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Tencent Marketing Solution — An Overview
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As the leading marketing platform in China, Tencent Ads
has experienced a rapid growth over the recent years
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Tencent Marketing Solution Core Capability — Panorama Connection
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Tencent Marketing Solution Core Capability — Digital Intelligence

Covers 1B+ Chinese internet users
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Tencent Marketing Solution Core Capability — Diverse & Engaging Formats
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Tencent Marketing Solution Core Capability — w !

Enhanced Branding via Social Endorsement
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Tencent Ad Ecosystem Helps Businesses Monetize Site Traffic
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Tencent Ad: Technology for Good

Charity Advertising Competition
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Machine Learning Applications

©

Smart
Targeting
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Example Analysis of a Free-Text Chinese Query
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( . Syntactic e P

BoW: =RI:0.45, Bit[55:0.52, 5 8:0.36, Mt#5:0.39, X£:0.38, X:0.31 - mEm EAsEsE Kewo
Keywords extraction: 1t#X£:0.92, =R:0.78, B[17%5:0.88 ] i

'[_(begvgzrds expansion: [582=/R:0.84, ERIEF:0.80, £1£:80/5:0.84, 8 @ m @
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NLP at Tencent Ads — an Overview

TextMiner RPC Service
(C++/Python/Java/Scala)

Module

TensorFlow

I
|

|

I Tool Crawler DEVER QLT
: (TEG) (MIG)

I
|
|

Distributed LDA: Distributed DNN + NLP:

Labeling: Embedding:

Peacock/LightLDA AnyEmbedding

LabelMe

DeepText

Data Multi-context

r Industry
behavioral data Dictionary Word Bank [

Knowledge Repo
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AnyEmbedding — A Unified Framework for NLP

NLP Tasks: Tagging/Classification/Matching/Translation/

< = DeepText :
-~ CNN/RNN/Attention/...

Document Representation UB[IE [REPIEECMETTOn « Generate

) embeddings for
composable Sentence Representation any entities of
interest

composable

Phrase Representation . A unified

framework to
tackle various

— — — NLP problems
Char/Word Representation

AnyEmbedding :
SkipGram/CBOW
Unstructured Text
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AnyEmbedding — A Distributed Embedding System

* Goal: Design arbitrary models and express

arbitrary entities via “connections” OO0 1000 1000

- word2vec, sent2vec, doc2vec, FastText,
Hierarchical Document Vector model

- TranskE, TransR SkipGram
- node2vec
* Flexible mode of connections QOO
: 1 cBOw
- 1-to-1: special case of 1-to-many
| 1
- 1-to-many: SkipGram
- Many-to-1: CBOW. Concat
- Many-to-many: extended many-to-1 O O O O O
« Supports both single-node and distributed | Concat
computation f
OO

- Scales up to 100k words & 1b users
- Async distribution

* Optimization method
- supports Negative Sampling (NCE loss)
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SkipGram Negative Sampling ( SGNS )

——

|V :Vocab Dict |
: B, : Set of vocab in a batch |
| o :sigmoid function |
: Wi ip: qurds ip By . :
| b;;:sliding window size |
: w;: words in the context of w;; :
I |
I |
| |
I |
| |
I |
I |
| |

QOO QOO (OOO)] Target

Context
w: negative sampling for w;
SkipGram N;;x : set of all negative

samples
u: input embedding
v : output embedding

- Objective Function
L= > log olu(wy)o” (wig)) + Y log(l— o(u(wi)o” (@) )

’i;.EB j:lk—7|<b; ; v, 0 T g N
e k#]ul,kkeq/'_ by prob of predicting w; . as pos WEN: ik prob of predicting w as neg
« Gradient
dot product dot product
——N —_—
VL|u(wio,jo) = Z E [(1- U(u('wio,jo)vT(wi,k)))”(wi,k) - Z U(u('wz’o,jo)'UT (w))v(w)]

i »

