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1 GENERAL

1.1 Scope

This document gives a formal specification of the TSQL semantics. It constitutes deliverable D9 of
work package 3, as given in the Proposal for Phase 2, [5].

1.2 Introduction

We propose defining the semantics of TSQL as a subset of SSQL with all classes in the state, except
those that are actually stored as data, set at the lowest possible classification, lattice bottom, and
all worths sterling . This means that the hide function of [2] will have no effect on a TSQL state. A
TSQL transition function will be comprised of two components processQuery t and updateStatet . We
will define the function processQuery t , which captures the functionality of the semantics of TSQL,
to be the same as processQuery , specified in [4], except that it will be defined on TSQL states
and will only return Effects that have all classifications at lattice bottom and all worths sterling .
The function updateStatet operates on the output from the function processQuery t and essentially
determines whether or not the query should succeed.

A formal specification of the SWORD front end architectural model is given in [6]. The TSQL
transition function specified here is described in [6] as the TSQL query processor of the conventional
DBMS.

2 PRELIMINARIES

The following ProofPower instructions set up the new theory fef021 and set the context for the proof
tools.

SML

open theory "fef024";

(force delete theory "fef021" handle => ());

new theory"fef021";

push pc "hol";

2.1 Consistency Proof for repState and absState

We have included here the consistency proofs for repState and absState which were defined in Phase 1
in [3].

SML

push consistency goalprepStateq;

a(strip asm tac (simple ⇒ match mp rule type lemmas thm state type def ));

a(∃ tacp(rep,abs)q THEN asm rewrite tac[]);

a ∧ tac;
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SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

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

a(POP ASM T (ante tac o app fun rulepabsq) THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(REPEAT ∀ tac THEN ⇒ tac);

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

a(POP ASM T (ante tac o app fun ruleprepq) THEN asm rewrite tac[]);

save consistency thmprepStateq(pop thm());

val fef021 repState absState def = get specprepStateq;

We simplify one of the properties of the representation and abstraction functions.
SML

val fef021 isState lemma1 = all ∀ intro(nth 1 (strip ∧ rule(all ∀ elim fef021 repState absState def )));

HOL output

fef021 isState lemma1 = ⊢ isState r ⇒ repState (absState r) = r

2.2 Auxiliary Functions

A function that takes an Item and sets its worth to sterling .
HOL Constant

item sterling : Item → Item

∀ i • item sterling i = if isNullItem i then i

else

let v = destValuedItem i

in ValuedItemItem(MkValuedItem sterling (VI val v))

A function that takes a piece of data and sets its class to bottom and its worth to sterling.
HOL Constant

class bottom : Data → Data

∀ d • class bottom d = let i = Dat item d

in MkData lattice bottom (item sterling i)

Now a function that takes a relation between column number and data and sets all classifications to
lattice bottom and worths to sterling .
HOL Constant

set bottomd : (Num ↔ Data) → (Num ↔ Data)

∀ nd • set bottomd nd = {(n,d)|n ∈ Dom nd ∧ d = class bottom (nd @ n)}
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A similar function that takes a relation between column number and update and sets all classifications
to lattice bottom and worths to sterling .

HOL Constant

set bottomu : (Num ↔ Update) → (Num ↔ Update)

∀ nu • set bottomu nu =

{(n,u)|n ∈ Dom nu ∧ u =

let u ′ = nu @ n

in

if isItem u ′ then ItemUpdate (item sterling(destItem u ′))

else if isClass u ′ then ClassUpdate lattice bottom

else DataUpdate(class bottom (destData u ′))}

3 TSQL STATE

We define the TSQL state Statet as a subset of the SSQL state, State : Exp specified in [1], where
all classifications in the state are set at lattice bottom except for those classifications that are stored
as data. All worths in the state are set at sterling .

The constant StatetS is the set of everything of type State : Exp where the required classifications
are at lattice bottom and worths at sterling .
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HOL Constant

StatetS : State P

StatetS = {st |∀dir •

dir ∈ Ran (repState st)

⇒ Dir exist dir = lattice bottom

∧ Dir class dir = lattice bottom

∧ ∀ tab •

tab ∈ Ran(Dir tables dir)

⇒ TS class tab = lattice bottom

∧ TS maxRow tab = lattice bottom

∧ ∀ col •

col ∈ TS colspecs tab

⇒ CS min col = lattice bottom

∧ CS max col = lattice bottom

∧ ∀ cc •

cc ∈ Ran(TS cons tab)

⇒ CC exist cc = lattice bottom

∧ ∀ row •

row ∈ Elems (TS rows tab)

⇒ R exist row = lattice bottom

∧ ∀ data •

data ∈ Ran(R data row)

⇒ Dat class data = lattice bottom

∧ isValuedItem (Dat item data)

⇒ VI worth(destValuedItem(Dat item data))

= sterling}

We define the property required on the representation state.

