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ABSTRACT

Email overload is a pressing concern in modern workplaces and businesses, as it hampers productivity and
efficiency. Repetitive tasks, such as responding to customer inquiries, contribute to this escalating issue.
Previous literature has investigated various methods to mitigate email overload, including email
prioritization, structuring, missing attachment prediction, reply suggestion, keyword summarization, and
task scheduling. Despite these efforts, existing solutions exhibit notable limitations, such as reliance on
manual user validation and generating responses that lack comprehensiveness and context. In this research,
we developed InERA — Intelligent Email Reply Assistant, a deep learning-based solution designed to
alleviate email overload. InNERA generates comprehensive, context-aware responses to general inquiries by
leveraging insights from previous similar emails handled by the user. The system employs a classification
module to identify responses that match the current email intent, utilizing natural language processing
techniques and machine learning algorithms, such as k-means clustering, Multi-Layer Perceptron classifier,
and LSTM model. InERA generates meaningful replies by considering previous user responses and email
thread information, ultimately reducing the need for manual intervention. The thesis is structured with
chapters on Introduction, Literature Review, Technology Adoption, Approach, Design, Implementation,
Evaluation, and Conclusion. These chapters detail the development, implementation, and evaluation of
InERA, including its user interface design, integration with email clients, and evaluation through user
testing and performance metrics. By implementing InERA, organizations can alleviate the burden of email
overload, significantly improving productivity and fostering more efficient communication. Furthermore,
this research highlights the broader implications and potential future enhancements of the automatic email
reply assistance system in various industries and academic fields, emphasizing ethical considerations and

privacy concerns.

Keywords: Email Overload, Deep learning, Feature Extraction, Unsupervised Learning

il



DEDICATION

To my loving mother, Renuka Wanigasinghe, who have always believed in me and supported my
dreams, and to my wife, Eshani Hansamali, who have been a constant source of encouragement

and inspiration. This thesis is a testament to your unwavering love and faith in me.

To my dearest friends, who have been by my side throughout this journey, providing laughter,
comfort, and companionship. Your friendship has made this experience all the more rewarding.
And to all those who have inspired and motivated me to pursue my passion for research and

knowledge, this work is dedicated to you.

il



ACKNOWLEDGEMENTS

My supervisor, Dr. Thushari Silva, has provided me with tremendous advice, inspiration, and
support during the course of my project, and I would like to extend my sincere gratitude to her.
This thesis' completion would not have been possible without their knowledge, understanding, and
mentorship. I am also grateful to the members of the Department of Computational Mathematics
at University of Moratuwa for providing a stimulating and supportive environment during my
studies. Special thanks go to my fellow researchers and colleagues, whose camaraderie and

insightful discussions have been a source of inspiration and motivation.

I would like to extend my appreciation to the external collaborators and industry partners who
contributed their time, resources, and knowledge to this research. Their input has significantly
enriched the quality and practicality of the study. I owe a debt of gratitude to my family for their
consistent love, patience, and support throughout my academic career. I dedicate this work to them
since their confidence in me has been an ever-present source of strength for me. Also, I would
want to express my gratitude to my friends for their assistance and for being present throughout
both the difficult and gratifying parts of our research. Your friendship has made this experience

truly enjoyable and memorable.

