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Serverless is Skyrocketing!

Serverless computing market growing at unprecedented pace
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High-density multi-tenant resource sharing & elasticity

Advantages of Serverless Computing

§ Fine-grained resource provisioning § On-demand scaling
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* Even Oracle dug a large number of high-end experts from AWS and 
Microsoft to build a bare metal cloud storage system 

Recent trend on separating compute & storage:

§ Load scales differently

§ Differences in device lifecycles

§ Different requirements for reliability & availability

à Overall TCO (cost) reduction

Gartner report “Data Distribution & Complexity Drive 

Information Infrastructure Modernization”:

§ By 2019, 90% of cloud DBMS architectures will 

support separation of compute & storage

§ Future cloud architectures centered around object 

storages

451 Group Report “Separation of compute and storage 

drives analytics in the cloud”

Vendor High scalability
Unified storage

Autoscaling
Complex 

computing 
capability

Autoscaling
Preprocessing 

computing 
capability

AWS 
Redshift 
Spectrum

S3 Redshift Spectrum layer

Microsoft 
Azure Data 
Lake

Azure Storage
(OBJ/HDFS)

Azure SQL 
DW/Polybase

Azure Data Lake 
Analytic(U-SQL)

Google GCP 
BigQuery GFS/CFS NA BigQuery

(Dremel)

Storage Computing

Elastic and independent scaling of storage & compute

Autoscaling
Arbitrary 
functions 
capability

AWS Lambda

Azure Functions

Cloud Functions

Cloud-Native: Storage Disaggregation
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https://www.seagate.com/files/www-content/our-story/trends/files/dataage-idc-report-final.pdf

“Much of today’s economy relies on data, and this reliance will only increase in the 
future as companies capture, catalog, and cash in on data in every step of their supply 

chain” Managing data lifecycle the next “killer app” in the cloud

It’s all About Data!
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First challenge of serverless computing?

Recap

• Tons of use cases for serverless computing (& growing)
• Storage and compute disaggregation as the new norm
• Tons of data (& growing)
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Serverless computing forces function to access all data remotely

§ Shipping data (state) to code (logic) paradigm

FunctionGraph OBS

High latency

Low Bandwidth

§ User pays for additional idle time

FunctionGraph OBS

Idle time

CIRD’19

time time

Challenge of Serverless Computing
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Serverless functions (video processing) spend up to ~50% of execution time in S3

Netflix uses serverless functions to process video files. The videos are uploaded to Amazon S3, which emits events that trigger Lambda functions 
that split the video and transcode them in parallel to different formats. 

ATC USENIX’18

~53% time S3 I/O ~25% time I/O ~33% time S3 I/O

Use Case 1: Multimedia Processing
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Serverless functions (MapReduce Analytics) spend up to ~80% of execution time in S3

PyWren is a Python-based system that utilizes the serverless framework to avoid development and management overhead of running 
MapReduce jobs. It is able to get up to 40TFLOPS peak performance from AWS Lambda, using AWS S3 for storage and caching. A similar reference 
architecture has been proposed by AWS Labs. PyWren exemplifies a class of use cases that uses a serverless platform for highly parallel analytics 
workloads.

ATC USENIX’18

~80% time S3 I/O ~35% time I/O ~33% time I/O ~50% time I/O

Use Case 2: MapReduce Analytics
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OBS

Objec t  S to rage  Se rv i ce

OBS

Objec t  S to rage  Se rv i ce

Traditional Intelligent

Service

Storage

Service

Storage
Data

GET/PUTAPI GET/PUTAPI SQL FaaS AI …

In-object storage FaaS capabilities (among others)

R&D Direction: Intelligent Object Storage
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Features Amazon S3 ABS Alibaba OSS Huawei OBS

