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Baidu Deep Learning Platform
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Unified Platform for ML/DL

- Data Processing

- Model Training/Eval

'Y MOdeI Inference S('SéPaddIePaddIe Documentation APl Book Models Mobile 3L Github

Advantage
- Resource Utilization PArallel Distributed Deep LEarning

¢ M O d .e I P I p e I I n e . An Easy-to-use, Efficient, Flexible and Scalable Deep Leaming Platform
- Multi Tenant/Security P e wd o ne A bty
YA S o
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Quick Start I ‘ ¥
ol line A tic

Business Support

- Search

- Ads

- Feeds

- NLP/Visual/Speech
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online
LCOTIREED | ad Kafka |ud dalta L model trainer K Offline data ex;e:nal
; h ata
(e.g, Search) Drocess process e

Kubernetes:a distributed operating system

Internet clients:
-Web browser

-mobile apps
-loT devices

Infrastructure concerns:

« Im ildin
a_ge build g . CephFS,a distributed filesystem HDFS, Hadoop Filesystem
« Registry publishing
« Services deploying
Hardware: CPU Cluster / GPU Cluster

« Load balancing
- Logging

« Monitoring

« Scaling
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Kubernetes Kubernetes Node Kubernetes Node
Features: Master “
pserver pod pserver pod

- Paddle Operator

- Kube-Batch -_

Abilities:

+ Job-level scheduling
- Paddle Job CRD

- Job Fault Tolerant

+ Job Auto Scaling

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

%Kubernete Node

trainer pod trainer pod

Kubernetes Node

master pod
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Why serverless 4L RN
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Real world needs that original Kubernetes service cannot provide
* No operation cost

* No need to pre-evaluate the resources

- Consistent extension

-+ Pay by usage

Issues that user concerns most
« Network paradigm

- Resource utilization

« Multi tenancy

« Security



What' s changed in 2018/2019 & -
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Infrastructure for serverless architecture is ready

Security Container Jltile

network Service mesh Serverless

container instance .
interface

kata virtual kubelet istio knative



Our current stack A
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Deep Learning Platform & Application

Resource API
Serverless

PaaS
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What is Knative
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Uniformed PaaS/FaaS/

Serverless user experiences

Features

- Automated builds

« Automatic scaling

- Traffic splitting

- Better deployment
scenarios

- Event driven flows

‘ ae Users and Systems (IoT) use
= = applications developed and
7 deployed by developers and
. hosted by operators
.
A\

Developers
build and

deploy apps

A
| ]
| ]
| ]
| ]
o Operators  deploy and manage
Knative instances using
Kubernetes API and tools

Platform Providers  (such as
Google Cloud Platform) provide

underlying infrastructure

develop and
contribute code
and docs to
the OSS project
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Build
+ Source to URL
+ Build templates

- K8s ServiceAccount @ [IIDum[III] g

support

I Servin Build Eventin
Serving 9 9
° AUtO Scaling How your code recelves requests How your code is bullt and How your code is
and scales with them packaged as a container triggered by events
- Scale to zero
- Routing based on erass — oetans
Istlo e Requestdnven compute runtime e Pluggable model to build e Apps and functions consume
. Scale-1o-zero / scale out per load containers from source code and publish event streams
- Deploy from conmainer registry . Build in-doud or on-cluster ° Multiole event sowrces avallable
. Multiple revisions of same app . Push image 1o registry . Encourages asynchronous
De-COU pled ¢ Route traffic across revisions e Templates available nasely coupled architecture

(e.g. Bulldpacks)

pipelines
Third party sources
Cross platform



Why Knative

Common Problem
Vendor lock-in

No end user support
No standard API

Knative Advantage
K8S ecosystem
De-coupling

Adaptive

Container Runtime

Image
Isolation
Resorce limit
Virtual network

Orchestration
Resource management
IP management
Scaling
Load balancing
Lifecycle management
Monitoring
Volume management
scheduling

Container runtime

Service mesh
Service Tracing
a/b test
Canary deployment

Container runtime

Source to image
Image to url
Auto scaling

Releasing
Eventing

Container runtime

& o

KubeCon CloudNativeCon
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Knative

Container runtime
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Knative Build for DLP
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PaddleCloud & 1 Docker Registry(Docker &)

|
| registry.baidu.com/bml/
|

paddle_job:latest
WEB o Auto |~ .
BUiHﬁﬁ o -
A A

| :
| registry.baidu.com/bml/
Siem | paddle_job:Latest-gpu
: |
. |
S Sut = - o = SE
= Submit 15k8s job yam H{E I AL Z 1235 2I|k8s caaspi %

