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ABSTRACT

Ihis thesis describes the functions of the Database

- Administrator (DBA) and DPow they are supported by the
benchearked relational datatase racnine. An examination of

the relational query language provided, DBA support services

. required, the performance issues involved, and tne security
features employed is presented, The goal of this work is to

develop general guidelines for CBA to follow in irplementing

and operating an effective, respgonrsive database systenm,

ey hE " N N (Nt a™ ) > S %
EERRA Mg X Pp .u,h‘; “.\, - Dy oy e N W)

(W



g N By -

P

8
) §

I1I.

TABLE CF CCNTENTS

A" INTRODHCTIBN (EXENEEENENNNENNENRENENENENNNNNNNRNIHE]

THE

A,

THE
A,
B.

C.

BENCHMARKING ENVIRONMENT ceqecevcscccscoces
THE HOST SYSTEM coeccvcccccqccssesccccccane
i« 7The Harcware INterface ,.cecceccccccscs
2. 7The Software INterface ,ccecvecccscccnes
THE BACKEND DATABASE MACHINE ,c00c000c000c0
1¢ A MOdular Desigh ccvcecccscsccccssoscns
2. The System Configuration sesecenssssnee
RELATIONAL QUERY LANGUAGE oqcsvcencesvccnse
AN INTRCDUCTION TC THE LANGUAGE seccevcscee
DATA CEFINITICN CCMMAMNDS ceqvovcvcccncaccnee
1. 7T0 Create a Databtase ccgevvvcccccncenes
2. 170 Create & Relation seveccccrcecseocve
3. To Credate an INAEX ceeesvcocsccsscnccnne
4, To Create 8 View ccsecccvcncrcsscvccnnse
S. 70 Cefine a Stored Command ,secccsccre
6. TO Cestroy & Database ccccescccncsncocs
7. To Cestroy an CBJeCt seceovscoscscsssse
8. TO Destroy an InNdeX ccecqcscsesscccescee
DATA MANIPULATICN CCMMANDS ,ccccevscvcences
1. To Retrieve Lata scecceqoccccccccssonce
2. To Apeend New TupleS seqecsvescssaceses

3., 1T0 Replace Attribute Values ,,ccvccc0scer

T .
e TR O W T T FaT TS NN

10
12
12
12
12
12
12
14

16
17
18
19
20
20
21
22
22
22
23
a3
24
24




Iv, THE
Ao
B,

C.

4, To0 Celete TUPL®S sevcsscvovvessnsccccce
S« To Aggregate Attribute Values ,c.cvccces
6. Aggregate FUNCTICPS ccvevosvcccccscnsee
7. Stringe=Manipulaticn Functions cececevee
8. Syster Supplied FUNCLIONS cececsconnree
EXPRESSING THE RELATICNAL OPERATIONS IN

THE QUERY LANGUAGE ceoovsvccccccoccccscccnns
1. The Selection Operation csececcesncccoee
2. The Projection Cperation ececescccsncess
3. The Join Cperation ccececvsscccccnccces
4, The Division Cperation ,ceesescccccccne
S« The Union Cperaticn cecescceccvcocccces
6., The Intersecticn Cperation cseeecscsvcee
7. The Cartesian=Prcduct Operation .cceese
8. The Difference Creration ceeccvescecooe
DATABASE ADMINISTRATICR ccecccccccnsnccccens
THE DATABASE SYSTEM ENVIRCNMENT ,sc00sc0ccee
THE CATABASE DESIGN = THE PHYSICAL AND
CONCEPTUAL SCHEMAS ceeeccecqocssescssccascne
1, Organizational Structure cccceosceccces
2, NOTRAl12atiON coecvcvccsrcorencnsssenes
3, Database System Architecture .,.cceceeces
4, Data Sharing and Cwnership seeescsccones
S. Recomrrendations ceeecececccrcssscnceccs

THE DATABASE CESIGN = THE EXTERNAL

sc"‘"‘ (AR R AN N EENERENENNEERENNNENEREENNRNENNENNENHNN

25
25
26
27

29
30
30
31
32
33
33
34
34
3o
37

37
39
40
40
41

41

42




_____________________

1. Permit/Deny ACCESS ccvcvcccscesssrscces 43

2., Create Physical OtJectS ceevcovocscsces 45

3, Create Virtual CbJecCts ,ccevccvsccccces 46

4, Access Via Stcred CommandsS c.eccccccces 46

. S. Recorrendations ,ceeccescevccscccecccee 47
De SYSTEM SERVICES csececvcccccesvestoscsssncscce 49
1. System BacCKUP esseeccecscoctcssecccccce 49

2. Crash RECOVEryY cccceccsoecsscscssscesce 51

3, Syster INfOrmMACION ccovesvsvvccassacses 52

4, Translator ceesccccvosccescosscsccscccce 57

Ee USER SERVICES cqcocvcocccccvcccnssorscsccscce 58
1, Help FAaCLlity sececceccsocnssccnsessncee 58

2, Stored Commands Provided by DBA cceeeee 59

Fo SECURITY cecccvcccccccsecccvccccassccccccie 60
1, Security Aspects ¢f “ALL® ceoccccsceses 61

2, System Me@SS39€S ccccccvcvscccvescessses 62

3. User Identiticaticn NUMDErS ,escccscees 62

4. Recommendations cccecececscsccesscessece 62

Ge FINE=TUNING PERFCRMANCE cc0q0c0c0s00cccesese 63
1, Data Reorganization cccossevecsccsccenes 64

2 INA1CeS cevvcccccsneccsscscrscccnsesnsse 695

3, Dates Placemrent scccesscccccocccscscccees 66

Ve EVALUATION OF THE RELATICNAL SYSTEM ,e4¢000000e 67
Ao THE FULLY RELATICNAL SYSTEM ,c0c0cc0ccvcscees 67

. 1. The Fully Relational Characteristics .. 67

2. 'Ollr ‘r‘a' °£ D.ticiency (X FEENEEEXEERKE) 68




YRR AN EN LTIV VI TERL AL T T . . & I TF = 2 . Adi 0 W T T T e T

3. The Relational Corpleteness ,cecscevces 10

B, COMPARISCN OF TwG QUERY LANGUAGES seeseceee 10

. EQUA)l POWEr ceccesvesscqssnscrcccacenes 10

2. Ditterences in the Syntax Structure ,.. 71

. 3. Other Differences .cccvecevescvccccssnce 14
vi, CONCLUSIONS secccesscsccscescvccosascscsscscnes 16
APPENDIX A (EXAMPLES OF STORED COMMANDS) coevcvcccees 19

LIST or RE’ERENCES 90000000090 0000000000008 g0000000C0T0ITS 89

I"ITIAL D!STRIBUTION Lxsr AR R NN E NN R ENNEE NN ENNENNNNENN}N] 90




ACKNOWLECGEMENT

The contents of this thesis are the results of the
. coordinated efforts of nurerous individuals, Foremost ameng
these individuals i{s certainly +s. Paula Strawser of the
Ohio State University and the Naval Fostgraduate Schocl,
Mg, Strawser’s diligence, dedication, and guldance bhave
proven invaluable in both the research priof to and
subsequent preparation of this thesis,

Appreciation must also be extended to DOr. Cavid K,
Nsiaso, Dr, Hsiao’s Knowledge of database systems rrovided
invaluable insight and made the project a rewarding learning
experience,

Likewise, Mg, Coris Mleczko and her staff at the pData
Processing Service Center west at Point Mugu, California,
have provided much assistance, and they have proven flexitle
enough to accommodate our scretirmes inflexible requirements,

Similarly, Comrander 1hcras Pilgoski of the Naval
Security Group Command is offered a special thanks tor his

continued supgort in providing the necessary assistance beth

to keep this project going and to enable the results of this
research to be presented at the Internaticnhal workshop on
Database Machines to be held Septemper 1983 in Munich,

. Last but ... l.ast, gratitude is extended to my wife,

Charlotte, who put up with it all.




X
.’$
g
By

e
P S ok B

A S

[ EYEN X e “S000 ol ol N

I, AN INTRCOUCTICN

Although the application of scftware database ranagement
systems to user requirements is not new there are emerqing
speciale-purpose hardwqre‘systems which will relieve tne ncst
central vprocessing unit (CPU) from the time consuring
processes of accessing, vupdating, and modifying data,
Numerous, cormercislly=-availatle software database
management systems for the host computers are currently
erployed in arplication areas but there appears to be
associated performance degradaticen 16 the bhost machines,
These performance issues must te identified and perforrance
measured in order to provided scme quantitative comparisons
between software systemns, generalegurpose hardware systers,
and special-purpose hardware systenms, Historically tnis
intormation has been collected for general-purpose computers
by the use of the Iinstruction mix (Gibson or Flynn) to
measure perforrance in variocus cateqories, This measurerment
cf a machine using an instructicn as a tool mix is called
benchmarking,

The task of benchmarking a database system has not been
developed in the 1literature, Consequently, a research
project has been undertaken by the Naval Fostgraduate Scheol
to develop & set of benchrarking standards which can be

employed to obtain a perfcrrance {ndex of a particular
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% database machine/system and further used in a corparative
X
analysis with rescect to other datacase systems/machines,
The initial steps in the bternchrark development have been

S AR

lirmited to a specific relaticnal database macnine, 1In

¥

) addition to the measurements of specific datatase
operations, a question of the recle and resconsibilities of

the database adrinistrator (DBA) s posed, rith each systenm

A

penchparked, there {is a need to establish the amount of

-~

& support provided to DBA, In this case an examination of the
facilities provided, query language emgloyed, and amount of

additional DBA support required (s conducted,

g

The objective of this thesgis is to categorize the duties

and responsidbilities of LCBA and describe how they are

B A AT 4

sa,

supported by the benchmarked syster, At the beginning, the

“

system environrent {s descrited, fcllocwed by a discussion of

N

% the query lanquage., An analysis of DaA functions 1is then
v made and finally, the fully relational model is examined and
2 a comparison of this particular query language with another
% well=known lanquage is made,

This thesis 1is cnhe in a series of four describting the
current status of the benchrark developrent, The other

three topics are on generating the synthetic datatase (Ref,

R L

1), selection and projecticn (Ref, 2], and join ocerations

(Regt, 31,
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11. JHE BENCHMARKING ENVIRONMENT

A. THE HOST SYSTEM

The host machine for the benchmark is Univac 1100742
located at Pacific Missile 1lest Center, Point Mugu,
Calitornia, 1In addition tc onr=site eauiprent, a remcte
terrinal is installed at the Naval Postgraduate School,

1. Ihe Hardeare Interface

The hardware interface between the host and the

database rachine 1is through a Univac 1100/42 I/0 channel,
Ihis interface channel has a 200-thousand tytesseccnd
capacity and the transrissicr unit is either a tyte or a

word,

2. JIhe Software Interface

The host software is written by Amperif Corporation
ot Chatsworth, Caliternia. This software consists of the
host=driver routines whose prirary purpose is to rparse the
queries and to translate them {nto the database nachine
language, Finally, the host handles the comrunicaticns

protocol between the datakase rachine and {tself,

Be. THE BACKEND DATABASE MACHINE
1. A Modular Cesgion

The database rachine which interfaces with the host

{8 an IDM S00 manufactured ty Brittone-Lee Incorporated ot

12
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La Los Gatos, California, 1IOM S00 {s being rarketed by Amrerift
E Corporation as an RDM 1100, It is a modular, exrandacle,
gﬁ and microprocessor-based system orqganized arcund a central
§§ high=speed bdus, IThe separate modules are functionally
e oriented, The RDM 1100 erploys the relational datatase
%E model which will bte discussed {n detail in Section V.,
B The database processcr (28000-based microprocesscr)
supervises and manages all syster resources, This processor
§§ executes rost of the software {in the system,
ég The database accelerator is an ootional, high=speed
N processor with an instructicn set specifically designed to
%; perform certain relationsl database tunctions, The
fé accelerator has & threee-stage pipeline which executes
| . instructions et up to 10 MIFS, This processor can 1initiate
§§ disk activity and can process data at disk transfer rates,
g% The accelerator and the RDM 1100 software are so contigured
that the posSt frequently coccurring database work is
performed by the accelerstor under the direction of the
database processor.,

The cache memory (i,e,, main memory) of RCM 1100 s
o composed of 64K-bit chips of dynamic RAM, It may te
ﬂ* expanded to a raximum of six megabytes, This cache s

utilized for RDM 1100 syster code, disk caching, indices,

25

and user commands,

S -
SRR
&
o

Disk Controller rodules ray be expanded fror one to

tour, Each controller can ranage €rom ene to four disk

13
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drives, 7The disk controller roves data between the dJisks
and the cache rerory, and {s designed to work with the
accelerator, An optional tape conrtrocl module supports up to
eight tape drives which can be used for direct, disketo-tare
backup, data, and software lcading,

