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Introduction. Motivation

- The information flow is huge and diverse
- Aggregated information can be valuable for business and government

- Automation of data-deduplication can provide close to real-time stats

Deduplication example:

—  Universal Studios Japan
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Why Foursquare?

- Foursquare has a map of over 105 million places of interest in 190
countries. (Source: Techcrunch)

- Foursquare reaches ~1B check-ins per year. (Source: Financesonline)

- Collects information including texts, location, meta features, that
allows to experiment with cross-domain models

- Open data within the competition



https://techcrunch.com/2020/04/06/foursquare-merges-with-factual/?guccounter=1&guce_referrer=aHR0cHM6Ly93d3cuZ29vZ2xlLmNvbS8&guce_referrer_sig=AQAAANsN3R7sZ-NGIFfDveC7eShBQm1Y1SO-L5itGE70b3q6kTVPBFYSm8NabppySFVTAl8g2kE4_5PLIZkanC9928xAGHohxg0NWnQPUwA-FFua2d0ZBv77Df1l-OvMecLxN_AZTzcbkVYIowSxgp3ZXyfEpjqxQJxGoAe7oE7Pgrf4
https://financesonline.com/foursquare-statistics/

Introduction. Problem formulation

Location records duplicates:

Two records, that include location, text descriptions and other
features are duplicates if they represent one specific physical entity

Location records de-duplication:

Given the set of location records find all existing duplicates and
define groups of records that represent one specific physical entity




Research goals

e Analyze location records datasets. Define the specific data features and
limitation, design a methodology for data preprocessing.

e Experiment with methods to search the duplicates within the DB

e Implement an end-to-end location data de-duplication system.




Related work




Natural language processing

Word-based approach Sentence-based approach
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Why sentence-based approach:

- Allows caching of sentence embeddings

- Allows processing query and candidates
separately -> use ANN models

- Usually lighter and faster on inference

- Usually lower accuracy




Spatial data and search

BallTree index NMSLIB index
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Data observation




EDA.

Data sample

id name latitude longitude address city state zip country url phone categories point_of_interest
Café Stad - Qost-
0 E_000001272c6ch5d 50.859975 3.634196 Abdijstraat Nederename 9700 BE NaN NaN Bars P_677e840bb6fc7e
Oudenaarde Vlaanderen
1 E_000002eae2a589 Carioca ., 07005  -43.178244 NaN NaN NaN NaN BR NaN  NaN Brazilian o 1a5910d8382a83
Manero Restaurants
2 E_000007f24ebcos  ° WANHHMT 44280813 100.484900 NaN NaN NaN NaN TH NaN  NaN Salons /o, 4 166509678477
SUNA Barbershops
Adnan Mobil
3 E_000008a8ba4f48 Turkcell 37.844510 27.844202 Menderes NaN NaN NaN TR NaN NaN Rl P_b2ed86905a4cd3
Phone Shops
Bulvan
4 E_00001d92066153 estaurante ;40106 -4.326821 NaN  Caviedes Cantabria NaN ES NaN  NaN Spanish 5 g4q.684d4407fb
Casa Cofino Restaurants
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EDA. Missing values

Rate of missing values per column
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EDA. Counts per country

Number of records per country (TOP 20)
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Distribution of points across the globe




System architecture




End-to-end system schema

Location neighbours
(top 30 closest)

Location neighbours
(in radius 200m)

Phone number full

collecting unique
set of candidates to
be a duplicate

duplicates (limited)

Text semantic
neighbours (top 15)

e

Category + location
neighbours (top 30) |

Feature engineering - Catboost classifier

Final aggregation and
predict




Model level one. Results

Location neighbours
(top 30 closest)

Location neighbours
(in radius 200m)

Phone number full
duplicates (limited)

Text semantic
neighbours (top 15)

Category + location
neighbours (top 30)

Modelling details:

- Location search: BallTree index

- Text semantic; fine-tuned
Sentencelransformers model

- Category semantics: W2V based model

- Semantic search: NMSLIB index

Evaluation metric

{relevant documents} N {retrieved documents}|

recall =
[{relevant documents}|
recall (only recall (only recall (only
recall (only neighborho category text recall (all
country code location) od) neighbors) similarity) together)
(weighted) 0.9227 0.8947 0.9330 0.8869 0.9786

"'metrics are different for different countries. Full results can be found in the paper
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Model level two. Results

Modelling details:
Level 2 - Pair of records classification

------------------------- s - Feature engineering: ~45+ features

v - Binary classifier per country: CatBoost

. - Metric to evaluate end-to-end solution: loU
. - Apply specific post processing
1
:
1

: | Evaluation metric
Feature engineering Catboost classifier —+ The results were evaluated by the mean

Intersection over Union (loU, aka the Jaccard
index) of the ground-truth entry matches and
the predicted entry matches.

P({predicted_duplicates} U {true_duplicates})
P({true_duplicates})

TolJ=

bl

10U before post processing — 0.888, loU after post processing — 0.905

"'metrics are different for different countries. Full results can be found in the paper
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Discussion. Further work

e Data specifics are important. Detailed EDA is heeded prior to modeling

e Distributed computing should be investigated to tackle the problem of big data

e Multistage modeling leads to error accumulation -> alternatives should be tested
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