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1 GENERAL

1.1 Scope

This document gives a formal specification in Standard ML ([2], [1]) of the SSQL query transfor-
mations of [5]. It constitutes part of deliverable D8 of work package 3, as given in the Proposal for
Phase 2, [3].

1.2 Introduction

We provide Standard ML specifications of the SSQL query transformations of [5]. Preliminary
material needed to support these query transformation specifications may be found in [4].

2 THE TRANSFORMATIONS

Exceptions are raised by the SSQL transformations:

SML

exception internalError;
exception wrongType;
exception wrong Worth;
exception notTrigger;
exception onlyInTriggers;
exception notMonadic;
exception notDyadic;
exception notTriadic;
exception notSetFunction;
exception noSuchColumn;
exception noSuchTable;
exception noSuchDirectory;
exception moSuchParameter;
exception noScope;
exception wrongScope;
exception ambiguousName;
exception tooWide;

exception emptyUnionList;

2.1 Incompletely Specified Transformations

The following functions have not been specified in [5]. The exception notDefined, from [4], is raised.
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SML

‘ fun

SML
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SML
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SML

‘ fun

SML

‘ fun

SML

‘ fun

SML

‘ fun

SML

‘ fun

SML

‘ fun
SML
‘ fun
SML

‘ fun

SML

‘ fun

(check_enum : Enum * int * Table_specssq —> bool) x
= raise notDefined "check_enum";

(check_fixed : Fized * int % int —> bool) © = raise notDefined " check._fized";

(check_floating : Floating * int * int * int —> bool) x
= raise notDefined "check_floating",;

(check_interval : Interval * string —> bool) © = raise notDefined " check_interval";

(check_time : Time * string —> bool) x = raise notDefined "check_time",

(timeFormatTolnterval : string —> string) z

= raise notDefined "timeFormatTolnterval";

(unique_name : unit —> string) () = raise notDefined "unique_name";

(client_clearance : unit —> Class) () = raise notDefined " client_clearance";

(contextual_data : string —> Constant_valuessy * Class) s
= raise notDefined "contextual_data";

(query_class : unit —> Class) () = raise notDefined "query_class";

(query_constants_class : unit —> Class) ()
= raise notDefined "query_constants_class";

(default_directory : unit —> string list) () = raise notDefined "default_directory";
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2.2 Symbol Table Model

SML
fun (findcolumn : ColumnSpecification x TableDetail list —>
(TableDetail * SsqlCol x TsqlCol)list)
(cs,[]) =[]
find cotumn (es,tdl) =
let fun (look : string = TableDetail x SsqlCol list x TsqlCol list
—>(TableDetail * SsqlCol * TsqlCol)list)
(n,td,[],z) = ]
| look (n,td,z,[]]) = ]
| look (n,td,scl,tcl) =
let val scs = rev(tl(rev scl))
val sc = hd(rev scl)
val tes = rev(tl(rev tcl))
val tc = hd(rev tcl)
n look(n,td,scs,tcs) @
(if #name sc = names n then [(td,sc,tc)]
else ]
end
val tds = rev(tl(rev tdl))
val td = hd(rev tdl)
n find cotumn (cs,tds) @
(case cs of
anonymous_column col =>
look(col,td,# columns td,#implementation td)
specific(ts,col) =>
(case (#tableName td) of
nameg, ts =>
look(col,td,# columns td,#implementation td)
other =>1]))

end;
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SML
fun (findjgent : ColumnSpecification x IdentDetail list —> IdentDetail list)
(es,[]) =[]
\ Jind igent (specific(t,c),ids) = ]
| find;gent (anonymous-column col,idl) =
let val ids = rev(tl(rev idl))
val id = hd(rev idl)

mn find ;gent (anonymous_column col,ids) Q
(if col = #identName id
then [id]
else [])

end;

SML

local  fun (look : ColumnSpecification * Scope list —> TableInfo % SsqlCol)
(es,]]) = raise noSuchColumn

| look  (cs,sl) = let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
n case find copmn(cs,t) of

[| => look(cs,outer)
| [(td,sc,tc)] => (#info td,sc)
| xs => raise ambiguousName
end
m
fun (lookupcolumn_info : ColumnSpecification —> TableInfo x SsqlCol)
cs = look(cs,!'symbolTable)

end;
SML
fun  (maxBound : BoundInfo —> Class)
(upb ¢) = ¢
| mazBound (constant ¢) = c;
SML
fun (innermost : Scope list —> Scope list)
=1
| innermost sl = let val outer = rev(tl(rev sl))
val inner = hd(rev sl)
val {tables = tds,identifiers = ids} = inner
m
if tds =[] then innermost outer Q [{tables = [|,identifiers = ids}|
else [inner]
end;
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SML
local  fun (look : ColumnSpecification x Scope list —> TsqlRepr * Class)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
n case (find coymn (¢8,t),find;gent(cs,i)) of
([I.[]) => look(cs,outer)
| ([(td,sc,te)][]) =>
let val u = maxBound(#-col_class sc)
mn
case (#class_name tc) of
anony. => raise internalError
| names. s => (column(F#genCorr td,s),u)
| constants. ¢ => (constant_class c,u)
end
([,[2d]) =>
(case (#cName id) of
noney => (constant_class (Flub;q id),#ub,q id)
| anony => raise internalError
| name; s => (local_identifier s, #lub;q id))
| (zs,ys) => raise ambiguousName
end
mn
fun (lookupcol_spec_class : bool x ColumnSpecification —> TsqlRepr * Class)
(true,cs) = look(cs,innermost (!symbolTable))
| lookup coi_spec_ class (false,cs) = look(cs,\symbolTable)
end;
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SML
local  fun (look : ColumnSpecification x Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
n case (find coymn (¢8,t),find;gent(cs,i)) of
([I.[]) => look(cs,outer)
| ([(td,sc,te)],[l) =>
(case (#dinary_name tc) of
none; => raise internalError
| anony => raise internalError
|name; s => column(#genCorr td,s))
(IJ,[id]) =>
(case (#info id) of
(st,dinary) =>
(local_identifier(#vName id))
| (st,other) => constant_null)
(zs,ys) => raise ambiguousName
end

fun (lookupcol_spec_dinary : bool * ColumnSpecification —> TsqlRepr)
(true,cs) = look(cs,innermost (!symbolTable))
| lookup coi_spec_dinary ~ (false,cs) = look(cs,!symbolTable)
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SML
local  fun (look : ColumnSpecification x Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
n case (find coymn (¢8,t),find;gent(cs,i)) of
([I.[]) => look(cs,outer)
| ([(td,sc,te)],[l) =>
(case (#dinary_name tc) of
none; => raise internalError
| anony => raise internalError
|name; s => column(#genCorr td,s))
(IJ,[id]) =>
(case (#info id) of
(st,sterling) =>
(local_identifier(#vName id))
| (st,other) => constant_null)
(zs,ys) => raise ambiguousName
end

fun (lookupcol_spec_sterling : bool * ColumnSpecification —> TsqlRepr)
(true,cs) = look(cs,innermost (!symbolTable))
| lookup coi_spec_steriing ~ (false,cs) = look(cs,!symbolTable)

SML
local  fun (project_implementation : TableDetail —> TsqlCol list)
td = #implementation td
fun (extract_implementation : Scope —> TsqlCol list)
sc = fold (op Q) (map project_implementation (#tables sc))
m
fun (lookupiecal_col_implementation @ unit —> TsqlCol list)
() = case (fold (op @)(map extract_implementation(innermost (\symbolTable)))) of
[| => raise noScope
| trs => trs

end;
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SML
local  fun (project-columns : TableDetail —> SsqlCol list)
td = Fcolumns td
fun (extract_columns : Scope —> SsqlCol list)
sc = fold (op Q) (map project_columns (#tables sc))
m
fun (lookupiocal_col_info : unit —> SsqlCol list)

() = case (fold (op @Q)(map extract_columns(innermost (!symbolTable)))) of
[| => raise noScope
| trs => trs

end;

SML
local  fun (look2 : string x SsqlCol x TsqlCol —> TsqlRepr x Class)
(corr,sc,tc) = let val u = maxBound(#-col_class sc)
in case (#class_name tc) of
anony. => raise internalError
| names. s => (column(corr,s),u)
| constants. ¢ => (constant_class c,u)
end
fun (look1 : TableDetail —> (TsqlRepr x Class) list)
td = at3 (map look?2)(seq(length(# columns td),#genCorr td),
#columns td,#implementation td)
fun (look : Scope —> (TsqlRepr % Class) list)
sc = fold (op Q) (map lookl (#tables sc))
m
fun (lookupiocal_col_spec_classes : unit —> (TsqlRepr x Class) list)
() = case (fold (op @)(map look (innermost (\symbolTable)))) of
[| => raise noScope
| trs => trs
end;
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SML
local  fun (look2 : string x TsqlCol —> TsqlRepr)
(corritc) = case (F#sterling_name tc) of
none; => constant_null
| anony => raise internalError
| name; s => column(corr,s)
fun (look1 : TableDetail —> TsqlRepr list)
td = at2 (map look2)(seq(length(# columns td),#genCorr td),
#implementation td)
fun (look : Scope —> TsqlRepr list)
sc = fold (op @) (map lookl (Ftables sc))
m
fun  (lookupigcal_col_spec_sterlings @ unit —> TsqlRepr list)
() = case (fold (op @)(map look (innermost (\symbolTable)))) of
[| => raise noScope
| trs => trs
end;

SML
local  fun (lookl : TableDetail —> TsqlRepr)
td = case (#rowClass td) of
anony. => raise internalError
| names. s => column(F#genCorr td,s)
\ constanty,. ¢ => constant_class ¢
fun (look : Scope —> TsqlRepr list)
sc = (map lookl (#tables sc))
m
fun (lookupiocal_row_classes : unit —> TsqlRepr list)
() = case (fold (op @)(map look (innermost (\symbolTable)))) of
[| => raise noScope
| trs => trs

end;
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SML
local  fun (look : ColumnSpecification x Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
n case (find coymn (¢8,t),find;gent(cs,i)) of
([I.[]) => look(cs,outer)
| ([(td,sc,te)],[l) =>
(case (#rowClass td) of
anony. => raise internalError
| namey. s => column(#genCorr td,s)
| constanty,. ¢ => constant_class c)
| ([),[#d]) => constant_class (query_class())
(zs,ys) => raise ambiguousName
end

fun (lookupcolumn_row_class : bool x ColumnSpecification —> TsqlRepr)
(true,cs) = look(cs,innermost (!symbolTable))
| l00kup cotumn_row_class  (false,cs) = look(cs,!symbolTable)
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SML
local  fun (lookl : TableSpecification x TableDetail —> TsqlRepr list)
(ts,td) = case (#tableName td) of
anongy, => ||
| namey, tn => if ts = tn then
(case (#rowClass td) of
anony. => raise internalError
| nameg. § =>
[column(#genCorr td,s)]
| constanty, ¢ =>
[constant_class c])
else |]
fun (look : TableSpecification x Scope list —> TsqlRepr)
(ts,]]) = raise noSuchTable
| look (ts,sl) =
let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in (case fold(op @Q)(at2 (map lookl)(seq(length tds,ts),tds)) of
[| => look(ts,outer)
| [tr] => tr
| trs => raise ambiguousName)

end

fun (lookuptable_row_class : bool x TableSpecification —> TsqlRepr)
(true,ts )= look(ts,innermost (!symbolTable))
| lookup tapie_row_class (false,ts) = look(ts,!symbolTable)
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SML

local

m

end;

fun (lookl : TableSpecification x TableDetail —> TableDetail list)
(ts,td) = case (#tableName td) of
anongy, => ||
| namey, tn => if ts = tn then [td]
else ||
fun  (look : TableSpecification * Scope list —> TableDetail)
(ts,[]]) = raise noSuchTable
| look (ts,sl) =
let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in (case fold(op @Q)(at2 (map lookl)(seq(length tds,ts),tds)) of
[| => look(ts,outer)
| [ti] => ti
| tis => raise ambiguousName)
end

(lookuptaple_detail : TableSpecification —> TableDetail)
ts = look(ts,!symbolTable)
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2.3 Symbol Table Operations

SML
local ~ fun (find : string = IdentDetail —> IdentDetail list)
(n,id) = if n = #identName id
then [id]
else ||
m

fun (enteridentifier : String x ExpType x Class —> string x string)
(name,et,up) =
case 'symbolTable of

[| => raise noScope

| sl => let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in if tds =[] then
let val unv = unique_name()
val unc = unique_name()
val id = {identName = name,
nfo = et,
lubig = up,

vName = unv,
cName = namey unc}
in if at2(map find) (seq(length ids,name),ids) <> ||
then raise ambiguousName
else
let val side_effect = symbolTable := outer Q
[{tables = [],identifiers = ids Q [id]}]
in (unv,unc)
end
end
else raise wrongScope
end
end;
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SML

local  fun (find : string = IdentDetail —> IdentDetail list)