RDM 1100 and the host(s) cemmunicate with each other
via RDM 1100°s host-interface mcdule. 1Ihis mcdule accerts
comrands from one or more hcsts, and acts onh those comrands
accordingly. Each hosteinterface module can handle up to
eight hosts and a maximum ot eight hosteinterface modules
can be made available on RDM 1100, Hence, a maximun of 64
hosts can be accormodated by KCM 1100, In addition to
communications handshakina protoccls, the interface mcdule
performs necessary error checks and causes the host to
retransmit any Iinformation btleck {n which an error 1s

detected, (Ref, 4]

2, Jhe System Configuration

In the contiguraticen described above (i.e,, the
connection of the host and the database machine with an 1/Q
channel), the database machine {s called a bpackend datatase
machine, The terrw, ‘tackend’, is used in this context to
refer to a special-purpose rachine operating as a peripheral
device on ene Or more hest systems, As previcusly
mentioned, the use of the backend rachine can significantly
reduyce the required CPU tirme for cdata manipulation by the

host, Further advantages are realized through freeinag disk

14
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y space on the host and the reduction of I/0 cycles; thus

releasing the CPU to perforr other functicns necessary fer
}5 the proper cperation of the system and execution of
§ applications programs,
N - The performance of ROM 1100 i{s highly dependent on
% the available bhardware configuration, Other pertormance
g issues such as indexing and data pcsitioning are degendent
_ cn the software developed, The hardware contigurations are
g discussed belov and the scftware {ssyes are discussed in
£

P
-

Section 1V,

Four test configuraticons are used during the course
of this research, The initial configuration is of one-halt

negabyte of cache without the accelerator, Inis

LRVOR A

configuration will not be marketed by Amperif, tut {s tested
tor the purpose of compariscn, 7The next test configuration

is of one=megabyte of cache with the accelerator, Following

& P,

it, a tvo=megabyte cache with the accelerator s tested,

Sl

3
T

Finally, the accelerator is reroved grom the configuration,

Y

B

" The contiquration is . tested with only the two=megabyte
. cache, The standard corrercial congiguration i{s with one-
! megabyte of cache, The accelerator 1s an optional feature,
5 For specitic {information on the performance reasurements,
- the reader is directed to (Ret, 2] and (Ret, 3],
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111, RELATICNAL GUE ANGUA
- .
g A. AN INTRODUCTICN TC THE LANGUAGE
5% . In addition tec the hardware and software to supgport the

L host/backend interface, Arperif also provides a language for
requesting information or cperations on data from the
backend database smachine, Inis language s called the
Relational Guery Language (RGL). The lanquage, being tne
only {interface ¢gfor the user and database administrator
(DBA), s the sole pmeans Lty which the capabilities ana
limitations of the backend are known to the user and DBA,
Therefore, a discussion about the facilities of RQL will ©be
presented,

This section defines two rajor command groups availatle

in RGL, The nretanotation used in the command syntax

consists of the symbols descrited below,

¢ ) used as delimiters in RQL
t 1 used to indicate anytnina optional inside
the square trackets

i used to denote a choice of the word eitner

before or after the bar
{ ) used to specity zerc or more occurrences cf
anything {n the curly brackets

< > used as retasyrbcls to denote a construct in

16
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ROL with the nare of the construct tetweern

the metasyrkbols

All other words in RGL are key words and must agnear
literally (Ref, S]. In the reraining sections key words are
capitalized, In secticns extlaining the commands, an
abbreviated syntax of each command followed by an
explanation of the cormand {s provided, 1Inhis inforrmation {s

ctaken from [Ref, S) and (Ref, 6).

B. DATA DEFINITICN CCMMANCS

In RQL the cormands are presented without regard to
tunction, However, in most datatase vooks, (e.9,, [het, 7]
and (Reg, 8]), there s a distinction between the data
definition language and the dats manipulation lanquage,
Although this distinction is not made in RQL, it provides a
logical division of the majority ct commands and facilitates
the understanding of the corrands, The data detinition
language consists of those cormands which are uysed for the
description of database otjects,

Data can te represented in seven different types in RDM
1100, The twoecharacter scecitications availatle are for
the compressed (c) and uncorpressed (uc) character string
with the user providing & raximum length, up to 255
characters, 1The difference {s that the compressed character
string {s not stored with trailing blanks, Integers can be

declared with three different byte sizes namely, i, 2, or 4,

17
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The byte size of an attribute lirits the precision which can
be accommodated {n the attribute values, Finally,
tloatinge=point numbers car also bte expressed as compressed
(£) or uncompressed (uf). 7The range provided by these two
gtorms is identical and of 31 significant digits, As in
character strings the user nrust specify the nurcer of
significant digits desired, 1he difterence cetween
compressed and uncompressed floating cpoint {s the
suppressicn of leading and trailing zeros in the comgressed
gloatinq point, Corpression is a feature designed to reduce
the storage requirement iIn the datatase, 1Ine follewing

declaration is an example of the use of attribute types:
name = ¢25, salary = ut8, age = i1, address = c200,

IThis example estatlishes fcur attributes: ‘name’ whose
values can each consist of up to 25 characters, ‘salary”’
vhose values are floating=point numbers each of which {s of
eight significant digits, ‘age’ whose values are cne=pyte
integers, and ‘address’ whose values are character strings
of up to 200 characters each, Mhotice ‘name’ and ‘address’
are designated as compressed and therefore trailing blanks

of their values are not stored,

1. Jgo Create a Database

CREATE DATABASE <nare> [wITH <coptions>)

18
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This cormand is used toc establish a datatase which
will be Treferred to by the user-specitied name, The two
options provided are DISK and CEMAND, DISK allows the
specification of one or were disks on which the datatase
will be stored (e,3., DISK = °“sys”), DEMAND specifies the
nurber of 2Kebyte blocks to be allocated for the datatase,
If the database grows beyond the allocated clocks, it may ce

extended with the following corrand:
EXTEND DATABASE <nare> wl1lH <options>

The options are i{dentical to the cptions of CREATE CATABASE,

2. Jao Create 4 Relation

CREATE RELATICN <nare> (<attribute narme> = <formatd>

{, <attribute named> = <formatd>}) (wITH <options>)

The create command is used to establish the schemas
for a relation, An erpty relastion is set up in the database
when the comaand is executed with the actual specification
of the attributes in parenthesis teing given as depicted in
the example of data types above, GCne possible option whicn
may be declared {s LOGGING, 1This cption causes every cnange
to the relation to be logged in the aatapase transaction
log. This feature {s extremely important to maintain tne
consistency and integrity of the relation when system

recovery must be initiated,
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3. Io Create an Index

CREATE (UNIGUE]) (NONCLUSTERED | CLUSTERED] INDEX

{CN] <object nare> (<attribute> (, <attribute>})

An index on an attribute cf a relation provides a

‘direct access to the attrikute valuyes in the relation, A

unique index on an attritute requires all attribute values
to be different, There are twec prirmary aifterences between
clustered and nonclustered indices., A clustered index {is
nondense (i.,e,, one entry/bleck) whereas the nonclustered
index 1is dense (i.e,, one entry/tuple), The seccnd
ditference relates to the storage of data, Although the
nonclustered index does not agfect the placement of data,
the clustered index requires the tuples of the relation to
be stored {n the order ot the attrioute values,
Consegquently, only one clustered index may be created for a
relation whereas 250 nonclustered indices may be detined for
the same Trelation, For performance data on operaticnal

enhancement provided by indices, see (Ref, 2] and (Regt, 3],

¢. Io Create a View

CREATE VIEW <view name> (<target listd>)

(WHERE <qualificationd]

The CREATE VIEW corrand esgtablishes a virtual
relation, 1i.,e,, there s no storage cf tuples associated

with the view, A view s a composite relation (without {its

20
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own tuples) of attributes ¢from other relations or views,
The target list is the list of attribytes desired ¢from the
other relations or views, Finally, the aqualification allews
the user to restrict the gquantity of data in the view ¢to a
particular category end to provide necessary linrages
between the relations or views,

Se 0 Define a Stored Cernrand

DEFINE <stored coamgnd rare>
<command> {(<corrand>)

END DEFINE

In RQL the CEFINE ccrrard provides a mechanism for
creating subroutines in the darabase nmachine, Stored
corpands may have parameters or tCte parvarmeterless, The
<command> can be an APPEND, CELETE, REPLACE, RETRIEVE, etc.
(to be discussed later), There are tao advantages to stored
cormands, One is that it relieves the ogerator ot retyping
a frequently employed comrrand ard allows the CBA to provide
a8 & simplified nmethod fcr inveking corplex queries, The
second and perhaps most {rmpcrtant 4ddvantage is the
pertorrance enhancerent, Since the stored command exists in
the database with all addresses of cited relations resolved,
the communications between the host and the backend machine
18 reduced to passing an EXEC tcken and the command nare,

Examples ot stored commands are prcvided in Apoendix A,

21




wrowie
U
o

RS %

LBy

A R

ey

AR e

Eatee

;o

"
B

6. Jo Degtroy a Catatase

DESTRCY DATABASE <nanred>

The DESTRCY DATABASE cormand eliminates the entire
database by rermoving all linkages from RCM 1100 and freeing

the storage sgace,

7. Jo Destroy an Object

DESTRCY <object name>

Ihis cormand eliminates existing relations,
established views or stored comrands from the database, The
space freed by the command {s reusatle by the database, As
indicated previously, views and stored commands depend on
existing relations or views, These underlying objects are
said to have dependencies, An cbject which has dependencies
cannot be destroyed without first destroying the degpendent
object, This does not apply to indices, vwnicn are
automatically destroyed wher the relation is destroyed,

8, De an Index

DESTRCY (NCNCLUSTERED | CLUSTERED]) INDEX (ON])
<ot ject name> (<attribute named>

{, <attribute nared>))

It an {ndex {s unnecessary or the overhead
associated with Kkeeping an index {s to high, the index ray

be deleted from a database bty the DESTROY INDEX command., In

22
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addition to the obkject nare, the user must alsc specity the

IR

exact attributes of the index fcr the purpose of avoiding

any ambiguity,

3
ég C. DATA MANIPULATICN COMMANDS
B The data renirulation lanquage {s that subset of RGL
éj corrands which allows the user to access, update, and
}%} retrieve the data stored in the database,
1 i. 1o Re v a
) RETRIEVE (UNIOUE] (<target list>) [ORDER ([BY] <order
& speciticatien> (A | D)
5? {, <order specification> ([:A | DJ}]
}i . (WHERE <qualitication>]
A ,
| - The RETRIEVE command i{s the most comrronly employed
%g corprand 1in RGL, It is the mears by which data is extracted
ﬁ? from the dataktase and returned to the user, The target list
provides the user with the facility to reduce the amount of

jg data by limiting the number of attribute values requested,
5% The tormat for the target list is:
55 relation.name,attritute.nare
ég {(, relaticen.name, attribute_namre],
"y

This list of attrinutes can be frcm one or more relations,

To reduce duplicate 1inforration, UNIQUE can be erployed,

o
5

TR

_

%S

The order specitication dictates the order (i.e,,

23
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alphabetic, numeric or alphanureric order) in which the data
is to be sorted, Finally, the qualification allows tne user
to specify tpredicates which the data must satisfy and to
require linkages between relaticns. These predicates and

linkages reduce the nunmber c¢f tuples retrieved,

2, Jo Append sew Tuples

APPENC ([TC)] <relaticnh name> (<value list>)
{WHERE (<qualification>)]

The APPENC command allows the user to add tuples to
& specitic relation, The value 1ist must sgpecity the
attribute names and attribute values with an equality sign
in between, Unlisted attribtute values in the value list are
assigned default values (i.e., blanks ¢for characters and
zZeros for numerals),

3. Replace Attribuyte Values

REPLACE <relation named (<valye 1istd)

(WHERE <qualificationd)

REPLACE provides the tacilities for updating valuyes
stored in the datatase, Although it can only change c¢ne
relation at a time, the numter c¢¢f attribute values s not
limicted, Further, more than cne relation can be accessed to
calculate what s to be updated, Although & view name ray
be wused in place of the relaticn nare in REPLACE and APPEND

compands, the numercus restrictiors on the accectability of

24
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this procedure makes it alrost {mpotent and at best

infeasible.

