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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 wrongWorth;
exception notTrigger;
exception onlylnTriggers;
exception notMonadic;
exception notDyadic;
exception notTriadic;
exception notSetFunction;
exception noSuchColumn;
exception noSuchTable;
exception noSuchDirectory;
exception noSuchParameter;
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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‘ fun

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

(check_fixed : Fized * int % int —> bool) x = 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) v = raise notDefined "check_time";

(timeFormatTolInterval : 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_valuegsy * 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 * TableDetail list —>
(TableDetail * SsqlCol % TsqlCol)list)
(es,[l) =11
find cotumn (es,tdl) =
let fun (look : string x TableDetail * SsqlCol list x TsqlCol list
—>(TableDetail x SsqlCol x TsqlCol)list)
(nvtd7[]7$) = H
| look (m,td,x,[]) =[]
| 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)
in look(n,td,scs,tcs) @
(if #name sc = nameg 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
namey, ts =>
look(col,td,# columns td,#implementation td)
other =>1]))

end;
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SML
fun (findigent : ColumnSpecification % IdentDetail list —> IdentDetail list)
(es;[]) =[]
| fndiae (specific(t,c)ids) = [
| find;gent (anonymous_column col,idl) =
let val ids = rev(tl(rev idl))
val id = hd(rev idl)

n find ;gent (anonymous_ column col,ids) @
(if col = #identName id
then [id]
else [])

end;

SML

local  fun (look : ColumnSpecification x 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)
m case find copymn(cS,t) of

[| => look(cs,outer)
| [(td,sc,tc)] => (#info td,sc)
| xs => raise ambiguousName
end

fun (lookupcolumn_info : ColumnSpecification —> TableInfo * SsqlCol)
cs = look(cs,!symbolTable)

fun  (maxBound : BoundInfo —> Class)

(upb ¢) = ¢
| mazxBound (constant ¢) = c;
SML
fun (innermost : Scope list —> Scope list)
=1
| innermost sl = et val outer = rev(tl(rev sl))
val inner = hd(rev sl)
val {tables = tds,identifiers = ids} = inner
mn
if tds =[] then innermost outer @ [{tables = [],identifiers = ids}]
else [inner]
end;
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SML
local  fun (look : ColumnSpecification * 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)
in case (findeotumn(c5,t) findigens(c5,7)) of
([J.[)) => look(cs,outer)
‘ ([(td,sc,tc)],[]) =>
let val uw = mazxBound(#-col_class sc)
m
case (F#class_name tc) of
anony. => raise internalError
| names. s => (column(#genCorr td,s),u)
| constanty,. ¢ => (constant_class c,u)
end
([),[sd]) =>
(case (#cName id) of
none; => (constant_class (#lub;q id),#lub;q id)
| anony => raise internalError
| name; s => (local_identifier s, #lub;q id))
| (ws,ys) => raise ambiguousName
end
m
fun (lookupcol_spec_class : bool * 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 * Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
in case (findeotumn (c5,8) findigens(c5,3)) of
([J.[)) => look(cs,outer)
‘ ([(td,sc,tc)],[]) =>
(case (#dinary_name tc) of
none; => raise internalError
| anon; => raise internalError
[name; s => column(#genCorr td,s))
([),[d]) =>
(case (#info id) of
(st,dinary) =>
(local —identifier(#vName id))
| (st,other) => constant_null)
(zs,ys) => raise ambiguousName

end

fun (lookupcol_spec_dinary : bool x ColumnSpecification —> TsqlRepr)
(true,cs) = look(cs,innermost (!symbolTable))
| lookup co_spec_dinary ~ (false,cs) = look(cs,!symbolTable)

Page 8 of 83



Ref: DS/FMU/FEF /020
Issue: Rewvision : 2.2
Date: 5 December 2009

DRA FRONT END FILTER PROJECT

Lemma 1 Specification of Query Transformations in SML (II)

SML
local  fun (look : ColumnSpecification * Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
in case (findeotumn (c5,8) findigens(c5,3)) of
([J.[)) => look(cs,outer)
‘ ([(td,sc,tc)],[]) =>
(case (#dinary_name tc) of
none; => raise internalError
| anon; => raise internalError
[name; s => column(#genCorr td,s))
([),[d]) =>
(case (#info id) of
(st,sterling) =>
(local —identifier(#vName id))
| (st,other) => constant_null)
(zs,ys) => raise ambiguousName

end

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

in
fun (lookupiocal_col_implementation @ unit —> TsqlCol list)
() = case (fold (op @Q)(map extract_implementation(innermost (!symbolTable)))) of
[| => raise noScope
| trs => trs
end;
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SML
local  fun (project_columns : TableDetail —> SsqlCol list)
td = #columns td
fun (extract_columns : Scope —> SsqlCol list)
sc = fold (op @) (map project_columns (#tables sc))

n
fun  (lookupiecal_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 = SsqlCol x TsqlCol —> TsqlRepr * Class)
(corr,sc,tc) = let val w = mazBound(#col_class sc)
in case (F#class_name tc) of
anony. => raise internalError
| namey. s => (column(corr,s),u)
| constanty,. ¢ => (constant_class c,u)
end
fun (look1 : TableDetail —> (TsqlRepr * Class) list)
td = at3 (map look2)(seq(length(# columns td),#genCorr td),
#columns td,#implementation td)
fun (look : Scope —> (TsqlRepr x 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)
(corr,tc) =  case (F#sterling_name tc) of
none; => constant_null
| anon; => raise internalError
\ name; s => column(corr,s)
fun (lookl : TableDetail —> TsqlRepr list)
td = at2 (map look2)(seq(length(# columns td),#genCorr td),
#implementation td)
fun (look : Scope —> TsqlRepr list)
sc = fold (op Q) (map lookl (#tables 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
| namey. s => column(#genCorr td,s)
| constanty. ¢ => constant_class c
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 * Scope list —> TsqlRepr)
(es,]]) = raise noSuchColumn
| look  (cs,sl) =
let val outer = rev(tl(rev sl))
val {tables = t,identifiers = i} = hd(rev sl)
in case (findeotumn (c5,8) findigens(c5,3)) of
([J.[)) => look(cs,outer)
‘ ([(td,sc,tc)],[]) =>
(case (#rowClass td) of
anong. => raise internalError
| namey. s => column(F#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))

| 100kUD cotumn_row_class  (false,cs) = look(cs,\symbolTable)
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SML
local ~ fun (look1 : TableSpecification * TableDetail —> TsqlRepr list)
(ts,td) = case (#tableName td) of
anongy, => ||
| names, tn => if ts = in then
(case (#rowClass td) of
anony. => raise internalError
| namey, § =>
[column(#genCorr td,s)]
| constant,. ¢ =>
[constant_class c])
else ||
fun (look : TableSpecification * 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
m

fun (lookuptaple_row_class : bool * TableSpecification —> TsqlRepr)
(true,ts )= look(ts,innermost (!symbolTable))
| lookup tabie_row_ class (false,ts) = look(ts,!symbolTable)
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SML

local

m

end;

fun (look1 : TableSpecification * TableDetail —> TableDetail list)
(ts,td) = case (#tableName td) of
anongy, => ||
| names, 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 * 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,
info = et,
lubig = up,

vName = unv,
cName = name; unc}
in if at2(map find) (seq(length ids,name),ids) <> ||
then raise ambiguousName
else
let val side_effect = symbolTable := outer @
[{tables = [],identifiers = ids @ [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 x 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,
nfo = et,
lub;g = 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 Q
[{tables = [],identifiers = ids Q [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 = #Fname pi
then extract parameter (name,more) Q [pi]
else  extract pgrameter (name,more)
end;

Page 16 of 83



DRA FRONT END FILTER PROJECT Ref: DS/FMU./EEF/OQO
Lemma 1 Specification of Query Transformations in SML (II) Issue: Revision : 2.2
pectication o iguery: Lranstormations Date: 5 December 2009

SML
fun (enterparameter : string x Constant_valuessq * Class —> unit) (name,v,clasf) =
if 1symbolTable <> ||
then raise wrongScope
else case extractporameter(name,!parameterTable) of
[| => parameterTable := |parameterTable @
[{name =name,val, =v,clasf =clasf}]
ps => raise ambiguousName;
SML

fun (entercorr_table : string * TableName x TableInfo * SsqlCol list x TsqlClassName
x TsqlCol list —> string)
(cn,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 = names cn,
genCorr = gc,
nfo = ti,
columns = scs,
rowClass = rcn,
implementation = tcs,
constraints = {null_allowed=]],
b=,
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 (enter¢aple : TableName x TableInfo x SsqlCol list
x TsqlClassName x 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 = anong,
genCorr = gc,
mfo = 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;

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

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

case 'symbolTable of

[| => raise noScope

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

SML

fun (gettable_info : TableSpecification —> TableInfo x ConstraintInfo x SsqlCol list
x TsqlClassName * TsqlCol list) x

