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RESUMO |

Uma das &dreas na qual um grande esforgo de pesquisa tem
sido dedicado nos udltimos anos refere—se Ao problema do
controle de concorvéncia em bancos de dados. Apesar do
grande nimero de novos algoritmos, de nenhum deles Cateé
agora pode-se dizer.que funciona melhor para todos s tipos
de situacoies. Fste trabalho edamina este problema e sugere
um enfoque mais flexivel para o projeto de mecanismos de
controle de concorréncia em sistemas de  bancos de dados.
Com a flexibilidade proposta tenta-se melhorar o desempenho
do sistema em situagoes dificeis de serem tratadas
eficientenente pela maioria dos mecanismos.

ABSTRACT

One of the areas to which a great amount of research has
heen devoted in recent UERArs is concerned with the
concurrency control problem in a multi~user database
sustem. Despite the great number of new algorithms, none
of them o far could actually claim to work best in all
types of applications. This article addresses this issue
and suggests a more flexible approach to the desian of
concurrency control mechanisms in database systems. This
proposed flexibility attempts to improve the performance
of the asystem in a number of situations where the
strictness of most mechanisms makes it difficult to
achieve. ' '



I-INTRODUCTION

The purpose of the concurrency control activity in a
database system is to ensure that the execution of one
transaction will not interfere with the correct execution of
another transaction running in parallel. At the same time,
this control> should be accomplished with the minimum
interfterence to the normal course of transaction execution.
This makes the concurrency mechanism a very important part

of the database system [Di51.

The aim of this paper is to advance towards the design
of a more flexible mechanism for concurrency control in
database systems. The proposed flexibility attempts to
produce a mechanism that should be able to perform better

than the ‘rigid’ algorithms in a great numnber of situations.

The approach followed to produce a flexible mechanism
ies twofold. Oon one hand, it should define how the
characteristics of the application that suggest a different
behaviour on the part of the locking algorithm can be passed
to the mechanism. It is  assumed that the application
designer will play an important role in ident ifuing the
characteristics and in supplying this information to the

mechaniam in the form defined.



On the other hand, the alternative protocols deyelbped
to deal with these qpecial situations have to bk made
compatible with a standard concurrency control p?otoco]

which takes care of the situations in which a standard
: i

protocol is required. This approach means bringing less

complexity to an already complex component of .database

systems.

Following the current consensus that places the locking
approach as the uné which produces the best overall
performance [i, 2, 101, we decided to build the flexible
mechanism starting from a locking algorithm. The study,
which is presented in section III, concentrates.‘on the
.Qeakness of the 1locking approach, especially on its
pessimism for certain application types. The aim is to
provide alternative routes in the locking mechanism either
?ér increasing para}lelism or reducing overhead fn the

system.
II - PRINCIPLES OF THE CONCURRENCY CONTROL PROBLEM
II1.4 = The problem of parallel execution of transactions

When parallel processing is allowed in the system the
actions of different transactions will interleave and this
may result in problems in the database. The examples shown

in Figures IT.4 and II.Q.illuatrate the two common types of



problem arising out of the uncontrolled interleaving of the

actions of two transactions [8].

Figure II.4 -~ Case i An example of the lost update problem
initial statesr =47
order Ti result T2 result

i read ¢ into A (A=47)

2 A = A + 2 (A=49)

3 read » into B (B=47)

4 write ¢ from A (=49 . }

5 B =B+ 3. (
write x from B (

final statesr »=5H¢ (should be H2)y
Transaction T4 was not reflected in the database.

Figure I1.2 - Case 2! An example of an inconsistent updating

initial states wu=1@y y=4i%Hy »=23; constraint?: ¢ + y = =
order T3 result T4 result

"read x into A (H=10)
read = into B (B=25)
A= A + 2 (A=42)
B =B + A — (B=27)
write ¥ from A (x=412)
read 2 into C (C=42)
read = into D (D=25)
write =z from B (x=27) '
2 (C=24)
1.0 D =D c - (D=37)
i1 ' write from C  (x=24)
12 . write = from D w37 )

€ =20

CANGODdDLON-

X 4+ %

final state: x=24; y=1%y ==373 (should bes x=24y y=4id; x=39)
Transaction T4 read and stored inconsistent data.

