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Why Spark on Kubernetes (SpoK)?

Intuit manages Data Engineering on AWS Cloud (S3, EMR)

But we also wanted:

• Integration into the company K8s Infrastructure.

• Containers over Bootstraps.

• Kubernetes over YARN.

• CD for deployment for Data Processing Jobs.
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Existing K8s Infrastructure

https://argoproj.github.io

https://argoproj.github.io
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Containers vs Bootstraps

Especially powerful for ML with complex internal configs!

Container, may 
contain anything,

Internals are abstracted 
away

Shell scripts
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YARN vs Kubernetes

Kubernetes is more modern: easier to config, declarative, better executor visibility

Spark  executors
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CD for deployment

Building 
Spark 
docker

Building 
Python 
docker
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K8s Native Workflow

● Exploration in Jupyter -> 
Commit to Git

● Gitops deployment using 
ArgoCD

● ArgoCD submits Spark jobs

● Hive Meta Store via HMS 
service

● Data accessed from the data 
lake
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Use case: Model training and Batch inference
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Example: QuickBooks Mobile Push notification model

● An XGBoost model that predicts

○ Conversion to paid after the 45 days trial

○ Personalized top 5 actions that could drive 
conversion (i.e. “Add bank” or “Track 
mileage”)

● Deploy the model to personalize 
messaging to help Free Trialers get to 
know the product and convert to Premium
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Daily batch inference using EMR

QBM Model Docker

EMR connector 

Predict.py

Kubernetes

Jenkins Argo Workflow

EMR Cluster

ETL

Daily

Mobile

ETL SQL
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GitHub

Argo workflow based on Pipeline.yaml 

Namespace in Kubernetes cluster

K8s CI/CD

Split input 
files in 
groups

Notify

Pipeline 
repo

Run model 
docker 1 

Output
S3 bucket

Input
S3 bucket

Model repo Docker 
repo

Daily run

Run model 
docker 2

Verify Model 
config repo

Jenkins

Model docker

Pipeline.yaml

Build start
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Daily batch inference using SpoK

Performance ~ comparable to EMR. Takes 15-20 min

Argo workflow based on Pipeline.yaml 

Run model 
docker 2

Split input 
files in 
groups

Notify

Run model 
docker 1 

Verify

Executor 1

Postprocess 
Spark job

Executor 2

Executor 1

Postprocess 
Spark job

Executor 2

Spark 
ETL
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SpoK can be invoked from notebooks

Data 
access 
role

No 
PySpark 
kernel

No Livy 
server
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Use case: Feature Management Platform (FMP)
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Categorization of QBO banking transactions 

Example: QuickBooks Online transaction categorization



Intuit Confidential and Proprietary 16

Challenge: Different Expense Categories for each user
User A User B

THE HOME DEPOT 6948 PHOENIX AZ325677  01/08    $15.90

For a contractor ⇒ Materials and Supplies

For a retailer ⇒ Repairs and Maintenance
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Feature ETL logic is a simple JOIN

Users

● company_id
● qbo_signup_date
● tax_account_type
● company_name
● account_id

Transactions

● user_id
● txn_id
● provider_description
● amount
● posted_date

txn_acct

Aggregate and flatten

example output:

1000360580 ["2019-12-16 08:00:00,65,11901,128,131,-1234.3,colonial life ins","2019-12-24 08:00:00,54,10020,130,131,...", ...]
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ArgoCD + SparkOperator 

https://argoproj.github.io/argo-cd/ https://github.com/GoogleCloudPlatform/spark-on-k8s-operator

https://argoproj.github.io/argo-cd/
https://github.com/GoogleCloudPlatform/spark-on-k8s-operator
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Transaction Categorization SparkApplication in ArgoCD
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Learnings from Spark On Kubernetes

● External Hive Metastore
● S3A is required, in place of EMRFS
● Hadoop-AWS Jars are missing from the Spark docker
● Spark 2.4.5 required patching. Recommend 3.0.0 
● Spark History Server as K8s Deployment
● Spark Operator mounts  /opt/spark/conf/spark.properties

https://hadoop.apache.org/docs/current/hadoop-aws/tools/hadoop-aws/index.html
https://github.com/apache/spark/tree/master/resource-managers/kubernetes/docker/src/main/dockerfiles/spark
https://spark.apache.org/releases/spark-release-3-0-0.html
https://github.com/GoogleCloudPlatform/spark-on-k8s-operator
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Hive Metastore on Kubernetes
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Spark 3 is best for Kubernetes

Spark 2.4.5 can be configured to run on Kubernetes, but 
requires custom patching:

● Dynamic Allocation only added in Spark 3.0 
https://issues.apache.org/jira/browse/SPARK-27963

● A critical Parquet bug https://issues.apache.org/jira/browse/HADOOP-16109

https://issues.apache.org/jira/browse/SPARK-27963
https://parquet.apache.org
https://issues.apache.org/jira/browse/HADOOP-16109
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Spark Operator mounts over 
/opt/spark/conf/spark.properties
Spark Operator tracks IPs and other dynamic properties of driver and executors

We need to mount additional ConfigMap and merge it in the Docker
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Summary: Advantages of SpoK over EMR/YARN

● Fits into the larger K8s architecture

● Simpler, more homogeneous. Everything is a container.

● Cost effective. due to shared resources and Opex.

● Declarative Infrastructure, CICD

● ML is neatly containerized and separated from the platform (K8s) 
and the compute (Spark)
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Future

● Custom ML Operator to orchestrate and manage ML 
Resources. (Spark, SageMaker Training/Deploy, Feature Store )

● Declarative Management of MDLC such as re-training of 
models, monitoring of features etc.

● Managed Notebook Service


