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ABSTRACT - o X

This thesis describes a coding scheme for the new Semilattice Model of Datfa.
Coding schemes are'sed internally in the model to represent complex structures if $n
efficient manner. The proposed coding scheme offers an unprovement over other
currently known schemes and integrates well with the conceptual level of the model
"scen by the database designer, To evaluate the new scheme, a comparigdon is.made with

4

two other codmg schemes, and .a set of expenmen&:l m%u(éments taKen with the new

coding scheme is analyzed. ’

The language used at the conceptual level of the semilattice model is also

presented, This language has the ability to define new types from a set of simple types,

other already defined types, and four type constructors. In addition, constralnts may
optionally be placed on the values of a type. Opgrators to mampulate objects atsthe
conceptual'level are defined and illustrated witbéﬁamples Together, type constructors
and opcrators allow complex objects to be defined and manipulated with few restric-

. \]

llom . : . o

This work on the conceptual part of the model, mcludmg the new coding scheme,

is part of a larger on-going rcsc'xrch eflort aimed at developing the semilattice model.

The model, which is based on the relational data model, has theé ability to describe,
represent, and manipulate complex objects. Potential applications of the model

include such diverse areas as C‘\D/CAM VLSI design,” Artificial Intelligence, and

(omputer Graphics. \ ) by
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- T - . Chapter 1 o *. R

- Introduction | N

1.1. The Problern

The Semilatt‘ice‘ Model of-Data [Arn184] is a new data model that allows complex

.

objects to be represented The sémilattice model is most. closely related to the Rela-

I‘
- ' .

: lnonal Model of Codd [Cod70] but is cqnsnderably extended to the point’ that even an

entire relational ‘database accordlng to Codd s original model can be represented as a

single entity, . : v h :

b
The two most promment features of the semnlattlce model ‘are the conceptunl

model? for descnblng complex non-normahzed data, and the semllattlce codes, used

.

intcrnally to refer to common data, , .
. ] 1 ! \ -

The conceptual model contains four type constructors: set, sequence tuple and

'
»

dls]olnt union. These cantructors can be used with the basic snmple types, or wnh

“other already deﬁned types to describe objects

Semilattice codes are intended to be an efﬁcien/t"and‘edmpact, way of referring to
/

common data (the mtersectnons in the semilattice), Codes are extremely |mportant. in
/ . :

the |nternal model not only for reduclng storag/e requlrements “but also for performlng
voper:mons and minimizing drsk accesses. Thls theqns addresses the problem of design-"

/
N

ing an efficient coding scheme which also gossesses Lhe propertles desirable for codmg

7 a

schemes in general. -/ ' ' L o



“‘1.2.eriglnal Contribution L .“. . o ;'f‘

’I°he s@mllag,uce model is currently being mvestngated by a group of researchers at

the Umverslty of Alberta Most of the mmal work on tbe model is contalned in a

]

‘series of unpubllshed papers and notes [ArM83 Ger83 Her83] As a reSult of these

N
, early investigations, the decmon was made to lmplement. a prototype semllamce Data-

base Management System (DBMS) For4he purposes of the lmplementatlon the work

was dlvnded mto a concept.ual part and a phySIcal part

Tbe first result ol this pro;ect was a specnﬁcauon for the language of the concepqﬁ ‘

tual model [Bob84] whlclx has snmply been named the Conceptual Langyage Next

[} .
A

came the work on the physncal data structures and “their lr_nplementauon [Sin85} in

t

" which a variant of variable length record B-‘trees,‘ called c-B'- trecs, was proposed.
This thesis reporta‘ on the concepta%l ~‘Wo‘rk’ and.thus eompletes the implementa-‘

tion of "the‘brototyoe ‘s'emilattice DBl‘\/lS. A new coding ‘sehéme;=called st.,rueture coding,

‘isl presented."Structure eoding was aelected as tbe coding tscheme for the prototype

‘ ‘snnce it p('rl'orms better than other codlng schemes currently developed ln addluon

the’ Concept,ual Language provnded for the prototype is descrlbe(ras several enhance-
" ments have béen made since the onglnal speclﬁcauon.‘ '
Co L

1.3. Organizatlon of the Thesisﬁ» o . . C - c
. v ® ,/r B . - " ,,_.,-
Chapter“o presents all the r’evant background matenal on databases Then
r

’ ‘chapter is dwnded into t.wo sect,lons datzymodels and the Conceptual Language The

‘sect.lon on data Qodels ﬁrst. bneﬂy reviews the t,hree popular prlmary data models i

]

network ‘-lnerarchlcal and relatlonal Problems and deﬁcnenctes of these models are

then dlscussed provndlng t.he motivation l'or a new model Numerous .extensions pro--

e
\

yposed _[or the exnstmg models to overcome thelr deﬁcnenmes are then revnewed and

‘,evaluated Fmally, the maln concepts belnnd the semllamce model are outhned

.



Directions for further work follow the conclusions.

/

\ e » v . ;
. ' L ..
A

Section' two of chapfer two presents theConceptual Languageused in the proto—

/

type. All examples throughout the thesis’ Jse thls language The almple types and four :

type constructors of the Conceptual Language are descnbed followed by the various
[

languave operatnons The chapter concludéd w:th a.discussion of how’ codes have been

&

used in the past and their. lmportance in the semilattice model A Backua—Naur Form

(BNF‘) specnﬁcatlon of Lhe Conceptual Language is contalned in Appendlx Al

i3

Chaﬁter Lhree covers t‘e codmg sobemes for the ‘se

. “ U A
|latt|ce model. Flrs.t the

requlrements for a codmg scheme are outllned along with s me dehlrable propertles of

codmg schemes. Next three coding sche;ne& are@sc ed: absolute, rélatlve and
. ‘ . _
structure coding. Each scheme is descnbed lllustratedJ usnn.g examplea and " then

evaluated Possnbllltles for.other kinds of codmg schemes are exammed followed by a

u

companson of all tbe schemes. The chapter concludes wnh‘a dlscusslon of several

" ‘ C -

important practical issues related to the use of codes. . . S C e s

( R " .
The fourth cha‘ter evaluates structure coding using experinle'nt,al data ‘and

~.

tations. Storage measurements for the semilattice proiotype DBM‘S and the‘lNCRES

._q s R ‘

¢

“analytical results. First, the prototype lmplementation.is discuss‘ed along with its limi-

DBMS are presented and compared ‘Next, an lnl'ormal dlscus:non of perfprmance is -

' o

given covenng several performance toplcs The chapter concludes with an exammatlon .

*

.

of codes in dlstnbuted database apphcauons

'
o

] S

Chapter five states the conclusions_ of,this‘ thesis based on evaluations of the cod-

ing schemes, experimental results; and our experience with coding and the protofype.

i

"' The source listing for the conceptual part of the prototype impleméntation is con- '

tained fn A ppendix A2 .

e
1

~h
| .

~ . " . i v



. Chapter 2

ata Models 5\

B

Two arecas are reviewed in this chapter to establish the basis and motivation for

the rcm;;indor of the thesis, First, the three prim:;ry data models am‘i their deficiencies
are omk(lincd. This is followed by a discusslion of lehy a new model is needed along with
some proposcd models :\nld extensions that have appeared in the litcbature recently,
'With the atage thus sct, the semilattice model is introduced td show how this qucl

ovgrcomes the problems of the existing models, The second area covered in the chapter

- + -

is the Conceptual Language of the semilattice model, The language is used in all exam-
ples presented here. Types and type constructors arc reviewed along with the basic

. | : ’ H ‘e - H !
(lonceptual Language operations. The concept of codes is also reviewed to serve as an

"\

introduction to the main body of the thesis. ,

2.1. Data Models 1

Any data mode| must consist of a notation for expressing data and re}ationsbips
between data’as well as a set of operations for manipulating the data [UlI82]. We often

distinguish between the languages corresponding to these two parts of the model,

) ! . 3 » o
called the data definition language and the data manipulation language respectively.
Informal models, such as the entity-relationship model [Che78] are sometimes used to

describe data but, strictly speaking, these are not true data models since either the
~N .

data definition or data manipulation constructs are \Iacking. In the entity-relationship

case, only a metbod{for data definition is provided.

i

!

Some definitjéus of a data model also specifically identify a third component,

namely, a set of general integrity rules [Dat83]. Integrity rules and constraints are

considered as part of the data definition here.



S

. 2.1.1. Primary Models

The three most popular and well known data models in use today' are the nct-
work, hicrarchical, and relational modclé. These models are reviewed briefly below; a
detailed  presentation of the models can be found in most database texts
[l?mBl.UllR‘Z,Mer84]. Sir}ce the semilattice model could essentially be described as a
generalized version of the non-normalized relal.ionnl‘ model, th'e majority of the review

below concentrates on the relational case,

The network data model s the result of the work done by the CODASYL Data

Base Task Group (DBTG) [CODT1,COD78]. A D':\ta Definition Language (DDL) and
Data Manipulation l,n@gu:lxgo (®ML) are proposed in addition to a Subschema DDL for
df‘ﬁning_ views, Data and reiationships are stored in records which consist of one orl
more fiéelds or data stemas. Rclati;)nships are represented by links between records,

" “Although the DDL restricts relationships to be binary many-to-one, arbitrary many-
(o~1n:xn)"rc|ntionships can be represented by introducing logscal records and additional
links, The network model is 30 named because records and links combine to form a

simple directed graph, or network,

Operations supported by the DBTG DML include:

\
1
"\

1. FIND. to locate a record,

\\‘2. GET, to read a record,
3. lNSEIRT (STORE), to add a new record,
4. DELETE (REMOVE), to delete an existing record, and
5. MODIFY, to ch;cmge an existing record. R '

Commercial databases based on the network model include IDMS [Cul78] and
TOTAL [Cin78]. '
N

The hierarchical data model is similar to the network with the restriction that all



1\
links point from parent to child records. Thus, the records and links in a hierarchical

database combine to form a set of trees. Given the trge structure of the model, there
are two ways to represent many-to-many relationships: use duplicate records, or intro-
duce additional links. The preferred solution, to eliminate redundancies and the poten-

tial for inconsislencies: is to use virtual records which are simply pointers to physical
records. Bidirectional links are then possible providing the same cxprcssi\re' power as
the network model, \

Operations in the hierarchical ‘thodel are similar to the netwogk (;ase. For exam-
ple, operations to traverse the tree, retrieve a record, insert, flelete, and modify records ~
are all provided, One ol: the most widely used datz;bases today, .lBM's IMS
[McG77,IBM78]. is hierarchical, as is System 2000 (MRI78]. |

Theé third and fina] primary model is the relational déta model l')roposed by Codd
[Cod70}. This model i‘s;bz;sed on the mathematical concepti of a relation. Relations are
best vicyvcd as unordered t,ablles whe;'e the rows co‘rrespond to tuple§ and the columns
to altrisz.-«FWter Maier [Mai83), a relation acheme R is a finite set of alt}i-
butcl names, or simply attributes, {A,, Aa, ..., A }. Corresponqing’to each attribute A,
isaset D, 1 S¢=n, cz‘xlled. the domain of A,. A relation r on relation scheme R is a
finite set of mappings {t,, t,, ..., t.}fromRtoD =D, YU D, U --- U D, with the
restriction that i'or each mapping ¢ € r, {(A,) must be in D,;, 1 i <n. The mappings
are called tuples. The acla’vc’ domasn of attribute A, relative to r is the set of d € D,
such thai.there exists £ € g/with t(A,) = d. A keyof a relatic;n t(R) is a subset K of
R such that for an);giit( ct tuples ¢, and ¢ty in r, {,(K) # t(K) and no bropc;r subset

K’ of K shares this property. K is a superkey of r if K contains a key of r.

‘Data manipulation languages for the relational model are classified as.either alge-

braic or predicate calculus languages with the calculus further subdivided into tuple

relational and domain relational calculus. Codd introduced: relational algebra [Cod70]



and later showed it to be equivalent to the relational calcplus [Cod72b], Algebraic
languages apply operations such as union, difference, projection, selection, and join to

relations while the calculus specify predicates that tuples must satisfy. : '

*

Several normal. forms ilave been dévcloped to eliminate redundancy and prevent

inconsistencies for the rolation:;l model [Cod72a,Fag77,Ken83a]. We shall be con-
. \ .

cornod.onlly with the first, second, third, Boyce-Codd, and fourth normal forms,
alth'ough a vnrio(_.y of other forms .ex‘ist such as domain-key [Fag81] and fifth [Fag79) |
normal forms, The normal i‘orm definitions below are from Maier [Mai83]) where
defihitions of a functional Aependency (FD) and multivalued d;pend’encyq'(MVD) may
also be found. Before presenting the definitions, so;ne of Maier's noiatio;‘ m'ust be
introduced. Th‘e doﬁmin of an attribute A is denoted léy dom(A). An attribute A is
prime in R with respcci tio a set of FDs F if A is contained in some key of R. Other-
wise, A is nonprime in R, Given a relation scheme R, a subset X of R, an attribute A
iln R, and aset of FDs F, A is tranaitively dependent upon X in R if there is a m;‘bscjt Y
of R with X-Y, } # X, and }Y~A under F and A § XVY. Lastly, an MVD .\'—-Y‘is‘
trivial if for any relation scheme R with XV C R, any relation r(R) satisfies X~V

We are now ready to define the required normal forms. From Maier [Mai83]:

1. A relation scheme R is in firat normal form ilNPt) if the values in dom(A) are

atomic for every attribute A in R.

2. A r;'lation sche.x‘n}e R is in second normal form (2NF) with respect to a set of FDs
F i’f”i& is in INF and every nonprime attribute is fully dependent on every key of
R. | |

3. A relation sc.heme\_,R’ is in third normal fof.m (3NF) with reSpe;t to a set o.f‘Fbs F

‘ . . . . ... Loty ‘
if it is in INF and no nonprime attribute in R is transitively dependent upon a

A

key of'.R. -

4. A relation scbeme"R is in Boyce-Codd normal form (BCNF) with respect to a set



Kt
!

of FDs F if it is in INF and no attribute in R is transitively dependent upon any
key of R.

S Let F be a set of FDs and MVDs oAver U. A telation scheme R C U is in [ourth.
normal form (4NF) with respect to F if for every MVD XY implied by F that

applies to R either the MVD is trivial or X is a superkey for R.

]

A large [(‘SEBI"Ch eﬂort.h:’xs.‘ been directed to the studying properties of fun.ctional
dcpendencies '[Arm74,Bei‘76,BFll77], multivalued dependéncies [BFH77,Lei79}, 'and
other dcpcnfiencies [Risf?,F,ag?Q,Bee80,SaU80,F‘ag81,Par82,CFP82] in the relational
model, . . |

Examples of relatlonal DBMSs include INGRES [SWI\/G Sto80], System .R

[Ast76, Cha8l Bla8l], and ORACLE [Sof80]

2.1.2. Deﬁqiencies

+

All of the three primary models are certainly spitable for a wide variety of appli-
. . - » "
cations. However, each model has its deficiencies. Some of these problems are

enumerated below keeping in mind that the application often determines the severity

of a given problem.

~.

Record and link based data models such as the network and hierarchical suffer
two main deficiencies.

