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ABSTRACT

' N N »

Design of Distributed.and Centralized Relational Databases

-

Hong Son Nguyen

o [

This major report describes researcl: tlachniques for
10
Do

designing distributed and centralized réléﬁﬁéﬁal databases.
P’ -

1. Various techniques for distrabution ‘design and

’

integration of local relational databases are presented in
» .

detail. Some of these have been modified to adopt broader

assumptions. Also, some have been implemented in C to
automate their use TAPPENDICES A and B). A brief ‘look at
the available commands of Distributed-INGRES and

~ INGRES/STAR is also presented.

. "i ._:_

&

2. Logical design for relational databases <consists of

I .

three ., phases. : conceptual ‘schema desigh, DBMS-independent
logical design with the emphasis on integrity constraints,
and DBMS-dependent logical design. Practical technigues for

. 0
designing each of these phases are presented in detail.

A)

§

‘.3. DATAID technique for selecting A  secondary indices over
the relations of a relational database is presented for
physical design. The implementation.of this technique in . C

’

" has also been done to automate their use (APPENDIX C).

1 , [ 4

»
p
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J

. Practical guidelines' for .index rselection from INFORMIX

. ~
. .
relaalonal DBMS are also presented. -
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chapter 1 DESIGN»QF DISTRIBUTED DATABASES . * O
&
.
ABSTRACT . ( '
, . \ A

-

A survey of the most recent research in Llstrlbutlon design
. . !

and integration of local database is conducted Varlous

design techniques, based on dlfferentcd331gn criteria, are
presented " in detail. Some of these techniques have been

i 4 .
modified to be able to assume broader assumptions (section

1.3). Also, some have been implemented in C to automate

their use. A brief look at the available commands of

N Y - rl
Distributed-INGRES ' (a pure distributed DBMS, which

1]

. - ¢ T
corresponds to distribution design) and INGRES/STAR (a !

1

multidatabase $BMS, which corresponds .to integration of -

© local’ databases) is also’ presented.

“

1.1. INTRODUCTION

A distributed database (6DB), ag-défined.in [019],‘is'i'iet
of' data "which is logically aintegrated,. but physically
@istributed over the siteg of a 1local or site-to-site
éémputer network. Each site of the network can perform
local transactions and must par%icipate in at least one

global transaction. A transaction is defined as local if in\

— . -

requires data stored at only one site, and globél if it
. . ™ N »

requires data stored at more than one site.

4

) e
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‘A distributed database management’ system (DDBMS) supports

" the creation and maintenance of DDBs. Its main objective ‘is’ . N

" to provide the user with,a uniform and integrated access to
: . ;
the data// while allowing the data to bef physically
distributed over the. network sites; this is called

distribution transparency. The degree of° transparency

suppported can vary from sysfem to system. The main types of
: )

¥

A} .
. transparency are [D10]: .

A & ”
- Frégmentation transparency, allowirng the wuser to
( ) . ”

view a DDB as a set of global relations. This is the

-
»

highest degree of tr@nsparéﬁqy. w%\ )

i i

~ - Location transparency, requiring the user to work on
- ¥

frgg@entsf instead of global relations, but the location of f

fragments being envisible. This is a lower degree of
v M o i P
transparency.

&

- ieplication transparency, - in which ghe user does pot
need to know the répiication of fragments. Clearly,
location transpirency implies repl%éation ‘trangbarency;
hm:rever, the reverse ‘i's not necessarily'true,i.e. although \
the user does ndt need to 'know the reélication of
fragments, he must specify the location of a copy.
'r - , . ’ "
\

- Data model transparency, in which the user ig not ‘o

concerned with the data models of the underlying local
: N )
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, ¢
_DBMSs. . . . . pooe .
[ ' . [ : ! ° ‘/‘,\ : o
. o “k \’ " ,
' ‘ DDBMSs c¢3n be classified into two types- [D27]; ' pure

°

\ux\wdistributed database aystemé (PDDBSs) and multidatabase

~ management systems (MDBMSs) . A < PDDBS, " such éas

‘Distributed-INGRES [D29], is suitable for DDBs which are té
be developed from the scfatéh; such DDBs are walled  pure
distributed databases (PDBs). A MDBMS, qﬁ;h'és INGREé/STAR
(D131, is suitable for Dst whicﬁ are &eveloped as an
‘iq;egration of pre-existing locgl'databases; such DDBs are
) called'multidatibases (MDBs). In general,‘MpBé are probably

more realistic than PDBs because an enterprise considering

the development of a DDB may already have existing local
databases, each of Qﬂnch is the result of an éxpeéqive
investment, and furthermoréﬁ %ts léfﬁ} users are already
familiar with it. Ahother distinguishing characteristic of
a MDBMS "is that each site has its own localtautonomy, i.;.
i£ decides what data to c;ntgibute to the MDB, wkat users
can access that data, whether the contribution data can .be
updatgd, whether- the logical aﬁd pﬁysical dEfa structures
of.tge contribution data can be cﬁanged, etc.
Lo , ‘ \ ' | '
In this chapter, the design tecpniques fo; PDBs and MDBs

will be presented in detail.

-

Val

o. The design of a PDB, as indicated in {D10]), consists of two
. - : , .

phases. : e
\ -
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y 1. Fragmentation design phase, which determines how N

o -

global. felations are 8split into horiﬁontal. vgrticgl, or

T}xed fragments. Horizontal fragmentétioh subdivides the .°*

* tuples of a global relation into groups called horizontal

\\;:j:T:ntg. Vertical fragmentation subdivides the attributes

[N

lobal relatdion into groups called vertical fragmeﬁts.

For both‘types of fragmentation, the following'three . rules .

- - - Lad

& must always be observed [D10]: ' .

2
. R - —

P . v .
a. Completenesf ‘rale : all datag in a global

/

9 relation must be mapped. into its fragmen{s.

»

. ' ’ b. Reconstruction rule : a global relation can

\

always be reconstructed losslessly from its fra%ments. In
vertical fragmenta

ion, the inclusion of the key of a given

-global 1§3Jatibn ihtq each-of its fraghents guarantees that
. ~ i . - '
this rule be observed. ‘ - .

“ L] : -
~ G
[

c. Disjointness rule : the fragments df a global

\
relation must be disjoint. This rule mainly applies to the

(’” 'horizontal fragmentation because the overlappinélpﬁfyfgn of
'two horizontal fragments cannot be known directly by the

user, whereas data in the overlapping attributes of two ™ -
vertical fragments can be exactly known. T, -

»- t
» ’ y
.

o

2. Allocation design phaségi{wh}ch determines what

&

-

network site(s). each fragment should be ' allocated. A
. N - .
fragment can be allocated nonreplicatedly, in which case
it is allocated at ohly one site, or replicatedly, in whichﬁr

-’

Con - . 4
- . QI

L
™\
g
-
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t . ’ ’ hd T e
case it is alloocated at more than one site. ﬁspally;".

~replicated al)écation is treated. as a post-process of
hgnreplid%ted allocation. " N “
‘ > 0" N - : ;

Thé design of ’E;e élobalkschema of a @DB consists of the

.- following'mainsteps [D271: :
) N
o

- 1. Selection of a common semantic data model, such. as

- N - s

thes Ehéﬁty-Cétegbry—ReIatibnship' data model (dis ed
: ; stat! Et““

AY

.later). .

.
+

-

2. Tfanslapion of the local databases into their

-

corresponding intermediate partial conceptual data models

.»' . .
7. using the commontd\Fa model selected in step 1. . T
. - ) . . i . .

* - : .
3. Integration of the partial conceptual data models

-~

obtained in step 2 into an integrated one.

L]

e RS

®

4. Finally; translation of the integrated conceptual

data model obtained ih step 3 'into a ‘set of-global relation

4

schemes. ‘ .
. L

The fragmentation design, allocation \ design, and
A - . N ° N

-

integration of local databases have. been investigated in
.. various papers (from [D1] to [D301). These research efforts

hg%e established both design- griteria and mathematical

) ' ’ . «>J“§ ) P
foundatlons fof futurg .DDB design tools. They will be

.
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1.2. DESIGN OF HORIZONTAL DISTRIBUTION ) R
& Horizontal distribution des;Bn consiasts of two/ phases

.o, ' _. \ * "' ‘ "
~ > - 3

‘f

s

horizontal fragmentatioﬁ, design and horizontal allbéation

-

deéign.

» : . e
1:2.1 Hbrizontal Fragmentation Design '

-

1'201'91 HFD Method 1 ' ' J . : A

i

- N

In fb7;010]“a method which is based on the determination of

-,

a complete and minimal set of simple predicates has been
) 4

L]

proposed for horizontal fragmentatlon deslgn. A predicate

is called almple if 1t has the form }_

w
-~

.-

attribute op value

. . .
2 -
.

where op can be =, !;,“k; S, >, or 2.‘A~minterﬁ'pfedicate

with respect to the set P = ips dsisn}  of simple
oo n
‘*prgdicates is thé\ one which ‘has the form : "y iﬂ Ps",
: I

where p; is e1ther p. or pi. The set of all tuples ‘for

.

which Yy holds is called the mlnterm fragment correspondlng

toy. A glmple predxcate pi€P is called relevant if ;hqre

exist * two minterm fragments whose corresponding minterm

o ot




o

N

predicates differ only in p. (i.e. pPs in one of them and

P+ 1in the other) -such that they .are accessed with

. \
different probabilities by at least one transaction.
\

\ - :

P is complete if for each minterﬁ\fragment with respect to
5 y \ )

P all of its tuples are accessed with the same probability

LI

by any given transabtion, and minimal if every sihplej

predicate in P is relevant.
!

‘ ~ IS

Now the procedure for determining a complete and minimal

-
A Y A

set P of simple predicates of a given relation R cansists

[
+

of the following steps
Wal

e

1. ;dentify important transagﬁions accessing R. A
transaction is called important if it has a high execution
frequenc§ or reqdires a critical performance. This is due
to 80/20 rule [D9] stating that the most active 20% of the
transactions account ‘for§?0% of'the total database usage!'
It is assumed that the same transaction which is issued at
ditferent sites is regarded as different.

. , * | |
.2rm Choose simple predicates on R, based on the

processing locality of the .transactions identified. in . step

1.

. . 3. Apply the folloping algorithm : ' .

®
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P (- pa, where p, 1is .chosen such that it is
a LR ’ N N -

~

relevant with respect to-P\(i.e. =f1p1})\x
' Hhile (P is not_coﬁglet;) { B
P ;- P U {pl, where ﬁ‘is chosen such that
it is relevant with respect to new P (i.e. P with p just
added) ' ' . o '
. P' <- se@ of nonrelevant pfediéateb in P
/* the above step is neéessary'because a new
predicate p c;ﬁ make other predicates i; TP'to become .,

nonrelevant */

P <- P-P' ’ ' »
\ : -

i
’

’ 2

. The result is & complete and minimal set P of simple

|

predicates. The minterm fragments .produced from this set r

can be regarded as "appropriate” units for data allocatiqn

o

because of the follawing reasons ,

a. Each minterm fragment is accessed homogeneousl]y by
any transaction (due to completeness property of P).

b. Any two minterm'fragments differing in only one

simple predicate are accessed dishomogeneously by.at least

oF

\
one transaction (due to relevance property of P).

- o

+ - ,Q N N f
.

c. P takes ihto account the processing locality of the

important transactions accessing R (due to steps 1 ag} 2).
b}
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1.2.1‘-2 BFD Method 2 . ’ . r

.. . -

»

. Another 'method (D9], which i= baééd,oﬁ the minimization of

bggh access costs at local sites and aata transmission

°

costs between sites, has also been proposed for horizontal:
Vo . . ' N \
* fragmentation design. First, it is necessary to distinguish

4

between primary and derived horizontal fragmentation. Aﬂ;

-

horizpntal fragmentation (gi,«..,qa) of a global relation R
is called primary if.it is based on some property of its
own attributes; it is“€alled derived if there exists 3

-~ \ . .
horizontal fragmentation :(gi,...,gn) (primary or derived)

of another relation S and a joinJ%redicate jp such that q.-=
R SJ4o d.. where SJ is the semi-join and 1<isn. Second, the

method makes the following assumptions
~

1. ‘Each giobal relation mé} have zero or more

candidate fragmentations, each of which is primary on that

relation and derived“pn. zero or mnore other relations

connected to it via joins. These candidate fragmentations

are specified in.advance by the user.

-

v ) “

|8

2.  For ‘+each horizontal fragment g of a primary\
frgmentation P on a relation i, the allocation site of g is

specified in advance by the user. "

t

I3

3

3., Each horizontal fragment . ¢ of a derived
R .

@

-
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fragmentation n a ‘relation i’ must have the same

allocation_site the corresponding fragment é' of a

‘relation. i' fragménted by p (primary or derived) ahd

connected to i via a join.

N

4. For each site j, CLR,, CLU,, CRR,, and CRU, denote

the cogts of a local retrieval access, local update access,

remote | retrieval . access, and remote* update access,

respectfively; these access costs may havé different values.’

.
s

Eacl/access is assumed to retrieve or update one tuple.

¥

L]

.

b ] “
5. The transmission cost TC of a byte between any two

different sites is assumed to bhe a constant.

\
~ N

4 s ; :‘ ’

: o L > ! :
In the solution, each relation’'is either (1) fragmented. by

the best candidate fragmentation or (2) not fragmented at

all and allocatéé» as a whole at the best site. The

objective " function to determine the best .candidate

fragmentations and the best sites is as follows :

’ . K2
min z = .2‘* C,,,*Xi,, + ); D;j*Y;j' - I .,.,,"wh,. -
- i,p i 1,) . h,p ’ ) .
N * z. Bh.Vh:’ 0 &
 hy] . . - ' - E
where : 2 N
. A ) R .
. » . [ ¢
SPE R X;£’= 1 if p’is Seleétgd_for i

. 0 -otherwise

7



L

- and allodated1at.site J o p{k) is the site of origin of~§.

]

1 | :

Cip is thelcorrespdnding cést due to the fragmentation q‘gi

by pl Cip consists of an. access component CA,_, .and a:

transmission component CT.., i.e. :. . .
’ LIS L .', \ ‘
—— il ) . !
t-"v C*p =5CA$P + CT‘_','
4 v ’ ’
ta. CA,, is computed as follows :' S é
T '
- . CAyp = E SCAipw : N o

’
.

‘ 1

where SCA,_.. is the access cost for a single transaction k
:per unit time, and is cq@puted as iolrowé T

»

(NRsp3*CRRy + NU,p3*CRU3) 1 +

SCA;, 'k‘ =, [ L
J - 3fo(k) | e ,
“ ~ ‘NRip,o(k)-*CLRo(k) + NUL“p,o(k)‘CLUo(k))
Mo . !

[ . .
5 . y

where NR,,, and NU,_, ate the number-of retrieval accesses
and ﬁbdate accesses per unit time, respebtiveiy,.made by

ﬁransaction k to.the fragment of relation i fragmeﬁﬁed Ey,p

. ;

B - .

- ~.‘: ¢ ' . ¢ -
b. CT*p is computed as follows : ~
o v : ' o ' ; v
C CTip = CTup *+ CTip | S

1
L '

- CT,, is computed as

—a -



S ‘ - ' 3 12
/x +

Ny - CTap = I TRuu*Np*TC

- ~

. where TRnha i8S the number of bytes of the joinmr columna and
the result columnstwhlch must be transmxtted per unit time

to each.of Ne fragments of re1a£1on i (fragmented by pJy by

~

all transactions which perform join. h from some other

. relation i' to. i. A B \

. ‘ Q@
. = CT,p is computed as : . se

CTap = I SCTupn _

[

where SCT.p. 1is the cost of transmittiné the result of

transaction k from allocation sites of fragments of 1 to

¢

the site of origin of k per unit time; k bé{ongs to the set

et
{
of transactions accessing 1. !
. \

2. Yoy =. 1 if i7s ai{ocated at j as a whole

0 otherwise

-Dygis the corresponding cost' due to the allocation of i at

3 ?a a whole. D.y is computed in the same ﬁay'as\gt, in

-~

which i is considered as the only‘fragmen; of i allocated
a\t j. " ‘ R ' B ?-" <

-

v
1

3., Wnp = 1 if p is used for deriving a

fragmentation of some relation i from

¥

-

' . - .

A1

-




vy

q———— N

another relatipen i' via h. ¢ )

e

«+° -7 0 otherwise ' q

. . . )

- . A
- \ s

L Ag is the correspénding savings due to the fact that the
.join- h between two relations i §nd i' can now Ss performed
“: loca;iy ai the éérrespoh@ing pairs of'fragment sites. .
Anp is coﬁputga as follows ¢ | .
. "
v

Ang = (TRna + TRpyi.)*No*TC
r . \J

.

where TRni: and TRp. - are.defined as above, in which ?Rh; is

applied to all trang that perform join h from i' to

appllied. to -all transactions that

. . @ . /?
i'. .

