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One techntque t1tat II ""91times ...,..,.. &o lllttMce die perfoa ••nee of a database 
management system ts u.wn n attaifiilli ,.....,...., Tltts ts._ ,..... of dt•tctawc the 
attributes of a file illC8 ...... ._.are_... ..... ..,. Bf•• *'I ...... thole • ......., 
that are frequently ,.,_.. ....... a., ......... -. _. a., 1' 11 ... dlale that are not, 
attribute partttloktftl Ott nduce thw,. ""~ . ,r ,... · dlllt tlilllt be tranaferred from 
secondary _..,to ,.....ry ..,.., M .....WWI* &•a tra_..an. · 

The. pl or tMs work ts to ........ 1-.1m111 d..t .can autarM.tkally select a 
near ....... attrlbut9 ,..,... of • Rtia ......... - .. ~ pattern or the f'ne 
and on the charactertitb of the cf1ta in dW Mt. The .,,,_. .eu. to thtt proltlem ts 
based °" t1tf use .of a ftll ..._. CGlt .......- wl 'of •••riltla le ptde a search through 
the large ,sp•ce of pas,.._. pattitta1ts. The Mtnlltla p11p•1 a lfttal let of promising 
partid~s to submit for detdld analysts. TM lldm ••• mlpl a f1pre CJf mertt t0 an1 
proposed pa:rtttien dtat ndllcla· the cmt that wouM • lftWt~ ln .proceulftJ the. transacttons 
tn the usag~ ,._.. if ti. me were putfdlMd In the pr6fNl8d way. we· haw also 
conducted an extens&•• wrkis of up11 tments wtlh a nrtety or .....,. heuristta; as .a result. 
we have identified l Murilttc that ,..,17 atwayt ._.. ttae ....... , pattltton of a Ote. 

The cont.m at *t· lftldy ti a ,... ... ••• --tt system. that can . 
process transacttons ,_. .,.,. ,.,..,.... Wlw ,.., .... ,. ......... ti unk~ to the 
user. In specifying and ,...., this .,..... • ta 111n 11111 tD address the problem or . 
optimtt1ng "°"~ ...... FMde to a pa1Ut1111•ll fir.: Wt haw derived.a,........,.. of 
such opttmtiattoh *"""* aftd ~" pnwtchd - raa1ta of a ......... or expertmenb wtth them. . . . . 
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Chapter I . -7- Introduction 

INTBODUOTION 

The work to be reported ln thla· report I~ part. of an ongoing research effort to 

develop a 5'1f·adapttve database management aJ*m: The ln-t of this' ~evelopment is 

twofold: tq develop the techniques •nd methodolagy for the ~ of such systems. and 

to id~ttfy database phJttcal design ...... wtth _.....,..for their automatk ·and opttmal 

determination. In this report. we addreal the problem of ... mlzt. the performanc~. of a 

self-adaptive du.&base management ''*"'• m ·a d,..amk environment where access 

requirements are continua Hy chaftctn1, by automa~.; partitioning th~ attributes (fields). of 
·b 

the file. . Attr•bute' partitioning ta the task of dlvkltng. the attributes (fields). Of a· file ~nto 
. , . 

non-overlapping groups and then storing each. grou_, ·tn a separate physical me. 

1. Self-adaptlye ·oatabye Man•etaat S;ntema 

. It is important that a d...,._ ,,_ . ...-m ielflttendy ·• all ttmes.. Efficient 

perfQrmaace requires. that the,,..,.... . .........,. f1I the • ..._ matdt ttte usage pattm1 

of its users. Thua. u the:dataRW• u-ce 111-•..-*'• &tme, tts firgantzattaft af'KI its 

access structures can become obseldllJ · ·wtth ••••••t .. dlttaclatten of ,,-rormanee. 

PerformanGe degradation ma~ also result at the 6tabale,... h1 me 0r as the nature· of the 
. . 

data it contains changes. After ~ time, the .. pertWmMc:e ·of dte datab9se system may. 

deteriorate suff)dently · ao as tG ~apel ·a databa• ........ IMkln. Strtce the applications 
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programs acceastftf the ..... IN ...... .... ,......., wtdt MW apptkatlon1 

programs repa,ac;iAI 9'd· ... Miii .._ tt. '*''• II ............. --.11y t1ndqoes 

Conv~, .... ....._ .,. • ......, ••UI•._ ~.,..how tQ.reorgantze 

a datat;;ue. HiJ .,.._.. It .... • tll!l1IUd W.•• ..,... ·"" d•tab•• ~l'.ld the 

· trattsact~ns perfQrtned • tt; ••n••adJ ••ttilrl tt ~· lft.~'1' ~ fqr larse 
r , , I "JC, • ., ' " " 

clatabaJe~. a m<tr• S,fltln1• .,.... ti: ....... W.••• .-.. .ft .. .,_,. and a .. . .;:. 

mo.re algef'ithmt( W•J 4'lf ~ ..... of ...... •llftlWlt .... ti: IJMffdal. ~t has 
' 1.:<~ :- : . 

receetlJ beea prepa11lt .._MMll••••Ml•l'Jill•ti •••tt h•ll•.,..Wt _.. •--t~Hy 
. . " ; ··'. .. "." 

roonHoring datalRu -.. ,,..,.. Md . ._ .............. .P! ...... for a Mlf·•d•Uve, 
: . ., . . 

self-reorganizing databut manapment 1y.-. 

transaction proe:e..m,. A database manqWIWtt ayateM ii well "'ibid tor g~thertn1 and 
. . 

be minim.I. ltt MW._, a...,•••• ........ •llNI••• "*"' ._ .... be able. to come 

up with desiral/lle ,.,.._, ......... ,. ••.a. ......,. .. ;.._ ....,,. and a«eN structQrfl) 

bated . upon the ~ '41tillt.e&. Mlfl tw· ...,. • ... ._ ·* wit et'.m altemattve 

organipti$1l in orfkf te .._ "' .,.., "''*'' .,..mRllOft Rtr 1 datatiaae. Also, tt ls 

possible that wet.a.,,. .... .....,.. die .._..,,cla&atta•rwtantatlon ttsetr,,ner it 

has evaluated the coat/benefits of reorganiutlon and the ... .._ CQltJ of· retranslating the 
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appUcatjom prog~ms that acceu the database . 

. , 

2. The Bela~lonal lt;Q•l W, '21.-1 
• ' ' ' - - • - • - • _· : • '' ~ • ' • • - ' • .< 

In a self-adaptive database ~t system, the. physical organiu.Uon of the 

• ' < • ·,. • •• '». ; :;_:., .i.~ . ·." - : - ' . 
· dat.abase is- perpetually being J'e()rgantied. In order for ·the database reorganliation to be 

trµly effective, ·a data~ management 1,.m. that perr.,;.s. titr-r9ofiU.tiation .will have to 

manifest the .tollowtng two Important .chmcfil'tstia: . 1-· dita· 1nd~ence. between the 

database's phystcal organtutton aftc:t' the .pf>tkitteln prograrits_ that a~s the d•tabale, and 

2- nonprocedural ·~ or dte corttenu or tM d....... •f d~ta indepenctence we mean that 

users and thetr application ptogramS are·· rkif ··· r~t.-8d ,;.to know the "a~tual physical 

organtiation usect to represent the data, so that thqare ,.,,. ~ ~trate on a logical vtew 

of the data. Data independence makes the database •sy tO ·use· and avoids. tile .need for 

application. program retranslatlon every time .• he database's physical scructure Is changed. 

Nonp~edural acceis also makes the database easy to use; this entails the provtsl(Jn of access 

languages which allow the speclRcatton or desired data in terms of properties It possesses 
. . -:-, 

rather than In terms of the search algorithm~ to locate and retrieve It 

The relational model of data (Codd bi». has been praposed as a means of achieving 

the above goals of data independence aftd nonp,.mural access. The .relational data model 

provides a simple and uniform logical.view of the data that Is~ independent of the 

actual storage structures and accas structlire used to repraent and access the data. This 

makes the definition and manipulation of a databue independent of Its underlying physical 

· organlz.ation. As a result, changes at the data orpn...0. k\'elJ1eect not be reflected in the 
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programs that. access &he .ctae1t.ae. 

·A relation in the relalieM1 data ·model· tt a Mmell two~I table that has a 

All the rows of the Mia·,..._ .. .,,.,._..,. .. · A ..... :;rep• U JI 11-:-; . ..-Y .tn a retation 

contains a value for. each ateribute of the relation. The number of attributes tn a relation is 
.. ' I . . 

m and the number of tu~ tn the relation ts n. F4gure I sf'lows the relation 

ENROLLMENT for .atlfd __ : ....... U. ·~ ~.;.~~relation has two 

attribute~ · Stud,nt and CoxrSf, and f0ur tuples <DO.. 6.()35.~ (fQe. 6,.03i> .. <Doe. 6.~l ), a.nd 

(R~, 6.0~). The physical realization of • relation ts ,,_ catted a flle, with the. attrib,utes 

and the tuples of the relation called tile ~· Md rtcOftll of.'"' ftle teSJ*tlYelJ. H~efm:th, · 
,, . . ., ' 

w~ will use the term file when discussing the •lttJ of the da~Jn a rela.ti'!ft, indlcatin.g that 

we are deaUng with the phyueat representation of t" relattan. ~ve,, we. will ~tinue 

ENROLLMENT: 

Attribute 

Student Cours1 

I f I . 
I Doe I f.035 1 
I I I 
I Poe f 6.032. I 

Tupte I I I 
I Doe I 6.851 I 
f I t 

. I Roe I 6.035 I 
I I I 

figure I The ENROLLMENT relation ·with 2 attrtbutes and if tuples. 
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usi~g' the terms attribute and tuete for the fields and records of a file so that the two 
~ ·, .. />.! . . • • .. ' 

dimensional tabular data format of th~ relitton ~ill bt .~. If' mind. 

In a relational database man~eJnent ,,....,._}herlJ~'s. v~w ~f,,the d~t~base ts 
• ' ' ::! • • ~ ' • 

Independent of the details of the data~ae's phflt~I ~!"I.~~·~· Furthermore, hls 
, . ... . , ·"'-' :.-.•. >~' '.. -<-"' ' 1 i: '; ' .. ' 

nonprocedural queries are far rnoved from the prtmttlv.·~!~·,~n'2U1at~·oper.4't~~s'.for 

locating and retrtevlng the data. Consequently, more respolJllblllty II placed on a relational 
. . 

database. management. system than ,on ,,a conv~•I .,.,.,._,. ,..:~11 ~•ibl,ltf takes two 
-:.. . ': ;. . ' • . •. : ·~' ·, ·: ' '~·· ' !-' .,. • >'\ ~ •• 

forms: I- choosing an efficient physical orpntzattaa for the relation, and 2- optimizing the 

process of finding answers to ........ -* to t~ datalillf; by tfte means of efficient and 

judicial uwef the avdable accas structures. 

· · We belie'fe that the ~ ef a good pbylltll ~ ts the primary. Issue tn 

re1attonal database lmpllnlentatton, since the ellitteftq'' that dtt be ·achieved· by a ~ery 

opumuer ts strtctty delmlted by the • ._..,,.~·~ Farthermore, the· efficient 

utilization of a database ·~ highly depenc.tetit dn '!ht Gpirftnal matching of Its physical 

organization to-Its accm reqttlrementl, a well'at to1'°"' other: ..... characteriStlCS (sudt as 

the distributiC)ll of attribute values in it). Hence, the uaage pattenf of a database 'should be 

ascertained and utlllr.ed In choostrtg the phystcal orpnl~tlon. 

There are numerous posslbilttles for the phystcal organization of a relational 

database. The selection of a particular physical orpntzattori must be"based on ~inimizing 

the· performance cost in terms"of both data access COit and data storage cost. The subject of 

. this research Is selecting the optimal attribute ~rtltton of a relational d~tabase by utilizing 

the ace~ pattern· history of dte ·database tn uder ·to· mintnlhe the data access cost. Attribute 

partitioning consists of divtdtng the attrlbutft of 1 fife tMO aobftli!S that are stored separately. 
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In relational terms, dtis •WI sphttthg -. 1'1!1111111 WltO • '""""* Uf subr~lations, each 

containing a subset'"' th~'am·t~ates of the- artgiat retal'MI, mdf dllt ttftt or.tgtnal relation 
. . . 

may be untquely reeOMt~ tnJm flw'~ df tM ~ ·(Strtctly speaktng, a 

subfile is not a relafieft ,._. d8pliftte'1t .... .,.,, • ...._.~_,..,..., ... ,.1armal deArtttton 

of a subfile in the nnt· seatonJ 

I .. ' ' ~ ,. ~· ' ,• 

Let . A be the set of attributes of a retatt., -' let T . be &he se& of tuple identifier~ ... ..,. 

of the relation. (A tuple identifier is a unique ldtlltifjer for a. tQple in .u.e relation.) The . "': ,,-,., .. -,,,- \;•,, 

number of attributes in tlle rftation is IAI • m, MCI "" •••-· fll. tupletJn the relation is 
' ,•' '"i ·: _, -· . ,,,. ' - ', • 

ITI - n . ConHd~ the coltectian of svbfllel F • {F11¥.1 , wlMre .C.. . ...wHe F1 ii defined by a 
~ • ,·,.~-. • _\ ' <' • .41 I 

pair c:onsisting of an attribute- Mt and a tuple tdenUfter Mt, whtdt·.,.U.O the atttibwta and 
,.__ :·. ...,, >~~?" . 

tuple identifiers that are represented tn the subfile ft: <At, Ta)• A;:. A , Ti:. T ~. The 
" - . ' 

collection of subfiles F ts calfed the clustering of the relatiGn, an4 can have two bask forms: . ,, . . _;; . 

J.., an attribute dwter in which 

Ti• T 

M 
u. Ai• A, 

I ,.i . 

2- a .tuple cluster in whtch 

M 
u T· • T. 

i·I I 

I "' 1,._, M and 

I • .1, ...., M and 

The tuples of a subfile are ·calJed subtuples. A subfile F1 of an attribute cluster 

contains · n subtuples, .one for each tuple in the original relation. A subtuple of a subfile is 
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thatp~ut of the original fi"le's tuple that hu attn~ A,. The ,ubtuples of subfile F1 In an 
' ·.-•' ·• , 1.· .. · ,· ; 

attribute .cluster. need not all be different. For exa,.,,le, If the -~ .~ Figure I Is clustered 
:··· ;; .. · -. - - ' ' ;. - . 

such that F 1 - <A,, T) ts a subfile with A1 • (eo.ru), then the aubtup~s of F 1 wtll be 
~. r, , . , ' 

(6.035), (6.032), (6.851), and (6.03!5). 

An attribute cluster (F1}~. 1 In which Ai n At•• for.all i -~ J Is termed an attribute 
' .. _. ·.y;._·-.,. ·-, 

partition of the relation. In this r~ we wiH limit our·.U.tion to the t~ic of attribute 
• . ' . • • ' • ' .·, r . ' 

. partit~ing. (A · disculllon of tuple partitianU,. ~~.n .· ·~· Section 7.2.) Attribute 

parUtioni~g. is the task of dividtng the attrlbUtel of a n.~tton and storing each: ~:Us joint subset 
. . 1:· ' - ' - '.. . '· i 

of attributes in a separate subfile. The ob.Jectlve of attribute partitioning is to construct an 
• ' - -·~ • ~ ! ' - ' • \ 

attribute partitiOn of a relation that optknlzes the ~ . ..,r the da~ba.se management 
• f ;, 

system by minimizing the. cost of lqcattng_ and retrleVlng data. lntuttlvely, attribute 

pa~tttlaotng Is accomplished· by auJgnlng attributes to the _aanie subfile whenever .they are 

consistently requested together by queries. ' 

In conventional database management systems (wtth .P,•Jed memory organization), 

each tuple .of a relation is stored with all its attributes together In one Ole .. When a query ts 

made to the database, all tuples that. are required by the query are brought ·into primary 

memory by retrieving all the ·pages that . the tuples reside on. It has been observed in . . 

practical database a:pplications that a query don not usually request all the attributes of the . . 

file; most queries request only a few of the •ttrlbuta. Problen:tl· are presented by the · 

co-existence in the '-me file (or equivalently iri the same tuple) of attributes that are not 

requested by the query together with the rew attrlbutes that are. Whenever the requested 
. ' ;~. 

attributes are retrieved, .the non-requested attributes will alao. have to be brought into 

primary memory. If only a single tuple ls needed to answer auch a query, then it really does 
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~-' 

not mat~ that ...... at\ll' ... dial ue net rep1111d·...,,. .. Natde. the same tuple with 

the requested attrtbutea; in atty· event. only one,. .... to be ft!trieved from secondary 

... ;,.=. ;,-. ._ .. ',, :,"- ._· •. .-_-.,•,: - '· .. ' .... ,., .. ~-:-· ~ '·"~ }~ . .. ~, .~ ,,.:.· ·\~, .. 
storage. On t'he «ittet t.afta, .-..., ·matie .._ ''tllae ...... _. ., At.Tteved in order to 

an·swer a~· ·n.ts·_....tft'M ... ttfa..e·p·'--·ti4Miiie~··hln ~ary. 

st~rage. The eKpd!d ms~ ii ·pl;p.,tt.i ...... aftcl~w'~ .that require more 

tha.n one triple ts:~'l~'~·iae'a_ .... ,t'.v~ftt ·~Pate.· (The larger 

the .number of tup'leS tll~ am:fft\i,w.ttfi;i,.W.~:W.·...n. ··;-·~ .0 tie ;'culaed, ·since 

there is then a h~ pfrilt .. f\.wrt!Wis d'. Miil~~·-~ .. ~ ... • . .;.me page.) 
' . ' .. . ' ' 

The effect of ~·-~.~-a''•·~·-ta --~en·'·hlf' .... * what.'tt must 
. ' 

· · 1,-,: : ··- ··: __ , .;· .'·""\·~·-·:.~ ."1- ,,_ t:·.? .. ,.-~~.,-·;~--~~ :'.'i::~~~ .,,_·-" -d~·i-~-:-· _ ,,..i P~. 'fl..:.,;- l ·:· . 

l'niflimaUy be: thltl "redadnl W 'manitler .. ,...... '*""' _... ~ly causing excess 

.· -t· . · ' . , · ·. ·:.,'.~ -. . . . /</•' ·'. · ... f., '.-'~~, .. :,;,,·.i:~)'..1Y·~-.. ~· 1,.r ~-~ ·· --~ :~~::,·_· )p.:.o ... ::-· ··A .. --t • .: • . ·,.'- < 
page accesses wMn an•ef\Mi qaerm Mt rl---a:feW • ._ ......... wh~ accessing 

ni<>re than ···an~ :tu~.·· ~:v':.'9*'~-;;·~·.:~ ·ital···~ that are 
consistently RqUeSti.d 'tOl*k ·t;y ~' alt .... :r~~~ ife, . .- subfile and · 

•• • ' ... ,, • ~ ,:':..,, •• ;-·.· .' '.·.~. '.· ~ • ••• - :: • • ~ •• ~"~1<"~":~· "tiis.:.:~,; >.'_ : ... t>CLL~ :~. !'_~~·cH~~t.~...;i.- c?. 

· separated f~ tl1ose Mtiltbiltel wfth ·~ ·lhiJ are·.ot ....... :iMft ;th'e number of page 

accesses requtred to retrieve~ attt-·.,H1,.;e.;...-. O¥tt·fi; ... requt~ from a 

file that is not so partitioned. 

On the off\er uni, ~lttOl.a~ f.pil'dftg · #ft:a~ ;and ·storing. each in a 

• · • " • ; •' • , ,' '. • • •. , ' ':, •, • ' •. ,.;·,, •: '. :' • '.-''. ' j • - , ' ~ • j ~- • '! ; "• I; •. ' 

separate subfile will abe :fliillft •m ftoi:iill prp·ata1iu1 This is 'beclWie a query that requests 

the attributes er a llititffertewet~ ·with .....! other attrlbua. that are .flOt in the subfile will 

incur moR page accesses ·tt.ft ·.-n all •thele attrtbutm aft ·m the tame subfile, since now the 

two groups of attributel ftllide:in different :aubffla and 11n _,arat8 cpaps. When a. Ole has 

b~n part.itioned into subfiles, ...,., .. nquesting aurtbutes stored tegether ln one subfile will 

become less costly to ___. while ·thole qutriel ·tMt haw: their niquated attributes. 
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distributed over more than one subfile wtU became costlier to answer. Intuitively, the optimal 

. I 

partition is the partition that inaxtmtzes the COit reduction for ~ flnt klrid of queries while 

Attribute partition .... tt . ...-. uldll fef lupdata.._. when! queries made to the 

database usually 1'....-0RIJ a few. attributes of'.ach.tuple._··lt-41 ..aHWe tt~attbe:request 

distribuUqn that has been obsea;ved lof.~;,......cet_,,.,,,., .... ~appltes to· attributes 

requated by queria It hu ""'~Yed Jtu..,.fllAdk;abda•bue;appJtcatlon1 that not 

all the tuples of a databaM are r...-s wtth the·~~f~· ·The .._,.20" rule of 

thumb tor the. d._ributian o( tuple ~ ~ ~•htrw.W •• that approximately 

80 percent of querta ......... tM ·. 26 ,_.. ··. f1*t faeq••tlJ requestld tuples in • ' rtte. 

Furthermore, the rule alto. applttt to the lO ,._.i;,_,._,,......., '.NlpM!itPd tuples tn -the 

file; i.e. that 6f percent or the.., •. ,...... •"•f*Cllllt « •·...a .. fr9Cfll9flll'·~ 
. . 

tuples, and so forth. If.this ls abo true for the ,.._..,.........at attrtbuta-by .,ertes, 

then most requests are only. tw a rew ac:Uve·_. ..... :Gf the .. flte. 

An example of a larp databue, ·wfw'e attrlbute-,......ng·maJ be useful,. ts the 

Navy Con_lmand af1d C_,llLData Bue [91 T1UI dalablue:..._·d a.few relations wkh 

many tuples per relaijon. Some of thae,l';efa..._ h&ye1.,:ftmlJ •• 15 lltrtbute~ and a tuple · 

length _of 64 w~rdl.. ~;are on-line, attd p~, Jttvohe: only a few. attribuaes. 

Some attributes of tbe file like the name of ships or the clau ohahap.:areJnquently requested 

by queries while other attributes like the diameter of the torpedo tube are seldom ~equested. 

Therefore, partitiontrrg the attributes Or the flies may. reiult In mnliderable savings In page 

access requirements. 
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4. Thesis O·bhotlve 

To summarize, the prinapat''*t Qf tMs'~ ii ... .,,_,~ fOf attrlbdte 

partit~ m a self ....... tlltatRHi d• .... ea•irla•lll• Jilt fllls pn'-pMle. we have 

. assufned a database ~ . .,_... ·tt.t •Vf• • •·• ,.,.. .. "allt.84 ·we ~ave 'bulk an 

attribute partitming .,_.H~-. tA a ...-W··•·•llll 8labase ·management 

select a ~rtttion for a ~-~ -,, a- ...... *'611\illiif!!cLl system· 'Stntllat' 'to 't1M! 

one w.e ha•e moddid. AlthUitfh mr ..t.1 ·11·• . ._., • -.,·atstlnf system. ft is 

·representative of praeuci• s,_.. Oet tbNltttl ._..,,.,..i181!18.'flas'been ttt avoid 

~any of the 'limplif'ymg ............ _. lit ,...._ '••·di ttteret>y emphastie 

t~tant a~ .of·•lttd( ...... .Wlr•tua•·":WI .... ,.. M Ml:lftttotingthe 

the -evolvtrig characteriltics or l'he da...._ ·a.It' W~ -----~'.iMJ ..... f'fOr proceumg 

transactions made to ·a partittOlted etahast ·tMtllt ..... ......, ....,.,....,,., itfld deve~ 

a comptete and accarate MM1 d IM alllt of aa1il"1 ... ..._,.._ .. petformtng such a 

transttcti"on. Ftnalff, we CGllCeftl· ..,.... .... :•111tc tic~'tlWr·\itlftte ~ aajt.ttred 

parameters and produce optifflWI "Or'ftlaf 'optttwal ....._.,.~...,.the database at a 

reasonable cornputattolml cost. 
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5. Thesis Orc•nlHtjon 

The rest of thts ,~. tl'et'l•IUl4• fD~ "~ I MRl8Mrties a number of 

previoUs itudies In the area of attribute partitlanmg, and in the context of evaluating them, 

argues for the need of a heuristic solution to realiltlc database· attribute partlOonlng 

problems. In Chapter S we. pr.o~ide .U.. nM;ldel of the .uadel!IJing,flatabase management 

system that we have ~erecl: the plff*al ,11GJ•• ~· .. the · acass structures, the 

transaction. model •. the.method of.p~ ; ..... in,.,_ patUtioned envt1en.,,.ent and 

t.echntques for t"' at4p1•&ttt°'1 of the ,.rarMterl "8lllecl fw ..,,; cost analJSis. In Chapter 1 

we present the cost analysis for varto_uJ Mak ~ .ort· :a ;partitioned. database 41nd 

deKribe how to compute the databa~'a, per,.,....~ wt.kh t. wlat we wtsh to fnlntmtze. 

Then in Chapter 5 .we present a q.,,...r of ~- .,...._...,, heurtstia that we have 

devi~. along wi~h the mott.vaUCJn. fw. ~r -~ ~ also d4SCU1S the .compar•ttve 

advantages and dlsadvantlges of each .fteudstic, Md ou&Une, how each heuristk has 

performed in a ser:ie$ of ex,.-jments. Ch.,_ 6 peses m att;(._te parttttening """'lem for a . ·; . , ' 

relation with 8 attributes. an~ describel.lb I09utjcln vsiffl the heurAata of the .prececHng 

chapter. Finally, Chapter 7 concludes tbe repofl · dh.z"'ll~k>ns ·on how to extend the 

~nderlying envirOtlment in order to solve more:~ attr#Ju'8 par&Wonlng problems. and 

also discusses the relatlo111hlp between database attribute partitioning and other physical 
.. 

database design issues. 
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The purpose ot ''* dtapter ts 1tO kltrodUce tM approach we have taken to solving 

·the attribute pa~·ptll11b"m,· .... ··to mntlnt ttwtdt'ttfe;~·taien by others in 

determining the epttmal attnhte pllretttan. Theh' i~ two·..-jw·:~ches to attribute 
' . 

partitiOfting, each approadt··-*I Ht own mertttact·~ 1'"' t~ approaches.are: .. 

I- the . integ..- programntililg .,,,.._,,, wfid ·It ttw .~ talen by most other 

r~search~rs, and 2~ lhe ~ .... aadt. Wtt""*·"*-'· tfte tteuriltk: approach for the 

following reaaens: 1:- .._.._.. ... ...._."'''*~·attk·liarldtect·by the heuristic 

·approach .than "? the lfttt!g•r progral'nlniftg. approatft; ··~· ·An ·~···or near optimal 

attribute partition catt be ·fwftd· much men-~ by tt.. heutfstk lpptaach than by the. 

integtt progra""'*'I approac~. •ftd ~ . ·AlthOirfft ttte MUttlttt·~t; ··(unlike the integer 

programming appmadr) does not guirantee dtat df. ...,..,. patdtlOn will eventually be 

found, the heurtstics W.haft···~ haft·a'.lftlwindffbund anOpflmal or near optimal 

pa rlition. for the attrihute ptM1tttorttng probletjt. 

1. Summary of Pnvlou Work Pa• ln. Attdlulte 'Partltlonlnc 

The tdea of'' ctualff•I att~ (lttd · tfsb ·.~ t71tdtkJntng) as a means of. 

improving th' pert'brhlltrce, et· a database managentent system has often appeared In the 

literature on ftle design aftd'optftftt!atton. Utltlf tlif'paper or ttermedy (211 there had been 
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li~tle systematic study of tbls. aspect of file ~1...uon. Fv~ ae ~'ff.l'slon. of• relation 

. into secQnd and thJrd norm1:I, f~ 001 wu ~ ~ .Mjlth. auribule dustering. 

Although normalizing a relation tnto I~ nonnat f.,a"mt ..... J 1eau1J IA the clustering .of 

attrib~tes, and thereby reduce pap Jcqua, .. ac.u-. &dlr~ to,,.rds ifnprovjpg the 

. log'is;al data schema rather t~ ..,~,dalabuf.Jf4tP,~· kJs the funcUonal 

dependencies among the attributes ~h.at 1ovem tbe lplttttps,:4;1!t.r•tlOPI in the procft. ·of 

nor01a1tzaUon, rather. than the data's. phJ*-'-,~~v,W>thc. 4'ataba• usage . .pattern. 

An example of work in the. area of ,....._, c1..-• nor~"'Uiatlori 11 ·that of . .J)tlobel and 

Casey [ISl They are concerned .lfith the problem .of ~AC·· .relattQns into a set ·or . . - , 

subrelations such. that the infQJJnatkJn content and .~lp(IAl •lonJhiP.' or &he .oripnal 
. . 

relation schema· are. preserved. However, ·they do not consider physi~I database cr•ja ·that 

would result in a pbyskally optimal ~on of the relation schema. 

Implemerltations of "'tabase manag~ s~ "-'rlUpf>Olt partitioned. fjle~ have 

been few, and have been limJted to stmpli8-d env~ w• .finding .fn. optimal .of a 
. ·..• . ·-.· -· ··; 

suitable partit~on ls relattvei7 easy to manage. ~~Y~, tn.,these implementations. attribute 

partitioniog has been .treated onlJ ua one-shol ur.tr~to; be determined at ·the ill1tial·creation 

of a file. Attribute partltionlng bas.not been viewed u·a ,~ftabase.or,pnization issue that 

needs to be reconsidered perlodally, where the requ:.·1n1 ..._Id.be don_e b.y .a self-adaptive 

database management system .. 

There have been a n~mber of prevtoq1 studies of. a~te partitie>lling and attribute 
. . . 

. clustering (Day .Clll SepplJI [S2l Osman (291 Yue and Wang [S9l Benner [1], Alsberg [I], 

Babad (21 Stocker and Dearnley [S5, 12l Kennedy .(21~ 201 Ebner and.Se.verance [141 March 

and Severance [2Sl and Hoffer and Severance Da.191) However, we feel that the results or 
~.A, 



these st·U~ ~·· .•. ...._ . ...,,_,.._ •a:w11111M tlt·r•.tl:lltit•tta• envirqnmen&. 

s~ of these- •-v~: ._,. .. ~~ ........ ;..,.,,:Ii~ aSJUmption.s in 

t»;der; to·~tJl, -. •••. ~._ . ._ • .._.,.._ ... .,. .... leteer wiralj~ic 

i~ ~ •Mt · ~ _,.,..._ ..... ._:,.....,.,..,. tl!lkJ ...... :dl>lfft ... t..,, that: have 

~-madt,,n p~V---~---'. ................. ~e.mQdels of·£ost 

aRd datM>ue~~; ._,.,. .... •. ...,._.., ........ .t.__.._ analysts and the: 

~cpaiJ.itipn. of ~- ,.,. •• ,, . ._: • 9WillfOl\li.··,..... :.-. .. requ~s a1e. 

COJ.lljn¥aUy:~~· 'FW.·~··· .lf ......... : ....... h¥ Qqt ~ 

adcir.''*' io pr ............ ,~-~--""'~''" ..... '.:9'~:.f ttt. .• rUer dlor:Qim, 

T~o qf t.ltit,. ••··~ •· ............. • a,.~Uve d~Mt:· 

mJn~g~ ~,_..._.~,--~a,.~·-~,,._ttt'ihl:lti}p~~- Qt 

a ~f:~a;~g.af'KW& ._.,.• 'lflPl•d1•··••••l•-.•·••--·<~tedng. (Recall, 

tba-~ in.aA •r~«tlt~'8i: ...... _, . .-~--,~~_.flJU.) S.~ei: 

aAd. l)earney .._,, ~'ill \\i 4t.tMl.$Jl.•,,.....ll(.,._ ~--4:· ~-· is ~ 

comp(lt:W tQ:'th'1 f9N. Ql1!.-... -~;;t .. ~.-.... ~ .. u. si• t~. 

incre,s~ i"st0,r•e·~••}.._:._1 .... U:tht¥.i•.•~-----· Aktlough t"-·J 

do. not QU!Upe. tf:w •~•r•N-: . .--.-.,.-.,tlWf ·41¥VM·li ~ry. proceS..sw. 

whJch. 'JtUtzes:.g~ ~1-~.-~-~--.M6'&jinf.4e;tq,. • fi:le clwt,red 

by its.· ~r~,U,tes. TJw ........... ,. ..... ~9.1,;Qt. eJiM:llfl;.~1;1e ma,nag~t 

system&, i$> bo,th viab.k-~ 

Ktonedy £21. 2.Ql,~s a mathematical model of attr.lbltte partitkmlng where each 
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. . . 

attribute a, ii ot known. length. ·and hu prWabtlty Pi of betng requ9ted by a query. The 
. ',' . . ' . 

joint probabUity that attributes .. and a1 are ,......S "1 the ~ query b auumed to be 

function baaed upon thil auumption la derived, which reflects the ex~ amount of data 

. ' 
that must be tranlmitted -(in terma of number ·.or wards, fram aec:ondary storage to primary 

·~ ' 

~y) In ord~ to answer a query. The abjlctive lteN II to choose a partition such that 
' l" ,, -;- • ' rf ': ;. r J ~,· '. ; < , ·: ~ ~- ..(' • 

this cost fUnction ii · mlrdmized. Kennedy's model. ls _a ~ttca:I formulation of a 
·\...,. ~~~wt-""·-~ ·: \ ·~· :; ~ .. 

simplified attribute partttlonmg prabllm tn· terms fll Mt"CH11ie Anttger programming where the 
. . . -~--· "··,::~;,-:'.j ;~··· t_J,,~ ~,·~.;···:1.:1 '·'. 

ortly parameters are Pt and 11 • the ..... of attribute -. ~ 111 · adcUdon tO many other 
. . ~ /} ·ti-. ' . -· ~ 4 ~ ! ,~· ~. . ' ~ :·-. 

simplifications. Kennedy's model auumes that when an attribute II requts&ed by a query, the 
~~:·..- i- : .,.. > -l" 

subfile containing that attribute hu to be retrieved apcl .....S in Its entirety (rather than 
. • 't~' ~.h i.~f-1J • '.'. • ' 

retrieving just those subtuples of the subfile that are really nealed to answer the query). 
,> J:···f.· r ,. >· 

Since in this model, opttmaltty can always be trt~~llJ a~lned when each aubftle contains 
': -- . ' ~ :: " . -~- .... ' . ~ ,. . . . 

exactly one attribute. the number ·of ....,,... M over which the •ttrlbutes are ta be 

disttibuted has to be itxed beforehand. (Othtrwbe the tr~vtat pa~; ~efl,.ed as the 
.:-~.).):,~,"':_' T ~.... (',' 0 .;: : ; •ti r 

partition where each attribute is In a separate aubftle of &ti own, w111 ·a1ways prevail.) As 
. l t;·,i,. 

Kennedy notes..there Is no way short of exhaustl•e murMratton (which ls Infeasible as shown 
• • • ~;· .... ~, • ; ~~ • ", ' 1 ; - • • ' -

in Chapter S) to Ond the optimal solution n• for this rather simple· model. To find the 

optimal solution to the parttttontng problem.,... by tits Model. "- Introduces two further 
< 

simplifying assumptjanl In order to teduce the ....,.. prc11ramrntng problem to a simpler 
• ,•"'f.-

problem where mathematical optimization technJqua can be applied. One 1impHftcation Is 
' 

the assumption that all attribute requat probabllltes are equal, and the other slmpllflcaUon 

is that an attributes are of equal lengths. 
I 
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a primuy and a secondtu;y·•W:itl. · q&ch1...,., ilJ lleatad>...,1•_,.a1e·,..storage device 

characterized by difflriing··--..:1Dlt tad retlteali;liplll9d'..'' ,511e, • ...._ are :assigned to 

each ef>t->MbfMes .......... __,.:·:~ 1M•d1dlil! ... IPtl1>,_.4unction-"tlat:l'is-·to 
~ ~ ·>.' ~. ' 

:_,_ ' ~ < ' ~ ~ ... 

subfi·le. (The. secoMtaF.yatll.ttle *' ~ Htllil;·•t,;~;,a.,..,.. il!B,. ._ an attribute which 

' ' ' 

happens to be ~sidmc:~} . .,. T'ifffs~cost-fuftdll!I • .._1'_.r.., .Mltelftd b.J·,:eXflting 
_·,", 

. int~~~ pfegrammtng -......_ .. 'f'e·:COll·'9fr.R•H•thei113taNLp••M•-:for chts-·runctton 
. ,-,'.• ,.' _, . '; 

~y integer progt•~-~---- ·fm··•·d~- .. a .. ,a.i. ~lier d attributes In 
. ~ ,- ~ ; ~- ~ : ' 

the:file and Q ia··t•r•,of....-a. _...,:the: ..... ~l.J:-:.-d~ffcost'f'uftctton 
< • -~ ' 

" r· . . ~~ ,J'-

'the primary·and HCGDd-f,llllbftlel. ·T•..ctt-.,...:,llil•*•._.·"10lutlan for1the 
:0 ._.:·-:- . , "" 

general 1lonlinear ." objeaiw:antJf:Un&tiM1Jt·;rn•· ...... ._,_. '1hei.....,..,..,ltnear ·CO&t . ' 

.... 't:i• . :~~- r .. J.t 

' .. 
taken to ·be the .eost..ef•iacc•ti111Fthe·~p1lle:u,.•.~*':•91ttrety .rather. 

than the cost 1Jf <fetnenag )*t'·...._.'-*'•ellf,._. 1111 ,.,._ .. ,,_., •IUl•l to amwer ..... 

.... !';· . "-"'.<;j . •'; .:, 

quer4es (and ·the· cest . .,... Cftll,ttuw:All·lhet1111 lln•'!lllJJnaU•-.t .. -ftlndiall); thj1 cost ;ls 
"' 't ... 

too la.rge for practical· purpOleS. 
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March and Severance [29] extend the model of Eisner and Severance to some extent 
' • • • • n ' , 

by .assuming that subtuples are blocked in each IUJ1ijle tn~ fixed uze pages. (The page sizes 

in the primary and secondary subfiles are not nec:esa~Uy the same. but the constraint is 

imposed that the sum of the primary subfile· page Ille and ~' ~ary subfile page size Js 

constant.) The nonlinear obj!ctive cost fUntitlon they clertve ~- fJlllJ dfipen,ds on tiow the 
. . .:, ·.''. -' .. - . , 

attributes are partitioned among.the two subflln, but alao on the pge.sizts.fflected for each 
, • ' ·' l- • I ' . ~. ' 

of the primary and secondary. subfiles. Betides the rath«. pea111Jr· pagtnc organization . . . . . 

adopted, the model of Ma.rch and Severance hu the addJf .... ~~dvantJJ~Jhat tt does not. 

contain an accurate model of the cost of accessing su~1"1. ~hat ~re s.lected in querieJ. 

Ra~her,. the primary and secondary subfiles are usus:ned ~ be accessed ln. their entirety 

whenever any of their attributes are requested by a query (as tn the rm:xJel of Elsner and 

Severance). Using integer programming techn ... March a~ Severance obtatn the optimal 

partition for their model. However, mmpared '° the model of E~= and Severance, the cost 

of solving. the Integer programming formulation grows even futer as the number of 

-attributes and the number ·or queries made to the databaJe grows. 

Hoffer [18] developes an extensive model for attr..,te partttlonlng, in which the 

objective .cost function Is a linear combination 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 algorit~m. ~n applying the opttmJzatton 

algorithm to the formulation, it became obvious that problems of even modest size were 

computationally tntractab~. In order to use this model to obtain solutions t~ realistic 

problems, it became necessary to reduce the size of the feasible solution space to a point w~re 

optimization becomes economically feasible. To this purpose. Hoffer. and Severance (19) 
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pr0pose an attribute ............... ,~,,tftat1"*11ililliM~·~.,,·but nevertheless 

reasonable, partition Gf ~·•ttribut& Thb.,..._ it .. ,p111ed u ar·tlit.rting point to the 

branch and bound .a:~9\Hoffer {18l·;7'ihe·.....-.~ .. fllethocl of Hoffer and 

~ffrance uSfl :the- dtlaestaul'*....,utthflt fif . .,..,,...;et.,•.Aitl.wm·.fa heurittk in 
• I 

natur~. to group the attNt>uia~tapdtef tnco • ....._.,' ·"fhe dulleriag··~ takes a set of 

objects and· utilizes a ,...,re.of '-'Umtlarity •. fet,,..a paArs ef the ejects. ·It then rearranges 

the set of objects s- tbM ·pairs Gf obj«a ,_.,f.,..':limtlaritJ ......,.,.. fall adjacent .or· 

nearly adjacent to one~- il.-.~(w·w.ks),of 91tjeda•can be.tdentifled such 

that every pair of •jedl ~tt.e,chltter amta··•':liup·f~:d.sift'lilarity, and every 

pair of 'Objects -aqoss•dustier ~ arriaa . ..a m:mare •af·:,knilaritJ. Hoffer and 

Severance provide .attrillllms;• alJjlcta«:fD•tM·<I Hlllief .,....._,, ::Fftey also develop a 
! r •• 

similarity meuvre fCllr:'·tmJ'"'.,.W>,ef••tdbtltes (callecl.~the . .,...._ ·attrtbute access similarity 

queries. The similarity· measure··of. a pair of altri.._·iii;·.......,· ·as foHows: A subfile 

consisting of only the two,attr-.ib""5 ts ~. :Wh!m anawertus •.. quetJ that recttJftts ··Ofle 

defined as the ratio of ·'"-1411t••nt ef,...,.;f1-.,~ferre:I ·to the total amount of data 

transferred from cJUdt,a,_...""''~-·--....._ •••• ,. •w by consideriRJ the 

set of. querlt'S, the fteqtMMJ·i41f _.-tNll¥iclualr.-Y•·!••,Ahe,ffaction of tuples saUsfytng 
' 

each query. 
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The q~eries. that. Hoffer and Severance ~ can .c:ontUrl ot1l7 o,n' attrJbute In 
·• • ··~' "\·. • ·t. -.. < ,-1:'' ' ' '~ !, • , • .,. ' ·._, • ~ , ' 

their .se~on component. Thia JtlUmption ~ ~,1~bHltf .of their techntq~es. 
' - .- "'·-'' ··:' .-.. ·- ' ' ". -

that .contains the attJ'tbvte ~ the,~'~ ~' ~~~ ,ts, sea,~teed an· t~. en.Urety 
. ..: . . 

(however, only tuples required for projectlqn are 1811cd~ 11ttteYe:l fran ·the other subfiles). 
. .. ~ ... :·,:>. ·.,:·_,: >~'~'..:<~t·;_·_·:: 'J-~>: j'.:~"._ ·,: : . 

As With the model of K•nedy, the criteria by wh~.,•.,~ ~~.!,or the.fl~ •s t~e 
. - .. . : .. - . ", -~1. ·"V·- ·- -... , . ., .,, .. 