(n,id) = if n = #identName id
then [id]
else ||
m
fun (enteridentifier_constant_class : String x ExpType % Class —> string)
(name,et,clasf) =
case 'symbolTable of
[| => raise noScope
| sl => let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in if tds =[] then
let val unv = unique_name()
val id = {identName = name,
mfo = et,
lub;y = clasf,
vName = unv,
cName = none;}
in if at2(map find) (seq(length ids,name),ids) <> ||
then raise ambiguousName
else
let val side_effect = symbolTable := outer @
[{tables = [],identifiers = ids @ [id]}]
m unv
end
end
else raise wrongScope
end
end;
SML
fun (extractparameter : String * ParamiInfo list —> ParamlInfo list)
(name,) = |
| extract parameter (name,l) =  let val more = rev(tl(rev 1))
val pi = hd(rev 1)
m
if name = #name pi
then extractpgrameter(name, more) Q [pi]
else  extract parameter (naMe,more)
end;
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SML

SML

(enterparameter : string x Constant_valuessq * Class —> unit) (name,v,clasf) =
if 'symbolTable <> |]
then raise wrongScope
else case extract parameter (name,!parameterTable) of
[| => parameterTable := parameterTable Q
[{name =name,val, =v,clasf =clasf}]
ps => raise ambiguousName;

(entercorr_table : String * TableName x TableInfo x SsqlCol list x TsqlClassName
x TsqlCol list —> string)
(en,ts,ti,scs,ren,tes) =
case 'symbolTable of
[| => raise noScope

| sl => let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in if ids = || then
let val gc = unique_name()
val td = {tableName = ts,

corrName = name, cn,
genCorr = gc,
info = ti,
columns = scs,
rowClass = rcn,
implementation = tcs,
constraints = {null_allowed=]],
lwb=l],
unique=[],
uniform=[],
index=[]}}
val side_effect = symbolTable := outer Q
[{tables = rev(td::tds),identifiers=[]}]
m gc
end
else raise wrongScope
end;
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SML
fun (enteriaple : TableName x TableInfo x SsqlCol list
x TsqlClassName * TsqlCol list —> string)
(ts,ti,scs,ren,tes) =
case 'symbolTable of

[| => raise noScope

| sl => let val outer = rev(tl(rev sl))
val {tables = tds,identifiers = ids} = hd(rev sl)
in if ids = || then
let val gc = unique_name()
val td = {tableName = ts,

corrName = anon,
genCorr = gc,
nfo = ti,
columns = scs,
rowClass = ren,
implementation = tcs,
constraints = {null_allowed=|],
lwb=[],
unique=|],
uniform=[],
index=[|}}
val side_effect = symbolTable := outer Q
[{tables = rev(td::tds),identifiers=|[]}]
m gc
end

else raise wrongScope

end;

SML
fun  (enter_scope : unit —> unit) () =

symbolTable = !symbolTable @ [{tables = [],identifiers = []}];
SML
fun  (leave_scope : unit —> unit) () =

case !symbolTable of

[| => raise noScope

| sl => symbolTable := rev(tl(rev sl));

SML

fun (getiable_info : TableSpecification —> TableInfo x ConstraintInfo x SsqlCol list
x TsqlClassName x TsqlCol list) x
= raise notDefined "getiapie_info";

Page 18 of 83



DRA FRONT END FILTER PROJECT  Ref DS/FMU/FEEF/020

Specification of Query Transformations in SML (II) Issg;fe;?;;z 2'312,

Lemma 1

‘fun (lookupigcal_table_implementation : unit —> TsqlClassName list ) ()

‘ = raise nOtDeﬁned ! lOOkuplocal_table-implementation";

fun (lookupiocal_table_info : unit —> TableInfo list )
()= let fun  (lookl : TableDetail —> Tablelnfo)
td = #info td
fun (look : Scope —> Tablelnfo list)
sc = map lookl (#tables sc)
m
case fold(op @Q)(map look(innermost (!symbolTable))) of
[| => raise noScope
| trs => trs
end;

SML

fun (lookupparam_data : string —> Constant_valuegssy * Class)
name = case extmctmmmeter(name,!pammeterTable) of
[| => raise noSuchParameter
| [info] => (#valy info,#clasf info)

| other => raise internalError;

Entering and leaving scope is achieved by side effect. We define a function to this.
SML
fun  (in_new_scope (what : unit —> "a)’a) = (
let val side_effect = enter_scope()
val body = what()
val side_effect = leave_scope()
mn body
end);

2.4 Transformations Proper

SML

fun (repr_col : TsqlRepr —> Col_specysq)

(local -identifier name) = denote_col_spec; name
| repr_ col (column(corr,col)) = absolute_col_speci([],corr,col)
| repr_col (constant_class ¢) = raise internalError
| repr_col constant_null = raise internalError;
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SML
‘fun (all_data_columnsigcar : unit —> Col_specsq list) ()

‘ = map Tepr- col ( lOOkUP local - col _ spec_ sterlings ()) X

fun (binop_type : Op x SwordType * SwordType —> SwordType)
(plus_op,firedType(p1,s1),firedType(p2,s2)) =
fizedType(pl max p2,s1 maz s2)
binop_type (plus-op,floating Type(m1,el ,0s1),floating Type(m2,e2,0s2)) =
if m1 = m2 andalso el = e2 andalso 0s1 = 0s2
then floating Type(m1 el ,0s1)
else raise wrongType

| binop_type (plus-op,enumType(pl1,t1),fized Type(p2,0)) = enumType(pl,t1)
| binop_type (plus-op,timeType f1,intervalType f2) = timeType f1
| binop_type (plus_op,interval Type f1,intervalType f2) =

if f1 =f2

then intervalType f1
else raise wrongType

binop_type (plus_op,t1,t2) = raise wrongType

SML
| binop_type (minusd_-op,fired Type(p1,s1),fized Type(p2,s2)) =
fixedType(pl maz p2,s1 mazx s2)
| binop_type (minusd_op,floating Type(m1,el ,0s1),floating Type(m2,e2,0s2)) =
if ml = m2 andalso el = e2 andalso 0sl1 = 0s2
then floating Type(m1 el 0s1)
else raise wrongType

| binop_type (minusd_op,enumType(pl,t1),fized Type(p2,0)) = enumType(pl,t1)
| binop_type (minusd_-op,timeType f1intervalType f2) = timeType f1
| binop_type (minusd_-op,interval Type f1,intervalType f2) =

if f1 =f2

then intervalType f1
else raise wrongType

binop_type (minusd_op,t1,t2) = raise wrongType
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SML
| binop_type (times_op,fized Type(p1,s1),fixredType(p2,s2)) =
fixedType(pl maz p2,s1 mazx s2)
| binop_type (times_op,floatingType(m1 el ,0s1),floating Type(m2,e2,0s2)) =
if ml = m2 andalso el = e2 andalso 0sl = 0s2
then floating Type(m1 el ,0s1)
else raise wrongType

| binop_type (times_op,interval Type f,fizedType(p,s)) = intervalType f

| binop_type (times_op,interval Type f,floatingType(m,e,0s)) = intervalType f
| binop_type (times_op,t1,t2) = raise wrongType

SML

| binop_type (divide_op,fixzedType(p1,s1),fized Type(p2,s2)) =

fizedType(pl max p2,s1 maz s2)

| binop_type (divide_op,floating Type(m1 el ,0s1),floating Type(m2,e2,0s2)) =
if ml1 = m2 andalso el = e2 andalso 0sl = 0s2
then floatingType(m1 el 0s1)

else raise wrongType

| binop_type (divide_op,interval Type f,fizedType(p,s)) = interval Type f

| binop_type (divide_op,interval Type f,floatingType(m,e,0s)) = intervalType f
| binop_type (divide_op,t1,t2) = raise wrongType

SML

“ binop_type (concat_op,string Type(minl ,maxl),string Type(min2,maz2)) =
‘ stringType(minl + min2,mazxl + mazx2)

“ binop_type (concat_op,t1,t2) = raise wrongType

SML

| binop_type (and - op,boolean Type,boolean Type) = boolean Type

| binop_type (and_op,t1,t2) = raise wrongType

SML

| binop_type (or_op,boolean Type,boolean Type) = boolean Type

| binop_type (or_op,t1,t2) = raise wrongType
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SML

| binop_type (less_than_op,string Type(minl,max1),string Type(min2,maz2)) =
boolean Type

| binop_type (less_than_op,fized Type(pl1,s1),fixed Type(p2,s2)) =
boolean Type

| binop_type (less_than_op,floating Type(m1 ,el,0s1),floating Type(m2,e2,0s2)) =
boolean Type

| binop_type (less_than_op,enumType(p1,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then booleanType
else raise wrongType

| binop_type (less_than_op,timeType f1,timeType f2) =
boolean Type

| binop_type (less_than_op,intervalType f1 intervalType f2) =
boolean Type

| binop_type (less_than_op,t1,t2) = raise wrongType

SML

binop_type (less_or_equal_op,string Type(minl ;max1),

string Type(min2,mazx2)) =
boolean Type

| binop_type (less_or_equal_op,fixredType(pl,s1),fized Type(p2,s2)) =
boolean Type

| binop_type (less_or_equal_op,floatingType(m1 el ,0s1),
floating Type(m2,e2,0s2)) =
boolean Type

binop_type (less_or_equal_op,enumType(p1,t1),enumType(p2,t2)) =

if pl = p2 andalso t1 = t2
then booleanType
else raise wrongType

| binop_type (less_or_equal_op,timeType f1,timeType f2) =
boolean Type

| binop_type (less_or_equal_op,interval Type f1intervalType f2) =
boolean Type

| binop_type (less_or_equal_op,t1,t2) = raise wrongType
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Lemma 1 Specification of Query Transformations in SML (II)

SML

SML

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

(greater_or_equal_op,string Type(minl ,mazl),
string Type(min2,maz2)) =
boolean Type
(greater_or_equal_op,fixred Type(p1,s1),fized Type(p2,s2)) =
boolean Type
(greater_or_equal_op,floatingType(m1,el,0s1),
floatingType(m2,e2,0s2)) =
boolean Type
(greater_or_equal_op,enumType(p1,t1),enumType(p2,t2)) =
if p1 = p2 andalso t1 = t2
then booleanType
else raise wrongType
(greater_or_equal_op,timeType f1,timeType f2) =
boolean Type
(greater_or_equal_op,interval Type f1,intervalType f2) =
boolean Type

(greater_or_equal_op,t1,t2) = raise wrongType

(greater_than_op,string Type(minl ,max1),
string Type(min2,mazx2)) =
boolean Type
(greater_than_op,fixredType(p1,s1),fixred Type(p2,s2)) =
boolean Type
(greater_than_op,floating Type(m1 ,el,0s1),
floatingType(m2,e2,0s2)) =
boolean Type
(greater_than_op,enumType(p1,t1),enumType(p2,t2)) =
if p1 = p2 andalso t1 = t2
then booleanType
else raise wrongType
(greater_than_op,timeType f1 . timeType f2) =
boolean Type
(greater_than_op,interval Type f1 intervalType f2) =
boolean Type
(greater_than_op,t1,t2) = raise wrongType
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SML
| binop_type (equal - op,nullType,t) = boolean Type
| binop_type (equal_op,t,nullType) = boolean Type
| binop_type (equal _op,boolean Type,boolean Type) = boolean Type
| binop_type (equal - op,string Type(minl ;mazl),string Type(min2,mazx2)) =
boolean Type
| binop_type (equal_op,fixredType(p1,s1),fixedType(p2,s2)) =
boolean Type
| binop_type (equal -op,enum Type(p1,t1),enumType(p2,t2)) =
if pl1 = p2 andalso t1 = t2
then boolean Type
else raise wrongType
| binop_type (equal - op,floating Type(m1 el ,0s1),floating Type(m2,e2,0s2)) =
boolean Type
| binop_type (equal-op,timeType f1,timeType f2) = boolean Type
| binop_type (equal_op,intervalType f1,intervalType f2) = boolean Type
| binop_type (equal _op,class Type,class Type) = boolean Type
| binop_type (equal - op,code Type,code Type) = boolean Type
| binop_type (equal_op,any Type,any Type) = boolean Type
| binop_type (equal_op,t1,t2) = raise wrongType
SML
| binop_type (not_equal_op,nullType,t) = boolean Type
| binop_type (not_equal_op,t,null Type) = boolean Type
| binop_type (not-equal - op,boolean Type,booleanType) =  boolean Type
| binop_type (not_equal - op,string Type(minl ,mazxl),string Type(min2,max2)) =
boolean Type
| binop_type (not_equal_op,fizedType(p1,s1),fized Type(p2,s2)) =
boolean Type
| binop_type (not_equal-op,enumType(pl1,t1),enumType(p2,t2)) =
if pl1 = p2 andalso t1 = t2
then booleanType
else raise wrongType
binop_type (not_equal - op,floating Type(m1 el ,0s1),
floatingType(m2,e2,0s2)) =
boolean Type
| binop_type (not_equal_-op,timeType f1,timeType f2) = boolean Type
| binop_type (not_equal_op,interval Type f1,intervalType f2) =  booleanType
| binop_type (not_equal-op,class Type,class Type) = boolean Type
| binop_type (not_equal_op,codeType,code Type) = boolean Type
| binop_type (not_equal_op,any Type,any Type) = boolean Type
| binop_type (not_equal_op,t1,t2) = raise wrongType
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SML
“ binop_type (lub_op,classType,classType) = classType
“ binop_type (lub_op,t1,t2) = raise wrongType
SML
| binop_type (glb_op,classType,classType) = classType
| binop_type (glb_op,t1,t2) = raise wrongType
SML
| binop_type (dom_op,class Type,class Type) = boolean Type
| binop_type (dom_op,t1,t2) = raise wrongType
SML
| binop_type (dom_by_op,classType,classType) = boolean Type
| binop_type (dom_by_op,t1,t2) = raise wrongType
SML
| binop_type (liked_op,string Type(minl ,maxl),string Type(min2,maz2)) =
boolean Type
| binop_type (liked_op,t1,t2) = raise wrongType
SML
| binop_type (mazimum_op,fixredType(p1,s1),fixred Type(p2,s2)) =
fixzedType(pl maz p2,s1 mazx s2)
| binop_type (maximum_op,enumType(pl,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then enumType(pl1,t1)
else raise wrongType
binop_type (maximum_op,floating Type(m1 el 0s1),
floating Type(m2,e2,0s2)) =
if m1 = m2 andalso el = e2 andalso 0s1 = 0s2
then floating Type(m1 el ,0s1)
else raise wrongType
binop_type (maximum_op,timeType f1,timeType f2) =
if f1 =f2
then timeType f1
else raise wrongType
binop_type (maximum_op,interval Type f1 intervalType f2) =
if f1 = f2
then intervalType f1
else raise wrongType
binop_type (maximum_op,t1,t2) = raise wrongType
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SML