-

I . kY

i, "whéreas TRn.i-
¢’ .
perform join h from i

4. Vh; = 1.if ‘h is used to joiﬁ two relations, say
) 'irand i', allocated at j as a whole
q-otherwise\
tB,, is_the qorrésponding'savings due to‘the‘ fact that the
-join’ h, of 1 ana i' can now be performed locally aE'Qne
site. B, is assumed not to depend on the choice of sité j.
\ Bn i;, computed ‘in éﬁe( same way as Anp (just as Diy is

computed in the same Qéy as Cip), 1.e. : - Cf

- ’
.«

Bh = (TRhg_ + TRh‘,.)*TC

A

T N N o L



] ' ' : 14
. .

~

Note that in the solutibn,xeabh relation i has been either
(1) fragmented by the best\:ragmentation p selected by the"
th

%ethod, in which case allocation sites of the

corresponding fragments of i are those specified in advance

by the desfaﬁéf\isee assumption .2 above), or (2) allocated

as a whole at some best site j selected by the method. Thus
. b - -

the mef%od not only solves the' horizontal fragmentation

p}oblemé-but also solves the horizontal allocation problem.

~ ~
. 3

;.2.2_Boriiontaﬂ Allocation Design

~

1.2.2.1 HAD Method 1 . - :

In '{DlO] a method WhiQP is based on haximum processing ,
locality éf transactions has béen proposea " for .the
borizontal allocatien design. Let r,4 and u.,, denote the
number of retrieval accesses and updéte accessés;

respectively, to fragment'i by all‘‘transactions originated
’ ‘e N
at site j per unit time. -

v
~ N\

-1. In the non-replicated allocation design, fragment i ,

- A .
. is allocated at site j° where it is accessed most, i.e.:

Nyis™ = rais™ +'co.ugys® is maximum

/

.

where c is a constant which is the ratio between update and

retrieval access costs. Constant c is . assumed to ' be
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;o , » X
- independent of sites, remoteness, and logality of accesses.

-?

] a
-

2. In the replicated allocation design, fragmeﬁt iis

-

. allocated at site j if__the benéf{ts' for retrieval
‘transactions originated at j which finds i as a local copy
is greater than the costs of updating this copy ' from all

‘ other sites to preserve data consistency, i.e.: %;_

°

N day = rey - L c*usy. > 0 - : b
.
. - i'#] . .
1 . ) N
4

If for evefy site j, d,450, then i Wwill be allocated at.j*

such ‘that d,,* is maximum, - . . .

y
o

~

»

See Append}x'A‘for the implementation in"C of this method.-

- \ . - \
N / ]

A

. . 1.2.2.2 HAD Method 2 e

Another method [D9], based on the.non-replicated allocation
solution from the ﬁﬁﬁ Medhod 2 (see the note at the end of
section 1.2.1.2) ‘and greedy heuristics has also been
proéosed for .the replicated allocation design. 1In the

solution, a global relation\can be allocated aécording to

- \

. . iy \ .
multiple candidate horizontal fragmentations or be stored

T . as a whole at multiple sites , or both. The method works as
P h s
-

follows

-

Let § and C denote the. current rep;{gated allocation

f( LY

»
.

N '
[} >
,
" -
- R ~ .



L

’

' sq@lution and its qorresponding total cost, respectively; X

-

denote éitﬁer'xlphor Y.35. Now S and C start with S® and C*,
. - - ST

respectively, where S and C~  are the nonreplicated

allocation solution and its corresponding total cost. For

each X which has the value 0 in S, build 'S' = S U { X =1 |
and compute itgugorresponding’total costs as follows :
m ‘»,nb"\
-J"( .

—

PIRR
“Hea

c' = I TEC(S,k) + L TEC(S',k) '
k¢ T(i) . k €T(1)

~

where T(i) is the set of transactions which access relation

1, and TEC(S,k) is the transaction execution cost for

' transaction k in ‘the solution S; TEC(SJ}k) is computed by

7

the optimizer of a partiCulér relational DBMS,' and thus is

- . -
DBMS-dependent. Note that in the formula the execution’

costs of those transactions which access relation i must be

. /

. ¢ . -
recomputed in the new solution S', whereas those

transactions which 'do not access i can reusé their old
execution costs in the old solution S. Let X* denote the X
which corresponds to minimum C'. If that minimum C' is less
than the current C; then X* is*added to.S'and C is 'set to
that minimum C'. Repeat the algorithm with new S and C. The

algorithm stops when a minimum C' is found which is gfeater

‘than or equal to the current C. The method is classified as

.

heuristic because at each iteration a variable X is

selected which results in minimum total cost.
. N

[

s

A
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1.3. DESIGN OF VERTICAL DISTRIBUTION

o

AN

As in horizontal distribution design, vertical distribution

- v

design also consists of two phases : vertical fragmentation,
désigﬁ and vertical allocation design.

'1.3.1 Vertical Frgmentation ngsign‘

.

»

In [D24] a mefhod which is based on the concept of
attribute. affin;ty has been proposed for vertical
‘ffagmentaﬁion( design. First, two types of vertical
fragmeétation are diétinguished: vertical paffitioning in
which each nonkey attribute Belongs to ‘only one vertical
fragment, and ve;t§cal~ clustering in whiéh a nonkey
attribute may belong to more than one vertical fragment.

-+ B
The . key attribBute of the relation must be present-in each

vertical fragmént in both cases to guarantee the lossless

«
t

decomposition property. Now, let:R be the global relation'\

to be vertically fragmented, A=fa,! i =1,...,n} be the set
of all attributes of R, T be the set of all transactions

accessing R, each of which' may be originated at' multiple

@

" sites. Unlike in [D24] where all attributes accessed by
each transaction are assumed‘to be either retrieved or

updated by that transaction, it is assumed fnnthe followiny

that a transaction may both retfieve.some” and update the

‘

-

others of its accessed attributes; as a result, some of the

formﬁlations in [D241] will be medified in accordance with\

b

’

v
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.‘ - \ . N ’ -
this. broader assumption. For each transaction k ‘in Tl.th;"

hY
following variables are defined :

- " " .

-

)
USECc s

= 1 .if k uses attribute a, . o
. 0 otherwise ' ‘ A
[ . N . G .
N R - . . - R
types = 'r' if k is a retriewval transaction.
! - . S, ‘ o N -
. , 'u' if k is an update transaction : ;

a
¥

acc), = total number of accesses to R made by k per

unit time (each access retrieves or update one tuple; k may

' . - » J'
be originated from multiple sites)
Co ) " - <
Alk) = la.! a.€A A use,..=1] \ i
o . fi.e. A(k) is the set of attributes of relation R "accessed
) . . .
by k). , Y

”

- v - 3

The affinity of a, and a, , written aff.,, is defined as

the number of accessés to R made by all transactions which .

M e, ']
use a; a a, together, i.e. :

I

' aff., = I acc, 7
‘ (useki=usekj =1) - . ) “ i,

v . © . i~

N « R
The affinities arge recorded in a matrix, cal}ed attribute

-affinity (AA) matrix, The AA matrix_ is symmetric and

. - e ¢

semiblock (i.e. dgch diagonal element is’ greater than any .
B ¥} ‘

other element on the same row or column). Now the rows and o =5

——

—




-

«. -expression is maximized : . T

“

! . ¢

F 4

columns ‘of AA are permuted such that "the’ following

P 3
FS

o

. . . '4 - -
. I - aff,_,*(aff*,,-;, + a'ff.*,:’¢1 + af‘f_t.;;,g +
.i"J ’ . .
aff;-;‘,,) Yo

.
N ’ ‘ N

Whére af'fu,o, s affo,z, = 'aff;,'.-..; = a-ffn..;_,:, = 0." .

*

¥
- .

. The result matrix is called the clustered AA matrix. It is

also 'symMmetric’and semiblock [D24]. - .

r

.
o

1.3.1.1 Vertigal Partitioning Design
N Ll .

d

——

w \ " ) ", Q _
A"

Let % be a point along the main-diagonaliof the clustered
s, N

" AA matrix. x divides R iqﬁo .two. vertical fragments : U

e

cohsisting of the attributes from the fiqst attribute up to

X, .’j\dQL from x to the last attribute. LT, UT, ‘and  IT
N

dendte sets of transactions which access 6h1y L, only U,ﬂ

. ¥ ot
and both L and U, respectively, i.e. :

N

" L - ‘ . . » ‘—. d
, LT = {k ! k€ETAA(kK)EC L} - .
\ o
UT = {k | k€T AA(Kk) S U}
\: - . . “'. . “
~ . N *
‘IT =T - (LT U UT)
. » ' - ¢ T
N ? °

- -
®
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Now compute
' }
. . . . 'u .
. . CL = I -acCy; CU = I aceCy; .CIL:= T accy
. -, k€LT k € UT : " KE€IT
“ | Choose Xuwax such that the objective function - . . - ©
' z = CL*CU-CI? is maximized.
i ‘ B ‘ § . - -
Then the vertical partitioning which corresponds to Xmax i
accepted if z > 0, and rejected otherwise.
A ' “ * ~
A2
1.3.1.2.Vertical Clysiering Design
Let xa. and x: be two points along the main diagonal of the
L & % .
' clustered AA matrix. x, and “x» divide R into two ‘vertical N
fragments : ‘U consisting of the attributes from the first 4
A one up to xz, and L from x, to the last one. Let I he the
" set of attributes between x, and %., i.e. I = LN u.
- ~
The same objective function z.as in section 1.3.1.1 is-used. K,

-
&>
'

for choosing x, and x2,7i.e.:
. 4

z = CL*CU-CI? is-maximized, g @

but LT and UT ase now defined as follows :

.
I3

), [

LT = {kET | (typew="r'AA(k)CE)V (typen="u' A

~
= -
’ ?

X
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. . R
H , N L -

AlK)C L AAL(KI N I=0)]

-

- R ™
= {k€T | (types='r. /\A(k)CU)V(type,‘-'u A ‘
A(k)CIJAA,(k)nI B . ’ %
i where A,(k) denotes the set of attributes updated by k.
IT is definoa‘as in section 1.3.1.1, i.e. :
N b ‘ ' \ AN
IT =T - (LT U UT) “»
1.3.2 Vertical Allocation Design, .
LN ’ (= = ‘ * N i {
The following methods are used for ~ non~-replicated ;
allocation 6f vertical fragments. .

'1.3.2.1 NAVF Method 1

¥

Y

, ~£et c;: c2, and é, he\the access coat\(rotrieval and update
access coots ére assuméd to bé the oame for sfhplicitf),
storoge cost per byte, ¥ and .tranééission cost per b&te,

. respectively. Let alloc, denote the oet of;allocation sites

for fragment\ F, which may consist of either a single site

in the nonrepllcated allocation de81gn or multlple sites in

‘ . %

the repllcéﬁﬁe one. In [D24] a method, which is based on

the mlnlmlzatLOm of the total acceks costs, storage oosts;

[

and transmissgion costs, ! has been proposed for the

L nonrepliéftéa vertical allocation 'design. Suppose that a

"
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e

global - relation. R is vertically pa}titioned into L and v,

then. :

.‘allocation site alloc, (which is a singletonr in this -

N 7~ . s
o

N N

1. The number of accesses made by all transactions to

only L, only U, 'or both'L and U is as follows

’ ’
o

: . o

W, = CL + CU + 2*CI ' . ‘ \

Y
v

where CL, CU, and CI are defined as dn secfion 1.3.1.1.

' - -+
| . ‘ :
vt 2. The number of ﬁemory bytes which are, replicated in

both L and U, except the required common key attribute, is:

5 - -

~

W2 7 0 (because R is verticafly pértitioned),

-
’

«
y

3. The total number of bytes which are transmit%gd

-

7

from remote sites to the sites of origin of all-

. . . . i . . N :
transactions is: . / . . .

-

accgie=¢ £ 1,

Wy =T I '
k k €Sy - aj €FnA(k) ..

where S, is {L}, (U}, or {L,U}, depénding on whether  kELT,
k€UT, or kEIT, respectively; li is the ;ength Bffatﬁribuﬂe
ay; accf!?=F is the total number of accessés to F made by

transaction k originated f£from all sites other than the

non-replicated cagef~ per ‘unit time. Choose allpc, and
' : o . . .

A

Y

-
Z




v

Ll
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-/

alloc, such'that the objective function :

L J

Cy*W, is minimum - N

’

Z =
i

- W

1

.where c,, cd2, c3 are defined as above.

’ % ¢

See Apperidix B for the implementation of this method,
/ :
1.3.2.2 NAVF Method 2 p -

24

- -

- Another approach  [D10] ‘which is based on the .maximum

processing loéality of transactions has also been proposed.
’ o ' ~
When a ' fragment F allocated at site r .is vertically

partitioned into two fragfients F. and F» 9llocated at sites

™,
8 and t, respectively, fhe benefit Bre«'and the cost Crae

L}

-~

of this allocation is computed as follows : -

l. Brae.= I acoy(s) + I acci(t)
R€T1 kéTz

where accn(s)’ is the number of accesses to F made by’

A Y

transaction k ‘originating from site s8; similarly " for

) accr{t); Ti and T, are defined as follows :

\

.

Ty = {kET | A(KIC F,}

-

- - 1

Ty = k€T | A(k)C Fal
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\4 - 1 K ’
. K s . . ~

B ‘ .(i.e. Ti is the set of trgnsaqtiohs‘accéssiné onif'F;. and -

~ T, 1is the éft of'tfansactions Fccessing&fnly Fa).

v
\

3 @

, ’ 2. Cprae =. L acck(rJ”1—2;2.acck(r) + L . T acck(3j)
-/ k€T3 ’ k,eTq\‘ jflt‘,s,t keTg -
whgre'#
] Ts ="{KET | A(K)C FyVA(K)C Fal )
.8 B ’ . . .l‘ ’
TQ =T "‘ T,;;,. '::{’f . s, R ,4
. . . ‘ ” . ,

3 ! ' ' * - R Coe D

Y

< or 'Fz, while T, is the se

' |
both F, and Fj3).

* : -

.of transactions which access

The savings Syra.. of this.allocation is : L s
W, ¢ . - ’ ' . . -
. ~ . [ ’ - \ . ‘ -
e ‘ < . R .
N\ s - : » R v "
N Sratc e ‘B!':‘-‘t - Crat . ) \ .
. . ‘,-‘ . < ‘e

Choose s and t such. that Sya.e ig\maxihiéeﬂ.

] f
See Appendix A for the implementation in C of, this method.
S Py

\ L}

1.3.2,3 NAVF Method 3 ! |
Al - ‘ -7 -

. : v
In [D10] another method, has, also been proposed for the’

- ’

,‘ nonrepliqatéd allocation of verticaily clustered fragments.

Brets Crae, and Sy, are defined as above, but T,, Ta,  Ta,

4

' - and T4, are defined differen@ly as follows :
EE 4

' - -4
[ ]

-, (i.e. Ty is the set of transaz}igns which access either PO
- B = < . 1
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P . -

\, B . s A « ' S ’

Ta {kET‘:, (type.;"r I\A(k)CwV'(typek u' A

ll

A

_A(KIC Fa AAL(K) N I= =81} ~ -

(i.e: T, 1& the set: of transactlons accessing only Fai).

s 3

.
~ - -
- N

T, = hKET | (typeyx="'r /\A(k)CF,)V(typek u’A

»

A(k)C Fa2 AA, (k)?\l ﬂ)} ‘

n
-

(i.e;,.T2 is the set .of tranSac"{ions accessing only Fa).

b ] L .
u - v,

‘Ta = (KET ! 'typekwr' AAK)IC Fs VA CFa)} U

AcONT =813 . T

T ~t 3
where A.(k), again, denotes the - set of attributes in F

uiadated by transaction k. -

(i.e. Ts is the set of transactions accessing either F, or

.
Loy

Fz)t‘. ' )
‘ - . »
a ‘ $ .,
Tas = T -Ta . ~,
(i.e. ' T, is the set of transactions accessing both F, and -
E{‘:)o

RN
. ~ ' ¢
2

Now let's ‘turn to the ‘,replic’:ated allocation of vertical -
i
fragments. Let alloc, be the nonreplicated allocation site
of vertical fragment F obtalned from the NAVF method 1 in
. —-

section 1.3.2.1. The set of additional sites at which F can *

be allocated is determined by the following algorithm

* [D241): g o -~ A



repeat : . T .
# | try all sites not in allocse
let j be the s8ite which results in the maximum

MRS

benefit

‘alloge <- alloce U {31}

until fo further benefit .
-~} . : ) )
Site j 1is the most beneficial if the following objective
function . ' .

. "2 =.£1c;*w1 is minimum
’ 1= .