= raise notDefined "getigpic_info";
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SML
‘ fun (lookupiocal_table_implementation : unit —> TsqlClassName list ) ()
‘ = raise notDeﬁned " lOOkuplocal_table_implementation "
SML

fun (lookupiocal_table_info : unit —> TableInfo list )
()= let fun  (lookl : TableDetail —> Tablelnfo)
td = #info td
fun (look : Scope —> TableInfo 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_valuessq * Class)
name = case extractpgrameter(name,!parameterTable) of
[| => raise noSuchParameter
| [info] => (#val, 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()
m body
end);

2.4 Transformations Proper

SML
fun (repr_col : TsqlRepr —> Col_specsq)

(local_identifier name) = denote_col_spec; name
| repr_ col (column(corr,col)) = absolute_col_specy([],corr,col)
| repr_col (constant_class c¢) = raise internalError
| repr_col constant_null = raise internalError;
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SML

‘fun (all_data_columnsjgcar : unit —> Col_specisq list) ()

‘ = map repr- COl(ZOOkuplocal_ col_spec_sterlingso);
SML

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

| binop_type (minusd_-op,enumType(pl1,t1),fixred 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 interval Type 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),fized Type(p2,s2)) =
fizedType(pl max p2,s1 maz s2)
| binop_type (times_op,floating Type(m1 ,el,0s1),floating Type(m2,e2,0s2)) =
if m1 = m2 andalso el = e2 andalso 0sl = 0s2
then floatingType(m1 el ,0s1)
else raise wrongType
| binop_type (times_op,interval Type f,fized Type(p,s)) = interval Type f
| binop_type (times_op,interval Type f,floatingType(m,e,0s)) = intervalType f
| binop_type (times_op,t1,12) = raise wrongType
SML
| binop_type (divide_op,fized Type(p1 ,s1),fized Type(p2,s2)) =
fixedType(pl maz 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 0s1 = 0s2
then floatingType(m1,el,0s1)
else raise wrongType
| binop_type (divide_op,interval Type f,fixredType(p,s)) = intervalType f
| binop_type (divide_op,interval Type f,floatingType(m,e,os)) = 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,mazl + maz2)
“ 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(p1,s1),fixred Type(p2,s2)) =
boolean Type

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

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

SML

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

string Type(min2,mazx2)) =
boolean Type

| binop_type (less_or_equal_op,fized Type(p1,s1),fired 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 f1,intervalType f2) =
boolean Type

| binop_type (less_or_equal_op,t1,t2) = raise wrongType
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DRA FRONT END FILTER PROJECT

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,mazx2)) =
boolean Type
(greater_or_equal_op,fixredType(p1,s1),fixed Type(p2,s2)) =
boolean Type
(greater_or_equal_op,floating Type(m1 el ,0s1),
floating Type(m2,e2,0s2)) =
boolean Type
(greater_or_equal_op,enumType(p1,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then boolean Type
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,maz2)) =
boolean Type
(greater_than_op,fized Type(p1,s1),fixed Type(p2,s2)) =
boolean Type
(greater_than_op,floatingType(m1,el,0s1),
floating Type(m2,e2,0s2)) =
boolean Type
(greater_than_op,enumType(p1,t1),enumType(p2,t2)) =
if pl1 = p2 andalso t1 = t2
then boolean Type
else raise wrongType
(greater_than_op,timeType f1 timeType f2) =
boolean Type
(greater_than_op,interval Type f1 interval Type 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 ;max1),string Type(min2,maz2)) =
boolean Type
| binop_type (equal_op,fixred Type(p1,s1),fized Type(p2,s2)) =
boolean Type
| binop_type (equal-op,enumType(p1,t1),enumType(p2,t2)) =
if pl = 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,interval Type 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,nullType) = boolean Type
| binop_type (not_equal_op,boolean Type,booleanType) =  boolean Type
| binop_type (not_equal_op,string Type(minl ,mazx1),string Type(min2,max2)) =
boolean Type
| binop_type (not_equal-op,fized Type(p1,s1),fized Type(p2,s2)) =
boolean Type
| binop_type (not_equal_op,enumType(p1,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then boolean Type
else raise wrongType
binop_type (not_equal_op,floating Type(m1 ,el,0s1),
floating Type(m2,e2,0s2)) =
boolean Type
| binop_type (not_equal - op,timeType f1,timeType f2) = boolean Type
| binop_type (not_equal_op,interval Type f1intervalType f2) =  booleanType
| binop_type (not_equal_op,class Type,class Type) = boolean Type
| binop_type (not_equal-op,code Type,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,class Type) = 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,classType,classType) = 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 (maximum_op,fized Type(p1,s1),fixed Type(p2,s2)) =
fizedType(pl max p2,s1 maz s2)
| binop_type (mazimum_op,enumType(pl,t1),enumType(p2,t2)) =
if pl = p2 andalso t1 = t2
then enum Type(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 0sl = 0s2
then floatingType(m1,el,0s1)
else raise wrongType
binop_type (mazimum_op,timeType f1,timeType f2) =
if f1 =f2
then timeType f1
else raise wrongType
binop_type (mazimum_op,interval Type f1intervalType f2) =
if f1 =f2
then intervalType f1
else raise wrongType
binop_type (mazimum_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
monop_type

(minimum_op,firedType(p1,s1),fixed Type(p2,s2)) =

fizedType(pl max p2,s1 maz s2)
(minimum_op,enumType(pl,t1),enumType(p2,t2)) =

if pl1 = p2 andalso t1 = t2

then enumType(pl1,t1)

else raise wrongType
(minimum_op,floating Type(m1 el ,0s1),

floating Type(m2,e2,0s2)) =

if m1 = m2 andalso el = e2 andalso 0sl1 = 0s2

then floatingType(m1 el 0s1)

else raise wrongType
(minimum_op,timeType 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) = booleanType

(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, fived Type(p,s)) = firedType(p,s)
(minus_op,floating Type(m,e,0s)) = floating Type(m,e,0s)
(minus_op,interval Type f) = intervalType f
(minus_op,t) = raise wrongType
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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)) = fixredType(p,0)
(ord_op,string Type(mini,maxi)) = fized Type(1,0)
(ord_op,t) = raise wrongType

(char_op,fized Type(p,s)) = stringType(1,1)
(char_op,t) = raise wrongType

(upper_op,string Type(mini,mazi)) = stringType(mini,maxi)
(upper_op,t) = raise wrongType

(lower_op,string Type(mini,mazi)) = string Type(mini,max1)

(lower_op,t) = raise wrongType
(opr,t) = raise notMonadic;

Op * SwordType = SwordType * SwordType —> SwordType)
(liket_op,string Type(minl ,mazxl),string Type(min2,max2),
string Type(min3,maz3)) = booleanType
(liket_op,t1,t2,t3) = raise wrongType
(between_op,fizedType(p1,s1),fizedType(p2,s2),
fizedType(p3,s3)) = booleanType
(between_op,floating Type(m1 ,el,0s1),floating Type(m2,e2,0s2),
floating Type(m3,e3,0s3)) = booleanType
(between_op,string Type(minl ;max1),string Type(min2,maz2),
string Type(min3,maz3)) = boolean Type
(between_op,enumType(pl,t1),enumType(p2,t2),enumType(p3,t3)) =
if p1 = p2 andalso p2 = p3 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

| set_func_type

| set_func_type

| set_func_type

| set_func_type
interval Type f

| set_func_type
time Type 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 —> Sword Type)

(plus_op,fivedType(p,s)) = fized Type(p,s)
(plus-op,floating Type(m,e,08)) = floatingType(m,e,o0s)
(plus_op,intervalType f) = intervalType f

(plus_op,t) = raise wrongType

(concat_op,string Type (mini,maxi)) = stringType (mini,maxi)
(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

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

(
(mazimum_op,floating Type(m,e,o0s)) = floating Type(m,e,o0s)
(maximum_op,enumType(p,t)) = enumType(p,t)

(

mazimum_op,interval Type f) =
(mazimum_op,timeType f) =

(maximum_op,t) = raise wrongType

(minimum_op,fized Type(p,s)) = fixzed Type(p,s)
(minimum_op,floating Type(m,e,0s)) = floating Type(m,e,o0s)
(minimum_op,enumType(p,t)) = enumType(p,t)
(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,0s)

| set_func_type (average_op,interval Type f) =

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 * SwordType —> unit)

(nullType,t) = ()
check _type_ conversion (string Type(minl ,maxl),string Type(min2,maz2)) = ()
check _type_ conversion (string Type(mini,mazi),fized Type(p,s)) = ()
check_type_ conversion (string Type(mini,maxi),floating Type(m,e,o0s)) = ()
check _type_ conversion ( string Type(mini,maxi),interval Type f) = ()

)
)
),enumType(p,t)) = ()
check_type_ conversion ( string Type(mini,maxt),code Type) = ()

