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Isclaimer

This i1s not a contribution to any 0SS project !
My vision of things is necessarily biased !

Most of this is work is based on the principles of 0SS, open data, and a culture of
knowledge sharing 4@
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Finding the shortest, fastest, least traffic?
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Finding the shortest, fastest, least traffic!
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Finding the shortest, fastest, least traffic!
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How does | ca/culate the shortest /
preferred cycling route in the Netherlands?

I live in the Netherlands and I often use || |} BB it to ook up where I'm going and what
route | need to take. It almost never gives me the shortest or best route; | GczNzN is -2t
least in the Netherlands- extremely bad at showing cycling routes. | wonder why? Calculating
the shortest route by taking all available bike paths/roads and getting the shortest within the
network should be a very easy thing to do.

Often when having been shown a route, | will then proceed to -while on my computer- drag it
around a bit and often decrease the distance by about 10% of the total distance. While doing
this | also see that it actually recognises these roads as cycling paths, but just doesn't use or
suggest them.

| also notice that it there are many roads ¢

NEVER suggested by [ NI so 'm All Replies

roads, since they are actually the most su
been there for many years to have been n
e Saket Pofali

I'm just really curious how | NN o«

that, how I can help to improve them? Per
behind, or maybe it has to do with the unc
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I've noticed this as well. I think |Jilfa'gorithms still based on recognizing roads and
streets meant for motorized vehicular traffic which would mean that there would be minimum

road width would be required to recognized as legitimate street.

Details
Directions and Navigation, Desktop - Other




Finding the Least Air Pollution Exposure Cycling Routes
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Finding the Least Air Pollution Exposure Cycling Routes
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Finding the Least Air Pollution Exposure Routes (in real time]
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Finding the Least Air Pollution Exposure Routes (in real time]
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Real-time Machine Learning Platform
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The biggest challenges
facing Data teams.




Real-time Machine Learning Challenges
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Real-time machine learning: challenges
and solutions

Jan 2, 2022 « Chip Huyen
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Incremental Learning
(online learning)

Scalability

Model Updating

Latency

Model / Data Drift

Monitoring

Performance Evaluation

Distributed Training &
Inference

MLOps

Resource Management
/ Cost




Real-time Machine Learning Challenges

Real-time machine learning challenges
(our experience] are largely an
Infrastructure problem.

Stream Processing

Scalability

Latency

Monitoring

Distributed Training &
Inference

Resource Management
/ Cost




Solving some Real-time Machine Learning Challenges

Addressing these challenges requires
a significant investment in advanced
(JSS) technologies.

Spark on k38s:

¢ Stream processing

* Training

* OScalability & Latency

* Resource Efficiency

oooooooooo
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The motivation behind
running Spark on kubernetes



Apache Spark is the #1 analytics engine for Big Data & Al

Fast*

Massively
parallelizable,
efficient
read and write

f
Object stores Data warehouses Streams SAL/NoSGL
< databases
b g

.




The role of resource manager in a Spark cluster

Worker Node

Executor | Cache

—
Spark depends on cluster Driver Program / Task || Task

manager for orchestration .

of a job on a cluster SparkContext

Worker Node

\ Executor | Cache

—¥| | Task Task




Kubernetes is the latest cluster manager for Spark

Standalone: built-
In, limited
functionalities

Apache Mesos:
deprecated as of
Spark 3.2.0

Hadoop YARN:
most widely used
today

Kubernetes:
most popular
among new
deployments




The Spark on Kubernetes Journey

Feb 2018 - Spark 2.3 June 2020 - Spark 3.0 Oct 2021 - Spark 3.2
Initial support released for Dynamic Allocation, Local code
Spark on Kubernetes upload, Kerberos Support Writes (Magic Committer enabled)

Dynamic PVC mounting and reuse, Faster S3

Apr 2023 -Spark 3.4

PVC-oriented executor pod allocation

L 4

Nov 2018 - Spark 2.4
Client Mode, Volume Mounts,

PySpark and R support

March 2021 - Spark 3.1
Spark on Kubernetes generally available

Graceful node shutdown, NFS mounts,

Dynamic Persistent Volume Claims

l

v

June 2020- Spark 3.3
Executor Rolling in Kubernetes

environment, Support Customized

Kubernetes Schedulers

Spark 3.5

Upgrade kubernetes-

client




Spark on YARN: architecture & pain points

SPO\V'k

—submi

asts Poke

YARN Resoutce. |

M GV\Qaﬂ\

Wovke Node
(RN Node | | Contoinar
Mav\o«aw Spowk
Eyeautor i
Wovker Node
IRy | e —
Momager Driver
P ot
Worksr Node
YARN Node Container
MOW\ SPWk v
Nau- Exesnkor

@ /u minousmen.com

Global Spark version and shared libraries

e You'll have a Spark 2.4 cluster, a Spark 3.0
cluster, a Spark 3.1 cluster.

e Transient clusters are recommended for
stability, but increase costs.

