42

(815 (003) 1 658
K275 it

PERFORMANCE STUDIES .
ON
THE RAP DATABASE MACHINE

A MASTER THESIS

SUBMITTED TO THE DEPARTMENT OF INDUSTRIAL ENGINEERING

AND THE COMMITTEE ON THE FACULTY OF ENGINEERING
OF MIDDLE EAST TECHNICAL UNIVERSITY
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR THE DEGREE OF
MASTER OF SCIENCE

TUORKIYE
BILIMSEL ve TERNIE
ARASTIRMA KURUMU
KUTUPHANESI

)%g%}

by

GULGON KAYAKUTLU

April,1980



I certify that I have read this thesis and in my opinion

it is fully adequate, in scope and quality, as a thesis
for the degree of Master of Science.

Supervisor

I certify that this thesis satisfies all the requirements
as a thesis for the degree of Master of Science.

Chairman of the Department

Examining Committee in Charge :

9 6 6 6 @88 ¢ 3000 0O aSPLO6 SOOI S e e o0 4 8 02 68 0 8 0 0 0820 980 e a0 I e

3 ¢ 0 62 608 0 830 090606 OEILET Qe B e 00 ® 8 8 &6 9 3 & 8 & 9IS O ST S & OO OC e OO

® 86 @ & 6000038800630 SQ IGO0 00 Qe asa ® 8 006 0680 00 00NN 0 865N 6

® 000 € 04200 e 0@ 03 AG PG OOEI OO0 8 © 0 06 G 6 06 & 8 S d.9 0 e B C O e S aE PO

9 0 008 F O 2B 0O I W ESE QS S EA SO0 4§00 ® 8 0 0 8 P O 06T GO @ PO S OO e e

Committee Chairman



ABSTRACT

PERFORMANCE STUDIES ON
THE RAP DATABASE MACHINE

KAYAKUTLU, Giilgflin

M.Sc. in I.E.

Supervisor: Dr. Esen A.0zkarahan
April, 1980 ; 249 pages

The requirements set for modern Database Management Systems
created the need for database machines in realizing the requirements.
As new computer architectures for database management, specifically
database machines are proposed, their performance assessment becomes
a necessity.

The work presented in this thesis deals with the continued
assessments on one of the prominent database machines, the Rela-
tional Associative Processor-RAP. The study extends further the
models and parameters of the previously published performance
studies made for the basic RAP architecture including the multi-
programming and virtual memory options.

Included in the results of the thesis are first the compari-
sons made on the RAP .based GDBMS architecture's possible queueing
systems and the query execution differences between the implemen-
tations of intermediate and generalized versions of the related
DBMS. The major portion of the study however, deals with the model-~
ling and comparative performance analysis of RAP and conventional
distributed database systems. Various comparisons made on these
systems demonstrated the performance improvement introduced by the
GDBMS architecture and by the RAP based DDB over the conventional
counterparts.

The study of the thesis relied on various operations research
techniques and methodology such as queueing theory and simulation
modelling.

KEYWORDS : Database Management Systems, Database Machines, Genera-
‘ lized Database Management Systems, Distributed Databases,
" Computer Networks, Operations Research, Queueing Models,
Performance Evaluations.



 BzET
RAP VER! TABANI BiLGISAYARI
UZERINDE BASARIM CALISMALARI

KAYAKUTLU, Glilgdn ~ '
Endiistri Mithendisligi, Ylksek
Lisans tezi.-

Tez Y6neticisi: Dr., Esen A.,0zkarahan
Nisan, 1980; 249 Sayfa. '

gagdas Veri Tabani Y8netim Sistemlerinin gereksinimlerini kar-
silayabilme gabalari, Veri Tabani Bilgisayarlarinin ortaya ¢ikmasina
neden olmugtur. Veri tabani y®netimi igin Ynerilen bilgisayar mimari-
leri ~ dzellikle Veri Tabani Bilgisayarlari~ geligtirildikg¢e, bunlarin
bagarim 8l¢lleri zorunlu olmaktadir.

Bu tezde, belli bagli Veri Tabani Bilgisayarlarindan biri olan
“Relational Associative Processor RAP" bilgisayari Hzerinde siiregelen
bagarim Ol¢lmlerinin bir kism gergeklestirilmektedir. Galigsmalar, ¢ok .
ig dliizeni ve gdritintilsel bellek gériintimlerini de igeren temel RAP mima~
risi {izerinde 8nceden yapilan basarim 8lclimi model ve parametrelerini-
kullanmakta ve bunlari daha da geligtirmektedir.

RAP'a dayali genel amagli veri tabani ySnetim sistemi yapisina.
uygulanabilir kuyruk sistemlerinin birbirleri ile karsilagtirilmas:i .
ve genel amagliy yapiya dek gergeklegtirilen RAP'a dayali dedisik veri
tabani y&netim sistemlerinin sorgu yiiriitme zaman Slgiimleri tezin bir
b81limlin olugturmaktadir. Bununla birlikte ¢aligmanin daha biiyllk bir-
kismi RAP'a ve geleneksel bilgisayarlara dayali daditik veri tabani
sistemlerinin modellerinin kurulmasi ve bunlarla yapilan basarim kar- -
silastirmalarini igermektedir. Bu sistemler lizerinde yapilan tlim kar- -
silagtirmalar genel amagli veri tabani ySnetim sistemi yapisinin ve: ’
RAP dagitik veri tabani sisteminin geleneksel bilgisayar karsitina g&-
- re bagarim Ustlinliiklerini géstermigtir. v -

. Tezde yapilan ¢aligmada kuyruk kurami ve benzetim modelleri gi—;
bi tlrld ybneylem aragtirmasi y&ntem ve tekniklerinden yararlanilmig-
tir, X

ANAHTAR SUZCUKLER : Veri Tabani Y86netim Sistemleri, Veri Tabani Bilgi-
. sayarlari, Daditik Veri Tabanlari, Bilgisayar Ag-
lari, Y&neylem Arastirmasi, Kuyruk Modelleri, Ba-
sarim Deferlendirmeleri. ’
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CHAPTER 1

INTRODUCTTION

1.1. Global Description of the Thesis

In order to provide an assesmwent of the new computer and
new system applications, a performance study of these is a
practical necessity. The purpose of this thesis is to provide
additional performance assessments on the RAP (Relational Associative
Processor) database computer systems. The study relies on and
extends further the models and parameters of the previous performance

studies made for the basic RAP architecture.

The recent developments in DBMS architectures afe applied
on the RAP database machine, and the performance differences of
these systems ‘are included in the analyses performed. The ﬁajor
portion of the study however, deals with the modelling and
comparative performance analysis of the RAP and the con%entional

system based distributed database systems.

The significance of the thesis rests in exploring the
performance aspects of the RAP database machine by using the most

recent methodologies.

1.2. Systems Covered in the Performance Study

The systems for which the performance study is carried out
comprised :
a) Various RAP DBMS configurations;,

b) Distributed database systems.

-1-



1;2.1. RAP DBMS Configurations

In DBMS configurations three main structures are
considered. The first one, which is the most primitive
configuration, consists of a system that can support only

aAsingle data model for all its users.

The next DBMS configuration studied is an intermediate
structure towards generalization. In this configuration, the
DBMS supports several data models and the interaction with the
physical database is provided by a single étructure (RAP ’
common schema), which supports the conversion of user views to

the physical structures.

The most recent development is the Generalized Database
VSystem (GDBMS) . This system uses a data model for providing
semantic unity in the generation of external views from a given
total abstraction (that is the information structure to be
represented by different views). In this case, the user database
interaction is the same as in the intermediate system. The GDBMS
brings the advantage of more data independence, more effective
security/integrity control, better data structures, and better

query execution performance.

1.2.2. Distributed Database System

A distributed (DDB) system uses an information network
which consists of a set of files and/or theirAmultiple'copies
stored at different nodes. In providing performance comparisons
between RAP and the conventional computer systems in the‘homogeneous
. DDB, different data distribution strategies, such as fully duplicated

database in the case of updates, are utilized.

-2



The nonduplicate DDB case introduce the necessity of
data transfers among the nodes. The multiquery execution in
the system increases this necessity with the additional problem
of preventing chaos of different méssages. On the other side,

in the duplicated information network, in constrast to data
move problem, update activities introduce synchronization

problems. In the performance study these features are included in

the corresponding models.

1.3. Performance Tools Used in the Study

The main performance measures for the computer systems are
the execution times and the throughput (workload). The performance
analysis in this thesis deals mainly with these measures in the

system configurations studied.

The DBMS configurations are simulated by using different
gueueing models and the RAP multiprogramming facility. In order
to represent the first DBMS structure an M/M/1 queueing model is

used for the data model interface. The service scheduling used
is like Round Robin, to eliminate the priority between the data

models. The multiprogramming facility which is a two class
preemptive resume scheduling policy determined in the earlier
studies, aims to favor short requests which are more logical for

on-line jobs.

The intermediate DBMS is represented by a single M/M/1 queue,
common to all models. This makes the arrival and the service in-
dependent of the data model types. The job scheduling is of
FCFS type and the same multiprogramming priority scheme is applied

to all data models. These two queueing systems are compared

-3 -



according to the traffic intensity, wait times, and the

turnaround times of the requests.

The intermediate DBMS and the GDBMS are implemented
iy METU using the RAP emulator. They are compared with respect
to theiriexecution of various queries for the sample databases

defined.

The distributed database system comparisons use both
the simulation and the analytical techniques. The guery execution
methodology defined for the homogeneously distributed RAP
system, is utilized in the models. The M/M/1 queueing is
simulated for the subqueries of a single query in a non-duplicated

environment. The traffic delays, which are calculated according
to the Kleinrock's model, the data transfer times, and the

nodal (local) execution times which are calculated by using
previous performance models for RAP, are used in the comparison

between RAP and the conventional based DDB applications,

Using these tools and defining an additional M/M/1 network
block queue, the multi-query application in the same DDB environ-
ment is simulated. The update requests are modelled with respect
to the duplicated database environment. The synchronization
necessity in updates introduced the Ellis's synchronization model
while all other features of the model remained same as in the

multi-query case.

The comparisons in the DDB models mainly dealt with the
traffic delays, data transfer times, and the service times in the

network.



1.4. Outline of the Thesis

After this introduction, an overview of database management
systems and database machines is given in Chapter 2. Several
concepts and techniques are discussed. In particular, the

architectural and language facilities of RAP are presented.

Chapter 3 discusses the RAP based Generalized Database Manage-
ment System (GDBMS) and the Distributed Database (DDB) system and

introduces the simulation tools used in the analyses.

Chapter 4 details the models developed for comperative
performance evaluations on the RAP DBMS architectures and between
the RAP and conventional DDB systems. Both the analytical and

simulation models utilized are described.

Chapter 5 presents the results with the analysis of the

observations, based in the comparisons of models derived.

Finally, Chapter 6 presents the summary of the thesis and

conclusions of the analyses.



1.5, Terminology

In addition to the explanations given in the chapters,
some special terms are defined in the following that may be
useful for some readers.

Access Path : Search aiding mechanisms, like directories, to

provide fast access to the required data.

Assoclative Reference : Reference which is addressed by content
rather than by location, thus providing a fast way
to search for data.

Data File : File holding only the data related with the program.

Data Independence : The property of being able to change the overall
logical or physical structures without affecting each

other and the programs dealing with them.
i
Database: A collection of interrelated data stored together with

controlled redundancy to serve one or more applications
where the stored data are independent of programs which
use them.

Direct Access : Retrieval or storage of data by a reference to its
location on a volume rather than access by a serial
search.

Execution Time : The time taken by a computer to complete the cycle
of events required to perform an instruction. ’

Index File : A file structured in a way that record addresses are
stored in ascending sequence by key. Indices showing
the highest key on a cylinder/track etc., are used for
the selected retrieval of records.

Inverted List : An index list organized by the secondary keys to be

used as an access path.

-6 -



Key : A data item used to uniquely identify or locate a record.

. Logical Database : A data structure as perceived by its users
for representing the database; it may be different
from the physical database structure stored in memory.

Normalization : The decomposition of more complex relations into
well-formed relations. A normalized relation has

precisely one value, not a set of values,'at every

column position of the raws of the tabular structure
that describes it.

Parallel Data Organization: Organizations which permit simultaneous
access and execution of data.

Physical Database : A database in the form in which it is stored

on the storage media.
Synchronization: Performing a sequence of operations under the

control of a cycle of sequential activities.



CHAPTER 2 ’

DATABASE MANAGEMENT SYSTEMS
AND
DATABASE MACHINES

2.1. Database Management Systems (DBMS) :

Database Management Systems evolved out of a need
to provide efficient solutions to the database management
problems caused by the traditional file processing.

A Database Management System, as shown in Figure 1,
can be defined as a generalized tool that provides (a) the
independence of the stored data from the application programs,
(b) a common data management function for querying and modifying
databases and (c¢) a suitable user interface which facilitates
the interaction of users with . the database.

One very important feature of DBMS's is that, with
DBMS's not only the pperationai data of an enterprise, but at
the same time the interrelationships among this data can be
represented and manipulated.

The information system applications are being oriented
more and more towards DBMS, due to the advantages it possesses.
The main advantages of DBMS can be listed as follows.

a) The amount of redundancy in the stored data is reduced
by making the data sharable among the concurrent users.

b) Centralized control over the operational data of an
- enterprise is provided, as data is integrated.

c) Problems of inconsistency in the stored data can be
.reduced.

d) Quality and the integrity of the data can be maintained.

e) Since a centralized control is possible, privacy through
security measures is ensured.



f) Data independence, which has been an objective rather
than an advantage, is achieved.

The DBMS provides an interface between the application
programs and the physical storage structures. In developing an-
application only the logical view of data, as presented by the
DBMS needs to be considered. In other words - DBMS frees the
application programmers from the burden of designing the storage
structures and deciding on the access methods, and later modifying
the previous designs because of changes in the appliéation logic,
in the nature of operational data, in the operating system software,
or in the hardware.

| PROGRAM A' o -
. \ .D BK M S ‘ .

e DATA
ROGRAM B (&— ; \DESCRIPTT & -»| DATABASE

Ay e

4

PROGRAM C

[

Figure 1. A DBMS Environment

2.1.1, Data Models

In order to achieve the most important advantage of DBMS,
that is the data indepence, a DBMS provides a data model and a
data language at the application programming level.A data model
is the logical organisation of data as viewed by the application
programs .A data language is the means of operating on the data
through the data model by the user of the application.By means of
the data language, the user can retrieve and manipulate data. The
form of the data model adopted in a DBMS critically affects just
about evefy component of the system,

There are twenty five known data models. Among all, only
three are common and popular. These are the hierarchical, network
and relational models.



2.1.1.1 The Hierarchical Data Model

In the hierarchical model, data is represented by tree
structures. Nodes of a tree are called record-types, which are
related in a parent-child hierarchy. Each record-type contains
related items. The mapping between parent and child, that is,
the parent child relationship, is one to many (l: i~ one father
many children) type and no child can exist without a parent.

The hierarchical definition tree or scheme defines the
hlerarchical model. A sample data base concerning the employed
schedules in a production firm is given in Figure 2(a). The
record—-types are, DEPARTMENT, EMPLOYEE, CHILD and OFFICE, the
record type at the top of the tree, DEPARTMENT in this case,
is called the root. The root may have any number of child
record—types,‘but a child record-type has only one immediate
parent, The greatest disadvantage of the model is its asymetry.
That is, searching the tree from the bases is muéh more difficult
than searching from the roots. Despite its restrictions, it is
still used in commercially available‘databases(l*).

2.1.%t.2. The Network Data Model

In the DBTG-like network data model ('2.), data is represented
by a general structure of record-types and links. A given record-
type may have any number of immediate supervisors (owners), and any
number of dependents (members) . The relationship between the owner
and member record-types are represented by set-types, which correspond
to links in the structure. This model allows many-to-many (m:n)

correspondances by the help of link record-types. That is, a given
m:y relationship is represented by multiple «l:3 type relationships.

The data structure diagram in terms of the DBTG definition is shown
on the previously mentioned database in Figure 2(b). According to
the figure DEPARTMENT is the owner and EMPLOYEE is the member record
type and the WORK is the set-type defined in between the former two
record types. The set-type WORK is implemented by the link recorad-
types (as well as information if necessary). The network model
provides more symmetry, however this symmetry leads to another
complication in terms of implementation optimization. The main
disadvantage of the model is its low level complexity.

