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Abstract- 

In this paper a method 1s proposed how to 
achieve response times of main memory data- 
base systems without keeping the whole 
database in main memory The method was 
originally developed for realtime systems 
in manufacturing automation, but It 1s 
applicable in environments where canned 
transactions interact with databases rather 
than people performing free transactions 
Themain idea is to preanalyse cannedtran- 
sactions in order to extract knowledge 
about their local access behaviour. This 
knowledge is used by the runtime system of 
the database when the transaction is star- 
ted Concepts for modules doing the preana- 
lysis and the runtlme tasks are described 
in detail Furthermore a database architec- 
ture 1s developed incorporating these new 
components. 
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1 rescription of the application - -- 
environment 

1 1 Components of realtlme systems - 

Typical realtime applications arise from 
the field of production automation There 
are a lot of tasks where the computer and 
the machine control must respond to cer- 
tain inputs within a given span of time, 
otherwise the entire system is runninq out 
of control such tasks are called realtime 
zpplicetlons The following outline des- 
cribes the main components of a realtime 
application system 

f technlcal 1 e 
system I 

e 

steering 

Flq 1 Schematic representation of real- 
time system component:: 

A realtllre aFplicat1o? system consists of. 

(1) the technical system 
It consists of all the machines per- 
forming physical actirltles The machl- 
nes may be regarded as finite state 
automata. The states of the machines 
are b~~lldlng UF the stare of the tech- 
nica system 

(2) the steering systep -_ 
it cornyrises ~1 the components which 
ma17 cause a maLhlnt. to change its state 
and therefore influence the state of 
the technical system 

(3) the sensor and alarm systrm -~-- 
lt covers all instruments providing, 
infornation about the present state of 
the technical system 
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the process computer 
it receives data from the measuring and 
alarm system and directs Its output to 
the steering system In this paper the 
entire software of the process computer 
accepting data from the measuring and 
alarm system and sending signals to the 
steering system ~111 be called a real- -- 
time system. Alarms and measuring data 
together are named external events 

Realtime systems work as follows. 

At a certain time t 1 not being predlctab- 
le, a certain external event e arises and 
is transmitted to the process computer 
Such events are for example the trlggerlng 
of an alarm slgnal or the InterruptIonof a 
light barrier caused by an arrlvlng work 
piece Because of the event and the cap- 
tured information l-e, the realtlme system 
has to perform certain actions a 1, ,a n 
causing the system to supply a response-r 
to the event e It 1s essential that the 
response r 1s provided wlthln a fixed in- 
terval dt after occurrance of event e It 
1s the task of the realtlme system to com- 
bine the captured lnformatlon 1 e with 
known information l-pre and to compute the 
actions necessary to lnltlate the reactlon 
r. The information 1-pre 1s composed of 
information provided by previous events and 
parameters of the technlcal system and must 
be managed by the process computer 

Realtime system are getting more complex 
This means in particular that information 
i-pre used in computing the response r to 
an event e, becomes more extensive The 
growing volume of data and the more intro- 
cate data structures require a better orga- 
nlzatlon of data management in realtlme 
systems 
The organlzatlon of a large and complex 
amount of data was profoundly studied in 
commercial data processing resulting in 
application Independent database management 
systems (e g SYSTFM R, PCABAE, ILJGRFS 
etc ) These commercial database management 
systems haven‘t been used by realtime sys- 
tems up to now It i$ argued that these 
database management systems are to0 slow 

because of their universal conceptlon and 
that there 1s no guarantee of system's 
response wlthln a preflxed Interval In 
this paper a concert 1s developed sup- 
porting the mlnlmlzatlon of response times 
of database management systems for a specl- 
fit class of applications The development 
was governed by the following two as- 
sumptions 
(1) the whole database buffer 1s in main 

memory and 
(2) the main memory 1s limited to a rather 

low size 
The first assumption maybedueto the fact 
that either the operating system doesn't 
support any virtual memory management or 

that there are utilities allowing to fix a 
certain realm in the main memory The se- 
cond assumption doesn't allow to keep the 
entlre database in the database buffer 
This is often discussed in the environment 
of mainframe computers where up to 10 MByte 
of buffer are provided These assumptions 
rather meet the constraints we were facing 
in our pro-ject on manufacturing automation 
using process computers 

