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Problem Statement & Exploratory Data Analysis
Objective : Providing contextual search results by analyzing historical search patterns to 

identify consumer interest and keywords and associate products with high value keywords.
Business Benefits : Improve customer shopping experience and better search conversion

Figure 1. (a) Unsuccessful searches that do not result in any products (b) Products bought 
using the search term “Fleece Hoodie” - evident semantic relation
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Approach 1: Search-Product Embedding Similarity
The motivation for model 1 was to build a product recommendation model that is robust 

to unseen data (new search terms and products). This model uses semantic similarity 
between embeddings of product metadata and search terms to make recommendations.

Figure 2. (a) Method flow (b) Example search results using TF-IDF+popularity 
(c) Precision and recall of predictions at various ranks

Approach 2: Search-Product Pair Classification
The motivation behind model 2 lies in the robustness to new products without the need 
for retraining and also to learn semantic similarity and popularity from the data.

Figure 3. (a) Method flow (b) Example search results using MLPClassifier (c) Precision and recall 
of predictions at various ranks
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Spanish for shirt

Size

Particular type of coat

a)

Fleece Hoodie

Fleece-Lined Trucker Jacket

Checked Big Pony Logo Fleece Hoodie Cotton-Blend-Fleece Sweatshirt

b)

a)

a)

Experiment Precision@3 Recall@3 Precision@10 Recall@10 Precision@40 Recall@40

Baseline 
(Logistic 

Regression)
0.017 0.037 0.009 0.053 0.007 0.129

MLP 0.072 0.161 0.055 0.332 0.033 0.518

MLP with 
Hierarchy 0.070 0.153 0.054 0.314 0.032 0.521

Experiment Precision@3 Recall@3 Precision@10 Recall@10 Precision@40 Recall@40

TFIDF (baseline) 0.031 0.062 0.042 0.24 0.031 0.65

Glove300D 0.031 0.062 0.039 0.22 0.28 0.60

TFIDF+popularity 0.021 0.042 0.037 0.21 0.032 0.68

Glove300D+popularity 0.027 0.055 0.038 0.21 0.030 0.62

Conclusions and Future Work
Our best performing model was the MLP without Hierarchy - especially among the top 3 

and 10 products for each search. At k=40, TF-IDF similarity with popularity also performs 
well. We plan to investigate how the advantages of TF-IDF and popularity can be 
incorporated into the MLP model. In addition, we would want to experiment with BERT 
embeddings in place of GloVe.
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Search Term: Jacket

Predicted 
Product

Predicted 
Product 
Image

Live 
Search 

Product

Live 
Search 

Product 
Image

cropped 
barn 

jacket

Wool
blend wrap 

coat

metallic 
lambskin 

moto 
jacket

Double 
breasted 

wool
blend 

reefer coat

burnished 
leather 
biker 
jacket

Crest patch 
wool-blend 

coat

quilted 
hybrid zip 
up jacket

Water 
repellent 

long down 
coat

Search Term: Camisas

Predicted 
Product

Predicted 
Product 
Image

Live 
Search 

Product

Live 
Search 

Product 
Image

lunar new 
year 

custom 
slim polo 

shirt

NaN NaN

the luxe 
knit polo 

shirt
NaN NaN

cable knit 
v neck 

sweater

NaN NaN

fleece 
pullover

NaN NaN

b)

Search Term: Jacket

Predicted 
Product

Predicted 
Image

Live Search 
Product

Live 
Search 
Image

Quilted 
jacket

Wool blend 
wrap coat

Metallic 
lambskin 

moto jacket

Double 
breasted wool 
blend reefer 

coat

Cropped 
barn jacket

Crest patch 
wool-blend 

coat

Twill broken 
surplus 
jacket

Water 
repellent long 

down coat

Search Term: Camisas

Predicted 
Product

Predicted 
Image

Live Search 
Product

Live 
Search 
Image

Classic fit 
polo mesh 

shirt
NaN NaN

Classic fit 
polo soft 

cotton
NaN NaN

Crewneck 
cable sweater 

wool

NaN NaN

fleece hoodie 
pullover

NaN NaN
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