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Abstract

A well designed, developed and tested software is usually reliable and it produces the same consistent outputs for a set of inputs.
However, financial markets software is different because it can produce different results for the same periods of back-testing with
the same input historical data, usually downloaded from the financial market broker’s trading server. These inconsistency of
results can confuse a financial market software developer when testing for the profitability of developed expert advisors because
a profitable expert advisor can be wrongly discarded as unprofitable, leading to frustrations. This problem can be addressed when
new software testing processes and indicators are added to the conventional ones such as functional testing, performance testing,
usability testing, etc., associated with normal software development. This paper proposes a software testing framework for the
financial market with novel software testing processes and indicators. The proposed software testing framework integrates six
software testing processes namely, brokers test, currency pairs test, spread test, weekday-weekend test, back testing-live test and
time and space overhead test. The paper further analyzes the problem of time and space overheads associated with the financial
market software during back-testing and real life implementation. The framework was applied to real life trading in the Forex
financial market. The results show that the proposed framework improves the profitability of the financial market software when
applied in different scenarios.
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1. Introduction

Good software is characterized with qualities such as de-
pendability, reliability and correctness. The outputs of a well
designed and developed software product is consistent and
predictable with the same set of inputs. This is because con-
ventional and proven methods and tools are applied by the
software engineers and other members of the project team.
Software products are developed through the application of
software architectures, disciplined software processes, soft-
ware design patterns and software life cycle [1]. Software
testing is a prominent phase in the software development life
cycle. Software testing ensures that systems functions cor-

rectly, meet the stakeholders’ needs and deliver the required
values to clients. The importance of software testing includes
risk mitigation, confidence, compliance, user satisfaction,
optimization and cost saving [2]. Software testing types and
techniques include functional testing, non-functional testing,
capacity testing, usability testing, acceptance testing, regres-
sion testing, compliance testing, accessibility testing, config-
uration testing, unit testing, component testing, integration
test, subsystem testing, user testing, performance testing, load
testing and security testing, etc. [2-4].

In spite of the availability and application of standard
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software development methods and the plethora of software
testing techniques, the same expert advisors developed for the
financial market often produces different results when de-
ployed for automated trading, especially in the Forex financial
market. Towards solving this problem, this paper proposes
introduction and implementation of a software testing
framework consisting of new software testing techniques,
indicators and processes.

This paper is structured as follows. The introduction sec-
tion is followed by the related works in section 2. The mate-
rials and method are discussed in section 3. The results and
discussion are covered in section 4. The paper ends with the
conclusions in section 5.

2. Related Works

In this section, previous works relating to software testing
and the financial market are discussed.

Yonathan et al. [5] proposed an approach for the automation
of test case for software evaluation based on user require-
ments and generated from sequence diagram. Casola [6]
proposed a methodology to address the concerns of secured

software testing in an environment susceptible to cyber-attack.

Scommegna [7] proposed a system for testing software ar-
chitectures, focusing on three tiers architecture to discover
faults hidden in the logic layer. Singh et al. [8] proposed the
combination of fuzzy analytical hierarchy and fuzzy tech-
nique for order preference by similarity for the identification
of parameters influencing software testing process. Kéniga
and Kleya [9] focused on production control systems and
proposed a software framework for virtual testing and vali-
dation using simulation techniques. Byrne et al. [10] con-
ducted a study on software test engineers to determine the
effect of their organization behavior on banks’ digital trans-
formation. Matalonga et al. [11] focused on the testing of
context aware systems and how to validate them in a
non-academic environment. Aubertine et al. [12] presented a
software reliability assessment tool to achieve test activities
defect recovery using Covariate data. Bayramova [13] pro-
posed a neural network approach for the assessment of soft-
ware reliability. Stradowski and Madeyski [14] explored the
challenges of quality assurance in the software testing of
Nokia 5G network system, using questionnaires. Bibyan et al.
[15] proposed a framework for testing coverage and detecting
faults in multi-release software for reliability improvement.
Cao et al. [16] proposed the application of Chameleon cluster
analysis for fault localization during testing and debugging.
Oyemade and Allenotor [17] proposed FAITH software life
cycle for Forex financial market and suggested the introduc-

tion of new software testing indicators such as the brokers test.