1. Theée models are diﬁicult, to use.

e

V.The database designer must fully spglfy all the lmks, or relationships, among
record types Usually thls |3volVes creatlng many artnﬁcnal logncal (net.work) or
virtual (hierarchical) records. In addmon, the data mampulatlon‘ langpages for

- these models provide only the most prlimikti.thz opefatioﬁs (e.g. GET,. FIND). Con-
sidér the amount of eﬁOrt‘fgquired to specify a standard relational‘an.lgebra‘ opera-’

tion such Ss.join [UIIS?]V‘. As-‘poiute“d out by Date [DstSi], the relational database



, : ‘
¢ ) |

desngner must be familiar. wnth one data construct (the relatlon) whlle in the
‘DBTG case there are five data comtructs records DBTG sets, smgulnr sets, ord~

ering, and repeating groups. Besides being uppecessarily.complex, the DBTG

. . . ]
DDL has been shawn to lack some data description.concepts required for special-

i
'

ized applications [MMC76].
2. Performance may be poor for complex entities,

Both the network and hierarchical models are well suited to allow efficient imple-

mentation, llowe;cr, when st‘ructures with nest',ed. many-to~m:va‘ny‘rclatiopships
exist,, performance may become a problem’ because relationships are represented
explicitly using pointers. When relationships change, or during updates, each
‘pointer invoI;'ed must be lupdated explicitly" [Har84]. Some link ’based systéms
provide limited solutions to the performance problem Fastpath is a feature of
lMS designed o handle hlgh transaction rates for simple queries [lBM80 DatSl] ’

This is ac'hieved using a Main Storage Databas% (MSDB) to reduce acc,ess time
and limited locking to eliminate waiting ti‘m& | |
Despite the popularity of‘lhe relational model, it is not without its own
deﬁ-ciencie’s. ' - L

1. Performance.
.

Traditionally, performen_ce‘has;been the bane of the relai‘t‘ion)al model since it does

not have perform;pce built‘ into‘ the design ‘as t'be:network and hierarcbieal

models do. Although recent lmprovements in relatlonal productm bave addressed\ .

the performance lssue through opumnza@n [St083] nmmahzauon theory tends |

to produce less eﬁiclent desxgns because data that could be mamtamed ln ylnglc

| relatnon may be decomposed into many relamons [Ken83a] Date ponnts oumhat a
5

proper nmplementauon of phe relauonal operators requnree that the system do

optlmlzatlon to achieve acceptable performance [Dat86]



2.” Semantics, | . ‘

Several semantical problems have also plagued the relational model. These
D . " P

. |\
- i ‘
‘include; the meaning of data and attributes [Cod?79,S¢i79], null ,values

[\’3379,V3580,Lip81], " and  the ass‘qmpfion "of the universal relation
-[Ken81,U1183, KenS'Sb] Kent enumerates ‘other semantical problems with rela-
tionships, namlng, and structure in the model [l\en79] Solutions to most of these

< problems ha\e becn proposed although the suggestlons are sometimestless than

"

sausfactory.

A more serious problem yet remains: the inability' of the current’ models to
. represent complex objects. This ‘problem ‘manifests itself in a number of ‘ways, espe-

cially when databases are used for CAD/CAM, VLSl Wd graphlcs applications:

“~

1. Lack of abstraction agd data typlng capabmtles [Hay83 ShW85]

2. Lack of data structuring constructs [JSW83,LeF83,Har84,Sp084].
3. .lnﬂe\/xia methods for representing objects [Gre83, Wil4).
1. ~ Inability to “deal with changing, ‘incomplete,- and multiple versions of data
. X ' . ! .
[HNC84].
R . . 1,"}?@ . ' L
Partial solutions to the above problems are possible. For example, structured
objects can be represented to some extent with network databases but an inox:dinate
amount of work is required to'do so0. Schmid reviews some of these issues in integrating '
. ¥ ' ' . . .

complex objects into the con‘cé'p’t,ual model [Sch77]. None of the primary models offers

a complete solution to the complex objects problem. : .



2.1.3. The Need for a New Model .
. . . " . " “‘
Researchers have taken two npproachee to overcome the deficiencies in the

[

current models, The first approach is to provide extensions to the existing models

‘while the second is to-design entirely.new models. ‘ ' L

[P,

2.1.3.1. P‘npposed Extensions
. o ‘ ' : ' ‘ .
’Fhe follomng is a brief survey of dlﬂ'erent e\ten-nons proposed for the ?elatlon'\l

Lo ..‘_‘

model, Flrst there are several (xlenswns to sglve ‘inClﬁC problems. (‘odd lhtroduced

[N
7

additional semantncs [Cod??] whlle [lpskl [Llpgl V:{/nllou [Vas79 Vas80), and Keller

[l\cWBS] suggest methods for deahng wnh q%ll values Clifford and Warren at Stony ,

/\
K uck a‘nd baglv (Kuss4] suggest addmg network hke llnks to alleviate some of the per-
.o & L
formance problems due to decomposmon, A variation io_f._*the model, called the fumec-
o . NI R ‘ ' :
,tional model, has been popularized by several researchers'iacluding Buneman and .

et

[N

\':“

Brook mtroduce é)e concept of tnme and show how it can be |mp|emented [CIW83]

Franket [BuFTQ]' and Shipman ‘[Sb'i81].

¢ ~

.Other moregeneral extensions have also been proposed to solve many application -
Y ) B

‘ probleﬁ)s. Haskin and Lorie ‘éugge"st‘ several exiensions to System R [HNC84] such as
' allowmg arbitrarily Iong tuples, hlgh level operations fbr manipulating’ objects, and
rudlmentary version control. ‘lNGRES extensions for hypotben%elatlons and docu-'
ment processmg operators are dlscussed by WoldEl ad Stond)raker [WoS88, St688].
Hardw:ck enhances the model to allow hlerarchles and" beterogeneous. relauo)nsblps‘
. [Har84] He also proposes an extended relatlonal algebra‘to handle t.he new enmles
Similarly, Korth extended the model wnh several’ I’eatures @cludmg nested sets and
‘vnested tuples [l\or86] Extenslons for non-ﬁrst-normal form relations in an oﬂice mfor-

%

mation systems envnronment are glven by Schek and P&stor [ScP82] Weller and York

" [~YVeY84] examlne how abstract, data types can be represented as relatlons whnle Clay-
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brook [CCW85] treats wews as data abstractlons These last two works form the basls

for a method of supportlng views and types as meta-data wnthm a relatlonal database

/ A sngnlﬁcant extension of the relatnonal model is Godd's RM/T [Cod70] wblch s

&
descrlbed in detail by Date [Dat83] RM/T is based on entities; entltnes are elther
. '\ .
ch'xractenstlc (descr;be another ennty) assoc:atlve (descnbe a relatlonﬂhlp), or kernel
(mdepen(lently exlsung entltles) ‘Methods l'or‘typlng, namlng, and specnl'ylng lntegnty g

rules are provided as well as several new. operators

I’ y2.1.3v.2.ANe'w Models ‘. |
Even wntb the many proposed extenSIons the need for a pew model appears to be.
great. CAD and VLSI de:ugn apphcatlons requnre the ability to bandle complex
- engineering data | mnltnple , versions, and a_’ variety of lntegrlty constraints'
| [HNC84, Bal\'85]."(}rap‘hlc's applieations' require the ability to handle compound, co_x'n-"
yplex objects usmg a hlgh level data model. [Gre83 Spo84]. E\ien statistical ‘and .v
sc:entlﬁc applncatlona reqmre complex data types a semantlcall; rich model and tem-
poral and metafdata with a supportmg user interface [SbW85].
| Many new data;models have been introduced into this environment. Lee and Fu
at Purdue University adopted Constructlve Solid Geometry (CSG). as the basis for a
- model” [LeF83] and augmented the relational huery language SEQUEL to support. thelr ‘
‘new structures. Kltagawa and hls group [K|t84] descnbed a model called Formgrafhlcs ‘
‘to mtegrate text, dnagrams, and lmages into a graphlcs database Ulfsby, Meexzjand ‘
Olan mtrodﬂced Tornado [UM082] based on the network model for solld modellng
and CAD appllcatlons The PlCCOLO database system was developed at tbe Umver- |
‘»s:ty of Tokyo by Yamaguchl and Kunn for handllng plctorlal data such as LANDSAT .

‘mages (YaK’82] Many models have been mtroduced l'or,speclallzed problems mcludrng

:those by McLellan [McL85] l‘or VLSl desngn Schell and Mercer [ScM85] l‘or CAD and.



Su [Sﬁ86] for Comp'uteaf lntegratcdl M‘z.mufact‘uriugi(ClM). Sockut, at the US National
f ' , [ o oL ' ‘ . ‘| . B
Bureau of Standards, suggestéd a framework’ able to handle'logical ‘level ch nges in’

databaqes [Soc85] Examples of such changes mclude mapplng between models res-

tru(‘tunng schemas and revnsu{xg database programs

[

In cqatrast to these abplicatibn oriented appi-ogches several models having a

more ma(hematlcaf foundatlon have been mtroduccd Jacobs descrlbes a database

-~

logic [hc8{] wblch generahzes the principles of lhc three pnmary modcls Hammer‘

[

.mdw\lcleod mtroduced the Semantlc Damb’ne Model (bDM) contammg hlgh level .

primitives for structurmg and modelmg data [HaM81] l\uper zmd Vardl [KuVa5) -

1

ﬂdesngned the logr@l Data Model (L bM) whlch is based on basnc types relferences

¢

com position, collecuon and classnﬁcatlon The Format. Model of Hull and Yap [HuY84] '

is ﬁlllll'ﬂl“l.y based on the const.ructs of collection, composmon, and clnssnﬁ(at}lon. A

!

' ' W] R .‘\ " ( Eaa . N , .
database programmmg language called Galileo supporting Lhesc semantic features in

fdlmon to 1bstract|oq (types and modulanzauon) has been proposed by Albano Car-

delll and Orsini [ACO85] o | o ‘ S

. o

~ Many of the extensions and new models are designed for specific problems or
applications and do not constitute truly general, unified solutions. Also, with the

exception of more recent theoretical work, many of the proposed models are not based

v
—

on the solid mathematical foundation™that the relational model is.-

LY
&
&

2.1.4. Semilattice Model-

The semnlattlce data model [Arm84] is based on the relanonal model and the rela—

~

tlonal algebra of Codd [Cod70] Ope of the major differences bctween tbe ‘models i is
’ that the semllattlce model does not: unpose the requlrement of normahzatlon althougb )
the database de31gners may stlll normahze relatnons if t,hey so wnsh o B
‘f Two impo;ta_n't feétures of' the semilattice‘jfrmdel‘ are the Conce‘ptualLanguage_ -
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and the semilattice codes. The Conceptual Language is a high level interface that per--
mits *ty'pes,b abstractions, and compléx operations.. It addresses all of the deficiencies

cited previously such as abstraction capability, data structuring constructs, flexibility
N . \ , !
in dealing with objects definition and manipixlation of compound and complex objects

temporal and meta-data, and muluple versnons The semilattice codes make maw of
. ”n .
the Concept,ual Language features possnble These codes permlt lmplementatlon of

complex structures many to-many relatlonshlps and allow efficient lmplementauon

t hereby ‘ addressing_ pe‘rform ance cohcerns.

"

. , (R L
2.2. Semilattice Conceptual Language BN a0 o ﬂ

’The‘IC‘onceptu'al Language of the ?emilatticeimodel'w-as first specified as part.of a

larger technical report {Bob84].. The language presented here includes some enhance-

-

ments to the original speciﬁcation and represen’ts the version currently‘ implemented in:
the prototv pe. A B\JF‘ grammer for tbe language is given in Appendlx Al.

'Fbe‘language consists of two parts: constructs for data deﬁnition and operations
' - ..\ . ' " . - + ' ' ‘ - ' e
for data manipulation. Constructs and operations are well integrated and there is

rarely any reason to separate the two other than for discussion purposes.

2.2.1. Data‘Deﬁniﬁon : ‘“ " L S

A semilattice ~typc consiss of a domain (set of value's)‘and a set of operations.

Operauons are deﬁned in a follownng sect,lon The Conceptual Language allows named

ty pes to | be deﬁned usmg type expressnons A typq ezprcaawn is ent—h"i- a snmple type or

h

a ¢ m’plex type, complex types are formed by applylng type constructors to other h

.-\

‘already deﬁned types. i'

T Slmple types are predeﬁned in: t.he semllattlce model and lnclude mteger, real g

.~ -

, boolean and strlng wlth tbe usual Pascal values For example, h e e



31is an integer

3.1415927 is a real,

trueis a boolean, and ‘ _ . ‘

"Smith” is-a string. : S RS L
. ‘ .

o 0 & e

Four type constructors: set, sequence, tuple, and union are used .to define complex

“Lypes. e

. Set scheme {T}.

N
Lo ' .

‘“
e

\ ! i

{‘The domam of {T}»IS the set, of all sets of values in the domain of. type T. A value

Cof the set type is'of the lorm {e, ey, e } where each e, ls\a dlstmct elemem

N

- _elements e, form an array indexed by + and need not be distinct.

of t.ype T, ’

Sequence sche‘x’ne <T>. ' N .

vI‘he dom"nn of < T> 1:5 the set ol' all ﬁmte sequen,;es of values in the domam of

t) pe. T: A “value- of the ‘sequence type is of the l‘orm <€y, €., > where the

Tg‘ple scheme (A0 Ti Ax T, .], L AT,).

The dommn of a tuple scheme is nhe set of all Luples wnh some value from each

‘ domam ol' type T, assngned to the correspondmg dnsunct attnbute A Tllls is a

.

tuple i in the relauonal sense where a set of such tuples is. called a, relauon A value

of the tuple t,ype is of the fon'-m'(Alr--,ul.'. A=y, ., A,,- v,) or, usiag the order

v

of the éttributes in the tuple scheme definition, (v, , v, , ..., v,).
. ' : " J

.Umonscbeme (t Ty lta: Tol. ]t,,,T) : . . L‘ K

[N

The-domain of a union scheme is the union of the sets of all Cagged values in'eyachv

, domam of type T Each tag t must be dnstmct and l’or thls reason the schemc ls

-

—_—

) also referred to'as’a dls;omt uglon Umon schemes are equwalent to Pascal varl-'

)‘.u‘

: 3
ant records A value of the umon type is ol' t.he l'orm (t.ag- t, , value- v;) or, more :
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Once a type has been deﬁned and named that type may be used in any type '

.

expressnon wnthout restrlctlon to deﬁne new types Thls allaws arblt.ranly complex

[

" objects to be defined. For example, if we define a tuple scheme to represent a ponnt in

“two dimensional space

.o
1

_point = ("x : real , y : real )

a polygon can. then be defined as a set of points and a circle as a center point and a -
radius, =’ oo R _‘.‘ ) ,

e
Y

polygon = { point } ,
circle'= ( center 7 point ; radius :-real )

Next, a shape can be defined as a polygon or circle together with some identification. .
shape'= ( name ; string , fig : ( poly polygon | circ - Circle ))

Exam ples of l’alues of Lhe shape tuple scheme“are a8 follow,sj
( tnangle , (_poly , {(1121) (3125) (4917)})) r
“( "uhit circle™ , ( circ , ((0000) lO))) | . . o .
- ) L ‘ o )
'Note that a tuple scheme comblned with a set scheme represents the traditional rela-

tlon. Unlon schemes are used in the izﬁ]mon of heterogeneous'structures as shown
above. A speclal tag, called the null tag, is predeﬁned in the union scheme Thls tag.

allows the database schema to be changed without aﬁ'ecung ‘the ‘underlymg data or

programs wh!ch use t,hat data. To ilblstrate suppose the shape t.uple scheme was origi-

'nally deﬁned to mclude only polygons ‘ L | L .
. shape = ( name : string , fig': polygon ) |
*No‘wfif‘a:‘circle is added as a_new shape, the new deﬁnipion‘of the scheme becomes:

y -
- .

| 'Tsha.‘pe‘ -( name ':‘s'tring“, ﬁg:e"(null :,polygon cire :‘c‘irelle ).