-~ 10 ~



DEPARTMENT

DEPT-NO BUDGET
EMPLOYEE v
ENO ENAME |SALARY

CHILD OFFICE
CNAME AGE NO SIZE
Figure 2(a) Hierarchical definition
tree
DEPARTMENT
DEPT NO ; BUDGET |
EMELOYEL OFFICE
ENO | NO SIZE
CHILD .
CNAME AGE %
&7 g
. Figure 2(b)
A DBTG Network Data Structure Diagram
DEPARTMENT OFFICE %
EPT-NO BUDGED OFFICE-NO SIZE
12 200000 121 12
18 500000 1184 6
EMPLOYEE i
ENO | ENAME |DEPTNJOFF-NO | SATARY ’fENO CNAME AGE
13722} KING 12 121 40000 13722f ALICE 8
21883] MARTIN 18 184 20000 13722 HENRY 4
. . . : . 21832) MIRIAM l6
Figure 2{c)

Database Occurences in the Relational form.
Figure 2. Structural Diagrams for the Sample Database.
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2.1.1.3. Relational Data Model

The relational model, is a formal data model which
represents data-item relationship in n-ary relations. This
model is proposed by Codd in 1970( 3). It is based on the
mathematical theory of relations, which gives the advantages
of having a sound theoretical foundation. The term "relation"
can be defined as follows: A relation R, over the sets Dl’DZ'
<eeesDy (not necessarily distinct), is a set of ordered n-tup-
les or s:mele tuples (dl,d | ) where d; € :5 (l<i<n).
Sets Dl...D are called the domains of relation R and the value
n is the degree of R.A normalized relation, in which each
domain value is simple, is expressed in a tabular form, where
columns are the attributes corresponding to domains of the
relation. By assigning an attribute name to each column the
'ordering requirement between n- tuples is eliminated. Each raw
of the table represents one tuple of the relation. The sample
database application in relational representation.is shown in
Figure 2 (c).

The relational ﬁodel has certain advantages over the
other models described so far. These can be listed as follows.

a) The relational model has sound mathematical foundation,

which makes it complete in query formulation.

b) The relational model is simple. Users are confronted by
a simple and clear view of data, in forms of tables.

c) The relational data model provides more data-independence,
on manipulations, users are based on the tabular informa-
tion without regards to minute details of the physical
structures and access strategies.

d) Since it can represent many to many, this model is general,
it can represent intra and inter record type relationships.

-12 -



S 2.1.2. An Architecture of a Database System

An architecture for a database system will be outlined here
with the aim of providing a framework in which the subsequent
chapters can be constructed. Such a framework is extremely useful,
for describing general daﬁabase*éoncept5~and for explaining the
structure of'an.individual'system. However, this is not the only
applicable framework and the sample database used in further studies
will show slight modifications.

The ANSI/X3/SPARC Study group on database management systeﬁs
was established in late 1972 by the Standard Planning and Requirements
Committee (SPARC) of ANSI/X3, ,which is the American National Standards
Committee on computers and information processing. Thé’objectives.of
the study group was to produce a set of recommandations for standardiza-
tion. To meet these objectives the study group has taken the view that
interfaces are the only‘aspect of a database system that may possibly
be SHmﬂable for standardization, and has spent a great deal of effort
in defining a generalized'architecturefor model for -a database system
‘and. in identifying the corresponding interface (7).

The architecturé is divided into three general levels which
are external, conceptual and internal.

The external level is the one closest to the users, that is,

the one concerned with the way in which the data is viewed by individual
users. An.external model is thus the information content of the data-
base as it is viewed by some particular user. Each external model is
defined by means of an external schemé, which consists basically of

the descriptibn of the information structure as seen by the user.

The conceptual level is an indirection between the .user and
the stored data. It is represented by a conceptual model which
describes the entire information content of the database, in a form
that is somewhat abstradt‘in comparison with the way in which the data.
is physically stored.}Thechnceptual model is defined by the conceptual‘
schema. If data independence is to be achieved, the definitions at this
‘level must not involve any considerations of storage structure or access
strategy. External models are created from~the,conceptual,model. Conceptual.i



model also maps the constructs of the external schema to the
level below it which is explained in the following.

The third level of architecture is the internal level,
which is the one closest, to the physical storage. The intérnal
model is a very low level representation of information closer
to the storage media.

In this DBMS architecture, there are two levels of mapping;
one is between the external and conceptual levels of the system
and the other is between the conceptual and internal levels. An
external/conceptual mapping defines the correspondencé between a
ﬁargiéﬁféfﬂgxtérnal model and the information structure. This
mapping is bidirectional, that is, conceptual model creates external
models and in turn external models are mapped into internal schema
through the conceptual model. The second mapping, internal/conceptual
mapping, defines the correspondeﬁce between the data models and the
stored database.

2.2. Database Machines

The limitations of the conventional VON-NEUMANN type
computers create problems in implementing the modern DBMS in
this section, these problems and the proposed architectural
improvements will be introduced.

2.2.1. Limitations of Conventional Computers

The realization of a fast response is essential in the
modern DBMS operating in a real time environment of multiprogrammed
and distributed computers furthermore, the DBMS must be general
‘in order to support different needs of several users through
common data maintenance facilities. Database operations deal with
sets of data items. Conventional computers, on the other hand,
are designed originally for the numeric computations, whose
memory is accessed by location addressing and whose input/output
are element at a time oriented. The realization of DBMS requirements
can be possible only by the following implementations in conventional
computérs:



a) Associative reference to be simulated in software by thé

use of directories that correlate values to coordinate addresses,

b) Set oriented proceésing.to be realized .inefficiently through-
iterations.

c¢) In order to reach arbitrary locations of memory within fast
response limits, extensive amount of access paths must be
provided.

The need for extra data and extra software for the operation

-and maintenance of those facilities creates extra overhead for the system;‘
with the growing size of data, the software places a threat to system.
reliability and data consigtancy.Besides being a threat to integrity,

this overhead hampers the system response so that the following comprimises
are forced.

[N

a) Faster retrievals are achieved at the expense of slower updates
due o the maintenance overhead of the access paths.

b) Only subsets of the entire database are processed in real time
and the update of the entire database is deffered to off-line
periods.

c) Due to the great overhead in designing generalized systems:
with conventional architectures, specially tuned systems are
generated instead of designing generalized DBMS's.

2.2.2., The Evolution and Properties of Database machines

The SIMD (Single Instruction Multiple . Data) type processors or
the first architectural designs that answer the faster response demands
by parallel,distributed, and associative computer structures. The
computer architectures further developed around the concept of realizing
associativity in hardware by use of content addressable memories., These
type of processofS'are referned% ‘to as Associative Processors (AP).

The associative processors that are designed to support one or
more data models and that are equipped with an instruction set
especiallyxtaﬂored for database operations are referred to as database
machines(&g];ily The main configuration for database machines is that
of a backand machine working peripherally to a general purpose computer.
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However studies are also under way for making a completely:
autonomous processor out of database machines to be called database
computers.

The database machines are progressively evolving in order
to accomplish the following features:

a) Past response indepent of database size by the use of
associative memories and context search hardware.

Ab) Closing the gap between logical and physical data
representations.

c) Set ariented processing and associative selection
d) Eliminating access paths and extra software overhead.

e) Supporting data models and operations on them in such
a way that generalized DBMS's can be realized.

f) Possessing complete and adequate instruction set for
the needs of DBMS,

g) Performing operations directly on data so that the front
and intervention should be minimized.

"h) Supporting multi-user and very large database operations
preferably in hardware.

2.3. The RAP Database Machine

RAP (Relational Associative Processor)(5,9,17)is one of the,
recent database machines, which is designed to support the implémenta-
tion of DBMS's processed in relational model particularly, The
processor exploits the link free structure, agsociative reference and
set oriented processing features of the relational model .However, it is
also a powerful tool for implementation of set operations on hierarc-
hical and network databases.

2,3.1l. Qrganisation

The RAP database machine has an associative/array structure
whose associative store is a bulk memory, achieving effective
associativity by its search hardware and parallel=oxganisation it
communicates: with an outside general purpose computer to receive its
database contents and compiled programs, and to return the resuilts
of users' requests. RAP is composed of a . controller, a set function

unit for statistical computations on set of values and the agsociative/
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array procegsor (Figure 3). Each cell of the associative/array
processor consists of a serial circulating memory and a dedicated
procegsor especially designed for data management operations. The
circulating memory can be a track of disk or drum or it can be

made up of semiconduétor charge coupled devices (CCD) or magnetic
bubbles. The ceil processor is self sufficient for complex database
searchand other manipulations. The controller is responsible for T
overall coordination. It sends control Sequences to the cells to
initiate instruction execution, controls the set function unit for
the‘inéerface functions between the array and the front-end. The

set function unit is used to combine the set function results
computed in the cells to obtain a value for the total memory contents.

2.3.2. Storage Structure ;

The storage structure of RAP resembles CODD's normalized
relations with the exception that special domains, called mark,
bits, are added and the degree of the relation and item lengths
are limited., As seen in Figure 4, the tuple occurences are stored
on the RAP cell memory after a relation header. Each cell must have
a header and a cell can store tuples of only one relation.A relation
can occupy more than one cell and the associative array can contain
cells of more than one relation. The mark bité_in theffmént of each
tuple allow complex boolean associatiVe searches to be performed on
the database contents, enhance the context search capability by
combining results of several searches, and allow set oriented
" associative selection.

2.3.3. Instruction Set

The RAP system has‘aimachine oriented, yet high ;evelmand
complete, instruction set for querying and manipulating iﬁs database (5,6) .
It is capable of supporting data management operations and general
logical database ;adcesses. The instruction set suppﬁrts boolean
selection, set operations, relational algebra, mappings, and other
DBMS operations, which can be divided into the following major
command types: o |
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a) retrieval

b) update
- c) set function
d) insertion and deletion
e) data definition
£) décisionAand transfer,
A summary of RAP instruction opcode definition is provided
in Appendix 1. ’ '

CELL-1 ,
: — ;§‘
{ Processo€>—{?Memory }
\\ - 7 / \ E . ]
RAP CELL-2
_ Controller Lo - S
General "Brocessor J—i{*
Purpose . -
Computer Statistical ‘
arithmetic i
. unit ]
s  CELL-n {
% P , LY
! Processor — Memory ) .
Nt o
Figure 3. Overview of RAP architecture
( \
track relation domain PR
»\\' beginningl | name names | tuple tuple
a) track format (¢irculating memory)
DF Tl T2 'I'15 domain~lf—~—~———~~ *’dqmain-n

l L/ Mark bits A~
delete flag
Figure 4. RAP storage Structure

Each command is formulatéd as an assembler langquage
instruction for the: RAP machine. One assembler instruction is
translated into a single RAP machine instruction. The database
contents.are manipulated directly on their storage by the cell .
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microprocessors. The search criterion is transmitted to all of
the cells simultaneously. It is evaluated as the memory contents
are circulated through the cell logic. Values from the selected
tuples are immediately manipulated or read out. A query can be
made up of one or more RAP instructions. Most instructions are
executed within one cycle‘of the entire RAP memory. Because all
cells of a relation are processed in parallel, the response

time to queries is nearly independent of database size or contents.

2.3.4. RAP Multiprogramming Facility

The purpose of the RAP multiprogramming facility is to

permit simple, fast queries to avoid delays caused by the presence

of slow queries being processed by RAP. This is because in a real-~

time environment,simple and fast queries constitute the majority of

the job load to the system. From the user pdint of view, it appears

that streams of fast queries and slow queries are proceeding concurrently,
although each RAP revolution is actually dedicated to one of the two
streams. The explanation of this is due to the RAP multiprogramming

system organisation shown in Figure 5,

There may either be short requests to RAP which take only a
few RAP revolutions for execution or some long requests, which take
a few hundred revolutions. The RAP multiprogramming facility is
designed to use a two-class preemptive resume scheduling policy in
order to keep short requests from being delayed. The several
scheduling alternatives are analyzed and the decision of applying

the above policy is taken due to the studies explained in( 12).
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Figure 5, RAP'Multiprogramming facility

Class - 1 requests of the two classes considered, include
all updates and those retrievals that require only a few RAP
revolutions. While class-l jobs are of non-preemptive high priority
type, Class-2 jobs are premptible (on resume basis) low priority
type. This multiclass: schemeis realized by duplicating the set of

mark bits for each class in the relations processed.




CHAPTER 3

¢ SYSTEMS ANALYSED IN THE PERFORMANCE STUDY

It wés stated in the previous chapter that, modern DBMS's
have the trend towards attaining more generalization and distribution.
Due to this fact, a Generalized Data Base Management System (GDBMS)
is realized and a Disgxibuted Data Base System (DDB) is designed in
the RAP environment(£3). The study of this thesis deals with analyzing
the performance of these systems. Before discussing the performance

study, these systems will first be introduced.

3.1. Generalized Database Management System

In the present DBMS, usually a single data model is supported
with no flexibility of background for the other data models. This
forces applications with dissimilar views to think in terms of the
available model, often resultinaAin conflicts with the nature of the
information. One of the aims of current research in DBMS.therefore is
directed towards providing users with multiple views of data (at
least with three popular models: hierarchical, network, and relational)

within the framework of a common DBMS facility.

Among the benefits of generalized DBMS, we can state higher
logical data independence, higher performance due to elimination 6f
data duplication and associated software, more effective security/
integrity control, and economy. Furthermore the realization of the

system with the use of database machine, will improve the benefits.
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The framework proposed by ANSI/SPARC (.4), which was stated
briefly in Section 2.1.1, suggests a guideline for the design of
GDBMS. The internal schema in this framework represents the access
paths and storage structures. When a database machine like RAP
is used to support GDBMS, there will be no need for an internal
schema. This is due to RAP's storage structure, its set oriented
instruction set and the elimination of access paths. It is obvious

that efficiency will be improved.

The external views must be generated from the definition
of a total abstraction, which comprises the overall information,
defined by the information scientist. However, if the ekternal
views are generated from a verbal definition, the same semantic
that may be interpreted in different ways by different views.

In order to provide semantic integrity at this level, a data model
is necessary. Implementation of GDBMS in RAP environment uses

Meto Data Model (MDM) for this purpose. Figure 13 (c) shows the.
structure of the RAP based GDBMS (called the METU-~GDBMS). The
conceptual schema, called the common schema in the RAP based
GDBMS, include the relational model with additional domains with

the purpose of marking and linking by content adressibility.

3.1.1. Properties of the Meta Data Model

In order to support multiple views, the MDM should have

the following properties:

a) The available semantic information should be representab-

le and extractable.
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b) It should be possible to generate different data models
from the MDM, that is, the MDM should be easily convertible

to other data models.

It has been observed that none of the three popular data

models can be a candidate for MDM. This is because

L

a) The hierarchical model allows restricted relationships

among the record-types.

b) The network model does not permit a record-type to be

both the owner and the member.

c) In the relational model, the infermation about the types
of mapping information is not explicit. Thus the relational

model lack some important semantic information.

After the rejection of these three popular models, it has
been observed that the Entity/Relationship model(l ') can be a
candidate for MDM. A database can be organized in the following

five steps according to this model:

a) Identify entities. An entity is a thing which can be dis-
tinctly identified. A specific person, company, or event

are examples for an entity.

b) Identify the relationships between the entities. A relation-
ships i1s an association between the entities. The information

about an entity is expressed by a value.
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¢) Identify the semantic information in the relation-
ships by indicating the mapping property of the

relationships (i.e. 1:1, l:n; m:n).

d) Define attributes. An attribute i1s a function which
maps a set of entities or a set of relationship into

a set of values.

e) Organize data into Entity/Relationship relations and

decide on primary keys.

Bésides preserving the semantics of data, the Entity/
Relationship model can be converted to other data models. It is
also shown that, starting with entities and making attributes,
functions result in the third normal form relations when an
Entity/Relationship model is mapped into the reiations. If care
is taken so that no attribute is functionally dependent on a
nonprime attxibute, the relations obtained from the;Entity/Rela-
tionship model can be in Boyce Codd normal form. Furthermore,
with the Entity/Relationship model the resulting relations
automatically satisfy the constraints of the fourth normal form

relations.

The diagram used by the Entity/Relationship model shows
entity sets and relationship sets. An entity set is shown by a
rectangle and a relationship set 1s seen as a diamond. Both
set types are named. Non-directed lines connect entities to
relationships in which they participate. Links are labbeled as
li;n,or n:m to denote the type of mappings. A sample'database

description is shown in Figure 6.
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3.1.2. Derivation of the External Views From MDM

The three popular models; hierarchical, network, and
relational models, will be considered as views supported at the
external schema level (i.e. user interface) and basic rules for
obtaining these views from the MDM will be demonstrated in the

following.

Relational Model :

The derivation of the relational model from the Entity/
Relationship model is discussed in (1.). Each entity and each
relationship of the Entity/Relationship model is represented by

one relation in the relational model.

