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Although multi-tiered software development is taking the place in database applica-

tion environments, client-server infrastructure has still been in use for years. Furthermore, 
both infrastructures still need to be improved in some aspects. One of the important as-
pects of improvement is caching. This paper addresses the issue of caching in relational 
database system within client-server structure and a method that can be used to keep cli-
ents’ cache up to date. The main objective of the proposed caching methods is to use 
clients’ idle time in order that clients’ cache is up-to-dated and to use the clients’ memo-
ries for caching. For this purpose, a new combined system which includes CCDT (Cli-
ents Cache Description Table) for organizing client cache updating, predicate-based 
caching method MNTC (Maximum Number of Tuples in Cache) that includes a mana-
gerial patch in server-side and small patches in clients-side, and TPCF (Time Period 
calculated from client Commit Frequency) for calculation of idle time of the clients, is 
presented. 
 
Keywords: caching algorithm, cache description, database caching, cached updating, 
client-server structure 
 
 

1. INTRODUCTION 
 

Cache applications are extensively applied within the database management system 
infrastructure [1]. Some of those applications such as the relational database management 
systems (RDBMS) and the Object-Oriented Database Management Systems (OODBMS) 
have been used successfully in client/server architecture and web based applications 
software.  

This study is focused on independent multi-clients with their server and the cache 
mechanism that can be used on a relational database. Client starts transactions and the 
server carries out the data management sharing. Existence of the query results in the local 
cache of the client contributing to an increase in the performance of distributed clients in 
data sharing.  
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In the client-server architecture trade oriented relational databases cache applica-
tions are used with buffering method to reduce the amount of disk traffic in the fre-
quently used disc blocks only at the side of server [2]. What is assumed here is that the 
clients have lower-capacities than servers. However, with the great achievements in 
technology, the clients now have increasingly larger memories and higher capacities to 
carry out numerous transactions. Technological developments in clients have eased the 
data and network traffic with the servers and have contributed to a reduction of time loss 
in reaction time. Thus it is no longer up-to-date to use cache mechanisms just on the server.  

Recently several different client cache methods have been carried out [3, 4]. In 
those methods, transactions of cache loading, updating and changing were based on the 
logic of the IDs of objects. Some studies resemble our work. Some of them were “a 
predicate- based caching scheme” and “predicate locks” [5, 6]. Because of the execution 
cost, the predicate lock applications have not been regarded as successful applications 
and they also have a negative effect on the simultaneity [7]. These applications have 
lower performance because of the impediment of phantoms. Another similar study was 
the study of precision locks [8].   

Other studies that were examined in this work are; the study of Larson and Yang 
(1987) and Sagiv and Yannakakis (1980) in which the first query evaluation had been 
carried out [9, 10], the studies for providing a restoration of constituted views [11-13], a 
study on the effects of the updating transactions on clients’ caches [14], and the studies 
concerning cache applications carried out in clients’ side [4, 15-27]. In this study, the 
essential point is it’s considering the cache application carried on over the RDBMS, this 
is the main point that this study differs from others.  

The approach of this study is that queries were executed on the server side and upon 
the information (necessary data for CCDT) gathered from the results of queries located 
on the client’s side a Client Cache Description Table (CCDT) is constituted. CCDT in-
cludes information on the client caches. If a new query is a partial cache hit, then only 
the parts of this query that are non-existent shall be sent by the server and the cache 
would be updated. The server controlling the CCDT would carry out this transaction.  

Despite the similarity of a predicate-based caching scheme (Keller and Basu 1996), 
there is a main difference between our and their study, that our method has a different 
commit protocol. An additional difference is the determination of the time of the transac-
tions in case of a triggering or limiting transaction of a local update (such as insert, delete 
or update). There are two different methods presented in this study for the determination 
of committing time. One of those methods is the carrying out committed transaction im-
mediately using CCDT that is prepared according to the query results. Another method is 
to carry out the transaction with the time period calculated from client commit frequency 
according to the commit frequency obtained from the updating transactions performed by 
the client.  

