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A semi—join program is considered to be ‘a stra .'fffforﬁ.’-f ST
c . By Lo . .
. ". . ‘ - - . -

distributed database systém To TR
. ‘ e : \." L "._ .
”“;prpduce such a. strategy for a. general query, heuristics -are,tv; ' C

_”proggss1ng f' query

o

.V,requlred,;'as the problem of deriving an optimal solution is'

Lconsidered to be difficult. This thesgpwpresents a semi ]oin o
X d C “
jprogram in graph theoretic terms.‘-I this framework,<zitij:fl‘f

Tseeks o' improven the semi join program by transforming it

»

~"-'-'-'into 'one- with non increasing -cost i-and,' non decreasing

Sy

':;henefit The _transformation a1gorithm runs in 0(n**3) timEﬂ

'“]where n is the number of semi joins in the program;_“'
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Chapter™i = 5.

S s T INTRopUCTION

A

R % :In a computer network env1ronment, a database may 'b‘e"'

':, (s:.tes). In compar1soj ',,:to j"t'h,e centralized database with

.:remote - acceSses, on ’;. of the advantages of the distributed

s

@ .\ ,\""_databaSe is that data traffic, and hence .' cost '~'o data

'f;'-'accessed mostly froin _'a.-'.."few' particular si.tes.- Shippmg

'portions of a database to where they are most often needed

,"\?-,"f-'wn.ll"'r-educe the coét of data commun1cations Nevertheless,

g
. |

stlll queries that have to reference data stored in more

:.‘than one site. We shall study the problem of constructlng an o

'efficient method to’ ansWer this type of qUery' Th 1s ' problem

. lis partlcularly important when the network is 1mp1emented on

B

'\"ithe pay as- Y°“ ige tLPe °f PUbl ic data nEtworKS.' The obvious S

) {but primitive meth?d transmit \all required data

'from optimal in terms of data communlcation cost AHevner &

: processing operation for a join operation that requires da&’
from two d,ifferent sxtes. It cap prevent some superfluous ’

dlstributed to multikle geographically dlfferent locations RN

"communications, - can /be , much 'reduced In many application o ‘

environments; some portions of the -database tend to "'b'e

'no matter how well the database i 'distributed there : a_r"_e' -

_.':l;'-'dlrectly from varlous s:Ltes to the site where 1nformat1on is e

' needed, and process ‘it there. This has been shoxm to be ar~'- R

'.,Yao 79] 'Semi Join [Bernste1n & Chiu, 781]" 1sa pre—'} o

R e DI
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design of a strategy to, process ,a" query is ;‘-é matter of
' i

oo - . - . R

'--'data from being sent to the result site, thus ',reduoing the ﬂ""'

. l

' cost f datav comx&‘unlcations. W1 thin ‘ t?iswframework the o

-':choices of Semi joins akti the:rr execution seqrrence.

ave addressed this problem ([Hevner &
' . ..

%evera 1 papers

Yao,.79]r [Chiu &_iﬂo,,,eoyf"anA--[yu'et a1.,,'".'80]-)',~ :They f -

e

consbruct query processing strateg ies which are optimal for )

sOme restr1cted classes of qugries. ) Eo'r " a,,j slightly mbre

:5'._ general class of queries, [Hevner, 79] has shown the problem'

’

of" deriving .ah- optimal 'strategy :_is- NP complete. Thus a,::'

"'Zheurlstic approach is necessa ry to deal wi1 \ an. arbitrary;'--;'-

, St et

qgetY- P R ; -

Two algorithms have been proposed by [Bernstein et al.-,’ !

'8'1:] and [Hevner, 79]-, based on differen‘t heurlstics. Let us"'-l.

' deflne a. set of semi joins to be performed gi'n "a,‘ certain."-'- e

order as a semi join program. In [Hevner, 79],‘ the algorithm'f'.'-l'

a

- derives a- set of semi-—;]oin programs which dre . supposed to bej:‘,

executed independently. The communicatlons cost calculatlon SR

B .' . co

) in each program does not take into account the reductlon 1n
- data .‘ as*a result of prior execution of another seml—join 1n

ﬁ a di fferent program. By merg 1ng these programs together and‘f':_-" .

re arranglng them, "a substantlal cost red ion can be.""'

._reallized. A simllar idea is shared : [Bernstein et al.,.'.',';'_'-"',..

. .. " T
' 81]', . who.’ suggest that after a semi join program has been‘_

R

N
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derlved, an improvement can be obtained 'by- 're\‘lersing tw'o

-_.semlfjo.in-s 1n their a executzon sequence The objective off'

[

present .,I\a generalized algorithm with polynon\*la} time- bot;md

to optimlze a given semi ]01n program by converting 1t ihto

another semi- joln program wi th strlctly, lower communlcations

‘cost "This approach will partly oompensate for any lack of

backtracklng capabillty oE the heurlstic which produces the

orlg inal semi join program. The algorithm also distlnguishes

sema. joins that can. ;.be .proceSSed “in parallel without

~

increasxng the total proce551ng cost. It will be ' shown' the

transformed sem1 join program is optimal in some sense. -
9 c .

o

)

: B‘ackgro'und i'nformation Jof ‘.this 'thes1s is conta ined in

Chapter '2,_ which describes precisely ’the model and the

.necessary terms we shall adopt for subsequent discussion. _A_

gragh\"?epresentation of the seml—Join program is” 1n,troduced

algorithm has to follnw and thefr imp'l i'cat'i'on_s." Ch_apter, 5_'.. '
discusses b1nd1ng and .forlg'ing as__op_timi zation_ techniques. It '

: also presents an _.--alg_orithm " which- constgucts .’a».' _qliery'

processx.ng strategy, together‘ with -' a discussion- -pf " 'its

va11dity an tiniing analYSi's.' Chapter 6_: dzscusses .the;"

optimality »{f the transformed sem1 ]oin program. Chapter 1

¢ .

a

1

The remainder of thiSa the51s is organlzed as follows._

"'this'\thesi's 16, to. generali ze thlS idea Eurther and to

.1n Chapter 3 whlch sets up framewo_rk for "optlm 1zat10n
Chapter 4 - discusses the rules that the - transformlngf

N

a

N
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‘_'t_o_-a'coll‘ection of sites whicb' are '."f'u]:ly connect'e‘d‘ 'by-_ a_

N A

c:\omn'\unication" network; that i's‘,{ data, can be transferred_‘l-

%

dlrectly between any two sites. The disjoint'lportion of thé.

(global) database located in each s;Lte is 1tse1f a (local)
2 s |

database and managed by a local database management system\
(DBMS) . Requast of informatlon about the global database 1n_.
the form of a query(ca'n be inltiated L '_ every site. .The

.'.query :can © either be - processed by the local DBMS 1f“’t“ls.

cequipped with a (g‘lobal) data 'dictllonary containing _data

characteristi"q:s. of each local database or be ,sh}nped to a

site where such a data diction'ary is available. In either

case, the 'pjro,'cessing of the query results in a sequence of

'-'opera'tions'ﬂwhich causé data operations to be . performed by

' local DB;?S‘S, ,or _ data to be transmitted from one s1te to

) I o .
operations, the ned/essary 1nformat10n 1s sent to the 51te

a

result site. .-
p . .

For 51mplic1ty, we view logically the global and ' local

databases "as relational databases. A relatlonal dat"abase"-'

)

‘o

-

We assume the database is distributed without?dlerlap

another. At  the ~end of.execution of this 'seq_uence of.-

where the 1nformatron is needed We shall call this site the_

consists of. a number of relations, each .of Whilch‘ is a- two- R

e




e

ifeet Aof distinct attributes..To dlstinguish one attribute‘ -

' l

-fone relation~from the same attribute 1n another relation,~ﬁﬂ}f

sl

O *“,relational DBMS are'

'1:fiexact definitions of

SR

form (R A :Uf S B).-mhe selectiqp operation eliminatesft

S

‘;those— tuples .T “' relation whidh do ,not satisty QenYi{Wl»'”

\1"

, together create another:j.l-

5 ,"

relation and in the process eliminates tupqes whose eptrles’
'fgin the attfibutes' do notU‘Satisfy the Joxn‘ clause.f Thef

:felimlnates those attributes ”1




S N
relation thab are not needed 1n any
} L 7 .

