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Modeling
With Search Data01
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Predicting the Present with Google Trends [1]
Related Work

*Great recent lecture here.

https://economics.yale.edu/news/230420/can-google-search-data-predict-economic-activity-google-chief-economist-delivers-okun-lecture
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Google Trends Data
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Predicting the Present with Google Trends
Related Work
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Take Away

Useful in many cases where a leading indicator is needed.  Search 
contains the intent behind the queries that often predict the 
measured variable.  

Search is a 
proxy for the 
marketplace
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Quantifying Search with Embeddings

Embeddings02
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Search Data
Embeddings

* Data is mocked for demonstration purposes.

Search Logs*

Term Volume

craigslist used cars for sale 10

for sale cars craigslist 1500

… …

awd vs. 4wd 250
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Simplest way to group terms is to 
treat each unique term as its own 

category

01

Individual Terms

Using classification systems, you 
can group terms together which 

allow you to expand the total 
number of included terms.

02

Categories

Our method uses language models, 
which are continuous mappings of 
text to a learned embedding space.  
The models are pretrained on giant 

text corpora and capture the 
meaning of text without relying on 
human classification boundaries.

03

Language Models

Features that the model uses to predict the variable of interest.

Embeddings
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Individual Queries [2]

Traditional Embeddings
Embeddings

D is the number of unique terms to keep in your embedding

Term

Volume

Search 
Embedding

craigslist used cars 
for sale

for sale cars 
craigslist

10 1500 . . . 250

1 2 D

10 1500

awd vs. 4wd

250
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Classification [1]

Traditional Embeddings
Embeddings

D is the number of categories

Term

Volume

Search
Embedding

craigslist used cars 
for sale

for sale cars craigslist

1510 250 . . . X

Craigslist Comparison Category D

10 1500

awd vs. 4wd

250
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Previous methods use discrete embeddings.  Individual terms have one-hot rows.

Embeddings as Tables: Individual Terms

Term Dim 0 Dim 1 … Dim D

craigslist used 
cars for sale

1 0 … 0

for sale cars 
craigslist

0 1 … 0

…

awd vs. 4wd 0 0 … 1
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Previous methods use discrete embeddings.  Queries are mapped to K-hot rows via classification systems.

Embeddings as Tables: Categorical

Term Dim 0 Dim 1 … Dim D

craigslist used 
cars for sale

1 0 … 0

for sale cars 
craigslist

1 0 … 0

…

awd vs. 4wd 0 1 … 0
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Our method uses LMs to map terms to D-dimensional vectors

Embeddings as Tables: Language Models

Term Dim 0 Dim 1 … Dim D

craigslist used 
cars for sale

0.0411 0.0265 … 0.0131

for sale cars 
craigslist

0.0217 0.0333 … 0.0201

…

awd vs. 4wd 0.0086 0.0553 … 0.035
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● Synonyms are close together in embeddings spaces
● Not reliant on human classification systems
● Continuous embeddings capture rich information
● Can potentially leverage improvements made from 

existing language models

Embeddings Properties
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SLaM & CoSMo

Our
Approach 03
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Search Language Model Compression

SLaM Compression
Compression
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Reduce operation is the sum in in the standard setup.

SLaM Compression CoSMo

LM

Term 1
Term 2

.

.

.
Term K

.

.

.
∑

Using a pretrained language model, SLaM compression 
embeds each term into a fixed-length vector before 
aggregating all the terms using a reduce operation.

The resulting data is called the 
“search embedding.”  It’s a highly 
compressed summary of search 
that has been shown to be highly 

predictive.

A custom neural network, CoSMo, uses only the search 
embedding to learn the important aspects of search data. 

https://research.google/pubs/compressing-search-with-language-models/
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04 Results
Auto & Flu
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Test period after the green line

Automotive Results
Model

Model is not autoregressive.
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Test period after the green line

Flu Results
Model

Model is not autoregressive.
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Automotive Model

Model Interpretation
Model

Only a sample of the query clusters are displayed here..
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Flu Model

Model Interpretation
Model

Only a sample of the query clusters are displayed here..



Thank You!
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Appendix
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Baselines

Auto Results
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Baselines

Flu Results
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LMs

Flu Results
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Other Aggregation Techniques

Flu Results
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Constrained Search Model

CoSMo
Model