A

K8s jop yaml

Image:paddle_job:latest/latest-gpu K8s CAAS

|
|
|
|
|
|
|
|
|
|
| |
| |
| | g !
I Pserver: |
| env:fEEEE
kind:rs

I cpu:2
| mem:5Gi

Trainer:
| env:{EREREE
I kindJob

cpu:5

I mem:5Gi
| -
|
|
|
|
|
|
|
|
|
L

Kubernetes Master

API Server

HDFS/BOS
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Knative build — DLP example
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apiVersion: vl
kind: ServiceAccount
metadata:
name: dlp-image-pull-push
secrets:
- name: dlp-image-pull-push-token-ed83a
imagePullSecrets:
- NAaMe: XXX-XXX

apiVersion: vl
kind: Secret
metadata:
name: dlp-image-pull-push-token-ed83a
annotations:
build.knative.dev/docker-0: https://
registry.baidu.com/v1/
type: kubernetes.io/basic-auth
stringData:
username: XxXx-Xxx
password: XXX-XXX

———— China2019 ——

apiVersion: build.knative.dev/vlalphal
kind: Build
metadata:
name: dlp-job-build
spec:
serviceAccountName: build-image-pull-push
source:
git:
url: https://gitlab.baidu.com/dIp/build-paddle-job.git
revision: master
steps:
- name: build-paddle-image
image: registry.baidu.com/public/centos6u3-online:
1.0.12
args: [ “/bin/bash” “paddle-build", " run"]
- name: build-paddle-job-image
image: registry.baidu.com/bml/
centosé6u3_paddle:v0.11.0
args: [ ‘/bin/bash’,’ paddle-job-build’, " run]



Tektoncd-pipeline with buildkit == LS
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apiVersion: tekton.dev/vlalphal

kind: Task B E
metadata:
name: paddle-git-to-image
spec: :
serviceAccount: "build-image-pull-push” 4
inputs:
resources:
- name: paddle-source :
type: git
outputs: v
resources:
- name: builtimage (
type: image '
steps:
- name: paddle-build-and-push s
image: registry.baidu.com/bml/ =
centos6u3_paddle:v0.11.0
command:

- '/bin/bash’,’ paddle-job-build’, " run’
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Knative Serving for DL




What is Knative serving

Serving Features:

Network routing
Flow control
Upgrade policy

« Auto scaling

Resources when we start a service

Knative Service
Knative Configuration
Knative Route

K8S Deployment

K8S HPA

K8S Service

Istio VirtualService

4| ~
- ~
- ~
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creates ‘_,-" ~\\ creates
“ Configuration ------ :
80% creates:
> Revision e :
20% »
> Revision

Revision = IKCCLEEELECETrrrSS
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Knative serving — DLP example
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apiVersion: serving.knative.dev/vlalphal
kind: Configuration

metadata:
generation: 1
labels: apiVersion: serving.knative.dev/vlalphal
serving.knative.dev/route: paddle-model- kind: Route
serving-route metadata:
name: paddle-model-serving-config generation: 1
spec: name: paddle-model-serving-route
generation: 1 spec:
revisionTemplate: generation: 1
metadata: traffic:
labels: - configurationName: paddle-model-serving-config
app: greeter percent: 100
spec:
container:

image: registry.baidu.com/bml/paddle-model-
serving:1.0.1
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Knative serving - Ingress
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Ingress Controller Features :
« Load Balancing

Retrying

TLS Terminating

Route based on Header
Header addon

apiVersion: serving.knative.dev/vlalphal
kind: Route
metadata:
name: paddle-model-serving
spec:
traffic:
- revisionName: paddle-model-
serving-00001
percent: 90
- revisionName: paddle-model-
serving-00002
percent: 10

User Request

Istio Gateway

VirtualService-1 VirtualService2

/ N\

Activator

Service 1
Revision 2

Service 1
Revision 1

—  AutoScaler —
R



Knative serving —autoscaleold ¢
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solution st

Old Solution:
- Starting with get global resource view DLl
small instance
number, if the e )
cluster GPU get pending instances score jobs
utilization is :
low. scale up create pservers get scalable jobs : sort jobs
the number
dry run scaling process | diff of some job
« Paddle job ‘
§pec||f|c, ted trainer scaling num " all diffs
Implemente -
in Paddle te #min trai le trai /d : update resource
create #min trainers scale trainers up/down |
Operator - view




