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Background and Motivation




DigitalOcean

What is
Serverless?

Serverless function-as-a-service
(FaaS) platforms offer many
desirable features:

Rapid elastic scaling

Scale to zero

No infrastructure management
Fine grained billing

Fault tolerance

No up front cost to deploy an
application



How Faa$S
Platforms Work

Client FaaS Function
Platform Instance

Clients make requests to the
FaaS platform which manage
the infrastructure automatically

FaaS platforms create and
execute users code inside
environments known as
function instances

Function instances can be
hosted on a variety of different
kinds of hardware



Automatic Scaling

Request

Clients FaaS Function
Function Instances

As more requests are made, the
FaaS platform scales the
number of function instances

Function instances for one
function can be spread across
many host servers



Inconsistent
Performance

. REER) Function
Clients )
Function Instances

Heterogeneous hardware leads
to some hosts being faster than
others

Since FaaS platforms bill based
off runtime, slower hosts
perform worse and are more
expensive



Request Routing

If we were able to observe all of
the available infrastructure of
serverless regions, we could
route requests to regions with
more favorable infrastructure

Our previous work built a
serverless sky proxy system to
route requests around the
world (IC2E 2023)



What is Sky
Computing?

The Sky sits above the clouds
Consists of compatibility layers
allowing aggregation of
resources between cloud
regions, availability zones, or
cloud providers

Goals for Serverless Sky Computing:

Allow applications to take
advantage of resources of
multiple regions and cloud
providers

Improve performance and
reduce costs of FaaS
applications
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3. Regional Routing

1. Baseline 2. Retry Method

Workers Workers Workers
Retry Logic Hybrid Approach
1. Retry Slow: Invocations retry Combine both Retries and

on the two slowest CPUs Regional Routing

2. Focus Fastest: Invocations
retry on everything but the
fastest CPU
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Research Questions

e RQ-1 (Infrastructure Variation): What CPU variations can be
observed on Faa$S platforms across different zones and regions?
How does it change over time?

RQ-2 (Infrastructure Characterization): How many samples are
required to accurately infer the hardware pool? How can we
balance the cost versus accuracy?

\ > e RQ-3(Performance Optimization): To what extent are runtime
and cost improvements possible by targeting specific instructure?
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Serverless Infrastructure
Observation




Using SAAFina Function:

Using SAAF ina function is 8% <imple importing the framework and adding 2 couple lines
of code. Attributes collected by SRAF will b appended onto the JSON response. For
asynchronous functions: i data could be stored M0 atabase, such as ANS S3: and
etrieved after the functio s finished.

Example Function:
¢rom Inspector import *
et myFunction{request)?

+ Initialize the Inspector and collect data:
1)

inspector = InsPe

inspector. inspectAll0)

4 add 3 Hello Vorlal" 1eSSRCC

)nsve(mr.addAt(r\hV[P("message", wpello ® + reuest(’nane’) * %)
# Return attributes colected:

o dnspector. finish()

Ex
@mple Output JSON;

The at
tributes
more det collect can
tailed d be cust
see the fray lescriptions of tomized by changj
mework document. each variable anq nging which funct;
nt the fi ions are
called. For
r

tation for fun
ea ction:
{ ch language. 's that collect them,
, please

“versiont:
"langis w2t

“Intel,

antel(R) Xeon(R)

q Processor

ullsnmags @ 2.50Hz",

tueo18-78ds~48
o, e2

"AWS

-9736-9
97dc1ag;
nevcontagnere; 00" 31440

Attributes Collected by Each Function

e amount o data OIS otamined by whien anctons S0 catod  some aAES e eeded, then Some
o o many notneed ©20¢ et you voud e o colect oy ibute, einspeci A0 “method il rn 3
methods.
Core Attributes
Fiold Description
©erson | Theverson et saaF Framewotk
Tang The tanguage of the functir

e These0ers9e i from when the nctet® itaized unt nspector s calld.

arime | Tha UnXEpOCH 28 e nspoctorvas nalzed 07

inspectContainer(
Field Description
wid uricue dertifr 3599712 < container f one d0¢5 %t aready st

ewcontainer  Whether 4 containers now (10355974 iy o e has boen used P
uptime Tmevhen nost ooted n seconds S January 1,970 (Unixepoc

inspectCPU0
Fild pescription
ey e modetname ot e P

Supporting Tools - SAAF

We utilize th
e Serverless A .
to collect vari . S ppllcation Analvti
platform rious metrics about the infrasty ics Framework
serverless functions are hosted rUI:Zture and
with.

SAAF colle
ctsC imi
hardware speci Y Tlmlng metrics, latency inf '
pecifications, runtime metrics dormahon,
, and more.