4, Jo Delete Tuples

DELETE <relation.name> [wWHERE <qualification>]

This comrmand {s used tc rerove one or more tuples
from a relation, If & #HERE clause {s not scecified then
all tuples will be deleted,

Se o A egate Attribute Values

There are six scalar aggregates supplied in RQL
which may be applied to one or rore attribute values, These
aggregates return a single value, known as the scalar, to
the user, The results of MIN and MAX are tne smallest ana
largest attribute values tcund for the attribute,
respectively, SUM and AVG provide the arithmetic total and
mean of the respective attribute values. COUNT returns the
nurber of occurrences cf the specific attribute value, ANY
is used tec test for the existence cf a specific attribute
value, This is accomplished by applyina ANY to & condition
(e.9., ANY = (relation-name.attrihhte-name = value)), It
the condition is true for at least aone attripbute value a ‘%L’
is returned, ‘0’ otherwise, ANy scalar agqregate can have a
predicate (qualification) and, since it returns a single
value, can be used anywhere a scalar value s permissiople in
an expression or other predicate, UNIGUE can be used witn

COUNT, SUM, ana AVG to avoid including duplicate entries 1in

25
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the computed scalar value, For example, COUNT UNIQUE can be
used On a personnel database to rectrieve the nurber ‘ot
different states (assuming Etirthplace {s an attricute)
represented by the employvees glace of birth without regard
to the actual number of erglcyees from each state, These
scelar aggregates are usetul in providing statistics about
the databdse and in isclating turles whose attribute values
are nurmeric, For example, & gquery can be composed to
provide a list of attribute values such that each value {s
greater than the average of the values,
6. Aggregate Functions

The terr °‘function’ is risleading when used in this
context since the results cf arplying an aggrecate function
18 8 list of scalars, Althcugh this {s not the generally
accepted concept of a functien (returning a single vajas? in
the literature, it will centinye to be used in this thesis,
Aggregate tunctions are used {n conjunction si%n the ‘grecup
by’ (BY) clause, This clause preovides a opartition of the
attribute values, The partitioned values can then pe used
as arguments of an aggregate tuncticn, There can be rmore
than one aggregate functien 4{n a query, and aggreqate
tunctions may be nested. Additionally, aggregates ray
appesr in both the target 1ist and qualification., An
exarple of the application of ar aggregate function can be

found in Section V,
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The aggregate functions provide the corrutational
power of RGL, without the functions there would te no easy
method of dividing attribute values into sets and pertorming
tests or computations on these value sets, Further, the use
of aggregate functions relieves the user ¢from creating
numerous temporary relaticns and from manipulating them
indi{vidually for the desired result, For example, in a
personnel relation with salaries and department numbers as
attributes, it may be desirable to compute the average
salary of each departrent., 1This 1s easily accorplished by
the use of the aggregate functicn {n the target 1list as

follows:

answer 3 AVG (salary BY dept.no),

If this capability were not available, sore other torm of
partitioning would be required to support the query. Cne
might provide a separate retrieve for each department
nurber, form a temporary relation for the retrieved salary
tigures, and average on the newly tormed relation
separately,
7. tring=-Manigulation F t

In order to wraintain the simgle forrat of a
relational systerm and yet provide the cavnability to obtain
data based on partial or cortined attributes, RQL 1{includes
three string ranipulation functiors, The most useful of the

three for the user appears to be pattern ratching, By using

27
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;; symbols to represent any nurter of characters, tuples having

?% a desired internal pattern in a specific attribute can te

K selected, Again, consider a cersonnel relation with an

é§ attribute of date of birth, The cattern matching functicn

:3 i could be used to provide a list of all personnel born in a

ﬁ particulaer month, Pattern nmatening applies only to

;: characters and is only used in gredicates,

) The other two functicns are CONCAT and SUBSTRING.
These functions can te wused with character or binary
attributes., CCNCAT requires twc string arguments, strips
all treiling blanks from toth strings and concatenates the
second string to the tirst, The SUBSTRING function requires

a starting position in the string, a length to define the

number of characters desired, ard the attribute on which to

< pertorm the ogeration, For an example of SUBSIRING
;ﬁ erployment, see Appendix A,

F . B8, System Supplied Functions

f% There are three categories of systenm suppliea
W ' tunctions available in RQL, These grovide information about
f§ the database and host, cross reference of system assigned
Lj identification numbers to associated character strings, and
g data type conversions,

The f£irst group of functicns {s parameterless and

provide general intormaticn actout the host and datatase, Feoer

'ﬁ example a user may request the name of the database
- (DATABASENAME ()], the time or date (GEITIME () or GETDATE
i

W 28
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j§ ()1, the attached host [HOST ()], the identity of the C[BA
Sf (DBA ()1, or who is executing a comrmand [uSERID ()],

5; . - The second group of functions is useful in Freviding
%f information in a meaningful forr to the user, There are
% . three self-explanatory corrands in this grocup (REL.ID
:if (relation name), REL.NAME (relation 1ID), and FIELD.NAME
zz (relation IC, attribute ID)). 1These translations are used
N

extensively in Aprendix A,

The last group provides the capacility to convert
expressions (exp) from one data type to another, For
example, a user may convert an expression to a i-, 2= or 4~
byte integer [INT1 (exp), INT2 (exp) or INI4 (exD)), a
binary number (BIN (exp)], or a tloating=point number (FLCAT
(length, exp)l, The expressicn can be any one of the other
types listed as well as string and bcinary coded decimal in

there legal forms (e.G., corpressed and uncompressed),

De EXPRESSING THE RELATICNAL CFERATIQONS IN THE QUERY
LANGUAGE

The power of 8 relatioral query langquage s usually

measured by its ability to perform the oferations scecified

'&

ja in relational algeora or relaticnal calculus, Since the
i: equivalence of the tso has been demonstrated (Ref, 8), the
33 relational algebra will be used for comparative purposes
{%{ without loss cf generality, It should pe noted that RQL is

1’)
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probably best characterized as & domainebased relational

calculus,

The relational algebra supports four traditional set
operations (Union, 1Intersection, Cigference, and Cartesian
Product) and four special relational operations (Selecticn,
Projection, dJoin, and Civisicn), All eight operations will
be defined and an example of each in RGQGL will bpe ¢provided,
In the examples the term, relation.name, will be abbreviated
to ‘rel’ and the term, attritute.nare, to “attr’,

1. JIhe Sejection Operaticn

The selection operation provides a subset of tuples
in a relation which satisty a.qiven qualification, All
attribute values of every tucle satistying the predicate are
included in the subset, RGL precvides an ALL keyword which
sirplifies the selection cgeration oy avoiding the

enumeration of every attribute in the target listc,

RETRIEVE UNIQUE (rel,ALL) wHERE <qualification>

2, 1Ihe Projection Operatiogn

Projection is used toc reduce the number of attribute
values {n the tuples which make up the selected subset, In
addition to limiting the nurcer ot attribute values {in a
tuple, the projection operation also deletes duplicate
tuples from the sucset, ODeleting duplicates can be enforced
by using the optional keywerd UNIGUE, Projection in RGL {is

a4 function of the target list ir the retrieve comrand, A

3¢




3
.%E qualification mray be used to reduce the numkter of tufrles as
}Z in selection, To reiterate, selection reduces the numrber ot
5 tuples whereas ¢frojection reduces the numter of attribute
values,

N - RETRIEVE UNIQUE (rel.attri, rel.attr2, ..., attrn)
N WHERE <qualification>

2 3. [1Ihe Join Cperatieon

4 The join operation may te pertormed on any number of
23 relations whose attributes are defined over a ccmmon domain,
B The result of the join is a new, higher-degree relaticn,
ﬁ‘ Each tuple, in the resultant relation, 1is formed by
ﬁ concatenating tuples fro® the source relations whese

g X'

attribute values satisfy the qualification,

There are different qualificaticns and therefore

B

w . ;
& e
LR

different Joins, The equi=9oin is tormed over an equality
predicate, The inequality jein is formed over an inequality
predicate with an operator such as <, >, <=, >3 or !s, The

following 1s an example of an equi=join; the other joins can

be realized by ranipulating the target list (natural Jjoin)

or predicate (inequality jolin), accardinaly,

i

BoSar

)
. ’{‘

RETRIEVE UNIQUE (reli,ALL, rel2,ALL)

WHERE reli,jcinattr s rel2,joinater
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The division operaticn is defined for two relaticns

in which the divisor relaticn has a degree less thar the
degree of the dividend relation, 1Tne resultant relation has
a degree equal to the difference of the degrees of the two
relations, 1The division operation (s demonstrated using
relations reli and rel2 and dividing relil by rel2 where the
degrees of relil and rel2 are rm and n respectively with m >=
Ne The resultant relaticn consists of the first (men)
attribute values for each tuple {n the dividend , rell, such
that every tuple in the divisor, rel2, exists as the last n
attribute values of the uniquely determined partial tuples
{identical first (men) attritcute values) in rell, For
example if a relation X has tuples apcd, abef, bccd, and
abab, and relation Y has tuples cd and ef then X divided cy
Y would be the relation containing the tuple ab, The tuple
ab would exist in the resultant relation since abcd and atet
are in X, However, the tuple bc wculd not appear since bcet

is not in X,

RETRIEVE (reli.attri, reli,attr2, ... o, reli,attr(m=n))
WHERE COUNT (rel2,attri) =
CCUNT (rell.attri by reli,ateri,
reli.attr2, ,..,, reli,acttr(men)
WHERE reli.attr(rens+l) = rel2,actrl

ANC reli.attr(m=n+2) = rel2,attr2

32




Y
L}
»
L
»
L]
»
»
»
»
1Y
¥
)
2
L
‘e
1
)
L]
¥
.

t
"
i
A

d

] ANLC eee
~.
A ANC rell attrm = rel2,attrn)

N . S, JIhe Union Cperation

: Union is the traditional set=theoretic definition of

_4

union with the additional constraint of requiring the two
relations to be unioneccrpatible. Union=corpatiocility

stipulates that the two relatiors nmust be of the sare degree

bt dado & A

and the corresponding attriktute valuegs must be taxken from
the same dormain (e.9., reli,attrk and rel2.attrx must te

defined over the same dorain), The union of two unicne

S T e T e

compatible relations i{s the set of all tuples belonging to
either relation or both relaticns, Note that duplicates are

not avtomatically eliminated eut 4 RETRIEVE UNIGUE

> PRSI
3

(union.rel.ALL) can be executed atter the following examgple

g to display the union,

:

= RETRIEVE INTO unicn.rel (reji.all)

y WHERE <qualitfcation>

&

* APPEND T0 union.rel (attri = rel2,attri,

" attr2 s rela.attr2, ,.,., attrlast = rel2,attrlast)
1‘1 f

g WHERE <quelification>

I

7 6., Ihe Intersection COperation

ﬁ: : Intersection s only defined for unicn=ccmpatitle
g relations, The resultant relation is comprisea of tuples
g which exist identically in toth of the relations,
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:3‘ RETRIEVE UNIOUE (rell.all)

5 WHERE  rell,attrl = rel2,attril
;5 - AND relx.attfz = rel2,ater?2
§§ . AND voo

@

. ANC reli.attrlast = rel2,attrlast

7. 2Ihe Cartesian=Product Cgeration

Given two relations,rel! and rel2, of degree m and n

g
a1

respectively, the Cartesian product is the set of all tuples

§ of degree (m+n) formed by taking the first tuple in rell and

?; concatenating to it all tuples (one at a time) in rel2, Trhis

" procoll'is then repeated for the second tuple {n rell until

=§ all tuples in relil have been cocncatenated with every tuple

{i in rel2,

éz RETRIEVE UNIGUE (rell.all, rel2,all)

5

i? 8. JIhe Difference Operaticn

4, The difference of two unionecompatible relations 1is

% the set of tuples in the ¢tirst relation but not in the

;ﬁ second,

3 RETRIEVE UNIQUE (reli.ALL)

% WHERE 0 = ANY (reli.,attri BY rell,attrt

3 WHERE  rell,attrl = rel2,attri

. AND ..o

ﬂi AND reli.attrlast = rel2,attrlast)
34
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This query requires each tuple 1in rell to be
compared with every tuple ir rel2, 1In the above example, {t
is assumed that rell.,attri is the key for the relation, In
the event a relation has a corposite key, the reli,attrl
tollowing the BY can be replaced by & linear 1list of

attributes corprising the key,
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The role of DBA is to estaklish the database and to

