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What Is ZooKeeper?

Z0oKeeper Is a centralized service for
maintaining configuration information,
naming, providing distributed
synchronization, and providing group
services.



Distributed System Orphans
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What Is ZooKeeper?

e Distributed File Server

 Additional Features
— Notification
— Ordering
— Atomicity
— Versioned Writes
— Ephemeral Nodes
— Sequential Nodes
— High Avallability



What's in this Talk?

ZooKeeper
Overlord
Configuration
Control
Monitoring



ZooKeeper Introduction




Introduction to ZooKeeper

e Origin
e File System Model
o Additional Features
— Notification
— Ordering
— Atomicity
— Versioned Writes
— Ephemeral Nodes

— Sequential Nodes
— High Availability



ZooKeeper Origins

Created at Yahoo e Used By
around 2006 — Apache/Hadoop
Released to open — Yahoo
source in 2007 — Rackspace
Part of Hadoop — Eclipse

— Katta

— Neo4;

— Solr

— Makara



ZooKeeper == File Server

]

animats pams |

mammats | | ropties | [ togumes | [ gan |

pea

( )
green bean
- J

N
soy bean
- J




Z-Nodes

Z-Nodes

\\[
aimt \\ pla'ms

[mammals} [ reptiles legumes } [ grain }

pea

N
green bean

\. J

N

N
soy bean
- J




Z-Nodes Have Paths
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Z-Nodes Have Data
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Z-Nodes Have Data
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Additional Features

Notification
Ordering
Atomicity
Versioned Writes
Ephemeral Nodes
Sequential Nodes
High Availability



Notification

e Callback Scheme

e Based on

— Data
— Children

e One Shot



Ordering

Write Sequence
Based on Majority
Stale Data
Synchronization



Atomicity

 No Partial Writes
e Single Node Operations
 Small Data Size



Versioned Writes

e “Lost Update” Problem
 Z/Node Versions
 Read-Update cycle



Ephemeral Nodes

raditional Nodes
Disappears with its Session
Server Relative

Session ID

Session Timeout




Seqguential Nodes




Seqguential Nodes

o Static Creates Can Fall
e Unigue Name
e Sequential Ordering



High Avallability

e Cluster of ZooKeeper Nodes
— Ensemble = Cluster

 Automagic Failover
o Scalability



Z00oKeeper Recap

e Origin — Yahoo/Hadoop
 File System Model

o Additions
— Notification
— Ordering
— Atomicity
— Versioned Writes
— Ephemeral Nodes
— Sequential Nodes
— High Availability



Overlord
The Right Tools for the Wrong Person




Evil Genius Portal
Overlord

Fashion Consulting
Lair Design

Goon Recruitment
Mission Statements
Resource Management



Evil Genius Portal
Overlord

e Resource Ma



Resource Management
Matching the Wrong People with the Right
Tools




Resource Management
Matching the Wrong People with the Right
Tools




Resource Management
Matching the Wrong People with the Right
Tools




The Overlord System

| Godzilla |

Agents Admin Resources




Resources

Big . Giant
Statements Godzilla Slingshot Skunk Bomb
Goons Zombies Ninjas Pirates
: YOU(tube
Mind Orbital Mind TWIi(ter)) Radio, TV,
Control Control Laser Newspapers

FACE(book)




Overlord Directory Layout

overlord




Overlord Directory Layout

overlord » agents

—» resources




Overlord Directory Layout

overlord » agents >
—
—» resources >




Resource Directory Layout

—T1 ¥  Status

—» commands

—  control




Resource Directory Layout

—T1 P status — 1

—» commands

—  control —> 2




Resource Directory Layout

—T1 ¥  Status

—» commands

—  control

> status
data

> status
data




Agent Directory Layout



Agent Directory Layout

—T1 ¥  Status
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Agent Directory Layout

—T1 ¥  Status

—  control

> status
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> status
data




How Does Overlord

e Configuration

— Changing agents

— Changing resources
e Control

— Who goes first?
* Monitoring

— Resource status



Overlord Recap

Portal for Evil Geniuses
— The Right Tool for the Wrong Person
— Matchup

Architecture

— Agents

— Resource

— Admin

How to implement
— Configuration

— Control

— Monitoring
Keeping in mind

— High Availability



Configuration



Configuration

« \Why Configuration is Difficult
« Traditional Approaches
« How ZooKeeper Helps



Configuration is Difficult

Multiple Copies
Lost Updates
Partial Updates
Change Notification
High Availability