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

binop_type

(monop_type :

monop_type
monop_type
monop_type
monop_type

(minimum_op,fized Type(p1,s1),fized Type(p2,s2)) =
fixedType(pl maz p2,s1 mazx s2)
(minimum_op,enumType(p1,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then enumType(pl1,t1)
else raise wrongType
(minimum_op,floating Type(m1,el,0s1),
floating Type(m2,e2,0s2)) =
if ml1 = m2 andalso el = e2 andalso 0sl1 = 0s2
then floating Type(m1 el ,0s1)
else raise wrongType
(minimum_op,time Type f1,timeType f2) =
if f1 = f2
then timeType f1
else raise wrongType
(minimum_op,interval Type f1,intervalType f2) =
if f1 = f2
then intervalType f1
else raise wrongType
(minimum_op,t1,t2) = raise wrongType

(opr,t1,t2) = raise notDyadic;

Op * SwordType —> SwordType)

(not_op,booleanType) = boolean Type

| monop_type  (not_op,t) = raise wrongType

SML

| monop_type  (definitely_op,booleanType) = boolean Type
| monop_type  (definitely_op,t) = raise wrongType

SML

| monop_type  (possibly_op,booleanType) = boolean Type
| monop_type  (possibly_op,t) = raise wrongType

SML

(minus_op,fizedType(p,s)) = fized Type(p,s)
(minus_op,floating Type(m,e,0s)) = floatingType(m,e,os)
(minus_op,interval Type f) = intervalType f

(

minus_op,t) = raise wrongType
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SML

SML

SML

fun

monop_type
monop_type
monop_type

monop_type
monop_type

monop_type
monop_type

monop_type
monop_type

monop_type

(triop_type :

triop_type
triop_type

triop_type

triop_type

triop_type

triop_type
triop_type
triop_type

triop_type
triop_type

(ord_op,enumType(p,t)) = fized Type(p,0)
(ord_op,string Type(mini,mazi)) = fizedType(1,0)
(ord_op,t) = raise wrongType

(char_op,fizedType(p,s)) = stringType(1,1)

(char_op,t) = raise wrongType

(upper_op,string Type(mini,mazi)) = string Type(mini,maxi)

(upper_op,t) = raise wrongType

(lower_op,string Type(mini,maxi)) = string Type(mini,maxi)
(lower_op,t) = raise wrongType

(opr,t) = raise notMonadic;

Op * SwordType * SwordType * SwordType —> SwordType)
(liket_op,string Type(minl ,maxl),string Type(min2,maz2),
string Type(min3,maz3)) = booleanType
(liket_op,t1,t2,t3) = raise wrongType
(between_op,fized Type(pl,s1),fixredType(p2,s2),
fizedType(p3,s3)) = booleanType
(between_op,floating Type(m1 el ,0s1),floating Type(m?2,e2,0s2),
floating Type(m3,e3,083)) = booleanType
(between_op,string Type(minl ,mazxl),string Type(min2,max2),
string Type(min3 ,max3)) = booleanType
(between_op,enumType(p1,t1),enumType(p2,t2),enumType(p3,t3)) =
if pl = p2 andalso p2 = p8 andalso t1 = t2 andalso t2 = t3
then booleanType
else raise wrongType
(between_op,time Type(f1),time Type(f2),
timeType(f3)) = boolean Type
(between_op,interval Type(f1),interval Type(f2),
interval Type(f3)) = boolean Type
(between_op,class Type,class Type,class Type) = boolean Type
(between_op,t1,t2,t3) = raise wrongType
(opr,t1,t2,t3) = raise notTriadic;
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| set_func_type
| set_func_type
| set_func_type

SML
| set_func_type
| set_func_type
SML
| set_func_type
| set_func_type
SML
| set_func_type
| set_func_type
SML
| set_func_type
| set_func_type
SML
| set_func_type
| set_func_type
SML

| set_func_type

| set_func_type

| set_func_type

| set_func_type
nterval Type f

| set_func_type
timeType f

| set_func_type

SML
| set_func_type
| set_func_type
| set_func_type
| set_func_type

interval Type f

| set_func_type

| set_func_type

fun (set_func_type :

Op * SwordType —> SwordType)

(plus_op,fizedType(p,s)) = fized Type(p,s)

plus_op,floatingType(m,e,os)) = floating Type(m,e,os)

(
(plus-op,interval Type f) = intervalType f
(plus-op,t) = raise wrongType

(concat_op,stringType (mini,mazi)) = stringType (mini,mazi)

(concat_op,t) = raise wrongType

(and_op,booleanType) = boolean Type
(and_op,t) = raise wrongType

(or_op,booleanType) = boolean Type

(or_op,t) = raise wrongType

(lub_op,classType) = classType
(lub_op,t) = raise wrongType

(glb_op,classType) = classType
(glb_op,t) = raise wrongType

maximum_op,fized Type(p,s)) = fized Type(p,s)

mazximum_op,floating Type(m,e,o0s)) = floating Type(m,e,o0s)

(
(
(mazimum_op,enumType(p,t)) = enumType(p,t)
(mazimum_op,intervalType f) =

(mazimum_op,timeType f) =

(mazimum_op,t) = raise wrongType

minimum_op,fized Type(p,s)) = fizedType(p,s)

minimum_op,enumType(p,t)) = enumType(p,t)

(
(minimum_op,floating Type(m,e,0s)) = floating Type(m,e,o0s)
(
(

minimum_op,interval Type f) =

(minimum_op,timeType f) = timeType f

(minimum_op,t) = raise wrongType
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SML
| set_func_type (average_op,fizedType(p,s)) = fized Type(p,s)
| set_func_type (average_op,floating Type(m,e,0s)) = floating Type(m,e,os)
| set_func_type (average_op,interval Type ) =

interval Type f

set_func_type (average_op,t) = raise wrongType;

(check_boolean : ExpType —> ExpType) (booleanType,w) = (booleanType,w)

check_boolean (t,w) = raise wrongType;

(check_type_conversion : SwordType x SwordType —> unit)
(nullType,t) = ()
check_type_ conversion (string Type(min1 ,maz1),string Type(min2,maz2)) = ()
check _type_ conversion (string Type(mini,mazi),fized Type(p,s)) = ()
check _type_ conversion ( string Type(mini,mazi),floating Type(m,e,0s)) = ()
check _type_ conversion ( string Type(mini,maxi),time Type f) = (
check_type_ conversion (string Type(mini,maxt) interval Type f) = ()
check _type_ conversion ( string Type(mini,mazi),enum Type(p,t)) = ()
( ( )

check _type_ conversion ( string Type(mini,maxi),code Type) = ()
check _type_ conversion (fized Type(p,s),string Type(mini,maxi))

check _type_ conversion (fized Type(p1 ,s1),fized Type(p2,s2)) = ()
check _type_ conversion (fixred Type(p,s),floating Type(m,e,0s)) = ()

0

check _type_ conversion (floating Type(m,e,o0s),string Type(mini,mazi)) = ()
check _type_ conversion (floating Type(m,e,o0s),fized Type(p,s)) = ()
check _type_ conversion (floating Type(m1 el ,0s1),floating Type(m2,e2,0s2)) = ()

check_type_ conversion (time Type f,stringType(mini,maxi)) = (
check_type_ conversion (interval Type f,stringType(mini,maxi)) = ()

check_type_ conversion (enum Type(p,t),string Type(mini,maxi)) = ()

check _type_ conversion (timeType f1,timeType f2) = ()

Page 29 of 83

Ref:- DS/FMU/FEF /020



Ref: DS/FMU/FEF /020
Issue: Rewvision : 2.1
Date: 5 June 2016

DRA FRONT END FILTER PROJECT

Lemma 1 Specification of Query Transformations in SML (II)

SML

“ check _type_ conversion (interval Type f1 ,intervalType f2) = ()

SML

“ check_type_ conversion ( code Type, string Type(mini,mazxi)) = ()

“ check _type_ conversion (any Type,t) = ()
“ check _type_ conversion (t,anyType) = ()

“ check_type_ conversion (t1,t2) = raise wrongType;

fun (check_type_conversiongomain : SwordType x SwordType —> unit)
(stringType(minl ,maz1),timeType f

0

check_type_ conversion gomain string Type(minl ;max1),class Type) = ()
= ()
0

check _type_ conversion gomain timeType f,string Type(minl ,mazxl)

)
)

\ (
\ (
| check _type_ conversion gomain (class Type,string Type(minl ,maxl))
\ (

check _type_ conversion gomain t1,t2) = raise wrongType;

SML
fun (converteol_spec @ Col_specssq —> ColumnSpecification)
(denote_col_specs col) = anonymous_column col
| convert col_spec (absolute_ col_specg(dir,tab,col)) =
specific(absolute(dir,tab),col)
| convert col_spec (default_col_spec,(up,dir,tab,col)) =
specific(default(up,dir,tab),col);

fun (class_column : Col_specssqy—> (Col_specisq,Class)Sum) cs =
case  (100kup coi_spec_ class (true,convert coi_spec €s)) of
(local_identifier name, lub_cl) => inL(denote_col_spec; name)
| (column(gen_corr,gen_col), lub_cl) =>
inL(absolute_col_specy([],gen- corr,gen_col))
| (constant_class cl, lub_cl) => inR cl

| (constant_null, lub_cl) => raise internalError;

fun (denote_name : TsqlRepr —> Valueisq)

(local_identifier s) = contents;(denote_col_specy s)
| denote_name (column(cn,col)) = contentsi(absolute_col_spec; ([],cn,col))
| denote_name (constant_class c¢) = denote_class; ¢

| denote_name constant_null = denote_nully;
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SML

fun (column_data_test : Col_specgq —> Valueysy list) cs =
let val (tr,u) = 100kup col_spec_ class (false,convert co)_spec €5)
m
if client_clearance() dom wu
then ||
else  let val cc = denote_class,(client_clearance())
in [binop:(dom_op,(cc,denote_name tr))]
end

end;

fun (col_exp : ExpType —> ColType)
(t,dinary) = (nullType,t)

| col_exp (t,sterling) = (t,nullType)
| col_exp (t,worthless) = (t,nullType)
| col_exp (t,priceless) = raise wrongType;

SML
fun (col_target : SsqlCol —> TsqlCol) sc =
let fun  (bound : BoundInfo —> TsqlClassName) (upb c) = anong,.
| bound (constant ¢) = constant. c
fun (target : ColType x TsqlClassName —> TsqlCol)
((nullType,nullType),c) = raise internalError
| target ((s,nullType),c) =  {sterling_-name = anony,
dinary_name = noney,
class_name = c}
target ((nullType,d),c) =  {sterling_name = noney,
dinary_-name = anonyg,
class_name = c}
target ((s,d),c) = {sterling-name = anon,,
dinary_name = anony,
class_name = c}
in target(#type_field sc,bound(#-col_class sc))
end;

SML

‘fun (convertiaple_spec : Table_specssq —> TableSpecification)

‘ (absolute_table_specs(dir,tab)) = absolute(dir,tab)

“ convert gple_spec (default_table_specs(up,dir,tab)) = default(up,dir,tab);
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(constant_valuegype : Constant_valuessq —> SwordType)

constant_value yype
constant _value ype
constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype
constant_value yype
constant_value yype

denote_nulls = nullType

denote_voids = monoleanType

denote_trues = booleanType

denote_falses = booleanType

(denote_strings(s,string_types(mini,mazxi))) =
(if mini <= size s andalso size s <= maxi
then string Type(mini,maxi)
else raise wrongType)

