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ABSTRACT 

 

ROBOTIC PROCESS AUTOMATION (RPA) FOR THE 

IMPLEMENTATION ON MACHINE LEARNING BASED RESEARCH 

 

Mohammed, Noor Jasim Mohammed 

 M.Sc., Electrical and Computer Engineering, Altınbaş University, 

Supervisor: Asst. Prof. Ayça Kurnaz TÜRKBEN 

Date: 12/2022 

Pages: 57 

Recently, the concept of robotic process automation has been implemented widely in the area 

of digital business to improve productivity. However, exploiting this automation concept in the 

(machine learning) prediction-based research has not been thoroughly investigated and tested. 

Therefore, this research study the implementation of Robotic Process Automation (RPA) in the 

case study of predicting cloud User ID through the attributes of their logs and traces.  

This is conducted by proposing an approach model of applying the automation principle in 

mimicking the manual tasks of prediction research tasks using Artificial Neural Networks 

(ANN). Accordingly, the proposed approach model consists of the research tasks of (data 

gathering, data pre-processing, ANN implementation, and Result validation).  

Then these research tasks are tested manually and through the automation model using 

automation software (Macro-recorder). The results show that using the proposed model of PRA 

in conducting prediction research has a significant effect in reducing time-consumption and 

increasing accuracy.  



 viii 

The results will be of interest to the research community in computer engineering and the 

automation study of research activities. 

Keywords: Robotic Process Automation, Artificial Neural Networks, Research Tasks, KNIME. 
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1. INTRODUCTION 

In the area of computer science, RPA can be described as the process of replacing human 

repetitive tasks with automated software implementations [1].  In other words, it is a “set of 

techniques concerning the operation and use of automata (robots) in the execution of multiple 

tasks in place of man” [2]. 

RPA is considered as relatively a recent technique tool that consists of software elements (bots) 

that imitate the manual tasks conducted by humans via different computer applications. The 

tasks to be automated are usually rule-based, well-structured, and repetitive. Robots can do a 

variety of functions, including screen scraping, automated mail query processing, and compiling 

payroll information from several sources.  [3]. 

According to [3], 42 literatures outlined a number of advantages that can be attained with the 

use of RPA, including a decrease in the amount of time and energy needed to do manual 

operations, which saves on both. This has been demonstrated to be between 30% and 70% in 

terms of waiting times, job handling times, and process cycle times. 

The exploration of the RPA concept has gone up very fast in recent years, especially in the 

digital business sectors. According to the most recent forecast from Garner Inc., despite the 

COVID-19 pandemic impact on economic sectors, global robotic process automation software 

revenue was projected to reach $1.890 B in year 2021, an increase of 19.49% from year 2020 

[4].  

While the Artificial Neural Network (ANN) can be defined as a model created to mimic how 

the brain carries out an interesting activity or function [5]. The primary goal of the ANN concept 

is to develop a network of interconnected components known as neurons to carry out complex 

activities and functions that cannot be carried out by computer programming or RPA. 

Technology has advanced to the point where classification, grouping, pattern recognition, and 

prediction are now frequently used across a wide range of disciplines. Additionally, in machine 

learning (ML), ANNs are now competitive with traditional statistical and regression models in 

terms of usefulness [4]. 
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Although RPA has many benefits and advantages, it also has limitations due to that the bots in 

RPA can only follow logical rule-based processes. As they do not have the ability to extract 

patterns from data or recognize images or speech. Hence, RPA programs its blot to process 

functions without understanding these functions pattern and logic behind them [6]. Effective 

modelling of the procedures necessary in instructional activities can be used to overcome these 

restrictions. Instead of only attempting to duplicate people's everyday operations, RPA-ANN 

uses the advantages of AI to learn how people make decisions and carry out complicated jobs. 

[7]. 

According to the research discussed in [3], the majority of real-world RPA implementations are 

used for organizational business objectives, whereas the research community hasn't looked into 

the use of the RPA concept in teaching activities. Additionally, the majority of earlier research 

focused on applying ANN algorithms and tools to enhance business activities, but RPA's 

potential to enhance ANN processes was not thoroughly explored. As the question of “how to 

use the RPA tools effectively for teaching purpose in the ANN-based research?” has not been 

discussed. 

Therefore, this work aims to present and investigate an approach of exploiting RPA model in 

improving the implementation process of teaching activities in online form. 

The ANN-based academic research to be used in this work is a research work that aims to predict 

students’ performance based on their study and non-study activities (lunch time, test preparation 

course, math score, reading score and writing score). 

For this purpose, the datasets are gathered from Kaggle resource [8]. This involves using the 

Probabilistic Neural Network (PNN) prediction model, which consists of a group of artificial 

neural networks that were built using PARZEN’S approach [9]  to forecast users’ performance. 

Eventually, the prediction result is evaluated by comparing predicted results performance with 

actual scores. 

