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ABSTRACT

sepantic itegrily constraints in optimizing a user
specified query The scheme uses a graph
theoretic approach to identify redundant join
clauses and rcedundant restriction clau.zs specified
a user query An algorithm 1s suggested to
chhminate such redundant joins and avoid
unnecessary restrictions In addition to these
eliminations, the algorithm aims to inmiroduce as
many restrictions on indexed attributes as
possible, thus yilelding an equivalent, but
potentially more profilable, form of the original

m

query
I Introduction

Semantic query optimization representis a
relatively new approach for database query
optimization  Conventional query optimization 1s
a well studied area the database field
Several query processing algorithms and heuristics
have been proposed in the literature [Aho79,
Astr76, Bern81, Blas77, Epst78, Gran80, Gotl75,
Hevn79, Kim79, Maie83, Pale74, Ston76, Ullmy2,
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Wong76, Yao79|
database management systemns make use of these

Most of the major commercial

technigues to some extent to the adhocr

...............................

answer

user queries Conventional «ptimization
techniques muainly rely upon ithe syntactic
knowledge and storage details
knowledge in ludes
transformations and
vhereas the storage details mclude availability of

indices and clustering of storage

The syntactic
nsually algebrasce
OperaLol .esequending,
The scmantic
query optumizalion, ok the other band, tries to
about

thie relations

and

exploit the knowledyg:«
domains of the.r
cunstraints associated with thens

1nstances, various

Even though tnere are carlier pupers
discussing scweantic query uuplificavion, this issue
was formally introduced fo the
|[King81] and [11aZd80) The fust paper analyses
the 1ssue 1 an Artficial Intoiligenie contert, and

Yirol tinee an

the sccond one views 1t from a datibase point of
view Laler, there was a substantial amount of
reseatch related to the theory and implementation
of semantic rules for query optimization

|ChFM84, ChGM86, Jark84, JaCV84, BrJa84
Kulla84, Morg84|

The work discussed here 19 most 1elevant to
two of the above papers, [ChFMb4] and |Jarhst!
[ChFm84] uses a scheine called semantic
compilation to assocrate the scr of vahd and
useful integnty constran’s with cach relations (or
transforin

views) The motivation {o

gquerres on that relation (view) by using the

15 any
assoctated (onstiamts withory searc g the entire

rule base  In |jarh84| a grayu approcch s



described to integrate tableau techniques and
syntactic sumphfication algorithms to oplimize
queries containing inequality restrictions
Referential integrity constraints like key
dependencies, functional dependencies, and value
bounds are used to arrive at different forms of a
glven query The graph 1s used to unify
attribute values based on referential constraints,
to detect cycles that imply equal values for
different attributes, and to predict queries with
null answers

Both of the above schemes have certain
hmitations In [ChFMB84], no clear way 1s
suggested to categorize a given piece of semantic
information as a rule or as a view Also, once
the set of valid rules are identified for each
relation (view), no method 1s described to select
the profitable rules for a relation (view) in a
query context Moreover, no mechanism 1s
available to quantify the profitability of a rule
for a relation 1n a query context We believe
that evolution of a profitable query form should
depend on three different factors, namely,
relations, rules, and query, and this dependency
should be dynamic  Also, there should be well
defined procedures to compare different query
forms for thewr profitability In [Jark84|, no
scheme 1s available for an explicit representation
of arbitrary semantic constraints The Prolog
like view representation scheme allows to express
a limited type of constraints on the variables
appearing 1n view defimtions In this method, 1t
becomes the responsibility of the user to keep
track of semantic constraints contained 1n a view
definition  Any changes 1n the constraints at a
later stage makes maintenance and usage of these
views difficult Also, since constraints are
hardwired to the attributes of view definitions,
they become unsharable by the similar attributes
ongmating from the query

In this paper, we try to overcome the above
difficulties by using explicit clausal representation
[Kowa83] for integrity constraints as 1n
[ChFM84], and by devising a mechanism for
dynamic 1nteraction between relations (views) and
constraints in a given query context Among the
valid constraints selected for interaction, only
the profitable ones are finally used, and the
profitability 1s decided by heuristics rules, global
parameters, and some assumptions
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This paper 1s organized as follows Section
2 describes various types of integrity constraints
used 1n query transformation, therr categorization,
and representatignal details In section 3,
heuristic rules adopted tor determine the
profitability of a transformation are discussed
The heuristic rules are 1llustrated using an
example database Section 4 deals with the
query graph and its representation In section 5,
semantic query transformation and various sieps
mvolved are discussed in detail lmplementation
details of semantic querv optimization are
described in section 6, including data structures,
transformation algorithm, correctness and cost

analysis of this process Section 7 concludes the
paper
2. Integrity Constraints, their

categories and representation

Semantic integrity constraints are laws, or
expressions associated with the database that
represent certain required properties of the data
There are two broad classifications of integrity
constraints, 1e, state integrity constraints and
transition integrity constraints [NiYa78] In this
paper, we restrict our discussion to state integrity
constraints The state integrity comstraints can
be further classified 12to conventional
dependencies and semantic constraints
Conventional dependencies include functional (and
key) dependencies, value bounds, referential
constraints etc A detailed discussion can be
found 1n  [Ullm82] Semantic constraints
represent inter-relationships between chunks of
data across the database relations In this paper,
we do not address the 1ssues of utilizing
conventional dependencies for semantic
optimization