T3 N e

. ensure that the database syster {s responsive to the user’s

pertormance requirements and information needs, Although

Ga 7

the discussion of CBA will wuse RDM 1100 as the target

4 gy

system, the facilities descrited and DBA support required
should be applicable to any relational database management

system, In particular, the amcunt of DBA support reguired

a8 R L g

does not depend on a particular system, If tne system dces
not provide certain facilities, LCBA will bpe required to

reforrat and/or extract the intorration from the datarase to

b S A

satisfy the users inforration needs, Finally, DBA will be
referred to as an individual; houevef. the tunctions can be
g the responsibility of a Qroup of gpeople,

h This section will discuss the functions and
qualifications of DBA {n the areas of database environment,

’ database design, system services, user services, security,

i

and pertorrmance enhancerent, For each area, a generalized

statement concerning DBA functions and dqualificatiens will

be provided; then a specific description of the function in

A VLD T W

the RDM 1100 environment will gellow, RDM 1100 feature

-

which supports {t,
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<! A. THE DATABASE SYSTEM ENVIRCNMENT

A A software database managerment system 1is designed to

-

support a single database ¢n a generalepyrpose corputer,

o

ey FE
S &

l‘

The advantage of & backend relaticnal database nrachine s

‘l

£

. the support which can be proviaed to multiple hests and

multiple databases, The existence of multiple databases on

R L5

4 8ingle mwachine creates twec levels of management, Level

By
g cne, the system CBA, is prirarily concernea with machine=
L wide performance and establishing authorizaticns for the
é% database DBAs, Level two, the datacase D2As, is concerned
B

with the operatiocnal data in the individual databases, CLCB2A
and system D3A should be knowledgeatle in the areas outlined

above to ensure efficient and reliacle database performance,

In RDM 1100 the system CBA has control of & datacase

i called the system database, Certain commands Such as
%E creating and destroying datacases can be {ssued only fronm
) the system datakbase, when a new database is created the
gg ' individual issuing the CREATE CATABASE command will be CLCBA
ﬁi for that database, In this thesis DBA will refer tec the
- level=two DBA unless otherwise indicated,

X

2?4 B THE DATABASE DESIGN = THE PHYSICAL ANC CONCEPTUAL

B SCHENAS

;$ AsS alluded to above, DBA has numerous areas of concern,
:fi The second area to be addressed is the database design,
;;' ' This topic describes the design of the physical schema and
5
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g the conceptual schema, A schera (s simply & Flan tor a
,3 particular level of the databtase, 1Ihe third level, exterral
2 schema, will be addressed in Section IV C,

g The physical scherma, also called the internal schema, is
- a plan for the actual steorage of data on the physical
g devices available to the datatase, In KD¥ 1100 each disk is
i divided into zones of 180 2K-tyte Elocks, The tirst block
3 in each zone is reserved for a directory to the contents ot
§ that block., 17The number of tlocks required for a relation is
}‘ dependent on the number Of tugles and the length of the
A tuples, Since the nphysical scherma {5 a function of the

database system, the major issue from the DBEA perspective is

whether the system allows the location of data and indices

g R A

to be explicitly specified,

§ The conceptual schema {s the logical plan qormally
% assoclated with the entire ‘organizational view’ and
? instituted by DBA, As the physical schema is corprised ot
é the actual location and Sstorage structure of the entire
é database, the conceptual schema ircludes the names of all
K relations, {indices, and data dictionary entries in the
% database,

o The primary query language sutset used to define the
R conceptual and physical scheras s the data definition
? language. The rapping between the physical and conceptual

schera is performed by the datatase system, Tnis mapping 1is

built as the objects are made known to the datacase syster,
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In RQL the CREATE <object> cormrands are the ¢primary

commands emploved to specify the conceptual and physical
schemas, The datatase syétem will construct a data
dictionary for each ocject, 1IRis includes making the otject
known to the system, reserving agpropriate storage, and
describing the aprearance cof the cbject (e,9., nNnumber, size,
and type of attritutes)., 1In crder to design the physical
and conceptual schemas, LCBA must know the organizational
structure and rust understand datakase norralization, the
database syster architecture, and the concepts of data
sharing and ownership,
1. Q0rqanjzetional Structure

Since DBA 1s responsitle ¢for ensuring that the
database retflects the ‘real world’ of the organization it
supports, there is ample justification for a goecd working
knowledge of the organization, 7The objective {s to develep
a plan which will accurately reflect the organizational
requirements without a need te continuously redesian the
database, Although it is terpting to limit the application
tc one tuncticnal area like gerscnne)l, CEA must te aware cf
the relationships between the gersonnel and other entities
in the organization, without a tctal orcanizational gicture
DBA will ultirately be faced with redesign to nmreet the

orqanization’s needs,
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2, Norm [

In erder to enhance datatase reliabllity and reduce
redundancy, a solid foundation in relatiornal datacase desian
principles is required, Cne extremely imgortant aspect s
the DBA’s understanding of norrmalization, Cnce a specific
normal form i{s established for a database, DEA must realize
the possible {implications of deviations from a this norral
torm and should document the excertions, Normal forms are
not specifically discussed in this thesis and the reader is
directed to (Ref, 7] for more {nfcrration,

The RDM 1100 system, 1like nmrost existing relational
systers, requires énly that all relations be in first norral
torm, This norral form stipulates that each attribute value
in & relation rust be atoric. That is, the value {s not
decomposable, Further, there 1is only a single~value
selected from the specific dorain for an attribute, Higher
normal forms rust be enforced by CBA,

3, Latabage System Architegture

CBA must also understand the architecture of the
database ;ystem to expleit efficiencies or aveid
deficiencies, Since database users do nct have static
applications and the data stored is also dynamic, CBA muyst
know how to monitor and enhance cfertormance, {f possicle,

when user requirerents edn no longer be satistied,

requirements,
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One of the primary reascns tor employing a datacase

" management syster 18 to share the data among users, 1Inhis
‘i ' provides a reduction in the storace of redundant data and
% . alleviates the crossibility o¢f anomalies associated with
': redundancy. 1he concept of sharirg data must be temperea
g with the requirements of user npeeds and intormation
¥ security, Therefore, a mears rust pe avajilacle to provide

control over the data and to permit the controlling

;* authority to decide who will Rave access to the data he
X controls.

} In RCM 1100 the control of data is a function of
§§ ) ownership and access rights, The creator o0f an object is the

owner of that object, Objects wnich may be owned are
X databasges, relations, views and stored commands, The owner
Y of the object must explicitly perrit other users (less DBA)
to access the object or portions of an object (e,q,,
specific relation attribute values), For a more detailed

discussion of ownership and access rignts, see Section 1V C,

| AR

S. QRecommendations
-g In database design the first step {s to develop a
¢

stracegy te reet the organizational information

F)

¥

requirements, since the cenceptyal schema is the
comprenensive data degcription of the organizational

information structure, the seccnd step would entail the

AL

designing of the conceptual scherma, By using this approach,

W,
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data independence can be raintained wnich will gprevent the

rodification of aprlications programs due to changes in tre
physical dataktase, Further, the dependencles cLtetween the
conceptual schera and user requirements can be docurented to
ensure changes at the conceptual leve)l will not result |in
changes to the apglications pregrams,

It should be noted that O0OBA must control the
creation of relations and indices in such a ranner so that a
specific normal torm can be raintained. In addition to
conforming to the irposed-ncrral form constraints, each user
creating relations to satisfy his own needs rust not viclate
the relations ot the database supporting other users, Such
violation will certainly ccntain excessive and redundant
intorrmaticn, and undermine the {nitial database design,
Additionally, 1{if 1individuals sharing a database are
permitted to create cbjects at will, the sharing of cata oy
all users may be subverted and the database could rapidly

deteriorate to a user=deterrined £iling system,

Co THE DATARBASE CESIGN = THE EXTERNAL SCHEMA

As impportant as the physical and conceptual schemas are
to the irplerentation ot a single database, the
establishment of the external schera s critical to the
users, In considering divergent user apglicatien

requiremrents, the external scherma provides the means to

define precisely what will satisfy each users inforrmation




needs, The external schema 0t the database is different for

each user or group of users. These schemas are composed of
i subsets ot the conceptual schera, The definition of the
.ﬁ ) contents of a cgparticular external scherma is normally
& accomplished through access control of objects existing at
” the conceptual level, By restricting the relations,

attributes, stored commands, and/¢r views available to a

SIE_ e

gl R g % 4,
; ¥ Ay g
T T

user, 4 subset of the entire datacase is defined,
A user’s access to the datatase (s determined by the

user’s access rights, The access rights of a user are

Py
-

authorized by DEA and consequently CEA contrels user access
to the database, In additicn to the verification and

, natching of host ID and hest-user ID to the database

b b

;‘h#w;w“‘u-f‘s & i

system-user 1D, these access rights are the only means for
access control in the majority c¢ database syftems. In RGL
the PERMIT and DENY commands on physical objects, virtual
objects, and stored commands can te used to establish the
various external schemas of the databdase,
1. PBermit/Ceny Accesg

There are two access rights which must be availatle

in & dstabase systenm to prcvide & user with the appgropriate

level of information, These access riqghts are read and

write, Execute privileges can be considered a special case

Y

A

of indirect resd/write just as create can be a special case

of write,

-

Y

)
b
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X The two commands in RQOL which assign the access
N
¥ rights are PERMIT and DENY, The PERMIT command grants a

user a specified access right over an object or cemmand and

AR Ay

the UENY corrmand revokes or removes such access rights,

A EA, 4

DENY {s primarily employed toc revecke a previously grantea

PERMIT,
The access rights availatle in ROL are READ, WRITE,

EXECUTE, and CREATE. PERMIT READ provides access to the
specitied objects (relatiocn, view Or named attributes of a

relation or view), Te recdify or eadd data to existing

2, AR A

relations in the database a PERMIT WwRITE for the uyser or
group of users on the objects cor cortions of objects must be

explicitly authorized, The keyword ALL can be used to grant

LA e O

read, write, and execute privileges to a user or group of
users, Only the owner ot the otject is authorized to DENY
g access to the object,

There are two cases of implicit access in RDM 1100,
DBA (s authorized access tc all otjects in the database to

which he has not teen explicitly denied access by the owner,

b g2 b s Py R

Even 1f access is denied to DBA ty the owner, CBA may still
destroy the object by deleting all references to it {n the
database relations (non-user), Additionally, the owner of
any object is perrmitted access to that ocject, All other
accesses nmust be authorized by the owner of the object,

This 1is the essence 0f the access control systenr,

44

RS .g.X 2

d
i
b

P e e e .
YR, AT G B o, B K QR Gy o RN

w . LTt " ‘e, I I S VR S S - " ="
Ly . "' g ‘1‘. oy v A IONCAY o T, "-."-‘,' .," AN RO ":“--.'.-‘




L 2. ate Physica riec

:? The datatase mranagerent system must grovide
bl facilities to create physical objects in tne datatase,
é Initially, the database must be created with an afslqned
b DBA, Following this, the physical objects in tne database
f sust be created, Although an index is not a pnysical object
:? which may be manipulated ¢ty the user, it is discussed in
E this topic.