(denote_fizeds(f,fized _types(p,s))) =

(if check_fized(f,p,s)

then fized Type(p,s)

else raise wrongType)
(denote_floating s (f ,floating_types(m,e,o0s))) =

(if check_floating(f,m,e,o0s)

then floating Type(m,e,o0s)

else raise wrongType)
(denote_enumg(e,enum_types(p,t))) =

(if check_enum(e,p,t)

then enumType(p,convertigpic_spec t)

else raise wrongType)
(denote_times(tm,time_types f)) =

(if check_time(tm,f)

then timeType f

else raise wrongType)
(denote_interval (i interval -types f)) =

(if check_interval(i,f)

then intervalType f

else raise wrongType)
(denote_classs c¢) = classType
(denote_codes ¢) = codeType
other = raise wrongType;
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fun (convertssql_type : Typessq —> SwordType)
monolean_types = monoleanType

| convert ssqi_type boolean_types = booleanType

| convert ssg1_type (string-types(mini,mazi)) = stringType(mini,maxi)

| convert gsq1_type (fixed_types(p,s)) = fizedType(p,s)

| convert soqi_type (floating_types(m,e,os)) = floating Type(m,e,os)

| convert ssgi_type (enum_types(p,t)) = enumType(p,convertigpie_spec(t))

\ (

\ (

|

|

\

convert ssgi_type time_types f) = timeType f

convert ssqi_type interval_types f) = intervalType f

convert ssqi_type class_types = classType
convert ssqi_type code_types = codeType
COMVETE 5541 _type any-types = anyType;
SML
fun (convertiableSpecification : 1ableSpecification —> Table_specysq)

(absolute(directory,table)) = absolute_table_spec,(directory,table)
| convert yapleSpecification  (default (up,directory,table)) =
let fun  (backUp : string list * int —> string list)(dir,0) = dir
| backUp (dir,n) = if n > 0 andalso length dir > 0
then backUp(rev(tl(rev dir)),n — 1)
else raise moSuchDirectory
val dir = backUp(default_directory(),up) Q directory
n absolute_table_specy(dir,table)

end;

SML

local ~ fun  (dot : string —> string) s = s = "."

fun (table_name : TableSpecification —> string)
(absolute([],tab)) = tab

\ table_name  (absolute(dir,tab)) = (fold (op ~)(map dot dir)) = tab

\ table_-name  (default(up,[],tab)) = implode(seq(up,"—")) ~ tab
(default(up,dir,tab)) = implode(seq(up,"—"))

= (fold (op °)(map dot dir)) ~ tab

| table_name

end;
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fun (convertsword_type : SwordType —> Typeisq)
nullType = raise internalError
convert syord_ type monoleanType = monolean_type;
convert gword_ type booleanType = boolean_type,
convert syord_type string Type(mini,mazxi)) = string-type,(mini,maxi)
fizedType(p,s)) = fived_typet(p,s)

floating Type(m,e,o0s)) = floating_type;(m,e,os)

CONVErt syord_ type
COMVETt syord_ type
enumType(p,t)) = enum_type,(p,table_name t)

convert gword_ type timeType f) = time_type; f

e e e T

conVert sword_ type intervalType f) = interval _type; f

\
\
\
\
\
| convert syord_type
\
\
\
\
\

convert syord_ type classType = class_type;
convert gword_ type codeType = code_type
CONVETT syyord_ type anyType = any-_type;
SML
‘ fun (convertiype : Typessq —> Typeisq) t = convert spord_type(convert soqr_type(t));

SML
fun (denoteciass_exp : FrpClass —> Valuesq)
(variable(v,c)) = v

| denote ass_exp (constant.. c¢) = denote_class; c;

SML
fun (lubbound_info : BoundInfo x BoundInfo —> BoundInfo)
(upb c1,upb c2) = upb(cl lub c2)

| lubbound._ info (constant c1,upb c2) = upb(cl lub c2)
| b pound_ info (upb cl,constant c2) = upb(cl lub c2)
| b pound_info (constant c1,constant c2) = if ¢l = c2 then constant c1

else upb(cl lub c2);

fun (lubexp_class : ErpClass * ExpClass —> ExpClass)
(variable(vl,cl),constant.. c2)

variable(binop(lub_op,(v1,denote_class; c2)),c1 lub c2)
| b egp_class (constante. cl,constante. c2) =
constant e.(c1 lub c2)
| Wb ep_class (constante. cl,variable(v2,c2)) =
variable(binop(lub_op,(v2,denote_classy cl1)),c1 lub c2)
| Wb egp_class (variable(vl,cl),variable(v2,c2)) =
variable(binop(lub-op,(v1,v2)),c1 lub c2);
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SML
fun (lubtype : SwordType x SwordType —> SwordType)(t1,t2) =
if t1 = 12
then t1
else  case(t1,t2) of
(stringType(minl ,mazl),string Type(min2,maz2)) =>
string Type(minl min min2,maxl maz maz2)
| (fized Type(p1,s1),fized Type(p2,s2)) =>
fizedType(pl max p2,s1 maz s2)

| _ => raise wrongType;

SML
fun (lubeol_type @ ColType x ColType —> ColType)
((s1,d1),(s2,d2)) = (lubyype(s1,52),lubype(d1,d2));

The exception designError is raised in the following definition. Without the last clause, pattern
matching is not exhaustive, although the case of (dinary, dinary), say, is caught by the if.
SML
exception designError of string;
fun (lubworth : Worth x Worth —> Worth)(wl,w2) =
if wl = w2
then wi
else  case(wl,w2) of
(w1 ,worthless) => wl
(worthless,w2) => w2
(priceless,w2) => priceless
(w1 ,priceless) => priceless
(dinary,sterling) => priceless
(

sterling,dinary) => priceless

_ => raise designFError "lubyorn";

SML
‘ fun (lubexp : ExpType * ExpType —> ExpType)
| ((t1,w1),(t2,w2)) = (lubyype(t1,t2),lubyorm (w1, w2));

SML
‘fun (Iubgsql_name : SsqliName * SsqlName —> SsqlName)
‘ (names sl,names s2) = if s1 = s2 then nameg sl

‘ else anong
“ lubgsgi_name — (sn1,5n2) = anong;
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SML
fun (lubgsql_col @ SsqlCol * SsqlCol —> SsqlCol)
({name = nl type_field = t1,col_exist = cel,col_class = ccl},
{name = n2,type_field = t2,col_exist = ce2,col_class = cc2})

{name = lubgsq_name(nl,n2),
type_field = lubcop_iype(t1,12),
col_exist = cel lub ce2,

col_class = lubpound_info(ccl,cc2)};

SML
fun (lubgaple_info : TableInfo = TableInfo —> Tablelnfo)
({table_exist_class = tecl,table_class = tcl,row_class = rcl},
{table_exist_class = tec2,table_class = tc2,row_class = rc2})
{table_exist_class = tecl lub tec2,
table_class = tcl lub tc2,

row-class = lUbbound_mfo(TCJ ,T‘CQ)};

SML
fun (lubgsql_class_name : TsqlClassName x TsqlClassName —> TsqlClassName)
(namey. s1,name; s2) = if s1 = s2 then nameys s1
else anong
| lubisqi_class_name (constanty. cl,constant. ¢2) = if ¢l = c2 then constant;. cl

else anong.

‘ lUbtsql_ class_name (1?,?/) = anomNyc,

SML
fun (lubgsql_name : TsqiName x TsqlName —> TsqlName)
(name; s1,name; s2) = if s1 = s2 then name; sl
else anony
| lubisqr_name (noneg,noney) = noney

‘ ZUbtsql_name (tnl,tn?) = anong,

fun (lubgsql_col : T'sqlCol x TsqlCol —> TsqlCol)

({sterling_-name = s1,dinary-name= d1,class-name = c1},
{sterling-name = s2,dinary_name= d2,class_name = c2})
{sterling_name = lubisg_name(s1,52),
dinary_name = lubisg_name(d1,d2),

class_-name = lubysqi_class_name(c1,¢2)};
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SML

local

m

fun (data_col : TsqlName x TsqlName —> Select_valuesq list)

(noney,noney) = []

| data_col (name; s,anon) =
[anonymous_value,(contents,(denote_col_spec; s))]

| data_ col (name; fs,name; ts) =
[anonymous_value,(contents,(denote_col_spec; fs))]

| data_col (noneg,anon;) = [anonymous_value(denote_nully)]

| data_col (anony,none;) = [anonymous_value(denote_null))

| data_col (n1,n2) = raise internalError

un class_col : TsqlClassName * TsqlClassName —> Select_value gy list
q
(constanty. fe,constanty. tc) = if fc = tc then |]
else raise internalError
| class_col (namey. f,namey. tn) =
[anonymous_value,(contents,(denote_col_specy f))]
| class_col (constanty. fe,namey. tn) =
[anonymous_valuei(denote_class; fc)l
| class_col (namey. f,anony.) =
[anonymous_value,(contents,(denote_col_specy f))]
| class_col (constanty. fc,anoni.) =
[anonymous_valuei(denote_class; fc)l

| class_col (c1,c2) = raise internalError

(makegy : TsqlCol * TsqlCol —> Select_valuesq list)(f,t) =
data_col(#sterling_name f,#sterling_name t) Q
data_col(#dinary_name f,#dinary-name t) Q
class_col(#class-name f,#class_name t)

(remove_constants : (Col_specisq, Class)Sum list —> Col_specisq list) [| = ||
remove_constants ((inL c) :: s) = ¢ = (remove_constants s)

remove_constants ((inR c¢) :: s) = remove_constants s;

(remove_nulls : T'sqlRepr list —> TsqlRepr list) [| = ||
remove_nulls (constant_null :: trs) = remove_nulls trs

remove_nulls (x :: trs) = z = (remove_nulls trs);

(upper : EzpClass —> Class)
(variable(c,u)) = u
upper (constante. u) = u;
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SML
local  fun (make_case : Valueyq * ExpClass —> Valuesq)
(data,variable(c,u)) = case,( [data],
[denote_ class(lattice_top())],
)
make_case(data,constant.. ¢) = case( [datal],
[denote_ class(lattice_top())],
denote_class; c)
m

fun (simplifyanas : Valueysq list x ExpClass list —> Valueysq * ExpClass)

(vs,cs) =
let val v = fold(curry binop; and_op)vs
val ¢ = casey( [v],
[fold(curry binop; lub_op)(map denoteciass_exp €S)],
fold(curry binop: glb_op)(at2 (map make_case) (vs,cs)))
val uw = fold (op lub)(map upper cs)
in (v,variable(c,u))
end
end;
SML
local  fun (make_case : Valueyq * ExpClass —> Valuesq)
(data,variable(c,u)) = case,( [data],
[denote_ class(lattice_top())],
c)
make_case(data,constant.. ¢) = case( [datal,
[denote_ classy(lattice_top())],
denote_class; c)
m

fun (simplifyors : Valueysq list x ExpClass list —> Valueysq * ExpClass)

(vs,cs) =
let val v = fold(curry binop; and_op)wvs
val ¢ = casey( [v],
[fold(curry binopy glb_op)(at2 (map make_case) (vs,cs))],
fold(curry binop, lub_op)(map denote ss_ezp €5))
val uw = fold (op lub)(map upper cs)
in (v,variable(c,u))
end

end;
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(constant_valuegata : Constant_valuegq —> Valueisq)

constant_value jqiq
constant_value gqiq
constant_value jqiq

constant_value jqiq

denote_nully; = denote_nully
denote_voids = denote_void
denote_trues = denote_true;
denote_falses = denote_false;

(denote_strings (s,t)) =

Ref: DS/FMU/FEF /020
Issue: Rewvision : 2.1
Date: 5 June 2016

denote_string; (s,convertyype t)

| constant_value a1, (denote_fizeds (f,t)) =
denote_fized; (f,convertyp. t)

| constant_value g4 (denote_floatings (f,t)) =
denote_floating, (f,convertype t)

| constant_value a1, (denote_enumg (e,t)) =
denote_enum; (e,convertyp. t)

| constant_value jq1q (denote_times (tm,t)) =
denote_time; (tm,convertyype t)

| constant_value a1, (denote_intervalg (i,t)) =
denote_intervaly (i,convert ype t)

| constant_value jqiq (denote_classs c¢) = denote_class; ¢

| constant_value gq, (denote_codes ¢) = denote_code; c;

SML
local  fun (look : Col_specgsqy —> TsqlRepr)
cs = 100kup col_spec_ dinary (false,convert co;_spec €S)
in
fun (dinary_columns : Col_specgsq list —> Col_specisq list)
css = map repr_col (remove_nulls(map look css))
end;
SML
local  fun (look : Col_specgsqy —> TsqlRepr)
cs = 100kup col_spec_sterting (false,convert coi_spec cs)
in
fun (sterling_columns : Col_specgsq list —> Col_specsq list)
css = map repr_col (remove_nulls(map look css))
end;

SML

fun (tuple_list max_row_class : Tuple_listssq —> ExpClass)

t = constant.(client_clearance());
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SML

‘fun (upb_row_class : TableInfo —> Class)

‘ {table_exist_class=tec,table_class=tc,row_class=upb rc} = rc

“ upb_row_class {table_exist_class=tec,table_class=tc,row_class=constant rc} = rc;

In the following, the specifications of internal_value j,ss and value_type are incomplete. (all_binop,
some_binop, all_binop_list and some_binop_list are missing from internal_value s and caseVal is
missing from value_type.)

