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tion witp A Sequence of Move ang Process commands untij the lower
cost Sequence ig foungq. A number of refinementg to the algorithn

followed, Notably those incorporating the notjion of reducer and the

Star configureg Computer Networks is Presenteq, The fesults of
exXperiments using the optimizer in a Simulated microcomputer-based

network were Feporteqd, They were subsequently uUsed ag input ip det-

Size minimizing communication cost, In [CHUWl},‘however, a methogd
for generating the Optimal query processing policy that Considerg
communication and processing costs ig described. Querieg are first
Partitioneg into Subquerjeg eXpressegd by relational elgebra Opera-
tions. Their Serial gang Paralle] relationships and processing
Sequenceg are'initiallj Fepresenteqd by a query tree, Based on Per~
mutability Propertieg 2 number of equivalent query treesg may be

generateq, calleqd the set of feasinhle query trees. If the Number of



Mmations that can -be applied to the tree are large, the Processing
and storage_requirements for Chu-s model [CHUW1] or any other model
uUsing the set of feasiblé query treesg increases rapidly. .

The Primary goal of this paper ig to propose heuristic rules tb
substantially reduce the tota] number of feaéible query trees repre-
Senting a given query. Recognizing that a fair amount of groundwork
isg needed, Section 2,0 Presents a brier discussion of the works of
[SMiTHJl] and [CHUW1] in defining bPermutability Properties for rela-
tional operators. Section 3.9 describes two simple databageg used
to illustrate the resylts obtaineg when using Semijoins with other
Operators in 3 Particular order, The complete Set of permutability
Properties of Semijoins with other relational Operators ig given in

Section 4.0.




2.0 PERMUTARTLT TY PROPERTIES oFr RELATIONAL OPERATORS
Initially any query can he Teépresented by different Series of
Sequences Producing the same Correct answyer, For instance, given
one such serjes of sequeeces We can generate the complete set of
feasible query treesg by using the Permutability Properties of the
relational algebra Operations, The implementation of Permutability
propertieeifor queries involving the Projection, selection and join

Operations have been discussed in [CHUW1] . We can fing Permutabil-

tive, assooiative and distributive Properties. we take into account
 the many operators {selection, Projection) and binary.operations
(union, join, difference, .intersection, division ang semijoin),
Therefore, we have Permutability Properties by combining the follow-
ing-operations: |
_'(l) Two adjacent unary operations,

(2) Adjacent unary and binary Operations

(3) Two identical binary operations in sequence

{(4) Two different binary_operations in sequence

Earlier work by [SMITHT1] identifieq the Permutability Proper-
ties of many operations and of many operationsg with binary Opera-
tions. por instance, they demonstrated that, in genera, Projections
(775) and Selections ((7;) are permutable, byt the transformation of
Selection preceeding ?rojection to Selection Succeeding Projection
is permissible only if all the attributes of condition p are con-

tained in the set s,



The permutability pfoperties of relational Operators developed
S0 far do not includegd the Semijoin operator [BERNSP1T, The semji-
join of 3 relation R; by relation R, is defineqd to be the join of
R; and Ré Projected back onto attributes of R, . In other words,
the semijoin retrieves a131 tuples for Ry  that join with any tuple

Of R2 L]

cates that it’s importance is not in doubt anymore-_ Therefore, in

Section 3.p 2 complete get of permutability Properties for this



3.0 Two SAMPLE RELATIONAT, DATABASES
Let”s now describe two small, sample relational databases to be
used throughoyt this paper to illustrate the Permutability Proper-

ties of relational_operators;

and dealer-car (DC) . Each dealer consists of 4 dealer number (p ),
dealer name (DNAME) , city (CITY) ang the average price of a car
(PRICE), For the relation Cars we wish to recoré a8 car under car
number (¢ Y, car name (CNAME) , the model (MODETL) and it“s priée
(PRICE) . We assume that each dealer, ag well as car, is identified
by a@ unique number and name, The significance of an. DC recorqg ig

that the Specified carg (C ) are being Supplied to the Specified

The secong Sample databaserconsists of three reIationsI(Dl, D2
and D3) with Car name (CNAME) and quantity (omy) as their attri-

butes,
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Table 1 The Dealers-and—Cars Databasas