2

, 1. Wy = I  (lallocs!)*accs
to k|typex='u' AA(K)NFig

' \ f

-

where lallocy! is the number of copies of E. The meaning of

~
" applied to all the copies of F to m&ke them consistent..
] '- . ~
| 2..W2 = lallocg!*tFi*( L 1.) . .
- ! ) aiéF N
& . . AN ~

T

where !F! is the number of tuples in F. The meaning of Wi

-

is that it is the number of memory Bytes for 511‘the copies

L
.,

of F.

W, EZ\ that it is the number of update accesses to be

N

-
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1

- . -

y 3- W; = t acck"""“p I 1* -
k aj € FNA(k)

where accg*?®<r is, as before, is the total number of

accesses to—F made b#% transaction k-originated from all

—" ¢ .

—sites other than those in alloc,. The meaning of Wy is that
it is the total number of byges which must be transmitted

to the sites of'origin of all tranéactioné.

- - P .

Cai, C2, C3 are defined as in sectien 1.3.2.1.

/ -

. . Sk S s T
.

~

Note that when the number of copies of F increases, W, and

&

W2 also tend to increase, whereas W, tends to decrease. The

algorithm can be classified as heuristic because at each

8
-

iteration the most beneficial site is selqcted for
—— - N = "

~

replication. - , : - ..

Fl

1.4. ALLOCATION OF FRAGMENTS IN A .I@CAL AREA NETWORK

]

PR A different approach to data allocation whic? takes into
v aﬁsount the characteristics of a local area network has

been proposed in [D25]. The method works as follows :~

7 -
‘ - »
|

Let P = {Py,...,P.1"be the set of processor nodes, CC, and

/

/

-7 CIy be .the processing and I/0 capacities of /P,,

2

respectively, and CM,, -be the communication"‘ca city

between P, ,and P;; F = {Fi,e..,Fel the set of fragments to

’
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be' allocated, over P; T = " {Taseee,Tel the set of

s c Yy o
transactions opeégating on F. The method is different’ from

»

those in site-te*site networks in that the set of objects

-to be allocated to P includes .both fragments and

[ -~ -~ hd
-transactions, i.e. : v '

/

O=F UT= {01,...,0n} (say)

The cost of allocat%rg\p to P is computed as :

v \

p-1

. - AR

P
tc = ?kjyiisgzvcﬁﬁg+ L E VI, o
= | i=1 i=i+1

where vi., vc, are the’ I/0 and processing load at P,,
respectively; wvm.,, is the comunicatioh load between P, and
Py, 1i4j.' The computation of wvii, veu, Vmy4® 18

DBMS-dependent.

»
] ~ i

The objective is to allocate O to P such that tc is

* 4

minimized and for every P,, Py, in P, vis$CI,, vcy$CCy and
. . —
vm; 4SCM,,. A greedy first-fit algorithm is prgsented in

[D25) ta solve this proplem. It work# as. follows :

<

-~

The algorithm ‘starts with O and D = @ (D is a set in which

- each of its elements is a cﬁl?gction of objects in O; the

meaning of D will become clear in the algorithm), and a set
N = {Ny,vee,Npoal of n-1 fictitious nodes where n is the

number of, objects in 0. For every (0,,0,)€0%, O, = 0,4,

N\ .

Al




v

A

=" -

allocate 1612034 to one node and eaéh object in 0-{04,041
t¢ each of the remaining fictitioqs nodes’ Compute tc for

this .allocation. Let (Ob, ,0b2) be. the bair of obfects such

J

‘ |'p
that tc is minimum- and the constrainhts on processor nodes

are satisfied (in the constrainf% it is assumed that N; =

‘P.,M = 1,...,p; the constraints -are specified by the

DU {{Obs,Obzl}, O = O - {Ob,,0ba}, and

designer), Set D
reduce the number of fictitious nodes \by 1. Repeat the
above steps until the constraints in the first computation

of tc in an iteration for determining (Ob,,0b>)} are not
. ) «:
satisfied. If O becomes ®, then D is the allocation

solution of the initial O to P. In any iteration after the

first one, the following rules must»be-followed :

A

1. If the numbe of elements in D (called compound

>

object) reaches p, then/ at least one of Oi and O4 must be

w—r—

‘taken from D.

2. If exactly one of Oba and Ob, is a compound object,

say Ob,, then 0 and D are modified at the end of the

.
’

corresponding iteration as follows : N
¢ oo foe Il
0 = 0 -{Obzl ’ ~ \ i
D = '

(D - {Obs}) U.{Oba U {Oba}}

3. If both O0Ob; and Ob. are compound objects, then O
o ' \C

. : ) o « R

s
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and ﬂﬁ/‘are modified at the end pf the correapond;ng

iteration as fqllows

O
"

(D - {Oby,0ba}) U {Ob, U Oba}

- ' ° ’
N .
The result of applying-the above rules is that the number
of compound objects (i.e. the cardinality of D) is _hever

greater than p.
-

1.5. GLOBAL SCHEMA DESIGN FOR MULTIDATABASES '
The main problems associated with the global schema design
for a multidatabase (MDB) will be discussed in this

section. .

b, ..
- N
* . : ' N \

"1.5.1 Selecﬁion of a Common Data Model

AN
N .
A sujtable common data model must provide for the concept

of generalization because this concept is essential when

-discuséing integration of multiple databases. For example,

the Entity-Category-Relationship (E-C-R) daﬁf model

. . +
(p16,D17,D18,D231 is .orie of such models. Thgs model

provides - two additional concepts for the

Entity-Relationship (E-R) model. First is the concept of

category} There are two types of categories : the
't“ ) -

[

“.

I

R
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.refer to an entity set or a

generalization category groups entities from several entity

sets or c%tegories when these entities participates in the’

same relationship, and the BubsetMcétegory groups entites
froﬁ one entity set or category when these entities have
specific attributes which are not shared by the rest.
Sgcond, for each entity set or catégory participating in a

relationship set, two cardinality constraints, called

mincard and maxcard, are used to specify the min%yum and

maximum number @f relationship instances per instance of .

that entity set or category; a mincard 0 implies a partial
participation, and 1 a total participation. Also, a 'role

name can be speéified for every entity set or category

participafigé‘ in a relationship set. Entity sets,

~relationship sets, and attributes are defined as in the E-R

modé1¢~Thé\term objéct set"w§ll be used in the following to
o . N R

ategory.

3
V4

In the E-C-R diagram, rectangular boxes represent -entity

v
sets, diamond-shaped boxes relationship sets, and hexagonal

boxes categories. See [D17) for an example.
In the following, it is assumed that the conversion of
local databases to the common E-C-R data model has been

dbne. After this, integration of the partial conceptual

-

. 'E-C-R models in to an integrated one consists of two

[N AY

phases:

°
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l. Pre-jintegration phase, in which the semantics of

the partial E-C-R models are analygsﬂ to ,i&:htify

’

similarities and conflicts; and in the case . of conflicts'
- » -~

how to resolve them.

~

2. Integration phdse, which integ%atgs similar object
0 .

sets and relationship sets .in the partial conceptual E-£-R
models, based on the results obtainedr- from the

pre-integration phase.

1.5.§-Pre-integration

o \
“
A

During the semanticﬂanaiysis of the parﬁial "E-C-R models,

Q

the following types of conflict are idenéified (D14] :

naming conflicts (i.e. ‘synonyms and homonyms), scaling®
conflicts (3.e, using different scales to measure thé same’
datg item), representation conflicts ¢i.e. using differing

data*t&pes to represent the same data item), and §tructu£al

‘conflicts (i.e. to represent a real-world object by

diffeﬁént data "structures, .e.g. as an entity set in one
database, as a’ relatiohshipi se; ir another,  or as an
.attributé in another, etca).

Naming conflicts are resolvéd by renaming. écaling
conflicts or representation conflicts Qre resolved by using

a common scale or data type and converting the other scales

or data types into this common scale or data type.

%
-

-

.
"
v f

®




"equivalence and global equi

\ " qifferent salaries.
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Resolution of structural conflicts will bg discussed in

—

section 1.5.3.

In integrating attributeQ% the concepts of local

vallence must be understood first.

{D15,D21]1. Two semantically equivalent key attributes are

gloMally equivalent if the unigueness property still holds
in the union of entities; otherwise, they are locally

equivalent. For example, Social Insurance Number (SIN) is a

globally equivalent key becéuse each employee has a ‘unique

SIN regardlégs of which company he works,rwhereas Employee

" Number is a f;cally equivdlent key because two different

employees working in two differen£ companies may have the
same employee number. Two semantical}} eq&i§a?ént nonkey
attributes are qlobally equivalent if the same entity must
ha;e fhe same values fgr tﬁe two attributes; otherwise,
they are locally equivalent. For example, Age is a élobally'
equivalent nonkey ;ttribute beca?se the same employee must

have the same age, whereas Salary is a lo%ally equivalent

¢ ’ ,
nonkey attribute because the same employee may work in two

different companies at the same time and thus may have two

3 v
’ . , B

Fér locally equivaient key attributes, three solutions are

-

, possible : ' i "

1. Add attributes to one or more local databases such”

’ -

-
\ e £ .
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N computed from the local attributes in sgome way (i.e.
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—— > o

g S ' . o - . .
" that there will be a globally equivalent key among them.

\ ., o & —)
. .
B BEPR *

. , - Coh .
2.'Add a new attribute ’in the global database and -

. % =

»
convert existing local key vq{ﬁes'into global key values.

©

-

' I . X ,
3., Prefix the Jogally equivalent keys with a local
- . ;,\j .- . T
database identifier to dgke them unique. | — 2

-

’

Solutions (1) and (2) are suitable when the intersection of
the object sets involved is non-empty; otherwise, solution
(3) is'suitabie.-‘ - ';‘ T

\ .
For locally equivalent nonkey attributqf, two solutions are

3

- >
possible :

5
® N

~

- 3

i. 1f the intersection ofﬁlhe object sets involved ié
. {' ' ' - -:
empty, then create a global ‘attribute whose values are

taken from the local attributes; pth?rwise, !

»

r

-
-

2. Create a new global attribute whose values are
. . N

N ’ .
average, sum, etc.). : .

1.5.3 Integration of Local Databases"
(

-
o~
a

The integration of attributes  of similar objecp sets or

- Y . v
relationship sets has been discusseq in section .1.5.2 above

@

[

C &
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““ ) . . 1) .
(using the .. concept of attribute equivalence). The

integration of similar object sets "or 'relatidnship sets

will be presented in this séction. - T
\ A . -
- " \'

For integration of- similar object sets, the union of all

N

object sets in all_iocal E-C-R models are divided into

disjbint subsets, each of which'represents a similar type

. ) ‘ Y - ¢
of information. ¢

Let A,,...,A. be similar object sets to be integrated. Then ;%

the . integration of A,,...,A. is governed by the ‘following

rules ; . .o

e - .

‘s 1. If Ap=...=A,, then a single object. set A similar to

!

A, (1 =‘1,’n%vislcreatéﬁ in the intggnatgd E-C-R schema.

i N

[ @

2. If A, < B2C ... C An, then the integrated E-C-R.

schema consists of the same object sets in which An-, is -a
. ' '
subset category of A, A.-z is a subset category of Anwi,

0\ . ]

.

» . and so on iFig.l, [D%é]). ' \

— . 3. I£ A.NA, != ¢ and A.¢ A, and,A,¢ A: for every i l= -

j, then the integrated E-C-R schema consists of 2=-1 object
K sets in the most general case. If for some i", j", Ai-NAj,. :
=9, ther A,~ and A,. will not be integrated (Fig.2 for ‘the '

o

case n=3, [D18]). ' L S - S



R

. 4. 1f A;F\A,-= ® for every i != j, then the decision
of whether to integrate all of the A;s, some;of the A 8, or
none of them is left to the designer. The technique used to:

integrate ;11 +of them is the same ag in the eqm! 3 apove

-1

but with A,ﬂﬁ, @ for every i != j (Fig.3 is {or this

case, [D18}). . )

3

F

o

The integration of similar relationship sets d;;;;Qs on a
number of factors : (i) degree, which is defined as . the

number .of . obiject sets participating in the relationship

set; (ii) role of Zaph object set participating in the

<

relationship set; (iii) cari}nality congtraints (defined in
- .
1.5.1), and (iv) semantics of data. It ig governed by the

following rules

‘ ~

1. The, relationshiﬁ set with a higher aegree should
AN N

-

always be retained in<the integrated schema. ~ . "
“ v I3 v '
Example 1 [D23] : ket R bg/a relationship set.lnvolv1ng,;wo

object sets A& and B with primary\ kexﬁ‘ a¥ and b#,

t

_respectively. Let- C be an object set with a# and "b# being

two of its attributes (C can be cSnsidered as a zero-degree
relashionship set). Now the integration Y R and C is
possible with relationship R being retained if :

N N ' .I

~ R is m-to-n and (a#,b#) is the key of C.

@

-
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[
x ' .
- v r
- R is m-to-1 between A and B, and the key of C is
a#. ‘

*
*

- R is 1l-to-n betweén.Aland B, and the key of C is

bé. . > ' ' S

&

The integration is possible becauéﬁ#’tb% above conditions
allows to“derive Cc from R (i.e. R and'C have the same
me;ning).
Ex;ﬁﬁie 2 [D23] : Let R, be a reYationship set between A,
B, and C; c# be the key of C; R2 be a‘relationship set
between A and B withﬁg# being one of its attributes. Thén
Rz' can be\ derived from R,, and R, is retained in the
intégrated schema if the relationship between A anb B is
m-to-n "in R> and the relationship between (A,B) and C is
m-to-1 in Ra. Aﬁ example can be found in [D23].

N

'
2. The relationship set with a total participation

14

should always be retained in the integrated schema.

Example 3 [D23] : Conside£ the two relationships. in
Fig.4(a). The first relationship is from the Registra's
office whete soﬁe students may not enroll in any courses,
whereas the second one is from the Accouptt Office which‘

is concerned with only enrolled studehAts. The\relationghip

integration will retain the second one and the result is

)

shown in Fig.4(b).
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33'When‘deriving a relationship set from several other

relationship Bets, always consider the semantics of data;

. wise, a connecEion trap maydoccur.
Lo

X ) - -
Example -4 [D3Q] : Consider thé E-C-R diagram in }ig.S..
Relationship Div-Includes-Emp cannot be derived from
Div-Includes-Dept and Dep§-Inc1udes-Emp if some emplyees
éuch a; technical advisors are considered to belong

¥

directly to divisions, but mpt to departments

\

4

4. The integration = of ' similar object sets
+ % participating in’ the relatiohship set is governed by the
same object integration rules as above.

1.6. DISTRIBUTED—ING?ES AND INGRES/STAR

Distributed-INGRES [D29]) is a PDDBS developed at University
of California at Berkeley. The system allows the wuser to

. view a DDB as a collection of global relations, thus

1

~. fragmentation and location +transparency are : provided.

-

+Horizontal fragmentation if supported, but vertical one is
not. Reélication of fragments is allowed. The following
LY

Distrihuted-INGRES commands are provided : o

+ 1. dcreatedb ddb-name at site-list

. 2. expand ddb-naq& at site-list

N e

&




3. drop'ddb-namé at site-1list B

- : | /

4. dihgres‘ddb-name \

4

. ! .
i\ ’ . . 1]

5. dcreate rel-name (col~name = dath-t&pe [, col-name

o

N data-typel ...) at site-list
6. distribute rel-name

a; site-list where p

[, at site-list where pl ' \

\ ~ ey ™
7. distribute rel-name at site-name

AN

N

Y

‘8. extend rel-name to site-list

v ~ o
"9, destroy rel-namecat site-list

A brief explanation of these commands is as follows : a DDB .
can'be created at a set of sites hy a dcreatedb command.

The set of sites where‘La DDB exists can'be expanded or
. )

shrunk by an expand or drop respectjvely. A

dingres commapd invokes Distributied-INGRES)|\for an existing
4 \ 13

DPB; that DDB now become® current, and any normal QUEL
. command is executed on that DDB. A new relation can be

% - . R
-created at a set of sites, which must be.a subset of the

sites where the current DDB exists, by a dcreate command.

-
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o

The set of sites where a relation exists can be expanded or

shrunk' by an extend or destroy ¢ommand, respectively.
. ‘ ‘ ‘ L G

Finaily, a relation can be fragmented and distributed over

the sites where it exists, or distributed as a whole at one

AN ¢
site by a distribute command.