~raction of useful data tranlferred 'from ~ ~ ~ ~ ~Y· Since with 
• • . ,, ',. • .. ' - ,.c, .• 

such a criterion optimality can alwiya l!' ·~~ 1ftth ~ ~!~1.p~t-.. •. as, a r41.u~, .th~ 
~ . ~ , , . - . . -, , ,• " ~ .· ' . ~ . 

num~.r of subfiles in·~~~ ~tton ~}'1 t~ '""'~:~,j~ ~,~.~if~, In 

advance, and the opt~~~~"·~'~,~~~ ~'J.~>Jor t~.~·'"'~ . ' ';.. . .., . - .. - . . ,· ' 

partition In a sublet' of .the.~ of ~n .~~ ,~, ~~-~re also._pr,ol>lems 

au.ociated with .the chntertrtc: atgor~ ,~ .~ ~· , ~ .. ,~~ ~_,,, "'· d~~i~ some of 
• • ·, •• • '. ., ' • • "> • •• • 

·these prob~s. . 
,_ ... , 
.... ·· 

The ·two approaches to attribute partttl.ttng that· have been taken are the integer 

programming approach and the heuristic ·approach. · Mmt · earlier work. on attribute 

• . . . '. . i ' ·- - .-~ . ' . ? J • l, ' ~ 

parUdoning falls in the former category. TfiereaR two·majOr problems associated with the 

formulation a.rid . solution '.or the attribute. partidal.tng." problem · 1n · the in~er pr·ra~mlng 
. ' 

approach: t- The applicabiaky of dab appriJach'is ~ttnltted ~ ·~ 'ttte' undue simplifying 

assumptions made on the 'problem ~vi~ In Ofder to; -... 'an Objective cost function 

that is' amenable to optimization. rn a realllttc databUe mvirOn.nent where the file has 



' . .. . . 

many attributes' atld IRlltJ 'l••M .e .-.. Ill' d1111 -· Ud .._..ie many access paths 

avatlabte by whtdt t9·..-..tlt'·*-. dW'nuenlia «_.....les•llll·'~ to consider is 

• ·, > : t ~ , ,i· • •· I 

partiUoft'int•f)t_.,ltM •• •••-.1Fti11\Mei11lln11 UJ * ; IFAcildeRs are assumed tn · 

' ~· < • ' ' • 

the datab1;se envjroni'l"9tt, 11N ..abide paumu .. ::prebtem·__., 'ftlduces to wiving a 

iero-one nantiMllr Jil .. i!• fi~ll prubkR .to which ..0 available mathematical 

programming tfttmt.,_,,_ .... ,,lted. ·141 ~-~ity'. ... i1tlao9D11~·ha'S been found 

(sttert of mu~'<to'..W• taiClllllll; .... ~ It ........... ··~ u, expressed only ·in 

ter~ df attrilJute hlf8'1St 1ccilll 1Mt1S~W1 attt...._ iii 111·;, ··f0141Wt ·where .mathematical 

formtalation. 
~ . . 

applytng tt1Wn to ·e'ltft •••••¥ ..... ptebla•••••Fla.e.kl~iat..a•te. 
·Ttte litWpltffMl·**Ulip.,;_ a.:dH!.,'1~'11/ .-htl~s~«d.'..at ·have been made by · 

. ' . 
previous nudift fililtW•...,_... tn:itwe ••eg.-. O.cil;• ..... tar en the complexity 

of the q~tes ~Mt _..._._. fhe··da.._ .. ..,.,. .. ._,.?•fl'..._, assumed to c:on1ist 

of stn~,equaltty·.-Mt•a.,.,,. .• tftlld •••· .p··ti ..,,~: .. ~,·; set of attribute 

accesi probabthtta tMt ,.,.._the,.....,.,._.,..,._ •• ~ ............ y.-a qiJery. 
:·_ ., • ' "'" •• - -- .;; ," < • 

Corretattons between ttttr-cc:wt- m ..... ~ ·~'·;. t:tae other s.~~pfif•~ 
. ' ·'. - ;: . . ' 

u~uaUy ·adopted ·:cone:.-~cm.at tlan ef dflt:iC*llld·'--f'··~s. in ter:r,n~. of :t,he 
. . . - , . ' ... '·' . . ,~ . ' 

" 
amount of tnfomwrttentt;M·u•·•~· -~~:~ ~ .. ef,ftlocking ~J 

(and subtuples) .tnto ,.."••~-.a.+111t1r•••:: ?ht~ of·-.ipla 1nto Aage~ 
~: . ' ' .~· I • . ·• . , !. ' •• • ' eo c ' f '• 

has rtrt· effect of ~-....-taf .. ,...!leiP"';l1'1'.,....·"''~-..~s .. fiawever, 

this ·increase ts not h,_..~·"-tiiM' acCestng -.~wr'1 zr ...... dJ!lt .,._ Clft the .same page 
. . " .. ·, . ~. , . . " .· - . 

wi 11 result ift onfy OMt. '.fJlllll access. If thae Wockillg effects are tg1tored, then the 
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partttiontng problem ha1 a trtvial solution. Kennedy (Lemma 4.1, [!Ql) has Jhown that when 
' , .. ':' ·~. ~ - , !_ •. • ' - . ' • ." ~ ~·•: • 

the amount of information transferred ts the iole etltertaft of the ~ functton, ttJ' optima I 
. - .·, ~. ' -

attribute. partition II t,he trivia~ .attr~ P,&~ ~~ ~~r:'~}" Ch~~ I.. T~ r~son for 

this is that the total access cost ts non-I~ u t~ .a~.~~,~~! ... ~is~~ il}to an 

increasing number of subfiles, n,en If the a~ are ~t.ell partltlqne<;I .. , H"1ce 
. . . ' . . . . , . ,., I , , . ·. ,., . . . . . . . . 

in studies where blocking effects are ignored, In order that the trivial f.'lrtiUon not prevail, 
• . ~.•"":~·; , . ~:r:: 1 i- ::: . • ·.; -.;, ., . . " , . :. " 

the number of subfiles into. whkh the attributes an to. be ~ ha~ to be artlficlal1y 
, ~ • •. • - . . ~. , '. . .•. -' 'c 'f -./ ;. :; , . ~i ; . -·. . 

limited and prespeclfied, 

The approach to atttlbute partttlonlng that we have' taken tn 0ur. work I~ heuristic 

in nature. In the heurlstk approach, an opti~t or nar ~I partltlon ts found for the 
" • . . ;> ,--· ~ y·~~ • •• ~ : 

attributes by a process of stepwise minimization. An attribute partitioning heuristic which is 

based upon stepwtse minimization starti with a given partition (e.g. ttte trivial partition), 

and attempts to ·dertYe from It a new partition that 1s· tncr.ftei.tany ·superior to the original 

one, ~n that th~ databue partlttoned· accofding · to the new partition will have a lower 

performance cost. Wheri this Is achieved, the heuristk harther tries to Improve upon the 

newly derived partition. Each time an Improved paftttton 11 dertvtd, the performance CO$t of 

the database Is reduced. The stepwise minimization process ts continued until no 

improvement can be made to the fatest parttttoft. This last ·partition wift then be· returned as 

th~ result of the attribute partitioning heuristic. The resultant partition ts not necessarily 

optimal, although It can often be argued that the partition· 11 · near optimal. (The near 
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optimaclity of the ,........ prwpaeecl· lJy :!M h••N•c"-**WPtfet.lJJ comparing the 

' . 
p~rformance of the da'.talMM .._.mdit s~,the fttl ti' .-.If partitioned wifih 

the pt>rforma..-w...,dtie:llieu~''·•rtlf:-~l>J:tlwtfe.,.lle.) Indeed, in the 

course of ow .~ .... ..., ••••·pi ll&aalng .... lldEJ W·hPe conrtMIWt1y 

found that the resultant putk.kHt of · lhe .·h•:tldll II' .....,. ••ual. or differs only · 

insignificantly from • ....,.._.,,_..tton. 
The ~ri$HC. approach to attribute parttttentng does not suffer from the two .major 

problems a.ssociatecf wtth· the- Integer programming approach. The model of the the database 

environment may be as comptex as desired. The camp1extty ot the' model· adopted does not 
, _ , .. ,, .- '<-l'.:: t•-.:-~'.; ~ _. ,:, '.'*.f:· ~~t',\;;:~-\)·~-~:~o;.'._-·'5.'"'_~- .;o;:l'.~.~~~Li!t:: ,~:·:h·.~· · ;;<i;·;:·;.· ; 

seriously hamper the· hett11'stlt's: •'ltffy to AftcJ ..--..,le IOl8UCfts to the partition1ng 

problem (although it may affect tt\e ~reche amount of~ tt~ ~by tile heuristic to 

find a reasonable soluttoft);. We note that, ~ .,.,, ~ ~ n()t, cqosider .certain 

parameten that ·have been considered by some ear~ stud1'8 (,.g .. nte,s«.nge cqst, ov.erhead 

cost for accessing subfiles, diffemlt access and trantfer costs J~t,. each subfile,. and the 

imposition of oonstrai"''' •· ,-. al~ tiff ....... te' ._.,,.. we; .. ,::.outd~ r~ity 

incorporate theJe para~,J-.,Qtlf, "10!ltJref tfl&'r~flQJ, ~t·.1Jstem· and.~ke 
"" - ' . 

(These extensions a¥.e ~~-,~~\) T-~ ....-•·ts~lso r~vety .more 

efficient with re~t tQ th6;._ needeli-· to .~ .. •taolut•. Fqr. ~an)gJe,. the. main 
- :>' ' ,, ', -

attribute partitioninJ hell,.. lhat-·wa ..._~·• Gltflt••"J .. ~JfJ .• U..· that is on the 

order of the product.of. me ._..,.,,Gf qu.._·-.~tlllp;-p~a~ ~·'4'1~fe .of tt-e 

number of attributes in ~ - T .. ·"'Rf!_...c~· ~ :~~ .,c .... time of: .the 

integer prog.ramming a~. 
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The model of the database management sysmm we have adOP,tec:I in thls work is In 
' ' ' ·:,:.,., .~ ~~ ".,." 1 •• "t • 

many .ways a generalization of earlier ·wort,· and, althoug~ not a model of any particular 
.· ' . -, . ' .. •· 1 . '. ; . ~ ·~·;}. t~ 4~-1 ) ... ~ ' ·. - f 

existing system, ·is~· reflectl•e of practkal ,,_ ~n artier models. We have at~ecl 
· .. ~- -,"' ~·.)--~ .~' :. t·.v :;:,V, -~_;" 1!~~~·._ •• ·;.:" : ,~ .,~_ .• -·)" ' '. :' 

more complicated forma of .-1a. and have also canltdered the eifect or blocking subtuples 
• . .. ,- ·' ,_- ~~ -: ~.:: }i ·."· . ·_·,- . , ',\'t .~J.' ~-,;; .. _ .. :·: ·. . ,.>,'; 

into pages. We allow a diverse Mt or access ltfuctuns In aur model, lncludtng links, indtces, 
! 1;,~_·:7·:~:; · .... ii''.,,.:,,~·-;. p'"'·.~ ' 1 "~) 

and ·segments. The objective cost f'Unctton that we seek. to ma,.1m1ze is the iotal cost of 
( ·:; ~-~ 1 ~-" ~--: ·,-,; ~ '; \. • •. .t; -

answering the queries poled to the partttioned ctatabue, ancl is ~ in terms ·or the 
. . . ,,,,fJ;,-,, ' .... ··" ' 

number of page accesses. rather than Jn terms of the amount of data tranlferr~. Unlike the 

models iifprwvtous·••• tW·tup11t:•,..,.~;to~tM1·Clh tM:..-.-c•. lf·retrieved. 

wilt not btali,twlct the aaest'cmt brretrlita.t)Wle .f1t.em:~--MM1;-·a'~ tuple that 

has ta attt""*t;pailtlluMd, ff tetrlftllilllt~itl •llJ."'Wll tWtf·lnlmrerous pap accesses. 

coriseqaentty.·'tf the attrtbt:itwa of a ·11•,art 'l*i~' tni~ty·iudt·;that':attrlbutes 

tf~at: are .request•f topttter are pllC:N: fit lirparate"aabftlll;;~;:~, cost or the 

p.artitioned da.tabaae. increases. This contra$ wtth prevkMl$' 1 
..... •

3WMN. mess cost was 

determined solely In terms of total lnf'ormatlan traftlfsred (and IO for which the trivial 
. : ,,.,_ ,,, " .. . '. . 

p~rtition ls always opttmat). In our model, we do not Mal to. apedfJ M, the number of 
._ .. _ ., , ~ ·::'f'~ · r· ,_\ ~;~ ·· - ;.t:· • 

subfile$ in the chosen partition. Rather, M Is unc:anttrUMcl and Is determined by the 
., ~ ,·, ',' -<'-;~ ·~ 1· :''1~ > 

heuristics according to the opt-tmal partldon. 

4. 

. . ' • f • - -; .. ::1 . '. . .. (, ,·, ·. ~· . . .. 

Our· attribute partl~iontng system· amllb or tOur ~ts. Ftgure I sho\Ys the 

blotk diagram of the sjitem, in whk1' 'eadt' ~t- ~rs as a bQx. The four 
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~·' '' '/. ' < ( 

and 4- the attribute patttl ..... · heartlttcs (ckSCl .. d. tn Clll:pt41n 5: and &). The circles in 

~ ~ ,l ·-

la betted by the kind of •.JKt pwecs Inn ane cwt•••• eo 1111d.lr. A brief description of 

I- Tt.t ...... M111 ..... _.~.f"1 .. ..,.,.,,.,1..,_tM:utaP,__,.. 
and t~ ~~of die··--.......... , II .......... ,., ......... ,_..,.,._ Jt 

coJlect5 the ,staUltiQ,..._ ........ ,.,,..., --.~·--·-~ ...,, .proqessor, 

At certain poillb .. In.~, ..... 1lt& ~t•&;Af ......,,._ ....... ~ . . . . 

cakulatu trenc4 and ,..kn fartcaltl O{ tile .................... da&lbl" paE~-

fo,-_ a. time ~val Jato·.~ f4atare. 

2- · The ft~ mat ....-. recelYeS a propoted partbta. ~ the parUtiontng 

heuristics and evaluates it bf finding the;,.. ol praantng ···~, in the forecasted 
. - . ; ~ ' ¥. ' 

usage pattttn agattist the 1KC811hngly partitloRed Ale. To mftlp8'1 the cost or processing a 

query,·the me cost ~imator passes the...,., to the .-J prCJC111• for query analysis. The 

query processor finds a meth.ad for the quet"J 8ftd ,._..,. the method to the file cost 

subfile~ tn order to •.(t&.Wel' that . ..-r~ u~ *'J~~i ·~'!. ~..-· for the 

future ttmt' interval, the ~~-.cost .. ,~bMtDr C@llt' ....... ~ .•• ,... ~ rwpil~.~ 
' ~ "1 . . .. ,. ' . - ' 

answer the query agatnst the parttttofted me accmdtng to the ....-1'1 method. Summing 
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Figure 1 Block diagram of the attribute partltion~ng system. 
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\ 

for the performance cost of tM pr~'.,.,._.•'*"'*...,..._ ·would be expected to 

. incur in the future time inter¥al. 

3- The query proc~r .evaluates a query tn a partlttoned environment by finding a 

method for the query. It requires the forecasted parameters of the data9'ase and the file 
-- ,,_ 
~ ,,, . 

partition. The query protessOr ls heurtstic and the method tountf &·~1ty near optimal. 

-i- The &\tribute pattitbling hew...._..,..... a ··-le partition of a file's 

attributes. The proposed ,...._ is_.,pasaet ...... ~--•••:•the file· cost estimator, 

After the cost of the ,,.,._,_._ ........ ~~to come up with a 
. ~''\ _.' . ·~: ' -: . "::- ' 

partition that ls inc~ _,.., .»- -·:·•· P•P•ed .partitkln. T.his process i& 

continued until a pitrtition if'. found such tltat ·no ocher partittoft. ~ed has a better 

performance compared to Jt. If tht performance ~-~ the final parttdon is less than the 

cost of the current file partition by a margJR that excHdl·Jfife ~mg cost, the file is 
;-, . .,, ·' ' 

repartitioned according to the resuktng partition. 
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- . '. _: '{: :.•. ·. t·. •.' 

In this chapter we will describe the Undertjmg rnoicfet or the da~base management . 

system tb'~t we have a~ in ·our work.·· We ... ,~ .. ·'t9' itorage. structure and th.e 

acceu structures we have . adopttd ror the .phflkat ~tiOft · ~ a relation. and the 

assumptlons we have made r0r the purpose or ~~'die' p.:o.,~ of ~ttrlbute ,,arttttoning 

- '.· ·, • • ,·'.-, -. ::~ '"'-··,':: ~·1 ; '.~I.··.~-- h.j;,~- ~.... . . 

to a manageable size. We wUI then dtactltftf the;stnldufe of tM quertes made to the database 

and the strategy emplOyed to procesa !hi' ...,.e. In ~ P.r0ttonecf environment. f'tnany. we 
. . . ' ,'. 

will list the parameters required . .,, 'the to11.ponln~ ·or our attrtbdte 'partltlOnlng system ·(the 

attribute partitioning heuristics. the me coat eltttriamr. ~·the query na1uator).· and deseribe 

how these parameters are obtatntd from· •nvrmc .~.: ..... tkm of the underlying 

database manag~t system. 

1. The Pn11· Model 

We have chosen ~- re~I data ,.... _. tlae qgLv#w, of data for a ct."-bitse. 

A database in the relatiooal ~- c:ombtl.A(.,one, or1,fl'ICO,..... H.,wever, in order to 
' ' 

problem environment of a database with a single relation. In addition we auume that •he 

physical Jmplemen"Uon of a r.elatlon ts• flat flit .. T~ &.s. a ~ao)s stored as a set of . . - . . - ' - " 
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some of.the drawbacks of·IM Rat ftle atorap......., ..tau·.thc placement of frequently 

attribute partitioning inteed'& tio elimma~-.~.W• ·--~;~ .._,,....,l!rdle work reported 

here is based on the • ..,,,.,... of a,_ s-11 .._. ~-., .. -' • ._ ftlf ..,age structure, 
' ' ; ' . ~ .. ,. '. - . ' " : - $,< ' • • 

the approach. to .attr~ flrUtlenlnC t~., • ........ ~.: 1..a,..-.. -·~ .-rtt"°-"tng 

heuristics that. we have~~·~~~·····~' :t.cJ~·P'~"'·"'-" !!'~~any c>f tl:te two 
\ . - - . ' ; - ' ' - ·. ~ :~ ,,,_,.., . ' - . 

assumptions are relaxed... S,.rtr..Hy, jf ....... a,a, ~.;a,•*'~·:•••" t~ c°'t of 

answering a query made. ti> a nwltl--t~ ·~ ~~, ... , .... t,fjl, stoi:'I' structure. 
-. - . -~ .. . . . "' . . 

then the main. heurbtk ... ~. ~· ·we ~t,t, .. _., ·•·~•~IP .H a. vittbte 

candidate fqr the fVfposit·ef«-~ ft'~* L ~Of,Jetither. dbcu"*°'1 of the possible 
~ .- ' . • • • . 1 . '~ ' . ~ 

AH the subfiles of Uw attribute ,._,.won. are~ Jp ~ °'1 dl_r~t .access 

S«onda ry storage dev.kes lik.e dil~s [&l Storage lflHI ea 111Ch dpJcet ls divided into fixed 

size blocks called pages. A- pap IJ Ute itJftfflMtlerl ., • .,.~~~-.....the disk 
"' . ~, . ' 

and primary memory tft ene disk Mall•: T• ..-tiAC _. .C a page is wumed to be 

proportional to the a~~ ..... .-. . ..a 111enq,..._,,._:.__,....,.,.nsf« time. Hence. 

acc~sing cost wllf be ..,.,.,._., .r the ~ Of pap~acct!illi. ''Comequ~ly. we may .. 

physical locations. 

As mentk>ned aboff.ithe tdpla of a; ........ ,. .... ~ with mpect to any 

attribute. The order in<_....,,,• tuples< are __. wtlt be 1letr \~I order of 
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insertion into the file. This makes the problem of' ftle matntena~ due tO updates,_ insertions, 

and deletions much simpler. If a tuple Is updated, the new values replace the old values in 
• • • < 

the same tuple. A tuple that is deleted b jotntd< to a pool of~~ tupla and will be reused 
. />. ~ '• 

for newly ·1nsmed tuples. (Such a pool can euily be maintained by threading the tuples that . ·. ''"· . . ,•· r: - ~-:-·, J, • • : • • , -. - • 

were deleted. into a list.) A_ .new tuple that Is inaetted in the ft1e ~ a tuple that has been 
' . . ;.: -' . -: .{ ~,' .· . / >· J. ( • • . ; 

previoosly deleted. If the pool of' deletm tuplea ts '!"PlY· then the I~ tuple Is ap~nded 
. . .• . . . . . ..... ., : . ••• b-f!'.)·i••. . ·: •. . ., : 

to the end of the file (if the file occupies an tneegral number el .... a !aew page Is a11oca~ed · 
. . •. · . . . , ! I '.: .. ··. . 

to the file). 

The above stratecJ for overflow handling II 1'1teftde,d to maximize the number of . . /. '•,',. . . . ~.,<· ,.· . . ., 

undeleted tuples per' page, and keep the flle size to a m&atmum. Tlw cost of a. sequential 
. . .· ~ 

search an<t tuple retrieval by t~e ffnk acceu path (described.~) are Inversely related to 
.• ~ ~ .;• . ~.: 

. . 
the (average) blocking factor (the average number or used tuples per page), and these costs 

• • ?. __ ,. ·' 

should ·be minimized by keeping storage utilzation in the tuple space as high as pamble. 

Even with the above a11Umptlons, poor storage utilization ma,y still ensue if the database 

usage pattern consists of a large number of'. Insertions f~ by ~~ equally larg:e number_ or 

deletions. To. correct this, garbage collection may be performed on ~he tuple space so the 
• ' , . .,, fr 

tuples are recompacted to occupy as little space as posstble. We note here that in 

partitioning the attributes of a file, the cost of garbage- c:oHectton may be. eliminated from 

consideration a11d that If we ignore the effect garbage collect~ has on the subfile bloc~ing 

factor, th~ optimal attribute partition is independent of' the Jarbage collectitm cost. The 

reason for this is that no matter how the file is partitioned, garbage collection of d~leted 

tuples requires that the entire. file be brought into prima.ry memory alld shipped out back 

onto secondary storage. Since the total amount of stc.nJe b fixed regardless of how the rue is 
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(&' ·-~~ .;? ~~ ~ 

of garbage coHection does not enter the optimization process. '0n the other hand, the 
. · P'.' -,.,~., ;"':1~·:~, _;·· i· ;;-:.~~:. , -, )_ -::,. ' ; __ :;: ~:!~t"t;· . . 4:~ -~ ~t . -~· :i( ,-ci,~ .. _· .'.,,, 

blocking f~ctors of the subftaei do Influence the opttmal pattttton. The more frequently that 
'. , t :' ~ ·: r:--;·,., :" l · ~-;.-:.~~ ~ .... :·:, -:~ J.J!,i,<; ;oi'G .. / :-~tt~:t: ~·. ~h~:· -~v .t~~$::!1- ,· ~;~. ~n. -~."~" ·}t:>.1· ·.~· .·'.$~ .~·1; .~-4 fr'1 i{4 ·,~t!--) /: -' "·: · .. ,, · .<;· ~ :...·; ·' '-~ ~ 

the file is garbage collected, the fewer the number of UllllHd tuples per page an~ the larger 
;.: .. · · "'" = ; -:1J<j,-:~}~ _~:ln ;: ~1._~-~-: ._: -L--L: .... ,_ .. :~: ~-~ -J.r~p· .. ~t-.rt~·tp.?-:: _l-'\'·~~~11 ~: /· ·1 ! 

the blocking factor would be on the average for the fite, Therefore, the optimal partition for 

, • • _1· _ « , ~-: :;_ ,::"~ t ~;e,.:Lr~ . ~~q }. ,1.'.~ ~:~ ~-' .y:~{_J:; ;\~: /:~- ~~ <~-~-: 4 :·.fJ"~~~~ ~i!!:~:·; 4-~r_ -~C>~"\~~·j- ~}f·~ . ~,1·· .·1_iY:1: ~: · :1 ·.: -, "> ; _ 

the file will partially depend on the frequency of prbap cal1ctton .. Since the optimal 

~·-~ . .-· -.... ;·~ :,,::'!.-~'·4 '.·!'"" ?t"/·'~~.~ ~~ .. ~·~J--:1':·~·-.' .': '!.:~::~4~11~'}'._·~~~{l'f,:~.-"'~~~~;~.-~: .. :1714:-'"'~'7-j~ . ::~i--4~ ~~~..i ;~'# .. ~ '. '.·· 

!election of points where tW file is to be ga...,_. -~·ii in ibeW another database destgn 

optimization problem, we wtH not consider the pnJbt.m of the ~I ~tnat~ . of 
~,... !!! . . :_JlJrti :; , ,·;·~~~·,~ ~~~~"··~>·-?· t.:· "~ ,.j~ ,'"- ~~r/· "rf'.--i~ i~F~-<~ .:'fff~. ,.~ -·~ifl}$-1#.~· .,~~¥-~~~ff~ :·. .; 

garba.ge collection points. (See the works of Stlneideman ("1 and Yao et al [SS] for a 

~-, . ; ~rr.,: ~;. ~-' .r:i·'·H1.'.:L·.~~;· ;;~ 1:. ,.z ~.-·,,}.-'!:_~. f'. t~. or' ffe~ !"~ ·1_~~--.;:.!\r :~~·-~:( .. :-1.~~-~i~ .. ~ ... 
discussion of this problem.)· We will assume that t-he. subfile bfodting factor that the 

.1 .,_ . - ·.:.-· ;· ·;.';-1-:t·"""::·t,f'I r..-;r:.'0-,t~:/ .. ;.~,.· ·i.·1- i::-;: ~~i:'(,·}:_: .. :»::,~(:--:Y-~''~·~ ~:··1-.-~.;.i;·;~~, ... _~;;·.~ ··· , ·~· 
par~meter acquisitor prepares for the attribute partittMiftg heuriltld ts the overaU aver~ge of 

~, ~ · >· . ..:~~;J,~ .... J<tt-':'~~:.;;~~,.,~-~Jj~_\k:r·:~ "~, ·h . . .:,:~~.~~~i~ .. ·i~~:.;i~:~rt'·d·;~·~·':HL.d ~.;41~ ·~;i.,,,.,.1.;._ 
the observed blocking fado{s throughout the plaAnlng hoirtzon. 

, ~ L-·'tc:·· t:-;'· ·~~;~ ~,:\"~,~ ;:;_). <~ ~- t~ . .t~.~~·~ .. ·. ·~:f~;,~p~t~fi~ :~v:..~{ ~·;,.:.: :t-t~,.~,:~'-""h,,; : -..._ 

We wi.H assume ttial. tuples are of ~ed ..... "U.e. ·each tuple occupies the same 
> .. · · · ! ... •. ~'-'·"¥· ·~+· .. ~ J .. _ -t:~.'!·.-. ·~- :(:.': ~~ .. ",·:" ;fl,, '.~·.-·· ·f.~>-1 ~Y~~~-~~~~-·41~:~w~~t" ~~¥.~~ ~- .:·.~ .. _ l'• ... · :5 

a mount of storage space), s0 that each pace has ~ capadty for a fixed number of tuples. Th ls 
_ •. , .:~~.,~.ti.~~·· .. ;:~-~· t.~,:; ~t., -.·; ,.,$_ J~J ... ";. ,,,,;-:. .r1. * ; ~;_ ~: :~~ ~ :A~~ i - ~::.:-

implies lhat attribute values have fixed sizes, since a normaltzed relation has a fixed number 

, .- ·\ < ._,.,_,.~ >;. .\·:HH~ .. ": (;.:. -.··'; :.·t.!.::\.;,~ '.7~-·;.:.i~" ,,•-:i.,;'.:' ·.~~~:~,_ J_,,,."ft..,J. t~· :·.i.~~)~~i"t~;~~,*~,..- ~ :.· ,-· · 

file and is a necessity for the ratbation of links bet""" SU ... of the Jame tuple. We 
_ 1 ~ : ..... - '.:~~ .-._ '1-(,~· :···, ., , ·~ {1 ~ ;·-.) . ,~,> }2.K -~~·- ~-~;:.; · '; -~·~ ·~..:) ~· .t'-f ~$}.i.,~d f.1..L.1~ -·. ·-:, · 

also make the assumptton that each page contains att ~I number of tuple~ and that 

. ~· ;:~· ;· ~.-·J.:~·-~~:'.,;~~ .. ·1 

tuples do not overlap page boundaries. 
. ,. ..~::·-=-"~ ." "":"t:;;_','.' :· .. ~ :-1.. : 1 ; : \,..-i' ... ~~; ... : _· • .J .• , ·)·r_,. ':'" ~ :.· 

Jn our file mOdet, We aUow three kinda of acceu structures. These are: segments. 

· ;;-;:·";·;: t·,1· ): :( .~r. ·."i-.·~:: :hi·/ ,,w;r~~;,.i ·~ ·1:f~:5i~·.~\~ ·i'li~ J~_rll ~~.i./ . ,· .1 .. ' 

links, and indices. An acceu structure ts a mechaltjsa l'hat malles the aearch and retrieva·I of 

_·~,;;'· 'r·:~~~- ~::.__,. ~ -~. '·: •3., i •· 0·.~f ~~-.'.·_.·1,.·.t. _,,. ~-~%:: ,,t"' . • 

tuples possible. In other words, given the value of aa attribute, an acceJS structure can locate · 

and retri~ve an tuples' ·lta·v'~' that' ~~lue 'ror t~;'~ .11;; ~'"~th :of an access 
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structure is the way in which the.structure 11 wed In auch a search .. A segment is a file or a. 
.• . • - •'" f ~ • ) 

subfMe that may be retrteved Into primary memory and sequentially ~rched from top to 

bottom for tuplel with a c:ertato attrtbute value. H.._ by,......, die ~I aearch access 

path of 'the segment access struaure, we can badi ·ti:.te deltrel -t(Jplel and retrteve these 

desired tuples at the same.time• A ffnk tl·an;~itnlC:ttlN for r.etrteYtng·tuples whtch have 

a lr'4ldy been. 1oca.e.' m .... words. .... that· we have • .,... DI' aome other identifier 

·that untqueJy ,..._.,..a •r* t.y tts IDcatton. LtnlUng·a.U. accm path for deriving the 

, physkal address of tMt..ple from c&he tdtnUfllr. anct:·......,.;dw: •pie ·from secofldary 
. ' 

storaJ•· Therefore.the link ac:caa ltnld'Ure 11 a· meclla8'tlmttitr,...vtnr. tuples that have 

already bten lclenltfW an4 wt.e lacatten Ii k..,..: A ftnkcannat be used to March for 

tuples that poueu a C«ta¥1 value (content '**'JaP ltt - fJte model,. each subtuple of a 

sul;Klle has a Hnk to aH tta corr~·~ a)·:,M the other •ubfiles. · The 

correspoodlftg sl.lbtupW (ar w-aub~>of a -.,11. ue •.the ltlbtuples that made up a 

single tuple before ttM, ftk <-ncl-t" lllplel .... ......... lut:lnclex ·ta an •acceu structure for 

locating. subtupla. will, attrtbutel that maaclt certailt ,va•. ilithClllt ·a..Uy retrieving· the 

subtuples. An lft(,lex d~ not.·hav~ th4t.capabt11y.al.retrievMg·-tuples: ·~order to retrieve 

the tuples that hav• been laJGated by an UMIM.-a NM --..*'KtWle la used. ·In our ftle 

model. any aurikte of. the relation may.·hUe -;~: wblGh ones are acsually to be 

indexed ila.separ~ct~M design issue. 
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~Ny·aeardtitw.• ·fde(4if a sutslhl ••·••'ltHI •t~·mltMP'ed we Wtll'ftot 

discuss it ·any ftWtw~i· A ..._._}tfle.M:helhllaftd,, .__.. ..... Ul .. e•t11ata··Wiftlr··used·VI 

our moc-Ael~Rd·w~w!li.dtlcftM~--:9.,..,.._,:fn...._,i-.,.,,,, .;·.· 

Once • ..., .. ,.._ . .._ 1D.C.-.•+f' .... ldlll•,_.tllttf'd11•te• ~rleve'ilfff of 

tts ~o--subt~ -~-- t ••• '1t·ce••:t'lpll _,,._,••:IWlitr•W ~.Uet tO see 

if aR attrllMtte af .• ~· ~·~'\WJilti'~lcJ·i .... 1.-~tt·ttS ~.) 

Hence. -w& aMtJf.119· ._,,~,•be .. haJ.a" .. 1iflO:td;~-~ ......... jlrid dtaP·the 

co-Mtbtuples .. ,, .. --- ,.,, .......... ;, w.i-. ...... _, itdlllfttg·;_,aes ma7· be 

c"'5uftecl •COAlinc'to:p••11e,>..ati•••l4*_, ..,.._..t,,,...,_polf'W'• 1tnt tn·wr 

modet ii. ·to rehtR ca•l8b....._ :;r. 1HUz.1r11 t•i•~flllla.tr - M 1ntk is: deriWct~· ~by 

trarufDrmiag:·~wldaaef'-........,..'tllflMIW·llldMt., MilMl'Wli:<· "l'h't'ardtnattty 

of .•lut lintc. t1....,toene,·~-- .-.... .,,,....__...,.~-apl!f•ilJ'aftotMr suMUe~ 

T+nas. there 'it:,,_ aplirdt::pei*'· ~,• ........ •• •fllrlit6 titfl efia.':CO-~uptes. 

Rather, the acktMss of. the _...,pies ~·4flfli•; ldMes'•bllflk' t:aku~ 'from one 

another's ad-.... &fj•...,.• ....................... dipW~i"--·the· 
logical adOffss: ef twc.uple>. whfc:h;¥tlw,,·ad41,...id' .. ......,.,. ....... teo·tflie"base addteu ef 

its file. When retrieVinf • IUbtupte by using a·""*' t1W0:••..,....,..,.."1tdlfttffier (TIU) is 

translated by the file's page map table Into the ~Jlk&I addreu ef the page the subtuple 

resides on and the· offset of the subtuple w.tthtn the' pap. The page. address is then used te 

retrieve the subtuple from secondary ~age m one pap access. Nate that when retrieving 

any number of subtuptes· that reside on the same pap, the pap need• to be retrieved only 
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once. · Once we have the TID of a aubtuple In a subfile (thb_happeM ,vhen ·the subtuple 
• .: 4· ' "'.- ' 1'f 

has been located or retrieved), we may obtain the TIDs of aH co-subtuples Jn other subfiles by 

applpjng a t.--ntformatten to the ltlbtuple'1 TJD. .rfhlt 'h•i"-' ...... poutble tMcause when 

partitioning .a flat file inlp'9menlattan of a nktleni' :alt·. auubtllpln re.tn thetr relative 

pmition m their subfl\11. anti· MIG bee.au• ......_, allllbllle ... .......,_ are· or the same stie. 

To see what thil lrattlfonnata. ·u. let ·f'i t. thetupll·wt*-...flat..., i (i.e. f'1 is the Ith 

tµple of,:the fll,e>• ··lftherflle ta partiUDfltd;into: ~·•lllfile; -·••I• t'jat;-.. ~ ,., .. are the M 

co-aubcuplel. lAt. ·t11 ··.be * TID of·_..... fliJ , ·j • ·lf ~- .: M • . We •• to cabttate · t1" , . . . 

t9'e TID of "'", ftom t' ·the Tll) of t'f ~ We; .. ...,.,..._ •get the Ulple nUmber i 

from the TID t11 • Let S be the 1J*m flll' UM. 11 the. .......-·flnlth· tn AIWlle F1 , and 

let b1 • lS/t1J .·be.the..,.....ol subtupte11.-;.·p1p'.tn···flf{Wfaaft asumed" that tuplel or 

SUOt\lples do not; ·troll pap ........ then> rLtijl&J .. the ,.. 'number or f'q • and 

0;1 mod S) b the offMt of f'il m iU pip. Tlle"tupltun~· I ·k theNfore: · 

(3.2.1) 

Fina Hy, we want to .calculate til1 , the TID of f'1 11 , from t, Its tuple nomber. Since Lilb. J 

is· the page number for the. subtuple f' 111 In F'll, and (I MOd bmi> · Is the number a( the 

subtuple wilhln the page, we have: 

(3.2.2) t111 • S li/bwi J + "' (I mod bi.) 
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~ve an. ifidex ·• one or ...,. of its·MUI• 1ta A ut•s .,.. •• , .... •f lftd9)1Udlf'lttr•te, 
, -~- .. ,.,.~ ~ ~-;f·~,-1.t,;;: ;·:~ .,_. ·><;,.::.;-~* ·· 1 .:"'.-~;t' ··r.: .. ,;;.,~ ~/''f_,,~ ·'/!'_~'r ![r:;:~:,tr:~~~~·:-~·: · -~~ · 

has indexing as an-acmu,,,... l9lacata1U11tpa. ........ 11i~1f..._,fotthat:ittttbute. 
• ,, ' ·-.- -'.,."' ,; - .<::(~' J >':· ~-~"'. - ., ',J;' 

Jn our.model, we han ..... ~.toiJlarba...,_.. . ._ !l•IJd~fMMe:'ef·'ttle·Uee is 
:.-,·~,, •;, 

a page. A detai~ d~:.,.ttte;tndn'tt.•..--.;•'''-•~taUnckM Cfian l'7J1and 
·• !>(:<_:·.l 't •' "'. '\ ,' ·, ·-,'.' 

Blasgm and Eswasa" 161. Tbe index la Vtrf''HS•llil~te:ttil B••d;.B.,.t aMt:xMtCn!fght 
' - ,\.".!;'"· :. . __ , .. 

CSlboth m terms of st~wt1tt.9J'« 11'*11*11••· 0BIMdlJ19dt ~page dffhe 
A. / > .-:--~·r r •-~·-· ;\~ 

iQde~ C"1fttatfts art onltNd;;• of:•pairJ .eltlep .. r ••••H•lliill)'-~po'9tef,j ~ pointer 
;.,:-t -\··. • ,. .... ., -~ .. ,._,·z-"~;,...~'.1-~c.: · .. , 

PQil:thAg to RQdea .. ta lM ._·,lowef :lall'.'Of··--~Hltteu,t...,.._falldbUhebighftt· ltt'J 
-- ) , ~·' • , . .:.·>··"'Li : "; .- . ', . 

TIDs of subtuples·that have thelU,1111 • .-..a of:*'t --~•• sUbftter -The 
'···· ~-~•".' ~J.-~t.'~\'·1-.,-~'.'("•f ·-:\<-!. -..·-. 

choAce· of ind.ex .structure for ~ ..... '!;•v..., • llinitecl co t.alanced trees. Any Index 
' t ' '• ' " • - ~- '·:' - .- ! ' • ,- . ~ . . 

that lends itself to usage COit analysis _and whkh~il llMJ1p•ldent of dM choke of file ~rttt~on 
' -.· :'., >--':i .: _: .,-,;:-::· •,<- ~-; ~;'!~~ ·, -.-;'·.'. ". ·~;~ l 1:~t1 ·-:,·"'?- q.~-~~~J·~-;.~.b;) ")j j,f-1:i·~·,:" '>:.: .:· -:;";,~~ ~ 

may be alternatively used . 
.;, · ~: •.. ;;. ;;·1,·'!_$J.t·. ·t::Y ~,%>"-. fe'-"' .,;,-,-, ~-- ., i"f.'·,.)~i-~~~'·''~.!';' : -:,'!-~"'~ ;..~~".:,_;.~:~~; 1 

.; ., •• } ~· •• 

To concentra~ on the problem of attribute partltlantng. we a~ th~t,the"ch~ce. of 
. ·· " ' ..... · . ~ ~ ~· · ... ·. · _ ·r , .~:·~~~\~t.-\. ~, ~1-~,t,~ ~~~--- ·'~-> :,..,;, ~t ~ <,.:; • ._~) 0

:.; ~~- • 

indices and their structure ts predetermmed and.~ beforehand on the basis of other 
. ' '\·." -,)·"i, '"lf' ·~. ~· , i:' 

criteria bf'sides the file partttton. This is not to ..,e. tttat the pnibtema of Index selection 

and attribute partitioning. are independent or one anether. lftdeed, the two problems are · 
. ' :- ,-,~ -'• ":;; ' ,_ 

mutua·ny interdependent and a better solution to dte attraMM ~ prQblem can be 
• - ·. :-o::,·"?·';'"I'-,:· ~" "f>" ~" :'.~:···:·t/1.:-~?. ~,~·~ --~:· • 

achi~ved by their. simultaneous IOlutkJn. The pnll)lem of alectlng indices that befit a 

database usage pattern has been extensively ana1Jacl by Chan 00. Our work on attribute 
' , . " "' ._ -·· . •t~ - • . _J.. 
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partitioning takes up another dimension of the~~ prob~ ~-phyak:al d•~':-.se design . 
• • !- ' '', ~ ,: 

4. The Truaul&-Mocbl 
. . ~ . . , ': --.- . . ' (. ,, ,, ' -

We will consider four types of uanlktiafta ·u.lt ma'y t,;. conducted against the 

database: q~erles, Uf>d•• lnserttona, iftci ...._L ·n.e ~-·~'the.update tranS.ctions 

• ' ' •. • ' ; " ; ' ' . • ~·'.~'f''; ; T •. ~ -; :. , • • ' ; , ; .' : ' ; '' ; ; 

constst of two coinponentl: a ieleCtton. c:ompGMnt that d~ the tuples that are to be 

sefected, and a proJitctton cerhpohetif that ~ wflwk ~ 'or tJte se.ected. tuples 

are to be eXtrtcted' and 'rehirneci"''(tn::t~ cue *l•:quety;;.Or updated (r~ the cale "or an 

update). The deletion transact~ cO.tststf O..tf of .. a ....... ~porlent that determines . 

which tuples have to be ~- The In~ ~"*tlOft tW ·no ~ents. An Insertion 

traniaction Is b~Sically a ·sit of' tuples· that ft~ve to be ·11U.ttecf In the file. Because of the 

~imilarittes. among query, update, and deletloh :ttl9*,.a,. ._ortll, ·we will discuss only 

one of them, ·namely quertft, IWI fUH detail. The' teader shoUtcfassume that the diicussion for 

queries can be generaff zed fot the other tranaactlon types. u well. The only difference among 

the transaction types ts ·how the ptoJ«tton ·c:ompaeMllt of each · trana'actton type is processed 

after the tuples are se1tctecl. l'hta difference In pratmlstng the. prc+ictton component will be 

·delineated later. 

We have made certain stmpttmnc &Ssumpttons on the Structure of· the queries 

considered in our rriod~. The *1mptmc:atklfts wirf ~'by the need to reduce the task 

of query cost analysis to a .rm.~•tHe size. · We ·have dtla1Wied Join operations on the 

retatton t.n qoertes. The bobtean ·expression tn 'tbt ltllttiOn c:oml;onent or. a query consists of 

etther a COfljunction made of equality condttton~ or·a dlsJUACdon made of equality conditions. 
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A query With just OM • .,~ b tGftstMtld: to a.a·tpedal UW of a conjunctive 

query. An equality condittOft. ts a ptedlcMe of' llN· fGmt (a• x>"t where a ls an attribute 

name. and the attribute valate ·lr et the equataty·UJlllllllDtt fl a dMltaftt. or program variable 

. ~ . 

component is used to ·sa;ch fer au the t1'pl9·<•tttptes) tn Cite Rlt'(sut>file): that ha.•e 

attribute value x ftw·a~ a. The·prejedtOn twfJllfNllM:t. •.set Of attributes whose 

values are extracted from all tuples that satisfy the seltectton ~ and returned as. the 

answer to the query. In a conjun~ive query, an·~~ cannot a,.,.ar( twice in the selection 

c~ponent, or appear both tn the selection and proj!ctJon componentL i ~lthough we ba ve 

restricted the set of allowable quertes ~J the ............. ,....... above, we have still 

included a large nur,nber of possible queries, enmmpustng •"1 of the more frequent queries 

encountered in practical data.base applications. 

When a query ts ~ ~ a database. the ftU'l'.J proceuor ~oes the. necessary s~rch 

and retrievals on the database and returns the answer to the query~ 'l'.here is a cost associated 
t .. , 

with processing a query. In our att.rtbute parUttonift& syttem, we .have incorporated a query 

evaluator and a me cost estimator that can analyze a gtv4111 •erJ: ...i.prPYtde ••estimate of 
" " 

the cost of answering the query. Q.uery cost analysts ls.a complex task. The astumptions we 

have made on the structure of the query altevtate ~ of the difftcultles in query processing 

and query cost analysts. .stdes the assumptions - the st1'UCtUre ef a query, query cost 

analysis depends on the clsmmpttons ma.Ge ·orr theffftrilMleioft\ ef attr.,._ values in the file. 

