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OMMnmtmummemmmdadaubau
management system is known as attribute puitftioning. This is the process of dividing the
attributes of a file into subfiles that are sured separately. By stoving together those attributes
that are frequently requested together by transactions, and by sepersting those that are not,
attriburte pmummmmmmdmmmhmmm
secondary storage to privnary memory i oidur 1 Pretuss & transaction.

'~ The goal of this work is to design mechanisms that can automatically select a
near-optmtammmﬁaﬁh attributes, based on the usage pattern of the file
and on the characteristics of the data in the file. The approach tsken to this problem is-
bandm&ema:ﬁkm“mmﬁﬁmwgweamnhmmgh
the large space of possible partitions. The heuristics propose a smalt set of promising
partitions to submit for detatied analysis. The estimator assigns a figure of merit to any
proposed partition that reflects the cost that would be incurred in processing the transactions
in the usage pattern if the file were partitioned in the propossd way. We have aiso
conducted an extensive series of experiments with a variety of design heuristics; as a result,
we have identified a heuristic that nearly always finds the optimal partition of a file.

: The context of this stady is a relations] datubase management systemn that can
process tramsactions made against reistions whase physical partitioning is unknown to the
user. In specifying and medefing this system, &t is necessary to address the problem of
optimiting nonprovedural queries made to a partitionsd file. We have derived a_number of
. such optimization W and have pmmd the resuks of a number ofuperm with
them. :
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CHAPTER 1

INTRODUCTION

The work to be reported ln thls report s part of an ongolng research effort to
develop a self-ndaptlve database managelmm synem Tbe lntent of thls development is
twofold: to deVelop the technlques and methodology for the oomtmctlon ol‘ such systems. and
to’ ldentlfy database physlul detlgn lmm with lechnlquu l‘or tl\elr automatlc and optlmal
determination. ln this report, we addreu the problem of opﬂmlzlng the performance of a
self-adaptlve dmbue mamgemmt system ln a dynamlc mvlronment where access
requlrements are comlnmlly clunglng, by uulometlully plrtmonlng tlle attrlbutes (flelds) of
the file. Attrlbute partltlonlng is the. mk ol‘ dlvldlng tlle attrlbum (l‘lelds) of a l‘lle into
,. non-overlapping groups and then seorlng each group ln a sepanm physlal ﬁle -

1. Self-adaptis

1t is important that a database symmmm at alt times. Efficient
performance tequlm thet the physical organization of the database match the: uuge pattern
of its users. Thus, as tln dattbues» ungepamdungetﬂw time, ltswganlutlon and its
access structures can become obsolete, With m mﬂoﬂ of perﬂmnanee
'Performance degradation may also resukt as the database grows in size ol' as the nature of the
data .i‘t con!allu changes. Aﬂersome time, the pcfermmceor the database system may.

deteriorate sufficiently 30 as to compel ‘a database reorganization.  Since the applications
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progréms #ccessing thc database _QFQ,. eontinually heing akered with now applications
programs replacing old snes. snd tince the m of m database continually uﬁd'%“’
change, the mmu*m&mmmmmm precess. .
Conventienaly mmmmmm how to reorganize

a database. His desison ik based on m m m the ditlb!le and the
: tfsnsactiom perfefm on it mﬂ; mm h m " M’N guess. For large
databam a more wm m of scauiring M m m usage and a
mare algoﬂthmk way of m mm af m WM h Mﬂal It has
recently b«a pm that mm vystoms | be wif-adapiive, and automatically

reorganize thcmnw“ Q&M nesd m 2% 13k m mm a methodelogy for

nmnitormg database W pathern, and m m W pﬂmipbl m a u‘f-adaptivz.
self-reorgamizing dambm ranagement &ym

A mimmal capahility of 2 seif-adaptive mm mmm system should be the
incorparatmn of a monitoring Mhmhm that colieets um statisticy ‘“’1"3 per f“"’“‘"g
transactlon processing. A dinbuc mmgm mm h weli NM fm gnthering and
analyzing infermation m'm own wuﬁm and if the gathering and analysis
of the usage and performanes information i done apprepristely, the assecinted overhead can
be minimal. In addition, & wifadaptive deibase managemens systam shavid be able to come
up with desirable physical mm(mmm structures and necess struct_urcs)
bised _upon the collected m and be th to ovakiate the eodt of each alternative
organizatien in érd.or ta seloct M aptimal physiaal wpmm for a databmse. Also, it s
~ possible that such & system aaight perform the necessary database reorgamization itself, after it

has evaluated the cost/benefits of rebrganiutlm and the associated costs of rétranslattﬁg the
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applications programs that access the database.

2. The Relational Modsl for D;

In a self-adaptive database management system, the physical organization of the
‘database is perpetually being rebrganiied in order for theidaubue re‘o'rg:’ahlzation‘ to be
truly effective, a databm man:gement system that performs aeﬁ'-morgmiutlon will have to
'Vmanifest the followtng two lmpwtant chmciemucs ;‘l dau mdependence between the
databases physlcal organiution and the appﬂcmon progmm that access the database. and
2- nonprocedural access of the contents of the database. By, data independence we mean that
users and their application prqgnms are” not required‘- ‘to know the 'actual physlcal
organization used to repres'ent" the data, so that therafe free toconeentrate on e'bgical view
of the data. Data indepenclence makes the database ensj to ‘use and avoids the need for
A applica.tiontprogram retranstation every time .the database’s p'hyslcal“st_mcture is changed.
anprocetiural access also makes the database easy to use; this entails the provision of access
‘Ianguages which allosv the speclﬂat!on of destred data in terms of properties it possesses
rather than in terms of the search atgomhm used to locate and retrieve it. |

| The relatlonal model of data (Codd (9]) has been pmposed as a means of achieving
the. above goals of dau independence and nonp_rqw_dural access. The relational data model
provides a simple and uniform Io“gicalﬁvlew of the data that s completely independent of the
actual storage structures and access structure used to represent and access the data. This
makes the definition and martipuhtltm of a dmbue lndcpendent of lts underlying physical

" arganization. As a result, changes at the data organization level need not be reflected in the
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programs that access the database.

A relation in the refational data model is a named twe dml table that has a
fixed number of attributes (MM aﬂd an mmy nuember of med tupks (rows).
All the rows of the table have t be Snique. Amwmmm a relation
contains a value for mhmﬁ?ne of the relation. The number of attributes in a relation is
m and tﬁ,e number of tuples in tﬁe rel;uon is n. ‘Figurre 1 shows the rel;rtion

ENROLLMENT for mﬂm W in Comrsas. m ENROL ¥ "relation has two

TR T IR TR

attributes Studenl and Course, and four tuples (Do, 6.035), (Poe, 6.032), (Dos, 6.851), and
(Roe, 6. 035) The physlcal muution of a rehtlon ls m calied a ﬂle ‘with the atmbutes
and the tuples of the refation caued the fiekds md mmds of the mg :cwlvely. Henceforth,
we will use the term file when dis;ustﬁg the totality cf the dlmln arehtion. lnvdica'ting,that

we are dealing with the phyikal repremution of the rtlltbn. Hmver. we. will continue

'ENROLLMENT:

 Attribute

~ Student Goﬁrsc '

| | |-
| Poe | 6032 |
Tuple | |
=Doe }5351;
:Roa ‘{'s.oas:

Figure 1 The ENROLLMENT relation ‘with 2 attrfbutes and # tuples.
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using the terms attribute and tuple for the fields and records oi‘a file so that the two
- dimensional tabular data forinat of the relation will bekept in mind.
| In a relational database management s\ystu'n.the*u;er's view of the database is
independent of the details of kth.e -deta}bgs;e‘iv phpical orgmirgtlon Furthermore, his
ifli)i!_proceclural ouerlee are far removed from the pﬂmitlvedgnmnljiuhtm ‘operations for
| '_iocanﬁg‘ and re'tri‘evmg the data. Consequently, more respomibllity is placed on a relational
forms l- choosing an efficient physical organintion for the relation, and 2- optimizing the
process of finding answers to gueries mede to the databise; by the means of efficient and
Judicial uwof the avattable access structures.

" We believe that the selection of a good physical organization is the primary lssue in
: relational datalme lmpl!mmtatim since the I?emtl!eiiey"-tiist: ain be ‘achieved by a “query
optimiur is strictly deiimieed by the avaflable ‘access structures. Furtliemiere, the- efficient
utilization of a database is highly depaideht on tlie opﬁiml m:tching of its physical
organization to-its access requirements, &s- wellm to-the other dmbise cluracteristics (such as
_ the distribution of attribute values in it). Hence, the usage pammof a ‘database sliould be
. ascertained and utilized in choosing the physical organization.
There are numerous possibilities for the physical org;niution of a relational
A database. The selection of a particular physlcal organization must be based on minimizing
the performance cost in terms of both data access cost and data storage cost. ‘The subject of
.. this research .is selectliig the opt'imal atiribule pa_l'titim of a relational database By uiilizing
the access pattern history of the database in omrmmmmu the data access cost. Attribute

partitioning consists of dividing the attributes of & file into subfiles that are stored separately.
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In refational terms, this mesns spiiting a Telution iro & mumber of subrelations, each
cont-aiﬁihg -Q subset of the»fanfﬂa.mof the originat refation, such um the original relation
may be uniquely récémtmwﬂv mmm wmm v;@tﬂcﬂy. speaking, a
sublfite is not a relation i Shat duplicate tuples are-aNowed: ‘We'will giwnes formal definition

of a subfile in the next section.)

8.  Attribute Ps

Let b the et ofate of 8 reton,and T o the st of ple denes
of the relation. (A tuplye‘ identtﬂer ls a. untqmidmﬂﬁer t‘or ammm 'l'ellﬂOf'l.) The
number of attributes in thcnhtion is. N -ﬁ lﬂd' ﬂnmd mpluin the relation is
IT|=n. Cons;der the coliectlm ofwbﬂlesf-' - (F,},., , Mmh wbﬂlc F, is defined by a
pair cons:sting of an atmbute set and a tuple ldammur nt, wm Wfies thc atmbwm and
tuple identifiers that are rewesemed in the wbﬁle F, (A, T.) . Aic A, T,eT,. The
collection of subfiles F is calkd the clusmmg of the mhﬁem aﬂé can have two basic forms:

l— an attribute cluster ln which

u A;=A,
imf

2- é,tuplc cluster in which

A=A ' i=},.,M and
v T,=T.
inl .

The tuples of a subﬁle are called subtuples. A subme F, of an attrlbuze cluster

contains * n subtuples, one for each tuple ln thc origmal relatton A subtuple of a subfile is
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| thif'part of .the ﬁriglrpal file's tuple that hﬁs:;uﬂl?utgs LY Thcsubmples of subfile F; in an
;tt;iﬁuté ‘ciuiter need not ‘“' be dlfkr'ent for example if the rehtlon of Figure 1 13 clustered
" such that F, - (Al , T) isa subme wlth A= {Coqmc}. then the subtuples of F; wm be
(6.035), (6.032), (6.851), and (6.035). o | | |

An attribute cluster {F.}, y in whlch A, n A, ¢ fof all 6 # j is termed an attribute
parution of the relation In this report, we wm llmit our atmmon to the toplc of attribute
- partitioning. (A " discussion of tuple partitioning appears ig_ Section 72)  Attribute
partitioning is the task of dlv;gdlng the attribum of a relation and storing each disjoint subset
of attributes in a séparatg subfile. The ohjecﬂve of atmbuu partiitionlng .lg{ to construct an
attri&m& parﬁtfon of a rehtlontlut optimizes the performance of the kdata,_bvamse management
system by mlhlmlzlng th‘e. cost rbf locating and retrleviné data. lntdttivcly, attribute
partitlpning is at:compllihed‘ by assigning attributes to theume subfl!e whenever . t‘hey are
consistently requested together by queries. - |

In conventional database management systems (with paged ‘memory organization)
each 'tuplg ofa relation is stored wnh all its attributes together in one file. When a query is
.made to the database, all‘ ﬁpks thatvar.e, required by the éuety‘are brought ‘into prlrﬁary
memory by retrieving all the pages that the mplé.s reside on. It ﬁas been observed in
practical 'datab;sg ipplicatioﬁs thaf a qﬁe’ry does not usu_illy_ request all the attributes qf t-he
file, most queries requ;xt only a few of theia.ttrlbut'e#. Problems; are presehted by the
co;existen_c:e in the same file (or equivaleﬁtly in the same ﬁaple) of attributes that are not
requested by ‘the query ‘toge;her with the few attrtbutu thft are. Whepevgr the requg;tgd
attributes are retrleve&.‘ 'fhe non-requested attributes will also have to be broughtk.lnto

primary memory. If only a single tuple is needed to answer such a query, then it really does
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not matter that ather atiribates that are not requased happen to reside in the same tuple with |

the requested attributes; in any event only one puge mds to he mteved from secondary

storage. On the obfver hand, usnally inore theh "one tuple must B¢ retrteved in order to

answer a query. mmmmmmwmnmmmm_

storage The expecmd number of pags “that must be eved for m that require more

there is then a higher p i Vel
rmmmaﬂy be t‘hm rcdamng ‘ﬂ’ie W ﬁt% W W ﬁ!d W" causing excess
m Pt "W W‘ m dfﬁe ‘m wmie accessmg

The effect of the on-réissité atribites 15 o

page accesses when answeré

fore 14 e i fartitinsd ik 'm' attributes that are

more than ‘one mﬁle'.?

consistently W’mﬂ it e

. ‘separated from tbose sﬁﬂbm w{th M M an not w M ﬁst number of page

accesses required to retrieve theie :ttfibum wfﬂte Mﬂ«d over m ‘mmber ‘requlred froma

T %:%,e»ev_ i

file that is nat 50 partiﬁoned

| On the other haid, mﬂmlmimm mmmg iﬂ am md stoﬂng each in a
. separate subfile will siso Fesilt i exosss ptge acosises. “This ts becatise & query that requests
the attrtbt)tes, of a mfw wmh some other amlbm~~tm are -not in ‘the subfﬂe will
.incur more f’age acm ﬁuﬂmn all these amlbuwafeiﬂ thsnme ‘mbﬁk,viincé now the
tv;o groups of att;ibum M in diffemt lubﬂlls and on mm mgu When a me‘ha-s

been partitioned into subfﬂes queries nqmsung atmbum stm-ed mgether in one subfile will

become less costly ‘to answer while ‘those qutms ‘that lwue thgir mquested attributes .

m@suﬁwmm»m page)

' byW&ﬁMWMmeﬂmznd'
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distributed over more than one subfile will beoome oostuer w anwer lntumvely, the optlmal
partmon is the partltlon that maxlmizu the omt reductlon for the ﬂrst kind of querles while
mmdmmng the cost inm for the second. Mﬁm '

Attribute partitioning 5. most useful for large databases where queries made to the
database usually request only a few atiributes of each tuple. -t is conceivable th.it‘»the:reqnest
distribution that has been observed Ioﬁmplu;W:hykmsaﬁo;wm.m'attﬂbutcs
requested by queries. It hubegn observed in: m-emmbm;lpphathm that not
all the tuples of a database are requested with the..same . frequency. The "80-20" rule of
thumb for the distribution ofmpk request frequencies (Melsing {17]) states that aépyroximtely‘
80 percent of queries request the 20 percent most frequently requested tuples in a: file.
Furthermore, the rule also a‘ppl.lum the 20 me nweued tuples in the
file; ie. that 64 percem of the queries request 4. percent of themfmltlynqnu&d -
tuples, and so forth. If this is also true for the request frequencies of attributes by queries,
then most requests are only for a few active atributes-of the file. |

Aﬁ '“‘”;'pbof a large database, where aaurlbut&-pmuﬁning’may ‘be useful, is the
' N.avben.tmmdjapd Control Data Base (01 This detabase consists of a.few relations with
| .ma'r_i'y tuples per relation.  Some of these refations Mic.sasamyf 2s 35 atributes and a tuple -
length of 64 words., Q;nﬂum on-line, and. predominantly. mvaﬁa only a few attributes.
Some attrlbutes of the file like the name of ships or the class of ohlptm fnquently requmed
by queries while other attributes like the diameter of the Mpedo mbe are seldom requested.
Therefore, partltloniﬂg the attrlbutes of the files mny' rewlt in considerable savings in page

access requirements.
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4. Thes!s O‘b.jggﬂva

~ To summarize, the principai-geal of %w ¥t 1s 1o develnp techhiques for attribute
partitianiﬁg in asdfmm database envirenment. !ﬁfﬂ!kpurpme. we have
.assumed a database management iystem that supperts parsitionsd Tiles and we have butlt an

ing heuristics

syste.m and a set urmmg ' m THE attribile pa:
Select a partition for a database managed by 2 Satabase waanagesient system similar to the
one we have'mx.adcmd. Akhoagh our madel AW ‘wae of any existing system, 1t is
er;:presmtatm of prami ﬁm.‘ thmwmmmm to avoid
many of the simplifying assumptions m in pleviows ‘wudies, and’ thereby emphasize
"W srest thik wetd for monitoting’ the

important aspects of realistic databuse srvironme
database management sysiem and acquiring perameters on the dutiibise thikge pattern and on
the evolving characteristics of the dxtabase ftaelf; We descsibe a: mitho

transactions made to a partitioned database Duth mw MW and :deve'lqp
-a complete and -xecmﬁ model of the cowt of Accessng WWM performing such a
transaction. Finafly, we comcern ourself wﬁh euriatic techniques thit uthlize the acquired
parimeters andrproduce optimul or near wmﬂp«m for the database at a

reasonable compuiat-iml £ost.
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B. Theslg Oggggmm n

The rest of this report.is organized. as follows. - Chapter 2 summarizes a number of
previous studies in the area of attribute partitioning, and in the context 6[ evaluating them.
argués 'for the need of a heurissic sdlildon to realistic 's!utibase' attribute pirtiiionihg
problems. ln Chapter 3 we provide the meodel of the mm dashase mamgement
system that we have considcred. the phyml m mn. thc m smmures, the
transactionlmod.el., the_method of,,pw m mm panuloned environment and
| techniques for th.e',.acqut.!mdn of the parameters needed for wwm.aﬁalym. In Chapter 4
we present the cost analysis for various haslcoperaﬁemma partitioned . database and
describe how to _cqnspute the database’s mm which is what we wish to minimize.
| Then in Chapter- 5 we present a number of umbute pastitioning heuristics that we have
_d‘esrised, along with the motivatimfogthggr consideration. We alo diséuss thg ,cemptr@ttve
advantages 'and',disadvsntages of each heuristic, and outline: how each heuristic “has
per'f.ormed. in a series of expgriments Chapter 6 poses m atizibute partitioning problem for a
relatic‘m. with 8 attrlbutes, and describes its solution using the hewristics of the preceding
chapter. Finally, Chapter 7 concludes the report: with suggestions on how to extend the
underlying environment in order to solve more. realistic attripute partitioning problems, and
also discusses the rehtlonshlp between daubm attribute partmonmg and other physical

. database _de_slgn, issues.
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CHAPTER 2

' THE APPROACH TO DATABASE ATTRIBUTE PARTITIONING

The purpose of this chapter is to- mmmem tppmch we have taken to solving

the attribute partitiontng m and to eummt itwmv the approad

ach  taken by others in
| determimﬂg the eptimal attﬁhute pamtlm ’F hen are two* l'ntﬁr tpproaches to attribute
- partitioning, each approach hmg iﬁ own meﬂu wm 'f'ﬁe two approaches are:
-  the integer pmgumbg W w!ﬁck k thc umé&h mgen by most other
researchers, and 2- the heuristic W ’W&WM the l%euﬂmc approach for the
following reasons: |- mu- Wx dimbue qmmm an bc &andied by the heuristic
-appmach than hy the imegn prog'rtmng W& 2* An upumil or near optimal
attribute partition can be fo\md much memdauﬁ by che imrﬁuc approach than by the
integer programming appmuh aﬂd s RM& the heuristic Wuch (unlike the integer
. programming. appmcﬁ) does not- gmrmtée t!llt tm Wﬁmﬁ plrtition will evcntua"y be

¢ mem s

Y ﬁumd an opﬂmtl or near optimal

found, the heuristics we have employed hﬂe

partition for the attribute pactitioning problem.

1.

g attributes (ind ako sttribute partitioning) as a means of

improving the performunce of & database management system has often appeared in the
literature on file design aivd opetmization. Untii the piper of Kenniedy [21], there had been
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little systematic study of this. aspect of file organization. Egrmer, the conversion.of a relation
_into second and third normal fm'[lq] mmmuithawmmsteﬂng
Although normalizing a relation into m normal forms. may. gesukt in the clustering of
: ‘at'trib't;tes,’and thereby reducepage accesses, nomauwm udlxmd towards improving the
,}Iog'l.cal data schemia rather than mhamlmdanhnqmmm K is the functional
‘de;._ie_ndencles_among the attributes ;l:pat' govm.gie unmm in the proceu -of
normaliza’tioh. rather than the dan’s;physml..ehmctemmgéxfthe,d;tabise«usagepattem.
An example of work in the area of rehuoml dmbau noqmlumon 1: ‘that of Delobel and
| Casey 3. They are concerned mtb the prablem of dnmmmung relatims into a set of
- subrelations such_that the information -content and Jogical rehtiommps of the original
relation schema’ are,preserved. However, they do not consider physical .danban criteria that
would result in a pbyskally opumal decompaition of the relation schema.
| | Implemenutions of daﬁabase mana.gemem systems that.support pamﬂomd files have
been few, and have been limited to slmplmed mvjmmn where finding . an optimal or a
suitable partition is relatively easy to manage. Mounvet. in.these implcmmtanons. attribute
partitioning has been treated only asa one-shot aff;ir%m be determined at the -in_itial»creatlon
of a file. 'Attribum partiuonlng has.not been viewed as‘a :W-“Mﬁtbn issue that
needs to be reconsidered periodically, where the retunlng should, be done by a self-adaptive
database management system
There have been a number of,previws.';:udlu of attribute pa}uqonmg and attribute
. clusfering (_Day‘ (1), Seppdig (32], Osman [29]. Yue and Wong [591 Benner [4), Alsberé .[l].
Babad [2), Stockef and Dearnley [35, 12], Kennedy (21, 20, Eisner and.Severance [I4], March

and Severance (23], and Hoffer and Severance (18, 18]) However, we feel that the results of
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these studies are not. dissstiy applicable (o0 & wumpiee of.- b dasebase environment.
© Some of these have mmmmm mmms assumptions in
vrder to obtain analpic wlulions; others haye mmm e mpm or unmhstlc
iR many ways Oue Uk e i 40 inx Sy of the umphiiing: ANipHo

M have

, and aécurate models of cost
and database access. In, addition, we strew the importance of diiahese cost analysis and the.
atq»isltm of awm paramnters, lg, M qgm m m raquuvements are.
continually changing: Thia. apact. o6 the aeibaie: pariitioning. probl
addressed in previous work, - Below, we preseok & ssmmazy. of mef the earlier efforts. in
attribute gaztm . .
thruuoﬁas‘_zmm,,, ¢ , ) - L ‘
 Two of the earry. gagors on atwrihule clupering in 3 se¥fa
hey. diagusa the implementation of

managenc s sk M Sk s B B
that in. an a@mmmm ! »ﬂﬂ m

and Dearnley show. that. in o databsse. ST T s
: compared to the cost of acesssing: the subfiles, it 45, bhenelich
increase in storage cost will:he:ase mm Dy the sAving in agoess Gost. Although they
which. ytilizes graph. theasy. anck. %a

a selﬁtmgamzmg s

bute clustering. (Recall

ol subfiles) Stacker

s mmwm% since the

MmMﬁxm & Query processor,

] m%ameMama file clustered
systems, is:both.viable mm B
Kennedy 1. 20 ompiter 2 mathematical m°del of attr'ﬂ!u'é Plﬂitimilhé where each

by its. atributes.  They cpaeh se' management
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attrlbute o, is of known Iength end has pmbebwy p, of wng reqmsted by a query The

joint probabmty that attrlbum a. md e, are requuud by m nme query ts assumed to be |
p,p,. ie, attribum are usumed w appur in querlu Mependem!y of one another A cost
runctlon bued upon thu auumpﬁon is derlved whk:h reﬂm th: expecud amunt of data -
that must ‘be tranmumd (in merm of number of words. from seoondary storage to pﬂer
” memory) in onder o answer a query The objeeuv: hm is b chooae a partltion such that
‘thls cost mnction ls mlnlmlzed Kennedy's model ls a mlthemetlcal formulatlon of a

simplmed attribuee pattmening probhm in unns of xem-one lnuger progmnming where the

only parameten are p. and l¢. the length of auﬂhm e, ln addlﬁon to many other

RN

simplmatiom, Kennedys model ammes that wben an atmbute ls requemd by a query. the
.'subfile oontainlng that atmbme hu to be remeved and mned tn its entirety (rather than
retrleving just those wbtuples of the subme tlm are rellly nMed to answer the query)
| Since in this model optimnmy can al\nyz be trlvhlly amtned when each subﬁle contalm
' exactly one atmbute. the number of mbﬂles M over whlch the atmbutes are to be
dlstﬂbuted has to be ﬂxed beforehand (Othenvue the tﬂvht partmon deﬁned as the
partition where each attrlbute ls in a :eplrau wbme of m own. wm ahvays prevaii) As
Kennedy notes. there is no way short of exh;ust;ve{ enumentien (\vhich ls infeaslble as shown
in Chapter 5) to ﬂnd the oPtlmal lolution even for this rlther slmpie model To ﬁnd the
optimal solution to the paftmonlng prob!em poled by hu Me!. he lntroduces two further
' slmplifying luumptlom ln order to redaee the integer prqnmmlng problem toa simpler.
problem where mathematkal optimlntion uchnlques can be applled One slmpllficatlon is
the assumption that all attribute requeat probabimm are equul nnd the other slmpllﬂcatlon

is that all attributes are of qu;l lengths.
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n the mkummw ﬁﬂ,«t fﬂbmh w ttm two waﬂes
a pnmary and a- secondary m M um i& Mmeu stmge device
characterized by ﬂiﬁnmg w enn M m tpd @nm are asstgued to
'.each of: the subfiles: mmm &%w mmwmmm that:is:to
be minimized are- derlwd M the first cost: mu a Mmﬂ*ﬂn (seeond) more
general -cost funmon Thwfirst cost m@a iimum d‘w shlrgs for subtuplu in
the pnmary wbﬁk plm mm of mmg u&m M m: m tht umndary
subfile. (Thc mondary walafite s m mlym; mm n ntmbute wmch
vhappens to be nesidmg M} Trhts mu fum mm:wsm beﬁalvad hy exm!ng
_ integer p:agnmmmg mabaiqm ?MMW*MW for tms funcuon
by integer pmgrsnmmefmm m mw,..;m e mln nmber cf attributes in
the file and - Q is- th&maﬁmb Mw :mm Ihmudahjmﬂve eost fumtiun
is-nonlinear, and EAsuTes m m!maﬁmm@lm iﬂrwbtuplu In both
' the primary and mmmm Tmmm mmapmmm for the
general rnonlmur ubjn&w COR Mhn h wen m M@h’ ﬂll;umplﬁnd ~Hmr ‘opst
function. 'rm umnamsm the: Mm w@m M are qapwrem on!y
a maximum' m‘-two Mmm nﬁ MMMI&M*‘%M a query is
taken to be the m»metuMMu MMI&:M mmtmty mher.
| than. the cost ofwmm Mmmwwm MM mmﬂy ueded to answer
the query Furtiwrmmmwf m thew m m m Iimar objecttve .
cost function g;rom i mm ﬁfmmwmmm m awd %he numher of
queries (and the cost Meﬂemm mmmm wm); thu wst 4s

too large for practical purposes.
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March and.‘.Severance [23] extend the m(.;delkof Ei;nér and Severance to spmé extent
by assuming that subtuples are Shcked in uéh subﬂle lng flxed u‘uv pages. .(The page sizes
in the primary and :ecmdafy sybﬂl'es are not. neeuaxlly the same, but tihe constraint is
imposed that the sum of the prlmary mbﬁk'ﬁe stu and the secondary subfile page size is
constént,)' Th? ﬁﬁnlinear wj&uve costfunctlon they derivenotouly dependson how the

attributes are paftitione(l airmg,‘tt::e_two mbfllu. but alsoonthe g;a_'ge‘slzes se'ected f_br_each

| of the primary’ andtuoo.ndar’yr submes. Buldes fhe ,nthgr; peculiar’ paging ol_'ganizatiop
| adopted, thelmo.de_l‘ of March and Sevenm:e_ ius the addmoml g@dVantagg.,that it does not
contain an accurate model of the cost of accesslng subtuph that are selected in queries.
“Rather, the 'pl;.lmai'y and secondary subfiles are assumed m be aocessed in their entirety
whenever any of their anribdtes are requc;t;ed by a query (as in t.he" model of Eisner and |
Severaﬁce). Using in(eger progrgmmihg te;hniths, March and Sev?ran;q obtain the optimal
partition for tlie.lr model. However, compared to the model of Eisner:and Seimrance, the cost
of so'l\'v.ing the Il:tteger programming formulauon grows evebn‘ faster is the number of