(i)€By: kA, lk—jl<bi;, BEN; i

~~
i linear combination
Wi,j =Wiojo w;p €V

~-
linear combination
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Distributed Computation

embedding « Parameter Server Group

A PS Group

- Each PS stores embedding shards

- Receives minibatches from Worker
Group, calculates the dot product with
the context, and sends back to Worker

Group
- Receives the result of linear

Embedk;rY'n;}Shard w, ® @ ® ® combination from Worker Group and
* update parameters
m * Worker Group

- Loads minibatches, and sends to PS

- Receives computed dot products from
the PS Group, computes the linear
combination and sends to PS

Model w

words

4&

* Network transmission
- Minibatch data, integer vectors

- Dot product, Linear combination, real-
valued scalars

Ordentlich, E.; Yang, L.; Feng, A.; Cnhudde, P.; Grbovic, M.; Djuric, N.; Radosavljevic, V.; and Owens, G. Network-efficient distributed word2vec
training system for large vocabularies. CIKM 2016.
Stergios Stergiou, Zygimantas Straznickas, Rolina Wu, and Kostas Tsioutsiouliklis. Distributed Negative Sampling for Word Embeddings. AAAI
2017.
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https://arxiv.org/pdf/1606.08495.pdf
http://research.yahoo.com/mobstor/publication_attachments/stergiou-aaai17.pdf

DeepText: An Open

Platform for Deep NLP

Type

Description

Model

Common methods

Example tasks

Text Classification

to predefined
categories

Classify input texts

s—ocC
s: string, c: label

SVM , MaxEnt , TextCNN ,
TextRNN

Text classification,
sentiment analysis,
intent understanding

Structural
prediction

free text

Derive structured
information from

s = [s]

s: string, [s]: structure

HMM , MEMM , CRF,
Structure Perceptron ,
LSTM-CRF , CNN-LSTM-
CRF , Transition-based

Chinese segmentation,
PoS tagging, NER,
syntax analysis

Text Matching

Match texts based
on various criteria

s,t > R*
s, t: string, R*: non

— negative real values

RankNet , GBRank ,
LambdaMART , DSSM,
CDSSM , MatchPyramid

Information retrieval,
Search engine, QA bot

Text

Transformation

sequence to an

Convert a input

output sequence

s—ot
s, t: string

SMT , NMT
( Seq2seq+Attention )

Machine translation,
QA bot, text generation

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d

Goal: To develop an open NLP experiment platform
to tackle the problem of text classification,
tagging, and matching, and support a wide range
of models and optimization methods proposed in
the field for fast proof of concept and

experimentation




DeepText-Classification: a Wide Range of Supported Methods

Classifier Layer

Model Layer

Embedding Layer

Input Layer

Binary Class Multi Class Multi Label Hierarchical Class

Softmax Cross Entropy Sigmod Cross Entropy NCE Loss

FastText TextCNN * Attention
* Shortcut/Highway
LSTM/GRU Bi-LSTM/GRU VDCNN * Dropout

- ¢ Normalization
AttentiveConvNet _ o«

Embedding

Pretrained embedding | | Region embedding § Custom Feature
| embedding_look up || embedding_look_up_sparse |
| Encoding (SUM/AVG/CNN/LSTM) Custom Feature

Token-Ngrarm Char-Neram [ =T ———
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DeepText-Matching: a Variety of Flexible Matching Models

Matching score

Matching Layer
(representation-based
/interaction-based )

Representation
layer
(BoW/CNN/RN

Shared Iookuptable |

nput layer nput Layer
(word2vec/Glov (word2vec/Glov

| |
| |
| |
| |
| |

e/ | 1 [ |
| |
| |
| |
| |
|

conv | pooling

Sent2vec

k : keyword d: doc

word interaction tensor n-gram interaction tensor

Unified framework for deep Interaction-based Match
semantic matching: MatchNet |

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



User Profile Understanding & Accurate Audience Insights

Demographics

* inherit
 location Interest
* education ° . Purchasing
* marriage intent
« wealth * hobby
« employment IDES
05808 e e e S
; Behavior
Device
e carrier 07 @ a 4‘ e travel
+ network s * App
* brand \,37§° @ A gioommerce
. gFS)e * Ad engagement
i oz * purchase
e price
-
Custom
* seed

