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e Google Kubernetes Engine

o Google Big Query



+80 PB celestial catalogs

Relational database, 100% open source
Space partionning with overlap
Highly distributed “Map Reduce” model
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Cloud Native Deployment
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Cloud Native Deployment
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Automated deployment: bare-metal

CC-IN2P3@Lyon (~250TB)

NCSA@Illinois Q

Workstation \

Docker

Docker Registry Hub

Private registry mirror

i)
Bare metal Docker Registry

infrastructure
kubernetes
by 008 (-




Deployment schemes

Legend:

C— Managed by Google
) Managed by LSST
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KUBERNETES




Kubernetes: a modern version of LHC grid

e A portable, open-source, container-centric
management platform

e Built-in primitives for deployments, rolling
upgrades, scaling, monitoring, and more

e Inspired by Google's internal systems

e Gettrue workload portability and increased
infrastructure efficiency

£Y Google Cloud
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- J CLOUD NATIVE

L= COMPUTING FOUNDATION

= OPEN SOURCE CLOVD COMPVYTING FOR APPLICATIONS




All you really care about

Container
Cluster

ooooooooooooooooooo



Workload portability

Result: Portability

Put your app on wheels and move it
whenever and wherever you need

ooooooooooooooooooo



Kubernetes: a highest velocity Open

Source Project

e Kubernetes 1.0 launched in July 2015

e New minor version every 3 months. Currently
on 1.10.

e Official CNCF Project

£Y Google Cloud

-1 CLOUD NATIVE

k=l COMPUTING FOUNDATION

32 000+ 60,000+ ~23 PRs
pull requests commits merges/day
the latest year the latest year in the core repo

15



30 Highest Velocity Open Source Projects

20000
0 React (facebook.com) 4340 authors

Linux (kernel.org) 4014 authors

2017-11 to 2018-10 s

Kubernetes (kubernetes.io) 3874 authors

DefinitelyTyped (definitelytyped.org) 3771 a...
10000
0 Homebrew (brew.sh) 3213 authors

Chromium Chromium (google.com/chrome) 2365 auth...

80000 B,
Kubernetes

VS Code (code.visualstudio.com) 2189 auth...
60000 dotnet (microsoft.com/net) 2169 authors
Rust (rust-lang.org) 1730 authors

NixOS (nixos.org) 1722 authors

40000
Ansible (ansible.com) 1655 authors

Homebrew,

Cloud Foundry (cloudfoundry.org) 1577 auth...
Mozilla (mozilla.org) 1570 authors

FreeBSD (freebsd.org) 1557 authors

20000
vuejs (vuejs.org) 1556 authors

A, Home Assistant (home-assistant.io) 1506 a...
Ethereum

Logarithmic PRs + Issues

Terraform (terraform.io) 1485 authors

ruely
P
Les) e
DefinitelvTyped Clol@\dry
S mfony'

Gatsby
-

Helm (helm.sh) 1398 authors
10000

Node.js (nodejs.org) 1335 authors

8000 LT ) ) )
Elasticsearch (elastic.co/products/elasticse...

TensorFlow (tensorflow.org) 1212 authors
6000

Ethereum (ethereum.org) 1207 authors
Eclipse (eclipse.org) 1172 authors

4000 Symfony (symfony.com) 1118 authors

Gatsby (gatsbyjs.org) 1115 authors

https://www.cncf.io/blog/2017/06/05/30-highest-velocity-open-source-projects

OpensShift (openshift.com) 1064 authors

;0000000000000 000000C0OCBOCOOFONNOGDS
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https://www.cncf.io/blog/2017/06/05/30-highest-velocity-open-source-projects

a

GKE Overview

Google Cloud
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Containers at Google

Each week, Google launches more than four billion
containers across its data centers around the world. These
containers house the full range of applications Google
runs, including user-facing applications such as Search,
Gmail, and YouTube.

Kubernetes was directly inspired by Google’s cluster
manager, internally known as Borg. Borg allows Google to
direct hundreds of thousands of software tasks across
vast clusters of machines numbering in the tens of
thousands — supporting seven businesses with over one
billion users each. Borg and Kubernetes are the
culmination of Google’s experience deploying resilient
applications at scale.