: ~attr|butes and the number of querm made to the database grows

Hoffer (18] developes an extensive model for attribute partltloning. in which the
objecti.ve,cost function is a linear combimuon of storage, retrieval, update, and insert/delete
costs. - The problem is formulated in terms of a nonlinear zero-one integer programming
problem, and is solved by a branch and bound algqﬂt!?rm. ln ‘applylng thevoptim_lzation |
élgorjtﬁm to the formulation, it became obv_io'us that problems of eveﬁ modest size were
co'mputitionallyl intractable. In order to use this model to oBt@in solutions to realistic
’ problem#. it became nmry to reduce the size of the feasible solution space to a point where

optimization becomes eoonoinically feasible. To this purpose, Hoffer and Severance [19]



Chapter2 = - 24 - The Approach to DB Aitribute Partitioning

propose an attribire partitioning method:that'predwaes:an initial and-cowde; but nevertheless
reasonable, partition ofdn-awibmv Thhm hMpﬂlﬂd u if‘iﬁﬂing point to the
branch and bound .mmnrwermlmmmumm of Hoffer and
Severance uses mmwm ﬁﬂmumMMh heuristic in
nature, to group !Mattmmewm»memwmm takes a set of
obje;ts. and- utilizes a meastirg of 'ummrity"foraa plmuttbe abjwt&. 'klt théﬁ rearranges
the set of objects such that pairs ofqu.gt; ‘with: lrge: similarity measure fall adjacént or
neafly adjacent to one ancther. Hence: chusters- (ur biocks). of -bjeman be identified such
that every pair of cbjects withis: the clajter carries:a ¢W‘fminf':}mrﬁy,v énd every
pair of objects acrossdum boundaries carries & small mmu‘mmm Hoffer and
Severance provndemrm-umu!ﬂlecmw - Fhey also dével&p a
similarity measure wmwmﬁm Wthemamﬂmu access simi»hrify
measure), which expma-e degree to. whidmﬂnpakgf mb used together in
queries. The similarity measure-of .a_pﬂr -of mmaam /u&s-:folﬁws: A subfile
cos.lsistmg of only the two-attribwtes is assumed. Whmmw a}wy that requests one
or both of the-attributes, the subtuples of the subfile nesd- tn be oetrieved.. However, not all
of the information retrieved.is wsed m-mswcimgs«&p m ~orme of the subtuples may not
szitis’fy ane of the attributes, and -hence the ‘infaemesion:contained for the other attribute in
this subtuple is af no-use.: ‘Fhe:similarity measure for the:pair of attributes: for. this query is
defined as the ratio oﬁﬁem oﬁmmldwmfe;m toehe total §mount of data
transferred from Quebr«&?wmw@h&lm W measure ix derived by Wm'defli”"& the
set of querles, the frequency -of sach-individual query, . 2ed.the. fucunnof tuples satisfying

each query.
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The querles that Hoffer and Sevenm mucr an conmn only one qttribute in
their selection oompmem. This usumpum mmm tln apgllablllty of their techmques
Also the only access path that they atbv ls mthl mn:hw and therefore the subﬂle

that comatns the attribuee of the selecuon eomponent of the ' ls mrched in iu _entirety

(however. only tuphs nqumd for projectlon are nlacuvety mrhud fm the other subfﬂes)

‘As with the model of Kennedy, the criteria by which & pudthn is selected for the file is the

\‘.&,zw 24,% EaES

memory Stnce wlth

fraction of useful data tnmfmed from mm aonge to prim

such a: crlterion opumalky can ulway: be atamd vmh the zﬂyhl partition, : as a result, the

number of submes in thc panmon found by the Clusteris m has to be specified in

PR “.”-1 oo ey

advance, and the opmnmuen uclmquu of Hcﬂ’« and W onl; look for the _optimal

The two approaches to attribute partitioning t'l.m’haie been taken are the integer

prog‘ramming\. 'approuc!i' and the heuristic appmch “Most earlier work on attribute

partitioning falls in the former category. There are iwo major problems associated with the

formulation and solution of the attribute. partitioning problem in the integer programming

approach: I- The applicabmty of this appmchisiimmd because of the undue sl'tlnplifyhg

assumptions made on the problem environment in order to obtain an objective cost function

that ‘is amenable to optimization. In a realistic database environmntwhere the file has
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fany attributes xnd Wm mede o mmm m mny access paths
avatlable by which t¢ Wtﬁem the m ‘f muﬂ mm to mnsider is
so large that it eﬂhutwty m an- W W iomulwhn of the attribute
panumngfpmmm mm m’ are ammed in
 the database environitient, the attribute pum :pwbhm muh m::ces to sohving a
. zero-one fonlinesr nbeger- mm probhm to wmch o avalhble mathematical
programming mmqae oanve ippﬂad 5 Mm‘{&lmﬂthnm has been found
(short of mum&ﬁM% “sobve-thve mmm m ™ expmsed only in
terms of attribute WM’“ m nmw Mm where mathematical
programming mhm wre m&w for mm illhgcr mmming ﬁormulum
applying them to cm le ihaed W%W mm.- )
“The mmmwmm mmam have been made by -
previous szuéi‘es mwawm mmm Oweln mmn on the compkxity
| of the queries that sre yowde 1 the datsbase, “Queery predicstes - are-either anamed to conslst

of singie equality mm e dutabase uﬁgn uma” ciibed by a set of attribute

access probabilities that m:zm?m ﬂm:amﬁsw being requested by.a query.

Correlaﬁons between atiribuse-ecurrences in quesies are ignored. The other simplification

usuauy adamed ‘concerms mm vf tmultacf :

ering queries in terms of the
¢, the ffect o bjocking wpls
(and subtuples) iﬁw mmmmw The b
has the effect of WWMW,

i rc R St

amount ofmrmmmm ”lﬂ*m

@f tuples into pages

@r mle WoCess. However,
this increase is not Hnm fsm actastng any momer of tuples that rmdc on the same page

will resui_t in oMy owe pupe access.  If these blocking effects are ignored, then the
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partmomng problem hu 2 trivial solution. Kenmdy (Lemma ﬁ [20]) has shown that when
the amount of informatlon tramferrbd ts the soh crlterhn of the con ﬁmction the optuml
attrlbute,,partitlon is ghe mvh_l ;ttrl_bute partltlon, » dmribc;l in thp;er I. The reason for

this is that the total access cost ls non-i

the auagibom are dispersed into_an
I3 a R4 % )

increasing number of subﬁles, even if the lttﬂbum are h

tely partitioned.  Hence

o ‘E s Ry

in studies where blocklng effects are ignored, in order that the trivial partition not pgevéll.

the number of subflle:\lmo.yv‘hlch the attributes are to be partitioned has to be artificially

limited and prespecified,

The approach to attribute partitioning that we ‘have taken in our work Is heuristic
in nature. lﬁ the heuristic approach, an optimat or near optlmal partmon is found for the
attributes by a process of stepwise minimization. An attrlbutepartltlonmg ‘heuristic which \'is
based upon stepwise minimization starts with a glvenpartiﬂon (eg. the trivial pértltlon).
and attempts to derive from it a new partltlon' that is lmf&nﬁuﬂy-sﬁﬁﬁm té'the ci-iglnal
one, in that the database partitiofied according to the new partmon will have a lo_w?r
pc‘rfor’mgnce’ cost. When this is achieved, thé'hqtrist,ic furthev tries to imprbve upon the
newly derived partiﬁon. Each time an impraved partition is derived, theuperforma‘nce cost of
the database is reduced " The stepwise vmttra_imiution process is continued until no
improvement can be made to the lamtpartltion This fast partition will then be returned as
the result of the am-'ibute partitioning heuristic. The resunant pa’ftitidn is not necessarily

optimal, a‘lth‘oﬂgh it can often be argued that the partition is near optimal. (The near
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optimality of the pm Mend by zhe W -caw wmm by comparlng the
performance of the database Wm sm the ﬁh b M pmitimed with
.the performance: when the % is plm ww by m mk-) lndeed in the
course of owr exmmm our mpmm lemn mmfy
found that the resultant partition of the . Iveuristics l& m opmi. or dlffm only’
insngmﬁcantly from Mopwna& pantition. |

The heuristic approach to attrl%nm puﬂltbntng does not mffer from the two maJor
problems associated with the imeger programming &ppmch The modei of the the database
environment may be as compiex as desired. The eumpkxky of thc mode! adopted does not

Ak “ ] g 2o A& *”‘} (g

seriously hamper rhe hmmmc's abmty to ﬁm} mmubk mm to the pamtioning

problem (although it mwy affect the practse amount of surch ume hy tbe-heuristic to

find a reasonabie sohwion) We note thlt tkhwgh our mwe! dou not. consider certain
parameters that Ahave baen eonsidered bx mmeurﬂer studies (Qg ,ﬁ*;segrage cost, ov,erhead
cost for accessing subﬁ!es; differem access md transfer costs for each subfile, and the
imposition of constraints: oy the - allocation of attributes to subfiles),  we. could readﬂy

incorporate these parameters.into-our model of the datai

¢ mammgmment system and: take
them into C,ﬂmidefwwmmgeg; sigrificantly aker.our, partitioning heuristics.

(TheSe extensions are mmcmmwk) The hauristic approach: is also relatively more
efficient with respect. to the.time neednd to duetmm;wmutm For example, the main
attribute pariittonmg mmmme develop:in Ghapter 5 operates.in time that is on the
o}der of the ,préduct -of- the mmnf queries imthe: ueaage: pattesn:. and thqsquare of the
number of attnbutes in the file. This- COMPASS. Very: fa:mﬂy ~with cxmtion time of the

mteger programming appraeh
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The model of the daubue mamgemuu system we have adopted in this work is in
| many ways a generauuuon or elrmr work und akhougl\ not a modal of any partlcuhr
i L En. 44 B

existing system, is more rem:tm of pncual sym than nruer models. We have allowed
;more complicated forms of queﬂu. and have nho mﬂderjd the eﬁ‘ect of hlocking subtuples
into pages. We allow a dlvene nt of m stmctnm :n wf}model. lncmding llnks. lndlces.
. and segments The obpctlve cost ﬂmcﬂon thnt we mk m minlmue ls the tota! cost of
amwermg the: queﬂes pmed to the partMomd dttabue. md u expnued in terms of the
number of page acceuu. rather than in lzrm: of the amount uf data tramferred Unllke the

models ar.,mm‘maa. mmw%mwmm &ejmm&. if retrieved,
has its attributes paititioned, if retrieved: i its ‘oritiréty, Wil tius¢’ humerous page accesses.

will not incur twice the sccess ost Of retrievig Wie of them.*

Conse "7'“_“‘! atiribiites of a file aré pbitEsned’ uch- that attribut

that unrequme&mhntnphudhwmmmmwtm
partmoned database increases. Thls contrasts with pmlws M‘l ‘Wwhere access cost was

determincd solcly in terms of ml informaem tramferred hnd so for which the trivial |
_ partmon ls always opnmai) ln our model, \n do not nad to speclfy M. the number of
submes in the chosen paruuon Rather M u uneomtratmd and is determlned by the

' heuristics according to the optimal partition.

Our attribute partitioning system consists of four components. Figure | shows the

block ‘diagram of the system, in which ‘each componént appears as a box. The four
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componmtsare- g MMWMMMWhWS), 2- the
fite cost estimator (étscribe!! !erhpter ) s ﬂnmwm(ﬂmﬁd in Chapter 3),
and 4- the amiMmMWWhmbm G). The circles in
thc ﬂgtme reprumt eMMﬁMMWWMp&nm
acqumtor and fmmm,mmmmwmm Edgettatheﬁgure are

‘labeﬁed by the kind of-bpu p.md !rmmwnm Ahriefdescription of

each compomm folows.

and the w of the dalabase menagement syatam (0. the queries in the usge patiern. It
collects the statistics. needed as parasetacs. by, the file coot. esimetar ad Ahe query. processor.

At certain points. in time. when file repactitios
calculates trends and makes forecasts of the databsss usage pattern-aad database paramesers

for a time interval into the futwre. . . .

2-. The file cost estimator recetm a prqoud panmm from zhe partitnoning
heuristics and evaluates it by ﬂmting thse eult of M adl query in the forecasted
usage pattern against the W p‘ﬂttm M To m tln um of processmg a
query, the file cost estimator passes the query to the m pm for query analym The
query processor finds a methed for the query and returns the metbad to the file cost
estimator.. A°method’ for a qmry ia a procdun hﬁmﬁ; ow to go ahout &ccess!ng the
subfiles in order to _‘.,"!“"“ that query. Usipg the forecasted database parameters for the
future time lmerimi. the mecoammnr computes the number of pl[' mreqmmd to
answer the query a’ganm fhc partitioned flle according to the quefy’s method. Summing
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[ usage pa ‘
\parareters -

FILE COST |
ESTIMATOR

~—T>{" EVALUATOR

partition  \partition
cost

ATTRIBUTE
PARTITIONING
HEURISTICS

Figure | Block diagram of the attribute partitioning system.
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these costs for al the.queries in the usage pattern, the file cost estimeton obtains an estimate

for the performance eost ofthepropoudpamwmm partition would be expected to

- incur in the future time intervak

3- The query procqssor evaluates a query ln a partmoned environment by finding a

k*ﬁr ;

method for ‘the query It requires the forecasted panmeters of the database and the file

partition. The query processor is heuristic and the method foun!f i mﬁmﬂy near optimal.

’\1. N

4- The autribute partitioning hmmm 2 Mk partition of a file's
attributes. The proposed partition is_passed for. mwmn the file cost estimator.
After the cost of the pﬁpssedpmkm ﬁMMMMWw come up with a
" partition that 1s incrementally - superior 1o the-last: npend partition. - This process is
continued until a partition is. found such that no other partition pmpmed has a better
performance compared to.it. - If the perfotmanee east-of the final partition is less than the
cost of the current file partition by a margin that exceeds;file Wh!g cost, the file is

repa rtitioned according ta the resulting partition:
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_ CHAPTER 3

THE MODEL OF THE DATABASE MANAGEMENT SYSTEM

" In this chapter we will describe the underlylng model of the database management

system that we have assumed in our work. We wii describe the storage structure and the

access structures we have adopted for the physlat ttonof a relation, and the

assumptions we have mdefor the purpose of r”édudnfg’tﬁepnbénof autribute partitioning
to a manageable size. We will thmdé:cﬁbﬂhemmoﬂﬁ; queries made to the databése
.and the strategy employed to proom fhe querles in a plrﬁtloned envlronment Finally, we
will list the parameters required by the oomponems of our atmbuu partitioning system (the
attribute partitioning heurlmcs, the file cost atimam. and the query‘ eniuamr). and describe
-how these par'_amgteﬁ are obtairied from mmtheopentlom of the underlying

database management system.

1. _ The File Model

We have chosen the umﬂ data model as the logical view of data for a database.
A database in the relational mnmmmdmormmum& However, in order to
make the problem of attribute partitioning . manageable in size. we address the reduced
problem environment of a database 'wlth arslngle relation. In addition we assumcl.hat the
physical implementation of a relation is a flat file.. That is, a2 rg&gnon;,‘;ls stored as a set of

unordered ‘contiguous tuples in secondary memoq. .There are:no. hierarchies of domains, nor
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pointers from one tuple to anecher. Although the mmptim of . fiat ﬁle::,s‘to:age structure
may seem rather severe, we note thum mst.natusal way oﬁ;;onng;mlation Also,
some ot; ‘the drawbacks of the flat file m;e m such: uﬂn placement of frequently
u.sed' dat»a together with seidom used data in the same physicat- docality, is precisely what
attribute partitioning intends to eummm ‘We note, here that: ;Mh the work reported

_here is based on the ammpmn of a single m tabase m;m file :tmage structure.

the approach to attribute partitioning that, we have leken and the. Qﬁﬂbm F“mm*“g
heuristics that we have developed should be .extendible to- probiems wbere _any. of the two
assumptions are relaxed. Smﬁauy, # there is.a. m avaiabieto g;tlmate the cost of
answering a query made toa mm-mmw daw with, &mﬁt file s&orage structure,

i onp.be megarded a5 a vwble
Fnr further discussion of the posslble

then the main heuristic mhnmtmwchnn deved

candidate for the purpmefmmm i

refaxation of the aboye two. uswm:. reﬁ!r o Section. ?-2»

All the subma of the amribm paumon are m o mm on direct access
secondary sterage devices like disks [6] Stonge space on such devices is divided into fixed
size blocks called pages. A page is the mm m Wnd Mwm the disk
and primary memory in one disk access.. The accessing cost of a page is assumed to be
proportional to the average disk seek and Mrency. ties his the page tramsfer time. Hence,
M of the sequénce of page accesses. - "Consequently, we may
thmk of the pages of a file mm WMM Wﬁﬁ n zestriction on their relative

accessing cost wilt be in

rr‘.

physical tocations.

As mentioned abeare.w&he tuples of a. manm uuo:ﬂcred ‘with respect to any

attribute, The order in. wiich: lhe tuples: are stored wilt be Weir chwhdbg‘lu! order of



'Chapter 3 . -%- The Model of the DBMS

insertion into the file. This makes the problem of file mainwnance due to updates. insertions.
: and deletions much simpler lf a tuple is updated the new vnlues replace the old values in
the same tuple A tuple that is deleted isjoined toa pool ol‘cleiei:ed tuples and will be reused |
for newly inserted tuples (Such a pool can casily be mlmimd by threadlng the tuples that
were deleted into a list) A new tuple that is inserted in the flle Nplum a tuple that has been
previously deleted. If the pool of deleted mples ls empty Mﬁgle lnserted tuple is appended
to the end of the file (if the file occupies an inlegral number d‘ psges. a new page is atlocated .
to the file)

The above strstegy for overﬂow hsndllng is lntended to mximize the number of
undeleted tuples per page, and keep tlie file site toa mlmmum Tlie cost of a sequential
search and wple retrieval by the link access path (described below) are inverseiy related to
_ the (average) blocking factor (the avenge number oi‘ used mples per page), and these costs
should ‘be minimized by keeping storsge utiliution in the tuple space as high as possible
Even with the above assumptions. poor seorage utillution may still ensue if. the database
usage pattern consists of a large number of insertiom followed by en equally large number of
deletions To correct this, garbage oollection may be performed on the tuple space so the
tuples are recompacted to occupy as little space as posslble., We note here that in
partitioning the attributes of a file, the cost of garbage oollectlon may be elimlnaied from
consideration and that if we iénore the effect garbage collection has on the subl‘ile blocking
factor, the optimal attribute partition is indeoendent of the garbage collection cost. The
reason for this is that no matter how the file is p.;mw' garbage collection of deleted
tupies requires that the entire file be brought into primtry memory and shipped out back

“onto secondary storage Since the total amount of storage is fixed regardless of how the file is



Chapter 3 | | -9 © TweModel of the DBMS -

parutioned (zxcept for'plgt*hudnm at the end of uch subﬂle, whlch is neghglble) the cost

[

of garbage collection does not enter the optimlution process. On the other hand, the

: &) 5 ?}w & 5 rRaT ;:rz ug-w sER ER E T TN
blockmg factors of the submes do lnﬂuence the opumal partition. The more frequently that
-*3;{ AR Ry ff Rt T U S R R o B ,n ey !«xﬁd #§ -wé L3

the me is garbage conected the fewer the number of unused tupm per page and the larger
shontearin wit i whofged, %ag 34i s

‘the blockmg factor would be on the average for the file, Thcrefore the optimal partition for

s} 4gaiBl ‘; 08 th "h. ﬁ.,- 11»' e

'the file will partrauy depend on thc frequency of gxrbm m Since the optrmal

W SRRRE TR T TR S mm?}m hal 2597 i:« e*t&.s Gidr

selection of point; where the fﬂe is o0 be gzrhnge M sin M another daiabase destgn

opumizanon probiem we will not comtder the pmbhm of the opnml dmrminauon of

R 13&' ":‘f‘&}ﬁ #

garbage collection pomts (See the ;orks o Shmﬁerm [333 and Yao et al [38] for a

ey s k. LR J e,u.w&. aif‘@ ¥

discussion of this prt;)lem) We wm assume that the subﬁk bhckm;v’vfactor that the

yomEr, §r ot

the observed blocking facmts thfwghout thephmhg ’ harim B A

ERIRE v geiﬁmg, ek .:'vs-v"'{

We wm assumeA hat mpks are of ﬂxed length (. each mple um the same

et A iaw.g; (e Javu»

"amount of storagc space) 50 that each page lm a capacity for a fixed mmber of tuples This

'.n )i*{gj‘&% {.}’w S —.5‘;5,.;

impltes that attrfbute values have ﬁxed slm slnc; a nmkud relubn has a ﬁxed number

RO F‘w“ Fh e

of attributes per tuple “This assumptlm is tn mmpenﬁence with the rehtion being a flat

PR R b e, "'

file and is a necessity for the mﬁution of ﬁﬂks betm wbtupb of !‘he same tuple We

,, FEE ¢ B S L edprEield RS
also make the assumption that each page conmm an inml nusmber of tuples. and that

B st ’;4 R TS ‘;htv,m’. »f'“f'v

‘tupk's do riot overlap page bwachries

In our ﬁle mode? We a!bw three klnda u! access szrucmm. Thm are: segmems.

Yy 5] wae R SR S n:,ﬂ: SR

lmks and lndices An aeoess stmcture ts a mechmm ma makes the search tnd retrieval of

3;3A1;

tuples posslble ln other wonts given the value of an ttmbm an access su'ucture can Iocatc :

and retrieve all tuples bavmg that value for the amhm ’ﬁn access. path of an access
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stfuctul;e is the way in which the structure is used in such a mrch A segment is a file or a
subme that may be retrieved into prlmnry mcmory and sequentially searched from top to
bouom for tuples with a certain attribute vake. Hmb‘yzm the sequential search access
path of the segment access ﬂfuame,& can botl ‘locate desired mpm and retrieve these
'desired tuples vat' the same time. A link is amaccess structure for retrieving tuples which have
already beeri located. In other words, assume that we have Mpulﬂurw some other identifier
“that uniquely Identifies a upk by its bwlen qun; is the sccess: puh for deriving the
, phystcal address ot‘ tho tuplc from the ldm m mmwlng ‘the mpk from secondary
storage. ;'Fherd’oreathe link -ac:ess »Mn isa M:W»MVW mples that have
already_}be‘en identified and - whese. location 13 lmwm 'Anllnhiwmo\t' be used to search for
'tuples ;hat poumacmnn value (munt ‘M In our.file model, each subtuple of a
subfile has a link to al its correnpondhgmupks hfﬁ;;rpll‘fthe other subfiles.. The
corréspondlng subtuﬁ_lﬁ(ur mub,tupl&)mi a subtuple. are all the m.htuples’that made up a
single tuple before the file (and-the tuple) was partitioned. An-index is an access structure for
locating subtuples with mrm that match certain values, without actually retrieving the
subtuples. An index does not have the capability of retrieving tuples. - In order to retrieve
the tuples that have been located by an index, & ok access structure is used. In our file
model, any attribute of: the reh.uon may have an:index; which ones are actually to‘be

indexed is a separate database design issue.
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N 'Seqmny-mzmnmme Mw&W@MW‘M we will‘not
discuss it-any further. A lnk; on-the:sther hand, - s strumwbe that js- widely-used in
our modet and we .~wiﬂ-¢§am¥m mmmamm - S

Onee a. mmph fmabeen hocated:on: retioved & mwmu rétrieve any of
. its co—subtupm in the other sabiles: (A mmmmm i arder to see
if an attribute of. * mwmmw i ordueito: m oive-of W5 autributes.)

 Hence, wemmwm-mmamfmxmm“ pibiuples ‘dnd that:the

co-subtuples may be retrieved by linking. - MWW@MW may be
model is. to rehzccewm s msm it the Hink is derivéd by
of the link is onesto-one, e vach subtaphe is inked:tousiacly i siticaple o another subfile.
Thus, there is no. explitit- pointer from -4 subtople of 2 %'ﬁiﬁ:ﬂ ﬁmw:ubtupks
Rather, the addsess of the co-subtuples mm subtiles: tan' be ukuhted from one
another's addresses. By subtmple or Wm nmmm identifier {or the
logical address of the tuple}), which isithe. addmotwm to:theé base address of
its fil. When retrieving a wbtupte by using a Mawk; the subteplés-tuple-identifier (TID) is
translated by the file's page map table into the physical address of the page the subtuple
resides on and the offset of the subtuple within the page. The page addms is then used to
retrieve the sub.t-uple» from secondary storage i‘n one page access. Note that when retrieving

any number of subtuples that reside on the same page, the page needs to be retrieved only
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- once. ) Once we have the TID of a subtuple ina wbﬂle (tMs happem when the subtuple
has been located or retrleved), we may obmn the Tle of uH eo-submplcs in other subfiles by
- applying a ,era,mfomtm to the Msfﬁm ~-’EM&‘5&8‘€M made: possible bgcause when
partitioning 2 flat file implementation of vt m,alc&wbuqﬂu retain their relative
position in their subfiles, snd aiso because m a:subfile ali:subtuples are of the same size.
To see whai this transformation is, let '-r_f; be ﬂnmph%tqleﬂmbu 'i‘ (ie. 7, is the ith
tuple of .the ,m.e).'-r-lfr«&;fflle is pastitioned: into: ‘M- -subfiles, then -#};, i, ... ,Tiy are the M |
do'submpks. Let ty bethe TID ofmbwple TR AL .f.'._..a‘,iu. Wem@h_o’almhte' tin,
‘the TID of 7y, from t, the TID of 7. Wedirst shaw how o get the tuple number |
from the TID t;. Let S beAﬂue,lyM-plge‘ruu. Ij the subtuple jength in subfile F,, and
let by = LS/l be the number of subtuples:pei page-in’ F;'(we have assumed that tuples or
subtyples do not croas page bmdurh& then Lt/ is the page number of 7, and
(t; mod S) is the offset of 7 in its page. The tuple sumber i it therefore:
@a2n | = u.,/sjsc‘ﬂm, mod S)A
Finally, we want to'calcuhte iy, the TiD of 7, .from i its tuple m‘n‘nber’ Since Li[b._l
is the page number for the subtuple f“, in F“ , md { mod b.,) is the number of the

subtuple wlthln the page. we have:

(3.22) ty=S LifbeJ + () mod by)
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_Another access umum we have mm mm M!I B«su mﬂ( A file' may

.havc an. index an oner_m' moﬁ&sm A mmm ﬂih mﬁ mﬂbme,

AR , '''''

‘has indexing as an acoess. pulh »WWWWW for that attﬂbute
ln our. model we hau Mnmzuh sumwmm n&eﬁtﬁe tree is

" a page. A detailed dmam W&mmy ww W Chan ['Hand

Blasgen and Emmn tel. 'Eba index is. «rymzﬁe tﬁ sm Bm and M&;Mght
(3} both n termofammzﬂnma um M} M nmpage of the
mdex contains an m -t LE pairs dﬁ&mmmm’} aﬁ pqmen. wtﬁ potater
pomtmg to aadu in Skm bwr wﬁ &wm mwmpmmm Mghat key
-of the nade the pﬂrmm A mmaw#mwwmnmm of

TIDs of subtuplu ﬂm the theiqu mm eﬂh mmm mﬁn wbmef The

Sk gyl

| _cholce of index structura for our M is obviamiy m& ﬁmm to bulmced m Any index

that Iends ttself to usage cost analysts and \vhk:h ugmt of &he chok:e of file ganmon

Gowwrit s Uoadi . Faiaps C,MQ«F PERRFA w4

may be alternatively used

B afo IR g erih gt

To concentrate on the ;:roblem of attﬂbuu purtmontng. we assume that the gholce of

e w 3‘@%3» s wrdd *,,:;u., T

Riedn B %Y deedstivgd b Thortehg wrcs o

indices and their stmcture i: predetem»ned and cbem befmthand on the basis of other

By L0 An S ,,;w_ _,!_ %

criteria besldes the file partmon This is not to mggat tbat the pr&lems of lndex selectlon
and attribute pamtlonlng are tndependem of one mether ludnd the two problems are '
mutually imerdependent md a better sehtion to the m pwmtioning problem can be
achieved by their, slmultanmus solutlon The pmbbm of sehcting lndices that befit a

database usage pattem ha: been extmsively amlyud by Chan [71 Our wotk on attribute
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partitioning takes up another dimension of the general problem of phy@al_datgbase design.

4. The Transae

o We will consider four types ofmmm:m may be conducted against the
daiabasé-'qderlés; updates, imerticm, and delltim& “The queryandtheupdate tﬁd&aizﬁom
consist of two mmponenu a sﬂeaim oomponim ‘that determines the tuples that are to be

_ selected, and a projtcthn componem ‘that debermin ;
are to be extracted and returned (in the case of 4 quefy)*or updated (in the case of an

‘of the selected tuples

. update). The"&ele'ubn“mmctiq& consists only of a selection component that determines
which fuples have to be deleted.” 'l‘he insertion tansaction luuto oomponents An insertion
. transaéﬁibﬁ is bia"'sicall'y a‘set of tuples that "ﬁ.avé'to belmetﬁdln the file. Because of the
similarities among _i;ucry.' bpdﬁte. and demmmlmmt.Wonh. ﬁe will discuss only
§ne of théﬁa, namely querm, in "m'n detail. Themder shouﬁamme that the discussion for
queries can be generalized for the other transaction types as well. The m'ly diffe‘r.en'c'c.'- among
the transaction types is how the projectlon component of each’ trandaction rype is processed
after the tuples are seltceed This differénce in prousming the projection component wm be
‘delineated later.

