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a b s t r a c t 

Foreign exchange refers to the process of converting/changing money from one currency to another, e.g., 

from euro to US dollar. This kind of exchange is valuable and attractive because the value of various 

currencies may change over time, leading to gain or loss in terms of the overall value. Further, the foreign 

exchange market is growing rapidly and the development in technology has influenced all aspects of our 

daily life, including foreign currencies trading. Thus, there has been a major shift to electronic trading 

which has brought together the need for sophisticated techniques capable of monitoring the market in 

real time. To contribute to this domain, the research described in this paper covers the development of 

a framework which enables real time acquisition of data from a set of currency trading entities and fast 

data analysis. The framework also allows streaming and visualization of historical (previous) and current 

currency prices in close to real time. Finally, the framework benchmarks every monitored broker to decide 

whether he/she is trustworthy. The reported test results demonstrate the applicability and effectiveness of 

the developed framework. An additional value of the developed framework is attributed to its utilization 

by a domain expert who has guided the whole development process. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

Foreign exchange (Forex) is an essential market which attracts a 

huge mass of investors who watch exchange rate in order to max- 

imize their profit. The market is dominated by a variety of fac- 

tors [23] ; and hence, the decision making process for trading re- 

quires experienced brokers who are supposed to be professional 

experts. However, human decision making process is mostly sub- 

jective and emotional [23] , and thus it would not be always com- 

prehensive enough and trustworthy. In other words, it is not nec- 

essary that every broker considers the right factors affecting ex- 

change rate, or even gives the right weight to each factor. 

Diversity in the factors and in the weight given to each fac- 

tor differentiates the rate predicted by brokers [33,35] . Further, in- 

crease in number of brokers, high volume of transactions, and fre- 

quency in the stream of exchange rate announced by brokers make 

manual handling of this application domain extremely hard if at all 

possible [5] . Therefore, automating the process is necessary to keep 

track of the huge amount of data available for and beyond the de- 

cision making process [14,15,41,47] . In other words, there is a rapid 

increase in the volume of data that could be captured, accumu- 

lated and maintained using a variety of techniques ranging from 
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traditional and manual to automated and advanced. In fact, recent 

development in technology from hand-held devices to sensors, to 

surveillance, to the wide availability of the Web makes it affordable 

to electronically capture and collect huge volumes of data leading 

to big data repositories. Such data need to be visualized to be bet- 

ter understood and analyzed [22,29] . 

We realized the need for a comprehensive framework capable 

of collecting data and visually monitoring the exchange rate for 

a specific currency, and comparing the rate announced by vari- 

ous brokers. From market perspective, our partner domain expert 

is not aware of any existing system capable of covering all these 

aspects at once. From researcher perspective, we could not come 

across any similar research initiative described in the literature. 

Realizing this need has motivated us to work on the expandable 

framework described in this paper. In other words, the innova- 

tion of this study could be articulated as providing a fully au- 

tomated process which covers all aspects of exchange rate from 

data collection to monitoring to comparing the rate announced by 

various brokers to deciding on trustworthiness of individual bro- 

kers. Explicitly speaking, this paper introduces a framework called 

CTS-Forex Performance Study ; it is a forex monitoring system de- 

signed to automatically track and monitor brokers by fetching, vi- 

sualizing and analyzing their announced exchange rate. Our cur- 

rent effort focuses on EUR-USD exchange rate since it is one of 

the most heavily traded bilateral currency pairs in 2013, namely 
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Fig. 1. CTS FOREX Performance Study main features. 

covers 24.1% of forex market [1] . However, the proposed framework 

can be smoothly expanded to cover other currency pairs. This has 

been left as a future work which requires only adapting the frame- 

work to meet the requirements of each new currency pair to be 

covered. 

As shown in Fig. 1 , the main components of the proposed 

framework include: stream data capturing, data compilation and 

centralization, visualizing data streams, and analyzing the captured 

data for knowledge discovery. These components are described in 

the sequel. 

Stream data capturing: The ability to record tick updates pro- 

vided by brokers forms valuable source for online monitoring and 

analysis. However, we realized that brokers use several platforms 

that allow traders to monitor and exchange currencies and to cre- 

ate scripts that automate the trading process. This motivated us to 

have the framework scalable enough to accept the addition of new 

broker/platform with minimum modifications to the system. 

Data compilation and centralization: The ability to add new 

devices to the framework without modifying the system is an es- 

sential requirement especially in a dynamic environment like the 

one investigated in this study. A single computer is not enough for 

managing the enormous amount of data fetched or crawled. Hence, 

we should be able to distribute this task over several computers, 

and then maintain centralized data from all computers for fast ac- 

cess during the analysis process. For local use, the data are com- 

piled in XML format as it is faster for querying and can contain 

more detailed information. However, for online visualization, the 

data are compiled in JSON format which requires less disk space 

and can be faster retrieved over the Web compared to XML [46] . 

