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ML lifecycle: High-level view
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The ML Lifecycle: Detailed view
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ML reference 
architecture 
with Amazon 
SageMaker 
instantiation
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Let’s see an end-to-end implementation:
http://github.com/aws-sagemaker-examples-end-to-end/
music_recommendation

http://github.com/aws-sagemaker-examples-end-to-end/music_recommendation
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Exploratory 
Data Science
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Music recommendation overview and data
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Use Data Wrangler to define transformations 
for SageMaker Processing and EDA
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Data prep
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Data Prep: Configuring the Feature Store
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Data Prep: Process features and deposit in Feature Store
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Data Prep: Set up input dataset sources of the processing job
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Data Prep: Set up output destination of the processing job
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Feature Store – View from SageMaker Studio
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With SageMaker Feature Store...
Build features once, reuse them across teams and models

SageMaker

Feature Store

Claims, 

customers, ...

Vehicle damage 

images

Text 

interactions

Feature 

pipelines

Telemetry

Vehicle total loss

Customer churn

Next best action

Data 

sources
Models

• Feature groups discoverable via search

• Reproducible feature transformations

• Extract accurate training datasets

• Low latency lookups for inference

• Consistent features for training and inference
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Amazon 
SageMaker 
Feature Store

Securely store, discover, 
and share features for 
both real-time inference 
and training

High throughput writes for ingesting features 

Batch and streaming ingestion

Online features for real-time prediction, and offline features for historical data 
for model training and batch prediction

Online and offline features

Search for features to reuse, before starting new development

Feature discovery and reuse

Store metadata for features and leverage automatic data cataloging to 
easily query and extract feature data

Feature metadata and data cataloging

Access control for feature data and feature metadata, and support for 
encryption at rest, Amazon VPC, and AWS PrivateLink

Security and access control

Fully managed
Online features cached in low-latency store; maintain consistency between online 
and offline store to avoid train-infer skew
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Search and discover feature groups

• Discover feature groups by 
name, description, tags, 
and other metadata
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Manage features using Feature Groups

• Store features in 
collections called 
Feature Groups

• Configure Feature Groups 
for online and/or offline 
storage

• Create data catalog for 
Feature Groups

• Manage comprehensive 
metadata using Feature 
Group tags
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Feature store in context
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Amazon SageMaker Processing

CreateProcessingJob()

{
"AppSpecification": { 

"ContainerArguments": [ "string" ],
"ContainerEntrypoint": [ "string" ],
"ImageUri": "string"

},
"Environment": { 

"string" : "string" 
},
"ExperimentConfig": ... ,
"NetworkConfig": ... ,
"ProcessingInputs": ... ,
"ProcessingJobName": ... ,
"ProcessingOutputConfig": ... ,
},
"ProcessingResources": { 

"ClusterConfig": { 
...

}
},
"RoleArn": ... ,
"StoppingCondition": ... ,
"Tags": ... ,
]

}

Amazon S3

FRAMEWORK CONTAINERS

BYO CONTAINER

Elastic Container Registry

Amazon SageMaker Processing

ML Compute 

Instance

Processing Code

ML Compute 

Instance

…

VPC

ML Storage ML Storage

Processing Code

Amazon S3

Amazon 

SageMaker

Feature Store

Dataset Definition

(Amazon Athena/

Amazon Redshift)

https://docs.aws.amazon.com/sagemaker/latest/APIReference/API_CreateProcessingJob.html
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Music recommendation – Data prep: Set up the 
processing job
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Train, Lineage, and Tune
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Music recommendation: Lineage for Data, Algo, and Models
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Music recommendation: Training
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Music recommendation: Training, get data from Feature Store
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Amazon SageMaker Training
CreateTrainingJob()
{

"AlgorithmSpecification": { 
"AlgorithmName": "string",
"EnableSageMakerMetricsTimeSeries": ...,
"MetricDefinitions": ... ,
"TrainingImage": "string",
"TrainingInputMode": ...

},
"CheckpointConfig": ...,
"DebugHookConfig": ...,
"DebugRuleConfigurations": ...,
"EnableInterContainerTrafficEncryption": ...,
"EnableManagedSpotTraining": ...,
"EnableNetworkIsolation": ...,
"Environment": ...,
"ExperimentConfig": ...,
"HyperParameters": { 

"string" : "string" 
},
"InputDataConfig": ...,
"OutputDataConfig": ...,
"ProfilerConfig": ...,   
"ProfilerRuleConfigurations": ...,
"ResourceConfig": ...,
"RoleArn": ...,
"StoppingCondition": ...,
"Tags": ...,
"TensorBoardOutputConfig": ...,
"TrainingJobName": ...,
"VpcConfig": ...