Key-Value API Yes Yes Yes Yes

Index API ABS Blob Index Data Indexing

SQL API S3 Select Query Acceleration OSS Select OBS Select

Image API OSS IMG OBS Image Processing

Video API OSS Capture video snapshots

Document API OSS IMM Document transform

AI/ML API OSS IMM Facial recognition
OSS IMM Image recognition

Lambda API S3 Object Lambda OBS Lambda

Myriad of intelligent features in object storage ready for commercial use today:

OSS

Objec t  S to rage  Se rv i ce
OBS

Objec t  S to rage  Se rv i ce

Business Layout: Competitive Analysis

All cloud providers moving into intelligent object storage
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We define template functions and workflows
• Templates encapsulate functionality common of object types (e.g., documents, images)

Documents:
• Wordcount
• Linecount
• Replace
• Copy
• Getline
• …

Media:
• Framecount
• Segmentsplit
• Scale
• Encode
• Decode
• …

Image:
• Scale
• Crop
• Encode
• Decode
• Copy
• …

ML:
• Inference
• Training
• Feature Extraction
• …

Common:
• Compress
• Decompress
• Encrypt
• Decrypt
• ACL
• …

OBS Lambda: Function Templates

Templates ease programmability and raise level of abstraction of object storage



HUAWEI TECHNOLOGIES CO., LTD. Huawei Confidential 
Page 13

FunctionGraph

§ No pipelining

Time

Lambda 1 Lambda 2

Time 
Lambda 1

Time 
Lambda 2

§ Payload limit (> 6MB)

Ideal

Time

Lambda 1 Lambda 2

Time 
Lambda 1

Time 
Lambda 2

§ Pipelining

Time
Time 

Lambda 1

Time 
Lambda 2

§ Intercepts flow any object size

Time
Time 

Lambda 1

Time 
Lambda 2

Further Challenges of Serverless Computing (1)

Ideal: Data-driven serverless computing (i.e., functions in the data path)
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Performance and cost trade-offs of decomposing 1 big lambda into several smaller ones

• Decide when it is “better” to split lambdas
• Automatically split big lambdas
• Low latency communication between lambdas
• Pipeline output from one lambda as input to another in stream processing

decompression filter decompression filter

lfilldeclbig
vs.

scale

decompression filter

decompression filter

decompression filter

decompression

decompression

decompression

filter

Pros:
• Easy to write

Cons:
• Different scaling 

requirements of the 
components

• Idle resources / 
wasteful duplication 
of lambdas

Pros:
• Start faster
• More predictable 

latency
• Better tail latency
• Can be scaled 

independently
• Pipeline output from 

one lambda to 
another

Cons:
• Unwieldy to write 

applications with
• Require 

communication 
between lambdas

Small lambdas Big lambdas

Research Challenges

Ideal: Efficient lambda decomposition

Further Challenges of Serverless Computing (2)
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Beyond

Serverless computing great match for exploiting heterogenous hardware due to state-less nature:
§ Compute (e.g., GPUs, FPGAs) or IO hardware (e.g., SmartNICs, SmartSSDs)

Integration of serverless computing in conventional provisioned services

§ Redshift Lambda UDF support [2020] or Snowflake External Functions [2020]

Serverless computing great match for “pay-as-you-go” cloud services
§ “SQL-on-FaaS” [SIGMOD’20] or “ML-on-FaaS” [SIGMOD’21]

State-less and serverless nature good opportunity for “running-anywhere”
§ Idea of “CloudButton”
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Conclusion

§ Serverless Computing here to stay

§ Serverless computing still has many challenges to solve

§ Serverless computing service backbone of future cloud services
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Pannel

How do you see Serverless Computing in five years?
§ Heterogeneous support
§ Building block of other cloud services (e.g., SQL-on-FaaS, ML-on-FaaS)
§ Integrated in provisioned cloud services
§ Pushing towards computing in de-centralize clouds

Propose a technical challenge to solve in this field in the next years
§ How to “compile” an existing application into FaaS?

What question would you want to ask another participant?
§ Can FaaS become de-facto building of cloud services (e.g., Data Warehouses, ML, …)