Limited Docker image support*
e Environment is built from AMIs and bash
scripts, flaky runtime library installation
e [ebugging is painful - there’'s no way to run
Spark locally, environment is subtle

Resource Overhead
e Slow startup time
e YARN master node, YARN Node Mgr are JVM
processes using a lot of resources.



Spark on Kubernetes: architecture & benefits

1. Spark-submit

Kubernetes cluster

Kubernetes master _ 2. Start Driver pod
3. Request executor pods . SpOf
5. Notify of new executor Spark driver pod

Sheduler

6. Schedule tasks on executors

API Server Spa [ﬁ Spafiz

Spark executor pod Spark executor pod

4. Shedule executor pod

Spark executor pod

Native Dockerization

Simpler dependency management
Reliable executions across environments

(locally during development, staging, production)
Faster startup time

A single long-running cluster

Quick to scale up (and down) based on load

Mix different Spark versions

Mix Spark and non-Spark apps

Mix use cases [notebooks, batch/ streaming jobs)

A standard, agnostic infrastructure layer

Reduce lock in
Simplify your operations

Leverage the open-source tools from the cloud-native
ecosystem



Two ways to run Spark apps on k8s

Spark-submit spark-on-k8s operator

Overview
13 . 3 .
- Vanilla” way from Spark main open source
The Kubernetes Operator for Apache Spark aims to make specifying and running Spark applications as easy and

re p 0 idiomatic as running other workloads on Kubernetes. It uses Kubernetes custom resources for specifying, running,
and surfacing status of Spark applications. For a complete reference of the custom resource definitions, please
refer to the API Definition. For details on its design, please refer to the design doc. It requires Spark 2.3 and above

o Req u | res Spa r.k d Istr.l b UtID n on CI | e nt that supports Kubernetes as a native scheduler backend.

The Kubernetes Operator for Apache Spark currently supports the following list of features:

. Configs spread between Spark config  Supporte SparkzSanduvp. -
. Enables declarative application specification and management of applications through custom resources.
(mostly]) and k8s manifests

Automatically runs spark-submit on behalf of users for each SparkApplication eligible for submission.

Provides native cron support for running scheduled applications.

. . . . Supports customization of Spark pods beyond what Spark natively is able to do through the mutating
° Le SS pod customization su p p ort [l m p rovin g ] admission webhook, e.g., mounting ConfigMaps and volumes, and setting pod affinity/anti-affinity.
Supports automatic application re-submission for updated SparkApplication objects with updated
specification.

Supports automatic application restart with a configurable restart policy.

- App management is more manual

Supports automatic retries of failed submissions with optional linear back-off.

Supports mounting local Hadoop configuration as a Kubernetes ConfigMap automatically via sparkctl.

Supports automatically staging local application dependencies to Google Cloud Storage (GCS) via sparkctl .

Supports collecting and exporting application-level metrics and driver/executor metrics to Prometheus.
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https://aws.amazon.com/fr/blogs/containers/optimizing-spark-performance-on-kubernetes/



https://aws.amazon.com/fr/blogs/containers/optimizing-spark-performance-on-kubernetes/

some challenges of
running Spark on kubernetes
and solutions



Challenges in the context of R-L M-L

- Monitoring
- Scalability
- Latency

- Models Training

User
Prediction ~ ModelRegisty =~ Feature store
I u K for Best R
Best Routes Predi
eeeeeeeeeeeeeeeee
L —
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Spark: Spark’
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Monitoring: logs, logs and more logs

Key information is buried under a lot of noisy one.

» Spark event/driver/executor logs.
* kubernetes logs
» Hard to reconcile with Spark jobs/stages,/tasks

Solution
» Logs shipping tools : fluentbit & logstach

*  Prometheus: Spark has a built-in Prometheus




Scalability

Key factors to consider

« Cluster sizing, infra choice/specs.
- Dynamic Allocation

- Shuffle data [NO external shuffle service YET ]

Driver, Spark 3.2

%

Spark executor pod

Spark executor pod

Driver, Spark 3.4

%

Spark executor pod

Spark executor pod

Driver, Spark 3.5

%

Spark executor pod

€

s

Spark executor pod

¢




Scalability: the right sizing

For the sizing:

* Continuous and repeated exercise: know your
data sources

* When selecting the cluster focus on enhancing
parallelism in relation to the source.

- Streaming is CPU-bounded, State matters too
(avoid spills)

* Deep Learning models with relatively long
training and inference time: mix CPU with GPU

(when required).




Scalability: Dynamic Allocation [ A two-sided problem)

Dynamic Allocation in Spark Structured

Streaming

* Designed for batch jobs, it is compatible with
batch and Spark structured streaming. Works
poorly for certain applications !

