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1 Introduction

Voting is the most popular replica control algorithm due to
its simplicity in implementation and low communication
and computing overhead. The basic idea of voting is to
assign each site a vote. Majority consensus is required for
each update request so that at any time only one update
can be committed in the system.

In order to compare and evaluate different voting al-
gorithms, analytic models have been developed to ob-
tain the desired measures such as the site availability and
the mean response time. Early studies related to avail-
ability/performance analysis of voting algorithms used
Markov chain models [3]. The use of stochastic Petri nets
(SPN) in this area has significantly increased the model-
ing capability and enabled comprehensive evaluations of
voting algorithms [2]. All the previous analytic models
ignored network delay and site processing time to remain
tractable and easily solvable.

Although the no-delay assumption is justifiable in the
situation where all the sites are contained in a local area
network and the processing of each data entity is relatively
simple and quick, it is not appropriate in an environment
with rapidly developing heterogeneous networks, espe-
cially when geographically dispersed sites are connected
by a wide area network (WAN) and used to provide web-
based multimedia database services.

In this paper, we have developed a stochastic reward net
(SRN) model which incorporates network delay and site
processing time in a distributed database system based on
a static majority voting algorithm. The model allows us
to find the determining performance factors under differ-
ent system conditions. The numerical results show that
even a small network delay or site processing time leads
to a significant degradation in performance. Our model
uses the fixed point iteration technique to avoid the state
space largeness problem that plagues most previous ana-
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lytic models. Automated generation and solution of the
underlying continuous-time Markov chain model is facil-
itated by our software package known as the Stochastic
Petri Net Package (SPNP) [1].

2 Algorithm Description
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Figure 1: Flowchart of simple voting protocol

The flowchart of the static majority voting algorithm
under normal operation is shown in Fig. 1.

Note that both the coordinator and the subordinates
need to lock their local copies during the voting proto-
col. Such sites in the middle of a protocol are said to
be blocked since they cannot respond to any other update
or VOTE request during this period. All previous ana-
lytic models of voting algorithms ignored the occurrence
of such blocking since they assumed no network delay and
zero site processing time.
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3 Model of Voting Protocol

The analysis of the whole system can be achieved by fo-
cusing on a single target site assuming that the sites are
all statistically identical. The following is the list of other
assumptions made in our model:

• Update and VOTE requests at each site form inde-
pendent Poisson processes with arrival ratesλu and
λvrq, respectively.

• Network delay and site processing time are assumed
to be exponentially distributed with meanλ−1

d and
µ−1

u respectively.

• Both sites and the underlying network are assumed
to be failure-free.

• No buffers are considered for update and VOTE re-
quests in the system.
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Figure 2: SRN model of simple voting algorithm

Fig. 2 shows the SRN model for the target siteSi in
a distributed database system from which we can numer-
ically compute the site available probabilityPA and the
mean response timeTres. Define reward rateRa as: if
(Pcv, Pwt1, Pmaj1, Pwt3, Pcd, andPmaj3 have no tokens)
then Ra = 1, else Ra = 0. PA is the expectation ofRa,
which is computed by the built-in function in SPNP. By
Little’s formula, Tres = L/Λcc1, where L is the sum of
the average number of tokens inPcv, Pwt1, Pmaj1, and
Pbk andΛcc1 is the throughput of transitionTcc1.

4 Numerical Results

In Fig. 3 and Fig. 4, we have plottedPA and Tres as
functions of site processing time and network delay re-
spectively. We useλarv = 1.0/N s−1 andN = 5. In
Fig. 3 , thePA curve is almost flat whenµ−1

u < 0.1 s.
The impact becomes substantial whenµ−1

u exceeds0.1 s.
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Figure 3:PA andTres vs. site processing time

For instance,PA decreases to about 0.9 when the aver-
age site processing time is 1s. The correspondingTres

curve presents an opposite trend asPA does. Similar site
available probability and mean response time curves have
been observed for the effect of network delay as shown in
Fig. 4. This indicates that when network delay and site
processing time are allowed in a voting system, they be-
come a determining factor for bothPA andTres.
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Figure 4:PA andTres vs. network delay
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