In the upcoming chapters we will talk about the usefulness of RPA and how It is a time saver 

and a cost-effective one too. Important features of robotic process automation include platform 

independence, scalability, and intelligence and an explanation about Macro recordings and how 
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they are so flexible and accurate that you can do almost anything with them, the definition of 

Machine Learning, what kind of algorithms it uses and how important it is. We will use ANN 

as a type of the dynamics of gene expression as well and how it was abbreviated from how the 

human brain works. That will be explained in detailly in chapter (2). In the chapter that follows 

(3), we discuss and talk about Automation Process and how to implement the manual tasks (in 

the majority of teaching activities) that are proposed for RPA automation certain steps and 

evaluate the implementation of the proposed RPA model in ANN research through some 

aspects. And in chapter (4) of course we will implement it using (KNIME)) which is an analytics 

platform workflow system providing a platform for connecting tools graphically and test it at 

the end of it.  At the (fifth) chapter the results will appear when we do efficiency and time 

consumption tests. The rest of the chapters are the challenges (that came along the way while 

writing this paper), conclusion and references. 
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2. GENERAL INFORMATION 

2.1 ROBOTIC PROCESS AUTOMATION 

Robotic process automation (RPA) is a technology that makes it simple for all users to automate 

digital operations. Robotic process automation significantly reduces the amount of time and 

labour required from humans. [reference] [10]. It not only saves time, but also money. Robotic 

process automation has the benefit of being independent in terms of platform, scalable, and 

intelligent [11].  RPA is used to automate different supplement chain processes, with data entry, 

predictive repairment and after-sales service support. RPA is used across organizations to 

automate hard rote tasks. RPA is used by telecommunications corporation to figure brand-new 

services and the related billing structure for modern accounts [12]. 

Robotic process automation (RPA) is a technology software that makes building, deploying, 

and managing software robots very easy, it emulates human beings’ labour linked with digital 

systems and software. Just like humans, software robots can do matters like the understanding 

of what’s presented on a certain screen, finish wanted keystrokes, system navigation, identify, 

extract data, and preformation of high range known activities. Unlike software robots that can 

do it more consistently than humans and much quicker, and there’s no need to get up and stretch 

or take a break [13]. 

(Important features of robotic process automation include platform independence, scalability, 

and intelligence it also provides extra security, especially for sensitive data and financial 

services.) 

RPA in business helps firms become more profitable, adaptable, and responsive by streamlining 

procedures. By reducing menial duties from their workdays, it also boosts employee satisfaction, 

engagement, and productivity [14].  

RPA can be quickly adopted and is non-intrusive, which helps accelerate the digital 

transformation. Additionally, it's excellent for automating processes using outdated systems that 

don't have access to databases, virtual desktop infrastructures, or APIs (VDIs) [15].  
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RPA technology system is modifying how mankind is getting work done. 

Contrary to people, software robots perform routine, low-value tasks such as entering into 

programs and systems, moving files and folders, copying, removing, and re-inserting data, 

filling out forms, and completing repetitive analysis and reports. Even cognitive tasks like 

translating text, participating in chats and conversations, comprehending unstructured data, and 

applying cutting-edge machine learning models to make difficult decisions can be performed by 

sophisticated robots [16]. 

Humans may concentrate on the activities they excel at and find most enjoyable when robots 

perform these types of routine, important, high-volume tasks, including as innovation, 

collaboration, creation, and customer interaction. Businesses gain a lot from this: they are more 

productive, efficient, and resilient. It makes sense that RPA is changing the history of the 

workplace. 

Presently, across a wide range of businesses and activities, RPA software system is generating 

new efficiencies and freeing workers from monotonous repetitive work. Businesses have used 

RPA in a variety of industries, including finance, compliance, law, customer service, operations, 

and information technology. These companies are situated in a variety of sectors, including 

manufacturing, public sector, retail, healthcare, and financial services. Additionally, that is just 

the start. [13] 

RPA is spread worldwide very extremely for obvious reasons which are that it is broadly 

applicable. Any large, iterative process that is governed by business rules is a fantastic candidate 

for automation, and cognitive processes that demand higher-order artificial intelligence 

capabilities are increasingly candidates as well.  

Technology that can do far more than just assist with the automation of a particular process is 

required in order to create and manage an enterprise-wide RPA program. You need a platform 

that can assist you in building and managing a new enterprise-wide capability and enabling you 

to become a fully automated enterprise. You need end-to-end support from your RPA 
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technology to find amazing automation possibilities everywhere, construct high-performing 

robots quickly, and manage hundreds of automated workflows. [10]  

It's easy to understand why RPA has gained popularity all over the world when you combine its 

straightforward implementation with its quantitative advantages over other enterprise 

technology. 

RPA is helpful in many various sorts of sectors since it helps them manage their own operational 

problems in new and simple ways. 

Heads of functional areas from customer service to finance to human resources to marketing 

and beyond sees that RPA improves many processes, produces higher capacity, fewer errors for 

key processes and faster output. 

From a CFO's standpoint, investing in RPA technology makes more sense because it offers a 

quick return on investment and necessitates less upfront expenditure than other business 

technology. 

The simplicity with which software robots may access and function within legacy systems is 

one of the many reasons IT leaders think RPA can be adopted with minimum interruption. 

Modern RPA technology offers platforms that are scalable and appropriate for the enterprise 

because RPA has emerged as a key enabler of the digital transformation. Employees may use 

robotic assistants in the office with relative ease, and the low-code nature of RPA makes it 

possible for them to become citizen developers capable of developing their own simple 

automations. [17]. 

There are many toolkits to use the process of recording steps, including UiPath, Ui.Vision, but 

they are not free, unlike the macro record program, which provides free and easy to use platform. 