Q.uery cost analysts ·am 'def'll!h•;·dlt'tM·distrtbullar1''..r .....,___, ... tn the seleGtiOn 

and projection components Gf cp.tertes and the·dftllil:Mftlflit of attribute vatues ift. the equ•lity 

condition predicates of q~s~ As we han merttkMMic:l ·m,Cfla?tet 2, prtttoes work done on 
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attribute partlUoning made stmplifying auumptiGm ~.the ~--ribution of a~tdbute values . . - . . . . - . ; ··~ -~ . ' 

an~ on the distribution or attribute requests In Ofder to keep the p{.Oblem or query cost 
• • . , ~ ' - , - • • ! . • 

analysis (and hence the attribute partitioning problem) withlft .~_ble limits .. We have 
' ' ' .. ~ '..: ' : . -~-j. . • < ! 

also made slmpltfying auumpttons on the dtatrtbut&on or •tbuta va~ and attribute. 
• • •• •• • ; !. , .. , •• -~lo~ , ; ·: , .. 

requests tn · building, our model of the •ta.base ,._~ .~ystem· 
. . ' . • . ;,. ' •J ; ·. '. ,. . .· 

However, our 
.. : ' 

simplifying assumption•. are less ~ltrtctive .tn nature.than ...... made.in the wor.ks of our . . . . . , , . . L" , ,. , .... , . 

pred~sors and are closer to the reaUU.S of ~I datUale ~~~ We hav• ~de the 

following two assumptions in our transactto.n model •. 

I- We ass0me the. fractiOn of tup .. that satt' a ane ,,red~te. selection ts_, the 

selectiv.tty of the attr:tbute in the equality .condition. The (av-..e> .stledtvtty or an attribute 
. ' ~. ., - ,' : . ; 'it' • . '. l " ' 

of a relation is the average fraction of tuples under c:anlidera~ that have historically 

satisfied an equality condltkin involving that attribute. I":· ..._ words, the .se~ivity of an 

' attribute is the fraction of tuples that wtn molt probably satUf) .an equality condlUon_ on the 

' . 
file. The concept of an attribute selectlvtty measure 11 an . tmportant tool for d.atabase 

~ i . 

mod.elling and query cost analysts. The attribute ~Yity ~sure wlll be defined and 

described fUHy in the section on Parameter A~tsltlon. From the attribute ,selectivities, the 

number of tuples that satisfy an equality condition on an attribute 11, estimated as the product 
,, • ~ ! . 

of the selectivity and the number of tuples in the ftle~ Using this measure qf selectivity 
/ 

avoids the naive assumption that the attribute values are untformly cllstrlbuted ·in number, 

and that the number ·of tuples satisfying an eqO&ftty candttd b ihe''t«al number of tuples 

· divided by the number of different values of tM attribute. Abo by using this measure, we 

hav~ avoided the Si~ltstk assumption that attribute values .or a given attribute occur with 
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equal probability tn the ...... cOmponenta at ....... A...._,h we auld have obtained a 

sUll better ·model of value diltrtlMttton by ftOtiftg the·,,...._ or tuples tha~ contain each value 

of an attribute in a taote, the attrtl>ute ...Vtty ...... hal tM cleffmle advantage that it 

takes htt~ storage fer.lb.,,._...-. The other .IC.f11M1 ,. ........ a ~-of attribute 

.value frequencies be maintained for each aetr .... tn dM 8le, ancl tt there are many distinct 

\lalues for an attribute. ~· table wffl consume & llptftcallt lfl'IOmlt of storage and will also 

be very difficult to update. 

2- Since we allow the specification· of queries with multiple equality condition 

predicates, it is ~ry to have a measure for the jolftt resot\ftltg power of two or more 

equality conditions. (This measure ti called the joint selectivity meawre.) For this ·purpose, 

we wm assume th1tt the appearance tn tuplel of..._ belonpng to dtft'erent attributes is 

i~depende.nt. (I.e., ttie prebabi1tty that value x of attnb• 1 ad value y of attribute b. 

appear in the same tuple ts equat tO the product of thetr tndlvldual probabilities of 

appearance.) H~ the fraction of tuplel .....,.,.. a. ~ of predicates 

. . 
smmltaneousfy is the product of the fracttont, lttat sadlfJ. each predbte. and the .fraction of 

tuples satisfying a dtsjuncttun of predates ta the omnpltlnlnt f,r the fJ'actloft not satisfying 

a~y of the predicates of the dis~. 

One assumptic>n we do not make in OUI' model, ~ :ii that attributes occu.r 

independently of .9M •••er tit the ....... _. .,..._ ........... . qf she query. 

correlation between attrt&Nte eccvrence • ..- a ............. 'by jatftt. preabiltttes of 

attribute occurence. We ~- ·Mep a r«wrel ·~ a ..,.., called dte .table Gf query types) of 
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a II qllerles made to the database, and the exact correlation in the. occurence of attributes In 
' . . . '• ·._ . ' ':,;·""'i', ; \· , 

qu.erles · may 'be obtained form thll table. . .. ~hut _we. av~. 1'1',&kf", the .. stl'Qng. (and Qften . ; ~, . . ,'' ~"'- . ,;_' . , . -

inaccurate) aQUmptlon that an, attribu~ II~ ,~·~}1';~9,!l~"'t .of w~~t other 

attributes are req~ .b",~hat. qu..-y.. T~; taf>l!,'11 .-~ .11 ~· in th.at qu4!r.ies 
• .; • • • "- •" ' ' ' \ .','- r ; /' -< ; •• ~ ' - • ' 

tnv~l.!i"J th~· sa~ ·~~t~utes but different ~~~f- _.,~,.a.re ~luitered together in '?"e 

entry. (Th~ oumber of queries in the clu~ ts ~~ ~. ll;t t~tt ~~y.) 
" . i .' , " • - ,_- ·' • • - ;::;. .~.' ·- • 

~:-< 

An,·integrafpart of a database m~ aJll9n is a facility to decide how to 

' • : . . '. . ' :. . ' ' '4' . ·\ . . ' '" ,' :·. ,. . .. ·, ' '~ 

ansWt!r queries. s·ince we are mOdelling a· database management iystem that decides how to 

• • • ~ .• ~ . .,';· -; ... ,... ~ ••• • ; •. = ·.~":..:~ •. ~.~ -~f L.'..,.;.: .;·.:,.··;-::-. ~- ~- -.:-: · · 
answer queries posed to the databUe, and since In the c:aUne ot attribute partitioning we 

need to· estimate th~ cost ln~rred In answertftl i ~ .· ~ to ;~ rixle1 database, our 

attribute partit~tng sy~ wU1 abo need to dettde'how.to answer querta When a· query Is 

mad.e to the database, ~pP ... rl~te·'~ccd. paths ;n..st ~ ih~;~so'.th~t tuples 'sausfytng the 

selection component of the query ~y be locateci. After the satbfftng tupla are .located (l.e. a 

TID list of such tuples Is obtained), the same accm.'path (or ~i6'y some Other acce~ path) 

will have to be. used In order to retrieve the tupta' j 

For example, .assume we.have a conjunctlve'qilerr tft~Olving attributes a1, •....• , •L in 

'' 

the selection component and attributes 'l•I •__,tr in the projection component made to a 

partition~ file ... Jn order to answer .the q0ery, the ~· that Jatisfy the equality 
' ' 

' conditions ori ., , ...... ,IL need to be located (by creating. TlD u1t·~nting to the subtuptes), 
' ' ' 

and then their co-subtuples contiiritng attributei 'L•I • N .. .., tr ha·ve to tie retrieved so that the 
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Assume that 

there are indices avattatf'(Nf1
.,,... 'Gf1u.~.-.... ·. •t• ~·at,·, We'IUJ'-~ to locate . 

tht- subtuples that sattlfy ~:111tet-. 1comp lnm11:ift .-. .;;itWtwo'·ie•Wing ways (in the· 

rest of thb. seaton; -we-· ....... >tfl•• ....... i~, .. -. ;·•m• M.to-t.1.2' ~'~ " 

performed. , 0n· TIDs of· .,...,.. ·to get' ltle·t•:'"°'·,,·~-·.,._., 'we. aaume ··the 

trans.formations are perfotined ·whefte'fer -~,p; ,, , ' .. 

·I- Use all the appticlbte. tndkato ~left)&tt•TU>·l81ef tubtuptet satisfying the 

indexed attributes; inrerm .... 110-~--:a.e,ijudl rii.11~ .... from: tlle 

resulting TIO list link to ttl&-tuWi1el that~,...,., .. UIJlllll---aar~. •1, .. _, •t 
:·. ·, • "t .. '.. . ,' , . ·- ' \:; ·:f] . ' •. ;, ' -:, ;. , . •, 

(an applicable index is a Ind• ort·a·stlH*"' -••.••>< ,~....,...,.,.._. .. one at a time. 
- . . . :'. '"' . . "J.·-:· " '-i! '"" ·- . ·~: : • • • .-' 

Everytime a subfile is atteued, Its __,. .. ~,~YI~ tfti ~,,.~·-~_(via links) 

, a.nd checked .to see tf tftey'.-.f1; tM ..... ~llJ''Glf the ¥•i11ted :~ibutes. The 
• o~ • • • ' • ' • • 

TJDs of subtuples·dtat "'°"'!'l''..Usfy '•"t"; tM ~-..,.-11"'11t:~. pfuMcl.'. ffom 
. ,, " .,, "' - '' - . ' { . . 

the TID Ust (i.e., tlw 1T1D ttst of the tU~Sn·tttat:...,,:&a.t ~ ~ ~ion 
. .. ' - . ,_ ,- - -·. ' - ~- -

attributes in the subfile is tntenected wttJ! the old, TID Ust~ AtW all the subfiles containing 
-. ,,, ; ~ -- . > '. -~ .,. ' -~ ' ·-· { - ./ . 

selection. attributes ha·ff bettt·Mlitel_,, and* TIDs:trt1'lll•--· ._., Ji1St«1 to satisfy the 
• ' ·, • ,, '. > ~ ~ • - ' , ; • • i . ' ., . . > ! " . 

equality condtt~s. then al'l\AlllapleS witftl.TfDl\•t1t tt.•••M~.,.,(apm· by U~ng) 
. - .· """' '· , 

from all the subfUes· QMtalltiftg' ,fto~. _.,.._ and the projectton attributes are 

extracted. 

2- Use none of· the indices. Sequentially. sear~h °"' ,of the suf,)rttes containing 
'> .,,1' ' ' "i. . - . :•.' -- ~ . - . ,, ' · ... ~ . ' ·-

selection attributes, and create a TID list of the ~,~ ~~ an p~tcates lnvolvi11g 

the subfile. Thereafter, using the TIO ltst, Unit one by :qne to ,p.e subfUeS c;ontaining the 
'' . - '. '>'\!' ·- . . .. 

remaining selection attributes, until a TID list of subtuplu atilfying the entire selection 
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· component of the. query ts obtained. FlnaHJ., lilJk, to subft"". con~4'1i•Wo.JeetAon. attrjbutes. 
- • '' : . . ... ! • . . . ' : • 

'tach .of the above two schemes may be.t~h,,o( ta a_acep by Jtep p~~ed~re where 
' ; ' ' - -!. ;. • - • - • :. ':< ~ ·' ' : - : - • 

at each step an access path C-,U~tial ~rchi~J· i,if!l,,.~kl"f,) ts_ ~~01;~ in order ·to 

obtain the. TID1 of 1ubtuple1 that satisfy one or more of' tM llNJ'Phty .conditions in the 
. '. .: ' " ' - ... _ " • ' ; • •' ~ .. ·.' : ': ' ., ~ : ' . '. !' • - • 

equality condition ~·an attribu.te the act of ~A!J t~ •'1bll~~. ,.,ti~ .f.!C.,~. qf Un~. a~ve 

two schemes 11 a step by step procedure when •\.~ch 1tep "9, a,ulex,q· q~ to r.esolve .;an 
' • > ~ - • ~ ~." • ':'·. ' • ' •• -. 

attribute, or a sequential search/link is used to rea,olve.-. ,.-:.~ ~ttrlbu.tes In one sq.bf~. 
. • " ,. . . . . .. •·. ;·· ·. 1!.• • ·' 

We define the method of•. 'uery to be such a step bJ •. ,~~ ~e·at ·~.step an 
. . ., . ~: - ·; . '•. . : -. . ' '· -~-- - .·• - ~ . . 

access path is used in order to resolve one or more attri~ .. · 
: ; " ·,· ~- ' ~ , -:~· - ,, • • ; '. • ~, ! • - ' "'. 

. . 
A query \JSUaUy ·has many dlf'ferent ~ . . f~ ~qf1,1P1', .. In the. two schemes 

·-: ' • " • <: ., ~ 1 _ct.• ii. ' ~ - ; - - •• . , ' . 

. above, w.e chose either to use all the indkel, or,~~~ ~· . We '_"IJbt 'h•ve ,,h~, .to 

resolve some of the indexed attributes (In the ~ -~ or t"' ,querr) by indexing, 
• '-~, . . ' .. \ .. ~.;'_;·:~} ~··'....: : ·,. ; ·t_·'';~'. ' ' : 

while resolving the rest of the indexed and untndexed selection attrlbU~llJS by IJn,klng. 
. ' )·'~f ~.'; . ·.~ "':;~··· . •. . . - . ' 

Similarly, when linking to subfiles, the subfiles wtn be acceaed In some ~Ual order (t,e. 

one subfile is· linked first, another subfile second~ -~) ~h.- di,stl,nct subset of. applicable 
. ' ··; . '. , ·- ; f ···:: • - , ' . , '~ '· • 

the two schemes above may be translated. into, manJ ~-~s the ~ of linking to 
- l 

subfiles is instantiated.) 

There Is a coat auoclat«I with a querJ" mithod; oepa1ding on what indices are 

used and in what--....w ordetthe'sUWllll;.,.'tinl"'1~lhe'~10t•n1wertng the query wm 

be different. For examplf' aSIUme that In l'eiottllti the atltlbuta 4)(· a'query, two .subfiles· 

ha Ye to be link~ and Whet each subftle IS. ftnked~ the Ille of' tlte TttJ list WUI be reduced bJ 
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that contain selection attributes not resolved by meant or indices: (Note that tf no index. ls 
• \;' ·:~.._:·;:; . -.. ·~' ,, -,~·~· ·~: .; --, - i 

u.tntzed by the method, then the fint subft~ ~ the ,method. "Wtl "' ~tta.nr ~rched, 
• .,', . - . ' - : ' , ; ! ~ - ' '.. • / . . -, - ~-

while the remaining subfi~ will be linked.) ~~i~·~,'~'~t"if 1t~ "f!lmal ~h~ for a 

qutty (or finding a suitable method In cue the opt~I ""*»d, ii difflcult to find) ls the 
. . , .. :.;:. ·· f'-'-5·:.'.' .. ' ,. t,,. -~~1·.·::.·,:·L~ -=~~~!/i'·~;;~··~ :: -f. 

query evaluator. The query evaluator c~ a metbod With ~he objective ~f mlnt1ntzing 
. .·_;·- . -~ ..... ). ·-t;'l'.·~: :; ~~ -~ /.::1 '"• .'./ -~-~"!- -.(.~ h_t ,..__ ' ' . 

page accesses when answering the query. 4ter in ~his l«tiol'.'•. we will p~e~t the strategy 
,. ,, .- · · ·· -_, •.··r~~~;..f, ·0~-:"' ~~n~}-rf;.;t '. '7 · ~ .,. f '~ 7- · 

. . . 

used by the query evalua~r ~our a~lbu,te J-~~i~~~~'\,.A~e ~~~ .~~~n. ~y our 

query evaluator is not n~rn! .. the opti~~,e~hod, ~~H~~r~~t~~;h~g~ we will show· 

that our strategy results in nar-optirMI ~ W"-' a. ~ ~~~ ~s' found for a 
. ,."·' .,. , ~ .<!' ,.\.·~ •J.~t°'-. , ;~ <}~!.,.· ,:~~-~~j,:: ~ 1 '$·; ~lf~·-,11 ..... •;,t _,\(-''J,.J :_f', ;'~. ' -

. query, we say that the query Is evaluated. 
t~ ';; ·" - ~ -

;; - .,., .. 

consid~ation the projection attributes of the. cpien. Str~ ..-king, the query ~valuator 
~ . . - _. ·. -~ ~if :' > ---~ ... · "".'! ·_-··,' y. . , . ,., 

shou'td. also take .the projecttOn .~~tbu~ ~ •. ~~.~~\Jt~ method or,,~,h,e qu~ry 

should spec,tfy the~°'-' lin~~~g ~ t~-~~;~.;~ ~ttri.~~~es~ This is 

·_because the cost of ans.weril'lg.,a query is influenced·'·the ,~ ~n whlc~ projections are 
. _{ _; . .,- - ' . '~." .. ,, . 

made. For example, if a subfile contatns both selection .• .,... ancS projection .attributes, 
' . .,'l ·- •· - - ' ; - ' .:·i~ : ~,,, !; ' - ' 

then it is beneficial that this subfile be linked IUt In the medtod; since If th~ su.,fUe is. ~inked 
,.· .', f; ·:,· _1{.1,%., -~~t'i.; 

last. both the selection attributes may be resolved and ~ p~Jectk>n attributes may be 
, ., , I .. . ' ,. , . 

project~ concurrently. If this subfile iJ not linked last, It wtl be ttn.kf!d once for resolving the 
. - ~;.;.-• ' .. ,.., -~ ~~-t }~ ;·~-:: ·' -t ~ j .-·-. :~i~. -:;..,-- , 

selection attributes and another ttme for p~jecting the projection a~ributes. (Note that each 
. . .·' ·'-~ ·. ,, -~ .\ ,) 'i"';?: /; _:_-i.'?->.'·1,.i.,_;.~(~ '. . ·~. ,· . 

time the subfile will be linked from a clifferent T:ID lht.) We have elirmnated projection 
< • • ···t .. .; • . ' 

attributes from consideration when evaluating a query. We .do thJ1 because: I- considering 

projection attributes will make the problem or query evaluation still ~re difficult, and 2-
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the subfiles are linked (Or~ ......... 

any 

input/outpi.at ~aUons (l.~. · f,.g~ accesses). - The ~ ~'do. nee need to know 

- . :· ; ... - - >"::,(·· ,.., -~~. '·.- ··r. ;_ ·;r. .'i!:·u-.o ~~~~1 ::~r- :f(~V4l.tta~-~:- 1tt~ -~"_; __ '.- _;?,,~~-t ~: 

about the actual data contents of the suWlles; .ft Gn1J nqutre the various parameters 
.'f·~ , ·;;:t~", .'.,;"~: ,. - _4- -.~.~~"'- -~--~·-..f< ~:)t-~ ,., ~r~""' \.~' ,~;flJ'i~T;fJ!1.~·,c~ ~ ., ."-

prepared by the parameter acqubi-. T~,.-J ~ '~ a 4'"1'Y by choosing a 
. _ . .. -~; · , . -.1~·:~:· ~· , ___ ~~r.r···; ~: '"'.~:r~r;: \: .<l :~.i: · ~-: ·_1:>'F?~~~~ -: ·:~t ~~:~'! ~: ~ -: :<f .,. :,·~ -~- \" ·,.:. " :t . 

method for it, utilizing some strategy. One such lttattgJ II exhamtively enumerating all 

. . . ~\~'°1;>:~1f~.~-f!'''r,--:~---~.:;,-~(f_f\ ~_Jf·~:t.~;~17·"' ~ y iJ.'.'<. ~ ~--;·;:-; 

method (by using the file cost estimator). and then dMl11i111 the opti•I method. We have 

' :~· "'-~~~-~~~''. ',<•1:."· ·-,:;:":-/ . .{o;c ;-_·(:.~'''!-' :!{. 'fl:f!hr'f·~/P,.·i-. ~·~.,i)j~,;tJ";~·{{'';, ,$,t;\~~~i· · , :·~·'.:.j~ '·~;--.~::' 

methods for a qu.y. TflJs it espma·iiy trUe whlit' NktRc . a, C,..., aplnst a database 

.. ,,,_. .. '; '··<'.: ~::.J!;:,,, ;t·,~\nf~;: ~~·- i1"·'.!~·:·· ·~:.,.1-r~):. ;i .. -.}' . ...-;J.:¢- ·r;rt< _··~$~~~..:r!?t.(._ ... ·~itr-~iif ::-. ~'·. ~.t 
partitioned into many suWlla and/or If tf?en are_, tncl• a~. The ~rategy we 

'. : ,,;_ -:~ •. ~.,,··'"··?'-:"•' _:·:!"'·~:· :·~'l .,, ;-.i:..~-M _:.~~·.:,~Xi-.~<-~~ ~('f~?:·{,:-.-~J: itr,~::J~~·~t-'}!:{'1:~11.-.. ~ *' . . ~,:.:,','.'·. 

use for query t·VahJattort';tf mstead bUed .upOn chli1i0c I A.lat ~f methOd Without 

. r,. ~- -~-· --~' ":.);~',:t~-:: ~; · .J f.;t:"Y·'~;-~l.·,:-f-f~' 

requiring extensive analysis of tf1:e .. ery. 
: :~:t_:t·tr·+-~,r ··,·T' ... ."· .. _ (~.·· ~""t:. 1·. . 

Query evaluation is the only phase of query prec1111nc that ts an optimization 
r.- tX:~'."'::t~<'' ··-~<) t·~"'· _;"' . ..,:;'- ~-'~ ;·1·r. :-rr_l )·J-~··~'~"'~.t tf~fJ 'i'.~~.: t~f:Jki·-'~:~-·· ... ~._ :- · ~ 0

:-'.:1 

process. The orhtt two phuea of query proc:etSlftg do ·nat ~ to optimiH the cost of 

,~ ~; :""':. ~~ "*:.:'." ~ ·~,··-'"' '.-:""! ·· -: ·~·:(i ~~~~ ... r.f~"r -~-~ ;··. ~·~, i i w;" ··~1'0-a t,; ·>-:%:,.*· ';: ); • ~ ~~-
processing a query. Query evaluation it ·the only phue actualy performed In our attribute 

"".. ·'~ . ~ ~·:.: .~-.·~.,~·--· ..- ~ ~ '· "~::"':'..:·~. ~r1 ~e.~-\.<~!'"'-.i!: _tr~: ·-~.1 ~·i1k:t··~r~·:1 .. :,.t'f:.') ·. !::·-·: :) ·; 

partitioning system. The next two phases are only perr...mld by a databue managl"l'.Mflt 

system w1:ten it actually precesses. a query. · 'Ttae ,... our atttibuce partitioning system 
. ~ ' 'I ~· • 

evaluates queria. is tb•t ~trtl:ha&Qf: .,.,_,,,.,.fl .. i .... n_.,.•11et•te the cost of 

;'; 

fde cost estimalor, whkh, ~fNltS tM CM>at· el ...... the••••• .. ..., .. (ttccerdmg to the 
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method) ·and the cost of retrieving the aubtuplea needed for projection. (The attribute 
j :.- - •. ; ~ .• J _; • ' _}: f , . . .. • • 

partitioning heuristia require the cost.of ·~•ln&.•H .. t~~~tea in,~.he database u~ge 

pattern. See Section 4.4 for a detailed· dtscuNlon an how the file cost estimator· esttrnate~ the 
. . ~ : . . ' ; . : . . ~ -;:-· , ' '. ~- .- ~ .. 

cost or answering a query.) 

2- q.uery resolution Is the pl'oc:ell of ~ , ~e set ,, of tu~les that satisfy the 
' - . -, \:-~ .. - .- '· . ,;··, - . . . 

· , ·selection component of the query. A query ii ..,.veCI when ·au the.selectl0n. attrtb~es are 
• • j ~-' le,('-f ~· • > • "j. ~ • • :,; ' • • 

resolved ·and ~ ltst containing the Tl~ of au tatWytng. blple la proc1.-. After a query ts 
. ··,~-· :. ' - . -11-: . . ~ ,. . . ~: ' c 

evaluated, the query Is resolved ·by lcceulftl the lncUc:a lfJIPfled In the query's method and 
.- . . . " .. '-t·~~ ':. - 1'' '?; :<~ ~'-~ :. "' ,._ ~1 -,: • 

perf ormtng the Unit to the subfiles In the order lpldfled in the query's method. In each step . .- . . .. . .. ' '•.. -; 
. j ~ . 

' 

of the method, the access path sJ>«iflec9. In .th!. step_, if: ~"7.rr'~ ;md. a TIO li$t ts . . : . ) . , ,• ·.· { . ~ . . 

creater;I of subtuples th~t sa~lsfy t.he equa~ilJ .. c:ond~~ ertid~ of the attrt~.1.1tes t~at, are to 
• ,· • :; •• ·::-·: • ,' ••• > ' : • 

· be resolved in that step. For a conju~tve query, this. Tl~. hst, ts tntenect~ '1(ith the (old) 
, • .. ' - r :.~,; •.,:~,'~" C • • ·; '. > ' .. • i!' • ' '•' ' ' 

TIO U.st· that is the result onhe pr~ifli .. s of the resolution p~. If the query Is a 
- •. ,.. . , -:... ' . ' ' ·. ~ '. " . '.-

disjunction, the union of the new TJD. list ii taken with the old TID list. The final TIO list . ~., --~ . . 

obtained from the_ last step of the methocl Is the result of the query resolution phase. In the 
. . '~ ,. ·: ; 

process of query r~lutton, page accesses are made to secondary storage when. performing an 
• - - - ' . ~ .. ! " l • 

access path. 

· 3- A query Is answered when an ~plei ~lntftr projectton attributes that are 

pointed by the TIO list are retrieved intO primary memory 'and the attribute values of 

attributes specified In the projection ~t of the query are extra~ed and returned. 

This phase of query processing Involves only Input/output operations and no internal 
. - . i' . . . -' ~ ' 

pr<?Cessing. As previously mentioned, if the last subfile that II link~ in the resolution phase 
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c6ntains projection alttltillles,~· it 15 posslbte>•...,•t•JZ•t•·•...., before the query 

is cQmpletely resolved .by ettlattng the-pFlflciilll..._ ·.-tu. faim :a ·IUbtupJe when the 

. . 
selection. attrtbute vaiuft · of•the IU4M8ple>..._ *''pnd._.,. 11t'!llther word$. the query 

resolution arnt'the·qut!tJ.....,rtftf·~ --•• •w·....-.e:ill,themethod. 

In the rest of thts seC:ttoh we .,. . ....-.: .. ~ ...U•IMt sntegy . the q.uery 

evaluator of our attrttiute ptrtilklftMg·'IJstem u-. ·Rndtaf;'• ~-1-1fMthod for a query 

' . ~' . ' ... ' . , . ' 

in a partitioned envtt·onMent ,15· ati mvotnd llilt. UMilte -~. evaluation in an 

unpartitioned ·env•r0mnem·'Whete·the'41f881' ••-'-'·t.. . .tf • dtHH .the optimal set of 

applicable indices, a• query...._.~ tn a ~ ... .,._....ja;,~ has to choose 

the sequence -of- tifttmg,, • ·lhl·'.U .... :; OUr .............. •1~ ~ evaluator that 

finds. a satisfa~y metfr•,kfw·tlw ..., ·wttttout· ·, t.11dw& *-•t111l!·......,. The meth.od 
' :?: • { ~ 

obtained. ·by the qtfetf •'ft'..._. ·tl:,.. ..... ....,,,,.._ ..... '{•11,.a· for that query; 

although (it:f • the c- ·ef 11Ur 'Work) • haft ..-..,c·k 101.w~ 181tr IF t•l - We will fir-st 

way the strategy uted fOr dtijuMtivtc..- u diffet alt 

Q.uery eva1Uatton .... ~.aaga ~m theftra ..., .. ..., evaluator ~s 

the subset of appUcable tm:lkel:·to tndude a. the 1911d18.11• .Aftsottm1:hu·l.Jeen determtfted, the 

rest of the. selec.tton attnbut& · ·' 
<·''- -:c-';·. ;_.... >?·····. 

I- Depending on the attributes In the~ ceinponent, their selectivities~ a"d the 

attribute parut'ion, it may be beneficial to use ~~:":11. ~,a.~~ Of the ~piicable Indices. 
~t ,- : 

We believe that for most queries, using either none or all of the applkab1e Indices will lead to 
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· satisfa,ctory methods. Also in order to reduce the problem of qu~ry evaluation to a 
. ( . . 

ma"ageable size, we will mtrict our attention to.the above two choices: 

One c-riterion by which we may judge the effectiveness of utilizing the indices to 

process a que.-y ii the joint selectivity of the Indexed. attributes ·that occur in .the selection 
~ ' ~ · .. ~ .. 

component of the query. Assume that: I- the indexed attributes are not'jointly selective (i.e., 
. ' 

the joint resolvJng power of the -tndkes .. low Mtd • _. ... 'fracttOn or the tuples will be 

selected JO that almost •II Che paps of·. aubftlt that ts Hnled· t...,.fter haft to be retrieved), 

and assume that 2- a aul>flle that contatftl an lftdend lttHbute aho l:'Oft.tains some other 
I 

unlnd4!)Ced teaeCtlon .attributes. Thtn IOth !a """'11'9Hi malt tlktly be attessed iri Its entirety 

in order to resolve die Uftlnclehd attrtbate. ·Th'erefble, the.index~ attrtbUte in the subfile 

can be resolved by the link at tfftf 11~ time tt.· lil'ilftdeied attrtbUte i• being resolved and 

with no extra cost. Hence when the Indexed'~ ue riC1fJOlntfy aelectlve, usinJ the 

indices will not save In the numtiet·ef pages;•~· 

Thus, when the jOint se1edtvity of the tndead attl'lbUtes ts not too low (which is the 

case for the great majority of-quertes), the query ev•kt~'wttt chOoie to use the full set of 

appltcabte ·indices. ·This ts because the cost of raotYlng'an •~tbute llittlztng an index (if 

· available) on the attrtbUte is usuaffy a fracttoR or the cost of reioWlng that attribute 'by 

linking to (or sequenttatly searching) dte subflle contltidng It. This can be true even lf the 

subfile containing the mdexed attrthte-conealft1·ott.er·unlndexed selection attributes and has 

to be eve"'ually '-lm~ed: If the Indexed attribute and the uftlndexed selection attributes 

residing in the same subfile as the tndeced attrtbute"'are n.otv«I slmu1taneously by linking 

from a TIO list to thetr 1ubftle, there enay be· t'flCft pages :a«essed than when the indexed 

attribute ts resolved first using the index, the TID list pruned and reduc:ed (as the result of 
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Whether an the a~bte tmlkief;areo\lted'vr .,._,Cd' the·appltcable indices are 

used, the. query evafuator wfft ttaw ~- ••llfl'ltt"'fot1'ftftitng· t'o Mabfiles containing 

unr~tv'ed setecttorr.11..,..~i .,_.,.j,~vtt~,....~i~r•vafbatton. 
~ ."_; '· ' 

2- The second stage of ~""1'Y evatuatton .....,.. ,,.._ tt.e,tndtces that are to be used 
I ,!> i;' ,• ·' ~' '. ,: 

have· been chosen. The '11*1 evalu.- l!JUl ._. ..._ tilt+lif1~;1Q>.the aaltftlies\ 'C:Ofttaifttng ·the 
'~ '' :' ', 

unresolved selection attri\mta starUng lrorn, tt.e .J:IQ •;thtlf. a,,ehe ,_.tel' the1ttldeJciftg. 
' . ; ii .. . . . ; ... . .; ;; " .. .7 .. ' ' '• .. • 

Everytime a subfile ~iNR1:·•·..,.~"'911J•}..,._.1il;~~dle·Tll'>••list is 
,i' 

reduced to a TlD list of ~ tMt ~J tfM •I•• ••ll••·tn'* ••• in addition to 

linked in s"fces1'iOR. produclQJ. suc.cesM,.ay .. mcn ..-..a ... rK> .._ \Y,Mn, Mt the subfiles 

have been linked, the query ts resolved-and.J:he T~liritt1••1•-.1el1Gllecl MJblvpJn. .The 

linking to. subfiles. ·Note that the query ~Y~1aor•"•---•IJ:~•kmg. · T~e 
-query evaluator .only c;lecides on ~-......-.ot ..... te ._j...,.._ k ifJhe . .,.ry 

resolver that actu~Hy performi· the linkiJ11 .. (ift .dJe.,t ••• cleci,.a: f1J the :qaet'J .ualutor) 

the TIO Ust from which the Unkif1f ls •J*'fornled• T.a.. lize of the 'Jill> Ult ts readily 
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available ~s the p~~lltJ..of the jo_iqt ~vJ~J ~the ~ ... -~Ved ~ far ;and}~' total 
" . ~ 

number or subtuples. ln the subfile (t9" Jqt"'·~~J9 ~:t~ of ;~ta ls:~atf\ed by 

· expression ~.6.1 from .the lndlvtdu•I attrt.,._ ,~Iv~.. ~. ftClt•. that if no index Is . - ...,., ,.,. " . ' ' ··'-. 

chosen in the first·~· o(guery"eva1u&t~1 ~,-~-~fe~~·p:.e,.~~ Is aeq,u~Ua.lly 

searched (which ls ~nJantQunt :'!' "°"''· ~}bt ... ~,~a JJP .... ,~ ~taining al) the 

. TlDs or the subtqple,s In the~). 

The ctiterlon fcw.opttmlza,ttqn .'" .t~~ ._ .. ~}1'"91 eva.tion is 't'1e .n.itnimization 

of the total number of page lccesJes. "~ ~J~ -~·. J)ependi"- on t.~ Se(fuence 

chosen in this stage. the ~hod Qf * 'qpery ... 1 . .,.,,.,..l.~,*hff ~timat Th,refore 
-' ' •• • , • • '·, - ', -~ .- · , · ,,·, lo \ • : • 1 

it is important that t.., query ·~~,_. .U'8 i. ""7:.~·~-~I. "'-'tch ~arantees that 

the seq~ence chosen is c• ~·~I fol;~- ofJ'1t ~ ev~,~t~'..As we mentioned 

before, exhaustive. enumeration of an kf .,...,.. tubflle ~ (wt.er~ "'· ts the number 

of subfiles containing unresp&ved. ~·; '~c,N ia. qlft, o.f ti;te question because cost 

estimating all of the seqqences,lJ~J ... ~. J)ue.coJ~~rge search ~ce 

(of poSJit,,le sequences) and the ,oumerous pa~ Jh~ ,,tt;I•• to ~ .,sider~ tn choosing a 

. sequence,_ {inding the optpl subfile ~ •~-a c.llffk,uk. tu". However, we may 

,qualitatively arrive at desjr~b~ seq.uences by '911~~ t'1e fotlo,.nng, cr~teria when deciding 

on the subfile .sequence. 1-: S!-:Jbfiles that Qn have '~r ..-;t~ 'ttrib,~s resolved without 
< , •• - -f' . -· 

im:urring too many page ~ccesses should be Hnklii(JWfor JO linking to subfiles that incur . : - : ' . ~ '. "-. - :· : . . 

ma,.ny page accesses. Tha~. is, at each step where ~ ll;'~file ~- ~ be Hn~ed. the query resolver 
• • :. ' ' • • ,• ,, ,. - ' ~ ' • • 1 • 

. should link to th-: su~ille that r~ltJ .•n the lf!'&llest ~u~ ~. ~ge ~~· Equivale!'tly, 
•. , --,. .. - r.. ~ '. ", ' - . , • ''· 

this means ltnklng to the subfile with.the largest b~,·J~ (nu~ of ~uples per pc.ge), 
. ' . : .: - . - ·.. . . . ~f :-· . . ' ; . ' --.· ' '• 

since the subfile with the largat blo,c~ng.faq-._~ill Jlllllt.Jn tJte feWest pages accessed. (To 
. . .'' - . ' . ,· .. . ' ~ ,,_· . 
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see this,. we refe~.t •• ~ to ..... cU~uuiflln -·"'----.~'pr~ in Chapt~r 
i and expre.sstQA 4.2.1.b. Jn tJda expmsk.t. fOr '.n.,d •t .... nx~ r' ', Mn.bif mclnotonically . 

dec.reases as b .tnerea$&s.) . 2- Th~ subQte u..&q,,_W, 'tbl. ~nf ~VttY pf the resolved 

attribute1 .. ~ ~.~.,.,~ve) ..,_td bl'~ ·flt-. .. ·. ~~-~·'tanlldet th' Joint 

selectivity of the unr"°'y- ...... •Ur~~ ........... ~ tht subfl~ with the 

highest joint ·s.elecUv~J:.Q_.. the. subfile tb• ~~ dale· TfQljJt ttil. ~),«) be hnked next. 

In this manner, the ov1qJl.joU'lt. -~YilJ ·wm .• -JO ~··MJh:;''' nrly as possible, 

causing· the TIO UJt qf stJtdYlfC .PbttlPtM tO ~.~."111# ... ~r ,.p accesses to 

• . .. - • •. , • ! • . -· -~ .: ·:·:. r :"' , >... . , .: ,. ·" ,_. . . ·. .?. : . : , , • . • 

be incurred .as tfle qai1ery.,....er ·p to '"'·*"IJ,t.#:~.~· The abOYe tWo criteria 

can. be confficting reqtliremenb. A subfue' mar .... ii ·t0w blOclidf ~··but.· high _;Otnt 

setecUvity for ~nresolved. se~ *ur ........ ,, '™ '.~ '"-j"l;~;e 1irge''Gloc:itng . 
factor but .o,, joint selectivity. . . 

Based UpOn. the' abo~ critet'.l&. ~·t.aV:e~'d~elripeil''n~.~~r·f~luatt0n' strate:lies 

(~ristlcs) for choosi~g t" subnle ~: Eitff ... f ti'~ tiparf-~ or .ffle atiOve 
I 

criteria. or uses a function of ·both 'crttetk tO t.n(· the~~.,'l~i~~ :MqUent:t*f order. 

Needle~s to say, we do not expect that any·Slftgte lttltecf wOuld' tie Ale ·t0 find the optimal 

sequence for au quertes ••. ~.ad~.~ .... ~ .. W.f~. 1-lo~ver, 

we require that the ~· ,.._.. by a pCtd ...._,( ,.ntJ«. to ~ ,..:· frorn t"' optimal 

sequence. In. order to ...., •. ~.dur-- st~~-~ ••t:,w. .have conducted• 
. . 

set of experi~.ents on *h of:.'" ··~· ~,...,. ···~ .. ~ •. "'* degree· the 

determfned 1trategies :arc-· .. Jp,wia.I -J ... J<•J .,Oe~tt,c purpote '0r .query 

evaluation, we have a.bo .PW ·die• of ~ ... ·.'9. tl'f) Ochet •con.trtll• strategies, ~nd 
~ • '. , >, ' • 
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(a) Least Page Access (LP A) - In· this strategy, the subfUe that results tn the least number of 
. '• ' 

page accesses ts linked. That ts. when theft are a number of subfiles contatnlng 
-~ . '-' .. . . ' , ~ . 
;i;. • • r 

unresolved attributes, the query evaluator choolel to 1ink to tl9' JUbfile that.would result 

in the least number of page acceua. Tht• 11. In accanltnce wit~ the first of the two 
• . "· - ~ . '~ i ~ 

ordering criteria' dbcuued above. lntuutv.wy, llnktnc ~he ~1'.lt few 
0

5'.lbfiles wm result in 

not too many page accesses, and aa the aubfltel that Incur many page acce~s are linked 
• ~ • • • ' -· "> ·--' ' ·~- •• ~ £ , 

. further on, the joint selectlVlty of' the attrtbutel rnolVed 10 far wlll be sufflclently high 
' - . ' 

~uch that not too many page aCc:asa will be made to resolv~ the. rematni11g attributes. 

. . J 

As mentioned above, this .atrategy amounts to sequencing the -subftles according· to 
• ,, • '; • •C > , 

decreasing blocking factor. 

(b) Least Page Access by Pairs (LPAP) - In thll atrategy, the query ~valuator looks at all 

') 

ordered pairs of subfiles. For each pair, the query evaluator computes the cost of linking . 

to the first subfile of the pair and adds ~ lt the cost of subsequently Unking to the second 

subfile. The computed cost for all the pairs Is compared· and the query evaluator selec~s 

ttie 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 patr of subfiles, 

the sec0nd subfile wilt be ffnked from a sublet of the no list from which the first subfile 

ts linked. Th'I• ts.because·after lt_nklitfto theflnt~aubflte. the'TIDs of subtuples .that did 

not satisfy the selectlon a,ttributes In the ftrit subftte are prilned .from the TlD list. 

Thereafter, the ~:~valuator'.tuppflel·t:be LPAP •terr to the tematntng subfiles to 

select the next two subfiles that are to be linked tn the fl"iedtOd. The reapplication is 

repeated until all t"' subftlel ftave beelt'HffUtnced-.. Everyttme a pair of subfiles is 
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sele<;tion attrib\ltei: of .tlhe patr ef atbfilet·.......... .·· · 

The LPAP strategy ·9 ·litftltllr to •·'·'tPA ...,;Jn dtat the criterion for 
~ ,• 

seqMndftg iathe na.._,.,,_.9CClllH ~•••lftt:tilU·.•.:atw..-. lt:two subftles. at 

a time and also considns •:J9int • ....._.., tht tml'ml.,.t ltl1c:Uen attributes of the 

first subfile in ~· ~ lllbftle '*· 'FMJ.eflre. 6tt ...e&, ·wdt always result i(I 
l·tr~ · 

better methods CGMplNd to.the methods choten bJ the LPA ltrategy. Observe that tr 

there are only .. twe -.,fin that· ..... •·•·U:•11••• •·:the~ stage .. of ~ 

evaluauon. theft thil str.., wJtliktd· the .. u~ •t~···~ .... 
(c) Highest Subfile Selecttvity (HSS) - In thti ••••r. IUbflles are aequenced according to 

their re5olving power: The subfile contUttng .unresolYed select~ attrlbut~s with 
• ~ .,':·-;-,"'J., ¥-r·c<;:t,\i.-t.~ ~-, ,,~~~'-: ·'l~-:t:{ -~·:~~;J t~~~l ~*-;': •· ··~n;·. ·~ .'·-·,- ·,, 

hjghest joint selecttvtty Is chosen to be bnked first. ancl the subfile with. the second 

highest joint selectivity is Jmked second, etc. This ii ln aa:.ordance with the ~ 
' . ~ 

. ordering criterion discussed above. The Idea here ts to 1'em. the stie of the TID list as 

fa st as pe>ssible. 

as. the .()rdering. criteria. Thts lkat411r,~,Wt,_.,._. a--. lJy .. Cll!der..,, the· subfiles . . 

according to the ~l~•·~(~.~;~~,_fllt._,.._.. .. attrtbutes. and 

the number of ~e ac'9ses inau:ftld t~,-- AID.._...,... dl;t .-01- with the least 

1jroduct is selected and the strategy ts reapplied to the rematntftg subfP,es. Everytlme the 
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strategy. Is applied to .the subfilea..tbe IUbAle with ~e.leut J>'OCluct ls. telected and .the 

number of subrtles.lbat ~to be sequenced.ts red,uad t>J ,one.. . Thls IU'ategy, is ba~ 

up<Jn. tbe U,SUmptlon that comldering bQth. ~ .Wf"i~lt ln.• superior ~thod 

compared to a metho~Lthat Is found uslQg a, ..,te er~ -~ ~~ Jn this strategy, 

everytime_ a subfile is chosen, the TID JW_ iJ. reduced tp td1ect the. resolution or the 
' . . ': : . : ~ ~ . <' . - . . . ·- . 

attribute$ in t~e n,-ily chosel\4Ubflle ~e! the i*' "-~~-of'~..,._ resolved JO fJr 

is m"'ltiplied by the selectivities of 111ectton a~ m the~.'~). Thernfter, 

when ch•lng &fllOl1I the remalnlng sub~ the_ nu~ .of ,N• ... ~· mcurred In 

linking .,to a aubfUe ts a.imputed from this reduc:ed TID Ult. 