§: In RQL the right to execute the CREATE DATABASE
§ command rust be explicitly granted by the system DEA, Once
i & user has authorization to create a datacase, the execution
2 of the CREATE DATABASE comrard makes him CBA of the nared
% database, To add nevw users tc the database, CBA employs the
? databese administrator ut{lities (C8AU) program, The DBAU
ﬁ | NEWLUSERS command assigns the hcste=user ID and host ID and
;; places them in the HCST.USERS relation, The DESTROY
i DATABASE command can only te executed by DBA, (il.e,, the
¢ owner of the database),

g . CREATE <objects> s alsc controlled trhrough the
N PERMIT and C[CENY commands, The rpermission is similar to
¥ CREATE DATABASE in that only [BA for a particular database
% may authorize the creation c¢f objects, Relations and
l indices are the physical objects which & user may be
& authorized to create, Only the owner of a relation is
; . alloved to create an index cn the relation using the CREATE
| INDEX command, However, the DBA must authorize the owner
i T
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use of the CREATE INDEX cormand. Each of the abcve
discussed cormands has a countergart for revocation, Only
the owner or CBA may destroy relations and indices,
3. a v ual Objects

Once the physiceal cbjects are created, 1{t is
necessary to create the virtual objects in the conceptual
scherma wnich will detine the external schema for each user,
Views are the virtual objects which a user may be aythorized
to create,

CREATE VIEW requires the user to have access to the
relations over which the view {5 defined, Unly the owner ot
the view pay destroy the view with the DESTRCY <object>

4. Agcess Via Stored Ccmrands

Finally, an indirect read/write (execute) access s
necessary to allcew users to extract intormation from the
database through the use of stered commands, Stored command
is an RGCL term for a user defined function or procedure,
Although this feature may nct be available in every database
system, it is very useful gnd powerful when provided, In
addition to the efficiency {issue of stored commands
discussed previously, it {is mucn easier for the user to
execute stored commands than te input long queries, In RQL
PERMIT EXECUTIE allows a specified user or grougc of users to

execute stored cormands,
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There are three rethods for providing an external
schema to & vuser or group ct users, Ihe first method s
through restriction of access on the physical objects in the
database, The second methcd {s to define virtual relaticns
which consist only ¢f the necessary subset of data the user
is required to access, Finally, the third method entails
the extraction of intormation fror the database through the
exclusive use of stored comrands,

In RGL the major precblers with the tirst two methods
are the addition and deletion cf data and implementation ot
ALL, As nmentiocned 1in Section 111 there are tooc many
restrictions on the use 0of views for updating datatase,
Additional problems can arise using the first method as a
result of the system assigning defsult values to attricutes
which ar; not explicitly listed ir an APPEND command, For
example, an {insertion of a tuple with a blank key field
(employee number) for a new ergloyee‘’s salary and name would
result i{n a tuple containing the erployee’s name and salary
with a blank key field, A serarate insertion containing the
erployee number and name would result in two tugles in the
same relation for a single erglovee,

The stored command can be executed without granting
the user access rights to the relation(s) which are accessed
by the command, However, exclusive use ot stored commands

gor intorration retrieval is not reascnable since
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anticipation of every query which a user c¢ould rossitly

Baaia St aran

require is not possible,

3 There {s a trade-ocf¢ Letween access control,
:‘ performance, and relaticnel cperspective, Each o©of these
¥ . issues requires the sacrifice of one of tnhe trade=ctg
3 features, In order to resclve this protler, a combination
;; of the prescribed methods {s required, 7The use of stored
S commands to input and delete data in a well structured

database removes the restricticns on tnhne use of views,

Further, stored commands car force the entry of all

mandatory attribute values for & tuple through parameterse
2 argusent matching which elirinates the duplicate tuple
problem described above, Corkining stored cormands for
updating with the use of views to define tne external

schenas would provide the most logica)l apgroach, In order

%; to employ this strategy a8 rajer system change is reauired in
N the implerentation of ALL,

;s First, it should te otvious that the nmost logical
}% mechanism for producing an external schema is the view,
= However, the rajor probler {s the necessity to provide
;g access to the ATIRIBUTE relaticn to permit the use of ALL
*3 with the view name, Therefore, ALL should be {mplemented

- such that only the attributes or relations the ysers are

euthorized to access are returned. Tnis should not carry an

implicit access to the ATIRIBUTE relation, Access to the

ATTRIBUTE relation can be restricted ¢ty implicit use ot
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user=id predicates on all queries on data dictionary
relations, The performance issue results froem the
luplcnentatlén 6f ALL {n the host and the resultant
cospunications between the host and the backend to process a
query containing ALL. 7This performance degradation can be
rectitied by implementing ALL in the crcackend relational

database rachine,

Ds SYSTEM SERVICES
The third area is the services provided to DBA by the
systep, DBA will use these services to facilitate systenm
backup, crash recovery and provide ({nformation about the
database, Ihe system services establish a nucleus ot
intorvmation and facilities which DBA may be required to
augment for his own personal preferences and needs,
1. Jystem Backup
Two areas of system backup rust be provided to CBA
to ensure proper system functiening, The first area is the
necessity of providing a means to record the contents of the
database when {t 13 in a consistent state, This {s employed
rost frequently by the syster CBA and {s addressed fyrther
in the next topic on crash recovery,
The second area is the need to return the database
to a previous consistent state as a result of aborting a
transection, A transaction is a single command or a series

of commands which must bde left uncommittea until the final
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comvand has tinished, This situation can result fror a user

. decision to abort his transacticn pricr to completicn or the

necessity of rolling a transaction bpack as a result ct
deadlock, Beadlock occurs {in a multiple uyser system when
one user holds a resource (e,g,, relations) -another user
requires and the second user hclds a resource tne first
requires, In this situation, the system {s said ¢to be
deadlocked since neither user can complete his transacticen,
To resolve deadlock only one of the transactions must be
rolled back, The solution to user aports is to restore the
databese to the state it was in prior to the abort.

In ROM 1100 the functicn of backing up transactiocns
is invisible to DBA, The TRANSACT relation (to be discussed
later) is used to nmaintain the cefore and after attribute
values affected by the transaction for relations created
with the 1099ing option, The RATCH relation (s used for the
cther relations, A transaction 1is by default a single
command unless the explicit ccrrands BEGIN cCtefore and END
TRANSACTICN after @& group of ccrmands is specified, ABCRT
TRANSACTION can then be issued after BEGIN and before END to
cause rollback, RDM 1100 empleys an optimistic concurrency
control algorithe which does not prevent deadlock from
occurring, The resolution of deaalock s completely

invisible to the user and DBaA,

S0
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.3 2, (Crash Recovery

f; Another facility which rust te provided to CBA s
N the ability to recover frecr & system malfunction., 1Ihis {s
k; particularly irportant when the data on the disk has been
ﬁ . lost or contaminated. To aveoild excessive time delays,
@ periodic copies of the entire database must pe made to
ig reduce the amount of updating, The frequency of corying the
%? database {s dictated ty the nurcer of cnanges in a periocd ot

time and the time demands of the applications programs, 1The

norral wethod of recovery requires the most recent copy of

s";’ﬂ" Fia et

the database and the transactioens whicn have occurred since

3 the copy vas rade, Once the ccpy of the adatabase is loaded,
g the transactions are rerun to trinrg the datacase up to date,
v Since the chronological list cf transactions {s the key to
g ’ recovery, it must be copied frcm the database on a freguent
% basis even though the copyinrg cf the entire database may te
N less frequent due to the tire required, 0Of course, scme
g transaction wshich were in progress or not {in a transaction
2 1ist must be reinitiated by trhe user,

2 ROM 1100 provides DUMF CATABASE and LCAD ©DATABASE
¥ comrands in the DEAU  facility, Additionally, DUMP
&

TRANSACTION is provided tc rake copies ot the transactiocn

et

109, The corvand which allows rerunning transactions atter

4@ LOAD DATABASE command has been executed is ROLLFORWARD,
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3. Syster Information

Ihe database system erpcloyed must provide a data

dictionary and statistical {irnfcrmation on the database
contiguration and performance, A data dictionary contains
descriptive inforrmation atout the database, It must include
all the various schemas (physical, conceptyal, external) and
should {nclude cross-reterence intormation such as whieh
programs use what data and syncnyrs,

In RDM 1100 there are 13 system=supplied database
relations which contain dJdescriptive information about the
associated database, In addition, there are seven systen
relations which provide a gloktal description of the database
machine,

The system relaticng provide a catalog of the
databases in RCM 1100, a list cf disks known to the systen,
status and types of locks in the system (used for concurrent
processing), and the confiquration of the communicaticens
intertace to the attached host(s). Another system relation
provides intormation concerning the activity currently
taking place in the database, 1Iwo additional relations are
used to provide performance data.

Perhars more important for OBA are the 13 relaticns
associated «with each datacase, Each relation is listed
below and a brief descripticn of the type of {information

contained is provided, The first 11 are used to supcly data
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?: dictionary information and the last two provide information
f’ related to transaction management,

. RELATICN NAME CESCRIETICN
4
'.i RELATION A single tuple is provided for each

cbject in the database, This tuple

includes, as agrropriate, the name of

A A

o oy
Dot A S e

the otject, owner, relation identie

%% ticaticn numeer, size, location,
gi number ¢f tuples and their lengtn,
Q type of ckject (user, system, transe
;' action log, file, view or stored
§ cormand), and the number of
X attricutes,
ATIRIBUTE A tuple is entered for every attritute

in the database, This tuple includes

the attribute jidentification number,

% data type, raximum length, associated
&? relation IC, ana attribute name,

INDICES Each index has a tuple in the relae

tion, 1The attriputes {nclude the

i index identitication nurbcer, relation

ID, nurber of attributes in the index,

N locatien, and attrioute ID(s),

- 83
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iy PRCTECT Contains inforration associlated witn
‘é the exglicit access authorized on otjects

for users {n tne database,

QUERY Contains the stored comrands and
: views,
X CROSSREF Cescrites the dependencies among

relaticns, indices and stored

conmands irn the datapase, The depende

N

Ef encies are system detined and not user
;: specified,

ég USERS Cescrites the mapprings between user

%3 fdentification numbers, names, and

A . user groups.

% HOST.USERS Cetines the rapping between the nost

'i 1D, hosteuser ID, and RDM 1100 user ID,
;; BLOCKALLOC Catalogs tre sector assignment within
;3- a4 zone, Eaclh tuple represents a sector
‘ and the assigned ooject,

o DISKLUSAGE Describes datatase disk allocation,

g

% DESCRIPTICONS Contairs usere-specified, textual

X

descripticns of ocbjects and attributes

vy
s

. in the database,
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ﬁ BATCH . Contains temporary logging informaticn
; used ty the system for transaction

N managerent, This relation provides

N

infcrmation en transactions against
2 logged and non=logged relations so
they can ke canceled i{f required,

The transaction i{nformation is held

S 2P SR,

until the transaction is committed,

TRANSACT Perranent logging information used

tor crash recovery.,

el oo v U SR

All of the above relaticns provide the corprenensive

T a8 BT G,

picture ot the database, Although the intormation is in the
- relations, much of {t {8 rct {n & usable format, Fer

example, only the RELATICN relation contains the textual

R 4

name 0f a relation, Other relaticns use the (internally

.k

assigned relation ID, Further, some of the information {s

encoded, In order to translate this {information into an

oA Y 8

understandable format DBA rmust develop stored commprands
(preterable tc ad hoc queries), The number of stored

3 copsrands will be dependent on the desires of DBA, However,

o o A

8 minimum subset should {include commands to 1list the
relations, attritutes, 1indices, attributes in an index,

access 1ist associated with an otject, description of an

o ot T ST

object, and dependenclies,
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The following stored cormands are used to yield thre

minimum subset, TABLES is used toc provide a list of objects
by type (CBAe-supplied parameter tc TABLES), For relations,
relation name, tyre, and the nurber of attritutes and tuples
in the relation are provided, FIELCS provides the relation
nare (parameter srecified by CBA to FIELDS), attribute nare,
data type of the attridbute (bin, char, int, etc,), and the
length of the attribute for every attribute in the relatiocn,
ALL.INDICES provides a list of all indices on user relations

in the database, The {inforration provided includes the

relation name, index identitication number, nunmber ot

attributes in the index, and 3 narrative description of the
tyce of index, An additional comrand, INDCEX.LIST, 1is used
to . provide the same {nfcorraticn as ALL.INDICES except a
relation/view name is passed as & parameter and only the
indices on that relaticn/view are returned, ATT.INJINCX1
and ATTLINLINDX2 are used to list the attributes in an index
by narme, These commands require tvo parameters; the index
ID and the relation name, The reason for the development of
two separate commands is the readapility of the output,
PROTECTION provides the otject nare, user name, and type of
access authorized tfor an cbject which s passed as a
parameter, Another command, ACCESS.LIST, {8 provided to
describe an oktject and the asscciated access list for a
particular object, WHATIS prcvides a narrative explanation

of {ts parameter from the CESCRIPTICN relation, DEPENCS {s
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,ﬁ used to provide & list of the dependencies on an object,
5 Finally, another useful comrand 1s AHQCREATES which provicdes
gl 4 list of users who have teen granted create permission in
2 -
;; the database, RQL constructs for the stored commands
x . described atove are provided in Agpendix A,
o 4. [franslator
2
:& Upon implementation ¢f & relaticnal datatase, it

£3

will Dbe necessary to load the data into the system, Since

the data exists on some storage device (disk, tape, etc,),

there should be a mechanismr fer presenting the data to the
system for immediete loading in a relati&hal tormat,
In ROM 1100, assumirg the data can be collated as a
N sequence of records on a disk cr tape, the ‘translator’ can
then be used to lcad the datatase on a relatione=by=relation
basis, The “‘translator’ will ask a series of questions to

ascertain the inceming data format and estaclish the

relation schera, The following qQuestions must be answered

1‘ for a relation, The answers are parenthesized,

1. Qutput directly to the RCM? (y/n)

2. Input file (name)

N

%é 3, Database (nane)

ya

& 4, Name of table (relaticn name)

5 - S. Name of ist tield (nare of tirst attribute)

