
6.3 Equivalence

As before, let Q be a query to which Algorithm 2 has

been applied, yielding Q’. Assume that Q is type-

correct, so that by Corollary 2, Q’ is type-correct. We

must show that for every EDB, the value of Q’ is equal

to the value of Q. Our proof is based on the following

concepts.

Let us extend the definitions of equality and member-

ship to generalized types. Let 11, 12 and 13 be objects

in our data model, with types T1, T2 and T3 respec-

tively, where the Ti’s are fully specialized (i.e., they

contain no type or list variables). Let M be a (legal)

marking for T1 and T2, and let set e M be a legal

marking for T3 (i.e., T3 is a set type). 11 =M 12 and

11 ES’*+ ‘M 13 are defined below for all such II, 12 and

13.

1. If M = 0, then II =M 12 is true.

2. If M # 0, then the following definitions hold.

(i) If M is {Imoi}, then the value of II =M 12 is

Y (11 @ 12) (where @ is exclusive-or).

(ii) If M is {atom}, then value of II =M 12 is

II = 12 (ordinary equality).

(iii) If ~l;~t of the paths in A4 is set, then the

value of 11 = “

(iv) If the root of the paths in M is record, then

the value of 11 = M 12 is

A Ill = 12.1

record& /M#fi

(v) The value of II CSe’~”M 13 is the value of

We extend these definitions to polymorphic types, as

follows. Let (~, M) be a generalized type. Let II, 12

and 13 be objects in our data model, with types T1,

T2 and T3 respectively, where the Ti’s are fully special-

ized (i.e., they contain no type or list variables). We

say that T1 and T2 are consistent specializations of r

under M iff there are substitutions f and g such that

T1 = j(~), Ta = g(~) and .f(kl) = g(lf). Intuitively,

TI and T2 must agree on all paths marked in r. f(it4)

(equivalently, g(lf)) is termed the induced rnarkmg for

M. Equality under (r, M) (written =?) is defined iff

TI and T2 are consistent specializations of T under M,

and is defined to be 11 =“’ 12, where M’ is the induced

marking for M. Membership under r and M (written

Ey ) is defined iff {Tl } and T3 are consistent specializa-

tions of r under M (with ~duced marking M“, say),

and is defined to be 11 EM ‘ 13.

Example 7 The sets S and S’ of Example 3 are equal

under the type ~ and marking M of Example 4. q

M to define the equivalence of expres-Now, we use =T

sions with respect to marked types. Let El and E2

be expressions. El is equivalent to E2 under r and M

~ E2) if the following conditions hold.(written El ~,

(a) For every typing for .EI and every typing for Ea,

such that these typings agree on the types of the free

variables appearing both in El and in E2, the output

types of El and E2 are equal.

(b) For every pair of of such typings, and for any in-

stantiation of the EDB variables consistent with these

typings, the value of El and the value of E2 are equal.

Note that if r is fully marked, this is the standard

notion of equivalence between expressions.

Theorem 4 (a) =?, E? and Zy are well-defined for

all generalized types T and markings M.

(b) For a given T and M, =~ and ~~ are equivalence

relations.

(c) =?, l ? and # reduce to =, E and = if r is fully

marked under ill.

Proof Each proof is a straighforward induction on the

size of ~ and M. q

Theorem 5 Let < Si > (1 ~ i ~ n) be a sequence

of the vam”ables and subexpressions in an expression E,

where w.l. e.g., E is S’l. Let < (Ui, Ni) > be a fuily

marked typing of E. For each i, let GOT(Si) initially

be ‘a”, for some fresh type variable ‘a. Let< (T~, Mi) >

be the GOT’s assigned to < Si > by mark(E, (T, M)),

where (T, M) ~ (Ul, Nl). Let f be a substitution on

the Ti ‘S such that f(Tj ) = Tj if Sj is not traversed.

For 1 ~ i s n, let (Fi, Gi) be a fully marked, fully

specialized type such that -f((Ti, Mi)) ~ (Fi, Gi), and

let S! be an expression with output type Fi such that

Si =$’ S{. Then S1 =? S;.

Proof The proof is an induction on the size of (number

of operators in) E, using Theorem 4. q

Corollnry 3 Let Q’ be the result of applying Algo-

rithm 2 to a type-correct query Q’. Then, Q s Q’.

Proof It is easy to see that if E’ is the result of ap-

plying transformation (1) or (2) of Algorithm 2 to the

expression E, if GOT(E) is (T, M), then E =~ E!.

Our result follows from Theorem 5, and from the fact

that GOT(Q) is fully marked (hence, equivalence under

GOT(Q) reduces to ordinary equivalence, as indicated

in Theorem 4(c)). q

421



7 Conclusions and extensions

There has recently been much interest in the develop-

ment of query languages for the manipulation of com-

plex objects. The operators in several proposed lan-

guages have been converging on a core collection that

is expected to be useful in any such query language.

We treat the optimization of one language V which

extends relational algebra to the complex object data

model, and whose data complexity is in PTIME. Our

techniques seem to extend to several similar query lan-

guages.

Our main contribution is the development of an al-

gorithm that takes advantage of static type inferencing

in V to perform data flow analysis on structured data.

The data flow analysis permits the modification of ir-

relevant expressions in the language, wit bout affecting

the type-correctness of a query. Since it is based on

type in ferencing rather than on the semantics of the

operators in the language, it has broad applicability.

These optimizations have been implemented in the

compiler for VEIL [23], which is an extended version

of the language V.
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