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Baidu Deep Learning Platform

Unified Platform for ML/DL
• Data Processing

• Model Training/Serving

• 20+ Thousands Machines

Advantage
• Resources Usage Optimization

• Model Pipeline

• Multi Tenant/Security

Business � Support
• Search/Feeds

• Ads

• Autonomous Driving

• NLP/Visual/Speech

Unified Deep learning Capabilities
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Solution for modern AI Cluster



PServer on K8s

Job Training Component:

• Paddle Operator (17-18)
• DL Domain Technologies

• DL Developer Self-Serving

• Paddle Job CRD

• Job Fault Tolerant

• Job Auto Scaling

• Modern Hardware Support

• Volcano (19)
• K8s native batch system

• Caring about HPC workloads

• Ease to use



Paddle Operator

Master
• Divide data

• Wrap up data to be task

Trainer
• Get task from master

• Calculate gradients

Parameter Server
• Get gradients from trainer

• Optimize and give feedback



What’s changed

What we used to do: https://kubernetes.io/blog/2017/02/run-‐deep-‐learning-‐with-‐paddlepaddle-‐on-‐kubernetes/
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Why We Build Volcano



What is Volcano

Domain frameworks:

• Deployment/Installation � of � framework � in � k8s

• Map � framework’s � terms/concepts � into � common � concept, � e.g. � Job, � 

Queue

• Enable � related � features � for � frameworks, � e.g. � gang-scheduling � for � 

TensorFlow training

Common � Service � for � high � performance � workload:

• Batch � scheduling, � e.g. � fair-share, � gang-scheduling

• Enhanced � job � management, � e.g. � multiple � pod � template, � error � 

handling

• Accelerator, � e.g. � GPU, � FPGA

• kubectl plugins, � e.g. � show � Job/Queue � information

Volcano: � A � Kubernetes Native � Batch � System



Volcano Architecture

• The � policy � in � vc-scheduler is � pluggable, � e.g. � DRF, � 

Priority, � Gang

• vc-controllers includes � JobExController, � 

QueueController

• Kubectl creates � a � JobEx object � in � 

apiserver if � all � admission � passed

• JobExController create � Pods � based � 

on � its � replicas � and � templates

• vc-scheduler get � the � notification � of � 

Pod � from � apiserver

• vc-scheduler chooses � one � host � for � 

the � Pod � of � JobEx based � on � its � policy

• kubelet gets � the � notification � of � Pod � 

from � apiserver; � and � then � start � the � 

container

Kubernetes
1

2
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vc-‐controllers
vc-‐scheduler
(kube-‐batch) kubelet