}

Amazon S3

FRAMEWORK CONTAINERS

BYO CONTAINER

Elastic Container Registry

Amazon SageMaker Training

ML Compute 

Instance

Training Code

ML Compute 

Instance

…

VPC

ML Storage ML Storage

Training Code
Model archive in

Amazon S3
Amazon EFS

ALGORITHM CONTAINERS

MARKETPLACE CONTAINERS

Amazon FSx for 

Lustre

https://docs.aws.amazon.com/sagemaker/latest/APIReference/API_CreateTrainingJob.html
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Music recommendation: Training

An Estimator 

with Debugger 

Hooks and Rules
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Amazon SageMaker Debugger

Data analysis & 

debugging

Relevant data 

capture

Automatic error 

detection

Improved productivity 

with alerts

Visual analysis

and debugging

Analyze & debug data with 

no code changes

Data is automatically 

captured for analysis

Errors are automatically 

detected based on rules

Take corrective action 

based on alerts

Visually analyze & debug 

from SageMaker Studio

Analysis & debugging, explainability, and alert generation
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Amazon SageMaker Debugger
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Music recommendation: Training
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Music recommendation: 
Training
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Music recommendation: 
Training
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Music recommendation: Training
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Deploy and serve
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Amazon SageMaker Hosting
CreateModel()
{

"Containers": ...,
"EnableNetworkIsolation": ...,
"ExecutionRoleArn": ...,
"ModelName": ...,
"PrimaryContainer": { 

"ContainerHostname": ...,
"Environment": { 

"string" : "string" 
},
"Image": "string",
"ImageConfig": ...,
"Mode": ...,
"ModelDataUrl": "string",
"ModelPackageName": "string"

},
"Tags": ...,
"VpcConfig": ...

}

CreateEndpointConfig()
{

"DataCaptureConfig": ...,
"EndpointConfigName": ...,
"KmsKeyId": ...,
"ProductionVariants": ...,
"Tags": ...

}

Amazon SageMaker Hosting

ML Compute 

Instance

Model serving &

Inference Code

…

VPC

ML Storage

FRAMEWORK CONTAINERS

BYO CONTAINER

Elastic Container Registry

ALGORITHM CONTAINERS

MARKETPLACE CONTAINERS

ML Compute 

Instance

Model serving &

Inference Code

ML Storage

Model archive in

Amazon S3

HTTPS 

Endpoint

Client Application

CreateEndpoint()
{

"EndpointConfigName": 
...,

"EndpointName": ...,
"Tags": ...

}

https://docs.aws.amazon.com/sagemaker/latest/APIReference/API_CreateModel.html
https://docs.aws.amazon.com/sagemaker/latest/APIReference/API_CreateEndpointConfig.html
https://docs.aws.amazon.com/sagemaker/latest/APIReference/API_CreateEndpoint.html
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Model deployment
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• Quick deployment of Restful API endpoint

• Auto scaling across multiple AZs for 

variable loads

• A/B testing support

• VPC PrivateLink support

• Endpoint invocation and resource 

usage metrics

• No model re-engineering

Model v1

New Model

Inference Image

95%

5% AppAPI

EC2

Amazon SageMaker – Real-time inference
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• Use trained model to get inference on 

data in S3

• Launch fully managed transient inference 

resources

• Seamless integration with S3 for both 

input and output

Model

Inference Image

Input data in S3

output to S3 App DB
Launch 

on-demand

Amazon SageMaker – Batch inference
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• Use Bayesian Optimization strategy to 

reduce hyperparameter search space

• Flexible control over tuning speed and 

model accuracy

• Cost control through max job 

configuration

• Support both build-in algorithms and 

custom algorithms

Hyperparameters, 

ranges, and target 

metrics

Automatic Model Tuning

Algorithm Data

Best model

Training Jobs

Tuning Model Hyperparameters
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Inference: Predictor and payload
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Inference: Recommend a 
curated playlist
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SageMaker Clarify: 
Model Explainability
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Monitoring models in production

Continuous 

monitoring

Amazon 

CloudWatch 

integration

Visual

data analysis

Flexibility 

with rules

Automatic 

data collection
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SageMaker Model Monitor

Amazon SageMaker

Training job

Model Amazon SageMaker

Endpoint

Applications

Results:

Statistics 
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Baseline statistics 

and constraints
Amazon

CloudWatch

metrics

Requests, 
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Model Monitoring: Config
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Model Monitoring: Baselining
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Model Monitoring: 
Continuous Monitoring
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Model Monitoring: 
Continuous Monitoring
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Using Amazon SageMaker Model Monitor, 
you can identify model drift and take action
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Automated workflow with pipelines for MLOps
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Amazon 
SageMaker 
Pipelines

Build fully automated 
machine learning 
workflows at scale

Define parameters, pipeline steps (Data processing, Training, Tuning, Batch 
Inference, Model Registration), and pipeline DAG for execution. Pipeline steps 
are data aware and output of one step can become the input to the next.