2. COMMIT TIMING 

The most serious problem between predicate-based caching algorithm and the usage 
of the CCDT obtained from queries arises in the updating process of CCDT and the cli-
ent caches. In this section, the update problem arising during the usage of predi-
cate-based caching as well as our approach to solve this problem is dealt with.  
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2.1 Commit Timing Problem 
 

Let (Ci) and (Cj) be two individual clients on a client-server system. Commit timing 
problem arises when client (Ci) creates a transaction for a big sized range query on a re-
lation, and if, client Cj concurrently updates a tuple on the same relation and commits 
this update transaction.  

In such a case, the CCDT data on the server does not possess any cache information 
regarding Cj (since the query transaction initiated by Ci has not been completed yet). As 
the information required to tell Ci about the update process committed by Cj is not on 
CCDT yet, the update committed by Cj will not be contained in the result set just ob-
tained by Ci. Therefore, the requested range query will not contain the correct result set.  

For example, considering a scenario in which client (Ci) has started a query transac-
tion on a student relation existing in a student database as follows;  

 
Select * From Student_Records  
Where Student_Id > 4001000 and Student_Id < 4010999. 

 
And also considering that client (Cj) concurrently performs an update as follows and 

commits it; 
 

Delete From Student_Records Where Student_Id = 4001002. 
 

In this situation, where the above SQL statements start sequentially, Ci will try to 
reach approximately 10,000 student records. Meanwhile, Cj deletes the record of Stu-
dent_Id 40010002 and commits this transaction before query of Ci completion. If the 
query requested by Ci has not been completed yet, then, this will mean that the commit 
on the CCDT made by Cj will have been completed before the transaction initiated by Ci 
and therefore no cache update signal will be send by CCDT to the clients.   

Thus, since Ci is not aware of the update committed by Cj yet, the query result 
placed in Ci’s cache will contain 10,000 students instead of the correct record number of 
9,999 which will be different from the correct results. In addition, if Ci ignores Cj update 
concurrently, then the query result has again 10,000 records instead of 9,999 therefore, 
wrong set is placed to client’s cache.  

This scenario seems that there is no problem in DBMS, because concurrent transac-
tions are consistent if they are serialize able, but in the client cache side (C1, …, Cn) this 
situation is a problem. In this scenario, since Ci has not been updated after Cj commit-
ment, if Ci wants to create new request for same query then Ci must be re-updated fully 
or partially and therefore redundant reading and updating are required. In order to avoid 
these redundant transactions, we offer a new approach that is using CCDT.  
 
2.2 Suggested Solutions  
 

One of the ways to solve the problem given in section 2.1 is to lock the entire rela-
tion during a range query transaction. However, in case the range query transaction lasts 
long, then this will cause other clients to wait for a long time. Similarly, if more than one 
client performs a range query on the same relation, it will be even harder for other clients 



YASAR-GUNERI SAHIN AND HALIL-IBRAHIM BULBUL 

 

332 

 

to reach this relation. Therefore locking the entire relation will not ensure a reasonable 
solution to the problem.  

The solution we propose is to ensure that clients making range query requests per-
form necessary changes on the CCDT at the time of their request instead of making 
cache updating on the relevant the CCDT after completing range query transaction. 
These clients will, after the end of the transaction and before updating their cache, 
re-check the CCDT to see if there have been any recent changes. In addition, they will 
check the CCDT and perform updating their cache during their idle time, which will be 
calculated by means of a formula obtained depending on the committing frequency. Thus, 
idle times of clients are utilized in an efficient manner.  

Moreover, the total number of cached updates on the clients is restricted in this so-
lution by using MNTC (Maximum Number of Tuples in Cache) patches, thus allowing 
automatic update instruction to the clients by the MNTC manager that supervises this 
number.  

3. PROPOSED METHOD: CCDT (MODIFIED SCD) 

This section deals with how clients update the CCDT (Client Cache Description 
Table), which is proposed and developed in order to keep client caches updated, and 
what procedures they follow in their query and update transactions.  

CCDT located on the server, like SCD (Server Cache Description) in “predicate 
based caching scheme”, keeps information about the contents of the cache on the cli-
ent’s- side [5]. In this study, a structure as given in Table 1 below is used. The contents 
of this table vary according to the application areas.  
 

Table 1. Server CCDT attributes. 