* expansion
* 1-party labels
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Traditional Audience Definition - Manual Targeting

Gender,
age, geo Interests,
education. keywords
Marriage, Followers,
employment, APP installs,
wealth, payments,
culture engagements
APP,
Context, eCommerce,
device, Search, and
weather Social
behaviors
000000

Large number of
targetable attributes

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d

Exclude:

previous
buyers

Interest:

designe
r purse

Advertisers manually specify
the targeting criteria

True

Boolean match
during ads retrieval

Disadvantages:

Domain knowledge
Information loss
Low granularity

Manual optimization



Auto Targeting: Automatic Audience ldentification by Al

aexisting leads from
1st-party data

A change of mindset

Previously - .
Converted users « Targeting by user-

Layer L ad relevance

+1

s
W User/Ad features

Layer L, LayerL,
Multiple ways to Targeting by machine Matching based on
define the seed learning models relevance

audience

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



Auto-Targeting : Representation Learning & ANN

Representation learning Approximate Nearest Neighbor Search

Learns embeddings for users and ads; Efficient ad retrieval based on user/ad
can be used during ad retrieval embeddings under scalability constraints

root
Level O

User embedding Ad embedding

@
query

Level 1

Level 2 ®
O O o 1NN
®
o
)
User Context Channel Ad ®
features features features features

"Efficient and robust approximate nearest neighbor search
using Hierarchical Navigable Small World graphs”, 2016

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



Lookalike Expansion for Targeting: Identify Potential New Customers

Custom audience based

on known converters
o 0 o

TN 1st-party data
o 00 0
TTTT Tencent data

+

Lookalike

=ille

=iije =ije =i¢

User Profiles

=ile

==

=ille =ie =le¢ =ie
=ije

Mined user ) . .
f Understand the commonality of the Find lookalike
eatures , .
seed audience audience

2015

2014 - Deep embedding for each seed

Logistic Regression audience, expansion done online
2013 i
- One model per seed audience,

Peacock

expansion done offline
- Large scale distributed LDA

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d
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Al in Tencent Social Ads

Smart Creative
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Manual Creative Review: Laborious, Inefficient, and Error-Prone

- T

KIFFEUR
IEBIRER

@ —o

FRBRERN

(%% /@

0 Text suggestive, vulgar, over the top, low effort
9 Image blurry, deformed. IP violation, % of text
9 Landing page relevance to the creative content
e Official Account title, description

6 Published content history, compliance

The manual review procedure consists of

HundredS of individual rules

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserved

More than 4x increase of the
review request in 1 year

hard to scale with human labor

Extremely high volume, Repeated ad submission

Steep learning curve, prone to inconsistency
Complicated set of rules, high training cost,

implicit knowledge that is hard to be passed down

Some cases are hard for human

Celebrity/IP/Plagiarism detection



Low-Quality Content Detection based on Texts or Images Individually

o Text-based detection 2 Image-based detection

BARKER—7 , —/EHNBFEA&}! " « LOSS
Be a man and do a field battle, an hour-long game of stamina /"/T\
. <+—— Softmax % :Efﬂ::' % Loss Clc
Loss Mask | o Loss Box -
<«—— MLP S
«<— Roi Align Goal i {
oal Is no
Bidirectional —/‘f tO rejeCt
RNNs
| < RPN
Ny ...but to help
<—— Hidden Layer HH advel’tlsers
— soierap S e improve

<+—— Additional features ] i ) =0ER
) 3

_______________________________________________________

:{ Review result: Reject
! Reason: explicit/suggestive content

_______________________________________________________

e R L EE L EE PR PR R T
: Review result: Reject

I Reason: sexual innuendo

1

_______________________________________________________
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Low-Quality Content Detection based on Joint Image/Text model

3 Joint image/text models

m&g;gm i‘i “Finally you are here.
E Let me give you some warmth.”

