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Kubernetes (K8s)

- Open Source Container Orchestration System

- Declarative Resources
- Controllers Reconcile Resources to Desired State
- Self Healing
- Extensible by Adding Controllers




Kubernetes Resources

e Pod

o 1 or more containers (smallest resource unit)
o Immutable

e Deployment
o A group of identical pods
o If 1 pod dies, the deployment controller creates a new pod

e DaemonSet
o Pods that are deployed to every node



. Kubernetes (K8s) - Control Plane
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Kubernetes (K8s) Data Plane
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Kubernetes (K8s)

apiVersion: vl
kind: Pod
metadata:
name: nginx
spec:
containers:
- name: nginx
image: nginx:1.14.2
ports:
- containerPort: 80

YAML
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. Kubernetes (K8s)

apiVersion: vl
kind: Pod
metadata:
name: nginx
spec:
containers:
- name: nginx
image: nginx:1.14.2
ports:
- containerPort: 80

- > api server




Kubernetes (K8s)

apiVersion: vl
kind: Pod
metadata:
name: nginx
spec:
containers:
- name: nginx
image: nginx:1.14.2
ports:
- containerPort: 80
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Kubernetes (K8s)

Pods

- Name Node

nginx Node 1

scheduler

api server
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Kubernetes (K8s)
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Kubernetes (K8s)
- Pods

Name Node
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. Kubernetes (K8s)
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. Kubernetes (K8s)
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Kubernetes (K8s)

Pods

- Name Node Schedulable
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Kubernetes Resources

e Pod

o 1 or more containers (smallest resource unit)
o Immutable

e Deployment
o A group of identical pods
o If 1 pod dies, the deployment controller creates a new pod

e DaemonSet
o Pods that are deployed to every node



. K8s Scheduling

apiVersion: vl
kind: Pod
metadata:
name: nginx

spec:
containers:

— name: nginx
image: nginx:1.14.2

apiVersion: apps/vl
kind: Deployment
metadata:
name: nginx
spec:
replicas: 3
selector:
matchLabels:
app: nginx
template:
metadata:
labels:
app: nginx
spec:
containers:
- image: nginx:1.14.2
name: nginx
resources:
requests:
cpur 1
memory: 256M




apiVersion: apps/vl
kind: Deployment
metadata: Deployments
name: nginx
spec:
replicas: 3
selector:
matchLabels: Deployment Controller
app: nginx Pods
template:
metadata: Name Node
labels:
app: nginx
spec:

containers:

— image: nginx:1.14.2
name: nginx
resources:

requests:
cpur 1%
memory: 256M

Name Replicas

Controller Manager

nginx 3




apiVersion: apps/vl
kind: Deployment

metadata: Deployments

name: nginx
spec:

Name

Replicas

replicas: 3

selector: nginx

3

matchLabels:
app: nginx

Pods

template:
metadata: Name
labels:

app: nginx nginx-1

spec:
containers: nginx-2

— image: nginx:1.14.2
name: nginx nginx-3
resources:

requests:
cpuz 1=
memory: 256M

Controller Manager

Deployment Controller




K8s Scheduling - Deployment

Deployments

N 1
Name Replicas ode
nginx 3 nginx-1
nginx-2
Pods g
M Node nginx-3
nginx-1 Node 1
kube-proxy
nginx-2 Node 1
nginx-3 Node 1 kubelet




K8s Scheduling - Topology Spread

spec: Node 1
(us-east-2a)

Node 2 Node 3
(us-east-2b) (us-east-2c)

containers:

— image: nginx:1.14.2
name: nginx
resources:

requests:
cpu: "1"
memory: 256M

nginx-1

topologySpreadConstraints:
- labelSelector:
matchLabels:

app: nginx kube-proxy
maxSkew: 1

topologyKey: topology.kubernetes.io/zone
whenUnsatisfiable: ScheduleAnyway

kubelet

kubelet kubelet

kube-proxy kube-proxy




K8s Scheduling - Topology Spread

it Node 1 Neds 2
containers: (us-east-Za) ( ‘q_easf_’)la.\
— image: nginx:1.14.2
name: nginx .
resources: nginx-1
requests:
cpu: "1% nginx-2
memory: 256M
topologySpreadConstraints: .
- labelSelector: nginx-3
matchLabels: ——
app: nginx kube-proxy kube-pra v |Jj| k' >e-proxy
maxSkew: 1 — A 4

topologyKey: topology.kubernetes.io/zone
whenUnsatisfiable: ScheduleAnyway

kubelet
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K8s Scheduling - GPU Extended Resource

apiVersion: apps/vl
kind: Deployment

metadata: Node 1 Node 2
SpZifj‘ﬂ AL (m5.xlarge) (g4dn.xlarge)
replicas: 1

matchLabels:
app: train
template:
metadata:
labels:
app: train
spec:

containers:
- image: my-trainer-workload:1.0 kube-proxy kube-proxy
name: train
resources:
ikl kubelet kubelet
nvidia.com/gpu: "1"

requests:
epuzie 1=
memory: 256M




. K8s Cluster Autoscaler

Desired Capacity = 2
? Cluster Autoscaler

| Auto-Scaling Group ;
; mb.xlarge l
| 4 vcpus - 16 GiB RAM |
: :
! |



. K8s Cluster Autoscaler

Auto-Scaling Group
1 gpu

Auto-Scaling Group |: Auto-Scaling Group
4 gpus 1! 8 gpus

Auto-Scaling Group
2 gpus

Cluster Autoscaler

Auto-Scaling Group |: Auto-Scaling Group
16 vcpus - 64 GiB RAM 1! 32 vepus - 128 GiB RAM

Auto-Scaling Group
4 vepus - 16 GiB RAM

Auto-Scaling Group
8 vcpus - 32 GiB RAM



. K8s Cluster Autoscaler

Auto-Scaling Group
1 gpu

Auto-Scaling Group |: Auto-Scaling Group
4 gpus 1! 8 gpus

Auto-Scaling Group
2 gpus

Cluster Autoscaler
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. K8s Cluster Autoscaler
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24 Groups



Still missing a lot of
Instance shapes



VWhat about...

Spot & on-demand

x86 + ARM
New instance types released



Groupless Node Autoscaling
with



@ Overview

e Groupless Node Autoscaling
e Kubernetes Native
e \endor Neutral

e Open Source

github.com/aws/karpenter



K8s Native

e Groupless Autoscaling

o No need to pre-configure autoscaling groups
o Dynamically looks up instance types and specs from the cloud provider

o Understands special scheduling requirements
GPUs (extended resources)

Node Affinity and Anti-Affinity

Pod Affinity and Anti-Affinity

Topology Spreads

Persistent Volumes



@ K8s Native

e (Custom Resource Definitions (CRDs)

o Provisioner
o AWSNodeTemplate



apiVersion: karpenter.sh/vlalpha5
. kind: Provisioner
K8s Native metadata:
name: default
spec:
limits:
e Provisioner resources:
cpu: 1k
providerRef:
name: default
requirements:
- key: karpenter.sh/capacity-type
operator: In
values:
- on-demand
- spot
- key: kubernetes.io/arch
operator: In
values:
- amd64
- armé64
tt1SecondsAfterEmpty: 30



apiVersion: karpenter.sh/vlalpha5
. kind: Provisioner
K8s Native metadata:
name: default
spec:
limits:
e Provisioner resources:
. . cpu: 1k
o Limits providerRef:
name: default
requirements:
- key: karpenter.sh/capacity-type
operator: In
values:
- on-demand
- spot
- key: kubernetes.io/arch
operator: In
values:
- amd64
- armé64
tt1SecondsAfterEmpty: 30




K8s Native

e Provisioner

O

O

O

Limits
Provider Reference
Requirements

apiVersion: karpenter.sh/vlalpha5
kind: Provisioner
metadata:
name: default
spec:
limits:
resources:
cpu: 1k
providerRef:
name: default

requirements:
- key: karpenter.sh/capacity-type
operator: In
values:
- on-demand
- spot
- key: kubernetes.io/arch
operator: In
values:
- amd64
- armé64

tt1SecondsAfterEmpty: 30



K8s Native

e Provisioner

O O O O

Limits

Provider Reference
Requirements

TTL Seconds After Empty

apiVersion: karpenter.sh/vlalpha5
kind: Provisioner
metadata:
name: default
spec:
limits:
resources:
cpu: 1k
providerRef:
name: default
requirements:
- key: karpenter.sh/capacity-type
operator: In
ERUEIH
- on-demand
- spot
- key: kubernetes.io/arch
operator: In
values:
- amd64
- armé64
tt1SecondsAfterEmpty: 30




K8s Native

e AWS Node Temp|ate apiVersion: karpenter.k8s.aws/vlalphal
: kind: AWSNodeTemplate
o  AMI Family

metadata:
name: default
spec:
amiFamily: Bottlerocket
subnetSelector:
karpenter.sh/discovery: "my-cluster"
securityGroupSelector:
karpenter.sh/discovery: "my-cluster"




K8s Native

e AWS Node Temp|ate apiVersion: karpenter.k8s.aws/vlalphal
: kind: AWSNodeTemplate
o  AMI Family

metadata:
o Subnet Selector name: default
spec:

amiFamily: Bottlerocket

subnetSelector:
karpenter.sh/discovery: "my-cluster"

securityGroupSelector:
karpenter.sh/discovery: "my-cluster"