'We have made certain simplifying assumptions on the structure of the queries
considered in our model. The ﬁmpimwhm mnm by the need lto reduce f‘he task
of query cost analysis to a manageable size. We have dfuﬂé‘nd Join oﬁei‘atims on the
refation in queries. The boolean”expression in the ‘selction component of a query consists of

either a conjunction made of equality conditions, or a disjunction made of equality conditions.



_ Chapter 3 | -4z  The Medel of the DEMS

A query with just one equatity condition is considered: to be'f?x‘speckl‘tme of a conjunctive
query. An eqﬁality condition is & predicate of the form (a = x) , where » is an attribute

" name, and the attribute valse x of the eqmﬁeym i 3 constant or program variable

which is known at tve QWWW is WW gty conition 'Ihthe selection
component is used to ‘search for all the m(m} in- the ;;me*(‘s'ubﬁ_le)i that have
attribute value x for attrfbute a. Thepfojacdm Wbim of attributes whose
values are extracted from all tuples that';etisfy the selection componem ancll returned as the
answer to the query Ina conjunctive query, an attribuu cannot appear twlce in the selection
‘component or appear both in the selectton and pmjectm compemnt& ,/Although we have
restricted the set of allow:b!e queﬂes by the wumpﬁom pmud above, we have sml'
included a large number of possible queries encmaptmng mmy of the more frequent queries
encountered in practical dutabese apphcatlom.

When a query is made to a database, the query processor does the necessary search
and retrjevals on the c!azabase and r.eturns the answee m.the query T here_ls a cost associaied
with processing a query.‘ fn our atﬁribute paiﬂtiemn{g;xyaeeh, we,h#ve meerpotgted a query
evaluator and a file ;est estimator tﬁzt can mlyu a given query lmlpmm an estimate of
the cost of answering tﬁe query. Query cost analysis is.a comp!ee t_ask. Tﬁe,mumptions, we
heve made on the steucmfe of the query alleviate some of thedﬂ'"ﬂcukm in query processing
and query cost analysis. Besides the assumptions on the structure of a query, query cost
a;'lalysis depends on fhe ‘asyamptions made m the distribution’ of attribute values in the.ﬂle.
Query cost analysis also depends: on the distribution-of attribute scourences In the selection
and projection comporrerts of qvma‘md“themenm ehtmwte values in the equality

condition predicates of queries. As we have mentioned in Chapter 2, previoas work done on
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attri.but.e partltlonlng made slmpllfying ummpnom on the dmnbutlm of attribute values
‘and’ on the dlstrlbuuon of uttribute requests in order to k«p the probhm of query cost
analysis (and henee the attribute partmmmg pmblem) wmm mmgnble limlts We have,
also made simpm*ytng auumpttom on the dnmbutlon of attribum -values and attribute.
requests in building our medel of the daubue mmgemem symm However. our
. slmpllfying a_;sumptiom, are less restrictive in nature than ehoumadeln the works of our
pre&é;gssdr; and are closer to tﬁe realities of.pr‘acthl_dum uage We have m}ade the

following two assumptions in our transaction model.

- We am the. fraction of tuples that:iajtlﬁ a one ?redlaﬁe selection is_the
s?lectivity of the attribute in the equamyeondmon The (aveuge) selectivity of an attribute
of a refation is the average fuaﬁn of tuples u@« mﬂdeuuon that have historically
satisfied aﬁ equality condition involving tbit attrlbute. lnomer words, the ;eléc(tlyity of ~an
attribute is the fraction of tuﬁﬁs that will most probably fatjﬁsfyzlgn;ew:mi condition on the
| file. The concept of an attribute selectivity mwre is an lmpomm tool for 't_:ll,a‘ta‘base
moqélling and query cost analysis. The attribute selectivity mlfuurew_wﬂtl' be defined and
described mliy in the section on Pnramem Acquisition. From the attribute :.selecti\(i;ics. the
number of tuples that satisfy an equality ‘co'ndmon on an attrtbute is estimated as the product
of the selectivity and the number of tuplu in the file. Uﬂng this measure of selectivity
avoids m naive assumption that the attribute values are uniformly dlstrlbuted in number,
and that the number 'of-tupiu ut‘fsfying an eq(ui.lty emdmts the total number‘ of tuples
. divided by thé number of different vatues of the iﬁrm. ‘Also by using this measure, we

have avolded the simplistic assumption that attribute values of a given attribute occur with
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equal prqbdbiuty in the sslection components of queries. SM!: we could have obtained a
" still better model of value distribution by noting the-number of tuples that contain each value
of an attribute in a ’tahb. the mﬂbm Mh'ity m has the definite advantage tht it
takes little storage for .#ts mm The other adm m that a ubkof attribute
value frequencies be maintained for each attribute in ﬂn m!, and if ﬂme are many distinct

values for an attribute, thi: table wilt consume a uwﬂemt amount of storage and will also

be very dufflcult to update.

2- Since .we aliow the specification ‘of queries with muktiple equality condition
prédicéfes. it i; necessary to have a measure for ﬁn joim resolvlagpower of two or more
equality conditions. (Thls measure 15 called the juim sehcﬂvlty mum) For this purpose,
we will assume zhat the appearance in tuplea of vﬂua helongtq to different attributes is
independent (e, the probubiﬂty that value x ofmtbm » and v:m y of attribute b.
appear in the same tuple fs equal to the product of their individual probabilities of
" appearance.)  Hence the fraction of tuplu satisfying a ouwumm of Prpdicates
simultaneously is the product of the fractions Mt'ntw;' exch pnd%cne. and vthﬁ.fraction of
tuples satisfying a disjunction of prediam is the mphmmt of the fnction not satisfyiug

any of the predicates of the dujtmction

One assumption we do pot make in our m&. however, is that mrtbutes occur
mdependemly of one arother in the m and projection mﬂm of the query.
Neither do we make l:hc i;m nemw mmm frestrictive assamption that &be
cqrrelation betwegn attribute occurence in queries s detecmined by joint probabilities of
attribute occurence. chmﬁy keep a record (in . tuble, mllul the table of query types) of
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. alll queri_es made to the datab_ue. l_nd the exact oorrebtion intheoecurence of attributes .in
. qu,erie," may be obtained form this table. Thm weevoid mk'ng tiie. strong (and often
vinace'urate) assumption that an attribute s requeued by s querg independent of what other

attributes are. requested by, that query. Thls teble of queriet s eoncise in that queries
~ involving the same attributes but different attribute vnluu are clustered together in one

entry. (The number of queries in the clu;ter is abso reoorde;l in the entry.)

6. Query Processing

An ‘.integnl:part of a databesemmgemem system is: )"facilit;‘y‘to ciecide how to
answer queries. Since we are 'nt(‘tde'lling a database management system that decides how to
answer queries posed 'tu the databnse.md since lntite cwrfeof attribute 'partitiuning we
need to"estimate the cost Ini:urred in answerlng i querypoud o the model database our
. attribute partitioning system will also need to decide how to answer queries. When a quel'Y Is
made to the database, appropriateacceu paths must be chosen so'that tuples ntisfying the
seiection Vclornnonent'of the query' may be located. After t:he atisfying tuplee are located (ie. a
TID list of suén tuples is obtained), the same acoeupath(orpouibly some other access path)
will have to be used in order to retrieve the tupleif‘ o

For example, assume we have a oonpnctiveqliery involving attributes 3y, ..., 3 in
the selection contponent and attributes a,;, ..., 8 in the projection component rn‘adelto a
partitioned file. In order to anst\'rerk’t'he query, th;e"subtuﬁies:"tﬁit"tatisfy the equality
- conditinns'on' 8y, , a_ need to be iocated (by cmting a TID lm pointing to the subtuples)

and then their co-subtuples: containing attrlbum AT S have to be retrieved so that the
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..va lue of projectidn attributes: 8,y iy -,.K{ = mmmwmm - Assume that
there are.indfces available orr some Mmma;.wq.‘vcmm&l to- locate
the subtuples that satisfy the selectiver: Wm mamwm ways (in the
rest of this secttan.«we WWW MMM&M%? ate.to be
performed on TIDs of whwpks o get the "fibl Gﬁ eo-m ‘we assume -the
transformatiom are perfoimed whenever necenary): -
l- Use all the apvpmbh indices to retrieve the: 'ﬂBMofmbwpm sausfying the

indexed atmbum interveet mmmmw v iv conpur

resulting TID list tink to mm ﬁnt MW of the Mmibum 81, vy B
(an applicable index is an index on» mmm mmw one at a time.
Ev'erytimc a subfile is accessed, mmumwnmmmmm mmmed (via links)
,and checked 1o see if they-satisfy the quuerm on mm& sttributes. "The
' ‘Tle of subtuples MWM uﬁsfy anyof the mmw m pﬂmed fmm
the Tﬂ) list (ie, the FID Hst of tmﬂm mwwd the unmm selection
attributes in the subfile is intersected with the oid TID Hst). After an the subfiles containing
;eléctim, attributes have beenaueuld, and mmmmmm bua tested to satiafy the -
equality conditions, then ali sulstuples lef FiDsin mﬁwmmw by linking)

from all the subfiles ommmg pfojem wribwtes, and the projection attributes are

’

extracted .

2- Use none‘of the tndices Sequemhily mrch one of the subfiles contaimng
selection attrnbutes, and create a TlD Iist of the mbmpm tha( uttsfy all predicates lnvolvmg
the subfile. Thercafter, using the TID list, m& one by one to !he subﬂles containing the

remaining selection attributes, until a TID list of submplu atlsfyiag the entire selection
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component of the query is obtained. Finaly, nk to subliles containing projection attributes.
o Each of ‘thg"aboye two schemes may bethou&hgo(u awep by step pgose‘d_yre' where
at each step an access oath csquenual mrcmng; lndexlng ‘unkin;) is performed in order to
obtain the'Tle of subtuples that satlsfy one or more of the oquauty condmons in the
selecuon component Let us call the act of obmnlng Tle of subtuples that satisfy the
equality condmon on an mrlbute the act of molving the gttribuu Henee each. of the abave
two schemes .ls a ,ste;p‘ by step pm;edute where _!g?ggch stg mmdexis used to :;e,solvgﬁ.an
’-a.t'tr.ibo.te;or a iequeoﬁai sg;rc:hlrlink is usedtoresolveme%rmore attributes in one‘&‘ubfne.
We deﬁhe'the’met‘ﬁod ofa queﬁ'to be such astepbymppmggm where at each step an
| 'access path is used in order to resolve one or mon attributgs
| A query usually has many dlfferent methods. For exgmgh ln the two schemes
.a‘bove. we chose elther to use all the indms, or t:o uu, none. We _mlgtgt ‘halv_e :clho;grpf to

resolve some of the indexed attributes (in the nbc;ion onent of the query) by indexing,

while resolvlng the rest of the lndexed and umndexed seler.tim attributes by linking.

Simﬂarly, when nnklng to subfiles, the subfiles will be accessed in some sequential order (Le

one subme is Iinked ﬁrst another subﬂle second etc.) Each dlstlnct ;ubset of applicable
indices and each distinct subme sequence oomtmm a method of the query (Hence each of
'the two schemes above may be ";‘“‘w,f"”@"_’v‘“l maho?s;s the sequence of linking to
subfiles is lnstaotiated.) | | |

B ‘There is a cost associated with a query’s ﬁtuhod Depending on what indices are
used and in what iequetmﬂ ‘order the subfiies m‘ﬁnﬁd.‘?ﬁemﬁfof iﬁsmlng tho query will
be different. For example’ assume that in resoMng the attributes of a“query, two subfiles

have to be Hnked and when each subfile is linked, the size of the TID list will be reduced by
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n equal factor. gw&isgfts;i}fii&mm
before we Hink to the subfile with the farger sumber of pages. Akhough in the first method
the 82& tink iz,;gﬁhgzhiftiiiiaagg the
first link in ?giiifggzigtaﬁi?%
first method. 4r§:¥§!§a 33‘%%%% of a
query and s i?%%gtfsﬁliiz saﬁs:a:
| ing the query. The optimal method of 2 2 query will depond on the & E&:ﬁss

~ sefection component of rug?a-?t*%ir? attribute

selectivities a _&tama. ?%%ii%ggﬁg >a§:.
processo will hav %&ggig ;i?_, 8 query.
j. E§a§§:s§!§§§§§m§
about choosing a %??iia?%i §§§ |
our <§.§§§§ﬁl§ﬁl§§ﬁ% ry
processing; | Ei%r?%:gfiﬁ;ggs e optimal
method of the query. .

_ _uona.ﬁsm aﬁiaﬁu-«&i %%i %%3 and in

_... o joins or o«g%g;gﬁg}! - query
 evalua o:mg:a&%i?ii |

- means: |- selecting the indices to use in answering the guery, which gould ‘be !..3::& all,
none, or some of the applicable indices, 2- selecting urn%i. §?ﬁn subfiles
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that contain selection attrlbutes not resolved by menns of lndlces (Note that it‘ no lndex is

. .«E(

utilized by the method then the flr:t subﬂle of the method vlll be sequentlally searched

while the remalning subfiles will be llnlted) The tgont for flndln; the optlmal method for a

pEEES TN ST

query (or fmdlng a sultable method ln case thewtlmal W s »vdlfﬁwlt to find) is the
query evaluator The query evaluator choom 2 method w&h the objectlve ol‘ mlnlmlzlng
_ page accesse: when answerlng the query Later lnhthls, seetﬁlon we tvlll present the strategy
used by the query evaluator of our attrlbute partmonlng s,eeem The method chosen by our
query evaluator ls not neoesurlly the optlmtl method f'{r, §t"§(9""7’ alt,h,ough we vvill show
that our strategy results in near-optiml m&hods. Whm 2 ntlsMon method Is found for a
‘query, we say that the query is evalueted e ‘ ’

Note that in our model of query evaluatlon the quer, evehmor does not take into
.consideratlon the projectlon attrlbutet o!‘ the query Strlctly spealtlng, the query evaluator

the method of the query

should also take the projectlon attributes m oonsidermon n

e

skt

should speclfy the tequenoe of llnking to the subﬂlee

‘ projecuon attrlbutes This is
-because the cost of anmerlng a query is lnﬂuenoed by the ‘, '

“ g chy

ln whlch projectlons are
made. For example ll‘ a subflle oontalns both solectlon tttrlbum and _projection attributes,
.then it 15 beneficial um thls  subfile be llnlted 1t In the meshod; since I the subflle s linked
last, both the selectlon attrlbutes -may be re:olved and the _projection attnbutes ‘may be
: ‘projected concurrently If thls subﬂle is not llnked lut. lt wlll be llnked once for resolving the
selectlon attributes and another tlme for projectlng the projet:tlon attrlbutes (Note that each
time the subfile will be linlted from a dlfl‘erent TID llst.) We heve eliminated projectlon

attrlbutes from conslderatlon when evaluatlng a query. We do this because I- conslderlng

‘ projectlon attrlbutes will make the problem of query evaluatlon stlll more dlmcult, and 2-
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- because we beueve that thgmm m»wn%m-»umh mMng lttributes_
has a more. prufound mm« o the cost .f mwhg amzﬁmm We in which
the subfiles are linked for mm; auribues. N . |

| The quen ammmbrmwr MM ot entail any
'\meutloutput operatlous (Le p:ge accesm) The W ﬂm does not need to know

oo XEES S8 3‘ '!‘uf?!'“ LRl RE RN LN PSS .
about the actual data conunts of the mbﬂhs. lt anly nquku the various parameters

o p

prepared by the paramew acqulsitor ‘The quety evm mm t query by choosing a
’.;""?’*.?‘3' Y it(i_ #ind

method for it, utiuzing some. stmegy Om m mugy is ulnmﬁvely enumerating an

é“) o gtj }z 3P h‘,» Gy I

possible methods for the qaery. esumating the mat ef muedng the M aceotding to each
v crwti N S A0 e e w B
method (by using the file cost esthmtor), and thcu chaeliug the W method We have
w5 B badew ook oY R
discarded this straeegy bmuse lt is compumhmly mmm to msider all possible

AR ERRIGEL S riieerl o

methods for a query Tfm !sr‘espechny%trm when making a query agmmt a database

ARFreh ey‘}v e B “Hgfy sy T

partit:oned into mny subfiles md!or if thm are my indices available. The stntegy we

: 24 * RSO S S ST SR ROL gt Do R S R R
use for query evaluation i 'instead baud upm em a marepﬁmﬂ method without

R R Rl O B TR N FoELE e

%requlrmg extensive inalys!s of the qnery

Query evaluation ls the onty phue of quuy plmlg that is an optimizatkm

SN TH N

"pr'ocess. The other twophamofquery wmm;éommwmiu thecostof

) «’w - et e wiigg w0
Pfocessmg a query Q,uery evmaﬁm ls the on!y p!mc mﬂy pwformed ln our attnbute
‘“:*53;.‘ A gbi & ;w,('? i WAL LIRS Py

("partmomng syszem The mxt two phues are on&y p«ﬁwm by a dmbm management

system when it actually proeesm a query Thc reason our mﬂbme partitlomng system
evaluates queries is that mm of a qu km hwdmu mte thc cost of
answering the query The Wﬁm our mwmm of the query to the

file cost estimator, whlch cempum the m ef hsadn;« elu m m kcwdtng to the
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. fm'etliod') ‘and the cost of retrieving the subtuples needed for projection. (The attrlbute
partitioning heuristics require the cost of amallthgauerm in }he vdavtibase usage
patterri. See Section 4.4 for a d'etalled‘dlsm_ulop_\ on how the fllecost esglrog;or'estlmate_s the

cost of answerlrrg a queryl)

.2.. Query resohtlon ls.the proomof lowlugthesetof tuples that satisfy the
' selection component of the query. ’A query g:ewlved whm all theselectlon attrlbut(es_. are
resolveddnd a ll’sr- corlulnlné the les ol‘ all Mlag mplu ls produwd After a query is
evaluated the query is resolved by lccemn!the lndlou lpeclfled in the querys method and
performing the link to the subflles In the order :peemed ln tlre query’s method In each step
of the method, the acoers path speclfled in the step | ls actually performod and a TID st is

| created of subtuples that utl_sfy the equallt’ condmon predlcue of the attrlbules that are to

* be resolved ln that step For a conjunctlve query, thls TlD llst is lnﬁersected with the (old)

| TlD list that is the result ol‘ the precedlng steps ol‘ tlre resolutlm process If the query is a
drsjunction, the unlon of the new TlD list is taken wlth the old TlD llst. The final TID list
obtained from the last step of the method ls tl\e rerult of the  query resolution phase. In .the'
* process of query resolution, page accesses are}m‘ade to secondary ct’orage}.‘wllerrperl‘ormmg an

access path.

© 8- A query is answered when 1l subtuples containing’ -‘projectloh attributes tllat are
pointed by the. TID list are retrieved into prlmary memory“lod the ‘attribute values of
attrlbutes specified ln the pro]ectlon componem of the query are extucted and returned.
This phase of query prooesslng lnvolver only lnputlootput operatlons and no intermlk

processing. As previously mentioned, if the lut subfile that fs linked in the resolution phase
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contains projection mibm.-s,w it is mﬁh wmmthm before the query
is completely resolved by exmmag cmmmmm m £ 2 wbtuple when the

selection attribute values: of the subtuph mm pudm wm words, the query

resotution and the qamymmg phtm WM WMH the method

In the rest of this section we WMMW m samegy the query
evaluator of our attribute plmuomag ‘gystem uses. tha Mymethod for a query
in a partntioned envtrtmm s’ m morm M Unlike mery evaluation in an
unpartitioned environment: vhere the quevy evzm im ns!y 0 choose the opﬂmal set of
applicable- mdiccs a mnmr ina mmmm inmddm has to choose
the sequence of mmng -to the sublites.  Our mm e mmc evaiunor that
ﬁnds a sausfactory method: for-the query ﬂtﬁm mwmwm The method :
obtained by the query evalustor ﬁ not Mmmm Par that query,

although {in ‘the cmme afwr woﬂu) we have m lt ﬂo be: m&. We will first
| discuss the query evamvha smmg? for mm M we diswss in what
way the strategy used M dujumﬂveqm bdm “ » |

Query evalvation mmmm h the first mﬂmw eva!uato; selects
the subset of applicable ivdices:to include in the methud. After-this has been deterniine&, the
query evaluator m:tatm&Wlm&mmmm that contain the.
rest of tlhe, selection atteibutes. - e TR e e

I- Depending on the attributes ln the select!on Mt their selectivmes. and the
attribute partmon ft may be beneﬂcial to use non;. all Or a subset of the applicable induces

We beheve that for most querles, usmg elther none or all of the :pp!kable Indlces wm lead to
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" séti'sfdctory meth‘ods Also in. order to reduoe the problem of query evaluatlon to a
manageable size, we (will restrict our attention to. the above two choices
One crlterion by whlch we may judge the effectivemu of utmzing the indices to
process a query is the joint setectivlty of the tndexed attﬂbutes that occur in the selectlon
component of the query\ Assume that l- the tndexed attributes are not jointly selective (i e,
.the Joint rgsolﬂng power of the Mees is low and & large fraction of the tuples will be -
selected 30 that almest sll the pQg‘es of & subfile that is linked thereafter have to be retrieved),
“and #gsdme. thnt 2- a subfie that contains an Alndmd‘ sttribute akso contains some other
un:nd?_xed selection attributes. "Then such a subfile will most fikely be accessed in its entirety
in order to resolve M‘unhmxéd attribuu.‘;?w,‘me'hdﬁe’dittnb\itc in the subfile
can be resolved by the ‘ll’nk at the u&n t!metht uindexed attribute 15 being resolved and
with o extra cost, Hence when the indexed: Wtiributes are riot jointly selective, usiﬁg the
indices will not save in the number of pages-accessed. . |
Thus, when the ]oint~seiecttvity of the indexed attributes is not too tow (which is the
- case for the great majority of "queriés).i the query mmmrmn choose to use the full set of
applicable 'indlcet. This ls-beciuu the ”‘cosPt‘o'FMlng“fmvittrIbute’ Gtilizing an index (if
’ av@llat:*lé) on the attribute is usually a fraction of the cost of resolving that attribute by
linking to (or ’sequentlilty. searching) the subfile contsining it. This can be true even If the
subfile containing the indexed aftribute contains other unindexed selection attributes and has
to be evenwauf ‘Hnked: - ir the indexed attribute and the unindexed selection attributes
| residing in the same subfile as the indexed attribute are rmlved slmuttaneously by linking
from a TID list to their subfile, there may be more pages accessed than when the indexed

attribute is resolved first using the index, the TID list pruned and reduéed (as the result of
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the indexing), and: thew tﬁemwmw uwm mmm attributes
Whether all- the appikabele imﬁaes sreuied or ﬁone af the applicable indices are

| used, the ‘query evaluator wm haw Wi s

' ‘Pa‘ ﬁnﬂhg to wbﬁles contalning

unrmived--mkcﬁm,am». mifsw‘ oottt '*"orwmmm

PRERY

2- The second stage of qucry ev&lnqtm bshs m the Mm that are to be used

have been chasen. The query evaluator wﬂlm Mw:hnk: ussehe wbﬂla mtaiug the
unresolved selection attribum mmag Imm the Tm lm thlt’h the m ef theihdctmg
Everytime a subfile oontainiug an. mmohnd m:mm is: tinlaed ‘the TLB‘ list is
reduced to a TID hst of tuples that laﬂlfy the mm&mm in additiou to
" the previously resolved &ttrtbum. 'Ba wbﬁbmm m m -attributes: are
linked in su’ccessnon. produdng successively. more. m'ﬂb m When: all the subfiles
have been linked the query is resoived and &he Tm ﬁlt m&mm wbtuplu« The
task of the query evaluator mms; stage of qummghw M thtﬁptinll sequence of
linking to subfiles. Note that thg query evaluator MMMW%I&M -The
query evaluator only decides on. the nqmnceof&lungia ﬂmlﬁﬂm ¢ iﬁ-,thﬂcwl'y
resolver that actually performs the liﬂking {in ﬂwm m b; the query evaluator)
and retrieves the subtuples fmm the subﬁlu. Thezm ﬂm m fieed: to know the
expected cost of lmking m, mbﬁles wjnn daeldiug mm aqaum. An tstimavte of ithe
expected cost of - lmking to SUbﬂles can bo abtutnd m m p&fm the linking.
In Chapter 4 we descnbe th&funaton uud for mm m Tm.ﬁmﬂm tmnshtes
the number of tuple retrlevals tnm the number ol‘ pa(em nMﬂnly wtms the size of

the TID Jist from whlch the unking is perfomnd Tlle Sze of the TID list is readily
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,avallable as the product of the joint selectmq of the atrributes. mo!ved so far and the total
" number of subtuples in the subfile (the Joint selectivity of 2 set of attributes i3 obtained by

expression 361 from the lndlvldunl mrl_m,_,

ivities).. A_l!ovnqt,e_that, if no index is

chosen in the first stage of query mhmim. . first subtle. o the sequence is sequentially

searched (Which is tantamoum 10 Itn&ing w tb! mbﬂk m a TID ﬂ!t cmtainlng all the
 TIDs of the subtuples in the subfil),

~ The ctiterion for optimization in this stage of query evaluation is the minimization

of the total number of page accesses when answi

g the query. Depending on the sequence
chosen in this Stage,: the method of a qverymzb!mlu hghlymmoptimal :lfhgrefore

it is important that the query evaluptor use & qyef). evaluation strategy which guarantees that

‘evaluated. As we mentioned

before, exhaustive enumeration of afl W possible subfile squencqs (where k. is the number
of subfiles containing unremtved selection meum) is out of the qumion because cost

estimattng aII of the sequence: is ¢ Due to. the hrge search space

(of pos,s.ltg_le ,séque’nces) and the numerous pamm;m thgt have to be _gpns;derqd in choosing a
‘ sequg'n__ce._ f_,indlng‘ the optimal subfile sequence is a difficult task. However, we may
qualitatively arrive at desirable sequences by q;queﬂng the Eoﬂowingcmeﬂa when dec_idiﬁg
on the subfile sequence : I- Spbfi,yles{,that can bévg theiruhalon gttribgges Argso\lved ugithout
i‘hcurring too rﬁany page ;ccé;ses_ shouldbe Iinkeg yrior to linking to subfiles .th‘.,at incur
many page ac;:esse& ‘That Is, at each step wheu a mbﬁle h to be Iinked the'qu'ery resolver

;should link to the subme that results in the smalm numbcr of page accesses. Eqmvalently.

this means llnking to the subfile with the hrgest blocklng factor (number of tuples per page),

~since the subfile with the largest blogppg,fm!m_ ruuiunthe fewest page$ accesseq,. (To
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sée thls, we refer. the. mder to.the discussion m‘ the page acoes; | pmamd in Chapter -

4 and exprcssion 421b. In this expsesslm for fixed lund ﬂxed r A(n.b.r) monotomcallyv
decreases a5 b ,lnctea,sc,s,) 2 The subfjle Mmlm tm.,mg sehcﬁvuy of the resclved

attributes. become highest. {fnost selective) should b# lioked first. Tha
selectivity of the um'tseludum Inrmmﬂmmm
" highest joint 's,etecuvuy- (i, the sublile that reduces the TTO Hist the most) to be linked next.

1 the subfile with the

In this manner, the overali. )nint selectgmy ‘will’ :md m m htgh as uﬂy as possible,

causmg the TID list of satisfying submplgs to bc reduces and’ r page accesses to

be incurred as the qucfy remmr gqu to the !m:t ﬂf Mmﬁ'ﬁod “The above two criteria

can be confhctmg requirements A subfile may have Tow bloeﬁlﬁg fsceor ‘but’ iiigh pim

4»,155

selecuvnty for unresolved sehction atm&ueés, whille |

*"%;“r, e‘?{,‘ ‘»;'ﬁ.(’

y may ’ﬁan iarge biociing

R SEE P S I i R et TR O N L

factor but Iow joint selectlvity

d"five query evaluation strategies

Based upon the above criteria, we have develope
(heunsttcs) for choosmg the subffie sequence. Edch sititegy 1s bdsed upon oné of the above
~ criteria_or uses a function of both criteria to uﬂi me shb?ﬂes i’ me sequemlﬂ order
Needless to say, we do not expect that any single strategy woiild ‘be able to find the optimal

sequence for all queries made to a database which i§ pt torred la any manner. However,

" we require that the sequence. chosen by a goed mymver 10 be ftffrom the optimal
sequence. In order to compare the different stnqlu w&kb we th. we have conducted a
set of experiments on each of: tbe n:mgiqs. Ils mim 0 dmme m wm ‘degree the
determined strategies are m&m& and o what m;hcy mymetm gwpm of query
‘evalua t.ion.' we have also applied the set of gxpermm tm other "contral” strategies, ihd

compared the resu!ts with the results.of the five mmm, o five stutghs considered are:
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.Leas't Page Access (LPA) - ln' this stntegy. the subﬂle that results ln the Ieast number of

L page accesses Is ltnked That is. when there are a number of submes containing

- (b)

nresolved attrlbutes. the query evaluster chooses to tmt tao the subme that. would result
in the least number of page accesses. Thls is in lcoordanoe with the first of the two
orderlng criteria’ dlscussed above lntuitlvdy. mtklng the ﬂrst few submes wlll result in

not too many page accesses, and as the submes that incur many page accesses are linked

.rurther on, the jotnt selectlvtty of the attributes resolved so far will be sufﬂclently high

~such that not too many page looesses will be mde to ruolve the remainlng attrlbutes

As mentloned above, thts strategy amounts to sequenclng the subﬂles accordmg to

decreasing biocklng factor.