Oyemade and Allenotor [18] proposed a quality of service
model for Forex MetaTrader platform and demonstrated how
service values offered by different brokers affected the profit
achievable on the broker’s platform.

Some previous works directly relate to the financial market,
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focusing on systemic risk and price formation [19, 20]. Others
focused on the application of fuzzy logic, genetic algorithm,
scalability methods, property orientation and greedy algo-
rithm to the forex financial market [21-26]. Other studies
proposed the implementation or application of artificial intel-
ligence techniques and machine learning models for profit
optimization or for trend prediction [27-30].

Previous studies have focused on different aspects of
software testing. No research has considered proposing a
software testing framework for the financial market, accord-
ing to studies. This points to the novelty of this paper and the
contribution to knowledge.

3. Materials and Methods

The materials and research methods are provided in this
section.

3.1. Materials

The materials used for investigations in this paper include
Commercial Network Services virtual private server (VPS),
located in the U.S. This was configured with Intel(R)
Xeon(R) Platinum 8260 CPU at 2.40 GHz (2 processors) and
installed with 2.50 GB RAM. The system type is 64-bit
operating system, x64-based processor with Windows
Server 2022 Datacenter, version 21H2 and 45 GB hard disk
size. Instances of MetaTrader 4, running with Meta Quote
programming language were installed on the VPS’s operat-
ing system. Meta Quote programming language was used for
the implementation of trading algorithms and it resembles C
programming language. The MetaTrader 4 installations on
the VPS include both demo account and real (funded) ac-
count. Running the investigations on the virtual private
server required a subscription fee of thirty-five U.S. dollars
per month.

3.2. Methodology

A thorough literature review of different approaches to
software testing was carried out. This was combined with
few years of observation of the characteristics of the fi-
nancial market and its response to the implementation of
the software life cycle with expert advisors developed with
Meta Quote Language, with particular attention to the
drawbacks of the existing and conventional software test-
ing methods. Through these studies and sequel to the
studies, a software testing framework for the financial
market is proposed.

3.3. The Proposed Framework

The proposed software testing framework consists of six
software testing processes namely, brokers test, currency pairs
test, spread test, weekday-weekend test, back testing-live test
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and time and space overhead test. The conceptual diagram of
the proposed model is shown in Figure 1 which graphically

illustrates various software testing processes in the framework.

The up and down, left and right arrows connecting the various
software testing processes depict the synergy of the testing
processes and the equal importance of the testing processes.
The arrows also indicate that the testing processes can be
carried out in any order.

Currency Pairs Test I Spread Test
Brokers Test Weekday-Weekend Test

Back Testing-Live Test Time and Space
Overhead Test

Figure 1. Conceptual diagram of the proposed software testing
framework.
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3.4. Brokers Test

The brokers test is a study of the changing performances
and profits of a single expert advisor when implemented with
Meta Quote programming language and deployed with
MetaTrader 4 on different financial market brokers platform.
It is normal to believe that the performances and profits from
the various brokers’ platform would be very close. However,
the reality is far-fetched from what appears to be a normal
expectation, emphasizing the significance of this study. The
brokers test is adopted from the existing work of Oyemade
and Allenotor [18], while the remaining software testing
processes can be considered as major extensions of the work.
In the existing work, an expert advisor was developed and
deployed on three different brokers and made to run for a
period of five months. The brokers were represented with
three unique code names: FXECN, ICMBR and FXCBR.
Figure 2 shows the results of the profits recorded by the dif-
ferent brokers and the wide variances in the values. Figure 2
also shows that FXCBR recorded a loss at the end of the
testing period while FXECN recorded a good profit.
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Figure 2. Brokers Test [18].