( (
( (
( (
check _type_ conversion (string Type(mini,maxi),time Type f) = (
( (
check _type_ conversion (string Type(mini,mazi
( (

check _type_ conversion (fized Type(p,s),string Type(mini,mazxi))

0

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

check_type_ conversion (floating Type(m, e, 0s),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 (timeType f,stringType(mini,mazi)) = (

check _type_ conversion (interval Type f,string Type(mini,maxi)) = ()
check _type_ conversion (enum Type(p,t),string Type(mini,maxi)) = ()

check_type_ conversion (time Type f1,timeType f2) = ()

Page 29 of 83

Ref: DS/FMU/FEF /020



Ref: DS/FMU/FEF /020
Issue: Rewvision : 2.2
Date: 5 December 2009

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,mazi)) = ()
SML

“ check_type_ conversion (any Type,t) = ()

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

SML

“ check _type_ conversion (t1,t2) = raise wrongType;

SML

fun (check_type_conversiongomain : SwordType x SwordType —> unit)
(string Type(minl ;mazl),timeType f) = ()
check _type_ conversion gomain O
= ()
9)

check _type_ conversion gomain

)
string Type(minl ,mazxl),class Type) =
timeType f,string Type(minl maxl))

\ (
\ (
| check_type_ conversion gomain (class Type,string Type(minl ,mazl))
\ (

check _type_conversion jomain t1,t2) = raise wrongType;

fun (convertcol_spec : Col_specssq —> ColumnSpecification)
(denote_col_specs col) = anonymous_column col
| convert coi_spec (absolute_ col_specs(dir,tab,col)) =
specific(absolute(dir,tab),col)
| convert co1_spec (default_col_spec,(up,dir,tab,col)) =
specific(default(up,dir,tab),col);

SML
fun (class_column : Col_specssq—> (Col_specisq,Class)Sum) cs =
case  (100kup coi_spec_ class (true,convert co_spec €5)) 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;
SML

fun (denote_name : TsqlRepr —> Valueigq)

(local-identifier s) = contents;(denote-col_specy s)
| denote_name (column(cn,col)) = contents;(absolute_col_spec; ([],cn,col))
| denote_name (constant_class ¢) = denote_class; c

| denote_name constant_null = denote_nully;
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SML
fun (column_data_test : Col_specgsq —> Valueysy list) cs =
let val (tr,u) = 100kup coi_spec_ class (false,convert .o _spec €5)
mn
if client_clearance() dom wu
then []
else  let val cc = denote_classy(client_clearance())
in [binop(dom_op,(cc,denote_name tr))]
end
end;
SML
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;

fun (col_target : SsqlCol —> TsqlCol) sc =
let fun  (bound : BoundInfo —> TsqlClassName) (upb ¢) = anong
| bound (constant ¢) = constant. c
fun (target : ColType * 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 = anony,
class_name = c}
target ((s,d),c) = {sterling_name = anony,
dinary_name = anony,
class_name = c}
n target(#type_field sc,bound(#col_class sc))

end;
SML
‘fun (convertiable_spec : Lable_specssy —> TableSpecification)
‘ (absolute_table_specs(dir,tab)) = absolute(dir,tab)
“ convertgple_spec (default_table_specs(up,dir,tab)) = default(up,dir,tab);
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SML

fun (constant_valuegype : Constant_valuegsq —> SwordType)

constant_value yype
constant_value yype
constant_value yype
constant _valueype

constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype

constant_value yype
constant _valueype

constant_value yype

denote_nully = nullType
denote_voids = monoleanType
denote_trues = booleanType
denote_falses; = booleanType
(denote_strings(s,string_types(mini,maxi))) =
(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(f ,floating_types(m,e,08))) =
(if check-_floating(f,m,e,o0s)
then floating Type(m,e,o0s)
else raise wrongType)
(denote_enums(e,enum_types(p,t))) =
(if check_enum(e,p,t)
then enumType(p,convertigpie_spec t)
else raise wrongType)
(denote_times(tm,time_types f)) =
(if check_time(tm,f)
then timeType f
else raise wrongType)
(denote_interval s (i, interval _types f)) =
(if check_interval(i,f)
then intervalType f
else raise wrongType)
(denote_classs ¢) = classType
(denote_codes c¢) = codeType

other = raise wrongType;

Page 32 of 83



DRA FRONT END FILTER PROJECT Ref: DS/FMU/FEF /020

Lemma 1 . . . . Issue: Revision : 2.2
Specification of Query Transformations in SML (II) Date: 5 December 2009

SML

fun (convertssql_type : Typessq —> SwordType)

SML

fun

SML

local

end;

monolean_types = monoleanType
convert sl _type boolean _types = booleanType
convert ggq1_type string_types(mini,maxi)) = string Type(mini,mazi)
fized_types(p,s)) = fizedType(p,s)
floating_types(m,e,08)) = floating Type(m,e,o0s)
enum_types(p,t)) = enumType(p,convertyae._speo(?))
time_types f) = timeType f

COMVETt ssql_type
COMVETE 5541 _type
convert ssql_type

convert ssql_type

e e e T

convert ssqi_type interval_types f) = intervalType f

convert ssqi_type class_types = classType
convert sqi_type code_types = codeType
convert ssql_ type any_types = anyType;

(convertiableSpecification : 1ableSpecification —> Table_specysq)
(absolute(directory,table)) = absolute_table_specy(directory,table)
convert ybleSpecification  (default(up,directory,table)) =
let fun (backUp : string list x 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
in absolute_table_specy(dir,table)
end;

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

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

table_name  (absolute(dir,tab)) = (fold (op 7)(map dot dir)) ~ tab

table_name  (default(up,[],tad)) = implode(seq(up,"—")) ~ tab

table_name  (default(up,dir,tab)) = implode(seq(up,"—"))

~ (fold (op ~)(map dot dir)) ~ tab
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fun (convertsword_type : SwordType —> Typeisqr)
nullType = raise internalError
CONVert suyord_type monoleanType = monolean_type;
convert sword_ type booleanType = boolean_type;
convert syord_type string Type(mini,mazi)) = string_type,(mini,maxi)
fizedType(p,s)) = fived_typei(p,s)
floating Type(m,e,0s)) = floating_type,(m,e,o0s)

COMVETE sipord _ type
CoOnVert syord_ type
enumType(p,t)) = enum_type,(p,table_name t)

convert sword_ type timeType f) = time_type, f

A~~~ /N N/~

convert gword_ type interval Type f) = interval _type; f

\
\
\
\
\
| CONVert sword_type
\
\
\
\
\

convert gword_ type classType = class_type,

convert gword_ type codeType = code_type;

convertsword_type anyType = any_typey;
SML
‘ fun (convertiype : Typessq —> Typeisq) t = convert sword_ type(CONVETt soq1_type(t));
SML

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

| denote cigss_ exp (constant.. ¢) = denote_class; c;

SML
fun (lubpound_info : BoundInfo * BoundInfo —> BoundInfo)
(upb cl,upb c2) = upb(cl lub c2)
| b pound_ info (constant c1,upb c2) = upb(cl lub c2)
| lubpound_ info (upb cl,constant c2) = upb(cl lub c2)
(constant c1,constant c2) = if ¢l = c2 then constant cl1

else upb(cl lub c2);

‘ lub bound_ info

fun (lubexp_class : ExpClass * EzpClass —> EzpClass)
(variable(vl,cl),constante. c2) =
variable(binop(lub_op,(v1,denote_class; c2)),c1 lub c2)
| b eap_class (constante. cl,constante. c2) =
constante.(c1 lub c2)
| Wb egp_class (constant. cl,variable(v2,c2)) =
variable(binop(lub-op,(v2,denote_class; cl1)),c1 lub c2)
| b eap_class (variable(vl,cl),variable(v2,c2)) =
variable(binop(lub_op,(v1,v2)),c1 lub c2);
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SML
fun (lubgype @ SwordType x SwordType —> SwordType)(t1,t2) =
if t1 = 2
then t1
else  case(t1,t2) of
(stringType(minl ,mazl),string Type(min2,maz2)) =>
string Type(minl min min2,maxrl max maz2)
| (fized Type(p1 ,s1),fized Type(p2,s2)) =>
fizedType(pl max p2,s1 maz s2)
| _ => raise wrongType;
SML
fun (lubgol_type : ColType x ColType —> ColType)
((s1,d1),(s2,d2)) = (lubyype(s1,s2),lubpype(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 * Worth —> Worth)(wl ,w2) =
if wl = w2
then wl
else  case(wl,w2) of
w1 ,worthless) => wl
worthless,w2) => w2
priceless,w2) => priceless
wl ,priceless) => priceless

dinary,sterling) => priceless

A~ N N S /S

sterling,dinary) => priceless

_ => raise designError "lubyomn";

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

SML

‘fun (lubgsgl_name : SsqiName * SsqiName —> SsqlName)

