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We propose a new way to perform adaptive
information system design An abstract
information structure provides information about
how an appropriate actual 1information structure
should be Whenever a query 1s processed, the
abstract information structure 1s modified to
reflect the effect of the processed query After
many queries are processed, the abstract
structure 1s examined If it reveals that the
actual 1nformation structure 18 1nappropriate,
then the actual structure will be modified,
otherwlse no change 1s made

This one-query-~at-a-time approach 1s applied
to two problems, namely the record clustering
problem and the file allocation to distributed
database problem Results demonstrate that our
approach yields good performance, 1s conceptually
very simple, 1s 1ntuitively natural and has a
reasonable running time Reasons for using our
approach versus previous methods are also
sketched

1 Introduction

Many problems 1n data base management and
information retrieval require the clustering of
"objects" i1nto classes such that objects within a
class satisfy a certain property while objects
across classes do not possess the property Some
common examples are

(1} record clustering ([Jako, LiYa, OmScl), 1in
which records that are frequently jointly
accessed should appear in the same page or
block, while records in different blocks are
rarely jointly accessed The objects 1n
this problem are the records, the property
satisfiea by the objects within a class 1s
"frequently jointly accessed"

(11) file allocation in distributed data bases
(Aper, Case, ChL1, DoFo, Eswa, FiHo, Ghos,
Grbe, LoPo, MaRi, Ur0I, YSLC] where files
which are often jJjointly accessed should
appear 1n the same sites
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(111) document clustering [Crof, Salt, Salo,Van,
VanR1, Yul], in which "similar" documents
should be placed within the same cluster

Previous approaches to the above problems
have some or all of the following
difficultares

(1) User query statisties have to be gathcred,
accumnulated ana classified

(11) Significant inaccuraciles are incurred during
the process of estimating the costs of
processing different queries Thus, the
expected optimal soluticns to a clustering
problem could be very different from the
actual optimal solutions

(111) A long elapsed time 1s needed to determine
the set of clusters

(1v) Ignoring or not making use of 1nformation
provided by the users during the processing
of users' queries

We propose an adaptive clustering
approach that alleviates the above problems
to a certain extent In the next section,
we first give in more detall the
difficulties of earlier approaches Then we
outline our proposed solution The aim 1s
to develop a number of tools available for
adaptive information system design

2 Difficulties of earlier solutions

(1) User query statistics have to be accumulated
and classified This may turn out to be an
expensive process For example, 1in record
partitioning, different queries may access
different sets of records and there are
potentially 2% query types where n 1s the
number of records Collecting, classifying
and storing the statistical data associated
with the different query types can be very
expensive Common solutions £o this problem
nave been (a) query statistics are assumed
to be given, (b) there are a few dominating
queries/transactions that other transactions
can be neglected, (c) the queries are
restricted to certain special types, for
example, conjunctive or disjunctive queries
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Unfortunately, these solutions are not
entirely satisfactory for the following
reasons (a) Even 1f query statistics are
known, a record clustering procedure that
manipulates statistics i1nvolving potentially
exponential number of query types can be
expensive 1n time and space (b) As query
languages become friendlier, there will be
more casual users and the effects of queries

submitted by these users can be s0
significant that they cannot be 1ignored
(e) Restricting query types 1s not
satisfactory to users

(11) Estimating costs for processing queries
usually 1ncurs significant 1naccuracles
For example, in [HaCh, HaNil, the cost for
processing a query 1s based on the

assumptions that (a) there are equal numbers
of records satisfying the conditions A1 =

c fo%hdlfferent constants c¢_, where A_ 1s
the 1 attribute,(b) the dfstributiond of
values 1n different attributes are

i1independent and {¢) records are distributed
randomly in blocks It has been pointed out
in [Chr1] that such uniform and 1ndependent
assumptions are not realistic

(111) A significant time 1is required to determine

the clusters and therefore the supporting

fi1le structure 1s not as responsive to

users' changing needs as desired
(1v) Most of the eclustering algorithms cluster
objects based on syntactic relationships
between the objects only (For example, 1n
document c¢lustering, information about co-
occurrence data 1s used only) Important
information which can be extracted from
1nteractions with users and can probably be
used to yield better clusters 1s 1gnored

