicabs_thm . ... 324 Z_c N_thm ...... ... . . . .. 323
Z_abs_times_thm ...........cc.coiiiiiin... 324 Z_<_antisym_thm ....... ... . ... ..., 323
Zi_abs N_thm ... .. ... . ... . . ... . .. ... 324 Z_<_cases_thm ............. ... 323
Zi_cases_thml ....... ... .. . . . . . .. 320 Z_<_clausSes . ..... ... 321
Z_cases_thm ......... ... .. . ... 320 Z_<_induction_thm .......... ... ... . .. ...... 324
Zi_cov_induction_thm ....................... 324 Z_<_less_eq_thm ............cccciiueinn... 323
Zidef .o oo 318 Z_<_less_trans_thm......................... 323
Z_div_mod_unique_lemmal .................. 324 Z_<_minus_thm ....... ... .. ..., 321
Zo_div_mod_unique_lemma2 .................. 324 Z_<_plus.N_thm ........... ... ... . ..... 323
Z_div_mod_unique_lemmad .................. 324 Z_<_refl_thm ........ i 323
Z_div_mod_unique_thm ..................... 324 Z_<_trans_thm ...............cc..iieiiii... 323
Ziceq_thml .......... . ... ... 322 Z_<_<_0_thml ......... . .00 ciiiiiuiii.. 323
Ziceq thm . ... . 320 Z_<_<_0_thm ...........c . .. 321
Zo fun_3_thm ........ ... 0. . ... 324 Z = less_thm ... 323
Z_induction_thm ..................c.c...c.... 320 Z_—~ N_thm ...... ... . i, 322
Zi_less_cases_thm . ......... . ... 323 o < thim o 323
Zi_less_clauses . ..........coiuiiiiiaa... 323 ZR_consistent ............ i 312
Z_less_irrefl_thm ........ ..., 323 ZR minus_thm ........ ..., 312
Z_less_less_0_thml ....................c.... 323  ZR_plus_homomorphism_thm ................ 312
Zi_less_less_O_thm ......... ... . 0., . 323  ZR_times_homomorphism_thm ............... 312
Z_less_trans_thm ..............c.c.ccveeiinn... 323 ZR.NZ_thm ......... 000 iiiiiiiiiinn... 312
Z_less_<_trans_thm................c........ 323 ZR 294
Ziominus_clauses. . ........... 320 ZR .. 297
Zi_minus_less_thm .......... ..o .. 323 318
Zominus_thm ..., 322 V_odef ..o 262
Zominus . N_<_thm ........ ... .. 323 V_rewrite_thm ......... ... 266
Zominus_<_thm ......... .. ... ... .. ... 321 VY 262
ZoplusO_thm ... . 320 Zodef 314
Zi_plus_assoc_thml ............. ... . 320 R 294
Zo_plus_assoc_thm .............cccoivueiin .. 320 R 295
Zi_plus_clauses .............ccciiuiieinnoi.. 320 R 296
Zi_plus_comm_thm .......................... 320 317
Ziplus_eq_thm ............cciiiiieiin... 32 318
Zi_plus_minus_thm ..................c........ B20 e 319
Zi_plus_order_thm ............. .. ..0..c.oo... 320 > 295
ZotimesO_thm .. ... B2 e 313
Zo_timesl _thm .. ... 32 > e 314
Z_times_assoc_thml ........................ 32 > 318
Z_times_assoc_thm ................c......... 321 Ein_clauses ... ... 279
Z_times_clauses ............ ... 322 g_elems_thm ...... ... ... ... . ... ... ...... 288
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€p_extract_thm ... ... ... . ... .. .. . ... 289 —_dthm ... 265
CI_Tlthm 288 TV tAM 265
< 282 IAthm. .. 265
L T 283 _&thm .. 265
e 276 —-<_plusl_thm............ . ... ... ... 287
e 277 oSlthmooo 316
e 253 —ooothmo oo 265
P 263 —-Vothmo oo 265
A_def oo 262 o= _thmo.. 265
A_Tewrite_thim . . ..o 02575 TS 262
AthI o 265 Vodef ..o 262
A 262 Vorewrite_thm ......... ... ... ... 265
S_rewrite_thm ... 265 V_thm ... . . 265
S thM e 265 Ve 262
D P 5 gfun_thml ... . 285
o 6 s-fun_thm ... 285
B 264 g-graph_null_thm ...... ... .. ... . ... . ..., 285
< antisym_thm . ... 316 g-null_thml ... .. .. . .. . . . 285
<_cases_thm ........ . .. .. . . . . 316 g-null_thm ...... .. . . 285
SClQUSES o v v v 315 g-singleton_thm. ... ..., 283
def o 314 g-U_thml ..o 283
<_least_upper_bound_thm.................... 316 §-U_thm ..o 283
< omaz_thm ... . . B0 Gf oo 242
< plusI_thm ... i L6 G o 243
< plus_one_thm .............ccciiiiiiiini.. DR G e e e 5
<_transS_thm . ... 31D G 6
<_well_order_thm ........ ... . . . . . . ... .... G160 F P e e e 5
P DO F P e 6
R et e e e 205 <Q_null_thm ......... ... .. . .. 286
0 - 206 <Q_thm ... . e 286
/2 317 Do 5
0 T 18 oot 6
0 310 B it 5
S 205 B e e 6
o 313 T_Cons_thm ........... ... 284
e 314 Toempty-thm ... 290
o BI8 LT thINd o 9287
—giweError_eq_giveVal_thm ................... 49 Tt 287
—giweVal_eq_giveError_thm ................... 49 TUIthm. 286
—isError_giveVal_thm ........................ A 274
—isVal_gweError_thm ........................ S 253
Toconsthim . 2B 294
oodef oo 262 S 295
—-empty_list_tree_lemma ... L 297
Sofothme. o 265 Z_CONSISTENt . ... 312
Soifothme o 265 294
—oless_plusl thm ... 316 =~ 295
S_leSS_thim . oo 316 0 297
Dplusl thm oo BLA 11
plusl S thme oo BL6 12
Trewrite thin 265 295
S_thmI . 265 [,eaztmct,null,thm __________________________ 288
S_EhIM 265 I_null_map_hide_lemma . .................... 210
Totithmo 265 T_pull_thm ... ... 288
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[Lthml .o 251 Cl size_less_thm ....... ... ... 250