In this work, we utilize two types of
semantic integrity constraints, viz, mmplication
integrity constraints and subset integrity
constramnts  Clausal forms [Kowal83] are used to
represent both types of integrity constraints

A clause 1s an expression of the form
"Al, ,An --> B1, ,Bm” where
A1, ,An,Bl, ,Bm are atoms (or atomic
formulae), n>=0 and m>=0 An atom (or
atomic formula) 1s an expression of the form



"p(tl, ,tm)” where p 1s a m-place predicate
symbol, t1, ,tm are terms, and m>=1 A term,
in general, 1s a varniable, a constant symbol or an
expression of the form ”"f(t1, ,tm)” where [ 1s a
m-place function symbol, t1, ,tm are terms and
m>=1 In our discussion, we consider only
function-free terms

The atoms Al, ,An of the above clause are
said to form the body of the clause, and
Bi, ,Bm are said to form its head In a clause,
the negative atoms form its body and the
positive ones form 1ts head The atoms
appearing 1n the body are the joint conditions of
the clause, and the ones in 1ts head are the
alternative conclusions The conditions are
sometimes referred to as antecedent atoms and
the conclusions as consequent atoms A horn
clause 1s defined as the one which has atmost a
single atom in its head A horn clause with a
null body and a non null head 1s called a umt

clause

Definition 21 A subset integrity constraint 1s
a superset-subset relationship between the domains
of two different attributes of possibly two
different relations

A subset 1ntegrity constraint is represented
by a unit clause of the general form 7”--> rl Al
2 r2 A2” where rl, r2 are relations and Al, A2
are attributes This subset integrity constraint
limits the set of values that r2 A2 can have to
be a subset of the set of values that rl A2 can
have Note that this definition 1s not hmited to
the case of proper subsets

A classic example of subset integrity
specification 1s "all managers are employees”

Definition 2.2 Implication integrity constraints
define valid ranges of values (in terms of the
comparison operators "=", "'="  ">=" and ”>")
that certain attributes of relations can take when
some other attributes are restricted in the same
or a different relation

An 1mplication 1ntegrity constraint 1s
represented by a horn clause An implication
integrity constraint is said to be local if all its
antecedent atoms refer to the same relation as 1ts
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consequent atom does Otherwise 1t 1s called a
cross constraint berause, in such cases, the
snphration relates more than one relation The
cross implication integrity constraints involve at
least one join specification between relations

An implication integrity counstraint can have
either of the following two different forms
1) r1 Al opl k1 --> rl A2 op2 k2
2) r1 Al opl ki1,

rl A2 op2 r2 A3 --> 12 A4 opd k2

where rl, r2 are relations, k1, k2 are constants,
and each of opl, op2, op3 is one of the
comparison operators {=, '=, >=, >}

Examples of implication integrity constraints
are ”All employees in Sales department are over
35", "Only managers make more than 40K” etc

3. Heuristics and inference rules

Before formally describing the utilization of
integrity constrains in semantic query
transformation, we present a briel overview of
various heuristic and inference rules used
semantic optimization The 1llustrations are
based on an esample database with the following

1n

relation schemes and integrity constraints

Example 31

Schema
supplier (Sname, Status, City)
material (Mname, Ruisk)
department (Dept, City, Manager)
shipment (Sname, Mname, Qty)
storage (Dept, Mname, Quy)
employee (Ename, Age, Sal, Dept)

Information on 1ndices
shipment 1s indexed on Sname
department 1s indexed on City

Subset Constraints
material Mname
storage Mname

1s a superset of

Imphcation Constraints and their clausal forms

Only d3 can store more than 450 tons of any
material
storage Qty > 450 --> storage Dept = d3



All materials stored by dl1 or d3 are of risk >
4

storage Dept =
material Mname -->

dl, storage Mname
material nsk > 4

storage Mname =

> 4

storage DQPL = 43

28 Sa 32y
material Mname --> material ns
Benzene 1s always shipped in quantities > 500
shipment Mname = benzene --> shipment Qty

> 500

Only supplier with status > 25 can ship 1n
Qty > 400,

shipment Qty > 400, supplier Sname =
shipment Sname --> supplier status > 25

Only department d1 has employees of age >
40
employee Age > 40 --> employee Dept = dl1

Department d1 is located in London
department Dept = d1 --> department City =
London

Only supplier s1 can ship materials 1;n amounts
exceeding any of therr storage capacity
shipment Qty > storage Qty, shipment Mname
= storage Mname --> shipment Sname = sl

We use four heuristic rules as suggested in
{hing81], namely, restriction ehimination, index
wntroduction, scan reduction, and jomn ehmination
The heuristic strategy of join introduction as in
[King81] 1s not used in our approach In the
following 1llustration we use a quel-like language
[Ston76] for expressing queries

Restriction Elimination Remove a restriction
from the query, if found redundant

Example 3.2.