Attribute Description Length (Bytes) 
Client_No Client id 5 

Relation_Name Relation name 30 
Tuple_Count The number of tuples in the cache 4 (Long integer) 

SQL SQL Statement (If the cache content is a query result set) 1,000 (Text) 
Updated_Items Items of any update on the cache, if any. 1,000 (Binary) 

In this Table, the field shown with Client_No represents the client to which the 
cache data belongs, Relation_Name represents the relation to which the data on the client 
cache belongs to, Tuple_Count represents the number of tuples existing on the cache in 
case the content is the result of the query made, SQL attribute is the SQL statement used 
to obtain the data on the cache in case the data on the cache has been obtained by query, 
and Updated_Items is the list of tuples occurring in case the data in the cache are updated 
by other clients.  

The client initiates a transaction for a query request, as shown in Fig. 1 (a). Before 
this request is processed by Database Management System, a new record is created on 
the CCDT in line with the request information and the request is added in this record with 
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           (a)                         (b)                          (c) 
Fig 1. (a) CCDT workflow for a query transaction; (b) CCDT workflow for a commit transaction  

(update); (c) CCDT workflow for a cache hit. 

 
necessary information such as client number, relation name etc. Next, DBMS gets the 
request for the query. After the result set obtained, it is placed on the client cache. After 
this step, client, which requests the query, checks Updated_Items attribute on the record 
created for itself in CCDT. If any update has been committed on any item, then the same 
update is performed also on the client cache through Updated_Items’ item. After the up-
date, the update information existing in the relevant Updated_Items’ item is deleted.  

This procedure sequence is continued until no data remain in the Updated_Items at-
tribute. Absence of any data in Updated_Items attribute means that update necessity no 
longer exists, with all the updates being completed.  

Fig. 1 (b) shows a flowchart about client (Cj) that commits a related update. If the 
update requested by a client applying for commit directly affects the cache of another 
client (query requesting), an update information such as tuple_no, attribute_name etc. is 
inserted in the Updated_Items item of the tuple on the CCDT, belonging to the client 
(requesting the query) that will be affected from this commit. This procedure ensures the 
background to inform the affected client of this update process. If the query on the af-
fected client (query requesting) has not been completed yet, then the CCDT will wait the 
query result. If the query result has been placed into the client cache, the CCDT will in-
form this client of the changes, which will be performed by the same client. Then, the 
changes made in the Updated_Items item will be deleted.  

If multiple clients (Ck, k = 1, …, r) execute updates on the same relations concur-
rently, in this situation, all clients are queued according to FIFO and they update Up-
dated_Items of CCDT with items no, which affected by update, sequentially. Since 
CCDT has single tuple for a particular SQL of Ci, no client can keep CCDT busy forever 
(because, clients read and write CCDT in a certain instant), and Ci has placed in a certain 
place in queue therefore, Ci checks the CCDT and applies the updates at any instant. In 
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this situation, some of updates (updates recorded to CCDT after checking of Ci) will be 
ignored Ci temporarily, and these updates will be up to dated at any idle time of Ci in 
future.  

If a new query is a cache hit, as can be seen in Fig. 1 (c), before using directly the 
data on its cache, it will check the Updated_Items item of the tuple on CCDT belonging 
to itself to see whether there is any change. After all the necessary changes have been 
handled, the client cache will be updated and it will finally contain the correct data that 
can be used for query by client without any need to the server.  

When the client requesting a query gives up its request, it will delete the relevant 
tuple on the CCDT, thus eliminating the need of being informed of any further updates. 
Thanks to these procedures, the CCDT will be able to know all the cache data on all cli-
ents and in case of any update, it will ensure that the update will be made by the clients. 
Therefore, client caches will be kept up-to-date continuously because of CCDT.  

4. MNTC MANAGER ON SERVER 

The purpose of MNTC (Maximum Number of Tuples in Cache) is to restrict the 
number of tuples updated by the clients using cached update method, which consists of 
collection of insert, delete or update processes and of committing all of them in a single 
transaction. The purpose of this restriction is to execute update transactions automatically, 
thus ensuring the changes to be made on CCDT in order. In addition, the total number of 
cache updates should be restricted, because predicting or calculating idle time of some 
clients are very hard, or sometimes some of clients might not have idle time. In this situa-
tion, restriction of the total number of cache updates is a useful way to say that, it is time 
to up-to-date.  