JobEx

Queue ETCD

kubectl

vkctl

singularity topology



Why DLP needs Volcano

Task Topology & BinPack

Better Resource Allocation

Fair Share

Share Resource by Weight

Batch Deep Learning Job

Job Lifecycle Management

Queue and Priority

Execution Order for DL jobs

Volcano

Gang Scheduling

All or Nothing strategy

MPI Support

All-Reduced Ring



Why DLP needs Volcano

Container runtime

Image
Isolation

Resorce limit
Virtual	  network

Container runtime Container runtime Container runtime

K8s

Orchestration
Resource management

IPmanagement
Scaling

Load balancing
Lifecycle management

Monitoring
Volume management

scheduling
K8s K8s

Volcano

Batch system
Gang scheduling

Fair share
Priority

Task Topology

Volcano

PaddlePaddle DLP

Data processing
Model pipeline
Multi tenant

Developer self-‐serving

Container Runtime

K8s

Volcano

PaddlePaddle DLP



Scenarios: MPI

mpirun

worker_1

worker_3

worker_2

• Multiple � Pod � Template

• Lifecycle � Policy

• Gang-scheduling

• ssh or � kubectl

• Complete � job � when � mpirun completed

• Headless � service



Scenarios: MPI

• The � worker pods � are � deleted � by � job � controller � after

job get finished

• The � pod � of � mpirun will � not � be � deleted � for � output

• The � pod � of � mpiexec/mpirun may � restart � few � times � 

because � of � network � setup � delay



Scenarios: Fair Share



Scenarios: Queue

kube-apiserver scheduler nodes



Gang Scheduling

http://status.openlabtesting.org/builds?project=theopenlab%2Fvolcano

• Case � 1: � 1 � job � with � 2ps � 

+ � 4workers

• Case � 2: � 2 � jobs � with � 2ps � 

+ � 4workers

• Case � 3: � 5 � jobs � with � 2ps � 

+ � 4workers

• No � enough � resource � for � 2 � Jobs � to � run � 

concurrently; � one � of � them � wasting � 

resources � without � Gang-Scheduling � !

• 2 � of � 5 � jobs � was � finished � because � of � 

deadlock � (+20 � hours)



Task Topology & Binpack

• The � execution � time � of � 3 � jobs � in � total; � 2ps � + � 

4workers � for � each � job

• The � execution � time � is � unstable � when � tested � by � 

default � scheduler

• The � improvement � dependent � on � data � 

exchanges � between � pods

• Task-topology � within � a � Job � also � improved � 

scheduler’s � performance

Reference: � “Optimus: � An � Efficient � Dynamic � Resource � Scheduler � for � Deep � Learning � Clusters”



Job minResource (Spark)

• Spark-sql-perf (TP-DCS, � master)

• 104 � queries � concurrently

• (8cpu, � 64G, � 1600SSD) � * � 4nodes

• Kubernetes 1.13

• Driver: � 1cpu,4G; � Executor: � (1cpu,4G)*5

• Volcano � (min-res): � 3.3cpu, � 12G

• Kubernetes: � 1 node � for � drivers

• Max � 26 � concurrent � queries � if � no � 

dedicated � driver � nodes

• ~30% � performance � improvement � 

because � of � job � level � reservation



What get improved

Native Solution

• Native support �  MPI � and � 

PServer.

• K8s � native API built � with � 

operator, � native compute

model lifecycle � management.

• One click installation � on � 

Kubernetes with � CRD.

Accelerate
Training Speed

• Task topology to � reduce � 

communication � latency � for � 

PServer and � Trainer.

• MPI ring all-reduce to � resolve

single point bottleneck.

• Gang scheduling to � prevent � 

jobs � from � resource starvation.

Optimize
Resource Usage

• Fair share algorithm � to � 

optimize � resource � usage

between tenants.

• Priority queues for � urgent

deep learning tasks to get

executed in high priority.



Refactoring for Volcano
Adaptive

Scheduler

Unstable Network

Gang Scheduling

Jobs, ReplicaSets, StatefulSets

Volcano Tasks

batch.volcano.sh/v1alpha1

Default Customized

Binpack

Pod Affinity

Volcano

Status

Pod Evicted

Pod Falied

List/Watch Job Restart
Job Fault Tolerant

Queue

Min Available Pserver

Min Avaialble Trainer
Job Start



Elastic CTR  Demo



CTR  with  Volcano



CTR  yaml
https://github.com/volcano-‐
sh/volcano/blob/master/example/integratio
ns/paddlepaddle/ctr-‐paddlepaddle-‐on-‐
volcano.yaml



CTR Performance Comparison
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Default Paddle	  EDL Volcano

Gang Scheduling
• Prevent deadlock in cluster with High Resource Utilization

Task Topology
• Reduce data � transmission latency � between � trainer pod and worker pod.

Advanced BinPack
• Reduce network overloads between different hosts.



Pipeline

•GPU � Share/Topology

• Job � Management

•Queue � Management

•Hierarchical � Queue

• Preemption/Reclaim

•……



Contact Info

Welcome � to � use � and � contribute!

Website: � https://volcano.sh

Github: � http://github.com/volcano-sh/volcano

Twitter: � https://twitter.com/volcano_sh

Slack: � http://volcano-sh.slack.com

Email: � volcano-sh@googlegroups.com



Thanks!


