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5 years ago  
Amazon announced…



@rabbah - Workshop on Serverless Computing 2019

instantly reactive 
functions

let main = () => ({ 
  msg: “Hello World” 
})
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event response
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> let hello = …  
> open bit.ly/hello-fn

“example”

http://bit.ly/hello-fn
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server.route(‘/hello’, 

) 
server.listen(port)

no Server logic

let main = () => ({ 
  msg: “Hello World” 
})
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server.route(‘/hello’, 

) 
server.listen(port)

let main = () => ({ 
  msg: “Hello World” 
})

no Server at all
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highly concurrent by default
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Serverless.
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Serverless benefits
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103 concurrency in seconds


106 operations < $0.25
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It is not all academic.
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$100M+ investor backed 
serverless startups  

in 2018
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The cloud computing 
landscape is changing.
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The cloud computing 
landscape is changing.

has changed.
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Increasing automation & abstraction are 
engrained in the history of computing.

IBM 704
1954
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On Prem
Infra. 
as a  

Service

Platform 
as a  

Service

Function 
as a  

Service

Increasing automation & abstraction are 
engrained in the history of computing.

$ / machine $ / hour $ / request
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2015 
2 Billion Lambdas / day


2019 
2+ Trillion / month
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Serverless is inevitable.
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2019
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The number of servers  
managed by an organization 

will decrease in half every 2 years.

My Serverless Conjecture
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there are limits… 
of course
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C
on
ta
in
er

Input 
JSON

Output 
JSON

stdout 
String

stderr 
String

function main() { 
  return { 
    msg: “Hello World” 
  } 
}

Function Isolation
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Serverless Elasticity

containers
500ms

resource isolation and provisioning
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create  
container

initialize  
container

run

delete
container

Container Lifecycle
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queue 
execution

vendor costs (resources)

fu
nc

tio
n 

ex
ec

ut
io

n 
de

la
y

execute 
instantly

function concurrency



@rabbah - Workshop on Serverless Computing 2019

Serverless Tensions

scale infinitely 
execute instantly

control costs

finite resourcesvs.

bit.ly/serverless-contract
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Serverless Contract

 X % of the time the function will start  
to execute in  Y  milliseconds 

bit.ly/serverless-contract
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Serverless Contract

Arrival Rate 
A events / seconds 

Drain Rate 
D functions / seconds
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Serverless Contract

 
A  D: queuing latency  0 < ≈

The system is over-provisioned. 
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Serverless Contract

 
A  D: queuing latency  0
≈ ≈

Balanced but difficult to achieve  
with dynamic load.
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Serverless Contract

 
A  D: queuing latency  mismatch > ∝

The system is under-provisioned. 
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Cold Starts
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Wait Time
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server server server

Bin Packing Scheduler
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github.com/apache/openwhisk
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built for the Enterprise and Research 

powers IBM Cloud Functions,  
Adobe I/O Runtime, Naver, Nimbella, …

4.4K+ stars  
845+ forks 
165+ contributors
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Figure courtesy of Mohammad Shahrad.
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Latency Breakdown
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Figure courtesy of Mohammad Shahrad.
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Latency Breakdown
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Figure courtesy of Mohammad Shahrad.
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Latency Breakdown
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Serverless Elasticity
resource isolation and provisioning

isolates containers vms
5ms 500ms 50s

unikernels micro-vms
100ms
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2019



@rabbah - Workshop on Serverless Computing 2019

2019
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IF  ID  EX  WR→ → →

A RISCy Analogy
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Fetch function from Object Store.

Cache it for repeated execution.

Decode and determine resources 
to allocate for function: container, 

memory, CPU, GPU …

Execute the function, sending it 
the input arguments, and 

capturing its result as the output.

Write the result of the execution 
back to the Data Store.

A RISCy Analogy
IF  ID  EX  WR→ → →



@rabbah - Workshop on Serverless Computing 2019

A RISCy Analogy

Branch Prediction 
Speculation 

  Register Bypass

: Function Prediction 
: Pre-Warming 
: Function to Function
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functions run in finite time and space  

Serverless Contract

…and have transient residency
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death is certain

but revival is fast
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Can compositions of serverless 
functions be serverless functions?