?g 6. Enter input type and length (input £ile format)
3

7. Enter ocutput type and length (ci2, {1, etc,)

5 LY
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8, Starting position (input file)

(Questions S through 8 are repeated for each

attribute,)
9., Record length (input file)

E, USER SERVICES

The fourth area is DBA support provided to the users of
the relation datakase syster, DBA should previde
services/facilities to the users cf the database depending
oh their applications and experience level, A discussion of
user services in two general areas will be addressed, These

areas are providing a help facility and providing stored

comrands,

1. Help Facility

As with any interactive system, a help facility 1is
required to preclude tireeconsunring, trialeand=error
corrective procedures, For a relational database system the
help facility should include, at a minimum, the syntax and
explanation of every language ccecmrand and an exglanation ot
the stored comnands, relaticnsg, and views,

In RGL this can be accorplished by creating a help
relation with three attributes (object, line number, ana
text) and defining & stored corrand wnhich given an object as
& parameter will explain {ts purpose or use, The storea
command must contain appropriate creaicates in the WHERE

clause to ensure the user can cnly retrieve information from
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the help relation about objects which he s authorized
access, An example of the help relation and stored commana
is provided in Appendix A,

2, Stored Commands Provided bty DBA

DBA must have an inedepth Kknowledqe of the query
language, It is not reasonable to assume that the average
user will become proficient {n tne use of the query
l1anquage, Both query language complexity and performance
{ssues must be considered, The examples in Sections 1Il1 and
V demonstrate some of the complexities in RQL, UCTRA will ce
required to assist the user ir the proper formulation of
some queries, In addition, the wusers will 1look for
assistance when contronted with any perceived problem in the
database, Since CBA {s a database expert, the user will
naturally request nhis assistance,

In addition to applications oriented RQL stored
commands, vwhich are not discussed, DBEA should provige
corpands similar to those described earlier in this section
for the user, Spgecifically, CEPENCS, WwHATIS, PRCTECTLCN,
ATTLINLINDX], ATTLINGINDX2, INDEX.LIST, FIELCS, TABLES, and
HELP should be provided, The conly difference between the
DBA commands and the user’s stcred commands is the inclusion
of the necessary predicates {n the wHERE clause to limit the
response to data which the user bhas been granted access,
Qther minor modifications ray alsc be desired, For exarple,

TABLES could be rarameterless and return all relations,
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views, and stored commrands to which the user has access.
PROTECTION could be modified to return only the accesses on

ocbjects the user owns,

Fe SECURITY

The £ifth area for DBA concern is the security of the
database, The security of a datatase system is plagued with
the same protlems associated with computer security in
general, The normal mechanism tor security is access
control, Since a database system is attached (backend) tc a
host, the security measureg provided by the host are the
g£irst level of security atfcrded the datapvase systenm, The
user ID-password logon procedure employeé by general-purpnose
corputers can be used for database systems to provide the
same security checks, Additicnally, a host 1ID check in
conjunction with the previously menticned validation can be
performed when & backend syster {s uysed, Security is also
atforded by the backend mrachine configuration since the
database machine is separate fror the host and uses i{ts own
disks for data storage,

The first security check performed by RO™ 1100 {s the
veriticetion of the host and host=yser IL, These IDs are
verified each time a request {s made fror tne host to the
backend wmachine, Since the security of the database is
closely associated with the security of the host, the use of

passwords on the host for identification and verification is
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essential, 7The user 1IDe-password Jlogon procedure s not
employed in RCM 1100 but is taken from the nost which means
there is not an additional IC-password reqguired ¢for the
backend machine, In addition to the veritication and
matehing of host 1ID and hosteuser 1ID to the database
systemeugser 1ID, the access control rights are the only
security rechanisges avallaple in RDM 1100,

There are two implicit access rignhts {in RDM 1100, The
owner (creator) of any object and DBA are permitted access
to that object unless explicitly denled by the owner, All
other accesses rust be authcrized by the owner of the
object, This is the essence cf the security systém. The
remainder of this topic will discuss specific security
weaknesses in the RDM 1100,

1. Jecurity Aspects of °“ALL’

A crucial aspect for security is the implementation
of ALL, ALL 1s used in a qguery as a synonym tor every
attribute of the relation in the target list, As previously
discussed, there 1is not a user ID qualification asscciated
with ALL, Therefore, the translation of ALL to its
attribute eguivalents s tased on tnhe object (relation or
view), ALL doces not work with a view or a relation unless
the user has READ access ¢n the ATITRIBUTE relation,
However, once this access {s authorized, the user can
exarine the entire conceptual schema which s certainly a

violation of security.
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X 2. System Messages
¥

The use ot relation.attribute(s) or

view.,attribute(s) in the target list returns two separate

. -
o e

—a
e

error messages 1f read access to the cbject s rot

2R3

permitted, One error message (permission denied on ,..)
indicates the attribute name {s valid but access s not |

authorized, The other errc¢r message (.., Not found) can te

B R NI
P P

interpreted as the attribute nare is noneexistent, Although

extremely tedious, the errcr ressages can be used in a

. >
~, A

P

trall=and=error method toe oktain the conceptual schema,

3. User ldentification Nurters

Another serious weakness in the security of RUL s

the deletion of a user fror a database, The easiest method

S
R
»

is to delete the user from the HOST.LUSERS relation which
will prohibit him trom orening the database, However, if a
Y new user is added to the datatase from DBAU and the system

assigns him the UID which was previously assigned to a
e deleted user, the nev user will inherit all the accesses
i which were established by DPA and owners tor that UID., This

- 18 not acceptable since there should not be any {mplicit

suthorizations for a new user,
4. QRecommendations
The recommendaticns for correcting the
L. ieplementation of ALL are discussed in Section IV CS above,
Although not as informative, the return of a single error

ressage for both access denied and relation.attribute not
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found would provide less inforsation about the conceptual
schema of the database, Frer a user’s cerspective it dces
not appear to be significant whether access is denied or the
object s not in the database, The critical issue {s to
avoid divulgence of the conceptual schema to a user not
authorized this intormation,

The two methods for correcting the user ID problem
are the explicit deletion of all access rights in tne
database (PROTECT, USERS, HCSTL,USERS) for the old wuser by
DBA, or providing a comrrand in the DBAU to delete a user
from & specified database which will explicitly remove all
the accesses the user has been granted. The secend metnod is
preferable to the first since the system should provide this

-

service to DBaA,

Ge FINE=TUNING PERFORMANCE

The last area of concern ¢fcr OBA {s the performance
enhancement of an existing database, Given that a
relational database systerm has already been selected and the
overall perforrance factors have Dpeen estaclished, CBA
nevertheless does have a few tocls at his disposal which can
enhance perterrance, There are teatures in the guery
language implementation which are more efficient than
others, For exerple, & Join can run faster depending on
which relation i{s held in cache, Cne language uses the last

relation 1listed in the query if other factors are equal,
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Thus, the order of the relations could be ({mportant,
Another example {s the use of parenthesis to resolve
ambiquity in & list of logica)l predicates., These features
are highly imglementaticn=dependent and will not be
addressed further, The other three <features are data
reorganization, indices, and data placement,

In RQL DBA will be required to develop a cperformance
monitoring strateqy wnich may include the periodic execution
of stored commands specifically designed to collect
pertormance data,

1. Date Reorganization

As data s added to and deleted from the datatase,
there is an associated fragmentation of relations in
physical storage, Even though rany database systems provide
the capability to reserve extra sgace tor relations, this
will result only in a delay of tragmentation, The extent of
fragrentation sust be ronitored and fragmentation eliminated
vhen necessary.,

DBA may specity the numter ot blocks for a database
and for a relation in RQL, Additionally, FILLFACIORS can be
specified for clustered {ndices on relations, This
FILLFACTOR determines the gercentage of each disk klock
which will be used for the data in the relaticn when a
clustered index is created, when the fragmentation becores
excessive, the clustered index can be destroyed, recreated,

and a nevw FILLFACTOR assigned, 1Inhis procedure will rescort
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the data in the tloecks avajilatle ¢for the relation, A

relation will obe allowed tg grow until it uses all the

23 -

N Blocks it is authorized or all tlecks in the database are
&

§§ full. Since blocks are not re-used when data is aeleted

from & relation, this will result in reacning maximum Eblock

5

capacity and fragrentation, CBA can monitor this activity

)

by writing a stored command on the BLGCKS relaticn, The

o

ability to eliminate fragrentation for a non-indexec

%% relation will depend on the nurper of free consecutive
?; Blecks availatle in the database. 1If enough blocks are
;» available, the data can be retrieved into a temporary
é% ] relation detined over the empty blocks, the original
jﬁ relation destroyed, and the termporary relation renaned,

. This strategy can alsoc be erployed when reclustering does
; not offer a satisfactory soluticn to fragmentation,
Aot

Indices can enhance the performance of 4a database

for data retrieval, (Ref. 2] and ([(Ref, 3] have documented

the actual enhancement in RCM 1100, Since indices are

spplication=oriented, they are highly desiravle for
B databases where the majority cf orerations are retrieval of
data over large relations or relations wnich are fairly
static can be i{dentified, If nurerous update and append

transactions are envisicned, then 4 degradation In

& ‘ pertormance could result due te the constant updating of the

> indices, Therefore, DBA should te avare of the size of the

x e
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relatloni and types of operations performed on the
relations, For example, 1if insertion is prevalent tren
avoidance of indices on the relations wnich require numercus
APPENDS, if possible, may reduce degradation,
3. Date Placement

Hypothetically, the placerent of data on disks can
enhance performance, For exarple, 1if a join between two
relations 1is cperformed frequently, then placing the
relations on separate disks will reduce disk head movement
as data is moved into cache, Although this Dhypothesis has
not been verified due to the lack of facilities tfor placing
data in ROL, the data placement strategy should ce
considered whep explicit assignrent ot physical storage is
avallable, This could ke even more significant when
processing data onethe-tly {is realizea, considering the

speed discrepancy between reading data and moving disk

heads,
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,} Ve EVALUATION OF THE RELATIONAL SYSTEM
% -
5 A, THE FULLY RELATIONAL SYSTEM

i. The Fully Relational Characteristics

The definition of & "fully relational"™ database

management syster (s given ey Chris Date (Ref, 7)., Date

suqQgests that most existing systenms are not fully

*,

§§ relational, The primary tenetit of considering ¢tully
%ﬁ relational as a standard and goal for implementation s in
%3 the algebrajic power of the larquage and tnhe consistency of
g: . system supplied functions, If the system {s deficient in
§f any characteristics which Cate describpes, appropriate action

g may be taken to provide a semclance of a fully relational

system, First, the concept ¢f fully relational is defined;

L

BT - R
.‘;%"

then a8 comparison o0f RCM 1100 and RCL to the definition s

#3

addressed,

b
i

“+4)
3
s
’!

In order for a datatase tc te characterized as fully
relational it must supoort the following:
a4, "relatiocnal databases (including the concepts of

domain and key and the two integrity rules);:"

b, "a language that is as gowertyl as the relational
4 algebra C(and that weuld remain sc even {f all

facilities for loops and recursion were to be

deleted)."” (Ret, 7]
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A relatjional datatase exhibits the tollowing

properties:

g( 4, Relations are in first norral gorm,
gg b, Associations cCcetween relations are explicitly
j ) connected through commen attributes,
‘f €. Every value appearing in a given attribute is taken
i  trom the domain for that attribute,
d, Every relation has a unique crrimary key which
g' distinguishes (identities) individual tuples,
¢
In addition to the above preoperties, two integrity
3 . rules are required, First, a null value is not permissitle
y as an attribute value ot a prirary key. Second, {f a
v relation A nas an attribute value which is alsc the primary
g ) key of another relation B, then at all times tne attribute
? values in relation A must exist ({n 8, This rule prevents the
- missing linkages among relaticns when attribute values are
A% added to relation A or removed frcm relation 8,
? 2, Four Areas of Deficiency
- There are four areas in which RDM 1100 does not meet
% the requirements for a fully relational system, First,
% although specification of the schema includes data types for
. egch attribute, no notion of an underlying domain s
‘E incorporated, Since attribytes are deftined py general
§ length and type comparisons of attributes are limited only

to similar types (€eQey character with character),

f 68
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meaningless cowmparisons are sllcwed, Without the concepts of

sets, enumerated types, and ranges available in higher order
25 languages such as PASCAL or ACA, the support of domains will
alvays be questionatle,

Second, the requirerent for a unique primary key 1is

34 not enforced, The uniqueness of an attribute value can be
;g enforced by declaring a unique index on one of the candidate
- keys, However, this asscciates an access rath with the
:%i concept of a key, These are twc logically separate {issues

L

and a3 such should be dealt wilth separately, since the

7

3

.
B

X )

o

existence 0f a candidate key does not imply the need for an

access path on that attribute,

Third, nulls are not implemented {n RLCM 1100,

- However, the  default values f£or (integers (zero) and
e
§; characters (blanks) are provided for unspecified attribute
%}
%} values, Tuple(s) may be entered {nto a relation without

e
i

values for the key fields, Even 1f unique attribute values
are enforced through index specification, at least one tuple
with the default value in the Kkey attribute will be
accepted,

Finally, relations are normally connected through

the repetition of sore (or all) cf the key attribute values

. in one relation A and in ancther relation B, However, there
et
‘g; 18 no mechanism to ensure relation B does not contain a
%!