1 2 Transactions In realtlme systems - 

An important concept in database applica- 
tions 1s the notion of transactlons A 
transaction is a sequence of elementary 
database operations x0-1, ,o n> perform- 
ing as a whole a ConsistentdaGbasetrans- 
formation. Starting with a consistent state 
of the database a new consistent state is 
achieved after execution A very important 
classification for the Ideas developed in 
this paper 1s the distinction between can- 
ned transactions and free transactlons /ST 
841 

Canned transactions are characterized as 
transactions where the type and the sequen- 
ce of the elementary database operations 
are determined at the beginning of the 
transactlon (BOT) The elementary database 
operations contain parameters and the only 
task ~sto substitute them byactualvalues 
when the transaction 1s performed Usually 
lt 1s known whether such an elementary 
database operation is a read, write or 
update operation, it 1s known likewise what 
bigger parts (e g segments, relations, 
parts of relations, attributes) of the 
database are affected The primary notion 
In the course of database system's develop- 
ment was the fixed framework of a canned 
transaction Many actlons not only in busl- 
ness are done in a highly stereotype, unal- 
terable and repetitire way, lust for the 
lndlspenslble sake of efficiency and pro- 
ductlvlty 
Within free transactions number and type of 
various databasc operations are unknown 
when the transaction is started This kind 
of transaction is typical for offlce auto- 
matlon where skilled workers interact as 
problem solvers with the database system in 
an unregulated way In production automa- 
tion, however, it is attempted to steer and 
control technical systems by programs 

For understanding the concepts developed In 
this paper the term transactlon schema 1s 
helpful To avoid mlsunderstandlngs a brief 
outline of a transaction schema 1s given 
now 

Canned transactions are usually embedded in 
appllcatlon programs especially in the 
environment of realtime systems These 
programs have a control structure (sequen- 
ces, alternatlve paths, parallel activities 
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etc.). Database operations parameterized by 
valuechanging program variables are incor- 
porated Into the control structure The 
control structure of a program apart from 
the concrete program statements 1s called 
the Frogram schema Now a transaction sche- 
ma 1s defined as a program schema with 
Integrated parameterized database opera- 
tlons starting with a BOT-command (BOT = 
begin of transaction) and ending with an 
EOT-command (FOT = end of transactlon). 

A great formalism is needed to define the 
notions "program schema" and "transactlon 
schema" precisely Instead of presenting 
such a formalism contributing not very much 
to the fundamentals of our concept the 
following graphical elements are used to 
represent program 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

ul’ fork 

ID- 

JOI" 

o- 

BOT 
: 

-0 

EOT 

and transaction schemata 

represents alternative 
program paths, 

represents a program part 
that can be active seve- 
ral times; 

leads into program parts 
being active in parallel, 

denotesthe ]oiningof 
program activities 
running parallel, 

denotes the beglnning of 
P transaction, 

denotes the end of a 
transaction, 

Figure 2 shows an example of a typical 
realtime transaction schema Besides the 
graphical elements explalned above nota- 
tions are introduced to indicate "waiting 
for an event" (e-l, ,e 61, Ulnltlating e 
reaction" (r 1, ,r 6) -dnd "performing a 
database operation"-(o-1, ,o-6) resp The 
first two types of statements arc very 
important for realtime applications. 

The functionality of the realtime transac- 
tion given In figure 2 may be described in 
the following way 

(1) 

(2) 

(3) 

(4) 

Tifter the start of the transaction 
(BOT) the program waits for the 
external event e 1 After e 1 occured 
the program executes the-database 
opcratlon o 1 and computes the reac- 
tion r 1 - - 

Then two activltles will run in paral- 
lel, indicated by a fork statement 
One activity 1s waiting for the event 
e 2 to perform the necessary operation 
o-2 and to initiate the reactlon r 2 
after the occurrence of e 2 Meanwhlie 
the other activity 1ooG for event 
e4 - 

Having performed their tasks the two 
activities arc synchronized, lndlcated 
by a loin statement 

Depending on a certain condition the 
transactlon follows one of the two 
program branches, either It is con- 
trolling event e 5 and performlng 
operation 0 5 to compute reactlon r 5 
or it is waytlng for event e 6 - 

