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Abstract 

Database replication is a process, which keeps the multiple copies of the same 

data at a different geographical location, thus allowing data security and reduces 

load and access delay. In the recent past PDDRA, a pre-fetching based dynamic 

data replication algorithm was proposed and later on further modifications are 

done to increase throughput and reduce latency. In previous work, the 

performance of the algorithms is measured for random traffic arrival process for 

both local and global network. The performance is also evaluated under load 

balancing condition. However, an important feature in request generation is a 

priority of the request, which needs to be addressed. This work considers the 

priority of generated requests in request loss analysis, and thus it lifts the 

assumption of the previous algorithm which assumes that member of the virtual 

organization has similar interest. The performance evaluation of the algorithm is 

performed using Monte-Carlo simulation.  
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1.  Introduction 

We can define replication as the procedure of duplicating database objects, in a 

number of databases that develop a distributed database framework [1]. Variations 

that are put into a particular site are figured out and stored locally prior of 

forwarding and are being applied at all the remote locations. This process makes 

use of a distributed database method to share information between numerous sites; 

however, we can easily differentiate between a replicated database and a distributed 

database. Data is accessible at numerous positions in a distributed database, but a 

specific table locates at just one location. A few of the striking reasons for applying 

Replication gives quick, local access to shared data due to the fact that it makes the 

balancing of the activity over numerous sites. A certain number of users can have 

the authority to access one server while different other users can access other 

servers, in this manner diminishing the load at each of the server. 

Moreover, the replication site with minimum access cost could be accessed by 

users to get data, which is normally the site that is nearest to them in terms of 

geographical position [2]. 

The present worldwide enterprise may contain numerous local-area networks 

(LANs) associated with a WAN, in addition to extra data servers and applications 

on the LANs (Fig. 1). Client applications at the sites require to access data locally 

by means of the LAN or remotely by means of the WAN [3]. We can make it 

clearer by supposing that a client in a city may locally access a data stored on a 

particular X data server or it can access same data, which is stored on the remote 

Y data server [4]. 

Both distributed and centralized database systems must deal with the issues 

related with remote access:  

 Network response get slows down in the case of heavy WAN traffic and this 

result and lead to data access delay. 

 A centralized data server can turn out to be an obstacle as a large number of 

users will contend for data server access. 

 In case of failure of the network, data is not available. 

 

Fig. 1. Schematic of database replication. 
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Replication server maintains data effectively in numerous databases with the 

end purpose that clients can make the accessibility of local data rather than remote, 

centralized databases.  

A basic problem in the process of database replication is of keeping a minimum 

expense of updates during making the assurance of worldwide system consistency. 

The issue is enhanced for wide area replication because of the high latency and the 

enhanced probability of network partitions in wide zone settings [5, 6]. 

Along these lines, in the process of database replication, the position of nodes and 

their accessibility is of great importance. In past research, PDDRA (Pre-fetching 

Based Dynamic Data Replication Algorithm [7]) is modified to reduce the latency of 

the network and a numerical model is introduced to estimate the average delay and 

throughput [8]. This article additionally examines the scheme through simulation. 

The remaining paper is as follows: section 2 of the paper discusses related work. 

Motivation is discussed in section 3, of the paper. The proposed evaluation model 

is discussed in section 4 of the paper. The results are discussed in section 5 of the 

paper and finally, section 6 of the paper concludes the work. 

 

2.  Related Works 

A dynamic algorithm for data replication based on pre-fetching is presented in [7]. 

In this, the primary concept is to enhance the throughput and decrease the latency 

with the process of pre-fetching of the certain portion of the required data, is pre-

fetched in advance before actual replication takes place. The layout of the 

architecture of the algorithm is shown in Fig. 2. The basic unit is grid sites, which 

are positioned at the bottom of the tree. These grid sites comprise computing and/or 

storage elements. The gathering of various grid sites is defined as a Virtual 

Organization (VO). A Local Server (LS) for each Virtual Organization (VO) and 

the Replica Catalog (RC) is positioned at the local network. We must notice this at 

this point that the available bandwidth among the sites within a VO is more than 

bandwidth among Virtual Organizations. Consequently, getting to a file that is 

positioned in the local VO is speedier when compared to one that is positioned in 

the other VO. The upper layer comprises a Regional Server (RS) and every RS 

comprises one or more VOs. These regional servers are associated by means of the 

internet hence it is possible that the transmission of files between them takes a 

healthy duration of time.  