INGRES/STAR (D13] is a MDBMS  developed at Relational
Technolpgy Inc.. The system supports transparency over a
.variety of difﬁerent CPUs and operating systems cqﬁnected
Via a variety of different’ comﬁunication netwprks. At
present, eac? loqal relational DBMS must be a cethalized
INGRESﬁ'.but Relational Technology Ind.xplans to support
non-INGRES Q;tes in the near ‘future. The . following

INGRES/STAR commands are provided :

¢

- [ 2
¢ - '

1. create&b‘hdb-name

2. define link drel-name ’ ‘
wffh node = site‘hame
\ database = ldb-name

table = lrel-name - .
3. destroy link drel-name

.43 destroydb ddb-name o , o
SN

5{ add node site-name ’

P

4
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1

6. remove node site-name

a

~ -

A brief explanation of these commands is as folléws : A
distributed database can be created at a site, say X, by a

createdb command (X is thé site whefe the createdb command

is issued); now the database can be peferenced at that’

site. However, it can be  made direcily accessible from
. A

additional sites Y, Z, etc. by a number of add node

!
commands. Added nodes can later be removed by a remove “node

command. A MDB can be destroyed from any of Its directly

" accessible sites by a destroydb command. A global relation

»

_can be created at one of the accessible site¢ by a define"

link command, and be destroyed by a destroy link command.

~

~
AN

After the MDB has been created, if can be accessed by any

normal DML command, as if it were a local éatabase.

1.7. CONCLUSION

- °
.

Y

A

i .
There are two approaches to distributed database design,

namely, distribution design and integration of local

4
L

databases. The first approach is suitable for distributed

databases which are designed . from £ scratch, whereas the

. AN .
second approach is suitable for designing a logically
’

integrated database from several local databases. Various

-
-

/
techniques for both approaches have been §escriaed; some of

v

!
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. | .6 ’
them have been impleﬁented in € to aﬁtomatc their use.
Thgse techniéues have helped us understand ;thh
mathematical aspects and 'desién criteria fqr «designing

‘distributed databases. ~These can also help automate the
. y i .

design process in the future. , )
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Chapter 2 LOGICAL DESIGN' FOR RELATIONAL DATABASES

L}

ABSTRACT  ® ) . T

Logical design for relational databases consists of three

o

phases : .conceptual schema design, DBMS-independermt—lsgicatl
|

/, ,
design with the emphasis on integlity \constralnts, and

DBMS-dependent tflogical design. A suxﬁv‘ey of research

techniques for designing each of these phases is conducted.
|
Some of these techniﬁes have been E_Euodified to be able to

apply them to the selegted environment.

]
L)

;-

2.1. INTRODUCTION

Logical design of a relational database, as indicated in

[L7], consists of three phases :~
* N
. . J7
1. Conceptual schema design, in which data
requirements are represented in terms of data elements of a

semantic data model. In this chapter, the RM/T gemantic

data model [L3,L5) is selected for this purpose.

2. DBMS-independent logical design with the emphasis
on integrity constraints, in 'which the conceptual schema
obtained from phase 1 is represented in terms pf a set of
DBMS-independent DDL statements which are able to fully
express integrity constraints in the database. The

DBMS-independent DDL in [L4,L5] is éelect_ed for fhis

) ' 3

45 o ]



purpose. . , i

‘3. DBidS-—dependent logical database design, in which

- \

. the DBMS-independent DDL statements obtained from phase. 2

—_— .

— . * - d N
““—%’e translated into the T)Ran‘ statement;s' of a particular-

-

relational DBMS. The integrity constraingé are enforced by
usinds the vailal?ity feature\s of‘the' DBMS ‘or
writing,é/nece‘ssary", the integrity enforcement codes. The
INéREs relational DBMS [L8,L11] is selected for th‘is

purpose.

2.2. CONCEPTUAL SCHEMA DESIGN:

, s .

The RM/T [L3,L5} models the real world in term of.entities:
An entit'y is any distinguiahablg, (éoncrete' or abtract
object. Entities with éomon probexu"ties are grouped into an
’entity type. There are three | ki:xds'. of entity in RM/T:
characteristics, ‘associations, and kernels. A

,characteristic is an entity which qualifieg and is*

existence-dependent on some other.entity; the relationship
. between a characteristic and the entity ~ it qualifies ie
n-to-1. An aéspciation is al;: m-t;-n relationship between
two independent entities (\not necessarily distinct or of
distinct - types); "independent" means that they are nét
exigtence~-dependent on each other. A kernel is an entity
which is neither a characteristic nor an association; it is

exis'tence-independent (of any other entity. An m-»to_-l‘
§ s o

©
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' designation in RM/T; it is said that "a designates b" or "a
t ‘

"is deBignative". In RM/T a designation is not considered as
< .

T : 47
]
. L .
relationship between two independent entities a and b (nog

neccesarily distinct or of dis£}nct types) is called a

-~

‘.

©

an entity, but rather as a property (discussed below).

. . @2
Kernels, characteristics, and associgtions are all allowed
-t ;

»

o be designative .

SN :
o

A property 1is a , piece of infomation whicﬁ describes an

.

entity in some way. It ° may be immediate, nonimmediate,
L 3 ° .

single~-valued, or multivalued .

N .

Entity .type Y 1is ‘a '~ subtype of entity type X (or X is a

S } . |

supertype of Y) if every entity instance of Y., is
s

necessarily an instance of Xs  All properties

(characterictics, associations, and designations) of X are

'

o
also the ones of Y; this is.cahled property inheritange

rule; Y may have addit}onalrproperties of its own. The main

reason for introgucing' the concept of supertype (or

subtype) is _to eliminate - the need’ for "property

' inapplicable“ null values. 0 - e

v
k)

, | .
A -given éubtyp? may have multiple independent supertypes,

in which case every instance of e - subtype | is
simultaneously an instance of each of the supertypes. The

subtype now K inherits all properties ° (characteristics,

associations, and designations) of all of its ‘supertypes,

4 v

w

©
f . -
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-
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in addition to having properties of its ‘own. °
» . - a ' .

9

¢

Now the data requirements must Je analyzed' to iaentify

entities and classify them into kernels, associations, and
- LU . .
charateristics. All the designations must also be

identified. Because the data requirements are usually

expressed in English, the rules presented "in {L2] which

L
converts English sentences\to Entity-Relationship diagrams

will be modified to apply them to the RM/T model : 4

-
’

1. A common noun is represented by a kernel entity

type in ‘RM/T . -

«

2. A transitive verb corresponds to a m-to-n, m-tg-l,

‘or 1-to-1 relationship between two entity types

%

- a., If it is m-to-n, then the verb is represented by

. - -
an assoclative entity type in RM/T.

b. If it is m-to-1 &r l1-to-1 and the two entity
‘types are independent, then the verb is represented by a

designation in RM/T.

1
b4

c. If it is m-to-1 or 1l-to-1 apd one entity type is
existence-dependent on the other, then thé former 1is a

)
characteristic of the-latter .

e +

|
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Note that the type of a relationship (i.e. m-to-n, m-to-1,

or 1-to-1) and the existence-dependency can be determined

° ¥

only by the ' database designer because it is

semantics-related. "

3. An adjective is represented by a property of a

"~

kernel entity type in RM/T. -

4. An adverb is represenﬁed‘ by a property of an
associative entity type, of a designative kernel ‘entity
type,' or of a characteristic entity type, depending on
whether the qualified verb corresponds to cases a, b, c,
respectively, presented in rule 2.

5. For an English sentence of the form "the X of Y is
Z", X may be treated asjeither

a. a relaéionship set between Y and Z if 2 ims a
proper noun (e.g. the father of Peter is;Smith); tﬁen rule
2 can be applied to determine whether it is represented by
an association, a designation, or a characteristic.

b. a property of Y if Z is not a proper noun (e.g.
the ;olor of the car is red). .

-

6. A gerund is represented by an associative entity
type, a deéignation » or a characteristic entity type, if
the relationship represented by the gerund corresponds to

cases a, b, or ¢, respectively, presented in rule 2.

’

@

bR
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7. A-clause\is represented by a high-level entity type

which interconnects low-lewvel entity types in RM/T.

-

8. An English sentence of the form "there are ... X in

X" iscequivalentdto "Y has...X".

-

J o

As .indicated in [L2]), the above rules are not exhaustive;
wore rules need to be developed. Furthermore, those rules

should be treated as guidelines only.

2.3. DBMS-INDEPENDENT LOGICAL DESIGN WITH EMPHASIS

+

ON INTEGRITY CONSTRAINTS s

‘Integity is concerned with the accuracy or correctness of

.

data in the database. Every relational database must follow

re . N

the two general integrity rules [L4,L6)

1. Entity’_integ;ity, stating that primary key values
must not be null. :

»
[ ' - P4

2. Referential integrity, stating that the foreign key
values must either match primary key values or he‘yholr&

) S . .

A v IR n

¢

In addition, the database may have additional integrity

rules of its own.:



o
‘L M )
\

In [LJ,LSE, Dé%e has proposed a general language fcr
expressing any integrity rtles. The languaqe cses the
cursor concept . A cursor is associated with only one
relatlon and p01cts to a specific tuple of that relation at

any given time. Each integrity: rule consists of three
1] |

A

parts: : »

* N
- A set of trlgger conditions, each of whlch specifies

when the checklng of the constraint is to be done.

-

»
¢

- The constraint itself.

»

- The violation-response, which specifies the action

to be taken if the constraint is not satisfied.

Date in (L4,L5] has .also proposed a special

DBMS-~-independent “Data Definition Language (DDL) which

R

. o
allows to'express the .entity and referential ‘integrity

. .
rules within DDL statements. Note that existing relational

DBMSs are rather weak in the support of data integrity;
however, as 1nd1cated in [L6), ‘the specification of

integrity constralnts may account for as much as 80% of a
database definition. Thug the need for such a
DBMS-independent DDL is very crucial to the database design

rocess. 3
P _ P
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The syntax of a DBMS-independgnt DDL statement is as

follows:

' » create table relgtién-name//
fields (field-name [, field-namel)
primary key (primary-key)

Lo [foreign key (foreign-key identifies target

null [not] allowed
/ .
delete of target ef}ect
update of target-primary-key effect)] -
T ./ . -
. where : A , N
K ) * ”
a R g. © .
‘(z" . N\ .
. - "target" is a table-name;
. - "target-primary-key" is the primary key of the
" ! . .
target;
r . ‘ '\N‘\—
« -~ ‘effect" -is either cascades meaning that matching

f

tuples in the feferencing relation are also del@ted or

updated, or restricted meaning that the delete or update

4y

‘would fail if there exists any matching tuple, or nullifies

- Y

™ N\ N V. . A
meaning that the referential atttribute in the matching

L 4

tuples are updated to null. . -

- nulls allowed means that the referential attribute ‘

is alllowed to take null values; nulls not allowed means

s’

not. . '
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Note that the deletion of a tuple in the referencing
relation has no effect oh the referenced relations.
However, the insertion of " a tuple into . the referencing
relation or the update of a referential attribute i£ such a
(£ué1e require thaggthere exists a tuple in either exactly
one, at least one, or every one of the referenced relations
o (depending on the designer's decision) such that the
- corresponding primary key\ value matches the referetial

¢ attribﬁte value in that inserted or updated tuple. The

implementation of the entity and referential integrity

rules will be discussed in section 2.3.1.

Now all the entities (i.e. kernels, associations, and’
characteristics), their properties, and all the
designations indenplfied in §he conceptual, schema design
« must be represeﬁted by DBMS-independent DDL statements as

7 follows [L7]

LI . °
* .
) 1. Each entity type (kernel, associative, or
/ characteristic) 1is represented by a DBMS-independent DDL

statement.

’

- If it is kernel, then its primary key musta be

specified using primary key clause. - ’ o
[ 8
- If it is associative, each participating foreign
. y 4
key and its associated referential constraints must be

\\ specified wusing the' foreign key clause. The primary key,
»

which may Be the combination of all--those foreign keys,

‘ : S 7/
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must also be specified using the primary key clause.

¢« _  If it is cﬁaracpéristic. the foreign key must

have the following associated referential constraints which-
reflect the existence-dependency : nulls not allowed,
delete of ... cascades, update of ... cascades. The primary

key of the characteristic may be the combination of the

Id

foreign 'key, and a property which can identify the

-~

a
characteristic within the given entity qualified by the

characteristic.
N
\\
2. Each designation is represented by a foreign key in

‘the designating entity type. Specify the ‘associated

|

referential ‘constraints of that foreign key using the

foreign key clause.

N

Note that the specification of referential constraints in

associations and designations must be based on the data
r, .. .- '

semantics and the policies of the enterprise . <~

2

3. Each property p of the entity type A is represented

L 4
as follows :

-

a. If p is immediate and single-valued, then it is

-

represented as a field in A. .
1 \

b. If p is immediate and multivalued, then it is

~ represented by a characteristic entity type of A.

— v

c. If p is nonimmediate and single-valued, then by

e

definition there exists another entity type B such that A

1
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¢

P

. ‘ .
designates B and p is an immediate and single-valued
property of B; thus rule (&) can now be applied, For

- example, work-location is a nonimmediate and single-valued
< e v o

property of entity type Employee because it is an immediafe'/

i

and single-valued property of entity type Department which ' '

L4
-

Employee designqtes{

d. If . p is’'nonimmediate and multivalued, then by’
definition there exists another entity type B such that B
is a qharacteristic of A and p is an immediate and
single-valued propert§ of B; thus rule (a) can now be
applied. For example, course-locatiQns is a nonimmediatg
and multivalued proéerty of entiéy type Course because it )
i; an immpdiate,and singled-valued property of entity type
Course Sections which is a characteristic of Course.
. ; _ .

a

N 2.3.1 Implementation of Entity and Referentié}xlntegfity

Rules

1. Entity integrity grule., .
, . i .

-

_1f p is the primary key o£~relation R, then this fact can

_  be implemented as (L4,L5] .
~ - . ;
change = insert of R from record r or update of
R.p from r.p, where r is some record
with the same fields as R;

if change is about to be executed ; <f/ﬂf
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‘ t?en if (exist (R where R.p = r.p) or is-null .

3 ,
Y

L . \/ .(rop)) v
then execute violaﬁion-response; )
/ . .

Now if violation-response is executed and includes the
L 4 .

- reject operation, then change is not executed; otherwise,
o t )
change is executed on the return from the application of .

" the rule. ¥

/ )
2. Referential Integrity Rule
. : A N " ,

Ifip is a foreign key of relation S .which ‘references

relation R, theh this’fact can,be.imﬁleﬁented as

a

case 1 /* insert into S or update S.p */ . ' — \\\
éhange = insert-of S from record s or update of S.p.
from s.p,iwhere s is some record
with the same flélds’as S;
. . execute change ; .
' if l{not exists (R where R.p =S.p))
then exécute violation-response; 3

.
S L4
\ .

If ‘lslafion-response is executed and'includqg the reject.
. . [ ] .

&

moperation, then change is undone at that point.

» -

case 2 /* delete of R or update 6f R.p */

- change = delete of R or\update of R.p from r.p;

L4




57

if change is about to be executed -
“ 'then if (exist (S where S.p = R.p)) .

. then violation~-response

The violation-response may be °cahcades or nullifies, in

which case the reject operation must not be executed, and
. . ‘ .
thus allowing the change to be executed. If it - is

Festricted, then the, reject operation must be executed.

» f
€ i}
-

' o
At the end of this phase, each DBMS-independent relation

consists of one or more -immediate, single-valued fields,
¢ .

oné of which is the primary key. Thus it is already in the
first normal form. Further normalization needs to be made

. N -
to prevent update anomalies §nd data inconsistencies; these

problems are caused by data redundancy {L9). Normalization

is discussed next.

.

2:3.2 Normalization T , ;

2y 4

Let R be a DBMS-independent relation, X and Y be two fields
of R. X is a determinant of Y if, for any instance’ of R,

the_same value of X is always associated with the same

value of 'Y. All determinants in R can be shown by a

™

determinancy diagram, in which an arrow from X to ¥

.indicates that X is a determinant of Y. A candidate key of
[} A v ' >

R is a field or a combination of fields whilch satisfies two

time~independent properties | : unigueness and
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minimality(L6). ) ‘
. - . ' e
, . .

Now a relation R is said to be in Boyce/Codd normal form if,
every determinant of R must be 4 candidate key [L9,L10).

Any relation which is in Boyce/Codd normal form is said to

be well-normalized; otherwise, it is called
badly—normalized: A practical. methda ‘for transforming a
badly-normalized relation into a set of well-normalized

relations is as follows [L9,L10): first, for . each

’

determinant which is not a candidate key, create a new
5

relation which contains that determinant and its directly

dependent (i.e. not tr;;sitively dependent) fields.
\ -

Clearly, this new relation is well-normalized. Now, the

candidate keys and their directly dependent fields—left in

the o0ld relation becomes well—normaliZed) too. This method

can be facilitated by usihg the determinancy diagram.

-
-

A relation is said to be fdlly-normalized if it contains—no
redund;nt data (see [L9] for a discussidn about data
redundancy). A well-normalized relation  is uéually (but N
not always) fully-normalized. A class of well-normalized
rélation which arétnot fully;normalized ig identified as
follows [L91: <

First let R be\g DBMS;independenf relation, X, i and Z be
all the fields of R. X multidetermines ¥, written X ->> Y,

Y

if . for a given X-value, all the possible pairs
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. ¢

(Y-value,Z-value) must exist in R where Y-value and Z-value

belong to the set of Y-values ~and the set of Z-valués
L . : . .
corresponding to the given X-value, respectively. Since the

definition is symmetric, we hagé t X =) Y =) X =->> 2

\

o

Y and Z a#e said to be independent attributes in R.

