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ABSTRACT

The representative instance has been proposed as a 

query answering device in  systems using the Universal 

Relation Interface. One approach is to use the total 

projections o f the representative instance to generate 

the answer for a query. Associated w ith this approach 

is the problem o f how to generate the total projec­

tions of the representative instance efficiently. W e 

propose a generalization o f extension joins, called 

chase jo in  expressions, as a means to compute the 

to u l projections when functional dependencies are 

given as constraints. In  particular, we identify an 

im portant subclass of chase jo in  expressions called 

simple chase jo in expressions and show that the total 

projections w ith respect to a set o f functional depen­

dencies can be computed by unions o f simple chase 

join expressions when an independent scheme is 

assumed. W e also find a simple and efficient algo­

rithm  that minimizes the number o f join operations in 

a union o f simple chase jo in expressions.
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1. Introduction

In  recent years, the Universal Relation Interface  

has been proposed to enhance user performance by 

relieving users from specifying logical connections 

among relations in  their queries 

[C K ][K U IM U V lO ][S lfS P ]. A  fundamental problem  

facing systems using the Universal Relation Interface  

is the problem o f defining and computing the connec­

tion among a set o f attributes X Q U .  Schenk and 

Pinkert [SP] im plicitly assumed a ll jo in  sequences con­

taining X  C U return the same result and an algorithm  

to find such a jo in  sequence was given. In  fact the 

join sequences produced are extension joins [H I]. 

W ith  a 3N F, cover embedding and lossless join decom­

position database scheme, Osborn [O ] derived an algo­

rithm  which generates a union o f extension joins to 

compute the connection among a set o f attributes X , 

for any X £ U .  In  the experimental query system 'q ' 

in Bell Laboratories, a list o f stored relations and pro­

cedures for computing virtual relations must be 

specified. The connection among a set o f attributes X 

is found by searching the list fo r the first relation Jf 

such that X Q R  and letting « x ( r )  be the connection 

among X  [A K ]. In  System/U, it  is assumed that all 

relations are joined completely and the connection

k
among X  is defined by wx (P 4r,) [K U J U ]. The expres­

sion is then minimized under the weak equivalence. 

However, this heuristic does not seem to work when 

the database scheme is cyclic. In  this case, maximal



objects are used to break up cycles and lim it the range 

of connections [M U ]. It  was argued that dependency 

constraints are not sufficient to capture all the seman­

tic requirements o f an application. A  data model was 

proposed to allow a database designer to specify expli­

citly connections among sets of attributes [M W ], The  

model is known as the Association-Object Data 

M odel. In  this model, associations are the basic units 

of updates and storage. However not a ll meaningful 

connections are contained w ithin associations and 

objects are used to specify meaningful connections 

that cannot be captured by associations. The concept 

of objects is essentially a generalization of maximal 

objects in [M U ]. The connection among X  in this 

model is defined by the union of projections on X of 

all objects containing X [M W ]. Y e t another approach 

is based on the total projections o f the representative 

instance, as was first proposed in [S1JS2]. In  this 

approach, the representative instance is believed to be 

a correct representation o f the inform ation content of 

a database. For any tuple in  the representative 

instance, the nonnull portion is assumed to be related 

in a significant way. Hence, the nonnull portion or 

the X -total projection is assumed to represent the con­

nection among a set o f attributes X .

Example 1: 1  ■  {R ecourse, Tutor, Instructor, 

Dept), R2(Course, Tutor, Room, Dept)}. F ”  {Course 

-  Instructor, Course -  Dept}.

Consider the follow ing database state: 

ri= K < o i, t i ,  i i , d t> } ,  r i ’-= i< c i,t2, r i , d i > } .  Suppose 

we want to know who are the instructor and tutors of 

a course. That is, we want to know the 

CourseJnstructor JTutor relationship. In  the total pro­

jection approach, we first set up the tableau for the 

database state Tr as follows:

Course Tutor Instructor Dept Room

cl n rt 31
cy t 2 d i  r i

W e then perform  a chase [M M S] on it  to obtain the

representative instance. From  the functional depen­

dency Course -  Instructor, every course has a unique 

instructor. Since both tuples in  T, have the Course- 

component equal, we can in fer that t 2 is also working 

for instructor ii- Since no more inference can be 

made from  the state and the constraint, the represen­

tative instance o f the state is as follows:

Course Tutor Instructor Dept Room

cl Ti «1 31
c i  r2 »t d  i  r t

Hence the CourseJnstructorJ utor relationship is 

defined by { < c t, i u t i > , < c t, i u t 2> } .  □

In  this approach, the most straightforward way 

o f finding the X  -to tal projections is to generate the 

representative instance and perform  total projections 

on it. However, this takes time and space polynomial 

proportional to the size o f the database even if  func­

tional dependencies are given and this may take 

exponential tim e and apace if  the fu ll jo in  dependency 

M R  »  given as a constraint. I f  the constraints are a 

set of functional dependencies plus a fu ll acyclic join  

dependency MR> then chasing the representative 

instance can be done in  polynomial tim e proportional 

to the size o f the database [Y l]. Sagiv considered 

certain classes o f database schemes and showed that 

the X  -total projections can be computed using unions 

o f extension joins [S1JS2].

W e believe Sagiv’s approach is an interesting 

and attractive one, since generating the representative 

instance may be too costly. Furtherm ore, existing sys­

tems do not provide facilities to support the chase 

procedure. In  this paper, we generalize the concept o f 

extension joins [H I] and propose a class o f expressions 

called chase join expressions^ as a means to compute 

the X -total projections o f the representative instance 

when functional dependencies are given as con­

straints. This class o f expressions provides a tool to

Îndependently, a tmrilar dew of rapreariont called FD-Johu 
waa proposed in [MRW].



simulate the representative instance w ithout physically 

constructing the tableau. For instance in  Example 1, 

we can find out the instructor of a course in  r 2 by 

joining r 2 w ith trCmrn, tntraaor (R 0> *ince from  the 

functional dependency Course-Instructor, we know 

each course has a unique instructor associated w ith it. 

Therefore by a am ple analysis, the 

CourseJnstructor_Tutor-total projection can be com­

puted by the following expression:

^ C o u n t, la itn c to r , Tatar ( ^ l ) U  Camrtr. ioltractor t Tolar M 2

M Tt Coarta, Ia i true tar 0 ) '

In  fact the expression is a union o f an im portant 

subclass of chase join expressions called simple chase 

join expressions. To illustrate that chase join expres­

sions are a natural way to simulate the representative 

instance, we show that for any X  C V , the X  -total pro­

jection w ith respect to a set o f functional dependen­

cies for an independent scheme can be computed by a 

union of simple chase join expressions. This general­

izes the results in  [S1][S2]. Since the jo in operation is 

the most expensive operation in  a relational system 

and since efficiency is our prim e concern, a simple 

and efficient algorithm is derived to minimize* the 

number o f jo in operations in  a union o f simple chase 

join expressions.