There is additionally a Replica Catalog positioned at each RS that is a directory 

of each of the files stored at that area. Considering a file that is not stored in the 

present VO is needed, then the RC of RS is requested for figuring out which VOs 

have the required file. Let us assume that that grid site ‘A’ asks for a file that is not 

available locally, then RC will search for the file. To minimize the access delay, 

the bandwidth required and time for response, it is preferable that to pre-fetch 

replicas that are highly probable to be asked for by the requester grid site in future. 

If a required file is not in the current VO while it is stored in other VOs than a 

request is sent to RS. At that point, RS looks on its Replica Catalog table and finds 

out the positions of the requested file in other VOs. In these kinds of circumstances, 

just the replication of the required file will be done and due to low bandwidth 

between VOs, high propagation delay time and thusly high replication cost, pre-
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fetching will not be beneficial and will not be finished. Furthermore, in this research 

article [7] the authors have considered that a VO members has same kinds of 

interests of files, therefore the patterns of accessing file of various VOs differ. 

Hence, a file from a different VO should not be pre-fetched for the requester grid 

site in other VO, due to their needs and access patterns are not same. Therefore, 

only the required file will be replicated, however, pre-fetching will not be done.  

In the developed algorithm, the following points are considered: 

 Members in a VO have a similar interest in files. However, in this paper, this 

assumption is lifted. 

 We must store the past sequence of accesses for predicting the future accesses.  

 Files to be accessible in the near future can be predicted by mining the past 

patterns of file access. 

 

Fig. 2. Schematic of Saadat and Rahmani’s algorithm [7]. 

PDDRA comprises three phases: 

Phase 1: Storing file access patterns 
In this initial phase, data access patterns and file access sequences are stored in 

database servers. 

Phase 2: Requesting a file and perform operations 

A grid site is requested in the next phase for a file and replication is performed for 

it, just in the event that it is valuable. 

Phase 3: Replacement of files 

In the event that there was the availability of sufficient space in storage element for 

making the storage of a new replica, it will be stored; or else an existing file must 

be chosen for the purpose of replacement. In this process of replacement, old files 

are replaced that are not used for certain time. 
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Shortcoming of existing PDDRA 

The algorithm of PDDRA attempts to reduce the access time by making use of the 

pre-fetching system. Nevertheless, because of the restricted bandwidth of the 

access network now and then it may be impracticable to get data when required, 

and the request will be in the queue. This prompts to extend waiting and due to this 

will extend the time of replication (Fig. 3). Algorithms works on the artificial neural 

network used in pre-fetching, in spite of the fact that they are not 100% effective. 

It is possible that members of VO may possess dissimilar interests. 

 

Fig. 3. Schematic of Yadav et al. algorithm [8]. 

Yadav et al. [8] proposed a novel database replication algorithm, where latency 

of PDDRA algorithm is reduced. A mathematical framework for modified PDDRA 

algorithm is proposed in [8, 9]. The analysis of database replication algorithm is 

detailed in [10]. The performance of the same algorithm is obtained under different 

buffering conditions [11, 12]. The performance of M-PDDRA algorithm under load 

sharing is proposed and detailed analysis and simulation are carried out for 

performance evaluation [12]. 

 

3.  Motivation 

A few years back, a PDDRA was proposed. The fundamental concept is to pre-

fetch certain data with the help of the heuristic algorithm prior to the real replication 

begin in order to minimize latency. In our earlier research, certain upgradation in 

PDDRA (M-PDDRA) are proposed to further minimise the latency. In order to get 

further detail, refer to [7]. The primary purposes of the algorithm can be 

summarized as given below: 
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 We consider the internet cloud as the master node in M-PDDRA scheme as it 

is reasonable to consider that the data for the replication is accessible on the 

internet (Fig. 1). 

 In the event of any replication request is generated by any VO than search will 

begin at both local and global servers simultaneously, and if required data is 

available locally then it will be fetched from the local server and request to the 

global server will be terminated. 

 It may possible that local server may not have requested data or local node data 

may have a very large waiting time; in such a case simultaneous request given 

to both to the master node and the local node will reduce delay, because the 

data will be fetched from the global node, and hence overlapping of time 

reduces delay. Once fetching is started, form local or global server another 

fetching request will be terminated automatically. 

In M-PDDRA few issues are not investigated like,  

 If an upper node in the hierarchy is congested, then request will be dropped. 

 To handle these drop requests, and for transmission of a drop requests need to 

be investigated. 

As generated requests carry different priorities therefore in case of dropping of 

requests low priority requests should be dropped first, still if buffer space is not 

available then high priority requests can be dropped. 