2.2 MACRO RECORDER 

By using the automation technique known as macro recording, you can record keystrokes and 

mouse movements from the screen and utilize them to create a script. With macro recordings' 

versatility and accuracy, you can achieve almost anything. Create a macro that pastes a template, 
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opens the current email, and opens a new one. To automate reports with a keyboard shortcut, 

create macros that launch applications, alter formatting, save files, and export data into a 

worksheet. Even macro scripts that open webpages, open text fields, open drop-down menus, 

and submit forms can be written. identical window sizes and positions [18]  

Macro Recorder additionally records the location and dimensions of any program windows that 

pop up while the recording is being done. Macro Recorder restores the window widths and 

locations during playback to guarantee that the macro may be appropriately replayed each time. 

Furthermore, the clever algorithms may transform erratic mouse movements into attractive 

curved or linear designs. Because there are no visual interruptions and the playback speed may 

be changed for specific mouse motions or all mouse movements, this is excellent for making 

screencasts [19]. movements. Only clicks are conducted when a mouse movement is removed 

from playback. Automation is made simple for everyone—not just programmers—by the Macro 

Recorder. Additionally, Macro Recorder eliminates the need to learn a complex scripting 

language because everything is done through the user-friendly interface. The macro recorder 

program is shown in Figure 2.1 below. 

 

Figure 2.1: Macro record software. 
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You can use Microsoft Word’s Equation Editor or Math Type to write equations in Word. 

Equations that are inserted in the text as screenshots will be rejected. Below you may find an 

example of how to use an equation. 

2.3 MACHINE LEARNING 

With regards to artificial intelligence, IBM has a lengthy history. With his studies on the game 

of checkers, one of its own, Arthur Samuel, is credited with coining the term "machine learning" 

(PDF, 481 KB) (link lives outside IBM). A self-described checker’s master named Robert 

Nealey faced up against an IBM 7094 computer in 1962, but he lost. Although it may not appear 

noteworthy in light of what is now feasible, this accomplishment is usually regarded as a 

significant advance in the field of artificial intelligence. Machine learning is a branch of 

computer science and artificial intelligence (AI) that focuses on using data and algorithms to 

simulate how humans learn while continually improving its accuracy. And that enables software 

programs to forecast outcomes more accurately without being specifically trained to do so. In 

order to forecast new output values, machine learning algorithms use historical data as input. 

[20] Machine learning is particularly important since it helps companies develop new products 

and provides them with a picture of trends in customer behaviour and business operating 

patterns. Machine learning plays a crucial role in the daily operations of many of the world's 

most successful companies today, including Facebook, Google, and Uber. Machine learning has 

become a significant competitive advantage for many businesses. [21] Traditional machine 

learning is frequently categorized by how a prediction-making system learns to increase its 

accuracy. There are four basic learning methods: supervised learning, unsupervised learning, 

and semi-supervised learning. The kind of algorithm used depends on the type of data that data 

scientists want to predict [22]. 

Machine learning is employed in many different applications nowadays. The recommendation 

engine that drives Facebook's news feed is arguably one of the most well-known applications 

of machine learning. [23] When it comes to perks, machine learning can aid businesses in better 

comprehending their clients. Machine learning algorithms can discover associations and assist 

teams in customizing product development and marketing campaigns to customer demand by 
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gathering customer data and comparing it with behaviors over time. Some businesses base their 

business models primarily on machine learning. For instance, Uber matches drivers with riders 

using algorithms. Google surfaces the ride adverts in searches using machine learning. But there 

are drawbacks to machine learning. It can be costly, first and foremost. Data scientists, who earn 

significant salaries, are often the ones in charge of machine learning projects. These initiatives 

also call for costly software infrastructure [24].  

Machine learning relies on input, such as training data or knowledge graphs, to comprehend 

things, domains, and the connections between them, much to how the human brain acquires 

information and understanding. Entities must be defined before deep learning can start [25].  

A model is developed using machine learning algorithms on a training dataset. The created 

model is used by the trained ML algorithm to make predictions as new input data is supplied 

[26]. 

A Decision Process: Typically, predictions or classifications are made using machine learning 

algorithms. Your algorithm will generate an estimate about a pattern in the input data based on 

some input data, which can be labelled or unlabelled. A function for errors: The model's 

prediction is evaluated using an error function. If there are known examples, an error function 

can compare them to gauge the model's correctness. [27] A model optimization process: 

Weights are altered to lessen the difference between the known example and the model estimate 

if the model can match the data points in the training set more accurately. This "evaluate and 

optimize" procedure will be repeated by the algorithm, with weights being updated 

automatically, until a predetermined level of accuracy is reached [27]. 

2.4 NEURAL NETWORK 

As a human being, the recognition of the individual letters is called pattern recognition, the icons 

or symbols on a certain page being the patterns that the brain need to recognize. For example, 

while you are reading this paper your brain is going to sort out the signals that it is being sent 

by your eyes so that it can recognize the letters on this page and gather them all together into 

words for you to read or sentences or paragraphs and so on. Yet, for a printed book, the letters 
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are all in a specific type, where all the letter 'a's to some extents are identical. Machines are 

designed to identify the letter ‘a’ easily, the reason for it is there is only one patter to be 

recognized. Now if we want to design a machine that is able to identify hand-written patterns 

what is the action to be done if we ask ourselves. a neural network consists of interconnected 

components. These elements were inspired from biological nervous systems studies. In some 

other words, these studies aim to build machines that can work like a human brain to achieve 

this we need to use components that act similar to biological neurons. Neural network’s main 

function is if given a valid input pattern in return you will receive an output pattern. This is only 

a summary of how neural network works, one of many neural network operations will be detailly 

described this operation is called -pattern classification which is identified as it is the procedure 

of sorting patterns into a group or another [1]. 