Having defined the necessary notation in  Sec­

tion 2, in Section 3, we derive an algorithm that gen­

erates unions o f simple chase join expressions to com­

pute the X -to ta l projection w ith respect to a set of 

functional dependencies when an independent scheme 

is given. In  order to optimize a union of expressions, 

we need a characterization o f containment and 

equivalence of expressions. The equivalence problem  

has been studied in  [OM 1] and in  Section 4, we 

extend their results and characterize when one 

expression contains the other over the consistent 

states. Having known how to test containment and

*Minimizatioa (or optimization) of an ezpcearion meant finding
an equivalent capretti on with the minimal number of join 
operation».

equivalence of expressions, we show how to optimize 

a union o f simple chase join expressions efficiently in  

Section 3. F inally in Section 6, we conclude w ith a 

discussion o f some remaining problems.

2. D efinitions and Notation

2.1 Basics

W e fix a fin ite set o f attributes U — 

M i , . . .  ,A„} and call it  the universe. A  tuple defined 

on R =• M i , . . .  ,Aj} is a function p. that maps each At 

to a value, I s  i s j . The value can either be a blank, 

a constant or a variable taken from an infin ite set o f 

uninterpreted symbols. I f  p. is a tuple on R and X  is a 

subset o f R,  p,[X] denotes the restriction of p. to X . 

W e say p [X ] is total if  p[A(] is a constant, fo r all 

A j ( X .  Let s j  be the restricted or total projection 

operator which is defined as w x ( / )= { » [X ] l f € /  and 

r [X ]  is total}. Let «  denote the usual projection 

operator.

2.2 Consistency, Expression V alues, Equivalence and 

Containm ent o f Expressions

Let E  -  M i.......... H»} be a database scheme. A

database state r  on B is said to be consistent w ith a set 

of dependencies 2  i f  a weak instance exists fo r the 

state w ith respect to 2  [G M V ][H 2JV ]. Let 

WSAT (R>2) =  f r l  r  is defined on R  and r  is con­

sistent w ith 2 }.

W e shall consider relational expressions in  

which the only operators are select, project, (natural) 

jo in  and union. I f  only the operators select, project 

and join are involved, the expressions are called SPJ- 

expressions. The operands are relation schemes in  a 

database scheme. Let £  be a relational expression

w ith operands in  R  ** M i..........E i). Then £ ( r )

denotes the value returned by £  if  a database state 

r = < r i , . . .  , r * >  on R  is substituted in to  the 

corresponding relation variables in  £  and the opera­

tors applied according to the usual definition. Let £  t 

and E i be two relational expressions w ith  operands 

defined on R . £ i  is said to contain £ 2, denoted by



E Q E 2, i f  for a ll consistent states r  on R , 

£ i ( r ) 2 £ 2 ( ' - )- Ei  is u id  to be equivalent to E 2, 

denoted b y £ i “ E 2, if  E  i2  £ 2  and £ 23  £  i-

2 3  T ab leau  and Containm ent M appings

A  tableau is a relation defined on U . Each 

column o f a tableau corresponds to an attribute in  U . 

The domain o f the i'*  column of the tableau, 

corresponding to some attribute A, ,  consists o f the dis­

tinguished variable (dv) at , countable many nondis- 

tinguished variables (ndv’s) {by}  and constants taken 

from the domain of A .

The first row o f a tableau ( if  there is any) is 

called the summary and only contains dv’s, constants 

and blanks. The attributes corresponding to nonblank 

columns of the summary define the target relation 

scheme of the tableau. A ll the other rows in a tableau 

are simply called rows. A  row of a tableau may con* 

tain dv’s, ndv’s and constants. No variables can 

appear in  two different columns in  a tableau, and a dv 

does not appear in a column unless it  also appears in 

the summary of that column [ASU1]. Each row in  a 

tableau is optionally tagged w ith some relation scheme 

Ri-

A  valuation function v : S x-  S 2 is a functional 

mapping on symbols in  set S t to symbols in  set S 2 w ith  

the following restrictions:

•  v maps a ndv to a ndv, a dv or a constant.

•  v maps a dv to a dv or a constant.

•  v is an identity mapping on constants.

I f  v is also an identity mapping on tags then v is 

called a tag preserving valuation function. Unless oth­

erwise stated, a ll valuation functions are tag preserv­

ing. A  containment mapping v from  tableau T x to 

another tableau 7 2 is a valuation function on the set 

of symbols in  rows o f T t to those in  rows o f 7 2 such 

that if  t, is a row in  T x then v(t,) is a row in T 2. A  

tableau T x is said to contain T 2, w ritten 7 t2 7 2, i f  they 

define the same target relation scheme and there is a 

containment mapping from T x to T2 [ASU1J. T x is

said to be equivalent to 7 2, denoted by 7 i"  T 2, i f  

7  i2  7 2 and 7 22  7 1 .

Given a database state r “ < r 1(. . .  , r2> , we 

define a tableau T, on V  (J  {TAG} and call it  the 

tableau fo r  the state r. For each relation r, € r , and for 

each tuple t € r, , there is a row s in  T, corresponding 

to it . The tuple s is said to originate from rt and is 

defined as follows:

•  j [A ] =  by, by is a ndv or null symbol that

appears nowhere else in  T, , A € V - R ,.

•  s [ TAG] =R, .

The summary o f 7 r is undefined. Let £  be a SPJ- 

expression. Then we can always construct a tagged 

tableau 7 *  for E.  Furtherm ore, E( r )  =  7 e (7 r ), for 

any state r  [ASU1],

2.4 Functional Dependencies, Transform ations and 

Chasing

Unless otherwise stated, the kind of constraints 

considered here are functional dependencies (fd ’s) [Co]. 

Given a set of fd ’s, there are additional dependencies 

implied by this set. The set of dependencies that is 

logically im plied by F is the closure o f F , denoted by 

F*. F is said to be nonredundant if  there is no 

X -  A £F  such that ( F - { X -  A })*  =  F*. Given a set 

of attributes X , the closure o f X  w ith respect to F , 

denoted by X +, is the set o f attributes {A IX -  A CF*}.

