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ABSTRACT

This report describes the idiosyncracy of the design and implementation

of a general purpose relational model database management system.



1. Introduction
Starting from December 1980, we have been working for developing a distri-
buted databsdse system partially supported by National Science Council under the

contract NSC70-0404-E001-01.

"

The project has been scheduled into two stages. The Iirst stage was set

H

from Decgmber 1, 1980 to November 30, 198l. The main function of this stage is

to implement a relational database management system and to do theoretical
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research on communication protocol design.. In parallel with the liberary

automation project at Institute of Information Science, Academia Sinica, we

Fave implemented a general purpose data entry system (GPDES) and a relationai

AR

database management system (RDBMS) [1]. The integration of GPDES and RDBMS
constructs an information management system. Fié.l shows the system configu-
ration. Implementation of GPDES and RDBMS was finished in May 1981. The pre-
liminary de;ign of RDBMS is not well-defined, and the performance of RDBMS is
not as good as we expected. Therefore, wé decided to redesign the RDBMS from
then on. The report describes some idiosyncracies behind the design and imple-
mentation of RDBMS. For convinence, this report should be read in conjunction
with the accompanied paper in [1].
2, DBMS Deéign Aspects

The major role of the database management system (DBMS) is to zllow the
data to be shared by a variety of users and to allow the users to deal the data
in abstract terms, rather than as the computer stores the data. In database
term, this is called "data independency”. More specifically, the objective
of the DBMS is to allow theluser to specify only what must be done, with lictle

or no attentiom on how to do it. Among other objectives of the DBMS are, data

integrity (validation and comsistence), comcurrency comtrol, security control,
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and recovery. N
The first consideration of database design is the representation of data.

A standard viewpoint regarding abstraction levels of databases is shown in Fig.2.

user’s user's ] user's

view . view view

conceptual

schema

internal

schema

gstored data

Fig.2 Three levels of abstraction

st

The highest level of abstraction (user's view) sees only part of the second
level of abstraction(conceptual level). The-difference between these two levels
is 1limited. Both of these two levels represent data with abstract.concepts and
are.qot physically existing. The third level, internal schema, represents the

data structure in which the data is physically stored.




Representation of the three levels of abstraction is called a data model
(usually only emphasize on the conceptual level). A data model represents tha

underlying structure of the database., The most well-known data medels are,

- relational model, hierarchical model, and network model. The main difference

among these three models lies in the representation of the relationships between
the data entities. The relational model has merits of simplicity and data inde—
‘pendency. In the relational model database, the data entities and their rela-

tionships are represented with two-dimensional tables. Fig.3 shows an example

i'»gf the relational table‘?ﬁ

o

S# SNAME P# PANME D# QTY

S1 WONG Pl BOLT D1 50

531 WONG P2 GEAR D2 70

52 CHEN P2 GEAR D1 &0

’ S2 CHEN FPF3 RING D2 40
S$3 HONG Pl BOLT D3 90

‘S3 HONG P3 RING D3 80

Fig.3. Relatiomal table

To retrieve information from a relational database is essentially to do
manipulation on a set of related tables., Manipulation of relatiomal tables
can be accowmplished by using set-oriented cperations, namely gselection, projec-
tion, join, division, union, intersection, difference, and product. Ia the
following we will first give the formal definitions of these relatiomnal opera~

tions, and then some examples will be used to demonstrate the exprassive power




of these relational operations.

We will assume that the reader of this report is already familizr with
the concept of relational database, and the following notations will be used
throughout tpe rg;t‘qf‘th;s report.

R, T: relation names

Tr, t: 7 tuple variables ranging respeétively over R and T
Ce(r): 'j;condifidn-over'r

clr,t): ¢cnditioﬁ over T and t jointly

EXAMPLE RELATIONS

5 , P Sp Pl

S# SNAME AGE  Pff PNAME s# pi# P# PNAME
'S1 WONG 30 - Pl GEAR s1 Pl Pl GEAR
S2 HONG '35 P2 RING s1P2  P3 TIRE
S3 CHEN 40 P3 TIRE s2 P3 P4 BOLT
s3 Pl PS BELT
s3 P2
s3 23

DEFINITION: The RESTRICTION (or SELECTION) of R is denoted by R[c] and defined
as:
Riel] = {r ,re R * c(r) = 1}

Example: S[AGE > 30]

S# SNAME AGE

52 HONG 35
33 CHEN 40

DEFINITION: The PROJECTION of R is denoted by R[Ll, L is a subset list of

attributes in R, and defined as :




R(L] = {r{L] | re R}

Example: S([S#, AGE]-

83 40

' DEFINITION: The JOIN of R and T is denoted by R[A*BIT, A and B are subsets of

."attributes in R and T respectively, and defined as :

R[A*B] = {rt’ | re R, t' e T!, r[(Al = t[B],

S ) L ;T‘WhﬁF? T' is the projection of T which

" excludes B from T}
Example: SP[P# x P#IP

S# P# PNAME

$1 P1 GEAR
51 P2 RING
Sé. P3 TIRE
' $3 P1 GEAR
S3 P2 RING
"3 P3 TIRE

DEFINITION: The DIVISION of R on attributes A by T on attributes B is denoted
by R{A/BIT and defined as:
R[A/BIT = {r{A] , re€ RAVte T, 3q € R s.t.

