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01 BACKGROUND & MOTIVATION

FUNCTION AS A SERVICE
AT META

- highly heterogeneous
workloads

: Calls/ Execution Memory
Workload Trigger second CPU (MIPS) Time (s) (MB)
-
\attiesions | . L 3.4M 65-200  055-14 10 -90
Warehouse

wieiipulig Queue 25K 15M-27M  65-155 30 - 230
Framework
N




01 BACKGROUND & MOTIVATION

“81% of the applications are invoked
once per minute or less on average.
This suggests that the cost of keeping
these applications warm, relative to

WHAT ABOUT HARDWARE COSTS? their total execution (billable) time, can
be prohibitively high”™

Shahrad et al. Serverless in the wild: Characterizing and optimizing the
serverless workload at a large cloud provider. In USENIX Annual Technical
Conference, 2020.
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A Lengthy Cold Start [NOTCOVERED IN THIS TALK]

B High Variance of Load

C Downstream Overloads
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optimizing the serverless workload at a large cloud provider. In
USENIX Annual Technical Conference (USENIX ATC 20). 2020.
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02 CHALLENGES: HIGH VARIANCE OF LOAD

High Variance of Load

Problem

1. Previous work reported a high
peak-to-trough ratio of function
calls

2. At Meta, the ratio can be as high as
4.3

Function Calls
(normalized)
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0.2

-=Received

,I\<

Time Over a Week
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02 CHALLENGES: OVERLOADING
DOWNSTREAM SERVICES

DOWNSTREAM
OVERLOADS
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02 CHALLENGES: OVERLOADING
DOWNSTREAM SERVICES

DOWNSTREAM
OVERLOADS

Problem

SocialDB Outage

- manual resolution
- several hours to resolve
- coarse-grained

RECEIVED

FUNCTION CALLS
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03 SYSTEM OVERVIEW

CENTRAL CONTROLLERS
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04 DEFERRED COMPUTE -DESIGN & EVALUATION Central Rate
Limiter

Scheduler

FuncBuffer A

r J Throttler H RunQ }
1. Reserved Quota S >[

o CPU cycles a function can consume DurableQ — /

o Transformed to RPS for enforcement

\

J>{ Throttler H RunQ J
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DurableQ [— FuncBuffer A

v
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Scheduler
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04 DEFERRED COMPUTE -DESIGN & EVALUATION

2. Opportunistic Quota

o Dynamically adjusted based on worker
utilization

o Deferred to off-peak hours

o SLA of 24 hrs

DurableQ

DurableQ

Central Rate
Limiter

Scheduler

A4

FuncBuffer A

J>[ Throttler H RunQ ]

FuncBuffer B

A4

FuncBuffer A

>[ Throttler H RunQ J

FuncBuffer B

Scheduler

throttling rate = base _rate _from_quota * S

High Worker Utilization: S

Low Worker Utilization: S /
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—

Reserved Quota
Opportunistic Quota

%SN\\

~

Per function criticality level
Explicit future execution start time

[NOT COVERED IN THIS TALK]

19



04 DEFERRED COMPUTE -DESIGN & EVALUATION

Total CPU Cycles Consumed by Functions

e Daily Peak Pattern 1
e Opportunistic Functions are Throttled 0.9

during Peak 5 &

0.7
0.6
0.5
0.4

0.3
0.2 Functions using opportunistic quota

Time Over Three Davs

Functions using reserved quota
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04 DEFERRED COMPUTE - DESIGN & EVALUATION

All Deferred Compute Features at Work

e Reserved Quota
e Opportunistic Quota 1
e Per Function Criticality v
e Explicit future execution time 8 o 038
. . S8 06
Cross Regional Load Balancing 85 o4 VA Nt N LI
I NN AW RN W Ry
Results: 0.2 |
- PeaktoTrough reduced from 4.3x to 1.4x 0 _:ece";ej e Over 4 Week
: ey — ime Over a Wee
- 66% Daily Average CPU Utilization TERE
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05 DOWNSTREAM PROTECTION -
DESIGN & EVALUATION
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05 DOWNSTREAM PROTECTION - DESIGN & EVALUATION
Central Rate Backpressure
Limiter Exception
Backpressure Handling scheduler |——  Worker  |——» D°"‘;:f/rii:m
e Responds to Downstream Backpressure Exceptions
e Throttling rate is set by AIMD algorithm
Backoff exception detection
100
Multiplicative
75 decrease
o Additive increase
E
L 50
- Backoff exception resolved
5
25
0
2 4 6 8 10
Time
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05 DOWNSTREAM PROTECTION - DESIGN & EVALUATION

e Realincident during overload of WTCache in
front of Social DB (TAQ")

e Recovery was complete in two hours without any
engineering intervention

"Nathan Bronson, et al. "TAO: Facebook’s Distributed Data Store for
the Social Graph." In Proceedings of the 2013 USENIX Annual
Technical Conference, 2013
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XFaaS

HYPERSCALE AND LOW COST SERVELESS FUNCTIONS AT META

06 Summary
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XFaaS utilizes the concept of universal workers to

eliminate cold start [NOT COVERED IN THIS TALK]

Even if we eliminate cold start, we will still be often
underutilized with need to autoscale almost
instantaneously by 4x

XFaaS embodies several methods to smoothen out

the function execution curve => daily avg CPU
utilization at 66%

Ensures protection of downstream services
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