Dynamic Allocation [within k8s )
* This feature may cause issues with Spark
Scalability on k8s !

[SPARK-24815 ] Structured Streaming should
support dynamic allocation

», Spark / SPARK-24815

Spark’ . . .
Structured Streaming should support dynamic allocation
v Details v People
Type: Improvement Status: m Assignee: 2 Unassigned
Priority: ¥ Minor Resolution: Unresolved Reporter: Karthik Palaniappan
Affects Version/s: 231 Fix Version/s: None o
Votes: 11 Vote for this issue
Component/s: Scheduler, Spark Core, Structured . o
. Watchers: 26 Start watching this issue
Streaming
Labels: pull-request-available
v Dates
v Description Created: 16/Jul/18 01:22
Updated: 01/Mar/24 22:30

For batch jobs, dynamic allocation is very useful for adding and removing containers to match the actual workload. On multi-tenant
clusters, it ensures that a Spark job is taking no more resources than necessary. In cloud environments, it enables autoscaling.

However, if you set spark.dynamicAllocation.enabled=true and run a structured streaming job, the batch dynamic allocation algorithm
kicks in. It requests more executors if the task backlog is a certain size, and removes executors if they idle for a certain period of time.

Quick thoughts:

1) Dynamic allocation should be pluggable, rather than hardcoded to a particular implementation in SparkContext.scala (this should
be a separate JIRA).

2) We should make a structured streaming algorithm that's separate from the batch algorithm. Eventually, continuous processing
might need its own algorithm.

3) Spark should print a warning if you run a structured streaming job when Core's dynamic allocation is enabled



mailto:https://issues.apache.org/jira/browse/SPARK-41515

Scalability: Shuffle data

Exter‘nal Shufﬂe SEPV'CE for‘ Spa r‘k on kUber‘neteS |S 3.5.1 Overview Programming Guides~ APIDocs~ Deploying~ More -
not supported yet. There are 4 options (+1): Future Work

There are several Spark on Kubernetes features that are currently being worked on or planned to be worked on. Those

° C | ou d S h ufﬂ e Sto rage Pl u gl n fo r Apa C h e S par k - AWS G | ue features are expected to eventually make it into future versions of the spark-kubernetes integration.

Some of these include:

* |BM/spark-s3-shuffle: Shuffle plugin for Apache Spark and S3 " Bternal shuffle Service

¢ Job Queues and Resource Management

compatible service

* GitHub - oap-project/remote-shuffle: Spark shuffle plugin for IBM Spark S3 Shuffle plugin is our choice:
support shuffling data through a remote Hadoop-compatible
file system (Intel) * Supports Spark versions 3.2 to 3.4. Successfully

tested with Spark 3.5.
* Apache Spark on Kubernetes - Local Storage (main project)

* To support different cloud vendors, the
corresponding Hadoop connector needs to be added
to the classpath.

* AWS S3 CSl driver and High-Performance Storage — S3 Express
One Zone, AWS



https://docs.aws.amazon.com/glue/latest/dg/cloud-shuffle-storage-plugin.html
https://github.com/IBM/spark-s3-shuffle
https://github.com/IBM/spark-s3-shuffle
https://github.com/oap-project/remote-shuffle
https://github.com/oap-project/remote-shuffle
https://github.com/oap-project/remote-shuffle
https://spark.apache.org/docs/latest/running-on-kubernetes.html
https://docs.aws.amazon.com/eks/latest/userguide/s3-csi.html
https://aws.amazon.com/s3/storage-classes/express-one-zone/
https://aws.amazon.com/s3/storage-classes/express-one-zone/

Latency

Key factors to consider

Spark configurations.
Sub-second latency expectations are a challenge
Stateful vs Stateless Pipelines

Consider the following:

Use only simple computations involving data
transformation or enrichment !

Always use a message bus (e.g., Apache Kafka
or Apache Pulsar) and fast key-value stores (e.g.,
Apache Cassandra or Redis]

RocksDB state store provider
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M-L Training

Key factors to consider

- Most ML frameworks were designed for
single-node environments

- Spark MLIib is lagging behind !

-

Ease of use
Usable in Java, Scala, Python, and R.

MLiib fits into Spark's APIs and interoperates with NumPy in Python (as of
Spark 09) and R libraries (as of Spark 15). You can use any Hadoop data
source (e.g. HDFS, HBase, or local files), making it easy to plug into Hadoop
workflows.

Performance
High-quality algorithms, 100x faster than MapReduce.

Spark excels at iterative computation, enabling MLIib to run fast. At the
same time, we care about algorithmic performance: MLIib contains high-
quality algorithms that leverage iteration, and can yield better results than
the one-pass sometimes used on

Runs everywhere

Spark runs on Hadoop, Apache Mesos, Kubernetes,
standalone, or in the cloud, against diverse data sources.