Kubernetes The Hard Way

This tutorial walks you through setting up Kubernetes the hard way. This guide is not for people looking for a fully
automated command to bring up a Kubernetes cluster. If that's you then check out Google Kubernetes Engine, or the

¢ Prerequisites
s t a rt e d C a n b e ¢ Installing the Client Tools

 Provisioning Compute Resources

® ¢ Provisioning the CA and Generating TLS Certificates

C h a I I e n g I n g » Generating Kubernetes Configuration Files for Authentication

¢ Generating the Data Encryption Config and Key

¢ Bootstrapping the etcd Cluster

¢ Bootstrapping the Kubernetes Control Plane

¢ Bootstrapping the Kubernetes Worker Nodes

¢ Configuring kubectl for Remote Access

¢ Provisioning Pod Network Routes

¢ Deploying the DNS Cluster Add-on

e Smoke Test

¢ Cleaning Up

£Y Google Cloud 19



And don’t
forget
“Day 2” ops

£Y Google Cloud

Managing components
Encrypting and securing etcd
Configuring HA

Rolling out security patches
Backups and disaster recovery
Bootstrapping TLS

Managing users and policies

20



Kubernetes
the Easy Way

Start a cluster with one-click

View your clusters and workloads in a

single pane of glass

Google keeps your cluster up and running

£Y Google Cloud

e Kubernetes clusters

®2  Workloads

a8 Discovery & load balancing
H Configuration

B  Storage

Cloud Launcher

<1

= Google Cloud Platform e K8s Garage ~ Q

@ Kubernetes Engine & Create a Kubernetes cluster

A Kubernetes cluster is a managed group of unifo
Kubernetes. Learn more

Name

cluster-1

Description (Optional)

Location
® Zonal

Regional (beta)

Zone

us-centrall-a

Cluster Version

1.8.7-gke.1 (default)

Machine type
Customize to select cores, memory and GPUs.

1vCPU b < 3.75 GB memc



Google
Kubernetes Engine

& Google Cloud



Production

Ready

Kubernetes

£Y Google Cloud

Get Started
Quickly

Use the Cloud
Console to
easily create a
cluster and view
your workloads

Reliable and
Available

GKE
automatically
repairs,
upgrades, and
scales your
cluster with a
high-availability
control plane

Integrated with
GCP

Take advantage
of the deep
integration with
Google Cloud
Platform
features and
services

23



Kelsey Hightower @ . :
Following v
@kelseyhightower

Google Container Engine is the cheat code
for Kubernetes. Thanks to my fellow

Googlers | get to focus on using Kubernetes;
not managing it.

£Y Google Cloud

24



lgﬁ £ shopify

g

ocado

PHILIPS €bay Mssdup  mixpanel

Che New JJork Times

£Y Google Cloud

CANACCORLEL Genuity


https://cloudplatform.googleblog.com/2016/09/bringing-Pokemon-GO-to-life-on-Google-Cloud.html
https://open.blogs.nytimes.com/2017/01/12/continuous-deployment-to-google-cloud-platform-with-drone/
https://cloud.google.com/customers/philips/
https://cloudplatform.googleblog.com/2017/04/Google-Container-Engine-fires-up-Kubernetes-1-6.html
https://cloud.google.com/customers/meetup/
https://cloud.google.com/customers/ocado/
https://cloud.google.com/customers/canaccord-genuity/
https://cloud.google.com/customers/mixpanel/
https://cloudplatform.googleblog.com/2018/02/accelerate-highly-parallelized-compute-tasks-with-GPUs-in-Kubernetes-Engine.html
https://shopifyengineering.myshopify.com/blogs/engineering/shopify-infrastructure-collaboration-with-google

Kubernetes on
Google Cloud
Platform

£Y Google Cloud

Use with Preemptible VMs, custom machine
types, GPUs

Live migration and patching
Best-in-class networking

Sustained use discounts, committed use
discounts, and per-second billing mean you only
pay for what you use

Integration with Google Cloud Platform services
such as BigQuery, PubSub, Cloud SQL, and more

26



Compute
and Storage

Can use Preemptible VMs, custom
machine size, and GPUs

Provision volumes with GCP
Persistent Disk, SSD, and Local SSD

£Y Google Cloud

(LA S

A NN




Features

£Y Google Cloud




Auto

Automatically Keep the control

initiate repair plane and nodes in

process for nodes the cluster

that fail a health up-to-date with the

check. latest stable
version

£Y Google Cloud

Cluster autoscaling
handles increased
demand and scales
back as needed

29



Horizontal Pod

Automatically add (or remove) pods when
needed.

Based on CPU metrics and custom metrics
with Stackdriver

£Y Google Cloud

30



Cluster

Cluster Autoscaler will add nodes when
pods are failing to be scheduled due to

insufficient resources (IE CPU/Memory).

Kubernetes uses requests to schedule
pods, therefore scaling will occur
based on pod resource requests

not pod resource utilization.

£Y Google Cloud

master

[ | 1 | [ |
INEW New INEWY
Node Node Node

31



Cluster Autoscaler
Balancing Across

When scaling up across different zones, Cluster
Autoscaler attempts to balance the size of each node pool

This helps prevent an uneven number of nodes when
distributing traffic across multiple zones in a region

Oregon

3 Google Cloud Los Angeles



Security

£Y Google Cloud

All GKE components are encrypted at rest. This
includes etcd where secrets are stored.