(e) Highest Selectivity and Least Pages by Pairs (HSLPP)- This strategy Is. like the Highest 

Selectivity and LSst ·Pages strategy except that all ordered pain of subfiles are compared 

together .. For each pair; the number of. page accesses (c:ontpated In the same way as ln 

the LPAP ·strategy) Is multiplied by the jOlnt resolving. power of all the selection 

attributes In the pa it of aubflles. The. pair with the smallest product. Js chosen, The 

strategy is then applied to the remaining subfiles. Compared to the HSLP. strategy this 
.. 

strategy performs a· search of depth two and hence wlll,reaul tn superi0r methods than 

those found by the HSLP strategy. 

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

strategies. The experiments varied over two different sets of query usage patterns. two 

' . 
partitions, three sets of attribute lengths, and three sets. of attribute selectivities. The results 

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

Exhaust and Random are "control'" strategies against, whkh th~ other strategies are. to be 
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. . ' 

compared. ·The.~ 11••· fklds the .-i ,M:q"8Qee fJf IQf;)f)les by exhaustively 

enumerating all sequences, •nd .selecttng the ~ "'1Jch resufca ift the •.feUt p.roc:esslng cost 

for the query.·. The Random atrategyfmf!s a se~ tbf the ~·l>J randomly choosing 
. . .:~ . ~- : - ' .. ,_ .,,,.,·.· i> ~. _J·. ;'"·:.~'.:::... .....~-, . f .· - ,. 

one of the possible subfile .....-. -in what amouaa· tu a , ...... ,. ·Tiie flfst row of 

Table I is the ratio of the av.erage page atcel.$8S for_,..~~ respect to. the page 

. , ,. - . , "'' ·." .··· . ;· . '·- . ,,· - . , . 
accesses of the ·Exha~ strMegy. The ~ row u tM ·ratio With r~ to the Random 

strategy (for the same set of expertmentl). 

The performance of the Least l'age Aa:esa:bJ hirr •-.:f was ·very close to the 

optimal p~rformance. By the performance of a ..... ., "8 .ftflan :the CC1$t of answering the 

queries in the usage pattern wl,'len each query Is e¥a~ ~·.~the strategy. The 

Least Page Access strategy also ~res fav...,·.$0 the,other ~- Tf'!e __ performance 
• ·,' • ! 4. . :: '- ,__ . ·» • 

of the strategies that considered the joint aeleqi¥itJ JNN. ~ u ~ •• the LPAP strategy. . . ~ . . 

Even the LP A str•tegy, .which 9111y mnslders the R\I""*: of ~ ;acceJses. ~9f"Md better 

Etc~t -~-· L~~ ~ •• tJJU!, J§lf!P 

1.0 1.425 1.103 1.004 1.288 1.246 1.055 

0.701 1.0 Q.773 0.704 0.903 .0.8.15 .. 0~740 

Table 1 The restilts of different query evaluation strategies. 
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than the HSLP strategy that considered both the P&J1! .•cceuesc and the .. selectivity .. We 

attribute this partly to th~ fact that after the first subfile hu been linked, the joint selectivity 
' . 

of the "f'esolVed . attributes has become high · enough·· 10 that the . secOnd sUbfile incurs 

comparatively fewer pap a«euea ·lfmt tlte ftrst::labftlt. Ttft.iS' tt ~ Important tha~ the 

first nabftle tneur as few page accessefiS fJOSSft*; . ' 

The LPAP strawgy ts very dole to·0ptfmat·*'1d maybe Considered· as the choice 

for a query evaluaeor tn a partttlOined Atal>M'~~--t~ ~ In our work,· we have 

chOMn the LPA . strategy because tJt the MkJwtng · reasonl.· · I- Tite LP A strategy Is 

near-optimal. 2-. T~ LPA ·.tmegy ti ~Hfflffldent c:Olftpared to an the Other 

strategies. Stnce te.9 .number d pagea ac:cea1ea· ·In liRteg ·frvm. a no· list to a. subfJle is 

inversely prcJportiortal tG the d>IHe't"blodttng·tacmr· (apttt. ~·to·· section' i'.2 'and 

expression <f.2.1.b), a query evaluator based on the LPA strategy Initially ·has to order all the 

subfUes of a part4Cloft ace8rftttg to deCt'attftg bkdiftg'~iactor. For each partitton, the subfile~ 
. . . . . 

of the parttdon need to bf ordered only once. T'Mt'fafter·wheft evakiattng a query, the query 

evaluator . sequences :the subfiles· that centalft ·anretolved selectiort attribu~s 'tn accorda~~e 

. with the .precomplltecl aequtMe bated upon .ttte sflbfle ·~tni ·factor. 

The figures Of .Tatite I are performance a¥ftgts over different queries, partitions, 

attribute lengths, and tttrtbtfle se1ecttvtttes. Ofntous1y, sOi'ne strltegles perform better than 

other.s -_fbr certain queries and partlttons. lt'"ft• ebserved that tn general, as the number of 

attributes ·in the select-ton components of queries Increases, .the performance of each strategy 

deteriorates with' respect to the Exhaust strategy, with the strategl!s that consider only a 

single subfile (the LPA, HSS~ and· HSLP strategies) deteriorating the most. Also, it was 

observed that the larger· the number of subfiles In the pa~ltlon, ·the less optimal the 
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The above discussion ~rrted COR~• queries. Far cUisj\tn$Ye queries. the 

query ev1JIU~tion str•"JY "4fd ~· yerJ...-.fR ..,_ ........... {IDJq·•••• ... _.,.,. lf 

the. indexed se~tlon attr~ are higltlJ •• ._ Nltl "* .......... Ute tladued 

s~lection .attributea a;ll<t..c-..,._ ..... 1.-.... **'• "-· .,,.,._ ik•1ihood. this . . . . . : . . 

subfile will be SQr,'"f'VMltl"*"CJ-' "'.__,,.,,.l1"9llhrWJ4'1Ctiff.namay1 be 

avoi:deo. Otb•rw.~ the ~.·.$1l,.ef,, ..... a.a...,._r_,M ..... ,._,.~liht ...._,~ 

urresolv.eQ .~k~loo. attrit;).~ are~ tt., ....... acc:DffUng. tt 1" LPA strategy.· (i.e. 

according to decr,aJklg bklckiag factor). F• a ct·•-. 4J\IWJ. ..... ;jljllt tet.tiv.ity Or the 

resolved ·attr,i,b.pt~tf.c ,... ... t.,..;-. to .......... u.2 ,,_ the ............ attribute 

selectivities. 

A disjUnctive quvy Js iedvfd «IUf....t, '""' • •rlldtn ..-, in the" CfUG'Y 

r~s.olution. phase: Whto • fto liJt ~ ....... li>J·.llHl'1f ••tu-la-. ... .- of the; new 

TlD list. is taken. with the.old .TIP lilt. Ttt. ........... Tlai,_ if;._,.u..,temeneed to 
. . 

ob ta in a list of subtuple Tll')$ !hat do ~ utilff ._,. ef ·.~ _. ..... r•tlr«I· ae far. This 

complemented TIO list ts .uaed. wlutn tiMJftc'to die nu&· .....,.... ·in' ~he method. 

Cc;>mplementing a TIO lix is. ~cc~ by r.f •ated.IJ _...-hi •bfile T,fO. using 

expression 3.2.2 and c~~ to see tha~;a:g....., ;flD ... ~ ~,ift. tlteTID llst~ 

~fl:er the. query ev~ pha54f, the "'J method is ..... , to ~hf qµery resolver 
- • J), • 

which actua.Hy produces the Tl.D list Qf selected a,ubtvples. The l'.'11) lilt iJ then 'used for 

linking. to subfiles containtng. projecUon attrtblltts. ~On the transaction type. the 

query answerer does the following: 



Chapter S -63 - The Model of the DBMS 

I- Q..uery - The subfiles containing the projection attributes are link.~ from the TID list 

constructed at the query resolution phase. The selected subtuples are r!!triev~ from the 

subfiles, and the values of projection attributes are extracted and returned.· 

2- . Update - The selected subtuples are retrieved from subfiles containing projection 
·;_,. 

attributes (as for a. query), all attribute values to be updated are u~ated (in prim,ry 

memory), and the subtuples are wrltt,n back In their previous location. An update 
. ' ... · , 

incurs as many page accesses as a query in the resolution phase, and twice 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. 

3- Deletion - All co-subtuples of the. selected tuples ate retrieved, mark.eel deleted, and 

written back in their previous locations. A ddetion incun the same cost as a query in the 

resolutiCJl'.l phase, and twice the cost of retrieving an co-subtuples (l.e. the entire tuple) of 

selected tuples in the answering phase. The affected indices are mainta.ined 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 transactioM. Aswming that the unused 

tuples are uniformiy ·scattered throughout the me. tnterttng r . tuples in the file ~ncurs 

twice the number "of page accesses requtNd for retrieving r uniformly d istr6buted 

subtuptes from each of the aubfiles. Thts number Is 'cempu~ ·.from the page access 

· function of Chapter 'I. · If the vnured tuple slots lft· .the fl.le have been exhausted, then the 
. . . 

excessive inserted tuplu are appended to theed of the file. In th ts case, the number of 
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paie accesses incurred f« heh subflle wftl be the ntff'Rber of appetded subtuples divided 

by th~ blocking factor of the tubflte. Indices are maintained u apprwpr. .. te. 

·we note here that the opttmal attrtbute partition as· independent of index 

maintenance, and the cost of maintaining the tftdkes is Incurred ttgardtess or the choice of 

partition .. Also we have taken the two p.roblems ·of tndex selecttoft aftd attribute partittontng 

as separate, assuminf that the set of Indexed attrftNttl ta ftud. Therefore, Jndex 

maintenance cost will not enter our objedt•e cost fttfttttort, and we may eUmtnate tt from 

further consideration. 

e. Paryetg,. AMRl•MM 

The Parameter A~qutsitor monttors the dMat>aae ma...-tertt SJSb!m · and collects 
. . 

statistics both on the usage pattern .and°" the NSpOR• of' the.....,.. management system 

to the queries. The stattstks colletted are used to ferec:alt database and usage pattern 

par~meters for the next time interval A time Interval is the time span between two 

consecutive repartitioning points. The fGrecuted paratMCen wtU be used by the file cost 

estimator and the attribute patUtialtiftl heutUtkl at the ............ ,_. ftllltkotftg the end 

of the time mterval. Monttertng the database·~.,._. ila ta1 time acttvtty; It 

has to be performed while the databue ma~ .,..... ,._,.... tralllaCtiens. For this 

reason. only those statUtkl dlat can be~-.....- ,.... • celtecled. Abo. the 

statistics cotlected must be succinct and. ~ ffCtte -~ for thltt. pftMl'Yatton. The 

sta I bl tu col~cted for the purptR of attribute parttttentllg fal tnat,_r 1enera1 classes: 
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1- Database Usage Statistics - For each cperiimad_!! ~U!e d~~r· th_e type of th' qu~ry i• 
• • - • ; • ' - ' •• ," f"·, ' -' .- ~ -- ' ••. - •. • 

stored .In a ta~le of ~uery types. The ~JPI of.,,•. query Is_ Jhe set .C>f attributes i'1 the 
.- ' •• • , • ' ~ ' .' • :' ~ 1, '. • •• • -- -. • 

· selection cqmponent and l_he- set of a~. In, .. !he p~ .~t a~<.t ~ nag 
:.; ' \ - ' ' >. ., - • '" '. -; ,'·.' ' . ' - - 1'' - . . ., · ... < • • ' • - •' ' 

indicating whether the query is conjunct&••· or ~ve. ec.11 ... tly, all queries with 

the sarrie attrtbuteS (btlt with pouiblJ cl~;~ttri&Mitt 'talUe, t1t"ff.e equ•tlty cooditJon 

predtcate).aredu~ together I~ th.-·-~t*:.,.ot.tftl~b1e.· (A query type may be 

encoded as a bit map for the sale or·~,: our ·~ that the fraction of 

tuples satisfytng. an equality cOftcliocM· ptif.Ow"~ • ., • '.the. seWctton attributes 

and. not on the anrlb\ite':Y.1U8ilft tt.e ~Mtdaifta.~ mates'dUadusieftng scheme 

possible. "i"he .~of~ ..... that t,.'. ~'ii:""*.-, type is· r~ed along 
. 

with tht querytype In rhe tabtl1emry. 

2- Average Relatt~ Size. and Aver~J' BJoc~inl ~·ctc>r -.1"~. num~ or tuples i~ each file 
, • % , ' ~.:r .. ·-~-~; ·:: - · f.:'>·."i~.i. ,i· ,;.::.,,,, -~; ;... : -~.,.. 

is needed for the purpose of cost ~n~lyals. Tht' statilttc Is conttn~sly updated by the 
· ·,~/tr" -.... · . .:-~-,, ~ ·: :,· ;. :~,, ·'·" !':' :.:.t .; , · 

. number of tuples inserted or deleted so that tt. ref1ectl the lns,tantaneous size of the me. 
. , · . ~..f 1. l·t . · . '~ L.:.: ~ .:; ··« : ' . 

The blocking factor of the Ole (the number of tuples per .P.,1$e) ts also required for c.ost 
• • •. : 7 - ~ : _. • • ''· ; ; .: ' :t ~ - ' ' 

analysts. The b~ing factor at a certain point in the time interval ls the ·number of 
• ' •• ; -. "+ • ~ .: , , .~f' 

tuples in the file divided by the number of ,,..~ tn tM f11e at t~at. point in the Ume 
(I ,. ·•','·'; ,·· • .• \) • •• , . , 

interval. · The number of pages in the flle il also updated. continuously as pages are 
' , ' . ; I.~:;; ~ ·, . ·; ~ .,: - ' 

allocated _for inserted tuples or as pages. -1e ...aeasect ~ garbage ~llection, so that it 
' . :-l<'. ' ,, ·' 

· refle<;,ts the true state of the databfse. S~ t...,aes Will be cont_tnuously inserted and 
' ' - ;. . ·. ' . ~~ . :: : . ·>. ' . : , •, . : 

deleted, whlle some tup~s, wUI be t~rUy ~.-i (until.a tup~ ii inserted ·in pl~ce of 

a. deleted tuple or until the next over.flow pr~e collection ~rs), a fixed val~ for the 
. . - . . . '~ ~~ { . 

' .~ :-
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blocking factor over the time imer-...t,:wlltaa, ._ rtftst an ...... of the true blocking 

,. 

factor. The average blocking factor pa~ ts 1*taifted.bJ affragtng the bloclr.tng 

3- Attribute ~electivity Statistlca - "fhts ~ ll ta.. fractiol't ,of ._,_ th~t. ,have 

historicany satisfied ao eftUalitJ cond~ p1attrati qn tbe .~. To compu~e the 
,,_., . . ' . 

selectivity of an attribute, the ,_r.meter ._, •. ncordl .Ille ~ of Uma the 

aurtbute occurs in ecpalJU ~Won~--prla,,~ ~ ~.··~.queq. the 

parameter acquisitor r~ tt. frac:ttan .. (or ·"' _...,..,,,_~··of tuples that 
. . •, ' ,. ' . 

satisfied. the ~ltty ~ tt,ft av ... Gf~~··~•Js dlus.tlte ~at,tribute 
' 

selectivity measure. Below, we describe how the~· fll J.~11~.~ 41 ~ned. 

· Let 'it be the fraction of tuples that aatisfy an ..-fitJ conditiah predicate 
• • -. ·~.,_'.,;". '.·-~:''"', :,,~r, ,·;;··. <~'~ ,;:>'.'':; J."i.'-''."~'-~'·'.'wf~•:·?f'.~i~·-~·''':-~\:':;,;>; 11+-;.~t;>•_h·}: ~. -:,: f : 

involving the ith attribute and ocmrinJ in the )It'.-,:· Ttte aur~ w1n· be resolved 
,~~,· --, l-~t-· -'" .. i. ·· .. ~~·::-& ·~-;;~;;·:·~s;~- .·,_·;·:~"'(~!U~~ :t~1~~ ·'~«;·yr:,,__ _ 

by etther sequential searching. indexing, or hldng. If· the attribute is resolved by 
·· - · : '·.-. -- ~ -· : :.~'" ~-; ·,'.-J-~.:_ \~~~ :~:--::j~::~;,,_._ -:~;;·-.0- :~·:.:t~·~~· ~:r-· .:J} ,-.. :t : .. , 

sequential searching ·(i.e. the subftle c:ontatnmg the anrlbute • .-rdMd in its entirety), 

· :- L' ':" ~>;_~·:-""d:,,:~ ·~~r1~-<~~~f~· <r:;f' !<¥ -~::<-·~·:d': :1~ ;·_··--·~.· 
then "it can be precisety calculated as the l'attD of' the ft81R"lr of tuples satisfying the 

. · _..,.,, ~---:" ···• ·::_ .! ''.i"' ·~~~~ ~-· :~~~ lC~.~~~;.: :~< 4.:~~n:~{·. t ~\~"4 .. : , ~&~-,,--: \ · · .. 
t>quality cOnditlon predicate· n, to the tatal ....,..;fl~ If die attribute b resehed 

··· · ----.: ·'' -~-· .... - -~ ·' ... ·~"·-\_-:,:\~~-:~:'."· :. ~1~ ,~,~~; ;~".z<t-~":J'~h- .-~~~ ·;_.;--,'~·_1 ~:i• _: :< 
by inde~ing. then a TID list wtH be obtained d.c pcdntS to the selected tuples. ·and flif ts 

• '.1, •• , . ._, ~ ~ ~- ,;- ':"'':•'!M-_t:; ~-; - -~ ':';'--f'~'l'~ --~ : : ··; : ~ . '· ' 

precisely the ratio of the sin Or the fID Jbt 1G n. '·-lfdte aurttNie b resolved by linlr.tng, 
. . 

· ~ · - ... . -; :·. :·:-~··. ·~r-2 · xr- 1~. ~'- ~r· ::!!-: ~ rt1~:-·'!-,~--.\_::;, ·::'.:·~ , 

then •ii has to be cakutattcl in a redUced .. .,... and tt.ien mrapdlated to the entire 

space. Thls is beta~ .. mC,b ,;;.rot:.dl~t~ ~""::;_ cif~~'-fll)s. Whith 

,. .. · ·.'' ,,.. . ·-_-'. '. .· ;>'r·~ ::; t H. ',\., -:~'J:: :-l" . :';-" .'. ,_,·'.>,t :·: - ,, 

have been identifkici ~orehand; iii order td0 

get a Aa1ttter' r..ua!!Cf'set et· tuples that 

additionally satisfy the predicate. Depending • · ......... cptel'J j is conjunctive or 
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disj~nctive, the esttmatton of .. ,, wiHbe done as follows. 

(a) Suppose the equality condition appean In a conjunction of L equality conditions of 

the form: 

. c, I\ Cz I\ - I\ Ca. 

where C1 is an equality conc:Utioh ln'lot\ljng attribute -. . (The order of the equa~lty 

conditions above reflects the order the predicates are sequenced in the query'~ method.) 
"- ~,;, ' . . -. ~-. . ' ' 

. L~ no be the total number of tup1ea in the relation, aftd let n1 be the number of tuples 
' ~ ' 

that satisfy Ci." c2 "·-- "c1• (Note that theM numben are readily available from the 
I. 

~ . . 
query processor whlft it resolves "" tralUICUOn.) •, for query j can then be 

approxima~ed as: 

(b) Suppose the equality condition appean tn a disjunction of L equality conditions of 

the form: 

c, v Cz v -- v ~ 
. .-- . ~ •. 

where G ii .an, eq.uaijty conditiQn m¥9lY,.. att~:·'•fi·~ (Theor<ler of the equality 

con~ .above r~ the _.r dJe,~.,,,.r:....,... M1 the .query'• method.) 

Let no be the total number ot~.tn ,....,.....,..-. . ._ ftt· "the number of tuples 

approximated as: 



. ' , ~ -

Chapter 3 ..... Tt. M.-of the D&MS 

crii for all jE Q: 

where Q is the set of queries made to the databue dvring the previous time interval. 
- ,- ;_ ·,;, /- •'~,;·:·;~.; ~~·t .'·h-t <f'J~ v~Ji·.;,'•,f 'is~~!'~ ( ,, ~ ··1 . - ' . . ' 

By ave~aging the fraction of tuples satlsfJtng the actual occunlnces of an attribute i~ the 
;.'\ ~ . ··-· ·.; __ ~.-',~- ... ,._-!'· . .:~ ··'--}~~~j. ·~- ,i .-.: ''}:~:::+~:;.. ~ .. :·<;, ,t·~-~! y 

queries, we have taken into conatderatkan bath. akewneu in die d~ of attribute 

values (for the attribute) tn the. file as well u akewnest In the dtstrtbution of" attribute 

value occurence1 in queries. 

The selectivity of an attnbute should change If either the distribution or its values in 

the file changes, or if the values in the equaffty concUtton predtcates of queries involving 
:; ' n ''.'.'.;; ~~t,:-;~ .. .:{ ~- _ ' t 1· .",'f-. 

the attribute change. Since the above changes occur when tuples are inserted, deleted, or 
~- ~.,,: ~ ~ -· .::·. 1 I 

. . 

updated and also as the database usage patcem evolves. the attribute Hlt!cttvtty measures 
• l .., ' - ~ ,' • 

nt"ed to be contin~sly updated to reflect the l'em'tt and more auurate tnformatton. 

The attribuff setecttvity.tneallllft t1 kept ·w, to AM "11111111\i_.8" • lVmtlng· average of 

each attribute 1electiY1tJ• •• · t•" Mttkit d' ..... latltfftt• tn equatity; cOndtUon 

predicate on the •ttribut4! fl- catculatfld m tfte''PI'** di....,.~~ . Every ·time a 

search is done Oft .n attritlUte of I lie (or dJftle). tht ·11tttts•••1 Mlletttvtty rs upd•ted by . ., 

the weighted averag~ Of the o1d selectivity ... the tracttOn or·the tuplei Selected In the 

search . 

. After the individual attribute setectlvtttes have been obtained, the joint conjunctive 
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or "disjunctive attribu~e selectivities may be computed ftom them .. Our assumption of 

in~.ependence among attribute value occurencu ln tuples leads us to·simple·formulas for 

the joint selectivities. The expected fraction of tuples th•t 11.ttsfy a conjunction of 

equality conditions simultaneously is equal to the pro_duct o,f the individual expected 

fractions that satisfy each equality condttton. The joint conjunctive selectivity of a set of 

attributes I , each with selectivity 11 is: 

(3.6.1) 

Similarly, t.he expected fraction .of tuples that satisy a dtsjUnction of equality conditions 

simultaneously is the complement of the trattton expected not ·to 11.tisfy any of the 

equality· conditions in the disjunction. The joint di~JUnctlve selectivity for a set of 

attributes I , each with selectivity s1 ls: 

(3.6.2) 

4· The last· su~ttstlcal iJ1formation needed is. the performance cost of the partitioned database 

in the current time interval. This ts the c;qst (in terms.or. the number of page a~cesses) 

incurred when the database management system answers ~" the cp.1eries in the usage 

pattern. This 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 f~gure 

everytime a query is made to the database. This sta~ b used to determine the extent 

to which the partitioned database performance cost comes close to the performance cost 

that h~d been ,estimated at the previous i:epartitiontng~t. If the partitioned database 
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performaAce cost .. not w,tthtn ........ dtltanc:e '""" - performance cost that was 

forecasted for it, then It may be concluded that the cunmt usage pattern no longer 

reflects the forecasted u11p patttm amt that dtt ~ ......_ partition is no longer 

suitable. If the_data~ ,.,..,.._. 11dt.p111t u Mlt..ltllft a reparttttontng or the 

database may be 1nktated. 

When repartitionJng la tntttated at a ....,..._..,point, the parameter acqutsltor 

takes the statistics collected In the ttme interval_ llndt the last repartitioning pomt (and also 

the statistics collected during previous time lfttenala) and forecaltl parameters for the time 

interval up to the swxt repartlttontng point. SpedlkallJ the parameter acquisitor forecasts 

the following parameters. 

(a) The frequeney of occurence of ach querr type. 

(b) The size of the relation and the aYetap btocktnc factor. 

(c) The average aelecttvity of each attribute. 

A thorough dtscussion of the ex,.e..tlal noothm, foncutlng technique that 

should be used for the purpo1t or predicting the alMwt set :flt,..._ •• appears tn (IS] and 

[7}. · we wnt only gift an ·outttne here. lfttuftt9ety, _,....., ............ ·uses a weighted 

moving average that ts based m two aoun:es of nldence: the f'liiDlt "9Qlftt observation and 

the forecast made prev~sly. The new forecast 'ts ..... to a ~e (known as the 

smoothing constant) or tt.e recent observation ,.... the ~ pettentage or the prevk>us 

foreeast. Exponential lmoetttiftg haa a mrt'ftblr et ............. Wing stmplk:tty of 

computa~ion, mtntmal storage requtrenienta, adjullablity for responsiveness, and 

generalizability to •ccount for trends; A varJant ot~1 lllWltlring known as adaptive 
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. forecasting may also be used. This. tethnkfUe taka,trenda ltJ the. ,_~ers .• nto accquot. It 
:~ :''t~,-·~- ,·, : : ... :t; [·~~~ 1,... . .-

. is an. efficient technique and more r~able than txponen~~ ~~tng, ~m! ~y b• pn;ferr~ 
• • . ' - J ;-:- .;- ·; --- - : - - - ' - -· ' ' -~· .- . ' ' ,· . ' 

to simple exponential smoothing tn some ~ . for a t~,. ~-~S.Slpn of the different 
•. ~_!I-~. ·: > .. 't: •. _ - . _., •. "'" •. ·c~_-,..t .. -

forecasting techntques, the reader Is referred to~~ ~' ~~· ~-~ve. 
' . ' . ... '"; 

7. Re2artltlonlnc Polg.y. 

Database repartitioning points may be determined tn several ways. Repartitioning 

may either be lnittated by the database admtntltntor whetever the database administrator 

deems· necessar1. or may be initiated by the parameter ••sttor. One way to have the 

p~rameter acquisitor itseff initiate repartitioning is to requtre .it to prepare at each 

· repartiti~ing point a. forecast of the usage pattern. •nd the database parameters for a 

number of perioclic checkpoints into the fUture. For each checkpotnt, the performance cost of 

the. partitioned database is forecasted. During the course of monitoring t~e databa.se 

management system and the performance. of the partitioned databue, whenever a checkpoint 

is reached, the parameter acquisitor compares the observed performance· cost with the 

perf~rm_ance cost forecasted at the previous repartlttontng point for that checkpoint. If· the 

observed performance. ts inferior to the forecaated performance by a margin ·that is not 

acceptable, the . parameter acquisltor may conclude that tt,e current partition is no longer 

suitable for the current usage pattern and should then Initiate repartitioning. . When 

repartitioning ·ts Initiated, forecasts of the usage pattern and database parameters are . . 

prepared for a number Of periodk checkpoints into the future. (Finding the optimal set of 

checkpoints is itself another database opttmlittion problem. We refer the reader to a brief 
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discussion of the problem of optimal determtnatiln<of ,r•epal1Waniag points: presented in 

Section 7.1.) The attrtbUte partitioning heurlsttcsare.dlen ttWoked toflnd a suitab9' partttion 

that is optimal or near-optimal for.dlf foretilttdu1119,._. if the preposed partition is. 

different from :the curtent partition, the tlll'f'llftt attrlltlU! partiltofl ti'·•~ 'COit ·estimated for 

the forecasied usage pattern, If the cott- Gf ·the ~ partWc:lft 11 leu·-t'-" the cost of the 

t " 

current partition by. marcin that jllstiftea ~~··:·---or the database 

is carried out. 

' ·:-



Chapt~r 4 -.,, - Cost Analysis and the FCE 

oa4rr,~J7•'. 

COST AMALY818 AMD TBll:ntil COH'JlsriiWA.}TOB 
' '" 

-·· . • • ' : . • ·i • f ! -~ ' • ' ' • .• • ' • • 

In tfils chapter we will analyl.e the co.t ·ot resolving Mel answering a query made to 

- . - .· ... ·.· ·· .. ·.' .'· -'::,·f.~t '-}~~.;-.·;.,:~ ,."~~ ·"-!f': :\. . .. ,' 

the database and describe how the nre Cost esttmatofdertves the total.system performance cost 

, for a given partition and a set of queries. .'(H,~orth, 'iff: V.:i11, ~se,_ the term Pa~tition 
' ' .·' -·.~ '~-·-··.,.. )i .:-~:, : -~;-., ·<"; .f .1.1.~~ ·::·--· 

performance cost to mean· the performance ·.cost of the database management system 

. . ;.i.' :, ~ .... --;. _i ·' .• • -~~: ··~... ·--:'., .. 1:·'f ~:tx-.t ··/ ·. · · - · ... :~_ 
partitioned in a specfned way, tn response to the queries tn the usage pattern. Also, we will 

. .' '· - ' .,. ' ; ~·. ·:·'-"·" ·,t--./ .;·~::fi_.:f,; : ' - ' --~·" ';..'· .. _ .• "J~ ({ • ···~~-
~use the term· evattittlng a partition to mean the. denvatton or _die partition's performance cest 

by the file cost esttmaior~) tach ~Or th~ anrhte pa~~g ~rlsi~ repeatedly can~ upon 

the fife C!Ost'~d~ to ~iluate partttlons thef pfopole. 'i~n~. d,ey' se~t the '~~tltlon 

with the best evaluat~ and based. on tt prapo.e ~nOther • .et. 'of partltt~~- ''£~ch. prof'oseci 

~ • • _:_ ' ' °: • • • ·, :/ ' : '. ' ']- .,;;, ,. -•. ,, • •I : :: • ', ·~ : ,' • ' • ' ' ' 

p~rtition is cost evalUated' by the file cost atlfhator ancfthe partltton with .the best evaluation 

is selected'. This prpcess of deriving a set of par¥lttons and ~ng th~ best partition is then 

repeat.!d. By thts process, the taeuristld try 'to' :propose partltkxU that resuk in ~ccesslvely 

better evaluations. Se In a. sense, the file .cost estimator may. be, vie~ed as our objec;ttve cost 

functtOn, which the heurtstkS proteed -~ Mlfttrnize by propistng~e~ and better partitions. 

We wlH assume throughout that lntemaf i: procaslrtg costl (CPU · costs)· a re 

insignificant and the performance of ttlt(databait martagemenfsystem we inodel" is bounded 

~Y input/output operations (page read and wrttfi)··arid_· hence' that pqe· accessing cost 

dominates all internal processing costs. Internal processing ~ include the costs of query 
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in q\t~f.Y r~solUJ~~· · We·~ t~t-~t",,tha ~~ ~~·~·T~Jlistl: can be 

entirely done in prtmary memery and so doR nat .tnt8r any f*Ctt· accm to storage devices. 

Accessing the index of an ·attl'tl>uW and retrieving· the TfD. Hat or~lhe· tncMx. do Incur page 

accesses. Therefore, ~·include t~ eostt,~in .............. ~ ~;l'~~· cost. 

We do not ~tder data ~~I~.~ ta 'M..~~att,c.n ,Thi~ is ~~se 

if page breakage at the end of a ·subfile ta:.~.~ tlJWllUnl·of·.~.;'MU~J,y_ every 
, ~ , ' • _ - • • ." < ''.t c' - ~ ·-• ~ ~- , · < " - ' 

·attribute partiti~ of a Ale is tl~e same. No•tter ...,_t1tem..1s~1~"1th~r~r,~&~~rea 
, ~ • • . ' • ~ • - ' • '. ""I , • - - ' 

required for that fife will be .the same as that for ~· ._. ft'!. ,..... .pip\~· 40.~fiQnt 
' • •, • • •: <' ~' ; ''; 'v' '. ' ' • '; '-, ·.• • . . ' / ~ ' . ~ -.X • 

number of pages d~e to page weak•P·. ~-rtpll~, 8.A.'aft~.~·~· f~ -;ach 
, . '. . ·- -. . . ~ 

' . . 

subfile at most one page~ rema,!n.unfi ... ~< ..... tn:.••,11.~tjfrom ~ 
- ' . ~ . . ' .. . . - ' 

partition to another canl* exceed· the ~ •"l\•• .,, ... • , •. ~ .putU •. 
~ ~ , • ' ' • '_j -:-.<> ' --:. • . ' ' . ' 

Since this figure b uauaffy msigni~, ~fl!Cl;" thl,.-t Qtl ... ,f't.~f.,.,.,.,.~ ,Jo 

s!ore the data, we may safely ignore ~ ~rtak., and r~r.~ ~ frfJl'll 

consideration in the ~\'aluatiol) (,f a partition. 

c~st or accessing the su~rtles .~ o~er to ·~swer t~ ~~"~Ip'. t., ~ ~. smce.,,.1e 

access cost is proportional ,to the nu.mber of "" ~· °"~· ,~,.,....lf,,;'1flJI sp~IJ be 
. . ' ~, • . , ' I • -- ; • "' ·. -· 

concerned with the number of page a~cetSes t~r~, l,l:I ~- •~wtm,ac a qu1ry., Before we 

discuss the rue cost estimator, we 'giv~ th_e a-ge. ~· an&IJsls. - each 1
()( tlle; ••entia• 

search, linking, and indexing ·access pat~s. 
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1. , Segpentlal. Su.roh 

If a query'1 method does not specify any index to be lftl'Ched (thil happens if none 
. . . 

of the query's selection attributes are Indexed, or if the ...., evaluator deems the indic~s 

useless for resolvi"I' the query). .then the first .IUbftle of the metJHMi has to be sequentially 

searched in itJ entirety (the mt of Ute subftlls will be laf'Checl u .... links). In a .sequential 

search, all the pages of the subfile are retrtned, and their subtupies. are matched against. the 

. ~· .- - ' .. · . . . ' . ~a 

attribute val~ specifted in the query selection predicates, and· the Tl.Os of qualifying 

subtuples are stored In a TID list. If .f 1 b the subftle that b bet. ·sequentially searched, n 

the number of tuples i~ th' subfile, and b1. t~ .bkding f~ctor ror F., then -the number of 

page accesses will. be equal to the number of pages in the subn1e: 

rn/b11 

The blocking factor bi is equal to the syscem page size S dtvkl«J:.-., t~e length pf the 

subtuple. If A1 is the set of attributes in subfile F1, and 11 the length~ attri.bute •t then: 

Assume that we have a list of TIDs pointing to the subtuples of a subfile.· We want 

. to compute the num~r of page accesses incurred in retrieving the subtuples with TIDs ·in the 
. . . 

list. (Such a TID list might have been obtained either by a aequentlal ~rch on a subfile, by 

following a previous link to another subfile, by indexing on 1n ~ttribute, or by· forming th~ 

Jntersection or union of TIO lists obtained In any of the,....¥~ ways.) In ·any case, an 



Chapter .4 - 78 - COit AnalyJis and the FCE 

estimate Qf the number of TIDs tn the ltst (which~ equalto the numbef Of tuples to w'hich 

·tbe.y point) is readily a vat.tab• ·rrom the Joint seleaivlty Of the a,ttJibutt!J}hat have been· 
~ .. ., 

resolved so far, whose resolu~ion has resulted In thll TJD llst. It s ts the jo_tnt (~onjtlnctlve 
. . - . . ~ ., ~. ; 

or disjunctive. depending on wt:-ether t~' query, ls ~J'l'9(t&YI or d,bJ,Unct~vt!) lelecttvlty ·or all 
~ . . , .(.· .. ~" t;;·: · -i .. ~} .;;~··t_i,·<~ --~·.? · .. ,.-·~·'.:,. '-' • .:, -~ 't,···~-,~~t1 . .I{"-: ? ·.·~ :j"' ·•• 

. attributes that have been considered tn the creation of the TIO hit. and If n. is the number 
. ,:,:;_< ·: .:.,.{: ~., · i ~~~- _;, J· . ..,.:_,:._~,_r~- -1'i~~._: ;"'~ 4 .. :/:,.'~,;-~'h··q- 1 ~;,~1.i .. xtt~, ... _ 

of tuples in the~ubfil~ •. th~.th~ ~~h·~-~~.:1:~i~t~:A'f:~~~~-~ .~ •,,"···"'·.. . -
Our cost criterion ~or performance OJK:im~ Is,~ n~ ~ paj~ ~cce~ses •.. In a 

. ' .. . J'e.,. ,\,'.:':;/ ·-::,. __ , ' ~ ~\,<.;.~1'·1 ::~~- ·. -.i: .......... ,;, ~ .. ).'ft"·~-~·f.-~.J'{).ft'·" •. ,,~:, ~.· .. ~t··~' ·.· '· ··. 

paged memory ~vir~~t. i",, Whk~ ~~ ,•~·:~k,:'; ~~~·g~~'~·'• ~e ha~e to 

translate the expected .number of tuple a~ to. tht.~ n~r ~ P.M~ •~sse~·· The 
• ' _:. ;._, · .. ; ... .,.: • •·/~ :· '_.,, ,; • ,, ·-~.' ~~ ~ '""".~'"''.-~·.:,.,~ ~· ""'·· ~~'. ~-·· •:'¥'=~:~·· " ·,_,/-.:' ' 

expected number of pages to ~ accessed Is always ie,a ~- or ~I tC) t"' nu~r of, tuples· 
·:~."i;,<-. ..::1 : >. .. ·.;:::; ,·~;· i.;:;": ' ~·· .. ·· ~~~.r« ·~~ · ~\·':~ :L.+· ·-4.'; _ _, ·<,: . .-:·:.,.,. ·'· 1 ·~ .-. 

to be accessed because two or more tuples may reside .on the •me ,.._ In our model of the 

database management system, finding· the expected....., of pap acceues ts relatively easy· 

because of the fortow~ng properties, whfch .hold .. 'i' . ....irtW ttte ulunijKldnrwe have made 

about our file and l·ndex models: 

l- The TIO list is ordered. Whether the TID ltat II ..,.. .... bf . ...,enttal .searching, 

linking', or indexing tt Is ordtnd (i.e. ·IQfllld In tf1CMStn1 er dectastng value) and 

subsequent intersection1 aod untonl:pMilft'.ttdl"*' ...... ,·~f~yd the TID 

list assures that ea~ pap of a subfile ts ~.at most Gltce -~stnce the tuples are 
; . , \ - ~ 

retrieved in the sequence they ratde. in the subQle. This .p..,.ey also eltmlnat-es the 
. . ' .. ·,:·!. . 

need for large buffer area In pnmary memarf ·to_,~ ~~tit ~tions, 
"·.> . ,. ' 

since Rt any instance, at most one pase WHl·betn'p:nmary memaff.) 

2- The TID list is not redand_attt; t;e., no TID .,.tS'tnore than one. In the list. · 
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3· The TlDs are distributed untformly ov..- the TlD space. This property is assured by 

our assumption tn Section 5.4 ef tnclependellae among the ocmrenc:e of attribute va1ues 

in ~uples. Hence an TIO. •Pf*lr with equal probability In. the TID Hit. and ·the tuples 

they point to-are scattered uniformly th"*fhout the subfde.· 

"-\.' 

These three propert~ of our ~ ,~.&,wle ...... makts.!he trans .. tiop of .the . . .. ' , ,. .,, . -' 

number of tuple . acceues to page. ·~. ~ti•~ .lifflPle. ~.· upon the" three 

properties, Yue· and W~ [<fO] ti.ve ~.-!~~ numbel' ~Ill' a~ .from the ,llM"""'r 

of tuple accesses in terms of the nqi~ .~ ~,iJ, .. 

(4.2.l.•) 

n-r-b n 
(4.2.1.b) A(n,b,r+l) • --A(n,b,r) + ~ 

In the above formula, A(n.b,r) Is the expected number of.~ accesSed from a file (subfile) 

. with n tuples (~ubtupla) and b tupla (subtupln) per ~ge. when retrle~ing r tuples 

· (subtuples). (Note that r ._ s * n In the cOst analysts above.) The computat~ of i.2.1 

Involves on the order of r muklplicatl~s and r divllk>its. and is therefore quite expensive 

to compute. By the technique of generating runctte»ns, we have solved the recurrence relation 

4.2.1 and have obtained the closed form solution 4.2.2 for the number of page accesses. 
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(4.2.2) 

The above formulation has the advantage over tht recurrence relation that it can be 

computed more e«tdi!nt17. '?'A 'CiMlfid iettiatiOll"ot tfiij ~ .. '~.t.t (hereafter called the 

page access runcttont16a1 .-.;ftiimd ·11f Af>Piftctt*'f6ttlt~at«s tiij:atld v•~ cs'ri h~\;e a1so 
' . 

md~pendentty arrffid at tW-..1e···auss ~fiiWf;;W.. li~rk. dtstrtbutlon of 

probability theory.) The formulation i.2.t IBO ad ... ' tit a stmple' ~tlOn. Fo~ an 

arbitrary page in the file, the probabtltty that It lort1:tfl11l..atn a11y et tM · r seledM hip"ta 

is the number ·of ways of choosing b tuples tram n • r ·~ clttlded by the number of 

I - : ;• ~ .. l_:;_ • .r·:':"". .~··_'' ... ; .. .,.:r_,,.-~-- ~ -{-.'.:Y-_r;. ... -_ .·:-' . -

ways of choosing b tuples fraih n •'tuples. Mtrlce'tk ap«ted number or page accesses will 

be the number. of pages (nib) times the ~ of~ i.,..e ~l>t~y. 
r ,., ~ . ·· . ·, ., '~: , ,.- --; 1- l~ .; · ·· ~ · · · ~ ., } • ,:; 

During the. course of attribute pa~·· the a~:·"''~tng heur~its 
- . . . ~ ' . . ., "~ ~ . . : -. . . 

repeatedly call upon the file cost esti,,,ator to evalQate partitions .. EYtrf u,ne th~ file cost 
' • -·· -· 1 ' > • 

estimator evaluates a pat:tlt~, K has to estimate the cost or U:llW.:tftC ~ of the query types 
' ' . . - . . 

in the table of query· t~. Estt~~i.., t~ ~ ~;.;~~lf!~,J'ft' ~-type Involves 

compu'ting the number of Re a~ .incurred tn_ ~~~. tpac;~ of the subf~les lh•t 
. ' .· .. -~. ·-. :· - ' ~ ... ~ ·,~, ~'"'' . ' ·""' - .. ,,,,fj. . . : .• -·~··, "'; ' 

contains an attribute in the selection or projection components of the query type. Smee for 

each such subfile, we have to compute the page access f'Unctton, tt is important that the page 

access function be computed as efficiently as possible. The page aceess fllnctlon 4.2.2, if 

expanded'. will take on the order of min(b,r) multtplkationl per computation. · Although the 

page access function is much more efficient in computation than the recurrence relation 4.2.1 ' 
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. (since b is· usually m~ch smaller than r), ~Ing the pace acceu fUncti°" in lts exact · 

form 4.2.2 I.' still too costly for our purpoML hutead, we UM the following approximation to 

the page access function (suggated by Michael Hawr) in aur file cost estimations: 

r 

(4.2.3) 

11-.u- .... , .. > 
n [ n - .(b-~)/2 ] 

A(n,b,r) 1\11 - 1 .. f : . b . . . 

The approximation . 4.2.S has· proven to be'. very flsl; tR. .. only a· eonstant. number of 

muitiplications and divisions per computation, and bu the adtllrltlp or•reme accuracy for 

almost every <'Ol'Abinatiofl 'Of rt, b, and r; {61 

a.. · Index Aoo!Mlv a!HI Tw»IW· hMtnl 
. . 