Least Page Access by Pairs (LPAP) - In thls stntegy. the query evaluator looks at ali
ordered pairs of subfiles. For each palr, the query evatuawr computes the cost of linking

to the first subme of the pslr nnd adds to u the cost of subsequenﬂy linking to the second

' subﬂle The computed cost for all the palrs Is compared and the query evaluator selects

_ the pair with the least cost to be the next two subfiles that are linked in the method.

Note that when the query evaluator computes .the cost of each ordered pair of subfiles,
the second subfile will be linked from a subset of the TID list from which the first subfile
is lthked. - This ts,bmusetﬂerh_ﬂklhfto‘ theﬂfstwbﬂfe. the ‘TIDs of subtuples that did
not satisfy the selection q_ttributes in the first subfile are pruned .from the TID list.
Thereafter, the query: evaluatorretppﬂutheLPA?stutegy to ‘their‘emaining subfiles to
select the next two sub_ﬁles that are to be linked in themethod - The ‘teapplicatlon is

repeated until all the subflles have beem:sequenced. Everytime a pair of subfiles is
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se%ected the TID M ismd toa mmﬂm «ofm tlnt Madéiunn sat.isfy the _

- selection atmbutes of the pa#r of mm m

_(C)

(d)

‘The LPAP strmgy i W " m LPA w Aa t!m the criterion for

sequencing is the mﬁwm MMWM ittwo subfﬂes at

a time and also conmmm mammm attributes of the

first subfile in cheosing: the subfile pur m M W il always result in
better methads compared to the methds dm by the LPA stuwgy Observe that if

there areoaiy wewbﬂnsm: mwmwummmearqm

eva Iuauon then this W witl find the MW

Highest Subfile Selecuvity (HSS) - ln this w wbﬁhs are nequenced accordlng to

EAGER TR 7 - L Rt ol o S £ R
their resolvtng power The subﬁte mm mmo!ved selection attributes with
Ve U B g 2 %*;3 Aemig ¥ pelien

highest joint se:ecuvny Is chosen to be linked first, and the suiame with the second

P tewmigdy ok Sh SRR S TR e T A S

hlghest Joint seloctivity is linked second etc. This is in :coordance ‘with thc second

.ordering criterio_n ‘discussed above. The idea hmv is m reduee the sh,c of the ‘_TlD list as

fast as pqssibié.

Highest Selectivity and Least Pages (HSLP) - Jt is desirable;to crder. the subfiles both

according to the jaint.selectivity. of the selaction. attribmtes and: secording te.the number

| of pages accessed when fiinkhg‘,to them. The previcus stratagies chose one or the other

~according to the (increas

' as-thé_prdering_ ériterh; This mmgymgu,m criteria bymdeﬂng the subfiles

ng) product of the joint mm@t&gmmrmmmd v

the number of page accesses incurred in.linking nmenbﬁla the subfile with the Jeast

product is selected and the strategy is reapplied to the remaining subfiles. Everytime the
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(e)

strategy is applied to the subfiles, the subme mth the Jeast product is selected and the

number of subfiles that are to be sequenm is reduced by one. . This strategy s based

“upon. the assumptton that comidering both crlterh will result tn a - superior method .

compared to a method that is found using a single crlterm Nete that in.this strategy,
everytime a subfile is chosen, the TID Mst is teduced to teflect the resolutton of the

attributes in the newly chosen. subfile (Le. the joint. oeleqtt

rity. of attribuses resolved so far
is multiplied by the selectivities of selection attibutes in the chosen subfile). Thereafter,

when choosing among the. rematntng subfiles, the number of page eemm incurred in

linking to a subfile is computed from this .teduced TID ;!tst. v

Highest Selectivity and Least Pages by Pairs (HsLP‘P')Z-‘Thu strategy s like the Highest

Selectivity and Least- ‘Pages strategy exmpt that all ordered palrs of subfiles are compared

‘- together For each pair. the number of page accesses (oomputed tn the same way as in

the LPAP: strategy) is multtplied by the jolnt reang power of all the selection

attributes in the pair of subfiles. The pair wlth the smallest product is chosen, The

strategy is then applied to the remaining subfiles. Compared to the HSLP strategy this
strategy performs a search of d_epth two and hence wtll»mlt' in superior methods than

those found by the HSLP strategy.

We have conducted a number of experiments on the above five subfile sequencing

strategres The expertments varied over two different sets of query usage patterns, two

partrtrons three sets of attribute lengths. nnd three sets of nttrtbute selectivmes The results

" given in the table below are the average for each strategy’s performance. The two strategies

Exhaust and Random are "control” strategtes' against which the other strategies are to be
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compared. The Exbaust striiegy "ﬂudls the optimal sequence of &m by exhaustively
'enumeratlng all sequences, and selecting the sequence which' mm tn the least processing cost
for the query.” The Random stratcgy ‘finds a sequence or the mbﬁbs by mdomly choosing
one of the possible subfile m in whit m wa mmy The first row of
Table 1 is the ratio of the avmage page accesses for ach mmgy wtth r(spect to the page
accesses of the Exhau&t strategy The second row k the' utlo with tespect to the Random
strategy (for the same set of expertments) - e |

The performme of the Least Page Am by hm“ umqu was very close to the
optimal perrormance By the performame of a mugy m mu tht mst of amwering the
queries in the usage pattem when each query s evaW acqordtng to the strategy. The
. Least Page Access strategy also compares favomb!y to the other mm The performance
of the strategles that considered the joint selecttvlty were not as gaod as the LPAP strategy.

Even the LPA strategy. Awhich only conslders the numlm of page m p«formed better

.10 1425 1103 1004 1288 1246  1.055

0701 10 0773 0704 0903 0875 0740

Table 1 The results of dtm;reht query eVak:itiott strategies. -
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t.han. the HSLP strategy that considered both the page lcecsm an_gl:‘thjcﬁ selqct_lvitf. . We
ﬁttribute. thl's'par.tly to_.'the. fact that after the ﬁrst' mbme has been linked, .the joint selectivity
of t’h@".'fesolVedj:mibtnes has become hlgh"'enuﬁgﬁ"’ 5o that the second Sljlbfih incurs
comparatively fewer page accesses than the first-subfile. Thus it becemes important that the
first subfile incur as few page accesses as ptns!b't AR

The LPAP strategy is very close to optimat and maybe considered. as the choice
for a query evaluator in a partitioned ﬁubﬂémﬂmmtmmer in our work, we have
choseri the LPA strategy because of the following reasons. I- The LPA strategy Is
neaﬁop_tlmal. -2~ Fhe LPA 'stritegy is compuudmlly ‘efficient compared to all the other

strategies. Since the number of pages accessed In lhkh\gfma TID list to a. subfile is

inversely propomoml to !he wbﬂh'iblocklngﬁm (agiitn, refer to’ Section 42 and
expression 4.2.I.Ib). a query evaluator based on the LPA strategy Inlt'iallyl has to order all the
subfiles of a partition acooréing to decreasing blocking factor. For each partition, the subfiles
of the: p‘a.rlti.eion need to be ordered orily once. Théreafter when evaluating a query, th'e'query
’evaluatﬁr sequences ‘the 8&5?“!3-"!‘& contain unresolved sefection a&fibuyés in actordaqée
.with the precomputed nquemebued uponthe sabffle blocking factor.

| The figures of Table | are performance averages over different qﬁ?rles, Apartitions, -
attribute lengths, and attribite selectivities. Oﬂﬂou‘ﬁy. some str’itegles perform better than
others-for certain queries and partitions. It‘was ebserved that in general, as tt_ue.number of
:.uttributes in the seleétion coy'npﬁnents' of queries increases, the performance of each strategy
deteriorates with respect to the Exhaustwst‘ntegyi. with the strategies that con_‘sider‘ onl} a
single subfile (the Li’A, HSS, aﬁd-HSLP strategies) vde.terlbrnting the most.. Also, it was

observed that the larger’ the number of subfiles in the partition, the less qpﬁmal the
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~ performance of the various sirsiegies.

The above dis;ué&!oﬁ concerned conjwwuwm For ."d’hjuncuve ‘queries, the
query evaluation strategy wed & very smilar 1o tha trasegss waed for qonimctivg. queries.. If
t'he,indcxed selection attributes are highly mmmm&emm ~;;ye:,hd~eued
selection attributes also coniain unindexsd aslecion aiteisies, thes with, grast Hkelihood, this
#ubﬁle will be ugrgm'mam.,meg—m Wi |

; be:very effective and may be
unresolved selestion attributes are. then. W MMG to the LPA strategy (ie.
according to decreasing hlmugg factor). For a. M query, the joint aclectivity of the
to upuuhn &82 from the individual attribute

avoided. . Otherwise, the fll set..of APPREED

resolved atgggmc; 18 60

selectivities, |

A disjunctive qucty is vtei.Qlngv MMM - W&M quesy in ﬂ"ﬂw _
resolution. phase: When a TID Mst is ohhmd b}“ﬂkhﬁ 102 wibllle; !hﬁmm of the new
TID list is taken with the.okd TID Hst. The resslting TID: Nst umwmm to
obtain a list of subtuple Tle that do mtssaﬂsfy m af M m vessived so far. This
complemeﬁted TID list is used . when ﬂukingtnthc mmbﬁhm the method.
Complementing a TID list is accomplished. by repeatedly genomting
..‘expfessioni 3.22 and checkmg to mthatlgmmm M mfiﬂmTlD list

. subfile TIDs using

After the query evaluauon phase. the qpery.s methed is pmd to the query resolver
which actually produces the TID hist Qf sebcmd mbtupbs Tbe TlD list is then used for
Imking to subfiles containlng projecﬂon attﬂbum, Dependmg on the transiction type. the

query answerer does the following:
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Query The subfHes containing the projectlon attributes are lmked from the TID list
constructed at the query resolution phase The selected subtuples are retrieved from the

subfl_tes. and the values of projection attributes are extracted and returned.’

. Update - The selected subtuples are retrieved lfrdm sublfiles containing  projection

attributes (as for a_query), all attrtbute values to be updated are updated (in primary
memory) and the ~subtuples are wrltten back in thelr prevlous location. An update
lncurs as many page accesses as a query in the resolution phase, and _twlce the number of

page accesses in the answering phase. If any of the updated attributes are indexed, then

' the affected indices are maintained as appropriate.

Deletion - All co-subtuples of the. selected tupbﬂi are retrieved, m_a'r_ked deleted, and

~written back in their previous locations. A deletion incurs the same cost as a query in the -

resolution phase, and twice the cost of retrieving all oo-sub.tuples (ie. the entire tuple) of

selected tuples in the answering phase. The affected indices are maintained as

appropriate. An overflow garbage collection may ensue if there are too many deleted
. - ] . .

tuples in the file.

An insertion is different from the other transactions. Assuming' that the unused

tuples are uniformly scattered throughout the file, inserting r tuples in the file incurs

twice the number of page accesses required for retrieving r  uniformly distributed
subtuples from each of the subfiles. This number is computed from the page access
- function of Chapter 4. - If the unused tuple siots m the file have been' exhausted, then the

“excessive inserted tuples are appended to the end of the file. In this case, the number of



Chapter 3 ‘ -8t | The Model of the DBMS

page accesses incurred for each subfile will be the number of appended subtuples divided

by the blocking factor of the subfile. Indices are maintained xs appropriyte.

‘We note here that the optimal attribute partition is independent of index

maintenance, and the cost of maintaining the indices Ais‘ incurred regardiess of the choice of

partition. Also we have taken the two problems of index selection and attribute partitioning

as ‘sepafate. assuming that the set of indexed attributes is ﬁm Therefore, index

maintenance cost will not enter our objective cost function, and we may eliminate it from

further consideration.

The Parameter Acqumtw monitors the dmbue mamgemem symm and collects

statistics both on the usage pattern and on the mponn of the cmnbue mamgemem system

to the queries. The statistics collected are used to Mmﬂ umm and usage pattern

parameters for the next time interval. A time interval s the time span between two

consecutive repartitioning points. The forecasted pam will be used by the file cost
estimator and the attribute p:mﬁmﬁog heuristics at MWM point mrung the end
of the time -imerval. Monioring the database management system is a real time activity;, it
has to be performed while the Mbase management systern’ pm transactions. For this
reason, only those statistics that can be mwd;upmd Mbe wﬂaeeed Also, the
statistics collected must be succirct and r!qﬁre tittle storage for thetr preservation. The

~ statistics collected for the purpose of attribute partitioning fall inte four general classes:



 selection component and the set of attﬂbmu tn the projection
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Database Usage Statistics - For-eath query,vmade to the daubue. the type of the bquery is

- . stored in a table of query types. The tyyc of 3 query h the set of attrlbutes in the

nent and a flag

indicating whether the query is conjuncttv,g, or disjunctive. Consequently, all queries with
the samie attributes (but with possibly distinct sttribite vakies in the equality condition
predicate) are clustered together in the saivie aiiry of thé table. (A query type may be

encoded as a bit map for the sake of siccificnest): Our abstmplion thi the fraction of

tuples satisfying an equality condiﬂonpnﬂiawd%ds only ‘on the selection attributes

and_ not on the attriblite’ vahiesiin the séléction confponent makes'thid clusiering scheme

possible. The number of queties that iire clabtered it the query type is reéorded along |

 with the query type in the bl entry.

Average Rehtion Slze and Average Blocking Factor The number of tuples in each file
is needed for the purpose of cost analym TM: suthtk: ls conttnuously updatcd by the

Anumber of tuples inserted or deleted so that tt reﬂects the lnstantaneous slze of the file.

by

The btocking factor of the file (the number of tuples per Page) is also required for cost

~ analysis. The blocktng factor at a cemin polm in thc time tnterva-l Is the number of

tuples in the file divlded by the number of pages in the me at that point in the time
mterval The number of p;gu in the file is also updated continuously as pages are

a"ocated for mserted tuples or as ‘page: are released tﬁer garbage collection, so that it

' reﬂects the true state of the databgse Since tup!a will be conttnuously inserted and

deleted while some tuples will be temponrtty ummd (tmttl a tuple is inserted in place of

a deleted tu.ple. or until the next overflow garbage collection occurs), a fixed value‘ for the
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factors observed at a niumber of poir

blocking factor over the time interval'will'at best reflect an lumg! of the true biocking

factor. The average blocking factor parameter is obtained by avcragmg the blocking

Attribute Selectivity Statistics - This mmc B thcfmuonof tuples that, ;;,ha’ve
historically satisfied an equality cmdmm predicate on the atiribute. To compute the
selecti‘\‘vity of an attribuu. the parameter acquisitor records tbc number of _times :the>
attribute occurs in equal‘ty mndfuon pnduui of. germ, M fpr g;,h sut.h .query, the
parameter acquisitor rmd& thc fncmn (or = Wm M of tuples that

satisfied the eqmltty condmnn, Ihc avm ot‘ thm : ' i3 ;hm the amlbute

selectlvrty measure. Beiow we describe how the . d‘ Md mpées s dacrmined

- Let @, be the fnction of mpies that nusfy an m&y condition predicate
involving the ith attributt md occuring in the jth qmry “Fhe aurm wm be resolved'

""""

by either sequenual mrching indexmg, m' mm 1f thc attribuu is resolved by_

P ;’r“ gy w,\v; ),

sequennal searching (ie the wbﬂle mlntng the m h med ln its enmety)
then c, can be pmcmty cakub!ed asthe Wﬂmmﬁmﬂb saisfying the
equality condition pred.k:&te n to the mt m ef wpkd. lflhe lttﬂbute ts resolved

iy
.....

by indexing, then a TlD ﬁst wm be mm M pnm m m’m tuples. and o, is

precisely the ratio of the size of the TID Hat Ge n. Tf the wm is resolvgd by linking.

Ef gy

spéce This is becamc Mtﬂg s pa‘formtf

awdamdsuotmpk'rlm.wmch
have been identified befmmné mmwgen further’ ndutedset of -tuples that

addmom"y satisfy the predicate. Dcpmdlng on vhether my j s conjunctive or
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‘disjyn(:the. the estimation of @ will be done as follow:.

- (a) quposev the equality 'oond‘mon appears in a oonjunctlon of L equality conditions of
Ci A c, A e A G

where C; is an equality condition invomng ittribuie o (The ordof of the equality

conditions above reflects the order the pndkam are sequenced In the querys method.)

_ l..et no be the total numbef oftupm in the nehtm lnd lat ™ be the number of tuples

that samfy C, A c, A e A ci (Nm thn thm mmbm are md!ly avaihble from the

| query processor whm it reaolves the M.) c: for query j can then be

approximated as:

I LS

(b) Suppose the equality condmon appnn in a disjunaton of L equality condltlons of

the form

G veC Vw- v CL I.
where. C, ' 'B'.‘;n_f equality condition involving mﬁmyﬁq{. AT m@mr of the equality
" ‘conditions above reﬂacu the ordar the imw;mw in the query’s method.)
Let m,v be the total number oﬁwp!es& mmmm n; be the number of tuples
that satisfy -Gy A -Cz A AT A G, (Aym.kth numhtﬁ» are readily .available

- from the query processor.) The fraction of tuples satisfying Cy. of query. j can then bo

approximated as:
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oy g < “ﬂa)

The attribute selectivity s; for attribute s may now be computed

as the average of

o, forall j¢Q:

| S
5 =—2Z})eQ?
" T

. b SR FpRE T i

.Where Q is the set of qucrles mnde to the daubue during the prevlous tlme interval

%*»u B2 I‘:\‘z"‘;" 184 !aw,wﬁ*'&

By averagmg the fnctkm of tuples utlsfylng the actual eccurmcu of an attrtbute in the

R %
',{,Cm,m 2 -v.,)'t CE

.quenes. we have taken im conudemion both o&m tn the dmﬂbwon of attrtbute

T T e s-.u;ﬂ»«*; g %g;{@m &*'ﬁi

values (for the attrlbute) in the file as well as skwm in the dumlmtlon of attribute

value occurences in querm o

" The selectwity of an auﬂbme should change lf cither the distribution of its values in
the file changes or if the values in the equauty mdm prediates ef quertes involvmg
the attribute change Stnce the above changes ocour when mphs are lmerted deteted or
updated and also as the database usage pattem evolves. the mrlbute sekctivlty measures
need to be comtnuous!y updated to reﬂect mc mmt and morc accurate information

mmﬂag average of
each attribute selecnmy a8 the frmm of mpla uaumng an eqmmy condmon-

ik

The atmbm sclectivitrmm is th up to dim Ir/ _

pred:cate on the auﬂbm ﬁcﬂmﬁﬂd in the' psm of query resolition

. £very time a
search is done on an’ tttﬂbo!eofl fﬂe(or mbﬁh).ﬂw ml ad!!ttiﬂty is updlted by
the weighted average of thc oid sehctivity and the fmcﬂun Of the wpks selected in the

search.

_After the individual attribute selectivities have been obtained, the Joint conjunctive
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36.1) . n,

6: '&i_sjuncti\}e attribute selectlvltlgs may be computed from them.. Qur assumption of
ind_ependence- amor;g attribute value occurenoes in tuples leads us to sl‘mplef-formulas for
the jolnt.selecti;ritles. The expected fncupn’o:f tuples that ;atlsfy a cdnjunction of
equality condmon_; simultaneously is equal to the product of the individual expected
fractions that satisfy each equality condition. The joint conjunctive selectivity of a set of

attributes 1, each with selecﬁvlty s; Is:

rer®
Similarly, the expected fraction of tuples that .satlsy‘av disjl.@hct@on of equality conditions
simultaneously is the complement of the fraction expected not to satisfy any of the
equality - conditions in the disjunction. The joint disjunctive selectivity for a set of

attributes 1, each with selectivity s; is:

(36.2) 1 "“m“ -8

The last statistical information needed is, the performance cost of the partitioned database
in the current time .interval. This is the cmt (Ili terms of the number of page accesses)
incurred when the database mana’gement system answcfs all the qu_eries in the usage
pattern. Th,i‘s statistic is the sum total of the number of page accesses made in answering
queries since the last repartitioning point. The parameter acquisitor updates this figure
everytime a query is made to the database. This statistic is used to detellmtne‘ the extent
to which the partitioned datab;se performance cost comes closelto the performance cost

that had been estimated at the prevhus repartitioning point. If the partitioned database
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performance cost is not wmma a mmbh distance from the performance cost that was
forecasted for it, then it may be comhded that the current uuge pattem no Ionger
reflects the forecasted usage pattern and that the current attribute pamtion is no longer
suitable. If the database puhmum is diagnosed a3 such, then a repartmomng of the

database may be initiated.

When fepartitioning is Itnttmed ata repnmhgpotm, tﬁ parameter a¢guisitor
takes -the statistics collected in the time interval m‘m last repartitioning point (and also
the statistics collected during previous time intervak) and forecasts ?qumeters for the time
interval up to the next‘ repartitioning point. Sﬁdﬁuﬂy the parameter acquisitor forecasts
the following parameters. |
(a) The frequency of occurence of each query type.

(b)  The size of the relation and the average blocking factor.
| () The average uiectlvity of each attribme |

A thorough discusston of the expenenual amoothmg forecasting techmque that
should be used for the purpose of predicting the sbove set of parameters appears in [15) and
{7 we will .o‘nly give an outline here Intuitively, exponential smeothing uses a weighted
moving average that is based on two sources of evidence: the most recent obmvat!on and
the forecast made previom!y The new forecast s eqml o a puunuge (known as the
smoothing constant) of the recent observation plus the complement percentage of the previous
forecast. Expommm smoothing has a number of advaniages including simplicity of
computanon minimal storage requirements, adjustability for res‘pons!veness. and
generalizability to account for trends. A varjant of ewﬂ smoothing known as adaptive
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. forecasting may also be used. Thls tectmique uku trends in the paumeters into account, It
~isan emclem technique and more reuable than exponmual smoothm, ;nd may be preferred

to simple exponentm smoothlng m some cases, For a thorougt

_discussion of the different

forecasting technlques the mder Is referred w the mo wpﬂu . d above.

7. Re ,“,rt ?;.9 el P° .

Ryl

Dafabas‘e 'repartitlonlng points may be determined in several Qays. Rjépartitlonlhg
may either be initiated by the database administrator whenever the database administrator
deems necessary, or may be initiated by the parameter acquisitor. One way to have the
paratr;eter acquisitor itself initiate repartmonmg is to require it to prepare at each
-repartltior_nin_é point a forecast of the usage pmam“\and. the database parameters for ‘a‘
number of pe'flodic checkpoints into the future. For each checkpoint, the performance cost of
~ the. partitioned database is foro;casted. During the course of rnonitdring the database
ma négement 'system and the performance of the partitioned database, whenever a checkpoint

is reached, the p;nmeter acquisitor compares the observed performance"cost with the
' perfqrm_ance cost forecasted at the previous repartitioning point for that checkpoint. If the
observed-égrformance. is inferior to the forecasted performance by a margin that is not.
acceptable, the .parameter acquisitor m§y conclude that tﬁe current partition is no longer
suitable for the current usage pattern and should then initiate _repaftitioning. ~ When
repartitioﬁing -'Is initiated, forecasts of the usage patterﬁ .and database parameters are
prepared for a number of periodic checkpoints into the future. (Flﬁdiﬂg the optimal set of

checkpoints is itself another database optimization problem We refer the reader to a brief
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discussion of the prablmv of apciml determmm of repam&mhg points presented in
Section 7.) The attribute. partitioning: heumtics are then invoked wﬂad a:suitable pamtion
that is optimal or near-optimtl for the forecasted uwge plmm W the proposed partmon is
different from the curfent partition, the cursent attribute plr‘ﬁim hﬁtumt esﬂmated for
the forecasted usage pattern, If the cost of the pw ptrm s lea than the cost of the

current pamtnon by a- ma:gm that justifies repu'tﬁum the Nplfﬂthutng of the database

is carried out.
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CHAPTER ¢

COST ANALYSIS AND THE FILE 008T ESTIMATOR

B

In t’hls chapter we wlll malyze the cost ‘of reeolvlng lnd emwerlng a query made to

| the database and descrlbe how the file cost estlmator derives the eotal system performance cost
._for a given partltion and a set of querles (Henceforth we wm use the term partmon
performance cost to mean the performanee cost of the kdatabase mamgement system
partmoned in a specified "'wey. in respuue to the querkes n the unge pattern Also, we will
use the term’ eva!uaung a partRion to mean the derivation of the pamtion s performance cost

by the ﬁle cost esmmuar) Each of the attribute P‘ e

the file cost esttmator to evaluate partitions they propose. “Thereafter, they sefect the partmon.

with the best evaluation and based on it propose another set o!' partitlons Each proposed
partition is cost evalitated by the me cost estlﬁutor and-the partttion with the best evaluatlon
is selected. This process of deriving a set of part‘ltlom and selectlng the best partition is then
reoeated. By this process, the heuristics try topropose partitions that result in ‘s'occesslvely
better evaluations. So in & sense, the file cost estimator may be viewed as oor. objective cost
function, which the heuristics proceed to m!nimizeby proposingbefterand better partitions.

| We will assume throughout that internal prooe:sing costs (CPU costs) are
insignificant ‘anrl the pe‘r‘forma'nce of the database mntgementsystem we model'is bounded
by input/output operations (page read and wrltes)and hence that page accessing cost

dominates all internal processing costs. Internal processing costs include the costs of query
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evaluation (assumed to be neghg&bli‘) and of mmmg intersections and -unions of TID lists

in auery resojtmon We ayume that. fosmiggm mlarpetic

entirely done in primary memery and.'so does not.incur any page access to storage devices.

Accessmg the index of an-attribute and retrieving - the TID list of:the. tndex, do- lncur page

accesses. Therefore we. tndude thesecom in Mﬂn' mrtition’s: performant

We do not consider data storage costs. th m artition s Mum -v;;!'h_l;' is because

if pege breakage at the end of a subfile is ignored, the amount of storage required. by, every
attribute partition of a file is the same. Nommrhw mmssmmmmwome area
required for that file will be the same as that for the one-file paryition plus an insignificant

number of pages due to page breakage. Whenuptmm an agtribute partition, for gach

sttt 3

s_ubfile at most one page canremam mﬂﬂed, . ehetwsam uirement from one

partition to another cannot exceed the maximum number of subfiles 4n the two pﬂwm

Since this figure is '-usuaﬂy -imignmum cempmdwehemi mﬁmgq;reqwm lo

vvvvv

contlderation in the evaluatlon of a pamtion

Based upon the above assumpﬁon& ghe Pﬂfmm cost o( a mmtton Will be the

cost of accessmg the subfiles in order to answer the queries u) the W pm Siace, page
access cost is proportional to the number of page Rccesses, OUT cost, am;m will solely be
concerned with the number of page acces;ses’}tngurged,{li\qiapswem,g@ query. Before we
discuss the file coet esé!metor.»we give the page access analysis for. each of the squem.hl

search, linking, and indexing -access paths.

Tvll}hsu can be
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z__s_mmume

~If a query’s method does not specify any index to be searched (this h;ppens if none
of the query’s selection attributes irg mﬂ&d, or if the query eﬁl_uator deems thg indices
USC"QSS for résolving the query), then the ﬂmmbﬂbnf the muhodms to be}se:q‘uentially
searched in its entirety (the rest of tbe waﬂu will be sanbed uslng links) ln a sequantial
search all the pages of the subffle are remcved and their mbtuplel are matched against the
attribute value specmed in the query selection pred!atu. and ' the TIDs of qualifying
subtuples are stored in a TID list. If F, lsthe wbﬂlethat is b;l;ig-'seqﬁentially searched, n
the number of tuples in the subfile, and ‘b, - theblocklng factor for F, then.the number of
page accesses will be eqﬁal to the number of pnges in the subfile: |

rn/bﬂ |

- The blocking factor b; is equal to the ;ysggm page size S ?t\l:lﬂd,eq[_ by the l_én‘gth .of the

‘subtuple. If A, is the set of attributes in subﬂle‘ ?; .and | the length of attribute a; then:

LS/Z.' “i ‘I-

2. Tuple Retrieval Using Lin

Assume that we have a list of TIDs pointihg to the subtuples of a subfile. We want
| to gorﬁéh;é the number of page accesses incurred lhvretrle'vinjg the subtuplesl with TIDs in the
list, (Such a TID list might have been obtained either by a sequential search on a subfile, by
fo)lowing a previods link to 'anotﬁér subﬁl;. bf )ihdeklng on tn '_;ttrlbute. or by fofrhing the

intersection or union. of TID lists obtained in any of zh.-prgubu; ways) In any case, an
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estimate o,.f the number of TIDs in the list (which is equal to the numberof 'k‘tuple.s to which
they point) is readily aveihele-‘fm the ‘ jeint selenmty of the auﬂbutesthat have been
resolved so far, whose resorurton has resulted in thia 'TfiD lig. If s _is the joint (conjunctive
or dlSjllnctiVe. dependlng on whether the query ls eon)umuve or dhlunctlve) selectmty of all

év G

A attributes that have been consldered tn the crutton of the TID list, and lf n. Is the number

s MRS AR SRR Gy ¢RI

of tuples in the subfﬂe, then the Iength of the TID list is tg?roxlmwed by san.