A  fd X -  A is said to be embedded in a relation 

scheme R if  X A £ R .  The projection of a set o f fd ’s F 

onto Rt , denoted by F*  IJ?,, is the set o f projected f d ’s 

X -  A i F *  such that XA is embedded in  X ,. A  data­

base scheme R is said to be cover embedding for a set 

of fd’s F if  there exists a set o f fd ’s G w ith  G*—F* 

such that for each f d X - A € G , X - > A  is embedded in  

some R, ( R.  A  database scheme is said to be depen­

dency preserving, if  for any instance I defined on U ,1  

satisfies F implies M ■ * * ( / )  also satisfies F . By a 

Theorem in  [BM SU], R  is cover embedding implies R  

is dependency preserving.



Let F be a set o f fd ’s. W e use 

t = < / , , l , ,  X -  A >  to represent a transformation 

applying to a tableau T , where l , and i, are rows in T 

and X -  A € F +. A  transformation t is valid  i f  / , [X ]  -  

l,[X ]. A  transformation t  is applied to a tableau T , 

denoted by r ( T ) ,  i f  t is valid and T  is changed 

according to the following ways:

•  I f  both l , [A]  and /,[A] are distinct ndv’s then 

replace the one w ith lower subscript w ith the 

higher one. I f  one of them is a ndv but the 

other is not, replace the ndv w ith the other. If  

one is a dv and the other is a constant, replace 

the dv w ith the constant. I f  both are distinct 

constants then r ( r )  =  0  and T is said to con­

tradict T.

Let T = r t • • •  t,  be a sequence o f transforma­

tions. Then r (T)  =  t, ( t, _ i(  • • • t i ( T )  • • • ) ) .  Let 2  be 

a set o f dependency constraints. The representative 

instance for a state r, denoted by CHASEj(rr), is the 

final nonempty tableau obtained from Tr by applying 

all valid transformations corresponding to 2  exhaus­

tively to 7V. Given a representative instance 

CHASEx(T,), the X-total projection  on CHASEx(Tr ) is 

defined as tti(CHASEx(Tr )). A  database scheme is 

said to be bounded w ith respect to a set of dependen­

cies if  for any X  C  U and for any tuple t  in the X  - 

total projection of the representative instance for any 

consistent state r ,  t  can be derived from Tr by at 

most k applications o f transform ation, for some con­

stant k . It  has been shown that R is bounded exactly 

when every X  -total projection o f the representative 

instance can be computed by a fin ite predetermined 

relational expression [M U V ][G M 2].

2.5 Derivation Sequences and Chase Join Expressions

Given a set o f fd ’s F , a derivation sequence (ds) 

of some relation scheme RIq is a fin ite sequence of fd ’s

{ / 1 : Y y  Z i , . . .  , f m : Ym-  Zm} satisfying the follow ­

ing conditions:

•  Y j-  Zj € F +, for a ll I s  j s m .

•  " d Z J f l  
r - i

J-1

( U  U  * 1«) “  0 > for 11111 s m .
* - i

The ds is said to have a length of m . Essentially a ds 

o f RIq is a sequence o f fd ’s used in  computing the clo­

sure o f Ri0- A  ds o f R,0 covering X  is a ds o f Rlg such

that ( U  YjZj U * / J 2  X .
J -1

A  ds is said to be decomposed if  for every fd  

Y,~ Zt in the sequence, Zt =Aj,  for some A j i U .  W e  

can always obtain a decomposed ds from a nondecom- 

posed one by replacing Y, -  2 , w ith  

Yt - A i t. . . .  ,Yi -Ai^,  where Z l *=Ail • • A^, for all 

Yt -  Zi in  the ds. Two decomposed ds’s of A,0 are said 

to be equivalent if  they are identical up to permutation 

o f fd ’s in the sequences. Two ds’s are equivalent 

exactly when their decomposed forms are. A  decom­

posed ds o f Ria covering X  is said to be nonredundant

if  for a ll 1 s j s m ,  / ¡ - . Y j - A j , either Aji .X or 

Aji .Yk, for some k >  j .  A  ds o f RtQ covering X is said 

to be nonredundant i f  its decomposed form is.

Example 2: R »= t(A£ ), R2(AC ), Rj(BD )}. F =  

{A - C , B -  D }.

The following are two ds’s o f R t covering AD: 

{ A - C , f l - D } ,  { B - D ,  A - C } .  The two ds’s are 

equivalent. Consider the ds {A - C , B -  D}.  A -  C is 

redundant for C (AD and C # B .  Hence { f l-  D } is a 

nonredundant ds o f B t covering AD. o

Let J?i and R2 be a pair of relation schemes for 

which there exists Y C R2 - Ri  such that 

R if lE r -  Y£F*.  The join o f r j  and is

called an extension join  [H I]. A  generalization o f 

extension joins is called chase join expressions (cje’s) 

and are recursively defined as follows:

(1) R,0 is a cje defined on Rlg, for any Rlg€ R .



(2) Let E, and Ej be two cje’r defined on R and 5 

respectively. Then Et M  •nXT(Ej) is a cje 

defined on if (J  Y , where X Q R f \ S ,  Y Z S - R ,  

and AT- Y € F +.

Given a ds { I V  Z t..........Ym-  ZM] of a relation

scheme Rlg covering X , if  each fd is embedded in

some cje, then we define the cje E fo r  the ds  as fo l­

lows:

E -  ttx (Ria M  tT ,lZ l(£ (l) M  • * • M * rmzm(E,m)), 

where for each 1 ̂ j s m ,  YjZj  is embedded in  E^,  for 

some cje Etj. In  particular, if  each E^ is some relation 

scheme Rtj, 1 s j s m ,  then the cje for the ds is simple.

Otherwise it  is a complex cje. In  the subsequent dis­

cussion, we use cje to mean cje fo r some ds o f a rela­

tion scheme covering X , for some X C U .

The following example demonstrates how cje’s 

can be used to compute the X -to tal projections when 

a set of fd ’s F is given as the constraint.

Example 3: R »  {R ecourse, Teacher),

R2(Course, Hour, Room), R3(Teacher, Hour, Phone)}, 

F =  {Course -  Teacher, Teacher Hour-  Room}.

R t represents the Course_Teacher relationship. 

R2 keeps track of the tim e and place a course is held. 

The phone number a teacher can be reached at a 

specific time is stored in R j. The constraints that each 

course is taught by a unique teacher and that a 

teacher can be in only one place at a time are 

represented by Course-  Teacher and 

Teacher Hour -  Room respectively. Let T, be a 

tableau for a consistent state r .  CHASE,(Tr) is 

obtained from T, by applying transformations to T ,.