For the relational external schema, several high level

relational languages have been implemented in the RAP GDBMS.

SYNGLISH (. ) modified SEQUEL(..6), and R% _can be used
at this interrace. The first two are traﬁslatéd inﬁo RAP, since
RAP supports the physical structures. As RAP processes relations,
the relational model at the external level can be mapped directly

into the tabular structures at the common schema by one to one

correspondence.

Hierarchical Model :

Restrictions of the hierarchical model cause data duplica-
tion in the representation of m:n mappings. The MDM to hierarchical

external schema conversion algorithm is proposed in two parts.
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PART -~ 1:

a) Make all 1:1 and l:n mappings in the Entity/Relation-
ship diagram as level 1 trees with the in volved data
sets, where the determining entity (the one on 1l's

side) will be the root.

b) If a leaf is a parent in another tree, combine them to
obtain the tree with the level increased by one.

Continue untill no leaf is a parent in another tree.
PART - 2:

In this part k—-ary (k> 3) relationships are processed.
For this type of relationship, it does not matter which one is
the parent. The algorithm selects one of them as a parent and
forms a k-ary relationship. If relationship contains information,

it will exist in the leaf.

The duplicate record types thus created would be differen-
tiated by qualifying them with their unique database record

names.,

MRI 2000 (.1!) is available in METU for executing hierarchical
queries. This is translated into the RAP language, where the .

navigation through links can be performed by RAP's implicit join

operations.

At the common schema the hierarchical model does not create
any additional relations than those created at the relational model

conversion.

- 27 =



Network Model :

Each entity of the Entity/Relationship model is represented
as one record-type on the DBTG network structure diagram. The main
differentiation however, is in the many to many relationships,
since these can be represented only by introducing link record
types in the DBTG model. However, these corregpond to relationships
that already exist in the Entity/Relationship model. As is observed
in Figure 7, the link record types are WCRK, USED, SUP-PROJ-PAR

and COMPONENT.

In METU, for-.the network data model DBTG and LSL (6) like
data languages are implemented. The latter has been developed

within the framework of the RAP common schema.

In the process of converting external schema relations
than those obtained in the relational model conversion are required

at the common schema,
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3.2. The Distributed Database System

The creation of large computer complexes caused the
development of computer networks. A network can either use a
centralized database or a distributed database. The recent
technology improvements in the latter is mainly due to the
disadvantages of the first which can be briefly stated as having
unmanagable database size, poor reliability, and poor efficiency
with the DBMS operations. A distributed database (DDB) is a set
of files stored at different nodes of an information network,
which are logically related, either by functional relations or
by being multiple copies of the same file or partitions of the

files in such a way as to constitute a unique collection of data.

The distributed system is highly advantageous in cost,
data integrity and security. However in addition to the problems
of DBMS in centralized systems, further problemé are introduced
due to data distribution. The additional problems introduced are

as follows :

a) A network data model should be determined to facilitate

network wide data sharing.

b) Allocation of data to different nodes must be modelled.
The solution studies(21-:3?) deals with the application of

o

integer programming.

c) General system directories must be maintained. Retrieval

and update execution on the network must be provided.

|
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d) One must determine the network concurrency, that is,
concurrent data sharing and update synchronization

must be provided.
e) A query processing methodology on the network must

be designed.

Database machines are naturally suited for the DDB archi-
tecture. In this study, the performance of using the RAP database

machine in a distributed environment is studied.

3.2.1. System Architecture

An ARPANET-like communication subnetwork is assumed among
the host computers. This means a point to point communication
scheme on the network.»In our case, the RAP database machine which
has the distributed structure érchitecturally, becomes only a node
processor as it is usually understood in the DDB environments.
However, the parameters of RAP machines can vary between the nodes.
That is, the system characteristics are determined with réspect

to the requirements of each node.

The system analyzed in the following chapters is based on
homogeneously distributed RAP GDBMS. As seen in Figure 8, this
architecture parallels the single GDBMS which is mentioned in théa
previous section. Various external schemata (NES) are deriven
from the network meta data model (NMDM) and mapped onto the network

common schema (NCS).
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3.2.2. Query Execution Methodology

The execution methodology of the described system is
performed via the query execution monitors, QEM's. Each node has
a copy of QEM and the one at the query site assumes the master

role.

Furthervimprovement is previded by the decomposition of
NCS into groups a&f instructions, called subqueries, with respect
to the semantic structure of the query and the multilocational
distribution of the data. Each subquery manipulates a single
RAP relation except those involving the implicit join of two
relations (cross-mark, crs-cond-mark instructions). Subqueries
are executed at the site of the relation they manipulate and the
results are moved, if necessary, from site to site for the
executions of other subqueries and to obtain the overall result

for the query.

The query execution on the RAP DDB involves the procedures
of query decomposition, subquery analysis, and construction of a

query graph.
3.2.2.1. Query Decomposition

Given a RAP code for a query, Q, decomposing it into n
subqueries Sdys SAgreeccaressSq, implies that execution of sub-
queries in serial and/or parallel, produce the same results as

in the case where Q would have been processed at once. Breaking

a query into subqueries in this way is called query decomposition.
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In the RAP assembler programs, each instruction, except
for the cross-mark type commands (i.e., cross-mark, crs-cond-
mark) involves a single relation. A cross-mark type command,
which performs an implicit join, involves two relations, a source
and a target relation. Before the execution of a cross-marking
instruction, some preparatory manipulations are done on the
source relation (as well as on the target relation in case of
crs—cond-mark) . Accordingly, the following pieces of codes are

made a subquery:

a) Instructions manipulating the source relation before
an implicit join,

b) Instructions manipulating the target relation (if any),

c) A cross—mark type instruction,

d) Loops (which are considered as single instruction)
manipulating several relations at the same site.

e) Any other groups of instructions which are none of the

above and that manipulate a single relation.

The procedures will be clarified by tracing an example

on which each step will be applied.

The following are the database relations from which the

gquery examples are derived.

PARTS (PNO, CITY)
SUPPLIERS (SNO, CITY)
PROJECTS (JNO, CITY)
AVAILABILITY (PNO,SNO,QOH)

SUPPLY (SNO, PNO, JNO, QTY)
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These relations are represented by the query variables

P,$,J,V and Y respectively.

Assume the query : "What are the quantity of parts on
" hand (QOH) with name 'BOLT' which are supplied by suppliers
whose status is 20 and who are located in the city of projects

with project number Jl, to projects with project number J2"?

The corresponding RAP program, whose instructions are

numbered is as follows :

Instruction Instruction
no
1 MARK(tl)[S: SNO = 201
2 MARK(tz)[J: JNO = J1]

3 MARK (t4)[ J: JNO =J2] |
4. CRS—CdND-MARK(tl(tG)[ S: CITY =J.k(VZIT‘Y]
[J.bﬂ(Eb(tz)]
5 ] MARK (t.)[ P: PNAME = 'BOLT']
6 CROSS-MARK (t,)[ V: PNO=P.PNO][P.MKED(t,)]
7 MARK (tg)[ V:MKED(t,)]
8 CRS-COND-MARK (t, (t,)[ §:SNO = V.SNO]
[ V.MKED(tg)]
9 CROSS-MARK (t)[ ¥:JINO = J.JNO] [ J.MKED (t5)]
10 CRS-COND-MARK (t, (t,) )[ V:QOH =Y .QTY] [ Y .MKED (tg)]
11 CRS-COND-MARK (t , (t-) )[ V:SNO =S .SNO ][ S.MKED (t,)]
12 READ[ V(QOH) :MKED (t )]
13 RESET (t,)[ V]
14 EOQ
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By the decomposition algorithm the following subqueries

are obtained:

Subguery No : Sl; SZ; 83; 84; Ss; SG; S7} 88; 89; Slog sll;

Corresponding
Instruction No: 1; 2; 3; 4; 5; 65 77 ;8. 93. lps 13 13, 13, 14;

Inorder to determine the connection structure, subquery

analysis is required.
3.2.2.2. Subquery Rnalysis

This step analyzes the subqueries in the sense of data
flow features. It determines for each subquery the input/output
relationships. That is, the relations, the mark bits, and register '
contents input to the subquery versus the output state of all or

subset of inputs as well as new states created are analyzed.

The following chart is prepared for each subquery during
the analysis.

Input of Output of
RELATION N N 51
MARK DOMAINS Ngﬁggg Y MARK DOMAINS
REGISTER NAMES | REGISTER NAMES |

In the example the following charts are obtained:

S(t,)
AN s(t.)
8 S(tl)x‘ J J(tz) I 1
—p— S1 —» i —p—] s2 —‘-—-;b s I8l 83 —p
3
p P(tg) Bite) Vit,)
—_—pp— S4 s $ s —p—t S5 ——— R R SO On




3.2.2.3. Query Graph

Query graph shows the decomposition and connection struc-
tures of a query derived from the results of subquery analysis.
The nodes of a query graph are the subqueries and the arcs being
the relations processed. For a node, the incoming arcs are the
source relations for the subquery concerned and the Outgoing arcs
are the resulting portions of the relations processed. Relations
without any restrictions are made entry nodes. The input/output
relationships of mark bits and registers between the subqueries
determine the precedence relationships in the graph. That is, a
subquery setting the contents of a mark bit and/or a register
which are later used by another subquery, as the basis of restric-
tion, should naturally precede the latter. Also an implicit join
cannot execute unless both of its ihcoming arcs arrive at the
input. In the graph simplification, those nodes whose in and out

degrees are both one, are combined.

The query graph for the example query is seen in Figure 9.

Figure 9. Query Graph of the sample query.
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3.2.2.4. Query Bxecution Monitor

In order to execute a given query at a node in the
network, which is decomposed into subqueries, a query execution
monitor (QEM) is needed. As mentioned earlier, in the RAP DDB,
each node contains a copy of QEM and the QEM of the query site
assumes the role of the master. In query execution, the QEM starts
from the entering nodes of the query graph and fires their
execution. Each succeeding query is executed after all positive
acknowledgements are recieved from its preceding subqueries

which it depends upon.

The precedence relationship and move strategies of the
intermediate information have an important role in the operation
of QEM. According to the precedence reiationship, tﬁo independent
subqueries may either be executed in parallel if they are at
different locations, or in serial if they are at the same
location. If the subqueries are dependent on each other, even if
the& are in different locations, the execution must be performed

serially after providing the information transfer.

In distributed processing, data movement from site to
site is inevitable., The goal then is to minimize the amount of
data moved. This can be achieved by moving smaller number of
tuples and smaller portions of each tuple. The performance model
to be described in the succeeding chapter, incorporates the

following move strategies (Note: The term 'volume' will imply
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restricted (if necessary) subset of the relation concerned.

a) If volume of the target relation is greater than or
equal to half the volume of source relation, move source to
target.

b) If volume of the target relation is less than half
of the volume of source, then it pays to move the target to

source (although there is also a return).

c) If a relation is needed by several subgueries at a

location, move that relation entirely at once.

The QEM is responsible for all subguery sequencing,
communication, and data transfers. The simulation considerations
of the monitor will be explained in the following chapter, and
{8).

more information on the structure can be obtained from

3.3. A Discrete Simulation System - SIMSYS

In the performance studies of the thesis SIMSYS simulator
is used in constructing the simulation models of the systems

involved. Apperldix - 2 gives a brief description of the simulator.
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CHAPTER 4
PERFORMANCE MODELS APPLIED ON

RAP DBMS SYSTEMS

The earlier performance study on the RAP database machine
was published by a previous study(24). However, the recent applica-
tions of GDBMS and DDB on this created the necessity of further
performance assesments which are the topics of this thesis. The
study is realized in two main phases. The first phase covers the
evaluation of available DBMS configurations on the RAP database
machine. The second phase studies the performance of the RAP based
distributed database system with that of the conventional computer

counterpart.

Since the models used are based on the models of the
previous study along with the new analytical and simulation models
developed, a brief overview of all the models used will be provided

in the following.

4.1. Performance of the RAP Database Machine

The performance study which was conducted previously (24)
compared analytical models of relational DBMS's implemented on the
RAP database machine.with the similar implementation on a conventional
computer system. Architecturally, RAP was assumed to hold its entire
database contents. The conventional computer was assumed to be a
Von-Neumann type uniprocessor working in the monoprogramming mode

using inverted lists as access paths, and doing joins with them. In
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the comparison of basic DBMS operations at a single location,

it was observed that RAP outperformed its conventional conterpart
by up to a factor of three orders of magnitude. In retrievals
involving a single relation, the improvement ratio of execution
times was in the range of two orders of magnitude, within three
orders of magnitude for updates and within one order of magnitude
for cross retrievals, which involve two or more relations, all in
favour of RAP, These improvements by RAP are attributable to its

following major features:

a) Doing in-place :
1) selection involving boolean criteria with direct
comparison using =, #,<,< ,2;
2) arithmetic updates ;
3) set function computations ;
b) Parallel (distributed) processor architecture;
c) Large bulk associative memory in contrast to ILimited
size content addressable memories;
d) Direct representation of data structure;

e) High level machine instructions.

Further performance enchancements are achieved by RAP -~ 3

(17-192) , which can be summarized in four groups.

a) Selection, known as SELRAP, in the new architecture is
independent of both the criterion expression length and the gqualification
clause form (i.e., simple and complex expressions) and is executed

in one memory cycle.
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b) By the use of controllable memories, like magnetic
bubbles or RAM's, collison rates are reduced by effectively
redistributing the colliding tuple positions in the device.

This results in output gains, at low responder percentages,
of up to three fold better within 1 through 5 % responder volume

and drops off to 1.2 fold better at high responder volumes.

c) In the DBMS operations, apart from eross retrieval,
an improvement ranging from 1.2 through 3.2. fold over the
improvements achieved by the old architecture were obtained.
These were simply due to the selection and read-out gains °

reported in Parts a and b,

d) The cross retrievd8l timing was modelled by summing
up the durations of selection on the source relation, the implicit
join operation and the output of results from the target relation
as
N
CRSRAP =SELRAP + (L +#C +=) * RAPRTIME + READOUT (NR)* RAPRTIME
In addition to selection and readout improvements, the

implicit join is processed more rapidly as

N
CRSNEW = SELNEW + #C(l-+¥E%H (T ) )* RAPRTIME + READNEW (NR)* RAPRTIME

NTPT

The account of speed is reflected by

- o ANT/K)® (2+L¥ (k-2)) +L* (k=2) +1 4.3
NTPT NT +k -~ 1 Ut
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NT is the total number of tuples per cell

k 1is the number of subcells per cell

L 1is the loading factor (i.e. L = 1 is used for non-

wait case).

In the TNTPT' the numerator reflects the overall time
to process NT tuples by k parallel subcell processors while each
" tuple requires L times the allocated processing time without
overloading (L =1). With k=4 and L=¥4, the improvement of cross-
ﬁark with the new~-RAP over the old one is 3.5 fold and if L =1

it is 1.8 fold.

4.2, Comparative Evaluation of RAP DBMS Architectures

The RAP tabular structure along with the RAP DBMS assembler
language enable the implementation of RAP DBMS architectures. In
investigation of possible DBMS's supported with RAP, the following

system architectures were implemented:

a) DBMS supporting a single model.

b) DBMS supporting several models, whose internal schemas
(correspond to common schema in RAP) .are realized in
terms of RAP relations. This was a transition to ANSI/
SPARC (4) like DBMS structure.

c) GDBMS structure which parallelledﬁANSI/SPARC's but
differing in the details. The Meta Data Model and the
Common Schema are separate stages and correspond to

different data models.
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‘ Figure 10 demonstrates these DBMS structures. While
Figure 10(a) reflects the basic DBMS configuration which was
modelled by the earlier performance study (24), the architec-
tures of Figure 10(b) and 10(c) reflect the intermediate and

latest implementations realized.

4.2.1. Job Queues

It was mentioned in Chapter 2 that, multiprogramming,
as supported by hardware, was based on a two-class priority
system. In this system, class-1 jobs constituted the large
pefcentage of jobs ahd comprised short retrievals. The scheduling
selected was the preemptive resume scheduling due to the analytical
researches and observations obtained in(12). Accordingly, class-1
jobs were unpreemptible high priority type, whereas class-2 jobs
were the preemptible on resume basis, low priority type. In the
considered study, the queueing discipline was chosen to be
M/M/1, in which the requests arrived in a Poisson stream, where

the values of some parameters were set to the followings

As seen in Figure ll(a), L is the Poisson arrival rate
of requests, U is the proportion of update requests, SR is the
proportion of retrievals that are short and SU is the proportion

of updates that are short.

From these three parameters the following is obtained:

L, = L* U+L*SR¥ (1-U) B 4.4
which is the arrival rate of class-1 requests.