Using the index of an attribute.of a file (or subfile), ln order to retrieve tuples that 
' -- "'. -. :'·.'"' > 

have a given value for that attribute, is compOlld of th~ stepa. The first step is accessing 

the non-leaf pages of the index to get a poktter to U.. TID list of tuples with the given 
• ·:· ,. :· ·'f . ~ 

attrib~te value. T~e second step consists of retrieving thi• TlD llst. The third step is 

retrieving the tuples thM the TIDs poiftt to ltf ..,..lftg ·ihf',.._ theJ reikle tn the subfile. 

A detailed. anatpts of·tndatng caltl·appeat't~ CHan·m mt w·Wf11·not reprodUa it. We 

shall only·repeat here the final~ dertv•M·m Tfie!a•etap colt of using an tndex 

is: 
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. ~ 

f tog. unS/< 1 • t> [C~ + L/•)Jut SJl + . f(s •ft + 0/vrS] ~' ....... ~ ... •• n) 

\Ohel'e . n . • number of tuples in the ftte 

b 

L • lenttftof IM~fdftttbUtt 

s - se1etttvtty of the indextid atfrfbbte' ·· ·' 

- average frattion ot index riodt _page· uillzattofl 

Th~ th.ree terms of the expreillon •re the r••••ve:-. tf:ltte ... 1Mil'•9"··~ ·T-he 

last step of tndex use, i.e. retrteYing the quattf.Jlftl mp1es.· attualf octura·:tf this attribute ts 

the only one whose lndq- u: '~~ llf(~fN$ ... ;;,~~--,; .. i'f¥··:'# .. t1l*"" ~~-_the 

intersection or the union Of the no list obtatneid fhJm the secand step of tndexlng is taken 

with other i:-10 'ttsn wore tt.e·ri.f,ktS·itt&t are ·;,c11ni:1fib;~'~ia. 'i 

4. File Cost Jl&tlufton' 

and c~.the.per~~ C!SC,~- --~· ~~ht~1'1tflf.,lc:efCOIC of .each 

: pnilposed partitiQR. is ·~ ...... by -~·.,.-_libti;..-..-'9r~~~«if:pxitypaand 

J?Stimating the cost· of answering each query. <This table b provided by the parameter 

acquisitor and is a forecast of tf1e database usae ,,.- fer the-~ time _int«ya1.) Each 

query type in the table ls p~ for evaluation to dttquet)',evaJUlltor. The query evaluator 

uses the Least Pa_ge Ac~ strategy and thefel»y produces a near opttmaf methOd for the 
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query. (The Least Page Access strategy, u described in Section S.5, sequences the subfiles that 
I . . . 

a re to be Unked according to decreasing Mlbftle blacking factor.) 
. _,. ~ .· ·.~ , ::n ... ~.~ 

The flle.~ estimator receives the method for _the~· If any Index ls speclf~ed to 

be accessed by the method, the me cost estimator uses the cost expresston for Index use to 
~. i '<.,. .. <" I ? 

compute tt1e east of accessing the indices. If no titdex ls speclfted by the query's· method, the 
·:. . 

first subfile in the method has to be sequentially aearchtd and the cost of the search is the 
- - .,. '! 'f',~ .. 'i- '}~{~~\ .,- ~-. :_ [~" •.• 

number o( pages in the subfile .. (The reuon that the· ftnt subfile, must be sequentially 
. . . .·-·· .. , - .... '' f ,. ' • 

searched ls that initially there is no TIO lilt on hand t.,,t would restrict the search to._certain 

pages of the subfl9'. Sequential searching may be viewed ~a Hmttlng form of linking, w_here · 
• . " • '.. l < - _,: - • .. - ; , , • '. :-~"; ' • ;_~ : { ' ••• 

each page of the subfile ha,s to be retrieved.) .. In etta. cue., t.e. lf Indices are used· or the 
. ~ • ' ' . ...~ .. . '~7 ' -

subfile is ~uentially searched, t~ joint ~vlttof.·the ·~~i~t9;'_ resolved so far can be 

readily computed from expi:esstons S.6.l/S.6.2, depending on .~hethef t~ query ts conjunct~ve 
' . - . - . . - ' ~ ~: : ~ '. . . ,· 

or disjunctive. (The set of attributes I In S.6.1 and s:&.2 ls the Mt pf ,•ttrtbutes resolved so 

far.) The remaining subfiles of the method are ~enced and are to be l~nked in the 
·.' ;;• ~ : I ~ ~ 

sequence specified by the method. Using t~ appro~imation. to. t~ rge access function,. the 
. . .' :' .- . ' ·" ... 

. . 
fite cost estimator computes the cost 91' accessing the fif~ of these subfiles. (Observe that r, 

, ., ·~ . . 
the number of tuples to be retrieved, equals. the product of the Joint selectivity of attributes 

. • · 
1 

• - ': :rn_;;·: ·. ·.; : ~ .. , ~ · ; -' - : · - . 

resolved so far and the number of tuples in the subfile n). The access cost estimated for this 
•' 

. . . . . . 

subfile is then added \to the cost of indextng/sequentlal searching. The file cost estimator 
. . . - { ,,-, 

then derives the new joint selectivity figure by tnclucUng the old 'Jornt selectivity figure and 
. - f • ~- '; . • ,; - . '; ~. 0- > ' 

the ~lectivities of all the attributes resolved in this step of the method in expression S.6.1/316.2. 
• • - . - ' . ·'1 ·! '· ~ - -

The cost of linking to the remaining subfiles 'Of the method In. the sequence spectfied ls then . ' - ~ , ' 

computed for each successive subfile In the same way. The cost or accessing each subfile ts 

------------------ -
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added to the accumulaWd cost. and the jemt ..llCttvtty a updated according to the 
~ , '::. .:, ',) 1 " -~ , .. 

selectivities oft~ newly resoa.ed attribu~. W.._ no tubftle ~ ht the method, the .flle 
,.;-- - ·~• - I 

cost estimator witl have computed the cost of mohing the .-Y and also the joint selectivity 

or the query <and 11ence the number of tup1e1 ....ec. .,, tlte . .....,>. The me cost esttmator 

then computes. the cost of answering the query. Using the appn:.tmatton to the page access 
. ' . ' 

:, " <: '~0 ' _-

fun'ction and the estimate of the number of tuples that are aeletted by the query. the rue cost 

estimator ~stimate$ 'the number of pages t~t ·.- to be'·~ ... from each subfile that 
.. 

contains any of the p~ion attributes. The only IUbftle c:ontaintftg. a prOJectton .a~trtbute 
~··· '..\ 

that does not incur pa'ge retrieval$ in the answertng phase is the ... subfile an the methOd of 

the que~~- This is because t.he projection att~ ; this subftae can be retrie~ed u the 

selection attributes of this subfile are bemg resolftd .. The ~ ~ In the resotvtng 

and· answertng pha!es ts then summed to gift the«:ma/~ ror tlM ·q_r,. A. querj's cost 

; , ~ .t •. '.; ! 1 ~ , .. , ·~ . • : ;: ' 

estimate is then multiptied by the frequency of the cpaery type to get the total cost estimate for 
:. '~~.,~ ·~~· 

that query ty~. Finally, the sum of;these ~query cost'esdm.tes is the per~ormance 

cost of the. partition On the context of the roffcasted _ _.e pattern) ... ;, 

The file cos~ est~mator is calte!J repeatedty tn the pnKeu or altrtbute· partitlontng. ·It 

is imperative that the file cmt estimator be~ effident1y.r: Nob!. that by ·c1ustering 

a II queries with the same type into one entry of Ute cpR., type table, we have already reduced 

th~ totality of the queries tft the usage pattem '. tntO a ..... wiy smak let of query types. 

Hence, the number of the iterattons required· by the .ftle COst· estlfnator has already been 

,.. . • ';·~, - :1;, ,' J '.' '~ '' ; l:' 
reduced. Although further clustertng measures ltke the •nearest OIR&Nkl~ clustering scheme 

of Belford [5) could be employed to still reduce the ....... of ...., types, the degree of 
query clustering we have employed has proven sufftdent for our purposes. Tests show that 
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the file cost estima,tor (as programmed tn the prog~~ Jang~qe ~PL [26] on a PDP-10) 
. ' • ·, .. ' •· : '.'""-·-- .- ._!,_ --· - ' 

takes somewhat less titan a second of p~ng ttm,e to ~te, .~he cost of a set . of 100 

cQnjunctive and disjunctive query types. Funhermore, when queries are addlUonally 

clustered, correlation loformatlon about attrlbutll ~.In quer'-- will be inevitably lost, 

and estimates based on clustered queries wlU be· lest rehable. Therefore funher query 

clustering ls not advisable. 

5. · Repartltlonlne Cost 
I 

The cost of ~rtit~tnc .the.attribute partition -. .. ~ as follows: if at a 

repartitioning point~ the new pa.~tipn has .Ubfle. F ... h ~ , Fy In ~ with the old 

partition, then only subfiles F 1, _., F• · have to be retrieved •. reorganized, and written back 

on secondary storage. The ~otal page •tceSRI requl._. to do thiJ will be twice the .number of 

pages in each subfile: 

The above cost ls based on repanitlonlng· aft the subfiles F 1, _., F• simultaneously. I.e., 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' nna11y the pages are 

written back onto secondary storage. Each page of a sutiflle ts thus acqmed. only twice, once 

for reading aod once for writing. 

At each repartitioning potnt, the perfonnance cost of the partition proposed by the 

partitl~nlng heuristics for the next time ln~rval has ••ready· been computed. The 

·performance c;ost 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 fi.le should be reorganized according to the proposed 

partition. 

'· 
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CBA.PTBB.1 ' . . - - . 

TH• ATTBIBV'l'B P.&ltTftlOllllCG HJIVBISTIOS 

In this chapter we present I number of heurbtks for partitioning the attributes of a 

file. Each attribute pa~ ~ ltartt•~wt·iipplied ~;and derives from it 

a superior partition~ (If the heuristic ls _not able to trnproft on the·supptied partition, the 

heu-ri_stlc will terminate and ret~m the. aqppUed partition u its result.) Therefore It is 

possible to apply the attribute. partitioning heeiriltlcs In D:casion, with each heurbtic 

starting with the resultant partition of the preceding one and producing a partition that ls as 

good as the p.recedlng partition. We say that a heurlsttc Is relevant to. a partition if its 

application w.111 result In an Improved partition. 

We have performed a number of experiments on the attribute partitioning heuristics. 

The overall results of the experimentat~ performed· on each heuristic- b iricl~ded Jn the, 
. . ' . 

. . 

discussion of that heuristic. Since oqr most ext~stve p~m of experimentation was 

applied to our rnatn heuristics, we hav.e devoted Section 1 of the chapter entirety to a detailed 

discussion of that subject. Before we proceed to describe the heuristics, we will firit establish 

the necessary termtno)Qgy for the subsequent sections. 

Let P be a partition of t~e set of attributes A of _a flle into disjoint subsets. Each 

subset of A ·js t~rmed a block of attributes; the Ith block of the partition is denoted by A; . 

A block of attributes ~y be viewed u a repraemauon of a 1ubfile; I.e., ~hen a file is 

partftlot1ed according to a given P'rtltton P, each blGck A, of P Is directly Implemented by 

--------- ---,---------------
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a subfile with attributes· draw,. form At . If M Is the number of Weeks In the partition, then. 

P - {Ai}~. 1 , Ai n A;•• for au l ~ j. •nd .,tf;,1At •:A·. <'A1e·trMat partttilOR JI' has been 

defined pre.viously to be the partition where ...,, albftllt o:-ta• exacdy one attribute. 

That is, P0 
• lAYJT.1 , where AY • f•t1 . · 

One way of finding the optimal partition ts to produce all partJt~s of the set of 

attributes, and evaluate each of them With the Ale cost estimator In order to identify the 

partition with the best performance CC)St. Thts exhaustive enumeration approach 1$ not a 

viable partitioning strategy because of the large number or poutbte ways to partition a file. 

The number of distinct partitions of a set of m elements into dfsjotnt subsets, B(m), is 

known as the mth Bell number .. Unfortunately, there ts no simple- exprmton for B(m) that 

we can 'analyz~ in order to arrive at its complexity. However, Moser and Wyman [27) 
" 

provide an asymptotic expansion for the Bell numberf. . Thts UJmPtotk expansion Is in 

terms of the solution to the ••tion x e• • m, and hence Is not In ~IOlld form. From thl~ 
' .,,c,•. 

asymptotic expansion it. is possible to der.ive the following UJfRPl9tlc upper and lower 
' ,~.') 

bounds for.the Bell numbers (281: 

(5.1.1) B(~) - O(m"') 

(5.1.2) m(I - E) Ill • o(B(m)) ,, E>O 

where <: is any non~iero postttv.e real ntll'l'lber .. (T'IW notattafr f(M)i>•Oft(M» demxes that 

limm .. m f(m~/&<rn> • 0.) The cwo asymptatk: bodndt IW"'J'tifht;".,..'ftiaDttllm we sere tftat . 

the number of partitions of a Ht of m dements tnto dtsjDb'lt sublets lsymptotical1y 
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·approaches clo$e to m" (or tqtalvaa.attf, c;Ac-. ~. ,2• Y} ,u · m. app~ infinity. By 

this we mean that ( may" ... .., ........ '.P••"'1te _. ..,,,..,.UJ. pcJIW.ve. ancl ·B<m> will 

always. grow faster than m0 -E>• . . t ..... far ·-'"·1"Cllikl:J ,..,,.... the number .of 
.. 

distinct audbute p~ltions Is. prohilHdwfl,·;hltb· .to. ,........ ..- -"Mtsllve enumerauon 

approach feasible (for th' pn~I ,~~ .~'**'1·1~, ~Ith any. number of 

attributes). . ~ an . e~unp"": ~ ru, ~-·· 19: ..,_ .~ -:be pat'dttoned Into 

BOO>• •t.5975,. differ~ ,ea~ :~.,~~wtth .._, • ..._.ve enumeration 
. . .. ~ . , ' ' . 

appr0ac~ is that generaUng.a.llthe •> d¥fe11111t,.,....,a,.il·not aa.easr talk• A program 

writ~en for" gener,_Ung alt the par~ ... c( &,.Jet·~,;~~ "WbAGh··wasJ..ua.«I to 
' ' - ' . ' '·, 

I 
exh~U$Uvety find the ~·.~·.for.•·~,,.._r..,.._.,flllrW...,1 preb1em.$ w~th. 

not more thao 8 .•ttril:Ml~es) ~red; . ..,.~tflClllJ.hat,.,..~.._.~ 8Ct1t> · 

.. 
2. 

The heuristics we have considered Jn our work and described In subsequent sections 
.t 

are all stepwise minimization heuristics. Stepwbe rntnlmtatton Is the process of carrylng out 

. an optimization t~sk In a series of steps. At each step, a cost criterion Is optimiied to the 

ext.ent possible. Each step that fol.lows carries the opttmtzatton still further. Finally, when no 

further optimiiation can be performed at a step. the stepwi" minimintton process is 
; . 

terminated. In the case of the ·attribute partttlontng heuristia, each heuristic starts fr0m a 

predetermined partition~ a·nd in each Sl'ep trJeJ to come ~ with a new partition that is an 
·' ,, - 't ~·<.• " 

improvement over the partit~ of the preceding ~ep. By Improvement we mean that the 

performance cost of the improved partition, as evaluabld by the file cost estimator, is less than 
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the performance cost of the prev~s pUtitiGR, Once Mt tmpreved patUtkM ii fo.md at a 

step,· the .next. itep starts with tM! neWIJ .. ....., ,....,.·,and U'le to flftd"·ai·stm better 

partition. Tha prGceu ef'~l ~t"is.caM .... ;·~ ncl',_nltton may be 

found which ts an tmprOY.,.._. to the patttiton ·tld~ ·ftt efW"W sttp d"1fie heuristic. 

The last pantuen ts rhen ,.rMd by ttwe·heutltttt-..:cw·'*bnt pa~ ofthe'heurtstlc. 

Th~ intermediate panitlon ftMMt at _.,. steP'« die ~;I~ heUristfcs. will 

depend on the partitton of tM fast itep, ,the'..,1114'·11a..w.d'h .-1'types. · . . 

At m:h step of ttw atirtbUte ·~ hMld'··~··11ave Comidered, the 

irhproved·'partition ts el*kWd f~thtpartltbt'bt• prnletlt· .. >bj elfffer. f· grollptng 

a number of IJ1Gcks.of"dle•1att,.ntttontogttMr tifcWdla ..... i.r b1 ·!-·· d~rouping 

a block or the previous paititiOlt ._two or~Wlair nwM..Mia ·w la~e Cbnildered 

differ from one another tn two respects: I· the aartbufle pardtten that they Initially start 

with, and Z- the manner ftl ~ the'blDcbaMtlla'.lf'~ W.Plifi•:tft ~-'Step. 

· . In our work, we ·apply a heurhtk. te an trdttal partidolt tmttl .In the course of 
,;, t•'. 

stepwise minimization. the heurutic produces a ,.,.._ . ..,.. whtdt:. It can no longer 
~;·-

imp.rove. At thb point we mllf _,,., a second .._,.. lO the Nillllaftt ·pattkion of the first . 
. . , ·~ 

heuristic. Aft« the applattm of the second ~ a tltird hlurllttc maJ be applied, or 
' ' ': 

even the first heurbijc naJ Ille reappltal·. &Mee a hwtstit , • ...,._., Hltlla ~ a partition that 

is as gOOd as the parthioft that it aam With,. it ................ .,,., .,., ' number of 
' ' '. ,,, :. 

heuristics in succeuion ..- wner get .a ,.,.._. wtch a Me._ perfomtlNlce cost (and 
' . 

succttded by certain other heartstics. In the di•11luief eaclt ~k. W' wtamake:tt clear 

if the heuristic perfomwcf. well 411aaugit to warrant further ........... Md If-. what other 
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heuristics were tried in combination with it 

Note. that one ~e of operation we do not consider Is trying a heuristic Jor only .one 
•· ' ' - • ; • > • - • -~ .. ' ... ' ' ~ • ' f 

or a. few steps and · swltchin·g to anot~ heur~ before ·the first heµrlstlc prqd.,ces Its final 
' . 

. resultant· partition .. Our mode of applying the attribute partkionlng heuristics. is based upon 

the assumption that If a second heurlstk ts. relevant to an 1,._medlate partlt~on produced by 

a first heuristic (that Is, the second heurtsttc can lmpf!>Ve upon the performance cost of the 

inter~•ate partition), then the second ~sttc ~It stttf be rt"vant after the first heuristic 
I 

has: terminated. This assumptJoft ts rtide lb ftritet to· ndace to a manageable size the 

problem of''dectding which heurlSilt to ·ippty ·nnt 

We·shat.t consider a nu .... of heUriitta In the f'otth(dmtng sections. However, the 

pairwtse grc>uping ht!aTlltlc; described ttr'rhe ndt. ·sett• u tie .main heurlstic of this work . ' 

and we will att~pt. to desuH>e It 1'1 fUH' detail In our exPerimentatton, we h*ve found that 

the combination of the pairwise grouping heQrlstk: with a second heuristic (the ·single 

attribute degrouping-.regrouptng heurlstlo) to be auft'ident for ·the purpose of· attribute 

partitionlog.withi.n, the context of the da~bpe ~ IJlteGHfe hav.e considered. 

The pairwise .grouping heurlstk .,qlns with the trlvtat partition pO , and generates 

all partitions that can be obtained by grouping together paln of blocu t~ p0.' For example. 
' ' 

if A "" p, 2, 3, 4} are the attri.butes of a ·nae, the pairwise groUptng heuristic begins with the 

trivial partition of row 0 of' Figure I and produces all the pafttttons of row I of' the same 

figure. The heuristic then evaluates all the gefte...ted partitions with the fll~ cost estimator, 

------- -----------~-----~---
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and finds the parUttel'l (caH tt P1) whose,.,,...._ coat II c..et.tt'or aU: the ~ted 
• • ,, • ···:,-: . ., . ~. • •. _<-<· .-': :.~ .• ; _ ~'!·; · .1-. ..·fH~ !~· .. ,.;.. · ;. ·' . 

partitions.. lo other words, auume C(P) to be the ,.,,._.. CID9t _, partition P . as 

determined by the ftle eost eltamaeor: In th.· ''nnt ., ·of; ... .._,title. tfle followtng 

minimization ts performid: f".' 

(5.3.1) 

where P} 1c • {A~, ... , AY u A&._ ""' A~~ Let t aq(; ~ ,.,~:Jtae,y~-~~~~~~Jlil•~l.J. Jf.!t Is 

the case that p<Pl ") < P<"°> .~ i~i"'. fflPW4'~5lf1lP'.\,;·~~- 1Jf~1,,-u1t~.ot;.,~ fir1t ~.,. 

and the second step of the heuristic begins wttb ~ : ~:' J ~J:, 1 • ~'if. i.~ :~ the 

. c;:'se Jhat C<PJ k) ~ C(pO), t~. heurtatk ~ C• .dHL,t(i~l~,..,lhe resultant 

p!'rtition~ In g~eral. the. ith -. of tbf ~~ 1.;wi•~• .~ ~Jtr,tt,h.,parJition 
- ~~ 

pi-I - {Ai-•, At'' ..... , ~~~.J (wlme u.. •. 11,~~ c(~-fn·;f:!>,,~,pirf~tJ-e 
minimization: 

(S,3.2) 
mini :SJc4'Sli\.1·C<Pit> 

where • Pl1c • {A;-1 , •.• ,A'"'' U ~-t, -A~;~,J ." ~ f •.and·. k, 'mUllmAM'Sl2, and tr 

C<Pi 11> < C(Pi~ 1 
), the heuristic ~- goes to,*P i + 1 at.artlnl •Ith Pl • f11r , Mt • Mt-1 • l ·. This 

process is continued until a•• (say Step LJ trtmhl'itr\1rtlfi :c~:1i)2'dfli:1t"for a:ll j 

and k . At this point, ne-pair of ~·can tie f8Ul,ld lhll 1...., ... them w~ reduce the 
't't;"-.' ,;·(J\·~··:~\ M>;·' '·"; 

performance c~t, and 10 pl-I ii. returned .al the ..... of tbe patrwile ........ heuristic. 
. ~ ... .,. :-. . ·; ~{"\~:;; ';'i ··-~.\. ·- ' .'' .: ~-- ~ 

The pairwise grouping·heuriltic.may ~~~··~_..of a·.~ where each 
,' · ·,_. • i·"' ' :-r: ..,.,{;.;,- •· .J~·: --~"-~ -~ ·" ... , ; ·':, . 

node of the lattice is a partitlOn. The top node, II the tri¥tal ~ ~ dte 'bOttom node ls 
. ~. l:' " ·~:·:~_i ,; ···; ·}. ';;· ;<} ,.~·-~· -~-1' • . '. 

rhe "one-file" partitton. An intertw node is obtatn'4 bf,....,.., .......... P*. ~·b1oek1 of 
- . '.: . ~ 'i' . ;,~ ~: -~ ~ '.? _- :1 - :; ' . ...;-·-- • -: ; .. : 

one of its parents. Ftguq I 1how11uch.a laUice for the let ol ,_.. .•~ {l, 2, 3, 4) 
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(frqm here on we shall use Integers to ·_rep.....,t attribuJ11}1 . The. IJ.h row .. of the lattice 

corresponds to all the partitions that could be ~ted b.J ~fie. Ith . .cep· of the .P•lrWcjse 
• '··~ ·'···~~,.-. -~ :~, < 

gt"ouptng heuristic <•tvalentJy,. aH the~- pa~t~a,; ~~~-,,~~h. Jhe t+lth $lep may 
. ~' ~ . ···~: . . ., . ' . 

begin). The pairwise. grouping heuristic_ begt,na wtth ~l;t.e .. tJi~~J.,,.,-tltlon a1;1d pi:~uc• .all 
• • . . . . , ,; , ._.. ',.,. • , r • - . "" • 

the ·partitions that can be reached by follpwh!I ~ mge (I~ aQ.tJJe, ,_ntµ~s of Ut.e (jrst 
. -· ·-!.· . ' . "" . 

row). It then selects the p~rtJtiO(I In that~ w~h the .... perr...,.~. cost Frqm .tt~at 
. • . ' l . ~- : . . ' ~ . . . 

partition, it follows all the ecfpl leadlftg ~· ~ tta.clttlrlnrJ ~-.fcv.,e~mple lf the 

second partition from the left is the~ partlt~ "'~ 1. "*" trl the ne'1 atep .. the, beurisUc - -;~ "' - ' ., - : . - ·-: ·. , - .' . 

0 ((I ), (2}, (3}, (4}) 

• n 1, 21. f3J, f 4)) . u 1, aJ.12>. "u ((J,. •ur~ caJJ ~, •. ,, 41.lld•» m~ Ct.•>. can , m 1. t11. 11, .. » · 

2 {(I, 2, 3), (4}1 ((I, 2, 4), (3J> ((I, Z), (3, 4)) ((I~ 3), (Z, 4)) (fl, 4}, (Z, 3J) ((I, 3, 4), (2)} ((I), (Z, 3, 4)) 

3 

'Figure 1 The lattice of partitions. 

----·--
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would compare the. first, fourth, and sixth partttton1 of row 2. The three partitions: of the 

second row are all, in· a sense, chsirable parttttona tn t~t they have been d~rived from a 
(;,•,) 

partition· that has previously been proffel supater .. ....,_a,. -.. ·tduristic assumes ·that 

the optimal parutton ls tither amang ·tt.e·three parUu.u ....... a.er:. below them in the 

lattice and can bt reamed .br g~ng down the·ectCe hnt·thtt best of the three partttions~ The 
, ,, ·' ., I . - ~·. 

• . ' ' ... ., - .• - - ! . ' ~-

heu rtstic continues to go ~ the lattice Uftl6I '*" of th& partitions examined in a row 

reduce the performance cost.· At this point, the CllrNnt pllw.t partition ts returned as the 
. . 

resu1tant·partttion of the paltwtle giouptng heur&ltlc. 

The resukant partition of the patrwa. grouping heuriltk ts not necessartly the 

optimal partition. ·Only a smalltubset of all pa..-..· are~ examtned by this process. 

· On the other hand, at each step. the turu.-.ct.J ..,._ the bat· partition among a set of 

- . 

partitions, whose CommQD ·parent W.s. tbielf selected as best et a._ Saml1a1' set of partitions. 

Hence, the f'esultant partttten ii eptitMl ~ .-.....,.. otha .. itf.e pGllibte partitions and 

loc~lly optim~I among alt -the partiUons of: die-~ . t:tte: .. mitNmfz.tiolt nature of 
r • • ' .. • "'•. 

the pairwi~ grouptng heurblk is'.~ fl'Gll1~-.,4Ua1...,.s .._,,. .. At,each step, ~e 

minimize the cost for a subset Of partitions that ... been leleded on the baits of a Jtmnar 
" . . 

minimization in the previous step. 

are separated in the trivial partition, thell" .. rieJ that~ two attributes are answere,d 

with close tq minimum cost, wttHe those ...,. .. req_... more thM two attrJINtes are very 

costly to ans~er beQuse their attributes, reside tn dtffaent. subRla and ·heno! en different 
• . .t , ·~ ·.·,~ 

pages. Subsequently, as blocks.of attrlbutea are gaauped. .,.nes requattng a small number 

of attributes become costlier to answer because ac:ceutng the attrtlNtes wlH brlng in those 
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attributes that are not requested by the query but neyerthelea reside.In the same subfile as .a 
. :: . . '., -~': ,· . ·r'l 1 ·~;>~i ;' ·.' , . ', . . 

requested attribute, whtle those queriel requatln& "*" ~ of !hlch .an or ~ are .tn 
. . . , ' ' ··: ~ ; . . ' . " ):"" ' ' ,"; 

the same. subfile, IJecome less costly to·~· In the f!r:oc- of pp.Ing blocks together, a 
' . ' . ' - .. ,. ' ,·· . - . -

potnt will be. reached .where t~e reductldn Jn c:mt _~ .~r.~ _tl,.ose ,q'_l~.ri".5 ~~~t are 

· benefited by· the grouping will not off'set. the lncteQe t"' cost of ~~ng_ those. queri_es. th~t 
' , I ' ; :" -~ ' ,< \: ' > '. ~ • ~ ~ '. :', ' < I, 

become co$t1ter due to the grouping. This point ts ' ~I nti;ftin,Mn_ of_ th• performanc~ c~~t 
~ -.'· - { ' ' , ' ' -~ ·. !: ;...__ •' I' . " -

\ . 

function. 

The Bond Energy Algorithm of . M~ck . et. al. [24] . is another ~~epwise 
- . • • :"t 4?' . ;. . (_ .. 

minimii.atlon heuristic that may be used for the ~rpote of.attribtJte partiti0ning. Hoffer and 

Severance [19] hav• used the Bond Energy Alprt$hm ~ (RM". attributes Into f?locks . based 
• ,. , . " ; -·. , I . , , -1:, ~ l :·, ~ •:: '., .· :-. • • ' "' ' 

on the similarities of attribute occurences In queries (lee Chapter 2 for a detai_~ dtsc:ussion of 
- . . . ' . . ' . . '~.., ' . . - .·. ·, . j : / : , . . t. ,. ;~ :,,· ,, : .·- .. ' . '>-., l - .: ' 

how Hoffer and · Severance 09] utlllie the Band E".'«11 _ -~p~thm for the purpose of 
. ' ... . ' ~. . :- ." '' . -

attribute partit~ing). We believe that our pairwise grouping heuristic,· when compared to 
'~ / ·~ -: - \• ! ,. 1, \. ' 

the Bond Energy Algorithm, has a number of ad~antaga whkh makes it more desirable as a 
J::.:_'. ... '..-

partitioning vehkle. The Bond Inergy Alprtthm operates by permuting the columns of a 
~ • : ' f '. • : '. < .- ~' ' • • ' • ,"I. ' I ' • 

matrix c0nsisting of pairwise attribute access skntlarlty nasures in such a way that the 
, • • .; ' < ', ! ~ • } -·. ! .. . : ; t . 

columns of Si!Tiilar attributes fall close together. If we 1oOl at ~he matrix of pairwise access 
. . . . .· ·; ': ' :· ' . 

similarity measures after the algorithm has terminated, we wm find that the attributes are 
•• ' ~ • '; •• ~ ', ~-< • •• • ' ' 

ordered such that similar ~ttributes are placed adJacent or_ IJt!!lrly adjacent to 0ne ~nother.. A 
. . .• .·· •. ·,·.'- . . 1·· . 't , ' • - ·: 

disadvantage of this algorithm is that after thil ts aa:ompltshec!, t.e. after sut;h an orderi~g of 
,-. '·" '. ""° . TL' '~ .~i;1~ .. ,, :¥:~:H: · · · -

the attributes is found. it is left to subjective judgement to ~eckte how to clump the attribut~ 
. •, ' >:, ·'-"7 .'.f . 

together to form blocks. The other dlsadvaf1taSe of Jhis alp_rithm (a~d one which wil,1 be 

r\i\ml"ed In S~tton 4) ts that the algorithm only look.s _,at_ ~ similarity of access between 

·-----~---
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pairs of attrit>utes (i.e. betWfen pairs of blocks, each or one attribute) rather t~n am'ong any 

number of blocks containing' any numbeT or·aurlbutes. .. .,, 

Stepwise minimization is basically a htft cltmbtng heurbtic search technique which 

will not necessarily loc&te the~ opt.ma1 tohltion. Ttt. IOlutton achtwed using this technique 

may be ~ny of the locai"mintma; .the c~ of· the lokation to CM .. mal partition will 

depend on the database parameter~ the acc:eM paths of the in.e.. and · the usage pattern 

parameters. However, In the course of our expertmentatton with the pairwise grouptng 

heuristic (to be described in full d~U In Section 5.7), ~ patrwtse lrOupiftJ heuristic starting 

. . 
with the trivial partition has consistently reaulted in either the apttmal partttiQn or .in a· 

I 

near-optimal partition that dtfrefed insignlflcandy from the opUtnaf partition. This has led 

us to believe that .pairwise grouping ts an attractive heurtltk search tectmtque for fJnding an 

adequate partit~on. for the attribute partitioning problem. 
f· , 

The process of' pairwi~ grouping ts actually the method of...,_ descent of the 
• t •• • ' - ' 

hiH climbing heuristic search technique. The coordinates of a point 0n the "hlfl" (which 

sh.ould be visualized as.tn~erted. since the search ii for finding the mtnl~m point) are the 

pa rtiti.on and the performance cost of the pattitioft u determined by the file cost estimator . 
. . 

The distance between two partitions is defined as the number of edges on the minimum path 

connecting the two partitions in the tattke.of parUtlem. Pairwise grouping ts the process or 

following the negative gradient from one point to an ad~t point with a distance of one 

(along the partition axis), "'inning at the point of the trivial partltton. Our conclusion 

from this program of experimentation has be9n ~hat this "hilf' is pf.dominantly devoid of 

"bumps"· (i.e. local minima or points where the gradient chanrs lip and all adjacent points . 

to the "bump" have a larger perfermance cost). The few "bumps" that occur on the hill 
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happen to be very close to the top or the •hm• tn ,such a way that .these ·bumps• are not 
~·' 

significantly lower than the top of the •ht11• itself (tht global minima.). · In other words, it 

appears t'1at the "hUI" which is the performance cost of .the J•rtttJ~ .database ls ra~her 

"smooth" and the "bumps• that indicate partlttans that are locally ·..,tnJmum all occur near the . . . 

highest point of the "hllr. 

As we will· fully report in Section 5.7, the perform&~ of the pa~rwise grouplng , 
. . 

heuristic is extremely good. managinJ ~ Improve tt,te perr~n" of the data.base 
. '. '' . ... . ' . . . 

. . . 
' . ' . 

. management system ~r a factor or 5 with . ~ ·~ ~he cme-file par:tttlQfl (I.e., the 

unpartitioned file).· The resultant partition or the palrwlte grdUplng helaristtc was In all cases · 

either oprtmal or near optimal. To determine the ~tent ~ which. the partition produced by 

the pairwise grouping heuristic Is optimal (by comparing It with the optimal partition), .we 
' . '·' . - .. . 

exhaustively ·produced the optimal partition for cues where m was. less than or equal to 8 

(8(8) • 4 i 40). For cases where m was greater than . 8, we either manually . generated . . . 

promising partitions, or appffed other heurtatks to the resultant par~ltion. of the pairwi.se 

grouping heuristic. In all cases, the resultant partltiOn of the pairwise grouping heuristic was 
. . ' . . . ' i. . . 

either the optimal partition, or was within a few pe1cent of it.. Jn the few cases where the 

resultant p~rtltlor, did not coincide with the optimal partttlen, it was .observed that aome 

blocks in the resultant partition contained one or more spurious attributes that .. if re.moved 

from . their blocks, improved the performance. These spurious attributes .. It turned out, were 

inserted in their ~rrespon<Ji~g blocks rather early in the mtnimlzation process. That ls, 

although a .spurious attribute ~keel In performance l~ement eady in the grouping 

process (in other wordi a spurious· attribute was attractive to Its block). later on, as more 

attributes were added to the same block, the.spurlouJ attribute was no '°'1ger attractive to the 
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augmented black, and ~ tt ffGfft its -bled. or~ tt to odter blocks became 

b~eficia1. ln Sectton 6 ·we wtll describe other Stepwise mlnttmzatten heuristics, some 
. . 

intended to eliminate tMI deeklency Gt die.,_.... lfe•it*"'g tteurtttk. 

partition that the heut<ildc ......... by grouptnc a P*i' (ff Modt1Medtto be cost evalua·ted 

by the file cost esttmator. Ut ut,lft. tA the,coune.efearrytng oat the tnlfttmtzatioft 5.9.2, how 

many partitions need to be ceat es&tmated. ltt theMa'7* ..... "weflave assumed that if the . . 

file has m attrtbutel, then - the • Yel'Sp - Matttlk ... kel'ate t.r r nt/11 steps. This· IS 

a re~sonable assumption in that the heuristic may kerate anyw~· from I tO m - 1 steps. 

(Our analysts wat tttH hold as long as the number-tteps ts a ·c:onmnt fractton of m.) The 

improved partition produced at a .,, Ms • .., ..... ~. rhan ·the ~rtttlon of the 

' 
previous step, i.e. Mi• t.(1 - 1, and the tttt lltp w1ll ltatt With a pirtttton that . has 

Mi- 1 • m -. i + 1 blocks. Under thts anumptton, the final paftltlen produced by t.he heuristic 

has L m/2 J + _1 blocks: there uw f M/21- l teeps that...- an tmprovement aftd a final 

step that produces no improvement. Therefofe at the ah ,..,, there wtff be 

binomial(m-i+l, 2) partitions l""'ated that Mid to be cest etlt'ltated .. On the average, the 

tota I number of file cost estlmaltoln Will be: · 

The above expression is of order m3 . Th~s order l14fC1ite larg.e, and It 11 desirable to reduce 

the partition search cost by dotng either of the followtng two things: I- red'uce the cost of file 

cost estimation by evaluating partitions In some other manner, or 2- reduce the number of 
- . 

; ·"-

file cost estimations by cost estimating only some of tbe partitions~ at each step of 
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the heuristtc. The next seqion will tnvesttp,te_tfle, ... tbllq of .cost ~Met.ton by emp1oyjng 
' '- ' •, '. ' . ' . -· . . : . ' ~ - ' ' 

means other than file cost estimatJort. ~ 5 will tnvutlpte t~ poulb>Uty of reducing the . · .. - .. , ' 

number of partitions that need to .be cost estl,..~. 

Assume we have the partition P • {A1 ,_,_At,}. Define the.Ui-wtse) block attractivtty 

mea.sure .ot of {A1 , .... , A1 ) s P to. be the'• ..tdUcticJn (or ina'eue).,obtalned by grouping 
. . I n 

the " blocks together: 

ot({A11 , .... , A1n}; P) • C(P) - C({A1 ,_ A11u ... uA..,,_, Aa.J> 
' .r ·. 

If cd {A1t , .... , AJ.i}; P) ts positiv~ ~hefl paftltion. P, rnaJ be l~v~ by ~ping A1
1 

, .... , A" . 

If o1:({A1_1 
, .... , A1n}; P) ·is. negative, then·~!'°"P~ {A,

1
, .... , Ala} will Increase Jhe per£ormance 

cost. The pairwise groupi,._ heuristic cost eattmated all,
1
partltions P111 gem1~rated by . 

grouping together blocks At and . Atc of P in the Ith step, and ,e~ t~e partition with 

minimum cost. Since C(P) · was available from the previous ,tep, cost estimating all P11c . . . •. ' . 

. where 1 s j < 'k s ~ 1 ts equivalent to finding •11 tht} b~k ~activities ot((A1 , Atc}; P) , and 
,- . ' , .. 

minimizing C(Puc> is equi¥a1ent to finding the maximum Yf,lue for ~ . .<lA1 , Aic}; P) '!¥here 
. ' . .-. :' 

l s j < k s Mi- I . . The two blocks A1 and· Ate .that .,,.xil'Jllzt ot are then grouped in going 

from the current step to the next step. (They ,,~,crquped Qllly ·Jf ot({A,. Aech P> > 0.) From 

this discussion, we see that a step of pairw,lse ·~·~~ .. , be viewed as the process of 

finding _the pairs of blocks in a partition with ,.xin'MJm attractlvlty. . 

In the previous section we noted that_ one way the pairwise pouptog heurisUc may· 
. ' 

be made more efficient Is by refraining from n1e cost _estlmatian. Th~t ts, by computtng the 
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block auractivtty·measure foJ aft pain of btocks-~ resort to Rile cost esttmatton. 

In. order to avoid computtng o<. ;'we tnaftryto'flnd an appnilatma~kMI to it that ts 

easily computable. An approximate block attndi-Yttftnea"1M Mtllt':pottesS tertatn qualities· 

of the (ideal) block attracttvtty measure o<. · tn order to pa...,.. that the outcome of the. · 
. I 

pa irwtse grouping 'heurbttt Ultftg tM':appioibftrit1 till.ir.nl ·Ufi~ M lfit~,~tcOme lisfng 
. ' 

the (ideal) ~tock atttactlYttyfntlsvre (the rea• we till °' ~ NeeJ "**"~ts that no other 

measure can be better than true flit cost esttmatieft). B• we·ctw. a nu,nbet or properties 
--,. .. '' ·~.. ":. ' .. 

that a candidate . measure for t-he app10Ktmati0n • the ~ attr&cdvtty ma.JUr~ must 

necessarily possess 

I- The candidate measure should depend not only on th9 aet or 'btoc:u- ill the partition that 

their attracttvtty ts being ~. wt atlo '*' · ~ ttie rtlt :fit 1fte attttbutes are 

blocked ;n the partition. That 'Is, ·ttte _.., * Of blbdts fMJ \have a different 

attracttvity depending on the partitton they are m: BecaWe'~of tlfta, ,w just 'cannOt 

compute the attradtvity meas.ure of a pair of btocttl bf' ttMstdertng O...lf the pa~r of 

blocks and their attribute. Rather, attracttvttlel"~st -be compuUd :tn the CGnti!xt of the 

pa rtiUon as. a whole; ~ly. the 'lttracdftty measure of a l"lr ot b10cks In a step 

of the pairwise grouping heu,rtltk depend1·also on the f,anaton rtacfM!d at that step. (If 
. . 

this were not the case and the candf~t-~ depeftd8d ofttyori ~tie patr of blocks, 

then it wm become posslble to redtsttlbUte the~artbuta lit tfM Ri or·the blocks such 

. "' .. . . . 
that the ideal measure thanges and ~Of a different alp aigntfytftg that the pair 

· I . . .c 

of blocks have become attractive or unattractt.ff~ while the cat.ltetate measure remains· 

unchanged.) I~ is for this reason that the ~c:ttvlttel compute;ct tn a step of thi! 

pairwise grouping heuristic car:mot be used In ftiture steps. 
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2- The candidate measure must be computed by considering ~II queries made to. the file. 

3- The, ca'ndldate measure JhaW.d be.,. ...... to Wack• wtth anr. ~umber of attributes tn 

'f~ It must be possible tQ compute the attracttvltf , of any number of blOcks; i.e.. the 

candidate. measure must be· an n·Wtie attractlvtty , meU.re .. , We need this capability 

because some of the Other heurutb wt' lhiH Conudef require the mutual attracUvity of 

more than two blocks. One might wume.that the attracdvrty of a set of more than two 

biocks can be obtained· by applying the IJ&trwue iriaaurf! to all pairs of block In the set, 

. ; . . . ' -·, - ·. ' i. ,,; ' ' -,\' . ' . - ' - . '. -'' '. ~ - ' ' . . ' ' 
and makll'.'g the n-wt~ measure the sum tOtal or the patrwne measures. This is not true 

, becauw the pairwise ~ttractlvtty lneuan 11 not transitive: .For example. If b~ks A,· 

and. Az are attracttve, and,hkewtse blocks A~ ·~ Aa. we ~nnot ~elude that -It is 

desirable to block A1, A~_and A3 lnto the same block, because blocks A1 and A3 may 

be unattractive to each other. , Even if tt were the case that all pairs of A 1 • Az , and 

A3 were attractive, there Is no reason to aiwclude that all three bloCks are mutually 

attractive. Hence, an approxi~te meuure mult also be an n..;wise block attractivity 

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

· We have considered the attribute slmila~ity ~re of Hoffer and Severance [19] as 

'a candidate for the approximate block attracttvlty maaure. Tfte'pairwtse li~trlbute similarity 

measure of two attributes ·cor .equivalently tWo bloelts.. eac:h contatnlng one attribute) Is the 

-ratio of the information transferred (from secoftcl~ry· stotale: tO primary memory, for the 

purpose of selecting tuples that satisfy i predicate or for the pUrpose of ·projecting a value), to 

the total informaUon transferred from a subfile consisting sOlely of the two attributes (when 
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answering -queries that request one er both of the attrtbule). In other words. assume that the 

two attributes exist by~ tn one sUWtte. Wttena...-,•ttult rietfU!lt one or l!x>th of . 

the "ttrtbutes is mack to· Che \ta.tease, a· .. ,..._ ..... _. ...,_. tdO. ef the subftle's 
' 

s\1btuples will be transferred to primary memory ~1ndtng on~.~ ~tv~y of the 

other attributes Of the query that ha Ye aiready tM!ea resolff4), ~-- m1f a ~ain percentage 

of t.his portion will actually be uaefvl datJ (be.cnse :•. "1t .ar the two~ may further 

. restrict the set of tuples to .the tuples that sattsfJ .~ pndkate ~t!h~ attribute). This 

percentage is the ratio dilCUISed above. T~ u ane ·~ tallo fer .. 4111dt f.JM,1'1 type, The 
. ' . :· . , .. 

weighted average of all such ratios will be the pa~ attribute . ........,.,_ me:asure of the two . . ' . . .~ -· 

attributes (the weight of a query type ts its fr~) .. :From th,is 4eflnttjon we see that the . ' ' - -~ ' , -, . 

pairwise attribute simtlart_ty meawre appttel to_,, ~-of.~•~ ~-each block consists 
: ~ ' 

of only one attribute. (Hoffer (fl describes an extenston of the ~. IJmilarity measure . . ·' ' .- , >- .. ,. .. .,_ , 

tha"t works for more than twc;, blocks, but where ,each .1'1ock $lill <OflltltJ er~ attr~e only.) 
. ,. -· 

The.other problem "'ith_the.attribute aCc:as limllarity meuure if,t~t tt d.QeS not depend on 
• <' • ' '" 

the otht:r blocks in the partition; itjt.tst ~on~.·~ attrlblltes of~·masure. For the 

above reasons, we have concluded that the -~~ .. ~rjty measure of Hoffer and 
• - > • ; -~.: - - - J. ~ ~ : • • • ·' ' • 

Severance cannot be used ..u .an •pproximate ~.'.Of the-.~ a,ttractivlties. 