¥ éeu »?v

Our cost criterion ror performance optimiuum is tbe number of page accesses: ln a

Eate SE 4‘ imr&@

paged memory environment in whlch tuphs tre blocked m;gther ig eagu. we have to

i H ‘_sr . e e B

translate the expected number of tuPle acoesaes m tht expemd numbet of page accesses. The

L ».z»,_m.-«

expected number of pages to be accessed is always less unn or equ:: 5°£ the r'umber of tuples-
to be accessed because two or more tuples may mide on thc nme paga In our model of the
database management system ﬁnding the expmd nﬂmber of page accesses ls rehtively easy
‘because of the fonowing properties wm hcld a1 rau!r cf thé auummom we have madeé

about our file and index models.

1= The TID list is ordered.  Whether: the TID st s m*shyvae‘quential“.searcmng.
linking, or indexmg it is ordered (i.c. sorted ln MM or. decmxing value) and
_subsequent intersections and unions: pmthh m WYW the TID
list assures thlt each page of a subﬂleh%m at mmt’ once '(slnce' the tuples are
retrieved in the sequence they reside in the whﬂle This pmpaty also eltmtnates the
need for large buffer areas in pﬂmury memnry to m quwt opmthnS.

since at any instance, at most one page will-be in: prmry umy.)

2-  The TID list is hot redund;m; 'ire.. no TID wetrrmoﬂ!thln once'in the list. -
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3 The TIDs are dtstrlbuted uniformly over the TID space. This property is assured by
our assumpuon in Sectlon 34 of mdepmm among m occurence of attribute vatues
in tuples Hence all TIDs appear with equl! probebilky in_the TID list, and the tuples

-they point to-are scattered uniformly throughout the subfile.-

These three properties of our model of tuple access makes,,.t',he zrans!a;t,inp of the
| "number of tuple accesses to page accesies relatively mle. BIM upon these three
_ Apropertles. Yue and Wong [40] have dertvedﬂn number nfme accesses from the number

 of tuple accesses in terms of the recurrence relfation 421,

(4.2.1.9) : . AlnbP) =0

' ' . neeb n
(4.2.1.b) A(nbyrel) = Alnbr) + —

In the above formula, A(nb,r) is the expecued number ofpages accessed from a file (sﬁbfile)
.with n tu’ples‘ (subtuples) and b tuples (mbtuplu) per pugewhen retrle;ing r tupks
" (subtuples). (Note that r=s+n in the cost analysis above) The computation of 421
involves on the order of r multipllations and r divmom. md is therefore quite expenslVe
to compute. By the technique of generating functlons. we have solved the recurrence relation

4.2.1 and have obtained the closed form solution 1.2.2 for the mlmber of page accesses.
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)y,
( : ) ]

The above formulation has the ;dnn’tlg‘é‘" over the recurrence relation that it can be

- - . . . ) 3 n' .
(4-2-2) | . A(n.bﬂ‘) = - [1 f-
. ) b

computed more effictently, “A'detafied derfvatioh of the formulation 422 (hereafter called the
in Appeﬂdtﬁ“l“m “t¥abers 18] md Yio (37] have also.

¥ ipaie ccess Rinction Bling the hypergeometric distribution of
probability theory.) The formulation 422 ﬂio admits of a simpic interpretation. For an

iy

page access funtlioﬂ)*m,b! «

‘“d;ep?ndentty‘ arrived at ¢

arbitrary page in the file, the prbbability that n aw{mmm uuy of the r selectéd‘tupus

is the number of ways of chooslng b tuples from n=-r tuples, divided by the number of

: '*4,‘&‘-'("’:,“’-‘ ;

ways of choosing b tuples from n tuples Hence the ' number of page accesses will

be the number of pages (n/b) times the comp!emu afm ‘W’e .

During the course of attrlbute pmmanmg the am‘m parmmmg heuristics
repeatedly call upon the file cost estimator to evahute putmom Every ttme the flle cost
estimator ev;!ua!es a panltipn. it has to estimate the costol' ‘answering each of the query types

in the table of query types. Estimating the cost of;mmﬂng uﬂch query type ‘inlv_olve‘,s

S i -

computing the number of page acceses incurred in accssing each of the subfies that
contains an attribﬁte in the ielection or projectloﬁ ounpmenu of the qu&y‘type. Since for
each such subfile, we have to compute kthe page access fanction itis tt’nportam‘that the page
access function be computed as efficiently as possible The ptge access ﬁmction 422, if
expanded, will take on the order of mm(b,r) mump!icauom pef eompumlon Although the

page access function is much more efficient in compuhtlon than the recurrence relation 4.2.! '
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, (smce b is usually much smaller than r), oomputlng the me access mnctlon in its exact .
form 4.2.2 is still too costly for our purposes. lmmd. we use the foﬂowing approximatlon to
the page access function (wgguted by Mkhu! Hamer) ln our ﬁle cost estimations:
- blogll - --—-w-—-'-—-r '
. o o ke n-®-1y29
423) o Anbyr) & ;‘[1 -9 o ]

The approximatlon 423 has prom to. bt very m:. ukhg mly 3 mmm number of

multiplications and divisions per computation, and has the advantage of mreme accuracy for

alm everycombimionvf n, b,and r 8]

Using the index of an attr_ibutgofi ﬂle (or subfile), in order to retrieve tuples that

have a given value for that attribute, is composed of three steps. The first step is accessing
the non-leaf pages of the index to get a polmer to the TID Im of tuples with the given
attribute value. The second step consists of retrieving this TID llst The third step is
retrieving the fuplcs, that the TIDs point to by retriéving the pages they reside in the subfile.
| A detailed auatysis:of*ndcxing costs appears #a Chan'{7] and we will not reproduce it. We
shall only mthere the ﬂn.alrexptusl_on derived hm “The-average cost of using an index

is:
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Mog S/ﬂ !J ftn + LisdyS]T + Nuaut.}lu;S'! 13 Mh. un)

where n = number of mples in the me

o

" = blocking factor of the !ndexed tttﬂbu&s subfile

L - length of the indexdd stribute

s = selectivity of the indexed atiribute

" u, = average fraction of index nod!plg’e utitization

u = averagefmmdnﬂexh-fpwzmm ipy

S = system page size. |
The three terms of the expresslon are the Wm of mmm :tepa, The
last step of index use, i.e. retrieving the qualifying tuples, actually mrs if this attribute is

ﬁn& m cases, the

. the only ‘one whose index is. used: wwm@t‘m

intersection or the union of the TID lst obmnd ?i'am the second :up of mdextng is taken

ST 0 Nk A R g
Fre q,(.m‘;, R4 :

with other Tm ists before the tuples that a are pm o are retriéa

4. _ File Cost Estim tlon

. rogused.by the partitioning. heuristics
po +comt - of edch

. pm;lmsed partition is tﬁmb‘i mm b apepies **m’m“‘wxm“d

estimatihg the cost’ of answénng each query. (This ubb is pmided» by the parameter
| acquisitor and is a forecast of the dltabase usage pum for the ext tlme !ntuvai) Each
query type in’ the table is passed for evaluation to the query evalemr The query evaluator

uses the Least Page Access mamgy and thereby produces s near opumﬂ method for the
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query. (The Least Page Access strategy, as described in Ser.tiort 3.5. sequences the subfiles that 4
are to be linked nccording to decreasing tuhfiie biocking facwr) o

The file cost estimator receives the metitod for the query If any index is specified to
be accessed by the method the fiie cost estimator uses the oost expression for Index use to
'compute the cost of accessing the indioes If no. index is specified by the querys method the
i‘irst subfiie in the method has to be sequentillly surched and the cost of the search is the‘
number’ of pages in the subfiie. -(The reason that the first subfile ‘must be sequentially
searched is ‘that initialiy there is no TlD Iist on hand that would restrict the search to [certain
pages of the subfile Sequemial seurttiing mty be viewed u 2 iimiting i‘orm of linking, where -
each page of the subfiie has to be retrievod.) , ln either case, ie. if indices are used or the
subfile s sequentially searched the joint sehctivity of the attributes resolved so far can be
readily computed i‘rom expressions. 3.6 11362 depending on whether the query is conjunctive.
. or disjunctive (The set of attributes i in 361 atid 862 is tite set of attributes resolved so
far.) The remaining subt‘iies of the method are sequenoed and are to be Iinked in the
sequence specified by the method. Using the approximation to the page aocess function, the |
file cost estimator computes the cost of accessing the ﬁrst of these subfiies (Observe that r,
the number of tuples to be retrieved, equals the produd of tlte joint selectivity of attributes
resolved so far and the mimber of tuples in the subi‘ile vn).k The access cost estimated i‘or_ this
subfile is then added._i.to the cost of'indexittglseqtlenthl tearc_hing. The file cost estimator
then derives the new' joint seiecti\rity i‘igtire by inciudingtheoid Joint selectivity figure and
the seiectitvities of all the attributes resoi_ved 'itt thisstep of thc method in ex‘pression 3.6.1[3;6.2.
The .cost of linking to the "remaining subfiies of the methodinthe sequence soeeified is then

computed for each successive subfile in the same way. The cost of accessing each subfile is
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added to the accumumed eost. and the joint Mmy is upélud accerding to the
selectivities of the newly rmhred lm'ibutu Whea m subﬂh mtm ln the method the file
cost estimator will have computed the cost of resomng the query and also the jolm selectivnty
of the query (and hence the number of mﬂu sem by the qmry). Tbe ﬂb cost estimator
then computes. the cost of amweﬂng the query. U:tag the appmkmﬁon m the page access
function and the emmate of the number oftuplu M m m by tfhe query. the file cost
estimator estimates the number of pages that nnd to be retrnvd fmm each wbﬂle that
contains any of the projection attributes. The on!y wbﬁle mm a pfojection attribute
that does not incur pagt retrievals in the answeriﬂg phue is the lnt wbme m the method of
‘the qucry This is because the pmjection mﬂbum ta this Mh can be retﬂc\md as Lhe
selection attributes of this subfile are being resoived “The cost awwhted in the resolvlng
and answering phases is then summed to give the cost uﬂmue fst the query A querys cost
estimate is then multiplied by the frequency of the qmry type to gat the total cost estimate for
that query type. Finally, the sum of these weighud q\m'y cost esthmtes is the performance
cost of the partition (in the context of the Foream nage plttem) v |

The file cost estimator is ca“ed repettedty in the procm of attribute partitioning It
is imperatwe that the file cost esm'nator be imphunnnd efﬂchntly Note t!ut by c|usterlng
all querles with the same type into one entry of the query type table, we have already reduced
the totahty of the queries in the usage patu.'m imo a uh&vdy smlﬂa’ ut of query types
Hence, the number of the Iterltkms required by the file cost eltimtmr bts a!ready been
reduced AIthough f’urtber clumﬂng measures ltke the mum md clmtering schemc
of Belford (5] could be empbyed to still redum the number of qm'y typcs. the degree of

query clustering we have employed has proven mmchnt for our pmposu. Tests show that
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the rne' cdst estiniator (as programmed in the progn hnguagc MDL [26] on a PDP-10)

takcs somewhat less than a second of proceuing ttme to estimate, the cost. of a set of 100‘
cqnjunctive and disjunctive query types. Furthermore, when queries are addlttonally
clustered correlation lnformatlon about attrlbtm oacmeoces In qucrlu will be tnevmbly lost,
and. estimates based on clustered queﬂes will be less relhble Therefore further qucry

c|u_stering is not advisable.

6. Repartitioning Cgigg

- The cost of revpa_rt'mgnmg'fth_ef_attﬂbm p!rtltlon Bcomptmd as fbtl_ows: if at a
reparti:ionil‘tg, point, the new partitlonhu wbﬂlu Fiets o o F  In common with the old
partition, then only subfiles F " ......',.F., : haye, to be rctrlqud.,mqnized, and written back
on secondary storage. The total page accesm required to do this will be twice the number of

pages in each subﬁ’le:‘

2 zi.i,.tr"/bﬂ
The above cost is based on repal:tltljo‘nln'g- alf the subfiles F, ..., F, simultaneously. Le, the
pages of each subfile are read in sequence along with the pages of the other subfiles, the
attribute values are then transferred from one subfile to another, and’ ﬂn{my the pages are
written back onto secondary stﬁrage. Each page of a subfile is thus *gbqessed.only twice, once
for reading and once for wrltlﬁg. | |

| At each repartitioning point, the perfomunde cost or. the partition proposed by the
pa-rtitlgmng' heuristics for fhe next tlmé interval has ajready been 'computed.' The

' -performa.nce cost for the current file partition for the next time period is then computed. The
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two are compared and if the proposed partition offers a performance cost reduction greater

than. the cost of repartitioning, then the file should be reorganized according to the proposed

partition.
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CHAPTER 6

THE ATTRIBUTE PARTITIONING HEURISTICS

In this chapter we present a number of heurhtk:s for pat’tltloﬁing the attributes of a
amuad upplied partition and 'am‘v‘es from it
a superior partitlon (If the heuristic is not abie to lmpfove on the supplied partition, the

file. Each attribute partitionisig heuristic starts with

heuristic wm terminate and retum the mppued pamtion as its result) Therefore it is
possible to apply the attrlbute partittontng hetmstia lh wcoession with each heuristic
startlng with the resultmt partltlon of the preeedlng one and produclng a partition that is as
good as the p.recedlng partltion. We say that a heurlstic is nlevant to a partition if its
appllcation will result in an improved partltion o

We have performed a number of expertmts on the attribute partmoning heuristlcs
" The overall results of the expertmentation performed on each heuristlc is included in the
di.scusslon of that heuristic. Since our most extenslve program of experlmentation was
| abplied to our main heutistlts. we have devoted Section 7of _the chaptet entireiy to a detailed
discussioh‘of that subject. Before we proceed to describe the heuti;tics. we will first establish
" the necessary terminology for the subsequent sections.

Let P be a partition of the set of attrlbutes A of a ﬂle into disjolnt subsets. Each
subset of A is termed a block of attributes, the ith block of the partltlon ls denoted by A, .
“A block of attributes may be viewed as a representation of a sub’ﬁie;' ie, when a file is

partitioned according toa given partition P, each block A; of P is directly implemented by
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a subfile with attributes drawn form A;. If M is the number of blocks in the partition, then
Pe{Al.). AinA=¢ forall isj,and VL =A. Thetrivial partition P° has been

defined previously to be the partition where every subfile contains exactly one attribute.

That is, P® = {AD)],, , where AD = {a] .

One way of fmdmg the opttmal partition is to produce au pamttons of the set of
attributes, and evaluate each of them with the ﬂk cost estimatot in order to idcntify the
partition with the best performmce cost. Thts exlmmive enumﬁon approach is not a
viable partmonmg strategy because of the hrge mmber of posﬂbk ways to pamtion a file.
The. number of distinct partlttons of a set of m elemmts into di&jeint mbset! B(m), .is
known as the mth Bell number. Unfortunately thm is no sirnpk expfeaton for B(m) that
we can analyze in order to arrive at its compbxtty Hmver. Moser and Wyman (27}
provide an. asymptotic expansion for the Be%! numbers. This uymptonc expanston is in
terms of the solution to the equatton xe* =m, znd hence is not m clmul form me this
.asymptotlc expanston it is possible to derive the foﬂowing asymptotlc upper and lower

bounds for the Bell numbers [28]'

(5.-1.1) : B(m) = o(m™)

(5.1.2) | | et "™ = o(BUm)) ,. >0

whtn-e ¢ is any non-zero positive real number.. (Themm : Mwaﬁt«mdenam that
liMpyco FM)/g(M) go.) The two usymptattc bounds mwwmmm we see that

the number of partitions of a set of m elements into disjeint subsets asymptotically
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approaches ciose to m" (or equtvaimtly cioaeﬁq 2 b-".)u m appromhes infinity. By
this we mean that ¢ may be uknu;mannam a mu,it i; positive, and - Blm) will

always grow faster than m' - 9" Tharefors for aum;m the number of
distinct  attribute partitions is prohihitimhiqh t0 vm;m;ﬂehwuive {enumerauon
approach feasioie (for themmlammmqm with any number of
v'a’ttrib'utes). . As an exlmah; a flle ‘containing . 10 mtaacan .be partitioned into

- B(10) = 115975 difrerent gamdms. . with. the ‘exhauative enumration

approach is that generating.all the Bim) different partitions i not an.easy task: A program
written for generating all_the partitions..of a. ut of, mih»m (lnd which was!-uaed to
exhaustively find the optimal partmop -for a sumber. of. mpmmm; prebiems with ,
ot more than 8 attributes) Mumd storage, space that grew. fagier than Bim) .

L The heuristics we have considered in our work and deacribed in sui)sequent sections
iare all stepwise minimization heuristics Stepwise minimiution is the process of carrying out
“an optimization task in a series of steps At each atep a oost criterion is optimized to the

extent possible Each step that follom carriea theoptimiution stiil further Finally, when no
further optimization can be performed at a step the swpwise minimiution process is
-terminated. In the case of the attribute partitioning heuristics each heuristic starts from a
‘predetermined partition, and in each :tep tries to come up with a new partition that is an
Aimprovement over the partition of the preceding step By improvement we mean that the

performance cost of the improved partition as evaiuated by the file cost estimator. is less than
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the performance cost of the previous partition. Once an improved partition is found at a
step, the next step starts with the newly found pattiion ‘and tries to find “a still better
partition. This process of incremental improvement'is continued until no partition may be

ered in the'tast step of the heuristic.

found which is an improvement to theptm
The last panitim fs t‘hevl returned by the: hmﬁaﬂcis ‘e’ resulint ptmtlﬂh of the heuristic.
The intermediate partmon found at esch step of the mrm pnrmm: heuristics. will
depend on the partmen of the fast step, mw‘fwmm query types.

At each step of the uitiibute partiioning Hearlitici we ‘have considered, the
irf’sproved“'-bartititﬁ is obmmd from the pmmafm Wupb’y either 1- grouping
~a number of hloek&ofma ummm wmﬁ ﬁagkbb& or by 2 dégrouping |

‘m.r veuristic we Have considered

a block of the previous pam mmwm o

differ from one another in two respects: |- the mﬁbme plrtmon tlm thcy initially start

R

Q;:\v» S

- with, and’ 2- the mannerbmulthhchmf ﬁ&tﬁkep

| In our work we apply a heuﬂstk to an in!thl parmion tmtil ln the course of
| stepw:se mmimizauon, the heuristk pmdm:es i pmm upm which n an no Ioager
d:mprove At this pomt we my apply a ucand hamlm to the mm pammon of the fnm |
heunstlc Aﬂer the appﬁutm of the mond Mumtic. a ﬂﬁrd mm my be appﬁed or
even the first heuristic may be reappmd ssiaee a mm ahvm mn na partition that
is as good as the partiuon thatit mmwh kbmmmey number of
heurlsncs in successton and never get a m m a hw performume cost (and
occasionaily get an lmpi‘wed partitiea): Hemm md ﬂn mm we consider are best
succeeded by ccrtain other hesﬂstk:s In tm dma‘ ud! m& we Wm make it clear

if the heuristic performed- wﬁl auugh to warrant ftmher uwmaﬂon and if 3o, what other
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~ heuristics _wer‘evltried in‘ combination with it. ‘
| Note thnt one mode of opention v)e do not oonsider is trying a iieuristic for anly one
or.a few steps and switching to another heuristic before the first heuristic produces its finai |
| , resultant partition -Our mode of appiying the attribute partitioning heuristics Is based upon
| the assumption that if a second heuristic is relevant to an inoermediate partition produced by
a first heuristic (that is, the second heuristic can improve upon the performance cost of the’
intermediate partition), thén the second hduiistic will stilt be relevant after the first heuristic
has terminated. This ‘assumption is mde in order to redooe to a manageable size the
probiem oi‘“*deciding whicli heuristic to lppiy next.
We shall consider a number of heuristics in the forthcoming sections. However, the
_ _pairwise grtiupingl heuristic described i the nextsectiohistiiemain heuristic of this work -
an_d we uiiil att,ernptfto describe it in full detiiii. In our experimentation, we have found that
 the cornb'ination of the pairwise grouping heuristic with ‘a second heuristic "(the"singie
attribute degrouping regrouping heuristio) to be sufficient for the purpose of attribute

partitioning within the context of the database menagement sysiem we have considered

2 Pairy

The pairwise.grouping heuristic begins with the triviil partition P°> and generates
all partitions that can be obtained by grouping together puirs oi‘ blocks in P°. For example
if A {i 2, 3 4} are the attributes of a i’iie, the pairwise grouping heuristic begins with the
trivial partition of row 0 of Figure | and produoes all the portitions of row | of the samel

figure The heuristic then evaiuates aii the genented partitions with the i‘iie cost estirnator.
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and finds the partition (c:H it P') whose permu cost is tln Teast of all the genmted
partinons ln other words, assume O(P) to be the pd’mm cont Qf pﬂ!mnn P as

dgtermin.ed by the file cost estimator. In the ﬂm w of’ tlw hmmu:. the foﬂo‘“"ﬁ

minimization is pel‘formed RS ) R pe
63 | mils‘d“Q(P?}g)t

.where Pl ={A?, .. A} uAh,..A..; Let j and k. mmeumm:mmm;uhu 164t s
the case that CPly < CP%), umm improved partition. P}, »&:m,mn of the first step,
and the second step of the héut_istic bqlnsl”“ﬁ‘! pastition . Py By OW if.it is the
_case that C(P],) 2 C(P°), the heuristic mm(mmmm it

on_as the resuitant
,partmon). In general, the ith sep. of the pairwise g,: ping heuristic mykh _partition

= (A A e AT (Where My :smmqmm #'),m performs the

mﬁin‘imiza_‘tion; o
where Pl = (ALY, AP 0 AEY, L AL . Assuming | and K minimize 532, and if

C(Rj) < C(P"!), the heuristic then goes to step i+1 starting with P Pl Wy = My-1". This
process is continued until a step (‘s&y“uep L) wmﬁrmeﬁp"w@“)ﬁr all j
and k. At this point no-pair ofbhc&sm be fauud thugmpm thgm will reduce the
performance cost, and so !’l ! It nwmed a the Mof Lhepam graupdng heuristic |

The pairwise gmupmg heumtk may b: dnpm ln tem; of a hmce where each
‘node of the lattlce isa partmon Thempmde uthltﬂvh%garmmd lhebottom node is

the “one-file" partmon An interior mde is abumd h7 gmphg W a p&k of bhcks of

one of its parents. Figure | shows such.a huioe for the set of four atmbutu {12 3. 4}
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(from here on we shall use integers to repruent attributes). The ith row of the lattice
éorresﬁimds to all the partitions that could be genented by the ith step of the gﬂ,im)se
gfduping heurlstlf (qulva)enﬂy:_ alt the poatbh partitions. nupwmc',h ;he i+lth step may
- begin). The paifwi;e' grouping heuristic beglm wjththetrlv}al jpartition ;ndé,pzqdu-ce,i_all
the ‘p;rtititlaps that can be mchﬁ by following an edgc {ie, all.the ,ﬂp&,nm@m of the first

. .row). lt. th§n selects the partition in n!gt row wtgh,':fb? best performance cost. From that
partition, it folﬁm éll fhe edges leading downwards to its cp-udm nodes. For example if the

second partition from the left is the best partition of row 1, then in the next step the heuristic '

Row

0 {1}, (2), (3), (4}

{23 41 (3 R0 (AN AZh R U, R AN W2 4 (3] ()R, (3, A

2{{1, 2, 3L 4} ({1, 2, 4), (31} ({1, 2}, (3, 4)} ({1, 3), léjﬂl {1, 43, (2. 3)) - {{L, 3, 4}, {2}} “”. (2, 3.’4"

‘Figure 1  The lattice of partitions.
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would compare the first, fourth, and sixth partitions of row 2. The three partltions of the
second row are all, in' a sense, desirible partmom in that they have been derived from a
partmon that has prcviously been prowd wpuior Sptmaﬂy, ﬂw heuristic assumes - that
the optimal pamtion Is etttrer among the three pmmmmr k Whm bolow them in the
lattice and can be reached by going down the: edge Mthe best of the thrce partmons. The
heurisnc continues to go down the lattice until nene of the ptmuom enmined in arow
’reduce ‘the performance cost. At this poiat. the current p&um plmuon u mumcd as the
resultant’ partmon of the pairwhe groupmg heuristic. ‘ o :
The resultant pamum_ of the pairwise grouping heuristic is not necessarily the
optimal partition.. -On!y a smaft wbset of ali purtmnm are tcmllyexmimd by this process.
- On the other hand, at each stcp. the hynmdw nha the best purtmm among a set of
partmons whose common. pamt was imif selected as best ef 2 similar- set of partitions.
Hence, the resultant partition i optimal: among * subset of il the possible plrtmons and
-Iocally optlmal among aﬂ the partmom of the m ?Ehe aﬁp\m& mmlmwm nature of
the pairwise grouping heuristic is qapttmt fm mmm ahovg, At each step, we |
.mmimue the cost for a mbset of ptnmom that hlve beeu aem on the bam of a stmllar
| minimization in the pravious step ;
. The motlvation behind pﬂmﬂegmha fotiows: Initially, when all attributes
are separated in the trivial partition, these:queries that request two. attributes are answ'_ergd
" Mth close tq minimum cost, while (hose queries requesting more than two attﬂbmes are very
| costly to ‘answer because their mnbm reside in: dtﬁumt wbmu and henee on different
pages. Subsequently, as bbcks of attribute: are grouped,: qmrm requesting a small number

of attributes become costlier to answer because accessing the mﬂbuus will brlng in those




Chapter 5 R - -93- ' The Autribute Partitioning Heuristics

_attributes that are not requested by the query but nevertheieaa reside. in the same subﬁle asa
requested attribute, whie those queries reqtmtinz many attribotes, of which all or some are in
the same subﬁle beeome less comy to anwer [n the process of grouplng blocks together.

point wi" be reached where the reductidn in oost of s

g those queries that are
' benefited by the grouping will not oﬁ‘let the tnaem in eost of anmring those queries that
become costiier due to the grouping This polnt isa Iooll minimum of the performance cost
function | o ) | L
“The Bond :Energy Algoritbm_ of McCormick '. et ?L. , [241 is another stepwise
minimization heuristic that‘ may be used' for the purpoee ‘of attribute p'artitloning Hoﬂ‘er and
Severance 019) have used the Bond Energy AWm to group attributes into blocks based
on the similaritiet of attribute occurences in queries (see Chapter 2 for a detailed discussion of
how Hoffer and Severance {19] utilize the Bond Energy Mgorithm for the purpose of .
attribute partitioning) We believe that our painme groupiog heurlstic, when compared to
the Bond l-:nergy Algorithm, has a number of advantages which makes it more desirable as a
partitioning vehicle. The Bond Energy Algorttbm operates by permuti_ng the columns of a
matrix consisting °f_ pairtvise attribute access stmilarlty measures in sut:h a way that tbe
t:olumns of similar attributes fall close together. If weloo& atthe matrix of pairwise access
similarity .measures' aiter the. algorititm has terminated, we will find tlta_t tl‘ieﬁattributes are
ordered such.that simi:lar attributesare‘_p‘laced adjacentor rie!riy adjacent to one a_n'other‘.‘ A
disadvantage' of tbis algorithm is titat after thiz isamplishged%ie after such an orderin_gnof,
* the attributes is found; it is left to subjective judgementto deeide how to clump the attributes
together to form blocks. The other disadvantage of this algorithm (and one which will be

examined in Section 4) 1s that the algorithm only looks at the similarity of access.between
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pairs of attributes (i.e. between pairs of blocks. each of one attribute) rather than among any
vnumber of blocks containing any number ofattributet ’ o h o
Stepwise minimizttion is basicaity a hiil ciimbing hetmuic sarch technique which
will not necessarily locate the: optimei solution. The soiution achiwed ming this technique
‘may be any af the locai ‘minima; the closmm of the nlution to the optimll partition will
depend on the database parameters, the access paths of the ﬁle. and the usage pattem
~ parameters. However. in the course of our eupeﬂmetmuon with the peirwise grouping
heuristic (to be described in full detaii in Section 5.7). ttie pairwise grouping heuristic starting
with the trivial partition has consisrentty muited in either the optimai partition or in a-
near-optimal partition that differed insigniﬂcmﬂy ftom the opﬁmal ptrtition This has led
us to believe that pairwise grouping is an. attmtive heumtic mmh technique for finding an
adequate partition. for the attribute pertttiontng problem ‘ ‘
The process of peirwise grouping is acimliy the method oi‘ ltnpest descent of the
hill chmbmg heunstic search techmque The ooerdimta of a point on the hili (which_
_ should be. vrsuahted as.inverted. since the mrch is for ﬁnding the mtnlmum point) are the
partition and the per_formance cost of the partiﬂun as de&rmined by the fi!e cost estimator.
The distance between two partitiom is defined as the number of edges on the minimum path |
connectmg the two partitions in the lattice of partttiem. Pairwise grouping is the process of
foilowing the negative gradient from one p_oint_ to an adjacent point with a distance of one
(along the partition’ axis), beginning at the pointuf t!iet.rivhi partmon ’Ct)ttr“cenclusion
from this t:rograrrt of experimentation has been that this “hilf” is prodominantly devntd of
"bumps" (i.e. local minima or points where the gradient changes sign and ail adjacent points

to the "bump" have a larger performance cost). The few "bumps” that accur on the hill
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. happen to be very ciose to the top of the hill in such e way that. these bumps are not
significantly iower than the top of the hiil itseif (the gbbel minima). 'In other words, it
appears that the "hill" which is the peribrmanoe cost oi‘thepartitioned idatabase is rather
"smooth” and the "bump;" that indieate,partitims thatare locally 'rninimum all occur near the
' highest point of the "hiii
| As we will iuiiy report in Section 5.7, the peri‘ormani:e of the pairwise grouping
heuristic is’ extremely good, managing to improve the: performance of the database
".management system by a factor of 5 with respect to the one-file partition (ie., the
unpartitioned file). The resultant partition of the pairwise grduping heuristic was in all cases -
either optimai or near optimai To determine the extent to which the partition produced by
the pairwrse grouping heuristic is optirnal (by oomparing it with the optimal partition) we
| exhaustiveiy produced the optimal partition for cases where m was_less than or equal to 8
(B(8) - 4140). For cases where m was gmter than 8, “we either manually | generated
' promising partitions, or appiied other heuriatics to the resultant partition of the pairwise
.grouping heuristic. In all cases. the resuitant partition oi‘ the pairwise grouping heuristic was
either the optimal partition. or was within a few percent of it. In the few cases where the
resultant partition did not coincide with the optimal partition, it was observed that some
blocks in the resultant partition contained one or more spurious attributes that, if removed
from their blocks, improved the pertormanoe Theu spurious attributes, it turned out, were
inserted in their corresponding blocks rather eariy in the minimization process. That is,
although a spurious attribute resulted in performanoe improvement eariy in the grouping
process (in other words a spurious “attribute was attractive to its block), later on, as morel

attri‘butes were added to the same block, the -spurious attribute was no longer attractive to the
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augmented block, mwnmmm«mnmmbhcks became
beneﬁciai In Section 6 we will describe other wepm minmwion heuristk:s some
intended to eliminate this defickency of the patrwise m heurislc.