Suppose t i  is a tuple in  CHASE,(Tr) that ori­

ginates from r t. Since t i[Hour Phone] are assigned 

with distinct null symbols in  Tr and there is no fd of 

the form Y -  Hour or o f the form  Y -  Phone, 

tjf lo u r  Phone] are distinct nulls in  CHASE,(TV). 

Since t^Hour] is a distinct null symbol, any transfor­

mation involving r t w ill not involve the fd

Teacher Hour -  Room. Therefore rjRoom ] is also a 

distinct null symbol in  CHASE,(Tr). Hence the 

CourseJeacher-components o f ( t are the only com­

ponents containing constants in  CHASE,(TV) and all 

other components are distinct nulls.

Consider a tuple t 2 in  CHASE,(Tr) that o ri­

ginates from r 2. C learly Course_Hour_Room- 

components are constants. The Teacher -component o f 

r2 is constant if  and only i f  there exists a tuple i j  that 

originates from  r t w ith »^Course ] - f  ¡[Course ]. 

tjPhone] cannot be constant for there is no fd o f the 

form Y -  Phone in F . Therefore for any tuple t 2 that 

originates from r 2 in CHASE,(Tr), the nonnull por­

tion can be obtained by applying at most one transfor­

mation to T, . In  particular, the transformation is o f 

the form < r t, t 2, Course-  Teacher > ,  where t 2 is a 

tuple that originates from r t.

Consider a tuple t 3 that originates from r j  in  

CHASE, (Tr ). C learly the Teacher_Hour_Phone -

components are constants in  CHASE, (Tr ). The  

Course -component can never be constant for there is 

no fd o f the form Y -  Course in  F . The Room- 

component o f t 3 is constant if  and only if  there exists 

a t 2 that originates from r 2 in CHASE, (Tr) such that 

t¿Teacher H o u r e a c h e r  Hour]. Since tj^eacher] 

could become constant after application of one 

transformation, rj[Room] can be derived by applying 

two transformations to Tr . Therefore any constant 

components of any tuple in  CHASE, (Tr ) can be 

obtained by applying at most two transformations. 

Hence R  is bounded.

Suppose we want to compute the 

Teacher_Hour_Room_Phone -total projection. That is 

we want to find the teacher, tim e, place and phone 

relationship. Any tuple in CHASE,(TV) whose 

Teacher_Hour_Room_Phone -components are constants 

are those tuples that originate from  r 3. From the 

analysis presented above, the following complex cje 

returns the Teacher_Hour_Room_Phone -total projection 

for those tuples that originate from r$



^Tmckir, Horn, Koam.rhem M  * Tiadfr, Homr, Xvcm (^ 2

M  * Cemm, T—ctm (R l)))-

The subexpression v TmKim%KamtKcam{,Ri M  

*c » j.,r« » c w (*i)) returns the Teacher_Hour_Room- 

total projection on those tuples that originate from  r 2. 

Hence the subexpression Ry M  v raKtl, , Viari«M. ( l t 2  M  

* c - r « . r«dur ( *  0 ) returns the

Teacher_How_Room_Phone-total projection on tuples 

that originate from  r 3. Since tuples in the representa­

tive instance whose Teacher_Hour_Room_Phone -

components are constants must originate from  r 3, the 

above expression is an expression to compute the 

Teac her_H our_Room_Phone -to tal projection. □

3. Computing Total Projections for Independent 

Schemes with Unions o f Sim ple Chase Join Expressions

In  this Section, we show that there is an algo­

rithm  which generates unions o f simple eje’s to com­

pute the X  -total projections w ith  respect to an embed­

ded cover F when an independent scheme is con­

sidered. Before we give the algorithm , some funda­

mental properties of independent schemes are needed.

Independent schemes were defined in [O Y ] and 

a polynomial algorithm was given to recognize an 

independent scheme when S =  {M R } is given as 

the constraint, where H is a set o f fd ’s. A  database 

scheme R is independent i f  verifying that each rela­

tion is consistent w ith its projected dependencies 

suffices to ensure the state is globally consistent. In  

fact, the set o f projected dependencies is a set o f fd ’s.

Theorem 3.1: The following are equivalent.

(1) R is independent w ith respect to 2 .

(2) R is independent w ith respect to F , where F is 

the set of fd ’s im plied by 2 .

(3) I f  for each r, € r , rt satisfies F * iR, , then r  is a 

consistent state fo r any r  defined on R .

[Proof]: See [G Y ]. □

In  fact, R is cover embedding w ith respect to F . 

In  [G Y ] an algorithm was derived to find an embed­

ded cover F i f  R is independent w ith  respect to 2 . In  

the subsequent discussion we assume the embedded 

cover is given when an independent scheme is con­

sidered. In  the rest o f this Section, we derive the 

algorithm by showing that the representative instance 

for any legal state defined on an independent scheme 

can be obtained by chasing the tableau for the state 

in a particular way. W ithout loss of generality, we 

assume F = J J  F,, where Ft is a nonredundant cover
i

for F +\Rt , for any Ri €R . A lso, a ll ds’s are assumed to 

be decomposed. The following algorithm w ill convert 

TV to CHASE,(Tr).

Algorithm  1: Chasing the tableau for an independent 

state.

(1) Finish =  false. Loop un til finish «= true: I f  there 

is an X -  A €F  and 1 1 , t 2 in  T, such that r^X A ] 

are constants, r j X ] =  t J X]  and trfA] is a null 

symbol then »¿A] is equated to r jA ] ,  else finish 

«* true.

(2) Let the resulting tableau after step (1) be TV*. 

Chase T* to get CHASE,(Tr). □

During step (2) o f A lgorithm  1, only null sym­

bols are equated.

Lemma 3.1: Let R be an independent scheme 

w ith respect to an embedded cover F , where F  is a 

set o f fd ’s. Let r  € WSAT (R , F ). Consider the chasing 

of 7V using Algorithm  1, then in  step (2) o f the Algo­

rithm  only null symbols are equated.

[Proof]: See [C ]. □

The following Lemma shows that each derived 

value in  CHASE,(J,) is 'uniquely* derived from a 

relation fo r an independent scheme.

Lemma 32: Let R be an independent scheme 

w ith respect to an embedded cover F , where F is a 

set of fd ’s. Let r fW 5 A T (R ,  F )  and for any non­

redundant cover Fj of F*\Rj ,  fo r any Rj (.R and for 

any X -  A €Fy, w i,[CHASE,(T r )) -  w « (»v ).