The artificial neural network will serve as a model for the kinetics of gene expression in our 

research. The significance of a single gene product's regulatory impact on the expression of 

other genes in the system is defined by a weight matrix. The approach sees positive and/or 

negative responses as part of multigenic control. A single network with two networks connected 

together that model transcription and translation independently describe the entire gene 

expression process. Many of the networks of interacting parts that make up natural processes 

influence one another's states throughout time. The linkages between them and the updating of 

the rules for each element are key to their dynamism. Genomic regulatory networks are just one 

of many examples of networks of this type. Each of these processes will be represented by a 

unique network that is guided by a unique weight matrix. There are procedures for computing 

parameters for experimental data that are modelled, and these procedures will be discussed [2]. 

 The study discusses numerous applications of ANN techniques in various fields, such as 

nanotechnology, science, agriculture, climate, computing arts, medicine, engineering, 

environmental, mining, technology, and business, among others. It also offers a classification 

of ANNs and informs the reader about current and emerging trends in ANN applications 

research as well as the areas of focus for researchers. Also, it provides and evaluates challenges, 

contributions, concurrent performances, and the ANN application evaluation process. Even 

artificial neural network techniques like feedforward and feedback spread have demonstrated to 
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function significantly better when applied to human difficulties. Based on data analysis 

parameters such processing, accuracy, speed, latency, fault tolerance, volume, scalability, 

performance, and convergence, we advised feedback and feedforward spread ANN models for 

study focus. Instead of adopting a single technique, we propose that future research concentrate 

 

Figure 2.2: Structure of ANN. 

on combining ANN models into a single network-wide application. [3] Since the layers of a 

neural network (NN) are independent of one another, any number of nodes may be present in a 

given layer. The term "bias node" refers to this random assortment of nodes. The bias nodes are 

always set to 1. [3]. 

 

Figure 2.3: Types of ANN. 
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Using layers that are organized similarly to the processing units found in human neurons, 

feedforward neural networks are a type of machine learning classification technique. Each unit 

within a layer is linked to each and every other unit throughout the layers [3]. The three input 

units in Fig. 2.4, which are depicted as circles, are not a part of any layer in the network system 

and are frequently thought of as virtual layers with zero layers. Fig. 3 features one hidden layer 

and one output layer, which together display all the connections between the layers' components. 

A hidden layer is neither an input nor an output layer [3]. 

Figure 2.4: Layers in ANN. 

A coordinated graph was formed in series by node connections that fed back on each other. 

Feedback NNs are able to exhibit dynamic terrestrial behaviour for a time period thanks to the 

coordinated graph in sequence [3]. 
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Figure 2.5: Layer connections in ANN. 
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3. METHODOLOGY 

As presented before, the use of RPA concept has not been exploited effectively in the area of 

online teaching. Therefore, this work investigates the exploitation of RPA methodology in the 

area of lecturing activities. This is conducted by presenting an approach of applying the 

automation process of RPA in the lecturing and teaching process. This involves determining the 

manual processes in teaching area that can be automated using RPA.  

3.1 AUTOMATION PROCESS  

The manual tasks (in the majority of teaching activities) that are proposed for RPA automation 

can be listed in the following sequential steps: 

i. Teaching activities cloud workload: in the teaching activities computer research, the 

datasets used in the investigation process are usually gathered from different cloud 

resources. And the most common steps in the gathering process involve the tasks of 

downloading and storing datasets from these resources into specific files in an 

organized manner. To save time and effort, we propose automating the data gathering 

process through exploiting RPA capabilities.  In our prediction research, data gathering 

tasks determined for automation are: 

a. Download targeted datasets from the student performance datasets website. 

b. Saving these datasets in specific files. 

ii. Data pre-processing (preparation): The second and the most important process in ANN-

based research is the task of preparing and editing the gathered data sets to be used for 

the ANN model. This includes changing formats, filtering, data, extracting and many 

other different data mining applications. In most research cases, these tasks require a 

lot of repeated manual tasks that sometimes cause undesired mistakes and errors that 

affect research results. In our research case, the following tasks are assigned for 

automation.  
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a. We use the KNIME toolkit for neural networking which requires the data to be pre-

processed and edited into (.csv) or (.xlsx) format. It’s a platform for analytic report and 

integration that was developed by KNIME.com AG, in which different elements for 

data mining and machine learning are integrated and linked together in a form of 

workflow projects [28].  

b. These data are also edited by omitting any information that is not used in the ANN 

prediction process to avoid overfitting in the neural network. 

iii. ANN implementation: This part presents the implementation tasks of neural network 

models in the research work. Hence, all ANN research studies require using software 

toolkits for machine learning. Which includes the steps of starting and running the 

software tool used in the investigation process. 

In our research case, the implementation steps are the following: 

a. Starting the platform of KNIME toolkit. 

b. Importing the targeted datasets into the KNIME platform. 

c. Running the PNN prediction model to perform the investigation process. 

It is important to note that the ANN software toolkit needs to be initialized manually to be ready 

for use in the RPA process. 

iv. Results validation: this represents the activities and steps of evaluating the investigation 

results of ANN-based research. In most research work, this involves different tasks of 

using software toolkits assigned for results comparison, charting, exploring …etc. And 

because these activities are generally repeated steps, we propose to automate them with 

the use of RPA to improve the accuracy of evaluation. 