.appear 1n the target 1ist._. ; 'fﬂ:"

o
answer <

assume,- as in most\of the p_pers.previousl"

cited, that the cost of local processing :is nsignlficant ]T

o

'jfw'ﬁ~ﬁj'fﬂ ;7 compared with the -cost of data \cémmunications: and
!
i
|

;o

7.41w & frff model. As a11 1oca13_operations can be first performed to
..‘.I'." ) b0 . (‘ B . »_;--'\'41

L <ﬁ?ﬁ'i minate any superfluous data transfer{"n

,”u-shallliassume

from now on that only one relation resides in each'site and

i the (global) database has as many reIatioqs as‘ number of
| sites.. The qualification of a query now consists'of only
ﬁ_ ’ jOln clauses involving relations 1n two different sites.
Iln féf L There are jolns that do {“Bt correspond t any

clauses the qualification,_but nevertheless are'

query 3 execution of the

N

~ﬁ answer._To find all the 1egal operations,

—-g.i&.n.—,———I\-———J- oA L

/ operation and do’ et 1o

therefore 1gnored.. This assumption .also simplifies thAfJQ




'}where a node in V represents one attribute of a relation inft
fbthe qualification and an edge in E represents a join clause.‘: ‘
"ff}For each connected component in the JG, we assign'a distlnct

‘?Jelabel 1ﬁAn attribute in relation R will be relabelled as R{n .

”5"¢if it belongs to'a'ponnected cqmponent' with“ 1abe1

*f\itransitive closure

. _wo queries are egu-lvalent 1f

:saaé 1rrespective,“o the_ forms-‘

[Bernsteinj; Chiu, '81]7f important theorem

connected

In this fully communlcation- network ;where

2

data' can be transferred between any palr of sites, distance
between them.;

transmissionf"




‘T::fresults in eldmination of all thos

'”'fany entries in the°same attribute of the other relation.‘

hlj;?Semi join of S by R over:A”is a join operatioh of R[A} (i e.’}ifflﬁfﬁf

“*?fthe pro;ection of R over A) and S over join attribute A.; It

o ,resides,iiE;VJ

'iiujrelation R' perform ‘a- ]oin operation of R' and S
'ﬂA{;NThe t

':.'i[”{ N ; e _
(11) amount of data transferred, on the principle_ that gheilkfﬂﬁjsﬂwl7:jf

: e R S
. more;data is transferred the- higher is the ccst Lo Ly

Semi JOin, as introduced in [Bernstein & Chiu, 81], 15:3' B

.....

isubsequent join operation

and S e different“”relations (and hence residing in

?,differentfsites)fandﬂAifsfthe ]oingattribute.,This operation

tuples in R and S whose

7;entries @ﬂ the attributes in one relation are not equal to Tlfﬁ:QU

\f‘

'f‘terms f data reduction, semi Join is “half“ of a jo1n. A;ﬁ;f,z-

M'Qi denoted by an ordered pair (R,fS). R and S are called

‘:ﬂreSpectively the left and right -sides of 7the; semi Joi? .

%Eft ' steps.ff

perform this semi join inwla}fbi

-|’,

T

'iﬂdistributed environment-fl"\"h

B f(i) send entries,

.-;(ii) Treating h entrles received sﬂ constltutingﬁz"ﬁ"




’;L':BOI, [Yu et al., 80] We believe however that the class of
' ml;th' queries o which the procedures are applicable is too

rﬂﬂlfrestrictive in a general

'”#1ﬂxsemi join operations are performed as data reduction tactics hf-:J

" 'f”:ifThe

[ - B .
T T P (i bl st fo ae 4 SU L O Ry < ) ol TG eI by ”
. v e
. b ] »
' " e ! -~
v E - TR 3
- A i - ~ .. "
. - o .
o . Lt 10 *
- . . L

.‘ )
o B

'1fouri model is the cost of shipping the data in step (1) The:xr )

e e Mt v eem e

'57“benefit obtained as ‘a’ result is,the data reduction in ‘S i.ufa.}i}';":;
fstep (ii) As in genexal the reduced S has to be sent to the g ;;"STTH

‘?fresult site for final asSembly (i e. the Join 099r3t1°n With v R
"ih_and projection on the target list), the semi JOin Will be S

'f“pia worthwhile (or cost beneficial) operation if thef,benefit R

ﬂ'fexceeds the cost.,jﬁgfiﬁ

: : ; semi ]oin islsubsumed.by.the join, a semiesh; ,
'?Join iS legal iff the corresponding Join is. As we are only
ifﬁinterested hi legal semi joins,' we shpll exclude illegal .
ilsemi joins from our discussion and from now | :;: seni ]oins '?3,i' E
jrefer only t° legal Seml D°inS:_unless otherwise specified L
,1 :ﬁ? For queries of a certain type, it 15 POSSlqle to derive : n .{
'.5&the: answer by using onl; semi—joins [Goodman & Bernstein,',_;-.',r_-.'-:'.;";"”';"‘E =

”Tﬂ79]. Optimization procedures have been devised for a, subset '-ihfrflii

these

‘queries Which require only sem1 joins [Chiu & Ho, :«fffziﬂ;ﬁﬁ;Vfi

'“Fsystemn;swe: assume that certain

- ,', v.'

\

' '7and all e relations willlbe.shipped to a site for final

5”“assembly of the result;hﬁThe same aPPanCh 155 taken by

5 o

- [Hevner, 791, [Bernstein-v ‘et al., 81] and [Yu et al., 82] ORIV B

described i:_lfi,ﬁﬂg_y

query processing algorithm" OPT_ 33;

. o : IR
R e L S W Y
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L el g e e ="

j?fﬁfli‘hf“L¥f_ [Bernstein et 'al., '8117fb§$f“ semi—]oin program as the

e 79] derives sequences of semi-joins, one for each relation"“

These sequences a supposed be executed in
‘ A A - .um- .

) ”7?f' parallel To facilitate cost calculation, it i convenient

-itth

Both algorithms OPT and GENERAL employ heuristics, andFi

_-‘—'—

.

'their outputs are suboptimal w{th respect“t total cost;ﬂTfF;M

. QJ_ This thesis seeks to design an‘algorithm which”transforms;;rf"'l.

ffri%3ig | the semi join proérém 1nt° a: "better“'one 1h‘ifﬁg |
- h Tower t°ta}.°°5t an‘d-qreater total‘benefit. (Not': R ‘
{{ ; the total benefié'#::j{,éhé'£°tal dota reduction reslltinge}@fffh'
? | from the execution of the semi Joinfprogram, is actua11'$thEL.
. | ; iicost ‘saving 1n the subsaquent shipping‘gi all the relationsig
f‘ i? '%'to the result 51te ) Tf no assumption .iél madc"abouts, héii;

; _'.’..-" - ', .l . 'ﬂ_’ W .y o ', ‘_ S H ! e ',_,,‘
‘fru@¢;,’;j','ﬂj;start up ' cost i comparison to}kthe cost ”.lactuallygEJ

e ‘l" !

trahsmittihg the “useful" data, the reconstructed semi 301nifjf

oprogram has Lf haye the same number of semi ]oins..Theiff',;r-i!;

{;@i'fij = -technique used here is to re arrange the semi joins in_fthefy L

with 1oWer cost, or greater benefit or both The details ofﬁ}l

this method w111 befdescribed in;'hapters 3 & 4

{,..u,{,l.,,‘(_‘,’,",fL




- fxfff; all relations before.‘and after the execution of‘the

L ‘_( \ . " - ) N ' . _-'_: ‘ :
f. . R Chapter 3 ¥ _
0 GRAPH REPRESENTATION oF A SEMI-JOIN PROGRAM ST}

v ', [N : L - ,2

e T e

'?”hf In this chapter We shall develop a graph representation:g'

;E- of a semi join program which will be used as a framework for

‘“iﬁnydiscussing optimization of the semi Join program.‘But first, hfd"hf

let us formally define semi join and the related concepts..l

v \ A " - .;'-,,

‘ .
] 1

Semi—goin of S by R. over join attribute dfi' | Join

operation of R[A] and S over the join attribute A S 1s then f;fff* S |

said eto be reduced by R over Join attribute A. Let the-f;;ﬁf"'

W,

resulting relation be denoted by S' In the context of this

thesis, n' and S reside in different 51tes, and S‘ is found

1

in the same site as’ S The cost of this semi Joinliish'theﬁllp'y T

cardinality fof R[A] ‘ the benefit is the difference invif

.I"'B

cardinalities betWeen S and S' (obviously, S' C S) l“Tsemi-'o‘

Join program is' number of semi-Joins arranged in their

-t .

eXecution sequence. The cost\of a. Semi join program ‘isffthef;ﬂﬁffv

sum the costs of allwthe semi—joins in it, while the

'ﬁ benefit is the difference between the sums of cardinalities f}l'flfﬁV

I . calt

-v

N ,-,I!‘

program...f_=

LR

the semi join program {Pﬁhis: actually a 5 query

3

processing stratng:, which specifies not only which semi—jﬂffffﬁ




R e
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'",jfithe occurrences of thelrelations at’the moment the semi Join f_f'*,i

"‘represents.