In the first example, the problem is known as the
lost update problem. One of the transactions did not have

ite results reflected in the database. In the second
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example, although the transactions would maintain theé
integrity when processed separately, it the Fctions

interleave in the way shown, an inconsistent state will

result. The two situations are examples of ﬁllegal

{

histories. .

i

"11.2 - The correctness issue

Given an algorithm to deal with concurrent transactions
it is necessary to verify whether the behaviour of the
algorithm is correct, for example, i the algorithm avoids,
in =all circumstances, the situations deacribed in the
previous section. This definition gave rise to
vhserializability theory 3, 201, which is a collection of
mathemat ical rules that tell whether a concurrency control
algorithm works correctly LS1. This subject, however, is out

of the scope of this paper.
JI.3 - Approaches to the concurrency control problem

The approaches di?Fer in many aspects, but mainly over
the question of at which stage of the Eranéaction execut ion
the conflicts are detected and resolved. There are a number
of variations originating from each basic algorithm and from
some other algorithms which cannot be classified in any of
the main approaches. The motivation for the wvariations,

however, is on the grounds of efficiency.



1I1.3.4 — The Locking Approach

In the locking approach every action performed on an
object must be preceded by a lock on this ijeat. The lock
operation will umm&.ang pther action from operating in this
object for the duration of the lock. The locks are released
by the transaction when the actions have been perForméd ot
the object. The transactions that follow the protocol: lock
——=) action =---—) unlock, are said to be “well formed”. If
transact ions are “well-formed and the locking protocol is

two- phased [4121, the mechanism works correctly and i

called two— phase locking mechanism.
1I1.3.2 - The Optimistic Approach

The rules imposed on the transactions in the two-phase
lock ing approach may be considered too strict because of the
the inhibition of parallelism among transactions and the
consequent costs involved C£i81. The inability of the locking
protocol to relax the%é rules when there is a low rate of
cqnflict was the = starting point for the» class of
algorithms named “optimistic” or “eertifiers” [181. The
denominat ion “optimistic” results from the assumpt ion that
conflicts between transactions are rare and therefore,
ahould not be prevented, but remedied when they occur.
Instead of delaying =a transaction becaﬁﬁe of the lTocking

procedure, the mechanism allows it to run freely afd only
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checks for conflicts immediately before it is ready to

commit.

[]

) . !

11.3.3 -~ The Timestamp Ordering Approach i

. i

|
The third category of concurrency mechanisms has a
different attitude with regard to the order of transaction
execution. In the timnestamp ordering approach, the mechanism
enforces a pre-fided order which is determined when the
transaction ies submitted. The timestamp information is

attached to the transaction for this purpose [4, 441, 247.

Conflicts can be prevented simply by imposing the order
eatablished by the timestamp information on all accesses to
the database. This means that i all accesses are performed
in the gsame order, which has been determined by the
transactions timestamp, the cyclic situation will be avoided
in the resulting serialization graph. The proof of
correctness of the basic algorithm of this approach appears

in [51.
I1.4 -~ General Remarks

There are =a considerable number of algorithms for
concurrency control in database systems. In  the years to
come several others are expected to appear. The réaﬁon for
such prolifmration of algorithms COmMe s from the

imposasibility of defining appropriate requirements for the

)



design of the mechanisms. At the present stage, the
correctness requirement covers a very Festricted' range of
situations, and the performance requirement is ‘naturallg
vague because of the number and the complexity of 1links
between the concurrency control and the remaining compohents
of the sustem.

III - THE USE OF SEMANTIC INFORMATION IN THE DESIGN OF
CONCURRENCY CONTROL MECHANISMS

The performance of the concurrency control mechanism is
very sensitive to the type of transaction load ﬁubmitted to
the database system. Based on this hypothesis, most of the
research on algorithm construction has been oriented towards
developing an algorithm which performs well in most common
tuypes of application. The results of comparative analyses,
however, have suggeasted that this éeemﬁ to be an
unattainable goal [9, 107.

An  approach, which has been the auhijiect of
consideration for somé time, is the introduction into the
algorithm of some sén%itivitg to the semantics of the
application. Several nechanisms which employ some kind of
semant ic knowledge .have been proposed L4, 7, i41. The
development of most new algorithms, however, are still set
on  the idea that the mechanism should be completely

transparent to the user at all levels.



Our wview is that the 'concurrehcy con%rol mechanism
Shéuld be projected in such a way as to‘b& %engitfvé to_thw
characteristice of the application by means bf 'accepting
 parameter5 supplied by the uaser. These parameters would
inform the mechanism about the ﬁémantics of the application
in order to guide it to the most appropriate protocol. The
objective is to construct a flexible mechanism which should
be able to perform well in a greater number of database

applications.