In our research work, this was conducted by automating the validation of the predicting results 

through applying the scorer tools for the confusion matrix, which compares the clustering results 

with the actual user ID in the dataset.  
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Figure 1 shows the proposed approach of automating ANN-based research steps using the RPA 

automation method. 

 

Figure 3.1: RPA model for ANN based research. 
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3.2 EVALUATION PROCESS 

We evaluated the implementation of the proposed RPA model in ANN research through the 

following aspects of performance: 

i. Time – Saving: This encompasses time consumption evaluation. This was conducted 

by comparing the time of implementing the research tasks using the RPA method with 

the same tasks conducted manually. This involves the time spent building the RPA 

model for sequences as well as the running time of the toolkit. 

ii. Efficiency and accuracy: this include checking and measuring the accuracy and 

efficiency of implementing the investigation process of ANN-based research work 

when the RPA toolkit is used; and by checking the results of the implementation 

process. 
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4.   IMPLEMENTATION 

4.1 WORKFLOW DESIGN 

The goal of the program is to predict the cloud user ID based on the requested time from 

workload traces such as Unilu Gaia. In order to conduct this, we design the KNIME workflow 

as the following parts (nodes).  

4.1.1 Excel Reader 

Despite just reading one sheet per file, this node can read one or more files simultaneously. 

String, integer, Boolean, date, and time are the only supported Excel kinds that may be read in; 

however, images, diagrams, etc. are not supported. Formulas may also be entered manually and 

revised as needed. Transformed data includes KNIME kinds including string, integer, long, 

double, Boolean, local date, local time, and local date time. Following execution, the node will 

scan the input file to determine the number and kinds of columns before creating a table with 

the automatically predicted structure and KNIME types. Performance of this node is limited 

(due to the underlying library of the Apache POI project). Reading large files takes a while and 

uses a lot of RAM (specifically xlsx files with enabled formula re-evaluation). 

  

 

 

 

Figure 4.1: Excel reader node in KNIME. 
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4.1.2 Column Filter 

Only the remaining columns from the input table are transferred to the output table after using 

this node to filter the input table's columns. Within the dialog, you can change the columns in 

the Include and Exclude lists. 

Include: The names of the columns from the input table whose names should appear in the 

output table are contained in this list. 

Exclude: Names of input table columns that should not be included in the output table are 

contained in this list. Filter You can filter the Include or Exclude list using one of these 

parameters to look for specific column names or name substrings. 

Buttons: To shift columns between the Include and Exclude lists, use these buttons. All chosen 

columns will be moved by single-arrow buttons. All columns will move with double-arrow 

clicks (Consideration is given to filtering). If the input table specification changes, the existing 

exclusion list will be enforced to remain the same if this option is chosen. A warning is shown 

if any of the omitted columns are no longer accessible. (The list of included columns will 

automatically be updated as new columns are added.) 

 

 

 

 

 

Figure 4.2: Column filter node in KNIME. 

4.1.3 Normalization 

All (numeric) columns' values are normalized by this node. You can select the columns you 

want to work on in the dialog. The dialog supports the following normalization techniques. 
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Figure 4.3: Normalization node in KNIME. 

4.1.4 Partitioning 

Two partitions are created in the input table (i.e., row-wise), for example, train and test data. 

The two output ports have access to the two partitions. The dialog box offers the following 

choices. 

Absolute: Indicate how many rows there are in total in the first partition. If there are fewer rows 

than what is provided here, all of them are entered into the first table, and none are placed into 

the second table. 

Relative: The proportion of the input table's total number of rows that are in the first partition. 

It must fall within a range of 0 and 100, inclusive. 
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Figure 4.4: Partitioning node in KNIME. 

4.1.5 PNN Learner (DDA) 

Based on numerical data, this algorithm develops rules. Each rule is described as a high-

dimensional Gaussian function that has been modified by the theta minus and theta plus 

thresholds in order to avoid conflicts with rules from other classes. Each Gaussian function is 

specified by a center vector (from the first covered instance) and a standard deviation that is 

modified throughout training to only include instances that are not in conflict. The input data's 

chosen numeric columns are used as training data, and extra columns are utilized as 

classification targets; either one column contains class information, or a selection of numeric 

columns with class degrees ranging from 0 to 1 can be made. The rules after execution and a 

number of rule metrics are included in the data output. The PNN model is contained in the model 

output port and can be used by the PNN Predictor node to make predictions.  
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Figure 4.5: PNN learner node in KNIME.  

Maximum number of epochs: If chosen, this option specifies how many epochs the algorithm 

will need to process the entire data set. If not, the algorithm will keep repeating this process 

until the rule model is stable, which is when no new rules have been committed and/or no shrink 

operations have been carried out.  

Target Columns: Identify the target(s) to be classified. If more than one column (only numeric) 

is used, each column's values for class membership for each class specified by the column name 

must fall between 0 and 1. 

Number of strings a column's (or a group of columns') worth of numbers is converted to strings. 

Remember to utilize the "Round Double" node if you need a sophisticated setting, such as 

rounding or representation in scientific notification. 
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Figure 4.6: PNN predictor node in KNIME. 

