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What is Apache Pinot?

Background

.
Prereq: Availability Zone-Aware Shard Placement ’
/

Prereq: Containerization

Migration Orchestrator: Design

Migration Orchestrator: Execution
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Real-time distributed
OLAP datastore built for
low-latency, high-
throughput analytics.

Classified as Microsoft Confidential
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m 1. What is Apache Pinot?
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Pinot Architecture

Write Path 1
(Realtime)

m 1. What is Apache Pinot?
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Data in motion

Apache Kafka,

Azure EventHub
Amazon Kinesis
Google PubSub

Data at Rest

Write Path 2

NE'S,

HDF'S, (Offline)

Azure Storage
Amazon S3

Google Storage

Image source: Apache Pinot doc
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https://docs.pinot.apache.org/release-1.0.0/basics/architecture

Apache Pinot @LinkedIn - Scale

S00K+ 10,000+ 2,000+ 4,500+

Queries Per Serving Broker Pinot
Second Hosts Hosts Tables
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How can | migrate 14K
stateful hosts?
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Can’tyou turn off
linkedin.com for two weeks

for migration?

A very reasonable person may say

in 1. What is Apache Pinot?



How can | migrate 14K
stateful hosts with no-
downtime and no
query latency impact?

Classified as Microsoft Confidential
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Shards and Replicas

Table: Students (80TB)

Grade 1-6

m 2. Background PROPRIETARY + CONFIDENTIAL
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Shards and Replicas

m 2. Background

Classified as Microsoft Confidential

Table: Students (80TB)

Grade 1-6
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Shards and Replicas

m 2. Background
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Table: Students (80TB)

Replicating
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rereq:
vailability Zone-
ware Shard
lacement
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Availability Zones

Data Center in CA

m 3. Availability Zone-Aware Shard Placement
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Shard Placement in Availability Zones

Data Center in CA

~ : )
[ Grade 1 j E [ Grade 2 ]
Zone A Zone B
[ Grade 1 ] :é [ i ]
_ ~ s J 4 grades
S —— Nf\ ------- - With 2 replicas each
Zone C Zone D
[ Grade 3 j E [ Grade 4 ]
- J - -
L J
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Shard Placement in Availability Zones

Data Center in CA Data Center in CA

4 )
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[ Grade 3 ] Grade 4 i (: Grade 3 ]
\_ \_ y, _ J
_ g J \_ y,
Zone non-diverse shard placement Zone diverse shard placement
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Shards: 10K+
Replicas: 40+
Availability Zones: 10+

...for a big Pinot table

Classified as Microsoft Confidential



Adjustable Knobs for Shard Placement
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[ - Shards
Availability Zone Hosts
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Adjustable Knobs for Shard Placement
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m 3. Availability Zone-Aware Shard Placement
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Replica Groups: How to place shards in hosts
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m 3. Availability Zone-Aware Shard Placement
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Servers: A-L

Shards: Grade 1-8
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Replica Groups: How to place shards in hosts

Table: Students
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Replica Group O

m 3. Availability Zone-Aware Shard Placement
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Table: Students (copy 1)
( )

serverkE

serverF

serverG

serverH

Table: Students (copy 2)

(
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Replica Groups: How to place shards in hosts

Table: Students Table: Students (copy 1) Table: Students (copy 2)
( serverA A ( serverkE ) [ serverl )
serverB serverF server)
serverC serverG serverK
serverD serverH serverL
\_ J \_ . - y
Replica Group O: Replica Group 1: Replica Group 2:
| serve all grades! | serve all grades! | serve all grades!

m 3. Availability Zone-Aware Shard Placement PROPRIETARY + CONFIDENTIAL
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Mirror Server Set: How to place shards in hosts predictably

Table: Students

(" serverA )
: "sérverB """""""""
B ———
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l. k J

Replica Group O

m 3. Availability Zone-Aware Shard Placement
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Table: Students (copy 1)
-
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serverkE

serverF

serverG

Replica Group 1

Table: Students (copy 2)
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serverl
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Replica Group 2

—

glndex 1

$

Index 2
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Mirror Server Set: How to place shards in hosts predictably

Table: Students

(- )

serverA

)

@rples,

Replica Group O

m 3. Availability Zone-Aware Shard Placement
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Table: Students (copy 1)
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Mirror Server Set: How to place shards in hosts predictably
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Table: Students

Table: Students (copy 1)

serverF

serverG

Replica Group O

m 3. Availability Zone-Aware Shard Placement
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Replica Group 1

Table: Students (copy 2)

6
§

P
serverl

serverJ ...............