The major ditadvantage of the pairwise grouping »hwrmc-h‘ ks slowness. Every
partttton that the heuristic produces by g‘rouphg a pﬂr of Ml Msto be cost evaluated
by the file cost estimator. Let us see, in thefmmdurqm wtmmnmmwon 532, how
many partitions need to be cost esﬁmated In mwmm w itavé tiwmed that.if the

file has m attributes, then on- Mlvmmmmm& fml@"l steps. Thls is
a reasonabie assumption in that the hcurimc may item'. mywhere t‘rom l to m-1 steps.
(Our analysis will still hold as fong as the number afwep isa constant fnction of m) The
improved partition produced ata mp Ms meuy one lm biock m the partitlon of the
previous step, ie. M =My -1, and the ith nep wﬂi mrt \mh a par!mon that has
My =m-is+l blocks Under this aump&on the final: pamtlm pfedaced by the heuristic
'has Lm/2 ]+ 1 blocks: there are [m/27- 1 steps. thttprodwe an improvemm and a final
step that produces no improvement. Themfun at the Mi snp, there will be
“binomial(m-i+1, 2) partitions gemntad that need to be cost atiﬂmed On the average. the
total number of file cost estimattons will be: i "
[mf27{ m-isd ‘
211 ( 2 )
The above éxpression is of order} m® This erder is qum btge. md it ts desirable to reduce
the partition search cost by doing either of the foﬂmmvg two thingn. I- reduce the cost of file
cost estimation by evaluating partitions in some other manner, or 2~ reduce the numbcr of

file cost estimations by cost estimating oniy some of tiie partitions generated at each step of
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. t‘he.heurlstic. The next section will invemglte lhepossibng ofmst reductlonby employing
- means other than file cost estlni;uon. Section 5 will invuﬂpu the possibility of reducing the

number of partitions that need to be cost estimated.

Assume we ﬁain;, the partition P = {A, .....,A”} Define the (n-wise) block attractivity

measure o of {A,' y ooy A,"‘) c P to be themst redumon(or lucruse)obmned by érwplng
the n blocks together: | | |

If o({A; ,... &) Ji P) Is positive, then partition’ P.may be improved by grouping A, ,..., Ay -

RLUEAE - AP s negative, thengrouplng {A,’"..‘.... A,‘) will increase the performance -

cost. The pairwise grouping heuristic cost estimated all_partitions Py, generated by

grouping together blocks A, and A, of P in the ith uep,md;glected the partition with

_. minimi:m cost. Since (}(P) 'Wa; ;vaﬂab_lé from the ptequs ftepf_ cost_estimating ‘arll Pk
‘where 1 s.j‘Q‘k s M;_, s equivalent vto:fi»ndlng all the block gmnttivlt!a o({A;, Axli P), and
mlnil"r)iling' C(Pjy) is equivalent to finding the :mxlmum__{vg!uev’ for ou{A;, Ak P) where
l1gj< k.‘s Mi.i .  The two blocks A, and’ A that quimlzﬁe g ar_é then grouped in going
from the current step tb the next.sggé. (T hey are grouped only if Q((A,; Ac); P)>0) From
this' discussion, we see{thnt a stgp of pairvyg{sg grwplng may be viewed as the process of

finding the pairs of blocks in a partition with maximum attractivity. .

In the previous section we noted that one way the Ap‘atrwise grouping heuristic may.

be made more efficient is by refraining from file costemmanm 'Tb;at is, by computing the
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block ai-ttracuvity ‘Measure m( afl paifs of bbckswmmt resort to file cost estimation.
| .I In order to avoid wting o; ;' we may tryto find an appmmrlmto it that is
easily c.t.;mputable. " An approximate block amr.emtymm mpomeemm qualities -
of the (zdul) block attractivity meuure w in ‘order to gmmme thtt the outcome of the. :
pairwise grouping heuristit mg ﬂwmp!wmmn n mm ﬂ”ﬁiﬁ e(ttwne usfng
the (ideal) block attractivity'mea_wn (thg mmweeﬂl -« the idea! mewm is ;hat no other
measure can be better -.thm" fme fite cost ummmn). Below weghm a number of pmperﬂes
that a cam_:uda't;: _measure 'for thé approﬁniﬁan to the Mtﬁﬂeﬁvky meuure must
necess;arily possess | |
I-  The candidate measure should depmd ot only on the set of blocks in the partition that
. their attractivity is being wmpuw butthomm ‘the reit of ‘the attrtbutes are
blocked in the partition. Thnt is, the m ut of blocks my luva a different
attractivity dcpmding on the partition they are in, Beciuu“af tht:, We just camnot |
compute the attractivity measure of a pah- of blocks by*mudermg omy the p‘air of
blocks and their attributes. Rather, attractivities must be computed I the context of the
pa.rtit.ion as a whole. Cum!"qﬁenﬂy. the tmwvuymwnufa pair of blocks In a step
of the pairwise grouping Mﬁfistit depends-also on the partition reached at that step. (i
this were not the case and the candmate“me(wndzpended onfy on the pair of blocks,
then it will become possible to redistribute the’ attributes In the reit of the blocks such
that the ideal |;1easure changes and becomu of:dﬂrerem sign signifying that th? pair
of blocks have become attractive or unattncﬁv;;’ﬁmlt the candidate measure remains
unchanged.) It is féf this reason that the attractivities computed ‘in a step of the

pairwise grouping heuristic cannot beu sed i fbure shess.
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H

2-  The candidate measure must be computed by oomlderlng all queries made to.the file.

3- . The candidate measure should be applicable to biocks with any number of attributes in
them, rather. than:just being appuobh t0.blocks containing a-single attribute. |

4- | It must be pbnlblé to compute the a‘ttn‘cti‘vit.y;of‘ any numberof blocks; Le. the

| ‘ candidate measure must be an n-wise attractivity meuure "'We need this capability

because some of the other heuristics we shall consider require the mutual 'attractivity.of

more than two blocks. One m_tgﬁ( assume that the attraalvlty of a set of more than two

blocks can be obtained- Gy applylng the ptlﬂme musure to all paifs’ of block in the set,

and tﬁaimg the n-wise measure the sum total of the palrwfsemasures This is not true

" because the péirwgn‘ Attractivity measure is not transitive. ‘For example, if blocks A,

: | and A, ife ka'tt'ralctvive‘. and llkewise blocks : Azand l,. we unnot :cqncll'lwd‘e that it is

* desirable to block A;, Az, and Ag into the same block, because blocks A, and A; may

" be unattractive to each other.".: Even if it were the case t'h.'a't ”'a'Ilbpiﬁ‘s of A,,A,,and

A 'welje'altt"r‘aétive;‘ there is .n'o reason to conclude that all three bioéks are mimiallf

attractive. chce. an approxim,ate measure must also be an n-wise block ittractivity

measure. (Note that the ideal block attractivity measure is an n-wise measure.)

" We have considered the attribut}é’s\lm'ihr"ny measare ova'bf'fer.and Severance [19] as

‘a candidate for the approximate block a.tmctmtj menure Tﬁé’p;irwite_ dttribute similarity

measure of two attributes (or equivalently two blocks, each containing on’e. attribute) is the

ratio of the information tra,ny’sferred“ (from seoondarynorageto .'pri'ma'ry‘ Wy, for the

plnt‘poSe' of séléciing tuples that satisfy :i’" predldte or for the purpose of "projectlng a value), to

the tatal information transferred from a subfile consisting ‘solely of the two attributes (when
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answering queries that réquest one or both of the mrtbum) .ln other words. assume that thé
two attribﬁtes éxist by menwe%m iﬂ ene ai‘bﬁh “When & query that request one orboth of
t’ﬁg attributes is made 1o the database, a' portion {for some queties i) of the subfile’s
subtuples will be trin,sferred to primary memory &depmdtng on the Joint Aj}s‘eleqlvlty of the
other attributes of the query that have mlready b&u resolved), and only a certain pgrccntége
of this portian will actually be useful data (becmu the ﬁm of the two ;ttﬂsbmmay further
: rest;-ict. the set of tuples 3,0. the tuales that nm!‘y a pndhte on_the attribute). This
 percentage is the ratio discussed above. Thms one such ratio mrm query type. The
weighted average of aﬁ such nﬁes will be the pairwise m simitarity measure of the two
attributes (the weight of a query type is #ts fregpemy)l’mmttdt mmm we see that the
pairwise attribute simﬂarit‘f measure appties to only pﬂnafbhcks.whm each block consists
of only one attribute. (Hoffer {4] describes an em&on af the t&ﬂm;tﬁMhrity meisu.re
that works for more than two blocks, but where mh block stift mmu af one aunbm: only.)
The other protﬂem with the attribute Rccess umthrny mm i§ that it does not depend on
the other blocks in the partition; it just depends on them md tbeme&wre for the
abqvé reasons, we have conduded th;t thc mnmmmmy measure of ,qufer and
Severance cannot be used as an approximate mmrenfthe bh:k q;gtacuvltles.

Considering the above prerequisites for an approxlmate mqsure. and the fact that
. the file cost estimator implemented wrm.out to be rather fast in estimaung the performance
cdst_or'a partition (the speed 'qf__the- file cost uumtor is partly due to theﬂr;ther simple query
evaluation strategy that it uses) we decided to retain the tdeai measure (le the difference
between the perrormance costs of the old and new purtitims) for the purpose of ﬂndlng the

most attractive pair of blocks in the pairwise grouping . heumtk:. Using the ideal block
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_ | attra&ivlty measure, we hope to bring out the ml chancmwu of thc atmbute partitiomng
problem characterlstlcs tbat mlght be blurred and ‘obscured using.a leu than ideal measure.
Indeed, the choice of the.file cost estimator 3 the attractivity measure has proven useful to us
and has allowed us to oomidmbty reduce the lmmber o[ pairwise attractivity measures that

_ need to be computed The next sectlon elaborates on how this reduction is achleved

In the previous section it was polnted out tlm the utnctivity of a set of blocks ina
- partition is dlso depéndant:on ‘the otﬁer blocks of the parmion However, in the course of
| our experimentation, it was observed ‘that if blocks A; and - Az were attractlvc to one
anot_her ata step_ g{_the pairwise grouping heurhnc.:hen ,A,,jnd Ag. remwnd atractive
B 'v'wit-ﬁ almost the same attractivity measure at themutep, wtthmggposﬂhlecxwpuon The

exception is when eiiher of- blocki Ay or Ay were grouped - or with ,anoth;efr’\b'ock)

RS o R

in going from one step to the next step. In terms OftM‘mgtlvtty measure, we observed
that: | | |
14(5.5.1)' - l{An AL P) & .sim,. A p,,,)

._or quivaien’tly that:

| C(P) - C(P,,) x qﬁ.)-cxp,,,’,,) O teral o i» &
where P = {Ai}.i‘-l» Pn - {A,, oy A]”‘h o AM-lf- Py = @l: i AgU Ay' - AM-l}v and |

P,,‘,, - {A., vy A, U Ay ey A,, VA, ., Ayl Tt way abso obmved thmt the attractivlty measures -

- of pairs of blocks retamed their refative order (in terms of uhgﬂltude) with respect to one
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,request an attribute from A, v A.,. then O(P",) O(P) and C(P"',,) - C(P,,,) and the
| query is nonevolattle If the query does not request an attribute from A, u A,. then
C(P )- O(P) and O(P,..,,,) - C(P,k) and the query ts non-vohttle Another necessary
condition ror a query to be vohttle ls that gmM A, and A., should make a
dlfference in the processlng of the vohtﬂe query That is, a vohtlte query must be
processed with a different method in plrtttlon P (or P,y) compared to the method it is

processed in partition P", (or P!lw) lf thia were not the case and the querys method

o .
SEFE s T

‘was the same for both P and P,.,. then the effect that grouplng A,l and A,. would

_ have in the cost of processmg the query wttl be the ume whether or not Ay and Ay, are

grouped and hence wllt ance! one another out tn 5.5.! Thls will cause the query to

Sit ki

become non- volatlle Therefore for a query to be voletlle, it must not only request
attributes from both Ay A.( and A v A, ln tu selectten component. but grouplng A -
and Ay should inﬂuence the method tn whtch the query ts rocessed From this
discussion we may conclude that the queries tn the database usage pattern are )

predornmantly non-volatile.

‘To reiterate, the obser.vation 551 is because the queries in the usage pattern are
predominantly non-volatile, and lf a query happens to be- vomlle it does not signmcantly
determine the attractivity of A and A, | |

Observation 551 has a number of Imporunt | llnpuatlons. First, it says that the
pairwise attractlvity measure needs to be oomputed for aﬂ petrs of blocks only once, and that
the attractivity computed remains valid in subaquent steps as Iong as netther blocks of the

. pair partictpates in a grouplng Second it uys that the attractivities which need to be
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‘the sorted list that contain either one or both of the bloclu partk.tpating In the grouping. It
then computes the pairwiae attractlvity meaaum between the newly created block and the rest
of the blocks in the partition. The newly oompueed attractivity measum are then sorted and
merged with the sorted Iiat. The most lttneﬂve pair of bbdts u then aelected from the top
| of the |ist and grouped for the current step The above proeea is then repeated on the new
partition. |
. Our experimentatlon with the faat palnme grouping heuristk: has been very
successful The fast pairwlse grouping heurtstic oonsequently produoed the same final
partition as the pairwise grouplng heuriatlc produoed in all the tests performed
Furthermore. it was drastically more efﬂcient than the pairwise grouping heuristlc The
extent to which the fast patrwise grouping heurlatlc Is more emctent then the pairwlse
: grouping heuristic lncreases as m increasea and as the number of steps the heumtic iterates
increases (the two heuristics iterate for the same number of atep: slnee they produce the same
final partition) ln our experiments. the fut palmise grouptng hemistic was. anywhere
| between 16 to 5 times more efﬁcient than the pairwise grouplng heurlstlc. Because of its
advantages, we have adopted the fast palrwlae grouplng heurlstlc lnstead of the palrwise

groupmg heurlstic. as one of the two main heumtia of our attribute partitioning system.

6. Other Variants of fhe ghggim ’Mmm‘ ggﬂog Heuristic

In addition to the pairwise grouping heuristic described above, a number of other
heuristics were developed and wbmmmmm teited, We wilt describe the

- following: heufistics:
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I- the k-partm pairwmmm mm,
2- the two most atmct!ve pam M m
3 the trtpltvdse grouping heoritic,
4- the binary de Wecuriatic,
5- the singieauﬂbme W M
6- the double attribute degm Ireuristic,
7- the single attribure degrouping-regrouping Neartic,
8- the double WWW
9 the single atiribute ungrouping heuristlc.,
We will abso give theomﬂmhdwm nmw«»

that the cost cffecﬂvm»fmh mmm mmdm WW mn -

measured agaimt tmmwwmwmuw ma '!M 9 anre

" intended as alternatives w the &u)mmm MW t s Mld\

degroup blocks in each mp)m Wumwmmm omae (fast)

pairwlse grouping ‘heuristic,

K The k-partition mmw mmamm of the

panrwise grouping heuristic. n the mmemmm L W wi!!h mm _
' performance costs are whcwd and M 10 tﬁefmﬁt W M mmp eceives &

partmons and gener&tu afl M?&m M o hmmm by pairwise

grouping of blocks. -Out:of The vet of: : 'mw & apé-agiacted and the
process above is repested. Tie pairwise grouping hstsiitic i3 sl case & tve k:persition
pairwise grouping heuristic where k=1. Thertfore, the W m igrouging
heuristic will a!ways rewk na partition that s at hut s ‘optiaw s mw pmtﬂm‘
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of the balrwlse’ g'rduplng heuristic. The dre?back of this heumuf is its search cost, which.is

| »r.ni_:ku'ghl'y k timesv ﬁ;at of ;he pairinlse grouptngheurmlc. lq view of the near optimality (and

m rﬁost'eases the optvlmam‘y) of the panj_whe groum heumuc. tis net_pgmble to justify the
: addmonal search cost that this heumuc Incun |

2- The two most annctlve palnme grouping | heurmlc We noted in Section 4 that

_ block attractivme: remaln relatlvely unclmnged fwm one uep of the paiml!e grouplng'

- heuristic to another if none of the bloclu putidpeﬁe m . grouplng We also noted that the

' attractivity of pam of. bbcks retained their rebtlve order from one step to anather Hence. in
each step of the pairwise grouping heurlstic. lt h ergv that the few most atmctive palrs of

blocks wm be eventually grouped in wbsequent upl. lﬂd )

wecan deduce that the
two nmt uattra‘ctive‘ pgl’rs‘of blocks in a sep ere good candidates for being grouped
| simultaneously in one step

Having thls In mind the two most attractive pliﬂ'he groupm heuristic was
developed. This heurlstlc takes the top two most mncthre pairs of blocks dn_d grqups both.
paife l;u one 'step. (lfathe top two mostatmcuvepam qr; blocluhavea block in common
 themall three dbcks wllll be grouped in one mp,) Each suhequent steps takes the partitfon
of tﬁe ldst s’tepv and simultaneoiuly groups the two. most at;m:tlve -pairs 6f blocks. Grouping
the two most attractive palrs of biocks has the advanuge that the number of steps required to
get the final partltion is reduced by a fachor of 2 However, this heuristic has the
dlsadvantage that as the number-of attractive pairs dlmlnnhu._tomrds the end, groupmg the
top two pam becomes too arbitrary a thing to do' lf the ﬂrst best pair of blocks and the
second best pair or blocks have any block in common, then Itis _possible that the uncommon

' hlock in the second pair is not attractlv_e to the new blockformed ,byvgrgmp‘lng the first pair
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(as noted previousiy the pam MW%W u aw W) Anuther
dlsadvamage with this heuristic ivth:t even if the two' &op ptiﬂ aﬂmcks hln no common
blocks, it is possible that after grouplug the first best pur moeher bbck in the partmon

manifests a greater attractivity to twmmwmm m éf m ucmd _

best palr of blocks. lndeed, tests sm»um MM m nm «ymmse grwplng

heuristic produces the same punitm in: mmmmmwumm grmp&wg

heuristic but later on aw and mewm
8- The tripmm w wmuwm m of the -

' pairwtse grouping heumtic we have mm&. 'l’ilh " mpuu bbcks at
each step imtead of pairs of blocks. mmw me 48 the
partitmns by grouping pﬁu of bloeks. - Thewm m&: m €
partmons by grouping triples of blocks m“ W W MM paﬁ‘mmm
A nnmber of pti‘titm problems mmmum Qn’tﬂ cases, the
triplewise groupiag mmmm ¥ m m nd h M every case, the
resultant pamﬂon wukuopmlm mmmmm | |

" The inferior m«wmmﬁmn we-hurg

blocks it trleswgroupinmstep. MMMMawmh
somewhat too coarse an action. Forw mmmmwma manhrec

nmnbcrd

blocks A;, Ay, and: As Mummmmmmm»mm but i
A, and A, were grouped tegether, Ay mmmmm the black AwA, (.
v({A,,Az}; P)>0 and .«{A,.Ag;.mw and - m&ﬂ»a mm.%aa}; Pwoi
The triplewise grouping heuristic aho suffers mmm&m twe mast attractive

pairwise grouping heuristic mtmd above. »Fm the mmmm is0n
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the order of ‘m 7 slower thm the palr\me W beurlstlc ln that Rl regulres
bmomml(m-z i+2, 3) attnctlvltles to be eompum tn step I. b
1— The blnary degrouplng heuristic - Tlsls heuristic resembles a logarlthmlc search.

lt starts wlth the one-ﬂle partltlon and trles to dlvlde lt lqto two blocks 0 that the

“';9;‘4

performance cost lmproves Aner thls ls ecnompllshed the benrlstlc trles to dlvlde each of

the blocks into a palr of smaller bledu and so on. Dlvw e block ls acconw,llshed by

¢ .s“g)' 1 PRI R AR Sy 7 £

| finding all attrlbutes tlut if excluded from tlse block. result uctlo!t of the performance

sli 7% gw*;q AT A S B LA

' ’cost (le flndlng all tlse attrlbutes in the bhck thlt are unstt ;'.c,t’,lve to lt) At each step, a

maximum of half of these umtmctlve em'bqu nped frpm the bloclt into a

sePmte bbck of their own. Although this_heuristic s very fast, in that it bs bgamhmu:. it
performed qulte poorly, s»nd tended to pmduu A .ttlvlal prtgim atthe end One may

' speculate that thls heurlstlc can be useml for a uuge ajtern where the optimat partition

Uy 312*

conslsts of2or 3 blocks | | R L N ,
s The slngle attribute degrouplng l'Leumtlc Thls heurlstlc elong with all the
remalning heurlstics are degrouplrtg heurlstlcs. A degjrouplqg heumllc ukes a pemtlon. and
| separates out one or more attrlbutes from one block of the pertmm ln terms of the lattice

model of stepwise mlnlmlutlon. the degrouplng lnurlsth amount to golng up an edge. from

a partltion in one row of the fattice. to another pertttlon in. tlse

directly ebove. ~ Except for
heuristic 9, all the degrotlplng‘ heurlstlcs gﬁrelntepclﬁed to be used to improve upon the

pa-rtltlon,that has already been arrived at by theproeess of pelrwlse groupjng. By usirtg the
o ,fast pairwlse grouplng heuristlc and the degrouplng heurbm ;ltermtely.  we try to further

' optimize the resultant partmon When the pair\me grouplug heurlstlc md the degrouping

heuristics are applled alternately. the process ot‘ grouplng and dqrouplng blocks may be seen
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lmprolrement. Agaln. experlments produced negatlve rewlts and in none of the cases tried
did it improve on the partltlon produoed by the pairwise grouping heurlstlc

| 7- The slngle attrlbute degrouplng-regmph:( beumtlc This heurlstic eliminates
| the drawbacks of the prevlous degrouplng heurlstlcs by dqrouping an attribute frpm its
block and slmultaneously grouplng it with anuher block ell ln one step This strategy is
based on the reasonlng that an attrlbute whleh hu been grouped falrly early in the pairwise
grouping process must have lud a high attractivity & ln the fmt place. It is unllltely that this
attribute should exlst by ltself ina sepame block. More ltltely in the later steps of pairmse
grouping, it becomes mare ettractlve to other bloclts tlnn to, its current block. Indeed, in the
few cases where the pairwise grouplng pertltlon was not optlmal (as eompared to the optimal
partmon ‘_found_ by e;ghau;tl_ve enumratiog}, the optlmal partition eould have_been obtained

from the pairwise grouping partition by transfering one or more attributes from one block to

another. In temts of the lattice of nttrlbute :pettttims, tl'm amounts to a t}aver;al from a
partition of one row to another pertltlon ol‘ the same row by golng up an edge and comlng
‘back down another edge : |

The slt\gle_‘attrlbute tlegrooplog—regrot_pplog heuristic first selects the attributes that
reside in blocks of two or more atttlbutes. For nsuch‘ an attrlbum. lt _computes the attractivity
 measure of the attribute with all the blocks in the partition except for the block ‘that the -
\ attnbute currently resldes in. It then selects the ettrlbute that Is most attnctlve to some other
| block and groups it in that block. If thls lmproves the perl‘ormance cost over the
performance costof the curren:t .p:artltlon, the heuristic iterates on the lmplfoved partition. In
the cases where the pairwise grouping partition did notoglnclde wlth the optlo\ol partition,

the single attribute degrouping-regrouping heuristic when applied to the g'esultant partition
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 of the palmise grouping heuristic, resulted in thc opﬂml partium (be've that if applied

to the optimal parﬁtieu mungum legrouping-roy tie viﬂtmmdlateiy

'terminate and retum m m‘w 4 OO e TELEERRE R T e R m m attribute
dég’roumng—regrdxpﬁﬁg heutietic’s sehrch: cost: - Al wE. hwmmmv;»m m

.

heuristic was applied, it did mmmmm - um © i

"The fast: pmm grotping: heuristic. in- mmm mck lﬁtﬁbm
degroupmg-regroupmg heuﬂnk has m Wnﬂ w«mmm N a resukt of

our investlgattom

conjunction with the single attribite ‘W mu m m ﬁ the

partmomng heuristics for mmmm m. ;-,. 5 s
8- The daitbh attribote de

' to the single attribute &

: This hcurisﬂc has ﬂwmw over m geom
that - degroupmg-regroupmg any. one of two attributes in one w my not mﬂt in an

'improved partition, wﬂﬂc degrouping sagrolifiel Both - the - . inione- step . may

produce an mprovement In none of our expermuéu we mmm a ﬂﬂuﬁoﬂ where

SN SR 14314@4)\:"' a..l;}

“double attribute degrmpmg-regroupiag pmdumd an knprwamt whiile mgie ‘attribute
L P T i O L o

degroupmg-regrouping did not pmduce any improm Aho, um m mﬂ'ers f

Sasgind aguay ;n*wi’,ﬁ‘?:".’ W@a'ﬁw syRi v ””*“,u'ﬁ.
being too coarse, as ‘was the case with ﬂn triplewise M bwrimc iIf

Frames -,g;sgwy ksl '&;‘w@ ﬁ;;w‘;

degroupmg-regrouping just a stngk attrﬂ)tm Y

mﬁmtdmum'

A ﬂ*f \* "*L m‘xW““m;; o Pl e g

mmmamm’e

EPTRE e R R f - R A R

attribute degroupmg-fegroobﬁis hwrmk:. o

Hence we have dropped this heurtstic fmm'ﬁ
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9- The last heuristic that we developed and tested is the ungle attribute ungroypwg
heuristic This heuristic is a degrouging heuriltic in that it W to. drgrgup attributes
from their blocks The single attribuw ungmmlwm orms

the- smgle attribute degrouping regrougig‘g heuristic, apd m single . a:tribute dggrouping
heuristic in one step, and it is thus superior to both of them: When, gganribtm is degrouped

the functions of . bpth

from a block in-a step, it may be regrouped back g&i’th‘ her blacks, or placed in_its own
block. In terms of the lattice of attribute partmom,a(sorggof ‘the) partitions reachable from

_tI{e lait partition by'either an upwnrd edge (toQi onqrw above, e, dcgroii;ilng)._ or.all

partitions that beiong to the same row Aand are mch&bie b; following an ’48¢ up and

another edge down (degroupingvre‘roum) are considered.
;mm Wm heurigtic does not turn
out to. be  advantageous if. applied to the reqalant. w of the: pqir\me grouping
grouping hewristic, the single attribute
ungruupiug heuristic_will only. be u good ‘as_ the single wmgmmpmg-ngmm

, heuristic. The single attribute ungrouping.h!uristi‘t_: is thus munt as a stand alone heuristic:

We mentioned prgviously that the

heuristic. Hence. If applied asa ”‘N" to the pa i

It is initially applied to the one-file partition; the minjqizatian proc
the but_tom of the latice until the optimal partitinn or a near optimal partition is reached. In .