Considering the above prerequisites for an aefVOXlmate. ~sure. af!d the fact that 
. ' ·' ' . . 

the file cost estimator implemented turried out to be ~ther fa~ in estima_ting the r,rformance 
7 ,,. . '• · •• 

cost of· a partition (the speed of the· file cost esdmato{ ¥ pa~ly due _to the .. ra.t~ simple query 
. . . . ; . ' ;, . . 

evalµation strategy that ~ usa), we decided to •tn. ttte kleal ~e (I.e. the difference 
• r ~ • • • ' 

between the performa~· costs of the old and new .. fJ'rtitkn~) for the.purpose of finding ~e 

most attractive pair of blocks in the pairwise grouping. heurhtic. Using the ideal block 
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attractivity mea.Ure, we hope to bring out the real charamr~ of~ a,t'1tbyte,part•tt~t~g 
. - • . ' . ". - • ' - •. • ·,,. . • -1·",'!. ' _·. '. -, . ' .· • ' 

problem, characteristics that might be blurred ......... ~reel ~-,-,·~,leas than ~?I t:neasure. 
• • •• ' , ~ < •• • - •• : ,. • 

and .has allowed us to;canstclenblJ..reduce.the}'~.t~:~~~~~~!ltJ meawres U:1at 
, . . . . 

need to be computed. The next section •borates on how thu·recluctlon is achieved. 

In the ·prevloui section It :was pointed out that. t.he attracttvtty or' a set of blocks. tn a 

partttiOn ts •lse depefMsanp>ri the other btocb'-ot tf.e ·p.rttdoft: · Ho,.;~er •. In the courie of 

our experlmen~tton. tt was observed that tf blocks A1 and A2 were att~acttve to one 
. . . 

anot~er at a step.orthe pairw,~9'~ ~}Jifln· ... At,·°"nd Aa-~ a.ttractl!e 
.t .. ' . . 

·with almost the sa~ atta:activlty .JIM!fU~ a~ ~·~t~· W.th:.CJl),f1,..~'~tipt~. The 

exc~ion is wh~ either of: blocks A1 or. A1 · ~ -~~,or wtUt. ~ot~r bloc~) 

in going from one step to ~he next step. In.~. Qf tlaf.a~v., ~re •. we. •served 

that: 

·(5.5.l) 

or equivalently that: 

for alt 
and 

)( ~ j, k 
y ~ j,-k 

P1 tc,11y • {A1~ .. ., A1 u Ate. -• A. u A.,. _, Au..2}. It wu also observed:; ~t" the attracttvtty measures · 

of pain of blocks reta~ their re1att9e order (in terms of 6pi'tude) with respect to one 
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~~.-"J'·'m~·,n~ . ........... 
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.. request an attribute from A1 u Ate, then C(P111) • QP) and C(PJ1c,11y> • C(P •Y) and the 
•• <_,. 

query · 1s non .. volatlle. If the query does not request an attribute from A. u A.,. then 

C(P11y> • C(P) and C<P111,.y> • C(P111> and the query ts non~vOlatile. Another necessary 
. . 

condition for a query to' be volatile II that grouptng A1 and ~ should make a 

difference In the processing or the volatile quetl. That ts,·. v•llle query must be 
1 "<I. " 

processed with a different met~ in partition P (or P.J compared to the method It is 
• ..... 1-:. ;~~)· ~ . .- 1~ 

p~essed In partition P111 (or P11c,sy). If thta were not the.~Je and the query's method 

. wa~ the same for both P and· P11p then t~ effect that grouptn~ A. at'ld A., would 
? <'r .. 

have In the cost of processing the query wtft be the same whether or not A1 and Ate are 
~;, .. --!--~ ~--~--~~;,' ·~ ~ 

grouped, and hence. wlll cancel one another out .tn 5.5.1. Thia. wtU cause the query to 

become non-volatile. Therefore for a ·query to ·be· voa.ttle, It must not only request 
:· ,.· 

attributes from both A1 u ~ · and A. u Ay ln its aelectkln component, but grouping A1 
- '. • • ~'~. ·• ~ " : -~ ''; ' • . :·; . : -, ;- c 

and Ats should Influence the method tn which. the query ts processed. From t11is 
. ',! 

discussion we may tonc:lude. that the queries In the database usage pattern are 

predominantly non-volatile. 

To rei~erate, the observation 5.5.1 ts beca~se the qlletil!s; in the usage pattern are 

predominantly non-volatile, .and tr'a...., ......... te be·~. lt·d0es not slgnlficantly 

determine the att(activity -of A11 and A.,. 
.· J.·" 

Observation 5.5.1 has a number of i~nt .t~ttons. First, It says that the 
. . . . ~ .. .' ·.~ : . ; " ... : -!.~ ~ ·1 .! . . 

pairwise attractivity measure needs to be c:ompUted for an pairs of blocks only once,.and that 
. ' ... 1 :. . ~ . ·~ ·, " 

the attractlvtty computed remains valid in subsequent steps u long as neither btocks of the 
... . . 

pa lr participates in a grouping. Second, it ·says that. the a~ctivltin whkh need to be 



i > 

' 

I 

t:~·~~·:-:_- ,}~· ·-:/'-''~'<• 

Cha11e1'1 

1F 'Y#H\~ bhJ(;_Nt · .. · -~- J>.n1i­
.......... l:Ull•. · 

~d i·W!!f, : ::~,;-p 'ftt~~V ...................... 
~' Jr :·,,;H:;~ff~ ~.'H (J1 i';,~~~~ifl(.J;.71 (~~ ~t·.,,. 

•ffWtifl Ill lJ.HJI .... ...., ... : 

' ;'!)~ . 

--~-

brH~~m i\p:my -;;;!'it-bus ~~p.,~~ ~ ~ ~-V~. 
••~hr rjal--. .. :Mlj.it111n1'•1 : :; · ··· 

bhio~ ~l" :tA, •.. . . . ~ t~ ~ fl':~i~ · 
. ~- ..... '.' .. , ..... •. . .. •, .. 

'~:,, .;;.•\ hw; 1A J,::n 10 ~~w.,~~ · 
. ••••· ... n..· Fl I Jfi•Jt. ;_ ,. :, .• , , , 
<~!Jilt ;;,:.~. -~~~J*'"i ~~T ._ .~a~.ftt 1~ ·. 

;i:~:.~~--1·.::;J =·t•~ 
, . : . : : .·· .. \, .;. , , ... : ··:' . 

lri ·._·}. ·;ntq_· 'l.t<:n. ~.~.-· t.i~_-c_~ _.>ill:<•~ .. ~.-·.·~-~-_-··~.-.·.· ... · ._ . .fj ~k::. 
,,,., _, 111• •:•': _111111·•. · .. · ·. ·· · · ·· ,, 

d~~i..j.;;~. , "~ : >h ~-· 
""''"l. _._, n.·1!t_·.·.U_r.~ .. S•·.~.-. ~-''.~'~'~b. •··. ·-··.· ... m , ..... , itb ...... -~·-····· ... > 

......... H!1&9'.1 •••0 ... 9ifl"1IJ.Jjl.rK' 
~ .·. . . -- ->· .' -,_-;< ,· :,''.. ·;·.· 

. ......., JI I P01UI ........ :u u·11··;t( 

~tfl .~~-i~ W~f. .:i.~i:~ r:.TC'lf' ..•........ 
)1m_·_·::;,bi_l$; ,-,,.-~·~Y:oo Jft ........ ) .... ,. 

~tJ~ ~:bo{<d 1~9ft -e.~, 
. ~·-- 'fll!p•lllt1·;· ' ~· " '' 

~!l,. !:1J t~~\,,.n ~f.H~t;~ iiiltM'l'.i~'ft~ . 

·~·····,···--... 

f'~ 

• •.JJ1hlt'4! ir0Jtftl.~11Utllt I . ,.· ._. -- .-· .. _. \ .. 

JI. I 

c ;~ .. 



-- . •.· .·--' ~' ..... 

Chapter 5 - to& - The Attribute Partitioning Heuristics 

·.the sorted _l~t that contain either one or both Of the blocks pUtldP.ting in the grouping. It 
• ~ r' r ... .; .. 

then computes the palrwl1e attractlvity malUl'is between the newly created block and the rest 

of the blocks In the partition. The newly camP"t9d attractl'llty n.asurea are then sorted and 
. . ,_.. ., 

merged. with the aorted list. The most attracttYe pair of blocks II then telected from the top 

of the Ust and grouped for the current step: Tht abov• proceu II then repeated on the new 
~, ; 

partition. 

Our experimentation with the fast pairwise grouping heuristk has been very 
. ' ; -~n.) •,·. 

successful. The. fast pairwise grouping· heurhtlc c:on~tiy produced the same final 
.: ; '· .. -: .~ ' ~ . :.;·~ '· .. 

partition as . the pairwise grouping heuriltk produced' In all the tests performed. 
" . .. 

Furthermore, It was .drastically more efftclent than the· pairwise grouping heuristic. The 
. ·:» .. · 

extent to ·which the fast palr,.111 grouping heurlltlc Is more eff1clent · then the pairwise 

grouping heuristic increases as m Increases and as .the number of steps the heuristic iterates 
~:~. ' 

increases (the two heuristics Iterate for the same nQmber of attps since they produce the same 
,. . " "" ; ~-'.. ' - ~ .... 

final partition)~ In our experiments, the fast pairwise 1rouptng heurlstk ·was. anywhere 

between l.6 to 5 times more effident than the pairwise grouptng heuristk. Because .of Its 

advantages, we have adopted the fast pairwise grouping heuristic lnstad of the pairwise 

grouping heuristic, as one of the two main heurtatlcs of our attribute partitioning ·system. 

6. Other Variants of the Shpwl" 1Unlnd1atlon Beurlstlo 

In •ddition to the palrWfie grouping 'hmrbtit ~lbed above, a ~umber of other 

heurtsttcs were d~veloped and SUbseqttentlj pragnn111it!d' lll'id tetted. We wttt describe the 

following, heuttstics~· · 
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I- the k-partttHlft S-tnri•ttOUptt'l twull*. 

2- . the two most attracuve ,.._ l'DllfAI• 1'•litttt 

3- the trtptewtse grouping heurtltlt, 

1- the binary ._i..,.,., t.u•• 

6- the dOtible attrRNce ......... le•e-. 

7- the single attrtbtlll deg• a 3'•1•1• 1 .... tt-.1~ 

8- thedoubte.-.....,, ............ ~~·· aitnH; 

9· the stngte attrRMM -. ..... ._, ... 

We will also give the ~ ft.ltl flll .,.M blllt •ti .t a. .... • 11'•-•s. to 

that the cost effecti""'8.,...._ ._rtmcta.•111'.fl ... tlf-lllllllM .......... ,....... 

measured agai~t the~ft .. treltl.,...._ .• .., .. ,,f 1111 Rllllw•t ... 19ftll.9alle 

intended as alterna~ w ti.. $'alt) fJd'"* ,....., ... 1ul•&alm•: • ....., ,,. ... I .... • ~tdh 
i· :.::·· ,· 

degroup b1ocks m sdt ._.,-are mteMRi 119 .,,.,.,., ..... ._ :tilMLM ,._...·.Of 'the (r.st) 

pairwise grouping 'heurtltlc. 

I~ 'J!le k·putttton ,_.. .. _.,.. .... 1•:··1"tdl1tUUll•rc•,•••.._.ef·dle 
'· .' 

· performance ·costs aT~ ·~ and pulld 'tO •ftle W .. ;. :-111•11-utlll ... ·reml•es 'ik 

partitions a~d generattll.atl pe1t1Me11Nll..,..'that•·•·••til._._.., .,...._. 

grouping of blocb. Opt,of61e • of;dfil1*d1n1 .. ,,,...., • ._ -. .1 ... IGlied :nd the 

process above is~· ..... ,,...._.,_..1 ..... ti -.. ••••!••#~-lljfll:r.ion 

palrwtst" grouping "heurtattc ·Whefe ·kce t. ,.. ...................... ~ 
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of the pairwise grouping heuristic. The drawback of thb heurtat1' 11 ltl sea~h cost. whl~ll., Is 
< • ~ -~ ·.: • - • ' ,..,. , i " . -

roughly k times that of the pairwise g~ heuristle. In.!~ of the near optimalUy (and 
• • . ''· - ( I·'- ; ~ 

in most cases the optimality) of the pat~lle g~ tteurbtlc. ~ ts '* J191Sible to justify the . 

addit~onal search ~ost that this heuristic lncun. 

2- The two most attractive pairwise groupa,. ~rttJ~ - We not~ ~n Section f that 
. . . . '· ' , ~ ~ . ' . ; . ' ·': - ': 

. block attracttvities remain relatively unchanpd rrom ~ ;'~!.'~ ~he pa1,-wt1e _grouptng 
• • ' - • ; .• ~ • • • < 

heuristic to another If none of the b.lockl participate In a •~tns·. We _also noted . that .the 
. ' - ,·'. ' ' ••t· " .. :"- ·, 

· attractlvlty of pairs of.blocks retained their relative °':der from !Pt ttep to another. Hence, in 
. - . - .. · ·,. - - . '. ' ·. _., .": '}, - . : .· " - ' ~-- : . 

blocks will be eventuaUy grouped in su.bleJU!l'l., ·~--~ 1fe,tan deduce that the 
'', ... _"i:f'~· . '·. :I. ,., ·~_,~~-- ~·c.~ ,,, .,,,... J , 

two most attractive pain of blocks in a #tP are . pcxl ~~~~ for beinC grouped 
- . . . '. "i· - "·"·, '!, 

simultaneously iri one step. 
ti ...... , 

Having this in mind, the two n,ost a~lve palrw~ .JrOU,ptftg heurt~ic was 
: 'L • • ,, • ' ·..::. ~ 1 ' \_ - . . 

developed. This heuristic takes the top two most ·attractt~ pan;. of b.\oeks and gre>qps both. 
. ·. ;· '•,• , . . - : . ; ~' '• ' ) ;,.._ . - ' ' ~ .. . . - ·' . . -. 

pairs In one step. (If the top two most attraCttve pain of ltlocks f:-v~ a block in common • 
., ~, ." \ "' ' , ' 

thm all three blocks w.111 be grouped in one step~" Each ~t steps. ~kes the partition 
. -. . ... -, . 

of the last step and simu1taneollsly groups the two. QIOlt, a~tve.·palr• of blockS. Crouping 
• "'. ·-, • - r , ' ~·~ • - ~ • < ' '- • • ; ':; • 

th~ two ~t attractive .,airs of b~ks has t~ a'van~ tbat t~ n"'mber of step;s requlre4 to 

get the final partition is reduced by a fac~ of 2. However, tbis hetiristic has the 
,~. . . 

disadvantage that !ls the number-of attractive pa~rs dlmin~.towards the end •. grouping the 

top two pairs becomes too arbitrary a thing to do; . If tt~· nnt ~ pair of blocks and the 
' . :.· :: ... : .· ., '. ' -

sttcond best pair or blocks have any block in carnmon, then it u P911i~ that the uncommon 
' - . _: f" .'.;, ~:..- ~.'. .... , . '/- ' 

block In the s«ond pair ls not attractive to the new block. formecl by grouping the first pair . ~ . ,:· ~ . ' .. ' - ' ·; . 
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(as noted previously .. the ·patrwae,,attNCtt¥ttft ........ a. .,.. ·---•). · Another 

d isad va n.tage with this· heuristk ts·'that . .,.. :tf tt.e· twcrtop patn 'of:-Mlcb· have no .common 

blocks, it •.s possible that after groupolg the n...t bill' pair. - . btock In the partition 
.. ~ ~ .. ' ~ . 

manifests a .greater aura~to tht•...,,c111f1d...,.._. llPJIB&•..,'.af flie,·secand 

best pair of blocks. lndeedr teSts"•'*'•'·ti.e·•~-·"'Ma'111lle ........ grouping.· 

heuristic; produces the same ,.,....,tft;tfie4b ... '.~: .......... ,.;. .... ,,...,., 

heuristic, bu~ later on tt~ and ~w1tiltl ·· 11ia..~ · · 

pairwise grouping heurbtk we·h&vt O.R!Mer.t.·' 1-1i1•...f isllupt·41tPl.ef~~s at 

each step'instead ofpaks of>block$.• lft<thlt ......... , ........ [,'.~~ ..... the 

::··.:.~.:-: : .·11c :·. . , "'· 
partitions· by groupi"I ~- ef blocb .-,t.11•1111 •I........_,._...._,.,....._. 
A nomber of parttt--'.pdblelRI . ._. t.111• ..... ;.-lc,····~:.,;an,·ases. tt.e 

·' . '(;';,. 

The inferior ~;Gfde~:.a,M ••• 1tlr't:• ..... --- or 

somewhat ro0 coarse an~. Fer ..w,.e:aw· ....... e1•:•1ii1erMd:a tetddtree . . 

.blocks. A1 , A2 , and >Aa·•tha(weN••.....,....111111Mdft:.ilrJ11111•·•i~:-ber, but.if 

A 1 and A2 were greupecl .......... ht\a ... ._...,..,...._..,.,,.. ...... 'A~ ti Az (je. 

t.l({A 1, A~}; P)·> o •and .d{A~~At.llPJ >O anrd ..... ._ft.;;..o..·~f-..~AaJI P>sO)~ 
The triplewts~ groupqg heuriltk aho ...... ~ ... , ......... -. .. th.-.-. 11ttract6w 

' ~ ; ~ '~ : ' ·. 

pairwbe grouping heuftsric .,..t .. •IJoft. ,...., tlle•iffl ... pi.ll, ... ;. ..... ,Y .en 



. -. ,._.. 

Chapt~r 5 
· ·: .l· ·.~r: · 

the ord~r of 

The Attribute ~utWonang HelJrAstlcs 

m 

binomiet(m-21+2, 3)· attractAvtties to be ~ tn ~ I. .'..· 
·~.. ._·· :;·. ~. , . _,, .. 4: "';~ ;~?:!~L-~ .... ;'~ .:-1~:·>' , 

-t- The binary degrouptng heurbttc • Thtl heuriltk membles a logarithmk .5'arch. 
. . • • "· ·r· 

It starts with the.-~~-~ ·,pa~, ~ tr~,;,'J -~·~ti~ ~. t~(' b.~.ks . _, that the 

performance cost lmpma. After this ts~. the ~le tr• to divide _each of 
~ '. . ., . : .. ~'·· ',' •" .. >~~~· -« :; . '~·-<,·:_··~~'· ~\~~-~" .... '. .:,,,<f. )~!' ~ (:;- i() ·-~~.: ··-:; ·~i " ;'' . : ' ·. 

the. b~ks ~.~,"~u~~r :~ _ama~ .~,~~ -~ ~ ~< ·~-~~ ~~~~k ls1 ~~,1~.h~ by 

fimttng au ~tt~~~~th,at~f~cluded.~~~~,~~ !t'~_,~ .. ~z~ ~}.~~ ~formance 
. . . .• ., . . . 

· cos~. O;e; ftndt~.;~~ .t·he attributes.In ~"!-~~rt~\~ ,11~~~!~ to, _it~~. '\~:,.ch step, a 

'?aximum of half ot;,~ae _una~~·~ ~~·~"~(;d~;b~~ tt.e. block Jr'~o. a 
' 0 • • ~~ T '•' • '• ' - .. ;- ,,. T 0 T '. ' , ,' ' • , • ~ - o ' 0 > -

0 

separate1 ~-~- oft~~~· A.1t~ ~~--~,,....; ~.;i.~J~.Jhatlt ii log•!ilhffl"· it 

per,r~ ~ite ~IJ· ·~ ~!" to ~~'~ ~~~~i:~, ~ th.t: ert<I· On~. rnay 

speculate that t~ls ~r~lc can_ be uljefUI. for a. ... ~ -~ ·~, 9P~~·· p~rditon 
' • ''.~··,,,,: .--.. ~~ J"• >'f" .; ,_. ,'•, _;'- : ,,'' ~ '~.·- ~.' ; .' ·~·~~· - ,,,.J..,, ,,_,..,,.._ . 

5- The single 'attribute d4!1FOUP .. J'"'rl_stlc - -"1:~4'J~~ _,.~I, J~lth 1~1 the ... : . ·.,, .... ,,,,. ·"' - •',. '. 

_ re~ini!_lg_ heurtst~ ~f~,d~r~~~~eurl~-.~,~pt.,c.tt~~~~kes •~Ilion, and 

separates out one or more attributes from one~ of the Pfrtttlon. .. Jn,,terms of the ~ttlce 
•' ·.~.- « ~"'- ;• ~_-f:. :v,--. . -· ,.~· ,·.;5~. ! •· <' ; !';:.,, ' ' t· -. . ' -

model of stepwise .mlnt~zatton. ~he degrouP.tng h"!f!stiq .~ to·""'-'-' ~P. an edge, from 
'. • • : • ' ",' • ; .-< - - • ' - - - - •• - -.~ • ' : ,, ~ ' .~ • J_ .: • ' • • .- - ' ; • 

a partttion In ~ row~ of the latttce.tot•l,IOt"-" ~ in ~;-~ d,~~IJ, a~ve. ~xceg~ for 

heuristic 9, all the degrouplng heuristics ~re intendecl to be _ u14!1d. to tmpl'.ove upon the 
• "_ • - • ~ · ! • .J ~~~ · ·. · ~ t 5(:'· ~~r:1 " : · -- ~ , .: ~ · · ~ · - - · 

partition. th~t has already ~ arrived at by the process of ~ywtse 1!°"8P,lng._ }Jy using the 
- . -- . _:.:·{:"., . . -, -. - ., ... ~-~ ::::1·~1'.· . 'iV-~~ .... -:f.~"!':'.;:;\- ... ~-: _-. '.;. 

fast pairwise g~ing heuristi~ and the~ ..._lstb -~tely, we .try to f\Jrther 
. ~· ,. • ~ .. ,._-,.,-. ', .• I. ·~ ,., ~?'.'' '}f , •-· .·~.") '-., -;' , '!.··. • . 

· optimize the_ resultant IJ&rtltion. W~ the ~trWI'· ~p .... : ~rtattc and the. degr0upif1g 
' - . . - ,. . , . , . ~ ' . 

heuristics are applied akernately, the process of JirGUPAng •nd,,,~~pt_n~ blocks may be seen 
, . ~ . : . . . . . ". -. ' ' . . . 



,~~~-~IJP •. fllt?J~i~~-.~""·''1.UJ!SJJlll,YJ.,,,.tJ!Alllf!lflJl. llJllJ•J·t!JliiptJ.Jl[JJ JU,!\l!IM!HM"1"fll'{.Jl!)Q!lldUiJ!,li,.~.~Lt~!!! 
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.. 
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• • . • 'I .. • ·.•.·::~~ .it~t£-~~~QNt4 ............. :,,.~.' ~""·~·- ...... 
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··t&t~i .. ~fltftt~~ ~· $~ . 
. r~11e1i.f:ritk~;;iiti,,1V't1iir'·•·\fJ .. 
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Improvement. Again, experiments produced. ~tlve ~~ a~ In non~ of the cases tried 
: ; :; . . • ·. - -. ;-t. .. ~ .. . •• ·~ . ~ 

dtd It Improve on the partlt_lon prod~ .~7 the pa~wlte J""'Pinl heur~ic. 
. . .-- - . . . ,._, . 

7- The. sing le attribute de&nNIP,N-l'fl~( ~r41t~ - This ,heuristic elimlnat. es 
; -. ' . ' : ~ - ( - ~ - ' . ~- . . - ~ ' -

·the drawbacks. of the. previous deg(OQPl"S htur41tia by des~ping a.n a.ttrtbute. fr.om Its 
(. ·;v . • 

block· and ~imultaneou~y grouping it with ariGther block,.~H.ln one step. This strat~y. ls 

based on the _reasoning that an attribute which_ hu ~ ~. falrlfea.rly In.the pairwise 
' '• •' > '.. I -··· • "• 

grouptng process must have ha~ a ~lgh ~tt~v~1 t.n. the ~ .P'-ce; It Is unlikely that this 
. ' • '; ' ·1 ' .• . ' . 

attribute should exist by Itself tn a .rate block. ,M0re tlk~, In the later steps of pairwise 
• ' 

1
•',, ''·· I'< ·~ : • ~;~ •• ~~· i'• .. ,!,> '· 

grouping, it ~. mqre attractive to other blocks that;_ to. Its ~rrent l>lock. Ind~. in the 
- l< ?~..'. · ... ._; .. , ;__ ":;:~·· >' . n'·:. • ;,_,·. ·, "" -~ - -~·-·~ ~· ·: ~ . 

few cases where the pairwise grGUptttg_P,;l:~lt~. wu mlt. opttma~(as compa~~ to.the.opt,~al 
•. - '· .r?-·-; " .o ~ • 

partition found by ex.hau~ive ert'!rne'~~). t"8 aptUnaJ ~could ~~e~been obtained 

from the patrw_ise group~g pafUt!Ot1 bJ .~~, one ~,~ ~'rtbutes: (rom OM block to 
• . ' . . "· ~" ·~. ' ' ' - " + ., -

another. In terlYIJ of the lattice of •ttrlbute partitions. this amQUfttl to a traversal from a 
r. ; " • ~ • ·, ,., • ~;: .' ' 1" '; : ;" c· - • ~ '• :. • • ~ 

p~rtition of one row to ~her .,-r;tttton(~,~--~ row ~!nf~"· ue ~n edge an~ co,mtng 

back down anOth": ed~e. 

The single attr•bute degrouplng-regrouptng heur~ first selects the attributes that 
' " • ' .··'<-;. ': • • .. r"; • ~ : - ' 

reside in blocks of two or more altfibu~ For sue~ an attributes. i~ computes the attractlvity 
' • ,'i; ; • ' - .. 

measure of the attribute with all the blockJ tn the part~ion eJCcept for the block ·that the 
- , ' • . • ·.' '!'.--!°. •· I. , ~ -., :- •' 

attribu~e currently resides in. It then ~lects the~&,ttrlbQte that Is~ attractive to some other 
. , , • . , ·' ~ • • "· ... ~ •. :_ r c. . . ~ , • . , 

block and grQUps it in t_hat block. If t~~ impro•~. the perrorma~ cost over the 
., - . . . .\• 

performance cost of the current partition, the heurlltk ._...,_on th~ i~roved _partition. In 
.. . ' ' - ' >,, - • ,..,_.> . '': ,. ; . . . ' . ,. . ·~ 

the cases where the pairwise grouping partition did not ~lnd~e with the optimal parUUon, 

the .single attribute degrouping-regrouptng heurt.~ w~_applled to the resultant partition 
·:,' '< ' 



Chapter S -·-
of the pairWtse grouping heuristic. mulled in the ........ ~. (Obterve that ir applied 

terminate and return the ...-1-.pa~ •-"~JiflWa;f.j'1e•MJe• *'lfe ..nbute 

degrouping-regrollpiftg Mdflllit!s·--Nh1._1, 1d:.•,.......,1i, ....... U.. 
. •. . .· - '•' .~. ' :· '..· ·:· _:, ~ .~:,. - .. --- \:· ' . '__ )~',.,_ ' ' .. , 

heuristic wa:s apptieti.;ft dtd • ......................... tt , . ·· 

· The rast · pakwtttt ~· t.Url1aa,,..t~ai · lh•iilit.1~."~•:,altlP attribute 
· '' • . - ' . ' ·. " ' • . ' j_" ~~..; ~ <. n . ' , . ~,.· , .- . i .• : : • . ·.., • ; 

degrouping~regrouptttg heilfbtk Us pronn ........ 'Jitrtll tfttr.~.........._ • a ,.- of 

our. inv~stigattons. Cet1Mti11-.dty, w,-. .... )i.'_;,.1,.-t.Dlflnt'.:~ .iJl 

conjunction with the -stngte .U..-. dePoapie.1 .... M'l"MliiillMt1•·-·c3'i•ae . .r·the 

partitioning ·heuristics· fer -..rcetirlbu.tle;fia,.111ft.flal!ftt .~.;.'' c·• ... • :,.~;:1,:, .• ~:· . "J;' '". 
,. . . -

8- The d.UMe atttiitJW dlgnMfJtal;jijiiif iiil l.-1ijk ~~f-11ri.1tt• a...,.. .. 
to.the single attrtbuted..,....tg-tlg1Jb1•~··jifiu~f1t1~:iillltf1flili.•6 it .. -~"·• 

. . . -. ·;,. ··-:.· ·. · .. '' .. ' ~· .... "~·,, ·.,:.:·'.~: .f.;;: ,.;'~·~ .. ;.;,f. ·. ~··, ·:~t'': ."' "·~· ' ·;':, ·~ .. 
_pair of.aurtbutes fl'flmiie ..-t>taet -:l.-,, .... iflllii ..._.. _ _...,_.._.._, ...... 

. r . . 
•• , ''\ >... 

This heuristic ltas th.·:adMntap o.e,······id.Pui-~·heUrbtk 

that · degrouping-regrouping ·any. one of two attrt19.u• In _. .. lnay -· NIUlt tn. an 

improved· parttttOn, WffHt. ~u•ll'l.'iilll!fl . ..::..-.~.tt.·'. ttl1•~·i.~H . ...-· .. ..,,: ~1 
produce an improvement. ·in noneof·our .,.r..-... ,tM"-e nm tlllO'luct. a .atuatten where 

" · • .• ~· ·, .: .;~ • -.0 "· ·> .~\·: ._·~t·.,.~ ·4:·.i~y(· ,1·.$ ~i··~n,t', ·t2'·i;~.f3·f1.' ~~.P Z'1 ·-1 .lr· .. ~;:l·:.N--:·}i}•i;." 
double attribute degf°'ilping.:regrouptng procl..S an illlpro":-"t .wMle .,_.. "lttrtbute 

. ., ~.··~· .; '·.'?•~.; ( .·>f,; ·!:·L· .~Gfi;.~~:&.j: ~~\?t .x ·~J f't $:-PF,, .,f~~~~·.~c::'lz~~.~~~· t'ti;~\. ~.;'~ G'i' }''!f· . 

degrouping-regrouping dkl not produce any tmpro ...... Allo. dtif ..-....c mfHrs rrom 
• ·· "·-..·"t· ., ·., ·:" .... ·~·5· .. '::f· ···t.1y·'.""t~:::-~'. ·1~·~~·'f ·~~ :e(,~f· ., ·if~~4'lfi1{~}:~{~)·n 1, -~· --~~;: ... ·. 

being too coarse, as was the ·case with -~ tliple~ llCIUfkri lleuristtc. If 

, • : • "i-;-'~ -~, _ :.:/::'"·~, ... ~·.-,o.;,'-:i.-··~,.r }- .. ?'::·f«~} ,j'~~i1J·.~'.:{·i~~ 1~'.~r~·~~1J~'.~ .--' :: ,_'· __ :~iJ : .... ·~. · 
degrouping-regrouping· just a imp attrlkteu.beMifldat.ttdl ·1'~ .,.,ftCJt detat that. 

artrtbute degrouptng-regrouptng heurtsttc. 
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9- The last heuristic that we developed and teated II the lingle attrt,bui., ,lJllgr~p'9Jg 
• .. ~ • <.. • ' , • 

heuristic. This heuristk is a. deg~l1S, ~~ In. ~t .it,.~·•: df!IJ~ attributes 
: --.. ', ' J • -. l . • /. . . - ' ,· ' . • 

. . . . - ' 

from, their bloc~s. The 11,..le•ttttbl!~,u~~~ t~;f\lnfll~ Qf.~h 
- :- ,_. : ' _, . ' -. . ' "' . . 

the· single ~tt~~t>,ute d~roupi~:-~fl~. ~f~, ~ '""; .~ .• •'tr*btl" dgr~g . . ,, . - - . ·- ·, 

het;aristic tn one step. and It Is thus su1W'iof,,~:~~J•f~~-W~i~ 1"'1lb\I" t, deg!ouped 
~ • ' t' 

from a ~~k tn.·a st~, ,It may ·be_~fOU~, ~ck "1~" '"'""~locks; or pJa~ in. I~ own 

block: In ~er~ or. the lat~.~ of ~.ttJ1~.te par:~lt-=~}~.of tfte) ~~ reachab~ 1C~ 
. . 

the l~st pa~t! .. i_~ by etth,er.•n up~·-~ ~ce.(to cli~~J·~,~l>gv.e.:J~tr,~tgr0UJJ.4~F,•11 

partitions . that belong to the same n>w, . a~. &IJ Jl•~"-ble. ·l>J J~Jng •n ~~ ~p ~ · 
• ·~~~ •'

0 

• .·-~ < ~-, ,. }i_~ '•1 ':-".:' ' >•' ,,-«'1\~,,l) '~•"- i ,• v• • .~ 

another ~ge down (d0eg~~n~~~r*"1) a,~~~·: 

w_e ment~ prfv~llJ th&t t~ .. ~.~ltfi~ ~mgJ,.r,Wi~ ~oes not. i~i:n . 

out to. be. advt.ntag~s: if -eP!~.,~ the .~•nJ .~ .af'J~e:.P,,irwite I~ 
heuristic; ~ence, If appJ!ecl ~-•: M!CJ'f'I ~ ~.~ ~:J~ MfrlltJc. U.. atngle •Jibute 

' ~ ,- ', ,_. I . - ' 

heuristic. The single attribute ungrouptng heurtsttc Is thus ~nt as a stand alone heuristic: 

It is initi~!IY "'plied to~~ ~e-flle~-~; ttte-~~~~.:,,.ard frOfn 
•) - . -·.. ·-,, . .. . '' - , - .,..... - ··" . ,._._ . . . .. ..,,.,~ .. _, - - ~ . 

the bOttom of the lattice until the optlnal partition or a near optimal pa~ttton Is reached. In 

thts sense. the s~ attribute ung~ heurtltit It ttte tn+etse p..o'&u or the combination 

of the patrwi~ grouping heuTistit with nw·-Stnjte aittbt#e' Cl~ii.g-regrouping heuristic. 

Experimentation wtth this· hei.trtstlc:~·hll PMrart, Wt.' satisf'aaory. In the sn)aller 

attribute :partitioning probtems ~w'~·ctu.e- riU~f~ attri~tel), 'the singte"attrlbute 

ungrouplng heurisrtc ~s bt!eri able to locat! tfte opamtt pirt1tton: 'In the larger problems, 

the heurlsttc:dtd not· perl'orm as·Weilt·ts t'he pafnrue·{~-heut:utlc, ancfresulted In a Jess 
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Chapter~ 

optimal partition . 

. The drawba~lt ott"'•-.•~~M .... ·Ml"'*•••*~-m · 
reaching a locally. ••t~. T .. At 4_,.-4f1M:n .... ..ia ..... '~· M ·_.. IW,p 

. . ,. . .. . . . . - ,.::-'' -.::·~\,,,t:·~ )'"; ,- " "·:-_.. ~--~-~-~--.' ·' \;'. ·<." .-. _" '• ' ,. 

of the heµrlstA~. al! t~-~ m-.tf.llia.Mirlt ...... , ..... ~.--:Wl 

at each step these attribute..,.,,.· .. ~ff!J ...... :*'-41ftwti8dRl •. :W... ll • M 
to assess· ttle order of. ..... * 1• t~ ~ W· ·It "'•'*-:·*'' I. -~~ II _.., 

partition evatuati()ns 

. ~-''~\·~(~·: -:\ .:: :'_----:~·--~.:e~· . -~' -~;;1 

partitions and i;n «tr~ Qf ptrfOrmt• • lt iii ........ 1111>._,_. ..._,...,...fj .. 
' - . . ' ._: . ·. ., . . ! ; ' V":i& .·;,· ·.) .:'.;0·,,J;·n_· ,_'· 

partition. I.e. the dblfftte.·itf_._(lf ~-..... ··#: .. ;•tl"'12-1arai.-•.·WM 
. - ' . '\.,_ - ., •' _. 

:much t1er t th t ~ U. t....,,a-. ii.•• - ..._ k:.~.M·· ,., ~...:.:._ ~ ;_ ,·._..._ ........ tft ·.,.....;_ ... sma . o. e Of.°"" . , . "'-~~"Ill ~9WI~ ~- ~:¥i¥W4•· .. ·""" p«f\IJ' ._ ~ 

. ·additional ~dvantag' ~· t' . ._. .... ._ ........ "ft.-~flltk· ~~;-..R. - ttM •rjv'-' 
·paritttion has over: ·-~-t -~ ftctal u..--.~.:. · 

·i 

The effectiven~ of wr -w.roadl fR.« •'fli4'-DJC• -·~ irt: • -~­

database system can.be f .. lly 'v•~·mlY--~~ '".,,_, . .-:MM•4'4c,_.._'.eJ;.t• 

in an operational setting. ...9"Y•~ it ~I posstt,,JJ:.,~ . .-~ tM9t"11nil of tttese 

techniques by m~~ns of e~~tt~ivn 4'1.' ..... t.~:, · · 

We have_ cond_uct~ an ~~Jve.·~ qi .tff"'lml'J.,.. ••: th4 ·JM•• 
grouping he~ri•ic, the (a,at. patrwbe. ·~--~ .... lJl!I. ._,.. ~· 
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degrouplng-regrouping heuristic. ·we have alto pel'.formed a nUfRber of tests 911 the. other 
I •· :··;; ~~ ~-- '-.~~,;:--. .. ~.~,~;,;j .·'' .. ·:· .,. j .: . ". - ;-

• attribute partitioning heurlltks. The overal l'elUlt for ..ts heurbtic ~s repor~ in the 
.· ':' ·~ .. -. :""'"~~;··' ~,,,_· ,:.,~"'- ·1,1!: '··. ,_. - '. 

discupion of that heuristic. In general. none of ~ attribute, partlttOning heuristics 
.. .. • • .- : .~ . ·. ;:·., ... -f,'t;:~"-·; ~ .. J, '.,;~~ :. ~~ > • ·- - ·_1·. ,- -. -··. . -· 

performed as wei1 as the (fast) palrwtse ~ h9'1rlltle, .. none · '1f the dqr!>'Jp~ng 
:'. : .. J ~ . • - .!-,- ~-·' .-· _ •• _ <--~._· _r;~:t;.·~-:,,/- r ~ ~·-_ ~:--~ _:.;; · : '" ... ' 

heuristics. ~rf~ as well ·~·the '!'9111 ~. ~~~~rtgllJUplng .~e,ur,i,tic. 
, ~-~- _ .. ·"'. -:~ .· . ~. \· ·' .. ,_~ · ... - ; , '. ·. . ·. 

HenCeforth we will coRcentrate an. proYkllng a decaded clel!crption of ,the. experl~tation 
. .. · ·- .. ,. _:,, . .-· ···; ~- i, :\\.- : :~ .. .- :'f'F1J~: L- .;:t:~ {!'; ,.'·:1.f:_ • . ".;i;<; ·" ·.: '~ . : , · !'!-' · 

. . 
performed on our. main heu~lstta af?C1 pnnlde an~ or the rrformance of.these 

._ _. . t~ .:~ .. 1·_. _ r ,· .. ·_,. ~'!;·~j , · ·..,:.,1~!~-r$'~"<'. -,-:;..~ ·:·"'n:c:·,,up, .... ~r-... " · :~. 

h~uristics tn comparison wtth the exhaultlYe enumeration p~u~. The exhaustive 
. j. ! • , ~~ .,_'( - ' ',-1' 2-. ~~'!Jl··; . ./· 1~{~ ?~· =-~-"],.,~ ,,:· .... -

enumeration procedure perfornt1 an exhawtlYe tareh of the ftll 1p&ce or ~ble.partlUons 
,· • ~· _,·7_.;.< ;>:~'f"\ ' :·.- ,,• .' '!;_,;',; '• :~ '"'.\: :f'j~;_,; '',f,7_~ t!i r·,•--,.' • ,.. ' • ; ' ~-.. ~ 

and so ts guaranteed to,~•:~~ t~ ~I pa~ ... ; t~ 

· Each experiment· waa canc:.rnect With aellcttft& an· ~I partttton for ~ ,part.kular 
-- • : -~- -, ,_;_:.-.,:.".~.~-~·--:.·•,_.:· .. -'f;.r""r :-~-·H.-.--.:.'":· --~·v:~~'-t.:, ___ :'1 X t~ .r:·~,,:. ·_;' ~ · :· · · · 

database in the context of some~·~~.,~·~.·,•.!',,~.·-·~~~·. t~"1,>air~mr 
" , _, ~.,·._i :i.."' !-~· ·- ~ ~: •.,;· _ '· - . ~ L ~ .-~~ :3~?:\.. '·' · 

group~ng heuristic and the.~ pairWile ·lf8UINAI heurtetk . -. tried atartinJ ·~ith . the 
· . ~;-i::~-;~>:tl:.Hl~ --'. ·.;' - -F '!. f :·~ .<t ···: .,,J! - -·~ : ~ ' · · 

trivt•l .partition: T~fter.the single attrtbut8 ~~~!'C .~rtst~ was tried 
_ '.,, .' · • ·. ·" :~;" ·, ~ ' • I.':, .f ' • ·' ~, .;' \ .; ~ ·, 'f'{ -; : ~ ." ,'•·, ~ ~ 1 ~ .. ·• ~ . ' ~ < ~ .' ' 

. starting with the resultant partition ot the pat_r_wlle I~ heur~ ·(I.e. the ~Jlrwtse 
- . . , . , - '~/, :, ~""" ...... . -, :,. , . ~·,: .:.~ :~ . . ;-:. ·- ... \J - ;, r - . ,, , : . 

grouping. heurtsttc and the fast pairwise rrwptng ~). 
' -.',;''". . .~;.~-!·':;,- ... ./.~--~ .. · '· 

If the sfngle attribute 
- ' } . ~ ~·· 

degrouping-regrouptng heuristic was ~nt at that point. then the palr~ise grouping 
• • ~~,- ,. ' ~-,· ,1 ;~ ·t:' .;~ ... ,:'. ~~~ 

heuristics were retried starting with the resultant partition· of .the single attr~bute 
f· . . ], ·' 

degrouping-regrouptng heuristic. ·In .addition, mlnJ the echaulttve enumeration . procedure, 
·. ,. , ~; ,, . . ; ' ·~ . 

the optimal partition was found fbr the .,. • of datalJale ~rameters and tl:t,e database 
. •"·::\: :-~, .,. . ·; .... :,• .. , ' . ; ' ... ·. 

usage pattern. 