Query Q1
(List all the shipments of Benzene in quantities
> 300 tons)

Quel Form
retrieve (shipment all) where
shipment Mname = benzene and shipment Qty >
300

Rule(s)
shipment Mname =
500

benzene --> shipment Qty >

Query QI’
retrieve (shipment all) where shipment Mname =
benzene

Result
The unnecessary restriction on the attribute

?Quantity” 1s eliminated
Judex Introduction Introduce a restriction on
an indexed attribute, if imphed by the query

Example 3 3.

Ouarv 09
MWully &

(List the managers in department d1)

Quel Form
retrieve (department Manager) where
department Dept = d1

Rule(s)
department Dept =
london
Relation "department” 1s indexed on atiribute
?City”

Query Q2
retrieve (department Manager) where
department Dept = d1 and department City =
london

Result
A new constraint 1s obtained on 1i1ndexed
attribute *City” of the relation "department”

dl --> department City =

Scan Reduction Reduce the number of inner
scans of the )Join by obtaining additional
restrictions prior to the cross referencing operation

Example 3 4

Query Q3
(L1st the suppliers and their cities who ship 1n
Qty > 450)

Quel Form
retrieve (supplier Sname, supplier City) where
supplier Sname = shipment Sname and
shipment Qty > 400

Rule(s)
shipment Qty > 400, supplier Sname =
shipment Sname --> suppler status > 25

Query Q%
retrieve (supplier Sname, supplier City) where
supplier Sname = shipment Sname and
shipment Qty > 400 and supplier status = 25

Result
Constraint on Status can be applied to the
relation suppliers prior to cross matching step of
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Join between the relation "supplier” and
"shipment” reducing the number of qualifying
tuples from the relation ”"supplier” and hence
the number of scans of the relation ”shipment”

Jomn Elimination Eliminate a relation if 1t 1s
Joined to just another relation and none of its
attributes contribute to the output

Example 3 5:

Query Q4
(List all the materials of risk > 3 stored in
department d1)

Quel Form
retrieve (storage Mname) where storage Dept =
dl and storage Mname =
material Risk > 3

Rule(s)
storage Dept = d1, storage Mname =
material Mname --> material Risk > 4
material Mname 15 a superset of storage Mname

Query Q4’
retrieve (storage Mname) where storage Dept =
d1

Result
The join with the relation "material” 1s
eliminated

matetial Mname and

4. Query graph and its

representation

A gquery Q 1s a conjunction of join
specifications of the form ”r1 Al op r2 A2” and
the restriction specifications of the form ”rl1 Al
op k” where rl,r2 are relations, A1,A2 are
attributes, k 1s a constant, and op 1s one of the
comparison operators {=,'=,>=,>} The
operators <” and "<=" are not exphlicitly
considered because a<=b and a<b are the same
as b>=a and b>a respectively The answer of a
query .Q 18 the set of all tuples of the relations
referenced 1n Q that satisfy Q, projected on the
specified target attributes of Q

A query Q 1s represented by a guery graph
Gq which 15 a directed graph whose vertices are
the attributes of the relations (attribute vertices)
as well as the constants (constant vertices)
involved in Q The edges of Gq are the join
and restriction specifications in Q A join
specification "r1 A1 op r2 A2” 1s represented bv

an edge from rl Al to r2 A2 with a label op
Similarly, a restriction specification ”rl1 Al op k”
1s represented by an edge from rl Al to the
constant k with a label op While the ”=" and
"1=" edges are bidirectional, for the other edges
the direction identifies the left and right operands
of the label The edges representing a join
specification are referred to as "join edpes”
whereas the ones denoting the restrictions are
called *restriction {constant) edges”

Example 4 1.

Query Q5
(List the materials stored in dl in more than
300 tons and risk > 3 that are shipped in
quantities exceeding any of their storage
capacity)

Quel Form
retrieve (storage Mname) where storage Dept =
dl and storage Qty > 300 and storage Mname
= material Mname and material nisk > 3 and
shipment Qty > storage Qty and
shipment Mname = storage Mname

Graph Gq
(Note that target attributes are identified by
77" and the indexed omes by ”7")

dl

p

material Mname storage Dept

\ “shipmnent Sname

shipment Mname

’storage Mname

material Risk
\

‘\v
3 <

storage Qty

\
300

Since a given query can have different
equivalent forms, and hence different equivalent

shipment Qty

185



query graphs, we adopt the notion of a
condensed graph as a canomnical representation of
4 query