The Conceptual Language also permlts eonatraml ) be placed on ‘the domain and |,

values assngned to types Thls is accompllshed when a t,ype is ﬁrst. deﬁned usmg the‘



following syntaXx: : ) ‘ - e
. ’ | : ) . ‘ E . o A v ‘ . ) “, K /
'Type__n‘ame = Type_r'xpressionb cohstraint: "Qualiﬁcation"

Quallﬁcauons are dlscussed in the scctlon on operations, An Enghsh mcamﬂb
4

v
[

LY
clause can also be appended to a Lyp<; declaratlon for documentation purposes As an

example, to. restrict the lent tuplerschemc to contaln only posmve real values, .
point = ( x : real , y real ) ' .

const,raint x.> 0 and y > 0" PR SR ,
meaning: "point must lie in the first quadram o N

n

Con¥traints will ‘not be discussed further hete other than noting the Conceptual

Voo

l.anguage provides a method for their declaration,

2.2.2. Example Database . f ' '
, . ' © ‘ T ‘ : ) ‘ —
Throughout the remainder of the thesfs a samplé database will be used for all-

e@les The dntabase is taken from the Happy . Valley Food Coop (HVFC) example

in Ullman [UI|8‘2] but is sultably modified to illustrate some of the semllatuce features

Four tup[e schemes‘are deﬁned in the example," ‘ N

8

. Member = ( name : strlng address : string , balance : real ) ,
. Priced_jtem ™= ( item : string , price : real ) o
, Order = ( bum : integer , purchaser Member , nem Pnced_)tem ,
L = quant.nty ‘integer ) ‘
ter = (- name : strlng address strmg stock { Pnced_nem })

The variables represeZLing the four relations in thq’database are as follows.

\
e - . )
. -

" members : { Member } . o
goods : { Priced_jtém } ) . R CL
orders : { Order } . ‘ o S oo
suppliers : { Supplier} .. . |

0

't\ .

An instance of the HVFC database is ‘sl';_‘ovlvxq below. L
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TR
" _members
name address balance
"Brooks, B," | "7 Apple Rd.” +10.50
h "Field, W." | "43 Cherry La." 0.00
‘ .. | "Robin, R.™ | "12 Heather St 3 | ~123.45
"Hart, W.” "85 Lark Rd.” -43.00 N
_goods
T item _price
* "Granola” 1,29
“Lettuce” 0.89
"Sunflower Seeds” 1.09
' "Whey™ . 0.70
| “Curds” 0.80
"Granofa” 1 1.28
. "Unbleached Flour™ | 0.65 |. ®
_ 1 "Lettuce” 0.79
"Whey". 0.79
N "Sunflower Seeds” 1.19 .
orders R
num purchaser U item T3 quantity |
-1 +] ("Brooks, B.","7 Apple Rd.",+10.50) ("Granola®,1: 29); s 5.
"2 | ("Brooks, B.","7 Apple Rd.”,+10.50) . | (" Unbleached Flour 0 65)’ 10
3 | ("Robin, R.","12 Heather St."-123.45) | ("Granola”,1.25) ~ ... .3
4 ("Hart, W.","85 Lark Rd.",-‘43.00) ("Whey",0. 70) I
5. ("Robin R."."12 Heather St."~123.45) | ( Sunﬂower Seeds", 1. 2
) ("Robjn, R.";"12 Heather St:",-123.45) | ("Lettuce”,0.79) . 8
7 ("Hart; W."."65 Lark Rd." -43. 00) ("Whey",O.?O) 3
8 {"Brooks, B."."7-Apple Rd.",+10.60) “Granola®,1.29) 2
suppliers L
name’ address =% stock

' Taﬁu \upply Co.”

"Acme Supply"

"Sunshipé Pro‘duce'.'-

o Puntv F‘oodstuﬂ's

"180 lndustrial Rd.”

"17 River Se.”

"20 Industrial R4."

"16 River St.” . -

{("Granola +1.29),("Lettuce,0.89),
= : ( Sunﬂower Seeds”,1.09)}

{("Granola™,1.25),("Curds",0.80),

'("Whey",0.70),("Unbleached Flour™,0.65)}

{("Lettuce",0.79),( "W_hey",0.79),
("Sunflower Seeds”,1.19)}
{("Granola",1.25),("Curds",0.80),

("Whey',0.70),("Unbleached Flour”,0.65)}

v

‘ -Fiéﬁre 2.1 HV,FCI Exam’ple Database Instance

Note that relations are not physically stored in the semilattice database as shown.
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above. However, the database instance appears this way externally,

2.2.3. Data Manipulation

r

“There are three classes of operations in the Conceptual Language: arithmetic and

conditional opér}\t.ions, algebraic operations, and update operations. Arithmetic opera-

tors (+, -, *, /) are defined only on integer and real types. Conditional operators for

ordering (<, >, <=, >=) are defined on integer, real, and string types. Equality

and inequality (=, !'=) arc defined on all typés, A subset operator (in) is also defined
juality in

-

for sets, All arithmetic and conditional operators have the usual Pascal semantics,

The Conceptual Lnnguage algebraic operalions are defined below, /\Il dcﬁnitions

arc stmilar to those of relational 'xlgebm except for the extension to arbitrary types. ln

ach definition below the target variable V must be of the same type as the oporzmon

.

values.

1.

resﬂl‘t,., ‘fl and V, are of the set type and may be either declared variables or explicit

\

.

\ﬁ,’b" " ' ' ' -

Union: V := umot}i V ‘?. Vi)

‘The union ,V.A"of‘ sets V', and V, is the set of all eclements which belong to at least

}

one of v, or VQ

A

Diflcrence: V = difference( V,, V, ).

The difference V of sets V, and V,is the set of all elements which belong to V,

but not V,,
Product: V := product( V,, V,)..

The cartesian product V of sets V, and V, is the set of tuples whose first element

r

isin V', and whose second element is in V,. When V, and V, are relations where

V, bas arity v, and V, has arity v,, the product result V is a relation of arity

v, + v,. For relations. product is normally used in conjunction with a selection -
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to perform a join,
4. Projection: V= V .
Projection is defined as in-the relational sense on a set of tuples. The common

attributes in V, are projected onto V. Attributes may also be reordered by the

»

projection.

o I, . .
5. Selection: V' := V, where Q.

.

LN . .
Selection is also defined as in the relational sense on a set of tuples, Only those
tuples in V', satisflying the qualification formula Q are assigned to V., The syntax

of the Qualification is given in Appendix Al.
o ‘ *

To illustrate how these operations are used, consider adding a new member to the

.
. : . - . . Ty
members relation, One way to accomplish this js using union. <,

a

members := union( members , {( "Doe, J.", "30 Applé Rd.”,0.00 )})

The members relation in figure 2.2 shows the result after taking the union.

-

méenn_‘_;_bers -
name address balance
"Brooks, B." | "7 Apple Rd.” +10.50
"Field, W." 743 Cherry La." 0.00
. | "Robin, R." | "12 Heather St.” | -123.45

- o "Hart, W.” "85 Lark Rd.” - -43.00 |.,
"Doe. J.” .| "30 Apple Rd." 0.00

i

Figure 2.2 Union Example

1

Next, suppose we wish to obtain a projection of the orders relations showing only the

R ) .
. ’ —_ O - M



on_porder = ( quantity : integer , item : Priced_jtem )
ordered : { on_order } L ‘

before taking the projection:
ordered i® orders A

Figure 2.3 shows the new projected relation. B :

ordered
quantity item

5 wf("Granola™,1.29)

10 ("Unbleached Flour”,0.65)
3 ("Granola”,1:25)
5 ("Whey",0.70)

' 2 ("Sunflower Seeds”,1.09)
‘8 ("Lettuce”,0.79)

Figure 2.3 Projection Example
Finally, consider a selection operation on the goods relation of items priced higher

»

than one dollar,

‘expensive_\éodds +{ Priced_jtem } .
expensive_goods := goods where goods.price > 1.00

. The resulting relation is shown*below.

gogds
item | price
"Granola” " 1.29
"Supflower Seeds™ | '1.09
| "Granola” ~1.25
"Sunflower Seeds” | 1.19

- "~ Figure 2.4 Selection E)’(aﬁxple

Other algebraic relations which are not part of t.h'e'Concep‘tual Language can be
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obtained using the five basic operations. .Intersection is computed by taking
_differences;. natural join by taking a product f()‘ll(())wed by a projection; and generalized

8-join by taking a product followed by a selectiqﬁ for a 8 relationship.
Three update operations are also provided in the Conceptual Language for con- .

~

veénience when updating relations.
1. Insert: ifisert V, into V,.

Insert is a special case of union and is equivalent to V, := union( V,, V, ).

[ 3]

Delete: delete V, from V.

Delete is a special case of difference equivalent to V, := diflerence( V,, V,).

3. Modify: modify V, with M where Q. R '
Modify is equivalent to a delete followed by an ifisert where the modified tuples

are inserted: The operation is quite powerful since @ selection can ‘be specified -

(Qualification @) to restrict the target of the modification to selected tuples.

.As an example, consider the modify operation with a qualification. Suppose §%%

interest is to be charged to all members in figure 2.1 with"unpaid balances. This opera- .

tion is given by: ‘ ' - , '
" . v ) . . .

mcl)dify members with members.balance*1.05 where members.balance < 0.0

- Figure 2.5 shows the modified inembers relation:
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. ‘ *_members.
name | - address balance
"Brooks, B." { "7 Apple Rd." +10.50
"Field, W." "43 Cherry La,™, 0.00
X "Robin, R." | "12 Heather St.” | -129.62
"Hart, W,” "85 Lark Rd," | -45.15

Figure 2.5 Modify Example

2.3, ques‘ ‘

We are now ready to begin the main discussion of this thesis: codes and coding

schemes. A ‘code is an abbreviated symbol used to refer to an‘entity.' T,.vpically,‘ codes

« A

are small positive integers. Note that codes are not links in the network sense so that
link based relational implementations, such as those proposed by Kuck and Sagiv

[KuS82.KuS84], do not constitute coding schemes. Codes have been used’in other

4

diverse database applications such as partial match retrieval [SaR83].

o
I

" In the relational model codes are often called tuple identifiers (TIDs), ot surro-

gatca as mtroduced in Hall [HOT76] and Codd [Cod79] _The difference in termlnology .

is primarily due to tbe fact that a surrogate once assngned, is guaranteed never to

————

change.[DatSS] Several relational models actually use tuple identiﬁers as part of tbe
underlymg mplementatnon For example ﬁgure 2.6 from Date [Dat8|] illustrates the -
two- part Tle used in System R. The ﬁrst part of the TID contains the page number .
of the page contalmng the tuple The second part contams an oﬂ'set from the bottom

of the page 10 a second offset which locates the tuple wnthln the page.
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FID for R| % .—\ | - J

. page no. oliset

l 1 ‘ ‘ offset -
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Figure 2.6 System R lmplementation'of TIDs

‘ TIDs also pe}'mlt tuples to be accessed directly in. System R’ thus |mprovmg perfor-

i

D
i HREN
i

‘mance.
A more interesting application of ‘codes and tuple identiﬁers is in the representa-.

- fion of comple‘x‘ st.rnctures. One vmethod,is tol represent 'objec’ts as abstract ‘types
. (‘ADTs)“[SRG83].‘. In general,ltecbniques for classifying,‘ 'enéodting‘, and deco'ding.data_
types have been well Known for some time [WieT7). However thls method requlres
addlng specnahzed l'unctlons to the database for each new ADT. ln addltlon changes

oo

arc.li requnred to. the database secondary lndexmg to allow accesses based on the new

v . . f a

types.

'

A second approach whnch overcomes these problems is to use tuple rdent ﬁ/rs to
.‘ link together related objects [Lor82] Each- tuple in every relatlon is assngncd@nple
ldentlﬁer Several link relatlons contalmng only Tle are’ then used to descrlbe rela-

' v

tlonshlps Speclallzed eodes, called adcnh]icr valucc and rcfercncc typea [LoP83] may
also be used as part of the methodpjogy for lmplementlng complex objects Spooner. |

. [bp084] glves an extended example of a graphlcs appllcatron uslng the second approach .
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to represent complex data with a relational model. Unfortunately, the exatnple illus-

v ] ’

‘tr'xteq one of the draw backs of the method asg Spooner observes ,

K
Y 7,

At ﬁrst gl'\nce this appears more comphc:xted than necessary, but i‘t\l:t‘nust, be
recogmzed that most of the complexity arises because QUEL [the query
language] is not equlpped to hand e complex objects directly, . :

[

Spooner finds it necessary.‘to‘ modi_l'y,Q lEL to make the coniplexity more manageable.
Ther’efore. codea, or” tluple‘identiﬁers are of consnderable utlllty in the relauonal '

model siné¢e they 'xllow repreqentatlon of comple\( objects and ald perl'ormance Some

v
A .

probl(‘ms remain however, such as mtegratnng the ﬂexlblhty provnded by the codes into’

the model, Wlth thé stage thus set, we are now prepared to examine the issug of cgdes

.

in the semilattice model. : T



Chapter 3 - ' . ,
Semllattlce Codlng Schemes

Chapter ‘three explores the\‘ concepts and applications of coding schemes in the .

. semllntlxce model First, the requnrements and propertles for a codlng scheme are

.o

stated Two existing schemes absolute and relatwe codmg, are then discussed. A pro-

\

posed new codlng scheme called structure codlng, is presented next. All three schemes
along. with some varnatlons are then compared and the main results exanuned The

chnpter concludes wnth a dlscusswn of several issues related to ‘the use of codes in

practice. ‘ D - - ‘ o | .

Lo . ‘ . . \ ) ' ) , ’ . K A, '
‘ N . A ' ' V . ! l

- 3.1. Requirements for a Coding Scheme . . e T

Besides the. high level Cenceptual Langnage the second signilicant feature of the

3

semllattlce model is the internal use of codes Any coding scheme can be used by the

™

model pronded the scheme meets several cntena Those crlterla that are cons:dered
'necessary. that is.‘must be met, are state'd.as requirements. The remaining criteria -

-which are desirable, that is, should be met for performance or other reasons, are stated

. as desirablé properties. «
(l v. . ) ' ‘ . ' '
Requirements which a-semilattice coding scheme must meet are as follows.

.

Provide a method to refer to common data.” 3 ‘ (R1)

N

) Thls reqmrement results l'rom the fundamental concept m the sem1latt|ce model called

*

[N

the aem:lamcc condmon deﬁned by Armstrong [Arm84]

i

' ‘A dlrected graph can be formed from tuple scheme names or relation names
" by using arcs correspondlng to: tuple scheme mappings, whereby the tuple
v,scheme ‘at. the” upper -end of ‘the arc’ will, by convention, deﬁne an’ object
which i is part of the object correspondlng to the lower end... ' "-

-ty " The semllattlce condltlon for forming a dlagram is the followmg if two rela- o
.. tion schemes have a common part (iie. relations which are equal according to. .~

the semantics of the database, up to renaming of attributes and- domams)

then the scheme for the common part must appear in the dlagram. o

. S

. L ¢ v '

S e T [ EEE . B : It
E : . . . I N
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Figure 3.1 illustrates the semilattice condition. Two relations R, and Rz, have a non-

,

’ . ‘ 20 ‘
empty .intersection R;. The intersection ‘ta is stored only onceé and codes are used to-
refer to it [Arm84].