v



TABLE OF CONTENT

(0] AN = I =1 2t PSPPSR 1
INTRODUCGTION L. ittt ettt es e e e ettt e e e e e eeab e e e e e aata s eeeaatbaaseeeaessasnseesaessnnsseesenssnnneaaan 1
1.1 PrOl@ZOMENA ... 1
1.2 (0] Y =T 1YL USPUURNE 2
1.3 Background and MOTIVATION .....ceeeiiii it e et e e e e e e e e e e et raeeeaaaaae s 2
1.4 Problem definition ... e e s e s e anrae e s 3
1.5 INERA to reduce email overload based on Deep LEarning.......ccccooeeecviviiieeeeeeeeeeeccivieeeeeee e 3
1.6 SErUCTUIE Of the TNESIS coiieiiiie it e e e e srae e e e s sbree e e e nanrees 4
1.7 Y010 010 T [V PP UPPPPRN 4
(0] VAN o I =1 2 PSPPSR UPPPPPRN 6
LITERATURE REVIEW ON EMAIL REPLY ASSISTANCE SYSTEMS ..ot 6
2.1 Tl o Te [T o1 o] o SRR 6
2.2 Early developments of email reply assistance SYSTEMS ......cuvviieeiiiieiiiiiiiiieeeee e 6
2.3 Recent development of email reply assistance SYyStEMS......cuuviieiiiiiciiiiiiiiieee e 7
2.4 F N YA A o T 0= = L U [ < T PUUUSURUR 8
2.5 Problem definition ... e s e s e s s arraeae s 9
2.6 Y010 010 T [V PP UPPPPRRN 9
(0] VAN o N = 2 PP UUUPPPPNN 10
TECHNOLOGY ADOPTED . .cittuiiiiieitiiiie ettt st e e ttte s e s e e eate s e s e e aataa e s e e eaataasseeeeatsanseeenessannss 10
3.1 Tl d o Te [T o1 o] o OSSP RPR 10
3.2 Feature EXtraction TEChNIQUES ...cciiiiiiii ettt e ettt e e e e e re e e e e e e e e e e e nnenraeaeeeas 11
3.3 Intent Classification AIGOrithms .......coooii e 12
3.4 Unsupervised Learning TEChNIQUES ......cccuuiiiiiiiiieee ettt e e e e e e e e e e seartrer e e e e e e e e e e e s nnenaasaeees 17
3.5 Deep Learning AlGOrtMS. ......uuuiiiiii e e e e e e e e e e e e e e s 19
3.6 Programming Languages and TOOIS .....cccuuuiiiiiiiiieeee ettt e e arrrrre e e e e e e e e e e e nnenraeaee s 21
3.7 Deep Learning Libraries and FrameWOrKS..........ceieeiiiiieiiiiiiiiiieeeee et e e e e e cnenareaee s 22
3.8 Natural Language Processing LIDraries .......cuueeeiiieiii ittt ae e 24
3.9 Data Collection and PreprocCessing TOOIS.......uuuiiiiieiii it e e e e e ae e 25
3.10 Machine Learning Libraries and AlgOrithms ..........ccccoiiiiiiiiii e 27
3.11  Evaluation and Visualization TOOIS........uucuiiiiiiiiiiiee ittt e e e s s sree e s sabee e e s snnees 29
3.12  Email Client Integration and User Interface Development.........cccccvviviieiieeceee s 31
3.13  Hardware and Computational RESOUICES .......cccceieiiiiiiiiiieeee ettt e e e e rree e e e e e e e e 33
I S @ o T [ o T PSSP 35
(0] VAN o N = PP PPPPPPPINN 37
APPROACH TO INTELLIGENT EMAIL REPLY ASSISTANT SYSTEM.....cciiiiiiiiieiiiiiiiiiee e, 37
4.1 Tl d o Te [T o1 o] o U PRSP 37



