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Streaming data Data Event-driven Real-time 

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

… and the market is growing at a fast pace…

   This talk: 

✦ What & why of serverless 

✦ Today’s Serverless = Stateless 

✦ Stateless → Stateful serverless
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High-level language (e.g., Python, SQL) 

Zero management (fault-tolerance, load-balancing) 

DEMAND DRIVEN EXECUTION

Fine-grained resource elasticity

COST EFFICIENCY

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

DEVELOPMENT

BILLING
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Upload 
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Pay for what 
you use

Run at  
any scale
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✦ 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
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Library

Solver 
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…

40 IPO Servers
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✦ Scaling in response to load variations

✦ Request routing and load balancing

✦ Monitoring to respond to problems

✦ Provision servers based on budget, requirements

✦ System upgrades, including security patching

✦ Migration to new hardware as it becomes available

…Developer’s burden!
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✦ 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
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✦ Different pricing models, resource allocations, security, isolation,  
programming language support, OS support, etc.[1,2]
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Serverless = FaaS BaaS +
✦ Object Storage (e.g., S3) 

✦ Key-Value Stores (e.g., DynamoDB) 

✦ Database (e.g., Cloud Firestore) 

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

✦ Complexity Hiding 

✦ Consumption based billing 

✦ Automatic scaling

λ
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Streaming Analytics

SQL Analytics

Video Analytics

…

How can we efficiently support stateful applications on serverless?
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…

Partition 
Task

…

Partition 
Task

…

Partition 
Task

…

Merge 
Task

Merge 
Task

Merge 
Task

…

OR

Elasticache S3

Service Cheap storage IOPS

S3 Yes Low

EC No High
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✦ High parallelism = worse compression (more KeyFrames)
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✦ 60X faster and 6x cheaper than Google’s vpxenc on 128 cores



VIDEO  ANALYTICS:  EXCAMERA

Making lambdas talk to each other

Rendezvous 
Server (R)

A

B

C

... L
am

b
d

as

21



VIDEO  ANALYTICS:  EXCAMERA

Making lambdas talk to each other

✦ Lambdas are only permitted outbound TCP/IP connections

Rendezvous 
Server (R)

A

B

C

... L
am

b
d

as

21



VIDEO  ANALYTICS:  EXCAMERA

Making lambdas talk to each other

✦ Lambdas are only permitted outbound TCP/IP connections

✦ Establish outbound cxns to rendezvous server (R) at init

Rendezvous 
Server (R)

A

B

C

... L
am

b
d

as

21



VIDEO  ANALYTICS:  EXCAMERA

Making lambdas talk to each other

✦ Lambdas are only permitted outbound TCP/IP connections

✦ Establish outbound cxns to rendezvous server (R) at init

✦ If A wants to talk to B, it sends R an init msg connect(A, B) 

๏ R forwards all of A’s subsequent msgs to B

Rendezvous 
Server (R)

A

B

C
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b
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Jiffy: In-memory Intermediate State Storage

Application: Scale intermediate storage 
resources independent of other resources

Cloud Provider: Multiplex intermediate 
storage for high utilization

Challenges:

What is the right interface?

How can we share intermediate storage across applications with isolation?

How should we manage lifetimes of application storage?

How to facilitate efficient communication across tasks?
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SLA Guarantees

Performance guarantees, 

Performance isolation

Security

Side-channels, Information 

leakage via network 

communications

Heterogenous 
Hardware

FPGAs, GPUs, TPUs, etc
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Questions?