- 

A particular occurrence of a transaction 
schema is a linear sequence of database 
operations These database operations have 
been derived from the operations in the 
transaction schema by instantlatlng the 
parameters The operation sequence is ruled 
by the program schema and is establlshed 
when transferrlng the control to the data- 
base system Figure 3 shows a possible 
occurrence of a transactlon according to 
the transactlon schema described In figure 
2 

Fig 3 Possible transaction according 
to schema in figure 2 

If there is no confusion the term transac- 
tion will also be used to denote a transac- 
tion schema as well as the occurrence of a 
transaction schema 

Fig 2 An example of a typical realtlme transactlon schema 
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1 3 Access optimization -- 

data base 
performance enhancement 

/ \ 
parallelism 1oca11ty 

/ i 
schema-oriented transactlons-orlented 
1oca11ty 1oca11ty 

/ \ / \ 
physlcal 1og1ca1 probablllty preanalysls 
clustering clustering methods 

Mainly, there are two ways to enhance per- 
formance of database systems. One way is to 
exploit parallelism, the other to improve 
local access behaviour Local access beha- 
viour - in short local.ity - may be introdu- 
ced In different ways We distinguish two 
kinds of locality 

o schema oriented locality, an optlmlzatlon 
method during schema design, that comprl- 
ses clustering, file Inversion and link, 
eg link of database entitles being 
known to accessed in sequence 

o transaction-oriented locality that uses 
information about the access behaviour of 
transactions Information about transac- 
tion access behaviour may be gained in 
two different ways, either using probabi- 
lity methods or transaction preanalysis 

We ~~11 emphasize transaction preanalysls 
that seems to be promising in our applica- 
tion environment The concept proposed in 
this paper may be explained as follows By 
analysing a program contalnlng a particular 
transaction, potential sequences of data- 
base operations are extracted This means 
In mathematical terms that an ordering is 
established on the set of database opera- 
tions being described by the transaction 
schema The knowledge about this ordering 
1s kept In the database and will be used 
when the program is started This concept 
will be elaborated in the following chap- 
ters 

2 The concept of prefetchlnq -- - 

2 1 Preanalysls of transactions - 

According to our distinction realtime ap- 
plication of database systems in production 
automation are classified as canned trans- 
actions embedded in programs There are two 
ways to incorporate database operations 
into a program The first type is the dl- 
rect integration, the second one is the 
call interface Direct integration can be 
achieved either by precompilation or by 
extending the compiler of the host lan- 
guage The call technique treats database 

operations as external procedure calls and 
usually the compiler doesn't dlstlngulsh 
procedures concerning databases from any 
other external procedure. For our purposes 
presented In this paper the degree of ante- 
gration 1s of no concern. It is only re- 
qulredthatthere 1s a module that analyses 
the realtlme appllcatlon program before It6 
first execution This module must be able 
to recognize 

0 DML-statements, 

0 statements that spawn concurrent proces- 
ses such as the fork/loin construct or 
the cobegln/coend statement, 

0 statements that define program branches 
like the wellknown if-then-else state- 
ment, the case statement but also state- 
ments that define loops like the while 
statement or the repeat statement 

The module may be a precompller, a part of 
the host language compiler or a special 
program developed to Implement the presen- 
ted concept 

Since precomplllng is a veryelegantwayto 
embed database operations into programs our 
concept will be explalned with regard to 
this lntegratlon technique. Using precompl- 
lation the programmer must formulate the 
database operations in a database manipula- 
tion language and mark them with special 
characters (INGRES uses ##) In order to 
separate them from other program state- 
ments. In a special compllatlon phase pre- 
ceding the normal program compllatlon the 
database operations are transformed into a 
syntax accepted by the complier ofthehost 
programming language. The database opera- 
tions o 1 are transformed into external 
procedure calls having the general form 
P l(S 1,l: s 1,x-i). The external proce- 
dures-are cal;eJ access modules When exe- 
cuting the transactlon the parameters 
s 1,l:. ;s i,n are replaced by actual 
values The-parameters of such a procedure 
P-1 may be separated Into two categories. 
The first Includes those parameters whose 
values are already known before the event 
e i enters (e g a relation name, an attrl- 
bute name or the value of an attrlbute). 
The second 1s formed by the parameters 
recelvlng their values from event e 1 - 