In this section three types of semantic knowledge will
be reviewed., For each of these types, we analuyse ghe waQ
information can be passed to the concurrency mechanism in

‘order to make it sensitive to certain characteristics of the

application.
I1I.5 - The locking by-pass strategy

When actions of one trangsaction overlap with actions of
an update transaction.in the same or a related object,
inconsistent data may result. In the case of Read—-only
transactions, however, some transactions may not require
strictly consistent datay for example, transactions for the
purpose of  collecting ﬁtatjﬁticﬁu For these queries there
may be no need to prevent inconsistencies. Th@fr Read
actions may overlap with any other actions of an update

transaction, thus allowing a higher level of paralleljism.

L2
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f possible way to make the concurrency mechanism
consider this aspect is by imnplementing alternat ive routes
: {

which will be followed according to the consistency level

assigned to each transaction. This idea was first introduced

in L1711 and used in the design of Sustem R L&, ks

The strategy proposed heres. consiﬁtﬁ‘oF hy-passing the
locking procedures in the synchronization process. Because
of the possibility of inconsistent data, this strategy can
only be employed in Read-only transactions which are
prepared to accept inconsistent data. The strategy ia
particularly advantageous to those transactions which access

frequently updated meQctg £437.

An additional variable (consistency code) is included
in the transact ion deﬁcriptiwnﬁu At the time of the
tranﬁactipn gxecution the user assigns to this variable one
of the two possible values. The values ﬁpeﬁifu whether the
user is prepared or not to accept inconsistent data as a
result of the transaction esecution. The locking algorithm

will be modified as follows?

At the beginning of the transaction the Transaction

Manager accesses the consistency code assigned to the

transaction. I+ this code is set to Level 4 of consistency,

“then all lock regquests associated with this transaction will

be skipped. No  changes - are necessary on the other

e
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transactions or in the Scheduler. Ah addifional“ test is
required in order to prevent Level 4 of consistency beiﬁg
assigned to Update transactions.

The benefits of this strafegg are potentially great.
Firstly, there is the eliminatfon of all locking overhead
qu transactions following Level 4 of consistency. Secondly,
a higher 1level of parallelism can be achieved becausé
overlapping between this type of transactions and Update
transactions will be allowed. While in the normal locking
protocol one of the transactimns would be blocked hecaﬁam
of the wistence of incompatible locks in the same object,

this will not happen in the by-pass strategy in which the

shared lock is not requested.

Depending on the characteristics of the application the
chances of retrieving inconsistent data ﬁau be greatly
diminished. Inconsistent data will be generated only if an
Update transaction has overlapped ite access in common
objects. This overlapping will not occur, for example, to

transactiohﬁ consisting of a single object actess.
I1.2 - The suspended locking strategy
Database systems are often characterized by a set of

objects that are commonly referenced by the majority of

query and update applications. On the other hand, there are

$0
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some objects that work as static information in the system.
These objects are expected to be updated only rarely. It is
; |

also a common  phenomenon that certain categories of

transactions run during a specific period of the day.

These twoﬁubservationg'can be very useful in increasing
the performance of a concurrency mechaniﬁﬁ £81. Taking these
Facfors into account will not produce mor e direct
parallelism, but it may reduce overheads and therefore =a
better performance may be achieved. In a rarely .updated
object, a normal locking mechanism would still issue locks
on these mbjectﬁ. because of a Ffuture update request.

However, if an object is known to be rarely updated, then an

"mptimistic protocol may be adopted.

In the suspending locking strategy, for selected
objects, the lock ing requests are substituted by a post-
validation schema based on the optimistic approach. The
objects are selected by the application designer and not
automatically by the mechanism. The designer %hould ident ify
on behalf of the mechanism the objects in which a small
proportion of update operations are expected. This
information, together with other auxiliary information

generated by the mechanism, will be stored in a table called

Gtatus Table.

14



"Besides the relation identification, each entry in the
table has three mthet variables. The ?irst describes the
present access status of the relation. The second dE$GFibE$
the timesfamp version of the.data stored in the relation.
The timestamp is s{mplg an intagér variable used to register
the last occurrence of an update transaction processed in
some obJject of the relation. Finally, there:ig a varlable
describing the number of active update transactions which
have been granted an excluéivellock on some object of the

relation.