L,= L * (1-SR) * (1-U) 4.5

which is the arrival rate of class-2 reguests.
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The job type proportions are approximately derived
as shown in Figure 11(b). These figures will be used in the

simulation phase of this study.

In the model, class~1 and class-2 jobs have expontia;'
service time distribution with service rates M, and M, respectiveif,:“,
The interarrival times of the two jobs are also distributed
exponentialiy with the mean interarrival rates of Il and 12

respectively.

Thevmain.performance parameter is chosen to be the
traffic intensity ‘'r',(21-23) which is defined as the ratio of
mean service time to mean interarrival time as follows :

I

1 2
1 Ml 2 M2
where
T T :
T F - <1 4.6
1 2

Let Pﬁ be the probability that n class-l1 jobs and m
{

class~2 jobs are in the gueue. The steadyAstate equations are:

- m - m,. m m=1
Ozagl Pn'+1+(Ml+ Ll+ Lz)pn-+ Ll Pn'1+ L, Pn m,n >0
= m mt 1_ m, .. pm-1 =
0 Ml Pl"*'M2 Po (M2+ Ll+ LZ)P0'+L2P0 n=0, m>0
= o 1 o - n =
0 .Ml Pl-+ MZPO - (Ll+ LZ)Ro m=n 0
where P° = 1-(r, +r.) and Pj‘*=(ri+ rj)(l—(r + r,)) 4.7
o 1 2 i 1 2 1 2 *

The cumulative service distribution function(35-37) can

be derived as follows:



[ ] o0

= p> z m m . n
F(z,u) n=0 m=0 n 2% U 4.8
where z and u are dummy variables to represent the priorities.

Then

l1-1r, -1

Flzyw= { y—3= rzz)( 1 -au

where

a =

° 2
M)+ Lo+ Ly (l-z) - /Mt Ly +D,(1-2) %= 4L M -
2M

1
The followiqg conclusion derived from the analytical

results will be utilized in the model :

a) The expected number of requests waiting in the queue

are :

Class-1 jobs

dF ] ry
QL; ¥ —g3 : = — 4.11
1 du z=u=1 1 r,
Class~2 jobs
dF 1= (M, /M) QLy | 4.12
L, = &z = T | - 1
z=yu=1 l-r, -x

1 2

A\
b) Turnaround time of the job is :

pp = Mean service time

non-used service facility 4.13

class-1l jobs

1

o 1
T = ﬁ-]tﬁ' ﬁ——-rl)

1
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class~2 jobs

Tr, = w1

2 M .
2 (A=(ry+ 1)

c) Mean waiting time is :
WT = Mean time in system~ Mean Service'Time 4.14
class~1 jobs

1 1
wT., = ot
1 Ml 1~rl

class~2 jobs

1-(M,/M,)QL
Wwr, = _%_ % 1772 l]

[
M2 2 1“rlfr2

Based on the characteristics of GDBMS system and the
parameters of the RAP design the following two different queueing
schedules will be investigated, The above probability analysis

is chesen to be applicable for both of the systems.

a) Each external schema interface corresponding to a
different data model will have a separate FCFS. queue, having its
own Poisson arrival population. Request interarrivals following
an exponential distribution are equal in all the queues . These
gqueues are to be serviced in a Round Robin fashion, that is,
starting from one model all data models are serviced one by one
and after the last one is serviced, the service restarts from the
initial one. There is no job switching overhead, so it uses the
same analytical functions with the second schedule but differs in
simulation. In this system, each data model has its own class-l
and class—-2 gueues for the RAP server. In this way therefore, a

clags~2 job can only be preempted by a class-1 job of its own

queue (Figure 12(a)).
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b) Each data model has its own Poisson population to
generate the requests, but all three form a common request
main stream entering a common FCFS queue. From this stream,
single class-~1l and class-2 subquemes are created. Random arrival

of data models are assumed among the interface requests.

The data models are independent of each other and to
represent this fact, the convolution probability can be defined.

The waiting time probability distribution function being :

=

folr)= cle“clr r=0 Relational model
| 4.15
£ (n) m‘c‘?e"czn n>0 Network model
such that total waiting request is
Z =R+ N where R is independent of N 4.16

then, the probability distribution function of the mixture is

the convolution integral:

o0

£,(2) = ’&{ fR}r) R fN(z~r)dr
£o(r) is zere for negative values,
Replacing 4.15 in 4,17 the distribution function becomes
° -C. T -C,(z=-r) €12 -Cq2 -ChZy
£f (z) = [ c,e"l"%c¢c,e "2 dr = —%_(e"%1% - "2%), z20
Z o 1 2 . c,~C
271
4.18
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4,2.2, Job Execution Times

It was necessary to determine the meamn query execution
times in order~to define the exponential distribufion from
which the service times are ®btained in the simulation. For
this purpose, a study for representing data models other than
the relational model (i.e,, hierarchical and network) in the
internal schema with the use of RAP tabular structures is

carried out.

The study is performed on large number of examples
using various sample databases during the analysis of diffefent
MIS systems (e.g.METU MIS of students, Hospital MIS of patients,
Production Firm MIS of departments and customer compantes, THY
MIS of flights etc.). The overhead in terms of additional
number of relations created for the tabular representation
contributes to the increase in service times of the non-relational

interfaces. The process:s iis as follows :

a) A MIS is analysed for the sample system and the data-
base necessary for the requirements of the system is

defined in terms of the three data models.

b) The relations are derived from the hierarchical and
network phases for the corresponding record types and

set-types, to be stored in the RAP common schema.

c) The total number of relations to be used in the RAP-
tabular structure is determined as

N =Total Entity Relations + Total Link Relations.
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d) The ratio of the total number of relations in the
Hierarchical or Network models to the total number
of relations in the relational model are calculated,‘b

hence the overhead is determined.
The following is an example showing these steps:

By the analysis of a hospital MIS, a database on the
"Medical Rec&rds"is considered. This application concerns certain
medical data on the patients in the wards of‘a'hospital. The data
is usea by nurses and doctors to assign and administer medication,
and to inform the attending doctor of a change in a patient's
condition.‘The database contains four entities: Ward, Patient,

Doctor, Medication.

The 'Ward" entity contains a ward number, the ward type
and the floor a ward is on, where the ward-number uniquely

identifies the ward.

The 'Patient' entity contains a patient number, the bed
a patient has been assigned within a ward, the patient's name,
sex and the diagnosis of his illness. The patient number is

assigned to a patient when he . is admitted and identifies each

patient.

The 'Doctor' entity identifies a patient's attending
doctor. It contains fhe doctor's number, namé and the phone
number at which he can be reached in case of emergency. A doctor
is identified by his unique doctor number.

The 'medication' entity specifies what medication a
patient is receiving, wﬁen it was ordered and any special instrqc—
tions such as repetition. A patient may receive at.ﬁost, oﬁly

one medication of each type.
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Hierarchical Model
DATABASE NAME : MEDICAL

WARD N

WARD-PAT

PATIENT

PAT-DOC PAT -MED

DOCTOR MEDICATION

In the hierarchical model, the links between the
record~types are defined for simplifying the derivation of

Link relations in the common schema.-

Network Model

'WARD ' DOCTOR

PRESENT RESPONSIBLE
- PATIENTS DOCTOR

PATIENT

Y
PATIENT-
MEDICINE

Y

MEDICINE

In the data structure diagram of the network model,
the record-types (rectangle) and set-types (oval) are shown,

wherethe set-types represent. the relationship between the

record-types.
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Those entities, represented in forms of relations, are
enough for the definition of relational model. However the link
relations are required in the hierarchical and network models.
The following show different representations of the same infor-

mation :

a) Data Model Interface
The following data structure diagrams show the
description of the database according to the respective

data models: -

Relational Model

It consists of the following relations :

WARD (WARD-NO, WARD-TYPE, FLOOR);

PATIENT (PAT-NO,BED-NO, PNAME,SEX,DIAGNOSIs;DOC—NO,
WARD-NO) ;

DOCTOR (DOC-NO, DNAME, PHONE) ;

MEDICINE (PAT-NO. , MED-TYPE, DATE, PRESCRIP) ;

The relations represent the tables and the columns are

the names given in the paranthesis.
b) e¢m0n.‘ﬂsﬂhémyg; 1

All repfésentations, once converted to common schema,
result in RAP relations as shown in the following:

Hierarchical Model :

Entity Relations :
WARD (WARD-NO, WARDTYPE, FLOOR);
PATIENT (PAT-NO, BED-NO, PNAME, DUMMY, SEX, DIAGNOSIS):;

DOCTOR (DOCTOR-NO, DNAME, DUMMY, PHONE);
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c)

d)

MEDICATION (PAT~NQ, MED-~TYPE,DATE,PRESCRIP) ;

Link Relations :
WARD~PAT (PAT-NO, WARD-NO) ;
PAT-DOC (PAT-NO,DOCTOR NO) ;

PAT-MED (PAT-NO ,MED~TYPE)

Network Model

Entity Relations

WARD (WARD-NO, WARD TYPE,FLOOR) ;
DOCTOR (DOCTOR NO ,DNAME ,PHONE) ;
MEDICINE (MED~TYPE ,DATE ,PRESCRIP) ;
Link Relations:

PRESENT-PATIENT (WARD-NO,PAT-NO) ;

RESPONSIBLE~-DOCTOR (DOCTOR NO, PAT-NO);

PATTENT~MEDICINE (PAT-NO,MED-TYPE) ;

Total number of relations for a data model is

determined as :

=2
i

Number of Entity Relations + Number of Link Relations

N = 7
N = 7
The ratios between the other models and the relational

model are:

N
'-ﬁ'l-l' = 1-735
R
N
-ﬁtiw 1.75
R
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Ag it 1is observed, the overheads are due to the
additional relations created in converting the models into
their relational équivalents, whose structures are at least
in the third normal form in the case of GDBMS. In the examples
studied, the number of resulting relations in the common ‘schema
from the hierarchical and network models were, respectively
1.25 through 2.30 and 1.50 through 2.5 fold more with respect

to that of the relational model.

In order to find the mean execution.times for the
hierarchical and network models to bé used in the definition
of exponentially distributed service times, several queries are -
executed in the models supporting the DBMS architecture (Figure
10 (b)). The following presents an example query to be executed

on the example database given above.
Query : "What are the names of the doctors that prescribe the
medicine called 'APEX'?".

a) External schema interface

Hierarchical Model

For the hierarchical model MRI(25) database language
is used.
GET MEDICAL~-DNAME WHERE MED-TYPE EQ'APEX';

Network Model

For the network model LSL(25) database language is used.
“SELECT ‘MEDICINE

WHERE MED-TYPE = 'APEX'

LINK WITH PATIENT-MEDICINE TO PATIENT

SELECT PATIENT |
LINK WITH RESPONSIBLE DOCTOR TO DOCTOR

KEEP .DNAME ;




b)

Relational Model

For the relational model SEQUEL(25) database
language is used.
(SELECT DNAME
FROM PATIENT
WHERE PAT~NO =
(SELECT PAT-NO
FROM MEDICATION

WHERE MED-~TYPE= 'APEX'));

Common Schema

As indicated before, the common schema execution
is in terms of the RAP database language whose
compesition is given in the following with respect

to the data mcdels.

Hierarchical Mecdel

MARK (t)[ MEDICATION:MED-TYPE = 'APEX']
CROSS~MARK (t,)[ PATIENT: PAT-NO = MEDICATION ,PAT-NO]
[ MEDICATION,MKED (t)]
CROSS~MARK (t,) [ PAT-DOC: PAT-NO = PATIENT. PAT-NO]
[ PATIENT .MKED (t,)]
CROSS~MARK (t ,) [ DOCTOR: DOCTORNO = PAT-DOC,DOCTORNO]
[ PAT-DOC .MKED (t )]
READ[ DOCTOR (DNAME) : MKED (t,)]
EOQ |

Network model

MARK (t,)[MEDICINE :MED~TYPE = 'APEX']

CROSS'MARK(tz)[PATIENT~MEDICINE:MED—TYPE ‘= . MEDICINE -MED~TYPE ]

s [MEDICINE.MKED(tl)]
5 B



c)

d)

CRoss»MARK(t ) [?ATIENT tPAT-NO & PATIENT*MEDICINE PAT-NO]
[ PATIENT-MEDICINE. MKED(t )]
CROSS-MARK (¢,) [ RESPONSIBLE DOCTOR:PAT-NO = PATIENT.PAT-NO]
[ PATTENT MKED (t,)] |

CRoss-MARK(t ) [ DOCTOR:DOCTORNO = RESPONSIBLE DOCTORDOCTORNC]
= [ RESPONSIBLE DOCTOR. MKED(t,)]

READ DOCTOR[(DNAME) :MKED (t, )T
EOQ

Relational Model

MARK (t,) [ MEDICINE:MED~TYPE =" 'APEX']
CROSSwMARK(t )[PATIE&T:PAT;Qb ‘= MEDICINE., PAT—NO]
[ MEDICINE.MKED (t; )1
CRGSS-MARK(t )[DOCTOR- DOC-NO = .PATIENT .DOC-NO]
' [ PATTENT, MKED (t.,)]
READ[DOCTOR(DNAME):MKED(t3ﬂ

EOQ
Execution times (ET)

Execution of these query programs in the METU RAP emulator -

takes the following times in terms of RAP revolutions.

ETH = 8 RR (hierarchical)
ETN = 10 RR (network)

ETR = 6 RR (relational)

Execution time ratiocs of other models to the relationai
model are:

.ETI_I ET

= 1.33
ET ET

R




It was concluded that, with the examples studied,80 %
of the time the hierarchical model used 1.5 fold of the rela-
tional execution time, whereas the network model used 1.75
fold. These figures are used in the definition of exponential

service time distributions in the simulation phase.

The various DBMS structures of Figure 10(b}, and the
GDBMS structure of figure 10(c) are compared on théfhases of

execution times by executing several queries - in difféﬁent
representative sample databases in the METU.

4,3, Performance Evaluation on RAP DDB System

Based on the DDB architecture described in Chapter 3,
analytical models of both the RAP DDB and a conventional DDB
are constructed. Thege models can be considered as an extension
of those covered in(24), with the addition of the models of
network communication, queueing, and the network query execution
methodology described in the preceding chapter. The objectives
. of the éerformance study were first to evaluate the RAP DDB
system within itself and secondly compare it with a conventional

counterpart DDB. The comparison stages comprised:

a) Non duplicated DDB where each node stored its own
data requirements;

b) 8ingle-query executions in the environment of (a)j;

c) Multi-query executions in the environment of (a);

d) Upd;te query executions in a fully duplicated DDB,

where every node contained the full contents of DDB.



4.3,1, DDB Parameters

4,.3,1.1. Overview of the local execution model performed in

the previous study (24):

The operations required for using and manipulating simple

nermalized relations include

1) 8election, modification, deletion, and addition of
tuples,

2) Computation of functions on sets of selected tuples,

3) retrieval of tuples,

4) projection on selected attributes of a relation,

5) implicit join of two relations on a common attribute.

Tn the basic instruction set of RAP, an instruction
includes a qualification expression to specify the tuples to be
dealt with and performs the operations directly on the memory.
Appendix~1 gives a summary of the RAP opcodes. The gualification

expression is a Boolean disjunctive or conjunctive expression
with the following three structural characteristics:

a) Number of simple conditions (CL) which affects the
evaluation time in RAP and the conventional system;

b) Proportion of'simple conditions involving tests for
equality;

¢) The number of conjunctive (disjunctive) clauses in the

disjunctive (conjunctive) normal form representation.
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Most of the RAP instructions require one RAP revolution
for execution, where the maximum number of selected tuples at
any single angular position on RAP determines the number of

revolutions required to complete an output operation.

The formulae used in the model of each operation are

given in Appendix 3.

Ta: support the relational database management system
on conventional disk or drum memories the approach of providing
inverted lists on selected attributes of each relation are
chosen., The inverted list for selected attributes of each
relations are stored in a sequential file with a multilevel
hierarchical directory. In the data portion of the file, tuples
will be stored as records in directly accessable files.Both
the data records and inverted list records are blocked in order

to reduce the input-output in reading them sequentially.

The conventional system is therefore assumed to contain
two file types, an index file and a data file for each relation.

The bulk memory is assumed to be a fixed head disk with rotational
position sensing.