The main task of such a procedure P-1 1s to 
qualify a set E(P-1) of pages or blocks on 
disk storage Now it is possible to assign 
to each procedure P-i a procedure P-1‘ with 
the 

(1) 

(2) 

(3) 

following propertles 

Pl only includes parameters whose 
values are already known before the 
event e 1. - 

P 1' quallfles a set E(P-1‘) of disk 
pages comprising the set E(P i), i.e. 
P(P-1‘) is a superset of C(P-17 

P 1' doesn't make any changes In the 
qualified disk pages 
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The meaning of these properties will be 
shown in the following sectlon 

Figure 4 summarizes our notions of preana- 
lysing transactions with regard to the 
example given in figure 2 

Fig. 4. Precompilation and preanalysis of a canned transaction 

2.2 Transaction oriented prepaging in data- 
base management systems- - 

The transfer of a disk page into the main 
memory takes up 1000 machine cycles Thus 
It 1s desirable to hold the pages needed by 
procedure P-i in the main memory when P-1 
starts its execution This can be accompll- 
shed by proceeding as follows 
When preanalysing the realtime program in 
which the transaction is embedded a list 1s 
produced including the procedures P I‘ with 
properties stated in 2 1 for each procedure 
P-1. Furthermore an ordering of this set of 
procedures is described being derived from 
program flowcharts and representing the 
possible sequences of the database opera- 
tions To derive the precedence structure 
the analysis module has to know the lan- 
guage constructs indicating parallel actl- 
vities and the statements leading into al- 
ternatlve program branches 

Each list receives a transaction identifi- 
cation This identlflcatlon together with 
an identifier distinguishing the different 
DML-statements is appended to the proce- 
dures P 1 with the unknown parameters The 
list of-procedures being constructed to- 
gether with the precedence structure and 
the ldentlficatlons are transmitted to the 
database management system to handle them 
When a realtime program starts a transac- 
tion T by issulng a BOT-command the data- 
base management system recognizes the actl- 
vated transaction via the dttached identi- 
fication Immediately after the BOT-command 
is received the database management system 
executes all the procedures P‘ at the top 
of the precedence structure and fixes the 
qualified disk pages In the database buffer 
in order to prevent other pages from repla- 
cing them. After an event e 1 has entered, 
the realtime program initiates the execu- 
tlon of procedure P 1 When procedure P 1 
1s evaluated no data from the disk are 
needed since the necessary pages are still 
in the database buffer The execution time 
of procedure P 1 will be reduced essentlal- 
ly After the?valuatlon of procedure P 1 
the flxed pages are released and all tee 
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successors of P 1' are started by the data- 
base managemenF system Further steps are 
obvious now Proceding in this way means 
that the execution time for operation o 1 
is minimal from a global point of view ie 
do not consider local minimums achieved by 
particular control mechanisms, e.g priori- 
ty control. 

Summarizing the discussion our concept may 
be characterized in the following way 
Before executing realtime programs contai- 
ning database transactions a second trans- 
action is created with database operations 
derived from the operations of the realtime 
transaction by applying conditions stated 
in 2.1 This second transaction is started 
together with the realtime transaction, and 
1s synchronized with it via the database 
operatlcns using a special module of the 
database management system. 

The concept of prefetching is covered by 
the more general concept of locality, an 
optimization approach In database systems, 
which is as important as the techniques of 
parallelism The pages being attached or 
being fixed to particular transactions are 
local to them, and thereby fetched wlthout 
considering the "global space" of data- 
bases Prefetching is a technique to 
construct a dynamic, transaction-oriented 
mainmemory sub-database. 

3 - Implementation concepts 

3.1 Architecture of a realtlme database _---- 
management system 

To realize the ideas described in the pre- 
VlOUS sections a database architecture 
slightly different to conventional ones 1s 
proposed The new components of this archl- 
tecture and their interaction with tradl- 
tional parts of a database management sys- 
tem are shown in figure 5 

run time 
environment 

1 complle tune 

transaction 
management 

t 

1 j fFjj+ 

f t. 