4.1.6 Scorer (JavaScript)  

Demonstrates the confusion matrix and compares two columns by the pairwise values of their 

attributes. The values from the first selected column are represented in the confusion matrix's 

rows, while the values from the second column are represented in the confusion matrix's 

columns. There are three tables in the node's view, the first of which is the confusion matrix 

with the number of matches in each cell. The number of accurate predictions divided by the total 

number of records in the row or column yields row and column rates, which can be shown using 

a configuration setting. In order to pick the underlying rows, it is also feasible to highlight 

specific cells in this matrix. The selection can be passed to other JavaScript views. The second 

table reports a number of statistics specific to a given class such as True-Positives, False-

Positives, True-Negatives, False-Negatives, Accuracy, Balanced Accuracy, Error Rate, False 

Negative Rate, Recall, Precision, Sensitivity, Specificity, F-measure. The last table contains 

overall statistics like the Overall Accuracy, Overall, Error, Cohen's kappa, the Correctly 

Classified and the Incorrectly Classified values. These three tables are also available as output 

ports of this node. 

The node allows for personalized CSS style. In the node configuration dialog, you can easily 

condense CSS rules into a single text and set it as the flow variable "custom CSS." The list of 

available classes and a description of each may be found on our Documentation page. 
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Figure 4.7: Scorer node in KNIME. 

4.1.7 Excel Writer 

The input data table is written by this node into an Excel file spreadsheet that can be read by 

other programs like Microsoft Excel. The node has the ability to add data to already existing 

Excel files or create whole new ones. The input data can be added as a new spreadsheet or after 

the last row of an already existing spreadsheet when appending. Multiple data table input ports 

allow the data to be written to or added to other spreadsheets inside the same file.  

Two file extensions are supported by the node, and they are as follows: 

i. XLS format: Prior to Excel 2003, this was the default file format that was utilized. In 

a spreadsheet of this type, the maximum number of columns and rows is 256 and 

65536, respectively.  

ii. XLSX format: Starting with Excel 2007, the default file format is the Office Open 

XML format. A spreadsheet in this format may have a maximum of 16384 columns 

and 1048576 rows, respectively.  
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Although appending is permitted, this node does not support writing files in the (.XLSM) 

format. 

 

 

 

 

 

 

 

 

 

 

Figure 4.8: Excel Writer node in KNIME. 

4.1.8 Testing 

As presented previously, the dataset of cloud workload traces that was used in this work for the 

ANN prediction was gathered from the parallel workload archive website. In this test 500k. 

Recorded from 5 traces were used. These traces are (Unilu-Gaia, ANL-interpad, KIT-FH2, 

METACENTRUM 2009 and RICC). Figure 4.10 below shows a sample of these traces format. 

Figure 4.10 shows a sample of this dataset. 
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Figure 4.9: Sample of workload traces. 

The gathering process includes downloading the dataset and convert it into (.csv) or (.xlsx) 

format. Then this dataset is imported in to the KNIME toolkit.   In this toolkit, the prediction 

model is implemented via KNIME workflow nodes as shown in the Figure 4.11. 
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Figure 4.10: KNIME prediction model. 

Afterword the implementation of RPA concept is conducted using Macro record toolkit, which 

is one of the most known tools for RPA implementations as presented previously. This platform 

provides the ability to automate computing tasks and steps through a sequence of programming 

blocks and workflows implementation in the form of elements. Each of these blocks and 

elements represents a task step that will be sequentially performed according to the user’s 

design. 

 

Figure 4.11: Result validation in KNIME. 
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Accordingly, we propose to automate the manual tasks of the RPA model shown in Figure 2.1 

by using the Macro-record platform. This can be conducted by automating the sequential parts 

of (Data gathering, Data pre-processing, ANN implementation, and Results validation) in 

separate blocks using UiPath tools.  

Firstly, the data gathering manual tasks are automated as shown in the sample in Figure 4.10. In 

this sample we automated the steps of downloading targeted datasets of User’s log in cloud 

workload from Parallel Workload traces and saving these datasets into specific storage 

locations. This is followed by implementing the tasks of Data pre-processing, ANN 

implementation, and eventually Result validation.  

It’s important to imply that in our research testing the automation of all these tasks is conducted 

in a single connected automation process. However, for some research cases these tasks may 

require implementing the automation separately. This will be conducted by implementing and 

running the automation of each block shown in Figure 2.1 individually Then the result of each 

block is delivered to the followed one sequentially. The next task in the implementation process 

is the validation process, which consists of result evaluation and storing. These tasks are 

conducted in KNIME as shown in Figure 4.13. 

To use the process of automation to solve problems in research by integrating the RPA with the 

neural network for the purpose of accurately measuring its ability to perform tasks 

The macro record program used it to download data automatically, and the Knime program in 

this research. The Knime program runs a test where the data goes to the column filter part and 

every time it adds a new attribute (column) and then the process continues to the project part to 

expect the result as testing is done for it and then gives us the result. The result is stored 

separately for each experiment. 

 We run the Knime program and change the fields used in the production. Then we run the 

macro record program. 

i.  Run the program and open the site. 

ii.  The program goes to the user's website and downloads the data from it. 
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iii.  It automatically downloads the data to register the website side, and then identifies the 

required data and loads it into the calculator. In order to use the program well we take 

care of the installation orientations and screen dimensions. 

iv.  We define the record and the program repeats the step each time by: 

a. Data collection. 

b. Makes the program apply the configuration change of the neural network by adding a 

new attribute. With every record we can specify the number of iterations where we test 

30 times and every time it does the same additions. After downloading the data, the 

program performs data processing to prepare the data. Where the record can record the 

process easily (add all the steps recursively) and then store the result.and efficiency).  