[Proof]: See [C M ]. □



Let r i  WSAT(R, F )  and let t iCHASE,(Tr), 

where t originates from r,. Define T «* {A I i[A ] 

becomes constant in  the chase process} -  R,AX • • • Ak, 

k z  0. Using A lgorithm  1 and by Lemma 3.1, there 

exists a sequence o f transformations x that changes 

r[A i • • - A *] from nulls to constants. W ithout loss of 

generality, we assume r[A i • • • A *] become constants 

in the order A t • • • A *. C learly each entry r[A(] is 

changed by exactly one transformation. Therefore 

tx l= * and let the fd ’s involved in  x  be

{ * i - A t ..........X * -A * }  -  { f t .........../ * } ,  U O . By the

assumption of F , each f  j  is embedded in  some rela­

tion scheme. In  an independent scheme, each f  j  is 

embedded in at most one relation scheme. Hence 

each f j  is embedded in exactly one relation scheme, 

let the relation scheme be Rt).

It  is clear that { f  j , . . .  , / * }  is a ds o f R, cover­

ing {A t, . . .  .A *}. This follows directly from  step (1) 

of Algorithm  1. W e claim  that the following simple 

cje £  for the ds { /  t . . . .  . f t }  produces a relation  

containing /  [T ],

i  = * i M  « » t ^ t ) N  • • • N »x***(*'*)’ where

R  ̂ embeds /  j .

Lemma 33: Let r ,  T and £  be defined above. 

»[ r ] € £ ( r ).

[Proof]: Prove by induction on the number of 

transformations that change t during the chase pro­

cess.

B asis: k =0. T . £  =X, and since t originates 

from r, , t [T ]€ £  ( r ). Hence the basis is established.

Induction: *  >  0. Suppose the induction

hypothesis is true for all tuples t i T ,  such that 

/[A jA t • • • A i_ i] are constants after t is changed by 

k -1  transformations in step (1) o f A lgorithm  1. Sup­

pose r[A<Ai - ■ A *] become constants in  the chase pro­

cess. Let > (= < » , f , X * -  A *>  be the transformation 

that transforms r [A*] from null to constant in  step (1) 

of Algorithm  1, where Xt -  A* is embedded in R,t . By 

the induction hypothesis, r[A ,A i • • • A*_J is contained

in some simple cje £  for a ds o f R,, where £  -  

X» M  wxjAjW j) «  • • • M  irxt _1̂ _ 1(£/4_1)- W e want 

to show that r[A jA t • • -A *] is contained in the simple 

c je £  M  v XlAk(R,k).

Before x is applied *[X *A *] are constants. By 

the assumption of F and by Lemma 32 ,

* [X*A* ]€ i fx4 iii (r/ik)• Hence »[A/Ai • • A *]€ £  M

v xk*k(r‘k)- TW * completes the induction proof. □

N ext, we want to show that in general given any 

simple cje for a ds of Ri , it  only produces total tuples 

in CHASEr (T ,). Let a ds of R, be

{ / [ I i - A i ,  . . . , / j i j - A j } .  Let £  “

X, M  wxjAjW j) W • • • M  v *k*k(Rik) *  “ ®ple cje.

Lemma 3.4: Let r£W SAT(R, F ), R is any data­

base scheme. Let £  be defined above. For any 

t € £  ( r ) , t =  s  [T  ], fo r some s in  CHASEr (T, ).

[Proof]: This can easily be proven by a simple 

induction on the number of joins in  £ .  □

By Lemmas 33  and 3.4, the set of a ll simple eje’s 

for ds’s o f Ri's produces exactly the set o f total tuples 

in  the representative instance. Hence we have an algo­

rithm  to compute the X  -total projections w ith respect 

to the embedded cover F for an independent scheme. 

The method is as follows. F irst, find a cover 

£ = U X ’/ ,  where F, is a nonredundant cover for
t

£ + IA i, for every Rt € R . Then for each R /(R  such that 

R * 2 X , find all nonequivalent ds’s o f Rt covering X . 

The ds’s are o f the form  {X t-> A j , . . .  ,X a -  A „}, where 

Xj- A j £ F , fo r all 1 s js / n .  For each of these ds’s, 

construct a simple cje for it. It  is worth mentioning 

that the simple cje constructed is in fact unique. The 

union of a ll these simple eje’s is an expression for 

computing the X -to ta l projection.

Theorem 32: Let R be an independent scheme 

with respect to an embedded cover F and let X  C U . 

Then the X  -total projection o f the representative 

instance is given by £  »  |J  wx (£ j)- That is £  is the
i

union of all simple eje’s obtained as described above.



[Proof]: Follows from Lemmas 3 3  and 3.4. □

In  computing the X -to tal projections, we do not 

have to enumerate all ds’s o f £ , covering X , Rt € R . In  

fact we w ill show that we only need to consider the 

nonredundant ones. This follows from a more general 

result.

Suppose I?(+2 X  and let

t  = {f  i : Y t-  A lt . . .  , f m : F . -  A *} be a redundant ds 

for £, covering X . Let

X ={f i’ : * 7 -  A i .......... / . ’ = V -  A ,*} be a nonredun­

dant ds of t . Let the redundant fd ’s removed from t  

be t ’ =  : Z v  B u . . .  ,g . : Z ,~  £ ,} . Let £ T be a cje

for t . Let E , be a nonredundant cje for x and is 

obtained from £ T by deleting those subexpressions 

corresponding to redundant fd's in  t ' .

Lemma 33: Let ET and E x be a redundant and 

its corresponding nonredundant cje respectively. 

Then £ X2 £ T.

[Proof]: This can easily be proven by using the 

fact that joins are associative, n

Example 4: R =  {/?i(AB), R2 {ABCDEF)}. F =  

{AS -  D , BC -  E , B -  C , D -  F , E -  £ } .

R is an independent scheme and F =  F 2  is a 

nonredundant cover for F *\R 2. Suppose we want to 

find the ABCF-total projection. Since R* 2  ABCF and 

R2 2A B C F , we consider them individually. W ith  F , 

the following are all the nonequivalent and non­

redundant ds’s o f R i covering ABCF.

(1) B -  C .B C -  £ , £ - £ .

{2) AB - D ,D ~  F , B -  C .

The simple cje’s for them are

£ i  “  w xaci(£i N  Wsc(£2 ) M  ftace (£ 2 ) N

■nw (£ 2 ))-

£ 2  "  v Aacr(R 1 N  itabd(£ 2 ) W w©f (£ 2 ) M

* « ( £  2 ))*

Since R2 2ABCF, the only nonredundant ds is the 

empty sequence and hence the simple cje for R 2  is

E 2 — mMcr{R2).

Therefore the ABCF -to tal projection is computed by

£ iU * 2 | J £ v  d

As a consequence o f Theorem 3 3 , independent 

schemes are bounded w ith respect to the embedded 

cover F /

Corollary 3.1: Let R be an independent scheme 

with respect to an embedded cover F.  Then R is 

bounded w ith respect to F .