Cl, 

t 

buffer 
mwaqement 

k 

A central part of this architecture is a 
realtime component, an extension of the 
kernel of the database management system 
This component will interact with the pre- 
analysis module when a realtime transaction 
is being preanalysed and it interacts with 
the transaction management during the exe- 
cution of a preanalysed transaction. In 
section 3 2 we discuss how to construct the 
superset procedures, i.e. the compile time 
environment is described, and in section 
3 3 we consider in some detail the runtlme 
environment. 

So far the presented ideas are independent 
of any data model The following implemen- 
tation concepts, however, have to refer to 
a specific data model. Because of its cla- 
rity and its simplicity the relatlonal data 
model is chosen. It is assumed that the 
reader is familiar with it The outline in 
section 3.2 1s mainly given for notation 
purposes 

3.2 A concept for the implementation of the -- -- -- 
preanalysis module 

The proposed method produces the procedures 
P 1. by transforming the original database 
operations into those known in advance and 
compiling these modified operations. The 
method is described in detail now referring 
to the relational data model. 

The notion of a relation schema is very 
important for understanding the relational 
data model Puch a relation scheme has the 
form R(A 1; . ,A m) where R stands for the 
relation-name and A 1, ,A m are called 
the attributes of R Each attrlbute A 1 has 
a domaln denoted by dom(A 1). At any Time t 
the stored data in the &tabase define a 
relation R-t with the property: 

R t E dom(A 1) x . . . x dom(A m) - - - 

The elements of R-t are called tuples 

Following /DB 82/ a database schema Sp may 
be defined as a triple (S,O,C) with: 

(1) S = {R i(A 1,l; . :A l,mi)) i=l, . ;n) 
a set Zf Giation sc%emes; 

(2) 0 a set of relational algebra opera- 
tions applicable to S; 

(3) C a set of semantic integrity con- 
stralnts 

To denote operations out of 0 a subset of 
the data manipulation language QUEL is 
used. This language is derived from the 
relational calculus. It has a precise syn- 
tax and 1s easy to understand. It uses the 
term of a tuple variable t which denotes a 
variable asslgned to a relatlonal schema R. 
The values of t are tuples out of R-t. An 

Fig 5 Architecture of a realtime database 
management system 
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Indexed tuple variable is a term t A, where 
t is a tuple variable and A is an attribute 
of range of R The term t A denotes a 
variable having values out of Aom(RA) 

The elements in 0 are of the following 
types 

0 APPEND R (<target list>) 
-WHERE <qualification>, 

0 DELETE t WHERE <qualification>, 
0 REPLACE t (<target-list>) 

WHERE <qualification>; 
0 RETRIEVE t (<target list>) 

WEERE <qualification> 

To produce a procedure P-1‘ with respect to 
a given database operation op of the 0 it 
1s proposed to transform op into a database 
operation op‘ with the following proper- 
ties. 

(1) op‘ is of the type RFTRIEVE 
(2) op‘ qualifies a set of tuples compri- 

sing the set of tuples specified by op; 
1 e op qualifies a supersetof op 

It will be shown now how property (2) can 
be achieved 

A qualification <qual> is a boolean combl- 
nation of clauses of the type. 

cl = <term l> 0 <term 2> - - 

where 0 E (=,#,<=,<,>=,>I and where <term 1) 
1 = 1,2 has one of the following forms - 

0 <term 1) is a constant value, 
0 <termzl> is an indexed tuple variable 

t A-l,]: 
0 <term I> is a program variable v - 

Conslderlng tuple quallflcatlons the clau- 
ses must consist at leastofonetermbeing 
a tuple variable So without loss of gene- 
rallty it may be assumed that <term l> 1s 
always a tuple variable Each qualification 
can be transformed Into the dls]unctlve 
normal form (DNF) So it may be written: 

<qualification> = // V (cl-r,s) , 
1<r<p 1<s<qr 

where A denotes con]unctlons and V de- 
notes dls]unctlons 

Let us consider a realtime transaction 
containing a database operation op 1 with 
the quallflcatlon <qua1 1) Two types of 
clauses may be distlnguised in <qua1 1) - 

(CLl) clauses where the value of <term-2> 
1s fixed before event e 1: 

