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The many waves in database evolution

Pre-relational
The relational years
The object oriented years
The distribution years
The data mining years
The web search years
The cloud years
…

The hardware years
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YESTERDAY TODAY



With every wave, we went into crisis mode

Gustavo Alonso. Systems Group. D-INFK. ETH Zurich 3

CACM January 2008



First, we say it sucks …
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Then we tell them what they have to do …
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SIGMOD 2009
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The world quietly ignores us …



The future is bleak
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Database Nerds

You will be 
replaced by a 

learned model
ML/AI

DATA SCIENTISTS



The real crisis today
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The price of performance
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DBs are the new DTs

Gustavo Alonso. Systems Group. D-INFK. ETH Zurich 10

DB = DT



Don’t keep polishing the Dutch Tomato

• Can we push query response times into the few microseconds range?
• Make them compatible with the rest of the infrastructure

• Can we make databases truly elastic rather than server based?
• How fast can we get a database up and running?
• How fast can we migrate a database engine from one machine to another?

• Can we make database architecture dynamic?
• Deploy only what is needed, pay only for what is used

• Can a database benefit from progress elsewhere?
• TPUs, GPUs, FPGAs, smart NICs, ASICS …

• Beyond SQL
• Can we move away from single pass operators?
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Despair not: the best of times for research!

We are in an era where most of the established 
assumptions, rules of thumb, and 

accumulated wisdom about data processing no 
longer hold and need to be revisited. 
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The Hardware Era
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Not a new concept …
• 2011 Report
• Exponential growth for several decades
• Exponential growth no longer possible
• Switch to multicore and parallelism

• Energy consumption becomes an issue
• Multicore introduces parallelism that we do not 

know how to exploit well
• Situation will not change in near future
• Alternative is specialization 
• Either somebody comes up with a new great 

invention or there is a problem
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General purpose computing

Slow improvements lead
to specialization
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Driving specialization
• The cloud is the big game changer:
• New business model
• Economies of scale
• Very large workloads

• Every hyper scaler is its own “Killer App”
• The scale makes many things feasible
• The gains have a very large multiplier
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https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-
insights/how-high-tech-suppliers-are-responding-to-the-hyperscaler-opportunity



HW Specialization for databases
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Have we been here before?
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Cloud caches (Amazon Aqua)
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“AQUA is designed to deliver up to 10X 
performance on queries that perform large 
scans, aggregates, and filtering with LIKE and 
SIMILAR_TO predicates. Over time we expect to 
add support for additional queries.” 

https://aws.amazon.com/blogs/aws/new-aqua-advanced-
query-accelerator-for-amazon-redshift/



Lesson Learned

• Database engines are bad at operations that have now become very 
important
• This is not because they are bad at it but because the underlying 

hardware (CPU) makes it expensive
• Other devices enable these operations, let’s embrace them …
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X-Engine (Alibaba)
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18th USENIX Conference on File and Storage Technologies (FAST'20)



Lesson Learned

• Even modern designs of database engines consume too many 
resources for operations internal to the engine
• Some of these operations are better done somewhere else than in a  

CPU
• Accelerators are available in data centers and the cloud, let’s embrace 

them …
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Data Compression (Microsoft Zipline/Corsica)
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https://azure.microsoft.com/en-us/blog/improved-cloud-service-performance-through-asic-acceleration/



Lesson Learned

Everything that is demanding enough and 
common enough will move to dedicated 

accelerators
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Performance is not the only story …

•These deployments have one goal:
•Free up the CPU for other tasks!

• In traditional database engines and data 
processing systems, the CPU does everything
•No longer efficient!
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First baby steps …

• Software evolves slower than hardware

• Current deployments focus on elements that can be migrated to 
hardware without major changes to the engines

• But once the hardware is available …
• Engines will be developed for that hardware
• Pressure will increase to take advantage of heterogeneous architectures
• That will be the next wave of truly cloud native database engines
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Emerging themes

•Reduced CPU utilization
•Accelerate common operations
•Accelerate the infrastructure supporting the system
•Processing data on the fly
•Near data processing (memory, storage, …)
•On demand servers and functionality
•…
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Ignore hardware developments 
at your own peril
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The future of accelerators
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https://blogs.cisco.com/datacenter/disaggregating-memory-may-be-the-most-exciting-trend-for-
computing-system-design-right-now
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Far memory systems

• DRAM is the most expensive part of clusters these days
• Often, memory is “orphaned”: all the CPUs are taken but there is still 

memory available
• Disaggregated DRAM: use memory available through the network 

(RDMA)
• Remote Memory: Use the memory of other machines
• Disaggregated Memory: Network attached memory modules

• Most research focused on remote memory

•Remote memory is inadequate for databases!!!

Gustavo Alonso. Systems Group. D-INFK. ETH Zurich 32



Why we need to work in this area

• Database Systems 101:
• Function vs data shipping
• Remote memory implements data shipping
• In databases, function shipping is more efficient but cannot be done in 

remote memory systems (the CPUs are busy and would interfere with 
whatever is in the other machine!)

• Disaggregated memory would be great but how would it look like?
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Smart Disaggregated Memory (Farview)
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Korolija et al. Farview: Disaggregated Memory with Operator Off-loading for Database Engines, CIDR 2022



Smart Disaggregated Memory (Farview)
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Database Architecture

36

https://docs.oracle.com/cd/E11882_01/server.112/e40540/process.htm#CNCPT902
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Research questions:
What else can be disaggregated?
Cache management
Operator offloading
Streaming operators
Query optimization
Updates
…



One example: cache replacement policies
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1986 2022



Conclusions
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These are the best of times!

• Databases are a crucial component on every development
• But they are not ready for the new hardware and must be redesigned
• Go beyond current cloud native databases
• Embrace the new hardware era
• Let’s influence the new hardware, the opportunity is there!!
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Take away mssg:

Do not work on 
polishing Dutch 
tomatoes no 
matter how many 
others do


