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Fragmented data teams

• Different systems, silos, 
and skill sets 

• No data quality lifecycle 

• Box is a dead-end for 
modeling 

• Data science can’t reach or 
model all of the data

Email

Network Storage

File Share

Cloud

Instruments

PCs Databases



Structural barriers to a single source of truth

• Schemas unknown at write time 

• Schemas change and evolve 

• Query needs discovered long after collection 

• Folder structures and file names just don’t scale 

• Write-only databases (ELNs, Box) 

• Little if any data documentation 

• No one system everyone can use



In a perfect-world, a self-organizing data lake

• Schemas discovered, not defined 

• Quality gates let you go from swampy to curated and trusted 

• Documentation embedded in the data 

• Every revision immutable





Principles for self-organizing data lakes

1. There is no schema 
2. Always have a schema 
3. Use blob storage as the core 
4. Define a data lifecycle 
5. Gate your lifecycle with quality checks or “workflows” 
6. Prefer schema on read databases 
7. Embed documentation with data 
8. Index metadata for discovery 
9. Immutability means reproducibility, means speed of iteration 
10. Role-based access over buckets for permissions and compliance



There is no schema

• You won’t know the optimal schema at the outset 

• Data sets are multi-modal 

• Flexibility makes for speed in the early phases



Always have a schema

• A manifest enforces a schema on arbitrary data 

• Define and enforce schemas for experiments and assets



“Data sets” transcend schemas and 
physical layout

• Separate location 
from intent 

• Infinite logical views 

• Structures 
unstructured data 

• Immutable

Logical keys Physical keys Metadata

data.parquet s3://bucket/folder/101.parquet (hash, size, intent)

parse.json s3://another/folder/paper-81acded.json (hash, size, intent)

plates.tiff s3://images/foo/plate_1238.tiff (hash, size, intent)

… … …

ANY LOGICAL VIEW ANY LOCATION ANY INTENT



• Reproducible 

• Discoverable 

• Trusted

Package experiments into immutable 
building blocks



Blob storage at the core

• Optimal cost:performance trade-off 

• No structure? No problem 

• Avoid: databases, NASs 

• Bring compute to data 

• Multi-cloud



Define a data lifecycle



Gate your lifecycle with quality checks

• Unstructured data: PIL, etc. 

• Semi-structure data: JSON Schemas 

• Structured data: https://greatexpectations.io/ 
{ 
  "$id": "https://example.com/geographical-location.schema.json", 
  "$schema": "http://json-schema.org/draft-07/schema#", 
  "title": "Longitude and Latitude Values", 
  "description": "A geographical coordinate.", 
  "required": [ "latitude", "longitude" ], 
  "type": "object", 
  "properties": { 
    "latitude": { 
      "type": "number", 
      "minimum": -90, 
      "maximum": 90 
    }, 
    "longitude": { 
      "type": "number", 
      "minimum": -180, 
      "maximum": 180 
    } 
  } 
} 
 

https://json-schema.org/
https://greatexpectations.io/


For analytics, prefer schema-on-read

• Presto DB is tolerant of missing values, missing columns 

• Can drop columns, change column names 

• Read directly from S3 

SELECT * FROM manifests_allencell 
WHERE substr(logical_key, -5)='.tiff' 
AND json_extract_scalar(meta, '$.user_meta.nucmembsegmentationalgorithmversion') LIKE 
'1.3%' 

AND json_array_contains(json_extract(meta, '$.user_meta.cellindex'), '5') 



Embed documentation with data

• Data without context quickly 
becomes meaningless 

• Example of “live docs” in S3

https://open.quiltdata.com/b/quilt-example/packages/quilt/altair


Index metadata for discovery

• ElasticSearch for fuzzy discovery 

• Avoid fixed object schemas, prefer 
strings 

• Control costs by indexing 
reasonable subset of data, key file 
types only, UltraWarm 

• https://open.quiltdata.com/ 

https://aws.amazon.com/elasticsearch-service/
https://open.quiltdata.com/


Immutability means speed, good sleep

• Reproducibility across time, machines, and collaborators means 

• You are audit-ready 

• You can build on the work of other team members 

• Debugging is quicker 

• Reproducibility means quicker, more correct results, with smaller teams 

• Enable object versioning 

• Versioning data and models for rapid experimentation in machine learning

model := script(code, environment, data)

https://medium.com/pytorch/how-to-iterate-faster-in-machine-learning-by-versioning-data-and-models-featuring-detectron2-4fd2f9338df5