Visualizing the data streams: The ability to visualize previ- 

ously captured data as well as current data [22] is essential for 

a domain expert to watch the movement in exchange trend over 

time. Our system uses several types of graphs to help in market in- 

terpretation. These graphs are divided into three main categories: 

1. Single broker visualization: Helps in interpreting a single bro- 

ker’s performance over a time period. 

2. Multiple brokers visualization: Helps in interpreting multiple 

brokers’ performance compared to each other. 

3. Ranking and classification visualization: Helps in interpreting 

our ranking and classification algorithm by allowing a domain 

expert to verify the reported results. 

Analyzing captured data: The ability to analyze and interpret 

the captured data provides useful information for enhancing the 

decision making process. As shown in Fig. 1 , our system provides 

three different layers of analysis: 

1) Short term: (a) Works in runtime to determine sudden 

change in the market; and (b) gains advantage of the data 

on a single fetcher computer. 

2) Medium term: (a) Works periodically to rank brokers 

weekly; and (b) gains advantage of all the data centralized 

from all fetcher computers. 

3) Long term: (a) Works on demand to explore the collected 

data; and (b) gains advantage of all the data centralized 

from all fetcher computers. 

The rest of this paper is structured as follows. Section 2 is 

an overview of the related work. Section 3 describes the cap- 

tured data. Section 4 presents the framework structure and 

the data fetching mechanism. Section 5 covers the experimental 

study. Section 6 describes the ranking and classification algorithm. 

Section 7 is the conclusions and future work. 

2. Related work 

Data visualization is an effective way to convey information 

through graphical means. Financial data analysis is a promising 

domain for visual analytics since it involves the analysis of large 

data volumes to solve complex analysis tasks [48] . In recent years, 

a number of visualization techniques such as those described 

in [6,30,48,54] have been proposed for financial data to improve 

the required analysis for investment decisions, and many analyti- 

cal tools such as those described in [20,49,50,52] have been im- 

plemented for this purpose. In fact, foreign exchange visualization, 

analysis, monitoring and exploring have been addressed by sev- 

eral research groups. For instance, Andersen et al. [7] and Della 

Corte et al. [16] discuss exchange rate volatility. Basu and Li- 

cardie [12] developed a tool for modeling and displaying exchange 

rate data. Lusting and Verdelhan [36] tackle risk factors of foreign 

currency exchange; and Burnside [13] commented on the study. 

Gresh et al. [17] developed an approach to be used by non-experts 

as an interactive visual medium for visualizing and exploring for- 

eign exchange options. Lin et al. used a fish-eye view to visualize 

and observe large-scale and high-density data streams in a limited 

frame on two currencies. Verdelhan [51] presents a habit-based ex- 

planation of exchange rate risk premium. 

Data could be better visualized when clustered by grouping 

similar elements together. Clustering techniques have been applied 

to many different fields, such as social sciences [18] , bioinformat- 

ics [31] , and financial markets [53] . As FOREX data are concerned, 

clustering can be helpful in several scenarios, e.g., in predicting 

FOREX trends. For instance, Baasher and Fakhr [8] used k-means 

for feature selection as a preprocessing step for classification to 

predict daily exchange rate trend in FOREX. Another example of 

using clustering to help in predicting FOREX prices can be found 

in the work of Ajith [2] , who implemented and compared several 

methods for predicting average monthly FOREX prices for several 

currencies. 

Clustering is also a core component of Curcio and Goodhart’s 

work on the bid and ask prices in FOREX. They have extended Har- 

ris’s work on stock market into FOREX, which shows the tendency 

for price clustering on round numbers [21] . The phenomenon 

of price clustering has also been studied by Aitken et al. [4] , 

who looked specifically at the Australian stock market. Gworek 

et al. [19] used the sign and amplitude of the exchange rates for 

several currencies to produce networks. In their work, they looked 

at currency dependencies in the created network by considering 

various properties of the network, including clustering coefficient. 

Lux and Marchesi [37] proposed a model for financial markets to 

explain why periods of volatility tend to cluster together. 

In this study we apply hierarchical clustering which works re- 

cursively either top down or bottom up to form a hierarchy of 

clusters. The root of the hierarchy is the set of all objects and 

the leaves are individual objects, one per cluster. Bottom up hi- 

erarchical clustering starts with each object in a separate cluster 
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