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Agenda

Evolution of ad campaigns and ad serving at Amazon

Improving ad selection and relevance with deep learning

Learnings and best practices
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Amazon ads - Helping grow businesses and
brands of all sizes!

Connect with shoppers

Measure results

aws
2]

D0}

A\
=

E’,




Build an omnichannel
marketing strategy
using Amazon ads
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Build omnichannel strategy with Amazon ads

) Build awareness

) Increase COﬂSideration Sponsored display

) Engage customers

Sponsored products

Y Drive purchase

Amazon DSP

Y Retail and brand readiness
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Working backwards from the customers

Advertisers Shoppers
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Advertising pillars,
challenges, and
architectural evolution

adws
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The big picture - Amazon ads

y Budgeting i
Advertisers Shoppers
Campaign
management

d server
I 4
Machine
learning
aws
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Building a seamless campaign management
experience for our advertisers

Campaign management

Highly available Low latency
>99.9999% read/writes
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Highly available and scalable budget service

SING AMAZON DYNAMODB, AWS LAMBDA, AND AMAZON KINESIS TO BUILD
IGHLY AVAILABLE AND SCALABLE BUDGET MANAGEMENT SYSTEM

U
A H

Budgeting

Cost reduction of Low latency of
more than 25% <1 second . .
adws
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Low-latency, high-throughput ad serving

Ad server

Network bandwidth

off Tz Exponential growth




Managing hundreds of petabytes of data

Analytics

ENED-EIr e Ingestion of . .
analytics within J

real-time ad events
hours
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Deep learning models to score product ads to
improve ad relevance

Machine learning

Scoring thousands
of ads per request
within milliseconds

Running offline &
online ML models
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N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Amazon Ads architecture that
works at scale
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Design principles

aws
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Design principles

aws
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Design principles

1L

Vertical scaling

L)
EEEE—

Horizontal scaling
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Design principles Effects

Important

3 Horizontal scaling

4 Pareto principle

Not important

aws
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Design principles

3 Horizontal scaling

4 Pareto principle

5 Invent and simplify
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Campaign management

Campaign
management
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Advertisers

3P developers
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Ad server
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Machine
learning

Shoppers
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Campaign management - The beginning

Campaign manager
service

30s

Poller job would create a journal for the

<—I! latest updates and stream to the clients
) mo

Journal Stream
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Campaign management - Sharding to scale

Poller got a little complex

Campaign manager

service 30s DDD
@_. Stream

Journal

aws
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Campaign management - RDS bottleneck

Manual re-sharding was hours of
outages as well

Campaign manager

service - I: I:l 9

B -

Journal

aws
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Campaign management - First overhaul

Connected DynamoDB
streams to Kafka

Campaign manager
service Apache
Kafka

DynamoDB Amazon
OpenSearch
Service
aws
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Campaign management - Problem #1

Fast path and dirty flag

Fast path

Campaign manager Apache
service e Kafka

Amazon

OpenSearch
Service

DynamoDB
Index completion

aws
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Campaign Management - Problem #2

Simple upgrade did the trick!

Fast path

Campaign manager Apache
service Kafka I -

Amazon
OpenSearch
Service

DynamoDB
Index completion

aws
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Campaign management - Success

_________________________________________________________________________

Availability Zone Availability Zone

Campaign manager Campaign manager

service service

k . 3 Horizontally scalable
X Apache N Apache i

i Kafka T > (afka |

X ol i 4  Real-time notifications
b Amazon o Amazon !

' | OpenSearch o OpenSearch !

1 Service e Service |

______________________________________________________________ 5 Global Campaign data replication
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Shoppers

Budgetin
Campaign
management
Ad server

4

3P developers

Machine
learning

aws
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Ad server - We started (Vertically scaled)

Ad server

Request
v
Request decoration
300 GB search index Soutmg
2 150 GB of machine learning models _ v
A Ad decoration
300 GBs of caches Il
% Ad filtering
— =1 ¢
@ Machine scoring
1.6M ads per second and 120 ms = {
latency requirement = atcion
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Ad server - Tenets

. Ad server
|
I Request
|

______ J|_________#________________
CACHE | N N
a . I Sourcing II___

______ _l_________#_________|_______
e = ! I
= ! e |
Ad filt :
[— d filtering :

: _——
@ | Machine scoring e
| | =1
4 Transparency 7T — | ey ¥ STt
—_ | Auction !
| |
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Ad server - Going distributed
Ad server

|
! Request decoration

Sourcing
— ! ! CACHE
' Ad decoration l |
| |
. o N +@ [ — — — — - I el ettt U
3 Replaced in-memory files with remote caches — ! v I
= Ad filterin ,
—= g |
[——|

Machine scoring

4 Employed purpose-specific hardware

| |
: Auction :
| |
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Ad server - Caching at scale

Largest cache would read 5 keys
per ad — 6M kps

t=|
@

Amazon
ElastiCache
for Redis
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Ad server - Caching at scale

We did not get replication!