T“qin the same sense as the semi Join it-represents.ﬂ That
fiﬂlafter the semi ]oin is executed, (or equivalently, the edge??}ﬁ;rh

'*f?is traversed), the occurrence 1n the preceeding node of é;{gg 5

'”-fedge does not change, while the succeeding node represents e

represented by different nodes. Each node in the graph then

by the end nodes of the edge, and is given a label which

we shall call the graph representation jdf ﬁf' strategx- j?

graph We shall explain in detail what we mean by a stratgey -

graph.,An example strategy graph can be found 1n Appendix A.-\ ‘;U
'hf}ln general,fiwe Could use nodes to represent relations afif;ﬁﬂ

cost and the benefitgof a semi ]oin depend on

o is executed Moreover, to represent'an' xecutable "program,

the strategy graph must not contain”any cycles. This is made

w AN "

.;possible_ y allowing occurrences€=of 3a relation ' bev-;f‘;

represents an occurrence of a relation. Each node is denoted
‘ -[ . .‘4|',"'“ . ‘I'.. c * ) L ‘ ‘
label T" ”'aﬁsrelatdon name ;jf the' relation it

For example, Nl(Rl) and N2(Rl) represent gtwof:“” :

possibly different,: occurrences: oftRl In this way, it ishi

K 4 . e
. . PN

clear from notation as to which semi ]oin an edge represents!f*--’f*

and its cost and benefit. An edger~represents a :semirjoin f,fffff'

between oCcurrences of two different re1atxons represented

Join attribute of the borresponding semi join. The edge

f”is directed from its predecessor node to its successor node,“ffﬁ?ﬁy}x‘_ﬁ:“f”

0"

A

P PR . [ | . . .
TR s s b s P A 3 OO, i
PR v PSS N RS (et o adle

and Edges,to represent semi joins betWeen t'df relations.[;{ 5-;;FN"

T




. e che resulting occurrence of the relation on the right Sfaék?du"

éithﬁs%f,ﬁf:?'%f:JOf }thEM‘semi join. More_‘preciselyh, an OCCUrrence oﬁ- af{”'*'

\

_-«

”f;relation is determined recursively s follows.u»The first fi}f;ff':uiih

C\‘L_

";f’b9¢“rre“ces-?éf all relations without any predggfssor nodesﬂeﬂhﬁgJ;ni,

'Ro; in coming edges) 'e%fthe same :”. the K

':""_relations before the semi join program 15 executed

N

*”fihOde Nl(Rl) has at least one predecessor,, then'i

occurrence of Rl immed1ately before Nl,

*Qminus*the tuples that may have been eliminated as:fﬂ result !

N

Lih{fiyflﬂjof executions of all the semi Joins which are represented by

PR V,ﬂi;”.*-=L};the in-coming edges at Nl (If Nl is the first occurrenca of.

b § iﬂR'f; then the 'last occurrence of erimmediately bEfOfe Nl' 3L}fﬁj;:7%*
R '_‘is the original Rl) R 5 | .
R AT i
o 3 ﬁrfﬁ;“f. There are two typés of relationships between a pair fViF:i?f?f
i ! rf\nodes,'hﬂpredecessor successor relationships and parallel

“;relationships.;lf there is a path from one node to another,."

‘}?“fnz;";ig'ﬂﬁf;then ~t, former is -a predeCessor pf the latter. Otherwise

';fﬁf f;;they are Earallel to each other, A node is a last succeSSor

o ;bf ailcertain node:,if it has no 50ccessors. An edge]is a‘\ B
ﬁf' fﬂsucceSSOr of another edge if it can'only be traversed) after~

?I_’ . -] o ,':'.7.-‘4..‘ . ..'- L ! o P ;

_i, ' ;#'spff-'th other edgei has been - Dummy edges are axybwed inzthe




| SRR S
An edge is\trav rsed when the _corresponding semi ]oin ;f X
'executed The c st (or benefit) of an‘edge is that of . f
e involving hé: occurrences*ﬁpfnf, RS I

A o

t

graph

of .the corresponding semi—;oinﬂé{fﬂ
. \ﬁ

[

......

the graph:fj:;gr,

ot

once,,f such that;,"th"‘ predecessor succeSSor,fg“

(

'rexactlyirf

,.relatiohships&of the edges are observed Thus ﬁ'h cost fﬂ*._ :
e S R
the entire strategy graph is the sum of the costs of a11 thef»*'

?

edges.“ The benefit of the graph is the amount of reduction 3

in all relations. Although there is more than oneé way

traverse strategy g%aph in terms of Ehe Serial order in

-

.,,

one benefit _as willvbe %hown in Lemma 3

desdribed above is a suitable

"'f . «r T

,executed in either order with identical costfﬂ

a cost/benefit i concerned,e

I -
:_\..r ,

u:;e - f., program is;actually a.pa‘;ial ordering of semi joxns/;,

s




S ey

Caghat oca s Ui L oL AR TV DN

-‘.,' ;_ﬁ}‘ S gen . ;-
an ideal candidate for graph representation. In other W rds, K iy-
fo~the,'semi ]oins ;}hr semi joln program may be execut d in;'- i

different 1inear order from the one implied in program-"

and yet th execution iyields identical cost/benefit The'ﬂ?vthﬁ”gﬁ'ﬁ

',_.ordering_ot thé';semi Joins ,isy sub]ect to the following._:',-,_~,'_"'~

'fttjedkaffiéﬁéJ,fxid there must not be cycles,“ and (b) the?f:[f'?zﬁtf;%[ﬂ

o

CAy

occurrences ‘of" the same relations must be linearly ordered

addition,:a related' Semi-]oinsi~should be: linearlyff‘,

ordered, if the‘graph is meant\to représent 'faithfully thefﬂ;ikdwﬁf:

o
£h

semi J°1n Pfogram,fhiiéi:;‘ have ithe same COSE7benefit.ﬁfi;uﬁiz
- Algorithm l below shows how to construct such a. graph It 15té
.ﬁhtisignificant not only %i demonstrating the validity of agi;‘igfLT:-:
St‘at99y 9‘aph' b“t also T providing 1nsight into 1tsf1f2;J:;i:
ﬁﬁfq}:f'i optimization,_which is :te ]ob of Algorithm 2 in Chapter 5 .ﬁf

\-a_{ Based on -a semi‘]o1n program P with n, semi joins,xthei'

Y \
ST b .

strategy graph can be constructed by the following algorithm

‘.:.'J .

;i;:h 5;uqf with the underlying rationale stated in 1emmas l 3.