Although the expression £  generated by our 

method is used to compute the £ -total projections 

with respect to F , this method can still be used when 

2  =  F |J  {p^R} is given as a constraint. It  is proven in  

[C M ] that given a dependency preserving scheme R , 

for any £<€R , and for any X £ R , ,  

it ¡¡{CHASE F (7V ))=iri(CHASE j(T r )). Since indepen­

dent schemes are cover embedding and hence depen­

dency preserving, the X -total projection w ith respect 

to 2  can be computed by our method for any Rt , 

and for any Rt €R . Also, i f  the independent scheme is 

a lossless join decomposition [A B U ], it  is easy to ver­

ify  that t i j  [CHASEr (7V ))= w i  (¡CHASEx ( r ,) ) , for any 

X £  U . Hence our method is still applicable in  these 

cases.

4. A  Characterisation o f Equivalence and Contain­

ment of Expressions

In  [O M 1], a characterization o f when two 

expressions are equivalent over the consistent states 

was derived. W e extend their work a b it here and 

characterize when one expression is contained by the 

other. As in  [O M 1], the set o f constraints 2  con­

sidered is a set o f equality generating dependencies and 

total tuple generating dependencies [B V ][F ]. Also all 

expressions are assumed to be defined on the same set 

of attributes.

Theorem 4.1: Let £ t, E 2  be two SPJ-cxpressions. 

£ ! - £ 2  if  and only if  CHAS£s( r El) -  CHASEx{TE]).

 ̂Independently Miner et tl [MRW] obtained ■  nmiUr reailt.



Lemma 4.1: Let T be any tableau. Then there 

exists a containment mapping from T to CHASE j(T  ).

[Proof]: This can be proven by a simple induc­

tion on the number o f transformations applied to T . □

Lemma 4.2: Let T , T ' be two tableaux and v a 

containment mapping from T to T ’. x is a valid 

sequence o f transformations for T . The transforma­

tions x . are formed by composing x w ith the mapping 

in v. Then x . is valid for 7”  and v is a containment 

mapping from x ( r ) to x » (r ’)»provided x*(T ’) *  0 - 

[Proof]: See [G M 1]. a

Lemma 43: Let r be a consistent state. For any 

SPJ-expression E , TE (7V) =

CHASE i(T E )(CHASEi(Tr )).

[Proofs See [O M 1]. □

Lemma 4.4: Let E u E 2  be two SPJ-expressions. 

E i2  E 2  implies 7 *^ 2  CHASE

[Proof]: See [G M 1]. □

Theorem 4.2: Let E \, E 2  be two SPJ-expressions. 

The following are equivalent.

(1 ) £ i2 £ 2-

(2) CHASE x(Te t)2  CHASE x{TEj .

(3) TEpC H A SE t(T BJ .

[Proof]: (1)™ (2). ( If )  Given any consistent state 

r ,  we want to show that E i3 E 2. By Lemma 4 3  

Te j(T r )=CHASE 2 ( r e ¿(CHASE x(T, )) 2

CHASEiiTejiCHASEtiT , )) =  TE£ T r). Hence E {2 E 2.

(O nly if )  By Lemma 4.4, TEpC H A SE 2 (Tz ^. 

Hence there exists a containment mapping v from TEl 

to CHASEi(TEj). Apply a sequence o f transforma­

tions x to TEl to obtain CHASE2 (TEi). Let x» be the

sequence of transformations obtained by composing x 

with the mapping v. By Lemma 4 2 , there exists a 

containment mapping v from  CHASE * (7 ^ )  to

(2)™ (3). ( If )  Using an argument sim ilar to 

(O nly if )  above, there exists a containment mapping 

from CHASEi{TBl) to CHASEi (XBj). Hence 

CHASEx(TBi)2  CHASE

(O nly if )  There exists a containment mapping 

from CHASE2 (Tb^ to CHASE2 (TB̂ j. By Lemma 4.1, 

there exists a containment mapping from to 

CHASEx(TBp  Since composition of containment 

mappings is still a containment mapping, TBi 2  

CHASEx{Te) .  □

5. Efficient Optimisation of Unions of Simple cje’s

Before we show how to test containment and 

how to minimize simple cje’s, we need to know some 

properties o f this class of expressions. Let us consider 

a more general class o f expressions. Let t  ** 

i f  i : I V  Z u ■ ■ • . / »  : F«-. Zm} be a ds o f Rlg. Let 

E = irx (lf , 0  N  M • '  • W » ^ ( f y ) ) ,  where

k ^ m  and for each f t in t ,  there exists at least a Wj 

such that W y2F (Z ( . Furtherm ore for each WJt there 

exists a nonempty subset { Y j ~  Zj^ . . .  ,Yj -* Z j ]  of r 

such that WJ=Y jiZ jl • • • and WjQRtj. Let Te

be a tagged tableau for E.  W e use l 0 .......... to

denote the set o f rows in TB corresponding to the 

subexpressions Rlg. . . .  . v Wi(R,t ) respectively. In  par­

ticu lar, if  there is a one-one correspondence between 

fd ’s in t  and W,’s in E , then £  is a simple cje for t .

Given a tableau TE and A € i / , a symbol /,[A ] is 

said to be significant if  either /,[A ] is a dv or is a 

repeated symbol. A  symbol is said to be repeated i f  it  

appears in more than one row. Let I, and /, be any 

two rows in  TB. I, is said to contain l, , denoted by 

/f 2 /( , i f  for a ll A € i / , /,[A ] is a significant symbol 

implies l, [A ] is also a significant symbol. The follow ­

ing is a way to obtain CHASEr (Te ).

Algorithm 2: Given Tt  and a set o f fd ’s F , return  

CHASEr (Te ).



Input: A  set o f fd ’s F and the tableau Te , where E is 

an expression defined above.

Output: CHASE?(Te ).

Method: W e chase TE in  the following way:

(1) Apply transformations to TE such that for a ll 

I s / s m ,  / 0 [Z ,] is set equal to lr [Zj), where Wr 

embeds YjZj and no other entry is changed. 

Let the resulting tableau be TE ’.

(2) Apply transformations to TE' to obtain 

CHASE?(TB). a

Lemma 5.1: In  step (1) o f A lgorithm  2, we can 

always get Te ’ from  Te by applying m transformations 

Xi ' X - to TE> where \ j  =  < / o ,  lFj, F y - Z j> , 

1  s j s *  and for any contains YjZj .