4,3,1.2. RAP model

The RAP model comprises exactly the same model constructed
for local query execution with the addition and/or exceptions of

the following parameters:

a) Performance enhancements introduced by the new RAP-3

architecture, as outlined in Section 4.1, are incorporated.
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'b) Responder volumes, NR, are determined from the file

(relation) percentage estimates, Fm given in Appendix 3.

c) All domain lengths are assumed to be 16 bit halfwords
in the relations. Relation sizes are assumed to be

equal, each containing 105 tuples.

d) Data moves in the implicit join operations involve
only the restricted domain values of the join domain
of the relations. In the move strategies, if the target
relation volume is equal to or greater than half the
volume of source relation, source relation data is
moved to the target. The message length corresponding
to the entire move is computed as:

DM = NT * NDB * Fm 4.19

where

N, is the relation size in number of tuples;NDB is

the domain length in bits;Fm is the previously
restricted proportion of data as determined with

regpect to conjﬁnctive or disjunctive qualification
expressions. However, 1f the target volume is less

than half.of the source volume, the entire (or rest-
ricted portion in the case of crs~cond-mark) target data
message, which is

DM = NT % NDB 4.20

is moved to the source
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4.3,1.3,

Conventional model

As in the RAP model, the previous study is followed

also for the conventional system., The following additions

and/or modifications are incorporated into the model:

a) Regponder volumes, NR, are determined from the same

b)

c)

d)

file percentage, F_, used by RAP,

m

In the models of the basic DBMS operations, a
decision model is incorporated which determine the
mode of file accesses. In that model, if the file
pé}centage corresponding to NR exceeds 15 %, a

switch is made from the usual random access mode to
the sequential one in all of the operations modelled.

The same data sizes as in RAP are taken with the
additions of inverted list access path;,.whose‘maximum
size is taken as 104 tuples which are equal in length
to the tuples of relations, These corresponded to

600 (#T) and 50 (NTRIV) disk tracks for each relation
and invérted list respectively.

The same data move strategy, as in RAP, is used

for the join operations although the join is not implicit °

this time. In addition to each data (relation) move

however, there is also accompanying access path move
equal to a total message length as

DMA = NTA * TL 4.21,
where

NTA is access path length in number of tuples,.

TL is the tuple length in number of bits. |
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4.3;2. Network Model

In the network modelling, the same‘assumptions are
made for both systems. This also applies to the query decom~
pegitien algorithm developed for the RAP DDB, This 1is 'because
the same algorithm can be applied to conventional systems, a£
the language level, so long as the query language is based in

-

relational algebra.
4,3,2,1, System architectures

The system architectures for single query and multi-

query cases are shown respectively in Figure 13(a) and (b).

In the single.quefy case, a query can enter the system
only if the previous query has finished its execution and left
the system. Once a query is initiated, its subqueries are activated
and placed in the respective ‘-node queues considering the
location vector of subqueries. The traffic delay is only among

the subqueries.

In the multi-~query case, the network query arrival traffic
is abstracted by a block queue(21-~23) before the network as
widely applied in similar conditions. The query which can be
initiated after leaving this queue activates its subqueries and

places them to the'respectiVe nodes.

There is a single server (processor) at each node which
performs the local executions and also receives and sends

messages. Each node server is assumed to have an M/M/1 queue(30).
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Figure 13. Network Queueing System Architectures
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The QEM by which the local executions are realized, imposes
the precedence matrix between the subqueries, that is, the °

data sharing among the subqueries is restricted.

The routing procedure is fixed thus the nodes transmit
the messages with the same algorithm through'every channel.
Only one channel is assumed between any pair of nodes and the

channel capacity is fixed for all the channels.

4.3,2.2, System descriptors

After specifying the properties of the analyzed system,
the model will be formally named, based on the gqueueing system

descriptors(32) as follows:

a) Arrival process
The arrival process indicates the manner in which hew
customers‘come into existence. The customers of the
computer systems come from a stochastic population
with the arrival distributed in the Poisson manner.
This is also applicable to the proposed model. However,
the sgystem is clésed, that is, there is a fixed
number of customers in each routing chain, because
end to end flow control is used to regulate the
entry of messages to the network. The interarrival

times are exponentially distributed.

b) Workload classes
The workload classes characteristic indicates

grouping of customers that are Statistically ;



indistinguishable. The system is single class in
this study, as the multiple class is not required

while operations and subqueries are distinguished.

c) Queueing discipline

The individual node queues have the FCFS discipline
as long as no priority between the subqueries is
considered, Therefore the discipline can be named as

class~independent~work-conserving.

d) Server characteristic
‘The server characteristic describes the reaction of
the server to the load, The servers in consideration
are RAP or conventional processor, Both of those
processors are load independent serves as long as
their processing properties do not change with the
number of customers in the system. The ﬁrocessors
have the exponentially distributed service each using
his own mean service rate. The designed and applied
netwerk model can be represented withyﬁhe following
classification vector : [ Closed,single class, class-

independent~work conserving, load independent servers] .

4.3,3., Network Queues

The possible queueing schedules among the subqueries
that are processed, are shown in Figure 14. In those three figures,

the diffemsntiation is in the initial and final services of the system,
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while there can be any type of service in between. The aim is

to represént that the subqueries can either be served in

parallel or series. In the figures, the square boxes represent

the nodes, the little circles in them represent the processors.

The waiting line of the nodes have the limited capacity.

Figure l4(a) represents the parallel entry from two

different nodes. The subqueries follow two chains; upper chain

is a serial connection of nodes(nodal queues), lower chain has

two parallel subqueries followed by a subqguery. These join at

the exit node.

Figure 1l4(b) has single entry, single exit and two serial

chains in between.

Figure 14(c) has single entry, multi exit and two serial

chains in between.

Since the subqueries can be served both in parallel or in

series, the queueing analysis are performed due to parallel server

and serial server queueing systems (27-33).

Assumptions :

1)
2)
3)
4)
5)
6)

th

L; is the poisson arrival rate to the i~ node,

Mj is the exponential service rate at the ith processor,
a is the total number of processors (nodes),

each queﬁe is limited to have s subqueries,

n is the number of subqueries in the system,

: L
the traffic intensity ;£=-Mi— at the ith node.



a) Parallel processors with ap nodes and n, subqueries(34-36) .

)

1) Probability of having np parallel subgqueries in the

system
r "p
P{N=np}=po "'—L— n.p= 0,1,2,...-,»ap
n_ .
P
and 4.22
n
r p
ﬂpo T n=a l,...,S
a' a P P+
D p P P
where
ap r "p : r /a_-(r_/a_)® %p+1 ‘l
Po::[ z _E__+rpap'alr [( p I]?-l;/g )]
= 0 i W :
np P p p P
4.23
2) Quewe Length (QL)
r /a_-(r /a )S—ap+l
QL= P, Ergh-w rbap x P < 29 : 4.24
* l1-r_/a
P ( p/ p)
3) Mean Waiting Time
QL
WL = T 4,25
‘4) Total Turnaround time
= 1 where M is the mean service
T = wr + M rate for the nodes in parallel 4.26
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b) Server in series with as processors and n, subqueries.at

the 1™ node queue (37,38).

1) P { Ny=ny, Ny =ny3 ... N= n_ }
s s n
v a
. l-r s
1l - ry n l—rZ, n ag
= r, 1+ r, 2+... + o7
1 s+l s+1 l~r
-r l-r as
1 2
4.27
2)Queue Length :
QL = QL+ QL,+ ...+ QL,
s
r 1-5r5 (1-x,)-rS Ya l'sr: (1-r, )-ry
= --—]-' [ Sil 1 rl ] + + S [ S s S]
1-y 1y s+l et 1-rx ler s+l
1 1 s a
s
4,28
3) Mean waiting time
W= W‘I‘l+ WT2 PR W'I'as
u.}...QL.*.l-rl + X o1, + . IR L+_iia;§__
1 s+1 M Q 2 s+HL M Q a s +1
M l-x» 2 l~-r a s 1l-r
1 1 2 s ag
4.29
4) Total turnaround time
TT =T’I’l+ TT2+ coat TTa
8 s
r S l-r *a
1 1 1 1 S, .. 1 s
=[ - | + ro+ toH - 1
- -pS-1° M S+l 1 I-r_ " [_s-1' M
1 rl 1 rl 1 1 rl a 1 ras a
l--ra v
+ fl s 4.30
a
l-r 8
s
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As can be observed in thé case (b) the probabilities
are summed up for the serial processing, so if two parallel
processing systems (i.e. first system have two processors in
parallel and the second has three processors in parallel)
are connected in serie;, then their probabilities arg calculated
for their own systems and the results are summed up, to £ind
the mean waiting time and the total turnaround time in the

network.

In the multiquery case, to prevent the chaos, the
subqueries of each query are distinguished carefully by
providing each subquery to with a query descriptor all through

the network.

4.3.4, Traffic Delay

The main variaﬁle of the network is the traffic delay
caused by overlapping;mes§age arrivals from different nodes.
The éelay occurs at any stage of the query execution beginning
from the arrival of a éuéiy to its entry node to the successful
deliVery of the result té the user. One wouid therefore like to

keep the delay time small.

Based on the above assumptions and following the

Kleinrock's Model (33), the overall network delay, T is given.

as
z i 1 +
on
m .2 (-—‘_—t.+Pi Ki+ W!) 4,31
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where
A is the arrival rate of queries coming to the network’
drawn from a Poisson distribution,
i is the meaﬂ”arrival rate of subqueries coming to the ith
node drawn from a Poisson distribution.
1 | th

—— is the message length to be transmitted from the i node.

C 1s the channel capacity.

th

4 1s the propogation delay of the i node (1/C).

i 1s the local processing delay of the 1™ node.

th

W, is the waiting time in the queue of the i~ node.

The number of nodes varies between 1 and m.

It is believed that stating the Kleinrock assumptions in
this stage will alsc be helpful in understanding the model. In
establishing the T formula which is also used in this study,

Kleinrock assumes that

a) Channels on which messages are transfered are
noiseless.

b) Total traffic handling capacity of the network is
declaréd by the designer, accordingly, theré is
restriction to message traffic.

¢) Each node has unrestricted storage capacity.

d)'There is a single destination for each message with
no defection.

e) Full reception of message before transmission is
provided,

f) Arrival and message length distributions are independent.

These assumptions are also applicable to our system.
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4.3.5. QEM Simulator

The analytical models discussed in the previous sections
are applied for the performance analysis of distributed database.
However, we have also stated that, the executions, at the net-.
wofk nodes are performed by using the nodal QEM, which was
briefly mentioned in Chapter 3, It is preferred to discuss the
QEM simulator in detail here, as it is the brain of the simula-
tion phase of the study, believing that the discussion will be
- helpful for the reader in understanding the program source lists

in Appendix-5.

The logical structure of the QEM is as follows :

a) Determine the exec¢ution location of each subquery,

using the move policies.
b) Take the entering nodes as current subqueries.

Repeat the following steps until there are no more
remaining subqueries,
c) For each current subquery, before executing it check

it immediate successors, and:

1) For those at the same location, modify the sub- .
query as to save the results for the immediate
successor.

2) For those at different locations, modify the sub-
query as to move the result to the immediate
successor.

3) Execute the subquery and wait for positive
acknowledgement if it is not an ending subquery

otherwise produce the required output.
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d) wWhen positive acknowledgement is received for sub-
query, indicating completion of the execution for
each immediate successor do the following :

1) If its indegree is one, make it a current subquery.

2) If its indegree is greater than one, but it only
depends upon the executed subquery (i.e., cross-
marking with target unprocessed) make this subguery
a current subquery.

3) If its indegree is greater than one and other
preceding subqueries have not yet been executed,
put this subguery into a wait quege; otherwise make

it a current subquery.

As observed in Figure 15, the QEM is regarded as a
supervisor that manages all subquery sequencing, communication,
and file transfers. The qﬁery graph which establishes .the logical
precedence. among the subqueries, is input to QEM. This graph
is specified with a matrix S where n is the number of

nxn
subqueries, The matrix element values denote:

sij 1 = subguery j waits an acknowledgement from
subquery i.
sij = (0 ~ subgquery i and j may proceed concurrently if
there is no path of length greater than one

in the graph between nodes i and j.

A ‘subquery 8Qy can be initiated only if all sQ; for which
sij= 1 send positive acknowledgements to SQj. Upon completion of
a subquery, SQj, it sends posit;ve acknowledgements to all sub-
queries SQi for which sji==l. Also, any subquery SQj for which
sij=‘0 for all i=1,...,n is an entering node, which may be
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initiated without any acknowledgements, while any subquery
SQj for which sTi“ 0 for all j=1,...,n 1is an ending node,

which will transfer results to the user.

To determine the file move percentages Eoe given in
Appendix 3, we make use of the subquery characteristics which

can be defined by four parameters.

a) Oéeration : To calculate the local execution times
and to determine the file percentages to be moved,
the operation requested by the subquery is given.
The operation makes the distimction between subqueries
involving implicit join and the others. The operation
types, representations and execution formulas are

given in Appendix 3.

b) Criterion Length(CL): This parameter specifies the
number of simple conditions in an instruction
qualification (Boolean) expression. If there is a
join operation, its value is equal to one but for the
other operations such as retrieval, update etc.,
its value may be greater than one. It affects also

the percentage of file to be moved.

¢) Mode : Mode is the simple condition type making the
distinction between equality and non-equality

comparisons.

d) Qualification Composition (QCOM): It différentiates
between single and multi-clause expressions and conjunctions

or digsjunctions within these forms.
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.4.3.6. Update Model

In the definition of the distributed databases it was
stated that the data is either non-duplicately distributed or
duplicated over the nodes. In the previous sections, non-
duplicated network database was considered. In the update
case, however fully duplicatéd network database is'stuéied,

since this is the case where the most critical update problems

are confronted (39).

If copies of the same informakion is stored in every
node of the communication network, there are two main advantages

for the users at different locations:

a) Responses to queries can be made more quickly if the
information requested is stored where the query is

received.

b) The breakdown of certain node or communication links
will not cause every one to lose access to the infor-

mation.

On the other hand, update request to a multiple copy data-
base create several problems in terms of security and integr%;y
in a DDB. Among the conflicting up dates entering to the
system from diffgrent nodes simultaneously, oqu one can be
allowed, The allowed updates must be applied in the same orderxr
at each node, otherwise the information in different database
copies could divergé. Also, when a node receives notice of a

requested update, it may choose to delay application of the
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update until it knows of all possible simultaneous

updates from other nodes. An update is rejected if it might
interfere with any update previously approved. The rejected

update may be rehandled after the interfering one is executed.

Congidering all these problems, the concurrent update
requests invthe network must be synchronized before the
execution to preserve data consistency. In the present analysis,
QEM is adopted to the full duplicate case and the following

assumptions are made for this model:

a) Updates can be initiated at any node,
b) Concurrent of dates must be processed provided that
synchronization and . deadlock prevention procedures
are performed.
¢) Synchronization algorithm is the one suggested by
" C.Ellis (40).
d) The nodes are classified as either normal or problem
nede in regards to responding with a positive acknoyledge-

ment.

The synchronization algorithm briefly states that, in
order to start an update the requesting node must receive
positive acknowledgements from all other nodes. In case of
rejection, the request is repeated after waiting for an exponen-
tial interarrival time. After all the positive acknowledgements
are completed, the requesting node updates its copy and sends

the update procedufe to all nodes.

The nodes which will respond with a positive acknowledgement
with a high probability are named as normal nodes. The synchroniza-

tion time of this category is the longest end to en@ delay time
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used by any of them. The end to end delay time can be explained
by the fellowing function:

EED, (d) = 1-e” Ty4d 4.32

where -

d is the message variable
Tij is the mean rate of message transmission between ith
and jth nodes.

th

EEDy is the end to end delay of i~ node.

) As a result, the synchronization time for the normal

times is :

STIME = ng {’EEDi} =3 ,....4n 4,33

i=y,

The preblem ncdes are the ones that will cause repetition
of the request before gilving a positive acknowledgement. The
synchronization time is negative exponentially distributed,
whose mean is the longest end to end delay time of the former

group.



CHAPTER 5

OBSERVATIONS ON THE EXPERIMENTS

As it was stated in the previous chapter, the perfor-
mance analysis is carried out in two different phases; which
comprigsed evaluation of the RAP DBMS configurations and the
performance with respect to RAP and a conventional computer
based DDB systems. The models described previously are construc-
ted and various e#periments are realized on these models. This
chapter will pfesent the cbservations on the experiments

conducted in the study of this thesis.

5.1. Experiments on RAP DBMS Configurations

The representative DBMS configurations are built up on
the RAP emulator, which is operational in METU, as shown by
Figure 10, The compafisons among the three possible DBMS
structures used two measures which are the queue policy compérisons
and the queryfexecution times. The single data model database
sﬁructure and the several model one as shown by Figures 10(a)
and 10(b), were compared in terms of the queue policies. The
second comparison, which covers the several data model supporting
databage and the generalized DBMS as shown by Figures 10(b) and

10(c) used the query execution times for comparison.