B value in the connecting attrikcute which does not exist in

relation A,

1 0
A MR P A"

a2l AR A AR R O MM A AR A MR A AE AN A SRS - M ot i Ay i et s De i e Bn 80 2 |
Pl (At




;’.‘k”.y{,_

g

PalASa 2, &

¢ -

x

. B

i

B LT,

y .
T

P A "= -
PR RN 4,

el M

3, R na grpletene

RDM 1100 pgperforms all the relational algetra
operstions defined in Secticn I1I with one exception. This
exception deals with the eliﬁlnation of duplicate tuples {n
the results after applying certain operators (projection,
division, natural join, etc,)., For example, although the
result relation may appear to satisfy a natyral join, {t is
obvious that duplicates are nct a priori eliminated, since
the elimination i{s a functicn of the associated projection,
Additionally, a projection of an attribute in a relation
with duplicate entries will return all the values in the
attribute without regard to duplicates, A Join could be
simylated by ¢torming a Cartesian product of the two
relations, arplying the ©predicates to the product,
extracting the concatenated tuples which satisty the
predicates, and projecting the attribytes from the target

list,

B, COMPARISCON CF TwO QUERY LANGUAGES
This topic provides a ccrparison of RCGL and SGL, The
selection of SOL as the comparative language is based on the
relative familiarity of a large numpber of people with the
language and its widespread use,
1. JHAQual Power
The power of the twe query languages is practically

identical. Both 1languages are relationally complete which
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irplies:

&, Any relation derivatle from the database relaticns
ﬁﬁ : using an exgression 1in the fexational algebra can te
retrieved using the language, and

b, Any derivable relation can bpe Tretrieved using a

;ﬁ single staterent in the language,
«)‘l.
% 2. es in Syntax Stryectur

The major difference between SQL and RQL s the

syntaetic structure, Using the database in Figure { from

Date, an example of the two Query languages will te given,
This exawple 1s 8 query te list the names of all
suppliers who do not provide part "P2", As can seen from

inspection of Figure i the answer vwould be one supplier,

o * ADAMS,

; SOL3 SELECT SNAME

E FROM 8

. WHERE °P2° la ALL

(SELECT PaNR
FRCM SP

The query as stated in RGQL is:

RGL: RETRIEVE (S.SNAME) WHERE 0 = ANY (SP,P.NR BY

R “ s.sNAHE

WHERE SP.PaNR = "P2"
ANC S.S.NR = SP,S.NR) GO
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------------------------

# SoNR SNAME  STATUS QITY
R - 51 SMITH 20 LONDON
. §2 JCNES 10 PARIS
B 83 BLAKE 30 PARIS
= 54 CLARK 20 LONDCN
¥ S ACAMS 30 ATHENS
£
2aliR ENARE SOLCR BEIGHT CIIX
P1 NUT RED 12 LONDCN
P2 BCLT GREEN 17 PARIS
P3 SCREW BLUE 17 RONE
P4 SCREW RED 19 LONDCN
. PS CAN BLUE 12 PARIS
P6 €a6 RED 19 LONDCN
iy : SE
. SyNR PaNR Q1Y
s1 P1 300
81 P2 200
81 P3 400
s1 P4 200
s1 PS 100
ghe s1 Pé 100
— 82 Pl 300
s2 P2 400
83 P2 200
s4 P2 200
S4 P4 300
A S4 PS 400

Figure 1, The Supplier-Parts Catabase
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Without reqgard to irplerentation the atove gueries

aro'resolved as follows:

é - 4, In the SQCL example the sets of suppliers and the
%’ parts they supply i{s fcormed by the nested select, Then
. i the outer select will return a supplier’s name, if ana
Tg only {f the set of parts supflied by that supplier dces
3 not contain "P2",

: e In the RGL example the "ty" clause establishes the
i% same set as the inner select of the SQL query, Then the
?

two boolean expressions are evaluated with the "ang"
conjunction, 1If no tucles satisfy tne conditions for a
given supplier, then the value of ANY (tuple) s 0, 1If
ANY {is 0, the qualiticetion evaluates to true, and the
» suppliers name {s returned, S.S.NR % SP.S.NR {nsures

that suppliers In the S relation but not in the SP

relation are not ignored ({.e,, that a surglier who
supplies no parts will be included as a tuple in the
answer to the query).

The syntactic structure of the example demonstrates
the wmajor differences in the twc lanquages, SQL is highly
& structured, with nested selects, 0On the other hand, ROL
does not permit nesting of retrieves but allows nesting ot

. aggregate functions to pertorm the sare operations,

Although it would be purely subjective to taver one method

e Ve
‘4.."'_‘4‘&"{;..4 A

over the other, it appears that the structured approach of

SQL may be easier to learn initially, However, once the

73




P ORI N ol Tad N B A I L A Ln T e T o T B N L G o a Ve W T, o, o e e

...........................

i

g agoregate functions of RGL are mrastered, the lack ct
: redundancy may be mcre attractive,

i ) 3. Qther Differences

% RDM 1100 does not irplerent nulls, but does supply

T default values (zeros for nureric fields, blanks tor

character fields), Therefore, tne results of the scalar

1, agQregates and aggregate functionrns (AVG, MIN, MAX, and SUMm)

| are not always predictable., 7Ihis implies the user must te

extremely Kknowledgeable akout the database and use the

agoregates with caution (e,.q,, explicitly exclude =zero

values from aggregation), 1In SQL queries can be constructed

v with "no null" as a gqualifier and the tuples with null

‘é values in the attribute being aggregated will not be
included in the returned value,

SOL uses “ALL’, °HAVING’, °IN°, and others to

et

arovido a more set=thecretic description of database
manipulation, RQL provides the same capability in the
agoreqate functions but the ccncept of set manipulation is
not explicit., RQL provides.a ’pyCC’ tunction and some string
manipulation functions which are also aveilable in SQL., The
string manipulation functions extend the power of RGL
particularly vwhen vworking with database relations ({.e.,
none=yser defined relations) which have attributes encoded as
binary values,

g The “MOC’® tunction 1s not correctly implemented for

negative numbers in RGQL or SQL, It returns the modulo class

14
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é%ﬁ of the argument as i{f the argurent were a positive integer
i;' and ‘attaches’ the originsl sign, For example, =1 med 8 =
i{% . (1 mod 8) = =f, To aveld this inconsistency and to
5%? correctly irplerent the rathematical definition, the
-; ) following nested application of mod is required for modulo

3 8¢
R, .

B mod (mod (ARG, 8) + 8, 8),

o The actual function irplerented arpears to bte a remainder
§?? tunction which would be ceonsistent since both gquery
;?% languages are irmplemented in tnhe programming language C, C
ﬂ% has & remainder function but net a mod function,
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VI, CONCLUSICNS

There are three rajor areas in which DBA must te
. knowledgeable in order te ersure the successful management
of & database syster, These areas are tne user services,
performance enhancerents, and security tfactors. The
speciftic relational database ranagement system or tackend
sachine employed will dictate the amocunt ot DBA support

required in each area,

The user services include the stored commands providea
by DBA, the loading of data intc the system, the recovery of
the database as a result of syster majltunction, and a help
facilicy, Although these are not comprenensive and the
exact amount of support will te discretionary on the part of
DBA, - they do ¢gorm the nucleus for DBA’s planning of user
support, 1?This support is critical to the acceptance and use
0f the relational database system by the user community,

The basic tools DBA can use tc ehhance performance are
the Iimpleamentation of the language features, indices, and
data placement, The perforrance enhancement which can be
gained from the query language is only achievable ¢ DBA has
4 solid understanding of the language and how {t is
{mplemented, Certain features of the language will be

. executed faster than others and since there are numercus

weys to torsm a qQuery to cbtain the same information,
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knowledge about these characteristics can achieve meore rapid
responses from the database, Theregtore, DBA should review
user commands in applications programs and provide quidance
to users for the purpose of exploiting the more rapia
geatures, O0Of course, the specitic features will vary
between languages,

Indices provide another pertformance tool in databases
where retrieval and joins are the primary operations, Even
it these operations are not the most prevalent, indices ray
still be enmgloyed to enhance performance, 1f the database
has a large number of insertion ocperations, then avoiding
the placerent ot indices on the relations which are changing
frequently will not result in serious degradation
attributable to the {(ndex updating, Additicnally, it
relations (n this type of databése which are not suvject to
frequent ingertions but are used in numerous retrieves and
joins can be identified; then placement of indices on these
relations over the appropriate attributes will enhance the
overall perforrance of the datatase systen,

The ability to explicitly place aata in the database
should provide a nore resgonsive system, In order to take
advantage of data placerent CBA rust Kknow what Trelaticns
exist {n the system and which cones are joined on a recurring
basis.

The security aspects on 4 relational database systenm

should be a critical issue for DBA, Since a single database
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will be used By various users iIn the organization, there

222l ’a" s A

B R TARS 1, A

will be data which certain greugs of users do not require to
N perform their functions and rore {mportantly, they shoula
fﬁ not be allowed to access, Although there {s more to
;% . security than access control, this appears to ke the only
3 mechanism available to DBA to irplement a security system in
#3 the database, Consegquently, access control should ke
H erployed to restrict the data avajlatle to the users and
% sinultaneously, provide a relaticnal database perspective to
% each user,

In RDM 1100 there s a trade-off between security,
performance, and relational perscective. There were three

methods discussed to provide a single external view of the

YL

database tOo a user or group cf user, Each of these methc¢ds
regquired the sacrifice of ene ¢gf the trace-otf features and

in order to resolve this prooclem, a change in the

izplementation of ALL 1s necessary.,

The features and issues discussed in this tnesis should

54

provide ©DBA with some guidelines and tofics to investigate
which will make Dhis database system acceptatle and
7 responsive to the users, Although the success or failure ot
any system cannot be realistically placed on a single
f individual, it appears DBA will be more respcnsinle than any
other person connected with the system if {t does not meet

5]
¥ the users perceived needs,
'
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APPENDIX A

|
EXAMPLES OF STOREC COMMANCS |

3
n
=

DESTROY ACCESS.LIST GO
DEFINE ACCESS.LIST
RETRIEVE (RELATICN,NAWE, RELATICN.TYPE,
FIELDS ® RELATION,ATTCNT, RECORCS = RELATION,TUPS,
USER = USERS,NANE)
WHERE RELATION,NANE = $0
AND PROTECT,RELID ® RELATICN,RELID
: AND PROTECT,USER = USERS.ID
3 AND NOD (INT1 (SUBSTRING (1, 1, PROTECT.ATTNAP)), 4) = 1
END DEFINE GO
ASSOCIATE ACCESS.LIST WITH "RETURNS ACCESS LIST FOR AN
0BUECT® GO

ALLGINDICES

DESTROY ISTATUS GC
CREATE ISTATUS (STATUS = 11, CESC = C30) GO
APPEND TO ISTATUS (STATUS = O,
. DESC = "NONUNIQ-NONCLUS=NO DEL SILENT")
APPEND TO ISTATUS (STATUS = |,
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N
CESC = "UNIG=NCNCLUS~NO DEL SILENT")
: APPEND TO ISTATUS (STATUS = 2,
% DESC = "NONUNIG=CLUS=NO DEL SILENT")
3 APPEND TO ISTATUS (STATUS = 3,
N . CESC = "UNIG=CLUSeNO DEL SILENT")
: APPEND TO ISTATUS (STATUS = 4,
g CESC = "NONUNIGeNONCLUS=DEL SILENT")
APPEND TO ISTATUS (STATUS = S,
éé - BESC = "UNIGeNONCLUSeDEL SILENT")
U APPEND TO ISTATUS (STATUS = 6,
) CESC = "NONUNIG=CLUS=DEL SILENT")
§ APPEND TO ISTATUS (STATUS = 7,
N CESC 3 "UNIG=CLUS=CEL SILENT")

PERMIT READ OF ISTATUS TO ALL
DENY wRITE OF ISTATUS TO ALL GC

T RO

o T

DESTROY ALLLINCICES GC

A

DEFINE ALLLINCICES
RETRIEVE (REL = RELANAME (INDICES.RELID), INCICES,INDID,

INCICES,ATTCNT, ISTATUS.CESC)

4

CRDER BY REL.NAME (INDICES,RELID)
WHERE ISTATUS,STATUS = MCD (MOC (INDICES,STAT, 8) + 8,

A,

S
-

P TN

AND RELATICN,RELID = INDICES,RELID

-

AND RELATICN,TYPE = "U"
END DEFINE GO
ASSOCIATE ALL.IMDICES WITH "LIST ALL INDICES GN USER
RELATICNS" GO
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ATToINLINCX1

DESTROY ATTLIN_INDX1 GO

DEFINE ATTLINL.INDX1

RETRIEVE (INDICES,INDID,

ATT1 3 FIELDLNAME

ATT2 3 FIELDLNAME

ATT3 = FIELD.NAME

ATT4 FIELDLNAME

ATTS

FIELDLNAME
ATT6 3 FIELDLNAME
ATT?