The condensed graph Ge 1s derived from the
query graph Gq by first grouping the attribute
vertices of Gq nto equivalence classes Any two
vertices of Gq belong to the same equivalence
class if they are connected by explicit equijoin
edges or iIf there 1s a directed cycle ot join edges
mcident with both the vertices A vertex forms
an equivalence class by itself if :t 1s not a part
of any equyoin

The equivalence classes (as well as the
constant vertices) of Gq are mapped as vertices
i Ge as follows

The non equyoin ('=,>=,>} edges of Gq
are represented 1n Gec¢ by their transitive
The transitave reduction [YuOz84] of
a query graph with only join edges 1s a graph
with the fewest number of join edges among all
such query graphs having the same transitive
closure The transitive reduction 1s obtained by
first mapping all the non equyomn edges from Ggq
to Gc for the corresponding equivalence class
vertices, removing all the redundant edges from
Gc, and then replacing any multiple edges
between two vertices by an equivalent single
edge

reduction

The restriction (constant) edges of Gq are
represented 1n Gc by ther transitive closure over
the transitive reduction of joins For this, first
each restriction edge of Gq 1s mapped nto Ge to
restrict the vertex corresponding to the
equiralence class Transitive closure of the
mapped restriction edge 1s then obtained by
explicitly representing the effect of that
restriction, if any, on all the attribute vertices of
the same connected component by adding new
appropriate restriction edges to them  This
process of adding new restrictions for representing
the transitive closure of a restriction 1s referred
to as "propagation of a restriction through the
jomn edges” When all the restriction edges are
mapped from Gq to Ge, and propagated througa
the join edges, the graph Gc 1s said to have

completed "query-implied expansion”
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Example 4 2:

Graph Gc
(Condensed graph for the query graph Ggq of
the previous example)

material Mname ?storage Mname

shipment Mname

material Risk storage Dept

\4 shipment Qty
di
3 v

V| “shipment Snan

storage Qty 300
v
300
Result(s)

1 The attributes
storage Mname, and shipment Mname form a

material Mname,

single multimember node 1n Gc¢ due to
equijons between them

2 The restriction edge "> 300” 1s propagated
from ”storage Qty” to ”shipment Qty” through
the jomn edge ”"storage Qty < shipment Qty”

Even though 1t 1s theoretically quite possible
to represent the restrictions also by their
transitive reduction, we select a tramsitive closure
form for their representation for implementation
reasens  Representing the restrictions by their
transitive closure over the join edges makes all
the implied restrictions explicit These
restrictions, when propagated through join edges
and made more explicit, could restrict some
indexed attributes of the query which, even
though redundant, may be profitable if selections
are performed before joins  Moreover,
propagated restrictions could satisfy some new
antecedent atoms of implication i1ntegrity
constraints The corresponding consequent atom
of those integrity constraints then get qualified to
be added to the query

such



5. Query transformation

Semantic query transformation 1s the process
of obtaining alternative query forms that are
semantically equivalent to the original one The
motivation of semantic optimization 1s to arrive
at a more profitable query yielding the same
answer, which could be syntactically different
from the original query

In our approach semantic optimization of a
query 1s obtained through three major stages, e,
query-implied expansion, semantic expansion, and
semantic reduction

51 Query-Implied Expansion

The query-implied expansion, as described 1in
the previous section, obtains a canonical
representation Gc of the query through transitive
reduction of jJoins and transitive closure of
restrictions over joins This stage 13 independent
of any semantic details and depends only on the
query and the operator syntax Besides arriving
at a canonical form of the query, this stage
facilitates any early detection of contradictions
Join or restriction specifications that could lead to
a null answer

5 2 Semantic Expansion

Semantic expansion iteratively adds any new
restriction edges implied by the combination of
query and semantic 1mplication integrity
constraints This 1s achieved by identifying the
imphcation constraints whose antecedent atom(s)
are satisfied by the query and adding the
restriction corresponding to their consequent atom
to the query From the original form, addition
of each such restriction edges takes the query
through various semantically equivalent forms till
it reaches a stage Gm where no more new
restrictions could be imphed

The purpose of semantic expansion s to
tncorporate any useful restrictions {possibly on
indexed attributes) that are not present in the
original query This assures that the query
contains the maximal set of restriction edges that
satisfy both the query and implication integrity
constraints
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Example 5 1:

Graph Gm
(Semantic expansion for the condensed graph
Gc of the above example)

material Mname “storage Mname

shipment Mname

maternial Risk storage Dept

v shipment Qty
d1
4 v

V] "shipment Sname

storage Qty 300

/v =

300 sl

Result(s)
1 An additional restriction ”shipmentl Sname
s1” 1s obtained where ”shipment Sname” 1s an
indexed attribute
2 The previous restriction ”material Rish > 37
1s replaced by a new restriction ”material Risk
> 4

Rule(s)
1 shipment Qty
shipment Mname
shipment Sname sl
2 storage Dept = d1, sturage Mname
material Mname --> matenal Risk > 4

