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Report/Visualize
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Shared Datasets

| Batch Analytics
/

Telemetry




 Shared Data Analytic

Average sales per
customer in Asia

o

SELECT Customerld, AVG(Price*Quantity)
FROM Sales

JOIN Customer

WHERE MktSegment="Asia’

GROUP BY Customerld

Average discount per
part brand in Asia

¥

SELECT Brand, AVG(Discount)
FROM Sales

JOIN PART

JOIN Customer

WHERE MktSegment="Asia’
GROUP BY Brand

Total quantity sold per
part type in Asia

¥

SELECT PartType, SUM(Quantity)
FROM Sales

JOIN PART

JOIN Customer

WHERE MktSegment="Asia’
GROUP BY PartTyype

Distinct Consumers

10000

1000

100

10

Cluster1
O Cluster2
O Cluster3
O Clusterd
©O Cluster5

0.0 0.25 0.5 0.75
Fraction of the Input Data Streams

>50% datasets shared
>10% datasets shared by >16 consumers

1.0



 Cloudviews.

Average sales per Average discount per Total quantity sold per

* Design choices

customer in Asia part brand in Asia part type in Asia d PreserVing query boundaries
- t - * Online materialization
SELECT Customerld, AVG(Price*Quantity) SELECT Brand, AVG(Discount) SELECT PartType, SUM(Quantity) . . .
FROM Sales FROM sales FROm Sales * Just-in-time views
wr:,\éRC:T\;igz;ment:Asia’ JOIN Customer JOIN Customer .
GROUP BY Customerld WHERE MktSegment=Asia! WHERE MiSegment=si’ * Accurate cost estimates
. 2 B . B e Scalable view selection
°

Aggregate
AVG(Price*Quantity)

Group By
Customerld

CloudView

Lightweight view matching

* Limitations

e Exact match only

* Concurrent queries

* Not maintained

* No DDL in the catalog
* User expectations

Aggregate
SUM(Quantity)

Group By
PartType

Aggregate
AVG(Discount)
Group By
Brand

Filter Scan
MktSegment="Asia’ Sales




’ User control for Usage
customers developers .lh to opt-in - #views/job \ Metrics

Generate query
annotations file ‘b o™ Extract tags <—— SCOPE Job
Pl J Periodic polling o

Gather recurring  Generate

View selection strategies considering
- Frequency of overlaps
- Storage overheads of reuse
- Per-VC reuse opportunities
AN

QStorage and III Insights to Debugging by . Admin control
O other constraints g

Parse query annotations

.

Optimizer <—» Core search: Top down
context enumeration for match view

Cached
serving % Success

Index by tags

! _ e Follow-up optimization: ¢ = Modified query plan:
- Concurrent execution of queries Bottom up enumeration - Replace common compute with scan
for build view I I | -  Update statistics from materialized view
Acquire .. Put into the memo as an option
Success
Identify shared tati
us?: Is\irsic:g? nzfc):::: ations View lock Propose to Modified query plan:
€ € / reatere —_— > . - Add aspool + output operators
Success : .
|—|—| - Set the physical properties
Release I B - Setthe view expiry
<P Query subexpressions table U - Encode the strict
with runtime features U signature in output path
. A
U Rep.ort.\/-lew - Seal the
Workload AwresalDB  Insights ~ @vailebility view early Query
Analysis Service ellarusity Processing

Workload Repository

query plans, subexpression signatures, compile-time statistics, runtime statistics, metadata, etc.

Massive cloud
workloads

Scalable workload
analysis

Feedback &
coordination service

Automatic
materialize and reuse

Multiple personas
and control
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Production Impact




# Jobs 257,068
# Pipelines 619
# Virtual Clusters 21

| m p a Ct # SCOPE Runtime Versions 12
S u m m a ry | # Views Created 58,060

# Views Reused 344,966

% latency improvement 33.97%

Fe b_ I\/I a rC h 2 O 2 O ; % processing time improvement 38.96%
> ‘o % bonus processing time improvement 45.01%

% container count improvement 35.76%

% input size improvement 36.38%

% data read improvement 38.84%

% queuing length improvement 12.87%
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Processing time

Improvement

15% median i

Latency



With CloudViews
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36% overall reduct

Containers

% overall reduction

ing: 45

Opportunistic Process
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Lessons Learned




‘Operational Challenges =

* Schedule-aware views

* Per-customer view selection

Signature correctness

Impact of changed signatures

Other dependencies

Handling GDPR requirements

Opt-in vs Opt-out

Multi-level control

Measuring impact




From research to production

Towards broader workload
optimization

Generalized reuse
Reuse in concurrent queries
Reuse in other engines

Other applications of reuse
* Checkpointing
* Pipeline optimization
e Sampling
* Bit-vector filtering
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summary

~* Big data systems => democratized scalable processing

* Data engineers often have repeated computations in their pipelines

.. * Challenge: automatically detect and reuse repeated computations in serverless infrastructures

~» Opportunity: large workloads to learn and improve upon

* We have built CloudViews for automatic computation reuse in Cosmos; valuable production
lessons learned

* Hot topic in industry: Microsoft, Snowflake, BigQuery, Redshift, Alibaba, Oracle, others