We utilize CP
U metri
instances and ob etrics from SAAF to characterize f i
serve details about the host inf unction
rastructure.
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Observing
Infrastructure

o

Requests

Function Instance CPUs:
33% 2.5 GHz, 67% 3.0 GHz

We deployed “Hello World”
sleep functions with SAAF that
collect CPU information

We then make parallel requests
to view available infrastructure
for a function

With SAAF’s data we build a
characterization of the pool of
available infrastructure

But this method is limited...
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Creating Function
Instances

Requests

Requests

Requests

To observe as much infrastructure
as possible we need to create
many function instances

FaaS platforms limit the number of

concurrent executions
(1000 on AWS Lambda)

By utilizing many function
deployments, we can create more
function instances than the
concurrency limit

With this we can build accurate
characterizations of available
CPUs in availability zones (AZs)
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Observed Function Instances
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Observed Function Instances
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Observed Function Instances
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Observed Function Instances

Sanity Checks

Function Instances Errors Errors on 2nd AWS Account
440 FIs/poll
889 FIs/poll AQS FIs/poll
259 FIs/poll
893 FIs/poll

Switched
Accounts

10 20 30 40 50
Sequential Infrastructure Sampling Polls

100

80

60

40

20

Failed Invocations (%)

e To verify this was not a simple rate
limit we:
o used separate AWS accounts with:
m different email addresses
different payment methods
different locations/network
different deployed functions
different FaaS configurations
(checksum/RAM)
different invocation methods:
e Function URLs
e API Gateway
e AWSCLI

The only similarity was functions
shared an availability zone

Even with all of these tests we still
observed these errors
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Methodology and Results




RQ-1 (Part 1): What CPU
variations can be observed on
FaaS platforms across
different zones and regions?
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Characterization APE (%)
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RQ-1 (Part 2): How does
characterization accuracy
change over time?




CPU Distribution (%)
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CPU Distribution (%)

2.9 GHz Error —— 3.0 GHz Error —— MAPE
B 2.9 GHz 2.5 GHz
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characterization error
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Absolute Percent Error (%)
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Absolute Percent Error (%)
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Key Points:

Depending on the region, characterizations
remain accurate over multiple days.

2. Age of region or popularity may impact the
distribution of hardware, making
characterizations less accurate over time
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RQ-2: How many samples are
required to accurately infer
the hardware pool? How can
we balance the cost versus
accuracy?
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Unique Function Instances (FIs)
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Key Points:

. When sampling infrastructure sleeping for 0.25

seconds allowed us to hit the concurrency limit
while costing under $0.03 a poll
For later experiments we used 10 GBs memory

settings, resulting in ~$0.04 cost per poll
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Samples before Failure
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Samples before Failure

ca-central-1a eu-north-1a —— sa-east-1a —— us-west-1a —— us-west-1b

I\
I \
f \
| )
. / \
e N\ | | \
A \ / \
e 4 / \
20k \ / \

Costs $0.44 to $0.80

e
— Costs $0.04 to $0.40

2 4 6 8 10 12 14
Day

5
<

1-10polls



Samples before Failure
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Polls for <10% APE
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Polls for <10% APE

ca-central-1a eu-north-1a —— sa-east-1a —— us-west-1a —— us-west-1b

35 .
Key Points:
30 . For most times, we
needed less than 5 polls
25 to achieve 90% accuracy
. sa-east-1a had >90%
20 accuracy with a single
poll
15 . With less than 5 polls it
only costs $0.20 to
10 characterize a region
5
0 -

Day
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RQ-3: To what extent are
runtime and cost
iImprovements possible by
targeting specific instructure?




3. Regional Routing

1. Baseline 2. Retry Method

Workers Workers Workers
Retry Logic Hybrid Approach
1. Retry Slow: Invocations retry Combine both Retries and

on the two slowest CPUs Regional Routing

2. Focus Fastest: Invocations
retry on everything but the
fastest CPU
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Conclusions




Key Results

e RQ-1(Infrastructure Variation):

o Diverse CPU characterizations were observed across 41 regions
o  Our sampling technique appears to be able to saturate entire
availability zones creating accurate hardware characterizations

e RQ-2(Infrastructure Characterization):
o Characterized availability zones for only $0.04 with 95% accuracy

e RQ-3(Performance Enhancement):
o Retry Slow resulted in a consistent 10.1% reduction in runtime and cost
o Focus Fastest had up to 18.5% lower costs, averaging 16.5%
AL o Compared to a baseline of running in us-west-1b, the Region Hopping
: hybrid approach averaged a cost savings of 10.0% up to 18.2%
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Thank You!

Any Questions?

Presented by Robert Cordingly - rcording@uw.edu
All source code available at https://github.com/wlloyduw/SAAF

This research has been supported by the University of Washington Carwein-Andrews Distinguished Fellowship and AWS Educate Cloud Credits.
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