(CL2) clauses where the value-of <term 2> - 
1s determined by event e 1 - 

The qualification <qua1 i'> is galned by 
applying to <qual-i> the-following opera- 
tions 

1. Remove from <qual-i> all clauses of type 
(CL2). 

2 Compare the new clauses with the old 
one. If there is a tuple variable t In 
the old clause that doesn't appear in 
the new one then add a dlslunctlon of 
the type- t A = * to the new clause, 
where A is a primary key of the relation 
the karlable t is referring to 

The evaluation of expressions of type t.A=* 
causes the quallflcation of all the tuples 
of the relation the variable t is referring 
to 

The tuples qualified by <qua1 1) are a sub- 
set of the tuples qualifiedly <qua1 1') 
Removing a conlunction means thatthequa- 
lifted tuple set is enlarged. The condltlo- 
nal insertlon of clauses of type tA = * 
ensures that no relation can disappear 

The following schema comprises our notions 
of how to gain the superset procedures 
P 1. 

Fig. 6: Quallflcatlons In dls]unctlve nor- 
mal form 
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regular precompilation 

I I 

precompilation 
database operation 0-i 

with quallflcatlon <qual> 
rP> accesspm;dule 

a normalization 
of <qual> 

qualification <qual> 
in DNF 

elimination of 
unknown parameters 

database operation o-i' 
with quallflcatlon <qual'> 

, > acces; y;dule 

precompilation 

Fig. 7 Derivation of the superset procedures 

3.3 The runtime environment -- 

In our database architecture (see figure 5) 
the Interaction of the realtlme component 
with the transactlon manager 1s explalned 
in more detail now The main data struc- 
tures of the realtime component are des- 
crlbed first Then in 3 3 2 the synchronl- 
zation of a realtime transactlon in exe- 
cution and Its derived superset transaction 
1s analysed in some detail Finally in 
3.3 3 the functions are specified that must 
be provided by the realtime component 

3 3 1 The data structures --- 

The realtime component contains information 
about all preanalysed transactions as well 
as the current states of realtime transac- 
tions being active The main data 
structures and thf maln functions of such a 
component are described In the followzng 
subsections. 
For the description of the data structures 
the relational data model is used Attri- 
butes being underlined denote primary keys 
There are only three main data structures 

a) The quallflcation list 

The superset procedures P-1' of all 
preanalysed realtime transactlons are 
stored In this list The data structure 
can be represented in the following way. 

0-QUAL (proc-Id, proc-code) 

b) The ordering list 

The information about the precedence 
structure on the data base operations of 
the preanalysed realtlme transactions 1s 
kept in the ordering list. It 1s com- 
posed of the following attributes: 

PRE-STRUCT (predecessor, successor, 
trans-id) 

For the attributes the following con- 
stralnts must hold- 

o dom (PRE-STRUCT.predecessor) = 
dom (O-QUAL.proc-id) 

o dom (PRE-STRUCT.successor) = 
dom (O-QUAL.proc-id) 

c) The active list 

As soon as a preanalysed realtime trans- 
action 1s activated new elements are 
added to the active list. These elements 
show the current states of the active 
transactions The list is updated when a 
database operation has been executed by 
a realtime transaction. The relation is 
of the following form. 

ACT-TRAM (active-id, current-state, 
trans-ld) 

For attributes of this relation the 
following conditions must hold. 
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PRE-STRUCT o dom (ACT-TRANS.current-state) = 
dom (0-QUAL proc-id) 

o dom (ACT-TRAMS.trans-id) = 
dom (PRE-STRUCT.trans-id) 

In addltlon the following semantic lntegrl- 
ty constraints must be fulfilled in our 
database- 

w//o ( OE 0-QUAL A o.proc-Id = P-BOT 
r\o.proc-code = dummy) 

w/o 1 OEO-QUALA o proc-id = P COT 
Ao.proc-code = dummy) - 

(3)/\ p (pc PRE-STRUCT ---> vo (OE 0-QUAL 
A o.proc-ld = p.predecessor)) 

(4)//p (pePRE-STRUCT --> vo (oEO-QUAL 
~0 proc-ld = p.successor)) 