= Algorithm 1

. DO 1 "1 to ni LT AR -

'Qf c Let the ith semi join in P be (Rl R2)
o ey v\v‘j. T g

repreSented by w:” )

‘1, IF Rl -and. R2 .are - new (i.e.\;[
exiSting :nédes), “THEN . DO‘--"'”*l- P e
~Add a- separate connected component with ‘one’. edge to the

graph as. follows: :Create. new nodes N1l and N2 for" Rll.and ;\m
R2 respectively and add the edge (Nl(Rl), N2(R2)).Jhyn; S

- 2 IFRL IS new but R is’ not THEN for N2 be\hq the last -
: occurrence of R2 DOt 2% 7 e . ‘
2 1. IF:N2° has af‘least one successor, THEN DO

(i) create new nodes Nl and NS
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f'ﬁ:f'-;respectively,'f.f'ﬂ'::Tjﬂ“w

“(T1)-: 1link .all: last sgccessors 3of N2 with dummy

jaedges to. NI- and .
Lo o (idt) add an edge (Nl(Rl), N3(Rz)) to the graph
. '2.2.IF ‘N2-has 'no Successors,: “THEN "DO¥.. .~ .
- " (1).create- a new node N1'for R1l} and AT
;(ii) add an’ edge (Nl(Rl), N2(R2)) @x

S ;occurrencc of Rl, Doz’

(1) create: a'new node Nzlfor R2, and.. j fff;jif ,:"fig:f"fﬁ;ﬁ'“
(11) add an edge (Nl(Rl), N2(R2)) ‘,} "muaElﬁwlLQ“}*ﬁ7*1'f :

\/ 3 . Ve R

- ast occurrences of Rl and. R2 respectively, Do

;ﬂ4 TJ’TF N2 has‘at least.one-successor, THEN DO:.-

© 5 (1) create. new’ nodes N3 'and N4 for Rl -and R2
respectively,

o (ii) . link .- all last 'successors : f N2 with dummy
edges to N3; and - ’ oL

“”7{3;f: ".(111) "add .an edge.: (3R, NEER2))

432, IF N2(R2) has no successors) THEN DO.k,”
-’ﬁ, (i) add an edge (Nl(Rl),‘NZ(RZ)) '

The algorlthm implies that the

_.,

?frelation can always be determined unambiguously. This is in

L
i

{frepresented, is added to the graph this occurrence w1ll be.-

. “jffmade a successor of all existing successors of the previous
- g r—-\. .:. AR v, I_ .
“.; occurrence dﬁ the relation. Thus, {5Y ‘a_ simple 'induct1;; 'f;ﬁ

N

argument we can establish the following lemma.nf .

Lemma 1 Any two nodes representing the same relation must;_ff

bear a predecessor-successor relationship.,_'“d e

s - oo

The fact that the traversal

aph’” s

- " -
AR . N . "
. i N -
PN . " N
R s - . -~ -
> . .
. ST ".‘ . o) N N
. - ! 7 - -
- v : - . R
e mbpemm b : N y
Lt » Lok g — iy

':fIf ”neither "Rl nor R2 15 new, . THEN ‘for N1 and N2 being

#7730 1P R2 As: néw, but’ RIL4S not, THEN Eor. Nl berng the ~lagt v

‘“1ast" occurrence f-3a{d e :

~?;fact quite obvious from the algorithm itse1£ Every tlme ”a}wif” S

"”f-heﬁﬁt occurrence é? relation which has .already beenv;‘ :

feasible is shown below-'”‘;_iﬁflifdiix?f’lf??Hgfzjlff:IC““ff”::: m.

v e
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;”'7;:;:zJEEEm2——g~4 ﬁfﬁef;Strategy graph aslconstructed acc0rding to E3£;igvd3iﬁihff

N ”W‘“"“' 1 comtatnsine eyéles, o e T e

. Proof';' cycle might be. created only vif; there ?iss?atz y
’:'%J possibility that a new edge (dummy or otherwise) is incident~,

fbnrfN;fﬂdné: the existing hodes. This rhappens' under

- . o, . A

AP conditions 2 2 _'and 4 2.guInt both cases,. there are no -
{i;’ successors of N, which means that there can be no path from -
e ?{.E N to any other existing node. ifha ,E.. . .ég;‘:' Q E. D ',
R R P o _ T o - ,
. ,..a ) | " .‘.‘i', S - o “.. T o C . SURT
There is a one oné correspondence between 'the“ Semi—v' .
JOins-iihc the program and (non dummy) edges in its strategy .

s (R . e - -
e g o e g At e e T T
P N . . A

;1{,graph The relations involved in a semi Join\are the same as ;
.3th relationsvlrepresented ‘by -theﬂ7endf nodes 'fofﬁ 'its?bTii
{ h corresponding edge. The only difference is in the.execution ﬁ:-t
if sequence While “the}:semi Joins:!inj}th program must’ be :b;*;?},
hff executed i.?'strict sequence as they appear in the program,;l:;f;‘
? )Z:parallel edges\in the strategy graph can ‘be-: traversed in y’d #
,,VST{f_Nyg, arbitrary -manner. This leads to the question whether the.
5aig}zftlg;;.semi Join program and its strategy graph are.fthe' sameﬁiinﬁpiﬂf;T§;J'ﬂi
el terms..of he cost and the benefit, the answer “of which is ijl:a
:g'gxfg;fi'given in the following lemma-'.7‘:fif: Ag?f";gfi,'. ;;;-f}llfi.:f§1573; 551

B ﬁgmma 3 The cost a benefit 'of,V" strategy graph asf
:tﬁ,fi{f i .constructed according to Algorithm 1 are independent of: the

' manner in which it 15 traversed (as long as the predecessor—fﬂ%THi‘f'”
‘;:f:ﬂffi successo; relationship is observed), and are .identical

;'i:ff{fﬁgff.ﬁﬁthej'cost and benefit of the semi ]Qin program on which ‘the -
S e ol T . . S N

- . RN PR Joo
v-\- - . ,. -" u.', CRL R B PYReH ""““?"““!";‘:"“');'T»’-’ﬁ'.'v'_.l",,‘_;__- - .
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strategy graph is baseda

€QProof We. prove the lemma by induction._Initially, there is.'f

Se

n

. Y

L particular, the last occu;rences of 'all relations ;in: therw' .

. L.”f. graph are the same as thexilrresponding relations in P after'a

3

~

. . Lot
e . B . EURC
& e o )

N

fthe ;1th semi join ‘(Rl _ R2) The: cost ,and benefit

5,:_executing this semi Joih are determlned by the occurrences:“

of R1 and R2 at that moment. Moreover the" execution of 'this”

'.semi join will no affect any relations but R2 In order.
that the assertion be true for the first i semi joins in P,r‘
'u_uwe have to show that the predecessor and. succEssor nodes of_-i

the ‘new edge -contain the last occurrences of Rl and R2 We'

° VT (‘

;'he_ dlfferent from the corresponding semi- joins in P, Let usf

* now. examine the conditions in Algorithm A, under which thez"

>

' inew edge will he inserted The assertion is obviously true;~:

o,

for condition 1 :as both N1 and N2 are first ocqurrences ‘of;'

“é' null graph %ssume a induction hypothesis*~that the7="
'assertion is truehfor the first i- l semi 301ns .in,_P;' that
A -i the cost and benefit of the graph constructed so far’ are

. the_,same as‘ those ‘of\fthe' part 'corresponding of P inﬂ .

. executions of these semi joins. - o ~f“;i1‘-j""l;ilf‘”

'Consider' thef,tnsertion af ‘a’new edqe corresponding to,

é'also_ have .to"ensure that all existing edges with the last
'_loccurrence of R2 as a’-predecessor precede‘ the: new' edge,f
‘ecause otherwise, ' with the new. (p0551b1y reduced),

ccurrence of R2 the costs and benefits of these e&geS' may_.-




2, L

: SR S C e T

e R1 and R2 réspectively.. In condition.z "Rl 4s_hew, and N1

_'Owill be the. first occurrence of Rl with no:'in~comin§, non?'
dummy edges.’Thus it will “be the same as the original Rl. 1£

'th 1ast occurrence of R2 has no successors, then it can be

i

used as.zth ssuccessor node'_of h new edge. This_ is

o

’1precise1y condition 2 2 Otherwise,iall the existing edges,f'“t

.....

.w111 have to be made the predecessor edges of the newfledgehlvfr'Vm

g; ;ﬁwhich is what donditioia”” ’In condition 3 we use thejlﬁ?u

last occurrence of Rl as,the predeceSSor of the new edge and?gﬂﬁf

',ﬁfﬁfjthe: new node for R2 as the succegsor node. According to theff‘

» (_m..

.
s

'ﬁ_%t':ﬂ SCTRRCI way an “occurrence : of a relation is determined, thlS riew. node
1 . ,. L ., . ’ U ! o
e s o contains the original R2, minuE- the tuples. that may he

:eliminated -a the result of execution of the sem1 join. So- -

[ )

he assertion is- also wtrue for condition ;3. We ~use'~a"'

_COmbinationt.of"the, arguments for conditions 2 l and 3 to‘“-

e "show the assertion is true for copdition 4 1 Similarly gvef?