Onward! ‘17
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The Computing Stack

Applications

Micro Architecture

ISA

Runtime & OS

Compilers

Libraries, DSLs
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function 
A

function 
B

function 
C

function 
D

Function Composition
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function A function B function C function D

scheduler as 
function

function A function B function C function D

scheduled 
by client

function A function B function C function D

main
function A function B function C function D

completion 
trigger

completion 
trigger

completion 
trigger

completion 
trigger

explicit 
activations

reflective 
activations

local function 
calls

trigger fire rule 
activations

client-based scheduler

fusing scheduler function continuation scheduling

scheduler as a function

Function Orchestration
where is “main”?
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Client-side Composition?

composition cannot be further composed: 
substitution

function A function B function C function D

explicit 
activations

scheduler 
as client
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sequencing via reflective invocation

external scheduler is active

time

A

function is active

B

function is active

scheduler invokes 
functions

function A function B function C function D

Reflective Composition?
scheduler 
as function

scheduler waits for functions to complete: 
double billing

explicit 
activations
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function A function B function C function D

main
local function 
calls

let fused = [

args => ...,

args => ...,

args => ...


]


let scheduler = functions => args =>

   functions.reduce(Function.apply, args)


let main = scheduler(fused)

inlined code for

sequence 

Composition by Fusion?

monoglot and requires access to source: 
black box
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function A function B function C function D

completion 
trigger

completion 
trigger

completion 
trigger

completion 
trigger

trigger fire rule 
activations

B

function

completion 
trigger

A

function sequencing 

JSON ⇒ JSON ⇒ 

Continuations?

the right direction, but breaks 
substitution, double billing, or black box
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Serverless Trilemma

without intrinsic support, compositions-as-functions 
violate at least one constraint

let me compose 
services or code

black box

substitution

double billing
charge me for functions,  
not scheduling

permit blocking invokes 
and hierarchical 

composition
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programming model for  
Serverless Composition
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composer.sequence(
  ‘A’,
  ‘B’,
  ‘C’,
  ‘D’
)

Composition with Combinators

github.com/apache/openwhisk-composer
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Function Orchestration

function 
A

function 
B

function 
C

function 
D

composer.sequence(‘A’, ‘B’, ‘C’, ‘D’)



@rabbah - Workshop on Serverless Computing 2019

Control and Data Flow Combinators

github.com/apache/openwhisk-composer
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From Functions to  
Serverless Applications

github.com/rabbah/travis-to-slack
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The Computing Stack and

Applications

Micro Architecture

ISA

Runtime & OS

Compilers

Libraries, DSLs

Serverless Abstraction Gaps
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The Computing Stack and

Applications

Cloud Providers as Commodity

ISA

Runtime & OS

Compilers

Libraries, DSLs

Serverless Abstraction Gaps
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Serverless Functions

Starting a VM 
minutes

Starting a Container  
seconds

Starting a function 
milliseconds
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A computer is not just a CPU
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serverless 
compute

serverless 
memory

The Serverless Instruction Set
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Cloud Providers as Commodity

Low Latency  
Function Memory

Function-Function 
Networking 

The Serverless Instruction Set
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Cloud Providers as Commodity

Low Latency  
Function Memory

Function-Function 
Networking 

The Serverless Instruction Set

the dawn of the 
Cloud Computer
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IBM 701
1952

IBM 704
1954

IBM 1620
1959

IBM Stretch
1960

recode recoderecode

IBM 360/30
1964

IBM 360/67
1966

IBM 360/91
1967

IBM 360/195
1971

copy copy copy

1964: Invention of the Instruction Set Architecture
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Serverless & Stateful
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Read State / 
Memory

Write State / 
Memory

Logic

Read State / 
Memory

Write State / 
Memory

Logic

System 
Managed

Developer 
Responsibility

System 
Managed

Developer 
Responsibility
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Read State / 
Memory

Write State / 
Memory

Logic

Read State / 
Memory

Write State / 
Memory

Logic

System 
Managed

Developer 
Responsibility

System 
Managed

Developer 
Responsibility
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This is hard.
functions have transient residency
transient residency  no data locality →
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Serverless Operational Semantics
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“For its entire history, distributed computing research 
	modeled capacity as fixed but time as unlimited. 

	With serverless time is limited, but  
	capacity is effectively infinite. 

This only changes everything.”

Dr. Tim Wagner 
Amazon Lambda “inventor”