4.2 Hypothesis of Intelligent Email Reply AsSiStant .........ococcciiiiiiieiiee et 37
4.3 [0 o101 PP 37
4.4 o ool =1 SO PO PP P PP PPPPUPPURPPTPPPPIRt 39
4.5 (@11 1 o 18 | PP UPPUPPPNN 42
4.6 T L U1 =TSP P PP PP PP PPUPUPPURPRTPPPPIOt 43
4.7 U S BrS iiii e ettt ettt e e e e e e et e e e e e eeee e et ettt ettt e hebe bt h e bbb e e e e e e e e eeeeeaeeeaeeeeeeeereerene 45
4.8 010 0100 - [V PP TPPPPTPPNN 46
(0] VAN o N 1 2 T PP PUUPPPPINN 47
D] o] L N PP PPPPPRRPPPRt 47
5.1 Tl d oo [T o1 o] o U PRSP 47
5.2 High-1EVEel SYSEEIM OVEIVIEW ....uviiiiiiiiie ittt e et e e e e e e e e e e baa e e e e e e e e e e e e e s annenraeaeeeas 47
5.3 Description of the dataset used for training and validation ............ccccccviiiiieiiiei e, 49
5.4 Choice of Machine Learning MOdeIS.......c.ciio ittt e e e e e e e e e e e e e e e e e esaannns 52
5.5 Description of the features extracted from the input data ........ccccooeiicciiiiiieeeee e, 59
5.6 Training and OPtiMIZAtioN .......uiiiieiiii e e e e e e e e e e e e e e e aseabaeeaeeas 61
5.7 Loss function and optimization algorithm selection..........cccveveeeiiiiniciciiiiie e, 62
5.8 Selection of eValuation MEtIICS. .. ..t e e s senbeeeeesnes 69
5.9 Description of the user interface (Ul) for INERA ...ttt 71
5.10 Overview of the process for integrating the system with popular email clients ..................... 74
5.11  Summary of the design Chapler...........euiiiiiiii e e e e e e 76
(0] VAN o N = S T PP PUUPPPPINN 78
IMPLEMENTATION Loeiiiiiiiiie ettt e ettt e e e e ettt e s e e e atb s e e e e eaeba s e e eeeataaaseeeanssaneseeeansaannaaans 78
6.1 Tl d o Te [T o1 o] o OSSP RPR 78
6.2 NYo ] a0V [ =T Ve B oo £ PPPPPPPRRN 79
6.3 Data Collection and Preprocessing Implementation .........ccccceeeeeiiie it 80
6.4 Feature Engineering IMplementation .......cccuviiiiiieei et e e ae e 82
6.5 K-Means Clustering Implementation ........cccuuvieeii et ae e 84
6.6 Multi-Layer Perceptron Model Implementation............cccoiiiiiiiiiec e 86
6.7 Deep Learning Model Implementation........ccceeeeeeiie e ae s 88
6.8 Training, Optimization, and Evaluation Implementation........ccccccceeeeeiciiiiiiiieeee e, 91
6.9 User Interface IMplementation ..ot e e e e e e e ra e e e 93
6.10 Integration with Email Clients Implementation..........ccccveeiiiieii e 97
6.11  TesSting and DEDUGEING......uuviiiiiieiei it e e e e e e e e st r e e e e e e e e e e e e saantbraaareeaaaaeaaas 99
L3 A @ o o [ o TR PRSP USP 102
(0] VAN o N 1 2 PP PPPPPPR PPN 103
EVALUATION ettt e e e e e et e e e e e et s e e e e e tae s e e e e e et e s eeeaetaanseeeanssansseesnessnns 103
7.1 Tl dgoTe [T o1 Ie] o USSP 103
7.2 Overview of the evaluation process and its significance ...........cccocveveeeeii e, 104
7.3 Details of the dataset used for evaluation........cccceeveciieii i 104