3.5. Currency Pairs Test

The currency pairs test is the process of studying the prof-
itability of an expert advisor when implemented with different
currency pairs. Several currency pairs exist, depicting dif-
ferent currencies used across the globe. An example is
GBP/USD, denoting Great Britain Pound sterling and United
State dollar. Another example is EUR/JPY which denotes
Euro and Japanese Yen. Expert advisors can be freely de-
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ployed on any of the currency pairs. However, there is need
for a software engineer or an expert advisor developer to test
the expert advisor with different currency pairs to determine
the most profitable. The risk of neglecting this test is that
profit made from one currency pairs can be consumed by
losses made from another currency pair.

3.6. Spread Test

Spread is the difference between the Ask and the Bid price.
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It is believed that the financial market brokers, such as Forex
brokers, make part of their gains from the spread. Some bro-
kers use static spread while others adopt dynamic spread.
Oblivious to the user, a broker that adopts dynamic spread can
set the spread to a very high value during volatility by design,
thereby increasing the probability of increased gains by the
broker and increased losses by the trader. The effect of using
the trading algorithm to set the value of the spread or to use
the default spread must be tested by the expert advisor de-
veloper. It must be determined whether trading with low
spread value can result in lost opportunity while it appears to
be a good option. Trading decisions and algorithms should not
be based on assumption.

3.7. Weekday-Weekend Test

Financial market software testing using back-testing sim-
ulation is time consuming. The testing can take several hours
and days depending on the period of the historical data being
covered. A way of optimizing testing time is to apply multi-
tasking by running multiple tests using multiple instances of
installed MetaTrader application and running different tests
on each of them at the same time. However, the limited and
expensive computer resources on the VPS makes this impos-
sible. Another way of optimizing testing time is to run the
back-testing over the weekend since normal live trading is
limited to weekdays. However, the accuracy of the results
produced during weekend test can be questionable because
volatility is low and spread is usually high in the weekends.
Therefore, before weekend test results are used to evaluate
and determine the efficiency and profitability of an expert
advisor, results obtained during weekday test simulation must
be compared with the result obtained during weekend test
simulation.

3.8. Back Testing-Live Test

The MetaTrader platform is bundled with a back-testing
module which uses simulations to model live trading and it
gives developer of expert advisors the privilege of testing
their strategies, using historical data. However, the certifica-
tion of the result produced by the back-testing tool is neces-
sary. The profit or loss attained by an expert advisor during
back-testing for a period of time must be compared with the
profit attained by the same expert advisor with live trading for
the same period of time. This is a way of testing the efficiency,
accuracy and reliability of the MetaTrader back-testing mod-
ule.

3.9. Time and Space Overhead Test

The efficiency of an algorithm is measured by the time and
space complexity [31]. However, apart from the run time the
expert advisor’s algorithm and the space occupied by the
expert advisor in the computer memory, back-testing of expert

39

advisors is associated with another problem that can be de-
scribe as time and space overheads. During back-testing as
well as during normal trading, the ticks, or price data, is con-
tinually downloaded into the memory of the client’s system.
This volume of data continues to grow and can occupy all the
hard disk space until the expert advisor becomes irresponsive,
forcing the user to terminate the testing process, uninstall and
reinstall the expert advisor to free the system’s memory for
smooth operation. This downloaded, ever-increasing tick data
can be referred to as the space overhead during expert advi-
sors’ runtime. The several hours it takes to test the expert
advisor for a given period of historical data can be described
as the time overhead. Thus monitoring of the time and space
overheads of the financial market expert advisors during
runtime becomes mandatory to avoid inadvertent interruption
in software testing and live trading operations.

4. Results and Discussion

The results and discussion of various experiments and
simulations of the software testing framework are presented in
this section.

4.1. The Result of Currency Pairs Testing

In this investigation the same expert advisor was made to
trade on three different currency pairs, GBP/JPY. EUR/JPY
and USD/NZzD for a period of fourteen weeks. Figure 3 shows
the result of the currency pairs testing. It can be seen from
Figure 3 that GBP/JPY currency pairs produced the highest
profit and should be preferred for trading on a real account for
this expert advisor. USD/NZD produced the minimal profit
and may be avoided as a choice for real and funded trading
account.