This work is an extension of the work of Yadav et al. [12]. We have also assumed 

the same random traffic model for request generation and destination assignment; 

however, a QoS parameter priority is also included in the generated requests. 

4.  Proposed Evaluation Model 

We carry out the simulation in MATLAB. The simulator is based on a random 

event generator and popularly termed as Monte Carlo simulation. In the simulation, 

random traffic model is considered. This model is not complex; and even then, it 

gives decent insight about the replication process. This model considers that the 

request can be originated from any of one the client or VO’s with probability p and 

each generated request is equally likely to be served by any of the N servers with 

probability 1/N. Therefore, the probability that l requests arrive for a specific server 

in any time slot is  
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In PDDRA, for consistency of replication FIFO was used under optimistic 

replication. In our case, we have also used FIFO for data consistency [13]. It is also 

considered that if a replication is in the process, then another replication cannot 

start, it will only be initiated when on-going replication completes. In our approach 

bottom to top approach is used, and to avoid replication conflict, at each server first 

request will be served, once access is granted then replication begins. In the 

considered architecture weak consistency would be a better choice, where updating 

is done the closest replica, and later on, this propagates in the entire network. There 

is another issue, which is defined as contention among replications, which can be 

avoided by setting the priority of requests [14]. To minimize the contention, it is 

also considered that the requests will only be generated at the slot boundary only. 

The priority can be set based on the type of replication, on the value of timestamp 

or data type of replication etc. In this paper, we are interested in case of priority 

how performance in terms of packet loss will change. 

In the simulation, it is considered that each request will be generated using a 

pre-defined load only. Initially, slot (S) is shown as one, which will run for 5×105 

times to perform Monte Carlo simulation. Figure 4 describes the random request 

generation based on load. If generating a random number (y) is less than the pre-

defined load (ρ) then request will be generated and if the load is higher than request 

will be generated comparatively more frequently. Most of the systems have loaded 

in the range of 0.4 to 0.8, systems having load 1 will always be saturated and in 

general, it is impractical. Once requests are generated then it will randomly assign 

a server from the available servers, which can serve the request. 

 

Fig. 4. Generation of request and server assignment. 
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However, if more than one server can serve the request than server selection is 

done randomly (Fig. 5). However, if the load-balancing scheme is employed, then 

the request will be assigned a server with lesser request to serve. Again, if the same 

number of requests is left to be served, then any one of the available server is 

randomly assigned. 

This paper adds one more parameter on the request generation, i.e., the priority 

(Fig. 5). In this mechanism, each generated request carries priority. We considered 

two types of priorities; high and low. High priority requests are served first over 

low priority requests, as detailed in Fig. 5. If the request is generated on the given 

load then high priority requests are served first over low priority requests.  

In Fig. 5, the priority generation is done randomly while using pre-defined 

priority value Q, if generated random number h is less than Q than a low priority 

request will be generated, otherwise, high priority requests will be generated. Each 

request arriving at the servers will be served in First in First out (FIFO) manner. If 

arriving request can be served instantly, then it will be placed in the buffer and later 

on, it will be retrieved from the buffer and served. The number of requests that can 

be buffered will depend on the buffer capacity of the server. If arriving request 

cannot be served at the server then it will be drooped and a negative 

acknowledgement (server is not found/ please try again) is send back to the sender 

and sender again re-generate request after a few more time slots.  

The buffer filling process is detailed in Fig. 6. 

 

Fig. 5. Generation and server assignment of request with priority. 
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Fig. 6. Buffer assignment. 

Rules for filling buffer 

Requests are filled in the buffer using rules defined under: 

 For each arriving request (R) the first buffer is checked, if the buffer is empty 

(buffer request counter, C=0), then request will be served instantaneously. 

 If the buffer is not empty (C≠0), then priorities of the buffered will be checked 

and one high priority request leaves the buffer in FIFO manner, and the 

incoming request will be buffered using rule 5. 

 If in the buffer, only low priority requests are stored and arriving request has 

low priority then it will be buffered using rule 2. 

 If in the buffer only low priority requests are stored and arriving request has 

high priority then it will be served. 

 The number of requests in the buffer should be lesser or equal to buffer capacity (B). 

 In above scheme low priority request may remain in the buffer for the very 

long duration, to avoid this after a fixed time slots a low priority request leave 

the buffer. This time slot is chosen randomly depending on buffer capacity. 

 If the buffer is full, i.e., C=B, then other arriving requests will be dropped. 

