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> Multiple Object Store Deployments
- Federation & Global Namespace
> Federation Architecture

- Federation Management
- Virtual Object Store
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Multiple object store deployments

Enterprises have object store deployments across on-premise data
centers, edge sites, public clouds. Reasons include:

- Workload Optimization
> High throughput data-heavy analytics, Al/ML workloads
> Long term archival and backup
> Cloud native applications

> Data Compliance & Governance

-~ Scalability
> Resilience And Availability
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‘ Default namespaces: Silos

A
{
ListBuckets b1, b2, b3
}
DC-i
\

BucketinfoMap

i bl: <bl_meta>
| b2: <b2 meta> |
b3: <b3_meta>
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HeadBucket b2

{

b2 metadata

BucketinfoMap

bl: <bl_meta>
b2: <b2 meta>
b3: <b3_meta>

Default Namespaces

{

ListBuckets b1, b2, b3

BucketinfoMap

bl: <bl_ meta>
| b2: <b2 meta>
b3: <b3_meta>

Ay



Introducing Federation

- Logical grouping of object stores
- Provides a unified Object Store

global namespace

- Adds resources from existing

object stores to boost capacity
and performance

- Simplifies data access in geo-

distributed environments > 2 o 5
- Supports extreme scalability
(hundreds of PBs)

> LayS th e fO un d atiO N fO I a dva Ncel oss-london oss-losangeles oss-chicago 0ss-cairo
features like caching, geo-
resiliency
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‘ Global Namespace

{ {
b1, b2, b3, b4, { b1, b2, b3, b4,

> Object store namespace spans
across multiple Objects ot [[Z55 | b [ |l |
instances in Federation. : :

> Same namespace presented to
clients irrespective of service
access point.

- Buckets and objects accessible
from anywhere within the
Federation.

BucketinfoMap BucketinfoMap

BucketinfoMap

bl: <bl_meta>
b2: <b2_meta>
b3: <b3_meta>

bl: <b1l_meta>
b2: <b2_meta>
b3: <b3_meta>

: bl: <bl meta>
i | b2: <b2_meta>
: b3: <b3_meta>

Global Namespaces
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Global Metadata

-~ Ability to list buckets from all | iy
Objects instances within the |

b7: Objects-k
b8: Objects-k

Federation |

-~ Ability to route a request (S3
API) to appropriate Objects
instance that's hosting the
bucket

> Highly Available and Strongly
Consistent L

BucketinfoMap BucketinfoMap BucketinfoMap

bl: <bl_meta> b4: <b4_meta>
b5: <b5 meta>
b6: <b6_meta>

b7: <b7_meta>
b8: <b8 meta>
b9: <b9_meta>
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Federation Architecture

Federation Core Members

Federation APIls

Federation Service

A service to host and
manage Federation
global metadata. Built
using Raft consensus
protocol.

J

0OSS_0

FC: Federation Controller 0SS i
Executes Federation-specific B

business logic. ‘ EC
L
FMS
[ |
eece | Consensus |-=
-

Federation
Metadata

OSS_i

FC

|
|
|
: 0SS_n-1
|
|

|

FMS: Federation Metadata Service

OSS_i
FC
FMS
[ |
p=-| Consensus |-=
-

Federation
Metadata

FMS

— M

| Consensus |

. _ J

Replicate and manages Federation
metadata across core members

-

Federation
Metadata

8]©2025 SNIA Developer Conference. © Nutanix. All Rights Reserved.

Objects Federation

{O0SS_0, ..., OSS_i, OSS_j, OSS_k, ..., OSS_n-1}: Federation members
{OSS_i, OSS_j, OSS_k}: Federation Core Members

=SDEC



Global Metadata Updates

F————_————————— — —— — — = — = — — —
I
| .
| Federation Metadata
| Service _
| r——————=— n - 2. Replicate -
3.C it

| | Consensus Module | emmt
I L J
| T
| v
| r M

I WAL
| _ _
S

4. Persist Global Metadata

[ Metadata Store ]
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[ Federation Controller ]

1. Update Global
metadata

Federation Core Members

I
. . |
Federation Metadata Federation Metadata |
Service 5 Replicat Service |
roo e A e " |
| Consensus Module | ' | Consensus Module | |
- _ _ _ 2J - _ _ _ _ J |
I
— M R |

I WAL I I WAL
o o |
___________________________ _J

4. Persist Global Metadata 4. Persist Global Metadata

[ Metadata Store ]

Y

Metadata Store ]
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Federation Bucket Workflows - Create Bucket

[ "0ss-i [Member] 1 7 7 7 "oss-jlCore Member] A [ 0sS-k [Member] |
S3_Adapter FC FMS oc

| oss_i | | 0SS_j oss_j | | oss_k |

e _ _— - _ _ - _ R L - _ _

PutBucket \

: CreateBucket Update global metadata for :

T - bucket 'foo'with kCreate TU .