5.1.1. Queueing System Simulations

The queueing schedules shown in Figure 13 are simulated
by using the SIMSYS language. Experiments on these simulation

systems are realized by creating the arrival of various queries.
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The traffic intensity was stated to be the basic
performance parameter in this study. Based on the experiments
on saméle population the mean traffic intensity of the early
implementation (single data model supporting DBMS) is found
to be 0.71, meaning that the system is kept busy most of the
time. This figure is the evidence for the fact that service
times were too long, so that the waiting lines were heavily
loaded. With the same number of arrivals, however, the inter-
mediate implementation (several data model supporting DBMS)
showed a much lo&er traffic intensity, which was 0.35. The
waiting line, hence the waiting times were decreased. For the
different priority classes the observations on mean traffic

intensity are summarized in Table 1,

CLASS-1 QUERIES | CLASS-2 QUERIES | SYSTEM
EARLY
ALY ENT 0.28 0.94 0.71
INTERMEDIATE 0.05 0.68 0.35
[MPLEMENT

Table 1. Mean traffic intensitiles

Using the analytical formulas and reffering to these
observations, the waiting times of the queries -are determined.
The relationship of the ratio of the mean waiting'times (that
is the waiting times observed in the single and multiple data
model DBMS's of Figure 10(a) and (b)) with the mean service times
are'plotted in Figure 16. As explained before, the class~1 and
clagss-2 jobs are serviced with separate exponential service

time distributions.
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In the piot Wa/Wb represents the ratio of mean waiting
times of the early implementation and the intermediate implemen-
tation respectively. As can be seen in the curves, the inter-
mediate implementation shows an increasing improvement for
the class~l1 jobs by increasing the service times. In other
words, the intermediate implementation is more effective in

reducing the waiting times of high priority jobs., There is
also imprevement, although not at the same rate, in the waiting

times of the class~2 jobs. It is noticed, however that the
improvement falls down as the mean service time increases
further. This is due to the fact that the longer the class-2

jobs the more will be the chance of preemption.

5.1.2. Query Execution Times

The query execution times of different data models
were evaluated on the representativ; databases experimented.
First, the common schema relations are derived from the
hierarchical and network data models and the overheads with
respect to the relational model are obéerved. The examples
concluded that, the number of resulting relations in the
common schema from the hierarchical and'network models are
respectively 1.25 through 2.30 and i.50 through 2.50 fold
more with respect to that of.the relational model due to the
additional link relations created. Next, the execution times
are determined, For 80 % of the example queriés studied, the
hierarchical model showed an average of 1.5 and the network
model showed an average of 1.75 fold more service time with
respect to/that of relational model. These are studied for the
purpose of evaluating the Generalized Database Management System

shown in Figure 10(c).
- 85 =



With the aim of showing the differences in execution

times between the RAP based intermediate implementation of
Figure 10(b) and GDBﬁS, different real life MIS's are analyzed
and the databases of these systems are created and used. Among
the analyzed MIS's, there are airline scheduling MIS, hospital
MIS, university MIS, production firm MIS, as described in
Chapter 4. The queries derived from the usage of these systems

are executed in both architectures.

It_was obgerved that GDBMS execution times were reduced
by up to 25 % with respect to the intermediate implementatiop.
This is observed to be mainly due to the more formal relational
structure of the GDBMS architecture. In the intermediate one,
however, the relations were formed on an adhoc basis, mostly
resulting in only first normal form structures. Furthermore,
there was no uniform discipline in structuring these relations
After careful‘comparison, it was observed that although there
exist larger number of relations in the GDBMS architecture,
which will result in more number of joins, the overall program
execution times compared less with respect to those of inter-
mediate implementation architecture, This was due to the fact
that, the number of tuples of vertically larger relations;which
is the case of intermediate implementation, grew in the cross-
product order, hence making execution of every type of instruc-

tion dealing with them in a query program take much longer.

5.2. Simulation Experiments On DDB

As pointed out earlier, the entire DDB system for both
RAP and the conventional case is simulated using the SIMSYS lan-
guage. In the network performance assessments,different query
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examples which most closely represented the lower bound in

the improvements were chosen, in order to provide a
conservative assesment. A query example for the DDB application
along with the steps of query decomposition procedure and
éorresponding location vector and precedence matrix were

shown in Section 3.2.2., Figure 9 and Appendix-4. In the
following some performance results on this query will be

presented to clarify the presentation.

As can be observed in this example query'program and/
or- query graph, the greatest percentage of the instructions
(about 60 %) involve joins, which are costly operations also
involving file moves. In the typical cases, users would
present simpler queries which would contain less joins and
span é smaller portion (i.e., use less number of nodes) of

the network.

5.2.1, QEM Performance

In the first comparison made, the effectiveness of the
quexry executioﬁ monitor implemented for RAP DDB, was evaluated,
As can be seen in the query graph of the example query in
Figure 9, on the average there are roughly 2.3 subqueries that
can be executed simultaneously at any moment on the network.
This would therefore result in the performance of QEM with an
improvement of 230 % compared to that of the serial execution
time of the program, if the data movement activity were‘fully
ignored, In fact, data movement occupied 63% of the overall

network time since not all of the moves could go in parallel.

Although dynamic file move strategies are incorporated into the
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simulation model, an overall optimization of these moves

ceuld be done at the network: level before the query execution,

]
Query processing and traffic delay took 33 % and 4 %
of the overall network time respectively. In this situation,
the improvement over the serial execution case was by an

overall time reductien of 58 % which still proved the

effectiveness of the query execution methodology.

5.2.2. RAP Versus The Conventional System

5.2.2.1. Singie query case

The same query mentioned in the RAP case was executed
according to the conventional model. The total network time was

vshared as follows :

Data moves ~ 55 % of total network time
Query processing
time - 34 % of total network time

Traffic delay-11% of total network time.

As cah be seen, the network traffic delay is increased
compared to the RAP case due to the increase in the amount of
messages transferred during execution. Although the percentage
of move times seems to be smaller with respect to RAP, it should

be pointed out that the total network time is highly increased.

The ratio of total network times‘of these systems for
"the mentioned example showed the RAP time being 1/8.12 of the
conventional time. A channel capacity of 56 K bits/second is

assumed in all the comparisons.
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Next, the query program is modified to have an .inter-
~mediate set function coemputation and a replacement update,
where the replacement took place of the read instruction. The
improvement of RAP in this version of the query went up to |
reducing the execution time ratio by 1/47.76 With respect to
the conventional one. The overwhelming improvementsiby RAP

in updates were reflected to network by modest amounts (however,’
still very impressive) due to the high proportions of data

moves dictated by the joins.

It.should be remembered that, this study aims to
discuss a lower bound example, since otherwise a typical query
would involve much less number of joins and span a smaller
portion of the network. As can be seen in the location vector
of the sample query in Appendix 4, the above results‘are for
the query spanning 50 % of the network, where the network span

is the proportion of nodes involved in the query.

The comparison is repeated with respect to the variations
of the network span of the example case for both versions of the
query. The version that contains replacement instruction is
named as update and the initial original version as non~update
for the cagg of differentiation in the comparisons. Figure 17
shows the piot of RAP improvements over tﬂe conventionai case,
for the update and non-update versions of‘the: example query,
as the query network span is varied. In th;s figure the result
obtained is that the relative improvements drop in the case
of update and increase in the case of non-update. This can be
explained by the increasing amount of message traffic, hence
data moves, in the overall network time since more number of
subgqueries become remote to eachother as the‘query netwo:k spén

is increased.
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Figure 17, Single query RAP improvements versus the query

network span.

It was also observed that, the improvement changes
according to the file percentages shown in Appendix 3, This
analysis’censiders the low and high extreme percentage appli-
cations on the update version of the query. The RAP improve~a
ment ratio for the discussed case went up to be 1/57.12 with
respect to the conventional for the low move extremes and
down to 1/39.60 for the high move extremes. The reason for these
changes can easily be stated to be the more data movement traf-.
fic in the case of high extremes, where processing proportions
‘show a relative drop.
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The last analysis considered the increase in the channel
capacity. When the channel capacity is increased to 896 K bits/
sec, the update improvement ratio of RAP is increased to
1/58.20 with respect to conventional from 1/44.76. This brings
about the conclusion that in the broadcast type network would

compare with its improvements obtained for the local executions.

5.2.2.2, Multi~query case

In this case, the same model for the single query Ease
is used with the.addition of the network block queue which
generates continuous query arrivals, up to the extent shown
by the respective network throughput in total number of bits.
The extreme value of throughput in the plots corresponded to
16 queries in the simulator. Appendix 4 shows the detailed
inputs of those sixteen queries, together with the percentage
of implicit joins involved. Among these queries, the network
span is kept fixed at 50 % and the number of subqueries per
query are either 10 or 11, As pointed out earlier, this series
of analyses correspond to a lowerbound, since the considered
queries have high rate of joins though the real life case may
have more update and set funétion computations. Corresponding
to less execution and data move times.

Figure 18 shows the plot of RAP improvements in the multi
query network, for the update and non-update cases as the net-
work throughput is varied. As in the single query case, updates
preserve the join structures of their respective queries and

replace only one statement by a single update operation.
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It is obvious that the RAP improvement is decreased
as the conventional overhead relative to RAP fell down from
being 47.76 fold to 14.92 fold of RAP in the update'case and
from 8.12 fold to 2.46 fold in the non-update case when the.

throughput is increased from 8926 K bits to 47569 K bits.

Figure 19. shows the effect of network delay and data
move times on the total network time for the RAP case. It is
seen that the proportion of waits on the network becomes
dominant by increasing the traffic delay to 70 % from 4 %

value of the single query case.

Figures 18 and 19 can both be explained by the traffic
load of the network. As the query load on the network is
increased, the improvement of RAP over the conventional case
is decreased, whether the queries have the update or non-
update requests. This is due to the fact, as in Figure 16 that
the traffic delay increases as the network throughéut is
increased. Therefore, the role of parallelism in processing
as well as in file moves and the proportion of these time in

the overall time diminish with increasing load.

As in the single query case, the effect of network
span on the queries are investigated. Figure 20 shows the effect
of query network span in the multi-query case. The curves are
plotted.using the extreme network throughput values for the
update and non-update case. The same behaviour is observed as
in the single query case' for the relative values of network through-
put. That is, the improvement of update queries decrease as non-
update queries increase by the increase in query network span due
to the higher amount of message moved.
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Figure 20. Multi~query RAP improvement versus query network span.

5.2.2,3. Update case

The last simulation realized was the update query execution
in the fully duplicated network, where there is no need for data.
movement except the transfers of update messages. The model which
was cbtained in éection 4.3.6 was applied assuming ghe maximum

throughput on the network.
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In the simulation run, using the same query given
earlier, it was observed that the synchronization overhead
accounted for the great chunk of the overall time. The
overhead is recorded to be 34 % and 47 %. of the overall net-
‘work times in the RAP and conventional cases, respectively.
This high overhead is justifiable consider;ng the complexity

of the queries executed and the nature of the model used.

Figure 21 gives the plot of RAP improvement, as the
network span is varied, in the update model of the fully
duplicated DDB. As can be seen, inspite of the high percentage
of synchronization time RAP gives higher improvement in this
case. It is also interesting that the behaviour in the plot
is the reverse of the update case of the nonduplicated net~
work span is increased due to the fact that local update exe-
cution is more complex and takes longer in the conventional

system in addition to larger synchronization times.
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CHAPTER 6

SUMMARY AND CONCLUSION

In the performance analysis of the RAP database machine
systems discussed in this study, RAP based GDBMS and DDB
architectures are considered. Pe;formance assesments included
in both the evaluation of the RAP systems in themselves and
the comparisons with the conventional systems in the DDB érchi—

tecture.

During the study, the basic analytical tool used was
the queueing theorems applied in different models. The experi-
ments however, were not only based on the analytical tool but also
the simulation of the models constructed were performed by the
SIMSYS language in the analytical models, the M/M/1 queueing
system was modified by the Round Robin algorithm in the RAP
DBMS comparisons in addition to using oniy the M/M/1 alone. The
main performance measures are the traffic intensity, the waiting
time and the turnaround time. Their formulas are derived by using
the traffic intensity as adopted to the two class priority sche-
duling. The DDB comparisons, on the other hand, considered the
single queue at a node, which processed either in parallel or in
series among‘themselves, for the single query case and an additional

network queue for the multi-query case applications.

The previous RAP performance study was taken as the basis

and extended further in the context of the present study. There-
fore, it will be helpful to summarize the conclusion of the
previous study before mentioning the conclusion of the present

performance assessments.
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It has been shown that the associative memories
eliminate indexing and thus eliminate links or pointers needed
for establishing access paths. RAP, being an associative
processor, proves to be a solution to many of the problems
that are confronted with in supporting a modern database

management system., Some of these solutions are:

a) balancing update and retrieval performances;

b) providing fast on~line response to queries on large
relations;

¢) reducing database management system complexity
by eliminating the software and data required

for maintaining the access paths.

Performance enhancements introduced by the recent RAP

versions further improved the above facilities.

Among the results of the present study, it was
ocbserved that the RAP GDBMS performed better over the adhoc
approaches. Various RAP based DBMS implementations are compared.
E&rst it is shown that several model supporting DBMS performed
better than the single model DBMS version. In the further
comparison, however, it was found out that the RAP GDBMS
performéd better than the previous two DBMS versions.

In the remainder of the comparisons, it is shown that
RAP, which is a superior DBMS processor, does better than the
conventional counterpart in the DDB environments. The results
shduld not be surprising and even better gains by RAP would be
expected in the cases of more typical queries (i.e., those with

less number of joins and smaller network span)'and faster network
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communication means (i.g., broadcast communication)., In all
the results, the gain obtained by less volume of message v
traffic on the RAP side adds further to its processing superiority

resulting in overall network gain.

The query proceééing methodology discussed in the RAP
DDB architecture has various architectural impacts letting
along DDB environments. This methodology is a solution for
the single RAP processor problems which aré of the nature
inhereted from the SIMD architecture. In other words, using
the subquery approach, a multi-processing configuration of
RAP can be constructed by data flow analysis of the query
programs. The RAP query decomposition algorithm becomes very
straight forward by the use of cross-mark instruction which

implements tuple substitution in hardware.

In the network configuration, query execution method-
ology based on concurrent subquery execution is very proper
since it factors out a queueing problem into a set of simpler

queueing problems.

In conclusion, based on the past and present performance
as§essménts, it can be pointed out that RAP~like database
processor architectures are a solution to modern database
management problems and the commercial realization of these

architectures is quite imminent.



REFERENCES

MRI SYSTEMS CORP., "System 2000 Publications: General
Information Manual, Basic Reference Manual and

Intermediate Access Feature", Austin Texas, 1972.

DBTG, Database Task Group of Codasyl Programming Language
Commitee, Report (April 1971), available from ACM,

BCS, and IAG.

CODD, E.F., "A Relational Model of Data For Large Shared

Data Banks", CACM, Vol.13, No.6, June 1970, pp.377-387.

ANSI/X3/SPARC Study Group on Database Management Systems:
Interim Report. FDT (Bulletin of ACM SIGMOD) 7,No.2,
1975,

OZKARAHAN, E.A., "An Associative Processor For Relatiénal
Databases- RAP", Ph. D. Thesis, Department of

Computer Science, University of Toronto, January 1976.

6ZKARAHAN, E OA. f 4 SCHUSTER, S .A. f “A High“'level MaChine
Oriented Query Language for a Relational Associative
Processor", Computer Systems Research Group Technical

Report CSRG-74, University of Toronte, 1976.

OZKARAHAN, E.A., SCHUSTER, S.A., SMITH, K.C., "RAP- An
Associative Processor For Database Management", AFIPS,

Proc., Vol. 44, 1975, pp.379~387.

- 100 -



8. SCHUSTER, S.A., UZKARAHAN, E,A,, SMITH, K.C., "A Virtual
Memory System For A Relational Associative Processor",

AFIPS, Proc., Vol. 45, 1976, pp.291-296.

9. SCHUSTER, S.A., NGUYEN, H,B., OZKARAHAN, E,A., SMITH, K.C.,
"RAP.2- An Associative Procegssor For Databases And
Its Applications", IEEE Transactions on Computers,
Vol, C-28, No.6, June 1979, pp.446-458, Also in Proc.
of 5th Computer Architecture Symposiums, May 1978,

pp. 52~59.

10. OZKARAHAN, E.A., "Hardware and Software Research on the RAP
Database Machine", Proc. of the IEEE International

Conf. on Circuits and Computers, October 1980,

11. LIN, C.S., SMITH, D.C.P., "The Design of a Rotating
Associative Memory For‘Relational Database Management
Application", ACM Transactions on Database Systems,

Vol.1l, No.l, March 1976, pp.53-65.