TLS for master-to-master and node-to-master
communication

Integrated with Calico to provide network policy to
control pod-to-pod communication

Private clusters makes your master inaccessible
from the public internet

Metadata concealment isolates workloads from
node metadata

33



ntegrated with
GCP Networking

Frontend Location Backend
(Total inbound traffic) (1 minute ago)
Asia
199.75 RPS

k8s-ig--f75085e1ffa278cd
us-central1-a

k8s-ig--0fa70b7856363ea’
North America us-east4-a
479.00 RPS

k8s-ig--ceedc82ea1824010
us-west1-a

Europe
304.35 RPS

£Y Google Cloud



Logging and
Monitoring

Use Stackdriver Logging to
automatically collect, process, and
store your container and system logs

Integrated with Audit Logging

Stackdriver Monitoring will monitor
your cluster’'s CPU and memory as well
as custom metrics for your application

£Y Google Cloud

& Stackdriver

35



Wrapping
Up

£Y Google Cloud

Kubernetes is a container orchestration platform
that allows you to focus on your application
instead of infrastructure

GKE is the easiest way to get started with
Kubernetes

GKE can be installed on your own infrastructure
(early access)

36



BigQuery ‘2

How can we help LSST

SLAC, October 2018

Google Cloud |
© 2018 Google LLC. All rights reserved.



Google Innovation in Big Data Analytics @ Scale

2002 2004 2006 2008 2010 2012

o =

Google Cloud
© 2018 Google LLC. All rights reserved.




Good things about BigQuery

Data encrypted at rest

No keys or indexes

Caching

Free batch ingest

Streaming ingest, real time
Serverless

Easy access sharing, control
100PB storage

Google Cloud

© 2018 Google LLC. All rights reserved.




BigQuery architecture

Decoupled storage and compute

SQL:2011

, C liant
Replicated, Distributed Bnguery High-Available Cluster omplian

Storage Compute
Streaming (99.9999999999% durability) (Dremel)

Ingest

REST API

Web Ul, CLI

i Distributed
' Memory Shuffle

Tier
Client
Libraries

In7
languages

Free Bulk

Loading Petabit Network

[
{of Lok Lo
[
{of Lok Lot

Google Cloud

© 2018 Google LLC. All rights reserved.




Simple query execution

SELECT COUNT(*) FROM
wikipedia_benchmark.Wikiffg
WHERE title LIKE "G%o0%0"

—— Stage 2: Sum (1 slot)

—— Stage 1: Filter, Count (220 slots)

Distributed storage

Google Cloud

© 2018 Google LLC. All rights reserved.




BigQuery by the Numbers

Google Cloud



Big Stuff and Costs

e Active storage
o $0.02 per GB ($20/mo per TB < 1 VM and 1 TB persistent disk)
o The first 10 GB (yay!) is free each month. See Storage pricing for details.
e |ong-term storage
o $0.01 per GB
o The first 10 GB is free each month. See Storage pricing for details.
e Streaming Inserts
o $0.01 per 200 MB
o You are charged for rows that are successfully inserted. Individual rows are calculated
using a 1 KB minimum size. See Streaming pricing for details.
e Queries (analysis)
o $5perTB
o First 1 TB per month is free, see On-demand pricing for details. Flat-rate pricing is also
available for high-volume customers.

Google Cloud

© 2018 Google LLC. All rights reserved.




Spherical Geometry -- GIS Queries

Google Cloud



GIS Queries - Supports Spherical Geometry

e Right Ascension and Declination on celestial sphere
e Arbitrary geometries can be described with Geo objects
e Variety of operations:
o ST_DWithin
ST_Intersects
ST_Contains
ST_Within
ST_Covers
ST_Equals

O O O O O

Google Cloud

© 2018 Google LLC. All rights reserved.




UDFs -- User Defined Functions

Google Cloud



Two Flavors of UDF -- SQL is Better

Javascript

CREATE TEMP FUNCTION plusOne(x

FLOAT64) :

RETURNS FLOAT64 § ESC)L‘
LANGUAGE js

AS "return x+1:;";

CREATE TEMP FUNCTION
addFourAndDivide(x INT64, y
INT64) AS ((x + 4) / y);

Google Cloud

© 2018 Google LLC. All rights reserved.




Tracks

Google provides high level services
GKE: ease a lot engineer work

Google Big Query: robust and powerful

Total cost is easy to retrieve and should be
compared to regular datacenters

What does LSST want to delegate to Google?