AT i

}k ‘
. ‘ o ‘ |

Flgure 3.1 Semllattlce (‘ondmon |

Like normahzatnon in the relahonal model, the use of codes avoids repezmng data,

’

thus rcducmg storage requlrements and helps prevent, lnconsmtencles in tbe dntabasc
A second requi}_hpent of coding schemes is

Provide a compact method of re/erenc-e

- (R2)
There are several reasons why a coding scheme'should be as compact as possible. Com-
pact codes reduce memory and storage requirements in addition to increasing the
amount‘of information that can be transferred ina single disk block access When the

dlstnbutlon of data elements is known a priori the opumum godlng procedure is:

Huﬂ'man codlng [%m?ﬁ] Since dlstnbut.lons are rarely known a priori in dynamlc

database appllcauons the ne)gt best codlng procedure is to map the data elements ina.

one-to—one correspondence wnth the set of posnwe mtegers

Deqlrable properties‘of codi‘ng“'s'chemes are as follows
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_Providcn code which ¢s unaﬁcctcd by changch to.the underlying data ohjccl. (P1)
O '

Property (P1) essentlally states that a code should be a surrogate in the usual sense

[Dnt83] That is, the code i is gparanteed never to change and is permanently assigned'
to the ob)ect The characterlstlcs of the ob,eot may change but’ the object belng
referred to, and thus the code does not change The reason (Pl) is desnrable is to avond'j

reorganlzatlons when entities change, Changmg the value of an entity and then chang-‘
ring its.code ‘means all toded references to the entlty must also be updated Such refer-

ences’ may be scat“tered throughout the database and updatmg these could be very

U

time < suming‘in'a large system. o

8 There is a second desirable property of coding schemes:

" Provide asingle unique code for each entity. o C (P2)

Property (P2) has |mpl|cat|ons for how certam operatlons ‘are carned out. When codes

ha\e this uniqueness property then two entltles are equal if andronly if their codes are

equal. This means codes can be used directly for several operations in place.of the

N

actual entlty Umon dlﬂ'erence and selectlon for equallty and |nequahty can all
operate on codes. However a generahzed selectlon operation on codes requlres that the

codes be range preservmg Checl\lng for. dupllcate entities followmg operatlons can
v

‘ also be done by testlng l'or duplicate codes. Usmg codes in operations is extremely
eﬁicnent especnally for complex objects
E Thef‘thlrd and lin’al desi‘rable property of coding schemes is: o
IP'rg‘vid‘e‘a"mc‘tI'tbd to elii{r'i‘natc‘ repeated.values in rc_p.rcac‘hling objects. '~ (P3)

PrOperty (P3) is actually a property of the codlng methodology rather than than the .-
code |tself Although codxn,g schemes remove most redundancy m the database, there‘

are cases when repeated data remams The exceptlon occurs when complex objects are o



representcd implicitly as part of other entities mstead of expllcltly as declared vari-

'1bles The examples in the l’ollownd&secuous |llustrate thls kind of redundancy

What is Lypically coded in a semilanicedatal}ase? Two heuristic rules‘are used to

" deéide codability,

1. Values,which, are already dense need not be coded [Arm86).

! A - ' ) . . ‘ ‘
2. Non-dense simple values which are unlikely to repeat need not be coded.

. . -

Using these two rules with the Conceptual Lau'guage_‘meaus‘integelrs and booleans are

not eoded since they are already dense, Interestingly, this also lmplies that intcger"
- . ‘ ' : . . ) P“ ) L

codes need not be recoded. Reals and strings are also not coded since they arc unlikely

to repeat..‘ The e;cception for bot,h reals and strings is when only a very small subset of

the dommn w:ll be used and thus repetition will, occur. Usmg strmgs as an example a’

bulmbly small domam would be the names of ‘Canadian cities wnth a populatlon

greater than‘SO0,000; This small set of names can be coded ‘using.four bits.

Values of ty pes l'ormed by: Lype constructors may or may not bé coded dependmgv
on the codmg- scheme Sets sequences and umcn values (mcludmg tags) can all be
coded. Tuples are ched in each of the codl-ng schemes presented next,‘ .

.3.2. Abéolute Codlng '
q \bﬂolute codmé |s‘ the snmplest and most str’ughtforward codmg scheme for the

'qemllattlce model. Under the scheme a umque lde

Each mstance ol' the value in the other entmes in the atabase ls replaced by the"

assngned ldent,lﬁer or code An entlty whlch is a set or sequence of tuples is. thus .

v

‘represented by a'set or sequence of codes respectlvely

N ~

Although there are no*restncuons on how codes are selected for absolute codmg,
monotomcally mcreasmg posmve mtegers are. typlcally used Thls makes absolutc

'codes qulte §|m|lar to tuple ldentlﬁers ln the relauonal model Flgure 3 2 shows how
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the HVFC vexaml:;le database is i-epreééntéd int_ernélly\uéi'ng absolute c‘oding‘. The nota-

tion ¢/ means the code for entity e. -

-
members
‘name « . address. ‘balance | members/
"Brooks, B." | "7 Apple Rd." +10.50 | 0-
"Field, W." [ "43 Cherry La.” 0.00 -1
;" | "Robin; R." | "2 Heather St.” | -123.45 2
"Hart, W." | "85 Lark Rd." * | -4300 { 3
: goods
item price | goods/
"Granola” 1 1.29 0 -
"Lettuce” 1 0.89 1
"Sunflower Seeds” 1:09 2
"Whey" ‘ -] 0.70 '3
| "Curds” .| 0.80 4
-+ ' < ["Granola” 1:25 )
R "Unbleached Flour™ | 0.65 ‘6
N | "Lettuce™: 079 | 7 ' ‘
"Whey” . - 10,79 8 l '
"Sunflower Seeds” 1.19 9
orders
K |num | purchaser | item.]| quantity | orders/ | .
1 0 o |- 5 0 f
2] 0 6 10 o |
3 2 5 .3 2,
4 3 3 ' 3
n |5 2 -2 2 . 4
8 2 7 8. 5
7 3 3 3 6 \
8 -0 0 2 7 ‘
: L L _suppliers Co L}A
, name . . ~-'_ _-__address . ~..] ‘stock. | suppliérs/ |
- |."Sunshine Produce "16 River St." 1 {12 0 ‘
- "Purity. Foodstuﬂ's "180 lndustrlal Rd "1{64,38} | _.1
‘| "Tasti Supply Co "17 River St,” . | . {7,89}| 2
"Acme. Supply "20 Industrial Rd." “{5,4,'3,8} 3.

" vFi'g'u‘_x‘c.3;2j-.fA‘B$oi‘u‘t-e Cddihg Internal R‘epﬂrevselntﬁtiod e
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Now let us evaluate absolute coding 'using the requnrementa and properuea for

'

codm-g scbemes stated earher Both requlrements are satlsﬁed since absolute coding

prowdes a method to refer to common data (Rl) and provndes a compact method of

ref(-ronce (RZ) Also pote that wben a’ mapping to posmve lntegers is uscd as in the

example, t"he-rcsult.mg codes are the most efficient possible as 'dis‘cu;/séd in the previous

1
ur

section,
. . f ' . : .
I‘wo propertles ure also, satlsﬁed by the scheme Absolute codes are not aﬂected

| by changm to the underl)lug d'lm ob)ects (P1) and the codes are umque (P2) smce a

'

one-to- one m'xppmg to the po-iiuve mtegers is used, To lllustrate these propertles

o

when the value of any attmbute in figure 3.1"is changed:; the correspondmg code '
rem.nns unclnnged An mterestmg case occurs when tuples are selecuvely modlﬁed
such that duplicate tuples result lf the database permnts duphcates it is possnble that

(P2) mll be nolated since modlﬁcatlons can lead to dlﬂ'erent codes assigiied for the

‘ . «“ Rl
5ame=tuplevalue,- o : ‘

\.
'

Un‘fortunately, absolute coding does not ‘Sal,lﬁf)' property (PS) sin("éﬂthé scheme

fails to remove repeﬁted values The supphers relation i in the example contams redun-

.
V

dancy in the stock &{Lnbute (bold) A complex s(r :cture, namely, a set of pnced nems
.,
is stored twice. In the example this re;{undam‘y is not too :Senous but ina real«apphca-
. /
tion a suppher could easily stock several hundred o thousand items and aﬂillated or *
N ‘ ‘ [
subsidiary companies could also stock|those same_i.t#ms. Such a situation woul_d'lead to
) ] R . ) . P LI oo o
. N . . -

S
e

large amounts of redundancy. N
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33 Relative Coding .

A sccond coding scbéme for the semilattice modél is rélative C(;ding. As v;rith
alm;)lyut(- coding,‘relative coding assigns a unique identifier to each value in a s‘et; other
instances of that ‘value are then replaced by codes. The difference between the two

schemes is themethod used to generate codes and the length of the resulting codes,

[

}bc basic concept behind relative coding is to assign codes to values in a set of

tuples which have the same value for a given fixed set of attributes, The relative code
- ot ' O 3 ! . '

- and upcoded attributes are combined to form a complete code for the tuple. Given

_ga‘vfn ) .

these guidclines, relative codes can be formed in several ways., The method used here is
o ' A -

to concatenate the relative code first folilowed by the uncoded attributes in thol order
they appear in the tuple sche‘me.‘
o
Figure 3:3 illustrates the HVFC internal representation using relative coding.
" Note :h:n when nll.atlt.ribules ifi a tuple scheme are coded, as with the members, goods,

. .
and suppliers relations, relative coding simply degenerates to absolute coding. The

notation ¢,/a, means the code for attributes c, relative to attributes a,. “o
name ' }- address balance .| nab/
"Brooks, B." |'"7 Apple Rd." +10.50 0 ‘
"Field, W." | "43 Cherry La." - 0.00 |- '
"Robin, R.”" | "12 Heather St.” | -12345 2
"Hart, W.” "65 Lark Rd." -] -43.00 3



goods

item price | ip/
| "Granola™ 1.29 0
R ’ "Lettuce” 0.89 }
/ "Sunflower Sceds” 1.09 2
- | "Whey" - 070 | 3
: "Curds” 0.80 4 -
"Giranola™ . 1.25 5
"Unbleached Flour™ | 0,65 0
"Lettuce” 0.79 7
"Whey" 0.79 &
"Sunflower Sceds” 1.19 9
orders.
num | purchaser [ item | qudntity | nq/pi
1 0 0 S 0:0:0
' 2 0 8 10 0:0:6
3 2 5 3 0:2:5 .
4 3 3 5 0:3:3 .
5 2 2 2 0:22 |- - -
6 2 7 8 0:2:7
7 3 3 3 1:3:3
R 0 0 2 1:0:0
suppliers
name address stock nas/
"Sunshine Produce™ | "16 River St.” {0;1,2} 0
“"Purity Foodstuffs” | "180 Industrial Rd.” | {6,4,3,68} 1
"Tasti Supply Co,” | "17 River St.” {7,8,9} 2
"Acme Supply” "20 Industrial Rd.” | {5,4,3,8} 3

Figure 3.3 Relative Coding Internal Representation

0 ) A

Relative coding satisfies the two requireinent{ of coding schemes. Both a method
to refer to common data (Rl) and a co‘r’npact‘method of reference (R2) are pFovided.
However, a siguiﬁc:;nt problem wlit‘h relative coding is that the length of codes depends
on the number of unchea attributes. Furthermore, only inte;ge‘rs, booleans, aﬁd other
codes can be lel't,‘ uncoded 'other\wisq non-integerv values (reals, strings, and 'complex

AR Y

types) are introduced into the code. -

Relative coding only satisfies one of the three desirable properties of codes, that

i, unique codes are provided (P2). The duplicate tuple problem may result in.non-
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¢

unique codes as discussed carlier. Property (P1) is not sa‘tisﬁed since ch‘anging the
value of an underlying data object will always clmgge the coée when uncoded attri-
butes are mod‘iﬁcd. To illustrz;te, conside‘r‘the first or‘de'r"ki‘n the ordcrg rcllation,
;1,0,0.5)‘ w‘hiéh’is as;signed "0:0:0"' as a code. If {he item on order is in error and.is
subscquently changed to Unbleached Flour“, the code for which is "6, the new tuple
l)eco;ncs (1,0,6,5) and the corresponding code "0»:0:6". Not only must all references to
this tuple throughout thé database be changed, But n.ow‘ a worse situatien has

developed: a single code "0:0:6" refers to two completely different tuples. Recoding the

relative part for one of the tuples is required to restore the uniqueness property (P2).

Repeated values are not removed by relative coding and thus property (P3) is

7

violated. The bold part of the suppliers relation, again identifies the redundancy. Rela-.

tive coding does have one advantage over absolute coding however, Generalized selec-

4

tion using codes is supported for uncoded attributes. This is.due to the fact that rela-

tive codes are radfe preserving for uhcoded attributes since the code contains addi-

.

tional information, in this case, the actual value.

¢
v

3.4. Structure Coding

5
Structure coding is a new coding scheme proposed here for the semilattice model

: - A
to overcome the deficiencies of the previous methods. Structure coding is considerably

different in principle from absolute and relative coding although the codes generated

. - - . ¢ - | - N .
are often $imilar. The previous schemes code tuples of relations while structure coding

deals’ with structures. A structure is defided as a tuple, set, or sequence scheme. As

2 .

with absolute coding, monotonically increasing positive integers are assigned for codes.

The method used by structure coding is as follows.:
| . .

ENN

1. Code all values in the active domain.of each structure type. All attributes, tagged
'values, and declared variables having the same structure type are coded together.

t
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2. Replace all references to tuples, sets, and scquences: with the codes generated in
step (1) ‘ - ) R

. ' . " )

It may be necessary in step (1) to create additional internal relations to code structures

which do not have an explicitly declared vari:{ble of that type. This is best illustrated
with an example, Figure 3:1 shows the internal representation for the HVEC database

using structure coding. First notice that the stock attribute of the Supplier structure

\ . '
.now contains codes rather than Priced_jtem scts. These codea refer to the internal
‘ : ' ]

relation called {Priced_jtem} containing scts of priced items. Also, note that it is struc-

N . . ,
vl
tures (Member, Priced_item, Order, Supplier, dad {Priced_tem}) which are coded’as

(o
'

opposed to variables (members, goods, orders. suppliers) in the previous schemes.