[Proof): This can be proven by a simple induc­

tion on the number o f fd ’s in  t . □

By the way TE is defined, i f  there are two W, , 

W, embed f j : Yj ~  ZJy then l.[Y jZ j)= l,[Y jZ j) in  Te . 

Therefore after step (1 ), for all W ,’x embed YjZj , 

l,[Y jZ j]= la[Yj Z j ) ,  for a ll fd ’s / j  in t . Since 

W ,=YtiZtl  • • • Y, Z, f , after step (1), l,[W,]=iJLW,], for 

all I s  * s  k .

Lemma 5.2: Let be a row in CHA5Er (TE), 

p 2 1. For a ll A 6  U , if  A f W f  then /,[A ] is a distinct 

ndv in  CHASE? (TE).

[Proqf): Since transformations in step (1) only 

change entries in / 0, this can be proven by an induc­

tion on the number o f transformations applied to TE’ 

in step (2). See [C ] tor detail. □

The following Theorems and Corollaries sum­

marize some fundamental properties o f the chased 

tableau CHASE, (TE).

Theorem 5.1: Let / ,  be a row in TE, p z  1. Then 

the following are equivalent.

( 1 ) A € W /.

(2) /,[A ]= /0 [A] in CHASE,(Te ).

(3) / , [A ] is a significant symbol in CHASE?<JE).

[Proof): (1) = >  (2). A fter step (1) o f A lgorithm  

1, /,[W ,]= /0 [W ,], for all I s p s k . Hence if  A 6  W /( 

/,[A ]= /0 [A] in CHASE,(Te ).

(2) —>  (3). Follows directly from the definition  

of significant symbols.

(3) = >  (1). I f  A i W f ,  by Lemma 52 , l,[A ) is a 

distinct ndv in  CHASE? (Te ). □

Corollary 5.1: For each column A in

CHASE, (Te ), there is at most one significant symbol 

in it.

[Proof): See [C ]. □

A  tableau is said to be simple i f  in any column 

w ith a repeated ndv there is no other repeated symbol 

in that column [ASU1][ASU2].

CoroDvy 5.2: CHASE,  {TE ) is a simple tableau. 

[Proof): See [CJ. □

Theorem 52: /g[A] is a significant symbol in
k

CHASE? (Te ) if  and only i f  A 6  |J  W *  or A € (X f |  J -

[Proof): ( If )  For any attribute A € (X  f i  Jf/o),

/o[A] is a dv and hence a significant symbol in  Tg . 

Suppose A € W f,  for some 1 s p s k .  By Theorem 5.1, 

we know / 0[A ]= /, [A ] in  CHASE? (T * ). Therefore /o[A] 

is a significant symbol.

(O nly if )  Suppose there exists A ff (X H  and

k

A ( U V  but /o[A] is a significant symbol. Since 
r-i

A ^ (x p )X |g), fo[A] is a repeated symbol in

CHASE?(Te ). This means there exists 1?, l s p s s k ,  

such that / 0 [A ]= /,[A ]. By Theorem 5.1, A € W f.  A  

contradiction, n

Corollary 53: Let i?[A) be a repeated symbol in  

CHASE,(Te ), for some 0s p s a .  Then there exists /f  

in CHASE,(Te ) such that l? and f , have

different tags and / , [A ] »  /f  [A ],



W e are now ready to show how to optimize a 

union of simple cje’s. Given two am ple cje’s E i, E j 

for some ds’s o f some relation schemes covering X ,  

the following Theorem characterizes when £ t2 ^ 2  in  

terms o f their chased tableaux when a set o f fd ’s is 

given.

Theorem 53: Let £ t and E 2  be two simple cje’s 

for some relation schemes covering X . E {^ E 2  i f  and 

only if  for each row s, in CHASE, (TgJ there exists a

row tj in CHASE, (Tg^  such that s, and tj both have 

the same tag and t j Zs , .

[Proof]: By Theorem 4 2 , E i3 E 2  if  and only if  

CHASE, (TB j)2  CHASE, {Te^ . W e want to show that

CHASE, {Tb t)2  CHASE, (TeJ  i f  and only if  the condi­

tion in the Theorem is true.

( If )  Define a containment mapping v as follows. 

For each row s, in  CHASE,(Tg^, there exists tj in  

CHASE, such that t j ^ s , .  Then map symbols in

St to the corresponding symbols in t j .  I t  is easy to 

prove that the mapping is a containment mapping.

(O nly if)  Since CHASE, (Tt  ¿ 2  CHASE, (Je^ , 

there exists a containment mapping from  

CHASE,(Tg^ to CHASE,(TgJ. Let j ,  be a row in 

CHASE, (Te J  and let tj be the row to which st is

mapped. Clearly s( and tj have the same tag. Let 

A i U . Consider the following two possible cases.

Case (1): j,[A ] is a dv. In  this case t j [ A ]  must be

a dv.

Case (2): s,[A] is a repeated ndv. By Corollary

5.1, there is no dv in column A , hence A f X .  Since 

A i X , there is no dv in  column A in  CHASE, ( r Bj). 

W e claim tj[A] is also a repeated ndv. Since j( [A] is a 

repeated ndv, by Corollary S3, there exists another 

row sf  in CHASE, (Te ^ such that sp [A ]■=$, [A ] and 

they have d ifferent tags. I f  tj [A ] is a distinct ndv then 

s, is mapped into t j . This implies the valuation func­

tion is not a tag preserving one. Hence for each 

A € V , i / [A]  is a significant symbol implies tj[A] is also 

a significant symbol. Therefore ry a  . □

Although the above Theorem characterizes con­

tainment o f simple cje’s in  terms o f their chased 

tableaux, it  is not necessary to generate the chased 

tableaux physically at a ll. By Theorems S .l and 52,  

we know exactly which columns in a row o f a chased 

tableau contain significant symbols. C learly, the test­

ing can be done in O (m*n* IF  I) , where m and n are 

the space needed to w rite down E x and E 2  respec­

tively. The following Corollary characterizes when 

one simple cje contains the other i f  both are simple 

cje’s for some F;o covering X .

CnroCary 5.4: Let t -  { * >  *Y. • • • .2 » -  2 M*} 

and x =  ( 2 1-  2 1’, . . .  ,2 * -  2 , *} be two ds’s of RIq cov­

ering X £ U .  Let

E 1 m‘v I (Ri0  M * r 1r I’(flf1) M ' ‘ ‘ M  'nrmTm'(Rim)) and 

E x ’̂ n*(.R‘0 M WZjZj’iS/j) M • • M v zmxaK ^ )) .