The access status is set to one of thé three paﬁﬁiblé
values® regular locking (RL)Y, suspended locking .(SL), and
”témpprarg locking (TL). The other two variables are only
accessed when the access status is set to 7SL7. When an
action is due to start, the Transaction Manager accesses the
Status Table in order to check the status of the relation
accessed by the action. 6ne of the following routes is

possibles

If the access status variable of a relation is marked
with a regular locking code ('RL7), then the action (either
if is an Update or a Read-only action), is routed through
the normal locking protocol, . Obviously, if all relations
are set to "RL7 then the algorithm works in a similar way to

the basic locking mechanism.



If the access status variable is set to 78L7, then this

-

means that a low rate ot éon?licte iﬁ‘ aupected’ and the
optimistic protocol should be followesd 'Fmr the
ﬁgnchroni%ation of this action. For Read—-only actions the
locking mechanism iﬁ.gkipped" Be?bre 2uecut ing, however, the
value of "the timestamp version variable is copied into the
action working space to be utilized later during  the

.

validat ion phase.

When an update action is reguested on a relation marked
with the “SL7 status, thé optimism of the strategy should be
temporarily suspended. The access status of the rélatimﬁ
updated should then be set to the "TL7 wvalue. This will
prevent any future Read actions from following the
optimistic route while an wupdate action is in progress. in

+

order to control the number of updates active on this
relation, the value of the active wupdate wvariable i

increased by one for each started Update action and reset at

the end of the transacktion.

This strategy iﬁ a compromise between the pure locking
and the optimistic approaches. The idean is to combine the
two strategies into a single algorithm. The objective, as in
the optimistic approach, is to achieve a reduction of the
synchronization costs by suspending the locking action for
some of thm'acc@§5e5 91, On the other hand, this strategy,

unlike the optimistic algorithm, does not apply generally to

13



all accesses because it is recognized that, within the same
application, normal locking is preferable in a number of

asituations.
I11.3 -~ Hierarchical locking

In the lock ing approach, conflicts are  prevented by

issuning a lock on the aobldect accesssd by the transaction.

.

However, the ﬁizerF the ’iockéble' units is @ matter of
strategy Tor the concurrency mechaniﬁm; While =a Ffine
.granularitu of  locking such as pages and records enables
more potential parallelism, it also produces higher
overheads than a coarse granularitg locking [221.

The hierarchical locking approach was proposed in L4771
describing the mechanism which was later wused in System R
E&]" Im this approach @« hierarchy of granules is defined.
The transactions may reguest a lock on any of the levels of
the hierarchy  but all the higher levels muét he acguired on

an Tintention mode .

The justification for this hierarchy is the recognition
that the solution of the problem of optimal granularity is
application dependent 237, and therefore a more flexible
protocol is expected to perform better in a larger number of

sustems.

14



For the usage of this feature it is proposed that the
assignment of granularity hierarchy Cin bur TAGE the.logking
granularity hierarchy) should not be ﬁtrictly. defined.
Instead, the application designer should have the means for
altering the hierarchy in é way that suits most
applications. In other words, this approach will allow the
hiegrarchy to be specified according to the sasystem

inplemented in order to achieve the best performance.

Instead of having & rigid table of hierarchies such as
sugagested by Gray et al [£161, the database system will
follow the hisrarchy specified by the application designer.

This will permit the strategy to vary from a non-hierarchy

granularity to a detailed hierarchy of objects Li91. The

variable hierarchy will he particalarly wuseful in non-

o\

standard database applications where the tupes of objects

cdiffer from the usual database types (relation and pages).
IV — CONCLUSIONS

We advocated in thjg papet  the use of semantic
knowledge of the application in the design  of the
concurrency mechanisms in order to provide the flexibility
that would permit the user to tune the mechanism to suit the
requirements of the applicaﬁimn. This was based on the

helief that only by introducing some sort of sensitivity to



the application can a mechanism be expected to work at its
best in a wider range of situations.

) In the selection of which type df semant i¢ information
to include in the mechanism, two major criteria prevaileds:
the generality of its use, and the relative simplicity of
its implementation in an  already complex mechanism. The
aéﬁociation of these two gualities with the features of the
Jocking mechanism is expected to produce a highly foicient

mechanism for concurrency control in databases.

As demonstrated by the results produced in [91, the
major .ben&Fit of  such approach is @ very significant
improvement in  the system’™s performance resulting from the
combination of greater parallelism with smaller mvérhead in
the concurrency control activity. In some cases, an increase
of over SQX in the response time was achieved with the usage
of th flexible approach. This was achieved with simple but
very effective changes in the basic locking protocol
directed at resolving its  major drawbacks, such as its

permanent pessimism regarding transactions overlap.

16
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