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CLICK-THROUGH RATE PREDICTION



WHAT IS CTR

Wikipedia:

“Click-through rate (CTR) is the ratio of users who click on a specific link to the
number of total users who view a page, email, or advertisement.”

Relatives:

Data Mining, Learning to Rank, NLP, CV
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APPLICATIONS

Search Advertising

Recommend based on input query && advs && user information
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APPLICATIONS

Recommended Ads

Recommend based on advs && user information
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APPLICATIONS

Content Recommendation: UGC
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APPLICATIONS

Content Recommendation: PGC
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SEARCH ADVERTISING DISTRIBUTION SYSTEM

Ad

bank

Feature

2
md Scarch Sys g Ad List —) .
‘ extraction

l : :
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o Label Matching B Preprocessing [ -
Click ad Click Log Label Matching Preprocessing extraction

https://www.cnblogs.com/futurehau/p/6181008.html 9 SANVIDIA

|
C—— 4— L B \\odel
|

*



https://www.cnblogs.com/futurehau/p/6181008.html
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TWO STAGES RANKING

Query+Top k

Stage 1:

Matching/Recall

Stage 2:
Ranking

» Collaborative Filtering: « CTR
user/item based « RDTM
« Topic Model: LSA / LDA .. « PCR

 Content Model
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CTR INFERENCE WORKFLOW

Pull Features FERITE it Get Values ERLE
key Inference

Features
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CTR TRAINING WORKFLOW

Parameter Server Based

Embedding +
Model

DataStream Feature Extraction Pull Parameters

del Traini Parameter
Worker Model Training

Server

Update Parameter
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MODEL

Without DNN: Logistic Regression / Factor Machine
With DNN: Embedding+MLP / Wide Deep Learning / DeepFM / DCN / DIN / DIEN
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CHALLENGES IN CTR TRAINING



EMBEDDING + MLP

Standard Network

Large Embedding table: E_MEM = GBs to
TBs

Small FC layers:

FC_MEM = #Layers * 100s * 100s
(Suppose 5*500*500*4B = 5MB

Loss

i

FC + bias

Activation

Embedding
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CTR SOLUTION

100 Nodes, connected with
Ethernet (1.25-1.8GB/s)

Each forward/backward o] [ [ [ [ [ [ [
exchange whole the dense
model ~10MB per node: 5.6ms*

Compute time = ~2ms (B5=2000) ~

-
‘ Node4 ‘ [Node5 ‘ ‘ Node6 ‘ ’Nodg ‘ |Node12 ‘ ‘Node13 ] Node14 ‘ ‘Node15 |

Overall time = compute + data
exchange = 7.6ms

* Suppose 1.8GB/s Ethernet and CPU with 6TFlops per node
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CTR SOLUTION

CPU

100 Nodes, connected with
Ethernet (1.25-1.8GB/s)

Each forward/backward o | [t | [ | [ | [ | [ ] [mewse] [wen]
exchange whole the dense
model ~10MB per node: 5.6ms - |

Compute time = ~2ms (B5=2000)

Overall time = compute + data
exchange = 7.6ms

Bottle Neck i1s Network
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CTR SOLUTION

Single GPU Node

- Single Node
- Within GPU server: model al @l al ol a|] al af

exchange is >83x faster (0.067ms)

NVSwitch Bi-Direction: 300GB/s

- Compute Time: 6ms
(batchsize=2x10"5)

-~ Total Time = 6ms (1.26x 100 CPU
Nodes)

19 <ANVIDIA.



CTR SOLUTION

Single GPU Node

- Single Node
- Within GPU server: model al @l al ol a|] al af
NVSwitch Bi-Direction: 300GB/s

exchange is >83x faster (0.067ms)

- Compute Time: 6ms
(batchsize=2x10"5)

-~ Total Time = 6ms (1.26x 100 CPU
Nodes)

Bottle Neck is Compute
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CTR SOLUTION

Multi GPU Nodes

Multi Node

Within GPU server: model
exchange is 27.8x faster than CPU 4x100Gbps

Compute Time: 6ms/#Node
(batchsize=2x10"5/#Node)

Total Time = 6ms/#Node + 0.2ms
(linear scale if Nodes < 10)
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CHALLENGES FOR GPU SOLUTION