(5)//P I E PRE-STRUCT 

f/ 
---> 

q (qc PRE-STRUCT 
r\q.trans-id = p trans-id 
Aq.predecessor = P-BOT)) 

(6)/\ p (pi PRE-STRUCT ---) 

V q (qEPRE-STRUCT 
~q trans-id = p trans-ld 

fiq.successor = P-EOT)) 

(7)Aa ( a E ACT-TRANS --> 
V_ 

o (oEO-QUAL 
/\a.current-state - o.proc-id)) 

(8)Aa ( a EACT-TFANS ---) 

V p (pe PRE-STRUCT 
A a.trans-Id = F.trans-id)) 

For the example given in 12 (figure 2) the 
relations 0-QUAL and PRE-STRUCT would con- 
taln the tuples: 

0-QUAL (proc-id, 
P BOT 
P-EOT 

Pl 
p-2 
p-3 
p-4 
p-5 
P-6 - 

proc-code) 
dummy 
dummy 

P l'-code 
P-2'-code 
P-3‘ -code 
P-4‘-code 
P-5'-code 
PI6' -code 

(predecessor, 
P BOT 

Fl 
p-1 
p-2 
p-3 
p-3 
p-4 
p-4 
p-5 
P-6 - 

successor 
Pl 
p-2 
p-4 
p-3 
P-5 
P-6 
p-5 
P-6 

P EOT 
PEOT 

rans-id) 
T-EXAM 
T-EXAM 
T-EXAEl 
T-EXAM 
T-EXAM 
T-EXAM 
T-EXAM 
T-EXAM 
T-EXAM 
T-EXAM 

Fig 8. The relations for the example real- 
time transaction 

3 3.2 The synchronization of a realtime 
- transaction and its dexvedsupers<t --, 

transaction during runtime 

It was already stated that our concept to 
improve response time of database opera- 
tions embedded in a canned transaction 1s 
to run an appropriate second transaction in 
parallel The second transaction 1s derived 
from the original transactlon during a pre- 
analysis phase Its execution is under 
control of the runtime component integrated 
in our suggested database architecture (see 
figure 5 In 3.1) The synchronization of 
the two transactions performed by an inter- 
action of the transaction manager and the 
realtime component will be explained now 
using petri nets. The petri nets (figure l@ 
and 11) refer to the general form of a 
transaction schema shown in figure 9 The 
notations have the same meaning as in fl- 
gure 2 

Fig. 9. General form of a realtime transaction 
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Furthermore it is taken into conslderatlon 
that several actlvatlons of one and the 
same realtlme transaction schema exist 
simultaneously. Therefore a second index is 
provided denoting to the actlvatlon identi- 
fler. It is maintained in the active list 
of the realtime component Two cases have 
to be distinguished the start of a trans- 
action and the processing of an event 
These two cases are shown in the following 
figures 

1 Starting a preanalysed transaction: 

Program P IS preanalysed DEFINITION MODULE compile-environment: 

actlvatlon of P and BOT of 
the embedded transactjon t 

EXPORT QUALIFIED 
trans-id, proc-code, proc-id, 
get-new-trans-id, insert-qual, 
insert-pre-struct, actlvlty with active-ld k exists 

-+ 
realtlme component processes 

BOT of k 

E(succ(P'-B0T.k)) IS I" virtual 
memory 

p IS waiting for 
the first events 

Fig. 10: Petri net describing the start of 
a transaction 

2. Processing an event e-i 

3 3 3 The functions of the realtime -- -- 
component 

The functions being provided by the real- 
time component of our system may be divided 
into two groups. The first group is com- 
posed of the functions used at compile 
time, the second one contains the functions 
used by the runtlme environment. These 
functions are described now using the syn- 
tactical conventions of MODULA-2 DEFINITION 
VODULE declaration. MODULA-2 is a Pascal- 
like programming language In the following 
outline attributes of relations are used 
as TYPE-identifiers: 

TYPE trans-id, proc-code, proc-ld: 

PROCEDURE get-new-trans-id () : trans-id; 
PROCFDURE insert-qua1 

(c . proc-code) : proc-id; 
PROCEDURE insert-pre-struct 

(t trans-id, p,s * proc-id): 