 

 

 

 

 

 

Figure 4.12: Sample of RPA-ANN automation using Macro-record (Data gathering). 
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5.  RESULTS 

The results of the RPN-ANN model performance evaluation are conducted in 5 tests. These tests 

represent the comparisons between the research steps and activities that were performed 

manually and the proposed RPA model with respect to the (Time consumption and efficiency).   

i. Test 1: 

The results of the first test show that the time consumption for manual Data gathering was 15 

minutes (900 seconds) with 82% of accuracy and 960 seconds for Data Pre-processing with 84% 

of accuracy. While the manual implementation of both ANN prediction model (PNN) and 

manual Result validation (Scorer node) consumed less 7 minutes (420 seconds), with less than 

85% accuracy. Accordingly, the overall consumption time for manual implementation was 38 

minutes (2280 seconds).  

On the other hand, by applying the RPA model, the time consumption of these activities was 

reduced dramatically to only 30 seconds to perform all steps with an average of 96% accuracy. 

These results are shown in Figures 5.1 and 5.2.  

 

Figure 5.1: Comparison of Time consumption (1st test). 
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Figure 5.2: Comparison of Efficiency (1st test). 

ii. Test 2: 

In the second test, the results show that the time consumption for manual Data gathering was 

33 minutes (1980 seconds) with 87% accuracy. This is followed by the Data pre-processing 

which consumed 900 seconds.  While, the manual implementation of both ANN and Result 

validation consumed 6 minutes (360 seconds). These tasks were implemented with the accuracy 

of more than 85%. As shown in Figure 5.3, the overall consumption time for manual 

implementation was 33 minutes (1980 seconds).  

By applying the RPA model (through Macro-recorder) with the same implementations, the 

overall time consumption of the same activities was reduced dramatically to only 32 seconds to 

perform all steps automatically with an average of 96% accuracy. These results are shown in 

Figure 5.4.  
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Figure 5.3: Comparison of Time consumption (2nd test). 

 

Figure 5.4: Comparison of Efficiency (2nd test). 
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iii. Test 3: 

In the third test, the results of the comparison test show about 10 minutes (620 seconds) of the 

time consumption for manual Data gathering and (700 seconds) for Data pre-processing with 

the efficiency of 83% and 90% respectively. While the manual implementation of ANN and the 

Result validation of the prediction result recorded less than 6 minutes (360 seconds). These tasks 

were implemented with about 90% of efficiency (Accuracy). Accordingly, the overall 

consumption time for manual implementation was (1680 seconds) 28 minutes.  

On the other hand, by applying the RPA model, the time consumption of the same tasks was 

reduced to 32 seconds to implement all these tasks with an average of more than 95% of 

efficiency. These results are shown in Figure 5.5 and 5.6.  

 

Figure 5.5: Comparison of Time consumption (3rd test). 
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Figure 5.6: Comparison of Efficiency (3rd test). 

iv. Test 4: 

In the fourth test, the results of time consumption for manual tasks were as the following. For 

the Data gathering the time recorded for implementation was about 7 minutes with the accuracy 

of 87%. While both ANN implementation and manual Result validation recorded about 5 

minutes (315 seconds), with the efficiency around 90%. The overall consumption time for the 

tasks in the manual implementation was around 32 minutes (1935 seconds) and the average 

efficiency of all the manual task was 90%.  

In the comparison, by applying the Macro-recorder automation through the RPA model, the 

time consumption of the same tasks conducted above recorded 40 seconds to perform all steps 

with the average efficiency of 96%. These results are shown in Figure 5.7 and 5.8.  
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Figure 5.7:Comparison of Time consumption (4th test). 

 

Figure 5.8: Comparison of Efficiency (4th test). 
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v. Test 5: 

Finally, in the last test, the results show that the time consumption for manual Data gathering 

was about 8 minutes (510 second) with the efficiency of 73%. In addition, the Data pre-

processing tasks recorded (625 seconds). While the manual performing of both ANN 

implementation and Result validation consumed around 5 minutes, with less than 90% of 

efficiency. Accordingly, the overall consumption time for manual implementation was 1470 

seconds. And the efficiency (accuracy) of implementing these tasks manually was 81%.  

On the other hand, by applying the RPA model of Macro-recorder, the time consumption of 

these activities was reduced dramatically to only 53 seconds to perform all steps with the 

efficiency (accuracy) of 98%. 

 

Figure 5.9: Comparison of Time consumption (5th test). 
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Figure 5.10: Comparison of Efficiency (5th test). 
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6.  CHALLENGES 

Even while RPA has increased organizational efficiency and enhanced employee performance, 

there are always issues that must be resolved as with any technology. We'll talk about some of 

the most typical RPA difficulties in this part, along with solutions. 

i. Lack of Understanding: One of the major obstacles to robotic process automation is a 

lack of knowledge about how it operates and what it is capable of. When firms are 

contemplating whether or not to deploy RPA, this might be a problem. For assistance 

with this, a number of tools are available, including our own RPA 101 guide. 

Everything from what RPA is to how it can help your business is covered in this 

tutorial. [29]  

ii. Implementation Costs: The price of putting RPA into practice is another frequent issue. 