Jn an operational setting, the usage pattern subml\ted to an attribute · partittontng 
' '~.,( • ,: i;:' -: ~-- i _, ; '\ \" ; ~· ~··1 

~ystem would be based on historical records al database me; tn our nperlments, we. cenerated 
. .,, - ~-./' .. -' ~. - ~ . 
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these patterns ourJetves. · Ntturaly, a full ,_.. el •• •••••(• weuld ·~ 
_f"! 

performing experiments for the fWt ·spettnn. ef.._ .........._._....., ·pattenu; since 

;,_. ·; 1 ,. ·-~;-~ :n .. , - . ''-:, ·~, 

thereby focm on ~~ or t111Np1111li1..t. .. ·•• '"'-._ff., •. 11l1*2rJ thent too 
-;'~-. r'. __ ~'!~·p~) .. 

carefully, we. w~ld .,_.ttaly sacrtftce .. som1 ol:M .__,_...,,,,,.., fll.ew • .-.... 
. · .. , . -- - ,. - _, .. ;··~t ~-:·._·f -~:.',-·.~-~:~M. '11· :··:. ,"f't·~- _::··~ 

procedure .. In ~·we ·Mltted· • the l•lk 14 ... , .. .,,.... ·few wit -nper-. -•----tt. we 

~~-.:. .~,: ~ ·" ~:~r4 ~·: v ~ 
succjnctly characteri1ed a putiatlaT kbtd of ..... p181Dt, ~ ;lllHllNt .... pa~ 

i.· .j.. . . ; ' 

parameters were then wed to drive • Ullp ....... ,,,; rrtlUi:f J l ltUl1t1~··• llatlll:e; it 
,,,, ' 

- ' - ;_ ., ;_ \·.,.f:~~: .<- .:- ._ ,~ -~' r~ ~: n·: ·!~_ .. '. ''.'.. ' . ' 

randomly generated • .et 'Of . iadl.tciua1 ..... lfiJllli11l ........ tttllh~--- ............ 
•. .', .,·1 .t~(l • - :: ... ·<: .. ·· ·,~-~·:::~.\ :~'/r-- ~~} rJ;>: ... 

and then summartz'4thllnt1tauap,_..i tnat;Hiw, ,n.11.,.uulf ..... ,. •• .., wu. 

- . ~ \ i • '1 ' ' : .. ~ .:·~·,·:: '. ; 

in aH Our expe,ittaen&, wt! 'ttan ~ two of • dat1ti ............ fixed: n, tlte 
'") !h:·"· \.. - ' ,·.~~' .'j ·~ l 

number of tuples tn the nte, was .et· to 1oopoo .... s. the ,.. ...... - to 1024 
,, 

words. WI! believe these,flpfts ren. . .,,at - for mt 'fll••.• .,.,,.,..,J nent. tae 
'L ~ ·::~: ;Y~.~~:rr. _ · . -~~~#~:-~.'i.~.-H.t1~jf~;;; ·r:·v.~ :·ri L·'..,.4_.:• 

behaviour of our attribute partitioning S)'steln __.. nat dtffer IWllMQIJ lair pmblans wtth 

different values for n and S. Abo, we are petMilllll • _.. at leut one databaw 
,_; . :-:. j.; 

p<1,rameter without reduct .. the degrees of freedoM tnhelent Ja ..- ,......._ 
.· ·,,,,; 

Th, results of our aperinM!fttatiDn are dipided· ta Tat.lel I titmup 9. Oilr most 

extenstve series of expertments were~· wftlt fllea • .tlud a ... Allta The.~. 
:·t-r :; 1 • ., p:~ I,~ ', 

factor in our experimentation was. the tue ·Gf .,-.., ._ an•atMIR ......... E•en . 
;$_ i' · . ' c ' : ... ;·~~. ' ::·· · . i:c~ · 

for a. file with 8 attribU~. the nmnbef of possible ............ t'lte _. ... ti 41f0 and 
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using the ex_haustlve eRUIJ*&tlon proc:edure·m Qftd the aptilMI partition: for. the problem Is 
., ,•· - ~ ~ . ~ ·~. ·. •. ·. -· ',_··_: ·; ~ .~ ". . :· : ;: . . . . 

a nontrivial task, one that can only be aa.npllhecl with dtfflcu9". For .problems with 
. ' - ' . . ~ - '. . ,:: : ... ·,:·· • .· ! ·- - .. " • 

m > 8, we have not been able to •• the ........_ .,....... p...Sur.e. to verif'y .the· 
•'. <. -~., .. '.,,-:·-::•l' < .:k···..,-r'~ "·>f''-~"::,_~·,·!._:,·1:-:~;,'.' ,···, ... _ -,_,_ ·' 

performance of .our attribute pardtimUng ........._ Hewner, we can. nae~ a number of 
, ' - ·.. ~ ~ ' , , ' .. '"'. I .., - • -. . . 

conclusions . concerning the behaviour el the htu~ . ~ ~ma with 
. ' ' • ' .-°' - 0 ,. , , .· .. • -~ _,;_ ,.;' ~. '. ' • '? ·j·, "{·· ! :.(> ,. 'I 

large m , by 

extending the results obtained from,....... . .,. • s & 
'.; ·; ·r··-. 

Table I shows the cha~ el oar a,er~.llauOn. ~~ .. ~w shows the 
. ';!,\' ':·"- t. : .:.. ; _" : ;.' • ,;.··; '."-'1:. . ·' ~ ' . 

number of expertnwrts carried out for an attl lbule pa~ ~llm •k'9 5, 6, 7, 8, 15; 22, 
: h .• '.,: • - ".·"", ..._ .-;·:~-;/ ' ~ --~· i··,j; ~)~~,: •' ;- ~.;_-·· ~.!': · .• ,.·, --~ 

or !.o attributes. The average number fll c.onjulldiYe .-r lpl a~ the averl!ge number of 
' ·~ . ' If:, ' '. , .. ,, . ' :· ,, ,. ' .·. ' . f" 

Number of Number of Ave-:-~ .. ~-- fJL -!'·~·---·.,. lwttfr .. • trivial 
attribyf1s 1x-.rl .... a of coMiSth'.: OftiiW• ~ ,;ur'woft mt I eerJit!2n cost I 

. . ,,.. ... 
"' 

~· ~: \_; ·-' 

5 10 8 5 1.0 o.:1os 

6 10 8 4 1.0 0.449 

7 14 21 6 1.0 0~184 

8 20 21 10 1.0 0.499 

.15 .. 10 45 19 1.0 0 • .189 

22 20 70 12 1.0 0.122 

30 6 60 26 1.0 0.505 

Table I Characterbtia of the exp1rlments. 
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disjunctive query types tor •Ch row ts ~ aft cohlmns S and if'"'° the tabte. The last 

·ih ' : 1· ._ ' 

column. Qf Table I shows the ~- cOtt .i, die 'trt•1a1 ...... wich respect to the 

. . . ·• .... , ~.;:!f.·: ·' · · v•.ti.t: ~~;-:;; ., wu .,·\,~ . · :»' ,;1'_,,;;;;~qr,k J:.*~'.q ':/,·' ·"' ,/ 
·ont-~rne (unparttdoneft) ~ awl. 11tat 1' lllr ..,.. piill•llil& ...... with a 

. ' ' 

~ . , ·-~, 2<r·~'--~ .,..., .:'.~ 

remaining tables, all colutnn1 superscttptW by T ..._.. tMt tM1fp19 tft tht cetumn b the 
.· .f~.,·., . . · :. " .. _ ~ "), ·i: ·. . : ,;" , ': "\ 

a~erage of. the rlttos with· n.ed: to the Olle6 pat-~ 

Table ~'~how.·•-* Gf •i·~-...... ta•'I .. n.:...-lpattfttOI• found 

the fast p:airwise gtouping heurbtic .~ 1ft d Clf :tile• •••1111hltt• (as indbted tn 

ct>hnnn !'). TM WM" e ·•• -~~-" .... i·'.·••11'~te"tW,.~ltte ' .. · ~·. :"'.; . .,<~~.)f · ~~.~J.~~· '> . .' fJ.,,;;.,,,,j,:'!:•·. ;ft" · •·c;.""~ · ··· 

. pa.-tition was 0.59. Tttet.eura'e&tsMratectonthe•.-.·llrU.,._ Tita....._thelaJt 

. s~p where the ~'auld not tmproft .... Ile .tJt,...... JI .. ,.• the partttiGlt 

found· by the pre.._s .step. 

Number of attributes: 5 
Number of experiments: 10 

Avlr'lia• cost of be•t · ,.._, of .._. ... 
p«t!t1e !!¥!1 l , .!WUrfdc BttJttlr;. 

. ' 
• Exhaustive 

enumeration 

Pairwise 
grouping 
heuristic 

Fast 
pairwise 
grouping 
heuristic 

0:592 

tt.592 2.5 

"/ 

' -~ 
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. . . 
. ·.Tabte.s·a~ ·~~rm .. d'·..,.laltMlwtclJ _•'.••·~ 1.: .. Aja1n In all the 

.. c.~·~,~~: .. ,. .......... · . ..,~ .... :~~·~·~··~··and·th~ 
O '",~ "·"· O :: O ,: • ..... i ·. O 

0 
~ O, • ~~-,;i;• 1.:~ • :~, >-r. O •>!~;'~.· _::!:~'·0'· .. :._"•:' ,~ .. ~ , .. _.: ... ,: O O ' 

~It~-, .. ;••••> . . . ... . ... ..~·. <~:. ,':. :· .. . ~.~' .. j - : .1 ~ .. :.: ·, . . . . . . .... " '.- ...... ''. ...... ~ ' .. 

'.!·~ ~·"~ ~.-~.·..,.~ .. ·-~~,....-~~-~ ~•I. Astncltcated 

· in c.mn ~the pa~ ....... ......... ~: ia.. falt:·,.1"'41114*_,... heurlltk.""8nd 

. . 
· Number of· ettributft: 6 
Numbet- of·..._._..: 10 .. ' 

Exheuative 
........ tton 

.Pairwise 

''°"'""" heuristtc · 

Fast... .·· . 
pairWiH .. 
sr°"'*'t' 
heuristic . 

·o.«M 

O.«M· 

. NulMefr. otr.attrlbutll11 · 7 
Numb9i'of •.~: 14 

NY11ll1rof ...... · ......... ,., 
.·t . '·. r»: ;: ... , i • ~ 1o 1f.~~51 

2.1 o. 

. ;\ : 

0 

.. Awr1p co.I of belt . J. 
NuMber 'ot etepa · Number of ttm1 optimal 

. , ....... , 
Ele'hau1tlve 

., ·~ ...... ; •. cu 19· 
PairwiH 

·,,,,....,., .. 0.119"' 
heuristic 

F•t 
pairwise 

''~•·':; . .: heurt.tic . 

'· . ·fil '... . '\fa{: ,;.:i ..,., ... ,,.,. 

... 

.,. .. · 
·owv· 

_,._ 

... . . 

0 

. 0 



Chapter S 

Number of attributes: 8 
Number of experimer,fs: 2o 

Ewhaustive 
e~r&tiOtt 

Pairwise 
tf'OUping · 
heuristic 

Fast 
pairwise 
arouping 
heurtstfc 

Averaae cost of best 
partmon f2M!Jl ·' · 

0.4657 

Number of attributn: 8 
Number ·of expertments! 1 

Singte 
attribute 
dearoupin&­
regrouping 
heuristic 

Average ~t of beat 
pfrtit'!>n tmmat .. 1 · · · 

0.1999 

·' 

- ·- ,,. •• trPwt1t11•••1·Heerlllks 

~oflf• 

hlvttdl "'" r r ·· · 

. 4.1 

,..,..., .... ....... ,. .. 
,,.. ··• 

., -
i.' 

• 
Table 5b Resutt ti the atngte ·attribute ......... -.uptJ.~J ••c--· ttn·•& 

the optima• partttion' ~r'f at1· but one,..· btllltt ......... ,. ... ·.r::*""'tng the .ltngle 

attribute degroupjng-regtouplng heurtstk to th9 NIUlraat ,.1111•,w* pdlw .. ·~ 

hE'uristics In the· one problem wttere the pal,...1•eupll• .,..llmJldtd'M11'1Mt•·apdma1 

partition. The single llttrtbute degroaptbrng,.... ......,......-..,r.lfJt.t ;pan..,_ 

in 2 steps (where the MCOhd .. dtd not flMf• ... ,.i 111••••;..-atlf01fw~.,. ... ). . . . . . 

The ratio ot the restaltant partttton of the·lingll .......... 1 ... ....., .. ; .. llftlttcto 
. . .. , · · ·, I . . .. c 

that of the pairwtse grouping heurbtlcl .a. u., 'la.~ftttita.l;urae-·'._. .. -,.the the 
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pairwise grouping heuriltics was . within O.ooot of the optimal solution. · (Columns 

superscripted with '2' ·Is the pefrormance a11t With reapect • ihe .pertormafla! cost ot the 
· • .t .. '" -, .. " 

partition f~nd b.J u.:.~1se ,.,,......,~,,~ the pr~-~~---). · 

Table 6 shows the results for problems with "'• 15.· In this sertes of .experiments 

and in all the experiments. with larger m, ttlt.exhaustlYe ~ prOcecture h~~~ 

.. Infeasible (for example,~ .8(15) 1¥ 1.38 • 10'). H~er in al the experiments with m • 15, 

the pairwise groupjog heuristic and the fut cpatrwise grouping. 1'elllstk coincided in their 

resultant partition.' The average cost of the belt partition found bJ the hturistlc was 0.l!J of 
' I . • -,.. " 

,,..~ .. ~ .. : "':: -~:.. " t .. .'. " l . ...: . 
the cost qf the qne-fi~ partJttan for this let of experiments. Abo, none or the degrouplng 

heut'isUcs were- relevant at this Jtage. 

Tables ·?a and 7b .•how the result of lC) ~itnenl& • .,-, m • ~2. In half of the 

experiments. ft. WH f.N•tltle to Imp~ upan the resuk of lft9 palrwtfie grouptng heuri~.tc . ': ··,.- •·, 

(which always coincided wkh the result of t~ .. fut palrwl• g~.,heurlstlc). The . .JlnjJe 
.::-· ·,,· •, ..,,. 

attribute degrouplng-regrouptng heurtstlc waa applied In these IO cases, and ·the ,_...tmn 

Nu~er ,~f attr,ibvt.J: l6 . 
Number of. experiments: 10. 

Exhaustive 
.e!"µtmtr•tion 

Pairwise 
gr'Oupina. 
heuristic. 

Fflst 
pairwise 
grouping 
ht!urlstlc 

Average cos.t Qt best 
. R"MliczA fpynd I 

O.ll&I 

Q.1501. 

Number of steps NUmber of times • beUer ...... ....... ,14ync1 

0 

,,;.O. 

Table '.I ·Result or experiments ·~ "' "' 15. 
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. Number of attributes: ~i2 
Number of experimef'.tts: . 2q 

Exhaustive 
tfnumeratton 

P~irwise 
gtoopi"I 
heurisfic 

f:'ast 
pairwise 
vouping 
hetJristic 

Aver*&•·cost of Net · 
. ptttfttln--~ 

· OJOlO 

0.1010 

Nu·mt>er of attributes: 22 
Number of experiments: 10 

Single 
attribute 
cwgrouping• 
regrouping 
heUf'isttc 

Aver,P eosJ of.1-t 
·. I ptrU\ioh f0¥!3!d I 

,· 

-•· Thf Maa•, ,_..._, ..... Hwrt1ttca 

NUmMtof...,,. 
-,•S'l 

... 

Utt 

............ .,.,._,,,IA .. , '.:,_ 

... 

10 

..... , ............... ........ 
• 

Tab~ ?It Result of the stngle attriWte *tf illf!lftl .... t•l!S ta~u I .... ....., fft • t2. 
. . ,. .., I I ··" 

reached by the ·-.gtf!.attr.,_ .. IOlpllllt ... 11. ,, .......... IOCh thet ftO 

other (pairWise grouptftg fir .,.._,...) hMMk . ..ti ....... ..,. tt. ,,_ *'lfe 

attribute degrOUping-reg~ .....,. ..... ,.. d ••Al•~· :til' 1.t .... Ttie 

performance cost or the ~ ·Mltfd .......................... , ... 

hNristic was on the a¥erage t.M' less t1.- Mt .... "' \1tt ......... llilftUI w•rMtoL,. 

Tables 8a, 8b, and tc ·strew the .,,_. flf i ........ - "'• 30. 1't .._ of' ·the 
,.,,_. ;: i.·~- .... ,. -·-·~ ; .• 

experiments, the single attriMte ·cteg·r.,."l<il•ntlf ... •tt •c tfU .llf1w lO .,., ... lft 



Eim.u.tive . 
. enu.MratiOn 
P#wise 
grouping 
.heuristic . · 
Fast 
pair~.i•• 
grouPfns 
heuristic· 

. 0.30670 

Taltlela 

· Number 'ot · •ttrlhtAn: 30 
NuMber .of .... iflents: 5 .. 

::. . ··_'::." "-':": i""·-J - ··.;. 

Single. 
attribute . 

· c1e1,GUPina­
r•ar~ 
twturistfc' 

Averase cost of best 
•U1t1a1am 1·~1. 

0.9929 

-129-

' 
21.2 

21.0 

The Attribute Partttlontng H~rtaucs 

.. :; ,._..,et« tinte•.•,~tter 
Ptdttito .•• fOynd 

5 

5 

R~;_af"..-r..-.•,~. ~ • 3P~ 
,.. ' ' 

. : . '~ 
·'"° 

. ~ t . ' 

,.,...., Of steps NuMber of times • better 
• ........ _ .... --"'-!t·'.'1:;1'~{ ;45 ,. ..... fw:!I. 

·. 
2.3 2 

Tlible .... Result ol·tfie ............................. tMttr&dc With ... - 30. 

Number of •UrilnJt.-; .. 30 
NuMber of ex~fttsf 2 

~ .... &OttolbeaJ 
e!!1tttori 'foUnct • 

Pairwite .. · 
grouPi.na 

. heurtstic 
Fast . 

. p.trwiMJ 

.··aroupina 
heuristic 

·Tab'- le 

0.9915 

0.9995 

•.:it•~···· 
hfttltll5 ~-

2.0 

,.,..,.,. of thnes a bM&er 
••lttion wn found 

0 

0 

m•30. 
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·. ' - . : ' . -<. . -' -~ . l-_ «°i.,': ~ t _;: '; - . . 

cases where .the ~tngte .attribu&e <Mcrepptna-r_,.,.,,.. Jlilq~~~~ the pairwise 

grouping. heuristks when reapplied statting :Wttt\'* ftn4l.• ,..._ ef the iungwnatttllttlte 
• - ' ·/C; ·; 

degrouping-regroupmg heutbtk. p ....... '"..,.._ wtll •· ._. ... : ...... ftapie...,t 
'I' ·.- • ~: • 

of .0.0005 tn performance cox. .. No et._ ........ Qll!lfN :...,,._:all thec·partltta9t fOiln6 by 

t"e reapplication of the pairwise groupb'I ;~ '.l'~ •IJP4111f*Stripted bJ. 't· ·in 
' ·, ; • A.',<,• 

. . : . : . . . . . '; ,/''; ;·. ;'~ '-~:z.<. ~-'-£: ":'.· • ' 

to the partition found ~the finlle a_...., ................ ..._. tn·Tilble lb. 

Table 9 depicts ttte eucution t• ......_ .. F•·alaf.._..,,..~~ tbe 
. . . . . ~- ~,~-;-~,;.-.-· __ ·-~:;_~- ·<' 

n~mber of par~ittons evaluated ......... •• thie~--• d ·•••:ti•<attte:•··...a..a~. 
• • . - ' •' : - ·. • ; "'" <·. --_ - ~-- "-~>· . • 

The exhau ... ve .,. ... ..,......pr ...... ·Jilli·· •i••··na.41:• ..... ; ..... ·t-inrise 

g·rouping heuristic ha~ a dr:aatiGaly..fower . ..-. T•:1a1t:plftwi• ••lfil• fllmttlttJ;fta4~an 
• .. . ._:->. • , ; . I'>. ~~~' • 

even lower rate of incrate .than the .paif•·g....;_, ...... ~,.-..,_.., ·~ 

required for evaJuaU~k (A~,,'t\!t ~~·'··~1P.M .... Jlf'1111f~IJt{fllNft.r;,~ 

evaluations for the exhaustive •umeraet'on ,,.eedlllre:tl· w111il:M•df.\'W'*"4t ..,.of 'm•, 

for the pairwise grouping heurtstk! 811 the:.._,,.,. -'•'Md'-•4·~~L...,.,. 

heuristic on the or,ier.r ·mi.),Wittt"~•,•1Gt-61&·~fillJ1*"1'~111ttc-ftC19lred 
. ,,_; ·.- .. ·.~:. 

rou&hly 1/5 the .numbfw ~L.partition ••aluaU.. ,.kerl,:bf·the . ........- • ._uaallln 
_:: 

procedure with m • 8. _ This .ts a lipdftcaqt,......,........ ,....tr~ 1frM 

requir~ by a heuristic depeads,both«4" • ._ ... .,\af·...-tmM~nd~....,,on lhe 

number of quer.y types in the uap pattern., ,.,.....,... the~111.a. tiMe·for tl\e':fHt 

pairwise grouping hewbtk-:ts;._, ~1.ef~ •P•dliM"'OtllW~ll.lillk·tf . ......,- t,,,...,,tn 

the magtt pattern and lhe MJUAre ofthenutnb4tr·.iattrlbutm,tn1dle'8te. 
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Exhaustive enumer1tion: 

Number of fMdbJMs 

5, 
·& 

7 
8 
J5 
22 
30 

Number of attribute! . 

5 
6 
7 
8 
15 
22 
30 

Number of ettribytes 

5 
6 
7 
8 
15 
22 .. 
30 

-12& -

·52,. 
203 
811 
4140 
•'1.3&•1l~· 
er 4.!50 • 1011 ..... ,~'~' 

·Av•r••.~;C»f 
edtionf ·!Yj!Utt!d 

l9' 
29 
48 
80 
502 
1521 
3964 

Avereae·number of 
perttttom tytlyfttd 

16. 

21 
31 
44 
175 
lt'1 
791 

The Attribute Parttt~tng Heuristics 

Aver ... processina , ........ . 
.6.a 
28.5 
218 
2212 

. -. 

.A~ea~,~~ssi,. 
.llm! In 'seconctS · 

... -~ .l' • :· • _, 

3.6 
4 .. 9 
14.8 
~.6. 
341 
1334 
5244 

AW,... proeessina 
timt in •R'* 

--:- ' " 

2.2 
.3.6 
8.9 
·15,3 
135 

··3s2 
1099 

Table 9 Execution time statbtks. 
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,l'. 

Th~ result of these experimentJ ma1 ~ .. ..-~at~~ itir ~'where: 

m s 8, both the patrwtw·grouptng htUrtsttc •*''tllie ._ .,..... ... ,...., .... lllln bik touad 

the optimal parUUon tn aH but one case. TM.opainal partition rOuncl· was sJlnmcantly 

superior to the one-file partition in an or ~tte cam latect. IP the one ca1e Where the pairwise 

grouping. heuristics did not find the cipttmat ,,.,....., the partttton that thej fouad was 
•,,,_, ]#!. : 

within O.OOOI of· the optimal ·pattitiOn.' In this' ~ the 'stitcte. attribute 
'·, .. 

degrouping-regrouping heuristic when startinl' wfth tfte. flnal parttttan of the pairwise 

grouping heuristics found the optimal pa~ by the traftifer of cMlt a *'IW·ettttbate from 

one subfile to another. Altogether, for "' s 8 ~~·-:._,;.,pa~ -~-~- ~1111~ 
. " ':.. 7.~.:.-.. . ~ ,., .• : '~ <. '.;, - '. : 

by exhaustive enumeration, the combtnation or a.pattwile .......,... heutistk ~~ the single 

attribute degrouping-regrouptng heuri~tc was aldys Ole to .n..ct ·~ apt~I pa~Uon. For 
~ ';~ ~ ,'.' ·:. •' ' 

problems where· m > 8, It was .not possible to ciJtKdy Vltlfy t~ O..tcefnl of· th~ pairwise 

grouping heuristics by exhaustive enumeratton~ . Mown• ·t.: ...t or t1.e ,...._..tried, the 

pairwise grouping heuristic found a partition th.i no....,. ...,_,.... heuristic ~Id 
~~_;L'.'~ '~· 1:•'J-1• './, .;:._·.~' ., 

improve upon. In addition, the partition found bJ the paJrWJte,,~t ~~ist,ics was . ' , . .,_ . - . . 
.· ·: •. ,,~· ~·, ;:::;., ",c. , ••• ,.,;'. 

a 1w.a ys sign_ificantly st,1perior to the one-file ~ .. , ~- than· hal' the experiments wtth 
,?-..,._, t\'"' '•J.f:;'>;·,;·--i.:~~~ -/~ """ ;._<i..f )1;,' ~--~·:: J' 

m > 8. the single attribute degrouping-regroapi,ng heurtltac improved on the resultant 

partition of the pairwise grouping heuristic; and In these cases, the tmproved· partition 
; 

' '• 

differed insignificantly from the resultant pal1ltlon or· the pairwise ~ -heuristics, 

• -~~. ·'/./: ~~ ,!. 

attesting to the desirability and the near-optlmalM.'f of the pairwise grouptnl heuristics. In 
? ·~1--~'.?1 .. ~ ; ,;1 

the very few cases where the pairwise grouping ·heUristk:s were . .retevaht.io the ·partition· 

found by the stng~ attribute degrouping-r~· heurJltk, the'' corresponding 

; f' . .• , ··1 .• / ~!;-"\~' ~· ·i. 
improvement in- the performance cost was negligible. Aff thb lndtcates that flhe combination 
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(when applied ....... .,) converp .. ., ... ,. •• ~-·~ .~ICll!! 'If ·~ can ex~ the 
, . ;_; ·; . :~.n~ ·. · '!.. ,;·;·~ t• "l .. ~i\~.; .. -. <,.:; ·~; " '')!,-· • " 

r~sults for cases where Ms 8 to the cws where. M~.~,~~.~fn~~J"d,e tf•t the. optimal 

partition d~ not- differ at all or· *'91 nat ...,... ....,.._..., ID petfoft'nance cost from the 

. r~lant i:pa,..."of.•thf''~';~··• "*"";, ·ahifli"*' ,.._rl.tk and the stngle 

attdb• deg'foUl*C ftlto1f*Mg' ~· 

" A. nUlftWOf-.,..._.~~-'mat\"~lt.e.,X~tatlon concerntng 

• . ' .• .. ,..,._,· __ ,·-,I; •. ~·;:c_:J~.' ~ -r~; '• • •. 

· the beltaYIWr.ofitM..,.,... parttUanMt"..- · spedfbltJ~ We comment on 'the following: 

I-

• ~ • ·~) • - > • 

A nu~ or experiMents . ..., perrormed, ~ ~.-~ flld tl'8J•· ~tterns 
. ' ' ' -' '. ~ ~.,· , . .• f ;' - • ; ~ 1 • ,. • '. - -~' • 

that were_ vartatklns·of the·~ ffl,.~ .......... ~, .. ThJt p, we .. t~ the 
,·~ ! ,:.- ~ ' ,;_,; ~ : -:1;:.;~: .::e ·"_., L'.f~. ! ~ •·;:, ''.!- ... . ~<,;J~;' '' ·-~ . ) .:.,' ':;, ' 

database parameters ~ the ...... ~of a~.~.,' ~•n•ed' tJ;ae ..• ,_base 
. . • ·. , '. .. - . ·:'.· . ·:· ~ -~ ~ , . . ':" , "' .. . . - . ?· . r • . _, •· • • - •. , ~ : • . "'• - . ,, - . " 

. -parameters. such as the let of avallllble iftct.C.. ~ .. ~ ,~_."9ntths •"4, a;e~•viUes, 
.. "·~· ' ;•:.' ', • ',,,~ :;.,, ~~"~i;;r -,_>~} :·· ·;.~ r..:~ ",.·' "'!:. _,·;."· ... ,::: ' - . ·' 

or we ch~n~.~ ~~! and/CJl'1~cat~~;P'J' ~ (l_n, an these. v,ar:Jatlons 

the number of attributea, the number of .. ~ and t~, ,,,.,, ~· ,!'4" ker coostant.) 
• • •• ,. - : • ~.. ' • : < .- ',' ~ :·· ~ • ' ' •• ' ' •• ' < .. • 

We then applied. the attrlbqte. pa~lt!f. ~~~~ ~. ~!'le, ,'1'haust•ve 4mUmtfation 
: . . ".··~ /~ ~.: '1;~ ~ d. .. :· ,t_::·.~,f~~:JP,. ~,::;.i: : _, : - - -

·procedure, when ~le) to these va~ .. to.~· flow t"' opttmal partition 
· 

5 
.... - 1 ,. - -~ s ... ; : =-· · ·} , ... ; ~ 

differed form one problem~ another .. ~ .. ~ ~ ~~,.~t.e databa¥! pr~ers 
'.".-: - " '!»:, ... ~~ ~ :, . i"" ~~';- - •. ' ~··· ''• • , ..... 

such as the attribute lengths and. ~!~. lal\ldma ·~~· radl~llJ. did i:aot 
. ~·; - :-~. •-:...!_,. ,. __ :,_, "" .~ .. -~ -,_ .... - -_ -·.»· ~- ~- <· ... 

significantly alter the optimal parttttoft: ·at mmt ~· ... 91' ·~··~ n10vect from one 
' ,.,,·. '';: .>.. " -~···,·,I ·»' ~· ~.:<~·.:i ~ ' ... , ,. » -. '' • ·. 

subfile to another. However, chaflgtftg the ..... ~· auch .. ~~.~~he rrequt!mi1 of.query 
.. ·.... ; t~ '!'·''' ' , .... -·:~:. ·._,,.'·"' ,,.~. ..:; .·:· ~ ,·-»"'-',·' "" ~·.""'. : ' -.f~:. . ,;_ ·' 

types or the compoaWon of the ~ f!' C1'e ,,.,,_, ~Jpa~ IOl'Mtlmes d~a$Utally 
' .· ' "-,_ ' ' .:- - -·. ' . . . . ' "' 

alter~ the optimal partition. Hence k appears that tn,our ..-vtronment, the optimal 
".!!', • • ••• '.. _, 
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partition is men ~veto tht uap ,._,....,. .• ._,,..,...,..to the database 

parameters, and thvs that the usage ~:ii..,. a• #J·1~:;;,1l,1t ;,. the. optimal 

partition than the other pa,.,....s. 

_. ,:,.,· '., 

2- It was observ~ that. ~he t.r111: ~e n~ 4f ......... •••·•·"'.,_ •attritNlte 

partitioriing problem, the larpr,the suWtm ot ... ,~~~ ... •db••s 

were clustered together tn ~ -. 8'bftftl. •.--Ml"'1• --~-1ri.i autl(Uel tn .the 
• - - .-. " .• - --·« - - . . . 

that of. the trivial partition) became closer to the ............ ~ atit." ...... me partition . ' 

>' I ·•· ,.: .·,·. • • • .~~.: • f.";~/~"-;·,~:;~:~1~! ,i'~Jf•,'f~. ~1~4-~_;--7-~~:j1t;~~?•?~;~~:~·~~-,:.in:~~:·. ' 

as the number· of avai161e indices were tncoilli. We ,.... .. tltt following as •1' 
' -,, • <' •,- ·: __ :~;.,. ~--~ •• '>£~ -~·~- \$~ •.• ; )lbJ!~i!-~::.\!7 r~t:~.'·~.--~~~·-tff~;f't"J_ ,'.;.;.·f ·, ·~_:1~:;_,~. 3~:.;~·..t, 

'explanation for thfs obserV.atioft: lt .... attr ... ts ........ tfte: .,.._ will most likely be 
_ _ . · . , ,. : ,, .-:· _ .... _ -~-:; j --,~, ~-- -· ,~£ ,,'J'X.i/~\~J:~ .. ,4v.;)·F~.~j .. ~'f~·~~,~.~-~~ .~.~'\ .~)·1~ ~i5 .. .J:t1 9'!. ~; 
used to resolve that attribute wheft t1M a~ ii rt .. lltlll 11J tt. 111idon component 

.; , , , · ''· , ·~ ·.· :, ,. .. ,,h1~ ,4;:tftkt*' ln }<.~t':f':''ir.· rf:)tJit . ' : 
·of a query. If tt.e·attribUte 'ta not tftdtaed, t• die •ltJute .._to'- NSOl¥.S by etther 

' ' h --'<·.';'\,::.:.. ··~.·,-' ,._~ •+•:::-~·---·~·~·~·i~;~-:-~~-i-~'.·-y,)1.:~t~t;-~_-'-ff~:-5f{~" ·'!ri:~)t.~!, "!~~. . 

sequentially searching or by Uflk-tng,.and any••_......_ ailts With. this attribute· 
· . .· ·· ... ·. .., ::~s;-~? 1 ":::J .,,,.f'! >t'~··~ ~'!f'i'i~<':·-c~·-tt 'to. i~\l«;t,'.'; · 

in its subfile wm also' hav" ·to be retrieved lft Ill .....,. 'l'Ma. wtlt &ncur extra page 
·: • '"; ·•-, l~!·JE"1'. • J$'~'.t: ff;'.~·!· t:;;~(\C~Hi> ~"·;i' ·· 

accesses. Even If the Oth8r. co--exlsttng at&tbute ._,..,, .... the •llictton component 
" .··-:---* .",1-..,,. ;:;·: ; ·~--""·'·:~~~-~~~ ·~:://~~~-i- ··~~·i ~d-~~~iry .. ·. ~~;\ti~-.. --~~1-x~t '~-~"::-- -~-.: . 

of the query, it is alwaya easter to 'link ·to ~ ....... atuauce (from a reduced TID 
· • . . . . • : . .. - . ., , · , . •. . ., ; .• . • ...... i {~"••¢; ~.~· rri~*"J.Q\ ~- '!!if;; ·;;··!"'•'ff;:. tn '.""' ; · . ' 

list) In order. to reSofve It rather t~ft . ......., •rch the ......... a•rtbute in its 
, •· _4 ~· _ .• ·" •• ~~ .. :; :'.·;;.~~~:·~:.~ , .-~;~·'t.~~:t~r .'·'!*·~:~(tr1r1Jvr ::-:riJ ·· .,,r .~.}':i 

entirety or link to it f~ a larger TID list. T....,e. ... ..., an index available on an 
._._ .,' ··t'· ;.~~ .,, {": -.--~ .. ~~··~,:J.}Y·-?-s."-,,7 (.'~y4;i':'~(c,;f_;1':.-~-·i~1~ -t°~~it.f:- ·~~k-'0~~ ·~{~ 

attribute will in most cases ellmlnate the need fw itl ... 111ttal •rcltlc or linking to 
' ·. ~ - ,i .. "-> ~" "- ··" .,··:~:.'f ':.!'f~~ ~;¥t;i;{·%1~r11~. ~}}~,}\~-1~~*r v11;~"(t:t{--: ~·.:1'., ·,-' .".'~"- .'-

1 
:'. .'. 

the subfile containing the attrtWte, and ....._ ......... dle ...,.11 -.cttvlty. of the 
~ ·:--'d'~\if~,:'.it"?i4~'i:.:A1 ~~r:: ~ ... :' ~'So/',~.i.;;r.a~:.:q:OO? -~\~J.. ·;' ...,~· ~,~.~-~! 

attribute to the other attri""*5 in the ft1e. Tlterefertt ......... emwtdbute ID the clustering 
-~" ~' ·;'.~· tt:":.-.lrl?-' }1t~:a:·\ ··£qr ~ t.tfi~~: ... :!t:; 7tf.~ .. ·L~:. "': ~::~ '"'· 

of attributes in the file. This pOtnt wilt a.pin be taken up in s9rztiDn 6.t when we discuss 
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the relative efficacy of the trivial partltloft. 
. , ' 

s.: In Tab1e 8a we·'*' thaMhe·averapt.r rl thepmm.ft·~ by the pairwise grouping 

~rt1ttc 11·not0exactly·the·•rite·11 thattdftht,.:~ ......... heuristic. ·it turns 

Out that for die et tfie eXpittrnents Wltfj' tit• 30. tt'* OutCome of the tWo pairwise 
. ·. ·1 

gt'OUplng· ...,..bttc.~ not~. ·AllfOt.ich~it.u·n«~ ~hat the resuks of the 

two heuriltttl· be dlillr*9n. lft ·seuon ·u·we a\pld'fAf thta ls highty tinproba.ble. . . . ' 

- ' - . ' . -: ' : - .. ·- - 1 '~... ·. - - ·. -

Howner, tt appemn· that this bcailm more ·prdlidtl u' ht. Increases because the 

heurt_. ha•• ftNtetlte for .more .... aftd.the'paihtbll'drattlvlty mea.Ures computed 

·by the rut ,..,_,~~tn:tt.eflr1tsttp'.......,1ess likely to. hOkt as the 

heuristic tterates ftn.: a 11;.p nurittter ·fA· sllpL ·. thts wiftM ~··1n. the .c>ne problem 

mt11ttened . .,.,.,e. ie., a pair of attribUtes. ndt., wh~ pa_rtidpated In ·a grouping, 

. tu med out tO' f)e u~ve ltt die latter ... or the' pairwise. grouping h~uri~tlc. 

Unfort,urtatilf lt-,'ts pr«tselJ ror tllae.~;wttfl'llrle· m that the fast pairwise 

grouping heuristic: 11-.. Meded. 

We hav~ develOped a'third patrwtle grauptng heurtsttc: to ~y thls discrepancy. 
. . 

This heuristic (w fMJ aft It the general palrwlle ...... heurritk) ls a combtnaUon 

of both the pa.;.,.se peupt.. heuftltfC ltld the ta1t pah'Wl~ grociplng heuristic. The 

general palrwtle g~· heurtsttc starta 1'1th ~ trfvtal partltloft, •Rd attempts pairwise 

groupl"f In the ._ way as the fast palrWti.;~ ;'hiurbde does, but only for a 

limited· numbift' Of steps, say k1 stepa. fl'1fe t.ll P'll •IW .,eup&ig heuristic Iterated for 

~n unbounded·· f'tUMiet''Of steps unttl It mutd' not pfoduee. lf'.I tmpn:Wement to. the last 

partition found.) · l"he parttflon that resub after · k1 lteps ls .then ta~en and the fast 

~--------- ----------
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pairwise grouping heuristic is then ......... tO thb partition but only for 1'2 .steps. 

This process is repeated (each time for a liinited::~ of ~•tl-1 '°""' point the · . . .... . ; 
:,.. '·,.;;, 

fast pairwise grouping heur.btic .pqxiuces,a ,. ........ dtaf; .at·:•'"'°' -.rove upon. 

Every.time the fast pairwise groupmg ~·H'-· ,._,,,.._,., ~~iae iattracttvity 

measures of blocks are.~t«I; ,,.. pal~.of~ SJ-.t<UrA•i..-~ in a 

grouping since the "st f~lic;atiqp of ~ r-,~ ....., .. ~-:wua. ha.ff their . . . , . •, 

. . . 

attractivity rneasum r'fl>"1'~~· bl this.,...,., if4'tt-.,~, .• ,~ ~.alYt. they 

a re comparatively smaller dta~ .the nunabtr ·" ...... _...._ ,....,_ heurlltic is 

expected to itera~ ff apPlled to th~.-· ...... f~ d•h"W.11n•F~·like ·the one 
. 

encountered. in the above pl'CJbileln wJU.·r••J••IJ;a.:~ -t.fl·kz,.-. ue most 

effectiv~1y chosen if. ~1 _it. kz ~ ·~ ~ 1. ~ as .tbe ;pnaa :"qf1raa_... pouping 
'j., .·;. ,, • 

approaches. the optimal ·partit'", paJrwiSe .Wac:l ....__: . .........,. ~·smaller, 
' 

_and there is .!l greater chance that .• pair ol blecb ~-. . ........_kl_., .. but 

unattractive in another step. For example In .. P'l,ll!l&·>lV· ,..;,.,_.,. c~ ~. • 6, 

. , ~ '. : ~: ._,. 

heuristic is a combtnattqn of ~he .two •otlflr ·:·.~ 4rnJQ'•" ......._ ts that tf 
. . 

k 1 ,1111 k2 • ..... • 1. then the general.pairwisegouptnj ~•:lie the,.,. as the 
· .. - . 

pairwise grouping. heurtst•c. while Ji "1. il: __ ,,._, ... r~ ta.n the general 

pairwise grouping heqristic.will~.the fast.~ lteunat~ 

We have tried the gene~l pa.,._,~ ~,-.·Jfl'iar,f,..'.'u·problems 
) ... .,.;' 

with m • 30. It always tpund .the wwe pat.tNqA aa ,...,.......,, it.at the paJrwise 

grouping heuristic found, and on the avnp ttt.;c...- .,..,_,_:...,...,. heurtsttc 

required the evaluation of 1168 partitions and took 1596 .a11'Mls of preceumg time to 
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accomplish that. Thb compa~ ra..-., with the patrwlle· gl'OUplng : heuristic where 
Z.,' 

the respecttve flgu.res are Slit,.,.... and DH__.._ The promsslng ttme depends 

on how thlt par•dH '1· kz,._ .:.... . .:•fl!tid.· ·?lie .... k'·~ are chosen to. be, 

the faster the heurbtk wlll be. but the· ..... · the ,.,......, that the partition found 

will qtlnckle With the partitioll found bJ the ,..,.... ,...,... heurbtlc . 

.. 
In the next chap&er we wHI demtbe IR «Mall w ot the expertments that we have 

' . 
performed. We will pr:O¥tcle the._..._ ,._11 a..tllt _. ,.._.. ,aaramecen, and we 

. ";' ~ 

wtll show the sequence ol partittanl ,.... 1tJ ~.~ l"'."Pil'C Mtlrtltkl. The problem 

.we have chosen to elaborate In Chaptlr'. ta the ... ,. ...... wtth "' - a for whkh th"e 

pa irwtse group ... heurbtk:. ctld Rat find the ..,..., ......... 
,.. 

'. 
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CHAPTBB 8 

We have presented the combination of the fast ·pairwise grouping. hMbtic and the · 

single attribute degrouptng-regrouping heurlltlc as· the main. h8urbttc techntque of our 
'. ~ \ '· . '., . 

attribute parOtioning system. We have ~tsO presented a nurftber of other attribute 

partitioning heuristics. Jn Section 7 of Chapter 5·~·'·~,~~~ resulb of a program of 

. . , ~ ., . 

experimentation with the pairwise grouping heur~ the fast panbe. group~ heurbtk, 
:.<.' 

and the single attribute degrouping·regrouplng hiuriatk We aptfhed t~ three heuristics . 
to a number.of usage pattern histories in the context of dHterent dat:abue.••tromrients. We 

also pt>rformed a number of experiments on the other attrtbUee partatonlng heuristics, and we 
",_( " 

r•eported the overall resutts of the experiments tn the pmtoua.chaptet. 'In summary, none of 

the other· heuristics performed as well as the fast ,patrwtte 1r-.mg heuristic; the fast 
. -

pairwise grouping heuristic consistently produced the iame partlttan as the pairwise grouping 

heuristic, while requiring only a f'ractien of tts time. In aft the cases that We test~. the fast 

pairwise grouping heuristic consistently produced either the optimal partition (as determined 

by exhaustive enumeration) or else a near optimal partition that differed· from the optimal . 

partition by te·ss than one percent. In those cases where •he resultant pardtlon of the fast 
' . 

pairwise grouping heuristic ·was nonoptlmal, by usmg the amgle attribute 

df'grouptng-regrouptng heuristic to Improve upon the reaultant partition~ we were ab~· to 

ohtaln thr optimal partition In at most three steps. 
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'·• 

-~ - · · An bample of Attribute Partitioning 

In ord~r that the reader. c:levelop • feel rOr the form and magnitude of the 

.pa~montng probleml that _we have~, and ~he ._riltta used to search for their 

solutions~ ·we. praent an example of an attl ..... ~ .prob-...n In this sectlon along 
; '•'," . 

with the solutton1 obtained bj applJlng an ....... Ot the·a~. JJ'rdtion•ng heuristics. We . . "·' ,• ·:'' . , ·, . 

have Included ~ly 8 attftbutes In· the relation~ thll example (Ill)• 4140), so that we may 

arrive at _the optimal partttton ·by exhauatJve e1111....atton at_ au· poulbtlitles. Th_e attribute 

partitl0nlng problem conJkllred here Is typical_ cpl the ·probllml_we have lotved In._ our work. 
' ,o-£'•. . . ,.'" ' ' • 

. ' 

It ts also an enmple of a problem where t_he llngle attribute dlgrouplng-regrouplng heuristic 

was relevant. 

