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Abstract—With the exponential growth of stream data ema-
nating from a variety of sources, today, big data presents a new
era in data exploration and usage. The understanding of the
performance of real-time stream data processing technologies has
become a key pre-requisite while considering any deployment.
Although many technologies for stream data analytics exist,
little is known about the impact of writing scripts on their
performance. Using a MapReduce programming model on a
pseudo cluster, we conduct a word count, experimental evaluation
of Apache Storm using five writing scripts; English, Arabic,
Hindi, Chinese and Japanese. We define our word count as the
number of time a word is written in a body of text. Static and
structured data made up of 300 English sentences is translated
into the scripts under study and loaded into Apache Storm. The
results show that Apache Storm analyzes, English, Arabic and
Hindi script sentences with ease as compared to those written
in Chinese and Japanese script. Apache Storm also executes and
distinguishes individual words and performs a word count on
English, Arabic and Hindi sentences faster than those written
in Chinese and Japanese. However, in terms of processing, the
reverse is true, sentences written in Chinese and Japanese are
processed faster than those written in English, Arabic and Hindi
scripts.

Index Terms—Stream data, Real-time, Word count, Writing
script.

I. INTRODUCTION

In recent years, daily governmental proceedings have pro-
duced and availed more data than there has ever been and
it keeps increasing. For instance, the European Parliament
releases, new data in 22 languages on a regular basis [1].
The paradigm shift in streaming data drew an extra consider-
ation, predominantly its critical influences on a variety of use
cases, including but not limited to real-time government data
analysis, log processing, and other metrics analytics. Big data
analytics is an approach to gathering, sorting and analyzing
bulky sets of data to explore useful insights. To serve the
thriving demands of processing stream data or data-in-motion,
many computation technologies such as Apache Storm, Flink
Spark, and Samza among others have sprung up [2].

Stream processing is the application of continuous queries
on a real-time data to get an insight that may necessitate
actions. Streaming Analytics links; business systems to outside
data sources, allowing the applications to combine certain data
into the information flow, or updating a peripheral database
with processed intelligence [3].
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As far as we know, various studies have been conducted
on the performance of the stream data analytic technologies,
however, limited devotion has been given to the impact of
writing scripts on the performance of these technologies.

In order to help users understand, we seek to answers the
questions below:

1) What are the effects of a writing script on the perfor-

mance Apache Storm?

2) Does Apache Storm maintain the same level of perfor-

mance irrespective of the writing script?

We focus on five scripts each representing a writing system.
A writing script, also known as a writing system or orthogra-
phy is any conventional method of visually representing verbal
communication. Writing is the use of scripts to combining
character set for human communication. It involves the use
of visible marks or characters that are related to a particular
structural language.

A. Motivation

As mentioned earlier, as of today, many governments pro-
duce data in various languages, and the numerous previous
works that exist on the stream data analytics only compared the
performance of analytic technologies. However, some detected
limitations of the previous works presented are as follows:

All of the studies were limited to the key features such
as memory consumption, latency, window time, throughput
among others.

In addition, the choice of framework for different scenarios
is an important factor to consider while planning for any
deployment as individual platform is distinctive to the type
of data sets, and the message processing semantics, etc.

As far as we know, there has been no earlier attempt
to examine the performance of Apache Storm with writing
scripts. Therefore, this study is carried out in order to help
users in choosing the most appropriate writing system to
perform their real-time stream data analytics needs.

B. Contribution
The manifold contributions of this work are as follows:

1) The primary contribution is to offer a better understand-
ing of the analytic technologies when deployed for the
purpose of processing data written in a particular writing
system. Using the MapReduce programming model on
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a pseudo cluster, the performance of Apache Storm
with different writing scripts or systems is tested. We
experimentally test the performance of Apache Storm
in terms of the executor’s time metrics. We measure:

a) The number of tuples emitted;
b) The execution latency and,;
¢) The processing latency.

2) The lesson can be helpful in stream data analysis sce-
narios involving content written in native languages.

