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Ranking and Deep Learning: 
Old Challenges and New Solutions

Edo Liberty
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Recommendation 
Engines
Personalized item 
recommendations

Visual Search
Show relevant images

Semantic Search
Text retrieval of company 
documents, question 
answering.

E-Commerce
Similar item search, catalog 
optimization

Online Advertising
Show relevant ads

Online Fraud
Find malicious patterns & content

Facial Recognition
Matching faces or facial 
features

Online Dating
Best companion match

Online Recruiting
Best job or candidate match

Online Real Estate
Best property match

Digital Media
Best image/video/article 
match

and many more



abigail [212,145,2342,5529,6642,...]

abigailship [13,1344,7234]

abigeat [1231,5235,9878]

abigeus [1135]

abilao [5505]

ability [134,212, 445,1123,2342,...]

abilla [9112]

abilo [1153, 6681]

abintestate [5235,9112]



Top scores retrieval - online serving 

Query Top scoring 
items 



Inverted 
Index

1200-2020

M Queries 

N Items in the collection 

A native DL 
Index should 
give the best 
of both worlds

Speed vs. Recall - Tug of War
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Unified Framework - Transform and Pairwise Score

Item
transformer

Query
transformer

Item-Query
Score

Item Query 

Score
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Simple Image Search

CNN CNN

Cosine Similarity

Relevance measure
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Advanced Image Search
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Pinterest Visual Search

Non-trivial pairwise  
Scoring gives large 
accuracy gains

Learning a Unified Embedding for Visual Search at Pinterest
Andrew Zhai , Hao-Yu Wu , Eric Tzeng , Dong Huk Park , Charles Rosenberg
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Semantic Text Search 

BERT
Bidirectional Encoder 

Representations from Transformers

BERT 
Bidirectional Encoder 

Representations from Transformers

Cosine Similarity

Relevance measure
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Advanced Semantic Search - Question Answering

Multi-Perspective Sentence Similarity Modeling 
with Convolutional Neural Networks
Hua He, Kevin Gimpel, Jimmy Lin
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Advanced Semantic Search - Question Answering

Hyperbolic Representation Learning for Fast 
and Efficient Neural Question Answering
Yi Tay Nanyang, Luu Anh Tuan, Cheung Hui
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Vector embedding lookup

Pairwise
Score

Vector embedding lookup

Pooling

Sum and Sigmoid 

Item 
Transform

Query  
Transform

Simple Recommender
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Advances Movie Recommender

Neural Collaborative Filtering
Xiangnan He, Lizi Liao, Hanwang Zhang, 
Liqiang Nie Shandong, Xia Hu, Tat-Seng Chua
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So, are we done?
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QPS=1    
SIZE=1,000

Pairwise
Neural Net

Scoring

Tensor
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QPS=10         
SIZE=100,000

Distilled/
Quantized 

Approximation
Or Surrogate Model

Pairwise
Neural Net

Scoring

Tensor

Features
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QPS=100         
SIZE=10,000,000

Nearest Neighbor 
Search Indexes

Pairwise
Neural Net

Scoring

Distilled/
Quantized 

Approximation
Or Surrogate Model

Tensor

FeaturesEmbedding
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QPS=1000         
SIZE=1,000,000,000

Hard pruning by a database or a search engine

Nearest Neighbor 
Search Indexes

Pairwise
Neural Net

Scoring

Distilled/
Quantized 

Approximation
Or Surrogate Model

Tensor
Features

EmbeddingAttributes
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Pairwise
Neural Net

Scoring

Tensor

QPS=1000         
SIZE=1,000,000,000
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Neural Net

Scoring



Property of HyperCube Inc. Do not share, distribute, or present without explicit written  permission from HyperCube Inc.  



Property of HyperCube Inc. Do not share, distribute, or present without explicit written  permission from HyperCube Inc.  

Easy to create a Semantic Text Search engine

BERT
Bidirectional Encoder 

Representations from Transformers

BERT 
Bidirectional Encoder 

Representations from Transformers

Semantic similarity

Relevance measure
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Create the 
service offline

Query online
From Anywhere
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1. DL is unifying retrieval and ranking

2. There are many exciting challenges 

3. We are working on it, come join us 

Key Takeaways 

info@hypercube.ai


