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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 prefetched 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 prefetch 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
Pr(l ) 
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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 5×10 5
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 predefined 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
C
D
HP
h
L
l
LP
J

Buffer space for storage of contending requests
Counts of requests in buffer
Average delay
High priority request
Random number
Loss
Number of requests for tagged server
Low priority requests
Assigned server
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ni
P
Q
R
S
ti
y
z
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Number of request generated client
Number of ith type requests
Probability of request arrival
Random number
Number of generated requests
Slots for simulation
Denote the ratio type ratio
Random number
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
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