T

‘Memher )
name address balance | Member/
"Brooks. B." | "7 Apple Rd.” +10.50 . 0.
i "Field, W."” "43 Cherry La.” |_  0.00 ' 1
' .| "Robin, R.™ ]| "12 Heather St.” | -123.45 2
"Hart, W.” "65 Lark Rd.” -43.00 3
Priced_jtem
- , item ‘ price | Priced_jtem/
' . ‘ "Granola™’ 12 - 0 ’
o : "Lettuce” 0.89 1
A ‘ "Sunflower Seeds” 1.09 2
* "Whey" - | 070 3
‘ "Curds” 0.80 4
\ * | "Granola” ' 1.25 )
\ "Unbleached Flour™ | 0.65 6
bt "Lettuce” -1 0.79 e
\ "Whey" « ‘ 0.79 8
\ "Sunflower Seeds” | 1.19° 9
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‘t Order .
num { purchaser | item | quantity ] Ordet/
) O 0 0 5 0
2 0 6 | 10 1
N o3 2 5 3 2
‘ o4 3. 3 5 3
5 2 2 . 2 .
.8 2 7 8 5
7 ;3 3 3 . L
8 0 0 2 C 7
{Priced_jtem} )
" {{Priced_jtem} | {Priced_jtem}/ i
{0.1.2} 0
. -] {6,438} : 1
A {789} ] 2 .
. Supplier : . @
name ‘ address. stock | Supplier/ o
"Sunshine.Produce™ | "16 River St.” Q 0
"Purity Foodstuffs” | "180 Industrial Rd." 1 1
"Tasti Supply Co.” | "17 River St.” 2 2
"Acme Supply” "20 Industrial Rd.” 1 3

)

A

Figure 3.4 Structure Coding Internal Representation

" Structure coding satisfies both requlrements of coding schemes a method to rcfer'
to common data (R1) and a compact method of reference (R2) are provnded The one-
to-one mappmg to posmve integers ensures the codes are the most eﬂiclent possible.

Integer codes also mean properues (Pl) and (P2) are satlsﬁed as wn,h absolute coding.

Duplicate structurcs Af permltted remain a problem that can lead to (P2) vnolauons

Unlike absolute and r‘élativeecoding, structure coding provides'a@!ethod of elim-.
‘lnatlng repeated values thus s:msl'ylng property (P3) Tlns can be seen in ﬁgure 3.4
| ‘where no redundancy is. present ln any struct,ure The redundancy in the stock attnf

bute of the Supphe‘cwucture seen ln previous examples has been corrected

Structure codmg comblned wnth the Concept,ual Language glves the dazabase

'Jdesngner control over how codlng wnll be carned out. Thus, t,he deslgner ultlmately'”
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decides how efficient the database will be. 'However, efficiency is often determined by
the semantics and assumptions of the data definition. '

. To illustrate these pomts consxder the HVFC example Tbc definition of Member
‘ and Order m]phes tlnt only members may place orders If a new order is placed by an-.

mdlvldual who is-not a member then two actions are pos:uble. The database can. either

e reject the order since thé individual is not a member, or
e .accept the order and automritically add the new member.

Figure 3.5 shows the Member and Order structures following a new order if the sevond
, , ,
approach‘is taken. A new member has been inserted in the Member structure and 'a

new ordT placed, all with a single operation.

, Member . ‘
name ° " address | balance | Member/ ' SR
"Brooks, B.” | "7 Apple Rd.” +10.50. 0 1 B
"Field, W." },"43 Cherry La.” 000 | ~ 1
"Robin, R." | "12 Heather St.* | -123.45 2 )
"Hart, W." "85 Lark Rd.” . -43.00 3
"Smith,A." | "20 Apple Rd."” -2.50 , 4
| L -
\\‘ R o@ ‘ _
| num | purchaser | item | quantity | Order/
-1 -0 o | ¢ 5, 0. "
a 2 0 . 8 10 ' 1
) 3 2 5 .3 2
. 4 3 3 5 -3 —
5 2 2. L2 4
6 2 |7 8 | .5
7 3 3| 3 | e
8 0 0 9 7
9 4 5 2 -8 \

Figure‘3.¥5 Structﬁre Coding Ekam‘plc (I)

However, u ppose orders are also accepted from m)n-xnembers 'but. a hlgher price

/ x ‘

|s charged Thls means the’ purehaser in the Order structure IS scmantlcally dlﬁcrent
R .L N
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from™the Member étrqcture and the'two structures should not be ¢oded together. The
v L ' : [ * : ’ . ‘ . : : : o
- database designer defines new structures as follows.

"Member = ( name : string , address.: string , balance : real )

Person = ( pame : string’, address : string , balance : real )

?&dér = ( num : integer , purchaser ; Person , item : Priced_jtem ,

quantity : integer )

‘members“: {‘Membér} '
orders : { Order } . .

Figure 3.6 shows how the new structures are represented ‘using the same data as in .

" figure 3.5. An internal relation called {Person} has been created containing both

[

. membérs and non-members.

vy Member ~
name address halance | Member/
"Brooks. B." | "7 Apple Rd." © .| +10,50 -0
" 1"Field, W." | "43 Cherry La.” 0.00 1
| "Robin, R." | "12 Heather St." | -123.45 2
"Hart, W." "85 Lark Rd.” -43.00 3
L - {Person}_
___name " __address ‘| balance ‘] {Person}/
"Brooks, B.” | "7 Apple Rd.” "~ | +10.50 0
"Field, W." | "43 Cherry La.” | - 0.00 1
"Robin. R." | "12 Heather St.” } -123.45 | 2
"Hart, W." '| "85 Lark Rd." - | -43.00 | - 3
"Smith, A." | "20.-Apple Rd.” -2.50 i
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’
Order :
oum | purchaser | item | quantity | Order/
1 C0 0 5 0
-2 0 6 10 . 1
* 3 2 ) .3 2
4 -3 3 S 3 .
5 2 |2 | 2 a
6 2 . T .8 S
T 3 ) 3 6
8 0 0 2 7 .
) 9 1 5 2 .8 '

Figure 3.6 Structure Coding Example (11)
" The d'xt'xbase instance abme is less e[ﬁcnent than that i in ﬁgure 3.5 due to the repeated

mem ber dhata. Howe\ er, the Conceptual Language provides the database desngner wntb

. a constructor to overcome this problem: disjoint union. By using disjoint’ upion, '
Lo n | ) N .

| members and. 'non-members .can be sem‘autically distinguished' aml the dﬁtabase

Temains eﬁiment "The database deﬁnmon usthg dmomt union is shown below No(e

' .th.nt ihe two parts of the union’ musl be different structures to force -sep'xrate codlng

Member = (,,name : string , address :-string , bnlance : real )

Person = ( name : string., address : string’, balance : real ) .

Order = (num integer, purchaser ; ( mem : ‘viemberlnon Person)
. .item : Prnced_jtem quantlty integer )

vy

" members : { Member} L o \
orders.: { Order } o : ‘

- . —

Figure 3.7 shows the representatlon of the new s(ructure Tbe purchmer attribute of

‘he Order structure now contams dlSmet unlon values in whlcb tbe ﬁrst element is the :

A o /) ! '

tag |dent|fy rng eltber the Member (0) or Person (l) structure and the second element |s

t

the code wnth respect to the tagged structure ST o



Member _ ‘ T
name | address | balance | Member/
"Brogks, B."-| "7 Apple Rd." +10.50 | 0
"Field, W." "43'Cherry La.” |-~ 0.00 | ~ 1= 4.
"Robin, R." | "12 Heather St." | -123.45 | 2 :
"Hart; W."” "85 Lark Rd." - | -43.00 3
{Person} =~ . . ‘ .
" pame address . balance | {Person}/ IO
e L'Smith, A." | "20°Apple Rd." | -2.50 0
Order ‘ B _—
num | purchaser. | item [ quantity | Order/
1 . .(0,0) 0 5 0 .‘
2| (0.0) 8 10 1
3 | (0.2) 5 3 2
4 ], (0,3) 3 5 3.
5 |7 (02) 2 9 4
6| (02) | 7 .8 5
7 (0.3) 3 3 8
g | (00 0 2 7
9 (1,0) . P 2 8
Flgure 3.7 Structure Codnng Example (1) ' P

In thls thlrd example no data is repeated and both members and ,non- members can be

dlﬂerentnated
____/-_‘—."'

bummarlung the concepts |llustrated by -the prevnous three examples structure
codnng allows the datnbase deslgner to control how struetures are coded and how codes ‘

‘,"\re generated Essentlally, the deslgner speclﬁes the mtersectlons m the semllattnce' '

through t) pe declaratlons Three dlﬁerent approaches were demonstrated Whnch‘

', approaeh is selected in- practlce depends on:
e the meamng of the data and o '
e the desrred eiﬁmency o C

Note that for purposes of lllustratlon t.he HVF‘C database is quite snmple Perhaps t.he v

measxest way to handle the non-member problem lS to smtably rename the Member

Ve 7L
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, structure and add a new boolean attribute: indicating whether each individual is a

‘member. A boolean attribute. achieves the same eﬂ'ect‘ as the disjoint union tag in’

figure 3.7 bt does not result in the creation of an.internal relation. . -

3.5. ’Other Coding Sc.hemes

Prevnous semllattlce work [Arm84 SmSS Arm8(}] has suggested usmg codes where

, part of the data referred to is duphcated or contamed in the code itself. This is slmnlar‘

to relatl\e codmg where the uncoded attrlbutes are concatenated to form part. of the

<7 |
[

code The- ulllmate goal of these codmg sqhemes ls to reduce dlsk accesscs since certain

operanons (eg selectnon) ceuld be performed on the codes wnhout accessing ‘the

ncp.unl data.

‘The problems wi(.h codin’g schemes that embed dat’a in the code are the same as -

with relative codmf' \Iamelv the two requlremenls of codmg schemes (Rl) and (R2)‘

’.nre satlsﬁed but alr three propertles can be vlol'\ted especlally as a rcsult of

‘
1

\
modnﬁcanous E\cept for unchangeable attnbutes codes contmnmg data should oot be'

) uscd unless . the owerhe'xd of updatm% references followmg modlﬁcatlons can be

e

tolcra(ed A difficult ch'xllenge is to desugn a general range preservmg code s:mllar to

reln_live codrng but which doeés not contain embedded data values.and thus sausﬁes all

1

SN

‘the codirxg scheme propcrt‘ies. N ‘ o ,

v

‘\ ﬁnal potentml codlng scheme is, called dlﬂ'erenllal codmg Here Lhe valuc v of_',v»

o -

‘an entlt) is expressed as (v, , | vd) where v, is a common part and vy is the dlfference of

r from v, The common and dlﬂcrence parts are coded for all values Thc" code for a

'
v

: vgnen value v is then the palr of codes (v / N vd/) Thls codmg scheme may eventually"_.,:

nr.'

Q R
‘allow eﬂicnent selectlon operauous but, has not yet been developed to the pomt where -
' . \ RS ) ‘ ) ’

t;-he;s’chem‘e'can ,be thoroughl_y‘ evaluat,e'd.‘; o
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3.6. Comparison of Coding Schemes and Discussion’

A s_urnmar); of how well each of the three semilattice coding schemes meets the
" requirements and properties o‘f‘codiu‘g srhe'més in rontained in table 3.1 below. '

"
A

‘Requirement || Absolute | Relative | Structure

or Property |l Coding Coding Codmg

- R1 Y Y Y .

L R2 Y. Y Y

‘ ‘ ‘Pl Y. N Y '
p2! - Y Y Y .
o P3 N N - Y
! Dupliéatés uot'permitte‘d,

o - . .
S o Table 31 Codmg Schejﬁe‘Companson

v

. g\ch of the three schemes satzsﬁes both requlremeuts (R1) and (R2) but each satisfies
_‘the properties with 'varyrng degrees of success. Relat,lve codlng or any other scheme

that embeds data in @he code will not ssﬁisfy (P1) as.already- discussed.

Uniqueues‘s (P"ZI)' is satisfied by all sqﬁemes but onl'y when the datab.asel does not

‘permlt duphcate Luples or structures To guarantee umqueness when dupllcates are

<allowed-‘mvolves scannmg for duphcate codes and then recodmg l'ollowmg

modlﬁcatlous Slnce the recodmg overhead will usually be prohlbmve it may be bet,ter ‘

AXS

to '\llow (P2) to be vnolated Operatlons can then only utlhze codes |f a lnst of ahases is
: mamtamed to ldentlfy dlﬂ'erent codes for the same value Another optlon IS to mcre-‘
j mentally recode the’ data‘base durmg ldle perlods lt should also be not.ed that (P2) is

satlsﬁed by codes that change wnth time prowded umqueness is mamtamed

Structure codlng is- the only scheme whn% sausﬁes property (P3) smce it ehm-

s

mates repeated values For apphcatnons such tgs CAD/CAM where the potentml for*

redundancy |s great due to muluple Versnons and extenswe use of ty_ge constructors.- ‘
P .
sausfymg thls prope.rty |s a sngmﬁcant %dvantage As was |llustrated structu*re codmg‘ N

R SR



can be directed by judicious use of the data definition facilities of the Conceptual
L.anguage.
There are three other issues that ultimately affect all coding schemes. We discuss’

these below in the context of structure coding. y ) .

t

f

3.6.1. unse of Codeé_'-

"

Recall that requlrement (RZ) states a code should be as comp'sct as poaslble o

t

‘Thm  when integer codes are used we would like to .reuse codes from deleted struc-

.

tures. That 'way, codes will not continue t.o grow as structurea‘ are deleted‘and new
" ones msertcd Reu‘uug codes is easily nccomphshed in practlce by keepmg a free list of

. unused codes from . deleuons When 'a new structure is mserted the ﬁrst code on. the‘
’ /~—
free listy is assigned if the list is not empt.y, o(herwis,e a new code is gc‘uerated.“This

‘meth‘od guarantees the largest code in the database can be no greater than N where N

is the mnximum agumber of objects ever held in the sf;ructure\ in the past.

Ho“everﬁas pomted out by Date [Dat83] codes should not be reused in case old.
‘ e

ﬁrclnval da(a must be reslored Thls 13, why permanently assngned codes oor'surrogates,

are used in some models, To make it possrble to restore archival data nnd reuSe codes

an acceptable ﬂoluuon is to prevent’"&‘ code from betng reused lmmedlately followmg
the deletion of the cqrrespondmg structure. Instead, the code is held for.a given expiry

~period before being placed on the free list. Introducing an‘. expiry time 1s relatively Sim’- '
‘bl‘e‘ and the expiry period can'be.dependent on the application.. However, the notion of
'an expiry time requires additional bookkeeping to manage codes. " .

- '
' -



© 3.6.2. Modiﬁ‘catio‘ns to Referenced S"tructures
There is some quesuon as to how strict the model should be in permlttmg

.modifications to: referenced (or nested) structures When a feferenced structure is

! 4
) o

modlﬁed |nd|rectly from another enuty the meﬂnlng of the referenced datauchanges
for all structures“ referenclng |t. The problemis slmllar to the update problem' for
non-first-normal-form relations discussed‘ by Arlsawa [AMM83] where the act,ual‘

updates "happen all over th‘e,?database". To lllustrate the Member structure ln figure:

’34 can be modlﬁed lndlrectly through the Order structure Thls occurs because t.he“

.
‘t

l
purchaser . attnbute is of type Member and thus coded |nternally in the Order

N ¢

representation, o L
cor . N i 3 ' [N . , . . toa

'

modify qrders‘with orderslpurchaser.balance = ‘orders.purcrhaser.balance *1.05

"This feature is again rélated to the semantics of the data definition and is a pc‘)w‘erl’ul

propert) of the Conceptual Language Slnce suoh l'eatures are reqénﬁd for many appli-

allons i mav be beneﬁcml to lnclude a database dlrectlve to llmlt, modrﬁcauons to

\
|

base strucl\ures onl)'. Co Lo R
’ . I ) ‘ . | . ' B \/

' 3.6.3. Deletion of Referenced étrucfures

)
P

-\ related prob“ll%é\ls deletlon of referenced structures. What happens when a
.r'\d i

structure is d\lqted\

A '

n that structure references another structure used elsewhere?’

i

\lam database |mplementat|ons have recogmzed thls problem The lPlP DBMS“

[J\\\S‘B] provndesthree dele\\lon dlrectnes o e :: C S l,

3 .
oy .