‘ (names sl,names s2) = if s1 = s2 then nameg sl1
‘ else anong
“ Wbssgi_name ~ (sn1,5n2) = anong;
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SML
fun (lubgsql_col @ S5qlCol * 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 = lubssg_name(nl,n2),
type_field = lubcoi_type(t1,t2),

col_exist = cel lub ce2,

col_class = lUbbound_info(ccl 7062)};

SML

fun (lubgable_info : TableInfo x 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 = ubpoynd_info(rcl,rc2)};

SML
fun (Iubtsql_class_name : 1'sqlClassName * TsqlClassName —> TsqlClassName)
(namey. sl1,namey. s2) = if s1 = s2 then namey. sl
else anong.
| lubtsqr_class_name (constanty. cl,constanty. c2) = if ¢c1 = c2 then constant;. cl

else anong

‘ ZUbtsql_ class_name (JU,Z/) = aNnoNic;

SML
fun (Iubtsql_name : TsqlName x TsqIName —> TsqlName)
(namey s1,name; s2) = if s1 = s2 then name; s1
else anony

| lubisqr_name (noneg,noney) = none,

| Wbisgi_name  (tn1,tn2) = anony;

fun (lubgsql_col : TsqlCol x TsqlCol —> TsqlCol)
({sterling_name = s1,dinary_name= dI1,class_name = cl},
{sterling-name = s2,dinary_name= d2,class_name = c2})

{sterling_name = lubsq_name(s1,52),
dinary_name = lubtsq_name(d1,d2),
class_name = ZUbtsql_class_name(CJ762)};
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SML
local  fun (data_col : TsqlName * TsqlName —> Select_valuesq list)

(noneg,noney) = ||

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

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

| data_col (noneg,anon;) = [anonymous_value(denote_null;))

| data_col (anong,none;) = [anonymous_value(denote_nully)]

| data_col (n1,n2) = raise internalError

fun (class_col : TsqlClassName x TsqlClassName —> Select_valueisq list)
(constanty. fe,constant,. tc) = if fc = tc then ||
else raise internalError
| class_col (namey. f,names tn) =
[anonymous_value,(contents,(denote_col_specy f))]
| class_col (constanty. fe,namey. tn) =
[anonymous_value,(denote_class; fc)
| class_col (namey. f,anon) =
[anonymous_value,(contents,(denote_col_specy f))]
| class_col (constanty. fe,anong) =
[anonymous_value,(denote_class; fc)
| class_col (c1,c2) = raise internalError
m
fun (makeg, : 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)

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

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

fun (remove_nulls : TsqlRepr list —> TsqlRepr list) [| = []
| remove_nulls (constant_null :: trs) = remove_nulls trs

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

fun (upper : EzpClass —> Class)
(variable(c,u)) = u

| upper (constante. u) = u;
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SML
local  fun (make_case : Valueysq * ExpClass —> Valueysq)
(data,variable(c,u)) = case;( [datal,
[denote_classy(lattice_top())],
)
make_case(data,constant.. c¢) = case( [datal,
[denote_classy(lattice_top())],
denote_class; c)
m

fun (simplifyanas : Valueysy list « ExpClass list —> Valueysy * ExpClass)
(vs,cs) =
let val v = fold(curry binop, and_op)vs
val ¢ = casey( [v],
[fold(curry binop; lub_op)(map denoteigss_ezp €S)),
fold(curry binopy glb_op)(at2 (map make_case) (vs,cs)))
val u = fold (op lub)(map upper cs)

in (v,variable(c,u))
end
end;
SML
local  fun (make_case : Valueysq * ExpClass —> Valueysq)
(data,variable(c,u)) = case.( [data],
[denote_classy(lattice_top())],
)
make_case(data,constant.. c¢) = case( [datal,
[denote_ class(lattice_top())],
denote_class; ¢)
m

fun (simplifyors : Valueysy list x ExpClass list —> Valueysy * ExpClass)
(vs,cs) =
let val v = fold(curry binop; and_op)vs
val ¢ = casey( [v],
[fold(curry binopy glb_op)(at2 (map make_case) (vs,cs))],
fold(curry binop; lub_op)(map denote gss_ezp €5))
val u = fold (op lub)(map upper cs)
in (v,variable(c,u))
end
end;
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SML

fun (constant_valuegata : Constant_valuegsq —> Valueysy)

SML

local

m

end;

SML

local

m

end;

SML

fun

constant_value g,
constant_value jqiq
constant_value jqiq
constant_value ggiq
constant_value jqiq
constant_value g,
constant_value jqiq
constant_value gqiq

constant_value jqiq

constant_value gqiq

constant_value gqi,

denote_null, = denote_null;
denote_voids = denote_void;
denote_trues = denote_true;
denote_falses; = denote_falses
(denote_strings (s,t)) =

denote_string; (s,convertyp. t)
(denote_fizeds (f,t)) =

denote_fized; (f,convertype t)
(denote_floatings (f,t)) =

denote_floating; (f,convert ype t)
(denote_enumg (e,t)) =

denote_enum; (e,convertype t)
(denote_times (tm,t)) =

denote_time; (tm,convertype t)
(denote_intervalg (i,t)) =

denote_interval; (i,convertype t)
(denote_classs ¢) = denote_class; ¢

(denote_codes c¢) = denote_code; c;

fun (look : Col_specgsqy —> TsqlRepr)

cs = 100kup coi_spec_ dinary (false,convert co)_spec €S)

(dinary_columns :

Col_specsgq list —> Col_specysq list)

css = map repr_col (remove_nulls(map look css))

fun (look : Col_specssqy —> TsqlRepr)

Cs = ZOOkUP col_spec_sterling (false , CONVET o) spec CS)

(sterling_columns :

Col_specgsq list —> Col_specisq list)

css = map repr_col (remove_nulls(map look css))

(tuple_listmax_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_ezist_class=tec,table_class=tc,row_class=constant rc} = rc;

In the following, the specifications of internal_value jqss 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 (valuegata : Valuegq —> Valuessq)
‘ (denote_constants ¢) = constant_value ju1q ¢
SML
“ value ggiq (monops (opr,v)) = monop; (opr,valuejatq v)
“ value gatq (binops (opr,(vl,w2))) = binops (opr,(valuegqta v1,valuegapg v2))
“ value garq (triops (opr,(vl,w2,v3))) = triop; (opr,(valuejq, v1,
‘ value ggtq V2, value go1q v3))
SML
| value gotq (converts (v,t)) = convert, (valuegqr, v,convertype t)
| value gatq (convert_domains (v,domain,t)) =

let val ts = convertgpie_spec domain

val tn = table_name ts

in convert_domaing (tn,(value jqq v,convert ype t))

end
SML
“ value ggtq (make_sterlings v) = valueggrq v
“ value gt (make_dinarys v) = valuegapg v
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SML
value ggtq (declares (id,(v1,v2))) =
in_new_scope(fn () =>
let val t1 = valueype v1
val datal = value g, v1
val classl = value s V1
val data2 = valueggiq V2
mn case classl of
variable (c,u) =>
let val (cn,dn) = enter;gentifier (1d,t1,u)
in declarey (cn,(c,declare(dn,(datal ,data?2))))
end
constante. ¢ =>
let val dn = enter;dentifier_ constant_ class (1d,t1 ,c)
in declarey(dn,(datal,data2))
end
end)
SML
value gatq (caseVals (test,caseList,valList,elseVal)) = caseVali(value gq1q test,
map value gqp, caselist,
map value jq1q valList,
value gqtq elseVal)
value gotq (cases (caseList,valList,elseVal)) = case;(map value jq4, caseList,
map value gqp, valList,
value gqtq elseVal)
SML
| value gotq (set_func_alls (opr,v)) = set_func_all; (opr,valueguiq v)
| value gatq (set_func_distincty (opr,v)) = set_func_distincty (opr,value o, v)
| value ggiq (count_non_nulls (v,t)) = count_non_null; (valuegqq v,convertype t)
| value goiq (count_distincts (v,t)) = count_distinct; (valuegqq v,convert yye t)
| value ggtq (count_alls t) = count_ally (convertyy. t)
SML
| value ggiq (all_binops (opr,(v,vs))) = all_binop; (opr,(valueguiq v,tuple_list gq1q vS))
| value gatq (some_binops (opr,(v,vs))) =
some_binop; (opr,(value gopq v, tuple_list ga1q vS))
| value gatq (all_binop_lists (opr,(v,vs))) =
all_binop _list; (opr,(valueguq v,map valuegapg vS))
| value gatq (some_binop_lists (opr,(v,vs))) =
some_binop_listy (opr,(value o1 v,map valuegq, vS))
| value gotq (exists_tupless tuples) = exists_tuples; (tuple_listgq1q tuples)
| value ggtq (single_values v) = single_value; (tuple_list gapq v)
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SML
value ggtq (contentss cs) =
(case 100kup eoi_spec. sterting (false,convertogi_spee c5) of
constant_null => denote_null;
| tr => contents(repr_col tr))
value ggtq (sterling_contentss cs) =
(case 100kup coi_spec. sterting (false,convertogl_spee c8) of
constant_null => denote_null;
| tr => contents(repr_col tr))
value gotq (dinary_contentss cs) =
(case lookup coi_spec_ dinary (false,convert o1_spec ¢s) of
constant_null => denote_null;
| tr => contents(repr_col tr))
SML
value ggiq (classifications col) = let val cs = class_column col
in if isL cs then (contents;(getL cs))
else denote_classy (getR cs)
end
SML
value ggiqg (row_existences t) =
let val ts = convertigpie_spec t
val rec = lookupapie_row._ class (false,ts)
i denote_name rc
end
SML
value gaia joined_row_existences =
let val ns = lookupiocal_row_ classes ()
in (fold(curry binop; lub_op)(map denote_name ns))
end
SML
| value goiq (classifys(v,c)) = valuegqpg v
| value ggtq (classify_defaults v) = valueggpq v
SML
“ value gatq (observeds(n,c)) = raise notTrigger
“ value ggiq (modifieds n) = raise notTrigger
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SML
value ggtq (contexts s) = let val (cv,class) = contertual_data s
m constant_value gutq CU
end
value guiq (parameters name) = let val (cv,class) = lookupparam_data name
m constant_value gz, €U
end