D1

| ory

-

[ cNaME

R

| CNAME

_.I#I.AT:IL_.II.“,IJ _,Ii.“.
! !
1 ! o
2InNniocliwviolmn (2]
L I I B [
Pt e — o

4

L]

]

Yo o
TI61b & 1%
SIgiBlgl 81t
EIR B W Uim
R e il SRS [ §

Scort

Mazda

4]

f b — &

D3

QTY

| CNaME
| Escort

ot

20
Table 2 Dealers Database

~8-

| Chevrolet

———



4.0 PERMUTABRILITY PROPERTIES OF SEMIJOINS
The Permutability Properties of semijoins with Oother unary ang
binary operations are developed by combining unary operators (selec-
tion, Projection) ang binary operators (difference, division, union,
intersection, join and semijoin) in a particular order,
The notation to be used 1s as follows:
Relations: A, B ang C
PROJECTION (197 ) Projects its operand into the get of attributes s,
SELECTION (crp }): selection cOndition p; |
DIFFERENCE ( - )2 left hand side relation minus right hangd side
relation
DIVISION ( + ). left hand side relation divided by the right hag
side relation
UNION ( U )
INTERSECTON (M)
NATURAL JOIN (A D By applicable only when both A ané B have
columns that are named by attributes.
SINGLE DOMAIN SEMIJOIN (A P<B) =-?TA(AMB)
(3 XB) =TT (ab<p)

(1) Semijoin with adjacent selection: When a selection is
followed by.a.semijoin we can exchange'them without modi f-
ving the resultant query. - If 3 semijoin on a, ice., (4D
B), follows a Selection c¢ondition P an exchange is feasgi-

ble only if all the attribytes in condition-_p are attri-



butes of relation A, While, if 3 semijoin on B, loe., (A
B), follows a selection condition p an exchange is feagi-
ble only if all the attributes in condition p are attri-
butes of relation B, Both of these bidirectional trans-
formations are illustrated in Figure 1,

(1i} Semijoin with adjacent projection: When a projection is
followed by a semijoin we can exchange them without modif- -
ving the resultant query, The bidirectiona]l transforma-
tion shown 1in Figure 2 can be performed only if all the
attributes deleted in the projection do not intersect with

the semijoin-’s selectlon attributes,

=10
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The left to right transformations can be performed only if all
the attributes deleted in the projection do not intersect with the
semijoin“s selection attributes,

FIGURE 2 Semijoins with adjacent pProjection
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Next, we illustrate, using the Dealers-and-Cars databhase, +the

Permutability Properties of semijoins with adjacent selection and

projection operations. - The results are given in Figure 3 and 4
respectively,
(7bITY = Arlington D5 Hov Arlington 10K
t><% D2 Britt TFadrfax 7K
UPRICE = CPRICE D4  Tysons McLean 9K
' D5  HOV Arlington 10K
b C
{a)
D5 HOV Arlington 10K / DPRICE = CPRICE
D3  Marchall Arlington 11X CTbITY = Arlington
D5  HOV Arlington 10K
b C
{b)

FIGURE 3 Semijoin with adjacent selection
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DPRICE = CPRICE D2 Brict Fairfax 7K
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D C
(a)
DPRICE = CPRICE Brite 7X
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- HOov 10K
Autoland 13k |
Brite 7% TTwame, prrce

Marshall 11x )
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Hov iox

D c

(b)

FIGURE 4 Semijoin with adjacent projection

~13



3.2 Two Identical Binary Operations in Sequence

(i)

Two semijoin operations in sequence: Since semijoin oper-
ations are commutative and associative, 1f we project on
the same zet of attributes on both Operations we can
exchange the relations that project back after the join
operation. 1In Figure 5 they correspond to relations B andg
C. The bidirectional transformation holds for both equal-

ity and inequality semijoins.

P<e, | D<)y
D<) ¢ . P<ey s
AN )

B c

FIGURE 5 Semijoin overations in sequence
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3.3 Semijoin Ooperations with other binary operators

(1} Semijoin and union: Semijoin can not always be permuted
with a subsequent union Operation, i.e.:
@B U cxaun< ayc)

If a union operation is Operated before a semijoin, the

Sequence of operations results in a larger set than if we

perform the semijoin, The reason 1is that large

files are produced after a union Operation which when

accompanied by a semijoin gives a large set of tuples.

