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Set of Composable

s

Req => Future[Rep]



Search Backends 

Etsyweb 

Machine Learning Models 

Goal:  
rewrite  

search query + response



Search Backends 

Etsyweb 

Machine Learning Models 

Format:  
proxy, “no state” 

async + protocol agnostic





Future + slow call



Service + slow service



     function      
  composition  

g(f (x)) = g∘f (x)   



Service with filter



A Finagle Service 
trait Service[Req, Rep] 

extends (Req => Future[Rep])



Example: Service[ArizonaReq, ArizonaRsp] 



fail if multiget #keys exceeded

find client for shard

set request headers

apply: ArizonaReq => Future[ArizonaRsp] 



Service: Req => Future[Rep]

def Future[A].flatMap[B](f: A => 
Future[B]): Future[B]

Future: can flatMap over it!





  reader monad  



Readers 
**/ListingSearchThriftController.scala:



A Merlin Mixer Service

Req => ReaderToFuture[Ctx, Rep]



Type: Reader to Future 
ReaderMonad + FutureMonad 



ThriftReq => 
ReaderToFuture[Ctx, ThriftRep]

It’s a proxy!



Example Query 
Pipeline
Example  

Query Pipeline



MMX: Built with Finatra & Finagle

HTTP

Thrift

   Finatra  
    Server

Finagle 
Client1

Finagle 
Client2

Finagle 
Client3

Service1Service1Service1

Service1Service1Service2

Service1Service1Service3



What is a Service?

Spell Correction 
Service

“hand baag” “hand bag”



A Query Pipeline: 
Sequential + 
Concurrent Calls

Query Source

Service 0

Service 1 Service 2 Service 3

Service 5

Query Source

Service 6a Service 6b

call all!

call one!



Horizontally Scalable

Query

Service

Combine Output

ServiceService ServiceServiceServiceServiceServiceService



Service building blocks
! Search Indexes 
! Solr 
! ElasticSearch 

! Feature & Candidate stores 
! Arizona —> Key-Value Store 
! BigTable  / DynamoDb 
! Mysql 

! Cached model output 
! Memcache / Redis



Service building blocks
! Models → Hosted on a separate service. 
○ Engine agnostic: Vowpal Wabbit or tensorflow or pytorch? 
○ Json Input  →  Output over HTTP 
○ Send batch calls with features → get back scores. 
■ Finagle : send parallel batches! 

! External APIs 
○ Any cloud provider ML APIs.



Models as a service!
! Inference in real time 
○ No precomputed values → No fixed domain 
○ Separate update schedules for model & feature stores 
! Each model scales independently. 
○ Allows sub-models to be more expensive.



ENSEMBLE OVER MODELS IN REAL TIME! 
! Each model gets updated independently.  
! The combining function can be a model itself. 
! Can define failure scenarios for partial failure.



Example of  
Model Ensembling  
at Runtime. 
 

Query Source

extract 
Features

Model 1 Model 2 Model 3

Ensembling 
Model

Final Result

Final 
Model 1

Final 
Model 2

call all 
in parallel!

call one, dep. 
on score!

ensembling 
layer



Search Stack before MMX

Key-Value 
Store

EtsyWeb (PHP)
Mixer 

-Search logic 
- All the STATE!!

Solr Shard

Solr Shard

Solr Shard



Search Stack with MMX

Key-Value 
Store

EtsyWeb (PHP) Mixer Solr Shard

Solr Shard

Solr Shard

MMX 
Service



Before        After

! Java / PHP 
! Models tightly coupled to search code 
! Query being mutated and then “executed” 
! Cost of change is high

! Scala / Finagle / Finatra. 
! Models as a service, scale independently. 
! Real time inference pipelines. 
! Build a query plan with ReaderToFuture. 
! Async communication with sub-services.

State woven into one service => Service DAG from config.



no pencils 
for “pencils” 
ಠ_ಠ

Screenshots of 
before and after with 
csr ranking system.



MMX + 
Query Ranking 
Model

Screenshots of 
before and after with 
csr ranking system.
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Example Query 
Pipeline

No Results ⇒ 
Query Backoff



Query 
Backoff



Query Backoff 
Pipeline 

No 
ResultQuery

Search 
Index

MMX

CiceroCiceroCicero

Backoff 
Trigger

Query

    Search Results

Sad Query Alternative Queries

Search 
Index

Search 
Index

Search 
Index

Alternative  
Search results

Sad Query

Search for each  
Alternative!



Current 
Ranking 
Pipeline

Result 
CandidatesQuery

Search 
Index

EtsyWeb MMX

CiceroCiceroCicero

Ranker Module 

Sorter

Feature Aggregator
Query

Ordered Results

Query Model w/ Features Scores

Arizona 
 (User)

Arizona 
 (Listing)

Arizona 
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Get Features

Ordered Results

Ctx, Candidates
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Example Query 
Pipeline

Recommendation  
Pipeline
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A/B Testing
! Configurable pipelines ⇒ Create versions of a pipeline. 

○ different model versions. 
○ different arguments to services. 
■ Example: Increasing reranking coverage was only a config knob switch. 
○ different data sources → Features, Candidates etc 
■ Pick and choose datasets, versions



A/B Testing: Configuring Variants



Takeaways
! Each service is a reusable unit in the query DAG.  
  =>  algebra over services. 
! Models as a Service  => Real time inference. 
! Building new ML query pipelines is fun!!   
      + we can debug and experiment. 
! Towards query understanding!



Thank you! Danke! 
Questions? 
We’re Stefanie Schirmer.. 
sschirme@gmail.com 
@linse on twitter 

..and Aakash Sabharwal 
asabharwal@etsy.com 

@aakashsabharwal on twitter 
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