


ÞTotal cost of ownership (TCO) is important!
ÞLots of moving parts!!
ÞVery hard to optimize!!!
ÞLack of expertise; DBAs!!!!
ÞTough cloud developer life!!!!!
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…. Oops!

Table 1
EstCardinality EstChildCardinality EstCost EstSubgraphCost EstMaxParallelism InputCardinality JobPartitions JobNodes JobInputSize EstJobOutputSize EstJobCost EstJobDataShuffle JobUDOs QueueLength

Cardinality 0.00226 0.00204 0.00065 0.00012 0.10939 -0.00012 0.15792 0.00507 0.10278 0.04404 0.00329 0.00329 0.00138 0.04302
Cost 0.00005 0.00006 0.00002 -0.00003 0.05256 -0.00004 0.05048 -0.00802 0.01821 0.00211 -0.00002 -0.00002 -0.00394 -0.00392
PeakMemory 0.00037 -0.00054 -0.00091 -0.00059 0.73369 -0.00087 0.07063 0.43736 -0.02556 -0.01793 -0.00476 -0.00476 0.11905 0.82479
MaxParallelism 0.00051 0.00052 0.00042 0.00102 0.28291 0.00465 0.07955 0.02994 0.08451 0.01376 0.00280 0.00280 0.01508 0.00074
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Workload

Accuracy!

Robustness!

Scalability!

Cardinality
Cost Model

Containers Clusters
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……

Overheads!

Regressions!
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System Context
(in-memory)

Debug
Hook

REST API 
Interface for 
Model  Auth, 

Lookup, 
Caching, and
Coordination

Signatures Framework (identifying internal states)

Live Telemetry 
Listeners

Real-time 
Telemetry 

(in-memory)

Operational 
Telemetry 

(local/SSDs)

Historical 
Telemetry 
(data lake)

In-process Model 
Inference

Feedback Actions

System to Optimize
(e.g., SCOPE, Spark, SQL DW)

Data Admins / IT operations
- Operational decisions (view 

loc/retraining/costs/etc.)
- Org-wide control (enable global)

Data Users
- Workload Insights Notebook
- Fine-grained enable / disable
- Explanations / Diagnostics

System Developers / Operators
- Debugging experience
- Data science experience for data-

driven decisions

Data-parallel 
training (massive 

scale-out)
Unified Workload 
Representation

Asynchronous 
feedback

Workload Patterns 
(overlaps, similarities, 

dependencies)
Preproduction 

Validation

Lifecycle management, e.g., versioning, tracking, operationalizing

Derived data:  
Caches, 
Views, 
Indexes, 
Bloom filters, 
Sort orders, 
Checkpoints, 
Samples, 
Statistics

Azure 
SQL

Azure 
ML

Model Management 
(deploy, troubleshoot)

Regression 
Safeguard

Dependency 
Management

User Tools (Scope Studio, Synapse Studio, Notebooks, Workload Repo)

Storage Infra (ADLS, Kusto, local)

Workload IR + Algorithms (Python packages) + Scalable Analysis Infra (SCOPE, Spark, SQL DW) + Playback infra (flighting)

Serving Infra (SIS) Distributed System Infra (Managed clusters, Serverless)

Researchers
- Data science experience for 

new exploration
- Opportunities/overheads

Data 
Imputation



Training: ~6 hours (200 containers)
Validation: ~1hour (200 containers)
Cumulative Model Size: 1.5MB

Towards a Learning Optimizer for Shared Clouds . Chenggang Wu, Alekh Jindal, Saeed Amizadeh, Hiren Patel, Wangchao Le, Shi Qiao, Sriram Rao. VLDB 2019.
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• Cloud query engines have grown very sophisticated
• => not easy to optimize

• We can leverage machine learning over massive cloud workloads
• => not easy to build global models

• We present a fine-grained learning approach:
• Characterize workloads into subsets
• Learned micromodels over each subset
• Easy to scale training to very large workloads
• Smaller, cheaper models to score within the query engine

• We have built and deployed learned cardinalities in SCOPE
• Large number of steps to avoid performance regressions

• Long journey: 2017 (intern)-> 2018 (integration)-> 2019 (perf)-> 2020 (deploy)