12. OZKARAHAN, E.A., SEVCIK, K.C., "Analysis of Architectural
Features For Enhancing the Performance of a Database
Machine", ACM Transactions on Database Systems, Vol.

13. TANSEL, A.U,, UZKARAHAN, E.A., "Query Execution in the
Distributed RAP Database Machine Systems", Department
of Computer Engineering, Technical Report No. IS~DB.

6, METU, February 1979.

- 101 -



14,

15.

16.

17.

18.

19.

20.

CHEN, P.P., "The Entity Relationship Model-Towards a
Unified View of Data", ACM Transactions on Database

Systems, Vol. 1, No.l, 1976, pp.9-36.

0Z8U, T."Development and Analysis of a Database Management
Facility for Management Information Systems", M.Sc.
Thesis, Department of Industrial Engineering, METU,

August 1978,

OZKARAHAN, E,A., DOBAC A., "Database Processors Used in
Information Systems", Proc. of Convention Informatique,

Database Design, Paris, 1978, pp.1l42-153.

OZKARAHAN, E.,A., OFLAZER, K., "Microprocessor Based Medular
Database Processors", Proc. of 4th Int.I . Conf. on

Very Large Databases, Berlin, 1978, pp.300-311, !

OFLAZER, K., UZKARAHAN, E.A., SMITH, K.C.," RAP.3~ A Multi-
Microprocessor Cell Architecture for the RAP Database
Machine", Proc. of the International Workshop on

HLLCA, Florida, May 1980.

OFLAZER, K., "A Microprocessor Based Approach to RAP Data-
base Machine Cell Structure Design and Analysis", M.Sc.
Thesis, Department of Computer Eﬁginéering, METU,

June 1979.

UNLU, S., "Design and Implementation of a Software Emulator
for Relational Associative Processor, RAP", M.Sc.Thesis
Department of Computer Engineering, METU, August
1979.

~102~



21.

22,

23.

24,

25.

26,

IRANT,

TﬁIPATHI, S.K., "On Approximate Solution Techniques for

Queueing Network Models of Computer Systems",
Computer Systems Research Group Technical Report

CSRG~106, September 1979, University of Toronto.

DENNING, P.J., BUZEN, J.D., "The operational Analysis of

Queueing Network Models", ACM Computing Surveys, -

B.K., LIN, H., "Queueing Network Models for
Concurrent Transaction Processing in a Database
System". Performance Evaluation Review Vol.8, No.

1l and 2, Spring~Summer 1979.

OZKARAHAN, E.A., SCHUSTER, S.A., SEVCIK, K.C., "Performance

DOGAG,

HAYES,

Evaluation of a Relational Associative Processor,
ACM Transactions on Database Systems, Vol. 2, No.2,

June 1977, pp.l175-195,

A.,IGZKARAHAN, E.A., "A Generalized DBMS Implemen-
tation on a Database Machine", Proc. of ACM SIGMOD,

May 1980.

J.F., "Performance Models of an Experimental
Computer Communication Network", The Bell System
Technical Journal, Vol. 53, No.2, February 1974,

pp. 225-259,

- 103 -



27,

28.

29.

30.

31.

32,

KIMBLETON, S.R., "Modelling Considerations in Computer

Sth Hawaii

Communication Resource Control", Proc.
International Conference on System Sciences, Univer-

sity of Hawaii, Honolulu, January 1975, pp.95-97.

KIMBLETON, S.R., "A Heuristic Approach to Computer Systems
Performance Improvement- A Fast Performance Prediction
Tool", Proc. AFIPS, 1975 National Computer Conference,

. Vol. 44, pp.839-846.

NIELSEN, N., "A New Approach to Network Simulation", Proc.
Sth Hawaii International Conference on System
Sciences, University of Hawaii, Honolulu, January

WONG, J.W., "Queueing Network Modellihg of Computer
Communication Networks"”, ACM Computing Surveys,

Vol. 10, No.3, September 1978, pp.343-351.

SAUER, H.C., "Confidence Intervals for Queueing Simulations
of Computer Systems", Performance Evaluation
Review, Vol. 8, No. 1 and 2, Spring-Summer 1979,
pp. 86-92.,

KIENZLE, M.G., SEVCIK, K.C., "Survey of Analytic Queueing
Network Models of Computer Systems", Computer Systems
Research Group Technical Report, CSRG-100, University

of Toronto, July 1979, pp.65-89.

- 104 -~



33,

34,

35,

36.

37.

38.

39,

40,

41,

42,

KIEINROCK, L., "Analytic and Simulation Methods in Computer
Network Design®", AFIPS, Proc., Vol. 10, No. 3,

September 1970, pp.569~579,

TURNER, R. "Investigation of Several Mathematical Methods
of Queueing Systems”, Performance Evaluation Review,

Vol, 8, No. 1 and 2, Spring-Summer 1979, pp.36-44.

BENJAMIN, J.R., CORNELL, A.C., "Probability, Statistics |
and Decision", Mc~Graw~Hill 1970.

BUFFA, E.S., "Models for Production and Operation Management",
John Wiley and Sons Inc., 1966.

{
DAN, L.K., "Organizing Distributed Databases in Computer

Networks" Ph. D. Thesis, Computer Science Department,

University of Pensylvania, 1974,

GAVER, D.P., THOMPSON, G.L., "Programming and Probability
Models in Operations Research", Brooks/Cole Publishing

Company, 1973,

GELENBE, E., SEVCIK, K.C., "Analysis of Update Sychronization
for Multiple Copy Databases", IEEE Transactions on
Computers, Vol. C~28, No.l0, October 1979, pp.737-747.

ELLIS, C.A., "A Robust Algorithm for Updating Duplicate
Databases", Proc. of Berkeley Workshop on Distributed
Processing, 1977, pp.l46-158,

GENG, F.P., "Simulation of Computer Systems", Ph. D.Thesis,

University of Manchester, 1976.

GENG,F.P., "SIMSYS Benzetim Dizgesi ve Dili", TBD 2. Biligim
Kurultayi, BIL1§IM~78 Bildirileri. Aralak 1978, s.l1-7.

- 105 -



APPENDIX - 1 SUMMARY OF THE INSTRUCTION SET OF THE RAP DBMS

ASSEMBLER LANGUAGE

Selection and retrieval

data retrieval.

MARK

RESET

READ
CROSS~MARK
CRS-COND-MARK
GET-FIRST-MARK
GET-~FIRST

SAVE

Update commands

SUB
MUL
DIV

REPLACE

commands : Implement selection and/or

.

L L]

[ 1]

e

L 1]

*”

(13

L ld

»
-

-
J

Selects and tags

Selects and removes tags

Selects and reads

Maps between two record types

Maps between two record types

Cursor and mapping within a record type
Cursor

Selects and save item in RAP register
Perform selection and in-place arithmetic
and replacement updates.

Iteml < Iteml +Item2 (or constant)
Iteml < Iteml ~Item2 (or constant)

Iteml «Iteml » Item2 (or constant)

Iteml ¢ Iteml / Ttem2 (or constant)

Iteml <Item2

Statistical (Set function) commands: Select and compute functions

in-place.
SUM
COUNT
MAX

MIN

AVERAGE

13

ve

..

.

Selects and accumulates
Selects and counts

Selects and finds the maximum
Selects and finds the minimum

Selects and computes average
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Insertion and deletion commands: Insert and delete record occur-
rences.
DELETE : Select and deletes record occurrences from
the record type.
INSERT : Insert record occurrences into the record
type.
Data definition commarids: Initialize, populate, and delete a
record type.

RELATION Defines a new relation (record type). Size,

*»

type, length parameters for the data are
declared. (Key attributes and access paths

are defined if the software emulator rather
than the actual machine is used). User capabili-
ties, access rights, and the protection
parameters are also declared with the use of
this command.

CREATE Populates the database for the specified record

*"

types which have been defined by the RELATION
command .,

DESTROY

"

Deletes a record type.

System Commands :

AUTHORIZE : Grants access to the user via a password.
LOCK ¢ Specified record types are locked against
concurrent accesses.

RELEASE : Releases locks.
SAVE-MARKS ¥ Current mark bits of specified relations

are pushed onto stacks of each tuple.
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RESTORE-MARKS

LOCATE

MOVE

(1)

STATUS

Y]

READ-MARKS

Register manipulation

READ-REG :
STORE-REG :
DEC-REG :
INC-REG :

RADD, RSUB,RMUL,RDIV:

Decision and transfer
TEST :
BC :

EOQ :

Restores marks by popping the saved mark
bits.

Returns the node address of the relation
being searched,

Moves an entire or restricted subset of a
relation to the specified site.

Performs dynamic status checking for
branching purposes.

Same as READ but also reads out ;he mark
bits.

commands :

Readéout RAP registers.

Enters data into user registers.

Decrements specified register contents by one.
Increments specified register contents by one.
Perform specified arithmetic operations on
the registers as: <reg> « <reg><¥opPX><operand>’
where ropr is one of RADD,RSUB,RMUL, or RDIV.
commands: Control program loops.

Tests presence of tags within a record type.
Branch, conditional and unconditional.

End-of-query.
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APPENDIX =~ 2 SIMSYS SIMULATOR

This Appendix is prepared according to (41).
A) General Description

SIMSYS is a process-oriented and entity-based simulation

system.

The descriptive units are processes, which are used
to describe the system activities, tasks and the conditions for
the system events; A set of processes is reguired to model the
system as a whole. Each process is in the form of a program
unit, like a procedure or a subroutine. It starts with the
declarations of the entitles associated with the process
followed by the statements describing the activities affecting

entities, that is, changing their attributes.

The concept of parallel processing levels 1s introduced
provide mechanisms for sequential and parallel executlon of the
processes. The parallel processing feature is truly parallel
rfrom the users' point of view in simulated time. The internal
organization of SIMSYS and the run time co-ordination of the
processes provide the simulated time frame which considers this
facility. The physical representation of those levels is in
the form of open-~ended queues called the parallel processing
queues., The active processes are the ones at the head of the-
parallel processing gueues. These processes execute and queue

their successors by calling the queueing functions at run time.
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When one process terminates, the next process in the same

queue is activated. There is no restriction in queueing., That
is, any process in any level can queue any other process to

one level. Furthermore, the processors may queue their succes- .
sors either to the head or the end of parallel processing queue.
Any queued process can activate when it reaches the head after
waiting for the predecessors. There is also a third type of
queueing, the delayed queueing, in which the process waits for
some time period and treated as if it is queued to the head

when the time period elapses.

A set of intrinsic functions is défined to control the
simulation and co-ordinate the processes. They are either primary
intrinsic functions or secondary intrinsic functions. Primary
intrinsic functions are the‘functions which when called, cause
an interrupt in the execution of the process until the function

ls serviced by SIMSYS. The primary functions consist of

a) Advance time function-WAIT(T)
When process calls this function, the process is
interrupted at the point of call 'and waits for T
time units. After the elapse of this period, the process
resumes its execution.

b) Terminating functions~QUIT,ENDOS
The first terminates the process, the latter terminates
the simulation run.

'¢) Queueing or successor call functions
As it was stated, three types of queueing exlist;QHEAD
(p,L), (QEND(P,L) ,QDELAY(P,L,T), which queue process
P to the head or end of level L, or to the head of level

L after waiting T time units.
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d) Process communication functions
SMES (M) ~sends message into any process waiting
this message
RMES (M) ~interrupts the process at the point of call
for waiting the message M. The process resumes its

execution when message is received.

On the other hand, the secondary intrinsic functions are
serviced at the time of the call. The process is not interrupted
and the execution continues when the function is serviced.There

are two of them in the present version.

a) TIME(T)- which returns the current simulation time in
the parameter T.
b) WLEVEL(L)~- which defines the identifier of the level
in which the process is running, in the parameter L.
A SIMSYS model (M) is formally defined by processes,
parallel levels, queueing strategy, messages used, entities,
data structures, program units, inputs and outputs. When each
of these parameters is defined, a system can be easily defined

in SIMSYS.

B) SIMSYS Language~SIMFOR

SIMSYS is a language independent of simulation system
in basic form. It can be realized in any existing high level
programming language by writing a suitable translator. The
present version METU uses FORTRAN as the base and implementation
language. The simulation language is named as SIMFOR to denote
the FORTRAN version.

All the features of the FORTRAN language can be used
for the programming of the simulation model. Some further func-

tions are introduced to allow the designer to describe the processes
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in terms of FORTRAN statements and intrinsic function calls.
Briefly, the additional features are PROCESS, SAVE, BEGIN, all
the intrinsic functions mentioned before, and an integer random
number generator IRAN. For the details of statements and the

translation see (41, 42).

C) The Internal Structure of SIMSYS

The internal structure of SIMSYS simulator is largely
influenced by the implementation of the software in a high level
programming language. The procedure and subroutine concepts of
these languages impose the condition that when a procedure or a
subroutine is called, the control must return back to the point
of call. Indirect Path is used in SIMSYS. When a process requests
an intrinsic function service, the parameters of the function are
stored somewhere accessable to the Process Controller and Clock
Advance (ZPPCA) by calling the intrinsic function call routine.
The control returns back from the routine to the user process and
to the Process Controller and Clock Advancer via the Model
Activator of any pfocess. The code and software mechanisms requi-
red in the processes to facilitate a software interrupt at an
intrinsic function call point and a return to this call point
after servicing the function, are generated by the SIMSYS trans~
lator.

The data structures of SIMSYS hbld all the necessary infor-
mation for the proper operation of the simulator and the model.

All simulators have a clock to record the passage of time,
which is usually set to zero at the beginning of every simulation
run and subsequently indicates how many units of simulated time

‘have passed since the beginning of simulation. In SIMSYS, the
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clock increments are dictated by the WAIT function calls from

the processes. The clock increments are positive integer numbers

and the smallest increment, that is integer, is called a time

unit. The parameter of the WAIT function is always expressed

in multiples of time units. Each time unit can be any time

interval of the real time. Tﬁé selection of the time unit depends

on many factors but mostly on the level of detail of the model.
The parallel processing gueues (PPQ) (Figure 22) are single

linked lists of entries. Each queue header contains links to the

entries énd a pointer to the currently active process. The

first PPQ is known as the delayed activation queue.

The entries linked in PPQ's are called Process Request

Entries. Each entry has three fields.

a) Process identifier

b) Link to the process description block

c¢) Link to the next PRE in the PPQ.

These entries are allocated and linked to the PPQ's by
QEND, QHEAD and QDELAY functions. Thus each PRE represents one
activation of a process. The QDELAY functions require a second
PRE to store the delay time and the level identifier. These two
PREs are linked to each other and then linked to the delayed
activation queue when the delay time elapses, the PRE corres-
ponding to the process is transferred to the head of the relevant
PPQ and the second PRE is released.

The information describing one activation of a process is
stored in a Process Description Block. Each block holds the
following :

a) Intrinsic function identifier

k) Intrinsic function parameters
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PPQ Header

Head Peinter—=—=-—=w——==== 'k\;
Tail Pointer——=-—=—=== o e e
Active Process Location=——=- r

PRE
Process Identifier .| 1 2
Link to the PDB ... |7ull null
Sp— null
Link to the nmext PRE =~~~ —

| ),
- V

Queued Processes
(not active)

PDB

‘Intrinsic
Function
Identifiers,
Parameters

Process
Operation
Variables

Values of
the SAVEd
Variables

Figure 22. A Parallel Processing Queue



Wait-time List

Header &~
.r_...).. 3
~ -

Empty~-levels List
Header -~
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—o (<t —o

Wait~for-message List

Header o
® (€10

PPQ Header
> null
null
————3 PRE
PPQ Header
PDB
2 .
» null-
null
null
PPQ Header
3
—p» null
null
&———» PRE
PDB

* The process waits for the service of a WAIT function

v

** The process waits for the service of a RMES function

Although the lists may contain several entries only one entry lists

are illustrated in this figure for the sake of simplicity.

Figure 23. Scan Lists




Send~ Mesdage List

Message Entry

null
Headet ==|=————~— Message
| e —> @
I - [

Receive~Message List

Message Entry

o 2 PRE
Header == |~ ==~ Message
—3 o —3 e
@ e @ o
PDB

Figure 24. Message Lists (each list may have several entries)
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c) Process operation variables, which fix the state of
an interrupted process
d) Current values of the process local variables when

interruption takes place for reactivations.

A procesgs description block is allocated when a process
becomes currently‘active and describes the operation of the

process until it is terminated.

There are the following three scanlists and two message
lists used by SIMSYS to keep track of the intrinsic function

servicing (Figure 23).