[JEhM2 251 Cosize <_thm ...........cuiiiiiiiiniii.. 250

[JthmS .o 25 276

DRI oo e 251 C o 277

[COZlemma. oo 210 = 253

[LTZthm o 233 X def o 273

e 274 X_local_thm ......... . ..ccciuiiiiiiiiiinn.. 292

PSSP 2T X 5

O_clauses . ... 2T X e 6

O_def o 2T X e 272

O e e 276 X e 273

O e 2T M e 248

D_null_thml ....... . .. . . . . .. 288 P i 249

B_null_thm2 ... ... . . . 288 253

D_null_thm ... . 28T A 248

@_single_thm1 ....... .. i, 28T e 249

@_single_thm2 . ... .. 28T e 253

Bosingle ..o 286 B 253

D_thm . .o 286 e 6

D e 6 7

D e 7 6

=S_antiSYM_aTIOM .. ... 256 T 7

=_rewrite_thm ......... ... . ... . .. . . ... ... 266 T 232

S_thm 20D 6

R 203 T 282

P 263 Tl 294

B S 263 T 295

D_null_thm ....... . .. . . . . . . 285 T 297

>_singleton_thm ... ... .. .. .. . .. .. .. ... 285

D> e 5

D> e 6

NR_CONSISTENT .« oo 300

L - S 294

L - 296

~Z_CONSISTENT . oo 319

N e 317

105/ 318

N 276

L 277

L 295

0 318

Coantisym_thm . ... ... i 269

C_clauses . ... . . 278

Codef oo 277

Cotrrefl_thm ..o 269

C_trans_thm ....... ... . .. . . ... 269

C et e 276

C ottt 277

C_clauses . ... 278

C_cleanColCons_lemmal ..................... 41

C_cleanColCons_lemma ...................... 41

Codef oo 277

C_dir_lemma........ .. ... . . . . . . . ... 42

C_finite_thm ..... ... .. .. i 249
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