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ABSTRACT

Recommendation systems plays a crucial role in the domain of Artificial Intelligence, with
the expansion of internet widespread use of smart devices, the requirement to create
advanced ranking and re-ranking recommendation systems have become a necessity for
businesses to maintain their competitiveness. Interpretability of any machine learning
system has now become a trend as well as a legal requirement in many industries that use
machine learning models for analytical purposes. Recent advancements in interpretable
machine learning systems including ranking systems shows significant potential in this
domain. In this research, we developed an intrinsically interpretable re-ranking model
based on Tensorflow Ranking Generalized Additive Model (TFR GAM) architecture to
score previously recommended offers. This model was compared against an industry
leading Neural Collaborative Filtering model which is a black box Model. The evaluation
metrics used to compare two models were Normalized Discounted Cumulative Gain
(NDCG), Hit Ratio and Precision. These were used at top 2 and top 3 which gave two
variations for each metric. Even though performances of these metrics are between
40%-50% for all matrices, all metrics show that both the models performed in similar
manner even though the TFR GAM model had an interpretable model architecture. Overall,
in this study metrics suggest that for re-ranking tasks we can use the TFR GAM model
which provides similar results to that of an industry leading NCF Model. The study also
suggest future research directions to improve the model's performance, such has trying out
different combinations for the number of hidden layers, activation functions, and
regularization techniques.the study concludes that there is greater potential for further work
in this area and continued research development could lead to significant advancement in
this domain of interpretable models.

Keywords: Interpretable Models, Re-Ranking System, Recommendation Systems,
Tensorflow Ranking, Learning to Rank



TABLE OF CONTENT

DECLARATION......cutittiieeteteee ettt sttt ettt et e b e 3
ACKNOWLEDGEMENT ......oiiiiiiitiitnee ettt 4
ABSTRACT ...ttt sttt et sttt et sbe et et e bt ebeeatenaeens 5
TABLE OF CONTENT ....ooeeeeeeeeeeeeeeeresrrsssssssssssssssssssssssssssssssssssssssssssessssssssssssssnssnnnns 6
LIST OF FIGURES . ... .ottt 9
LIST OF TABLES ...ttt sttt st 10
LIST OF ABBREVIATIONS......oiiiitiiiteteseee ettt sttt 11
LIST OF APPENDICES.........oiiiiiiriierie st ssss e s s s s ns s 12
(O 5 12N o 21 2 TSRS 1
INTRODUCTION......c.cetitieiteiesitee ettt ettt ettt enee st e sseenseeneenseenes 1
1.1 Prole@OmENa........cccuiiiiiiieeiie ettt ettt etee st e s e e e e e esaeeeaseeenaeeens 1
1.3 Background and MoOtIVatioN..........cceeeruiieeiiieeiieeciie e eeree e eiveeeaaee e 2
1.4 Problem Definition. ......cc.eeeuiiiiiiiieiieeieie ettt 4
1.5 Approach of Interpretable Learning to Rank System Development................ 5
1.6 System ReqUITEMENL.........cccuiiiiiieeiiieeiiee ettt eiee e aee e eae e e eveeeseveeeaseeens 6
1.7 Structure of the ThesSiS......cccuiiiiiiiiiieiiieeeeee e 6
1.8 SUMMATY.....viiiiiiiiee ettt et e et e e e et e e e eaateeesennsneeeennsseeeens 6
CHAPTER 02ttt ettt ettt ettt e st esneenseeneenseenes 8
LITERATURE REVIEW ON INTERPRETABLE LEARNING TO RANK
SYSTEMS ..ttt et sttt et sb e bt st sbe e bt eaae i 8
2.1 INEOAUCTION. ¢..ceuiiieiieieeie ettt ettt 8
2.2 Overview of Recommendation and Learning to Rank Systems...................... 8

2.3 Historical Approaches of Recommendation and Learning to Rank Systems..9
2.4 A Review of Current Systems of Recommendation and Learning to Rank

N1 1S) 10 1SS 12
2.5 Challenges in Recommendation and Learning to Rank Systems................... 15
2.6 Future and Next Steps of Recommendation and Learning to Rank Systems. 16
2.7 Summary of the Literature Analysis........ccccecvveeeiieeriiiieeiieeeie e 17
2.8 Research Problem...........coouiiiiiiiiiiii e 18
N V1101 10 | o OSSP PUSR 19
CHAPTER 03ttt ettt et sbe et et esneeseeneas 20
TECHNOLOGIES ADOPTED FOR LEARNING TO RANK AND
RECOMMENDATION SYSTEMS ..ottt 20
3.1 INErOAUCTION. ...ttt 20