Python SDK for quickly and easily building ML Workflows

Pipeline execution runs, associated metrics, and logs are retained and 
viewable within SageMaker Studio in real-time for easy debugging of 
pipelines. Cache pipeline executions for reuse and troubleshooting.

SageMaker managed workflow executions

Register trained models to a central model registry. Built-in model 
versioning and cross-account support. View model metrics & approve 
model deployments.

Catalog model versions in Model Registry

Built-in MLOps templates for model building and deployment automate ML 
workflows using AWS Code* Services. DevOps can bring custom templates 
published in AWS Service Catalog. Automate ML Pipelines based on scheduled 
events, on code and data changes, and drift detection with Model Monitor.

Fully managed MLOps with built-in support for CI/CD

Built-in support for tracking lineage for data, code, metrics, and model artifacts.

End-to-end Lineage Tracking for governance and audits
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MLOps : SageMaker Pipelines
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MLOps: SageMaker Pipelines
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MLOps : SageMaker Pipelines
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MLOps: SageMaker Pipelines



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

ML Ref Arch with SageMaker instantiation
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ML Maturity, Sophistication, 
and Business Outcomes
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• Operational Excellence

• Security

• Reliability

• Performance Efficiency

• Cost Optimization

5 Pillars of AWS 

Well-Architected Framework

ML Maturity, Sophistication, 
and Business Outcomes
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• Operational Excellence

• Security

• Reliability

• Performance Efficiency

• Cost Optimization

5 Pillars of AWS 

Well-Architected Framework

ML Maturity, Sophistication, 
and Business Outcomes
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Qualtrics

Samir Joshi

ML Engineer, iQ R&D 
Qualtrics



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Qualtrics

At Qualtrics, we work on Experience Management, building 
technology that closes experience gaps for customers, 

employees, brands, and products.
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Use Cases

• Natural Language Processing (NLP)

• Predictive Models with Tabular Datasets

• Time-Series Prediction

• … and more!
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Qualtrics X SageMaker

Qualtrics standardized its labeling, data prep, training, and deployment 

processes using SageMaker.

We leverage SageMaker purpose-built tools such as:

• Ground Truth

• Real-Time Inference

• Batch Transform
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Challenges Encountered – Universal Models

• Scaling large neural deep learning models that are dependent on GPUs

• Fragmented ML tools and processes that slowed innovation

• Lack of out-of-the-box labeling tools
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Challenges Encountered – Customer-Specific 
Models

• Workflows that guarantee customer isolation at each step of the ML 

lifecycle

• Large order of models

• Invoked with widely different load patterns
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Qualtrics Journey –
ML Maturity
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Qualtrics Journey



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Qualtrics Journey – Crawl

• Smaller models are run in production on CPU instances inside Qualtrics 

Co-located infrastructure.

• This presented 2 major challenges:

• Scalability

• Time to launch/iteration speed



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Qualtrics Journey – Walk

• First phase of models in production running on SageMaker

• Data analysis & training

• Real-time inference

• Experimentation platform
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Qualtrics Journey – Walk: Leveraging SageMaker

• SageMaker notebooks/SageMaker Studio have become our environment 

as the scientist’s workbench

• SageMaker Ground Truth has allowed us to label data efficiently

• Auto scaled GPU instances through a managed endpoints
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Qualtrics Journey – Run

• Automated models created and deployed

• Pipelines for

• Creating SM models

• SM training & HPO jobs

• Validating and verifying model quality

• Deploy models at production scale

• Currently 10–50 models
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Qualtrics Journey – Run

• Variety of large-scale transformer-based models running in production

• Approx 700 MB (compressed and zipped)

• Run as both

▪ Real-time inference endpoint (latency sensitive) (API latency SLO 

p95 200 ms, including pre- and post-processing)

▪ Batch transform (throughput sensitive)

• Feedback pipeline for model monitoring

• Feedback used for model retraining/model improvements
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Qualtrics Journey – Run: Leveraging SageMaker

SageMaker enabled us to horizontally scale 

• HPO 

• Training jobs 

• Batch transformation 

… for hundreds of independent models 
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Qualtrics Journey – Sprint (Next Steps)

• Model versioning

• Data versioning

• A/B testing – configurable dialup for model rollout

• Feature stores

• Data Processing Pipelines

• Model CI/CD

• Continue to horizontally scale and tackle new use cases!



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Why SageMaker?

• Encompasses all aspects of the ML Lifecycle

• Integrated into AWS

• Highly available & scalable

• Feature-rich and continues to release new features

• Partnership and commitment from the AWS team
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Lessons Learned/ Takeaways

• Auto scaling GPUs allowed 10x throughput with larger models

• Time to launch notably reduced

• Significant reduction in infrastructure management
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Thank you!

© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Dr. Ali Arsanjani

arsanjani@amazon.com 

Samir Joshi

samirj@qualtrics.com