END compile-environment 

MODULE runtime-environment; 

EXPORT QUALIFIED 
trans-id, proc--ld, active-Id, 
init-trans, step-trans; 

TYPE trans-id, proc-id: 

PROCEDURE init-trans 
(t * trans-id) active-id; 

PROCEDURE step-trans 
(t : trans-id, c : proc-Id); 

END runtlme-environment 

actlvlty k waits E(P'-I k) 15 I" v1rtu.31 memory 
for event e-1 The semantics of the functions introduced 

above 1s self-explaining and a more formal 
e-7 enters description wouldn't contribute much to a 

better understanding of the concepts. 

e-1 IS processed 

P 1 IS started 

r 1 has been ,,k), IS I" VlrtUal 

-executed 3-L 

E(succ(P'- 
memory 

Fig 11 Petri net describing the proces- 
sing of an event 
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a) 

b) Minimizing the supersets 
One of the most important tasks in our 
concept 1s to produce procedures quali- 
fying minimal supersets. This can be 
reached by capturing the values of as 
much procedure parameters as possible 
In the concept presented so far, how- 
ever, only those parameters are ex- 
ploited with values being already known 
at compile time. Using the terminology 
of chapter 1 a set of parameters in the 
realtime database operation o-1 may be 
classified as parameters not known at 
compile time but already known before 
the event e 1 To exploit also these 
parameters fzr the superset procedure 
P 1' a conversation mechanism between 
active transactions and the realtime 
component could be developed, where 
parameter values are passed from the 
active transaction to the realtime com- 
ponent. 

cl 

4. Future Research -- 

.e concept presented so far may be im- 
oved by the following measures: 

Future orlented page replacement 
The main task of the buffer management 
is to realize a replacement strategy. 
Such a replacement strategy selects 
pages in the buffer to provide storage 
for a requested page, if a logical refe- 
rence to the buffer falls. The algo- 
rithms applied so far to do this work In 
database systems only use lnformatlon of 
the past for their selection decision 
(e.g. the age of a page since the first 
reference, or the most recent reference 
to the pages etc. /EH 84/) However, 
empirlcal studies compared with theore- 
tical work In this field show that re- 
placing algorithms using information of 
references in the future would produce 
better database performance In partl- 
cular Belady /BE 661 showed that an 
overall optimal replacement can be at- 
tanned If a complete knowledge of future 
references 1s available Our concept 
collects information about future page 
references of transactions during the 
preanalysing phase and processes this 
lnformatlon when this transaction 1s 
active. Provldlng appropriate functions 
in the realtime component the informa- 
tion about the references of active 
transactions could also be used by the 
buffer management to produce a more 
efficient buffer allocation. One should 
try by means of new buffer replacement 
algorithms to approximate Belady's op- 
tlmum. 

Concurrency feature 
Our concept tells nothing about con- 
currently active transactions and a 
method of synchronizing them. Ordinary 

d) 

locking mechanisms are used in database 
management systems to guarantee serial 
schedules of concurrent transactions. 
Locking, however, may produce states 
where a transaction can't procede becau- 
se a requested data ob]ect is locked. 
Such states are unacceptable in real- 
time systems, because fixed response 
times can't be guaranteed any longer 
Since it is known which data ob]ects are 
used by preanalysed realtime transac- 
tions, it may be determined whether 
interference problems arlse with regard 
to already active transactions. If a 
transaction 1s facing unsurmountable 
problems, e g an untolerable waiting 
line in front of locked data oblects, 
then provisions should be made to 
suppress the start of the transactions 
and to initiate appropriate actions in 
the technical system 

Dynamic switch of pagin% modes -- 

If the supersets get too large and If 
the system tends to become I/O-bounded 
prefetching may not pay off anymore 
because many untouched pages are then 
fetched. So the technique becomes coun- 
tereffectlve. This will certainly be the 
case if the I/O system tends to be fully 
loaded over a long time. The question 
arises whether such hardware systems 
disqualify a priory for realtime appli- 
cations. It 1s out of the scope of this 
paper to set up a model determining the 
critical operating point from which an 
conventional demand paging is preferab- 
le A system combining both strategies 
switching from prefetching to demand 
paging and vice versa is conceivable. 
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