> storage Qty,
storage Mname -->

5 3 Semantic Reduction

Semantic reduction detects all semantically
redundant relations and restrictions present in the
expanded form of the query and removes the non
profitable ones

5 3.1 Relation Elimination

A relation 1s considered to be redundant if
1t becomes dangling so that none of 1ts attributes
or restrictions contribute to the answer  Since
the query graph 1s connected, elimination of a
relation leads to the removal of its join to the

rest of the query graph A relation elimination



15 hence considered to be profitable because 1t
eliminates the need of performing a join  The
graph, when all the redundant relations are
removed from Gm, is denoted by Grl

There are various conditions that a relation
should satisfy to be classified as redundant
First of all, 1t should be free from any target
attributes of the query because a relation
containing target attributes cannot be removed
from a query Second condition 1s that all the
restrictions on non-join atiributes should be
redundant By this, all such restrictions could be
removed without altering the query semantics
In this stage, the relation will have restrictions,
if any, only on join attributes Third condition
1s that the relation should have at most one join
vertex and the fourth one 1s that the relation
does not have any non-equijoins  Third and
fourth conditions allow the transfer of all the
restrictions on the only join attribute to the
other side of the respective joins This makes
the relation free from all restrictions  Finally,
there should be at least one other relation with a
Join attribute, say S B”, in the equivalence class
containing the join attribute of this relation, say
"R A”, such that the subset dependency "R A
S B” holds

More formally, a relation R 1s redundant if

satisfies all of the following cunditions
a) R 1s target-free
b) All the restriction edges on non-join vertices
of R are redundant
<} R has at most one join atiribute
d} R does not have any non-equijoins
¢} There 1s at least one other relation with a
Join attribute, say ”S B”, in the join class
containing the join attribute of R, say "R A”,
such that the subset dependency "R A & S B”
holds
Example 5 2
Graph Grl

(Relation elimination for the expanded graph

Gm of the above example)
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7?storage Mname shipment Mname

storage Dept

shipment Qty

di
\'
V] “shipment Sname
storage Qty 300
/V =
300 sl
Result(s)
The relation "material” 1s eliminated from the
query
Rule(s)

1 storage Dept = dl, storage Mname
material Mname --> matenal Risk = 4
2 ”"material Mname” 1s a superset of

”storage Mname”
53 2 Restriction (Qualfication) Ehmnation

A restriction 1s redundant if 1t 1s satisfied
by the consequent atom of an implication
integrity constraint of which all the antecedent
atoms are satisfied by the query The sirategy
of removing a redundant restiiction from a
relation largely depends on whether selections will
be performed in thal relation before joins  This,
in turn, depends on whether the join attiribute im
that relation 1s indexed or not If the relation
has at least one indexed join attribute, 1t 1s
assumed that the restrictions in that relation will
be performed along with the join, and not before
1t This 1s because, with a given set of
matching values for the join attribute, location of
tuples becomes easy through the (indexed) join
attribute and the restriction(s) could be checked
during the same time On the other hand, if no
jomn attribute of the relation 1s indexed, we
assume that the selections in that relation will be
performed before joins

In the cases where selections are performed
before joins, locally redundant restrictions on
indexed attributes become profitable provided

none of the antecedent atoms of the



corresponding local implication consiraint are on
indexed attributes Thas the

redundant restriction introduces an indexed scan
ential sca

1s because,

of the relation

to replace the sequ

Similarly, all the cross redundant restrictions

become nrnfxl able if
The

though redundant, 1s considered to
if it 1s on & 101n atitmhute since 1t mav nrovide
a5 AW s i - JWViik “Wwyvviaiivuve Sillwve aw Erte-y y;vvauv
a better join strategy

The graph resulting from deleting all non
srvmafi it o hla moctmimtbicime fFommave 91 oo Jow 33 oo
FG3ivaci€ resuricuions 1rom urix is uclivivcy as>
r2 For the query graph Grl shown in the
R S [ o mmod e md s e PN [ S £
avove &€Xar pic no resuvricuion 1s quullll 101
elimination That. 18, Gr2 15 the same as Grl 1n
al .o sca
LI1IS Cade

TY . - 11 ~ 1. f \

Unlike 1n the case of relation (join)

elimination where all the redundant joins are
removed, redundant resiriciions are retained if
they are found profitable But :identifying a
restriction to be profitable, as mentioned above,
depends mainly on the estimation of the sequence
of selections and Joins This sequence, 1n 1eality,
1s determined by various factors outside the scope
this work, Iike relation sizes, optimizer
statistics, optimizer 1intelligence, and sequence of
specification of equality joins  This might result
in erroneous classification of profitable restrictions
But by and large, this strategy
provides a simple and rehable meshod to achieve
the identification

of

at times

54 Conversion fromm the condensed guery
graph

When the semantic expansion and reduction
are completed, the query graph 1s converted back
from 1its condensed form to the original one
This 1s achieved by replacing each multimember
node of Gr2 by any spanning tree on 1ts
attribute vertices connected by equijoin edges
Any one attribute vertex, an indexed one 1if
available, of the the multimember node 1s chosen
for joiming the spanning tree to other spanning
trees or single attribute vertices Also, the
restriction(s) on the multimember node are
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mapped as restriction(s)} on all the
This form of the grap n
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Example 5.3:

Graph Gf
(Final form of the graph converted from Gr2
of the previous example)

?storage Mname = shipment Mname

storage Dept

shipment Qty |

/ | d1
v
V| “shipment Sname

]

storage ?ty 300 \

/ |

300 sl

Result(s)
The multimember node 1s replaced by a
spannng tree

Quel Form
retrieve (storage Mname) where storage Dept
d1 and storage Qty > 300 and shipment Qty >
storage Qty and shipment Qty > 300 and
storage Mname shipment Mname and

shipment Sname
Benefit(s)

sl



Relation ”material” eliminated from the query
Additional restriction obtained on indexed
attribute shipment Sname

Additional restriction obtained on join attribute
shipment Qty

6 Implementation details of query
optimization

In this section we present the
implementation specific details of the query
optimization process This 1ncludes data
structures for integrity constraints, algorithm for
query transformation, and 1ts correctness and cost

analysis

6.1 Data Structures for
constraints

integrity

Four major data structures are used to
represent integrity constraints and their status
with respect to the query context These data
structures are Cs (Subset Integrity Constraints),
Ci (Imphcation Integrity Constraints), Lr (List of
Restriction Atoms), and Lj (List of Join Atoms)

All the four structures, Cs, Ci, Lr, and Lj,
can be represented in tabular forms Following
1s the hist of fields for each of them

Subset Integrity Constraint, Cs
(Superset attribute,
Subset attribute)

Imphication Integrity Constraints, Ci
(Constraint Id#,
Antecedent Atom,
Consequent Atom
Type,
Count *,
Flag *)

List of Restriction Atoms, Lr
(Restriction Atom,
Pointers,

Flag *)

List of Join Atoms, L)
{(Jomn Atom,

Pointers,
Flag *)
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The ** indicates that the field 1s sensitive
to the query context Other fields derive therr
values only from the database semantics

The structure Cs contains the list of subset
The fields "superset” and ”subset”
define the subset dependencies between a pair of
attributes of database relations

specifications

Ci1 lists all the implication integrity
constraints Besides having fields for constraint
identity #, antecedent atom, and consequent
atom, 1t has three extra fields called ”type”,
"count”, and "flag” The field "type” indicates
whether the integrity comstraint 1s a local or
cross constraint The field "count” represents the
number of antecedent clauses 1n the implication
constraint that are not satisfied by the query
graph at any given stage of processing This
count 1s imtialized with the number of antecedent
clauses present 1n the implication constraint A
count O indicates that integrity constraint can be
used The field "flag” indicates whether the
constraint has already been used or not

Lr 1s a hist of unique antecedent restriction
atoms from all the implication integrity
constraints  The field "pointers” points to the
set of integrity constraints in Ci that contain
this as an antecedent atom  The "flag” fleld
indicates whether this restriction atom satisfies
the query at any given stage of query
transformation

The structure Lj, similar to Lr, contains a
list of unique antecedent join atoms from the
implication constraints

The four structures are illustrated below
using the semantic details of the example
database

Subset Integrity Constraint, Cs
Superset Attribute * Subset Attribute
material Mname storage Mname




Implication Integrity Constraint Structure, Ci

# Antecedent Atomfs Consequent_Atom Ty Cnt Fig

1 storage Qty > 450 storage.dept = d3 L1

2 storageMname = materisl Mname  matersal Risk > 4 C 2
storage Dept = di

3 stotageMname = material Mname  material Risk > 4 c
storage Dept = d3

4 ship M = b shipmeat.Qty > 500 L1

$ supplier.Sname = shipment.Sname  supphier.Status > 25 C 2
shipmeat Qty > 400

6 employee.Age > 40 employee.Dept = dl L1

7 departmentdept = dl department.City=london L 1

8 shipment Qty > storage.Qey shipment.Spame = sl C 2
bipment Moame s storage.M

List of Restriction Atoms, Lr

Restriction_Clause Ptrs Flag

employee Age > 40 6

department Dept = d1} 7

shipment Mname = benzene 4

shipment Qty > 400 5

storage Qty > 450 1

storage Dept = dl 2

storage Dept = d3 3

List of Join Atoms, L)