SML

and  (valuegype :

SML

valueype
SML

value yype
SML

valueype
SML

valueype
SML

valueype

Valuessqy —> ExpType)

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

(monops (opr,v)) = let val (t,w) = valueype v
in (monop_type(opr,t),w)
end
(binops (opr,(vl,v2))) = let val (t1,wl) = valueype vl

val (t2,w2) = valueyype v2
in (binop_type (opr,t1,t2),lubyorsn (w1, w2))

end

(triops (opr,(vl,v2,08))) =
let val (t1,wl

) = valueype vl
val (t2,w2) = valueyp. v2
)

val (t3,w3) = valueyype v3
in (tm'op_type (Opratl7t2>t3)>ZUbwo7’th(w1 7lUbworth(w2aw3)))
end
(converts (v,t)) = let val st = convertssq_type t

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

end

(convert_domains (v,domain,t)) =
let val st = convertssg_type t
val (ty,w) = valueype v
val ok = check_type_conversion gomain(ty,st)
in (st,w)

end
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“ value ype (make_sterling, v) = let val (t,w) = valueype v
‘ in (t,sterling)
‘ end
SML
“ value type (make_dinary, v) = let val (t,w) = valueype v
‘ in (t,dinary)
‘ end
SML
value type (declares (id,(v1,v2))) =
let val et = valueiype v1
val cl = lattice_top()
m
in_new_scope(fn () =>
let wal i = enterigentifier_ constant_ class (id,et,cl)
in valueype v2
end)
end
SML
“ value ype (cases (caseList,valList,elseVal)) =
‘ let val ok = map check_boolean(map valueyy,. caseList)
‘ in fold lub gy (map valueyy. (valList @ [elseVal]))
‘ end
SML
| value ype (set_func_alls(opr,v)) = let val (t,w) = valueype v
m
(set_func_type(opr,t),w)
end
value ype (set_func_distincts(opr,v)) = let val (t,w) = valueype v
m
(set_func_type(opr,t),w)
end
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SML
value ype (count_non_nulls(v,t)) =
let val st = convertssg_type t
val (t,w) = valueype v
in case st of
fixzedType(p,s) => (st,worthless)
| other => raise wrongType
end
value type (count_distincts(v,t)) =
let val st = convertgsqi_type t
val (t,w) = valueype v
mn case st of
fixzedType(p,s) => (st,worthless)
| other => raise wrongType
end
SML
value ype (count_alls t) = let val st = convertgsgl_type t
mn case st of
fized Type(p,s) => (st,worthless)
| other => raise wrongType
end
SML
value ype (all_binops (opr,(v,vs))) =
let val tt = tuple_listiype vs
m 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 ype (some_binops (opr,(v,vs))) =
let val tt = tuple_listyype vs
m 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),lubyorsn (w1 ,w2))
end

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

let val (ti,sc) = 100kUp cotumn_info (CONVETE ol _spec C€S)
n (case (F#type_field sc) of
(nullType,nullType) => (nullType,sterling)
(st,nullType) => (st,sterling)
| (nullType,dt) => (dt,dinary)
(st,dt) => (st,sterling))

end
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SML
value ype (sterling_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,sterling)
\ (st,nullType) => (st,sterling)
| (nullType,dt) => raise wrongWorth
| (st,dt) => (st,sterling))
end
SML
value type (dinary-contentss cs) =
let val (ti,sc) = 100kup cotumn_info (cONVETt co1_spec CS)
in (case (#type_field sc) of
(nullType,nullType) => (nullType,dinary)
| (st,nullType) => raise wrongWorth
| (nullType,dt) => (dt,dinary)
\ (st,dt) => (dt,dinary))
end
SML
| value type (classifications col) = (classType,worthless)
| value ype (row_existences t) = (classType,worthless)
| value type joined_row_existences = (classType,worthless)
| value ype (classifys(v,c)) = (case valueiype c of
(classType,w) => valuepype v
| (other,w) => raise wrongType)
| value type (classify_defaults v) = valueype v
| value type (observeds(n,c)) = raise onlyInTriggers
| value type (modifieds n) = raise onlyInTriggers
| value ype (contexts s) = let val (cv,class) = contextual_data s
in (constant_valueyyye cv,worthless)
end
value ype (parameters name) = let val (cv,class) = lookupparam_data namMe
in (constant_valueype cv,worthless)
end
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SML
and  (valueglass : Valuessy —> ExpClass)
v = case internal_value jass 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(constante. ¢) => constante. ¢

SML
and  (tuple_listgata : Tuple_listssq —> Tuple_listisq)
(table_contentss t) = in_new_scope(fn () =>
let val ts = convertigple_spec t
val tn = convertyapieSpecification tS
val (ti,ci,scs,re,tes) = getiable_info tS
fun (sel: TsqlCol —> Select_valuesq)
{sterling_-name = name; n,
dinary_name=dn,
class_name=cn}
= anonymous_valuet(contents,(denote_col_specy n))
| sel  x = raise internalError
in all_tuplesy(select_values,(map sel tcs),

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

end)

SML
tuple_list 4ot (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 garq sel,
fss,value gq1q where,gs @ gd @Q remove_constants gc,

value gqpq having)
end)
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SML

SML

SML

SML

SML

tuple_list gutq

tuple_list gutq

tuple_list gutq

tuple_list gutq

tuple_list gutq

(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 gqpq sel,
fss,value gq;q where,gs @ gd @Q remove_constants gc,
value gqrq 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 evaluate,(select_list gq1q sel,
fss,value gq1q where,gs @ gd @Q remove_constants gc,
value gqpq having)
end)

(tuples vals) =
tuple;(map value gq1q vals)

(unions tls) =

uniony(map tuple_list gazq tls)

(name_columnsg(names,tul))
= tuple_list 314 tul
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SML

and

SML

SML

SML

(tuple_listeype : Tuple_listssq —> 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)
¢ = #type_field ¢
fun (f:ColType —> ExpType)
(nullType,nullType) = raise internalError
(st,nullType) = (st,sterling)

(st,dt) = (st,sterling)

in map f(map t COl—infO(gettable_info(Converttable_spec ts))))
end

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

(

tuple_listype  (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(valueype where)
val having_ok = check_boolean(valueype having)
in select_listiype sel

end)

tuple_listyype  (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(valueyp. where)
val having_ok = check_boolean(valuegyy. having)
in select_listiype sel
end)

tuple_listype  (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(valueyy,e having)
in select_listyype sel
end)
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SML

SML

SML

SML

and

SML

tuple_listype  (tuples vals) = map valueype vals

tuple_listyype  (unions tls) = let val tiss = map tuple_listyype tls
in if length tiss = 0
then raise emptyUnionList
else map (fold lubcqy)(invert tiss)
end

tuple_listyype  (name_columnsg (names,tul)) = tuple_list ype tul

(from_specenter : From_specssq —> From_specisq) 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 anon; = 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, 1
val tul = tuple_listyare (t,7c,tcs)
val cor = enterigpe(tn,ti,scs,re,tes)
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
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SML
(correlate_fromg(name,t)) =>
let val (tn,ti,scs,rc,tes) = tuple_listing, t

val tul = tuple_list qpe (t,7c,tcs)

val cor = enter corr_tapie (NaMe,tn,ti,scs,re,tcs)