As shown in Fig. 2, the MNTC system comprises of a MNTC manager located on 
the server and MNTC patches located on the clients. The system operates by first utiliz-
ing the data kept by MNTC manager on the MNTC table. The MNTC manager first per-
mits the client requesting an update then determines the lock(s) on the tuple(s) on which 
an update is to be made and places these locks on the MNTC table. If the transaction is 
an insertion, it will not require any lock, but it will be written on the MNTC table con-
taining the new tuple that has been inserted by client and waiting to be committed. 
MNTC manager knows which client will perform update transaction on which relation. 
In case a client (Ci) requests a query and there is a possible update by another client (Cj) 
known by MINTC, MNTC sends a signal to the latter client (Cj) that is likely to perform 
the procedure to finish the process. Thus, the MNTC manager forces the latter client (Cj) 
to respond this signal by committing, rollback or cancelling the transaction.  

At the same time, the MNTC manager will force clients to perform multiple com-
mits in idle time, via a function depending on commit frequency of the clients, in order to 
reduce the possibility of encountering locked tuples by cached update processes existing 
on clients during queries. Thus, the idle time will be utilized more efficiently. In addition, 
MNTC manager is also responsible, in coordination with CCDT, from sending to MNTC 
patches the data about the update processes to be performed, depending on relation and 
on client. 
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Fig. 2. MNTC schema. 

 
MNTC patches on the clients are also responsible from monitoring forced commit 

or cancel signals sent by MNTC manager and from performing necessary processes. Be-
sides, these patches are responsible from automatically performing the commit in case 
the total number of cached updates on the client reaches the number reported by MNTC 
manager.  

Using a dynamically changing value instead of using a fixed value in order to de-
termine the number of tuples automatically to be kept in cache will give some advantages 
depending on the situation. At the same time, it will be possible for the client to perma-
nently update the records in the cache without having to wait a MNTC signal for the 
commit.  

A simple formula has been presented in this study, aiming to allow necessary time 
range for performing commit signal automatically during operation. This formula may be 
developed further in order to calculate optimum time.  

Considering the above formula;  
 

TPCF = TTC – TSC                                            (1) 
 
where, TPCF: Time Period calculated from client Commit Frequency, TSC: Time Spend 
during a Transaction for Commit (Calculated on the average), TTC: Average Time in-
terval between Two Commit transactions on the same client.  

TPCF is a time value used to calculate idle time intervals between transactions. 
With this value, the intervals during which the clients request update transaction are ap-
proximately calculated, and the idle periods interval between two transactions are deter-
mined dynamically and continuously by MNTC manager. TPCF is kept in a record sepa-
rately for each client by MNTC manager and reported to MNTC patches. MNTC Man-
ager is also responsible from TPCF synchronization calculated for MNTC manager cli-
ents. If there are not any priorities involved, this synchronization is performed by FIFO 
method.  

As can be seen in Fig. 3, TPCF is less than TTC, by at least as much as TSC. In 
other words, in order that a new transaction can be finalized, TPCF should be at least as  



YASAR-GUNERI SAHIN AND HALIL-IBRAHIM BULBUL 

 

336 

 

 

 
  SofT: Start of Transaction;  EofT: End of Transaction 

Fig. 3. TPCF time diagram. 

 
long as the time required for a transaction normally. In cases where the period of TPCF is 
less than the transaction time to be newly created, it is considered appropriate to stop the 
procedure for a new transaction and to continue with it after the new transaction has been 
completed. MNTC manager changes TPCF dynamically and continuously, and reports it 
to the MNTC patches.  

Other important aspect of TPCF is that, it ensures frequent check of CCDT by cli-
ents at certain intervals through TPCF. Therefore, when there is a query result in a client 
cache (see section 3) and if this result set is required at any time, there will be no need to 
re-check CCDT, thus saving time and a reduction in traffic is ensured.  