Join_Clause Pt Flg

storage Mname = material Mname )3

supplier Sname= shipment Sname
shipment Qty > storage Qty
shipment Mname = storage Mname

o 0o o

6 2 Algorithm for query transformation

/* Step 1 Obtain Query Implied Expansion
Construct Ge from Gq */

a (map the vertex set) For each connected
component ¢ mn Gq, partition the vertices into
equivalence classes so that any two vertices are
in the same equivalent class if they are connected
by an explicit equijoin edge or if there 1s »
directed join cycle with only ">=" edges incident
at both of them A vertex forms an equivalence
class by 1tself 1if 1t not a part of any equijoins
These equivalence classes {as well as constants) of
Gq are mapped as vertices of Ge

b (map the )oin edge set) For any two
equivalence classes E;,Ej, 1'=], in Gq, let S be

11

the set of edges between the vertices in Ei and
the ones in Ej Let vi,v) be the vertices in Gc
corresponding to Eiy, Ej If Siy 1s empty, then
there 1s no edge between vi and vj 1n Gec If all
the edges in S)y have the same label ">=", ">~
or "'="_ then there 1s a single edge with the
same label from vi to vj in Glq If Sy contamns
edges with different labels then there 1s a single
edge with ”>” label between vi and vj (unless
there 1s a contradiction)

¢ {remove the redundant edges) The edges in
each connected component of Gc are successively
examined 1n any order, and those implied by
transitivity are removed

d (map the restrictions) Each restriction of Gq
15 mapped into Ge as restriction on the vertex
corresponding to the equivalence class The effect
of this restriction on all the attribute vertices of
the same connected component of Ge, if any, 1s
expheitly represented by adding new appropriate
restriction edges to them Local redundancies or
conflicts resulted at the attribute vertices between
these propagated restrictions and any existing
restrictions are detected and resolved

e (detect any equiyoins implied by restrictions)
If the mapped or propagated restrictions imply
any new ">=" cycles in the connected
component, merge those vertices into a single

one, and go to step ¢

/* Step 2 Imitiahze the Data Structures */
Lyflag = 0,

Lrflag = 0,

Ciflag =0,

Cicount = # of clauses 1n antecedent set

for each J m L
if J 1s satisfied by Ge then
Jflag 1
for all 1 1n Ci pointed to by )
decrement 1count ,

for each r 1n Lr
if 15 satisfied by Gc then
rflag =1,
for all 1 1n C1 pointed to by r
decrement 1 count ,



/* Step 3 Obtain Semantic Expansion, Gm */
while there exists at least one 1 1in C1 with flag
= 0 and count 0 do
1flag =1,
add the restriction 1 consequent to Gc, /* As
mn the construction of Ge */
Tr set of restrictions implied in Ge¢ by
addition of 1consequent ,
T; set of Joins implied 1n Ge¢ by addition
of 1 consequent ,

for each t in Tr
for all r 1n Lr where r contains t and
rflag = 0
rflag =1,
for all 1 1n Ci pointed to by r
decrement 1count ,

for each t 1n T}
for all ) 1in L) where ) contains t and
Jflag = 0
Jeflag =1,
for all 1 1n C1 pointed to by )
decrement 1count ,

/* Step 4 Assign Labels */

Label all the indexed (1) vertices

for each 1 1n C1 where 1flag = 1
label corresponding local(lr) and cross(cr)
redundant restriction edges of Gm

/* Step 5 Elminate Redundant Relations to
obtain Grl */
while there is a relation R that satisfies the
following
a) R 1s target-free
b} All the restriction edges on nonjoin vertices
of R are redundant
¢) R has at most one join attribute
d) R does not have any non-equijoins
e) There 1s at least one other relation with a
Join attribute, say ”S B”, in the join class
containing the join attribute of R, say "R A",
such that the subset dependency "R A€ S B”
holds
eliminate R from the query graph

/* Step 6 Elminate redundant restrictions, to
obtain Gr2 */
remove all the redundant restrictions if they are
not profitable
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a) A redundant restriction on a join attribute
1s profitable

b) If no join attribute of the relation 1s
indexed, then all the cross redundant
restrictions 1n that relation are profitable

¢) If no join attribute of the relation 1s
indexed, then all locally redundant restrictions
in that relation are profitable only if they are
on indexed attributes and the corresponding
antecedent restrictions of the implication
constraints are on non indexed attributes

/* Step 7 Expand multimember nodes of Gr2 to

obtamm Gf */
Replace each multimember node of Gec by a
spanning tree on 1ts attribute vertices
connected by equijoin edges While selecting
vertices of the spanning tree, assign priorities
for attributes of those relations which have one
or more other joins between them

Select any attribute vertex, an indexed one 1if
available, of the multimember node for
Joining the spanning tree to other spanning
trees or single attribute vertices

Map the restriction(s) of the multimember
node as the restriction(s) on all the attribute
vertices

6 3 Correctness of the algorithm

Let the original form of the query be
denoted by Qo, the expanded form on completion
of the expansion stage of the algorithm by Qm,
and the final transformed form by Qf