K8s Native

e AWS Node Template
o AMI Family
o Subnet Selector
o Security Group Selector

apiVersion: karpenter.k8s.aws/vlalphal
kind: AWSNodeTemplate
metadata:
name: default
spec:
amiFamily: Bottlerocket
subnetSelector:
karpenter.sh/discovery: "my-cluster"

securityGroupSelector:
karpenter.sh/discovery: "my-cluster"
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apiVersion: apps/vl
kind: Deployment
metadata: Deployments
name: nginx
spec:
replicas: 3
selector:
matchLabels: Deployment Controller
app: nginx Pods
template:
metadata: Name Node
labels:
app: nginx
spec:

containers:

— image: nginx:1.14.2
name: nginx
resources:

requests:
cpur 1%
memory: 256M

Name Replicas

Controller Manager

nginx 3




apiVersion: apps/vl
kind: Deployment

metadata: Deployments

name: nginx
spec:

Name

Replicas

replicas: 3

selector: nginx

3

matchLabels:
app: nginx

Pods

template:
metadata: Name
labels:

app: nginx nginx-1

spec:
containers: nginx-2

— image: nginx:1.14.2
name: nginx nginx-3
resources:

requests:
cpuz 1=
memory: 256M

Controller Manager

Deployment Controller




K8s Scheduling - Deployment

3 vcpus
768 MiB

~

c4.xlarge

c5.xlarge
cSa.xlarge
cSad.xlarge
c5d.xlarge
codn.xlarge
c6a.xlarge
c6g.xlarge
c6gd.xlarge
cbgn.xlarge
cbi.xlarge
c6id.xlarge
c7g.xlarge

\

_/




K8s Scheduling - Deployment

3 vcpus
768 MiB

~

cd.xlarge

c5.xlarge
cSa.xlarge
cSad.xlarge
c5d.xlarge
codn.xlarge
cba.xlarge

c6g.xlarge

c6gd.xlarge

cbgn.xlarge
cbi.xlarge
c6id.xlarge

c7g.xlarge




K8s Scheduling - Deployment

e c4.xlarge N Node 1
c5.xlarge .
cha.xlarge m6i.xlarge
c5ad.xlarge
c5d.xlarge SpOt

con.xlarge

c6a.xlarge .
c6g.xlarge nglnX-1
c6gd.xlarge
cbgn.xlarge
c6i.xlarge .
3 pOdS c7g.xlarge
3 VepUS < m4.x:arge >
mb.xlarge .
mbad.xlarge

mb5d.xlarge
mbdn.xlarge

mb5n.xlarge
m5zn.xlarge ku be-proxy
m6a.xlarge

m6g.xlarge
m6gd.xlarge

m6i.xlarge kubelet
m6id.xlarge




100 pods
100 vecpus
25 GiB

<

c6a.32xlarge
c6a.48xlarge
c6i.32xlarge
c6id.32xlarge
i4i.32xlarge
mé6a.32xlarge
m6a.48xlarge
m6i.32xlarge
m6id.32xlarge
réi.32xlarge
réid.32xlarge
u-6tb1.112xlarge
u-6tb1.56xlarge
x1.32xlarge
x1e.32xlarge
x2idn.32xlarge
x2iedn.32xlarge

\

i

K8s Scheduling - Big Deployments

Node 1
c6a.32xlarge
spot

nginx-100

kube-proxy
kubelet




What if we can't get
a big instance?



100 pods
100 vecpus
25 GiB

<

c5.18xlarge
c5.24xlarge
cb5a.16xlarge
cda.24xlarge
c5ad.16xlarge
c5ad.24xlarge
c5d.18xlarge
c5d.24xlarge
c5n.18xlarge
c6a.16xlarge
cba.24xlarge
c6a.32xlarge
c6a.48xlarge
c6g.16xlarge
c6gd.16xlarge
cbgn.16xlarge
c6i.16xlarge
c6i.24xlarge
c6i.32xlarge
c6id.16xlarge
c6id.24xlarge
c6id.32xlarge
c7g.16xlarge

K8s Scheduling - Splitting Pod Batches

Node 1
cba.16xlarge
spot

kube-proxy
kubelet

Node 2
c6i.16xlarge
spot

nginx-100

kube-proxy
kubelet




K8s Scheduling - Pod Level Requirements

apiVersion: apps/vl
kind: Deployment
metadata:
name: nginx
spec:
replicas: 3
selector:
matchLabels:
app: nginx
template:
metadata:
labels:
app: nginx
spec:
containers:

— image: nginx:1.14.2
name: nginx
resources:

requests:
cpu: "1"
memory: 256M

nodeSelector:

kubernetes.io/arch: amd64

karpenter.sh/capacity-type:

on—-demand

3 pods

3 vcpus

768 MiB

<

/

c4.xlarge
c5.xlarge
cba.xlarge
cbad.xlarge
cbd.xlarge
c5n.xlarge
c6a.xlarge
c6i.xlarge
c6id.xlarge
m4.xlarge
mb5.xlarge
mba.xlarge
mbad.xlarge
mb5d.xlarge
mb5dn.xlarge
mbn.xlarge
mb5zn.xlarge
m6a.xlarge
m6i.xlarge
m6id.xlarge
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