Score
i e
© © o0 o o
Context-R
£ I [ = )
Image CNN Image-R =EEEEEEEE
(I [T 1] w 4l
I (LTI d
) = S
. =2, e
( ) fution &
( ) SIS e 000 (=D —
_ o [ ) pooling
¥ | | | | . N . |
#(%(%# (%# C%C%% 1D-convolution 2D-convolution & pooling Joint Representation
i £ F %3 Rt ¥ I8 B R

10+ similar models
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Expert System for Rejection

Auto approval

o Expert system to reason 9
about the cause of rejection

A Text

Embedding convolution  pooling Cross feature
learning
_______ Auto
----- approval
ORARE decision

-Feature \
T=H 0

OB CO ) renicre

114 000 @

If no Serving history sparse : ID+industry
applicable
rule

\ 4 LGS =085

Expert System

Rule Template
engine engine

Rule Configuration System 100% 94.0% 93.4% 100.0%
) :230 60.0% I
| | ’ mmanua
W LCS<=07 40% = CNN+Wide
Review result: Rejection 20%

Cause of rejection: 0%
suggestive content in context Precision Recall
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Videoln Ads: Smart Product Placement

Ad Slot
Detection

Find suitable frames
for placement

‘ Object & Asset
, Orientation
Ad Creative
. Adjust the perspective
Renderlng of 3D models and assets
Render the asset
with the ambient ‘
brightness, saturation, etc.
Video
Tracking

Position the rendered
creative in the frames

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserved



T BIFFHERA—T

Camera cut

Exclude unsuitable sections by detecting
camera cuts from a grouping of key frames

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d



Detection of the first frame
of a potential ad slot

dining table 0.990

cup 0.992

€up-0.933

cell phone 0.904

AD-embedded area 1.000

Non-central object masking algorithm
based on object segmentation
with mask R—-CNN

Potential Ad Area Location

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



—)

Detection of the first frame
of a potential ad slot

Color clustering and bounding box
search to detect empty table surface

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserved



™ PR In-house labeling of 17
classes of video contents

e |

NREFFHR

Object recognition and segmentation
Based on DaSiamRPN

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



PROTECTION

b oY

User supplied pictures

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d

User supplied pictures
&
platform supplied 3D assets

User supplied 360-degree
pictures



)

Detecting the bottom
edge of the table corner

)

Matching the bottom
edge of the object

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



[
O Af

In: properly oriented
stock picture

Out: adjusted picture with
background harmonization

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d



//Q\
-

Original Brightness Saturation Blurriness

~

\i——
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Static Creative Is Hard To Optimize For Advertisers with A Large Inventory

@
i -.An.- User
Static Creative :
RS Impression ® Challenges ©
& X
Q) 2w Creative’ i '
ARFMBER  BRAK , FISE_TF! . Hlt-or-mlss
. ® Coarse-grained
Serving
targeting
1090B AEER: I ® Static content with
Qt;iiaggv:r?ng(iﬁ) N no persona“zathn
HESREWBS TAE IZ0ES C re at | O n
B . =

T ". Advertiser
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DPA: Automatic creation, retrieval, and rendering of personalized Ad Creatives

00o
aflw User —

® Advantages o

® Automatic creative

SiEBEX

. t generation
Impression
, Online creative « No need for trial-and-error
re x generation optimization from
— — advertisers
il Creativ . T
ARHBR  BRAN, ?ﬁﬂﬁb:é’i !
Product ® Fine-grained targeting
Serving retrieval
T « 100m targetable products
 More detailed and accurate
109075 ATEAE3E PI’OdUCt than ad targeting
targeting
@ o= )
REFREBBH T LS ZNES T .
T A Creation ® Truly personalized
Product DB . :
+ Different experience even
T for the same ad

& Advertiser
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Anatomy of a Creative

£\ s

Tencent Social Ads

- Efficiency: Automatic
creative generation based
on product + template
anatomy

 Product: Programmatic
interface to sync from
advertisers’ inventory

- Template: Coverage over
more than 3000 ad slots,
automatically generated
by Al

« Performance: optimize
pCTR(Product, }

argmax {Template |User)

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d

Creative

Automatic
Inventory
Generation

‘ Templat

Automatic
Template
Generation
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Templat

