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Abstract

INTERNATIONAL JOURNAL OF
ENGINEERING RESEARCH-ONLINE

This study aimed to assess the reliability and availability of digital transaction
platforms for a two-year observation period. The method includes Reliability
Block Diagrams (RBDs) for structural representation and Continuous time
Markov Chains (CTMCs) to model operational behaviour. By using
transaction data from two years the frame work estimates parameters related
to failures and repairs by using Laplace transform techniques to deriveb

transient reliability measures. This approach specifically shows the impacts

of software aging and highlights performance oriented availability.

1. Introduction

As instant and cash less payment systems
have quickly become the normal , making sure
their availability is now important for both
regulators and daily operations. Traditional
reliability metrics can’t keep up any more, since
they don’t show how systems actually perform
over time as demand shifts, parts wear out or
repairs are made.

To fill this gap we need approaches that
capture how systems really change with time.
This study uses two years of real world data to

build models that show both the steady periods
and the slow declines of software ages. The goal
help us predict reliability before problems
happen, not just react after something goes
wrong.

2. System Representation using Block

diagram
To analyse a complex transaction
following is the Reliability Block Diagram (RBD).
Components are logically connected based on
their the
transaction.

failure impact on end-to-end
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Figure 1: Digital
Transaction Pipeline RBD
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2.1 Structural Modelling:

Reliability Block Diagrams show how system
components depend on each other in a digital
transaction. Each block represents a functional
unit and the connections indicate how failures in
these components impact the overall success of
the transaction. A typical digital payment
platform consist of series parallel structures.

e Series Components: User interface
components and external payment

networks like card processors are
single points of failure. If any of
these components is unavailable the
transaction fails.

e Parallel Components: Application
server pools and database clusters
work with redundancy. The system
keeps running as long as at least one
instance is active.

Configuration |Reliabilty formula

Failure Impact

n
Rsys = 1_[ R;
i=1

Series System

Any single component failure stops transaction

n
Rsys =1- 1_[(1 -R))
Parallel System i=1

System remains functional if any components functional

This structural representation enables the
computation of system level reliability based on

individual component reliabilities.

3. Dynamic behaviour Modelling Using

Markov Process

While RBDs model binary success or
failure conditions well, they do not capture
intermediate operational states. To show partial
failures and reduced performance modes we use
a Markovian approach.

3.1 State space definition:

Based on observations from a two year data
we define a three state CTMC model for
redundant subsystems.

e State S, : All components are working.

e State S;: One component has failed but
the system remains working ar reduced
capacity.

e State S,: The total subsystem has failed,
resulting in a service interruption.

State transitions depends on component failure
rates A and repair rates p assuming the memory
less property that Markov process have.

4. Transient Reliability Evaluation wusing
Laplace Transforms:

To find state occupancy probabilities over
time we formulate the Chapman Kolmogorov
differential equations based on the Markov
model. Direct time domain solutions can be
complicated. So we use Laplace transforms to
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change the system of differential equations into
algebraic form.

4.1 Mathematical formulation:

The rate of change for the probability of being
in the Robust state P, is defined as

dPy(t) _
T = AR + ()

Applying the Laplace transform converts these
differential equations into algebraic equations

S Py(S) = Po(0) = =APo(S) + uP1(S)

By solving the above equations and

applying inverse lapalce transforms, time
dependent probabilities for each system state are
obtained. These probabilities calculate the
transient reliability and availability at any point

with in the two year period.

5. Parameter Estimation from Failure and
Repair Rates:

Realistic modelling depends on parameter
values based on historical data.

¢ Failure Rate 1 is estimated as the number
of unexpected service disturbances per
unit of time

e Repair Rate yu is calculated as the inverse
of Mean time to repair (MTTR)

Long term analysis shows gradual increases
in failure rates. This suggest software aging
effects like memory leaks, resource contention
and performance decreased under continuous
load.

5.1 Estimating Rates:

e Failure Rate (1): The frequency of
unplanned failures per unit of time.

_ Total unplanned failures

" Total operational uptime

e  Repair Rate (1): The inverse of the Mean

Time to Repair (MTTR)
1
# = MTTR

Analysis of a two year data helps engineers spot
software aging. In this case A rises over time

because of resource draining or memory leaks.

6. Performance oriented Availability

Perspective:

Conventional availability measures classify a
system as “up” as long as it is not completely
failed. However, users see a system as
unavailable if transaction response times exceed
To address this

performance based availability is used. A

acceptable limits. issue,
transaction is considered successful only if its
response time meets a set deadline with high
probability. Using Markov models allows us to
evaluate down time during obstruction periods

even when the system is technically operational.
7. Economic and Regulatory Considerations:

Reliability goals in digital payment
systems depend on financial risk and regulatory
requirements while achieving every high
availability raises infrastructure costs, this
expense is often worth it to avoid significant

revenue losses during busy periods.

Metric/Standard Standard Level

Contextual Utility

Five Nines (99.999%)

5.26 min downtime per year

Mission-critical fintech standard

Six Nines (99.9999 %)

31.5 sec downtime per year

Stripe BFCM 2022 performance

Payment Success Rate (PSR) |85% to 95%

RBI/NPCI performance indicators
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8. Conclusion

This study results that using Reliability
Block Diagrams, Markov modelling and Laplace
Transforms techniques creates a strong analytical
framework for assessing digital transaction
systems for two years of period. By basing the
model on real data, organizations can identify
early signs of software aging and can take action
with maintenance methods like rejunavetion and
capacity scaling. This approach helps in making
careful decisions, which make sure ongoing
reliability and user’s trust in digital payment
systems.
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