Currency Pairs Test

Profit (5)

0

e =]

130

]
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Date
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Figure 3. Currency Pairs Test.
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4.2. Analysis of Spread Testing

Table 1 shows six weeks’ analysis of spread testing for
three different spread values from the same expert advisor
which ran for eight weeks with different values of initial or

starting spread. It should be clarified that the MetaTrader
spread value was set to current option. A constant spread
value could be chosen but this was not used for this experi-
ment. The results show that profits are optimized with low
values of spread.

Table 1. Spread test.

Test Id. Initial spread value Number of operations Number of trades Profit ($)
1. 70 93 27 -358
2. 10 60 18 -398
3. 13 97 29 -296

4.3. The Result of Weekday-Weekend Testing

Figure 4 shows the result of Weekday-Weekend testing on
an expert advisor which ran for a period of six weeks. The
chat in Figure 4 clearly shows that weekend testing is not as
efficient as weekday trading and should be avoided. It must be
mentioned that in real trading on the Forex financial market,
trading stops on Friday nights and resumes on Sunday night.
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Figure 4. Weekday-Weekend Test.

4.4. Results of Back Testing Live Testing

The experiment commenced by deploying two instances of
an expert advisor to trade live in the foreign exchange market
for a period of eight weeks for two different currency pairs on
the same account. GBP/JPY and EUR/JPY were the two cur-

rency pairs tested. At the end of the live trading session, back
testing of the expert advisor was carried out for the two cur-
rency pairs for the same period. The results were them com-
bined on the same csv file for analysis The back testing-live
test for GBP JPY currency pair is shown in Figure 5 while
back testing live test for EUR JPY currency pair is shown in
Figure 6. For the GBP/JPY currency pair, the losses incurred
for the live trading was -17 pips while the profit gained for the
back testing was 16 pips, giving an error difference of 33 pips.

For the EUR/JPY currency pair, the losses incurred for the
live trading was -31 pips while the loss incurred for the back
testing was -218 pips, giving an error difference of 249 pips.

This result indicates that the currency pair that produced
the minimum error difference should be selected for live
trading. In this case considered, GPY/JPY currency pair will
be selected.

GBP JPY Back Testing-Live Test
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Figure 5. GBP JPY back testing-live test.
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Figure 6. EUR JPY back testing-live test.

4.5. Analysis of Time and Space Overhead
Testing

Table 2 shows the analysis of time and space overheads of
eight weeks back testing for three expert advisors. The expert
advisors are identified with the 1ds, EXPTC3F, EXPTSENS

and EXPTDPF. The analysis shows that only half day soft-
ware testing using back testing consumed a hard disk space
of 7.8 GB. This is a very expensive overhead noting that $35
is charged per month for the VPS employed for the testing
and trading. The analysis also emphasizes the importance of
code optimization for the expert advisor since it can be seen
that a high space overhead does not translate to high profits.

Table 2. Time and space overheads of eight weeks back-testing for three expert advisors.

Expert advisor Id. Profit (pips)
EXPTC3F 155
EXPTSENS -114
EXPTDPF -25

5. Conclusions

Six new software testing processes have been proposed in
this paper, all integrated in the proposed software testing
framework for the financial market. The empirical results of
this paper have shown that the conventional and existing
software testing processes and indicators are not sufficient for
profitable trading in the financial market. For the currency
pairs tested, it has been demonstrated that financial market
brokers must be subjected to brokers testing for optimal profit
for traders. The results also show that currency pairs must be

Testing space overhead (GB)

Testing time overhead (hours)

7.8 GB 12
0.7GB 11.3
0.1GB 11.75
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tested for a trading software to deploy the most profitable for
trading with real accounts. The results of the spread testing
demonstrate that trading profit is optimal with low spread.
Results analysis also show that time and space overheads
should be evaluated for the smooth running of the trading
software.

Future work shall focus on automated software testing.

Abbreviations

VPS
FAITH

Virtual Private Server
Facts, Analysis, Implementation, Testing, Hope
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