Element: Individual graphic
Layout: Defines the type, components, e.g.,
position, and size of background, decoration,
template elements textual decorations

Layout Elements

decor2 decor3

Main text

Sub text Product

Text decor
Background decor1

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d Tencen t Social Ads 49



Template Generation : Embedding for Element Combination

 Treat element selection as a
combinatorial optimization

« Map elements through a Deep
Attention Network

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d

Template Generation

v Generation with design
constraints; ML + Expert System

L

(5 ] BN

R

Top K
] &
- D 7| -
MLP ESRN:
| EEESEESTE
DAN s e oo
@)
c’ |lﬂﬂl]ﬂﬂ!| | | Bt H S AELEAABC, %
#rBEEINSLE, LREFEFRD
B LA AFTELANRNT, SEH#ITT
(ewmjemEm[ ] | —paras

Result: Generated 5.5M+ templates.
Manual evaluation from sampling
shows 73% achieve designer grade




Product Retrieval based on Learned User and Product Representations

Training
Product
embedding 1

Click/browse data

_ Product
el cosine Y embedding 2

embedding 3

Product index

O e

Prediction

Product
Product User
embeddings embedding

Product User
/ Hidden layer \ Hidden Iayer
Image Category Name Brr?)v(\j/iif Geo App Gender Keyword
embedding embedding embedding erﬁbedding embedding embedding embedding embedding

CNN? TextdCNN

Product Product Product
image category name

Historical
browsing data
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Demo of Generated Templates

=

REWXR

BREXE

ammR

REEXR
\ REBXR
Fty

RRLTE : ‘ BETYE ﬁ‘
RREINR e

BRBIXE REEINR
- [ _uewx |

Tl R

ISR

=

BEBEXR
REAXE

o aEmx .

IXERRT
LED Y

wam

'z ga
e S BIEEXR
- =5

wan

i Wi
15771N§§>;
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Machine Learning Applications

l

Smart Bidding

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserved



Optimized Cost Per Acquisition (0CPA) Bidding

Engagement Funnel

« O0CPA lets the advertisers specify a
target conversion type to optimize

* Advertisers specify the target cost
per conversion

+ The system adjust the bid on behalf
of advertisers based on the predicted
conversion rate (pCVR)

Conversions
(Acquisitions)

Accurate prediction of pCVR is the key to acquiring the
t 11§ most conversions within cost and budget

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserve d



Predicting CVR Accurately is the Key to oCPA Bidding

Tracking log

SmartBid

User profile

Large-scale
Landing page » parallel » pCVR

» XN

training

Merchandise data system

pCTR

Conversion data
amm—
Continuous feedback loop to improve pCVR

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



Large-Scale Parallel Training Framework

P2P topology
Parameter servers and workers are collocated
Balance different load profiles of the two roles

Copyright © 1998 - 2018 Tencent Inc. All Rights Reserved



Scalability Test: Processing Power

Scaling with added nodes

Scalab”ity Test Model configuration
Q Feature dimension : 5

Q Input: 890

O 2 hidden layers : 135,
67 nodes

O output : 1 node

Observation

O Linear increase in
] processing power wrt

number of machines

—~
=
o
(@)
i
~
e
e
%)
c
)
=
©
)
—
>
g
©
)
L

D P Ad

Number of nodes O Successfully trained on

100B features
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Scalability Test: Speedup

Speedup vs number of nodes

Model structure :

Q Feature vector dim : 11

Q Input: 110

O 5 hidden layers : 400,
400, 300, 200, 100

O Output : 1

Data :

Q Training example : 6B

Q Feature dimension :
4.8B

Observation : Linear

30 40 50 acceleration wrt the

Number of machines number of machines

Copyright © 1998 - 2018 Tencen t Inc. All Rights Reserve d



Deep conversion objectives have a very long delay

Click download link

CDF of an example conversion objective
. Download in app store

120
9 100
© 100 sagy 8182 834 8451 8535 86.04 8664 87.17 8767 8811 88.51 8887
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Joint training of conversion and delay model
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