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)

end

SML
and  (select_listiype : Select_listgsq —> ExpType list)
all_columnsg =
let fun (t : SsqlCol —> ColType) ¢ = #type_field ¢
fun (f : ColType —> ExpType)
(nullType,nullType) = raise internalError
| I (stynullType) = (st,sterling)
| f (nullType,dt) = (dt,dinary)
| f (st,dt) = (st,sterling)
in map f(map (Iookupiocai_col-ingo )
end

select_listype (select_valuess vals) = map select_valueype vals

SML

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

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

| select_value ype (anonymous_pair(sval,dval)) = valueype sval
(

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

SML
and  (tuple_listingo : Tuple_listssy —>  TableName x Tablelnfo x SsqlCol list
x TsqlClassName * TsqlCol list)
(table_contentss t) =

let val ts = convertigple_spec t

val (ti,ci,scs,re,tes) = getiable_info tS
n (namey, ts,ti,scs,re,tcs)
end
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SML

SML

SML

SML

tuple_list i fo

tuple_list ,z,

tuple_list j,f,

tuple_list i fo

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

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

val sli = select_list;,z, sel
n (anonm,fold lubiapie_info tis,sli,

fold lubtsgi_class_name TCS,map col_target sli)

end)
end

(distinct_tupless(sel,fr,where,gb_sterling,gb_dinary,gb_class,having)) =

let val (tis,scss,rcs,tess) = split4 (map from_specino fr)
in in-new_scope(fn () =>
let val fs = map from_specenter fr

val sli = select_list;ny, sel

m (anonp,fold lubiapie_info tis,sli,

fold lubisq_class_name TCS,map col_target sli)

end)
end

(evaluates(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_specepter fr

val sli = select_list;y, sel

(tuples vals) =

let

m

end

n (anony,,fold lubsapie_info tis,sli,
fold ubtsgi_class_name TCS,map col_target sli)
end)
end
val ti = {table_exist_class = query_constants_class(),

table_class = query_-constants_class(),

row_class = constant(query_constants_

val scs = map value;,p, vals
val tcs = map col_target scs

(anony,ti,scs,constant . (query_ constants_class()),tcs)

class())}
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SML

tuple_list i fo

SML
tuple_list i fo
let

m

end

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

else et val (tts,tis,scss,rcs,tess) = splitd (map tuple_listiyp, tls)

val ti = fold lubigpie_info 115
val scs = map(fold lubgsg_co1)(invert scss)
val rc = fold lubsqi_ciass_name TCS
val tcs = map(fold lubysq_cor) (invert tess)
n (anon,ti,scs,re,tcs)
end

(name_columnss (names,tul)) =
fun (merge : string x SsqlCol —> SsqlCol)

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

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

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

(tn,ti,at2(map merge)(names,scs),re,tes)
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SML
and  (tuple_listmake : Tuple_listssq * TsqlClassName x TsqlCol list —> Tuple_list;sq )
(table_contentss t,to_rc,to_tes) =
let val (ti,ci,scs,rc,tes) = geliaple_info (CONVETtahie_spec t)
val tc = table_contents;(convertgpiespecification (CONVETt tahie_spec t))
fun (mk : TsqlName x TsqlName —> Valueysq list)

(name; f,name; tn) = [contentsi(denote_col_specy f)]
| mk (name; f,anon;) = [contents(denote_col_specy f)]
| mk (name; f,noney) = raise internalError
| mk (anong,name; tn) = raise internalError
| mk (anony,anony) = raise internalError
| mk (anong,none;) = raise internalError
| mk (noney,name; tn) = [denote_null,]
| mk (noney,anon;) = [denote_null]
| mk (noneg,noney) = []

fun (mkc : TsqlClassName * TsqlClassName —> Valuesq list)
(namey. f,names. t) = [contents;(denote_col_specy f)]
| mke  (namey. f,constant,. c) = raise internalError
| mke  (constanti. c,namey tn) = [denote_class; c]
| mkc  (constanty. cl,constanty. c2) =
if ¢l = ¢2 then |]
else raise internalError
| mkc  (anonie,z) = raise internalError
| mkc  (namey. f,anony.) = [contentsi(denote_col_specy f)]
| mkc  (constanty. 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 mkc(from_cn,to_cn)
mn if to_rc = rc andalso to_tcs = tcs
then tc
else  let val vals = mke(re,to_rc) @
(fold (op @)(at2(map col)(tes,to_tcs)))
in all_tuplesy(select_values,(map anonymous_value; vals),
[from; tc|,denote_truey,[],denote_true;)
end
end
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SML

SML

SML

tuple_list make

tuple_list ke

tuple_list ake

(all_tupless(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 all_tuples(select_values(select _list pqpe (sel,to_rc,to_tes)),
fs,value gq1q where,gbs @Q gbd @Q gbc,
value gq14 having)
end)

(distinct_tupless(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 distinct_tuples;(select_values;(select_list qpe (sel,to_re,to_tes)),
fs,value 4414 where,gbs Q gbd @Q gbc,
value gq1q 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_tes)),
fs,value 4414 where,gbs @Q gbd @ gbc,
value gq14 having)
end)
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tuple_list mare (tuples vals,to_re,to_tes) =
let val tvals = (case to_rc of
constanty. ¢ => |
| other => [(denote_class; (query_constants_class()))])
Q (fold(op @)(at2(map make_col)(vals,to_tcs)))
i tupley tvals
end
SML
tuple_list page (unions tls,to_re,to_tcs) =
if length tls <> 1
then tuple_list make (hd tls,to_rc,to_tes)
else uniony(at3(map tuple_list pape)
(tls,seq(length tls,to_rc),seq(length tls,to_tcs)))
SML
tuple_list mage (name_columnss(names,tul),to_re,to_tcs)
= tuple_list ppe (tul,to_rc,to_tes)
SML
and  (from_specingo : From_specgsq —>
TableInfo * SsqlCol list x TsqlClassName x TsqlCol list)
(fromg t) = let val (tn,ti,scs,rc,tes) = tuple_listing, 1
n (ti,scs,re,tes)
end
from_specing, (correlate_fromg(cn,t)) = let val (tn,ti,scs,rc,tes) = tuple_listing, t
n (ti,scs,re,tes)
end
SML
and (select_listingo : Select_listssy —> SsqlCol list)
all_columnss = 10okupiocai_ coi_info()
| select_listing, (select_valuesy vals) = map select_value,s, vals
SML
and  (select_valuejng, : Select_valuessy —> SsqlCol)
(anonymous_value, v) = valueing, v
SML

select_value g, (named_values(n,v)) =

let val {name = nm,type_field = ty,col_exist = ce,col_class =cc}
= valuepf, v

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

end
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SML
select_value ing, (anonymous_pair(sval,dval)) =
let val (stype,sw) = valueype sval
val (dtype,dw) = value . dval
val u = upper(value jqss sval)
lub upper(value cjuss dval)
in {name = anong,
type_field = (stype,dtype),
col_exist = query-constants_class(),
col_class = upb u}
end
SML
select_value ing, (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 cjuss dval)
in {name = names n,
type_field = (stype,dtype),
col_exist = query-constants_class(),
col_class = upb u}
end
SML

and  (valueingo : Valuessy —> SsqlCol)
v = case valueygss v Of
variable(exp,c) =>  {name= anon,
type_field= col_exp(valueype v),
col _exist=query_constants_class(),
col_class=upb c}
constant,. ¢ => {name= anong,
type_field= col_exp(valueype v),
col _exist=query_constants_class(),

col_class=constant c}

‘and (internal_valuegiass : Valuessy —> InternalExpClass)

‘ (denote_constants ¢) =

‘ simple(constant ¢ (query_constants_class()))
“ internal_value s (monops(opr,v)) = simple(value juss V)
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SML
internal_value jgss (binops(or_op,(vall,val2))) =
let
val (vl,cl) =
(case (internal_value pss vall) of
ands(datas,classes) =>
split[simplify gnas(datas,classes))
| ors(datas,classes) => (datas,classes)
| simple e => ([value g1, valll,[e]))
val (v2,c2) =
(case (internal_value puss val2) of
ands(datas,classes) =>
split[simplify 4nas (datas,classes)]
| ors(datas,classes) => (datas,classes)
| simple e => ([value o1, val2],[e]))
in ors(vl @ v2,c1 Q ¢2)
end

SML
internal _value ggss (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 => ([valuegar, valll,le]))
val (v2,c2) =

(case (internal_value puss val2) of

ands(datas,classes) => (datas,classes)

| ors(datas,classes) =>

split[simplify ,rs(datas,classes)]

| simple e => ([value g1, val2],[e]))
in ors(vl @ v2,c1 Q ¢2)

end
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SML
internal _value ggss (binops(opr,(vall ,val2))) =
let val vel = wvalueyyqss vall
val ve2 = valuegyqss val2
in simple(lub egp_ciass(vel ,vc2))
end
SML
internal _value cjqss (triops(opr,(vall ,val2,val3))) =
let val vel = value s vall
val ve2 = value s vVal2
val ved = value qqss vVal3
n simple(lub egp_class(vel b gy class(ve2,vc3)))
end
SML
| internal_value gjgss (converts(v,t)) = simple(value jqss v)
| internal _value ggss (convert_domains(v,domain,t)) = simple(value jqss v)
| internal _value ggss (make_sterlings v) = simple(value jqss v)
| internal_value e (make_dinarys v) = simple(value jqss v)
SML
| internal _value ciqss (declares (id,(vall val2))) =
let val t1 = valueyp. vall

val datal = wvalue gy, vall
val classl = value s vall
val class?2 = value s vVal2
val class2exp = denote jgss_eqp class?

