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Administrivia

• PSet 3 due today

• Quiz 2 will be released next week

• Some make-ups are in progress 

• Email staff now if you still need to make up quiz 2 or lab 3!

• Reminder: Final project due May 7, Lab 4 + writeup due May 12

• No late days!
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Cloud DB
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Cloud DB

• Traditional Deployment Model: on-premise databases

• Host and maintain your own hardware

• Purchase software licenses / deploy open-source

• Hire DBAs to deploy and manage daily workloads

• Problem: a lot of technical work

• Ideally, customers want a lot of this complexity managed
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First: Easy Solutions

• Take DB software, and instead of deploying on-prem, deploy them 
onto VMs

• Reasonable solution that is often used

• Problems:

• Software complexity still exists

• Performance and fault-tolerance challenges 

• Misses on many opportunities provided by the cloud (elasticity, high availability, 
economy of scale, etc.)
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Shared Nothing Storage disaggregation

Compute Layer

Storage Layer

NetworkNetwork

Disaggregation ≈ A cluster of 
specialized shared-nothing clusters
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What’s New with DBaaS?



Shared Nothing – Disadvantages
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Workload A Workload B

More CPU intensive Less CPU intensive

Heterogeneous workload
• Static resource provisioning cannot adjust to 

heterogeneous workloads

• Must pay for entire cluster even when no queries exist
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Shared Nothing – Disadvantages
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Heterogeneous workload

Membership changes
• Add/Remove a node: data redistribution

• Significant hassle that may cause down time
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Shared Nothing – Disadvantages
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Heterogeneous workload

Membership changes

Online upgrade
• Similar to membership change but affect all nodes
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Storage Disaggregation Architecture

Why disaggregate? Compute and storage behave differently

Compute Layer

Storage Layer

Network

• Stateless → easy to scale 

• Expensive → VMs cost $0.1–10/hour

• Bursty → demand changes rapidly

• Stateful → difficult to scale 

• Low-cost → S3 costs $0.02/GB/month

• Steady → demand changes slowly
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Storage Disaggregation vs. Shared Disk?

Shared Disk Storage disaggregation

Compute Layer

Storage Layer

NetworkNetwork

Storage service offers: data replication, 
horizontal scaling, advanced APIs, etc.
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Advantages of Storage-Disaggregation

Compute cluster

Storage as a Service (SaaS)

Data Center Network

Advantage #1: Independent Scaling 

• Compute and storage resources can scale 
independently 

Network Network

Compute 
nodes

Storage
nodes

Storage-intensive
workload

Compute-intensive
workload
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Advantages of Storage-Disaggregation

Compute cluster

Storage as a Service (SaaS)

Data Center Network

Advantage #2: Elastic Scaling of 
Compute

• Storage service can be much cheaper than 
compute servers 

S3 storage price $0.02 per GB per month

16 vCPU Virtual Machine $0.5 per hour per VM

Time

Load Cost of previsioning for peak

Cost of elastic 

previsioning

No compute cost at zero load 13



Today

• Cloud-native OLAP (Data Warehouse)

• Case Study: Snowflake

• Cloud-native OLTP

• Case Study: Amazon Aurora
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Snowflake
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SIGMOD 2016



Multi-Cluster Shared-Data Architecture
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Control layer

Compute layer

Storage layer



Architecture – Storage
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Data format: PAX

Data horizontally partitioned into immutable files (~16MB)

• An update = remove and add an entire file

• Queries download file headers and columns they are interested in

For our purposes, this is just a standard storage service like S3



Architecture – Virtual Warehouse
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Elasticity and Isolation

• Created, destroyed, or resized at any point (may shutdown all VWs)

• User may create multiple VWs for multiple queries

• Determine the VW size based on performance and cost requirements 



Architecture – Virtual Warehouse
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Local caching