The organization of this paper is as follows: Section II
presents related works; Section III introduces an overview of
Apache Storm; Section IV presents the experiment; Section V
presents the results and discussion, and we conclude the paper
on Section VI and we draw our future work.

II. RELATED WORK
A. Performance Evaluation

Stream data analysis is a new domain in the distributed sys-
tems. Various stream processing frameworks and technologies
are explored in literature [2], [4]-[9] and many more. Chin-
tapalli et. al., benchmarked the streaming computation frame-
work: including Apache Flink, Spark and Storm. Using various
configurations, they compared the performance in terms of
throughput and latency [2]. Inoubi et. al. compared stream
processing frameworks for big data including Apache Flink,
Spark, Storm, and Samza. However, the study was limited
to: window time; central processing unit (CPU) consumption;
random access memory (RAM) consumption; disk read and
write (R/W) consumption; and bandwidth resource usage [4].
Garcia-Gil et. al. compared the scalability of Apache Flink
and Spark on batch processing [5]. Lopez, Antoni & Duarte
compared the performance of Spark streaming and Apache
Flink [6]. Bartolini & Patella compared the performance of
Apache Flink, Spark, and Storm on real analysis of multimedia
streams (RAMS) framework [7]. Karmov et. al., benchmarked
Distributed Stream Processing Engines focusing on major
performance indicators such as latency and throughput [8].
Chatterjee a & Morin studied and compared the performance
and resource utilization of Flink, Storm, and Heron [9]. All
the previous studies did not consider the effect of writing
systems on the functioning of the stream analytic technologies.
This study, therefore, focuses on evaluating the performance
of Apache Storm with different writing scripts. Apache Storm
is one of the popular and widely-used stream data processing
frameworks compatible with many writing systems. It is essen-
tial to study and comprehensively match the impact of writing
systems (Arabic, Chinese, English, Japanese and Hindi) on
the performance of the Apache Storm framework. This will
precisely provide an insight for users to wisely choose the
correct writing system for stream data that is intended for an
Apache Storm platform.

B. Writing Scripts and Word Count

Writing scripts or system consist of various families in-
cluding alphabets (e.g. English), syllabaries (e.g. Japanese),
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logo syllabaries (e.g. Chinese) and others such as Abjad
(e.g. Arabic) and those that have the characteristics of both
alphabets and syllabaries (e.g. Hindi) [10]. Depending on the
encoding and the writing style, words in a sentence can either
be difficult or easy to distinguish. For instance, Arabic script is
cursive with neighboring letters joined together, has interword
space and a word boundary. Arabic, which is an alphabetical
language is made up of 28 characters. It has punctuation marks
equivalent to those in English. However, the characters have
disperities in shapes and forms. An Aracbic character has up to
four different shapes. The position of a character in the word
(initial, medial, final, and alone). Typically, in an Arabic code
setting, every letter is denoted by a unique single code which is
independent of shapes [11]. This makes it easy to identify the
proper shape of a letter basing on its location in a word. For
Hindi, a sentence ends with a purna viram (I) which identifies
the boundary [12]. Hindi has alphabets that are categorized on
the basis of similarities of letters. This property makes it free
of homonyms, thus obviating the complexity of handling the
word recognition [13].

Unlike English and other languages (e.g. Arabic and Hindi
etc.), Asian languages like Chinese and Japanese, lack white-
space between the words[14]. The Western style of a word
boundary is factually unfamiliar to Chinese and Japanese
scripts. Chinese and Japanese writings do not use inter-
word spaces or other word delimiters (except for punctuation
marks). The absence of word delimiters causes ambiguities in a
word segmentation [15]. Since Chinese and Japanese sentences
do not separate words by explicit delimiters, segmenting a
sentence into individual words becomes a difficult task [16].