: x
Clearly, R(X,Y,Z) is well-normalized because (X,Y,Z) is the

¥

odly determinant in R. However, R contains redundant data
(an example can be found in {LY9]). Now if R is decomposed

= Y .
into Ra(X,Y) and R2(X,2), then Ra and R,‘\are

fully-normalized. This decomposition is lossless due to the

N ’ , '
fact X ->> ¥Y/2 [L5]. ) ~
A relation is said to be in fourth normaliform if it
| contains ﬁo two independent fielés. For example, Rl and R2
above are in fourth normal form.
Aféer fully normalizing all the DBMS-independent relations,
. o
the integrity constraints épecified in ;Ebe old relations
-are modified accordingly to correspond to the new
fﬁliy-normalized relations. This modificaﬁion should be
trivial . ¢

o

Normalization tries to optimgisdubdate aperations at the

expense of retrieval operations [L7]1. Now if two fields

are very frequently retrieved together, very infrequently

updated together, and separated by full normalization, then
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it would be more beneficial to %fgnb them back together

again, i.e. to denormalize tﬁem [Lf].

2.4. INGRES-DEPENDENT LOGICAL DE§IGN . ] -
~ . ) . “ M v

¢

>

In this phase all the DBMS-independent relationg and their

\
associated entity and referential integrity constraints
obtained- £rom phase 2 \gré mapped into a particular
relational DBMS. 1In 'INGRES system, each DBMS-independent
relation isg.mapped into a .create statement of the . form T
(L8]:

5 N
. create relation-name , ) - h -
R . o (gol-def [, col-defl)
[with- journaling]
where col-def is of the form : o
. col-name = data-type {null-spec] } e

-

whére null-spec is one of the foll;wing : not null, with
null, and4not null with default (meaning that the field
does not accept null values; however, if no value is
specified for the field, it is automatically set to zego,

blanks, or. empty depénding on the data type of the field).

T
ol
LT o
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. .
2.4.1 Enforcement of Entity Integrity Rule in INGRES

1 ~

L]
¢

The fact that b is- the primary key of relation R can he

(nforced in INGRES as follows

Y O * s ®

i
.

. _ - Specify not null option for p in the create

-

statement whié?»corresp@ndé to R.;This will not allow p to

<
3

accept null values.
. ) .

-

. , L NS
N . - Specify either one of the fo;lowinq/;;::> v

A
L4 ‘, "

N modify R to .Iclisam unique on p

g . o . , . | K .
‘ modify R to [clhash unique on p.
ss . modify R to [clbtree unique on p
. . "y . .
. . ‘ , . - 7
- LY - .
Each of these statement will guarantee the uniqueness of p
i ) ’

. within R at all time. . ' ) N

2.4.2 Enforcement of Referential Integrity Rule in INGRES

)

®* INGRES currently does not support referential integrity’

constraints. The following medsures must be followed to

ensure the integrity of tﬂe database : .

'
~
-

a. 'Specify not null .or with null, resgiectively, if

E -
\
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%

o

nulls not allowed or nulls allowed is specified for a.-

foreign key.

.

//“5;“JA\\<

b. Prohibit the following interactive QUEL operations:

- delete the referenced relation

o= replace the primary key of the referenced
. ‘ .

i ' L
- insert the reFerencing relation :

N\

-. replace the foreigﬁ key of the referencing

L]
o .
Q‘
Y

The prohibition can be done by means of the define pernmit

~relation

'

statement which has the general form : -

.

o
.

define permit opefation(sl

Al

) on . _ table [(field [,fieldl)]

to user ' ‘ Lo
R [at terminals]
. [from tiﬁel to time2] . . P

[on déyl to day2]) ’ '

L

[where predicate]

~ . L ' ’ »

L ]

' The reason for such a prohibition is that it is impossible

‘

for an interactive end-user to enfqicg such. referential

constraints. Of course, he.can stilg insert )! tuple into

the referenced relation or delete a tuple from the

-

N\

L Y
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\ ' .
referencing relation without c;hsing'any integrity problem.
. ‘ \

-

-

c. For each foreign key, write a program which
maintains referential constraints associated with it, using
the algoritﬁms presented in ~ section . 2.3.1° (i.e.
implementation of integrity constréigts).' An end-user who
wishes to perform thé ogerations prohibited in (b) must 'go
through an interface progranm, \yhich in turn invokes thg

appropriate foreign key‘'maintenance programs.

d. Similarly, application programs must go through an
interface similar to the one in (c), i.e. not via QUEL

inteface, to perform the operations prohibited in (b).

It is hopeful that features (c) and (d) will be provided by
future INGRES. These features. have been provided by

INFORMIX relational DBMS [L13]. ,

e. Finally; to enforce an integrity predicate whit¢h
) .

involves a single range variable, use the define integrity
statement which has the form

’ - define integrity range-variable is predicéte

L
i
2.5. CONCLUSION [
{
|
In this chaptexr, several aspects for' logical design .bf.
‘o - i"
.
- 8
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Y,

N

relationél databases haye been .described : RM/f‘concebtual

"data model, a language‘for'expressing integrity constraints

in- relational databkses, implementation of integrity
constraints, redundancy, normalization, and how ' to carry

out desirable relational 'integrity constraints in INGRES.

e

-

There may be other,pract1§al factors which can affect ,the
design process, ‘but the above aspects are intrinsic and

common to relational logical database design.

K




Chapter 3 PHYSICAL DESIGN FOR RELATIONAL DATABASES*

ABSTRACT B ‘ N
A ,su{vey of DATAID-1 research techniques for secondary !
index selection in relationalﬁdatabases is conducted. Based
on this; a program has been written in C to help au;omate
secondary index selection process (Appendix C). A summary
of practical method for index selection from INFORMIX

relational DBMS is also pr%sented.

3.1. INTRODUCTION

In _relational Déth a sdfpware component, c;lléd the
optimizer, selects the best access pafh in terms of total
C?? and I/0 costs to execute a given dquery. One of the
factors which influences the optimizer's selection of the
best access path is the set of secondary indices which are
built over the relations of a rglational database. The aim
of the physical design for a relational database is to
select an appropriate set of secondar& indices so that the

i

optimizer can make the best possible decisions.

In this chapter a method for the secondary index selection
problem will ' be presented. This method has been discussed
in various papers, as part of the DATAID-1 project (from
[P1] to [P7])). See Appendix C for the implementation in C

of this method.
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3.2. ASSUMPTIONS AND DEFINITIONS

»
» v
/

In general,;the following assumptions and definitions are

1

applied to.most relational DBMSs.
L8

"

-

1. Indices aré implemented as B"-trees. Each leaf node
cérrééponds to one data page and contains an index value
followed by a set of tuple identifiers (TIDs) of the tuples
,in which the index value aﬁpears. There are two kinds of
indices: prima;y index which is built on the Erimary key of
a relation, and secondary index which 1is built on other
attributes. The intermediate levgl of the B*-tree are

ignored in the physical database design problem.
. & / s

-

F 3

2. A relation can be accessed sequentially or via only

one of the indices (primarf or secondary) built on that -

relation. ¢

3.°An update on attribute j made by query g cannot use

b

the index built on i, but rather thé primary index or ‘a
seéuential scan. The reason is as follows ([P3]: "When a
column entry in a given t;ple is modified, the TID
associated to the ;uple is removed from the group of TIDs
follpwing the old key v;lue in the index on that colunin and
is inserted into the group of the new key value. Access to

e

the tuples through an index that is currently modified may

Py %‘
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—

lead to the retrieval of the same TID more than once.".
»

However, if appropriate concurrency control is provided,

then this assumption can be removed.

~—

4. Uniform distribution is assumed, i.e. values of a

colunmn are uniformly distributed between maximum and A

minimum values' in that column. As a result of this

assumption, the selectivity factor.cf a predicate p of a

" relation R, which is defined as the fraction of the tuéles

itn R satisfying p, is computed as follows [P8]:

f(p,R) = 1) (value-MINKEY)/(MAXKEY-MINKEY) ™

if p: a < value %
2F 1/NKEY if p : a = value
-—/\-— P
3) (MAXKEY-value)/(MAXKEY-MINKEY)
if p : a > value
4) (value2-valuel)/(MAXKEY-MINKEY)
if p : valuel ¢ a ¢ value2

5) card(V)/NKEY if p € set of

values V
.- {

where MINKEY, . MAXKEY, NKEY are the minimum value, maximum

o s

value, tht number of different values, respectively, in the

attribute a.
.’. "
"
[

t

«

Assuming that wuniform distribution stated abopve is in _
1] ’,ﬂ ,

effect and p. and p» are predicates on two different and
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independent’ columns, then for logical combination of

predicates, ‘the selectivity factors are computed as follows

A

(p8): . ' h

.
t
ay
)

f(p; AND pz,R) = f(p;,R)*f(pz,R) -
£(p, OR p2,R) = f£(ps,R)+£(Ps,R)-f (P2, R)*£(pa,R)
f(NOT p,R) ="1-f(p,R)
5. Let R(ai.....a,) be a relatfﬁn; q be a query on R
having the form: , N
5 ‘ \g \
range of r is R
" retrieve ... ; v
from R

where a, = value
A AN

-

.

The cost of g in terms of the number of 1/0 operations (CPU -
cost is ignored because ‘it is trivial! when compared with
1/0 cost), using the index on ai, is computed as follows:

e

- The expected number of tuples which satisfies the

{

-predicate, p: a. = value is:

Y

ET = f(ai,p) * ntpl(R).

1]

where ntpl(R) is the number of tuples in R.*

: ¥
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Now the expected number of data pages to be accessed is
y " AY

computed, using the C@RDENAS [P1] formula, as follows:

’

3

‘o

EP = npag(R)*(1-(1-1/npag(R))®T)"

where npag(R) is the number of data pages in R. ‘ ~ )

| i
~ F

- The expected number of index leaves to be accessed j

*r

is:
, ‘)‘ L]
EL = f(ay,/p) * nleaf(ay)

where nleaf(a,) is the number of leaves of the index built

on attribute a,. ,
' t

; . -

The expected execution cost.of g in terms of the number of

<

I1/0 operations™is : -

E = EP + EL : \

1 * -
~
SN

Joins are done by the nested loop method [P2]. For example,

consider the- join:

.g: retrieve ...
from R.,R:
wherp/px

ahd p:’ -‘ . B



; and.pz

-
»
-

v AN

’

where pi, p2 are predicatés on Ri, Rz respectively; ps is

the join predicate.

Fd

~

'According to the.nesteéd loop method, g is decamposed into

- " two single-relation queries:

q,: retrieve ...

-

. from R, - KX

" where p,

gz: rgtrieve .;.
.  from sz
where pa
. " and ps

-
- N ’

\ . \

Then the expected execution cost for q is:

’

. E = Ea + ntpl(Ra,p:)*Ea

¥

where E,, E.. are the execution,

respectively; nptl(R,,pi) 1is the
which satisfies p. ' .

The weight of. a query is defined

depends ‘on a number of factors

£ -

. o»

costs for Ga, qa

number of tuples in Ra

as a function whicﬁ

"such as the frequency,

L 4
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criticality of response times, etc. Now if w is the weight

" of g then the weigh&s of g, and ga are\wl = w and wa =

ntpl(Ry,pa)*w, regéecti@ely.

3.3. DESIGN PROCEDURE

&

Theidesign procedure consists of the following steps: }

[§

1. Allr%he joins in the workload are decomposed into
single-relation queries. The sgt‘of attributes referenced

ig the single-relation queries becomes the set of candidate

secondary indices to be selected. The vprimary indices

«

associated with primary keys are assumed to already exigt.

N 2. For each relation R, ( h = 1,..,NR), where NR is
the number of relations in the database, ISET; and Q.
denote the sets of candidate seéondary indices and queries
operatiné on Run, Lrespectively. Build the following
matrices:” *

- A™(i,3)(i€Q,,JEISET,). Each element Ar(i,3) .
represents the execution cost of qﬁgry gs when énly the
index'on attribute j 1is available (in addition to the

\ primary index and the sequential scan). In éené}al, Ar(i,Jj)
is computed using the assumpt}on (5) in section 3.2. If q.
is 'an updéte guery, then AM™(i,3j) must also include the
update cost of R, and possibly the update cost of thé"/

e b
~.
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primary index,
- UP(i,3j)(1€Q,,, JEISET,) ., EacE elemenf (i, q)
represents the update cost of the index on attribute .j due

to query d..

-
‘\

t

- M*(3)(J€ISETn) . Each element M™(3j) rgpresenté the

_number of memory pages required by the index on attribute

Joe

- Pr(i)+$i€Q,). Each. element P®(i) represents the
minimum execution cost of query d. between using the

wr “

primary index and using the sequential BCqN.

The computation of A®, U», P", and M" are system—degendent

and must fdlléw'the same method used by the optimizer of a

particular DBMS.

. o '
Having built A», y» P™, and M™(h=1,..,NR), let: . *

-/

=2

Then build the following global matg}ces GA, GU, P, and M:

"
.

y
- - 4%

. m- -
A™(i,3), IS€ISET, . :

174




v,

R

.73

P (i), I,fISET,

3

GU;:’ = Uh(i,j;l ISGISETh.

0, T,fISET,

-
&

P. = PP(i), q.€Qn

MP(3), I,€EISET, '
£ ’ .

M,

A

3. For each index I,€ISET, compute the global cost G,
~4

~

|
as follows:! e

~
Gy 7‘ I (GAy3 + GUi,l*w,
9 € Q .
)

The meaning of G, -is that it is the total executidn cost of
all gqueries when only the index I, (in addition to thé-
sequential scan and primary indices of relations in the .

database) is present. -

4

Now order all the- indices I, in ISET accﬁng to the

increasing or decreasing values of G,. A

¥ s
>

v

4, First, the concept of dominance is introduced. Let

4

BSET ¢ ISET. For each q.€Q, compute;

"By =min { GAs, | IEBSET } + [ U,
o +2 2 1; € Bt
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v

The first component of B, is the best execution cost oqu*

in BSET, the second -one is the total "update cost of all
indices in BSET due td g..

\ . ’ R ’ “
_ Let GM denotes the maximum number of data pages which can

be available for all indices -in . the database; BSET 'and

hY

BSET' be two sets of secondary indices. BSET is said to be

dominated by BSET' if

- ! ) C e
I wa.*B,' < I wWa*B;
. * Qi €Q 91 €Q

. A
~ N . »

I M(3) < GM
IjéBSET‘ ‘

’

’ . J - . . N - .
Now the algorithm for (ifoducing an efficient _set of

secondary indices is summ rized as follows: '’

!

- S01. ‘Initiafe‘ BSET with the ,pfimary indices of all

4 .

relations.

«“

y

. 2; A érngle pass over the get of secondary indices , in

., ISET in the order Pbtained fromj(3) above will produce a3
subéptimal solution [P1l]. At egch step, a secondary indéx

is added to BSET. If the new BSET dominates the previous
one, ’ then ‘the index is retained; otherwise, + it  is
eliminated. 1In casé it is retained, some sécondary indicea

in BSET may noilongér be the best access path for any éuery

in ©; these indices must ‘be removed from the BSET. An

o




e

4

R

LI

»

~

£

rd
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example of this method can be found in [P6].

i

3.4. PRACTICAL METHOD FOR INDEX SELECTION

In general, indices can speed up some database operations
such as data searching and sorting. However, they can also
slow down others such as data insertion and modification

because both data and indices must be updated. Indices also

_tdke up disk memory. Follox}ng are the practical guidelines -

.for index selection [P7]

»

.. X'y

1. Create an index on any, attribute participating 4n a

join operation..
\

e

»

. 2. Create an index on any attribute used to search or

N

1 . °
create a composite index on those attributes. For example,
' - N

if data are 'to be sorted on first ,name within last name,

L4 -

then an index on (last name,first name) should be created.
" . . . . ~ H . p""é
VAN . é‘\’ ’ > ct '
3»Do not create an index on any attribute which has a
. . - e

.

large nu&ber'of duplicaﬁe values. For example, do.npt index

an attfibute{that\confains‘either Y or N..

r . 7 : ’
L N

\d ¢

R . _& o

+

4. Usgﬂﬁtanaprd SQL staﬁément create unique index . to’

oot . . . o : ) \

prevent duplicate - entries in the indexed attrlbute”‘For
- o f o .

example, duplicate sdcial insurance numbers should not be

sort- data. If data are to be sorted off multiple. attibutes,

.
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allowed.