r{A] = q[A] A qlA] = t{B])}

“

where A is the attribute list of R complementary to A.
Example: SP(P# / P#1P

S#

53




K

DEFINITION: The PRODUCT of R and T is denoted by R X T, and defined as:
Rx T ={rt : re RA ce Th
Exampie: S x P

S# SNAME AGE P# PNAME

' S1 WONG 30 Pl GEAR
R S1 WONG 30 P2 RING
£ - 7. SlWONG 30 P3 TIRE
= ~ §2 HONG 35 Pl GEAR
_ 82 HONG 35 P2 RING - -
. - - . 82 HONG 35 P3 TIRE
'S3 CHEN 40 Pl GEAR
S3 CHEN 40 P2 RING
$3 CHEN 40 P3 TIRE

DEFINITION: The INTERSECTION of R and T is denoted by RN T and defined as:
RONT={r! re RATE T}
Example: P 1 Pl

P# PNAME

Pl GEAR
P3 TIRE

DEFINITION:* The DIFFERENCE of R and T is denoted byR-T and defined as:
R-T={r |, reRAzdT}
Example: P - Pl

P# PNAME

P2 RING
DEFINITION: The UNION of R and T is denoted by RU T and defined as:

RUT={r 'reRVre T}



Example: Py Pl

P# PNAME

Pl GEAR
P2 RING
P3 TIRE - : ol
P4 BOLT
.~ P5 BELT

 In the relational aatapase, there is a set of base relatlons whlch represents
the raw 1nformatlon of a problem domain in the real world The comblnation
of above relatiomal operatlons possesses a powerful capablllty for der1v1ng
reTations from the uuderlylng base reletlons. wThe follow1ng examples demon—
strate the expressiverpower of the above defined relatlonal operations.

Let 5, P, D, E, and SPD be the set of base relationsrin the relational

database and defined as:

S(S#,SNAME,AGE) o > S
P (P#,PNAME, COLOR)
D(D#,MGR)
E(E#,D#, SALARY)
SPD(S#,P#,D#,QTY)

Example: Find the supplier who supplies P2.

Rl = SPD(P# = 'P2']
R2 = R1[S#)]
PRINT R2 /* to print the answer */

Example: Find the supplier who supplies red pafts.

Rl = PICOLOR = 'red']

R2 = SPD[P# # P#]IR1

R3 = R2[S#] _ ,

PRINT R3 /% to print the answer %/
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Example : Find the supplier who supplies sll parts.

X1 = SPD[S#,24#]
R2 = R2[P# / P#1P _ .
PRINT R2

Example: Find the employee who has salary greater than his manager. p

Rl = D[MGR * E#1E
R2 = R1[D#,MGR,SALARY] o 5 o #ﬁ-_
R3 = E[D# * D#IR2 /* should rename SALARY of R2 into Salaryl */ . .
) R4 = R3[SALARY > SALARY1] | ' L
| RS = R4[E#] -
o e RRINDRS - T T omaee s T el

7E£;mple: Find the manager who purchases parts from supplier WONG.

R1 = SPD[D# * D#ID ‘ _
R2 = S[SNAME = 'WONG'] o e
R3 = RL{S# * S3]R2 - - . T
R4 = R3{MCR] : ' _
o PRINT R4 . Ce e — : el imee o

3; Implementation of RDBMS : _ ) R AR, -
The implementation of RDBMS has been divided into two parts each of which

is handled by a three-member team. The first part include; the definition

of Data Definition Language (DDL) and Data Manipulation Language (DMLi;

Compilers of both languages have also been impieménted by the same people.

The Data Definition Language can be used to define the database schemés which

represent the information about data entities and the associations among

data entities., The Data Manipulation Language can be used to specify relational

operations over the stored data. The second paft includes the definition of

i the physical storage structures and the algorithms for implementing relational

i operations. Concurrency control and indexing techniques have also been attacked
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operations are shown in the appendix of this report. Fig.4 shows the archi-

tecture of the ZDBMS.

usern

userl user? veree

[N

PP O POt hn 0 mu;w'um»

Relational Interface System

R A e et

Physical Storage System

Fig.4. Architecture of RDBMS

The RDBMS includes two subsystems, namely Relational Interface System (RIS)
and Physical storage System (PSS). The RIS Provides DDL, DML, authorization,

integrity check, and support for alternative views of stored data. The PSS
maintains indexes on selected attributes, manages disk space allocation, file

' .
access, storage buffers, locking, and transaction consistence.