' delete all members when owner. deleted
e delete owner when last® '‘member deleted and ‘ RS
e reject deletlon when ownerless members would result, A T

. . . I3 v
\ . [ )

The dlrecm'es are basncall) predeﬁned mtegnty eonstramts for avondlng the deletlon?'

problem. ‘ Whnle these dlrectlves are- somewhat sausfactory, a. prel'erred solutlon l‘or‘

the semllatuce model IS to remove\the problem Irom the conceptual level entlrely



When the database designer specifies shared structures with the.Conceptual Language, -
! . o ' ' ' ' ) ! R “
- the base structures,are always maintained provided at least one reference exists in the

"

/ R o o L ; ‘ : L, ‘
/database. ‘This means ownership information, derived from the data definition, must
be kept m:ernally‘to record how structures reference one another, . \, '

1 : , N . . L )

To summarize, this chapter has proposed a new coding scheme called(str‘uc‘ture
. ‘ ‘ , oL N A

coding. The advantagesof structure coding are as follows, - L C

1.  The resulting cod'eg are very compact., L
2, The use of the semilattice intersections is maximized.
3. Less storage is required than for absolute and relative coding.

4; . Operations with. codes are’ possible such as checking for duplicates

. :
, union,’

- ! . " ) '
differcnce, and certain selections.

n

\

B ‘ .
5. . The coding scheme is uniform for tuples, sets, and sequénces. -

6. . No récoding of codes is required bcc}suse’im‘;reaéing the amount of indirection
' ' ) L K ) } .. - v . R
- (coding depth) does not increase the code length, - '

4

~7

The scheme dées not depend on functionsi dependencies, multivaluéd dependen-

cies, or first normal form, .
Disadvantages of structure coding are:
? ‘ ging

1. Additional indirection may be introduced to eliminate repeated data. o 3
y o o ‘ . ) &

2. 'The codes are not l?nge preserving, limiting the selection operation with codes to
‘ N , ‘ . n . '_“":u 7 . .

select‘:i‘oli for eqﬁélity and ineduality. , SR
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“wand the semilattice model in general. First, the semiln(,\:ige prototype is discussed
: . P ‘

: x | N Chapter 4

*Experimental Results and Evaluation

¢ : ' .
~~¢thapter feur presents some cxperimental resdlts for the structure coding scheme .

LY

o

including some limitations present in the current implementation. Efficiency of the

model is evaluated next. Results for storage requircmgents age presented and an infor-
[ ' ¢ _f\ " a
mal discussion of performance is given. Finally) the chapter concludes with an investi-

gation of codex in distributed database Applications. In particular, transmission costs

gl
[}

and query optimization are cxamined, -
o

4.1. Semilattice DBMS Prototype

‘ »

The gomplete semilattice DBMS prototype implementation consists of two parts:
the ("= B ~tree soltware described by Singh [Sin85] and the concébtual level software
presented here. A brief overview' of thé implementation is provided below ‘since the

prototype is used for some of the results in following sections,
/‘.A/
4.1.1. Implementation
. il "

2

» Thegemilattice prototype implementation was developed at the Computing Sci-

cnce depaftment at the University of Alberta and runs under UNIX® 4.2BSD. The

’

database operates as an interactive system which accepts user declarations and queries

~and then performs Q&e requested action. In total, the conceptual level software

[ . -
0

comprises approximate]y 3600 lines of C source code which is’divided into four

modules. Appe‘ndix A2.cont$iqs. the source code listing for each module. ~

a

" 1. Parser (parser.y),

\.

"+ UNIX is » trademark of Bell Labor‘atories.



\

L}

All syntax checking of user iqplit is handled by the pﬁrscr which consists of a

yacc(1) specificationof the Conceptual Language plus error recovery and format-
) AT
ting routines, Input to the parser ts Conceptual Language statements and output

is o reduced intermediate langhage. Syntax errors detected during the parse

- result in an - error message identifying the problem. Further processing of the

statement is aborted when a syntax error occurs,

“Interpreter (interp.c). ' '

.

The iﬁlorpr(:(cr module hcrforma semantic checking on the output from (‘ho
parser. For data definition statements, the interpreter checks that the type or
variable is not already defined, and if not, builds a new symbol table entry. No
further processing is required for data definitions so control is reullrncd to the

parser, Data manipulation statements, or operations, are first type checked and

. . ‘ ) ‘
then the semantics for the particular operation are verified. Examples of semaantic
errors that may occur include the use of undefined variables or illégal operations

(such as mllltiplyigg two slringsl). Type or semantic errors result in an error mes-
s‘ngc‘nnd control again returns to the parser.
Opera‘(ors (oper.c).

Data manipulatiqn statements which are syntactifally and semantically correct
are executed by the operators module, This‘module contains functions for retriev-
ing, structuring, ‘and coding data items plus routines for each major scmilé;ticc
operation (insert, dﬂeletg, modify, union, difference, product, project, seléct, and
print). Errors are not normally expected at this stage but when er(i)rs do occur it

is due to either the failure of a lower level routine or possibly a corrupt database.

Stubs (stub.c).

The final dptional module contains Find, Insert, and Delete stubs which simulate

h

the lower level C— B'—tree software. If this module is included the conceptual
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. ‘ ‘ R ‘
level software can be run standalone with structurés stored in flat files by UNIX
system calls, This module is omitted when the (- B - tree software is used.

t
i1l
l Q

4.1.2. Limitations

.\‘iﬁce the current semilattice DB.Mb"‘ implementation s a pro'tot.ype it possesses
scveral limitations due to features which are nyo_t supported or are only i)artially sup-
ported, St‘*vcr‘al cnhanccmen‘(s are alpo required for 'rr;ore flexibility. Furthermore, the
current ;(‘oncbplual Lang\mée definition provides only the basic data definition and
n'mnipulntion constructs and is thus incomplete as a full specification or database pro-

, gramming language, lléwcvor, the cu.rrte\ng language definition is more than adequate
for prototype purposcs:‘ All of the lin;itations listed belo;v ars presently bolf ‘little

significance as the main goal of the prototype is to prove the fundamepfal concepts of

\

the secmilattice model: the high level conceptual model and t
! : . : Y

\
“codes,

-

use of semilattice

. ‘ o w® :

Three constructs are missing or incomplete in L‘he prototype. Constraints+hre pot
supported although the Conceptual Léhguage provi;ies a means for their definition.
Handling constraints involves maintaining. the constraint information in an intérmedi-
ate language form associated with each type or su:ucture ami then checking forucon-' '
straint 'v_iolat.ious,,during'operaiions_.' The null Lag"is also currently nét supponted but
can be easily z;d"d\ed to existing tag information maintained witfg attribute values. The

N ‘! » > * ’ - ' -n. -
final infomplete gonstruct is that set operations (union, difference, and product) are

currently restricted to tuble schemes even though any geheric type should be allowed.

Completing the set operations involves defining the operations for the remaining types. -

- During the course of the development several enhancements to the semantics of
the Conceptual Language which would be very beneficial were noted. Each of these

generally increases the flexibility of the model and makes the language easier to use.



1. - Type coercion, ‘
. .

Coercion between compatible types is a useful extension, Integer to real coercion

with Pascal :«emnntic‘& and real to integer coercion with rules for rounding are

straightforward, Sequénce to sct .coercion is also useful provided duplicate ele-

ments are removed. Sets can be coerced to sequences but becauxe this coercion

adds information the ordér of the elements in the resulting sequence is undefined.

N

2. Automatic typing, "

When the result of an operation is assigned to a new variable the Conceptual

' Language requires that the target variable be defined. For example, to select over-
* ' .

‘

drawn members from the HVE( Member structure:

. "~

Overdrawn_name = ( name : string . address : string , balance : real )
overdrawn_names : { Ove\gdrawn_‘name } '

overdrawn_names := mem?crs where members.balance < 0.0
Since the type of the result 'of an operation is always well defiped in the Concep-
tual L.anguage, the declarations in the above cxample could be eliminated. \%hcu

-

such automatic typing is used; undefined target variables are assigned the type of

the result, With this extension, the above example simplifies to a single state-
ment. .

e Y
‘overdrawn_pames := .members where members.balance < 0.0 - .

- B
-

Automatic typing eliminates extraneous declarations and makes it easier to mauni-

pulate intermediate results.

3. Coptéxt sensitive parsing of qualified names.
‘Whenever qualified names (i.e. parts of structures such as members.balance) are
used. the full‘varia'ble. name, attribute n,ames,‘ and tag '(if,any) are ré,quiljcd;by_thc

.

Conceptual Language In m,any cases such a long speclﬁcatlon is unnecessary smce

at Ieast part of the name can usually be derived from '.he context By makmg the.
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]

v

Conceptual Language context sensitive when qualified names are used, the over-

drawn members example above reduces to

P

overdrawn_names := members where balance < 0.0

N . n

. where balance is ‘expanded to members.balance. With this extension, fully

)

qualified names would still be required in ambiguous situations, otherwise an

[

crror would result.

4.1.2.1. Da.tn Packing

In the current nrotot}‘p(j. data is ‘store‘d inefficiently as ASCII strings nn‘ing'lhe‘
UNIX "stdio” functionn. This’ is done ’primarily to assisn‘debUgging. Packing and
li'll[::\cl\:ing of data is contained in .lwo functions, Pack and Unpack, so (‘h:\t the pack-

ing procedure can be easily changed at any time:

A more efficient packing format which supports all semilattice simple and com-
q \ .
f .

plex types is showhn in figure.4.1 in its g@neral form. Figure 4.2 illustrates how actual

alueq are qtorcd The format is very ﬂenble allownng for future opumlzauon such as

o

special case h.'mdlmg, for example sequences of booleans or the addition of compres-

sion algorithms discussed in the next section.

ctrl | tag (") ﬁ'::"t‘s data

N+T

e

e

. e Figure 4.1 Packing Block For‘mat

he fornxai' pncks.datn into blncks of B bytes where 3 < B"S 256. The control (ctrl)
/S 1

byte contams the number of oﬂ'sets minus one (bits bo - b,), a "more” blt mdncatxng .

‘ whether nnother bloqk follows (blt ba)» and the oﬂ'set. number contalmng the next block‘

-
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e

~ offset (bits 64 ~ be) if the more bit is s‘et.‘ A maximum of eight data items can be stored

“inthe block using the fo_i'mrit. If adother block follows onl.y\lsevcn data items are stored

A

since the cighth offset is to the following block, not to a data‘item.

The tag byte indicates ‘whot.he_r data item o is .t‘agged,vin. bit b,. Bit b, is zero for
untagged data or the null tag and one for properly tagged data. Following the tag byte

are N offsets into the block where I = N = & Each offset s indicates where the '
. . . ! s .

“data value is located within the block.

, ~ o ' ' ‘
Simple data values are stored using the following sizes.

Integer: 2 bytes (can also support 4 byte long integers). .

Real: 4 b) tes (can also support 8 bvte double precmon)
Boolean:'1 byte. : .
String: 1 b)te per character termln'\ted b_y a null v

y

1

Tuples are stored simply by packing the attribute values into one or more blocks in
the order the attributes appear in the tuple scheme definition. The number of attri-
butes is always known from the tuple scheme definition. Sets and sequences of ele-

ants are p‘acked into as many blocks as required' with the next available offvet after

N

the pwcklng set to null to indicate the end of the set or scquence "Tagged values where

. the corrc‘wpondmg tag bit is set are stored as a tag termmnted%lth a null character

4

followed b_v the y’alue. .

Figure 4.2 showstw a tuple from the HVFC Member structure and a set from

the {Priced_jtem} structure are packed.
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(a) Member: ("Brooks, B.","7 Apple Rd.",+10.50) _

2 | o] s |15 | 27 | Brooks,B." |. 7f{appleRd. | +10.50

(b) (Pr;r('q(l_jterﬁ}; {5,4,3,6}. | ‘ |

——

a Figure’4..2 Packing Ex‘é‘mple' Y

Note the use of the null offset in byte six f the {Priced_jtem} block to terminate the

set, . .o : ' N
) s . o A

’

thi\s\ packing prooodoye is‘co'm.pleté'ly ge’ne'rol and ,‘can'. also suoport'long‘integero‘
j\(iotil)lé pr“ecision "reals :i'nd 'c"o‘mpress’l‘on Thé only inhéront réstricgion is ihat ;‘xstrin'gn :

value C'\nnot span blocl\s aod is thus llmned 10256 — 4 = 252 bytes If it is necessary
'to qupport longer string values the restnctlon can vbe overcome - by usmg two byte

» , v - . . ) . \

' oﬁsets.

:4.‘1.3. Da.ta. Cior‘r‘xpr»e'ssioii

Although codlng is used in the prototype no further attempt is made to compress

data \alues of snmple types Several well known amd easuly lmplemented compresslon‘
”tech’mques could be employed For lntegers, bnt. vectors and dlﬂ'erences can be used .
For both mtegers and reals, leadmg and tranllng zeros ‘can - be ellmmated Floamng' .

,polnt numbers .can - be truncated or represeuted ‘as two bmary numbers where"
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‘.upproprmte [Wie77]. Character strings can be comprcssed in many ways lncludlng“
‘l throu"h such techmques as ahbrevnauon variable length stnngs deletlng blanks, and. '
replacom'ent [Wne; 7] bhghtly more s0ph|st|cated methods I‘or' ‘compresslng
alphunumerlc data are available |ncludmg minimum bnt compressnon character repe'\t -
: suppression, common phras_\suppressnon,» n-gram codlng,‘ :\nd\‘dlc‘tlonary recodlng
[Lynéf)]. Most co.mme.rciallda'ta.bases provide at least some primit‘it'e methods .for \data' ‘
and i‘ndex compresysion. o | |
! I"’ront.,;\n( ear cornpression ‘[Datl8‘l] can be used for sequen(ial" processing appli("a-
. \ . o . ‘ - : ‘ :
© tions ‘or‘ for nonl-hi‘nteger ‘ro(les (such as with relative coding). Huffman coding [.\'umT'(S‘]‘ |
.can be ‘uséd when character freqtmnctes are- known or can be acc'urately estimmed ay i
| -the case Tor the English alphabet.‘ One ¢ommercial bB.\lS software package.‘ealle‘d
SllelN‘l\'; provides‘ lttrﬁman t‘oding as\' a cotnpression technique ,for li\iSl d,alabases‘

V'[Lyn85]. A compression ratio of up to 2:1 is claimed.

4.2, Storage Efficiency

.“Sinee the semtlattice model uses sho'irt codes binstead'of ‘keys,‘ one expeets an
efficient use of s‘torag‘e. To quantify the storage elﬁiciency' of the model set'eral experi-
‘ ments were performed comparing lVGREb storage requlrements wnth those of the sem- -
“ilattice protot\ pe INGRES versnon 7 lO [Epsr? W0082] (UCB verswn) and the semn-‘
lattlce prototype w:th structure codlng were used. For each test 100 tuples were ran- -
: domly gcnerated usnng the pseudo random number generator of U'\QX (random(a)) -
“The generator was seeded wn\h the same lnmal value for cach test Tuples schemes‘v

from the HVFC example database were used RN

{

Flgure 1. 3 compares INGRES and prototype storage regmrements for the Merpber‘d_
i- 'structure Recall thatxsmce the Member tuple scheme attrlbutes are all slmple types,

. mo codlng is requlred and the structure rcpresents a tradtttonal relatlon Thls ﬁrst test o



. s neé'ess:xrj to determine w‘hether major differences exist between the systems and pro-

vides a basis for further comparison.

