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Step 1: retrieve
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Step 2: process
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Step 3: notify
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ADA-PIPE orchestration and scheduler
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Step Provider Node/Device

01 - retrieve DataCloud DataCloud-Edge-0

02 - process DataCloud Datacloud-wp1-test1

03 - notify DataCloud Datacloud-wp1-test2

Pipeline chunks to 
be deployed
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ADA-PIPE adaptation and scheduling 
architecture
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Scaling the steps (µ-services) of a data pipeline
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• Horizontal scaling (horizontal pod autoscaler - HPA),
✓ deploying more steps as a response to the increased load;

• Vertical scaling (vertical pod autoscaler - VPA),
✓ assigning more resources to the pipelines that are already running for the workload.



Discussion on other methods
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• Autopilot:
➢ number of replicas from each, and

• averaging window for the CPU usage (the default is 5 minutes);
• target average utilization 𝑟∗;
• length 𝑇 (the default length is 72 hours);
• statistics 𝑆: max or 𝑃95 (95%ile).



Discussion on other methods (cont.)
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• Autopilot:
➢ number of replicas from each microservice, and resource limits for each 

microservice (CPU/memory limits for individual microservice - vertical 
scaling).

• Kubernetes:
➢ desiredReplicas = currentReplicas ∙

currentMetricValue
desiredMetricValue

➢ vertical pod autoscaler sets containers’ limits using statistics over a moving window 
(e.g., for RAM, the 99th percentile over 24h).



Configuring horizontal pod autoscaling
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• Deploy a step under the name of nginx

• Specify the following values:
✓ Minimum number of replicas: 1

✓ Maximum number of replicas: 10

✓ Autoscaling metric: CPU

✓ Target: 50

✓ Unit: %

• Policy > Autoscale.
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https://cloud.google.
com/kubernetes-

engine/docs/how-
to/horizontal-pod-

autoscaling#kubectl-
apply 
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Creating the workload deployment

16

https://cloud.google.com/kubernetes-engine/docs/how-to/horizontal-pod-autoscaling 
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Autoscaling based on resources utilization
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• This example creates HorizontalPodAutoscaler object 

✓ to autoscale the nginx deployment

➢ when CPU utilization surpasses 50%, and 

➢ ensures that there is always 

❖ a minimum of 1 replica and 

❖ a maximum of 10 replicas.
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HPA YAML manifest as nginx-hpa.yaml

apiVersion: autoscaling/v1

kind: HorizontalPodAutoscaler

metadata:

name: nginx

spec:

scaleTargetRef:

apiVersion: apps/v1

kind: Deployment

name: nginx

minReplicas: 1

maxReplicas: 10

targetCPUUtilizationPercentage: 50

If the mean of the apps CPU utilization is 
higher than this target, the replicas will be 
run.



Autoscaling based on resources utilization (cont.)

https://github.com/SiNa88/HPA 

20

https://github.com/SiNa88/HPA


● Utilizing the following API:
o https://github.com/kubernetes-client/python/tree/master/kubernetes/client
o https://www.youtube.com/watch?v=XJOaaGSLS3U

● The source code https://github.com/SiNa88/HPA/blob/main/updateDeployment.py

○ reads all the current deployments,

○ considers default values for resource requests and limits of each step,

○ assigns the new numbers of replicas and new resources to the microservices.

○ updates the deployment through kube-scheduler,

Update deployments
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Update deployments
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def main():

print(nodes_available())

call(["minikube", "kubectl", "--", "get", "-o", "wide", "deployments.apps"])

w = watch.Watch()

for event in w.stream(v1.list_namespaced_pod, "default"):

if event['object'].status.phase == "Pending": and event['object'].spec.scheduler_name == scheduler_name:

try:

print("------------------------------------------")

print("scheduling pod ", event['object'].metadata.name)

res = scheduler(event['object'], (node_available()))

break

except client.rest.ApiException as e:

print (json.loads(e.body)['message'])

print()

scale()

print()

1) Watch an API resource
2) Stream the result back via a generator
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• The following code updates the application’s deployment 
through the kube-scheduler (running the code on an real 
cluster)https://github.com/SiNa88/HPA/blob/main/updateDeployment.py

https://github.com/SiNa88/HPA/blob/main/updateDeployment.py


https://github.com/DataCloud-project/ADA-PIPE/blob/main/update-deployment/updateDeployment.py

https://github.com/DataCloud-project/ADA-PIPE/blob/main/update-deployment/updateDeployment.py
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• https://docs.docker.com/engine/install/ubuntu/

• https://minikube.sigs.k8s.io/docs/start/

• https://minikube.sigs.k8s.io/docs/tutorials/multi_node/

• https://github.com/kubernetes-
client/python/tree/master/kubernetes/client/api

Installing docker engine and minikube
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• https://www.youtube.com/watch?v=DhojZ10Ue6w

• https://kubernetes.io/docs/tasks/run-application/horizontal-pod-
autoscale-walkthrough/

• https://kubernetes.io/docs/reference/generated/kubectl/kubectl-
commands#autoscale

• https://kubernetes.io/docs/tasks/run-application/horizontal-pod-
autoscale/

• https://www.kubecost.com/kubernetes-autoscaling

• https://github.com/draios/kubernetes-scheduler

References
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THANK YOU!
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