3  Our Approach

Our approach to cluster objects 1s 1llustrated by
figure 1

An 1ncoming query processed
information system After 1ts
data requirements of the query,
intermediate results, are obtained (For example,
in record clustering, the requirements consist of
the set of records retrieved by the query and the
number of blocks containing the retrieved
records) This i1nformation 1s passed from the
information system to our algorithm, which uses 1t
to update a certain "abstract structure" Unlike
a real structure which contains contents of
records and their relationships, the abstract
structure provides information about which objects
should belong to which <class(es) only The
abstract structure 1s modified by our algorithm
for each 1ncoming query so that the effect of all
users' queries, up to and including the present
query 1s 1incorporated into the structure After
many user queries have been processed, the
abstract structure will be examined If 1t 1s
sufficiently similar i1in the memberships of objects
1n classes to the present actual 1information
structure, then therc 1s no need to change the
actual structure, otherwlise a procedure to modify

15 by the
processing, the
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the actual structure from the abstract structure
1s 1nvoked Thus, our method can be considered as
a reorganization process However, the problems ve
study here are very different from those concerned
with finding reorganization points [Bato, Shne,'
Tuel, YaDT]

incoming query
" Q
answer
repeat for Q processed given
each query by information eﬂ to user
system
N

data requirements of Q
inputted to the proposed
algorithm

The proposed algorithm
updates an abstract
structure

Based on
abstract structure

update actual
information structure,
1f needed

Figure 1 Proposed adaptive algorithm

From the above discussion, 1t 1s clear that
there 1s no need to accumulate and classify query
statistics The data requirements of each query
1s used by our algorithm to update the abstract
structure After the update, the data
requirements of the query are not stored, as their

effect 1s 1ncorporated into the abstract
structure As data requirements are obtalned by
the 1nformation system during the processing of

the query, estimation of the cost of processing
the query 1s not needed Thus, 1naccuracies due to
such estimations by earlier methods are reduced or
eliminated (It should be observed that 1t may
not be feasible to store the data requirements for
each query as the total amount of information to
be stored for numerous querlies willl be extremely
high)



The proposed algorithm performs a small
amount of action for each query 1instead of
performing a one-shot task involving a huge amount
of work, after collecting and classifying

statistics for many queries, as 1s usual for other
algorithms As a result, the delay 1in determining
a set of clusters for the given objects after
processing the last query 1s very small for the
proposed algorithm relative to other algorithms

In applications 1like document retrieval
([Salt, VanR]), each retrieved document 1in
response to a query can be judged by the user to
be relevant or irrelevant This 1information can
be fed back to the system to allow the system to
form better clusters

Thus, the four disadvantages of other
approaches are alleviated by making use of the
present proposed algorithm

In the next two sections, we give two
adaptive clustering techniques to 1llusftrate how
the proposed algorithm can be used 1n practice

4 Adaptive clustering techinque 1

This technique will be 1i1llustrated by our
solution to the record clustering problem The
problem 1s to assign records to blocks 1n such a
way that the total number of blocks accessed, 1n
response to a set of queries, 1s minimized
Essentially the problem corresponds to assigning
frequently jointly accessed records to the same
blocks 80 that as few blocks as possible are

accessed per query More precisely, let P(Ql) be
the probability that Q 1s submitted and Block(Q,)
be the number of blocks retrieved 1in order o]
answer Ql The cost to be minimized 1s

z P(Q) * Block(q,)

Qe

where Q 1s the set of all submitted user queries

We assume that all records are of the same length
and no record 1s duplicated This problem has
been shown to be NP~hard [YSLT, OmSc )

Our 1nitial solution to the problem 1s to
propose an algorithm to « simplified record
clustering problen Then, the algorithm will be

modified to be applicable to the actual record
clustering problen

fhe simplified record clustering problem 1s
as follows

There are N records (R,, Hys Byl
Gueries are 1ssued to access some of thesc
recordgs The N records are to be partitioned into
clusters such that frequently jolntly accessed
records appear 1n the same clusters while rarely
Jointly accessecd recoras are in different
clusters