m
in-new_scope(fn () =>
let val ¢ =
case classl of
variable (c,u) =>
let val (cn,dn) = enterigentifier (id,t1,u)
n declare; (cn,(c,
declarey(dn,(datal ,class2exp))))
end
constante. ¢ =>
let val dn = enteridentifier_ constant_ class (id,t1,¢)
in declarey(dn,(datal class2exp))
end
in simple(variable(c,upper class?2))
end)
end
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SML
internal _value ggss (caseValg (test,caseList,valList,elseVal)) =
let val ten = unique_name()
val tc = contents(denote_col_spec; ten)
val ton = unique_name()
val tv = contentsi(denote_col_specy ton)
fun (limb1 : Valuegsq * Valueggy
—> Valueysq list * Valueysq list)
(677}) =
let val v1 = denote igss_ezp(value gss €)
val t1 = monop¢(not_op,binop(dom_op,
(denote_class,(query-class()),v1)))
val t2 = binop(equal_op,(tv,value a1 €))
val v2 = denote iss_ezp(Value gss )
in ([t1,t2],[v1,v2])
end
fun (limb : Valuegssq list * Valueggy 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 @)vss)
end
fun (uppers : ExpClass list —> Class)
es = fold (op lub) (map upper es)
val (c1,v1) = limb(caseList,valList)
val check_list = casei(cl,vl,
denote cigss_exp(valuegqss elseVal))
val check_test = casey([binop(dom_op,(denote_class,
(query-class()),tc))],
[check_list],
te)
val ¢ = declare;(ten,(denote ciass_ezp(valuecgss test),
declare(tun,(value gu4q test,check_test))))
val u = uppers(map value qjgss
(caseList @ walList Q [test,elseVall))

in simple(variable(c,u))

end
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SML

SML

internal _value ggss (cases (caseList,valList,elseVal)) =
let fun (limb1 : Valuegsq * Valueggy
—> Valueysq list * Valueysq list)
(677}) =
let val v1 = denote igss_ezp(value gss €)
val t1 = monop¢(not_op,binop(dom_op,
(denote_class,(query-class()),v1)))
val v2 = denote jgss_exp(Value cigss V)
in ([t ,value gqapq e€],[v1,02])
end
fun (limb : Valuegssq list * Valueggq list
—> Valueysq list * Valueysy 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 : ExpClass list —> Class)
es = fold (op lub) (map upper es)
val (c1,v1) = limb(caseList,valList)
val ¢ = casei(cl,vl,denote iass_eap(value qss elseVal))
val u = uppers(map value qjgss
(caseList @ walList Q [elseVal]))
in simple(variable(c,u))

end

internal _value g, (set_func_ally (and_op,v)) =
(case value pgss v of

variable(c,u) =>

let val cf = casei([value gqpq v],
[denote_classy(lattice_top())],
)

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 ggss (set_func_alls (or-op,v)) =
(case value pgss v of
variable(c,u) =>
let val ¢t = casey([value gqrq v],
[c],
denote_classi(lattice_top()))
val ce = casey([set_func_ally(or_op,value g1 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 pss v of
variable(c,u) =>
simple(variable(set_func_all;(lub_op,c),u))
constant.. ¢ => simple(constant,. c))
SML

internal _value ggss (set_func_distincts (and-op,v)) =
(case value pss v of

variable(c,u) =>

let val cf = casei([value gqpq v],
[denote_classy(lattice_top())],
)

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 ggss (set_func_distincts (or_op,v)) =
(case value pgss v of
variable(c,u) =>
let val ¢t = casey([value gqrq v],
[c],
denote_classi(lattice_top()))
val ce = casey([set_func_ally(or_op,value g1 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 pss v of
variable(c,u) =>
simple(variable(set_func_all;(lub_op,c),u))
constant.. ¢ => simple(constant,. c))
SML
ternal_value gges (count_non_nulls (v,t)) =
(case value pss v of
variable(c,u) =>
simple(variable(set_func_alli(lub_op,c),u))
constant.. ¢ => simple(constant,. c))
SML

internal _value ggss (count_distincts (v,t)) =
(case value pss v of
variable(c,u) =>

simple(variable(set_func_ally(lub_op,c),u))

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

SML

SML

SML

nternal _value .qss

internal_value .uss

internal_value .uss

internal_value qjqqs

(count_alls t) =
let wal ti = fold lubiapie_ingo (100kUPIocal_table_info())
mn case #row_class ti of
upb u =>
let val ¢ = fold(curry binop; lub_op)(map
denote_name(l00kupiocal_row_classes()))
in simple(variable(c,u))
end
| constant u => simple(constantq. u)
end

(exists_tupless tuples) =
let wal (tn,ti,scs,re,tes) = tuple_listing, tuples
mn case #row_class ti of
upb u =>
let val ¢ = denotejoss_eap
(tuple_list maz_row_ class tuples)
in simple(variable(c,u))
end
| constant u => simple(constant . )

end

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

(contentss col) =
let wal (tr,u) = lookup coi_spec_ class (false,convert co)_spec col)
in case tr of
constant_class ¢ => simple(constant. c)
| other => simple(variable(denote_name tr,u))

end
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SML
internal _value ggss (sterling_contentss col) =
let val (tr,u) = l00kup 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
SML
internal _value ggss (dinary_contentss col) =
let val (tr,u) = lookup 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
SML
internal _value ggss (classifications col) =
let val (ti,ci) = l00kup cotumn_info(CONVETE co1_spec COL)
mn case #row_class ti of
upb u =>
let val rc = 1ookup cotumn_ row_ class
(false,convert coi_gspec col)
val ¢ = denote_name rc
in simple(variable(c,u))
end
| constant ¢ => simple(constant. c)
end
SML
| internal_value e (row_existences t) =

‘ let wal td = lookup apic_ detail(cONVETt 1abie_spec t)
‘ in  simple(constante. (F#table_class(#info td)))
‘ end

“ nternal_value .uss joined_row_existences =

‘ let wal ti = fOld ZUbtable_info(lOOkuplocal_table_info())
‘ in simple(constant.. (#table_class ti))

‘ end
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SML
“ internal _value ggss (classifys(v,c)) = simple(valuecss )
“ internal _value cjqss (classify_defaults v) = simple(constant..(query_class()))
SML
| internal _value g, (observeds(n,c)) = raise notTrigger
| internal _value g, (modifieds n) = raise notTrigger
| internal_value .jgqs (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 naMeE
in simple(constant.. class)
end
SML

and  (tuple_listelass 1 Tuple_listssy —> Tuple_listisy )
(table_contentss t) = in_new_scope(fn () =>
let val ts = convertigple_spec t
val tn = convertigpleSpecification
val (ti,ci,scs,re,tes) = getiable_info tS
fun (sel: TsqlCol —> Select_valueysq)
{sterling_name = sn,
dinary_name=dn,
class_name=name. n}
= anonymous_valuey(contents,(denote_col_spec; n))
| sel  {sterling_-name = sn,
dinary_name=dn,
class_name=constanti. c}
= anonymous_value;(denote_class; c)
| sel  x = raise internalError
in all_tuplesy(select_values;(map sel tcs),
[from(table_contents; tn)],denote_true,,[],denote_true;)

end)
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SML

SML

SML

SML

SML

tuple_list .14ss

tuple_list cjgss

tuple_list .j4ss

tuple_list .14ss

tuple_list .j4ss

(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 jqss Sel,
fss,value gq;q where,gs @ gd @Q remove_constants gc,
value gqrq 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_tuples;(select_list cjqs5 sel,
fss,value gq1q where,gs @ gd @Q remove_constants gc,
value gqtq 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 el
fss,value gq1q where,gs Q@ gd Q remove_constants gc,
value gq14 having)
end)

(tuples vals) =

tuplei(map denote igss_exp(map value pass vals))

(unions tls) =

unions(map tuple_list oqss tls)
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SML
| tuple_list cjqss  (name_columnss(names,tul))
= tuple_list ojqss tul
and  (select_listelass 1 Select_listgsq —> Select_listigq)
all_columnss =

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

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

end

select_list jqss (select_valuess vals) = select_valuesi(map select_valuecy,ss vals)