Vysokos, reported that the hieroglyphic nature and lack
of word separation space make it difficult to count words
written in Chinese and Japanese scripts. In case, the word
count system is based on the spaces between words, a Chinese
sentence will be counted as a single word [17]. Yao et al.
explained syntactic and morphological variances concerning
the features of alphabetic languages and the Chinese. In terms
of morphological organizations, Chinese lacks a clear word
boundary which alphabetic writing systems have. Whereas,
in alphabetic languages, letters form the basic components
of words, by contrast, in Chinese writings, strokes made-
up of monosyllabic or disyllabic characters form a word.
The words are often multi-syllabic. This morphological and
syntactic variances make tools intended for alphabetic textual
analysis incompatible and cannot be applied to Chinese texts
[18]. Imral, asserted that large amounts of Chinese text can be
processed in a shorter time and with relatively low memory
usage [19]

III. APACHE STORM

In this Section, we introduce a brief background and archi-
tecture of Apache Storm.

Apache Storm is a distributed open-source framework for
real-time data processing [20]. It does a real-time processing
of stream data (data-in-motion) just as Hadoop does batch
processing for data-at-rest [21]. Apache Storm is designed to
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accept tons of data coming in extremely fast, possibly from
various sources, analyze it, and publish real-time updates to a
user interface, without storing any actual data [22].

Apparently, an Apache Storm cluster is comparable to a
Hadoop cluster. The notable difference is that Hadoop executes
MapReduce tasks, and Storm, uses topologies to execute jobs.
Another variation is that a MapReduce job finishes eventually.
On the other hand a topology will continuously run and
execute messages until the user kills it [23].

Nimbus <+ Zookeeper - i

Supervisor

Fig. 1: Apache Storm Architecture.

Apache Storm is made-up of two nodes: the master and the
worker nodes. The Nimbus, a daemon in charge of code dis-
tribution around the cluster, monitoring failures and assigning
tasks to each machine runs in the master node. The Supervisor,
a daemon that listens to the Nimbus for a work assignment
runs in the worker node. The Supervisor gets instructions from
the Nimbus to start and stop worker processes or executors.
The Nimbus depends on the services offered by the Apache
Zookeeper to monitor messages and process tasks. In addition,
the worker nodes communicate with the Nimbus and update
their task status through the service of the Apache Zookeeper
[22].

Each worker node executes and processes a subset of
topology. A running topology may include numerous worker
processes spread across many machines. Apache Storm uses
topology to do a real-time computation. A topology which is
implemented as directed acyclic graph (DAG) data structure, is
a graph of computation nodes. Every node in the topology has
a processing logic (bolt) and links between nodes indicating
the flow and passing of data (streams) around and between
them.

A topology is composed of: streams, a set of unbounded
data which continuously arrives at the system; spouts, sources
of data streams at the edge of the topology and; Bolts,
the logical units representing the processing step that ingest
streams, applies an operation to them and produces the result

as a stream.
.-—H——'——hhﬂﬁk\\\ — ﬁ“x\\\\
> Bolt } > Bolt )
E= L =)

Fig. 2: Apache Storm Topology.

Nimbus

Once a topology is submitted, Nimbus service in a master
node inspects the supervisor services on the individual worker
nodes and send the topology. Each supervisor has its own
separate JVM and executes one or more worker processes [24].

IV. EXPERIMENT

In this section, we first show the environment for our ex-
periment, followed by the system and topology configuration.
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Then we discuss the results obtained.

The experiment was performed in a single node. A pseudo
cluster composed of: 18.04.1 LTS Ubuntu OS; 16 GB RAM,
Core i7-3770 CPU @ 3.40GHz x 8; and HD of 181 GB.
Apache Storm-1.1.0 and Apache Zookeeper-3.4.12.

A. System Configuration

tickTime=2080

initLimit=5

syncLimit=2
dataDir=/Users/lemilaku/Downloads/exp/zookeeper-3.4.12/data

clientPort=21861

Fig. 3: Apache Zookeeper configuration.