SML

‘fun (valuedata : Valuegsy —> Valuesq)

‘ (denote_constants ¢) = constant_value juiq €

SML

“ value ggtq (monops (opr,v)) = monopy (opr,valuejaiq v)

“ value gaqg (binops (opr,(vl,w2))) = binop; (opr,(valuegutq v1,valuegapq v2))
“ value gaiq (triops (opr,(vl,v2,v8))) = triop; (opr,(value jutq v1,

‘ value garq v2,value o v3))

| value goiq (converts (v,t)) = convert; (valuegatq v,convertyp. t)
| value gatq (convert_domaing (v,domain,t)) =
let val ts = convertgpie_spec domain

val tn = table_name ts

in convert_domain; (tn,(valueqqt, v,convertype t))

end
SML
“ value goiq (make_sterlings v) = valuegqpq v
“ value 4ot (make_dinarys v) = valueggtq v
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value gatq (declares (id,(v1,v2))) =
in-new_scope(fn () =>
let val t1 = valueiype vl
val datal = valueggpq v1
val classl = value s V1
val data?2 = wvalue g, V2
mn case classl of
variable (c,u) =>
let val (cn,dn) = enterigentifier (id,t1,u)
in declare; (cn,(c,declares(dn,(datal,data2))))
end
constante. ¢ =>
let  val dn = enteidentifior-constant. class (idst1 )
in declare;(dn,(datal,data?))
end
end)
SML
value gaiq (caseVals (test,caseList,valList,elseVal)) = caseVali(value gqpq test,
map value o, caselist,
map value g, vallist,
value gqtq elseVal)
value gaiq (cases (caseList,valList,elseVal)) = casei(map value g1 caseList,
map value jqp, vallist,
value gqq elseVal)
SML
| value ggiq (set_func_alls (opr,v)) = set_func_all; (opr,valuegqq v)
| value goiq (set_func_distincts (opr,v)) = set_func_distincty (opr,value o, v)
| value gatq (count_non_nulls (v,t)) = count_non_null; (valuegq, v,convertyye t)
| value 4ot (count_distincts (v,t)) = count_distinct; (valueqqq v,convertyype t)
| value gatq (count_alls t) = count_ally (convertiy,. t)
SML
| value ggtq (all_binops (opr,(v,vs))) = all_binop; (opr,(valuegatq v, tuple_list ga1q vS))
| value gatq (some_binops (opr,(v,vs))) =
some_binop; (opr,(value goiq v, tuple_list ga1q vS))
| value gatq (all_binop_lists (opr,(v,vs))) =
all_binop_list; (opr,(value gotq v,map value gupq 8))
| value gatq (some_binop_lists (opr,(v,vs))) =
some_binop_listy (opr,(value a1 v,map valuejqrq  v8))
| value ggiq (exists_tupless tuples) = exists_tuples; (tuple_list 41, tuples)
| value goiq (single_values v) = single_value; (tuple_list jaiq v)
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SML
value goig (contentss cs) =
(case lookup coi_spec_steriing (false,convert co1_spec cs) of
constant_null => denote_null,
| tr => contents(repr_col tr))
value goiq (sterling_contentss cs) =
(case lookup coi_spec_steriing (false,convert co1_spec cs) of
constant_null => denote_null,
| tr => contents(repr_col tr))
value goig (dinary-contentss cs) =

(case lookup coi_spec_ dinary (false,convert co)_spec cs) of
constant_null => denote_null,

| tr => contents(repr_col tr))

SML
value gt (classifications col) = let val cs = class_column col
in if isL cs then (contents;(getL cs))
else denote_class: (getR cs)
end
SML
value gotq (row_existences t) =
let val ts = convertigple_spec t
val  1c = 100kUPtable_row_class (false, 1)
i denote_name rc
end
SML
value ggia joined_row_existences =
let val ns = lookupiocal_row_ classes()
in (fold(curry binop; lub_op)(map denote_name ns))
end
SML
| value ggtq (classifys(v,c)) = valuegqpq v
| value ggiq (classify-defaults v) = valuegqq v
SML
“ value gotq (observeds(n,c)) = raise notTrigger
“ value ggiq (modifieds n) = raise notTrigger
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SML
value goig (contexts s) = let val (cv,class) = contextual_data s
m constant_value gz, €U
end
value ggiq (parameters name) = let val (cv,class) = lookupparam_data namMeE
m constant_value g4, €U
end
SML

and  (valuegype : Valuegsq —> ExpType)

SML

value yype
SML

valueype
SML

value yype
SML

value yype
SML

value type

(denote_constant, c¢) = (constant_valueyp. c,worthless)

(monops (opr,v)) = let val (t,w) = valueype v
in (monop_type(opr,t),w)
end
(binops (opr,(vl,w2))) = let val (t1,wl) = valueype vl

val (t2,w2) = valueyp. v2
in (binop_type (opr,t1,t2),lubyorsn (w1, w2))
end

(triops (opr,(vl,w2,03))) =
let val (t1,wl

) = valueype v1
val (t2,w2) = valueype v2
)

val (t3,w3) = valueype v3
in (triop_type (opr,t1,t2,t3),lubyortn (W1, b yoren (W2, wS3)))
end
(converts (v,t)) = let val st = convertggq_ype t

val (ty,w) = valueype v

val ok = check_type_ conversion gomain(ty,st)
in (st,w)
end

(convert_domaing (v,domain,t)) =
let val st = convertgsq_type t
val (ty,w) = valueype v
val ok = check_type_ conversion gomain(ty,st)
in (styw)
end
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SML
“ value type (make_sterlings v) = let val (t,w) = valueype v
‘ in (t,sterling)
‘ end
SML
“ value ype (make_dinary, v) = let val (t,w) = valueype v
‘ in (t,dinary)
‘ end
SML
value type (declares (id,(v1,02))) =
let val et = valueype vl
val cl = lattice_top()
mn
in_new_scope(fn () =>
let val i = enterigonsfir constant..class (idset,cl)
in valueype v2
end)
end
SML
“ value ype (cases (caseList,valList,elseVal)) =
‘ let val ok = map check_boolean(map valueyp. caseList)
‘ in fold lub gy (map valueyye (valList Q [elseVall))
‘ end
SML
value type (set_func_alls(opr,v)) = let wal (t,w) = valueype v
m
(set_func_type(opr,t),w)
end
value type (set_func_distincts(opr,v)) = let wal (t,w) = valueype v

m
(set_func_type(opr,t),w)
end
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SML
value type (count_non_nulls(v,t)) =
let val st = convertgsg_type t
val (t,w) = valueype v
mn case st of
fixzedType(p,s) => (st,worthless)
| other => raise wrongType

end
value ype (count_distincts(v,t)) =
let val st = convertgsg_type t
val (t,w) = valuegype v
in case st of
fizedType(p,s) => (st,worthless)
| other => raise wrongType
end
SML
value type (count_alls t) = let val st = convert soqi_type t
in case st of
fixzedType(p,s) => (st,worthless)
| other => raise wrongType
end
SML
value ype (all_binops (opr,(v,vs))) =
let val tt = tuple_listiype vs
mn if length tt <> 1 then raise tooWide
else  let val (t1,wl) = valueype v

val (t2,w2) = hd tt
in (binop_type(opr,t1,t2),lubyorn (w1, w2))

end

end

value type (some_binops (opr,(v,vs))) =
let val tt = tuple_listiype vs
mn if length tt <> 1 then raise tooWide
else  let val (t1,wl) = valueype v
val (t2,w2) = hd tt

in (binop_type(opr,t1,t2),lubyorn (w1, ,w2))
end

end
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SML
value type (all_binop_lists (opr,(v,vs))) =
let fun (binop_exp : Op x ExpType x ExpType —> ExpType)
(opr,(t1,wl),(t2,w2)) =
(binop_type(opr,t1,t2),lubyorn (w1, w2))
val ets2 = map valueiype vs
val etsl = seq(length ets2,valueype v)
in fold lubeg, (at3(map binop_exp) (seq(length ets2,opr),etsl,ets2))
end
value type (some_binop_lists (opr,(v,vs))) =
let fun (binop_exp : Op x ExpType x ExpType —> ExpType)
(opr,(t1,wl1),(t2,w2)) =
(binop_type(opr,t1,t2),lubyorn (w1, w2))
val ets2 = map valueiype vs
val etsl = seq(length ets2,valueype v)
in fold lubeg, (at3(map binop_exp) (seq(length ets2,opr),etsl,ets2))
end
SML
“ value ype (exists_tupless tuples) =
‘ let val tt = tuple_listyyp. tuples
‘ in (boolean Type,worthless)
‘ end
SML
value type (single_values tuples) =
let val tt = tuple_listyype tuples
mn if length tt <> 1 then raise tooWide
else hd tt
end
SML
value ype (contentss cs) =

let
m

end

val (ti,sc) = lookup cotumn_info (CONVETt o1 _spec C€S)
(case (#type_field sc) of
(nullType,nullType) => (nullType,sterling)
(st,nullType) => (st,sterling)
| (nullType,dt) => (dt,dinary)
(st,dt) => (st,sterling))
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SML
value type (sterling_contentss cs) =
let val (ti,sc) = 100kup cotumn_info (cONVETt co1_spec €5)
in (case (#type_field sc) of
(nullType,nullType) => (nullType,sterling)
| (st,nullType) => (st,sterling)
| (nullType,dt) => raise wrongWorth
| (st,dt) => (st,sterling))
end
SML
value ype (dinary_contentss cs) =
let val (ti,sc) = 100kup cotumn_info (CONVETt o1 _spec C€S)
in (case (F#type_field sc) of
(nullType,null Type) => (nullType,dinary)
| (st,nullType) => raise wrongWorth
| (nullType,dt) => (dt,dinary)
| (st,dt) => (dt,dinary))
end
SML
| value type (classifications col) = (classType,worthless)
| value type (row_existences t) = (classType,worthless)
| value type joined_row_existences = (classType,worthless)
| value ype (classifys(v,c)) = (case valueiype c of
(classType,w) => valueype v
| (other,w) => raise wrongType)
| value ype (classify_default, v) = valueype v
| value ype (observeds(n,c)) = raise onlyInTriggers
| value type (modifieds n) = raise onlyInTriggers
| value ype (contexts s) = let val (cv,class) = contextual_data s
n (constant_valueype cv,worthless)
end
value type (parameters name) = let val (cv,class) = lookupparam_data name
in (constant_valueype cv,worthless)
end
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SML

and  (valueglass : Valuegsy —> ExpClass)
v = case internal_value jss v of

ands(datas,classes) => let val (v,c) = simplify 4nas(datas,classes)
m c
end

| ors(datas,classes) => let val (v,c) = simplifyors(datas,classes)
m c
end

| simple(variable(exp,up)) => variable(exp,up)

| simple(constant.. ¢) => constante. ¢

SML
and  (tuple_listgaa : Tuple_listgq —> Tuple_listisq)
(table_contentss t) = in_new_scope(fn () =>
let val ts = convertigple_spec t
val tn = convertgpiespecification 1S
val (ti,ci,scs,rc,tcs) = geliaple_info 15
fun (sel: TsqlCol —> Select_valuesq)
{sterling_-name = name; n,
dinary_-name=dn,
class_name=cn}
= anonymous_value(contents,(denote_col_spec; n))
| sel  z = raise internalError
in all_tuplesy(select_values,(map sel tcs),

[from¢(table_contents; tn)],denote_truey,[|,denote_true;)

end)

SML
tuple_list go1,  (all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class
in all_tuples;(select_list gq1q sel,

fss,value gq;q where,gs @ gd Q remove_constants gc,
value gq1q having)

end)
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SML
tuple_list go1,  (distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class
in distinct_tuples;(select_list gq14 sel,
fss,value gq;q where,gs Q@ gd Q remove_constants gc,

value gq14 having)

end)

SML
tuple_list go1,  (evaluates(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))

= in_new_scope(fn () =>

let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class

in evaluatey(select _list gq1q sel,

fss,value gq;q where,gs Q@ gd Q remove_constants gc,

value gq14 having)

end)

SML
tuple_list go1q  (tuples vals) =
tuple;(map value gqapq vals)

SML

tuple_list gq1,  (unions tls) =

union(map tuple_list go4q tls)

SML
‘ | tuple_list 4ot (name_columnsg(names,tul))
‘ = tuple_list go1q tul
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SML

and

SML

SML

SML

(tuple_listiype : Tuple_list g —> ExpType list)
(table_contentss ts) =
let fun (col_info : TableInfo x ConstraintInfo x
SsqlCol list * TsqlClassName x TsqlCol list
—> SsqlCol list)
(ti,ci,scs,re,tes) = scs
fun (t:SsqlCol —> ColType)
¢ = H#type_field c
fun (f:ColType —> ExpType)
(nullType,nullType) = raise internalError
(st,nullType) = (st,sterling)