Role-based access, auditing

• Break projects out as self-contained, regional buckets (times three) 

• Use IAM roles to enforce access 

• Bring compute to data 

• Use a HIPAA-eligible data store, enable encryption at rest 

• Avoid bucket policies 

• Enable CloudTrail to audit every access (trail in separate account)



Customer ROI (return on investment)

• Gives your team a 3-month head start on our data lake and data 
management initiatives 

• Regularly frees up one day a week for data architects and data engineers 

• A team of 4 can do the work of 5, without a data engineer 

• Every Quilt search that prevents a repeated experiment saves $1K to 
$20K USD in reagent and container costs 

• Model velocity and correctness are higher with Quilt



Learn more

• Quilt overview video (4 min.) 

• Versioning data and models for rapid 
experimentation in machine learning 

• Principles of lazy data documentation — 
and how to get your team onboard 

• https://github.com/quiltdata/quilt 

• aneesh@quiltdata.io 

• quiltdata.com

http://www.apple.com
https://www.youtube.com/watch?v=RE6jbtT-oFE
https://medium.com/pytorch/how-to-iterate-faster-in-machine-learning-by-versioning-data-and-models-featuring-detectron2-4fd2f9338df5
https://medium.com/pytorch/how-to-iterate-faster-in-machine-learning-by-versioning-data-and-models-featuring-detectron2-4fd2f9338df5
https://blog.quiltdata.com/principles-of-lazy-data-documentation-and-how-to-get-your-team-onboard-bb674b78ea73
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Quilt accelerates data-driven teams

• Prevents thousands of dollars in 

waste and repetition 

• Mature data sets from swampy 

collections to trusted packages 

• Discover models faster



Quilt is a self-organizing data lake

• Flexibility of data lake plus trust of 
data warehouse 

• Search, query, visualize, verify 

• Usable by all personas, technical 
and non-technical 

• Usher data from swampy 
collections to trusted data sets



AWS showcases Quilt

We were very frustrated by these enormous datasets 
that collaborators couldn't quite seem to get at easily. 
Using Quilt, we've been able to solve that challenge.

Rick Horwitz, Executive Director, Allen Institute for Cell Science

Read More

https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/
https://aws.amazon.com/partners/success/allen-cell-quilt-data/


Petabyte 
scale Versioning Heterogeneous 

datasets Analysis tools Data Types Usability Private 
cloud

Quilt Yes Yes Yes
Athena, EMR, 

K8s, all of AWS 
compute

Structured

Semistructured

Unstructured

Entire company Yes

Snowflake Yes Table No SQL Structured

Semistructured Developers No

Databricks 
Delta Lake Yes Multi-table Yes SQL, Spark Structured Developers Yes

AWS Lake 
Formation Yes No No Glue-compatible 

compute
Structured


Semistructured Developers Yes

Box No Single file Yes None Semistructured

Unstructured Non-technical users No

What makes Quilt unique



Security

• Quilt runs in your Virtual Private Cloud 

• All data lives in your S3 buckets 

• All compute runs on your infrastructure 

• Configurable for VPN-only access 

• Supports SSO via Okta, Google, OneLogin



Supplement: User stories for bench scienceDRAFT

1. As a bench scientist, I would like to store and annotate experiments, so that my 
colleagues can build upon my results in the future 

2. As a bench scientist, I would like for my experiment annotations to be checked for quality 
against a known schema, so that our team can trust its results 

3. As a bench scientist, I would like to find all experiments that match a natural language 
query, so that I can more quickly plan future experiment iterations and unblock 
collaborators 

4. As a bench scientist, I would like to automate away the process of creating decks and 
summaries, so that I can focus on running new experiments and new hypotheses



Supplement: User stories for data scienceDRAFT

1. As a data scientist, I would like to make simple changes to my scripts that take 
advantage of Quilt packages, so that we can gain the advantages of Quilt with minimal 
effort 

2. As a data scientist, I would like to use AWS power tools to search and query across all of 
Inscripta's experiments, so that I can better mine and model our experiments 

3. As a data scientist, I would like to version all experiments and outputs, so that I can 
retrace the steps of our colleagues with high confidence 

4. As a data scientist, I would like to ensure that the metadata for every new experiment is 
screened for data quality, so that the final analysis is highly trusted