'GSei a: coMbination;qf the arguments for conditions 2 2 and 30

’

fl to show the assertloh is true for 'condition 4 2 _ Thus We,fy _

q.conclude that the assertlon is true for all four cdndltionsf

.
-

'=34naA190Fithm e ﬁ7f--:' - Q. D.ﬁ
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ff ‘ Chapter 4 .

[ oe'rmrz ING A SEMI-JOIN PROGRAM v
3 . .
."1':':_ : ) o ] e

SR o Having set up. the strategy graph as a representation of A
“f the semi Join program, we. now seek improvement on“the semi—:" ’

o jdin program in this framew°rk. By Algorithm l, a strategy.Jcﬁfﬁﬂ '

1"But the verxi'

is an artificial device to make sure tw:

'i ’ the same sequencei the' corresponding j-sewi Joins'

,,..

appearing in the program. A dummy edge is needed to present

the semi- jo1ns (Rl R2) and (R3 Rl) in execution sequence.’t
S . va' we' reverse the order” of- execution of these semi joins inj.

the program, no dummy edge is needed and Rl will be first.'

reduced before R2 is-}reduced by the already reduced RL.

Clearly (Rl, R2) costs 1ess when executed this way

5.

the following conditions are satisfied. f_?ﬁtﬁﬁ -

‘\j”}.z-'_ - Q51 P' and P give the same answer “to the given query,,

: -;etzf pr *haéf a cqst no greater than P for all instances ofn.,.
'}JL": E -grih_ethe relations, and '.» f-f:{:dj \rf'h‘;
| ‘ﬂc;s. has a benefit no 1ess than p for ~all . insténdes <oOf -

graph can be constructed to be an equivalentlof the program.fjff:jf
rocess of doing so reveals some easy! ways toffti
improve ﬁthe semi join program'TFor example,-the dummy edge;fk

iedges are traversed e

iﬁ. _jt“_f Specifically, 1et the origlnal (input) sem1 j01n‘-:ff5
'f'program " be PJQQWe w1sh . to design .an' algorithm--whichj;f

‘. transforms P into another sem1 join program P',:" sich thatf
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the relations. . - . .. ot s T LG et

C e e . e

B$s1des, the transformatxon is subject to the following

_restrlction.,;ﬁ-ff,.,lnl'jf"'_J' "ﬂfﬂ}gff:?:.i}f'

Other than ; itself, no additional information,

G }5”w°rse,u-and potent1a11y better,nthanmkhe origi a1 semi—joinixﬁ‘

f f“I"; Accordlng to Theorem 1 c : 'satisﬂfed if

'?Fy* ; - Icontains iqnf':‘legal 'semirjoins% by P, which are

. :;‘N' o "«closure

T ‘transformation:’ must . .
— o ST e L 2 P
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-than that 1n P, and the total amount of date seﬁt by P';'

fless than %i equal to that sent by P

ffjoin operation, itArs dlfficult to estimate the exact amou

'!ciSff €ﬂej number ﬁn semi Joins 1n P' has to be no greater

is'




Chapter 5

R A T P R BINDING AND FORKING

edge, cal»led

-

bindin ! \ sg ) :
fif.the semi join is going to be repr‘esented

o

o ‘i"l" ‘

L the word is ;derived from the"” fact that when the o
" an ex Lsting f node in
"»':";:'different ,' componeh, ; then hindlng actually binds two

--.separate compone_nts together r-

although the same term is u5ed

1‘ Suppose there are two consecutlve Semil 301ns in P, (Rl,

R2) and (R3 Rl),. both over Join attribute A By Algorithm

".~»the .tyoi will be represented

(Nl (Rl) i e

tw Aedges 7

"f:NZ(RZ)I-)._ ‘and’” (N3(R3),i"N4(Rl)), w1tlhw.-the

".'."-'predecessor of the latter connected by a dummy edge (N2(R2) ,
: -",_N3<R3))'?2.;"

HOWever, if we bind the *second semi—join at Nl, we R
; - d S
.'wi'll have edges (N3(R3) ’ Nl(Rl)) and (Nl (Rl) i N2(R2) ) ) d

g ;,f.",'i"ri.:. effect reverse the. order oflexecution of the semi joins. '




. NS(RS)
”?Jo1ns
fSuppose the input SemT

“L"'."-:,"with join attribute A Clearly,

’7ﬂat NZ. Howeverq

'"fi semi Join on N3 Lnstead of N2 even thoug,

'VJoR3 A R2 A and Rl A are_included 1nhthe.3

with 1abe1 A of the join graph

'fxearlier the binding, the better the: resdltant_

; ':;;jfthat binding '_t;_' . e._. (Rl az) to.be replaced % (Rl

'T:Jnot\_be passed onto R2 1n NZ, as there is an in between no"e

jfﬁNl(Rl)) remains the same 553 traversing (N3(R3), N4(R1))

:”i:Clearly (Rl, R2) costs less when executed 1n this order.;-“fﬁfl‘

~

g> N4(R4)

-> N3(R3y7

N\ . L

we can bind this semi joLn

Y tl

it’will be mor

N

l'it may mean the_

semi—join w111 now be (Rl, R3) We show-that thls new Semi—”

- s
FREAA

301n is a,legal one as follows. By virtuezinﬁuxﬂif-iRZ)

e

(Rl RZ),' both with join attribute A, all three autribute55:?

_fn graph component:'

}4R1 R3) is represented by

“f@edge .of the transitiVe closure of this component,.hence

hflt is a. legal semi join.,mhough both Nz'ﬂfffaf

'rg;nodes ‘£4 binding, N3 is better than N2 In principle, the

5graphl& Note

(.':\

_"Q§R6)) is illegal.AThe daba reduction on R6 in N6 by, Rl may

fcost beneficial to bind the:.fY:_ﬂ\.r

), e
B




N4 thh B as the only Join attribu\:e',

NG (RG) NS(R‘S) m (’R"4) L

be deflned recursively as follows-l

S ,

if tnere i.

Note - that

'5}'-'Here, A BRE (Nl) .consists of Nl N2 N4 and NS

'are. A-:’éonnected to each other. Unlike in-"




N then A PRE(N) represents all the nodes at which the semi—. SREREREY b

Join can be bound so that‘ the cost will not increase but the ,.i.—- PR

benefit for each relation invol'ved will increase.- For

example, if V(R) ina A PRE (N) chosen as a

,'3}'7 ' binding,- then h benefit""" the \semi join that R will

(receive will be passed on toa every occurrence on the path =

On the other hand, 1£ the semi-—

data redudtion) will increase. for

rela t ions 1nvolved . Th is idea 15 Ef_c.‘,;gﬁ._a;i‘.'ih‘zed'{}:_

_'.. Lemma 4'

: ".lf'i?.‘lgalrt e proye this part by induction. The 1emma is
o‘b\iiously true for lnodes A co-nntcted to N Let’ us define,—':‘-'
forthe sake of this proof an ordering of the occutrencasl

of a given relation ‘1‘ in A PRE(N),

1<i<k.-, This o means

N(R)[A] < N3(’l'l[A] We shall prove that',




. I

. to and predecessor of N4(T) This means N4(T)[A]

N2(S) [A]’-, 7 nenee,,. N(R)[A] e N3(‘I') [A] & m(rr) [A] < NZL!(S) {p»]-‘f"'"""

So this part of the 1emma is true.-.

NB(Q) (kth) 4 N4(T) (k+lst) NZ(S)

,"_;any occurrence of N2'of' ‘any
;'that szm < Nz(m)tm"_,c "'_s) [Al-' Then -

applies

:-:ndd' ,-N4(R4) 1ns ‘ead guarantees




‘-"I"h part 'af': the Lemma regarding legality of the

binding f°11°W9 diI‘ECtly from 'I‘heorem 1 and the . def1nition ': SRR

of A PRE(N3)

T is a node in A PRE (N) such that
v no' other"\n.odes in A PRE (N) ‘are predecesfsors of | this node. 8

Note that this_ definition can be extended to covet subsets

of A PRE(N) .' ’I‘his '15 sometimes necessaty because ' some' bind

nodes ..'m.ght create cycles in the graph and as such, haVe to'--'_\::fv'-?

b "-excluded from consideration.ﬁ here ' ay be more than o e"..