L
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r

»\s sho.wn abme lNGRES consumes more storage even for a typlcal relatnon Al"ter 100
‘tuples the structure under II\GRES requlred 6300 bytes whlle under: the semllattxce
“prototy pe only 4096 bytes was used. whlch represents a savmgﬁapproxlmately 35%.. ,
Thls dlﬂ'erence can be attrlbuted to the fact that the prototype stores varlable length o
‘.stnngs whlle INGRES stores ﬁxed length stnngs wnth paddmg where necessary ln
| hct lf at lez:;t two attrlbutes m an lNGRES relatlon are declared to be c255 (strmg of
‘length 255) each tuple w:ll ﬁll a page (1024 bytes) even :f the values of the long strmgs . f

are Just snngle characters There ls no prowslon to declare varnable length strmgs m



n
<n

‘INGRES‘aIthou"gh it s possiblé tp load and unload the ‘database using a v‘ariablc; “

" length string format. Newer releases of INGRES, s;uph as the commercial RTI version,

~

includé many improvements to overcome most problems of this type.
‘ o | ‘ . - . : o " ' v
"~ The next figure,” 4.4, illustrates the eflect coding has on storage requirements, -

Here, storage for th® Order structure is measured. In the INGRES 'relaticnal database

' S

the tuple scheme is K

1.
'

Orders = ( num : intéger , purchaser : string ' item : string ,
' " quantity :'integer”) ‘ ‘ T ‘

where the purchaser and item attributes are keys in the members'and goods relations |
’ ‘ ‘ o ‘ ' !

respectively, With structure coding, the purchaser and item attributes are coded, -
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‘.The stora"e savings ‘due to codlng are dramatic: for 100 tuples lNGRES requlred 4300

. by les w hile the prototype requlred only 1961 b)tes Tlns represents a saung of approx-

|mutely 54%. \’otlce Lhat the slope of the semllattlee curve in the figure changes very .

lsllgh(l\ near the 10 tuple ponnt. on: (he honzontal ams Thls is the ponnt at, whlch two‘ o

'(llgll codes become required m the protowpe for the coded attnbutes resultmg ll]

s

.longer tuple yalues on average ' -

S f

Table -l l summanzes the storage Sequlrements for t,he remmmng structures ln

.the HVFC database The .Pllced_xtem structure contalns only slmple t.ypes and IS

~

*represented ln the same man ‘er l'or both databases The Suppller tuple scheme under |

"l\’C‘REb IS declared as



-1

Suppher = ( name : strmg address : strmg item : string , price :-re‘nl\)\ .
suppliers : (SuPpller} M

' \ ' V
v

where item and price form the key for the goods relation. Recall that in the‘semilat-
L ) . . ) ) o " . . \ . '

tice case the Supplier structure has the stock attribute coded.

Yoo

~ Structure - Storage | Saving
L . - (bytes) . (%)
7~ 'l INGRES | Semilattice __
| Member 6300 4006 | 35.0°
' Priced_jtem || 2400 2418 | 0.0 .
Orders I 4300 '] ~ 1961 . | 544 | - .\
{Supplier I 7900 [ 31684 59.9 | . o

WA fT

-
»

T'xble 1.1 \Longe Requlrements Summary

. v
[
.-

\tor'xge ﬂnvmgs mﬂ) lhe protot) pe vary from a Io“ of 0.0 for the snmple Pnced_nem
struc(ure to a hl"'h of 99. 9% for the Supplier ﬁtructure The most notlceable s'nlng

occurs not in storing simple ‘strnctures but for.strucl.ures whe_re one or more aLt'ri‘butes

are c-o<fed. )

"The storage e[ﬁcnency of the prototypq is dlrectly due to the semnlattlce condmon

Y whnch mtersectlons in the Iattne are stored only once. Structure codlng is the vehl-

[

cle by which the condnion is achieved ln\.th‘e implementation.

4.3. Performance Issues

RS

Besudes the questlon of storage eﬁicnency, the performance issue must also be con-

[

-udered in any evaluauon of ‘the: semllattlce model Thls secuon dlscusses three related

b

. performance toplcs dlsk accesses performance structures and the use of a knowledge ‘

e .
* ,»“ ‘/..‘ .
- . v.",

r . : ‘ B !
. bas for opumlzauon purposes



' 4.3.1. Disk Access ' , L . "\.\.
"A detailed evaluation of the disk access patterns of\he semilattice, model ‘is

. v ‘ B R I v ' s o
beyond the scope-of this thesis. A proper evaluation must consider the access method
. < ! o . ) \

usc'd whether it is B-trees, C—B'—treca, one of t‘hemany indexed schemes, hashing, -

or mme other. method The' effects aof the underlymg operating system file system must :

aho be consndered unless the database completely bypasses ’the operatlhg system and

i
'

instead lmplements its own spec:allzed file system., lnsertlon and deleuon costs must be\
r : K
o

c,\'amincd in addition to sevei‘al diﬂerent kind's of retrieval costs. ‘ ,

b '
}

The conceptual‘lcvcl‘of the semilattice model is independent of the access method

Lusec I \\e can, how ever, prowde an mformal discussion of the dlsk access questlon from
! i

a conceptual point of view. The use of semllattlce codes wnll tend to reduce dlsk
o N '

accesses for some operatlons smce the operation algorlthms can utlllze codes thus h\aw

N

r

- ing acces«cﬁ to the actual dataxSince codes are short more codes, and thus more rqfor-
mation, can be p'xcl\ed mto a block and transferred in a smdle dlsk block access\

LN ncks—l)mw hm «hown coding schemes per form well for the partlal match retneval \

K v

problem [\.xc&)] which is very sxmllar to a selection operatlon , C -

~ On the other hand, we know normalization_ in the relational model tends to pro--
' . . ' .

BN

duce less eﬁicient designs .because wide rclations are usually broken up into mauy"
‘iﬂl.l“(’l‘ rclmlons [l\en8'3a] The same is true for the semnlattlce .model because by

scpar.ltlng repeatcd data, addmonal mdlrectlon is mtroduced (sxmn{ar to normahza-

A

) uon) '\nd thn Ieads to lncreaqed dlsk ‘accesses, Howe\er the database desngner can.

‘coutrol m(hrectlon to some e‘(tent wnth ﬁtructure codmg through Judncnous data o

deﬁmtlon. AP A o s "
v o . . : Lo e W R : o

.

A detalled study ls requlred to determme whlch access method |s best sulted for -

;the semlhttlce model To date the net eﬂ'ect of all the varlous parameters on perfor-'

a'

, mancc rem’rrns unclear. ,_Imtead of c-B' —treca a storage structure such as l\*B B'V; i



. i ‘\
trees [Rob81] may be more eﬂicnent bmce semllattlce codes form a one- -to-one mappmg

- Al v )

‘with the dn(a a ﬁtorage structure capable of eﬁicnently explomng tbe mappmg is

rcqmrcd to f'\cllntate encodmg and decodmg.aFor, examgle; doubly \mdexed

i

‘('~[{'—lr‘eca<may‘be'apprdpr‘ime‘ Voae o - , - |

@

,,«4:’3/_2’ Performapce Structures
'»houl\d erform'mce lurn ;ut t‘o be a problem 'for cértain applicr\jtions itv‘is 1t|ll
posxni)le to mmntam ﬁp(‘(‘lal ﬁtructqres to k(‘(’p‘dlsk aocesses to a mlmmum Pcrjor-

' ot . .
mance a(ruclurea are the usu’xl semllattnco m(ern'\l structures but do not coatain any
code(l nlues (lnt 13, 3]! v1lues are de;oded Although less mform.mon is retrleved
with e.nch disk blocl\ access, lL is no long(‘r l;;‘cessary to’make addmonal accesses to

. . . ' . P
« ’ v . /_/

‘rctneve coded‘data. Pcrformauce struc(.u’rcs‘may be‘broadly‘deﬁned as any structures
that go bm ond the mere storage of information to |mprove performancc [“(amples of -
performance slructurcs lnclude nop- first-normal-form relations such as those proposcd

n \chol\ [HcPRZ] and »\nsaW'i [‘\MM83] Jom,ed rel'mons and uncodcd structures 6
When pcrfor'm:m(‘(f structures areé incorporatcd‘int,o the, semilattice modcl, the

. a ' . Ca [ . " | . g ' o . ‘& S S : o
structures are maintained automatically by the.database, The database administrator
‘must identily the performangg structures using' a-special directive. All semilattice

opernliqns work the same for performance structures except the cncoding or decoding -

~t1gc is ommod Whetber performance structures. are bemg used in pracnce is tran-

‘
.‘

\p.\rem to the :ner;we user except for possnbl\ f’Nor qucry response nmes for ‘these
’ ‘
" ) b . ‘ L

‘:slruct,ur'(js. D o ' : :

o
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4.3.3. Knowledge Base

Previous semilattice work [Bob84,5in85] has suggested an adaptive comiponent

for the model that monitors and optimizes the database using statistics’gathered and

a
' . '

retarned in a knowledge base. Yarious meta-data can be stored in the knowledge base
. . “ »
~including: .

constraints and dependencies,
usage and access patterns,

current physical organization of the data, and
reorganization decisions, \

'

A feasibility study of the adaptive component [Sin&5] concluded such a system was

indeed possible. Tt was noted that other researchers are currently proceeding in ‘this

direction. C

v
¢

Management of performance strucfures can also be eflectively handled by the

Vs
'

adaptive system. In monitoring the database access patterns, the adaptive system can -

+identify heavily referenced structures which are candidates for performance structures.

\

If the decision is taken to do so, a candidate structure can be converted to a perfor-
mance structuce automatically by the database. Should usage of the structure aubse-
quently decrease, the adaptive system can change the performance structure back to a

staodard semilattice structure, Safeguards should be included in-the adaptive system

' . oy . e .
to prevent oscillations in which structures are repeatedly converted between represen-

.

tations,
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4.4. Distributed Dqtabase Applications '

This scction oxamines how transmission costs in a distributed database environ-
ment can be reduced when the semilattice model is used, In all'cases, costis a mcnsurf
of the amount of data in bytes that must be transmitted in order to satis{y a (‘|uor_v.
Various ncl\;ork and queuing delays are not consid(‘r(‘d‘ here since in most cases net-
work bandwidth will be t:he limiting f;l(‘l.or_.'

4.4.1. Use of Codes

Existing distributed relational database sp:storﬂa usce tuple identificrs to assist in .
manipulating fragmcﬁlcd relations. For example, System R’ usés‘T‘l[')s to solve prob-
S :
lems related to the deletion of tfupks in vertically fralgmented relations [U1182]. Semi-
" lattice codes are similar to tuple IDs and also uniquely identify r‘el:\'tions.‘ Since struc-
ture codes are small integer numbers, they can be ;xsod to substantially reduce

transtission costs between sites, The cost to transmit a relation R between sites is

given in Ceri and Peldgatti [CeP&4) to be
= Cy+ C, *aize(R) * card(R) " {4a)

‘where,,

’ }
C, = fixed cost of initiating a transmission between sites,
¢, = network unitary transmission cost,
size(R) = average size of a tuple in R in bytes, and ,
card(R) = number of tuples in R." o .

If codes are used instead,
C.= Cy+ C, *aize(R,) * card(R) ' o : (4b)

~where,
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size(R.) = average size o/n code in R in bytes.
. 4 . ' .
Since afze(R,) < size(R) it follows that ", << C. For integer structure codes,

. log., card( )

pire(R,) = |82 W E) (4c)
8 ‘ S

' " ™~ . \ ‘} [
0 that (tb) becomes:
il l d(Rr) ) o
' og, car :
Com Gyt [ A l Ccard(R) (4d)

To illustrate using an example, suppose the Member structure in the HVFC database

has size(name) = 25, size(address) =30, and size(balance) = 8. Thcn, taking C, = 0

and (', = 1 with 1000 tuples gives: A

C=0+1*(25+30+8)* 1000 = 63000

log, 1000 |
8

C.=0+1"* * 1000 = 2000

Figure 4.5 shows how (" and C, grow with card(Member). The slope of the C, curve

changes at card(Member) = 256 because at this point'two byte codes are required.
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Figure 4.5 Traunsmission Cost Versus Cardinality of a Structure (1)
The transmission cost using codes is significantly less; the saving is even greater for
wide rclations. More importantly, for a fixed card(R), note that C, is a constant for all

values of size(R) while (' increases with ssze(R). C, is always less than C éxcept possi- -

' .t ) '/ M . .
bly for very narrow relations with many tuples where aize(R) < aize(R,).
3. ‘ : .

Oune method to maintain semilattice codes is to use enco'ding‘ and decoding files as
outlined by Singh [Slin851. In distributed app»lic‘i\tionsl these files can also be used
dircctAlyv to interpret codes .transmitted from remote vlsii’és. Wixén.stguctures are fragi
me;ltgd;' no additional disk over‘head is incurredvby transmitting codes since the _cncbod- '

ihg and decoding files must be replicated at each site in ‘;y case. If separate encoding



04

¥

and decoding files are used for each fragme‘m"then only the decoding files must ‘be

‘ rcpl‘icatcd u£ the remote site when codes are,‘transmitted;

To illust‘ra(e this point, suppose th.e Member structure is horizontallly fragmented
and allocated to two sites "A" and ".B”.‘ Case (l‘) belo_w showsl the 6ne encoding .:md one
decoding ﬁlc'réquircd at ‘cach xit(; when upiform codi[\lg.'is-used between fragmenlts. .ln" ‘

case (2). cach fragment is coded independently. This case shows the additional decod-

ing file required for codes transmitted from the remote site,

l. site "A"':“ C . site "B™ .
Member encoding file ' Member encoding file
“Member decoding file - Member decoding file ..,
2. site "A™: site "BT:

Moggberg encoding file
Memberg decoding file
“Member, decoding file

Mémber , éncoding file
Member y decoding file
Memberg decoding file-

Case _( 1) m‘in.\jincurla hi%h o‘vcr‘head in dy amic databases since the ‘replicated‘encoding
and decoding ‘ﬁles m:ustx be updated at each s'ite. The second case requires fgw;:r
up(lnl(‘s‘ siim‘e only the decoding file is replicated. Storage costs are. approximqteiy
cqual in both cases since only half the épace is required .l'or, the lo;'al éncodipg and

docbdi,ng'l files in case (2) but an additional file is present (assuming both fragments are

“of equal size).

4.4.2. Quéry Optimization with Codes

N o ) ‘ ‘ ' © ."- S
Query optimization algorithms that make use of the semijoin, such as that used »

by SDD-1 [Ber81], can also benefit from the transmission of codes. The cost of a semi-

' join over relations R and S on attribute B is given by Ceri [CeP84] to be

€, =20+ Gy *(size(B) * val( B(S)) + size(R) *€ard(R")) - (4e) -

-

where,



size(B) = average size of join attribute B in bytes,
val( B(S)) =.number of distinct values of attribute B in'$, and

R’ = ‘5(‘mlj0|ﬂ résult R x S
: \\’110;1 result R’ is cod‘ed. ' ; | .
Cly =20+ C, *(size(B) * val(B($)) + size(R,) * card(R')) -~ . (4f)
b'uhstituling(k)‘into(“tf) gi\'es: » oy, "J
: : - " 1 d(R o
1, = 20, + €1 * (oize(D) * tval(B(S)) + [-—E;—'-(—,l] *card(R')  (1g)
If the j Jom attribute, is not d(‘nse and lhuﬂ also codcd \ /

i, = 2( + ) *(aize(B) * val(B(S')) + an.c(R ) ¢ &‘ard(R ) . (»l’h)

" where.
srze(B.) = average size of a code for B in bytes.