(st,dt) = (st,sterling)
in map f(map t(col_info(getiapic_info(convert gpie_spec ts))))
end

| f
| f (nullType,dt) = raise internalError
| f

(

tuple_listyype  (all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_ class,having))
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val where_ok = check_boolean(valueyp, where)
val having_ok = check_boolean(valuety,e having)
in select_listyype sel
end)

tuple_listype  (distinct_tuples,(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val where_ok = check_boolean(valueype where)
val having_ok = check_boolean(valueyye having)
in select_listyype sel

end)

tuple_listyy,e  (evaluates(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in-new_scope(fn () =>
let val fs = map from_specenter fr
val where_ok = check_boolean(valueyp. where)
val having_ok = check_boolean(valuey,y. having)
in select_listiype sel
end)
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SML

SML

SML

SML

and

SML

tuple_listyype  (tuples vals) = map valueyype vals

tuple_listyype  (union, tls) = let val tiss = map tuple_listiype tls
mn if length tiss = 0
then raise emptyUnionList
else map (fold lubeqp)(invert tiss)

end

tuple_listype  (name_columns, (names,tul)) = tuple_listyype tul

(from_specenter : From_specssq —> From_specisqr) fs =
let fun (c_names : TsqlClassName —> string list)
(constanty. ¢) = ||
| c_names (namey. s) = [s]
| c_names anony. = raise internalError
fun (names : TsqlName —> string list)
none; = ||
| names (name; s) = |[s]
| names anony = raise internalError
fun  (col_names : TsqlCol —> string list) tc
= names(#sterling_name tc)
Q names(#dinary_name tc)
Q c_names(#class_name tc)
in

(case fs of
(froms t) =>
let val (tn,ti,scs,rc,tes) = tuple_listing, t
val tul = tuple_list qpe (t,7c,tcs)
val cor = enter gy (tn,ti,scs,re,tes)
val cns = (case rc of
anony. => raise internalError
| names. s => |[s]
| constanty. ¢ => [])
Q fold (op @) (map col_names tcs)
in correlate_ fromy(cor,name_columns(cns,tul))

end
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SML
(correlate_ froms(name,t)) =>
let val (tn,ti,scs,rc,tes) = tuple_listiny, 1
val tul = tuple_listymare (t,7c,tcs)
val cor = enter corr_tapie (Name,tn,ti,scs,re,tcs)
val cns = (case rc of
anony. => raise internalError

| names. § => [s]

| constanty. ¢ => [])

Q fold (op @) (map col_names tcs)
in correlate_ fromy(cor,name_columns(cns,tul))
end)

end

SML
and  (select_listiype : Select_listseq —> ExpType list)
all_columnss =
let fun (t : SsqlCol —> ColType) ¢ = #type_field ¢
fun (f : ColType —> ExpType)
(nullType,nullType) = raise internalError
| f (st,nullType) = (st,sterling)
| I (nullType,dt) = (dt,dinary)
| f (st,dt) = (st,sterling)
in map f(map t(lookupiocal_col_info()))
end

select _list yype (select_valuess vals) = map select_valueyype vals

SML
and  (select_valuegype : Select_valuegsq —> ExpType)
anonymous_values v) = valueype v

anonymous_pairs(sval,dval)) = valueyye sval

(

| select_value ype (named_values(name,v)) = valueype v
| select_value ype (
(

| select_value ype named_pairs(name,(sval,dval))) = valueype sval

SML
and (tuple_listinfo : Tuple_listssy —>  TableName x TableInfo = SsqlCol list
x TsqlClassName x TsqlCol list)

(table_contentss t) =

let val ts = convertigple_spec t

val (ti,ci,scs,re,tes) = geliable_info 1S
n (namey, ts,ti,scs,rc,tes)
end
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SML

tuple_listing,  (all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)) =

let val (tis,scss,res,tess) = split4 (map from_specing, fr)
in in_new_scope(fn () =>
let val fs = map from_specenter fr

val sli = select_list;pg, sel
n (anony,,fold lubiapie_info tis,sli,

fold ubtsgi_class_name TCS,map col_target sli)
end)

end

SML

tuple_list g, (distinct_tuples(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)) =

let val (tis,scss,res,tess) = split4 (map from_specingo fr)
in in_new_scope(fn () =>
let val fs = map from_specenter fr

val sli = select_list g, sel
mn (anon,fold lubigpie_info tis,sli,

fold ubtsgi_class_name TCS,map col_target sli)
end)
end

SML
tuple_listing,  (evaluates(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)) =
let val (tis,scss,rcs,tess) = split4 (map from_specingo fr)
in in_new_scope(fn () =>
let val fs = map from_specenter fr
val sli = select_list;ny, sel
n (anon,fold lubiapic_info tis,sli,
fold lubisq_class_name TCS,map col_target sli)
end)
end
SML
tuple_listing,  (tuples vals) =
let val ti = {table_exist_class = query_constants_class(),

table_class = query_constants_class(),
row_class = constant(query-constants-class())}
val scs = map value;ys, vals
val tcs = map col_target scs
n (anon,ti,scs,constant . (query-constants_class()),tcs)
end
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SML

tuple_list j,f,

SML
tuple_list ,f,
let

m
end

(unions tls) =
if length tls = 1
then tuple_list ;s (hd tls)

else et val (tts,tis,scss,res,tess) = splits (map tuple_listipg, tls)

val ti = fold lubiapie_info 118

val scs = map(fold lubssg_co1)(invert scss)

val rc = fold lubsgi_ciass_name TCS

val tes = map(fold lubysq_cor) (invert tess)
n (anony,ti,scs,re,tes)

end

(name_columnsg (names,tul)) =
fun (merge : string * SsqlCol —> SsqlCol)

(n,{name=cn,type_field=ty,col_exist=ce,col_class=cc})

= {name=names n,type_field=ty,col_exist=ce,col_class=cc}

val (tn,ti,scs,rc,tes) = tuple_listing, tul

(tn,ti,at2(map merge)(names,scs),re,tcs)
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SML
and  (tuple_listmake : Tuple_listgq * TsqlClassName x TsqlCol list —> Tuple_list;sq )
(table_contentsy t,to_rc,to_tes) =
let val (ti,ci,scs,re,tes) = getigple_info (CONVETthie_spec T)
val tc = table_contents;(convert apiespecification (CONVETttable_spec T))
fun (mk : TsqlName * TsqlName —> Valueysq list)

(namey f,name; tn) = [contents,(denote_col_spec; f)]
| mk (namey f,anon;) = [contents,(denote_col_spec; f)]
| mk (namey f,none;) = raise internalError
| mk (anong,name, tn) = raise internalError
| mk (anong,anony) = raise internalError
| mk (anong,none;) = raise internalError
| mk (noneg,name; tn) = [denote_nully]
| mk (noneg,anon;) = [denote_nully]
| mk (noneg,noney) = []

fun (mkc : TsqlClassName * TsqlClassName —> Valuesq list)
(namey. f,namey. t) = [contents;(denote_col_specy f)]
| mkc  (namey. f,constant,. ¢) = raise internalError
| mke  (constanty. c,namey. tn) = [denote_class; c]
| mke  (constanty. cl,constanty. c2) =
if ¢1 = c2 then |]
else raise internalError
| mkc  (anoni.,x) = raise internalError
| mke  (namey. f,anony.) = [contents;(denote_col_spec; f)]
| mke  (constanti. c,anon.) = [denote_class; c]
fun (col : TsqlCol * TsqlCol —> Valueysq list)
({sterling_name= from_sn,dinary_name = from_dn,
class_name = from_cn},
{sterling_name= to_sn,dinary_name = to_dn,
class_name = to_cn}) =
mk(from_sn,to_sn) Q@ mk(from_dn,to_dn)
Q mke(from_cn,to_cn)
m if to_rc = rc andalso to_tcs = tcs
then tc
else  let val vals = mke(re,to_rc) @
(fold (op @)(at2(map col)(tcs,to_tcs)))
in all_tuplesy(select_valuesi(map anonymous_value; vals),
[fromy tc],denote_true,,[],denote_true;)
end

end
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SML

SML

SML

tuple_list ake

tuple_list ke

tuple_list make

(all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_ class,having)
,to_rc,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary
val gbc = remove_constants(map class_column gb_class)
in all_tuplesy(select_values(select_list pape (sel,to_rc,to_tes)),
fs,value 4414 where,gbs @Q gbd @Q gbc,
value gqpq having)
end)

(distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_ class,having)
,to_rc,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary
val gbc = remove_constants(map class-column gb_class)
in distinct_tuplesy(select_values;(select _list yqpe (sel,to_rc,to_tes)),
fs,value gq1q where,gbs @Q gbd @Q gbc,
value gqpq having)
end)

(evaluates(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)
,to_re,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary
val gbc = remove_constants(map class-column gb_class)
in evaluatey(select_valuesy(select_list yake (sel,to_re,to_tcs)),
fs,value gq14 where,gbs @Q gbd @Q gbc,
value gq1q having)
end)
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SML

SML

SML

SML

and

SML

and

SML

and

SML

tuple_list pape (tuples vals,to_rc,to_tes) =
let val tvals = (case to_rc of
constanty. ¢ => [|
| other => [(denote_class; (query_constants_class()))])
Q (fold(op Q)(at2(map make_col)(vals,to_tcs)))
i tupley tvals
end

tuple_list pape (uniong tls,to_re,to_tes) =
if length tls <> 1
then tuple_list pake(hd tls,to_re,to_tes)
else uniony(at3(map tuple_list ,qpe)
(tls,seq(length tls,to_rc),seq(length tls,to_tcs)))

tuple_list ke  (name-columnss(names,tul),to_re,to_tcs)

= tuple_list pape (tul,to_rc,to_tes)

(from_specinfo : From_specgsq —>
TableInfo * SsqlCol list x TsqlClassName x TsqlCol list)

(froms t) = let val (tn,ti,scs,rc,tes) = tuple_listing, t
n (ti,scs,re,tes)
end
from_specins, (correlate_fromg(cn,t)) = let val (tn,ti,scs,re,tes) = tuple_listing, t
n (ti,scs,re,tes)
end

(select_listingo : Select_listssq —> SsqlCol list)
all_columnss = lookupiocai_ coi_info()

select_list i, (select_values vals) = map select_valuepngs, vals

(select_valuejng, : Select_valuegsq —> SsqlCol)

(anonymous_values v) = valuepp, v

select_valueng, (named_values(n,v)) =

let val {name = nm,type_field = ty,col_exist = ce,col_class =cc}
= value;pp, v

mn {name = names n,type_field = ty,col_exist = ce,col_class = cc}

end
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SML
select_value g, (anonymous_pair(sval,dval)) =

let val (stype,sw) = valueype sval
val (dtype,dw) = valueype dval
val u = upper(value jqss sval)

lub upper(value jqss dval)

in {name = anons,
type_field = (stype,dtype),
col_exist = query-constants_class(),
col_class = upb u}

end

SML
select_value g, (named_pairs(n,(sval,dval))) =
let val (stype,sw) = valueype sval
val (dtype,dw) = valueype dval
val u = upper(value jqss sval)
lub upper(value jqss dval)
in {name = name;, n,
type_field = (stype,dtype),
col_exist = query-constants-class(),

col_class = upb u}

end

SML
and  (valuejngo : Valuegsq —> SsqlCol)
v = case value s v of
variable(exp,c) =>  {name= anons,,
type_field= col_exp(valueype v),
col_exist=query_constants_class(),
col_class=upb c}
constante. ¢ => {name: anons,
type_field= col_exp(valueype v),

col_exist=query_-constants_class(),

col_class=constant c}

‘and (internal_valueciass : Valuessy —> InternalExpClass)
‘ (denote_constants c) =
simple(constant ..(query_constants_class()))

“ internal _value ggss (monops(opr,v)) = simple(value cjuss v)
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SML
internal _value ciqss (binops(or_op,(vall val2))) =
let
val (vl,cl) =
(case (internal_value pss vall) of
ands(datas,classes) =>
split[simplify 4nas (datas,classes)]
| ors(datas,classes) => (datas,classes)
| simple e => ([valuegqtq valll,[e]))
val (v2,c2) =
(case (internal_value pss val2) of
ands(datas,classes) =>
split[simplify 4nas(datas,classes))
| ors(datas,classes) => (datas,classes)
| simple e => ([valuegq1, val2],[e]))
in ors(vl @ v2,c1 Q c2)
end