33 moves. ypward from

this .’nn_se_, the singfe attribute ungrouping‘ heurdstic 13 thie iverse process of the combination

of the pairwise groupihg heuristic with tﬁnﬁghat&ibwe’degmping-regrouping heuristic.
Experimentation with this heuristic i g«neuﬁybeﬁnutisfactory In the smaller

_attribi:te jpartitioning . problems Gin term¥” of the riamber of attributes), the sin‘gie‘%attribute

ungrouping heuristic ‘has: béen able to locate the optimal partition. In theﬁ'larg‘e'r problems,

* the heuristic-did not perform as-weli as the pairwise grouph “heuristic, and resuited in a jess
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optimal partition.

" The drawback of the single m@bw i ‘f;fi '

~of the heuristic, all thc attsibiates in
at each §tep these attributes have to be reg. ouped with.all of |

to assess the order of mrchcﬁttfm tlm

m&mmnm»mmy- ,
seovping and  the  singe mm
% kmmm
the optimal partition was much mf hgth in m@mm&m&m hm of "
partitions and in terms of performance m @ m |

pértition ~evaluations as the palrwise gk

degrouping-regrouping hetrigics. combined

partition. Le. the distance, ity teems of th; } ; - optioen
much smaller to the top of the ttice thas ¢  toe Biosiomn oF the
“additional advantage that & sepwise fainimiasion heuriitic that” Wars from

‘partition has over a heuristic t

database system can be fully eva.h-umd mly b.x

g it W n m asrm qE tigae
in.an operational setting. Howm:. it is Mbhm m MMW of these
techmques by means of exgemmmlm tﬂ A Mm ironmen Qé B

’ m;h the mmm

We have conducted an extmnve prw 95‘ eupec iatic
M m M W

- grouping heuri;tlc, the fast palrwin gm j
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, degrouplng-regrouping heumuc We have aho perl'ormed a nmuber of tests on the other

' attrlbute partltioning heumuca The ovmll reault fw wh hummc was reported ln the

s ev-wffw

dlscu;sion of thut hwmuc ln genenl. mne of the attrlbute pamtiomng heurlstlcs
'performed as we!l as the (fut) palmlse gmphg mmuc. and none of the degrouping
"lheurmics performed u well u the slngie atmbme degroufing regrouptng heuri;tlc
Henceforth we will conceutme on provkung a deuﬂed d!lcrtpﬂon of the experimeptmon
perrormed on our main hwrlstia and pmvlde an m of the performance of these

iy gjﬂ/";

'heuristics in comparlm with the exhauulve emmrmon proudure The exhaumve
‘enumeration prooedure performs an exhlthive nlrch of tb; Nﬂ lplee of pomble partmons
'and 50 is guanmeed to bate the true opﬂm! penmon B |

| Each expeﬂmem ms couwned wm: sem' m opumel pattuk;n for a pamcuhr
database in the coneext of some gim uuge pma:a? lnuench ex?eﬂmem the gairwtse

_grouping heumtlc and the fut pﬂrwue gm heuristic were tried mrtlng with the
e

trivial partmon Themﬁer the single attrm Mﬁmtplng heurtstlc was tried
,‘starting wlth the resultlm partmon o(‘ the pﬂnvhe grouphg beumtia (Ie the palrwlse
| gr ouping heurlstic and the fast pamme gmplng heumtk) If the slngle attribute
degrouping-regrouping heurlstlc was rele\'ant lt that poin(. then the pairwlse grouping
‘ heuristics were retrled mrting wlth the resuhnt pamtion of the single attrtbute
degroupmg-regfouping heurlsuc In addmon unng the exhaumve enumentlon procedure.
~ the optimal partition was lbund for the same sot of databue pnnmecers and the database
usage pattern | |

In an opmtlonal setting. the uuge ptttern wbmmed to an attrlbute partittoning

sysrem would be based on hmorlcal records of dauhne use; tn our experlments, we. generated
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. these pattems oursehrea Namﬁly 2 M pmgma d m m&d rquue
'pcrformmg experimems for the full spactrmn d m W“W ptuefm, “m
this was obviousiy &nfuﬂbh, we h&d wm&mmmnwmumtu‘m m

these cases posed a mtﬂtm ’Ileéﬁ mmwmnmm we migbl

"thereby focus o un%méremng or mmmm&m sd-md thm too
carefully, - we woukl potentially sacrifice some of &l uﬂny MM} af our testhg '

2ed ““t‘

'procedure !ncwmmmmmmw chuhupumnwe
'prowded a set of ‘database mmu m a m *‘f W m M l‘mﬂy

»fg

succinctly char:cmﬂzed a pﬂﬁcuhr klad ol' M m m m W pam

parameters were then used bdﬁna w mmm in nature; it
"randomly genemed a setof mmamnmmmm

‘and then summarized m iua WM‘HEII “ Th WW m.
then used ““"—'msepwmformm R | |

" in auoure:p«m mhankeptmdmmmsﬁm n, the

.....

Inumber of tuplcs in the fife, was set m mo,ooo and s, the W :tae. was set to mza

words. We believe these. ﬂgam rdhutyplul mwmm iam; cvmt. the
‘iﬂr“ }gh« ARy

behaviour of our attribute pamtiomng sym Mﬁ not dﬁu’ M MM

cw LT G

different values for n and S, Also, we are petmm fn Wﬁa m hut one dattbue
' parameter without redudng the degrees of freedom Mla wrm )

' TheresuksofmuwﬁmmﬂmmWhTMlMQ Ourmost
extensive Series ofexperimelm were conm with mdam nm Thg ﬁmg‘

factor in our expertmentlﬁm wns tbe tse. ni‘ ftiwm mﬁm Mn Enn ,

for a file with 8 attributes thenumber amxmhmmmnﬁmm
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using the exhauulve enumttou prooedun ao ﬂnd tln opumnl pnrtmon for the problem Is
" ‘a nomrlvial tuk one that can oniy be mﬂdud mch dﬂ‘ﬂmky For _problems wlth
m>8, we have uot been ab!e to use the exhwn cmmuon proadure to verify | the
. pcrformam of .our aurtbute paw hmrhtks. Hqu’ ‘we can mch a number of
concluslom concemmg the behaviom of the heumua for prab!ems with hrgc m_ , by
| ’extendlngthemuluobulmdﬁmpmbhmm ns& o |
o Table | shows the chancmutks ef our expermum Each row shows the

number ofexperlmenu carried out for an wrlbtm pc titloniiy

 problem with 5,6,7, 8, 15, 22,

or 'm atmbutes The avenge number uf mpu:uve qneq types and the Aaverage number of

umbar  Averags nuley m.m-'{h Aversge trivial

Number of Number of
B I A _' m M g!r!"ﬂﬂ cost !

‘attributes

£

s w0 s 5 1w ons
6 - 10 8 4 10 oaag
7 T ‘a4 & 1w oisa
8 2 I | _1f.o;v | 0.499
18 o . S T T ¥ ~ 0.89
22 20 7 12 0 oaz
30 6 0 2 1w o0so0s

Tablel  Characteristics of the experiments,
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disjunctive query types for eath row ts depimd n whmm s uﬂ 4 of ﬂn tabie The !ast

‘column of Table i s‘hows the performam wlt ﬂ‘ un trmﬂ pars
EE

th mpcct to the
" ‘one- me (unparuﬁmnﬁ)peffermnc!m jﬁwhh.m’.’ | SRR YA

“cértain m, the rat*o dfﬂ!!twofthe trivial pmnuuunwummm ﬁh was
computed, andmm%arm:ﬁéwmcwﬁmmwm - hthe
remaining tables all colurmns mpemrw by T m M mw fh th ethmn is the

' averageofthe ratioswtﬂsrup!ctto them-ﬁl!m
| Tabkzsmmmamm awﬁ mwtmmm

“by exhausuve mammmmmmmmpmmmmn and

the fast pairwise grouping heuristic colncided in alt of the ton Wﬁs indicated in

o paftmon was 059, The ww mml on ﬁwiwhr %m mmm iut
:'staép where the hmmmﬁd not mewmm&mmwm
found by the previous step. - : | o   '. |

Number of attributes: 5
Number of experiments: 10

~ Average cost of best _Mmhf of tm '

patition found |
* Exhaustive L g Rt ‘. . AR S L
‘enumeration 0592 - s 3
 Pairwise g ) S : _
grouping - 0592 _ 25 . w0 0
heuristic - L Co Y\
Fast .
pairwise . , : L S
~ grouping 0592 SRS 2 - R D
heuristic S o .

Table2 Resukt of experiments with m = 5.
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: _ T'N”""d*maunmu«mm muomw Agalnlna"thc
"-..qmw mwmmmwmmmmmmwwv
hum:mm |

| T.wummmummmmmwm-s As indicated

Cin cmm&:mpmmmmmmmmwmmm

‘Numbof of .Hﬂbuhs 6
Numb«ol nminm:. 10

Average cot of bast Mumber of sleps - * ' Numbor of times optimel

E \(h ausﬁvo- r '“f“i o s d B w“{
enumeration 10.434 o - =
Peirwise S e T
grouping . 0434 - e . e
P"'WQ“ ;- s SIS wv T : :
grom A . ‘o.m' . N 214‘ o, o .

Table3 ' Rewk of experiments with = 6.

‘Numbov ohlltrm 7
Number of experiments: 14

Awnp mto!but Numhorohhpn WMHms ophmol ‘
Exhwslivo

DWM 0.‘175 S . i e

Pairwise = o ' o ST

.f;gW‘ ng . N e o.‘”-' ol g 20 o : . - : 0

,heurist6c . - - ,

Fost .

pairwise : o ‘ o :
roupig ... - OI78 .. - 80 o L. O
umﬁc o ) o _ : ' .

Tabled  ‘Resuk of experiments with m=7.
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" Number of aftributes: 8
. Number of experiments: 20 . S :
Averago cost of bost_ Number of steps m‘« ﬁms optmd

Exhaustive ' ' L ;
enumeration ‘ 0.4657 - R .
Pairwise . : LT
grouping . . Oaes? &8 R S
‘heuristic - A :
Fast '

pairwise . . ‘ « CEI o i
grouping 0.4657 . . A8 T i
heuristic = TR e,

Table Sa  Resuk of experiments with m ol

Number of attributes: 8
Number of experiments: 1

~ Average cost 0¢ h«l _mkm.m

 partition foyngd *
Single
attribute :
degrouping- 09999 . .. . 20 .. . ... 9
regrouping . ' ' ' : ' :
heunshc

Table 5b Result or”_m? single attribute b with = =8 |
the optimal partition: in all but mmmmaﬁmmm ‘the singte
attribute degrouping-ngxouping heuristic to the m mum pﬁrmm
heuristics in the one problem where the wmm Wz’ﬂd ot find the: nplimﬂ
partition. The single attribute dagmmw euristic found the gpeimal pltﬂlim .
in 2 steps (where the second nap did net ﬂﬂﬁm WWMW m -gtap). |

The ratio of the restmant pamﬂm of the ﬂngle m wegrouping Meurtstic to

that of the pairwise grouping heutistics was 09999, l-l..‘ﬂn mmm hy ‘the the
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.pairwise grouping heurmlcs ‘was .within 0.0000 of the opnmel mlutlon (GO'umns
superscrlpted with 2’ s the pefformame cost with mpeu ap !ﬁe perhrmma cast of the

partmon found by the pqpme groum mm Che oré *ubh-.)
Table 6 shows the resu!n for problems with m = 15 In this series of experlmems

and in all the expeﬂmu. with larger m, th,e_ex_hmnlve mumermou prooedure ha,gbecome ,
'_.infeahbne (ror" exatﬁple‘ '5(15') % 1.38 5 10%. However in all the experiments with m = 15,
the palrwise grouplng heurlstlc and the. fast pairwise grouping Mmc coincided in their
resultant partmon The average cost of the ben pmmon ﬁumd by the heuristic was 0!5 of
the cost of the one-ﬁle pnmti; fee*thls set ol‘ experimeau. Alao. none of the degrouping
_ heuristics were relevant at this stage

Tables 7a and 7b show the result of 20 expeﬂmenu with me= 22. ln half of the
~ experiments, it was poiab!e to impme upon the resukt of tﬁe pelrwise grouping heuristic
(which always coincided with the result of the fast pairwise groumheumtlc) Tbe,ilﬂik
‘attribute" degrouptnére&o’up{bg heurmtc m applled in theselo cases, and the pnﬂtbn

Number of attributes: 15 .
Number of experiments: 10

Avenge cost of best Number of slepe Number of tlmes ] beuer
Exhaustive . :
-enumeration e - e
Pairwise : .' : )
grouping. .. 045061 - 83 « o 0
heuristic. :
Fast
pairwise ,
grouping , 0.1501. S ¥ S )
heuristic ' ' :

Table 6 'Resukdexpeimﬁkh m = 15,
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'Number of attributes: 22
Number of gxwiMM? 20

Avengé cost oi bui ~ Number of stups

Exhaustive - o o o
éhUméuﬁun - T e : -
Pammse . , o s N SR T
grouping © 01010 108 - 10
heuristic : .
Fast
pairwise v : . e e e
grouping 0.1010 108 0
heuristic , , ‘ '

© TableTs  Resuk of experimencs wah m = 22

Number of attributes: 22
Number of experim&n!s 10

Averasge cosl afw Wﬂm

mmioh im
Single .
attribute , o ' . B R
dégrouping - 09973 28 : 9
regrouping : . .
heuristic

Table 76 Result of the single attribute degroupmg-regrouping heartstic Wih m  22.

other (pairwise groupﬁ'g or W} hearistic cooldl m um m «Mﬂe
attnbute degroupmg-regm heuristic m fﬁ‘ -y avennge of 28 WI- Tt

reached by the ﬁhg& tm ribtte degre

performance cost of the partition found using the W m

heuristic was on the average 0.0027 less than thikt foond by %WM m

Tables 8a, 8b, amummm&b

m mw )um ofthc
experiiments, the singte attribute degmpmgw heurstic wis sbie 1 improve an
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Number of aﬂribulas- 30.
w onxumms- :
S Aversgs mt of best

_Musbor gtsiaps . Number of times o batter

.enumonhon - - -

grOUpiﬂS' - " 0.30570 21.2 5 '
heuristic R . o : -
Fast
pairwise .. . e Temte o R -
* grouping : " 090875 a0 . 5
beuristic - -~ .

" Number of attribites: 30
Number of experiments: 5 .

Avongo cocl of but Nuub.r of stopn : &nber of ﬁm s better
. MW_ - hessistic iarsled - - M
Single. . , :
'degrouping- 0.9929 : 23 2
royouping _ ‘ . P
heuristic °

" Table8b nmtotﬂnmhmm i heuristic with m = 30.

Number of nﬂnbuhs,

2 ' : ‘
- Avatagn cost of best . Numberof steps . Number of times o better
 partition found 2 heuristic itersled partition wes found

Pairwise R AT
grouping T 0.9995 ' - 20 0

Fast S ’ o o |
grouping 0.9995 20 . -0
heuristic Lo | L L

- ‘Table 8¢ .- Resuyk of reapplying the pairwise grouping heuristic with m = 30.
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average of 0007! on thepamuon produced by the: mmmm sz»outd 5

cases where the single atmm dqtmpmg &he pairwise
g:oupmg heuristics when reapplied mmng 'ithe ﬂs m puuﬂon of the ﬁngjﬁ ﬂtzﬂ&&e

degroupmg-regrwpmg heuristic, produced & partition with an Wm‘!ﬂ Wt

of 0.0005 in performance cost.. No- other- heuristic M me the partition found by'

the reapplicatlon of the pairwise grouping . heurm “The m upem@ed by 'S in
Table 8c indicates that the figures in the column isthe M&Wm with. respect

to the partitlon found by the ﬂngle am uph aristic in Table 8b.

Table 9 depicts the execution time statistics.. Fwaﬂﬁmmm. the

number of partitions evaluated increased a ﬂa m »af m,, 8 ‘ﬁkmﬂd

The exhaustive mnm procedime hud::ﬁnm rate o Wardass-witih

the pimtse
grouping heuristlc had a- mum«ymm T~ll! fiﬁwm mmm
even lower rate of increase than the pairwise. Mmmmwmﬁ Mﬂéﬂs

required for evaluation. (Mmsw lﬂs&b& e entio
evaluations for the ex-h:uuive»mumatbh.iMa approximately on thé order-of m"”,

for the pairwise grouping heuristic m. the order-of w? and for M g

heuristic on the order of - m2) With- m-awmu eoaipirif 5
roughly 1/5 the number of partition cva!uatteu rewm br m mm aemueum
procedure with m =8. This is a_ significant. lmwm MM&W tim

Mmaun me

required by a heuristic. depends both.an th! Bumber: Ufm eYa uats

number of query types in the usage pateem. For example, mm #ime for m !’ut

pairwise grouping -heuristic-ison: the-order ‘of, the provust -of theinumber of fuery types in

the usage pattern and the square of the number-of mﬁmmmm L TR
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Exhaustive enumeration:

Pairwise. grouping heuristic:

Number of attributes

B2
203
. 8M .
4140 :
54380405

%450 ¢ 10'®

%8462 102

_ ‘Aversge number of

t

29

502
1521

Fast pairwise grouping heuristic:

Number of sttributes

Table 9

‘Average -number of
partitions evelusted

16

21

31
175
791

e

The Attribute Partitioning Heuristics

Avorq' processing
.68

285
258
2212

 Average processing
~ lime in seconds '

EEd

T

49

148

266
3a1
1334

- 5244

Averege processing

- 2.2
.36

89

163

135

382
1099

Execution time statistics.
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The resuit of these experiments may be mﬁu& as m For w&iems where :
m < 8, both the puirwise grouping heuristic and the fast- pﬂrwm mm found
the opttmai partition in.all but one case. Tite epiimai pnrtition i‘oimd was significantiy
superior to the owe-i‘ile partition in all of the cases W In the one case where ti'te pairwise
grouping. heurtstics did not i‘ind the optimi pmmm the panition titat they i‘ound was
within 00001 of the optirnal partitim ln this clse, fhe singie attribute
degroupmg-regrouping heuristic when staning \v&h the fhul partition of the pairwise
grouping heuristics found the opiimal partition by the i:i’tmfer of my t mmm from

one subfile to another Altogether form s 8 wiiei! tite %f ;

by exhaustive enumeration. the combination of a pairwise gmping iseuristic and the singie
attribute degrouping-regrouping heuristic was elmys tbie to ﬂnd tiie optimel par(ition For
problems where m > 8, it was not possibie to dii'ectiy veriiy tiie oum of the pairwise
grouping heuristics by exhaustive enumeration However in most oi' iiie problems tried the
pairwise grouping heuristic found a partitlon thtt no m degmuping iteuristic could
improve upon. In addition. the partition found by the pairivise m'wpmx heuristics was
always slgmi‘scantly superior to the one-file panjtien litius than' htif the experiments with
m > 8, the smgle attribute degrouping—regrouping heur:stic impme: onh ti‘tef%‘resuitant
_ partition of the pairwise grouping heuristic; and in these cases. tite iriiprwecit partition
differed msignii‘ncantiy from the resultant paraﬂon of the pairwise grouping heuristics,
attesting  to the desirabiiity and the near—optimt&g of the pairwise groupint heuristics in
the very few cases where the pairwise grouping beuristia were rdevant to ‘tise partition'

found by the single attribute degrouping-regmupmg iieuristic, tiie corresponding

improvement in the peri‘ormance cost was negiigible Aii titis indiones tisat use oombination‘
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rexrouplng heuristic
I we can extend the

of a pairwise grouping heumtic and the un‘b m in

33T 4

| (when applied anermly) converge wa . m

RTINS I A

results for cases where ms8 to the euu where "> 8. we may pgcmclude that the optimal
partition does not differ at gu or does nut differ WM in performance cost from the

_resultant :parsifion: of: the combination of ‘s piirwille grodging Neuristic and the single

n o

A number of Wvﬂibm m o' m‘i& &mn( !ﬁe expeﬂmution concerning
pmmmmt iym swmny we comment on ‘the following

 the behaviour of the

‘and usage patterns
Th;t Is, we tonk the

I- A number ofexpemmnu ‘were performed m database paramete:

E

thatwerevarmmoftheptmdmgrﬂeru

L RO

| databne parameters md the uuge pmr.m of ‘.

3 m we changed the. danbase
-v-parametets. such a the set d‘ avaihbh h\dhu lnd the Wm hngths and telecqvities.
| ‘.or we changed the frquency mdlor mucture ofthe query, t,;pu (in alt these vamuom

:U’

the number ofatmhmes thenumberofmplu.and the me:lu were kept constant.)

- We then applled the attrlbuee parﬂt!mhg heurhuu (tnd the Sexhaustive enumeration

WT i g FA L

"procedure, when posuble) to_these varhzinm o observe ho\v the optimal partition

drrrered rorm one pmbiem to another A: lt mrng in the database paraspeters

-such as the attrlbute Imgths and sehcuvm m\u even ndlcally. did not
signiﬂcanﬂy alter the optiml pamtlon at mou one or m atmbum moved from one
subﬂle to another However, chmghg the unge pguem uxh u the frequency of query

types or the compomion of the '_
altered the optlmal partmon Henoe it appeln thlt in Jour environment the optlmal

types, sometlmes drastically
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~ optimal partition In addmon. the erfprm

parmion is more mitive to thg uuec plm wé iut um&iu h £he database

parameters and thus that the usage pm it more & dmmimm of the opumal

partition than the other plmms.

It was observed that ;he hfggr thc numlm ot nmbh m &»m utﬁbute
. mﬂmm mMs
were clustered together in the same mmmm mmm& Nbﬁkt in the

that of the trivial partition) beame claser to tin p«fotmmm d ﬂn mﬁk plrmion

. T . & re R

as the number of availabié indiaa were incrensed.  We pmm the l‘dhwing as an

partitioriing problem, the larger the Mhs dm opt

\r,‘r’;;‘* vs*\‘ gt 3 e "“6“?" SEEY Tl EEA

‘fexplanation for this observation if ta attribuu is indmd. the index will mst iikely be

et R wd e ARt Nt e e EE “*’

used to resoive that attribute when tlw attribute. is requested: by the selection eompouwnt

g g'& g ‘fz} g gir A a{ggga ey

ofa query If the attribute Is not iadexed 1, then the attribute has to be resolved by either

e
W

eb@g&nn T e b P »,’i adl ?w\n RN B

sequentially searching or by iifiking, and any other attribute that exists with this am*lbute‘
T eyl W‘f sediie e Te My TR LR Y

in its subfiie will ako’ huve to be retdeved in its entirety. This will incur extra page

pie %ggg ,%ﬁ .,é Z"-’§ ?mg %’»&"ﬂf *’5& @*“" % .

accesses. Even if the otlm co-existing m was uqum in the mm mmpomnt

g e SeREET ] 9

‘of the query, it is aiways enier to Iink to thamm attribute (from a wduced 'rm'

3 miém.s ab sl Seri ecaE DR

list) in order to resoWe it rather thaa Wﬂy aurch the mmg :ttrtbute in its

R T IR VAT T R s P L
entirety or link to it from a Iarger TiD ma Thm !nviag an index avaihble on an
LAFREY tewigip E R e TN H

attribute will in most cases eﬁminm the nead tar its mi searching or i&nking to
Seit i Al piesrm okl ovmnh ks
the subfile containing :he auﬂbuee. md lnnu. m-» the wmii Mvny of the

‘*A-»x{'c RTe ; gﬂ ?srsi ‘g-.’,; : EVENES , .
attrlbute to the other attribmes in the me Therefore, m mmbuu n me elumring
e aiesRY hes R DA e 2

of ‘attributes in the ﬂie This point will again be taken up in Seuinn 82 winn we discuss '
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the relative efficacy of the trivial partmon '

ln Tabie 8a we see that the avmge ‘cont of ﬂn punmen fwm by the pairwlse grouping

heuristic is not-exactly the mﬁe as that for ﬂn fast panim tmtlpmg heurlsuc. Tt turns

aut that foroned‘theexpdrmm muao.ﬂnmofthe two pairwise

| gfwﬁng hmmtwdﬁ not coincide. Akhmgb iy h&m&k that the results of the

two heumtlcs be different, in Section 55 we ifgmd tat th is MgMy lmprobable

Howevgr. it appesrs- that m,‘ buaoma hore PM “ w !ncream béisuse the
| heuﬂsuu 5‘" 10 fterate for more m ‘MtNP‘MMVIty measures computed
by the m! trwise grouping heuriatic
| ‘m"“'°f““w’ for o large numberohﬂpt “Fhiis was the case in the one problem

- inv the first stép becomes mes less likely to hold as the

mmtlmed aboVe. Le e p:ir of attributes, neither- whkh parudptted in a grouping.

turned out to be unattridive in the fater step: of the puinvise grouplng heuristlc

Unfonumtelr itis preclsely for these proﬁm with ‘large m that the fast pairwise

: grouping hmlstlc is Most needed.

We have developed a‘third pnirwi&gmphg heuristic to remedy this discrepancy.

This heuristic (wé may call it the genera] pairwise grouping heuristic) is a combination

of both the -pali'—wiae gmupingheumtk and the fust paimlsé’grodplng heuristic. The

gehml -pamme grouging: heuristic starts -dmv the'trivial partition, and attempts pairwise

grouplng in the same way a3 the fast pairwise: Potiping mm&: does, but only for a

' Iimited number of ‘steps, say k| step:. (The futptmgrwptﬁg heurlstlc iterated for
" an unbounded number: of mps until it could ot praluu an Improvement to the last

 partition found.) - The parti'tbﬁ that results after * K, steps is .t'hen'ta'ken and the fast
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pairwi.se grouping. héurl;tlc is then mpplkﬂ eothis partition but only !‘or kz sieps
This proccss is repeated (each t!me fof a limind mmt of mpl}mﬂlut some point the -
fast pairwise grouping heumtic pmduees a pnmt;gnﬁ.w lg qam lmprove upon
Everytlme the fast pairwise grouping Imm lg n;pplied. guwviu aunctlvuy
measures of blocks are. recqmputzd even pﬂ:& of hln;h that. M m pﬁmp&u in a

’ groupmg since the las; applicaﬁon of the f'ut ; f : m mmm wlll have the&r v

i Ty e

Iare comparatively smaller than ;bz m:mber d‘ m tke Mn M heuristic is

expected to iterate if appued to ehe um pm nm i s - like zhe one

encountered in the above problem wju m Ithdy hgm kp ka. . are most
effectlvely chosen tf Ky zkzz -zl bmqn as tbg prm of ﬁ!m WP“‘G :
approaches the optimal partithn. pmwise biack Mvtq m bme smaller,

and there is a greater chance that. a palr of Nocu W ht m ta m “‘P b‘“

unattractive in another step. l-'or example tnthe f ol o m n-m, n:hme k. -6,
2 =48, k=2, and k4 kg = Ttue m M mzmt wm SW“P*"E.
heuristic is a comblnathn of the. two m mm h‘m‘m is that if
kymky = -1 then the gemlpaimmgmmmwﬂ heﬁhemne as the
p-alrmse grouping, heuristic, while- jf kq. h mampmm thgn the: gzneral
pairwise grouping heuristic mllhecome thc MMWW mwn.
We have. tried the @eaergl paiwhegm heumﬂcen nﬂ d’ﬂn m pmblems
.with m=30. It always found the same plmnan a8 mmw that the pairwise
grouping heuris!:ic found, and on the avenge Mgmﬂ Mrwm gmping heurmic

required the evaluation of 1168 partitions and took 1598 seconds of processing time to
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actomplish that. Thls compam fannbl] wlth the po,lrm grouplng heuristic where
. the respective ﬂgura are 3964 pum and m m The prowslng time depends
on hmr the paranieiess k,, k,nd Ak maﬂéﬁd e fnrger mmy are chosen to be,
the faster the heurmk will be, but the smaller tbl prohblﬂty that the pnrtltion found

will coincide with the pam found by the pﬂm grouping heuristic.

In the next clupnr we wm dmlbc ln dltall one ot lhc cxpmwnnts that we have
performed We wm pmide thc dmbut pmnln. (In In'c plm panmrl. and we
wm show thesequmdptnkmm wmmgmm Theproblem
we have chasen wehmamcmmsuunmmm m-s for which the

- pairwise grouplng heumuc éld rot find ﬂnoml m
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CHAPTER 6

AN EXAMPLE OF ATTBIBUTE. PARTITIONING

We have presented the combination of the fast pairwise grouping heuristic and the
smgle attribute degrouping-regrouping heuristie as th: mini hmri:tic tecimique of our
attribute partmomng system ' We have aiso presertted a‘ number of otber attribute
partitiomng heuristics. In Section 7 of Chapﬂer 5 we repomd on the remb of 2 program of
experimentation with the pairwise grouping heurhtic. the fut peinviu grouping heuristic
and the single attribute degrouping regrouping hetiristic. We appﬁm these three heuristics
to a number.of usage pattern histories in the context -of cmferent dmime envtrooments; We
also performed a number of experiments on the other attribute ptrtitiorilng heuristics, and we
reported the overall results of the experiments in the pmious cmpm lti mmmary. none of
the other  heuristics performed as well as the fast ptmme groupmg heuristic the fast
pairwise grouping heuristic consistentiy prodtmd the same pamtion as the palrwise grouping
_heuristic, while requiring only a fraction of its time. In all the cases that we tested, the fast
~ pairwise grouping heuristic consistently prodtrced‘either the optirm‘l ‘_part'tt'ion" (as determined
by exhaustive enumeration) or eise a near optimal partition that differed: from the optimal .
partition by less than one percent. In those cases where the remiwtt pnrtition of the fast
pairwise grouping heuristic - was nonoptmll by using the .shtgle attribi_tte
degrourping-regrmrpiiig heuristic to improve uoon' the resuktant partition, we were able_'v to

obtain the optimal partition in at most three steps.