3.2 Overview of the Technologies Used in Recommendation and Learning to

RANK SYSTEMIS. ....eeeuiieiiieiieeiie ettt ettt et e s eeees 20

3.3 Machine Learning Technologies Used in Recommendation and Learning to
RaANK SYStEIMS. ... .viiiiiiieiie ettt e e e e e sneeeennes 21
3.3.1 Introduction to Machine Learning Technology..........c.cccceevvveenieeennnenne 21
3.3.2 Introduction to Deep Learning Technology..........ccccceeveveeeiveencineennnenn. 21
3.3.3 Introduction to Recommendation systems and Learning to Rank......... 22
3.3.4 Tensorflow Keras APL........ccooiiiiiiieeeeee 23
3.3.5 Neural Collaborative Filtering Model...........cccceevviiiiniiiiiniiecieeeee 24
3.3.6 TF-Ranking GAM Model.........cccceeviiiiiiiiiiieeieeeeeeee e 25
3.4 Cloud ATChItECtUIE. ......eiiuiieiieiiieeiee et 27
3.5 Model Evaluation Methods..........ccooouiiiiiiiiiiiiiiiieceeeeeeeeeeeee 27
3.0 SUIMIMATY ....eieiiiieeiieeeiieeeieeeeiteesteeetaeeessaeeeaaeeesaeesssseeassseesseeessseeensseeensseennns 28
CHAPTER 4.ttt ettt ettt et be et e e s e aeeneas 29
APPROACH. ...ttt ettt ettt ettt e bt eenee e 29
4.1 INtrOAUCTION. .....eiiiiiiiiieie ettt st 29
4.2 HYPOtRESIS. .. veieeiiieeiiie ettt ettt et et eave e et e e et e e s aee e snseeesnseeennns 29
LG B 010101 SO SRR 30
L @ 1113 01 | PP R 31
4.5 PrOCESS. ..ciiuitteeee ettt ettt s s 32
4.6 FOATUIES. ....uveiiiiiiiiieeeee ettt ettt et e e e 33
BT USBTS ettt ettt ettt et et ettt ettt et s bt e sbe e 34
4.8 SUITIMATY ... .eeeeiiieeeiiieeeiteeesteeeitteeetaeessaeeesaeessseeessseeensseeensseeensseessssesssseesssseenns 34
CHAPTER 05ttt ettt et ebe et et esaeeneeneas 35
DESIGN ...ttt ettt ettt ettt e s e bt eatess e e bt entesneebeennenneens 35
5.1 INErOUCTION. ..ottt ettt 35
5.2 DA ..ttt 35
5.3 Model ATChITECTULE. ......eiuuiiiiiieiieiieeieeete e 37
CHAPTER 06....c..eiiieieeieeeeeetee ettt ettt et e e eneas 42
IMPLEMENTATION......ccutiiiiiet ettt et 42
6.1 INErOAUCTION. ....eoutiiiiiiiieie e 42
6.2 Data PreproCeSSING.......cceiuiiiiiiieeiieeeiieeeieeeeteeesteeestaeeeereesareesseeesseeesnseeenns 42
6.3 Model Development............cccvieiiiiiiiiieciie et 45
0.3.1 NCF MOdEL.....coiiiiiiiiiiieieetee et 45
0.3.2 TFR GAM MOdEL.....coouiiiiiiiiieiieeteeeee et 47
6.4 Evaluation Implementation.............cccveeriieeriieeniieeiieeeee e esiee e 48
0.4 SUMIMATY ...ccovtieiiiie et et eeeeeieeesiee e st e e seaeeessaeeesaeeeaseessseessseeessseeensseesnsses 49
CHAPTER 7.ttt sttt sttt ettt et et et ne e s eneas 50
EVALUATION ...ttt ettt sttt ettt et st e st te s e saeennea 50



7.1 INEEOAUCTION. et e e e e e e e e e e e e e e e e e e eeeneeannnas 50

7.2 Model Evaluation............cooiiiiiiiiiiiiceee e 50
I 1101 0 1 SRR 52
CHAPTER 08.....eeeeeeee ettt ettt sttt e s b enaeeeas 53
CONCLUSION AND FUTURE WORKS......cooiiiiiiieieeee e 53
8.1 INtTOAUCHION. .....etiieiiie et et e e e e et eeenaeeenneees 53
8.2 CONCIUSION. ....eeiiiiieiiiie et et ete et et e e ste e et e e e taeeeteeesaeeessseeensseeennseeennns 54
8.3 FULUIE WOTKS...cueiiiiiiiiiie et 55
RO IR BN 1100 0 1 SRR 56
REFERENCES ... oottt sttt ettt sneesae e 57
Appendix - A: TFR Model Architecture Source code..........cceeevveeriiieenciieeniieeieeens 61
Appendix - B: NCF Model Architecture Source code........ccccevvuveeiiiennieeenieenneeennee. 62
Appendix C: TFR ATChItECTUIE........cccvvieiiiieiieeciie et e 63



Figure

3.1
3.2

4.1

LIST OF FIGURES

Description

NCF Architecture
TFR GAM Architecture

Process Design diagram

Page

22
24

31



5.1
7.1

7.2

7.3

NDCG Formula
NCF Model Performance metrics

TFR GAM Model Performance metrics

Model Performance Metrics Summary

44

55

55

55

10



Table

2.1

4.1

5.1

5.2
53

LIST OF TABLES

Description

Analysis of Literature Review

Feature Description

Input Data format after Snowflake preprocessing
NCF Model Architecture

TFR GAM Model Architecture

Page

16
29
34
42

43

11



Abbreviation

SNS
TRCSL
RS
LTR
GAM
NCF
API
AWS
TF
CNN
RNN
RelLU

NDCG

LIST OF ABBREVIATIONS

Description

Simple Notification Service
Telecom Regulatory commission of Sri Lanka
Recommendation System

Learn to Rank

Generalized Additive Model
Neural Collaborative Filtering
Application Programming Interface
Amazon Web Services

Tensorflow

Convolutional Neural Network
Recurrent Neural Network
Rectified Linear Unit

Normalized Discounted Cumulative Gain

12



Appendix

Appendix A

Appendix B

Appendix C

LIST OF APPENDICES

Description

TFR Model architecture Source code
NCF Model Architecture Source code

TFR Model Architecture

Page

61

62

63

13