(5]
@

Amazon
ElastiCache
for
Memcached

aws
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Ad server - Caching at scale

Campaign
Manager

Service

[|nnrl l1nnr| l-“-..-"-l Elastiocrache
L@j L@J @ :

Memcached
Achieved higher availability!

aws
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Ad server - Caching at scale

Campaign
Manager
Service

Built monitoring: if a cache node fails to
not cause reconciliation outage

Separated read/write fleet configs

Java Client
aws Reconciliation
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Ad server - Caching at scale

Campaign
Manager
Service

Built monitoring: If a cache node fails to
not cause reconciliation outage

Separated read/write fleet configs

Complete data failure/recovery — data
backup

Java Client
aws
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Ad server - Caching at scale

Campaign
Manager
Service

Any 2

Java Client
aws
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Ad server - Caching at scale

Campaign
Manager
Service

High object creation causes JVM GC
pauses — upgraded to ZGC in JDK 15

Any 2

Java Client
aws
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Ad server - Caching at scale

« Going off-box/over the network may not be always bad - even for
low-latency caches

« Caches are quite stable, with sufficient redundancy, we can achieve high
data availability

@ « Tip: You can configure the Java client to work for consistency

« Win — Support for as large a dataset we need to store, tested for 200 hosts
in @ Memcached cluster ~150 TB

« Win - Support for 500M keys per second
« Win - Support for indefinite throughput; 200 hosts can support 5 Tbps

aws
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ng ad events at scale

Budgeting

-
Shoppers

Campaign
management

3P developers

Machine
learning

aws
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Ad events - Challenges

Request

|
|
7 : P@'}
|
Request decoration :

Sourcing

Ad
request

logging

Ad decoration

t=|
¥ i

Ad filtering

Machine scoring

100s of millions of ads with 4 TBs of data
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Ad events - Simple solution with Amazon SNS

Ad request logging

Amazon SNS

aws
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Ad events - Solution with Amazon Kinesis

Ad request logging

We tried Kinesis (payload could be up to 1 MB)
2 - Atp100, requests could have 20K ads > 1 MB

— Saw Kinesis throttling on hot shards

I Amazon Kinesis

aws
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Ad events - Solution with Amazon Kinesis

Ad request logging

We tried Kinesis (payload could be up to 1 MB)

2 - Atp100, requests could have 20K ads > 1 MB

— Saw Kinesis throttling on hot shards @

Broke payload into requests and ads

3 - Publish multiple events
Amazon Kinesis

— Join the events later using the Requestid
Data Streams

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Ad events - Amazon Kinesis Data Firehose to
Amazon S3

Ad request logging

_ Kinesis Data
I: j_itreams

S EL

Realized requirements were not accurate Firehose

2 - Did not need 100% of events to be logged

— Did not need to react within seconds
Amazon S3

aws
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Ad events - Amazon EMR to consolidate S3 files

Ad request logging

Amazon S3

End-to-end latencies to use data for
analytics are now 10 minutes Amazon EMR

Reduced the logging to just 1%, logging
4 at1.27TB per hour

aWwWs
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Handling ad events at scale

Campaign
management

Ad server

.
3P developers

Machine
learning

aws
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Data lake and real-time transforms

Amazon EMR

0 /ﬁ\

e Data lake

- %
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Data lake and real-time transforms

Amazon EMR

Data lake

- %

aws
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Data lake and real-time transforms

Amazon EMR

e
4 /\ I
-

Data lake

- %
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Data lake and real-time transforms

Amazon EMR

M '
’i\

For very large queries, AWS Glue was slow to Data lake

return the Amazon S3 partitions, slowing down \_ )
queries and Amazon EMR jobs

-

— We created a search index using Amazon
OpenSearch Service and created an orchestrating
service around Amazon EMR and Amazon
OpenSearch Service

aWwWs
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Data lake and real-time transforms

Amazon EMR

1%
[EF]

Data lake

- i

aws
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Data lake and real-time transforms

Orchestrator

-~

Amazon EMR
Apache
> Spark

~

Simplest of the queries would take
20-30 minutes
g J

Data lake

— We enabled Amazon EMR through Apache Spark,
which fastened data processing

Apache

— We indexed most recent 1 week of data in Erwd

i : -l pache
Druid/Superset for faster queries - Slibarset

aws
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Data lake and real-time transforms - Success