7.4 Evaluation Machine Learning MOdelS..........uuuieiiiiiiiiiiiiiiiiiieeeee e e e e e e e e e e aaeeee s 105
7.5 Comparison of the system's performance with existing state-of-the-art solutions ............... 112
7.6 Evaluation of user opinion and usability tEStING.......cccccciiiiiiiiie e 114
7.7 Identification of the system's limitations and challenges faced during evaluation................ 117
7.8 (60T ol [0 1Y e o F PSPPI 119
(0] VAN o N - ST PPPPPPRRPPPPPIR: 121
CONCLUTION AND FURTHER WORK ...uuiiiiiiiiiiiei ettt sttt e e et s e e seeaie s e e e senaie e s s e sananneeeenens 121
8.1 Tl dgoTe [T o1 Ie] o U PRSP 121
8.2 SUMMArY Of the RESEAICN ..cciii it e e e e e e e e e e s areeeeaaaaeeeens 121
8.3 KEY CONTIIDUTIONS cooiiiiieeeeee e e e e e e e e e e et a e e e e e e e e e e e e e anbrssaeeeeeas 123
8.4 Limitations Of the STUAY ......uuiiiiiiiii e e e e e re e e e e e e e e e e e anbrrraeeeeeas 125
8.5 FUBUIE WOTK ceeiieiieie sttt ettt ettt e e e st e e e e st e e e e s abee e e s saabeeeesesnsbaaeeesnseeeessnnreeas 126
8.6 Yo =To [=T g 1 o] oY o= Yo o SR UUR 127
8.7 (60T ol [0 1] e Yo VPSRRI 128
REFERENCE ...ttt ettt e s e e et et e e e e e et s e e e e etbua s e e e e aasaeeeeeeesaaseeeaassansseeseesanns 129
APPENDICES ..ottt s e e e ettt e e e et et b e e e e e e tb e e e e e e et b e e e e eatae e e e eaatbneeeeeeraaan 131

Vil



LIST OF FIGURES

Figure 5.
Figure 5.

Figure 6.
Figure 6.
Figure 6.
Figure 6.

Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.
Figure 7.

1: High level architecture diagram ............cccoeovieiiieniieniienieeieecie e 48
2 : Dataset diStrIDULION. ......eevieiieeie ettt ettt ettt ettt saaeebeesnseennees 50
1 : Pseudocode for LSTM model implementation ............ccccceeeeeerieenieeniienieenieesneenen. 90
2 : InERA system Ul for email inboX........ccceccviriiiiiiieniiiiieieciceee e 95
3 : InERA system UI for email cluster distribution.............ccceeceeeviienireciienienieeieeens 96
4 : InERA system configuration Ul.............ccociiiiiiiiiiniiiiiiiecieeece e 96
1 STITNOUGLEE SCOTES ....eeevieiiieeiiieiie ettt ettt ettt ettt et ite e bt e saaeeseesnaeenseeenee 106
2 : WCSS for EIbow Method..........oocviiiiiiiiieiiieiice e 106
3 : Confusion Matrix for MLP classifier.........cccccoeviiiiiiniieniiiieeieecee e 108
4 : Convergence of MLP Classifier........cccccieriiiiiiiiiiiiieiecieeeee e 109
5 : ROC Curve for MLP ClasSifier.......cccoviieiiiriieiiecieeieese et 109
6 : Precision-Recall Curve for MLP classifier .........cccccoevieriiiiieiiieiiecieeiceeie e 110
7 : Precision, Recall and F1-score for MLP classifier........ccccoovvvvuiiiieeiiiiiiiiiiieeeeenn, 111
8 : Questionnaire results — Pie chart 1........ccccocoiiiiiiiiiiiiceceeeeeeee e 114
9 : Questionnaire results — Pie chart 2............ccoooviiiiiiiiiiieceeeeceeeee e 115
10 : Questionnaire results — Pie chart 3...........cccoiiiiiiiiiiiiiiecceceeeeee e 115
11 : InERA effectiveness — Questionnaire results bar chart.............ccceeeveeiienciienenne. 115
12 : Average time taken to reply COMPATISON.........ccveruieriieriieiieeieeiie e 116
13 : Percentage of emails handled by INERA..............ccoooiiiiiiiiiiiee e 117

viii



LIST OF TABLES

Table 7. 1 : Comparison of average response time of INERA with GPT 3.5........cccccoceviiinens 113

X



LIST OF ABBREVIATIONS

Abbreviation Description

InERA Intelligent Email Reply Assistant
MLP Multi-Layer Perceptron

ML Machine Learning

RNN Recurrent Neural Network