5.  Results and Discussions 

In this section, various simulation results are presented. The results are presented 

in terms of request loss probability. The parameters used in the simulation 

detailed below: 
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 Request Loss probability: It could be defined as the volume of data that 

cannot flow via a network, or else we can define it as the fraction of the 

generated requests, which are not served by any one of the servers. 

 Network Load: We can define the network load as the measure of data 

(traffic) is flowing through the network. 

In the simulation, two types of request requests low and high are considered. In 

figures, legends TRL, HPR and LPR are stand for total request loss, high priority 

request loss and low priority request loss respectively. The numbers of 

clients/servers (N) are considered to be four. 

Figure 7 shows the request loss probability vs. load. In our work, we have not 

shown throughput vs. load plot because of low request loss rate. Moreover, 

throughput is equal to 1- request loss probability. Therefore, both the graph can be 

used as they lead to the same conclusion. In the request, generated four clients are 

considered and servers are considered four. The performance low priority requests 

is shown with a diamond marker, for high priority requests is shown by square 

marker while total request loss which include the loss of both high and low priority 

requests is shown with circle marker. Out of the total generated requests 20% are 

of low priority while left over 80% are high priority requests. At the load of 0.4, 

the request loss probability for high priority requests is 6×10-6, for low priority 

requests, it is 9×10-5 which is nearly equal to the total loss it is evident from the 

figure that the request loss rate of high priority requests is much less than that of 

low priority requests. 

 
Fig. 7. Request loss probability vs. load for low priority 0.2 under buffer 4. 

 

Figure 8 shows the request loss probability vs. load while considering four 

clients/servers system. In this experiment, the low priority requests are 60% while 

remaining 40% requests are high priority requests. Comparing the results at the load 

of 0.8, the request loss probability for high priority requests is 9×10-4, for low priority 

requests it is 4×10-2 , which is nearly equal to the total loss. Here, the request loss rate 

of high priority requests is much less than that of low priority requests. As in the 
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buffering high priority requests are preferred over the lower priority requests. Thus, 

more number of lower priority requests are lost over the higher priority requests. 

 

 
Fig. 8. Request loss probability vs. load for low priority 0.6 under buffer 4. 

 

Figure 9 shows the request loss probability vs. load. In this curve, the low 

priority requests are 20% while remaining 80% requests are high priority requests. 

Comparing the results at the load of 0.8, the request loss probability for high priority 

requests is 3.2×10-5, for low priority requests it is 1.1×10-4 while the total loss is 

1.5×10-4. As in this curve, 80% requests are high priority requests, therefore total 

request loss slightly differs from the loss of low priority requests. As the buffer is 

increased from 4 to 16, the request loss decreases at all the loads. 

 

 
Fig. 9. Request loss probability vs. load for low priority 0.2 under buffer 16. 
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Figure 10 shows the request loss probability vs. load. In this curve, the low 

priority requests are 60% while remaining 40% requests are high priority requests.  

Comparing the results at the load of 0.8, the request loss probability for high priority 

requests is 3×10-6, for low priority requests it is 7×10-5 while the total loss is 

7.01×10-5. As in this curve, 60% requests are low priority requests, therefore total 

request loss is the same as the loss of low priority requests. Comparing Figs. 9 and 

10, the total loss is nearly the same, and however loss probability for high priority 

requests reduces as their percentage decrease. 

 
Fig. 10. Request loss probability vs. load for low priority 0.6 under buffer 16. 

 

Figure 11 shows the request loss probability vs. load. In this curve, the high 

priority requests are varied from 20% to 80% while in each case remaining requests 

are low priority requests.  It is clear from the figure that as the percentage of high 

priority requests increases, request loss also increases, this happens as in a total 

number of requests, a fraction of low priority requests decreases and thus some of 

the high priority request will be lost. 

 
Fig. 11. N = 4, and buffer = 4 varying high priority. 
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Figure 12 shows the request loss probability vs. load. In this curve, the low 

priority requests are varied from 20% to 80% while in each case remaining requests 

are high priority requests. It is clear from the figure that as the percentage of low 

priority requests increases, request loss also increases, but the rise is minimal, this 

happens as in a total number of requests, a fraction of low priority requests increases 

and these low priority requests lost first then high priority request will be lost. 

 
Fig. 12. N = 4, buffer = 4 varying low priority. 

 

6.  Conclusions 

The database replication performance in the high-speed data network is an 

important area of research. This paper further investigates M-PDDRA algorithm 

performance under prioritized request. Based on the obtained results, the following 

conclusions can be made: 

 Request loss rate increases with increases in load. 

 With the rise in the buffer space request loss rate decrease. 