’
ity

L

3.5. INGRE’S‘ FACILITIES FOR INDICES

-
1) e

An index can be created in INGRES by an index statement
4 . * '

'which Has the form:
. . , - : - TR

index on rel-name 1is index-name(d&%ribute [,

”

attributel]) , \ »

Once an index is created, it is stored in an'operating

system file and automatically maintained by INGRES .
q .
e : ~
An index can be destroyed by 'a destroy command which has
klu
" .the form: ‘ - : . -

¢

.
.

. N

destroy index-name B

"It is not possiple to build an index over an index, nor

- -

' “oypr on a system table. o -

4

3.6, CONCLUSION

(3]

v
¥ . R
,
‘
L

Index selection is the most imporﬁaﬁt problem that must be .

1

considered when performing physical design for relationa{r

databases. All other phfhicél aspects, qﬁch' as choice of

-” best access paths are performed automatically by the

. {
N e . { 3
Y \ - -

- . ' '
. . .
* N R v . TN . B Ot .
. . f - . -

.
N NI T AT . s o oo s
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optimizer, and thus are concealed from the designer. With a
N . -
good choice of indices over the relations, the designer can
achieve both good performance as in network orihierarchical
1] ! .

+ . DBMSs and the simplicity advantage of relational DBMS.
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|

Uhidubeinbebobebetedd id d a4 4 St A2 2 g g g2 222 2 S22 a2 T2 2222 2 2222 2R S T S 2T T Y T ATy Y
/% PURPOSE

/7%

Vs

/=

FL 3

/e

/»

/% INPUT
/»

/e .
/e

/=

/%

/% QUTPU
/e

/7"

VA

T :

/% METHOD :
b addd A i g S22 2222 S22 T2 2 T2 T T L TY THT Y THT YT T VT TH PRI parprrypmy pspevy)
#define MAXI S50 /% max. no. of fragments %/

#define MAXJ 10 /% max. no. of sites »/ -

$define MAXK 20 /¢ max. no. of operations #/

This interactive program find the sllocation sites for */
& set of fragments. Both nonreplicated and replicated ./
cases are consideved. Then it Will ssk if we wish to »/
vertically partition any fragment. When the two vertical =/
fragments . .are specified, it wall find the allocation sites»/
for them. This process is repeated until we do not wish /

to vertically partition any more fragment -u/
VUpdate-retrieval access ratio */
Transaction frequency matrix */
Transaction retrieval access matria -/
Transaction update access matriay \ -/
Teo vertical fragments for sach of the given fragment */
we want to vertically partition o/
. The nonreplicated and replicated solutions for the «/

given set of fragments B ¥4
. The allocation sites for each of the given fragments -/

we wish to vertically partition ./

HAD Method 1 and NAVF Methaod 2, Chapter 1, Major Report ®/

#define MAXL 15 /% max. no of attributes per fragments #/
#include <stdio. h>
int FIMAXKILMAXJUD):
int rIMAXKILMAXII;

28 int ulMAXKICMAXII,
29 struct el ¢ ) : ‘
a0 int nos -
31 _struct sl #next:
. az »
- 33 /»
34 wmain() .
3% < . r\\L\\\\\\\\\
36 void append():
37 int use(): test(), bntcomp() .
ad char chs _, _ |
- 39 int c. nfrag. nsite. nop; B
40 int i, J &k L ‘ ¢
. 41 int pain. cain, low :
42 int sv. ct. flag. )i
43 int frno. nattr, attrno. fvir, svers
¢ 44 int #nt. pbnt. locl, loc2s Y )
45 ‘ int s, ’
46 int siteflMAXJI:
47 int aulMAXKIIMAXLY; . ’ .
48 struct e}l sptr; . ’
49 struct el #hl, Sh2. #hop. wos, ¥ot, =61, #02, *03;
50 printe("~ INTERACTIVE PROGRAM TO SOLVE THE NONREPLICATED AND\n*");
51 . printe(" REPLICATED HORIZONTAL ALLOCATION 1acw\ AND THE\n");
© ¢ * i N ’
- = Y



-

»

* ° 0
print#(" gmvruga. Gmu.:n)P )_.Luon),-.:! vzgz..-: C
printf{ n\n\n")" SN
printe(” METHOD : HAD METHOD 1 AND NAVF METHOD u. CHAPTER 1.3n")
printe(” MAJOR REPORT\n" )i ,

printf("\n\n\n");. 9

printf(“Program starts now . . . \n\n\n"); - ,

/% read uvpdate-retrieval access ratio s/ 5
printf("Enter the update-retrieval access _.nn:/:..:

scanf("Xd”, &c)) : B

/% resd no. of fragments, no. of sites. no. of ovo_.bn»!.-.\-\\ R

printf(“Enter no.of fragments. no. of sites, no.
scanf(®AdLdAd™, nfrag. knsite, &nophi -
/% rvead s..-ac.-:us matriz #/

printf("Enter the fregquency l.n_.:/:c:

of operations\n®"))

for (k=0; k<nopi k++) o
: . woq (=01  <nsite; s++) . °
scanf("%d”, &PLEICHI); - " :

/% rvepd retrieval matrix ‘\.

printt("Enter the Tetrieval matrii\n"); -7
for (k=0: k<nop;i _k++) s
for - (i=0; i<nfrag: i++) * . . * X
scanf(“%d", &rlklCil),
/% rvedd update matriz #»/ - §
printf("Enter the-update matrix\n"); a 4
for (k=0: k<nop: k++) - , : N
¢ for (1=0; idlnfrag; i++) i
scanf("xXd”, &ulklLil); ’ -

ch = getchar();

/e nonreplicated horizontal partitioning =/
printf(“wesnsss NONREPLICATED HORIZONTAL ALLOCATION SOLUTION sssses\n\n");
for (i=0; id<nfrag: i++) ( '

* pmin = Oy .

for ()=Q J<nsite; J++) o
N cmin = O; -
for (k=0; k<nop;i k++)

cmin = cain ¢+ sn-un._ut:.n:n: + c#ulkICil)
if (cain > pmin) ¢
pmin = caini
low = j; '
>
- ) . .
L siteli] = lows R
printt(“Fragment %Zd should be allocated to site %d\n%.. i+l.

b 5 “ . .
N . . _—

. /% replicated horizontal vb..n:::;:a »/

print#{*\n\n"); - -

printf(“wsesnss. REPLICATED HORIZONTAL ALLOCATION SQLUTION .t-t-tzszq\:

for (i=0; i<n¥rag:; i++) (. B .t

flag = Ou N . .ot .

%

sitef1l+1),;

”
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. ) . < ¢ ‘ 4 o " ¢ ' -
N . . . .
: . ._ ) - ST T T ,
. s ! g - - N . '
) H ) o /, . . ’
4 a . ‘e, - -
< e ; 103 for (=0 j<nsites )< . .
. R « 104 . . sy = ct = Oy . - : :
- H i 105 / tor (k=0i &<nopi. nzv ‘ L.
T . 106 .- ) . v = pv + #LEIC IerlRI0iYs
, o L, 107" - . < por (Jys0; gy<lnsite; jye+) - o o
v — -~ 108 : ‘ i (gf e ) ‘ . . ,
i M 109 L for (k=0: k<nopi k++) L
. : * 110 . ct = ¢t + fLkICygIecoulkILids N
' = ot T . if (sv—ct D> 0) { ' ¢
_ S 112 . ¢ printf("Fragment Xd -.::.: v- replicatedly t-:: no site Xd\n", i¢lrj*i)s
L . ’ 113 ) \ . . tlag = L, , ’
o, S P | . ? . '
= . 115 . T - : ) ’ >
,* 116 . ‘ if (télag) € ° . X ce
. / 117 ’ printf("Thare dis no benefit to ﬂ-o:no::c assign a-..-oloan ﬂsza o A4 ..
Sl o118 tqnzn:.no any other site\n"); .
T o ‘119 ) ) . : . . <’ g
: . - ’ f / -
. - \ s 120 , R B . ;
S “121 \- vertical partitioning s/ ; ) .
122 : Printf(*\n\n*); . ) s “
' 123 / printf( seswss. NONREPLICATED <mz.:n>—u ALLOCATION 8::4-02 #axeas\n\n®);
i ’ L 124 N _:.».:o:.._uo you want to' <-..n»nb:c partition any oq.ul.:«o/-...: ' -
N ’ . 125 LABy . . - - /oa
. : 126 while (ch t= ‘4’ && ch = ...; T~ - .
: \\ ' 127 r o ch & getchart); . - .
‘ . - 40y . . - - )
| . . Mm / it (ch vy < . .
' . \\ »e N 130 © printé("Which fragment nc you want to vertically partition?\n");
| . 131 scanf("%4d", &frno)d;
_ ;" .o1m2 hi = NULL; - .. |
' o . 133 - . printf(“How many attributes are there in ssoal-...n Xd\n*, ¢rno); ‘ ’
. . 134 scanf(*%d”, Lnattr) - .
! . 139 parinté("Indicate the attributes of¥ n.; first versical fragment\n®); ..
I . 136 : ch = « 7 ~e AR . )
B .ot ‘137 : while (ch != ‘\n‘} { . . - ’
' L. - 138 o © o« scanf(“%dXc*, Lattrno, kch)) . / _—
b » - , 139 t append(Lhi. attrno-ihs . : L.
i .. R 140 ' . 3 -
| . c . - 141 ! printf(*IMdicate the attributes cs the secgnd <-.wnnn— fragment\n”); 4 ;
| e T 142 W h2 = NULLi - Tk / :
! M .. . 143 . ch = 4 . . e : R
o ¢ . 144 while (ch '= ‘\n%) (- ’ ’ .
: : : : 135 s : scanf("%dXc™, Lattrno., &ch); © -
! 146 . .vvn:n:.:n. attrno-—-1)
' \ . . 147 : 2 ) A4 ‘ .
_ K . a8 v::n:am:«: the men..b.vcna usage matrix/for fragment %Ld\n®, frno); w
_ \ ., - 149 ., . for (k=0; k<nop, k++) ' . ’
S i , 150 . ., for (1=0; l<nattr; l++) - . >
o 151 - scanf("%d", ZaulklI[id);:' ™~ :
_‘ L 152 * /% _hop is pointer to list of operations referencing s..oulnso frno t\ .
! . * .. -+ 153 . ’ _.2. = NALL) . . .
‘ N . B . - . il v
o . \ e - , s -
Y . . o )
. ‘ - Lt — 4 - i (e N
N ’ P ’ . > 4 > . .
®

t
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/ L - . .
v . ' . - . o7 .
1 B - )
/ . ?
154 ¢ ~ for (k=0 k<nops k++) = . -
155 ’ - N - if (rLkdlfrno-1] = 13 cnwu:z.ol: ‘= Q) ) .
156 , .:...:.:....3.3. o
157 /#¢ind u»nua s and ¢ for <o1n—nt~ s-..-nl.:»us hl and h2 that result in =/ ) = <
158 /ehest senefits #/* . o L
199 Hag =0 - !
160 ‘pbnt = O; -
161 - ~tor (s=0; s<nsite;, s++) ° . .
162 for (t=0; tdinsite; t++) .
163 . - 18 (s fm ¢t W t = gitelfrno-1] &% s != sitelfrno-11) « .
164 ptr = hop: “
163 N . o3 = ot = 0l = 02 = 03 = NULL; .
166 . t:nno {ptr !=a NULL) ( P
167 » ; /% build list os #/ )
168 ’ : if (fLptr-dnaolls]) '= 0) :
169 ~ it (uselptr-d>no., hi, au) && luse(ptr=dno, k2, au))
170 ~ . & © appénd({koss ptr->nao); N -
171 ’ /% build list %ot w/
172 - ) Tif ($Lptr-Dnollt) = 0)
173 Q . . P (usefiptr-DOno, hQ. av) k& .:-t.vwilvao. hi. aw))
174 ‘ : append (kot, ptr-Dno 7] -
173 /% ..c:.. list ol w/. .
176 , At :nvnqlvaounu:o:qzol-uu ‘s 0)
3wy ¢ i if Cuse(ptr-dno, hi., su) && .:-.;nslv:o. b2, av))
v:m . . J append(&ol. ptr-Dna);
179 . - ;3¢ Cusel(ptr-D>no, h2:, au) &k fuse(ptr->no, A1, au))
180 K append(kol., ptr-Dno); ‘
181 g ‘ ) Y, [ e ' .
182 s o /% Yuild 1ist o2 #/ *
183 R it an$»1lv=oun:o-nq1:oo—uu = 0) ' .
w.ma v ‘e . - it (uselptr-ono. b1, au) && use(ptr-Jna, A2, au))
485 . . ) . append (ko2. ptr->no); A
186 . . © . /% build list a3 #/ .
187 . : i it (test(ptr-Ono, sitetfrno-13, s, t, nsitel)’
188 . - . ’ if (yselptr-Ono, hil. au) k& use(ptr-Ono. h2:. av))
189 . append (&kady ptr-dneo), , .
19 N s “ . ptr = ptr~dDnext: . b
19 * * - v /% end while (ptr != NULL) =/
192 - i bnt = bntcomp(os,ot, o_:on. ou.-:-n::ol:.-.n.n;qao.:-:oz
193 ‘ . if ¢(dnb >%bnt) € 5 '
194 - . - pOnt = pnt, - b .
195 . ST . flag = :_ 7,
196 . loct = g, ‘ . N
197 L ’ loc2 = ¢ / ’
198 . ¥ - . ‘ . ;
199 > /» .s; it (s '=m ¢ . ) a/f . P
200 | it (tlag) ¢ . o / —~
- 20t . . n_.u:n:...;- a:.un and second vertical wsiaﬂnsn- of aq-ulo:n Zd\n", frno); . .
.u.ww , printf(“should de allocajed to wites Xd -:g zd, ..ous.nn:-:r:-.:n:..—onu..‘:.
[y ’ el .
204 else ¢ . d -
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i

/

v

214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
.236
237
238
239
240
241
242
243

244’

245
246"
247
248
249
250
251
252
'+ 253
254
2359 .

N ’ -1 . ~ I3 2 .
° - . L) .
- . .
. - = © . * h ) N
- " printf("Thera is no benefit to vertically partition fragmaent Xd\n", frned: . ’
_ printf(~"and assign thea to:any other gifferent sites\n®h N . -~ ¢ .
) ' .
v ! printf("Do you want to vertically partiiion ahy ether fragaent\n" ) ! . . .
goto LAB: . ) : .
) ‘ . i FEY
Y /% end main() s/ V . .