Traditional Solutions

e Configuration Files
e File Server
e Database



Config Files

o Strengths

— High Avallability
 Borderline

— Lost Updates

— Partial Updates
* \Weaknesses

— Multiple Copies

— Change Notification



File Server

o Strengths
— Multiple copies
 Weaknesses
— Avallability
— Lost Updates
— Partial Updates
— Notification



Database

o Strengths
— Lost update
— Partial Updates
— Multiple copies
* \Weaknesses
— Availability
— Notification



Z0ooKeeper Solves Configuration

Problems
Issue Solution
Multiple Copies Single Logical Model
Lost Updates Versioned Writes
Partial Updates Atomic Operations
Availability Multiple Servers
Change Notification Watchers




Watching for New Resources

overlord » resources >




Watching for New Resources

overlord » resources >




Watching for Changes:
Children

ZooKeeper.getChildren(String path, Watcher watcher)
path = the node to watch

watcher = the callback to invoke when the children change




Watching for Changes:
Children

private static class ChildWatcher implements Watcher
{

private String parentNode;

private ZooKeeper zk;

public ChildWatcher (ZooKeeper zooKeeper, String path ) throws Exception
{

zk = zooKeeper;

parentNode = path;

zk.getChildren(parentNode, this);

}
public void process (WatchedEvent event)
{
try {
/I do stuff in reaction to child add/delete
zk.getChildren(parentNode, this);
} catch (Exception e) {
/I do something in reaction to the exception
}
}




Watching for Resource Changes

overlord » resources >




Watching for Resource Changes

overlord » resources >

OFF LINE



Watching for Changes:
Data

byte[] getData (String path, Watcher watcher, Stat s tat)
path = the node who’s data we are reading

watcher = the callback

stat = metadata about the node

<return> = node data




Watching for Changes:
Data

public static class DataWatcher implements Watcher
{

private String node;

private ZooKeeper zk;

public DataWatcher (ZooKeeper zooKeeper, String path) throws Exception
{

zk = zooKeeper;

node = path;

zk.getData(path, this, null);

}
public void process (WatchedEvent event)
{
try {
/l do something in reaction to the data change
zk.getData(node, this, null);
} catch (Exception e) {
// do something in response to the error
}
}




Configuration Recap

« Configuration is Hard
— Lost Updates
— Partial Updates
— Multiple Copies
— Notification
— High Availability
e Overlord’s Impl
— Dynamic Resources
— Agents & Resources

Issue ZooKeeper
Lost Updates Versioned
Writes

Partial Updates

Atomic Writes

Multiple Copies

Single Data
Model

Notification

Watchers

High Availability

Multiple
Servers




Control



Control

e Control is Difficult
e Overlord’s Implementation
o ZooOKeeper Benefits



Control is Difficult

Crashes

Transmitting Commands
Fairness

High Availability



overlord

Resource Commands



overlord

—®»| resources

Resource Commands




overlord

Resource Commands

—®»| resources >




overlord

Resource Commands

—»  resources > —T> status
—» commands

>
—  control




Resource Commands

—T1 ¥  Status
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Resource Commands

—T1 P status — 1

—» commands

—  control —> 2




Resource Commands

—T1 ¥  Status

—» commands

—  control
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Command Lifecycle

Resource
Command starts on Resource
IS Ready Command Finishes

starting

—» ready —» workihg ——»

done

Resource
encounters
error

\ 4

error




Resource Commands

—T1 ¥  Status
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—  control




Resource Commands

—T1 ¥  Status

—» commands

—  control

Destroy
Hoboken!




Resource Commands

—T1 P status —> 1
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—  control




Resource Commands

—T1 ¥  Status

—» commands

—  control

>

status

data




Resource Commands

— % status —> 1 v
starting
—» commands —> data
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Resource Commands
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starting
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Resource Commands
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ready

—» commands —> data =
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—  control




Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands

— > status —> 1 » Stalus
= working

—» commands —> data =
Hoboken

—  control




Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands

—> status —> 1 > SIELE =
done

—» commands —> data =
Hoboken




Crash Recovery

o What If the Agent Crashes?
 How Is It detected?
 How does the system react?




Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Resource Commands
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Ephemeral Nodes

ZooKeeper.create(path , data , acl , createMode)

Path = e.g. /overlord/resources/mothra/status

Data = e.g. “starting”

Acl = Access Control List, usually 1ds.OPEN_ACL_UNSA
createMode = CreateMode.EPHEMERAL

FE




Fair Waiting

e Determine who goes first?
* Ensure that nobody “cuts Iin line”

* Determine which command to process
next



Seqguential Nodes
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Seqguential Nodes

—> status — 1
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Seqguential Nodes
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Fair Waiting:
Sequential Nodes

e Seqguential Nodes

getZooKeeper().create(path , data , acl , createMode)

Path = e.g. /overlord/resources/mothra/status

Data = e.g. “starting”

Acl = Access Control List, usually 1ds.OPEN_ACL_UNSA
createMode = CreateMode.SEQUENTIAL

FE




Control Recap

Issue

Solution

Crashes

Ephemeral Nodes

Transmitting File System &
Commands Notifications
Fair Waiting Sequential Nodes

High Availability

Clustering




Monitoring



Monitoring

Distributed Monitoring is Difficult

Overlord Monitoring
— Admin Subsystem
— Resource Lifecycle
— Command Lifecycle

How ZooKeeper helps with Monitoring
Administration



Distributed Monitoring is Difficult

e Scale

e “Cycle Time”
 Error Prone

e JMX

* High Availability




The Overlord System
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Monitoring Resources

_—(, status
/7f/

7/ mmands

/ control




Monitoring Resources
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Resource States

Resource is

ready

starting

Admin sends

—»

standby

Admin sends

start stop
—» ready [——¥ done
A A
Receive Command
command complete
v
working —» stopping

Admin sends

stop




Startup/Shutdown Commands

——P status

Start/Stop go to the
control directory /



Command Lifecycle

Resource
Command starts on Resource
IS Ready Command Finishes

starting

—» ready —» workihg ——»

done

Resource
encounters
error

\ 4

error




Agent States

Resource is Admin sends Admin sends
ready start stop

starting —» standby —» ready ——¥ done

Issue
command Command

complete

\ 4

working —» stopping

Admin sends
stop



Scale

e Centralized Server
— No Cycling
— Event Based
 Multiple Nodes



High Avallability

o Passivity
 Interchangeable Nodes
 No Single Admin Node



Monitoring Recap

« Monitoring is Difficult
— Scale Issue Solution

— High Avalilability

Scale Centralized
* QOverlord Monitoring Status
— Status Nodes High Availability | Clustering

— Lifecycles

e Administration

— Commands issued by
admin nodes

— Through control

directory



Recap



ZooKeeper

e Yahoo/Hadoop e Features
 Client/Server — Notification
— Ordering

* File System Like
— Atomicity

— Versioned Writes
— Ephemeral Nodes
— Sequential Nodes
— High Availability



Overlord

Ongoing Example
Super Villain Portal
Resource Match Up
Directory Layout



Configuration Recap

« Configuration is Hard
— Lost Updates
— Partial Updates
— Multiple Copies
— Notification
— High Availability
e Overlord’s Impl
— Dynamic Resources
— Agents & Resources

Issue ZooKeeper
Lost Updates Versioned
Writes

Partial Updates

Atomic Writes

Multiple Copies

Single Data
Model

Notification

Watchers

High Availability

Multiple
Servers




o Control is Difficult
— Crashes
— Transmission
— Fairness
— Availability
e Overlord

— Commands are
directories

— Status/lifecycle

Control

Issue Solution

Crashes Ephemeral
Nodes

Transmission File System &
Notifications

Fair Waiting Sequential
Nodes

High Availability | Clustering




Monitoring Recap

« Monitoring is Difficult
— Scale Issue Solution

— High Avalilability

Scale Centralized
* QOverlord Monitoring Status
— Status Nodes High Availability | Clustering

— Lifecycles

e Administration

— Commands issued by
admin nodes

— Through control

directory



Resources

o Z0OKeeper site
http://hadoop.apache.org/zookeeper/

e Slides
http://Itsllc.com/talks



Conclusion

Don’t reinvent the wheel
Well designed

High Availability
Convenient
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