• S3 data can be cached in local memory or disk 

Consistent hashing

• When the hash table (n keys and 

m slots) is resized, only n/m keys 

need to be remapped

• When a VW is resized, no data 

shuffle required; rely on LRU to 

replace cache content
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Architecture – Cloud Services
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Multi-tenant layer shared across multiple users 

Query optimization

Concurrency control 

• Isolation: snapshot isolation (SI)

• S3 data is immutable, update entire files with MVCC

• Versioned snapshots used for time traveling

• Assumption: bulk data loading rather than OLTP

Pruning

• Snowflake has no index (same as some other data warehousing systems)

• Min-max based pruning: store min and max values for a data block 



High Availability and Fault Tolerance
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Stateless services



High Availability and Fault Tolerance
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Replicated metadata

(FoundationDB)



High Availability and Fault Tolerance
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One node failure in VW 

• Re-execute with failed node 

immediately replaced

• Re-execute with reduced number 

of nodes

Whole AZ failure

• Re-execute by re-provisioning a 

new VW

Hot-standby nodes



High Availability and Fault Tolerance
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S3 is highly available and 

durable



Next: Cloud OLTP
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• Cloud storage (e.g. S3) does not behave like normal 

storage disks

• On the one hand, it has massive aggregate throughput

• On the other hand, it is much higher latency and 

potentially rate limited for single user 

• For OLTP workload – must mask latency of naïve 

migration
 



Computation Pushdown in Cloud OLTP
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Idea: Push redo processing into the 

storage service 



Amazon Aurora
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• Base System: MySQL or Postgres

• Base DB writes both log and data pages to storage

• Aurora: modifies base DB to write only REDO log to storage

• Buffer Pool reads from storage service

• Buffer Pool discards pages on flush

• WAL are replicated in the storage service

• The storage layer replays the log into data pages



Forward Processing – Write and Commit
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DB

Storage

REDO 

Log

Write: flush REDO log record to storage (no UNDO)

Commit: flush COMMIT log to storage



Forward Processing – Read
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DB

Storage

P

Buffer hit: read from main memory of the DB server

 



Forward Processing – Read
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DB

Storage P

Buffer hit: read from main memory of the DB server

Buffer miss: read page from storage



Forward Processing – Eviction
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DB

Storage

P

Dirty eviction: discard dirty page (no write back to storage) 

• The page in storage will be updated through replaying the REDO log

P

Aurora:

discard dirty 

page



Aurora – Single Master
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Aurora – Single Master
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• Quorum write

• Strongly consistent, but resilient to latency spikes caused by stragglers

• When is quorum read necessary?

• Only in recovery

• Storage nodes gossip to keep in sync

• Easier than in Dynamo case because primary decides on log ordering



Storage Node
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Only Steps 1 & 2 are 

in the foreground path



Storage Node
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Identify gaps in the log



Storage Node
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Gossip with peers to 

fill gaps



Storage Node
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Coalesce log records 

into data pages



Storage Node

38

Periodically stage log 

and pages to S3



Storage Node
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Periodically garbage 

collect old versions 

and periodically 

validate CRC code on 

pages

* Cyclic redundancy check (CRC) is 

an error-detecting code



Recovery

On a high-level:

• Issue quorum read for the log tail, discard everything 
after

•Database is immediately ready for operations

•Some undo may be necessary, but only done in 
background
• Aurora assumes MVCC so uncommitted versions are not 

visible



Aside: Aurora Multi-Master

• Launched for preview in 2023

• Since deprecated

• No wide adoption

• Performance issues due to page-level conflict tracking

• Somewhat replaced by an automatic sharding (i.e., Aurora Limitless)



Evaluation – Aurora vs. MySQL
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Evaluation – Varying Data Sizes
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Performance drops when data does not fit in main memory



Evaluation – Real Customer Workloads
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Takeaway: Cloud DB

• New frontier for database engineering

• Rapidly overtaking legacy systems

• Architectural improvement of classical DB system results in both a 

cleaner solution and performance/efficiency gains
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