Subs(iluting (4c) into (1h) yiclds:

)

The benefits froxﬁ f" and C°,, can bé substantial. To lllustrate suppo«w the Order

" structure is \ertlcally fragmented and allocqted to two sites a3 follows .

Order, = ( num : integer , item : Priced_jtem , quanmy mteger ) /_—/
”Orderb = ( num : mteger purchaser Member) :

orders , : {Order,,}

“ordersg : {Orderg} . me s Lo h

For 1000 orders and -again t'g.kihg Cy= 0and C, ",' 1 we h?ﬁé;
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€, =041 * (4% 1000 + (4+1+1) * 1000)}= 10000
lOgo 1000

("lq‘ ='.0_:+ 1* (4 1000 + [_—;8_—-7—] * 1000) ’= 6000

”

If the num attribute is also coded:
L ([1og, 10001, ~ [log, 1000
3, =0+1" [[Lg—l *1000+ [-—g-g———l ‘1000] = 4000

Howcver, suppose the semijoin- algorithm is not used ‘:"md instead the entire coded

“structure is tr:mnmitted.'Then’;'\}sing equation (4d), = -

Iog1 1000

C.=0+1" [ - ] 1000 = 2000

0

\

. which i;« cven less b'oﬂly than the* best semijoin ' Tbé reaﬁon for this result can be seen
‘ l)\ ‘comparing cquatlon (4d) wnth an) of the semuom equatlons (4(‘) (4(,) or (4|) Fig-
uré 4.6 compnres the various costs for this- e\ample Agam the dlscontmumes at the.

256 luplo pomt are due to the cbange from one byte to two byte codes
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Figure 4i.6‘ Tl‘ansmiséign Cost“‘\’er‘s"us‘ C:a‘rdiuality of :S.'Stru'cm.rc" (11)
\\nh the semuom approach two sets -of transmnssnons are requlred transmlt all
""thc Jo;n attnbutes and transmlt the reduced relauon for use in the ﬁnal jonn Since A
the xrahsmission cost qf codes is qune‘ low, it W|ll oflen be.‘the case_ that C' <-C" ‘as |
ip (he e.\"amplt" hére.’ ‘T'h\ T}”tlmé When thls rcsult does not hold is when vcry I'e‘w '

tuples partmpate in'the j jom

n

Therefore, lf codes are used query opumlzauon can “be mmphﬁed by ehmlnatmg
. the need for semuoms when a: majorlty o[ tuples are expected to pamclpate m thel‘

: ‘operatiom The dnsadvantage ls the addmonal Ioca] decodlng ﬁle as pomted out ear-“

;o"-'v,_'

Clier. o T o et T



Chapter 5
Conclusions
\ ‘5.1. Summary

R ‘ P
"This thesls has lnvestlgated codmg scbemes one of the fundamental concepts of

_the semllattlce model of data. The major contnbutnon of the. study 1S a new proposed

* T
v .

‘codmg schcme called structure codmg whnch performs better than prewously l\nown .
schcmes An analysm of the new codmg scheme is supported by a workmg prototype'

o

' |mplcmcntat|on whlch mcorporates structure- codlng

"5.2L Coding Schem,es o ‘,
l'n‘dcvsigning auy'co(‘li“n‘g‘scheme‘fo‘r the semilattice‘j model it .is \:ery“ importa:nt that

the requil'cuicuts,and propértico of.codlng sc‘hehxes!sltated‘ h‘ere be satisﬁed. Firstly, the
‘ﬂcbemc must pron(le a method to refer to common data (Rl) Second the scheme

must pronde a compact method ol' rcference (R2) Thlrd the scheme should proude a
code “lll(‘ll is unaﬂected by chanﬂes to the . underl)mg data object (Pl) Fourth the:

. «chcmc ﬂhould pronde a qmgle umquc code for each entlty (PZ) Flfth and lastly. tbe

: scheme sl)ould provnde a method to ellmlnate'repéated values in representmg objects. .

(P3 ).

Three codmg qchemes were compared usmg these ﬁve cnterla All schemes '
: -athﬁed the lwo reqmrements but each satlsﬁed the propertles wnlh varylng degrees of .
. uccess. Rcl'\tne codluo‘ performs leaqt mtlsfactor) qmce propertles (Pl) and (P3) are'

i

',not met The m;uor dlsad\ antage of relatlv codmg lS that modlﬁcatlon of uncoded' i

'attrlbutes changes the code Thls llmlts the ppllcablllty of relative codmg to values'
j-_“ h|ch are statlc or not changeable Absolute co "_ g performs qmte well and only falls‘f ,:
to sausfy property (P3) F‘oi‘ wlmple database apphl tnons tlns is’ not a sngmﬁcant prob— ».‘i

v;‘_lem'."



S e el

. y
. \tructure codlng is a new codlng «cheme in whlch structures (sets sequence: and \
' tupl("i) are. coded rather than snmply relatnons The scheme may create addmonal
mtern'xl relations vvhcn structures of the-same ty pe are embedded wlthm other struc-
tures. Strufture codmg enforces the semllattlce condltlon by ehmlnatlnv all repeated
dam \nthout loss of mform'stlon A method is pronded as part of the datn deﬁmtton

' ' k

hclhtles wherebv the database desngner can dlrect structure codmg by assngnmg

“different types to structures, and thus determine the Semllattlce mtersectlons.u Struc-

ture coding is the only one of the three coding schegfes togatisly all five evaluation cri-

'

teria,
. “ "
Thc semilattice protot\pe |mplement1t|on was uqed to ev :\luate the,eﬁ‘ectlvcnesq

x

of structurc c0(l|ng Storaee requnrements for l'\(;RES and the prototype were com-‘
pared using the HVF‘C emmple database. Storage nvmgs wnth the prototype ranged’

from 0% ‘to approumatelv 605 dependmg on the nmount of codmg in -the structure.

'Thm lnmlted evaluation ﬁupport« the cl’nm that ‘the ﬂemlhttnce model is very stonge

. .eflicient. \tor'we efﬁcnencv is a dlrect result of - the semilattice condmon whlch is re.xl-

ized by structure coding. ' R o

5.3. Directions for Further Work‘
" ’{’ : . ! ! ’

This t'htsi together wnth the work on the phv«ucal storage structures [SmSS] has .
I'ud the ground\worl\ for further development of the qemllattlce model The two studles ;

"h:ne shown that the model is’ mdeed nable both at the conceptual and physrcal levels
as \ntnessed bv the current prototype lmplementatlon However much addluonal ‘
work is requlred to develop the semllattnce model lnto a recogmzed data model

"<.,;:\ffe\d‘$ec0nd’ary issueg ‘still'rema‘iu to be .a_ddressed;v” i

w

Theadaptlvecomponentlucludlng tlhe"kr:loul'edge bgse' hdd-rneta;dath..“. L

" This component of the system requires investigation to determine the overhead "



and performance galns assocnated with an. adaptlve database A suﬂictently gen-,

‘eral adaptlve tool has appllcatlons for other data models besxdes the semllattlce
]

5

2. ‘he physic'al access metho'd to support the semila,ttice model.‘
C-B" ~trees .may not be the. optnmal supporung data structure This question

should be reevaluated now that a workmg prototype ls avallable oo
3. The questﬁon ol' query optim‘iz‘ation. Ce X oo

—

; ('urrentl) the prototype does not lnclude optlmlzatlon and little work has been
‘(lone in thls area lt may. be possnble to achlewe sngnlﬁcant gams through optlml-

zation especnally when performance structures aré'consudered.

Aside lrom these smaller issues, there are two more sngmﬁcant quesuons requmng

ln\estngauon Flrst although th:s thesns has demonstrated the storage eﬁiclency ol' the
. e | '

) model the perl'ormance eﬂiclency in terms of dlsk accesses has yet to he'zhow'n' One of

the gonls of. sem|latt|ce research has always been to reduce dlsk accesses by operatlnol

on codes contalmng usel'ul |nl'ormat|on [Arm84 Arm86] Thls is still posstble to some
‘ c\lcn( mth m(eger structure codes but mamtalnlng lnl'ormatlonal codes l'or values

‘that may changc conﬂtcts with property (Pl) (‘odes have many posmve and negatlve

’

: cﬂ'ects on perl'ormance but the net eﬂ'ect remanns unclear at thls stage. Measurmg dlsk,-" ,

accesse lso further compllcated by the physlcal access method and file. system of;
the machme e . e

The ot her major area for further work is, the hlgh level conceptual model the‘
7 .

second fundamental concept of the semllattlce model The present Conceptual;_'

.

Language ns rudlmentary and mcomplete and is thus smtable only for prototype pur- e

poses \everal extensnons have already been suggested coercnon between types,‘ S

A . "y

.automatlc typlng, ‘_and context se‘tlve parsnng A better method for specnfylng con-_

stralnts. and posslbly dependencles is probably requlred as are programmmg Ianguage."

,'eonstructs Ultlmatelv. a complete database programmmg language along the llnes ol',-";': :



Tl ’
» G‘allilco [‘:\COBS] will be needed to fully s'upb‘on the high level semilattice conc‘e.ptu‘nl
R I . . - L : o

model.
‘ N
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Appendix Al o
)

Conceptual ‘Language BNF:

DA Concebtua’l Languege Speci‘ﬁc‘ation
. The follomng qpecnﬁcauon deqcnbes‘the (o;lceptual Language mlh a varmnt of .
BM similar to that used in the Ada Reference Manunl [DoD81] Optlonal items are
enclosed in square brnck(‘(s "[]", al(ernatwe items. are separated by a vertical bar ",
and items which can- he repente(l zero or-more times are enclosed in S(pmrc brackets
followed by an nsterhk " The vertical bar stands for |.(ﬁelf when appearing immedi-

ately l'ollowiug a left bracket "[I". , Nonterminals begin with a capilnl letter m-hile ter-

minal symbols begin in lower case,



- . .
' . ' s . B '

. 1.1.1. DA\.t'a. Deﬁnition ‘

" Domain 1= . Simplé;dom;in | Tuple_domain |
- {Simple_domain} [ {Tuple_domain} | -
‘<Simpl¢._domain‘> | <Tuple_domain> |
Dis union_domain C

(‘o‘mplo,\'_'domqin 5:5 (Attribute_domain [,Altribuﬁt e_domain])

[.Constraint] [[Meaning]
Nttribute_domain ::= - Attribute_pame : Domain

Dis_union_domain ;= (“T:xg ;' Domain (| Tag : Domnin]l')

. Simple_domain 1= “integer | real | boolean | string
LR .
Tuple_lomain := . ‘Name .
‘Attribute_name :;= Name : SO -
“Tag o= Name
Comstraint ::= constraint: "Qualification”
T . o A e m . .
Mcaning :;= meaning: "String’ .
Name ::=" Letter [Letter | Digit | Underscore]”
Letter := albt..lz]A|B}..|Z
Digit = " of1i2(3[4]5]6]7|8]9
.oy : ‘ - - ' [
~Underscore ::= - _
o : s



‘ Domain_value ::=

Compl i;gg_.-xlue n=
Attribute_value ;:=

Dis_union_value =

Simple_value ::=
lnteger ::=:= |
Real ;;= /
Number ::=
lleolerin =

String ;=

Simple_value | Complex_value |

{[Simple_value |, Simple value] T
{[Complex value [,Complex value] B

< [Simple_value'[,Simple —value] >

< [Complex_value [Complex value] ]> |
Dis_union value

“(Attribute_value [.Atpribuﬁe;l'alu‘e]")

[Attribute_pame ;=] Domain_value

‘(Tag", Domain_value ) a ‘
Ioteger | Real | Boolean ['String

[+#1-] Num‘ber, B

[+| -] Nulxlber.Ntlmber

Digit [Digit)’

Jtrue 'Ib__l',u;lse

Lener | Dlglt | Underscore| o

,'I@I#l"BI I&I‘IIII(I)I l+1=1
AT I<II>|/I’| I

80



81

,,\_
o

1.1.2. Data Manipulation o B o
' .Prot"edljral‘::= Declaration IUpdat.é
" Declaration ::= * . Type_name = Domain | )
‘ £ " Type_name = Complex_domain
Variable_name :.T_yp'e_name = L
~ Type_name ::= . " Name . = . ‘ k
‘Vz‘xr_,}dé‘clargtid[\‘::= ‘ N&m;e
Update ST losert | Delete | Modify
Insert ::= . - insert Variable intO'\-'ariable;na‘me‘ ) v . , -
Delete 1= ‘ ‘dclet‘e Variable from \'ﬂariable_néme
Modify 1= = ~modify Variable with Modiﬁcntion [where Qualification]
| Variable ;1= ~ Variable_name | Domain_value i
Qualification :i= ~ Qualifier [Cgnnective Qualifier]” |
- ‘ o " o »
" Qualifier-i;= [Unary] Argument Condition Argument
 Argument ;=" Qualiﬁeld_nam.eIDomain_vhl‘uve‘ ‘
' K »' ‘ "' . | ‘ ' ‘
Copuective := . . and|or .
Unary = . mot ‘
Condition= ‘= |l=|<|>|<=|>=]in |
. x\‘lodiﬁca‘lion‘::‘= ' Mc’)diﬁél" [Co‘pnéctix;e Modiﬁe;]"\ S
- ~Mo<l'if‘i('r‘ = . ‘Arg'u'meqt, O.'per‘éiqr Argument’
' n . ' . L . C. . K .A; ‘ . i -~

\Qp'erawr'::é"-. S A e oo ol |



“_ﬂt‘.(‘*m'erit.' nm . dperﬁtion | Print
P C s ' : Co )
‘Qual‘iﬁgd'_nal“l‘le\' Sl N ‘V'al"iable_n‘anie[.‘Attr‘ib'uvt“.e'_name]',[;Tag]" .
Qp'cratiod ;:= N l:lthAionI‘Diﬂeren\cvg lPréd;xblt IProjéft'Iéeléct‘.
Union nemot | . Vv.ar"i'able_name':= ,.u'nio'n,(Variable{Variable). ‘
‘ biﬁ'ercﬂce ::=‘ S \rVax.'iable._namey\:=diﬁérgnce(Vé‘xriable.',i/ariable)v,
Product ;;=_¥ : ‘ II Variable_name (= pi'oduc‘t“(\/aridble,variable)
‘ 5 ‘ T . ‘ o
Projg*(ft = ‘ ) \‘féfiable;ﬁame,' = .Vn‘l"iz‘xbl‘e_‘.nzi!ne
| S"cl‘(‘ct‘ S o Va“r‘iablé_name’”:= Variab‘le_‘namelﬁv‘be‘re Ql]aliﬁvca‘tiqn‘: :
Prmt n= L e ‘f)rih‘t Vnria’ble_;llén;e“



.. ... Appendix A2

Source Code Listing = o S

‘ 21 C‘pllce“ptual‘ LévéLSoftware Serce Code
’I‘hls appendlx con&ms the complete source code for the conceptual level qoftware

of the ‘\emllattlce D'\tabasc Management b)ste&n Thls code mi’ be ‘n s(.md.xlone or,

mth (he C B'- lreeioftware by ommmg thc stub .C mterfacc
.
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