Chapter 6

| In order that the reader develop 3 feel for the form and magnltude ‘of the
‘ partitioning problems that we have oonsldered and tlte lsutristics used to search i‘or their
solutions, we present an exemple of an lttrlbim putltloﬂln( pmblem ln this section tlong
with the solutions obtained by applying a number ol' the ettribuu pertitioning heuristics. We
| .have included only 8 attributes in the reletlon ol‘ thls enmple (8(8) 4140), so that we may
arrive at the optimal partition hy exluustive enumeration oi‘ ell possibiiities The attribute
partitioning problem considered here Is typleel oi‘ tlie problems we luve soived in our work.
It is also an ex‘ample of a problem where the single attribute degtooping-regrouping heuristic .
wos relevant. | | | | | ,‘ | |

Figure | shows the database parameters. m; n, A. s, i., and s, Figure 2 shows vthe
-usage pattern query t.ypes as deecribed in the query type table. The query type table contains
the frequency of each query type, the conneetivity of the predicates (conjunction or
diSle‘lCtiOﬂ) in the: selection component, the ettributes in the selection component and the
attributes in the projeetion component. The‘ joint selectivity of the selection component
(although not actually included in the query type'uble) is also depicted.

The results of applying the heuristia and the exheustive enumeretion procedure on
this particular example are shown ln Figures 3—6 The tottl cost of processlng the set of
queries, when the file is unpartitloned (1.e., the one-file plrtitlon) is I88I286 pages (Figure 3). |
.~ This processing cost was calculated by the file cost estimator in the manner described in
| Section 4.4. Figure 4 shows the partition that resukts from applying the pairwise grouping

.heuristic, the fast pairwise grouping heuristic produced an identical result. Both heuristics
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im0 Theremr ot
A-11,2,3,4,5,6,7,8 Theatribotes of the relation.
S = 1024 words Th‘mmem

7693 pages ¥ Themmbuef pages in the relation

- Attribute lengths and se&ctivm

1
2
3
5 .
5
6
7
8

Figure | Database parameters.
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- '- . Number of query types.
Query types and fnquandes. ‘

M_mm Selection component © Projection
psaveTe

200  con} i
. 50 conj. 2] ~ [a5)
50 conj. _ [23‘] e
a5 conj. (2} {1345678)
25 conj. f2) ™Y ER
10 conj. [3 4) [56)
10. conj. i ' Clrewyr T
10 - conj. (34) [678]
10 conj. ny 0 rrey
8 conj. 6] [12)
5 . conj; {234} Ry
5 conj. . 24) (6] ‘
5 ‘conj. 1y {78y
. 4q . conj. - [4 5] - [12 3]
3 conj. [as) 78
1 conj. (8] "[a56)
1 conj. (6] [45)
1 “conj. {a) " [56)
1 conj. [a) T [rs)y
35 disj, -] [3456783
1 disj. [138) @
20 disj. 261 . @7
8 . disj [23) - {4 5)
3 disi B67) [78).
3  disj. [67) (148
2 disi. - 34) o [678)
2 dis). (6 7 8] (12)
2 disj, 48] . fa6}
2 disj. (1 26] 26y
! disj. . [45) Sm
1 disj. f12) 26

Figure2 Query type table. -

1.6E-5

001 '

10B-6 . -
001
001
001

o1

001
1.0ES

'200€-4
1.0E-8

1.0E-4

10E5

5.0€-4

5.0-4

8.0t-5
20t-4.
.1

1.01€-3

'1.00891€E-2

1.1998042E-3
1.0990001E-2
5.2487477€-3

2.4999678E-4

,10899998

3.2997131E-4

10449998

1.2097954€-3

10449998
1.0099932E-3
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iterated’ for 4 steps

»;!?ﬂst!ﬂze

Al the particioning heurisics have ben pwjg the, proy
MDL [261 The complied. versians of the peiriat g ) ‘
grouping heuristic resulted m&em n’wa&mm ﬂMmmMy and -
required. meﬁkmmnmdumdas '
“As it turns out, P’ wmmummw diffegs from the

" optimal partition by a aq,-mm The Wn‘ yratior pmm\m (also
programmed in MDL), found mmi pmv' of mgm trying all 4140
required, 2308 seconds of CPU

poss:ble pattitions. The exmmnm A

time to gemrate all pmmmm wmmmnm to arrive at the
optimal pamm, this is 23 m:f magnitade ‘f,'f wir than. m Pt purwm zmpmc

heuristic. ' ; | ‘

* Comparing P of ngm 4and P* wrw 5, we soe that in the near o.ptimal
partition P2, attribute 3 i grwped with -mm 7, while tn mqitml partition P,
a(tribu(e 3 is grouped with am'lm s ana m ‘the single. auribute |
degroubing-regrouping heuristic’ vm tmd on P’ (f!gun 8),. k gmduced the optimal
partmm P* in two steps and ﬂw tbe euhmion d’ 24 putm ﬂ"he second step being
»the test to see if the heuristic mlu i{apfon upon P‘J ‘As may bedmrved from partitions

ané, P, none of the other degrouping heuristics applied to P’ ‘could have resulted in

C({{1, 2, 3,4,5 6, 7, 8}})-18812&6 peges

Figure ¢ BN Wlhmm cost.
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Step  Partition | S "'t st in pages
o PP = ({1, {2}, 13), {4}, (5} 6}, (7], (B} o) - 286004
1 Pl o (1), 42}, 3}, (4,53, 16}, 73, (85} = olPH=277870
2 PPl (2 B, 7) (5L (6L @) O -272087
3 P ash LG P -2niee
4 noimprovemem . SRR

Figure 4 The resukts of the pairwie groupin hmmc
© and the fast pairwite grouping heuristic.

st Pamwen riion cost in pa
O PP={{1,4,5}(2) {3 7) (6}, (8]} . oP% = 271840
.l' P* = {{1,4,5), {2), {3, 8}, {6}, (7} o,(#"t-»znsmv
2 2 no ‘improvunel;u’t - o B

Figure 5 The resu!t of the single lmibuu dqrouplng-regrouplng heuristic.
4 is the opmml parutlon fouuéby m« entumeration

P4

- The .si"ngle attribute degrouping heuristic, the dowble-attribate grouping heuristic, and’ the

double  attribute ' degrouping-regrouping heuristic all’ p?eﬂuoed partitions with higher
performance cost; than P3.

We also tried other grouping heuristics starting from P°. The triplewise grouping
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heuristic resulted in a partition far less optimal than P2 Tbcwmamunmhwm

3 gr‘ouping heuﬂstic fomaditm aptmlmﬂmp‘, thoug »sh:amﬁnys been the case

_ M,m k-pamuen ;mmin
'grou,mg mmmc with & =2 mw&ummmm P4, &t found the

- that this heunstic wou);l find the W

optimal partitim after cost evaluating 120 partitions, considecably, more than the 67 partition

 evaluations required by mmmum of the fast | M heuristic and the

| single attribute degrouping-regrouping heuristic. For files with larger. m of attributes,
the disparity in searchi cost (Wstween thiése w5 heurly ol B zw \ses.

The ;ingh attribute ungrouping heuristic was able %0 preduce the optimal mm

P* when started from the ane-file partition. The converging soquence i shown in Figure 6.

This is in accord wixhuur good experience with the single atty

0 Fe1,23,45678) .. OP%=-1881286

A T 1 . o) = 602681

2 PPoy(L3 45 7,802 {m . Mwmn

3. PP-{i1,3,4,8,7) {2 6} (8}  OP% = 306233
4 PUe (1,3, 4,50 (23 (61 V) (8] CP*) = 283959

5 . PS-{{L45L{ZLIBBLILIN - . CFY-271814

6 | nalmpmmu -

 Figure 6 The nesuk of the single atiribute ungrouping heuristic.
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The single attribute uugrwriqg heuristic nquifod a mi d‘ 32 seconds of CPU time and

",h

terminated after comidcring m pnrtitiom.

In the umpmahove.nmuntmw partition - P° in Figure 4 has

a surprisingly low pactormance et when sompured mmwnu partivion of Figure 3.
I fact, the trivial partition in ot exasepies tuems mwumy moptlmll,«ond for
‘of the trivial pertition. can ‘be mm Mﬁ uﬁ pesfowmmante ‘cost of the one-file
partition. - In ‘the course:of our: m it -was:also: m that the relative
optimatity nf the trimtm dncreased a5:the: number of ‘the untributes in the relation
increased. ‘We offer the MWM&M MWM of the trivial

(a) Most queries access only a few of the sttribuus. For ev«y query that accesses a group

. of. attributes. there are usualiy other queries that acoess a subset of this group of
attributes (pius possibly other attributes) and hence ause the group to break apart Gie.,
the subset of attributes becomes less attnctive to tbe rest of the group) For example if
one query ‘accesses attributes I and 2 and another quory accesses attributes 2 and 3,
and both: have tin ame: frequuacy,rtlius an ‘on the Mﬂti« of the queries) it
is most ﬁkeiyuma trivial. mwswm w.m 'Y ‘is-more cost effective

‘than a mﬁhaamﬁhwwm




(b)

{c)

| dommance of the mmkme qumu

In order that two aﬁrlimtcs be grouw W lﬂ tﬁe m mﬁ they hlve to be
accessed in the same query. The mare mcm the query &.& m mﬂer the number of .
jo.of grouping tbe
attributes I the query h very m M mmm mm lwmber

tuples that satisfy the querys predm). M gm &e adv

of page accesses uhwﬂuwmmw Mifﬁn mributes |
were not grouped; thverefore the mmfam:mim are very attractive
to one ancther. Conxersely; wam&mmmmﬁﬁme
gained by grouping.its attribuses is shight. wmwawunman
it requ&res a“ the: md‘lﬁ MMW ﬂMﬁmm will

 incur no more page accesses than. MM iwto severst subfiles (which: inclade

attributes which has bm~ induced by the sdeetm m On the other hand, selective

queries incur fewer page ncceses cm wuhcme m and the pzribrmnu cost of a

i e

partmon is determimd toa gruur m by Mc qunﬂu. Thus for a uuge

pattern where selective and m\ectm qama m rcpmenwd wuh me same frequmcy. |

the opumal partmon wm be chu w xhe trtvhl pmm m order w reﬂect the

[ ]

An attribute that. is resolved by Wm ‘or-byp linkhs frem-a TID list
which contains a large number of TIB&(Mmﬂu the: otak ntmberof mp!es

/in the relation) wilt manifest a mﬂw—;nmzb:mm attributes of the file. In

- contrast, an aitﬂbute that is indexed will have a relatively Mgher attractivity measure to
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' the other_éttripbtgs of tbe‘ﬂ.lt_ ‘Thlsv‘u‘ beuuse vwlgl'_u;;,,‘an‘ :aitl’l_b.t.lte is resolved by
sequential séarching orkby linking from a large TID lut.allthevalues for that attribute
will have to be fetr{eved in th‘c;lr: entirety. _A_nj attribute that.mayvco-exlst with this
.attr'ibutve ln.the same subfile will .ahﬁ have to be Wd in its entirety, even if this
attribute is not requeuad in the query that requats the unindexed attribute. Hence (as
we have ‘noted in Section 5.7), providing indices on nmbum wlll contribute to the
clqsterin_g of the attributes. In the, experiments we have conducted (and ‘aIs,o_ in most
real databases), only a few of the file's attributes were I_r‘tdgx.ed:am.l,nmtﬁ attributes did
not‘have an Ir'l_dex. Therefore fp:",such,ques, the trivial pirtltlon will be relatively

| optimal, since .the attributes that are not indexed will be uﬁaﬁfactlve or shc;w ‘little

, Aattractiv,lty to the rest of the attributes of the ﬂle; and the q‘)»timal partition will be

‘composed of a large number of subfiles, each subfile containing only a few attributes.

The merit of the trivial partition has ndt been overlooked .in practical database
design. A variant of the trivial partition in a non-flat file implementation of a database is a
file organization wherg the main file consists of records of pointers, in which each pointer
points to the. actual attribute value stored in a seoﬁn’da.ry data area [25) The secondary data
“area is separate from the main file, and values of dlffe;mt attributes are stored separately. In
this m;mn_ef, the attributes are separated from one another into their own exclusive areas in‘a
way that ‘resemble.sl a trlyial partition. Accessing one attribute will therefore not br!r.:g in any
values of other attribufes (except for the pointers which are relatively shb_rt), but will cause
one extra page access since the bolnter has to be followed to the act_bal data. In such file

organizations, data compaction techniques (like eliminating redundant copies of the same
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attribute value) becomes possible, and are often employed to reduce storage (and also access)

requirements (but at the expense of computing time).
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CHAPTER 7

REMARKS AND FUTURE DIRNCTIONS

- In this Teport we have m:m« ﬂlhm database management
system thie perf'rm mnpmm:mmmmm We have abo
devebped 2 numlnr of computationally fensibiy attriete mngwmm ‘that select a
.-near opumal puuthn for: W”:m e wﬁwwmg ‘on-the paging
-perrormam of the dtubuu. h m mt m m*provﬂ( Wlem for exteuding the
undeﬂylng,. mvlmnm inoréer !o-:aoht mﬁfsm m=-ptnﬂuﬂng‘-prbbletns
without lmroduclng the need for revamping mm m ﬁdamtlu Thereaftet, we
conclude: this report- mw Mamm seope’ of attribute partmonlng to
wider problems, along with a dim:-ﬁ'MA*mim"“ﬂuban attribute

partitioning and other physical dat'abuév design issues.

V'There ‘are numerous. iisue:i md ptrmmtlnthwe ‘to’ be considered when

© optimizing the phyml»dedgn of a dtubac iva mﬂtplex wivifo “‘t. In‘this report we
have addremd the attribute pdftmming problem in'the m oft moﬂcl of the database

'managemem system that incofporites &° Aumber wmp-mwm that ‘e ‘feel are miore
important and whose considentton 1s ‘required in ‘order to have a meamngful model of

_practical database usage. Two of these parameters are atiribute selectivity and the blocking
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of tuples into discrete pagm mmer it umwwmm model of the

database manw mww ww;; ' m mmsmg ‘the

comptex:ty of - the attribute parﬁtt«mt pmbm. and m Mmdm the need for
revampmg the heumtm we have shiown t0 be W # ‘our turrent model. In t:he-

_extensions to our curient wodel s Wi o bellere Mwmin grouping

heuristic will still hethem visble: Wﬂ*ﬂm# néar -optinality as
demonstrated in the course af-our werk. Out-hakief 46 dutok wpeethe fesisht of our program
of experimentation with the. hewristic, showing Thit the Partition predisced by the. pairwise
grouping heuristic is mﬁm within. mw uwm m where the
optimal_partition could w-~»ummﬂaﬁw W’i fourst for- that

proh!em) ‘Howeves, it. &5 Mh that.in- mwm mm musm of a
pair_of blocks wili-not bc the. mm mm&mmw o the
ext siep (is. violating, sonditon Bl ths prodiing The appliention;of she: k. pairiee

grouping heuristic. Loeneisprdsoohog e

| One parameter that would beduk&bkgoim?demmmhtheomhad cost
"of accessing a subfﬂe When a queryt ;ﬂf&;‘: éat;:s;::m b ;:u:ﬂy a degree of
overhead associated with :M m:h &hﬂh 'l'h ovar

¢ mmmm&t ﬂnmnmm umr |
areas in primary memory. for ih! &bﬂ’t

model by having thc file cost. m M&M nrerhend-

and closing the subfile, initializin

whenever a subfile is accessed by the method of a.quesy. ..

One other way we may extend our curremt modet it to Gifferentiate Between the cost



. Chapter 7 M5 Remarks and Future Directions

of accessing different subfiies and to differemiate between the ;torage cost for: different
»' .submes lt is possible to store subfiles on a veriety of :tonge devices with difrering storage
and access costs, in order to further reduce the databue performance cost. For exampie a
subfile that is not frequentiy aeceued and that requires a slgniﬂcant amount of storage may
‘.be stored on a secondary stonge device, other tiun a disk. that has higher access cost but
lower .storage cost. Differenttation between tln costs oi' mbﬁles has been the main concern of
some previous studies that- have vie\nd ‘the m,;pmmomng pwﬂem in- terms of
allocating attributu to primuy tnd secondary Mhe (lenmr {4}, Hoffer b8, Eisner and
-Severance {14}, and March and Severance (23]) We:may tacorporate differentiated subfiles in
our modei by muiting the: file: cost mmmmoﬁm ‘accesses to a subfile
by a factor that reflects therehuveouuot accessing: the pages of thembme with resPect to
the other subfiles. Differentiaged wongemm subfiles mﬂaobe included in our model
: by adding up the storage-costs foteeeh wbﬁhdlpendtng on lﬁekind of device the subfile is

stored on during the time interval betwesn: mﬁming points.

lt would be desirabie to have the.system automaticaily and optimally determine the

repartitioning points. Computing the repartmoning pomts should be based upon the
, consideration that too frequent invoeation of the partitioning heuristics will result in
expending a significant amount of compuutioml resouroet on the search for a marginally |
better attribute partition. whiie infrequent invocation of the heuristlcs may result in degraded
. database performance in the intervening time betmen repurtitioniﬂg points. Shneiderrnan
(33] and Yao et al. [38] have investigated ‘the probiem of optimally determining

reorganiution points for the purpose oi‘ elimimting onrﬂom in files that are due to tupie
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insertion and deletion. Tbcy a&so M 2 nm Of I!Chmh' M purpose We foel
that their techmques could hc W m ﬂn pm ﬁ'm:qﬂmﬂ nparmtomng

g e T
Saghieny s t :

- Even- though our.. mm&mﬁmmaum;m moare
‘comprehensive than preariou swadies, e hutw m the: m wﬁWhg
problem within the. comeni of t«ﬂn&hm mmm m«m relution
_is-accessed tbrough a mm&md mmmmmmmwm - Fo
;fully realue the ﬂulbﬂm of & mhtm mieit:
| "envtmnmem together w-kh kmm mmm MWW
with arbitrary join. mhm Mm mnmm m Abo, ®is

‘ m& m . mkm&mn

necessary to consider queries that hwe mmm Wﬁa mmmm of

conjunctions and. disjum:tiom) in their qutitﬁatm ptrt. taé in whk:h the ptedicates of the
G e e w e ot oy sy St cwih B
boolean expressmn contain omer comparison opm hatdes ewaluy eonékim& (Arbimry
g,-*é-*{ #% 4,' »v;;:if;g{;, b it v ey

boolean expresstom in queﬁu have been dlﬂihmd in m muki mmﬂy bmuse of the

COESLATIEY '“‘“fz“
comphcations that arise in the enluatlon of a«:h weﬂu fm' & pamttoned database Mso
At £ CEATMEYEE W e T
the consideration of comparim openton other m eqmﬁty condukm makes the probkm :
ﬂ\ JEiE “z & a;ig;! g‘,;:‘gm“
of estimating the numbef of mpies that sausfy a m mudmb!y more cnmplax though‘
oy e ’i;a:,: _;;q,;”;‘ 4% w Y ’imﬂt?{ S -

not mfeasible) To our knowiadge. thc auﬁme pmmmg puwm for a muni-remm

.,-.z‘jir, gL n "R s g1

database with. genetanzed querm has nat yet‘been addmsed

[ Oy R

We -have assumed a flat file ’physictl implementation of a relation in eur attribute
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'partitioning' system ln mott practicai databaset. noni'iat me impiementation of data is

assumed for two reasona I- For the purpae of daa compactiqn, in order to reduce the

'amount of storage required to store the dau. Dau compaction may ‘be accomplished by

repiacing attribute vaiues with pointera that point to a mwnon but smaiier pool ot‘ the actual

: attribute vaiue: (daia encadmg). by uting gointm that point to the end of a variabie length

_ attribute value (so that the maximum smnge space doel mt have to be allocated for each of

out the aame attribute vaiue from any

the variabie Iength attribute:). or bY 'f;v,e

number of tupies that contain the attribute va!ue. in order to eiiminate its repetition in more

than one tuple (as in hierarchial organtntims) 2- For the purpoee ot‘ aeeess enhancement

Access enhancement in 2 nonﬂat impiemnatian may be aecompuahed by the etimination of

JOi" Opemlom (le mrches) on mbfiia by haviiq tupiu that satisi‘y a frequent join
operation expiicitiy Iinir.ed to one another by poinm We beiieve that the development of
B attribute partitioning heurmict i’or nmflat ﬂle hplementatiom wiii not be an easy task; this

| difficuity is compounded by the complexity of query evahiation in such me organizations and

by the probiems of deriving an. aocurate omt Md of such 2 database management

environment Babad [2] and Benner [ﬂ have addmeed a limited i‘orm of the attribute

partitioning problem in 2 nonﬂat file implementation oi‘ a reiation SPecifically. they consider -
the probiem of attribute partitioning fot fiie organiutiom that aliow attribute values with
variable iengths, and where not all subtupiu are of equal Iength Schkoinick {31 considers a
hierarchicai fiie organization where each node in the tree is an attribute.. Page access is
minimized by partitioning the nodes oi‘ the hierarchic ﬁie awording to the frequency of

attribute requests by queries and according to the position of the attribute within the

" hierarchy.
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We have coufm our attention to problems of mm paﬂﬁenhg Auribute "
clustering, as the Iogwut exmm of attribute panmewmg an m ™ mﬁdmbie access
(and storage) cost reduction over mapb puum As o amap& where attribute.
Clusteritvg may result i secess mmwm o ww-;. where o,

- mgMy attractive to both o and o3, but where: ig m Qg“ mﬂg«lﬂymmalve n
such a situation’it is deiif%wmﬂmm a', %a mmwm m with 2y

and in the other subfile with ;. Wm%"mmmwm |

paradoxltaﬂy result m the reduction of Ww .;“*” of mm of a rehuon is
reproduced ina subﬁkofth&&rmmm.m m:&mmmdmm

ety -+

are functionany dependrm on these mpm mﬁmw ™ Mn m repm.
”unking as an access path wmamm»mwamm ut of
| -attrlbutes !n other wwdt, Mt glmw ubuple, mmnwww m a :ubme

the equi-join of mpw n the mubfile ukmsm“wm m on the set of
reproduced attributel. m the set of Wmma key aar the subﬁh
the resuit of. the equi—jmn i! a ﬁngk wbmﬁe m um de ﬂm mbmple

The consequence chﬁnmuﬂngth! mummmmmweuwpy-
 of the attributes may be caupm by Mam; att w m la mm cases this
will result in considerabh reewery af qm% wuﬁm m GF ﬂn wbme beeamn

umque But there are more dmct uchniqlm fa mhg W M as m emodmg) that

are better for this pm‘posttm mmm Tmmm dumtng should be -

o s ﬂ”, i wg:“;

| pnmarnly considered for the purpm uf m M mmmm Om &9] mmm a
special case of attribute mwmng m a m:gh r&ﬂen dm mvircnment where ‘the

primary key of the relation s reproduced in each of the subfiles. The original relauon my
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~then be recomtructed from the equi join of the colleetlon of the wbmes on the primary key.
Thls model may be conurued as a varllnt of utﬂbutc partlﬂonlng where the linking access

path is. rephced by the equi join openuon. sime by r ucing the primry key all

-subtupks become unlque. uch wbﬂk hu " subtuph. and a subtup!e has a unique
co-subtuple in each of the other wbﬂlet. Hoﬂ‘er [18] elso addm the problem of attribute

clusterlng in a flat ﬂle lmpbmennﬁm of 2 m and

ucts an integer programming

formumion of the problem together with L3 branch aud bouqd algogithm for its solunon

A problem related b’ st ;mmmg iuﬂi‘ﬁtﬁ%cé clustering 15 their dual

;. ‘whefe thie fileis partitioned horizontally by

‘tuples) -t is well known that tup¥és'are not requéited by queties with ufitform frequency in

actual apphications it has been freqire mth!tﬂleiﬁl! request distribution follows

the "80-20" rule of thumb BT} “This rule Suibés that 80% of ‘the queries deal with the most

active 20%of a file. Therefore considerable sctess’ehfiiiicemen may be accompllshedby

clustering the frequently accessed ‘tuples togethir,” separate from the infrequently accessed
tuples. In its simplest form, tuple partitioning is iwompusﬁée‘*iii o flat m; implementation by
grouping tuples that are accessed together into horizontal subfiles. - The reason such a subfile
is called a horizontal subfﬂfe”u*‘;bedﬁselt'he"ufﬁ' repfuenmgﬂn file 15 being partitiohed
horizontally by its raws. (Stmilarly, a subftle of aii”attribute partition ‘may be viewed as a
. vertical subfile) In tuple partitiomﬂg. in’ order tﬁat the aecus cost of two similarly accessed
tuples be redueed the mp’es hwe to be pheul ' the same page. Tuple partltioning may
thus be viewed as’ shutmng the mpiés among the mec of the ﬂle?_ placing similarly accessed

tuples in the same page. 50 that total access cost 13 minimized.' We feel that the attribute
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| partlticmlng hearistics muhpsd in this repm m bt w’ wustbh tf ever
appﬁed to the mwwmmdmmmﬁmpm invelved In |
practical dazabam. the number onnpwn MMM as hrgeaa 10%, qu |
“the same reason, awmm»ﬁumm hﬂtﬂmc t&mt
cunslders each thmmhwwmwmme :uple
partitienbng problem. Anetiet mdm ﬂ&amm pmbhm s that a
subfile in a mpnmhm mwﬁa muam 'rmmm we
have developed &MMWM f NI
 Knuth [22) and Rivest {30} each dewrihe 8 houris

' to their access frequencies. .In the heuriatic of Knuth, sach tugin that i retwieved by a query
is relocated o the top of the file such thatthe gl il o the i wipe 4 e searched
by the next query. In the mc of Rlvutyl mﬂlﬁ »thmh the
immedlately preceding tupie. m hmmum wthy wwm they assume no

blocking of tuples into pages and they assme. mAvam;Mrm s 9eagched is by |

sequential search. The heurmia abe have the dnm that M are; vary sensitive 1o the

: AC mdmmm@
~ database can drastically change iﬂbegueﬂ«m!n mmmm

'order the quenes are made o the database, and thz .

pbiem showld be “solved using cluster
analysis techniques that coaﬂder buth the attribute Yl%h the ple.and the occurence of |

attribute values in queries. Statistics gathered. far the purpose.of tuple. pattitioning must
~ record not only the attributes requested by the gue:ju m@e mmmubue. but also the
attribute values in the equality condition predicates of Shc query, 30 that similarly accessed

tuples may be identified.
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| . Ab sligllt generallzatlon of thc tuple parutionlng problem is to the case where tuples

are stored in pages that need not be compleuly mled but may be partly empty. This
‘ varlatlon of tuple. partmonlng is even more dlmcult to solvc. but may result in enhanced
access performance at the cost of an lncreue in mage requlmnent. Tuple partltlonlng may
- be rurther generallnd lnto tuple clusterlng whm tuplu ‘may be. redundantly stored in

several pages. in order to reduce page accesses (Whﬂ! ncrea

ng sorage requirements).

(parﬂthg) problem. ‘where attribute clulleﬂﬁg (paﬂltlonlng) and’ tuple clustering
‘(partitioning) are carried out simukaneously. I this’ ‘problem, x e is’ partitioned both by its
attrib_utes and by its tuplei sich that each subfile has a subset of the attributes and a subaet
of thc tuples. The subfiles of a hybrid partltlun need not ail be of the same size either in the
number.of attributes or in the number of tuples. One way to picture a flat file partitioned in
a hybrid manner is as a composition of rectangular rnosalcs with varying lengths and widths,
placed ad jacent to one another such that the whole file is covered. The' hybrid data clustering
(partltionlng) problem ls much larger than either the attr,lbute clustering or the tuple
.clustcrmg problems. For this reason, its aolutlon requires more powerl‘ul heuristics than any
we have considered. A computationally feulble yet. not necusarlly optlmal or near optimal,
approach would be to perform ,attril?ut:e clustering (partltlonlng) and tuple clustering
(partlti_oning) .alternatc_ly. in order to reach a hybrid cluster that‘has a locally minimum

performance cost.

Another direction of extending attribute partitioning is to consider attribute

: p_artitioning simultaneously w/ith selecting other file access structures, wh_ere. the choice -of the




Chapter 7 | o w2 | Remarks and Future Directions

access structufe dwdt o0 mmﬁm mm ﬂlﬂ m versa. Fm’ zxample
we may consider chonﬂng mdices for the am :d'; plﬂ;m ﬂk In our currem ’
model, we have assumed mmdmaummmhmm md
consequently thgf&smdhuuam”im !tmmm ofﬂﬁxed
induces is removed, the overall perm d' lhe Mﬂe mt 3yszem mght |
improve when aﬁﬂbmﬂm»d m Mmm msl’y One
plausible strategy here is mmamty mm M“W selection in a
# 5y Clan 71, S she-aptismat sefection

' stépwise minimization fashion. The heunistic pe
of indices, is parwhrlyw&m;m L
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