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WHY SHOULD YOU CARE

Mainstream interest triggered by AWS Lambda service in 2014

SERVERLESS ARCHITECTURE MARKET, BY REGION
(USD BILLION)

——
|
2019 2020-¢ 2021 2022 2023 2024
® North America WEurope APAC MEA W Latin America

e: estimated; p: projected
Source: MarketsandMarkets Analysis

All major cloud players now offer a wide range of serverless platforms

..and the market is growing at a fast pace...
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Mainstream interest triggered by AWS Lambda service in 2014

SERVERLESS ARCHITECTURE MARKET, BY REGION
(USD BILLION)

21.1
s
b
7.6 : i I
2019 2020-¢ 2021 2022 2023 2024 ThIS talk'
B North America WEurope ®WAPAC MEA W Latin America
e: estimated; p: projected * What & Why Of SEFVGHESS

Source: MarketsandMarkets Analysis

All major cloud players now offer a wide range of serverless platforms + Today’s Serverless = Stateless

.. and the market is growing at a fast pace.. 4+ Stateless — Stateful serverless
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WHAT IS SERVERLESS?

EASE OF USE
High-level language (e.g., Python, SQL)

Zero management (fault-tolerance, load-balancing)

DEMAND DRIVEN EXECUTION

Fine-grained resource elasticity

COMPUTATION

COST EFFICIENCY

Pay-as-you-go + fine-grained billing

BILLING
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A REAL USE-CASE: HOW FINANCIAL ENGINES CUT COSTS 90% USING SERVERLESS'

Financial Engines: Independent Investment Advisor

9 million people across 743 companies, $1.8 trillion in assets

6 [1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
https://aws.amazon.com/solutions/case-studies/financial-engines/
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A REAL USE-CASE: HOW FINANCIAL ENGINES CUT COSTS 90% USING SERVERLESS'

Financial Engines: Independent Investment Advisor

9 million people across 743 companies, $1.8 trillion in assets

Automated portfolio management using computational engines
Core engine component: Integer programming optimizer (IPO)
Linear Programming to compute optimization/feasibility

6 [1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
https://aws.amazon.com/solutions/case-studies/financial-engines/
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IPO SERVER FARM

40 IPO Servers

Solver Solver Solver Solver
Library Library Library Library

IPO consumes > 30% of total CPU capacity
Spikes of up to 1000 requests/s, 100ms per request

Capacity planning during marketing campaigns that produce large traffic spikes is hard...
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Request routing and load balancing

Monitoring to respond to problems

Provision servers based on budget, requirements

System upgrades, including security patching
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A REAL USE-CASE: HOW FINANCIAL ENGINES CUT COSTS 90% USING SERVERLESS'

(" )
A
. 5 Library

+ AWS Lambda function for each IPO request

® Run as many copies of the IPO function as needed in parallel

9 [1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
https://aws.amazon.com/solutions/case-studies/financial-engines/
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Solver
Library

Run as many copies of the IPO function as needed in parallel

[1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
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Solver
Library

Run as many copies of the IPO function as needed in parallel

[1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
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A REAL USE-CASE: HOW FINANCIAL ENGINES CUT COSTS 90% USING SERVERLESS'

Solver
Library

AWS Lambda function for each IPO request

Run as many copies of the IPO function as needed in parallel

Serverless benefits

200-300 M IPO requests/month, 60,000 per minute at peak
Up to 94% cost savings annually, not including operational savings

Increased reliability: just instantiate new lambda requests on crash

9 [1] Financial Engines Cuts Costs 90% Using AWS Lambda and Serverless Computing,
https://aws.amazon.com/solutions/case-studies/financial-engines/
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+ Many FaaS platforms

P ¢) © 5@ S5 &

AWS Lambda IBM Cloud Google Cloud Cloudflare Azure Alibaba Function
Functions Functions Workers  Functions Compute

+ Many Faa$S orchestration frameworks:

|

IBM

| Composer
AWS Step Functions Azure Durable Functions

+ Different pricing models, resource allocations, security, isolation,
programming language support, OS support, etc.””

[1] Peeking Behind the Curtains of Serverless Platforms, Wang et. al. 12
[2] Evaluation of Production Serverless Computing Environments, Lee et. al.
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Object Storage (e.g., S3)
Key-Value Stores (e.g., DynamoDB)
Database (e.g., Cloud Firestore)

Data Processing (e.g., Cloud Dataflow)
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Data

/ A \ Database
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Serverless = EEN + BaaS

+ Object Storage (e.g., S3)
+ Key-Value Stores (e.g., DynamoDB)
+ Database (e.g., Cloud Firestore)

+ Data Processing (e.g., Cloud Dataflow)
13
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WHAT ABOUT STATEFUL APPLICATIONS?

Generate, exchange and consume intermediate data

Streaming Analytics

SQL Analytics

Video Analytics

How can we efficiently support stateful applications on serverless?
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EMERGING & FUTURE SUPPORT
FOR STATEFUL APPLICATIONS
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SERVERLESS ANALYTICS: LOCUS

PARTITION ELASTICACHE MERGE
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Thread#1 Thread#2 Thread#3 Thread#4
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VIDEO ENCODING/DECODING

How is it done today?

4 Video = Series of Chunks

@ Chunk = KeyFrame (large) + InterFrames (small deltas from KeyFrame)

Thread#4

=g
-
" - ‘ ‘
A\
+ N

Thread#3

o) ) (]
- -

Thread#2

4 ) (=
GRORIO

Thread#1

1) (lls) (e}
Encoded: .—>‘ ‘

Frames:

N

4 High parallelism = worse compression (more KeyFrames)

AN
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VIDEO ENCODING/DECODING ON AWS LAMBDA

Lambda#1 Lambda#2 Lambda#3 Lambda#4
EE 6 HE0 @O0 He
G OX @ - 0 - 0 o0

- W - o g »0

Serial Pass: Rebase

4+ 60X faster and 6x cheaper than Google’'s vpxenc on 128 cores

20
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VIDEO ANALYTICS: EXCAMERA

Making lambdas talk to each other

Lambdas

+ Lambdas are only permitted outbound TCP/IP connections
4 Establish outbound cxns to rendezvous server (R) at init

+ If Awants to talk to B, it sends R an init msg connect(A, B)

@ R forwards all of A's subsequent msgs to B

21
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Video Encoding in
ExCamera [NSDI'17]

Task#1

Rendezvous Task#2
Server

ask#N

Sorting data on PyWren
using Locus [NSDI'19]

Map#1 Reduce#1
P o
Map#2 ~ Reduce#2
Elasticache
Map#N Reduce#M
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SERVERLESS: BEYOND STATE MANAGEMENT

Side-channels, Information Performance guarantees, FPGASs, GPUs, TPUs, etc
leakage via network Performance isolation

communications

24
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