Knative serving — custom ¢
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autoscale class Gorm st

apiVersion: serving.knative.dev/vlalphal
kind: Service

metadata:
name: paddle-model-autoscale
namespace: default
spec:
template:
metadata:
annotations: your own reconciler and

autoscaling.knative.dev/class: kpa.autoscaling.knative.dev autoscaling system
autoscaling.knative.dev/metric: concurrency —

autoscaling.knative.dev/target: "10" autoscaling.knative.dev/class
autoscaling.knative.dev/minScale: "1” hpa.autoscaling.paddle.baidu.
autoscaling.knative.dev/maxScale: "100" com
spec:
containers:

- image: registry.baidu.com/paddle/paddle-model-serving:1.0.1
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Cold Start Solution:

« Reduce side-car injection
latency, with Istio 1.0.2 release,
reducing the Envoy
programming time

active
route

inactive
route

« Reduce image pull latency with
container instance pool,
container can be provisioned
in advanced

« Immediately scaling up when
the autoscaler gets stats from

activator.
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Knative Serving with
Container Instance
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Instance — old solution

Old Solution:;

Role:HighRAM

=
o)
A
O
ﬂ
Z
o
o)
®

| Kubelet

Docker D :

+ Use Label & Node // > ;
Affinity . {o . .
Master Node

« Use Extended

i N o
Resource for E i ! |' Worker Node Labels: %
i P | Role:GPU =5
Hetergeneous ; = | | =
GPUs(K40, P40, m T o
V100, etc) and : e Pod S
Network(Inifiniband : '—r =
! | Etcd Clu T
100GEth) : S N i
SR S U U SEU— !
- Scheduler: GPU \ !
Binpack by default N

Docker Daemon

Pod Pod

« Multi-tenancy on k8s
namespace level CPU
P



Knative with container instance 2 _B.
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Advantage: RS[Pe- e =pre=pre-p=pre-
s ool ol
« Cost savings of Resource Pool Resource
around 30% Request

« High density
deployment o

« No need for
labels & taints

Resource Definition

« No resource
fragmentation

« Resource

Reusable E
Data Flow
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Knative Serving on Edge
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Edge solution with Knative

S OPEN SOURCE SUMMIT

China 2019

IDC
Edge Management Scheduling
Control Data
Edge Resource Security Network
Management Container Polic
CDN > g
End

User Encoding/Decoding Item Recognition
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Compute and Network on Edge = e

Knative Service

Deployment
Pod

Kube Proxy
Calico Agent
Envoy
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>
Kind: Knative Service
Kind:Deployment
Cloud Controller
Centralized
Network
CloudHub pl
Kind: Pod Kiridi: Pod _
CDN Node CDN Node
EdgeHub EdgeHub
Edge Agent Edge Agent
g g Calico 9 9 Calico
Kube-Proxy Kube-Proxy
Envoy Envoy

RunC Kata RunC Kata
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Knative Eventing for DEP
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Knative eventing {188
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Advantage:

. . . . Google
« Universal subscription, delivery

and event management ‘

« Building loosely coupled event- { ~ source | |
driven systems with advanced m m Bus
objects St

« Declarative binding between Kafka

event generators and event
usage services

Google
PubSub

Other
« Extend from several events to

St réamin g Knatlve Knatlve Knative Knative Knative
Service Service Service Service Service
« Custom event pipeline for
connecting to existing systems




Knative eventing — DLP example £ .H
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apiVersion: flows.knative.dev/vlalphal
kind: Flow

metadata:

name: k8s-event-to-serving-flow

namespace: default
spec:

serviceAccountName: paddle-sa
trigger:

eventType: dev.knative.k8s.event
resource: k8sevents/

Namespace
dev.knative.k8s.event Source
. u ingress subscribe
service: k8sevents - Sevic
Evems- (Callable)
parameters:
namespace: default )
action: SHIHHT > Broker
target:
kind: Route
. . . . . Source
apiVersion: serving.knative.dev/
Events [
vlalphal

ingress Trigger subscribe Service
filter= | I (Callable)

name: paddle-model-serving
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Knative eventing - CloudEvents &=
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Producer:

¢ := cloudevents.NewClient( Experience:
"http://localhost:8080", Components are loosly coupled.
cloudevents.Builder{ Need to handle event tracing.

Source:  “https://github.com/paddle/pkg#cloudevents-paddle”,
EventType: "dev.knative.cloudevent.paddle”,
Encoding: cloudevents.BinaryV01,

} loT devices public clouds legacy
) ! systems
if err := c.Send(data); err != nil { -
log.Printf("error sending: %v", err) a ]
} ((>) cloudevents
Consumer:
func handler(ctx context.Context, data *Paddlelob) { _ oud serverless
metadata := cloudevents.FromContext(ctx) Saas private clouds functions

}
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