A simple algorithm to solve the abnve
problem 15 a. follows
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A position in the line (-«,®) 1, assitned to
each record As each query 1s processed by the
data base management system, the positions of the

records 1n the answer of the query are modificd
(The actual records 1in the data base are not
moved ) The cummulated effecct of the
modifications for many queries 1s that the

positions of the records in the same cluster will
be close together while the positions of records
1n different clusters will be far apart This
allows the clusters to be easily 1dentified and
the records are then assigned to blocks There 1s
no need to collect guery statistics since the
significance of query statistics 1s reflected by
the relative positions of the records

Step(0) Initialization
The 1th record R 1s 1nitially assigned
an arbitrary position X1 in a line for
1§1§N

Step(1) Moving kecords Together
Let {Rm(1), 1§1§k} be the set of records
in the answer of query Qm, k#1, V#N
Let their positions be {Xm(1),1<1<k}
These k records are moved closer +to

their centroid by the amounts DXm(1),
1<1<k, which wi1ll be determined later

The special cases for k=1 and k=N
are handled as follows For a query
accessirg all records, any assignment of
records to Dblocks will cause the same

number of blocks to be retrieved Thus,
there 1s no need to apply the above
operation The same 1s true for a guery
accessing only one record

The centroid of the accessed records is

N
CX=[§ Xm(1) J/ k
1 =1

(h 1)

The distance moved by each accessed
record 1s proportional to 1ts distance
from the centroid Specifically, the
distance moved by the 1th accessea
record, DiAn(1), 1<1<k, 1s

DXm(1) = A ¥ | Xm(1) - CX | (4 2)

where A 13 a coefficient governing the
speed of movement, 0 < A < 1

Suppose the accessed records nove
a constant distance 1nstead of the
distance as given in (4 2) Since the
records are 1initially assigned arbitrary
positions, it 1s possible that records
belong to the same cluster are assigned
ertreme positions at the two ends of the
line As a result, the convergence of
the algorithm may be slow gy (42),
records that are far away are moved with
larger distances than records that arec
close together, therefore compensating
the random assignment of recorss 1n



Step(0)

set of
accessed

1s clear that 1if a
records are often Jointly
together, their corresponding poilnts
will converge However, the points
corresponding to all the records may
eventually bunch up together 1f Step(1)
1s repeated for many different queries
fo counter that, the following step 1s
applied 1mmediately after Step(1) 1s
executed

It

Step(2) Pulling Records Away

Select k records randomly and move each
of them apart from their centroid by an
amount which .s

A ¥ (the distance of the record from the
centroid of the ¥ random records)

Steps(1) and (2) are executed for each
query until a clear pattern of clusters
can be observed (details are in [YSL3])

With the cost of main memory rapidly dropping, 1t
15 possible to store large amounts of information
1n main memory Thus, the positions of the
records can be stored and updated i1n main memory

A sketch of analysis 1s as follows

Let ¢ be the rumber of clusters, n1 be the numbc:

th e

of records 1in the 1 cluster, 151§c and XlJ

th

the position of the Jth record i1n the 1 cluster ,

1€0¢n, Let D, be the centroid of the records 1in
the 1th cluster The within distance W 1s defined
to be

I c n 2

1
E = E X - D)
w1 z ( 1)
1=1 1-1

1=1
If W=0, then each record within the

Clearly, WZO
1s located at the centroid of the

same cluster

cluster The between distance B 1s aefined to be
= 2
z n,(®-0p,)
1=1
where D 1s the centroid of all records If B 1s
large, records of different clusters are far
apart If W 1s small and B 1s large, records of

the same cluster will be close together but far
away from records of different clusters, mahing
1denti1fication of the clusters an easy task

Instead of using two different symbols, a sirgle
measure W/8 1s used to 1ndicate the ease of
1dentifying the records 1in the clucsters We seek
a small value of the retio