Streaming Training: Dynamic Hashtable Insertion
Very big hashtable (GBs~TBs)
Large data |/0O for data reading

Very shallow networks (3~20 layers)

Not a typical DNN training can be handled by current frameworks like pytorch
TensorFlow
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CHALLENGES FOR GPU SOLUTION

Challenges: HugeCTR:

Streaming Training: Dynamic Flexible GPU Hashtable
Hashtable Insertion

Very big hashtable (GBs~TBs)

Multi-Node training

Efficient Three Stage Pipeline
Large data I/0 for data reading

Very shallow networks (3~20
layers)
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HUGECTR INTRODUCTION



WHAT IS HUGECTR

HugeCTR is a high efficiency GPU framework designed for Click-Through-Rate (CTR)
estimating training.

Key Features in 2.0:
GPU Hashtable and dynamic insertion
Multi-node training and enabling very large embedding

Mixed precision training



HOW HUGECTR HELP

Prototype: Showing performance and possibility on GPUs. (v1.0)

Reference Design: Developers and NV can work together to modify HugeCTR
according to the specific requirements (v2.0 current stage)

Framework: Developers can train their model easily on HugeCTR (v3.0)



NETWORK SUPPORTED

Embedding + MLP

Multi slot embedding: Sum / Mean
Layers: Concat / Fully Connected / Relu / BatchNorm / elu
Optimizer: Adam/ Momentum SGD/ Nesterov

Loss: CrossEngtropy/ BinaryCrossEntropy

Embedding

* Supporting multiple labels and each label will have a unique weight




NETWORK SUPPORTED

Sparse Model

Supported reduce ‘+’: sum / mean

Empty Hashtable initialization

Dynamic insertion

{0} if no value in
this feature

5, 48, 90, 21 6,24,52



PERFORMANCE

Good Scalability

NCCL 2.0
Three stages pipeline:
reading from file

host to device data transaction
(inter / intra nodes)

GPU training

250

200

150

100

50

Multi-GPU performance (ms per iter)

214.0
112.5
83.7
459 60.6
. 38.0
l 271 34.9 17.8 21.2
. m e B
1 GPUs 2 GPUs 4 GPUs 8 GPUs 8 GPUs (2
Nodes)

B HugeCTR m® HugeCTR FP16

*MLP Layers: 12 / MLP Output: 1024 / Embedding Vector: 64 / Table Number: 1



PERFORMANCE

TensorFlow

44x Speedup to CPU TF and same loss curve
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PERFORMANCE

Pytorch DLRM

B4

512

1 40960 13.5 17.7 131%
2 40960 10.3 15.4 188%
4 40560 0.3 17.3 275%
a 40960 4.3 338 786%
1 4096 1.6 4.5 281%
2 4096 1.4 0.5 485%
4 4096 0.9 8.4 933%
8 4096 0.75 13.7 1827%

Embedding Vector:

64 / Layers: 4 / MLP Output: 512 / Table number: 64




SYSTEM

GPUO GPU1 GPU2 GPU3 Sess-ion
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HOW TO USE

Weight initialization: generate a file with initialized weight according to the name in
config file

S huge_ctr --init config.json
Training:
S huge_ctr --train config.json

All the network, solver and dataset is configured under config.json



HOW TO USE

Configuration file is in json format, and has four parts:
Solver

Optimizer

Data

Network






HOW TO USE

Dataset contains two kinds of files:

File list: includes the number of files and file name list with text format.
A file name could be either of a relative address or absolute address. The file
names are separated with ‘\n’

Data files: includes a bunch of files with binary format.



HOW TO USE

Data File

Training Set Format (RAW data with header):

Slot1_nnz

Slot2_nnz

sample1
Header:

typedef struct DataSetHeader {
long long number_of_records; //the number of samples in this data file
long long label_dim; //dimension of Label
long long slot_num; //the number of slots in each sample
long long reserved; //reserved for future use
1} DataSetHeader;
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RESOURCES

U %5
https://github.com/NVIDIA/HugeCTR

ART XE:

https://mp.weixin.qq.com/s/Qieuhvt2vzFEfKKkITHiuOg
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https://www.nvidia.cn/gtc/
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