~ The sequehce of operations mentioned above may be equal in

some cases but it ig not universal. An exémple of semi-

joein and wunion exchange that generates a different

response to the szame query is given by Figure 6.
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An Example bf Semijoin and Union Exchange
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W 5 Qty

Buick 35
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(a)
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Escort 25
Tovota 30
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Buigck .. 5
Mazda 20
Escort 5
D1 D2
(b)
FIGURE 6

b1
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W
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D3

20
25
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Mazda
Escors
Toyota
VW
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Buick
Escort

Generating a Different Query Response
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3.4 Semijoin and Intersection

Semijoin is not distributive over intersection, by Theorem.
Thus,

(AP<B) vu C=£ (Auy B)>=(AuC)

Figure 7 shows an example of the above property using the sam-
ple database given by Table 2.

Furthermore, a semijoin if permuted with an intersection gives,
in most instances, a different query response. Thus,

(ADXB)nC #(Anc)p< B
and (APKB)n C = (AP B) n (CPK B)

Both cases are illustrated by Figures 8 and 9 respectively,

~17-



Chevrolet

Chevrolet 20 [: : ///////
5 t
Buiék ///; Qty

D3

Mazda

,//,,////// Qty
\\\ n Chevrolet 20
D1 D3

Mazda

@

FIGURE 7 An Example of Seﬁijoin and Intersection Exchange

Generating a Different Query Response
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/ Qty
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W 5 P Chevrolet 20 |
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FIGURE 8 Semijoin permuted with Intersection
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(a)

¢f ¢]

Mazda 20 ////// Mazda 20 ,/////// \\\\
o s D

Escort 5
Buick 5 / Qty Buick 5 / Qt\y y Chevrolet 20
b1 D2 D3 D1 D2 D3 p2

(b)

FIGURE 9 Semijoin permuted with Intérsection
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3.5 Semijoin and Difference
Semijoin can bé Permuted with difference, as demonstrated by
Theorem. Thus,
(A; Cyp<B
(A-C) P (B- )
(AP<3B) - (cP<B)

(i)  (AP<B)

!
¢
1

(ii) (ADLB) -
(iii) (AP B)

!
@]
N

All three cases are depicted graphically, and examples given by

Figures 10, 11 and 12 respectively,
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A B C A c B

(a)
Mazda 20 j_ Mazda 20
Escort 25/////:— Escort 25 CNAME,
Mazda 20 ' Mazda 20
Escort 25 CNAME Escort 25 e
' Toyota 30
VW »5
Buick 5
D3 D1 D3 D2
(b)

FIGURE 10 Semijoin with Difference
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Escort 25 Escort 25 CNAME

— Mazda 20

Mazda 20 ////
Mazda 20 Escort 25

Escort 25 Toyota 30
CNAME W 5
/ \ Buick 5
D3
(b)

FIGURE 11 Semijoin with Difference
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D1 D2 D3 ' D1 D2 b3 b2
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FIGURE 12 Semijoin with Difference
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3.6 Semijoin and Join

Semijoin can be bermutted with join, by Theorem if we apply the

same condition p. Thus,

(AD<B)B<IC = (ab<lc)p<p
Figure 13 illustrates, using the database given by Table 2; the
above property,

~25.
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3.7 Semijoin and Division

If a semijoin is permutted with a subsequent division the
result éf the two operations will have fewer tuples than if the sem-
ijoin preceeds the division. This occurs because the division oper-
ator eliminates some tuple values from the operand. Therefore, sem-
ijoins can not be permuttedwith division.

{(AKXB) - ¢ (A+C)P<X B

Figure 14 depicts a case, using the sample database given by

Table 2, where the pepmutability property of semijoin and division

is violated.

- Lo
/ D><
/

/\

l
DX

7/ N\

C B
(a)
| =
Escort 5
_ Mazda 290 CHAME
Escort 1 + QTY Mazda & <
// Escort 5
) o Mazda 4 _
Mazda 20 DX cwamg Escort 5 < @TY
Escort 25 .
Excort 5'/// \\\ o
_ ' . /
DI : D2 L3 D1 D3 b2
{b)

FIGURE 14 Semijoin and Division
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