Figure I shows. tf~e database parameterJ: ~ n, A, S, J1, and 11 •. Figure 2 shows the 
' ·, ::~ 

. . . . 

-usage panern query t.ypei, as descftbed In the CIU'fY type table. The query type table contains 

the frequency of ~h · query type, the connecttvity of the predicates · (conjunction or 

disjunction) in the selecttoft component, the attributes In the lelectton component, and . the 

attributes· in the projeetlon component. The. joint .electtvlty of the selection component 

(although not actually Included in the query type table) 11 ~bo depicted. 

· The results of applying the heurlltta and the eJthausttve enumeration procedure on 

this ·patticular example are shown In Figures·~· The tota,1-~ of processing the set of 

queries; when the file is unpartitioned (l.e,. the one-file partition). Is 1881286 pages (Figure_ 3) . 

. · This processing c0st was cakulated by the flle cost estimator In the manner described in 

Section i.i. Figure 4 shows the partition that results from applying the pairwise grouping 
. ' 

heuristic; .the fast pairwise grouping heuristic produced an Identical result. Both heuristics 
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n • 100,000 

A • {1, 2. 3, 4, 5, 6, 7, 8} The atlt. a( d. refattalt. 

{1, 3} 

s .. 1024 words 

7693 paps ' Then__. or,._ JR Ille rellltion 

Attribute lengths and sekctJvitia: 

' . 
Atg1bote i . &trimle ""Ob L Ntdbul! Mf!ISt!lt • . 

1 
2 
3 
4 
5 
6 
7 
8 

2 
2 
6 

' 10 
10 
20 
20 

FigaN I D1tabaie parameters. 

··.a-­... 
.01 
.1 
.005 
2 • lo-4 
5. 10-5 .•.. .,-. 



;-.,_. · .·"' ~.o_-. · •!-" ,-o. ;'~~'l';:<~O·~':>I,~'":,,.._''~--' ';•
0

•'• 

) , - . - ,_:·. !. . . ! •.; -~ 

.Chapt~ 6 -IS&- · !an EUmple of Attribute ParttUontog 

IOI·· 31 Number or query typea. 

· .. Q..uery types and ,...enctes: · . ·· 

Freguerig Pmlltate ~ ._. ~•· Pt9Jgtg ..... JC!lftt Kl!cttvf$x 

200 conJ. 
50. conj. 
50 conj. 
45 conj. 
25 conj.· 
10 conj. 
10 conJ. 
10 ·conj. 
to c~j. 
8 conj. 
5 . conj; 
5 conj. 
5 conj. 
4 conj.· 
3 conj. 
1 conj. 
1 conj. 
1 ·conj. 
1 conj. 

35 disj. 
11 disj. 
20 disj. 
8 dlsj. 
3 disj. 
3 cftsj. · 
2 disj. 
2 disj. 
2 disj, 
2 dlsj. 
1 disj. 
1 disj. 

[l] 
[2) 
(2 3'4] 
[2] 
(t] 
[3 4) 
{')' 
[3 4) 
[1} 
[6) 
{2 3 4) ' 
(2 4) 

fll. 
(4 5) 
[4;5] 
(8) 
[6]' 
(4] 
[4} 
[l 2) 
[138) 
[2 6} 

. [2 3] 
(5 6 7) 
[6 7) 
[3 4] 
(6 7 8] 
(4 6) 
[126) 
[4 5) 

. [l 2] 

{2'S4tl•1.8] . · 
(4 5) 
t6 7] 
[13 45 67 8l 
fr-71. j 

(5 ·6] 
; tt''4'9)• t '. 

[6 7 8) 
't18J ·'. 
. [1 2) 
(1) 
(6) 
(78] 
(1 23] 
{ti}·' 
(45 6] 
[4 5] 
(5 6) 
[7 il 
l?.45f 78l. 
(4] . 

. :.~ 7).. 
(4 5J 
t78L ... 
U.45f. 
[6 7,•l i' 

(1 2] 
. [~ ~J. 
(126) 
llJ ., 

. (1 2 6) . 

Ftpre I QperJ type table. · 

l.$E-5 
.001 
LOE-5 . 
. 001 
;001 
.001 
.Of 
.001 
1.0E~ 

·2;0£-4 
l.OE.;5 
1.0E-4 
. J.Of:-5· . 
5.0E-4 
5.0£;.4 
8.0E-5 
2.0E-4. 
.1 
.I 

1.0lE-3 
1.00891 E-2 . 

1.1~989~2E~3 . 
1.0990001£-2 
~.2487477~-3 
2:·4999678£•4 
··~~99$ 
3.2997131£-4 
.1()~49998. 

l.Zo91954E-3 
.10449998 
1.0099932£-3 
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iterated for i steps; 

MDL [~).· The ~~.v-c.~"ll;af.~,;t, .. !t,~•-..w ..-~ ~ pa~wbe 
groupi~g hainstic' rt!tultld .tlt;ttle •••• pl ill It ..,,,. _. D _,~,.da ,.,,at"1y. and · . 

required ~e file cost ettimat•efr.M.nd ft.pa1UU•1ti:JWtdfflJ. ;:-

Ql)timal parttUon by a,....,...., .. ....-. ·The -~''f•tm -~procedure (also 
' ' 

pr~rammed m M·DL), f....t·.-tht: . ..-.1 ,.,._.,'. of ,....l~ trJk11 an -tHO 

possibl,_ partitton1 .. The e~haulti~ ......... ,..,..,_ • .,,. re~fhp. ~ vi' CPU 
1,' 1 

time to· gerwrate au ~ ,.. .... w to.Git 1Jl"f-• ~ 1'-~ to arri•e at the 
: ,_. <~ . . . . .; . . . ~· :: r· ~. ·. (/ .. : . . - . 

optimal partition; thtJ .b 2.S 91~fJI maplUl'I .~ ....... -->~,,... ~; grouptnc 

heuristic. 

· Comparing p3 of Ftgu~ f and p4 of Flprt i, we • -~ tn the near optimal 

partition p3. attribute I if grauWCS widl a~ 11• whtle tn tttt',bpelmal partltton 9'4, 
·1: ~ > ~ ~:l.-~~· ' 

I . 

a~tribute 3 is grouped with -•tMM I. :Htnce we. ·"the single. attribute 
I . ,. ' . . 

Cl,egrouptng·tegrouping heurtscr:,; WU tritd on ft'·. : .... ,. a.~ )woclJJCed th~ optimal 
. . . - . ~ ~ .. . : 

I .·. . 
partition p4 Jn two steps and •- ·Jlle naluation er··ff' putlttMI. ·_(The second step belng . . . ' ' 

the te~ to see if the heurlstic ~.,~Oft upon _,,. J;': As may be .,....ved from partittons 

P3 ~~4 P4
, none of the other ~ntuping heurtstiel ... eel to pl tOtlld have resulted in 

I , '. 

C<{{l,, 2, 3. 4, ~. 6, 7, 8}}) • 1Ul286 p .... 

Fi1•rel'.· 
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0 

1 

2 

3 

0 

I 

2 

p4. 

.:.19'7 -

Partition 

p0. 1u1. 121. taJ, f4J. 151. 1•J. m. ran 
I . . . , .... " 

P • ((1), {2), {3), {4, 5},'{&), (7), {I)} 

. p2 • (flt {2}, (3, 7), {4, 5)~ {6}~ (&JJ 

,,,. • t.o. 4, e1. m.·;r3, 11, 1n tan 
no tmprevemem 

Panltton 

p3 • {{I, 4, 5}, {2), {3, 7}, {6), {8)) 

~ • HI, 4, 5}, {2}, {3, 8}, {6), (7}) 

no Improvement 

An Example al Attrtbute Par~ttion!ng 

·~ ~'~J } 

Partition cost" in paces 

OcP'>· 2•4 
c(pl') • 277110 . . . 

(:(pl) •. 212·447 

' '«.,., ·• 271840 

Plittt&on colt. in paces 

C(1'3) • 271840 

cc;4>-211a14 

Figure 5 The result of the Single ·~~ ,;.ro_upanJ-r'lrouplng heuristit. 
. P4 ts the opttmal partttton.faunct., ....... .numeration. 

The single attribute degrouptng· heuristic, thed-"le'·attribace grouping heurl~tlc, and· the 

double attribute · degrouping-regrouptng heurtltic · an jriilUml part~ttons with higher 

pt'f'formance costs than p3. 

We ·also tried other grouping heurtlticl atartlhg from p0. The trlplewtse grouping 

• 

------------ ··---~ 
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heuristic resulted in a .paqiUOn f.,- less ...,_. ._ pl . The •·r~ attracU¥e ~trwJse 

··grouping heurts~f f~ ~optitftalp&ttita ~19 ,...._. ........ ,._beenthecase 
. 

that this heuristt(.~kl·RM die......,,~ .. .-...-.~'"· k..,.,....... pairwise 
, -- - - -· ,,, . . ' '. •' . . . . ' 

grouping MvrisCX widl .~ • 3 WU ........ ·•i fl til .. ·;fiJftl(IJa,.· P' • it fwnd the 

optimal partition a.fter ~.evaluatift& -~,CIU.-¥1'.t...-.:*" the 6'7 partttton 

evafuat.iOf'.IS required by tht _.._den tll ..... ,fM\,,,.,.Jl.M:,tJL IPtnc heuthtk pd the 

sing.le attribute degrouptnc-~ ._,.k. ,. ,... wMfta ......... r of attribute. 

the disparity in seardi·to11•¥tti~,~~.---8'~4'f~ ...... 
"¥.": ... ·- - .. ,, .·(· _,,; . . 

. . . 
P

4 when star~ fr°'!' JIM w-ftle ~· TM ............... ti ...._ tn fipn & . 

0 

l 

2 

3 

.4 

5 

6 

po • {{!, 2, ~ 4. 5, 6', 7, IH 

pl "' {{1, 3, 4, 5, 6, 7, 8J, {2t) 

P2 • tU •. 3. 4. 5,·7.,~ (6f} 

p3 - f{l, 3, 4, 5, 7}, ·{2}, f6), (8)} 

. P
4 

- ~u. a. "··st. 121. t•t. {7J, fan 
P5 

- ({1, 4. ~ (2)..(3,&,h.{6}, (7}} 

..,, :~enlfAt 

.. , / 

.. , ........ "' .. 
.. Of'°t. 1811216 

. CCf'1) .. 602891 

.. ~·"'4*'1 

c<P'J•IG6133 

aP4> • 283951 

~--.a7JBt4 

Figure ~ The .Nllflt of the ttngle attr ............. .....,tsttc. 
·, ,. 
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The single attribute ung,....,.. hel.uilijc ,.Ind a iatat fll S2 aecanda of CPU ttme and 
. - . 

t.ermir,1ated after Con.id.ring I07 partttlonl. 

ID .the examp11r·..-•:ecJa1teve,,w·•·thauhe tmaat pirUtton rJiJ tn Ftgure ~ has 

a surprtsjpgty'lowJ•foM_:_.,~..,.,. ..,,._"!IMHlle.,.tttUon ~·ftgure S. 

·in fact,'.&MtrtvtaJ pm;tlU9n.lll.-tr•••pll•·...- ~••••*'J-~epttmal,'4nd for 
-~ ' - . . . -

opt'-lity. of. the .tri•t·,..,.., ·~· VJthiltl ....... :.r1tt. ........ In the relation 

inet'ftsed. We- offtir tile ,.. .... , ........ ~fW,dMlnllitiW'......, ot- th.- .trivial 

(a) Most queries access only a few of the aurlbute. For. every query that accesses a group . . 
~-ti "-."·! pJ : .~· . ·}·~ ~, ' . 

. of . attributes, there are usually other queries that ac:ma a subset of this grou·p of 
~ .. 

attributes (plus ~tbty other attributes) and hence cauae the group to break apart (i.e., 

the subset. of •ttributes becomes less attractive ID the rat of the group). For example, if 

one. query ·accesses attributes I and 2 aftcl another query accesses attributes 2 and S, 

and both have the same<fr......_, .. "t ... 1(d1f•tdtng:•aelll1ectl\lltiel· or·the queries) it . 

is molt tikel\Ultu,a &rtYial ...... itlfl ... ilattrlbulilt' I.ii.•· I ;tlrMOre COit efectlve 

-----.-----------------------
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(b) Jn order that two a<trlbum tie,,.,.,..·~· m die ...... •her have to be 
. ~ :t t'; '• :- ,,•. ~ 

accessed tn the same query. The ,.,.. "1ectne the 4'11'1 Cle. the .,..,. t~ nu~ber or . 

tuples that ~tsf) the query's .prtdt.aW~. ~ 1rta.ter ... dle 84•...,.,..of -~ the 
. . .- · __ ·-. ·,,. ,. '. ·~.~--~ \" :~ .. . . :_, -·~- r_ o~-~J.t ~ \~~l~~.lt~~~~: <.~}~,·.~ ~:. "> .~.::-.. ; .. . 

attributes . .f.f the..,, It fftJ wtlcttn.11 .... dteatttaa1es caw ndtlce the number 

of page acw-. • •·If' •·.-. IJCllHll\ .... .-.-~•• (r 1 I lid •'the attributes 

were not gro...,d~ tMt•e &M ••Jll•• ...ta•$llB 1W1ue,.-, "* , • .,,attraettve 

to one........,., c;:.,_..,., . .,._,. ...,,a;adt1r:1au .. llJ!Rri:.._ t91ttfe,ifd~e 

gaff:ted by ,....,..., ............ ;: ....... '-• 4 Jltiffli...,·Ul••i•llwe dtat 

it r•k~ alldw...-lf·• _...,._ •• .,., ..... ., .... u.,.,"..,_ wtll 

incur no~ ,..e acaeu•,._. ••U1t111 .... ._ llYI_.! ..... '9tum tndude 

no other ~ .. ~1.•l'Mr111h1.,.a ...... :•• 1f11111•1• •• ..... ?fl!IDl";._8'Jfe '. . 

for selecttve;i.'l'lltief¥;tllt,, ...... ._ •••rMt:·~ ... ••t ......... 1.-.ivtty-:.-.g 

attributes whtdt hu been induced bf the aelec8ft....,... . Ott ·the tither haftd.. Nlilld!lff 

queries tncur fewer. page accesses than uttMllC:ttr• ........ w the pertormance cost of a 
,_ ~ '-·1 ",,'.~ ·::'!l· ~. 1~ ·:..,~:":· ;• ~:f;(~' ?,£; __ ~~·,.i.i-

partition iS determined to a rrea• ntent bf un111-.:dv• .,....,, Thut for a uuge 

the optimal partition wlH be clele to .the triYtal paJtittOll In order to reflect the 
·. :;· ... , 

dominance of the unse1Ktlve quertta. 

(c) An attribute that; ts rtlDl...S:b'""""tW1._.....,,.,,,~,~-tnf,fMa~a·'F1D Hst .. 

w,hkh con&aim a tarp ,..,.~.,4',.TIBlt(..._muw•• .. ,._._, .. red tuples 

in the relation) wtH manifest a .. .,,,,........,:'.it,._.etltlr lltrMI•• .of the' file. Jn 

contr~st. an attrib\lte that ~ indexed WiH have a relatt•ely htgher attracttvtty measure to 
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. . 
the other attributes of tbe file. This ts because wheo an. attri_,,ute is ·resolved by 

• . . ' . : ~,. . , . • r"• ·. . . . 

sequential searching or by Unklng from a .!up TID u.t.&Jl ~ values for that attribute 

will have to be retr~ved In their entirety. A~J attribute that may co--exlst with this 

attribute In the same subfile will ·also have ca be retrk.ec1 In Its entirety, even If this 

attribute Is not requested In the query that requeats the unlttdexect attribute. Hence (as 
. . 

we have ·noted in Section &.7), provkUnc lncllctl an attributes wlll contribute to the 

clu.sterlng of the attrlbuta, In the experiments we have conducted (and afso In most 

real databases). only a few of the ,flle'a a~ were Indexed and most attributes did 
' ,~ 

~ot have ~ln index. Therefore for such cues. the trlvl~I partlUon will be relatively 

optimal, since the attrtbu~ that are not Indexed will. be unattractive or· show ·Httle 

attractlvaty to the rest of the attrtbuta of tfte file, and ta-. optimal partition ~m be 

·composed Of a large number of subfiles, each aabflle containing only a few attributes. 

The merit of the trivial partition .hu not been overlooked .in practical database 

design. A variant of the trivial partition tn a non-f1at file implententation of a database ts a 

file organization where the main file consists of records or pointers, in which each pointer 

points to the actual attribute val"e stored in a secondary data area (251 The ~dary data 

· area is separate from tbe main file, and values of different attributes are stored separately. In 

this m~nner, the attributes are separated from one another into their own exclusive areas tn· a 

way that resembles a trivial partition. Accessing one attribute will therefore not bring In any 

values of other attributes (except for the pointers which are relatively· sh~rt). but will cause 

one ~tra· page access since the pointer has to be followed to the actual data. In such file 

organizations. data compactiOn techniques (Hite eliminating redundant copies of the same 
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attribu.te value) becomes possible, and are often employed to reduce storage (and also access) 

requirements (but at t~e expense of computing time). 
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·OBAP'l'BB 7 

, , 

In thts report we haw ........ u ..... .,. ... ·MluonaJ database management 

system tt.t perter.; ..,.,..te,,........,.., .• i ...... .....,.,"*tdi*'-~· we haw ilbo 

dev~, • ...,.,..._or compatMtll•lflr·M t .. ,.,,. •• fllltllldlifftg Murilttd 'that select a 

Rf'.Rr apdmal· ,.,..._. ·f•; --·~ ......... ,.._ .. .::-J.tP-ttftl ···:·.the t*ltng 

perfOfmance of>.t ... ._...._ ltl *'llf;Xt'*""· W.r,....·:~1ans·for extending·the 

und~dying. cnvi1GNMn& tn·"'orm- to . .._ ~r .. ••c· ....._.puttttonti1g:p·rbb1ems, 
• • > ' 

pa rtlUontng and other phJlkal database destgn ......_ 

: .. ' 

1. 

·There. are numerous illtleS net parameteu that ·111ve : tO; be considered when 

opttmiitng the.phjslaal~·of:a~~ta--llt.a~llX~t. Jn·thtsitf>ort we 

have.addressed the' attt'ibtM plldtlontns··,,.._ lil'tife ctinWxt «• mt:Jdel·or the database 

management sys~ *at·~- ~:;,..,.., ot'tilW)a....._• tt*t we reel are ·.nore 

·impprtant and whose consideration fs ·*litred tn ·onter to' haw a rrieantngrul rood~i of 

. practical database uaage. Two or these parameters are ~Uributtt select_tvtty ~nd th~ blocking 
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of tuples into dlstfel'e' p1111. "'°"""· It 11 piaM,•·...,.• •Wt model of tM 

dat~base rnan•.-nt ·t-1Jtee9' ;a'{ --·lW11"JIWtf:'JIM'•llli'IP '.,..tit ~tng ·the 

complexity of the" attribute partfttantng' ,....~' ................ the need for 

revamping the heuttsaa We aft lftoWft •be ap;1.,.• 1t:• •••A' model ll'I the 

.~xtenHons .. to our ·at,,_. ••et.·•••*•lli'*8wr•1M1ll• .. 1-.r~,_.1•· grouping 

h"'rbtic MU stMl·a. tht-.. • ..,.,:.,.._lflM11~•'.4ltatullMdlf<..._.~.as 

Qf ~t'i~tiofl lpi&ft-\M1~11h .... --.f~l .. Jlllltte_uJ ;.,,. .... paif1!fMle 

grouping.tteurlst~ ii ....... .,.... li:4·11W 1'111t•· .... 11•!;•2 "'"'IM ....,_ the 

QPtimal .-rdU. ~Id ._, •• .,. Mt n""' 1*1*':tli111f'!!_.;*- lll•'l•l•n~ .._. ffw' tMt 
,, ' . . . ' , . . . 

pair of blotµ Wt111*hidlt ...... ~llilt•tpirtf-JJ!llt.lll\frltlflll~'IO·~ 

~Jt,t step (l.f. ;•iala-.:Wd •. 1.6.fld• pn1~-'f* •Ffllt ,._.._, •rtMt,,...... 

grouping heuri~tic. 

One parameter· that would be deslrab1e to tftdude tn oar.,.... II the oftt'head cost 
.. . ,. : .. . . . ..~ . . ~.t~~ .'£'.· -'.:!.t~ \.;.~,~~~r'·---,~~--Y_1_J_*~,,~Q .. ~' ,.,}~i _ ··~ l 

of acct'.sstng a _subfile: WtMn a ..err it'lnadt tO the_da..., ~II wly a degree of 

overhead ·~~iat~ Wtt~ I~....,;'~ fJJrf ............................ opening 

and clQ~•ng lhe,s~cfe.~~-~ ... _..,_,. -~-..._ ... IMlffer 

areas in primary.,,empq,far.~~ .. ~ ... ~._:..........,,j_ft.out 

roodel by having.·~ ~~:: .••• , ... ,.,.,,.. ........ 4111&:. dM:: ..... l ... flpre 

whenever a subftleJS a~-,. t._ ...,. _ _. • .......,.,, 
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of accessing different subfiles and to .differentiate h'!~ ~~ ~· cost for· different 
• .- .• ,¥,•"; • : - .• ' ' • • 

·subfiles. It Is possible to store subftles on a vartety of storage, elev,~ with differing· storage 
• . . • ~· " . . •, i,- . , . . ', 

and ac~ess costs, in order to f'Urther ~uce the databue perfotmance cost. For example, a 

subfile that is not frequently accessed and that r•trea a siplftcant amount of storage may 

· be stored on a secondary storage device. other than a disk. that ftas higher acce$S cost but . . ' . . .». ~- ;, . . ',. ·. { " - ' 

lower .storage cost. Differentiation betWftft the cmt1 of IUbfttel has been the main concern of 

some previous studies ~t· e.ve· •~wect·'•. letal-UtlJ~ :pfetttem In· terms of 

allocating attributes to prlinUJ··aftd, llcelfldary:'..WH1tJ(IMintler tfl ljeffer ast Ellner and 

Severance CHl- and March· and ,.,.._:[Dl> ·W..-,.._poratedtfferentttted subfiles·· tn 
.· . . . 

our model by mattng the< lie,_. ......,.........,., ..... .....,..., ·of pap 'aasses to a subfile 
. . 

by. a factor that refll!cts' the: nfltlq 9Dll ;f!I MC'll1•g1~.,... '!' CM· 1bbftte with l'flpect to 

the other suWila. DifTertnt..,.. .,,._.. rw atbfttes _,. abo ·be lnc1Ucled tn our model 

by adding up tM' storage:Ciltl for adt1&1..,.,_~1ng • •ktnlt of -.1ce the subfile Is 

stor«I on during the - anterqt ....... ...,.,._Ing:~ . 

It would be desirable to have the. system automaticaHy and optimally determine the 

n:partitioning points. Comput ... the repartitic>ntng points should be based upon the 
,' ., ... 

coosideration that too frequent inv~tion of the . partitioning heurist~ will result in 

expending a significant amouJ1t of computational resources· on the search for a marginally 

bett~r attribute partition, while infrequent invocation of the heuristics may result ln degraded 

database performance in the intervening time. bet1'een repartldontng ~ts. Shneiderman 
. . . ' . . . ' 

(33] and ·Yao et al. [98] have investipted the problem of optimally determining 
-·" 

reorganization points for the purpose of eliminating ovttflowl In flies that are due to tuple 

·--------------------------- -~-
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insertion and deletiOn. They ~fso·.,....._ a . ..-•. er ~-;•f*l'POI'· ·we reet 
. -i. '· .-. ' ' - j· ;~~~.;->·.~ "i~ -- ~ t'-~~ ' >:. 

th;Jt their techn~ques ceuJd - dapted ..... ,, .. _ ....................... repartitioning 
-. t.r'·, •' IJ: 

points. 

2. Dlreotlop1. ftE.l'amAalrM.C.llJ\'. ~ .· 
.· .. ' 

Even· tfmuth . .,., inY•ll ..... :el .................. dla *''lWIJ··..-0 :fllW#e 

·comprehensive thllft pro•• -...Sia, •::.hu1b...,. 111111•111•~the;..,...,,.,..._.Wg 

problem within tbe °"'tellt ·of ••ate 111M1D1tf9l1tfl 1.; • .,.. .. ..,,._.wh8eitlWftllllt• 
. - . . 

. fully realiie tha ~- .,: a ........ ~~•rEIDlllf• 1111 Fl f11. ••a.llM't!tau.n . . . . 
. .. 

~vironment t..,. W,tth •Ml't-leJlli-.••d ... : .... 91 p•-.•1111 ............... .. 
with arbitr•ry pn ..,_., ..... ,.,,,.._ •• ~ .... <cu WfllJlll•z~ ~·« ts 

necessary to consider queries that tt_.e ~;fadtl• _,..lfllt~lli._"_,...,_aon er 

conj~nctiom and. disjunctions) In their qualtflcatiarl part. Md ID .which the prtcHcates Of the 

boolean expression contain other comparison operators Mldes ..-lltJ ~s. (Arbitrary 
_, · -,, ·: , __ : _., .. ~~·.'· \ _:.~ ·?.,z~-~ ~-~§1 ~-~-~-;f~.,:!:~~1rt.o{)· -·. -~tn't~$ ;·· ?n<:·~. *t '<. :·, :·' 

~oolean expressions in quenes have been dtahowect tn our,,..... maiftly because of the 

complications that arise in the evaluation of such queries for a parddoned database. Abo, 
... ;· :. ,,-:· ~~1'> ~~r:·-:L '::,,;.7-r:r:~~·f;'J<~~l('HYP.'.\ -'nt~~~tl,;··JJtf~ ,:,!·.S:ii' .;, ;.i-.;"<,:1·!.:_."' 

the consideration of comparison aperators other than equatftJ comlttionl makes the problem . 
. "~ i -1-'i:·'i, :. 11. /~" ;,- -, ~·~· c• ••• ".~:..,•, • ~. r ~~J~~I'' . : '"~-5 

of estimating the number of tuples that satbfy a .-Y CDRltderabty more comp'-. though 

database with. generatned queries has not yet been addressed. 

We ·have assumed a flat ·me physical..,..., ...... of a relatton tn our attribute 
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partitioning system. 

assu~ for tWo reasom. I· For the purpoM or dtta c:ornpactiQn, tn .. orc:ter to reduce th~ 
. - - . , . - - , ' '} .• - • t - Y-::;' ~ ,; ~' -· ; . . - ~ ,. ' .'. • : ' . • , 

amount of Jtor~Je· required to store the~ ~. ~ rnay'be accomplished by 
. _,~ ~~- - .. ~i:;.i ~ '. '··\: .. -~ ~-~ . *- .• _,.- •'· • 

replacing a~trlwte Y~lueJ wtth ~ten:_!~~~ to!~~:~t ~!~r pool ~th~ act1:1al 

attribute values (data enc:ad~). ·~y u~ ~!-' ~. ~ to the: tnfl. of a .varia~le. le"•fh 
. . ' - .. .,. . ' -'; . ._.... . ' - ., . ,. ,,., •' ' . . .. ' ~-· ' ... ~ , , - . . -

. attribute. value (so that the maJdmum ..... ~ ~'~ .... ~ to be. allocated for each of 
·~· ,.., . .- . · - • , _.,1.·.. -L; ·" ·1 ·. · · 

the variable length . ~ttribu,teJ) •. or ~1 ·~~ .. ,..i· the ,...- ~cq~but! value from any 
' o:.· ' ':' - : . : ' - ~ ,. : , • f ',-

.· . . 

number of tuples that contain the attribute Yalue. (n order to .U...tnate ttJ repet.ition in more 
~ - ?>'- ' •. ,,,,; "· ~ -; ~: . ' - . -

than one tuple (u in h~rchtcal organtzataona). ~- For. the purpose or access enhaneement. 
• .: , ___ ,,.,·:.~ -· • • ·1 .. -? , "i~:J-, -~·-, '-:;-z1· ... ,.,, -~·'~ \ 

Atta$ enhancement tn a. nenffat ............ may be a~ by the ehmlnatton of 
~ - • ;··.) - ,· ·_·"t f' ·: :.~· -~, ' -·:· ·'\:.~. ::~:' ~. -, .. ,_ ' 

join operations: <t:e. searches) 'Oft ~la bf '-•tnC. ·hlf+s . tht:t satbfJ a frequent Join 
'.. -... .. - . . -. :· ~- . ... · -: :·;< .. --·. t::L·· JTd:.·:: :·)· . ~ ~- ·. · ~!. . - :. 

. .. . 

operation --explicitly U..ked to·. one another by ,...,..... . We befieve that t~ develOpment of 
. . : . ->· -.. <· ' ,. ~: '. : ;_ 'i 'f'_ ~ - . - ·- ·,,- -. <'. ',· ·.. ·-· • 

attrtbute partitioning heurlstkl for n..ftat file ~· wltl net be an easy task; this 
1 :· .: · • _,, -_ · ·:i:~-~~ :Jrt. . ' ··: 

d i(ficulty ts compounded by the complexity of query en~ tn such Ole organi.za~lons and 
-· .. . . . ·- "'... ' :· ~ . """: '~ - ·:.,_'-' ~ '\ 

by the problems of dertvtng an. accurate cost model of such a database management 
. - ,. - 7 1 ., -:-~. ~ .•• 

environment. Babad (2) and Benner (4) have acldfalld a ltmtted form of the attribute 
. . ; -~i -~ ~;! .:.~.·: ~ .. 

partitioning problem In a non(lat file ll'llptementation of a rela~. Specifically, they consider · 
.. r . . , ~ :. . , " 

the Problem of attribute partitioning .foi file organizations that allow attribute values with 
. . . . ~~ ; • -·- .~ .. - - ,_ -:~~_;:-;;:·J_-·, ~ . -· 

variable lengths, and where not all subcpples are or equal leafth> Schkc>lnick [SI~ considers a 
• , ! \ ' " ' c' ,·< • ~ ::·. ,• '} .•1 , • ~ :·:· ,r~ ·: '• • ~ « ' f • ' 

hierarchical file organ~zation where each node In the tree is an attribute. Page access is 
. . >. • • . ~_.,-~ ; ~. $ !~ ' f 

minimiied by partitioning the noda of the htet:arehtc ftte aC?Jrdlng to the fr~uency of 
- ,_ ·· .- •· .. ~ ,~ -~;<'- -._ .... :., __ ~t; · .. ct_ ·r~-~; j ::" ."":· • - , __ 1~.1. 

attribute requests by queries and according to the posittan of the attribute within the 
., 

· hierarchy. 
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We ha•e confifted .,.. attenuorrr.o ,...-.. of .-.._. ,.-..m,. Attribute 

clustering, as the togaCat extWlon· Gr attr ... : ........ ca~ - ·• tlDfdid .. ble access 
"· . . ., ." . 7 ;· .'.'- · ', ' '-i . '. .·~ . !, . •;. o; ~ ·, ! -- • '_ ~ , )'; ·, 

(and storage) CO.St reducttoft over ....... pUitlm .. ~ .· .. - ' ....... where attribute . 

. clu:steriAg may· 'N!iult ift\Mau : .. lft.ilui11
1llrvitaffliit1•'•i••• ~:~,-::.., ......... •• • 

.. ftighty attradive to both:· •r · . ..d ··~ Mt wMN"c-~'' ....... :,;,., ··--uratttve. ht 

' 
· . .; \_· ·., .·· ·-.- -: . , ,_-:: .-:~~----.:_: \_('' ·;::.-: -/:-~f-7.:+(~~'.Fy-~;.~ :··:, -.. _: __ < 1

. • -: ! 

and tn the other subftt. Wtlh ·93 . hNHt._,,1n _. . ...,., • ...,.. dultertftf catt 

• . • ... . .... 1 . • ~:.~.;.g~*"':'..;~i_f1-:--~ .. ;~~,r~--:: ~ ~- ;~\~ :,,_ .--- .. - :.:'.r:,-,-

are functtonany c:tependtftt en these ,....,.. *"": .... • ;,~ .. • putb1e' .. co replaar 

"unking as an aa:ess pan.·t. .......... ~;~~..;:(4~1 ...... p•--~ ~ ef 
. • _ ~::,- ~- ~:-· , • __ ."1" :r... -·~,::{~\~~;;-~ -:;<,.~~~, f.l'; -~-"'";'' ·-._-z.·_· ~~ · 

attributes. In other words.: fW • WW- suk•pfe?itt....,tD ._.;aw Mtupte tft a sm.ftte. 

" t'.". :· . ... ' »: ~-; t' ·:: \· •':t~~ .. -'! ,· •.. , 

the resu1t oLthe equi·jOtn b ,fi aktgte wbtupte .W. iittwe ei;ut& .. ltef it.e ...... ftlb&uple. 

The COnSeqttenO! Of elflfttnaut,, tttf: iuth ¥ ttmt· tfie,-.,, ..... ...,._ ............ ..,, 
:~_;.~ .; -~- •' .~ _;1} _ _' f 

of the attributes may·~ ~·by ...t..attng ..................... , ltl .ltatn Wei this 
- . , .• - .:-~: -~:.;·i~ff:~_.•_,,-,:~'.-;_;.,., ,_. ___ · l - .·' 

wiH result in considerabte l'«llY"Y llf' .. Ht ..... ~•WI:• au'll'l""tll al the IUW*·become 

unique. But there are mott Jb.a Mdm~ b .. ., _.... ~ .;,._. fina,dtng) that 

.·' : ·' ,,. -"-:' ~~~'"- .>>· '!'!:_'~"' .. ?i.":':'1jq( ~~·.: .. ·:;; ,:·· -· -

primarily considered for ttltt' f'UrpOle' fA .Mcflt·· ..- .-... tt ... ·· OsfMri· DZll censtders a 

primary key of the relation .ts reproduced In each of the subfltea. The ortglna1 relation may 
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then be reconstructed from t~ -,..•·Join of~~~-~ ~.die 1Ubf'lu •. Of1. the,pr•mary.~ey. 

This model may be conlt:rued as a variant of',~ pa~"'C.~"~ the linking acc;ess 
. ' . - . - ' ... ' .. . ' 

path ·ts. repi.cect by. the. equt-join ~_., .me., bf. ~~if!g ~he ps:lmary k'y all 
. ' - ' .'' ' .- . ' . " . . ' , . ' - . .: . 

·subtup1es become unique. each lf.lbfife .hU .. n ·. su~ .. ancl _a M.11*.tple has a un4que 
. ' . . . ·, ~· .... r;,·~~·:'._':·' ·._,-, ·'. ·' ·.·,,t~~:~:-{; ". .. ' - . 

co-subtuple in each of the other aubnteJ. Hoff..- C18J .iso add~ thf p~."9'n of ~ttribute 
• - :' .. ·--.. : .- ' ''. ,_ ·.".; ":1A,; - • ;··,'..·' '.' ...... ~:~::~:_ .. >i~·f£~:, ··:- ··. ~--: '.J ,'. ~~. -·;·-· " 

clustering in a flat' file ·~tattoin or .... ~·~.~ an ··-"'~~r pre>.g,.rn,IJlJng 
-~ -,· <.··· ,-- ·:: ''- .-~·- ';·,,~~.--;_.> :':_ .... ".~ . .!"¥°{tt·- -.',"·._,,,,._ ,•·. • •' . . 

formulatJon of,the problem, tog~~ wtt.h '·~·&"4·.~ •IJOf~JfJ.!,.lt•,so~~l.~,. 
_ -~ ,' . _'t.,~ "~!· • ... ·,. I :··~ , • , ·.,•ct' "·, .·.;~;. i.:·~ ,H_·~-· 1,f,~1'; • ''"·· :, . • 

A problem related \Oj~··pa1~ andL~tth&Ute clustering is Jhetr dual: 

tuple: partttlehmg 0(« ·~: 'J'artlt~ 'WMti th.' Qfej ls patttitoned ··horizontally by 

· tup~.) ·It ts ··wen lmdtilft that tuPf*'aN'.ndt ~· . .,, .. ...,_ 'wtdt ·utt~rm · rtequeniy;_ tn 

· actuai apptkatkWts tt has beift fftq'tteotff:'~'*t"thit 1hi ,.., ......... 'crlsttfbUtiOri rollOws 
. . . 

the "so.;W rute. or··tttumb: 871' 'Tttb' rute \taWI 'tttaf"a)CllM';queties deaf with the mast 
active 20C'·of a·n1e. ~~·eansicfftble'«i:eU:·lhfi~ ~,·be accOmp~lshect.by 

clustering the ~· aa:tssed·iupla ..... ,, ....... hum the infrequently aceesSed 

tuples. In· tts Simplest term. tuple'·parttttonlng la a=rnpllstilcf lfflii flat file Jmplementatidn by 

gr~ping tuples that are a~ toPlhertfttO hOt'izontlt ~··The reason such a subfile 

is called a hori!orttal Rfbflle ll•kafJse the· taf>W. rep~ the file ll being partitioned 

horitontally by its ntWS; {Stmllarly, a &ubftle of &fi':attribute partition may be viewed as a 
I • 

. vertical subftle.) Jn ~pie' partltkftnng, in order t*t' Ute ~icela cost of two· similarly accessed 

tuples be reduced, the tuples ta•w to be' ptacafttt'the • .._page. 'Tuple. partittoning may 

thus be vtew~ as'shuMlng the' nap1tS'atnong t11e· p.ga· or' the1 fl~. placing. similarly. accessed 

tuples in the same page, so that total· ac:cesa alst" II m&ttmlnd: · We feel chat the attrib~te 
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, . -. • -, . ~ • . .,. '.. ·. -. - ~ ' ' • : : f ·)- ~ • .,; ·, 

applied to the tupte ~Ing ,,obtem ...... er·.;· ..-;'~•Ir~ 111pa. involved. ln 
. .· -·. .' . :.-.- ..... '·7·.:_-,,._ ,_.-<,,;~'!.;-i:'.?i- :· ~~(-;.. ~ _,· .' ·. 

practical. databases.~ fttMllllier Of ..... • dire dltl .. .t ~as Wge as 106 . For 
. ~: ~- "._. -·~:~--' . . 7-· { · -~,:~~:cb·~r.--. -_, .:~--; __ ,, .. : :· ,,-~·: ·:~:~.- ::-· - · 

the same reaswn, it .,pttl• ....._ ••dJ ~ • •••·'"''•J111•rtl1n:- heuriltk that 

<~siders each tftdi .......... an a. ,..,,.,..;~·,_nu •. ..,ated _&o the tuple 

, . . _ .. l; .- ; ,_: . -: .,,-· -~ ~-~ .- -:· /·:·1.r~1..s:·::,~...,,·: .:: -;,~'!-~" ·· .>f~ · . :--: 

subfile tn a tuple parUdM t...,... • -·~ (b. lllilld•• ,.p>.. The.....,._. we 

t\ave developec.l ckt 'Mt --~...--r •·f-;llflll.,.tf°l!lt• ,, , ·~'d 1 • 

by the Mxt qµery. In dtt tww:Ufk_Gf IJveM.-a .. 4"t tf~~-la~:Wtt .. ·the 

immediately precediftC ~ ~;~-fa .._J'8'9.,Jd • ..-~,.._..,,,.,...,. no 
, . . .,,. ---

b~king of tuptes tnto.paps •nd thq ·--~·:~f-~*Mfjle -~ U by 

sequentiat search .. TM tteurtatta alJo have ~ ~~,~ -""'~~~ ""**._to the 

order the queries arema•i.4"'dat.a-.,alt(l$t~t~--·ef;.,_~~. 
. . . ·~ . 

analysts t~Jlniques that~ bcltht1" ~ ~~-1·,tb,e~,ancl-13G.CUf.-.. or 

attribute values in querie$~ Statistics g.,._.., far~"""""·"' ~ . .pttlJ,kJIHng must 
' <{ • -

record _not only the attrtbu~ request.,s ~J dJe 9'"'!~ ~:IO Jhe,~,,,taul allO the . .· . . . . ·~ - -

attribute values in the equaUty ce>ndttion predtQ\ISJ~,tta.,,....-Y~:ID .th.i .,...,,, accesJe(I 

tuples may be identified. 
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A slight generalization of tile tuple partitioning ft~tem is to t!'e caM where tuples 

are stored in pages that need not .be~ lt'!-1• .~t ~y be pa!flY, empty .. This 

vadaUon of tuple. parttttontng is even more cllfflcult to IOIYe. but ~7 ... suit. in enh;anced 
, " ,, ., - '., ' 

access performance at the cost of an increue In storage requtrement. Tuple partiti~ing may 
', -'', .;,-.-''·'' . ' 

be further generallied tnto ·tuple cluurtng, where. tu'*" may ~-. ,..tun~antly stored in . . , . .: ' ·.· ~ ·, " 

several pages, in order to reduce ,... a~ (while ~,~ n!Cf':'lrement~). 

A furtMI' genenlhadon Of the putltloltmg ·pa ..... · 11 'the ltybrtd 'ck.stertng 

(pa~ionmg} prebllin where. attribute cltidet·ff'I ' (~tudontftg) and'· tuple dusteting 

·(partitioning) are carried out sl"1'Jlt,,neou11J>· ~ttfthtt•.,,.IMn;'iilte j~',.rttttoned both by tts 

attributes and by its n.iptes spch that each subfile hu a sublet.of the attributes and a subset 
. . 

of the tuples. The subfiles of a hybrid partttiqn need not aH be of the ·same size either in the 

number .of attributes or in ~he nu~ of tuples. One way to ptcture a flat file partitioned In 

a hybrid manner is as a composition of rectangular mosala, with varying lengths and widths, 

placed adjacent to on~ another IUCh that the whole ftle Is covered. The· hybrid data clustering 

(partitioning) problem ts much larger than either the attribute clustering or the· tuple 

clustering problems. For this reason, tts solution requires more powerful heuristics than any 

we have considered. A computationally feasible, yet not necessarily optimal or near optimal, 

approach would be to perform ~ttrt~ute clultertng (parc.ttlontng) and tuple clustering 

(partitioning) atternatefy, in order to reach a hybrid cluster that has a locally minimum 

performance cost. 

Another direction of extending attribute partitioning is to consider attribute 

partitioning simultaneously with selecting other file acceu structures, where the choice ·Of the 
. I 

--- ------~ 
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con~uently -the, ................... - ........ ···- ... 11!1lltcidOll or fiud 
·i 

indices is r~v.ed, the overal ~ ol ltlt ...... ••nrcnn e~t system mtg-ht 
. ; .;·· 

improve when a¢r'lb•pu•ilr .... ..S.._ 1llr1M•- t 11111• ....... MOllslJ. One 

plausible strateg7hw:e iltf»i......,.,_.... ... ., .. ,,, ,nt._...._:uledlon.ma 

stepwise mmiftlji~ ............ Tbe ~i1ne1 U ••GllMAlll*'lf•IFl_ll 1d1 .,,.. 

of indicei. is parUQllarlJ .._ .. _.,a •taillJ< -

• 
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