RPA can be expensive up front, but it's vital to keep in mind that it can yield a return 

on investment (ROI) in a short amount of time. RPA costs can be decreased in a number 

of ways, including by utilizing open-source software and capitalizing on already 

existing infrastructure [29]. 

iii. Monitoring: it is an important part of RPA. Making sure your RPA solution is 

monitored is essential so you can identify and resolve any issues as soon as they appear. 

In order to keep you in control and provide you a complete picture of what the robots 

are doing, well-known RPA technologies include a central place to monitor robot 

performance and an execution plan. [29]. 

iv. Set moderate expectations at the outset: A viewpoint that is too enthusiastic is easy to 

embrace given the RPA hype. But it's crucial to keep your feet on the ground since 

doing otherwise has a big impact on how automation achievements are evaluated and, 

as a result, how decisions about scaling up to enterprise level are made. Determine how 

RPA may directly help in attaining each company aim after creating a clear hierarchy 

of those goals. [30] 
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v. Inability to fully automate operations: RPA systems might not be able to fully automate 

all the steps of more complicated procedures. Our suggested strategy is to "divide and 

conquer." Start here by redesigning these complex tasks, decomposing them into 

simpler components, and automating them [30]. 

vi. Overcoming RPA Challenges: RPA's automation features are perfect for repetitive, 

rule-based, high-volume processes that don't require human judgment. This can include 

operations like copy-and-paste work and data migration. However, non-standardized 

business processes that frequently require human intervention to complete make RPA 

installation particularly challenging [31]. 

vii. Final Thoughts: The healthcare business is being dramatically revolutionized day by 

day by robotic process automation, AI, and machine learning. RPA systems in the 

healthcare industry improve patient care while streamlining practice process [31]. 

These difficulties can be further divided into organizational, implementation, technical, 

and post-deployment problems. 

viii.  A lack of business and IT alignment: The business division might emphasize that RPA 

initiatives aim to relieve the workload of IT workers rather than entirely replace the 

system. Be ready to solve any security issues the IT department may have as well. You 

can create an RPA competency center with representatives from the business and IT to 

enable mutual understanding and open communication. [32]  

A lack of ownership and poorly defined responsibilities: It is preferable to clearly state 

who is in charge of each project component, such as approving the design, monitoring 

the execution, and calculating the success rate. 

ix. Lack of a clear RPA strategy. Every firm needs to create a plan before using RPA. 

During that time [32]. 

x. Selecting the incorrect procedure. 
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a. Process structure: seek out procedures that are template-driven, based on predefined 

standards, and necessitate repetitive manual input. 

b. Change frequency: It will be difficult to automate a process that changes frequently. 

c. Process complexity: A process is not a good candidate for automation if it calls for 

complicated cognitive functions. [32]  

d. Business impact: Choose processes with a strong business impact to achieve immediate 

returns from your automation endeavour. 

xi. Failing to streamline and optimize the chosen process before automating. To overcome 

this RPA difficulty, you can streamline and optimize a process by identifying and 

eliminating any extra stages, such as duplicative approvals, and, if possible, reducing 

the number of exceptions. [32]  

xii. Lack of a sufficient infrastructure: RPA deployment will not be successful without a 

suitable infrastructure. Consider the capabilities you'll need and whether the 

infrastructure you have now can support all of this as you try to solve the RPA dilemma. 

You are seeking two things in your infrastructure in particular: 

xiii. It must function continuously and be powerful enough to run all of your programs. This 

is where deploying a failover server will come in handy [32]. 

xiv. Scaling challenges. To lessen the hassle of scaling, implement your processes so that 

they operate independently and concurrently. Then, you can scale more easily than by 

raising the capability of a single bot by increasing the number of bots. Additionally, 

make sure the architecture of your RPA systems is streamlined and that they are audited 

after implementation [32]. 

xv. Security: Give each bot its own set of identification credentials. The implementation 

of two-factor identification for both operators would also be beneficial. 

a. RPA access privileges should only be granted to the systems that each bot requires to 

do its duties. A bot should only be allowed read-only access if it reads data from a 
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database. You may keep an eye on how bots interact with your systems by using 

screenshots or video monitoring. 

b. Create RPA tools that can produce consistent, gap-free logs that can be checked for 

suspicious activity [32]. 
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7.  CONCLUSION AND FUTURE WORK 

In this work, we presented an approach to exploiting RPA abilities in the investigation process 

of academic research work (in particular ANN research). This was carried out by presenting a 

case study of using the UiPath toolkit of RPA in the processes of conducting research 

investigation of predicting students’ performance datasets using ANN method (PNN). In this 

approach model, we presented the potential steps in ANN-based research studies that can be 

automated using RPA toolkits. The employment of RPA, it is determined, can be a very helpful 

instrument for enhancing research duties and activities in the ANN research field and opens the 

door for a wide range of applications. Hence, ANN-based research requires different activities 

in data gathering, data mining and filtering, which require time and effort, and need to be 

performed as precisely as possible. The results show that the sequential steps of ANN can be 

easily automated using the proposed model and improve time consumption and performance 

quality. For future work, we intend to test the ability of the proposed model to be applied in 

more complex machine learning research such as image recognition and used tools that include 

coding tasks such MATLAB programming language. The results will be of interest to the 

research community of the ANN investigation. 
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APPENDIX A 

A.1 Sample of Unilu Gaia trace: 
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Sample of RICC trace: 
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Sample of ANL-interpad trace: 
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Sample of METACENTRUM trace: 

 