/e : -

/# function to append nuamber num to list pointed by *head &/
void -vv-.:n:;u\. num)} . i
struct el sshedd: .
int numi
< -0 &

’ struct el #p; N

p—o>No = numi ~
p->next = ®head) ' - !
#head = pi -

) /% end append() #/

/

|
p = (struct el @) malloc(sizeof(struct el) ) . m

|

~
*

-

*/ -

'z
: o T, -

/# function to determine if operation op uses any .nnm:cc:- |

int use(op, pt. ' i

int op, °o. .

struct el ®pt; : N

table) /

’

- [

int tablel]iMAXLI: »
< ! e t L
struct el #pi - . * ‘ ’
int flg: . . . ’ . R - y _ .h
p=pti ' * - / .
tlg = O: , o . .
while (p '= NULL & !flg).{ ‘] - : .o -
- it (tablelopllp-~>nol != O | . ] / -
tlg = 1) . . . : ,
. p = .....v_..nuff . K ) : i .
- - . 2 1 .
return(flg)i , . . s, . A A
} /% énd use() #/ . | . ' 3
testtop, vr, un..\ tt, nst) n o h * . : )
int op, rr, ss, tt, nst . - N . ’
ﬁ M X . 4
int j. €£lgi : : ' . A/ . i
flg = Oy Y- . . -
3 = Qi . ’ .
while ‘(1flg && j < nst) { -~ ! A . . .
if () 'wpr Wk 5 !=m s W8yt tE) H -
' if (tlopliyd = O) : ‘
: flg = L
. ¢ ,/ N ) e ' !
{ .. ! . - . . 2
{ A N . ‘.
oL . B ) - ‘ t. .
—— . N ’
- L3 . N
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. »\) . “ ., N . - -
M » > - A - : - - l\. - . i -
256 Jr+ ‘ &% , )
257 > ‘ - C .
. 258 returni(flg); - - . . o T
259 ) /% end test() #/ T v, \ * . . .
260 7+ - - : z . */ .
- 261 , . ’ .
262 int bntcomp(bos.bot, bol,bo2,b03,br.bs. bt, bc.bfrno, bnsite) - . , )
263 struct el sbos, ®bot, #bol., »bo2y #bods _ s - .
264 int br, bs, bt, bc, bérno. bnsite; * . B
265 . ' A ) I ° ‘ T .
268 . struct el w#p; | - s - p
267 . int savings. costs, §; u . -
248 savings = costs = O; ~ ' v -
269 p = bosi . - . ! . .
270 ¢ while (p ‘= NULL) ¢ . ’ - - .
271 T savings = savings + mnv|v:ounc-u:-.nwlvzounas..:o..—u.v..n-r.n..lv:aunv.-..:ol—u.. g , L
272 P = p—dnext; . ) . h
273 - S . ' - .
274 - p = bot; L - . L . .
273 while p '= NULL) { . 5 L . .
276 savings = savings + anv...v:ounu«u:-.nulv...OunvE.:on»uovnt:nvdv:euﬂvmﬁ:ol—u: , o o
277 P = p-Dnext; : - M H
278 } - : . - ‘ 3
279 ) Printfi“ss savings = Zd\n", savings) ) ‘ * ,
280 P = bals -t . -, T
2081 while (p f= NULL) € - ’ . .
282 costs.= costs + ﬁnviv_..oun.:.u-._.n_.lvsounwm.._..nl—u+wn¢:nvlv=uunv::cl:3 . - , N .
283 - P = p-Dnext; - . ; , i ‘
288 | » : _ . .
285 P = bo2; , . B N . . :
266 . while (p '= NULL) ~ . -
287 costs = costs + Mtsnvaﬁdo:v_.u:1nvlv=0unv.s..:ovnu+ont:n=|v=ounvﬁ1=ol—u: Lo
-208 P = p-Ddnext; . . )
289 S S . ¢
290 for (=0/ j<bnsite; j++) ! - ’ .
291 . if () 1= br &k § f= by & t= gy < ¥ ' . AT
392 p = bhols S , ‘ .
293 ’ while (p != NULL) ( . s . . : ’ .
294 . Costs = noueu;.v\anvlv_..o...n..ut.-éthiOuhc:.:oluuovnt:nvlv:ounvsvgluu: N - !
. 295 - P = p~Dnest;’ : e . -3
296 . . > Ty . .
297 "y Y :
298 | Printf(ies costs = Zd\n\n", casts); ’ C L.
299 return{savings-costs); b - ‘ — i
300 /} /% end dntcomp(} «/ : . , o - .
301 . » y
. . . 7 . ¢ - v,
td .
. 4 . ‘ - P
’ * R . .
- k > ) -
- ¥ * - .
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.1m1-n. this interactive pregram will ask you to enter “_ w o . L )
- ‘uvpdate-retrieval acctess ratio (noge that an update access is usually ) T .
? @ore sspensive than a retrieval access). . . . ol - i \
- nusber o‘ﬁm1snlo=np» =11vn1 of sites, and nusber of ovoqnnne4-. ) »
wwn —~ frequency sstris (i e. number cé Onnphmn»osn $L1 each c-piinhwa.ln ) , ’ . .

‘

sach site per ufiit time).

o 4 .

- 1.«1»0(.—..0..%5.. matriz (i.e. nusber of tuples retrieved sc_.A
, . sach fragment Sy each operation on sach of its tnn—<to»93-v._

t _— 7 |- . , . .

~ update scress matrix (i.e. ::lt-f of tuples updated for each fragment ®

by each operation on each of its activations). !

. . | Ay v ’ . -

he best allocation sites for the given . -
ed .and replicated allocation cases. : .

"

- Thgn the program will output
fragments both in nonreplic

Next, it will ask you whether to vertically partition rac fragment. If the

snswer is yes, it will ask you for the fragment number. the nusber of ! . vl -
attridbutes of that fragment, the attributes of the tirst and second . ' . ;
vertical fragments. the attribkute vsage satrirx of operations on -that fragment. < -, - e
The program will then either #ind the best allocation sites for the two . . - .
vertically partitioned fragments or 44 will tell you that there is .nb L v
benefit to vertically partition that fragment. This process is repested » ‘ .
until oy indicate that you no longer wish to vertically partition any’ . . . !
more fragments. ! . - oo e L.
. . . p T _ ' o
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NODNE G NN

~ N .« .-
o . 1
.\‘:.‘.‘““‘*.“:‘"‘.:“:::."‘.““:.“.‘:‘“.“‘.““““ ‘:‘.‘.‘::‘\ . .
/% PURPOSE : This.program £inds the best allocation sites for the two” «/
/e . vertically partitioned fragments of a relation . s u/ ~
/¢ INPUT : . Relation R and tyo <-1n:~:¢ partitioned fragments L t:s [V} LA
/e . Lengths of tnnqnv:nou of-R . . ./ ;
/8 " . Transaction access vectaor. - L ¥ A
Vil . Transaction frequency satrix ./ .
/% . Access cast per tuple., storage cost per byte., and transmission =/ - - .
VA . cost per byte . . &/
7. . Attridute usage matrix ' *
" /% OUTPUT : The best allocation sites so-. the two vertically partitioned s/ '
/e - fragments - . . [ 74 R
/% METHOD - NAVF Method 1. Chapter 1, Major Report (Non-replicated ./ /
/7 Allocation of Vertical Fragments) 8f . / )
.\no.tn:n#tttttt:mndt-t'ttino-ttt-.tttttttctatﬁtoctnt-Ot‘tatttttt-#m-atttt‘ttta\
#include <stdro0. KD . . . s
#detine MAXJ 10 /# max. no. :.nou M\ .
#define MAXK 20 /# max. no. transactions #/ )
Sdefine MAXL 15 /# max no. .attributes of-a_relation #/ b '
#define MAXCOST 50600000 - . - .
~ . R
struct ol <. ~.. \
int nos T~
struct el #next; - ./ -
3, - . “
int FIMAXKIIMAXJ], alMAXK], lenglMAXL 1, aulMAXKICMAXL.D: /// . )
int nattr, fvfr, svfr, nsite, ntr, ci, c2, c3 ) ‘///// N
sain() o —~ .
< - - . . T~
void append(); . T~ .
int use(), access(). trans(); - ///// )
int i, &tttno., &k, " g, 1, s. t, bs., bt wi,» wd, z. prez; ~
struct el #hl. #h2, #lt, sot, ®1t, ®#ptr; ! , ///
FILE #¢p, #fopen(); .. ™~
printf(" PROGRAM TO FIND THE BEST ALLOCATION m—Tmm FOR THE\n"): S
printf(* . TWO VERTICALLY PARTITIONED FRACMENTS OF & RELATION\n®); .
printf("\n\n\n"), - M . R h

Printf("METHOD - NAVF Method i, Chapter 1, Major Report\h");
n1u=nsA:.Zo:|vau_.nan-a >-onué—o= os Vertical Fragments)\n\n\n");
. fp = fopen(“dfi1le3”, "r%); 'd . T -
—a (fp == NUAL) ( . . .
atq-:om.-os.qﬂ. “cannot read the file\n*); .
5 .-nnauv. -

-«

. e

.:.»:n:..mg_urm INPUT \n\n*“); - . ,
/» 1-% in numbhers of attributes of R, .first vertical fragment/ .:a “/

/% gecond vertical fragment #/ * <
tscanf(fp, “Xdid%d”. &nattr, r?\md. ksvir)i < .
printec” . Attributys of relation R :\n"); N -
: printf(” “)i - : - S
for (Y = 0; 1 < nattr; i+s) ¢ \
prantf(~%d “, i*l)s : . ‘- . '
. -— . B - - I} e
w - ! v
B <
- i

-




101
102

I

}

P

printf("\n\n"}),
/% hi points to the list of attributes of- first verti

printe¢*
printé("
hi =-NULL,)
for (i, = 0,

Attributes of the tirs

")

X PtvEr;

i++)

ar 2.

3
fscank (fp. .
("%d e

prinfe

append(khl,

}

printé("\n\n");

. /% h2 points to the list of attributes of second verti

Lattrno)y
attrno);

attrno-1);

printe(*>
printe(” b ¥
b2 = NULL; v
dor (1 % 05 1 C svPri ive)
fscanf(fp. . "Xd", &attrnao);
_Printé(=Zd- . ", attrno),

\

}

append(Lh,

printe{*\n\n"); i
-/% vead in the numbers of sites and transactions »/

fscant(tp,

tscant(fp,
printe(”
printec”
printé("

“Zd%d". “knsite.
/# vead 1p access cost
/% cost per byte w/
“XdXd¥Xd",
Access cost per tuplae,

&cl,

attrno-1});

&ntr);

&Lc@, - &c3)s

)
.

»

transmission cost per byte :'\n%);

%d

%d

%d\n®,

cl.

"/#% read in the lengths ot attributes #/
Lengths of attributes of R :\n"),

printé#(e
printec”

.

. Transaction access vector (each access’re

b )

for (1=0; 1<nattr) l++) (

L2

c2,

fscanf(fp., “Xd™, lenglll);
printf(~xd “s lengfll):
> . .
printf(“\n\n~); N
/% read in transaction access vector #7
printef(”
printe(” . or updates one tuple) :\n");
printe(” ' “) / .
for (k=0:; k<ntr; k++) -
fscanf(fp., "%d™, Zalkl);
’ printf({~xd

)

printe(*"\n\n=~);

/% read in transaction frequency satriz #/

prapte(” . Transaction freguency
printf(= ")
_for (k=0, k<ntr; k++j ( ’
for (=0 y<nsite: j++) ¢

*, altl);

aN

aatriz :\n");

.

€3

4

1

3
S

cal fragments #/ -
¢t vertical fragmsnt L :\n™);

storage cost per

-

rcn‘. and\n");

-

0y

v

cal fragment /
- Attributes of .the second vertical fragment U :\n")j

trievas\n"),;

.
Ny

per tuple, storage cost per byte, and W1t=-i--no= L Y

A\

Al
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»

e

-

103
104
103
106
107
108
109
110
111
112
113
114
113
116
117
118
119
120
121
122
123
124
125
106
127

129
130
a1
132
133
134
135
136
137
138
139
140
144
142
142
144
145

. 146

147
148
149
150
151
152
153

-

g

e it
-

-,

[ - . N . . ~ . T AN b T
: . vt ~ - ° .
. ¢ ) )
. L' N . - N v
~ fscant(fp, “Xd=. &FLEIL, 10 .. - * > . -
(_ PTINERLXd UL ELRILIN L, - . - -
¢ > , »
s printf( \n “n : ‘ »\J - .
. . .
printf(*\n\n"); - - . .
/e vead in attribute eutot asatriz &/ - . - R
. 11»:«0..— A . Attridute uvsage esatrizx \n"); . - - P - 4 PN
‘printé(” ") - . . - .
for (k=0 kCntri k++) ( P S ¢
.::.u:.o. ICnattrs 144) ¢ , '
- . s-n-::mt. ..nnrm. Laulk1f11) : m . -
v. printf(“ud . avlkIL1d) i ) & v o
R . srintf("\n ") ' h 5 .
> | ’ ‘ .
printf(™"\n\n"); # . P
'1—=0a.-/=/=/=§vs T\n\n"h -
/% It : list of transactions accessing only first vertical fragsent «/
/® ut : list of transactions accessing only second vertical fragment °ss
/# it : list of transactions .nno-*su both 1st and 2nd veFtical fragaents (Y ’
It = ut = 4t = NALL, . -
for (k=0; k<ntr: k++) R Co.
i¢ (usedk, Lh1)Ik&k'use(hk, &h2)) “ . .
. append(&lt, k)5 - N
» © elwe if .c..:.-.rnvrr.e-:.r:: ) ° i
appendtbut, &) L
else = : . )
append(&it. k)i ok R N ) - \ . .
/% compute the total access cost for all transactions &/ - -
wi = access(kit) + access(hutd + 2eaccess(kit); R .
-10- = MAXCOST;: N > .
/% chdose the best allocation -;n- ss.and bt for 1st and n:; vertical t\ . , .
/% fragments &/ \ . \ - .
soﬂ (s=Q; s<nsite; s++) .
. “for (t=0; t{nsite; t++) \ .
if (s !m t) ( \
/% compute total ‘transmission cost for all transactions if sites s and ¢ ‘\ ‘
NN /¢ are chosen for ist and 2nd vertical fragments #/ N
; - . . w3 = trans(klt7&khi, s) + trans(hut.&h., t) + trans(kit.&hi, s) + trans(hit, &kh2, t); -
L 3 , 1 =clvel ¥ c3wudy . . - - . . .
prant#(” . I¢# %d and %d are allgcati sites for vertical\n", s+l,t+1 ) .
printe(” fragments L and U, respectively, then the total\n"); _ s
. vﬁ.u:nsg.. transaction ezscution cost is Ad\n\n\n", 2); -
. N * it (2 < prozy { ez ot N -
A . - prez = 1 % . “\
. . by = 5 * . ~ . 1 . .
‘ bt = ¢ N .
~ ‘ } . . * ~ - :
printe(*~ ® S0 :\n") - - - t s . 2 . -
T \ N~ . T ° : . .
- : : L . T !
. \ ! X .- . e o
. , \ . . . CoL . -l
-~ . = - ’ - - N N - € ’
. [ . - - . . N
% - co . -
. [ .. - ¢ . - \ .
. . - - . . - - .o
H - _ . A N -




XY
"

. 154

153

156

157

. A Y 158

* 159.
160

N 161
162

163,

164

169

N 166
. R L

5 - ) 168
N - 169
. 170

> 171

, 173

. 175
d 176
177

. —~178

© 179
o 180
. ; 181
4 182

183

* o189

186

¥ ~ 187
: 188
189

190

191

B 192

. 193

. ! 196
197

- T 199

\\ - 201

d r 202

>

”

« i
. . printf("Vertical fragmenty L and U should be allocated toyn")

v

prantf("to sites %d and %d. respectively\n”". bs+i, bht+l); ﬁr

/% r *
. LN

/% function to append num to list shead
void append (head, num) -
struct el #ehead: *

int num’

<

struct el wp,

»/

« 7

-

p = (struct el #) malloc(sizeof(struct el));

PTONO = nuwm;
p-onext = shead:
#head = p)

- .

> .

/e ». .

\

»

./

o

/% function to determine if transaction tr uses an

ant useitr, pt)

y attributes in the 1

"/

’

int tri . N ' .
struct el #upt; B
< - ‘ -
. _ struct sl sp;
int ¢lgi. N ! *
p = %pt, . -
= flg = Q4 . ’
N while (p '= NULL && fflg) € ' -
if (auftriip-dnol) != 0) rooN
. tlg = 1, ) B
P = p~Dnexti °
V - N
© returniflg); . - v :
> y
/e * . -

/% function to compute the total nuaber
/% transactions'in tlist #/ ~

int krnouu.n»»nn. h

struct el wstlist;

-l

<. . . . -
struct el #p;
' int j. w
p = atlist; .
& =Q . *
khile (p '= ML) ¢ .
for ()=0; j<nsite; j++) T
w = w +f{p-DSnollj)salp-d>noly +
P = p-Onext; -
> R ' ‘
raturni(u); .-
b 4 N .
- - .
. ¢ .
7
13 . !
- 0 = f -
- » - ~
. - - ’ /
<
L]
[ - -

ist ptu/

-4

“t

P
~

g

a
Y Y S



™~

~ . ~ - . -
« ¢ 7 g s - - . ) - -
T ' i
. - R . ] ’ -~
. 205 N : >
.- 206 “n g : = — =
. I 207 ® function to compute the total npaber of transmission bytes for all =/
. P06 /® transactionswin htr accessing vertical fragment battr tr-: that frageent t\
209 /o is allocated at site @/ . .
2107 Tint trans(atr. hattr. site) ' .
' 211 struct el sshtr, sshattvs - ;oo .
& 212 int site . .
o213 (£ . - ~ R . e . . to
i 214 . struct el w#p1., wpd; ° . . : -
‘218 int 5. attrlen. acc, w f5 ; o
N 216 v P = *hEv; - - . >
. 217 2= -rlon: o . . . i
. 218 w s 0 et -
) U9 while (pi NLL) € . - i
. 220 - . »tten = 0: - B . *
221 ‘ . acc = O - . = .
- 222 - p2 = whattr; »
223 s lr»un aﬁN t= NULL) < - s
. 224 ~ ‘it :en‘-lvavuntnlv:ou ‘m Ov « o
% 223 attrlen = attrien + —o:-nsNIVSOu.
. 226 . - . tM - iulvaoun.
& 227 2 . -
, " 228 . for (=0; ..A:n:J Jt+) . : ‘ -
229 ! . 18 (3 = site)
230 . - acc = acc + snvnlvaaun..uttnvulvanu. -
R 231 AR ‘acesattrlen i
232 - Pl = pi-Dnexty « .7 -
233 b 4 . . .
234 . returniuw); . Yo
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e ) N N ™ . .. c - v N i ;
3 . N [ ] ) \
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. METHOD : NAVF Method 1 Chapter 1. Major Report .. ) - '
. - = (Non-replicated Allocation of Vertical Fragments) . . - N
_ . . ] . . R ° . . . . . ) mw ) i .
- i . - o g . hid «
. : b mi_,.m\»...%cq 1 T . . AP 7 . «oL
. : - . Attributes of relation R : | . . s ) . . A
- . 1 2 3 4 5 .6 7 @& 9 10 - . \ - . .
) - . - i .u ra » ~
c - . Attributes of 2.- First vertical fragment L ° . N : . ‘
. . SIS & 7 8. ¢ 10 . Lot .
4 rd . . . v - - . -
_ . Attributes of the second vertical fragment U : - . Lo - v
g . 3 4 ' - - L34
. - R « [
1 r'] - ~ -
. .- - Atcess cost per tuple, storage noan per byte, and . - !
R . transmission cost per byte :
. R 100 10 - 1000 ) A
- e . .w\mn:aorn of attributes of R : . . - - ° X ,
. m T ] . 4o 8 .4 & 15 14 a s -9 12 . ) o
\ * . .
- . Transaction access vector (each access ratrieves ' > g
//l// N . or updates ons tuple) : . . %
. ~ _ - ! 3 7 13 10 & S a 12
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mqunlosn- L and U, respectively. then t)s total . . . e
transaction eiecution cost is 356 .