It 15 shown unaer certain reasonable assumptions
in LYSLS] that 1f
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A < [2b(W/B)J/[d+b)W/B + d 4, (4 3)

then W/b 1s expected
execution of a query,
positive constants
follows

to decrease for each
where b and d are certain
The 1interpretation 1s as

For a given set of records at positions {X11,

190 }, {(where X,, cenotes the position of jth
reéord of the 1th ciuster) the values of W and B
are defined For a chosen A, defined 1in Step (1)
of the algorithm, 1f 1nequality (4 3) 18
satisfied, then W/B 1s expected to decrease for
each execution of the query When W/B decreases,
1t can casily be verified that the R h S of (4 3)
decreases If (4 3) 1s again satisfied, then W/B
w1ll continue to decrease This process continues
until (4 3) 1s violated At that point,

W/B < Ad/[2b - A(d+Db)] (4 4)

Lf the right hand side of (4 4) 1s small, then W/B
will be small, allowing the 1dentification of the
clusters If the right hand side 1s not small,
then W/B needs to be aecreased This can be
achieved by setting a smaller A than the one used
earlier such that (4 4) 1s again satisfied The
execution of more queries using the new value of A
wW1ll allow W/B to decrease further Thus, the
whole process consists of arbitrary choosing a
value of A < 1, applying the algorithm for a set
of queries until W/B does not decrease any
further, reducing A and repeating these steps
until W/B 1s sufficiently small to allow the
records to be easily assigned to clusters It

remains to 1dentify the situations where A needs
to be decreased (1 e inequality (4 3) 1s
violated) Since we do not know the actual value
of W/B, the following heuristic 1s suggested

We compute the sum of the distances moved by
the accessed records in Step(1) for a set of many
queries, and the average 15 taken Let the
average be denoted as TX1 for time 1interval Ti1
(In our experiment to be described latter in this

section, 400 queries are executed 1n each
interval ) Initially, when clusters are not
formed, the records move large distances, sirce

records belonging to the same clusters may be far
apart Thus, 1nitially Tx1i 1s large Gradually,
when clusters begin to emerge, the records move
smaller distances and Txi 1s smaller In other
words, when cluster formation 1mproves, Tx1
decreases On the other hand, 1f cluster
formation deteriorates, we expect Txl to increase
Thus, a c¢riterion for adjusting the parameter A 1s

as follows If Tx(1-1)>Tx1, then clustering
formation 1s a1improving, suggesting that the
parameter A 1s appropriate There 1s no need to

change A If the 1nequality 1s violated, then A
1s decreased, say set new A = 1/2%pld A This
process of adjusting A continues, until A becomes
sufficiently small or the clusters are clearly
formed (Details can be found i1n [YSLS] )

We now suggest modifications to the proposed

algorithm Step (2) of the algorithm 1s to ensure
that all records are not bunched up together
However, for each query, an additional k records

need to be randomly selected In order to make
the algorithm cheaper to 1implement, we simply



shift the accessed records away from the centroid
of all records This variation 1s denoted as
Version 2
Version 2 Shift Accessed Records Away

If the centroid of the accessed records 1s less
than the controid of all records, then each of the
accessed records 1s moved to the left by a
distance equal to the average distance moved by
the k accessed records Otherwise the direction
of moverent 1is to the right The 1ntention of
Version 2 1s to shift the centroid of the accessed
records away from the centroid of all the records
such that the accessea records stay close together

but far away from other records

Clearly, Steps (1) and (2) can be combined
together 1nto a single step, because the recoras
to be modified are 1dcntical 1n both steps

The simplified record clustering problem
does not take 1into consideration the cost, 1in
terms of the number of blocks accessed, of
processing the given set of users' queries Step
(1) 1s now modified to 1incorporate the cost
function The distance moved by the 1 accessed
record, DXm(1), 1<1<k 1s
DXm(1) = A * |Xm(1) - CX| * Benef1t(Qm)/BENmax
where Benef1t(Qm) 1s the benefit of placing the k
recoros 1n the same cluster and be assigned to the

minimum number of blocks over the current
assignment of records to blocks, BENmax 1s the
maximum benefit for any query and 1s used to

ensure that Benefit (Qm)/BkNmax <1

Experimental results comparing our proposed
algorithm with the total sort method given 1in
[Jako] are given as follows