............................... L

Replica Group 2

Mirror server set

Index 1: shard G2 and G5

Mirror server set

Elndex 2: shard G3 and G7

Mirror server set

 Index 3: shard G4 and G6
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Adjustable Knobs for Shard Placement

OOOO O
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--------------------------------------------------- | Shards
Availability Zone Hosts
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Mirror Server Set + Availability Zone Diversity

Table: Students Table: Students (copy 1) Table: Students (copy 2)
4 serverA A g serverE A g serverl
L R T I R IRl S U

Mirror server set red:
AZ diverse

B T L, B O s (R P A .
Mirror server set purple:
AZ diverse

serverD serverH serverL 'g

Mirror server set purple:

AZ diverse

3 Availability Zones: (AZ0,AZ 1, AZ2 )

m 3. AVCI'i]CIbﬂ'ity Zone-Aware Shard Placement PROPRIETARY + CONFIDENTIAL
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Mirror Server Set + Availability Zone Diversity

Table: Students

( serverA T

serverC

serverD

m 3. Availability Zone-Aware Shard Placement
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Table: Students (copy 1)

~
( serverk

serverF

Table: Students (copy 2)
r
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serverl

server)

serverK

AZ O fully down!!

Mirror server set red:
AZ diverse

: Mirror server set purple:

AZ diverse

: Mirror server set purple:

AZ diverse
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Mirror Server Set + Availability Zone Diversity

Table: Students

~
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Table: Courses

Table: Staff

m 3. Availability Zone-Aware Shard Placement
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Table: Students (copy 1)
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Table: Staff

AZ O fully down!!
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Table: Cours

Table: Staff

Mirror server set red:
AZ diverse

I Mirror server set purple:
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Mirror server set purple:

AZ diverse
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With AZ diversity and
mirror server sets, one AZ
going fully down is safe for
all tables served by a
cluster.

Classified as Microsoft Confidential
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Multi-SKU Management

Manage node pools via k8s label:
pinot-server-{RAM_SIZE}-{SSD _SIZE}-SSD

pinot-server-64GB-SSD pinot-server-128GB-SSD

) [ ) affinity:

nodeAffinity:
\ i . _,: requiredDuringSchedulinglgnoredDuringExecution:
------------------------------------------------- - - matchExpressions:

- affinityMode: NodeProfileAffinity
pinot-server-128GB-6p4t-SSD pinot-server-128GB-12t-SSD operator: In

................................................... . R EEREEE LT values:
:D OTT77TON  (000) ' L N ( Y ( ) ‘ - pinot-server-64GB-SSD
a TN 00 ;
D R ——— N J L i —
i \

m 4. Containerization

Classified as Microsoft Confidential
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Server Config Management

Pinot team can now focus more on Pinot core database logic rather than managing & debugging individual
server configurations

Pinot specific Alternatives
puppet modules

« Kernel settings (e.g. vm.max_map_count) * Eliminate the needs (madvise support in code)
* SSD mounting  Permanent Volume (PV) - local

* NFS mounting  Permanent Volume (PV)

* Nginx configuration  Embedded in app container image

m 4. Containerization PROPRIETARY + CONFIDENTIAL
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https://docs.pinot.apache.org/operators/operating-pinot/tuning/tuning-default-mmap-advice

Stateful vs. Stateless Components
(QuEaY) Y|_|7Re(:ld Path (ADNT)

Write Path 1
(Realtime)

m 4. Containerization

Classified as Microsoft Confidential

L WL N W W A

Broker

“///ﬂ R\\¥ Notify ZK

: Helix
Realtime Offline L
Server Server Notify
Controller
A
Load '
Realtime seament ot ﬁf%ﬁi:;
Ingest Write 9 P
Segment Segment
: : : : - -
-ZI3I3s2Z=:2 Segment Ingestion Raw Data
el Ny = - - - z Store erte Job
~~= -7 Segment

Data in motion

Apache Kafka,

Azure EventHub
Amazon Kinesis
Google PubSub

NF'S,
HDF'S,
Azure Storage
Amazon S3
Google Storage

Data at Rest

Write Path 2
(Offline)

Image source: Apache Pinot doc
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https://docs.pinot.apache.org/release-1.0.0/basics/architecture

Stateful vs. Stateless Components

1 Broker

Accept queries
from clients

Routing layer

data on disk

m 4. Containerization

Classified as Microsoft Confidential

2 Controller

Helix controller
managing other
Pinot components

Admin APlIs

data on disk

3 Realtime server

Host shards and
serve gqueries

Persist data on host
disk

/ \ Notify ZK

4 Offline server

Host shards and
serve gqueries

Persist data on host
disk
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Stateful vs. Stateless Components