Theorem 1: The query forms Qo, Qm, and Qf
are semantically equivalent

Proof, Qo <==> Qm

The semantic transformation from Qo to
Qm takes place i1n the expansion stage due to
the addition of restriction edges to Gec from the
consequent atoms of the implication integrity
constraints (Not.e that propagation of
restrictions through the join edges or merging the
vertices 1ncident at equijoin cycles are not
considered as semantic transformations) Addition
of each such restriction edge to Gc¢ can be



assumed to transform the graph to a new query
The transformation from Qo to Qm thus
constitutes a chain, Qo --> Qol --> Qo2 -->
--> Qm

form

Here, the difference between two comsecutive
forms Qo1 and Qoi1+1 1s exactly one restriction
edge, say e1 Introduction of e1 to Qo1 1s due to
the presence of a set of edges Ei1 in Qi such that
there eaists an 1mplication constraint E1 --> e1 1n
the structure Ci  So addition of e1 to Qo1 does
not alter the semantics of Qo1 In other words,
Qo1 and Qoi1+1 are semantically equivalent
Extending the argument for the entire chain of
transformations, 1t can be seen that Qo and Qm
are semantically equivalent

Proof, Qm <==> Qf

The transformation from Qm to Qf 1is
accomphished i1n the ehimination stage of the
algorithm As above, let us assume that the
transformation from Qm to Qf can be represented
by a cham, say Qm -- Qml --> Qm2 -->

-> Qf

The transformation from Qmu to Qmi+1 can
be due to ehmination of a relation (join) or
removal of a restriction edge by the semantic
reduction stage of the algorithm

All the relations and restrictions qualified
for elimination are the ones found sc¢mantically
tedundant, and hence their removal does not
alter the semantics of the query Hence we
conclude that Qmi and Qmi4 1 are semantically
equivalent, implying the semantic equivalence of
Qm and Qf

6 4 Cost comparison of query forms

Theorem 2. Cost(Qf) < Cost(Qo) provided the

estimation of selection-join sequence 1s vahd

If Qf 15 different from Qo, let this difference
be represented by three components 1) Set of
restriction edges Eft+ that are present in Qf but
not 1 Qo 2] Set of restriction edges Eo+ that
are present 1n Qo but not in Qf, 3) Set of
relations Rot that are present mn Qo but not in

Qf
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The edges in Ef+ are syntactically or
semantlcally redundant since they have been
added by the algorithm to the initial graph
during query-implied expansion or semantic
expansion The fact that
ehminated during the semantic reduction 1mnplies
that they belong to the ”profitable” category,
provided the estimated selection-join sequence
holds good In this context they represent an
additional profit for Qf as compared to Qo

they were not

All the edges 1n Eo+ are also syntactically
or semantically redundant because otherwise they
would have been retained in Qf too
for thewr removal by the semantic reduction stage
was that they were not found to be profitable
In other words, the edges 1n Eo+ represent an
elimination of non profitable part from the
original query, if the estimations on selection-join
sequence holds good

The reason

In short, as compared to Qo, Eo+
represents the edges lost whereas IEf+ represents
edges gained by Qf The strategy of adding and
eliminating the restriction always concentrates on
adding profitable restrictions and removing non
profitable ones Both these components thus
represent proflit provided the sequence estimation

of selections and Joins are valhd

The set Ro+ repiesents a clear profit for Qf
because Qf does not have the corresponding joins

To conclude, the cost advantage of Qf over
Qo can be represented by C as C = al*|Ef{]| +
a2*|Eo+| + a3*|Ro+|, where al, a2, a3 are
scaling factors to reflect the relative importance
of components as well as validity of the
assumption on selection-join sequence If these
assumptions are valid, C represenits a positive
quantity, and in that case larger the sets Ef+,
Eo+, Ro+ are, higher 1s Lhe resulting cost
advantage

7 Conclusion

In this paper we have proposed and
described a scheme for utilizing semantic integrity
constraints for optimizing a database query We
have tried to quantify the factors that decide the
profit of a query and 1llustrated how relations,



rules, and query can interact to arrive at an
optimuin query form The major contribution of
the work 1s a scheme that dynamically selects
from a large collection of rules only the
profitable ones for a relation 1n a query context

An algorithm 1s introduced to transform the
mitial query to a semantically equivalent one
The algorithm has 1ts best performance if the
estimations of selection-join sequences holds good
in reality  Certain major factors hke elimination
of redundant Joins are independent of these
assumptions, anyway Cases where a query can
be answered just using semantic rules and the
ones where query conditions and/or semantic
constraints imply a null answer are also handled
efficiently by the algorithm In other cases,
semantic rules aid the query processing by
generating useful additional constraints or by
ehminating existing redundant constraints

We are currently studying some additional
types of integrity constraints and optimization
strategies to incorporate in the algorithm  Usage
of conventional integrity constraints like
functional dependencies along with the semantic
constraints requires further analysis Methods
Like introducing an additional join to the original
query (Jomn introduction) as an optimzing scheme
[king81] also needs further investigation from an
unplementation point of view
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