Various problem sizes ranging from 100
records to 600 records are used to test the speed
of convergence and the performance of the
algorithnm The number of queries is arbitrarily
assuried to be the logarithm with base e of the
number of records then multiplied by a certaln
value CQ The number of queries, the number of
records and the CG values used in the experiments
are l1i1sted ir the 1able A

Query Set C& Number of Records
100 | 200 | 300 | 400 00 | 600
A,B 6 27 31 34 35 37 38
c,D,E ) 344 344 371 39| 4o 42
Number of Queries
Table A Data Set
The qualification of each query 1n each
query data 18 elther 1n conjunctive (1 e Al=ai]
AND Ak=akl where the attributes are denoted A,

A, etc, and the constants «re a1j, akl, etc ) or
disjunctive form (1 e Ai=ar) OR Ak=akl )
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Since most user queries are likely to be simple,
we arbitrarily set the number of single attribute
queries to be about 1/2 of the total number of
queries The number of two-attribute queries 1n
conjunctive form 1s about 3/10 of the total number
of queries and the remaining querics are two-
attribute queries in disjunctive form

Each query set (sets (A) - (E)) for each of
the six sets of records has a different level of
the number of blocks accessed per query Let
random performance be defined to be the average
number of blocks required to retrieve the records
for each query, assuming that records are randomly
assigned to blocks For the five query sets, the
random performances range from 40% of the total
number of blocks for query set (A) to 15% for data
set (E) In other words, each query in set A on
the average retrieves more records than a query in
the other sets

In order that the simulation 1s realistic,
the access probabilities of the records form an

approximate "80-20" [Knut] rule (1 e
approximately 80% of the accesses are directed
towgrd 20% of the records) There are U
attributes The block size for all sets of data
15 10 records per block (As pointed out 1n
{Jako], the results are not sensitive to block
size That 1s why only one block size 1s used 1n
the experiments ) A typical result 1s given 1n
Figure 2

Both versions of the algorithm converge
extremely rapidly In fact, most of the gain in
performance occurs over the processing of the
first 400 queries From U400 queries to 3600
queries, further improvement 1n performance 1s
obtalned, though at a much slower rate From 3600
queries to the termination of the algorithm, there

1s very little change 1in performance

Let performance 1mprovement percentage be
computed as [performance of the total sort
method-performance of version 1] /performance of
version 1 A summary of the results 15 as
follows

1 Both versions of the proposed algorithm achieve
better performance than the total sort method

The 1mprovement 1s particularly significant for
Version 2

2 The average improvements of version 2 over the
total sort method for the 5 query sets range from
34 56% to (2 d14 When the number of records
increases, or when the number of records accessed
per query decreases, the 1improvement 1ncreases
Wnen the number of records 1s small, (i1n our
experiments that 1s 100 records) Version 1 1is
better than Version 2 When the number of records
1s large, (1n our experiments that 1s over 100
records) Version 2 achieves better performance
than Version 1 Since Version 2 1s more efficient
1r 1mplementation and produces better results, we
favor 1t
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5 Adaptive clustering technique 2

This technique will be 1llustrated by our
solution to the problem of file allocations for
distributed databases The problem 1s to assign
fi1les to sites such that the total communication
cost for a given set of queries 1s minimized
However, unlike earlier solutions [Case, FiHo,
Ghos, etc ], our approach takes 1into consideration
the interaction between files during the
processing of queries It has been pointed out 1n
[YSLC] that such 1nteractions between files are

common and significant 1n current distributed
query processing stratagies [SDD1, HeYa, YCTB,
ete ] (An  1llustration of the 1nteraction

between 2 files for processing a query 1s gliven 1n
the Appendix ) Apers [Aper] has considered such
Interactions Our approach differs from his in («)
Our method 1s the adaptive one-query—at-a-tine
approach with 1ts associated advantages as
outlined 1n Section Z while his algorithm 1is a
one-shot algorithm, (b) the number of variables 1in
Apers' model may be too large to manage when files
are replicated, (c¢) the problem formulations and
the solutions are completely different

Let n be the number of files and m be the
number of sites in a computer network Let y be
a binary variable such that y _ = 1 represents the
presence of file 1 at site s,°0 otherwise Thus,
a file allocation 15 an assignment of variables