HOL Constant

isStatet : State → Bool

∀ s • isStatet s ⇔ s ∈ StatetS

We demonstrate that the new type will be non-empty.
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SML

push goal([],p∃ s : State • isStatet sq);

a(rewrite tac[get specpisStatetq]);

a(∃ tacpabsState{}q);

a(rewrite tac[get specpStatetSq]);

a(lemma tacpisState{}q);

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

a(rewrite tac[get specpisStateq,get specpStateSq, 7→ def ,functional def ,∩ def ,↔ def ]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(asm fc tac[fef021 isState lemma1 ]);

a(asm rewrite tac[get specpRanq]);

Now the new type Statet is defined.

SML

val statet type def = new type defn(["statet type def "],"Statet",[],pop thm());

4 FUNCTIONALITY OF THE TSQL QUERY PROCESSING

The functionality of the semantics of TSQL will be captured by the function processQuery t which
is similar to processQuery , specified in [4] except that it works on TSQL states, of type Statet , with
user clearance at lattice bottom. The effect of processQuery t is the same as that of processQuery with
all classifications returned (except for those that are actually stored as data) set at lattice bottom.

4.1 Representation and Abstraction Functions for State t

First the representation function, repStatet , and abstraction function, absStatet , for the type Statet .

HOL Constant

repStatet : Statet → State;

absStatet : State → Statet

(∀ a • absStatet (repStatet a) = a)

∧ (∀r • isStatet r ⇒ repStatet (absStatet r) = r)

∧ (∀ a1 a2 • repStatet a1 = repStatet a2 ⇔ a1 = a2 )

∧ (∀ r1 r2 • (isStatet r1 ∧ isStatet r2 ) ⇒

(absStatet r1 = absStatet r2 ⇔ r1 = r2 ))

∧ (∀s • isStatet (repStatet s))

We prove the consistency of repStatet and absStatet and retrieve their definitions with the consistency
obligation satisfied.
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SML

push consistency goalprepStatetq;

a(strip asm tac (simple ⇒ match mp rule type lemmas thm statet type def ));

a(∃ tacp(rep,abs)q THEN asm rewrite tac[]);

a ∧ tac;

SML

(∗ ∗∗∗ Goal "1" ∗∗∗ ∗)

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

a(POP ASM T (ante tac o app fun rulepabsq) THEN asm rewrite tac[]);

(∗ ∗∗∗ Goal "2" ∗∗∗ ∗)

a(REPEAT ∀ tac THEN ⇒ tac);

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

a(POP ASM T (ante tac o app fun ruleprepq) THEN asm rewrite tac[]);

save consistency thmprepStatetq(pop thm());

val repStatet absStatet def = get specprepStatetq;

4.2 The function processQuery t

HOL Constant

processQueryt : Query × Statet → Effect × Errors

∀ q s • processQuery t (q , s) =

let (ef ,es) = processQuery(q ,lattice bottom,repStatet s)

in

let ef ′ =

if isInsert ef

then let (t ,ndl) = destInsert ef

in InsertEffect(t ,Map set bottomd ndl)

else if isDelete ef then ef

else if isUpdate ef

then let (t ,nnu) = destUpdate ef

in UpdateEffect(t ,{(n,nu)|n ∈ Dom nnu ∧ nu = set bottomu(nnu @ n)})

else let dll = destSelect ef

in SelectEffect(Map (Map class bottom) dll)

in (ef ′,es)
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5 UPDATING A TSQL STATE

HOL Constant

updateStatet : (Effect × Errors) × Statet →

Statet × (Data LIST LIST × Errors)

∀ efes : Effect × Errors; s : Statet

• updateStatet(efes,s)

=

let (s ′,(c,out)) = updateState(lattice bottom,efes,repStatet s)

in (absStatet s ′,out)

6 TSQL TRANSITION FUNCTION

A TSQL transition function is to be built from the two components updateStatet and processQuery t .
We first give abbreviation definitions for the types Process t of the processQuery t component and
Ustatet of the updateStatet component.

SML

declare type abbrev("Process t",[],p: Query × Statet → Effect × Errorsq);

SML

declare type abbrev("Ustatet",[],p: (Effect × Errors) × Statet

→ Statet × (Data LIST LIST × Errors)q);

We also give an abbreviation definition for the type of TSQL state transition functions, tf t .

SML

declare type abbrev("tf t",[],p: Query × Statet → Statet × (Data LIST LIST × Errors)q);

6.1 Building a Transition Function

We define a function, MkTf t , which builds a transition function from two components: a component
of type Process t and a component of type Ustatet . The resulting transition function updates the
original state of the database by using the result of processing a query on the state of the database.

HOL Constant

MkTf t : Process t → Ustatet → tf t

∀p:Process t ; u:Ustatet ; q : Query ; s : Statet

• (MkTf t p u) (q ,s) = u(p(q ,s),s)
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6.2 The TSQL Transition Function

A TSQL transition function is a transition function built from the two components processQuery t
and updateStatet .

HOL Constant

TSQLtf : tf t

TSQLtf = MkTf t processQuery t updateStatet
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