You can run Spark using its standalone cluster mode, on EC2, on Hadoop

es. Access data in HDFS, Apache

YARN, on Mesos, or on Kuberr

MLlib is Apache Spark's scalable machine learning library.

data = spark. read. format (" libsva")\

load (" o0)

model = Kieans (k=10) . fit(data)

Calling MLIib in Pythor

8

10 110
e %

£ o = Hadoop
g »Spark
H

Logistic regression in Hadoop ¢

Spark

Spark

ClusteringEvaluator
RankingEvaluator
FPGrowih
FPGrowihModal
PrefixSpan
ImageSchema
ImageSchema

TorchDistributor

Latest News

Spark 351 released (re
Spark 33.4 released 2029)
Spark 3.4.2 released ¢
Spark 350 released (

MMUNITY

CODE

nowm.oAD SPARK

Built-in Libraries:

MLiib (machine learning)

GraphX (graph)

hird-Party Project:

Overview Getting Started User Guides APl Reference Development ~ Migration Guides

TorchDistributor 4

class pyspark.nl. torch.distributor. TorchDistributor(num processes: int = 1, local_mode: bool
= True, use_gpu: bool = True, _ssl_conf: str = pytorch.spark.distributor.ignoreSsI’) [source]

Aclass to support distributed training on PyTorch and PyTorch Lightning using PySpark.

© New in version 3.4.0.

DeepspeedTorchDistributor

BaseReadWiite
DefaultParamsReadabls
DefaultParamsReader
DefaultParamsWiitable
DefaultParamsWiiter
GeneralMLWriter
HasTrainingSummary
Identifiable
MLReadable
MLReader

MLWritable

MLWriter

Spark Streaming (Leqacy)

. Changed in version 3.5.0: Supports Spark Connect.
Parameters: num_processes : int, optional

An integer that determines how many different concurrent tasks are allowed. We expect
spark task.gpus = 1 for GPU-enabled training. Default should be 1; we don't want to
invoke multiple cores/gpus without explicit mention.

local_mode : bool, optional
Aboolean that determines whether we are using the driver node for training. Default
should be false; we don't want to invoke executors without explicit mention.

use_gpu : bool, optional
Aboolean that indicates whether or not we are doing training on the GPU. Note that
there are differences in how GPU-enabled code looks like and how CPU-specific code

v looks like.




M-L Training

Consider the following:

+ Use TensorFlow, Keras, and PyTorch

- Accelerator, Distributed ML & GPU ;
« Horovod
- NIVIDIA BAPIDS Accelerator for Spark

TensorFlow °
Extended

Distributed training framework
for TensorFlow, Keras, PyTorch,
and Apache MXNet.

A Unified Al framework for ETL + ML/DL

A single pipeline, from ingest to data preparation to model training spark3cluster

Spark 3.x
i | Data Preparation | | Model Training | i

«—! XGBoost | TensorFlow || I

GPU Powered Cluster

|
Data H Spark Orchestrated
Solrcss Lo ssrERSSsESREREE S s s s RS

Source: RAPIDS Accelerator for Apache Spark (NVIDIA)



https://docs.nvidia.com/spark-rapids/index.html

M-L Training (Batch]

-
With the default scheduler: workloads experience ”""

i i i L I € IC 3K 4
higher rates of resource starvation, leading to 06 0 6 o o ¢
performance degradation or failure ! A A A A A A <

VOLCANO
Kubernetes Native Batch System
Solutions for the default scheduler:
* Use custom k8s Scheduler support. Enabling h Apache YuniKorn
YARN:-like capabilities such as queue, gang
scheduling, etc




M-L Deployment & Serving (WIP]

-
: ONNX
Key factors to consider [0‘ @ RUNTIME
Kubeflow
INFRASTRUCTURE : ML MODEL DEPLOYMENT
- Package the whole ML tech stack Tgsfl;g’EDs
(dependencies] and the code for ML model ' 3@' N3l
prediction into a Docker container. &
o . S i . Input
* Model optimization and Model compression @ﬂ - -
’ Prediction
Source: https://ml-ops.org/




Conclusion and takeaways



\Why Spark on k8s integration is Important for R-L M-L?

* Native Integration

» kB8s best practices apply to Spark on k8s for free!
APACHE
» Scalability, Latency, Fault-tolerance SpQ K

* Models Training and Serving

™

Integration with a rich ecosystems



Key takeaways

* Use the k8s Spark operator

* Design and build your logging and monitoring stack

» Keep adhering to Spark best practices compatible with k8s

» Use the rich k8s [Monitoring, Mlops, etc) ecosystem

» (Contribute to the OSS (share your experiences, code, ideas, challenges ]

* Keep Cycling ...



Thank you