LY = {y j1<ugn, 1<s<m} —=> {0,1]

Let Q be a set of retrieval ana update
queries The file allocation problem 1s to find
an assignment Lp such that the cost of processing
the set of queries 1s minimized The cost 1s 1n
terms of nate communication cost between sites 1n

ordcr Lo answer retrieval queries or to
synchronize copies of data aque to concurrency
control Clearly, thc cost drpends on the query

processing algorithm ard the concurrency control
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mechanism to be employed Given the query
processing and the concurrency control algorithms,
let the cost of processing a query g with a given
file asslgnment be denoted by C(q|L) or C(q|L(Y))

It 1s clear that when a query q 1s processed, only
certain varliables in Y will affect the cost while
changes 1n other variables 1in Y have no effect on
the cost This subset of variables having direct
effect on the cost of processing the query will be
defined as g-associated variable set and denoted

by Y
q
Whenever a query 1s processed, certain
information wi1ll be computed 1immediately and
accunulated with previous information 1n a
structure, as described 1n the last two sections

The structure used here 1s an by m matrix A such
that each entry A g represents the desirability of

ass1gning y . to 1 (1 e the allocation of file 1
to site s) Let the current file assignment be

L When a query q 1s processed, the q-associated

set, Y .| 1s 1dentified For each y,, 1n Y,, we
?ompute B(q, Vg Lk) = C(q IylS =0, Ly qu -
Vgt - claly g = 1, Ly
184 {y..}) and add 1t to A B(
q, ¥ L)
regresentgs 18 18t K
the benefit of assigning file 1 to site s as

compared to not assigning file 1 to site s for
processing the query under the current assignment

Lk After a set of queries 1s processed, A will
be the aggregate benefit of assigning file 1 to
s1te s for processing the set of queries

A sketch of the algorithm
assignment L, ) 15 as follows

(with a given file

Step 1

Initialization

Alg =0, 1<<n,1<s<m
Step 2

For each processed query q,
for each yls in yq

Mg <= Ag* Bla, yig Ly)

18
Step 3
After a set of queries ( 1s processed,
determine a tentative file assignment L by
1
AlS > 6
bev (yis) = L yg) Mg =0
0 Als <0
Step 4

If Lt = L, then {the same file assignment will
be used an&<the algorithm terminates} else {let Y

be the set of variables such that Lkv(y) # Ly (y)
Choose the y.,. in Y4 such that 1ts corresponding

|A ¢| 1s maximum Construct Ly

Ly () v # 95 )
Loy () = /

Le(y) v =Yg



The

(1)

(3)

(M

(2)

Lk+1 15 the current file assignment }

Steps (1-4) are then repeated
following results can be proved [Chen]

If the file allocation at the (k+1)th
1teration 1s different from that of the k-th
1teration, then the cost of the former
allocation 1s strictly less than that of the
latter allocation

If there 1s an 1-neighbor of Lk (differs from
Lk by the value of 1 variable only) whose
cost 1s strictly less than that of L |, then
the algorithm will not stop at the %k+1)th
1teration

If an optimal solution 1s obtained at the k-
th 1teration, then the algorithm will
terminate with the optimal solution at the
(k+1)th 1teration

The above algorithm assumes an 1nitial
allocation This allocation can be computed
as follows

Step 1 Initialization

A =0

1s » 1<1¢n,  1<s<m

Step 2 For each processed query q,

h
For eac Vg 1m Yq

Alg <¢== A g + 1/2 MinB(q,y,g) + 1/2
MaxB(q,yl ) where MinB(q,y, ) and MaxB(q,y, )
are respéctively the minimium and the maximum
benefits of assigning file 1 to site s among
all possible assignments These quantities
can easlly be computed

Step 3 After a set of queries Q 1s
processed, determine the initial file
ass1gnment LO
L : 1 1f Als >0

Yy =
o] 1s <
0 1f AlS— 0
It can be shown that the 1nitial file

allocation satisfies the following desirable
properties

A necessary condition and a sufficient
condition for allocating a file to site s can
be determined The conditions are
generalizations of those given 1n [GrBe]
incorporating the interactions between files
(1 e if 1interactions Dbetween files are
neglected, the results are the same as those
given in [GrBe] ) The initial file
assignment satisfies the following property