'."bind node for N . If.V i.s a‘bind node, then A PRE (V) consists

~-jno other node"-“

A




‘ at -. which

Lemma 5

R3C R S L S ST P S D TS

Binding of a semi Join can 1ead to re—binding

(Nl (Rl), N2-(R2~))"'because bindinq at: N3 would cregte a’ cycle ;

'_'After insertion of this edge, the edge (N3(R3),

longer - ptlmally bound‘:"“ sinc 'I":~A PRE (N2) BT

L contains N,l as ‘Wlel’l By the prin01p1e of :'early binding,"

Nl(Rl) w:.ll be a bind node of A PRE(NZ) 2 assuming other

) {predecessor edges.\_ So (N3, N2) may be replaced by (N3,_,_ .

N




'prlnociple of "1atg

'.shouldybe. _b,rvanqhed out ("forked") from "'a' '-"node X

(11) Given' R node A sucm) ‘is a se\: of nodes defined_

"?’"recur"'ively as"followsv (1) N'.-i n; A SU&(N) and (2) " 1.f V(R),

"

',\— is a. node in A'SUC(N) such that"nc successors of th 1s .node

A sucuq) o Again, - x-f‘,..-,V




Loon
1 e

et Nl(S) be an o(:cur rence of some relation h Sin

S7 UL Lerima -

the Strategy graph.QThen:Nl(S) [A] o N(R) [A] if and only ifi"

Nl is J.n A suc(w) o

}M Suppose a semi join (RJ., nz) with Join attribute A

-~

" (A.' »

‘ is -to

e e A
ST

}be forked at node N3(R3) 'l‘hen forking the demi- Join; ACAEER

instead guarantees non-increasing cost 1f. and'»:-.';‘- T

5 a_t node N4(R4

with' flabels ]

N2. (RZ))

jo in. at t r ibute B be 'thé}.'

semi-Join t”o.be"added".-si‘nce forking at N2(R2) w°u1d create_’_

a pcycle, (Nl (Rl). :

N,3(R3)) is the edge to be inSerted. Weﬂ'can\-.*:'-_v'l.,'_-j'_'_"-" e

w’m now be a fork node of A SUC(Nl) (fig e

ﬁl(Rl)

g e e

R (b) . S T
. forking : S forklng \'g}.- -
, T - B¢ : ) .-:‘q‘ "v .

'fAn exampleﬁof re-forking

‘,_There may be Conflict between the principles fq'fl. early _

i bindlng and °1ate fork:.ng E‘or example, suppose (Rl, RZ) is

W




L

,and there are

these principles oi:' early binding '..-.a,d ‘.late forking,

AN

select Nl and N2, th,e 1ast and the first occurrences of R "

R - R .-4.

:’."_- and R2 respectively. If Nl is a successor of N2,- we; cannot'.':

“» ._\

f'{have (Nl(Rl), NZ(Ri)J to represent (Rl, R2), ,' t wou1d~ B

oreate ‘"

""'.hen a cycle Under Such_;, ‘ 'ircumstance, we! have to

s . s -

in Ni_, Besides, if we phoose a bind node first and ,then

' ’search afor "‘a‘ suitable ﬁork node, there might not be one

1 i 4

'li-'~"-' avaiiable for the particular bi/nd node chosen Thus we /adopt

the policy of first choosing the fork node and then the bind

'v _!-.

Let n apply this policy on the example above. The

: . K

(i) 1ocate Nl, the Iflast OCCUrrence of Rl and | then 2

¢

earliest ' oocurrence of R2 which is not a’ predecessor of Nl

v

~

L o : There are two possibilities T -_-’:-}_."_,' — - R :."'_.',':."'.._"':‘ ..-'.” o

(11) it' N2 does not exist, create ‘a new occurrence :

".. LS TR oy

f' and add an appropiate edge— or

o e Dl sl e et et

node which either 1~s' parallel to” or succeeds the fork node. .-~_.j' RN
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"~bforkingﬂ it..w :}- ' ”’fj
lWe can now state the algorithnwto construct - strategy S
‘g}aph Like Aigorithm 1 theninput‘to this algorithm is a
i ‘semi join, program P“and ‘the output is a strategy graph. :ﬁ:‘”
Aqurithm 2--: . - 'flh;?ffi?“a@ -‘h . ,:

".'5 (i1); ‘'select . a bind- node, N3 (R3) of A PRE(NZ)

>
Rasma N LN b o
G

g

34

-edge connéctiny . the two is inserted. |
Note that re-binding and/or re-forking are similar to

insertion.'The'only 0,difference_ is’ that for _the gformer,

Stages (1) and (i) are notﬁ necessary, because'.these,f:iﬁ:i

Aconditions have been'?observed when \the'“edge was

' inserted.. The' fine tuning stage (ili) is identical.,Thus“»v
inserting a semi Join is equivalent to adding edge between;""

iNi and N2 as in the first stage,,and then re—binding (or re—;ﬁys

. DO

“FOR. ith semi Join (Rl,‘RZS in P with JoidUattTibute A: L i
g '

‘1. 1 bothﬁRl and R2 are‘new, THEN DO: - S T e

* (1).. create new -nodes NP‘ and: N2 for 'Rl . and. R2

:espectively e o oo .

Lt

(ii) .add- A separate connected component w1th one edge:f

Y.e. (NIWRl): N2(R2))) to the graph '

& R S

. o o
Y

5. IF R1 is® new but ‘"2 is’ not, THEN for.Nz belng the “first
‘odcurrence. of R2 Do .- Jé ' .

(1) create a new node: Nl for Rl

(1}1) add:an’ edge (NI(RL); ‘N3(R3))  to'the graph
. I'A - -' O_, ' ~,"" Ceae e . \

N ’ -

‘-3“‘*1E R2 1s new bﬁt Rl is not, THEN.for Nl being*the last-

occurrence of Rl, DO: ",

(1) create a .nev node N2 for R2‘ - '
" {il1)i'seleet /a fork node N3(R3) of A SUC(Nl)

LR (111) “add"an edge (ﬁ3(a3). N2(R2)) Fo the graph :
‘-.‘ ”u“ S e ':7 A , -"‘-.'. n p - ." :
.’_ N ,';‘-, .-.‘d . ‘.’_ a - . . ¥ : L
S SR e o :
S R O ESs " . S
R LV I S | |

first;.;

1- 1 to n (n being the total nUmber of sgmi ]oins in the
. program: P);'




C(vi)y FOR every immediate predecessor N6(R6) of N4, N6 # N3
©" DOz : . R

20 1F Label(N6 N4) = A, THEN- Do._ L ﬂy:
- (1) @ALL. REPLACE (NG(RG), N4(R4)) R

. r b - '. . ¢
v ¢ ’ Coaf " '

Appendix ﬁ'shows a sample semi—join program. It a150 {

' shows'_the' strategy graph which -represents }a, sem1 Join

o '!
program 'with the‘ same’.cost/beneflt, and another strategy

.

graph as the output of the . apove algorithm based -oh’~thé‘
; R R :

example as’ the 1nput _ ‘,_?..gp SRR

. B )
: .- . B Lo
BE L ' .
o ' N .
. i L. K L
P 3 N [
s a s .
& X . ) - .
. R o .
. { K
.. y s
. oy H
. T . M
' - Al 1 h .
'~ .
SO0 BT S
Y . e,
. : 1 ¥ . et
. o p e