SML
and  (select_valueciass : Select_valuegsqy —> Select_valuesq)
(anonymous_values v) =
anonymous_value(denote cigss_ezp(value gss v))
| select_value cqss (named_values(name,v)) =
anonymous_value(denote ciass_ezp(value ggss v))
| select_value jgqs (anonymous_pairs(sval,dval)) =
anonymous_value(denote gss_eqp(value qss sval))
| select_value cqss (named_pairs(name,(sval,dval))) =

anonymous_value(denote cqass_exp(value cqss sval))

SML

SML
and (select_list make : Select_listgoq * TsqlClassName x TsqlCol list —> Select_valuesq list)
(all_columnsg,to_rc,to_tcs) =
let val res = 100kupiocal_row_classes()
val rc = (fold(curry binop; lub_op)(map denote_name rcs))
m
(case to_rc of
anony. => [anonymous_value; rc]
| namey. s => [anonymous_value; rc]

| constanty. ¢ => [])

end
Q@

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

( lOOkUp local - col_implementation () ) to_tcs ) ) )
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SML

SML

and

select _list ke (select_valuess vals,to_rc,to_tes) =

let

m

end

(select_valuemake :

select _value ,gke

select_valuemgke

select_valuepgke

fun

\
\
\
(case to_rc of

Q

: TsqlRepr —> Valueysq )

(local —identifier s) = raise internalError
(column(t,c)) = contents;(absolute_col_speci([],t,c))
(constant_class ¢) = denote_class; ¢

constant_null = denote_null;

anong =>
let val rcvs = map make(lookupioeal_row_ classes())
in [anonymous_value,
(fold(curry binop; lub_op)rcvs)]
end
names. s =>
let val rcvs = map make(lookupocal_ row._ classes())
in [anonymous_value,
(fold(curry binopy lub_op)rcvs))
end

constanty. ¢ => [])

(fold (op @)(at2(map select_valuemqare)(vals,to_tes)))

Select_valuegsq * TsqlCol—> Select_valueigq list)

(anonymous_values v,tcol) =

map anonymous_value(make_col(v,tcol))

(named_values(name,v),tcol) =

map anonymous_value(make_col(v,tcol))

(anonymous_pairs(sval,dval),tcol) =

let val sv = anonymous_value(value gupq sval)
val sd = anonymous_value(value o1, dval)

in [sv,sd]

end

(named_pairs(name,(sval,dval)),tcol) =

let val sv = anonymous_value(value gupq sval)
val sd = anonymous_value(value gq, dval)

in [sv,sd]

end
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SML

and  (make_col : Valuegsq * TsqlCol —> Valuesq list)

SML

and

SML

and

SML

and

(v,tcol) = let val et = waluegype v
m
(case (F#sterling_name tcol) of
none; => ||
| anony => [makesieriing(v,et)]
| name; s => [makegeriing(v,et)])
Q
(case (#dinary_name tcol) of
none; => ||
| anony; => [makeginary (v, et)]
| name; s => [make ginary (v,€t)))
Q

(case (#class_name teol) of

anonge => [denote ass_exp(value cass )]

| names. s => [denote gss_ezp(value gss v)]

| constanty. ¢ => [])
end

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

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

(makegterling : Valuegq * ExpType —> Valueyyq)
,(t,priceless)) = raise wrongType

(ST

J(t,sterling)) = wvaluegqq v

(
makesterling (
makesterling (

(

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

make sterting v,(t,worthless)) = wvaluegqpq v

(select_listgata : Select_listgyq —> Select_listysq)

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

(all_data_columnsioeqa())))

select_list gara (select_valuess vals) = select_values;(map select_value ju4q vals)
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SML
and  (select_valuegata : Select_valuegsy —> Select_valueisy)
(anonymous_values v) = anonymous_value(value gz v)
| select_value ggzq (named_values(name,v)) = anonymous_value(value jutq v)
| select_value gutq (anonymous_pairs(sval,dval)) = anonymous_valuet(value g1 sval)
(

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

anonymous_value(value gapq sval)

fun (tuple_list make_outer : Tuple_listssq * bool x TsqlClassName  TsqlCol list
—> Tuple_listisg * Querysq list )
(table_contentss t,scw,to_rec,to_tes) =
let val ts = convertigple_spec t
val (ti,ci,scs,re,tes) = getiable_info tS
val where_class = denote_classi(query_constants_class())
val sl = (case scw of
true => [anonymous_value; where_class]
| false =>1])
Q
(case to_rc of
constanty. ¢ => [
| other =>
(case rc of
anony. => raise internalError
| nameg. col =>
[anonymous_value,(contents,
(denote_col_spec; col))]
| constanty, cl =>
[anonymous_value,(denote_classy cl)]))
Q (fold (op @) (at2(map makes,)(tcs,to_tcs)))
val fs = from(table_contents;(convert gpiespecification tS))
val sel_q = all_tuples(select_values; sl,[fs],denote_true;,
[|,denote_true;)

in (sel-g.[])
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_tcs)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list yqpe(sel,to_rc,to_tes)
val where_v = valuegq:, where
val where_c = wvaluej,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant.. ¢ => denote_class; c
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_tabie_info()))
val res = map denote_name(lookupoeai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)rcs))
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 s having of
constante. ¢ =>
if client_clearance() dom c
then ||
else  [denote_falsey]
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 max_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 binop; and_op)bad,[],denote_truey))]
end
val sel_q = all_tuplesy(sl,fs,w,gbs Q@ gbd @ gbc,value ju¢q 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_tcs)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list yqpe(sel,to_rc,to_tes)
val where_v = valuegq:, where
val where_c = wvaluej,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant.. ¢ => denote_class; c
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_tabie_info()))
val res = map denote_name(lookupoeai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)rcs))
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 s having of
constante. ¢ =>
if client_clearance() dom c
then ||
else  [denote_falsey]
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 max_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 binop; and_op)bad,[],denote_truey))]
end
val sel_q = distinct_tuples;
(sl,fs,w,gbs @ gbd Q gbc,value 44, 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_tcs)
= in_new_scope(fn () =>
let val fs = map from_specenter fr
val sel_vals = select_list yqpe(sel,to_rc,to_tes)
val where_v = valuegq:, where
val where_c = wvaluej,ss where
val where_class = case where_c of
variable(exp,c) => exp
| constant.. ¢ => denote_class; c
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_tabie_info()))
val res = map denote_name(lookupoeai_row_ classes())
val rvis = binop(dom_op,(cc,fold(curry binop; lub_op)rcs))
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 s having of
constante. ¢ =>
if client_clearance() dom c
then ||
else  [denote_falsey]
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 max_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 binop; and_op)bad,[],denote_truey))]
end
val sel_q = evaluate,(sl,fs,w,gbs @Q gbd Q gbc,value gqt, having)
in (sel_q,checks)
end)
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SML
tuple_list make_ outer (tuples vals,scw,to_re,to_tes) =
let val q = denote_class; (query_constants_class())
val tvals = (case scw of
true => [q]
| false => 1))
Q (case to_rc of
constanty. ¢ => [|
| other => [q])
Q (fold(op @)(at2(map make_col)(vals,to_tcs)))
in (tuple; tvals,[])
end
SML
tuple_list make_ outer (unions tls,scw,to_rc,to_tes) =
if length tls = 1
then tuple_list pake_ outer (hd tls,scw,to_re,to_tcs)
else et val (ts,qs) = split(ats (map tuple_list moke_ outer)
(tls,
seq(length tls,scw),
seq(length tls,to_rc),
seq(length tls,to_tcs)))
in (uniony ts, fold (op @) gs)
end
SML
tuple_list make_ outer (name_columnsg(names,tul),scw,to_rc,to_tes)
= tuple_list mape_outer (tul,scw,to_re,to_tes);
SML

fun (tuple_listouter_info : Tuple_listssqy —> bool)
(table_contentss t) = false

SML
tuple_list outer_info(all_tuples(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 s where
mn case where_c of
variable(exp,c) => not(client_clearance() dom c)

| constante. ¢ => not(client_clearance() dom c)

end)
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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 j,ss where
in 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,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 (tuples vals) = false
SML
“ tuple_list puter_info(unions tls) = fold or(map tuple_listouter_info tls)
SML
“ tuple_list outer_ info (name_columnss(names,tul)) = tuple_list pyier_info tul;
SML

fun (transformgeiect_query : Queryssq —> SsqlCol list x Queryyq * bool x TsqlClassName
* TsqlCol list * Querysq list)
(selects vals) =

let val scw = tuple_list yyter_info vals
val (tn,ti,scs,rc,tes) = tuple_listing, vals
val (tul,chks) = tuple_list make_ outer (vals,scw,re,tcs)

n (ses,select, tul,scw,re,tes,chks)

end

transformgeiect_query @ = raise internalError;
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SML
Jun (quer}’select_query : Queryssql —> Querytsql)
(selects vals) = let val (tn,ti,scs,rc,tes) = tuple_listing, vals
in selecty(tuple_list ke (vals,re,tcs))
end

QUETY select_query q = Taise internalError;
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