If the sufficient condition for allocating
file 1 at sites 1s satisfied, then the
algorithm will allocate file 1 at site s
without checking the truth or falsity of the
sufficient condition

the condition to optimally

If necessary
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allocate file 1 at site s 1s violated then

the algorithm will not allocate file 1 at
site s without checking the necessary
condition

Thus, the 1nitial file allocation 1is
reasonable

Experiments are performed on two
versions of the problem In the first
version, a file can be assigned to any site

with the constraint that 1t must be assigned
to at least one site In the second version,
each fi1le 1s assigned to a pre-selected site,
due to ownership or administration
Additional copies of the file may be assigned
to other sites The first version 1s called
FAP without ownership and the second version
15 called FAP with ownership

Retrieval queries, each accessing data
from either one file or two files are
randomly generated such that the access

probabilities of files form an approximate

Zipfian distribution with a random parameter

01 Similarly, update queries are generated
such that the update probabilities of files
form the Zipfian distribution with another

random parameter O Each query type can be

submitted from every site and the
distribution of the probabilities of each
query type among the sites form another
Zipfian distribution with parameter O3

Two sets of experiments are run The

first set of experiments 1s designed to test
the accuracy of the algorithm Small problem
s1zes ranging from (3 sites, 6 files) to (4
sites, 10 files) are used so that a branch
and bound algorithm obtaining optimal
solutions will terminate In each problem
si1ze, 180 cases are run and the average 1s
taken The error rate for version 1 of the
problem (FAP without ownership) 1s given 1in
Table 1 In each problem size, the average
relative error 1s less than 50% (This
seems to compare favorably with the result in
[Aper1] where an average error for 15 cases
1s reported to be 3% However, the problem
and the test cases are not identical ) Table2

shows the error rate for the FAP with
ownership The error 15 much smaller, with
no entry larger than 04% There 15 some

1n error rate when the number of
sites 1s 1ncreased from 3 to 4 However,
when the number of sites 1s 1ncreased to 5
and the number of files 1s 6, there 1s a drop
in error rate (The figure 1s not given here

The branch-and-bound optimal algorithm does
not terminate for larger problem sizes)

1nerease

The second set of experiments 1S
designed to test the speed of convergence
First, the number of sites 1s fixed at 10 and
the number of files 1s increased from 12 to
40 1n 1intervals of 4 Then the number of
files 15 set equal to 40 and the number of
si1tes 1s 1ncreased from 3 to 24 1n 1intervals
of 3 20 cases for each problem size are run
and the average 1s shown 1n Table 3 The
result 1ndicates that the average run time 1is



proportional to the number of files and the
square of the number of sites (The average
computing time, 1f projected to 58 sites and
1 file 1s less than 30 seconds This 1s
likely to be better than the time of about 3
minutes reported 1in [FiHo] However, a
direct comparison 1s not possible Dbecause
different computers are used More
importantly, the problems are different
Their algorithms assign files optimally but
without considering the interactions between
files, while our algorithm takes such
interactions 1nto consideration

Number of Files

6 7 8 9 10
Number of 3 26 37 28] 301 22
Sites y 38) 29} 331 421 33

Table 1

6 17 8 9 10
3 00| 02| 00} 00f 00
y O4[ 01| 03] 03] 01

Table 2 FAP with ownership error rate in %
10 Sites

Number

of Files

12 16 20 24
11 89]1H4 69]19 32]21 52

28 32 36 40
23 28]27 38133 68306 8

40 Files
Number
of Sites
3 6 9 12
5 67 {13 89|28 67|48 29

15 ik 21 ] 2%
|83 37]108 88157 38180 59

Table § Convergence rate (time in seconds)
A VAX/750 1s used

6 Conclusion

We believe the techniques presented
here are applicable to many other problems,

such as 1index selection [Chan,HaCh], IMS
segment clustering {Schk] and document
clustering [Salt,vVanR,Yu] Essentially,

these techniques aim at obtaining good but
not necessarily optimal sclutions With
records or files accessed with highly uneven
probabilities (e g "80-20" rule or the
Zipf's distribution), the experimental
reaults given 1n the previous sections seem
to confirm the good performance of the
heuristics It 1s hoped that the 1deas