3.1 Relational Interface System

The Relational Interface System provides high level, data independent

facilities for data definitibn, manipuléfion, and retrieval. The data defini-

tion facilities of the RIS allow the data base administrator to define the data

10
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at conceptual level és well as internal level. They also allow a variety of

external views to be defined upon common underiying data to provide different

users with different views. The external views of the common data also
 facilitate some authorization checks and privacy control. The data manipu-

lation facilities of the RIS allow data to be inserted, deleted, modified,

_manipulated, and retrieved by using a set of high level relational operators

7whitﬂ exemptltherusers' from knowing theriqtertal storage structure of the .
stored data: Détéil of thé DDL and DML facilities are illustrated in the
‘tppéndik. Our next step is to 1mplement a,hlgh level query language on the
ftop-of the ex1st1ng DML fac111ty. The query statements w1ll be traﬁslated
'1nto a sequence of relational operations.' Optimization of the relational
~ operations program will also be included in this further research.
3.2 fhfsical Stotége System |

The Physical Storageijstem manages disk storage allocation, indexed file
. access. B-tree struttur; has been used for indexing secondary keys of each

relation. The disk space contains a set of files each of which is constructed

-by a set of fixed-size pages. The data structure of each page is about the

Ssame as otheér database systems and is shown in Fig.5.

PREFIX
SrRECORD1 RECORD 3
~RECORDG | RECORD7
"|RECORD2 . { RECORDS
FRECORD6 RECORDS
"'-.‘____; !
i m
[ L e[ T+ T4
8 |7 61514 (3[2]1

Fig.3. Page structure of PS5
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For the purpose of séving space, we employ the concept of logical page number
{(what the rslational operator sees) and physical pége number (what the datg
is really stored}. A page map table has been maintained to map logical page
number into physical page number. Page identification is managed by hashing
or clustering. The PSS also supports concurrency control by using locking

techniques. Detail of the PSS organization will be published in further report,

Conclusion

In this report, we have described the design philosophy and implementation

idiosyncracy of a relational database management system. The implementation

of the RDBMS has not been completed yet. However, it is in good prégress.

The syntax of DDL and DML ‘we have presented in this report is by no means com-
plete or well-defined. We are continually changing this subject whenever we

find the necessary.
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z, corvert where clause into =olish potstion Torm

&, semerate CMD tsbler ture table 2nd & string huffar

(i) Execute command

1, Imitizlize executing relastions
1
% drmitialize rel_hezsdysatitributery

arrd index tsble ®/

3. sesarch in rel head tsbhle 72 call sssroh) ¥

iT sesrch success
T hen

1, imcrease Tound relstion’s ratfoent

2, deecresze obthers in real_hesd table
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cearch in temeorarz relation file
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iT suceess bthan
.1 meek bmelink (in temeorare directors)
m,? lozd temrorsre relstion information
@lse
. search in base Pelétiun‘fila
if unsuccess then no such relation

g+l seel link
©.2 read rerotect.struct
c.3 check relation neme match or not

o4 if not mateh

Lhem bhis user can not use such relation

d. lopad bese relation information

e, check attribute in such relatiorn or ot

., @stablish whereattr tsble

orbimize molish motation form

crest rew relstion (temsorarw)
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glse no such command
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Tatile Mszintenance

fhead table
Ore rel_hesd comtaims 48 butes.

Tt resarves 10 relohead.
(Total occouries L0%43 = 480 bwtes)

Thiz tshle is H€lobsl.
Insert

‘4,1 Search in rel_head table
4,2 If search success then call initislizstion
‘else |,
| if rel_heéd table no spéée
then deléte one rel_hesd decision
2, insert rel_-head to rel_hesd table

he 31l initializstion Tunction

attribut table

(=)
(i)

(e

Ounzamic 2llocates (stirmo % 22) butes
This tahle is local.

Maw 2 — 3 stitribut table in core.

file_descst table
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One record contains 18 butes.

It reserves 10 file_desert records.
(Total occuries I18XL0 = 180 bwtes)

This table ig globsl.
saarch: : .
if success then
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3. return T

—10-

furetion

b

—_

=

rafert



(4), doms
M

().

()

RPN

i
§—<
il

1, delets decisiorn bw refond
2, oren File wnilch needed

I, kesp bLhis File’s informstion

i beble

Ore domsin record contsins 28 bsles.

It reserve 30 domsin records. : E . ]
(Totel occuries 28%30 = B840 butes) LT

This teohle is slobal.
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'd.l gearch in damain tzble .. !

d.2 if sesrch unsUCCess

then checlk refent

it refent <= O Lhen insert it
elses

1, z2llocate snobher dom ﬁable

5, keer its locstiogn in dwaloc.hd

return recuired domsim location inm domain table
lomain’s varizshle erart is dunsmic allocsted.
table
Qrie =zde record conbsine 7 hules.

Tt reserves l1é& sazge records.
( Totzl cccuries 7%1& =112 butes )
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This tehle is glabal.
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Initislizstion
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Thritinlize sttribuat Labdle

(a), Search domsin btsble snd keer domsins locstion

(hYs if abtribute haz GeS5eMeD c2ll
then
1: dzrmamic sllocste srace
2. insert ecall =rogrsm name

Imitialize rellhesd table

(3rs dunamic allovate ind filerIzttetreTile

attribult tahle and csll srogrsm nsme

(), insert informstion to sllocsted ———

(e): set us kews srd index link

Initislize ture tsbhle

(=), defamic slloc seace to Joimt field and where.clsuse —o-
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(k) insert informetion to sllocated seace

mames