1 Broker

Accept queries
from clients

Routing layer

data on disk

m 4. Containerization
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2 Controller

Helix controller
managing other
Pinot components

Admin APlIs

data on disk

Data in motion

3 Realtime server

Host shards and
serve gqueries

Persist data on host
disk

4 Offline server

Host shards and
serve gqueries

Persist data on host
disk

Stateful Applications
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Host Maintenance - Application Cluster Manager (ACM)

Human/Automation

m 4. Containerization

Classified as Microsoft Confidential

1. | want to stop
serverA and serverB

4. Hmm..
You can only stop serverB.
Do NOT touch serverA please.

Host - Shard
States (ZK)

2. Check the replica states for all shards served by servers A and B.
3. Verify that enough replicas are UP before stopping servers A and B.

PROPRIETARY + CONFIDENTIAL
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https://www.linkedin.com/blog/engineering/infrastructure/stateful-workload-operator-stateful-systems-on-kubernetes-at-linkedin
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In-Place vs. Out-of-Place Migrations

m 5. Orchestrator Design

Classified as Microsoft Confidential

take down serverA, B, C, and D after the new set of
servers are UP in the target K8s deployment

. . retain disk
In-Place Migration
Legacy VM K8s statefulset
( ) )
{"’" """ o 1 r_—\ ="" """ ‘\|
' ! 1 :
E serverA serverB serverA : E
' ! '
; : i |
LRI A e ;
( ) r ‘ E \' i ;
' : ' :
serverC serverD E : E E
i b :
\ / N eccc o= __I N rc e e == _l
\_ Y, W,
Out-of-Place Migration
Legacy VM K8s deployment
a ) )
=l’° """" Vo \l =/" ----- vo \=
: Lo :
' serverA ' serverB serverkE serverF
[ ! ] !
] ] ]
i o 1
pRsdy (I (O
' ' : :
BLLTRoR E ' serverD | serverG serverH
: ' ' !
' ' '
L i ] RN A —_ J U )
KXSEELK X2 ) )
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In-Place vs. Out-of-Place Migrations

In-Place Migration

retain disk

Legacy VM
( )

K8s statefulset

~
| \ i'— ------ —\!
E serverA i serverB serverA E E
i ; ‘ ; + Don’t require spare HW
N it g Yoo ’ + Don’t require data movement
) T T Y - Slow
: Lo ' - Tricky to handle bad hosts during migration
serverC serverD E : E :
' P i
;J ‘\_ ______ 7 N moe o 7
- y \_ Y,
Stateful Applications
Out-of-Place Migration
Legacy VM K8s deployment
- 3 N
‘/" """ "'\} =l" """ -\':
E serverA E E serverB i serverE serverF + FC]St
i\ j i\_ _____ ,i + Handling bad hosts is easy (replace)
TILLRIIT - TEEETLT = - Require spare HW
{ ‘g 5 ! - Require data movement (if data is stored on hosts)
E ROSRR E E serverD E serverG serverH
| P j
_____ — y, w

m 5. Orchestrator Design

Classified as Microsoft Confidential

take down serverA, B, C, and D after the new set of
servers are UP in the target K8s deployment
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Stateful vs. Stateless Components

1 Broker 2 Controller

m 5. Orchestrator Design

Classified as Microsoft Confidential

3 Realtime server

Data in motion

Brok
/ \ N v ZK
Heli
Realtime Offl -
Server Serv fy
Controll

. Notify

UUUUUU

4 Offline server

Stateful Applications
-> |[n-Place Migration
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How do you ensure safety
and performance during

migration?

A very reasonable person asked

in 5. Orchestrator Design



In-Place Migration: Safety

Availability Zone-Aware Shard Placement from part 3 to the rescue!

Table: Students Table: Students (copy 1) Table: Students (copy 2)
g serverA A ( serverE ) 4 serverl
P g e s :
Mirror server set
:  Index 1: shard G2 and G5
R e s s ‘
Mirror server set
' Index 2: shard G3 and G7
............... R B TR ServerL'
Mirror server set
: Index 3: shard G3 and G7
) N ——— ZS, - S - Do
Migrate all hosts in AZ O: serverA, serverB, serverG, serverD
Migrate all hosts in AZ 1: serverE, serverF, serverK, serverH
m 5. Orchestrator Design PROPRIETARY + CONFIDENTIAL
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Automated Performance Validation

Laundry list of automated validation checks for each host migrated

* |s the host healthy?