"if'::"“*':‘“‘J'\'-‘\"ﬂ’,—‘f?-?‘iz}f‘*l-?}*,?.f'r":"'.-".“:':t»!‘hrﬁ‘yff.'r.~ea::g.i-,‘1\::-\rfr¢.7;‘._-=-.'=~~.1u A TP AT AT P AT oo e L ' . g
‘ e
o {
!
35 o
! T
4. 1IF neither Rl nor R2 is new, THEN for Nl being the . Last N
occurrence of R1l, DO: e C e ,2
4,1, IF there is at least one gccurrence of R2 which. isf S
not a predecessor of N1, THEN for * NZ being ‘the" o L
first such -oceur rence, DO. ) : oo R :
- I there "is = an ocCurrence of R2 in e
A suc(Nl), THEN DO: T
(T) discard the. semi )oin (Rl, R2) aJ it~ iss - .- oo
) _ redundant . BRI REEMIEE R
4,12, IF condieion 4 101 is not true, THEN DO- o R & »
. o i (1) add, edge .(Nl(Rl),: N2(R2)) to the, RS & A
e .d' -graph. s : PO .
Coso T Taii): CALL REPLACE(Nl(Rl), N2(R2)$ : '- b
. 4,2, IF. every occurrence of:R2'isg a predecessor of Nl ,f" , |
VL " *THEN -~ for’ Nﬁ(RZ) being the last occurrence of RZ, SIS RN
S e D DOE I L SEARES ERELEY
(1) create a new- node N4 for R2 : ",f~;"ﬁu N SR DN
R ¢ 5 B N select .a fork node N3(R3). in A SUC(Nl) ?ﬂyl’ SIEE R
SOt . (i1i) ‘add-an:edge (N3(R3),. N4 (R2)) A R TV
Lo o« :(iv) replace-every edge (NG Ni), Ni being parallel . P
0 to N4, with (N4 Ni) ) y” ) , " ﬁ"g" '
. 0 ” R
' Procedure REPLACE ((N1(R1), N2(R2)) wiéﬁgattrlbute n) . 1 .
(i) delete (Nl(Rl), N2(R2)) . ' ’
{1i) select a fork node N3(R3) ,of the - subset of A SUC(Nl)
‘parallel to or preceding N2 .
(1ii) select a bind node: N4(R4) of . the subset of A PRE{NZ),
‘parallel” to or succeedin N3 ) R -
(iv) add an“edge. (NS(RB) N4(R4)) to the graph 5 . : S
(v)- FOR ‘every .immediate’ successor NS(R5) of N3, N5 # N4 QQ;-‘im . i
‘1, If Label(N3, N3) = A, THEN.DO: ' e f';\ ST
(1), CALL REPLACE (N3TR3), ‘N5 (R5) ). B ‘ AT !




. . ol AR TIPE A .o .. T P S N, - Y N R

R 1 , o - B L P . ';}4
JfI ;. e | _Algorithmy-zrzmakes-'an':implfcitaassumptiongfhat‘it is_" ".ff_hi
.% o ; “ able ‘to distinguiShvthe first'hani*’laSt ‘ddéﬁfréncesf of_”a'lw. y:-’:ﬁéh:
‘é' _ relation. Lemma 8 shows it is always possible Lemmas 8 and.“:b,'h ;ngﬂ

.,51‘ mw"; - : 9. together prove ;hat the graph produced by Algorithm 2 is'"-vu'hf: ;°=7

'jindeed .8’ strategy graph Lemma 10 states that the semisjoin }”5:

":;a relation is a Subset of all previous occurrences.

REN T
Proof The only condition ynder which a new occurrence of aniﬁ..

existing .relation ;canl be created fis;'condition 4 2

Algorithm 2, which makes that occurrence a 5uccessor of 'ghé'f(;”-""‘

last existing occurrence. -ﬁj'_ ??;_'17?”,,{‘i#f“fj Q E Dh
'f - ) Lemma 9:.-"fhel strategy Jgraph constructed by Algorithm zif:“

‘ contains ho’ cycles. o *Wiu:ji SR

N ,..;'

;;;“_‘f”\"_g“ Proof Initially we have a null graph the lemma 45_}

trivlally true.yihe 1emma is obviously true if every time an S

:f5~i.fl;i;;; c-edge ?i added the graph no cycle is created' Clearly, T

the Lemma is true when one end node of the new edge is new;fff'

v'r-- ..

:‘. \Thus we con51der only thdse edges which replace the existingz7f§f*'

ones, that is, those edges inserted under conditioh 4 2.:andfgiwh.

DI

i
!

r;ﬁ'f._;" /f"ﬁ" procedure REPLACE. hf'_f"
|
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-

WSy it
RN

1
k
v
t -
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T
f S T

.hfj of Algorithm 2 is the recursive procedure REPLACE Thus itf:{}ﬁ

\ is important to find out how functions.ﬂ This analysisﬁgla

'affstated in Lemmas 11 and 12 are largely the outcome:fqﬁj this?ﬁ}

?“f; %analysis, which is done in the p:@of process of Lemma 11 ;,ﬁ?iiihj“ﬁhf

" L .
Il_l . . -
- - . . . . . M . v N
. . L ot . T - . T Co . .
M o S NN s a0 £ - . R oo
I e g Ly ol O T D A VP RPN S s _ S
.
, .
.
N .

from Ni to N4 Bﬁt this is impossible becauSe Ni and N4 are i*?*g Q,'J?T‘L
parallel “to each other. In procedure REPLACE by the choiceﬂfﬂyai‘
.of" NB and N4 N4 is either parallel to N3 or’ it succeeds N4

‘ Hence the edge (N3 }_will not create a cycle.:Ji Q E D éﬁf%’bflfa'

ESEEE;LQ: Algorithm 2. rePresents a lossless transformation L
Pr°°f::EV9fY‘edge correspondinq 3;: ' “odni Ay

inserted according

S

Join programs h1ch have on increasing cost and

decreasinq benefit cpmpared to p A%l the semi ]oins 1n p'

a?e either the same as the ones in P, or 1ega1 semi Joins asl:’*-

-
\ " ‘.
»

defined by P SO the lemma is trUe.,'ﬁ ;"%Tafjﬁ,‘” Q E D-ff}_ﬂj I

I .

A

..., .‘.

We now analyse Algorithm 2 The only"?complicated part.;ei‘--“-~~

3.

.,_will also be helpful in discussing the‘ °ptimality ﬁifjﬁﬁf

nlhlgorithm 2 in,the next chapter. Two itportant Properties as_ba¢~3\"

2

Lemma 11 In the strateg',graph constructed by Algorithm 2’
' la bel 1}{éjn.a.:_;

prove1 by 1nduction..Thewlemma is obviously truef#'h

- v

now_ that“ the




; with another existing edge whose label (say A) is the samk ' ’
N 1'4 We shall first consider the case of re-forking,.that is"’the?kr' &
;zﬂtfgaey' edge is (N3r NS) We assume that before the edge (N3 N4) 151531551&”, K

. ST
I TN Y
B o bttt es ol

' the 1emma is‘true after k semi joins~have been processed We 5
. % ) T T e, T
G : consider the (k+1)th semi Jein in P _ ',1:'uq43f;._.\»;g_;';“4 SRS
(RSN : T AU TN T e S R s
s the edge representing thls semi join is inserted in L :}
’ .” ,l. " __(

step 1 of Algorithm 2 Hit 1s not parallel : ﬁany existingﬁjf?f'“;‘

a'|,

edges. fdht step 2 the newfedge (Nl NB) cannot be parallelf?

.

"to any edge with 1abe1 A terminetinq at N3 because N3

RIS if{iu procedure ‘will be :recursively

Q discovered that the new edge (N3 N4) shéres end node:37

inVOked if it 1s'-i,'.">"

1nserted, there are no parallel edges with label A, _sharingiﬁgg-f

';jffthe&;same end nodevinus"KNj N5) will be the only edge for{f~}§] 2

-71' re-forking._ﬁjiufﬁi

Since N3 is so chosen to be a. fork node of :th“ subsetff_:}g'

of A SUC(NI) parallel . pEQQEdingf’Nz N5 being in;;

"7 r A SUC(NB), must be a successor of N2 But N4 is either Nz‘oer&51*ﬂ'“f

H:S predecessor. SO N5 15 a SUCCeSSOr Of N4 AS there Will“l SNERE

"ha"_,nf ':_‘.('Ns; H5) ';'é's;'é' L,

there has E&f be ”3 edge (Ni, N5) with a different labelfu“ '

be no edges with label A into NS other'

/

- between N4 and N5 When (NBM N5) is replaqed, the fork nodeﬁ

------




f N7 Ehéséh -mu5t “be’. either N4 or one of its succeseore; The.'

i bind node chosen must be NS, becaqse with the deletion.fQ?IJFav
%l (N3 1 NS)' A PRE(N5) contains only N5 (That is, no %é;rfo{}thﬁlﬁ
% : binding is necessary ) So the ,edge ﬂN7 NS) ‘ now the;fﬁ:;

;'UCCeSsor ;edqe' °f (N3 N4) Tf (N7 N5) causes further re—ffofﬂ"f'

-

'/"Lemma 12--In Algorithm 2 no ‘rex binding is ihvolved in, a re—'.ifff.mﬁz;ﬁ'