P - - .
» . v

. . . . ; .
. *

N ‘ . 1# 1 and 3 are alltkation sites for vertical \11\\ . . ] , -

fragments L and U, respectively, then the total

L. e . © transaction o-ncouos cost is 37556000 - . . . ; . »

. . - P . Lo E
- S - - ©

¢

. . . I# 1 and 4 are allocation sites for vertical . . . & - .
o % fragments | and U. respectively, then the nonlu . - °

’ : ' . transaction execytion cost is 36990000 R : , .
. . * ~ 5 - - ° )
. If 2 .and 1 are allocation sites for vertical

‘tragments [ and. U, respectively., then the total

. . transaction execution cost is 34663000

>
. -, v~ -
s, I+ @ and 3 are allocation aites. for vertical *
fragments L and U, respectively, then the total -

transactiof execution cost is 34761000

.12 2 and 4 are allocation sites for vertical ) . ¢ T ) . c .
fragments L and U, respectively., then the total - v o )
transactioh sxecution cost is 34199000 - .
" q ' i Jﬂl/llmu - [ - N - ‘ * -
w ’ S 1# 3 u:; u are -uvannnwoa sites for, <nqn—n-u . . - . T . T, .
fragments L jand U, respectively. n:o: the nooon M -
‘ nqo:oonnuo=,9-0n=«»o= cost is 33873000 . . | - . o - .
R a0 . - . "

/. ‘ . . .v ..
-, .- M

-

. fragments L and U,

- » ¥ -
. - . 1f# 3 and R are allocation sites“for <.ﬁnwnhu .. . T

1-v.nww<-c.

transaction exscution cost is- 32133000 -

4 are allocat¥ion sites for vertical - .

1-nvtnwu<-c.

then. the total -

then the total -
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LN A & Seblubebdebiutai ittt e 22 T T2 2 2T TE YT ETHE Y E e i P g oo p iy spugrggoprpprpyay
2 /# PURPOSE : This program selects the best set of secondary indices (i.e. thew/

3 /= one that resuvlts in the least total transaction bzecution cost) #/
4 /= : built over the relations of & velational database / 7
3 7/« INPUT : . Transaction access matriz \ : ’ : \.‘ “/
& /» ."Index update matrix - . . L 74

Y A7 . Index memory vector ./
8 /» . Transaction primary access vector : 14
9 /« . Transaction weight vector L Y
10 /# QUTPUT : The best set of secondary indices . . ./
11 /% METHOD : DATAID-1 Algorithm presented in chapter 3. Ma jor Report L 74

12 \.-*“i“‘tlt““l““t““t'..“.‘.#‘l“t‘tl‘t....l‘.“‘.““‘l.‘.“"““.“:\
13 #define MAXQG 100 /+ max. no. of transactions #/

14 #define MAXI 100 /% mas. no of indices 7
13 #define MAXR 50 /% m)x. no. of relatiaons #/ ‘
16 ®define MD 1000 /# max. no. of data pages for indices &/ !

PN

17 #ainclude <stdio. hD.

FItE #fp; )
struct bel ¢ -

20
21
22 X

23 - int hpos, .<vo¢. next_hpos,. next_vpom

int indno; ) -
struct bel #next;

124

‘w

»
24 jnt pIMAXG], memiMAXI), wLMAXG); . ‘
253 int galMAXQILMAXI], ecﬂ;xnun:.)xnu.

26 /»

27 main()

28 «
29
a0

31

a2

33
34,
as
36
a7
ag |
a9
40

a1

42

43

*

void fill(), order(), printindex();

int minimum(), exist(); . ‘ .

FILE #¢open(); ..N.\ ’

int nrel, fdim, sdim. i, 3o k: mb. tmb, pcost. tcost. primecost;

int path(MAXQl., tpathCMAXQ], isetIMAXI], b{MAXQ), tbLMAXGJ. dimCMAXR):
struct bel wbset, #tbset, wptr, #preptr)

printf(*” PROCRAM TO SELECT THE BEST SET OF SECONDARY INDICES\n");
printf(” OVER THE RELATIONS OF A RELATIONAL DATABASE\n\n\n");
print# (“METHOD : DATAID-1' Algovithm. Chapter 3, ,Major Report\n\n\n");

fp = fopen(“dfile™, “r"); : ' - -

it (fp == NULL) . - . .
fprintf(stderr." "cannot read the file\n®); .
exit(l); ’ . .

> ‘. : . ;

fscant(fp, “%d™, knrel)) : ~ .

hpos = vpos = (¢

printf("SAMPLE INPUT \n\n* )

for (k = O: k < nrel:i k++) & ) .
printe(” * Relation %Ld\n", k+1); :
fscanf(fp, "%dXd™, Ufdim, Ludim); .
it (#==0)
' dialk) = gdim R
else . . . ) ’




L2

B

BTS2 ORIELBLIRURER

&9 »

\a3

. 101
- ) 102

dim{k) = dimCh-1] + sdimu N
next_hpaos = hpos + fdies .
next_vpos = vpos + sdim; v . 4
/# $ill in transaction primary access vector #/ h -
printe(” . Transaction primary access vector :\n")h o o .
printé(" ") : - . - i
for (i = -hpos: 1 < next_hpos: i++) ( e v . .
fscant(fp. “Xd", &plilh { . . \ 4
' print#("ié =, ptild): ' * . i / ?
> . .
printé(=\n\n" ) N . -
/# f£ill in index memory vector #/
print#(* - . Memory vector for indices :\n"); '
print#(” *)s ’ - I -
for (4 = vpos; ) < next_vposi J++) { ) - . .
fscanfifp., "Xd", tmem{3]); ° . ' . -
printf(~zd * membjl) -’ .
o } ~ N .. " e ,
printf("\n\n"); i ; \ “eo s
pramtf(” . Transaction access cost vector :\n") . g LN r@w_..
! prints(" R ¥ . T ke V-
tilltga., "a’)s /#» #ill in global transaction access cost matrix #/- . . -
‘printf(*\n\n") . . .
prants(” ° Index update cost vector :\n")i - . e
printé(” ") .
f111(gu., ‘u*); /% ¢ill in global index update cqst matrix &/
printf("\n\n>);
/7% £i1]1 in transaction weight vector #/ i
printf(” Transaction weight vectar :\n"); v \
printe(” ", : . - >
for (i'= hpos: < next_hpos;: i+s) £ . . .
fscant(fp, “Xd”, &wlil) . . Vd
printf( Ld " wlid) .
} - e
printf(”\n\n"); . . o .
hpos = next_hpos: . . ) P . .
-vpos = next_vpos) . . - .
b 4 - ) . p .
order(iset); /# order jndices according to increasing global transaction #/ ’ V
/% grecution costs #/ . )
for (i = 0i i < hposi j++) * ’ . . . .
pathlil = -4, . .Y . .
mb = O; : R
bset = NULL;
pcost = O; -
for (i = O i < hposi i++) .
pcost = pcost + wlileplil, . -
rimecost = pcost; o
intf("\n\n\nOUTPUT :\n\n"); —
print#(® # The cost without any inderes is : Zd\n\n", primecost): . -
/% tind the<Vest set of secondary indices #/ ’ . -

©

v b /[ . . “
4 . M

-~ * ¢ . . ' v

AN
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104 -
1095

107
108
109
110

111

113
. 114
- . 119
116
117
118
119
120

% 1

122
123
124
¢ 123
12&

128
129
130

132
133~

< 134,
135
136
t37
138
‘139

‘140

1

142
143

1

1

« Ty 150

21

k<) |

41

44

49

H

v -

L

-

tory = 0; j C vpos: J++) ¢
Ptroam,(struct bel ®) malloc(sizeok(struct bel))
ptr=Fihdno = dsetl s
ptr-Onext = bset;

tbset = ptr;

tab = ab + memlisetl 32

——

tor '{ 41 = 0 i < hposy

-

i+e)
it (pathl[ild == -1)

it (galillisetC 3] < pLid)

tpathfil = jgeti )y

else :
tpathiil = -4, .
else e ‘ -
it (galilliset[ 1) < galillpathLild)
- tpathiil = isetl
alse

tpathlil = pathlils
/% remove redundant indices in tbset #/
it (exjist(tpath, isetl;1)) ¢

ptr = prepir = thset:
while (ptr != NULL)

it (psr=dindnd !w iset(;)

r -

if (texist(tpath. ptr—dindno)) {

tab = ted -~ aemlptr-Dindnols
preptr-Onext = ptr-Ddnexts
freelptr) o
ptr = preptr-dnext;

3

R S ] <
else € . —~~p— -~
° preptr = ptry
ptr = ptr-Dnest: ,
t .V .
else ( Lo i
preptr = ptr; T .

ptr = ptr-Dnerxt;
\4.

. } .
for (4 = 0; i < hpos:i i++) -
o7 thlil m minimum(i, tbset); , .
‘teost = O; - ’ -~
for (i = 0; i < pposii++) [

tcost = tcost + wlilathrid; :
if (tcost C pcost &k tab C MD) ¢

- bsel = thset:
mb = tab;

for (i = Oi i < hposi i++) € - '

N ’ {
¥ i
pcost = tcost,

¢

PAthiil) = tpathlil;
" MEEd = tBLids

- oot
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154 4 N yo. - ,
153 printe#(” # 1¢ the following indezes are defined : \n" )
-156 " printindex(iiet. d1m);
157 printé(” then the total cost is : Zd\n\n"., pcost);
158 printf(” # 8o the cost reduction is : ns v.ﬂncsn/.. .:smlono-wl-nonnotuoo\vn»lono-nf
159 2 o ’ .
-160 /% - 2/
161 /7% this_ function #ills in the globdal -transaction access cost satria nqmws

162 /% the global index evﬂon. cost matriz &/
163 void-fill(table., type)

o

164 int tableLlICMAXID) ’
165 char type: . »
166 <« .
167 int i, 5
168 *for (i = hpas; i < next_hposi i++)
169 ° tor (j = vposi .y < next_vpos; . g++) ¢
170 fscanf(fp, "Xd”, Ltablelil(,yIMs
171 [~ printf(~xd . “, tablelil(;1IN -
172° } .
173 " printf(=\n L ‘ . 5
. 174 ¥ - A v
173 for/ (i = 0i i < hposi i++) - - iy ’
176 for (3 = vpes: § < next_vpas: J++)
177 - it (type ==’a’) .
178 tablefilijd = pLilds .
179 . else : : -
180 tablefill] = O . . .
181 for (i = hposi 1 € ne«t_hposii++) .-
182 for (g = 0y § < <..o! g N .
183 ’ ua (type == ‘a’), -7 , N
1684 ntvutnnunsu - pEids .
c 1838 - . -u. . ‘ .
186 ’ tablelil[y] = O; .
187 -
188/« - »/ AN
189 /% this function orders secondary indices according to :..2.-.:.5 nnac-— «/°
190 /# transaction execution costs */ .
191 wvoid order{(vector) - .
: 192 int vector{ls ™ - 7 ‘
193 < .« .
194 _ ipt i, J. "1 lows ” .
195 struct el {
196 int costi: n
197 . int"ind; - Y
198 )3 .
199 struct el tempiMAXIl, t; T ,
200 ao-_. (g = 0 ) C vposi J+e) € .- * L
201 templ 3. cost = 0 -
202 . for (i = O i hpos; j++)
203 . . templ ). cost = n-!vn..u cast + wlile(gaCill ] *» gulillyln
204 templ ). ind = ; .

e

L

t




©_205
206
.. »H7 -
208
. 2> 209
' 210
) 211
. 212
213
214
21%
. ; 216
- 217
218
N 219
220
221
- . 222
223

22%

226

. . 227
228
<« 229

230

23831

232

. 233
y 234
. .« 235
2368

237

- 23d

239

240

241

242

243

244

245

. 244

. ., 247
248
249
2%0
. 251
3 252

4 - 23

254

° 255

108

[R \
. ﬁo-.#._ =0; 3 < <voal: J*e) {
low = 3; - )
for (1 = 3 +1; 1 € vposi 1++) !
- Y] (templlow]). cost > templl19: cost)
low = };

- it (low = ) ¢ .
i " t.cost = templlowl. cost:
» t ind = templlowl. ind;
templlowl. cost = temp(j]. costi
- templlowl. ind = templjl. ind;
templ ). cost = t. costs
templjl. ind = ¢t ind; -
> .
v ) -
far (3 = 0; 3 < VPOgi y++)
vector{i ] = templ 1. ind:

-

> -

¥ T <
%

’

%
/% this function finds n:t best sxecution JM

int minimum(q, bptr) .. .
nsn q , s g
struct bel tvvov. .
< .

struct bel #pt; .
int mini; T
wini“= plql; -
. pt = bptr; ’ v
while (pt '= NULL) LT
it (mani > galqlilpt-dindnol) . o
- mini = galqllpt-D>indnols N
pt = pt-Dnext;
V -
. - pt = bptr;

' while (pt '= NULL) {
|minl = mini + n:nnuneolv—Su:ou.
pt = pt-dnext; . . o '

v - L4 *
return(mini ) . .
} ¥ .

. 4 . -

/» -

AW

. .

st to v-1sonl a. nqn:a.nn»o:

»/

/% this function tests if an index exists in a vdctor lS
h@n existivect, q) s .,
int vectll; - .

Msn qi . A - . . - &
int i = 0; .
gt t = 0 N

- while (!t & i < hpos) { .

it (vectlil == q)

: ¢ I N R Y ~ g
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257
258
259
260
261
262
263
264
263
266
267
268
269
270
a71-
272

274
273
276
277
a7e
279,

. 7 b ) ‘”' )
. @i/ . * B -, ,
o~ . “w o~ . >
. 4 s N o 14
».o.om . . . . B
> . ' . - :
’ returnitl:. . .
b £ . b
/18— 74
/% this function prints the best set of secondary indices #/ .
void printindex(pter, v} - .
struct bel #pter: . . .
int vi)s . ’ o
< - ) .
int i, test: - -
. struct bel #pt, ) ' « .
. Pt = r . - . .
while (pt != NULL) ¢ ‘
L ) i =0; - . . -
test = O - N
e (‘test) < - -
' . it (pt=Dindno < vLid) .
v, test = 1,
ivey - . - - .
. b2
< it =mmi ) -~ . .
. printe(” . Index Zd in relation Xd\n", pt-Dindno + f.i )
else . . <
- printe(*” . Index %d in relation Ad\n". (pt-Dindno - vli-21)+1. i 0
- - pt = pt-dnext: . ’ . )
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PROCRAM TO SELECT THE BEST SET OF SKCONDARY INDICES
DVER THE~RELATIONS OF A RELATI DATABASE
M ¥

DATAID-1 Aljorithm, Chapter 3, Major Report

METHOD
e b
SAMPLE INPUT : -
# Relation 1 ’ o
) . . Transaction primary access vector : .
62 40 . 40 . 4 s
» -Memory vector for indices - - ) i
- 10 S N - 3 -
. Transaction access cost vector : /,w‘\\\vu
13 & . .
18 14 , A
. F 40 40 >
N . Index update nw-n vector o, .
o 40 . ,
o o -
10 10
. -
X ’ §
. Transaction weight vector
- - . 100 30 20 - -
* Relation 2 —
. Transaction primary actess v H
- &7 23 40 * ’
. Memory vector fqr indices : ' ) Do -
- 10 a 6 e . -

~,
'

v

Trangaction alcess nomn vector
17 &7 27

11 6 21 .
40 40 15

. ~*
-:a-m update cost vector ; \
1] 20 0 '
V] o 0 ’ < T
a a o ‘ i !
-
« Transaction weight vector : -
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OUTPUT :

« I¢ the following indexes are dsfined
. Index 1 in )

- . Index 3 in

- then_ the nw«lu

* & So the nh-n,qosennnes is

# The cost without ang indezes is

relation 1§
relation 2
. Indgx 1 in velation 2.

cost is

.

:" 22700
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