Bl

a) Wait time list : The processes waiting for the service
of a WAIT function are kept in the currently active

process locations of the PPQ headers.

b) Empty level list: Process controller and Clock advancer
keep track of the empty PPQ's by recording the levels

which are empty in this list.

c) Wait for message list: The level corresponding to a
process calling a RMES (Receive Message) function is
recorded in this list at the time of call. The list
is in chronological order.

d) Send-message list: This list is used to hold the
messages sent by processes which are not receivedhby
any process yet, with chronological order.

e) Receive-message list: It is an extension of wait-for-
message list, processes waiting for messages are kept

in this list in chronological order (Figure 24).
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c) Process operation variables, which fix the state of
an interrupted process
d) Current values of the process local variables when

interruption takes place for reactivations.

A process description block is allocated when a process
becomes currently active and describes the operation of the

process until it is terminated.

There are the following three scanlists and two message
lists used by SIMSYS to keep track of the intrinsic function

servicing (Figure 23).

a) Wait time list : The processes waiting for the service
of a WAIT function are kept in the currently active

process locations of the PPQ headers.

b) Empty level list: Process controller and Clock advancer
keep track of the empty PPQ's by recording the levels

which are empty in this list.

c) Wait for message list: The level corresponding to a
process calling a RMES (Receive Message) function is
recorded in this list at the time of call. The list
is in chronological order.

d) Send-message list: This list is used to hold the
messages sent by processes which are not received by
any process yet, with chronological order.

e) Receive-message list: It is an extension of wait-for-
message list, processes waiting for messages are kept

in this list in chronological order (Figure 24).
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The process controller and clock advancer model of

SIMSYS is basically responsible for :

a) Running and scheduling the processes

b) Servicing the intrinsic function calls

¢) Advancing the simulation c¢lock.

These functions.are performed by a control algorithm
which consists of the sequences of scan, advance clock, update

wait and delay time, activate, and process intrinsic functions.

D) The Queueing System in SIMSYS

The execution of queueing system is performed in SIMSYS
by the help of GASP, since some statistical or special purpose

algorithm is borrowed.

Initially a free queue is defined by the attributes of
the entities declared. When an activity is to be queued, it is
dequeued from the free queue and put into the related user
defined queue. During queueing and dequeueing, a pointer is

selected which is the entry pointer selected from the free

queue.

Formation of a queue can be performed either from head
or tail on. These functions can be used anywhere in the processes
and the queue conditions can be observed any time by the print-
gueue (PRINTQ) function. These can be observed in the source

listings of Appendix 5.
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APPENDIX 3. OPERATTONS RELATED WITH DDB COMPARISONS

A) Operation Codes and Formulas :

Operation Code Command
1 Selection and retrieval~MARK

which takes only one circulation- of
execution time in RAP processor.

2 Commands which take exactly two
clrculations of execution time in RAP

processor: GET-FIRST-MARK,AVERAGE

3 Join~-CROSS~MARK

4 Join with restriction-CRS-COND-MARK

5 Retrieval and output-READ-OUT

6 4 All the update commands ADD,SUB,MUL,
DIV,INSERT ,DELETE |

7 Set functions-MAX,MIN,SUM,COUNT.

Model parameters:

Hardware parameters:
RAPRTIME = revolution time for the RAP memory

RTIME = disk revolution time in the conventional system

Database size parameters :

NOC = number of cells occupied by a relation

NOT = number of tracks occupied by the relation

NTRIV= average number of tracks occupied by an inverted list file

for one attribute of a relation.

N, = number of source domain values extracted from a cell of

W
G

source relation.
N = number of source domain values fed into the target relation

during each implicit iteration.
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Query behavior parameters :

NR = average number of records that qualify under a qualifica-
tion expression .
CL = average number of simple conditions in a qualification
expression
FNS = numbers of tuples selected by the function qualification.
CONT =“number of distinct values in the implicit join criteria
list.
DATRAN =Data retrieval when its address is known
RTIME/2 .
SEQRET = Sequential retrieval of data in conventional system =
(0.5 +N.'RIV) * RTIME

READOT = Minimum : 1 * RAPRTIME

Maximum : NOC * RAPRTIME

Basic Formulas:

Selection:
SELRAP = 1 % RAPRTIME

SELCON

I

(0.5 +NOT)* RTIME * CL. for equality

1l

CL * RTIME for nonequality

Retrieval :

I

RETRAP SELRAP + READOT

I

RETCON SELCON + NR ®* DATRAN

It

(0.5 + NOT) * RTIME If Rate of NR > 0.15
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Join s

N
SELRAP + NOC * (l'*—%g)'FREADOT for CROSS-MARK

CRSRAP =

= CRSRAP +1 * RAPRTIME for CRS~-COND-MARK
CRSCON = SELCON + SEQRET +N * RTIME +NR % DATRAN

= SELCON + 2 * SEQRET +NR* DATRAN If Rate of N > 0.15

= SELCON + 2 * SEQRET + (0.5 +NOT) * RTIME If Rate of NR:>0.15
Ugdate :

REPRAP = SELRAP

I

REPCON = SELCON +NR * 1.5 ®* RTIME + NR * 4 % RTIME

= 2 % (0.5 +NOT)* RTIME + 2% SEQRET If Rate of NR>0.15

Set functions :

FUNRAP = SELRAP except for AVERAGE

AVERAGE= 2 * RAPRTIME

]

FUNCON = 2% SELCON + (FNS + NR) * DATRAN

Il

(0.5 +NOT) * RTIME * 2 If Rate of NR>0.15

B) File Move Percentages

File percentages for CL = 1:

MODE JOIN NON-JOIN
= Py~ 1(25,60)% 58
<> P,~ r(50,80)% 50 %
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File Percantages for CL >1

CL MODE DISJUNCTION CONJUNCTION .
2 = 10 % 2.5 % -
<,> P3~r(30,70)% 25 %
= 158 1.25 %
3 <,> P, r(50,80)% 12.5 %
= 20 % 0.5 %
4 <,> P.~r(70,95)% 7 %
= 25 %
5
<.> 100

In the extreme cases, P, are set equal to low and high values

shown between the paranthesis.
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APPENDIX - 4 QUERY DATA.

SAMPLE DATABASE CORRESPONDING VARIABLE
PARTS [ P# , PNAME] P
SUPPLIERS [ S# ,CITYI] S
PROJECTS [ J# ,CITY] J
AVAILABILITY [ P# ,S# ,QOH ] \Y
SUPPLY [ s#,P# ,J# ,QTY ] Y

A) QUERY 1
"What are the names of parts with QOH = 20, which are supplied
to projects which use parts with QOH greater than guantity used

and which are supplied by suppliers located in Paris?"

B) RAP PROGRAM

S. 1 MARK (t;t,) [S : CITY= 'PARIS']
S. 2 MARK (tgtg) [V : QOH = 20]
S.:3 CROSS-MARK (t,) [ Y: S# =5.S#][S.MKED (t;)]

MARK (t;) [Y: MKED (t,)]
S. 4 CRS-COND-MARK (t,(t;)) [V: S# = S.5#] ié.MKED(tZ)]
S. 5 CRS-COND-MARK (t5(tg)) [V: QOH > Y.QTYI[ Y.MKED (t,)]

6 CROSS-MARK (t;) [J:J# =Y.J#] [Y.MKED (t.)]

S. 7 CROSS-MARK (t;) [P:P# = V.P#][ V.MKED (tg)]
S. 8 CRS-COND-MARK (tg;(tg)) [V:J# =J.J#] [J.MKED(t)]
S. 9 CRS-COND-MARK (t;(ty))[F:P#=v.P#] [ V.MKED(t;)]
S.10 READ [P: MKED (t)]

RESET (t,) [P]

EOQ

Percentage of CROSS-MARK's : 70 %.
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C) DATA FOR THE QUERY

Number of &ilgueries (NOSQ) = 10

Number of nodes (NON) = 5

Location vector for the subqueries (LOCV(SQJ)) :
{2 4 54 43 1 4 11]

Subquery precedence matrix SQ (1,8QJ):

SQ : 1 2 3 4 5 6 7 8 9 10
1 0 1 0 0 0 0 0 O
2 0O 0 0 1 00 0 O 0O O
3 0 0 0 0 1100 0 0
4 6 0 0 0 1 0 1 00 0O
5 0 0 0 00 0 0 1 0 O
6 © 0 0 0 00 0 1 0 O
7 0 0 00 0 0 0 0 1 0
8 0o 0 0 0 0 0 0 0 3 @
9 0 0 0 0 0 0 0 0 O

10 0O 0 0 0 0 0 0 0 0 0
Iser Il.ocation (USERL(C. ) =2..

Operation Code, Criterion Length, Mode and Qualificatiocu Cemposition
are as follows :

S0 QPR(SQY) CL(SQJ) MODE (SQJ)  QCOM(SQU)

Y AR .

1 1 3 0 1
2 2 0 1
3 3 1 0 1
4 4 1 0 1
5 4 1 1 1
6 3 1 0 2
7 3 1 0 2
8 4 1 0 1
9 4 1 0 1

10 5 1 0 1
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A) QUERY 2

"What are the QOH of parts with name Bolt which are supplied
by suppliers, whose status is 20 and who are located in the
city of projects with project number Jl, to projects with

project number J2"?

B) RAP PROGRAM

S.i1 MARK(t,)[S:SNO = 20]
S. 2 MARR(t,)[ J:JNO='J1]
3 MARK (t4)[ J:INO ='72)

S. 3 CRS-COND-MARK (tl(tG))[S:CI‘I‘Y=J.CITY][J.M‘KED(t2)]
S. 4 MARK(t.)[P:PNAME ='BOLT']

S. 5 CROSS-MARK(t4)[V:PNO’-—‘P.PNO][P.MKED(tG)]

S. 6 MARK(tg) [V:MKED(t4)]

S. 7 CRS-COND-MARK (t, (t-)) [ 8:8NO = V.SNO] [ V.MKED (tg)]

S. 8

CROSS-MARK(tG)[’.'f:JNO=J.JN0][J.MKED(‘€:3)]

S. 9 CRS-COND—MARK(t4(t7))[V:QOH'=Y.QTYHY.MKED(t6)]
S.10 CRS-COND-MARK(t4f(t7))[V:SNO=S.SNO][S.MKED(tl)]
S.11 READ [V(QOH) :MRED(t,)] |
RESET(t,)[V]

EOQ

Percentage of CROSS~MARK'S= 54.5 %

C) DATA FOR THE QUERY

Number of Subgqueries (NOSQ)= 11

Number of Modes (NON)= 5

Location Vector of fubgqueries (LOCV(SQJ)).
[2 3 2 1 4 4 2 5 4 4 4]
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Precedence Matrix for the Subqueries (sQ (2,5QJ)}:

SQ 1 2 3 4 5 6 7 8 9 1¢ 11
1 0 0 1 0 0 0 0 0 0 0 0
2 0 0 1 0 0 0 0 1 0 0 0
3 0 0 0 0 0 0 1 0 0 0 -0
4 0. 0 0 0 1 0 0 0 0 0 0
5 0 0 0 0 0 1 0 0 1 0 0
6 0 0 0 0 0 0 1 0 0 0 0
7 0 0 0 0 0 0 0 0 0 1 0
8 0 0 0 0 0 0 0 0 1 0 0
9 0 0 0 0 0 0 0 0 0 1 0

10 0 0 0 0 0 0 0 0 0 0 1

11 0 0 0 0 0 0 0 0 0 0 0

User Location (USERLC) = 2! ~
Operation Code, Criterion Length, Mode and Quakificatien -Coemposition

are as follows :

SQJ OPR(SQJ) CL(SQJ) MODE (SQJ) QCOM(SQJ)

1 1 2 0 1
2 1 3 0 1
3 4 1 0 1
4 1 5 0 2
5 3 1 0 2
6 1 4 0 1
7 4 1 0 1
8 3 1 0 2
9 4 1 0 2
10 4 1 0 2
11 5 5 0 1
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A) QUERY 3

"What are the names of parts, which are supplied by suppliers
who are not located in Paris, supplier number of suppliers,
whose quantity they supply is less than QOH for the parts
supplied and the project numbers of projects supplied by thié

suppliers"?

B) RAP PROGRAM

S. 1 MARK(t;t,)[5:CITY *PARIS]
S. 2 CROSS-MARK(t,)[V:s#=s5.5#][S.MKED(t;)]
MARK (t,)[ V:MKED (t3)]
S. 3 CROSS—MARK(t5)[V:S#==S.S#][S.MKED(tz)]
S. 4 CRS-COND-MARK(t, (t.))[Y¥:QTY<V.QOHI[V.MKED(t,)]
MARKR (t,)[ Y:MKED(t,)]
S. 5 CROSS-MARK(t;)[S:S#=Y.S#}EY.MKED(t )]
S. 6 READ[ S(S#) :MKED (t,)]
S. 7 CROSS-MARK(t,)[ P:P#=V.P#]L V:MKED(t,)]
8 READ[P(PNAME):MKED(tl)]
S. 9 ’CROSS-MARK(t4)[J:J#’=Y.J#]PY.MKED(t2)]
S.10 READ[J(J#):MKED(t4)]
RESET (t5)[ 8 ]
RESET(tl)[P]
RESET (t,)[ J]
EOQ
Percéntage of LROSS~MAPK's= 00 %

C) DATA FOR THE QUERY

Number of Subgqueries (NOSQ) = 10

Number of ’lodes (NON)= 5

Location Vector of the subqueries (LOCV(SQJ))
.

[2 4 5 5 2 2 1 1 3 3]
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Precedence Matrix of Subqueries (SQ(3,8QJ)):

5Q 1 2 3 4 5 6 7 8 9 10
1 0 1 1 0 0 0 0 0 0 0
2 0 0 0 1 0 0 1 0 0 0
3 0 0 0 1 0 0 0 0 1 0
4 0 Q 0 0 1 0 0 0 0 0
5 0 0 0 0 0 1 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 1 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 1

10 0 0 0 0 0 0 0 0 0 0

User Location (USERLC) = 3
Operation Code, Criterion length, Mode and Quals Composition

are as follows :

sQJ OPR(SQJ) CL (5QJ) MODE (SQJ) QCOMP (S5QJ)
1 1 4 1 1
2 3 1 0 1
3 3 1 0 1
4 4 1 1 2
5 3 1 0 2
6 5 4 0 1
7 3 1 0 1
8 5 5 0 1
9 3 1 0 1
10 5 1 0 1
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‘A) QUERY 4

"What is the quantity supplied by those suppliers with status
-number= 1 and those that supply projects in the same city in an
amount more than quantity on hand? For the same suppliers find

the parts produced with an amount equal to the quantity on hand".

B) RAP PROGRAM

s.'1 MARK (t,t,)[S:5#21]
S. 2 CROSS-MARK (tj3)[J:CITY=S.CITY][S.MKED(tq)]
S. 3 CROSS—MARK(t4)[Y:S#=S.S#][S.MKED(tz)]
S. 4 CRS-COND-MARK(t,(tg))[Y:J# =J.J#] [ J.MKED(t3)]
MARK (t,)[ Y:MKED(t,)]
S. 5 MARK(t)[V:S#=1]
S..6 CRS-COND-MARK (t4(+))[Y:QTY>V.QOH] [ V.MKED(t)]
§. 7 READ[Y(QTY):MKED(t,)]
RESET(t,)[Y]
S. 8 CROSS-MARK (t,)[ V:QOH=Y.QTY][ ¥ .MKED(t,)]
S. 9 CROSS-MARK(t.)[P:P#=V.P#] [ V.MKED(t)]
S.10 READ[ P(PNAME) : MKED(t.)]
RESET (t.)[P]
EOQ
Percentage of CROSS-MARK's = % 60

C) DATA FOR THE QUERY

Number of Subqueries = 10

Number of Modes = 5

Location vector of the subqueries (LOCV(SQJ))
[2 3 5 5 4 5 5 4 1 1]
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Precedence Matrix of Subqueries (SQ(4,SQJ)):

SQ L 2 3 4 5 6 7 8 9 10
1 0 1 1 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0
3 0 0 0 1 0 0 0 0 0 0
4 0 0 0 0 0 1 0 1 0 0
5 0 0 0 0 0 1 0 0 0 0
6 0 0 0 0 0 0 1 0o 0 0
7 0 0 0 0 0 0 0 0 0 10
8 0 0 0 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0 0 1

10 0 0 0 0 0 0 0 0 0 0

User Location (USERLC) = 4

Operation Code, Criterion Length, Mode and Query Compositioh

are as follows :

0n
O

J OPR(SQJ) CL(SQJ) MODE (SQJ) ¢.COMP (SQJ)

\OQ)\]O\U‘I.&WNI—'!
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o
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=
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