* Log validation
* Are there any new errors?
* |s the host ingesting data?

* Metric validation (compared to existing hosts)
* |sthe query latency in expected range?
 |s CPU usage in expected range?

m 5. Orchestrator Design PROPRIETARY + CONFIDENTIAL
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Temporal Workflow for In-Place Migration

Migrating Students
table

Gather workload
requirements

Manifest apply
pipeline

In-Place Migrator

-

m 5. Orchestrator Execution

Classified as Microsoft Confidential

Write/Commit
Helm values file

Trigger In-Place
migration

AZ by AZ migration with

validation

Only migrate during

business hours

~

o = e

- - o

)
./
)

~—— S

\—

deployment target

Add cluster as a

v,

; Temporal Workflow

Temporal Activity

External Temporal Workflow
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Temporal Workflow for In-Place Migration

In-Place Migrator

( )
AZ by AZ migration with
validation
Manifest apply
pipeline Only migrate during

business hours

polling

—

Gather workload Write/Commit
requirements Helm values file

Migrating Students

table migration deployment target

!
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|
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Temporal Workflow Used

m 5. Orchestrator Execution

Classified as Microsoft Confidential

Running -

History | 1462

Workers 0

prod-lval-
® 3months 16d 23h 39m 2s 492..

Relationships = 215

End -

-migration-2025-11-07T08:44:35Z

Start 2025-11-07 PST 00:44:35.79

Workflow Type Orchestration ¢ [D

Request Cancellation

Task Queue pinot-temporal-prod-lval

Run ID b774dd85-6c99-49¢7-864a-04b67bb... [O History Size (Bytes) 305157

Pending Activities 0  Call Stack Queries Metadata

Schedule

-migration [

100 ~

Status Type Child Workflow ID Child Run ID
Completed Tenani Migration server- -migration-b2f9f3e3-alfd-4da3-9f6d-76abh99c2e9b8 624618e4-83h0-48e9-85a8-2b8c322a550d
Completed Tenant Migration server- -migration-6e9a047b-ad5b-4adb-beef-c790dc201548 bbag8b595-02e7-47e9-a068-a66e07bcbebb
Completed Tenant Migration server- -migration-a9eebabl-1hed-4df7-a215-43c71690ca94 793dcdd3-a%ed-4dda-8c2f-f940c3afcb80
Completed Tenan! Migration server- -migration-1946b830-c829-4af1-9a4f-51e7/6ab1d972 2066eechb-27ae-4bb1-8fda-4084ffcbh641
Completed Tenant Migration server- -migration-4f69e1d7-1771{-4849-8288-9beb605395ch f9ed/faa-853e-4c0d-bdde-a7fdba75d093
Completed Tenant Migration server- -migration-8041899c-d9f2-4a8b-878a-0aa55130ff20 ebb2f636-1b0e-4002-96b8-al1170678e463
Completed Tenan! Migration server- -migration-ac2ef0ca-4153-45e3-a37a-9610b940cce b5009dch-581e-44ce-bef0-9f9bc3c5f845
Completed Tenant Migration server- -migration-64af385c-f3bf-4b6d-a64f-9e77b73c3dag cac21bd3-0f65-4c82-9c3f-claed0602b83
Completed Tenan! Migration server- -migration-b3072c20-447-4382-8591-7c2b7i7bdcle ad8ble98-2Zeef-47c9-bdac-2e2c45fee808
Completed Tenant Migration server- -migration-d87bbf8d-898f-4aa8-b83f-0cfb32c7abd3 13d5fe27-6196-4141-9843-5¢1h87bdedd8
Completed Tenant Migration server- -migration-b339e198-ae75-4d83-9b63-643c8d5b8b29 894ed8ac-0a27-4eb7-822c-25896eeadbd2
Completed Tenant Migration server- -migration-5989403d-bh299d-4aad-8c9c-6badf2b5dd55 8bccbe21-2fd3-4994-h69¢c-06a3b29307e3
Completed Tenan! Migration server- -migration-b1b81867-ec72-4d0a-ad92-5c5b514938d1 a6ibcd6a-1334-443d-bi6f-a8ad3f0447e7
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Lessons Learned
&
Futures

Classified as Microsoft Confidential

Lessons

You will save migration time by
spending more time preparing for the
migration.

Be careful when deploying during the
migration.

Futures

Pinot pod stacking support

K8s operator to manage Pinot clusters

50



Thankyou.

Special thanks to:
* Dino, Ke, Jia
* Shraddha, Siddharth, Amar

linkedin.com/in/tony-song-dev/
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