SML
internal _value ciqss (binops(and_op,(vall ,val2))) =

let

val (vl,cl) =
(case (internal_value pss vall) of
ands(datas,classes) => (datas,classes)
| ors(datas,classes) =>

split[simplify ors (datas,classes)]

| simple e => ([value g1, valll,[e]))
val (v2,c2) =
(case (internal_value puss val2) of
ands(datas,classes) => (datas,classes)
| ors(datas,classes) =>
split[simplify ors (datas,classes)]

| simple e => ([value g1, val2],[e]))
in ors(vl @ v2,c1 Q c2)
end
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SML

internal _value ciqss (binops(opr,(vall ,val2))) =
let val vel = value s vall
val ve2 = value qqss vVal2
n simple(lub egp_class(vel ,vc2))
end
SML
internal _value ggss (triops(opr,(vall ,val2,val3))) =
let val vel = wvalueyqss vall
val ve2 = valuegyqss val2
val ve8 = wvalue s vals
n simple(lub egp_class(vel b gy ciass(ve2,v¢3)))
end
SML
| internal_value .jgqs (converts(v,t)) = simple(value cjuss v)
| internal_value qgss (convert_domaing(v,domain,t)) = simple(value iqss V)
| internal _value gjgss (make_sterlings v) = simple(value jqss v)
| internal _value ggss (make_dinarys v) = simple(value jqss v)
SML
| internal _value ciqss (declares (id,(vall,val2))) =
let val t1 = valueyype vall

val datal = wvalue g4, vall
val classl = value,ss vall
val class?2 = value s val2

val class2exp = denote gss_exp class2

m
in_new_scope(fn () =>
let val ¢ =
case classl of
variable (c,u) =>
let val (cn,dn) = enterigentifier (4d,t1,u)
in declarey (cn,(c,
declare,(dn,(datal ,class2exp))))
end
constante. ¢ =>
let val dn = enteridentifier_constant _ class (1d,t1,c)
in declares(dn,(datal,class2exp))
end
in simple(variable(c,upper class2))
end)
end
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SML
nternal_value g (caseVals (test,caseList,valList,elseVal)) =
let val ten = unique_name()
val tc = contents,(denote_col_spec; tcn)
val tun = unique_name()
val tv = contents;(denote_col_spec; tvn)
fun (limb1 : Valuegsq * Valuessy
—> Valueysq list * Valueysq list)
(6,’[)) =
let val vl = denote igss_eap(value oss €)
val t1 = monop¢(not_op,binop(dom_op,
(denote_class(query_class()),v1)))
val t2 = binop(equal_-op,(tv,value jq1q €))
val v2 = denote igss_eap(Value lgss V)
in ([t1,¢2],]v1,02])
end
fun (limb : Valuegssq list * Valuessy list
—> Valueysq list * Valueysq list)
(es,vs) =
let val (ess,vss) = split(at2(map limb1)(es,vs))
in (fold(op Q@Q)ess,fold(op @)wvss)
end
fun (uppers : EzpClass list —> Class)
es = fold (op lub) (map upper es)
val (c1,v1) = limb(caseList,valList)
val check_list = case;(cl,v1,
denote cass_ exp (value g5 elseVal))
val check_test = casei([binopi(dom_op,(denote_class,
(query-class()),tc))],
[check _list],
te)
val ¢ = declare,(ten,(denote cgss_exp(valueggss test),
declares(tun,(value gqpq test,check_test))))
val u = uppers(map value qjqss
(caseList @ wvalList Q [test,elseVall))
in simple(variable(c,u))
end
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SML

SML

internal_value e (cases (caseList,valList,elseVal)) =
let fun (limb1 : Valuegsq * Valuessy
—> Valueysq list * Valueysq list)
(6,’[)) =
let val v1 = denote iass_eap(value oss €)
val t1 = monop;(not_op,binop,(dom_op,
(denote_class¢(query_class()),v1)))
val v2 = denote igss_ezp(Value gss v)
in ([t ,value joiq €],[v1,02])
end
fun (limb : Valuegssq list * Valuessg list
—> Valueysq list * Valueysq list)
(es,vs) =
let val (ess,vss) = split(at2(map limbl1)(es,vs))
in (fold(op Q)ess,fold(op @)uvss)
end
fun (uppers : EzpClass list —> Class)
es = fold (op lub) (map upper es)
val (c1,v1) = limb(caseList,valList)
val ¢ = casey(cl,vl,denote iass_ezp(value qss elseVal))
val u = uppers(map value qjqss
(caseList @ valList @ [elseVal]))
in simple(variable(c,u))
end

internal _value ggss (set_func_alls (and_op,v)) =
(case value pgss v of

variable(c,u) =>

let val ¢f = casei([value gqrq v],
[denote_ class(lattice_top())],
c)

val ce = casey([set_func_ally(and-op,value g1 v)],

[set_func_ally(lub_op,c)],
set_func_ally(glb_op,cf))

in simple(variable(ce,u))

end

constante. ¢ => simple(constant,. c))
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SML
internal_value e (set_func_alls (or_op,v)) =
(case value pss v of
variable(c,u) =>
let val ct = casey([value gupq ],
],
denote_class(lattice_top()))
val ce = casei([set_func_ally(or_op,value jqiq v)],
[set_func_all(glb-op,ct)],
set_func_all;(lub_op,c))
in simple(variable(ce,u))

end

constante. ¢ => simple(constant. c))

SML
internal _value ggss (set_func_alls (opr,v)) =
(case value pgss v of
variable(c,u) =>
simple(variable(set_func_ally(lub_op,c),u))
constante. ¢ => simple(constant,. c))

SML
internal_value qjgss (set_func_distincts (and-op,v)) =
(case value pss v of

variable(c,u) =>

let val cf = caseq([value gqapq ],
[denote_ class(lattice_top())],
c)

val ce = casei([set-func_ally(and-op,value g1 v)],

[set_func_ally(lub_op,c)],
set_func_ally(glb_op,cf))

in simple(variable(ce,u))

end

constante. ¢ => simple(constant,. c))
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SML
internal_value e (set_func_distincts (or_op,v)) =
(case value pss v of

variable(c,u) =>

let val ct = casey([value gupq ],
],
denote_class(lattice_top()))

val ce = casei([set_func_ally(or_op,value jqiq v)],

[set_func_all(glb-op,ct)],
set_func_all;(lub_op,c))

in simple(variable(ce,u))

end

constante. ¢ => simple(constant. c))

SML
internal _value ggss (set_func_distincts (opr,v)) =
(case value pgss v of
variable(c,u) =>
simple(variable(set_func_ally(lub_op,c),u))
constante. ¢ => simple(constant,. c))
SML
internal_value qjgss (count_non_nulls (v,t)) =
(case value pss v of
variable(c,u) =>
simple(variable(set_func_all;(lub_op,c),u))
constante. ¢ => simple(constant,. c))
SML

internal_value e (count_distincts (v,t)) =
(case value pss v of
variable(c,u) =>
simple(variable(set_func_all;(lub_op,c),u))

constante. ¢ => simple(constant,. c))
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SML

SML

SML

SML

internal _value .uss

nternal_value g6

nternal _value .uss

nternal_value .uss

(count_alls t) =
let wal ti = fold lubapie_ingo (l00kUPIocal_ table_info())
mn case #row_class ti of
upb u =>
let val ¢ = fold(curry binopy lub_op)(map
denote_name(lookupiocai_row_ classes()))
in simple(variable(c,u))
end
| constant u => simple(constant . )

end

(exists_tupless tuples) =
let val (tn,ti,scs,rc,tes) = tuple_listng, tuples
mn case #row_class ti of
upb u =>
let val ¢ = denote iuss_exp
(tuple_listmas_row_class tuples)
in simple(variable(c,u))
end
| constant u => simple(constante. )
end

(single_values v) =
let val (tn,ti,scs,re,tes) = tuple_listing, v
in case #col_class (hd scs) of
upb u =>
let val ¢ = single_valuey (tuple_list juss v)
in simple(variable(c,u))
end
| constant u => simple(constant .. )

end

(contentss col) =
let val (tr,u) = lo0kup coi_spec_ class (false,convert op_spec col)
mn case tr of
constant_class ¢ => simple(constant. c)
| other => simple(variable(denote_name tr,u))
end
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SML
internal_value e (sterling_contentss col) =
let val (tr,u) = l00kup coi_spec_ class (false,convert p_spec col)
in case tr of
constant_class ¢ => simple(constante. c)

| other => simple(variable(denote_name tr,u))

end

SML
internal_value e (dinary-contentss col) =
let val (tr,u) = l00kup coi_spec_ class (false,convert op_spec col)
m case tr of
constant_class ¢ => simple(constante. c)

| other => simple(variable(denote_name tr,u))

end

SML
internal_value e (classifications col) =
let wal (ti,ci) = l00kUp cotumn_info(cONVETt o1 _spec cOL)
mn case #row_class ti of
upb u =>
let val rc = 100kup cotumn_row_ class
(false,convert coi_spec col)
val ¢ = denote_name rc
in simple(variable(c,u))
end
| constant ¢ => simple(constante. c)
end

“ internal _value ggss (row_existences t) =

‘ let wal td = lOOkuptable_detail(COnverttable_spec t)
‘ in simple(constant.. (#table_class(#info td)))
‘ end

“ nternal _value .uss joined_row_existences =
‘ let val ti = fOZd ZUbtable_info(lOOkuplocal_table_info())
‘ in  simple(constant.. (#table_class ti))

end

Page 66 of 83



DRA FRONT END FILTER PROJECT e/ DS/FMU/FEF/020
Lemma 1 Specification of Query Transformations in SML (II) Issue: Rewvision : 2.1
p ! ton u ry ran rmations Date: 5 June 2016

“ internal_value e (classifys(v,c)) = simple(value cqss €)
“ internal _value .jgss (classify_defaults v) = simple(constant..(query_class()))
SML
| internal_value e (observeds(n,c)) = raise notTrigger
| internal _value ggss (modifieds n) = raise notTrigger
| internal__value ggss (contexts t) =
let val (cv,class) = contextual_data t
in simple(constant.. class)
end
internal _value ggss (parameters name) =
let val (cv,class) = lookupparam_data name
in simple(constant.. class)
end
SML

and  (tuple_listclass : Tuple_listssq —> Tuple_listisg )
(table_contentss t) = in_new_scope(fn () =>
let val ts = convertigple_spec t
val tn = convertgpiespecification 1S
val (ti,ci,scs,rc,tes) = geliaple_info 15
fun (sel: TsqlCol —> Select_valuesq)
{sterling-name = sn,
dinary_name=dn,
class_name=name. n}
= anonymous_value(contents,(denote_col_spec; n))
| sel  {sterling-name = sn,
dinary_name=dn,
class_name=constant,. c}
= anonymous_value,(denote_class; c)
| sel  z = raise internalError
in all_tuplesy(select_values,(map sel tcs),

[from¢(table_contents; tn)],denote_truey,[|,denote_true;)

end)
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SML

SML

SML

SML

SML

tuple_list cj4ss

tuple_list c14ss

tuple_list .14ss

tuple_list .14ss

tuple_list .14ss

(all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class
in all_tuplesi(select_list jqss S€l,
fss,value gq;q where,gs Q@ gd Q remove_constants gc,
value gq14 having)

end)

(distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_ class,having))
= in_new_scope(fn () =>
let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class
in distinct_tuplesy(select_list .jqss Sel,
fss,value gq;q where,gs Q gd Q remove_constants gc,
value gqpq having)
end)

(evaluates(sel,fr,where,gb_sterling,gb_ dinary,gb- class,having))
= in_new_scope(fn () =>
let val fss = map from_specenter fr
val gs = sterling_columns gb_sterling
val gd = dinary_columns gb_dinary
val gc = map class_column gb_class
in evaluatey(select _list ciqss sel,
fss,value gqrq where,gs @ gd @Q remove_constants gc,
value gqtq having)
end)

(tuples vals) =
tuples(map denote igss_eop(map value qss vals))

(unions tls) =

uniony(map tuple_list cqss tls)
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SML
| tuple_list c1qss  (name_columnsg(names,tul))
= tuple_list ;jqss tul
and  (select_listelass : Select_listssy —> Select_listisg)
all_columnss =

let val (trs,classes) = split(lookupiocal_col_spec_ classes())

in select_values;(map anonymous_value; (map denote_name trs))

end

select_list jqss (select_valuess vals) = select_valuesi(map select_valuecyyss vals)

SML
and (select_valuecass : Select_valuegsy —> Select_valuesq)
(anonymous_values v) =
anonymous_value(denote ciass_eap(value cgss v))
| select_value qjgss (named_values(name,v)) =
anonymous_value(denote cigss_ezp(valueggss v))
| select _value ggss (anonymous_pairs(sval,dval)) =
anonymous_value(denote cass_eap(value cqss sval))

| select_value cjgss (named _pairs(name,(sval,dval))) =

anonymous_value(denote gss_exp(value qss sval))

SML

SML
and (select_listmake : Select_listgoq * TsqlClassName x TsqlCol list —> Select_valuesq list)
(all_columnsg,to_re,to_tcs) =
let val rcs = 100kupiocal_row_ classes ()
val rc = (fold(curry binop; lub_op)(map denote_name rcs))
m
(case to_rc of
anony. => [anonymous_value; rc|
| names. § => [anonymous_value; Tc]
| constanty. ¢ => [])

end

@
(fold (op @Q)(at2(map makes,)