 Request loss for high priority request is lower in comparison to low priority requests. 

 Low priority requests loss is nearly equal to a total loss. 

 

 

Nomenclatures 
 

B
 

Buffer space for storage of contending requests 

C Counts of requests in buffer 

D Average delay 

HP High priority request
 

h Random number
 

L Loss 

l Number of requests for tagged server 

LP
 

Low priority requests 

J
 

Assigned server 



Performance Evaluation of M-PDDRA Algorithm under Prioritized Traffic       2179 

 
 
Journal of Engineering Science and Technology               July 2018, Vol. 13(7) 

 

 

References 

1. Kemme, B.; and Alonso, G. (2010). Database replication: A tale of research 

across communities. Proceedings of the International Conference on VLDB 

Endowment. Switzerland, 5-12. 

2. Amir, Y.; Danilov, C.; Miskin-Amir, M.; Stanton, J.; and Tutu, C. (2002). 

Practical wide-area database replication. Technical Report No. CNDS-2002-1, 

Johns Hopkins University, Baltimore. 

3. Chen, Y.; Berry, D.; and Dantressangle, P. (2007). Transaction based grid 

database replication. Proceedings of UK e-Science. Edinburgh, United 

Kingdom, 166-173.  

4. Correia Jr., A.; Pereira, J.; Rodrigues, L.; Carvalho, N.; Vilaça, R.; Oliveira, 

R.; and Guedes, S. (2007). GORDA: An open architecture for database 

replication. Proceedings of Sixth International Symposium on Network 

Computing and Applications. Massachusetts, USA, 287-290.  

5. Goel, S.; and Buyya, R. (2006). Data replication strategies in wide area 

distributed systems. Enterprise service computing from concept to deployment. 

Pensylvania: Idea Group Inc. 

6. Thomson, A.; Diamond, T.; Weng, S.-C.; Ren, K.; Shao P.; and Abadi, D.J. 

(2012). Calvin: Fast distributed transactions for partitioned database systems. 

Proceedings of the ACM SIGMOD International Conference on Management 

of Data. Arizona, United States of America, 1-12. 

7. Saadat, N.; and Rahmani, A.M. (2012). PDDRA: A new pre-fetching based 

dynamic data replication algorithm in data grids. Future Generation Computer 

Systems, 28, 666-681. 

8. Yadav, S.K.; Singh, G.; and Yadav, D.S. (2013). Mathematical framework for 

a novel database replication algorithm. International Journal of Modern 

Education and Computer Science, 9, 1-10. 

N Number of request generated client 

ni Number of ith type requests 

P Probability of request arrival 

Q Random number 

R Number of generated requests
 

S
 

Slots for simulation 

ti Denote the ratio type ratio 

y Random number 

z Random number 

 

Greek Symbols
 

ρ
 

Load 
 

Abbreviations 

DB Database 

QoS Quality of Service 

RC Replica Catalog 

RS Regional Server 

VO Virtual Organization 

WAN Wide Area Networks 



2180       R. N. Singh and R. Singh 

 
 
Journal of Engineering Science and Technology               July 2018, Vol. 13(7) 

 

9. Yadav, S.K.; Singh, G.; and Yadav, D.S. (2013). Analysis of database 

replication algorithm in local and global networks. International Journal of 

Computer Applications, 84(6), 48-54. 

10. Yadav, S.K.; Singh, G.; and Yadav, D.S. (2013). Throughput and delay 

analysis of database replication algorithm. International Journal of Modern 

Education and Computer Science, 12, 47-53. 

11. Mishra, R.J.; and Jain, A. (2015). Performance of data replication algorithm in 

local and global networks under different buffering conditions. International 

Journal of Intelligent Systems and Applications, 7(9), 34-41.  

12. Yadav, S.K.; Singh, G.; and Yadav D.S. (2016). Analysis of a database 

replication algorithm under load sharing in networks. Journal of Engineering 

Science and Technology (JESTEC), 11(2), 193-211. 

13. Stonebraker, M. (2010). In search of database consistency. Communications of 

the ACM, 53(10), 8-9. 

14. Munoz-esco, F.D.; Pla-Civera, J.; Ruiz-fuertes, M.I.; Irún-Briz, L.; Decker, H.; 

Armendáriz-Inigo, J.E.; and De Mendivil, J.R.G. (2006). Managing transaction 

conflicts in middleware-based database replication architectures. Proceedings 

of the 25th IEEE Symposium on Reliable Distributed Systems (SRDS '06). 

Leeds, United Kingdom, 401-420. 

 