5. EXPERIMENTAL RESULTS 

The results of experiments performed during the application phase are dealt with in 
this section. The cache application in the study and the time required for obtaining the 
query transactions are shown in this section. The results have been gathered under the 
condition of test environment showed in Tables 2 and 3.  

Table 2. Experiment environment. 
Tools Description 

DBMS Oracle 8.1.7i 
DB Connection Object ADO 

DB Student Registration DB 
Number of Tuples in  

Student Records Relation 34,000 

Number of Clients 25 
DB Server CPU Intel Xeon (Single) 

Network 100 Mbps Switched 
Software Student Registration Module (Developed with Borland Delphi) 

Table 3. Constraints and restrictions. 
Options Value 

Isolation Level Cursor Stability 
Marshall Option Marshal Modified Only 

Lock Type Optimistic 
Cursor Location Client 

Cursor Type Dynamic 
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5.1 When the Client Cache is Empty  
 

The Fig. 4 (a) shows the elapsed time for monitoring the results of query transac-
tions performed when the client is empty. Here the average number of tuples to be in-
cluded by each query is between 1,000 and 11,000. As it can be seen from the figure, due 
to the additional time required for updating the cache information, using cache takes 
slightly more time than without cache application, since there is no need for such an up-
date. 

 
                  (a)                                      (b) 
Fig 4. (a) Query result set response time when client cache is empty; (b) query result set response 

time when client cache is full and assuming approximately 10% committed updates. 

 
5.2 When the Client Cache is Full 

 
This section provides the time required for responses when the client caches are 

filled with similar queries beforehand. Following the cache update, changes were made 
to the tuples over the relation that will change query content by 10% (committed up-
dates).  

As it can be seen from the Fig. 4 (b), due to the stabilization of the cache level at 
10%, significant decreases have been provided in response time. Thus, an improvement 
is obtained in this application when it is compared with the applications without the 
cache use.  
 
5.3 The Results with Respect to Number of Attempts  
 

Fig. 5 (a) shows elapsed time required for the transactions that are carried out when 
the client cache is full (i.e. starting from the 2nd attempt into the same relation) and 
elapsed time for the transaction that carried out as a new attempt in each separate case. 
As it can be seen, performing transactions in each and every attempt contributes to some 
time reducing.  

Fig. 5 (b) shows time obtained when the client cache is empty starting from the first 
attempt. Since, there is no need for a time required for client cache update in the applica-
tions carried out without cache use, the first application time here is lower. However, as  
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                  (a)                                     (b) 
Fig 5. (a) Average attempt time to a relation (when the cache is full); (b) elapsed time for xth at      

tempt to a relation. 

the number of attempts increase, the difference between them is lowers and the time re-
quired for the applications performed with cache use reduces after the 6th attempt. As the 
number of attempts increase, the time loss decreases.  

Therefore the time required to obtain the result set in the query applications will be 
decreased with the use of cache, after a certain time through which the caches will be 
filled with similar queries.  

6. CONCLUSION AND FUTURE WORKS 

It is known that there have been attempts to obtain time and traffic cutting by using 
predicate-based caching method employed in RDBMS on client-server structures. In this 
study, we tried to introduce a solution-proposal to the client cache update problem en-
countered during the usage of SCD by employing CCDT. Predicate-based caching 
method was improved using MNTC manager, MNTC patches and TPCF in order to keep 
client caches up-to-dated through utilizing idle time of clients. In addition, a simple 
TPCF formula is presented to predict the idle time of clients. Although, the experiments 
showed that calculation of idle time of client is not easy, usage of MNTC helps the cli-
ents to update their updates (such as insert, delete and update) waiting for commit in case 
of that TPCF calculation is hard. Furthermore, it is determined that presented method is 
more useful when the clients’ cache is not empty and when the number of attempts on 
the same query more than 5. Finally, with the usage of presented method, many benefits 
like time saving and reduction in traffic can be acquired especially in environments 
which are having intensive transactions.  

As a further work on the TPCF formulation can be considered. In addition to this, an 
improvement may be made in the coordination the clients by improving attributes on 
CCDT. More, a new method can be investigated to add Join queries to CCDT structure. 
Additionally some other works may be carried out on CCDT, MNTC Manager and TPCF 
in order to make system consistency better.  
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