Shown in, fig. 3 is the Zookeeper, a framework that offers
centralized services for maintaining the configurations. It is
used to coordinate the exchange of information between the
Nimbus and the Supervisor nodes [25].

storm. zookeeper. Servers:

= "localhost

) storm. local.dir: "/Users/lemilaku/Downloads/exp/apache-storm-1.1.8/data"
nimbus.host: "localhost”
supervisor.slots.port:
- 6708
- 6781

- G782
- 6783

ui.port: Bese

Fig. 4: Apache Storm Pseudo Cluster Configuration.

B. Topology Configuration

Shown in, fig. 5 is the topology which a written and
programmed in Java. We design and implement a real-time
word count system using Apache Storm. We use a topology
with a parallelism factor of one (1), consisting of Sen-
tence_Input spout, Sentence_Split bolt, Word_Count bolt, and
Count_Summary bolt.

Sentence_Input g
Sput Bolt

Sentence_Split

Fig. 5: Word Count Topology Design.

C. Word Count (WC)

Word count is a simple benchmark technique where Apache
Storm is used to keep track and frequency of words and their
counts from sentences streaming in. In Storm, the ingestion
of data is done using spouts. A spout opens and reads a
file for real-time event data. However, for simplicity of this
experiment, we used a dataset of a finite number of sentences,
static data consisting of 300 English sentences. Topology or
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DAG, symbolizing the WC, consists of three nodes, as shown
in fig. 5, where the Sentence_Input spout releases sentences;
the Sentence_Split bolt, the Word_Count bolt, and finally the
Count_Summary bolt.

We translate the sentence into four different writing scripts
(Arabic, Chinese, Hindi, and Japanese) and sequentially load
them into the Sentence_Input spout. The Sentence_Input spout
will emit streams of random sentences as tuples to the Sen-
tence_Split bolt.

The Sentence_Split bolt sequentially receives sentences,
splits them into words and emits streams of words as tuples,
while sending them to the Word_Count bolt where the count
is kept. The Word_Count bolt performs fields grouping and
determines how many times a particular word is detected or
seen. Whenever the Word_Count bolt receives a tuple or a
word, it increments the counter and emits a tuple containing
the word and the current count to the Count_Summary bolt.
The Count_Summary bolt keeps a counter of all the words,
including their corresponding counts. When a new tuple ar-
rives, Count_Summary bolt updates the counter and prints the
content in a console.

V. RESULTS AND DISCUSSION

The topology (in, fig. 5) is submitted and the metrics of
the execution time are taken at the 35th second of the execu-
tordAAZs uptime. This is because when a topology is deployed
onto Apache Storm, it runs and executes continuously until
the user kills it. However, the time for readings of the metrics
can vary depending on the investigatordiAZs convenience.

To enhance the accuracy of the results, each topology is
deployed 25 times and an average of the measured metric is
recorded.

100 | —-- English - =--
90 | —'~ Hindi i
) —x = Arabig s
'é 40 ~ -+ Japanese - - - il
2 70 | == Chinese =" ’.r':-"'
.‘; 60 Pt A
2 50 BT
) B
= 30 L
:2 20 -.’o"-d" e
10 | ® et —
Ty P SR i e 1 s R
() =rmisi=-=
0 Time (seconds) 35

Fig. 6: Average Tuples Emitted.

Shown in, fig. 6 is the results of an average number of tuples
emitted or words distinguished which reveals that Apache
storm distinguishes words written in English, Arabic, and
Hindi writing script easier and faster than those written in
Japanese and Chinese. This is because English, Arabic, and
Hindi scripts have word spaces between words making it is
easy for Apache Storm to detect the words in the sentence
[11], [13], [14].
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Since Japanese and Chinese scripts have no spaces, it is
difficult for Apache Storm to separate the words. In fact,
Apache Storm cannot split Chinese and Japanese sentences
to distinguish individual words. In most cases, it counts the
whole sentence as one word[15]-[19].

=+= Arabic +=:-

- = Hindi pe=-1

1.0 =~ Chinese "~ "~
0.9 = Japanese - -
0.8 . =-= English -=--
0.7
0.6 7
05| ¢ AT

04l |2 5 | B e
03 |1
02 |1,

Execution Latency (milliseconds)

0 =

0 10 20 30 40 50 60 70 80 90 100

Tuples (number)

Fig. 7: Average Execution Time.