E T2 £ „  i f  and only if  for each 2 y-  2 /  in  t  there 

exists a 2 * -  2 »’ in  x such that 2 Jt+ 2  2  * and R ^ S ^ .

[Proof]: See [C]. □

Example 5: R  =  {£  t(A £), R2(ABCDEF )}. F  =  

{AB~ D , BC -  E , B ~ C , D ~ F , E ~ F } .

In  Example 4, we showed that the ABCF -total 

projection is computed by £ t (J  £ 2(J  ^ 3  where

E i =  ttabcr {Ri M  stgc(R2) M  ttBce(E2) P4

itg ,{R 2)).

& 2  “ ttA scrC E i M t t iu p (E 2)  M 11 d t (R 2 )  M
ttBc(F2)).

E 2 =  ttABcriEf].

Let us consider E t and E 2. Since ABD* =  ABCDEF «• 

V , by Corollary 5.4, E {^ E 2. Since Tg  ̂ has a row w ith

tag R 1 and r Bj does not, by Theorem S3, E t cannot 

contain £ 3 . £ 3 2 £ i  i f  and only if  one of the closures 

o f B C , BCE or £ F  contains ABCF. Since 

BC+*=BCEF, BCE *=BCEF and £ F += £ F , £ 3  does not



contain E t. Hence £ i |J  E 3  is an equivalent expres­

sion to compute the ABCF -to tal projection. □

Having showed how to test containment o f two 

simple cje’s efficiently, we are now ready to show how 

to minimize a simple cje. By Corollary 5 2 , simple 

cje’s can be optimized by methods in  

[ASU1JASU2][ASSU][S3]. However, due to the res­

tricted nature o f this class of expressions, a simpler 

method is possible.

Algorithm 3: M inim izing a simple cje.

Input: A  simple cje E -

(£i0 M  M  * •' M

Output: E ’ - A  m inimal expression equivalent to E . 

Method:

(1) In itia lize  three arrays o f length m as follows, 

where m is the number o f fd ’s in  the ds. For j  

=  1  to m do:

T A G [/'] =  Rtj.

SU B EXPfj ] = YjZj.

C L O S U R E ^] =

(2) For j  =1 to m do:

I f  there exists k , k * j ,  l s k & m ,  such 

that T A G [*] =  T A G [/] and 

C LO S U R E ^ ] 2  CLO SURE^' ] then

S U B E X P [t] =  SU B EXP[* ] [J  

SUBEXPfy ] and T A G [/] =  0 .

(3) Construct an expression T as follows. T ■= Ri#. 

For j  =  1 to m do:

I f  T A G  [ j ]  *  0  then

T  =  T  M  ^svBEjryi^XAGlj]).

(4) The final expression returned is E ’ «* wx(T) .  o

Theorem 5.4: E ’ produced by A lgorithm  3 is 

equivalent to E and is minimal in the number of join 

operations. The tim e complexity of Algorithm  3 is 

0(m *(lF  1 +  11/ I*  log 11 /1) + « * («  —1)* 11/ I) .

[Proof): See [C ]. □

Knowing how to optimize and test containment 

of simple cje’s efficiently, we have an algorithm  to 

optimize a union o f simple cje’s. W e first elim inate 

redundant subexpressions ( ix . simple cje’s) from  the 

union using Theorems 5 3 , 5.1 and 52. W e then use 

Algorithm  3 to optimize each o f the remaining simple
5»«

cje’s. Since each stage can be done efficiently, optim i­

zation of unions o f simple cje’s can be done 

efficiently. By a Theorem in [SY], the expression 

returned is minimal both in  the number o f subexpres­

sions and the number of jo in  operations.

Example 6: R  =  {R1(AB),R2(ABCDEF)}. F -  

{AS -  D ,B C -  E , B -  C ,D ~  F , E -  F }.

In  Example 5, the expression to compute the 

ABCF -total projection is

E “  £ iU  ”  w aacr(^ iM  * bc(R2 ) W Vm:e(.E2)

M  » s r(^ 2 ))U  v ABcr(fii)-

Since E 3 cannot be minimized any more, le t us con­

sider E j. BC+=BCEF, BCE+=BCEF and EF+=EF . 

Hence in  step (2) o f Algorithm  3, TA G [1] and TA G [3] 

are set to 0  and SUBEXP[2] *= BCEF. Hence 

frAtcr(Ri M  KBCEr(Ri)) »  returned in  step (4) of the 

Algorithm . Therefore an expression w ith the minimal 

number o f subexpressions and jo in  operations that 

computes the ABCF -to tal projection is 

T t M C r i R l W f t e c e r  (i^2))U 71 ABCF ( R 2 ) -  °

( .  Conclusions

W e proposed and defined cje’s as a means to 

simulate the representative instance when fd ’s are 

given as constraints. This kind of expressions can be 

considered as a generalization o f extension joins [H I]. 

W e showed that for any X C V , the X -to tal projection 

of CHASE,(TV) can be computed by a union of simple 

cje’s when an independent scheme [G Y ] is assumed. 

This demonstrated an application o f simple cje’s. Also 

cje’s can be used to compute the X -total projections 

w ith respect to a set o f fd ’s F for other bounded 

schemes that are not independent, as illustrated in  

Examples 1 and 3. W e also derived an efficient and



simple algorithm to optimize unions of simple cje’s.

Even though Algorithm 3 returns an equivalent 

expression that is minimal in the number of join 

operations, the sizfr of intermediate relations in the 

minimal expression may not be optimal. For instance 

in Example 6, since f l-  CF € F + and BCF * = BCEF +, 

it is easy to verify that ««cr (/ft M T tcrtfi)) >* 

equivalent to WMcrCEtM t*kef (K2))- It is interesting 

to find a systematic way to obtain such optimal expres­

sions. Since computation of the X-total projections 

for some bounded schemes require complex cje’s, as 

was illustrated in Example 3, it is natural that we 

should study the optimization of this class of expres­

sions. Also it has been hypothesized that the full join 

dependency MR is essential in most applications 

[FMU]. Hence it is interesting to know if cje’s can 

still be used to compute the X -total projections when 

the full join dependency MR is included as part of the 

constraints.

Recently several researchers have pointed out 

that in some cases the answer generated by the total 

projection approach may not be intuitively appealing 

[L][MUV][Y2]. They argued that instead of applying 

the query to the intersection of all weak instances, 

the query should be applied to each weak instance 

individually and then the intersection of the resulting 

answers taken. Generating the answer using this 

alternative approach is considered in [Y2], when the 

full join dependency MR is given as a constraint. It 

would be interesting to know if cje’s can still be used 

to generate answers in this alternative approach when 

id’s are given as constraints.
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