( lOOkUp local _ col_implementation () ; to_tcs ) ) )
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SML
select_listyqke (select_valuess vals,to_re,to_tcs) =
let fun (make : TsqlRepr —> Valueisq )
(local _identifier s) = raise internalError
| make (column(t,c)) = contents,(absolute_col_speci([],t,c))
| make (constant_class ¢) = denote_class; c
| make constant_null = denote_null,
in (case to_rc of
anong. =>
let val rcvs = map make(lookupocal_ row._ classes())
in [anonymous_value,
(fold(curry binop, lub_op)rcvs))
end
namei. § =>
let val rcvs = map make(lookupioeal_row-_ classes())
in [anonymous_value,
(fold(curry binop; lub_op)rcvs)]
end
| constanty. ¢ => [])
@
(fold (op @Q)(at2(map select_valuepape)(vals,to_tes)))
end

SML
and (select_valuemake : Select_valuegsy * TsqlCol—> Select_valueisq list)
(anonymous_values v,tcol) =

map anonymous_value,(make_col(v,tcol))

| select_value ,qke (named_values(name,v),tcol) =
map anonymous_value(make_col(v,tcol))
| select_value ke (anonymous_pairs(sval,dval),tcol) =
let val sv = anonymous_value(value gupq sval)
val sd = anonymous_value,(value 3o, dval)
in [sv,sd]
end
select_value ygke (named_pairs(name,(sval,dval)),tcol) =
let val sv = anonymous_value(value guiq sval)
val sd = anonymous_value(value a1, dval)
in [sv,sd]
end
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SML

and

SML

and

SML

and

SML

and

(make_col : Valuegq * TsqlCol —> Valuesq list)
(v,teol) = let val et = walueype v
in
(case (F#sterling-name tcol) of
none; => ||
| anony => [makeserling(v,et)]
| name; s => [makegeriing (v, et)])
Q
(case (#dinary_name tcol) of
none; => ||
| anony => [make gingry (v, et)]
| name; s => [make ginary(v,et)])
Q@

(case (F#class-name teol) of

anony. => [denote igss_exp(value gss )]
| names. s => [denote iss_ezp(value gss V)]

| constanty. ¢ => [])

end

(makeginary : Valuegsq * ExpType —> Valueisq)
(v,(t,priceless)) = raise wrongType

make dinary (v,(t,sterling)) = denote_null,
make dinary (v,(t,dinary)) = wvaluegqpq v
make ginary (v,(t,worthless)) = denote_nully

(makegterling : Valuegsq * ExpType —> Valueigq)
v,(t,priceless)) = raise wrongType
J(t,sterling)) = wvaluegqq v

(
makesterlmg (
makesterling (

(

v (
v,(t,dinary)) = denote_null;
v,(

make sterting J(t,worthless)) = wvalue gqtq v

(select_listgata : Select_listggq —> Select_listysg)

all_columnss = select_values;(map anonymous_value; (map contents,

(all_data- columnsieqr())))

select_list garq (select_valuess vals) = select_values;(map select_value jqu4 vals)
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SML

and

(select_valuegata : Select_valuegyy —> Select_valueygy)

(anonymous_values v) = anonymous_value(value gqq v)
select_value ggzq (named_values(name,v)) = anonymous_value;(value gatq v)
select_value ggzq (anonymous_pairs(sval,dval)) = anonymous_value(value g1 sval)
select_value jq1q (named_pairs(name,(sval,dval))) =

anonymous_value(value g1 Sval)

(tuple_list make_outer @ Tuple_listssq * bool * TsqlClassName  TsqlCol list
—> Tuple_listisq * Querysq list )
(table_contentss t,scw,to_rc,to_tes) =
let val ts = convertigpie_spec t
val (ti,ci,scs,rc,tes) = geliaple_info t5
val where_class = denote_class,(query_constants_class())
val sl = (case scw of
true => [anonymous_value; where_class]
| false => )
@
(case to_rc of
constanty. ¢ => ||
| other =>
(case rc of
anong. => raise internalError
| nameg. col =>
[anonymous_value(contents,
(denote_ col_specy col))]
| constanty. cl =>
[anonymous_value(denote_class; cl)]))
Q (fold (op @) (at2(map makes,)(tcs,to_tes)))
val fs = from(table_contents;(convert piespecification 1))
val sel_q = all_tuples(select_values; sl,[fs|,denote_true;,
[l,denote_truey)

in (sel-q.])
end
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SML
tuple_list make_outer (all_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)
,scw,to_re,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list qpe(sel,to_rc,to_tes)
val where_v = value g4, where
val where_c = value ,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant,. ¢ => denote_classs ¢
val sel_list = case scw of
true => [anonymous_value; where_class|@ sel_vals
| false => sel_vals
val sl = select_values; sel_list
val cc = denote_class(client_clearance())
val wchk = case where_c of
variable(exp,c) =>
if client_clearance() dom c
then where_v
else  let val ok = binopi(dom_op,(cc,exp))
in binop(or-op,(where_v,
monop(not_op,ok)))
end
constante. ¢ =>
if client_clearance() dom c
then where_v
else denote_true;
val max_rc = fold (op lub)(map upb_row_class
(lookupiocai_table_info()))
val rcs = map denote_name(lookupiocai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)res))
val w = if client_clearance() dom max_rc
then wchk
else binop(and_op,(wchk,rvis))
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary

val gbc = remove_constants(map class-column gb_class)
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SML
val groupby_test = fold(op Q)(map column_data_test
(gb_sterling @ gb_dinary))
val having_test = case value yuss having of
constant,. ¢ =>
if client_clearance() dom c
then []
else  [denote_false,]
variable(exp,c) =>
if client_clearance() dom c
then []
else [binop.(dom_op,(cc,exp))]
val tests = groupby_test Q having_test

val checks =
if length tests = 0
then []
else
let val t = monop(not_op,

(fold(curry binop; and_op)tests))
val bad = if client_clearance() dom maz_rc
then [where_v,t]
else [rvis,where_v,t]
val junk = anonymous_value,(denote_truey)
val junk_sl = select_values;[junk]
in [select,(all_tuples;(junk_sl,fs,
fold(curry binopy and-op)bad,|[|,denote_true;))]
end
val sel_q = all_tuples(sl,fs,w,gbs @ gbd Q gbc,value g4, having)
in (sel_q,checks)
end)
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SML
tuple_list make_ outer (distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_ class,having)
,scw,to_re,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list qpe(sel,to_rc,to_tes)
val where_v = value g4, where
val where_c = value ,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant,. ¢ => denote_classs ¢
val sel_list = case scw of
true => [anonymous_value; where_class|@ sel_vals
| false => sel_vals
val sl = select_values; sel_list
val cc = denote_class(client_clearance())
val wchk = case where_c of
variable(exp,c) =>
if client_clearance() dom c
then where_v
else  let val ok = binopi(dom_op,(cc,exp))
in binop(or-op,(where_v,
monop(not_op,ok)))
end
constante. ¢ =>
if client_clearance() dom c
then where_v
else denote_true;
val max_rc = fold (op lub)(map upb_row_class
(lookupiocai_table_info()))
val rcs = map denote_name(lookupiocai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)res))
val w = if client_clearance() dom max_rc
then wchk
else binop(and_op,(wchk,rvis))
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary

val gbc = remove_constants(map class-column gb_class)
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SML
val groupby_test = fold(op Q)(map column_data_test
(gb_sterling @ gb_dinary))
val having_test = case value yuss having of
constant,. ¢ =>
if client_clearance() dom c
then []
else  [denote_false,]
variable(exp,c) =>
if client_clearance() dom c
then []
else [binop.(dom_op,(cc,exp))]
val tests = groupby_test Q having_test

val checks =
if length tests = 0
then []
else
let val t = monop(not_op,

(fold(curry binop; and_op)tests))
val bad = if client_clearance() dom maz_rc
then [where_v,t]
else [rvis,where_v,t]
val junk = anonymous_value,(denote_truey)
val junk_sl = select_values;[junk]
in [select,(all_tuples;(junk_sl,fs,
fold(curry binopy and-op)bad,|[|,denote_true;))]
end
val sel_q = distinct_tuples;
(sl,fs,w,gbs @ gbd Q gbc,value jq4, having)
in (sel_q,checks)
end)
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SML
tuple_list make_outer (evaluates(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)
,scw,to_re,to_tes)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list qpe(sel,to_rc,to_tes)
val where_v = value g4, where
val where_c = value ,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant,. ¢ => denote_classs ¢
val sel_list = case scw of
true => [anonymous_value; where_class|@ sel_vals
| false => sel_vals
val sl = select_values; sel_list
val cc = denote_class(client_clearance())
val wchk = case where_c of
variable(exp,c) =>
if client_clearance() dom c
then where_v
else  let val ok = binopi(dom_op,(cc,exp))
in binop(or-op,(where_v,
monop(not_op,ok)))
end
constante. ¢ =>
if client_clearance() dom c
then where_v
else denote_true;
val max_rc = fold (op lub)(map upb_row_class
(lookupiocai_table_info()))
val rcs = map denote_name(lookupiocai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)res))
val w = if client_clearance() dom max_rc
then wchk
else binop(and_op,(wchk,rvis))
val gbs = sterling_columns gb_sterling
val gbd = dinary_columns gb_dinary

val gbc = remove_constants(map class-column gb_class)
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SML
val groupby_test = fold(op Q)(map column_data_test
(gb_sterling @ gb_dinary))
val having_test = case value yuss having of
constant,. ¢ =>
if client_clearance() dom c
then []
else  [denote_false,]
variable(exp,c) =>
if client_clearance() dom c
then []
else [binop.(dom_op,(cc,exp))]
val tests = groupby_test Q having_test

val checks =
if length tests = 0
then []
else
let val t = monop(not_op,

(fold(curry binop; and_op)tests))
val bad = if client_clearance() dom maz_rc
then [where_v,t]
else [rvis,where_v,t]
val junk = anonymous_value,(denote_truey)
val junk_sl = select_values;[junk]
in [select,(all_tuples;(junk_sl,fs,
fold(curry binopy and-op)bad,|[|,denote_true;))]
end
val sel_q = evaluate(sl,fs,w,gbs Q gbd Q gbc,value j,4, having)
in (sel_q,checks)
end)
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SML

SML

SML

SML

fun

SML

tuple_list make_ outer
let

(tuples vals,scw,to_re,to_tcs) =

val ¢ = denote_classy (query_constants_class())

val tvals = (case scw of
true => [q]
| false => 1))

Q@ (case to_rc of

constants. ¢ => ]

| other => [q])

Q (fold(op Q)(at2(map make_col)(vals,to_tcs)))

in (tuple; tvals,[])

end

tuple_list make_ outer

tuple_list make_ outer

(uniong tls,scw,to_rc,to_tes) =
if length tls = 1
then tuple_list make_ outer (hd tls,scw,to_re,to_tcs)
else  let val (ts,qs) = split(at4 (map tuple_list ,ake_outer)
(tls,
seq(length tls,scw),
seq(length tls,to_rc),
seq(length tls,to_tcs)))
in (union; ts, fold (op @) gs)
end

(name_columnss(names,tul),scw,to_rc,to_tcs)
= tuple_list make_ outer (tul,scw,to_re,to_tcs);

(tuple_listouter_info : Tuple_listssy —> bool)
(table_contentss t) = false

tuple_list puter_info (all_tuples(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))

= in_new_scope(fn () =>

let

m

end)

val fs = map from_specenter fr
val where_c = wvalue s where
case where_c of
variable(exp,c) => not(client_clearance() dom c)

| constante. ¢ => not(client_clearance() dom c)
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SML
tuple_list outer_info (distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val where_c = wvalue,ss where
mn case where_c of
variable(exp,c) => not(client_clearance() dom c)

] constante. ¢ => not(client_clearance() dom c)
end)

SML
tuple_list outer_info (evaluates(sel,fr where,gb_sterling,gb_dinary,gb_class,having))
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val where_c = value j,ss where
in case where_c of
variable(exp,c) => not(client_clearance() dom c)
| constante. ¢ => not(client_clearance() dom c)

end)

“ tuple_list outer_info(tuples vals) = false

SML

“ tuple_list outer_info (union, tls) = fold or(map tuple_list guter_info tls)

SML

“ tuple_list outer_info(name_columnss(names,tul)) = tuple_list pyter_info tul;

SML

fun (transformgeiect_query : Queryssq —> SsqlCol list * Queryisq * bool x TsqlClassName

* TsqlCol list * Querysq list)
(selects vals) =
let val scw = tuple_list yyter_info vals
val (tn,ti,scs,re,tes) = tuple_listing, vals
val (tul,chks) = tuple_list make_ outer (vals,scw,re,tcs)
n (scs,selecty tul,scw,re,tes,chks)

end

transformeiect_query ¢ = raise internalError;
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SML
fun (Querysercet_query ¢ Queryssg —> Queryisy)
(selects vals) = let wal (tn,ti,scs,re,tes) = tuple_listing, vals
in selecty(tuple_list ,qke (vals,re,tcs))
end

qUETY select_query § = Taise internalError;
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