Shown in, fig. 7, is the results of the average execution
latency which shows that Apache Storm is slower in executing
or splitting sentences written in Chinese and Japanese scripts.
The absence of word delimiters causes obvious ambiguities in
sentence segmentation [15]. However, Apache Storm is faster
in executing or splitting sentences written in English, Hindi
[12], [13], and Arabic scripts [11] as described in fig. 6.

=*= Chinese "= "* == Arabic - =--

-+ Japanese - - =m=ciHind], ==
0.8 =-= English +=--

Processing Latency (milliseconds)
*

0 10 20 30 40 50 60 70 80 90 100

Tuples (number)
Fig. 8: Average Processing Latency.

Shown in, fig. 8 is the results of an average processing
latency which reveals that sentences and words written in
Chinese and Japanese scripts are processed pretty faster as
compared to those written in English, Arabic and Hindi scripts.
Since Apache Storm cannot split and distinguish words in
Chinese and Japanese sentences, it ends up processing the
whole sentence as a single word [17], as described in fig. 9.

Meanwhile, each Arabic character is denoted by a unique
single which is code independent of its shape [11]. Thus it
is easy to segment the sentence and count the words using
the shape and the position of the word. Hindi sentence has a
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Input Output
AR, [t ATE 1)
o —X—FE EEEER, [~X—FE EL£EEH, 1)
2 M ER, [EELE, 1)
-2 SHEMEA, [BEAEHEMMEA. 1]
0 Bk BHRE—E, BAKERE—E, 1]
0 SR AERCEA T, [V v TR 1B L EERHL 25, 1)
4] Uy ank s e EENE LA, @o@OAIT ETER, 1]
g A5 ETER [FRBERUHERT, 1)
BTEL DA, FLEBREDTT, L)
S HIEEREIDTT, [BEEEEAOIVL, 1]

Fig. 9: Chinese and Japanese Word Count.

boundary marked by purna viram (l) [12], and this property
makes it easy for the word recognition [13].

VI. CONCLUSION

With the exponential growth of stream data emanating
from a variety of sources and which insight is critical to
effect actions, understanding the performance of real-time data
analytic technologies has become a key pre-requisite while
considering a deployment. The main goal of this study has
been to experimentally evaluate the implication of writing
scripts on the performance of large-scale streaming analytic
technologies. Using different writing scripts such as Arabic,
English, Hindi, Japanese and Chinese, the performance of
Apache Storm was tested in terms of: tuple emission or ease
of a sentence and a word distinction; the execution latency
or delay in splitting the sentences into distinguishable words
and; the processing latency or delay in counting the words
and giving the summary. The study found that it is difficult
for Apache Storm to split sentences written in Chinese and
Japanese script to distinguish the word composition. This is
because Chinese and Japanese sentences do not have interword
space. And due to the interword spaces, Apache Storm easily
splits the sentences written in Arabic, English and Hindi
scripts. In addition, to the clear boundaries, Apache Storm
executes streams of sentences and distinguishes words written
Arabic, English, and Hindi faster than those written in Chinese
and Japanese. However, because Apache storm cannot split
Chinese and Japanese sentence, they process the whole sen-
tence as a single word, hence less processing time compared
to sentences written in Arabic, English, and Hindi.

Though this study has experimentally confirmed that writing
scripts can affect the performance of Apache Storm, it has
a limitation. A few writing scripts were examined. All the
sentences were translated using Google Translate, a tool which
the accuracy cannot be trusted. In addition, static data instead
of streaming data was used.

As far as we know, this is the first study that points
out the impact of writing systems on the performance of
Apache Storm. Therefore, we recommend for further studies
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using streaming data as opposed to static, expand the study
to include more writing scripts such as Hangul, Inuktitut,
etc., and also evaluate the impact of sentence structure and
character composition on the performance of real-time data
streaming analytic technologies.
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