I .
forking process anq vice versa

R A ,"\\

Incidentally, Lemma 11'has an interesting analogueginﬁjifi

”"simple" queries‘ =5”"-:queries with

that \thefé S

lfSt'bﬁ_f?3i§3 pr0ved

iattribute on the attribute




sy ? ‘ E ' : %~ & SRR |
R strategy graph. unh relations are *orééred?ai ascendingfii K
‘Jﬂjfﬁg“f *sequence : according -'ofnthe' cardinalities'fofg th Join'{ﬁ'if' &

.join prﬁgram containing semi-joins:%ﬁ:ffﬂﬁ

”:?attribute. Given a semi

';with the same attributey a straight line strategy graph W111T};hfﬁfcﬁ'

: rbe;ﬁth outcome

of Algorithm 2

Finally, we perform the timing analysis of Algorithm‘z

TheOrem 2 The running time ofn Algor1thm 2 ;‘ O(n**3)

”For_ each ’Semi join

poe

-Proof.j

""""' - ,r~

%':i'take O(n)

either re binding

"invokes procedure REPLACE, then

fomking is performed by Lemma 12 Fdllowing the analysis offi

recursiye procedure will run at most 2k times/“”'"“

at that time.‘Therefore the:

R e R
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' ' ‘”f-'S;TOPTIMALITY DISCUSSION P

_-|.- o \ . .,-.' R A

The strategy graph constructed'

W~

costs

. and"benefits.jmf"r. produce

ln,(\

and fork

by rﬁl in Chapteri

relation

:.over 'the original

the improvemen“

N s

e Y
semi ]oin program is optimal, that is, whether one can still

? improve on the strategy graph constructed;by algorithm 2 by

o

'another ﬁlossless transformation.

I - 1

define n ptimal
strategy graph be one such that any alteration of the

o : i

increa51ng cost and non decteasing benefit over the existing

graph Thus we have to prove the strategy graphﬁconstructed

-,

The following two lemmas will lead to this proof i??“

e

f‘contains no redundant edges.i

i Proof We prove this 1emm< by 1nduction. Ihitially we have a

f null graph ‘SuppoSe at the ith step of Algorithm 2,.that is,

/

bt S

"“graph Will f? produce another 'graph whioh has non—7'5” ”l:

by'Algorithm 2 is optimal in the sense we. have just defined.-

emma 13 The strategy fgraph’ constructed by Algorithm 2

P




T . ’Q;ﬁ_ : - _fh
N & - T '
~1#g,"};,%j' redundant edges.g L} shall show that after ith step, there '
- are ne’ redundant edges in the graph.-;." RREEN ’
“igg*giflv,ll.i*j-ﬁf":“«, Z”Ef“-j'k'_;Vs;_-ﬂ,:f'rlﬁ},*iﬁ";= R TP B

oL . ..b_r '

f}:t’;;i?fcng ;4;_ Let us flrst show that the 1nput semi Join, or the edge

representinq it, is redUhdant if and on;y”}f gondition

ﬂ Next we show that 1nsert10n-in Tth?: f ;

‘ T

'5redundant input semi Join 1n a graph represented by an edge.y;”'“***

“'?ﬂiiﬁéfﬁt:d (Nl(Rl), NZ(RZ)) will not”cauSe anY existing edges:.hfﬂ""

-redundant.; Suppose,_there is such an edge (Ni(Ri), Nj(RJ))f"'

LT wfth label A This "mplies by Lemma 7;5 that withik

'sertion of (Nl Nzi, Nj(R]) 1s: in A SUC(Ni) withoutftaking;

.| 'l' ’

. into account :of the edge (Ni_

'.”SUC(Ni), because -otherwisehﬂ'

;; only if Nl(Rl)
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L ??%Tt? This means there two parallel edges starting from NI_IT;

."- )

with the Same label. But this cannotwghappcn' according t‘;,:ﬂfcf:f"

.Lemma l4-*The strategy graphtconstructed'by"Algorithm 2 can

Th1s means Nk mustV be_ a< predecessor of Ni) 50 that thefﬂaxlh};ﬂff”

'ainsertion of (Nl, Nk)‘-will create L”Zf“jffv;‘ simllar;h\w

ot
=
oA
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_ (il) There cannot bé’another node N4 which has"%5:diréct66?5;};1ﬂf”'

edge with label A to N3, since otherwise N4 and not N3 w°uld5f$ '

'ﬁﬁhe=:a"5ihd node of A PRE(NZ), a. contradiction. Thus they:ffff-7

-~

insertioh of this edge will not cause any existlpg edge

violate (i) ahd (11) Thus the lemma 1s true if the addition:?é?qk;t3;1

done under

existing relation R2 Thus thef'

('1') and m)

' now COhtalBS N4 as-well.;Let us now determine the

,'Iwhose .stat:';2 bind nodes and/or fork nodes will beijﬁ

\

new
node and hence no eatlier -

definltion f

Qnodes. But other~than (N3 N4) there :cannot }be \any edges}

' . ":"I"

Atfonly those

'edges, ;rrespectiv:'of their labels whioh startﬁ B




}:;3” ~_ﬂ,;from N6 would have ftbf?start from N4,,except those edges {JNTi" :

lﬁﬁ_,;h'iy;ﬂ-'-ﬂwhich are predecessors of (N3, N4), This is precisely what

'(iv) under condition 4 2 does.

In procedure REPLACE, iﬁ is easy to see that the new

124“5{edge (N3 N4) must satisfy

-711 and (11)* The only edges that

;?accqmplished by (v) and.(vi)‘of the ptocedure. Q E D

;jTheorem 3y

The strategy graph constructed by Algorithm 2 ,1 H'f

:(i) addltions of new

deletions of «existing fedgés f

figﬁ“ existinq edge. The fitst‘ type LfTﬁifﬂ;wW-

o 7'a1teration is ndt applicable because of c. 4 1n Chapter 4~.T0

edge

aa to be redundant, i.e.;the;

edge amounts

et A NSNS




edge of ‘a Strategy graph- constructed by Algorithm’2)
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Chagter 7

SUMMARY AND CONCLUSIONS

.%f i 'have~

{Zi g ] .}ﬁ Join” program.“:igoz algoritth‘;have{ been . presented : oiiwa
'5{3) ? . . transformg‘this >program'finto graphsip_The Eirst algorithm;ﬁij
FZE;G:” S produces a.graph which has', b as ;tﬁe%

'5”: | input semi 301n program.'The significance of this algorithmf?

,ﬁnsight into the~

'~.|.» .n )

i

“Algorithm T2 transforms any given Semiijoin proqram into a;n;ﬁ

T

:ff. E ‘ ;.F,-better one..fhe improvement has been proved.to be optinal;?“f‘
iﬁl}?{ﬁ;f ..;ﬂ?ii' :the sense' that no fugther improvement can be achieved;"j.
.i;. | ;without the chance of increa51ng the cost and/or decreasing-
: ;g. I the‘r benefit. ' Qhus h improvement i'J absolute, non;:li}ﬁfn
y$ ..“17 :1\ stochastic and independent’of any probabilistic estimation
g

method~-TFina11y,_ it is hoped that the results reported in

-~

1

this thesis will contribute to,_' better understanding

distributediquery processing usimg

of

semi ]oins.1¢‘l

i labu 2 o
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A SEMI-JOIN PROGRAM AND. ITS ASSOCIATED-STRATEGY'GRAPHS

1. An example semi-301n program - o g o - . } "\ :‘

.~ (R2, R1)
“{R1, R3)°

. (R5; R2)"
U (R1,7R2) -
S (R3y R2)-
'~:(R5 iaqyj'

R u'2 A strategy graph represent1ng semi Join programs with
':'~<;3'”‘\-.> the same cost/benefit (1 e. output of Algorithm 1)

-,.uicazif

3. The strategy graph as - the output of Algorithm 2-

'13?}. R LT Events- Early binding of (RS, R2)

[}
:hiﬁp;w:Qw >
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 Appendix A

as join'attrlbute N e U I
‘as -join attribute. - - . - . : SRS N
_as‘join attribute‘ L - SRR N

.as. join attribute
"as join . attribute . .. . v R SRR
asﬂ oin attributelfyjk;f_”uf;; ' L B cul R

1

N3(R3)

"Nﬁ(R4),'

.N2k§l) A N5(R2)

" Late forking of (RS, R4) . '
Re— forklng of the edge (N2(Rl), N5(R2))

N3(R3)

Y. T ~—'

NS -

-0

UNlR2) T N2RL) WSR2y Ns(na) ,f"flr;}
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