Orchestrator

3 Real-time data joins and analytics are enabled i.i.i

— Data lake

aws
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Amazon EMR

Apache

Spark

4 Uses Amazon S3 tiers to reduce storage costs Apache

Druid
Apache
Superset

5 Reuses Amazon EMR clusters to optimize costs



Solving ads challenges
with machine learning

dWs
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Overview of ML challenges in ads

Logging

Model training

Shoppers Model

publishing

|

Shopper response
prediction

Allocation and

pricing

aws
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Focus of the talk

@ Build ultra-low-latency, high-throughput ML inferencing systems

hundreds of K Peak TPS and growing

hundreds+ Deep learning (DL) models
Host hundreds of models with hundreds of M Ads scored per second
2 different hardware/software
optimizations 20 ms at p99 Model inferencing latency

3 Keep hardware costs under control

aws
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Deep learning inferencing architecture

@@ Real-time inferencing Ads
|

1

Feat M |
eature _)| ode 15 scores

generation inferencing

Multi-layer perceptron (MLP) networks (3-5
layers, <100M learnable parameters) 1111

netlib-java

CPU

R5

3 100% traffic coverage within 20 ms at p99

Cannot scale to more complex deep learning
models (attention, transformers, etc.)

aws
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Deep learning inferencing architecture

@@ Asynchronous inferencing

Cache hit
€
Fall back to a simpler model when Async ElastiCache
2 cache misses, and asynchronously inferencing pull request
update cache client
| Cache miss "
Support complex deep learning —_— G
3 models that cannot be inferenced 1
in real time Amazon SNS

Constrained by cardinality of keys,
effective for head and torso traffic

aws
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Deep learning inferencing - Put it all together

@@ Hybrid serving infra Ad server |

Latency
budget
Real-time
inferencing

Ad sourcing

Ad prgdiction 4 Async On-host
client EE el feature
. generation
5 Real-time and asynchronous model
mferencmg Auction On-host
model
| inferencing
. Latency-aware model and serving A4
infra selection e
Inferencing
engine

aws
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2021 new challenges

@ Need to scale to significantly more complex deep learning models

10X More learnable parameters

parameters (hundreds of millions to billions)

15X More floating point operations per second

FLOPs
, Prohibitively high key cardinality for 50X Higher latency per inference on
asynchronous inferencing latency ~ I5.24xlarge (20 ms to 1,000 ms)

aWwWs
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GPU-based inferencing

@@ GPU inferencing on Amazon ECS

Feature Model ~
Ads —> generation —> inferencing > Scores

A netlib-java

E R5 E CPU

a | -
Compress the payload ATS CPUs to GPUs

A4
Tune model server parallelism Feature Cre Python .
p generation > front end > backend > > Scores

4G4dn

R5

CPU

Reduce CUDA driver overhead

NVIDIA

TTTT1 TRITON INFERENCE SERVER TTI111

aws
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2021 new challenges

@ Need to scale to many more deep learning models

aws
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Microservice inferencing architecture

Amazon AWS 3 C++ Python
ECS App ‘ front end < backend >
Mesh
Models partitioned an served Pl Jewn _ nvioia
through microservices Ingress -
_» EIICISIIE I I
l a0 J_ S I — DNN Model Service
D;’g ' I '_
. . Java Python
Requests routing via AWS App Mesh s front end P| backend ||
é Inf1 é SageMaker MMS
Each service can have different hardware 4 .
and software optimizations BERT model service

aws
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Microservice inferencing architecture

Feedback control loop to monitor
latest state of data plane, and make
changes when needed

aws

1

&

Scientists
Engineers

8—>

DynamoDB

Amazon
ECS

!

1=

ontroller

DNN g4dn.2xlarge 48 Python + NVIDIA
A4\ Triton
BERT Inf1.2xlarge 100 TensorRT SageMaker
MMS
Control Data
plane plane
Amazon
ECS

\/ manager O — O=—
» |||la— o—| €
=« p I ==
BERT model DNN del
DNN model BERT model cervice s enrzfe €
controller controller
228% — DNN 6 s3://model-store/DNN
Scientists DynamoDB ‘ BERT 4 s3://model-store/BERT ‘
Engineers © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Learnings on building ML inferencing systems

@ One solution does not fit all

« Dynamic latency budget estimator
o Open architecture with customized hardware and software optimizations

{3
{0} Inferencing optimization is full-stack

e Model server: AWS MMS, NVIDIA Triton
o DL optimization software/library: cuBLAS, TensorRT, Apache TVM
« Hardware: R5, P3, G4dn

aws
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Thank you!

Ish Singh Kun Liu Anuj Joshi Rachit Chawla

isingheg@amazon.com kliu@amazon.com januj@amazon.com rachit@amazon.com
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