FAP without ownership error rate in %
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presented here will be useful i1n constructing
adaptive information systems
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Appendix

Let 1JRS be a query accessing files 1
and ) (representing relations 1 and ]
respectively) We now describe how this
query can be processed and define 1ts cost 1n
terms of different file allocations, under
the assumption that the communication cost
between two sites does not depend on the
sending and the receiving sites This

assumption 1s commonly used 1in distributed
(HeYa,

query processing algorithms Sbb,
YCTB, etcl
(Case 1) There 1s no site containing both

files 1 and )
(1 a) Neither file 1 nor file ) 1s at
site s

Semi-joins will be performed before
file 1 and file J are sent to site s The
semi-joln sequence can be either that a
semi-join from relation 1 to relation
across the sites 1s executed to reduce
relation jJ followed by a semi-join from the
reduced relation J to relation 1 or the above
semil-join sequence in reverse order,
depending on which sequence has less cost
Let F_ (R) denote the size of the reduced
file K and SF (R) be the size of file K
projected on tﬁe join attribute and RSFk (R)
be the size of the reduced file k projected
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on the join attribute K
(R) The cost of processing the query 1]
1s (assuming unit data communication cost)

Note that SF >R5Eg

RC(13%s |y -0, = 0)

2138

I ’
(R) SF,

1s © 0s¥5s

= Min {SF  (R) + KSF

L (R)+PSF, (R)}
*LlF R+ F) (R)]

J

where the first two expressions aenote the
costs of the semi-joins sequences and the
last expression denotes the cost to send the
reduced relations to an assembly site to take
the join, y s 1S a binary variable such that
1t 1s 1 1f %lle K 1s situated at site s and O
otherwise, z, 1s a binary variable such
that 1t 1s 1'4¥ there 1s a site other than s
containing both files 1 and j and o
otherwise

It 1s possible that one or both of the
semi-joins may not be executed, 1f they do
not cause sufficient reduction of the sizes
of the relations It 1s also possible that
one of the reduced files 1s sent to the site
containing the other file, the answer 1s
constructed from these files and then 1t 1is
sent to site s These situations can also be
handled by our approach But for ease of

presentation, we
equation

assume the above cost

(1 b) One of the two files, say file 1, 1s at
site s

The join attribute values of file 1 can
be sent to a site containing file J to recuce
the file, then the reduced fille j 1s sent
back to site s to join with file 1 to
construct the result The other way 1s to
send the join attributes values of file 3 to
site s to reduce file 1, then the join
attributes values of the reduced file 1 are
sent back to reduce file j and finally the
reduced file jJ 1s sent to site s to join with
the reduced file 1 So, the cost 1s

R
RC (13%s Yig = 1,st = o,zle - 0)

= Min {SF (R), SF, () + RSF, (R)} + F

J J

(R)

This means that file j 1s reduced by one or
two semi-joins before 1t 1s sent to site s

Similarly, 1f only file J 1s at site s, the
cost 1s

RC (1JR5 l Vg = O’YJS = =0)

5198
= Min {SF (R) + RSF(R), SF,(R)} + F (R)

(Case 2) There
files 1 and 3

1s a site containing both

(2 a) There 1s a site other than site s, say
site t, containing both files 1 and In
this situation, either the answer or the



reduced files which are absent from site s 1s
sent to site s The ¢ost of processing the
query IJRS 1s

RC(138s | Vigr ¥ygr Zy3g = 1)

=Min {F _ (R), (1=y. ) X F.(R) + (1-y__,
X FJ(R)} 1] 15 1 Js

where F, (R) 1s the size of the result of the
query 1J)°s

(2 b) Both files 1 and j are at site s The
cost of processing the query 1JRS 1S ZeEro ho
matter what the value of z1Js 15 and 1t 1s
represented as follows

RC(138s | ¥y

1s =1 ¥ys =1 Zy58) < 0
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