2 FIELDLNAME

ATT8 = FIELCL.NAME

(INCICES,RELID,
4, 1,
(INCICES.RELID,
(14, 1,
(INCICES.RELID,
(24, 1,
(INCICES.RELID,
(34, 1,
CINDICES.RELIU,
(44, 1,
(INCICES.RELID,
(sq, 1,
CINDICES.RELID,
(64, 1,
(INDICES.RELID,
(74, 1,

WHERE INDICES,INDID = $0

AND INDICES,RELID = REL.ID (81)

END DEFINE GO

INT1 (SUBSTRING
INCICES.KEYS))),
INT1 (SUBSTRING
INCICES . KEYS))),
INTL (SUBSTRING
INCICES.KEYS))),
INT1 (SUBSTRING
INCICES.KEYS))),
INT1 (SUBSTRING
INDICES.KEYS))),
INTL (SUBSTRING
INDICES.KEYS))),
INT1 (SUBSTRING
INCICES.KEYS))),
INTL (SUBSTRING
INCICES.KEYS))))

ASSOCIATE ATTLINLINCX1 WITH "LISTS NAMES OF ATTRIBUTES IN

- P
AT WK 1 ALY, L,Q,

P N8 4 A

81

INDEX" GC
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ATT-INLINCX2

DESTROY ATT.IN.INCX2 GO

DEFINE ATTLIN.INDX2

RETRIEVE (INDICES,INDID,

ATTS = FIELD.NAME

ATT10 =

ATT1 =

ATT12 =

ATT13 =

ATI14 =

ATT1S =

ATITi6 =

WHERE INDICES,INDID =
AND INDICES.RELIC =

END DEFINE GO

ASSOCIATE ATTI.INLINDX2 WITH

FIELDLNAME

FIELD.NAME

FIELDLNAME

FIELDLNAME

FIELD.NAME

FIELDLNAME

FIELDLNAME

(INDICES,.RELID,
(84, 1,
(INDICES,RELID,
(%4, 1,
(INDICES.RELID,
. (104, 1,
(INDICES.RELID,
(114, 1,
(INCICES.RELID,
(124, 1,
(INCICES,RELID,
(134, ¢,
(INCICES.RELIC,
(144, 1,
(INDICES.RELID,
(154, 1§,
$0

REL.ID (81)

INTY (SUBSTRING

INCICES,KEYS))),

INT1 (SUBSTRING
INDICES.KEYS))),
INTL (SUBSTRING
IMDICES,KEYS))),
INT1 (SUBSTRING
IMNDICES,.KEYS))),
INT1 (SUESTRING
INDICES.KEYS))),
INTY: (SUBSTRING
INDICES.MEYS))),
INTY (SUBSTRING
INDICES.KEYS))),
INT1 (SUBSTRING

INDICES,.KEYS))))

"LISTS NAMES CF ATTRIBUTES 1IN

INDEX" GO
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DESTRCY DEPENDS GC

&

CESTRCY OTYPE GC

ek Ty

CREATE OTYPE (TYPE = UCt, DESC = UC15) GO

»

7 APPEND TO OTYPE (TYPE = "U", CESC = "USER TABLE ") Go
g? APPEND TO OTYPE (TYPE 2 "S", CESC = "SYSTEM TABLE ") GO
4 APPEND TO OTYPE (TYPE = "T", CESC = "TRANSACTION LOG") GO
i APPEND TO OTYPE (TYPE = "F", CESC = "FILE ") GQ
53 APPEND TO OTYPE (TYFE = "V", CESC = "USER VIEW ") Ga
| APPEND TO OTYPE (TYPE = "C", CESC = "STORED COMMAND ") GO
' DENY WRITE OF OTYPE GO
? ¥ DENY READ OF OTYPE GO
) DEFINE DEPENDS
§§ ) RETRIEVE (OBJECT = RELATION,NAME, WHICH.IS.A =
33 STRING (15, CTYPE.CESC), DEPENDS.ON = $1)
| " WHERE CROSSREF.RELIC = REL.IC ($1)

; | AND CRGSSREF,DRELID = RELATIUN,RELID
ﬁ; ANC OTYFE.TYPE = RELATICN.TYPE

END DEFINE GO

é% ASSCCIATE DEPENDS WITH "LISTS DEPENDENCIES OF THE NAMED
gﬁ OBJECT" GO

. EIELCS

DESTROY FIELDS GO
CESTROY FIELC.EQUIV GO
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CREATE FIELD.EQUIV (NAME = UC4, NUM = I1) GO

APPEND TO FIELDLEGUIV (NAME = "FLT ", NUM = 35) GC
APPEND TO FIELCLEGUIV (NAME = “BIN ", NUM = 45) GC
APPEND TC FIELDLEQUIV (NAME = "CHAR", NUM = 47) GG

APPEND TCO FIELD.EGUIV (NAME = "INT ", NUM 48) GC

APPEND T0 FIELDLEGUIV (NAME 3 "“INT ", NUM = 52) GO

APPENMC TO FIELDSLEGUIV (NAME 3 "INT ", NUM S6) GC
DEFINE FIELDS
RETRIEVE (TABLE = RELATION.NAME, FIELD = ATTRIBUTE.NAME,
TYPE = FIELDLEQUIV,NAME, LEN = ATTRIBUTE.LEN)
WHERE ATTRIBUTE.RELID 3 RELATION,RELID
AND RELATION,NAME = STABLE.NANME
AND FIELCLEGUIV,NUM = ATIRIBUTE.TYPE
END DEFINE GO
ASSOCIATE FIELDS WITH "RETURNS ALL FIELDS IN THE NAMED

RELATION" GC

HELP
HELPLREL
CBJECT LINELNO CESCRIFTION
ATTLINLINDXY 1 THIS IS A STORED COMMAND WHICH HAS
2 TwC PARAFMETERS, THE FIRST PARA~
3 METER IS THE INDEX ID NO, AND THE
4 SECOND IS THE RELATION NAME,
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5 THESE PARAMETERS MUST BE SEPAR=
6 ATED BY CCMMAS, THIS COMMAND

) 7 PRCVICES THE ATTRIBUTE NAMES OF
8 EACH ATTRIBUTE IN THE INCEX FOR

' 9 THE GIVEN RELATIGN CR VIEW, TO
10 EXECUTE THLS COMMANC JUST TYPE
11 IN "HELP® FCLLOWED 2Y THE OBJECT
12 NAME AND "GO,

DESTROY HELP GO

DEFINE HELP

RETRIEVE (HELP.REL,DESCRIPTION)
ORDER BY HELPLREL,LINE.NO : A

) WHERE HELPLREL.OBJECT = SOBJECINAME
AND PRCTECT,RELID = RELLID (HELP.REL,CBJECT)
AND PRCTECT,USER = USERILC ()
AND (MOD (INT1 (SUBSTRING (1, §, PROTECT,ATTMAP)),

4) = 1)
END DEFINE GO

PERMNIT EXECUTE CF HELP TO ALL
ASSOCIATE HELP WITH "PROVICES INFCRMATION ABCUT THE CBJECT

PASSED AS A PARAMETER" GO

INCEXSLIST

DESTROY INDEX.LIST GO

DEFINE INCEX.LIST




RETRIEVE (RELATICN,NAME, INDICES.INDID, INDICES.ATTICNT,

ISTATUS.DESC)
ORDER BY INDICES,INDIC
WHERE INDICES,RELID = RELATICN,RELIC
AND RELATICN.NAME = 80
AND ISTATUS,STATUS = MOC (mMQD CINCICES,STAT, 8)
+ 8, 8)
END DEFINE GO
ASSOCIATE INDEX.LIST WITH "LIST INDICES ON NAMED
RELATION/VIEW" GO

PRCTECTICN

DESTROY PTYPE GO
DESTROY ATYPE GO
CREATE PTYPE (ACCESS = I1, CESC = UC1S) GC

APPEND TO PTYPE (ACCESS = 1, CESC = "READ ")
APPEND TO PTYPE (ACCESS = 2, CESC = "WRITE ")
APPEND TO PTYPE (ACCESS = 3, QOESC = "ALL ")

APPEND T0 PTYPE (ACCESS = =32, CESC

"EXECUTE ")
APPEND TC PTYPE (ACCESS = 53, CESC

"CREATE DATABASE")

APPEND TO PTYPE (ACCESS = =56, DESC "CREATE ")

APPEND TC PTYPE (ACCESS = -5y, CESC

"CREATE INDEX *) GO
PERMIT READ OF PTYPE GO

DENY wRITE OF PTYPE GO

CREATE ATYPE (ACCESS = Ii, CESC = UC8) GO

APPEND TO ATYPE (ACCESS = 1, CESC 3 "PERMIT ")

LA LA 0
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APPEND TO ATYPE (ACCESS = 2, DESC = "DENY ")

ot

APPEND TC ATYPE (ACCESS = 3, DCESC = “3OTH ") GO
4 PERMIT READ OF ATYFE GO
DENY WRITE OF ATYPE GC

E e T

. DESTROY PROTECTION GO
OEFINE PROTECTICN

i

RETRIEVE (ACCESS = CONCAT (ATYPE,.CESC, PTYPE,DESC),
GBJECT = RELATION.NAME, USER = USERS.NAME)
b WHERE ATYPE.ACCESS = MCD (INT1 (SUBSTIRING (1, 1,
PROTECT.ATTMAP)), 4)
AND PTYPE.ACCESS = PROTECT.ACCESS
AND RELATICN,RELID = PROTECT.RELID
i3 AND RELATICN NANE = $0
’ AND PRCTECT.USER = USERS,IC :
END DEFINE GO
 ASSOCIATE PROTECTION WITH "CISPLAY PROTECTION DATA ABOUT
THE NANED RELATIGN® GO

DESTROY TABLES GO
DEFINE TABLES GO
RETRIEVE (RELATION,NAME, RELATICN.TYPE, FIELDS =
RELATION,ATTICNT, RECORDS a RELATION,TUPS)
ORDER BY RELATIONJNAME : A
o WHERE RELATICN,TYPE = 80
END DEFINE GO
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, ASSCCIATE TABLES WITH "RETURNS LIST OF RELATICNS, VIE«S OR
e STCRED CCMMANDS" GC
1 L, WH
LS
. DESTROY WHATIS GO
5 DEFINE WHATIS
g: RETRIEVE (RELATION = REL.NAME (CESCRIPTIONS,RELID),
T;:
* EXPLANATICN a DESCRIPTIGONS,TEXT)
,é WHERE DESCRIPTIONS,RELID = RELID ($0)
b END DEFINE GO
& ASSOCIATE WHATIS WITH "EXPLAINS WHA1 A STOREC
5 CCMMAND/RELATION DOES/IS"™ GO
. .
) MHCOCREATES

: J

% DESTROY WHOCREATES GO

DEFINE WHCCREATES

o
ﬁ;&i{f’:‘

RETRIEVE (USERS.NAME, PTYPE,DESC)
| WHERE PROTECT.USER = USERS,ID
o | AND (PRCTECT.ACCESS = =53 GR PROTECT.ACCESS = =56 OR
‘ ’ PROTECT,ACCESS = =58)
AND PROTECT.ACCESS = PTYPE,ACCESS
AND MOC (INT1 (SUBSTRING (1, 1, PROTECT,ATTMAR)),

4 =1

‘ END DEFINE GO
. ASSOCIATE WHOCREATES WITH "LIST USERS WHO HAVE CREATE
PERMISSICN" GG
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