E CreateBucket ) o L Update Global Metadata :

name: foo, Validate bucket ‘fog’ is not present

E replicas: oss_k, Use Consensus to Replicate and Commit change
! bucket_info: <...>, Persist metadata update for bucket 'foo' with

. - kCreate TU

; KNoError ‘
UpdateBucket Y :

E Create local bucket 'foo’ on

1 oss_k '

: - kMNoError ' .

E PutBucket \ E 3

Resolve global metadata :

. kCreate TU for bucket 'foo’ w

: - Update Global Metadata ;

Use Consensus to Replicate and Commit change
E Finalize bucket 'foo' create

- kMNoError

i CreateBucket succeeded kNoError

2 phase commit to ensure consistency between global metadata and local object store state!!!
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Federation Data Access - Object Put

Object 'bar' created

QObjectPut completed

r 0SS-i [Member] [ (e O_SST[C;re_hﬂze:wb;] ______ i lr_ 0SS-k [Member] jl
; S3_Adapter FC FMS oc
! | 0S5_i | 0S5, 055_j | | oss k |
Ac:tﬂr e —— o — —_—— = L _ _ - _ _J
ObjettPut {bucket: 'foo', obj: 'bar'} i [ GetBucket  \_ i ;
r L | i
' - ‘ name: foo J ;
: [ LookupBucket \ - :
: name: foo J i
: [ Read Global Metadata \ _ :
! Forward request to Consensus leader !
! Read metadata persisted for bucket
: 'foo! '
: - kNoError :
! kNoError :
! [ Global Bucket Metadata \_ ; ! |
: bucket: foo, :
' replicas: oss_k ' :
: Forwarded ObjectPut {bucket: 'foa’, obj: 'bar'} -
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Federation Management

- Federation is a dynamic construct that needs to adapt to Customer
workload needs

- Selt Service APl driven Federation Lifecycle Management
> Simple, seamless, and invisible to clients

> Supports creation and scaling of Federations on demand
- Ability to seed Federation context on new members

- Ability to propagate Federation membership changes to all
members
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Federation Config

- Stores Federation details, including core and
non-core members

- Initially created during Federation creation

- Replicated consistently across core
members, along with Federation bucket
metadata

- FS provides APIs to retrieve and modity
Federation metadata
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FederationConfig: {

name: 'Dummy Federation’,

fgdn: 'dummy_fed.ntnx.com’,

core_members : [

{

name: 'oss_i',
fgdn: 'oss_i.ntnx.com’,
<0ss_i_metadata>

name: 'oss_j',
fqdn: 'oss_j.ntnx.com’,
<0sS_j_metadata>

name: 'oss_k',
fgdn: 'oss_k.ntnx.com’,
<0ss_k_metadata>
}
1,

members: [

name: 'oss_0',
fgdn: 'oss_O.ntnx.com’,
<o0ss_0_metadata>

name: 'oss_n-1,
fgdn: 'oss_n-1.ntnx.com’,
<0ss_n-1_metadata>

} =SDEC



Federation Management Workflow - Add Member

lf_ 055-i [Member] _]l T T T T T OssjlCore Memberl N Ir_ 0SS-k [New] _7|
FC ECH FMS Fc
| oss_i | | oss_ oss_j | | oss_k |
L - _J e A L — = —_—J
E PutFederationCfg \ '
- Update Federation : ‘ Add OSS-k tentatively J : |

\J

UpdateFederation Update Global Metadata

Operation: kAddMember,
Member: {OSS-Kk}

Use Consensus to Replicate and Commit change
Persist metadata update adding OSS-k
tentatively in FederationConfig

; -

; kNoError i

. : -

: |UpdateMembership\

. Seed 0SS-k with Federation

' ! information

| - :

i kMNoError 1 :

: fPutFederatioang \

| Finalize OSS-k membership J '

I Lt Update Global Metadata \ '

Use Consensus to Replicate and Commit change
i Persist metadata update finalizing OSS-k
E membership in FederationConfig

: -

1 kMNoError

Z -

' Member added successfully kMNoError

| - 25
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Federation Management Workflow - Sync Member

(" Oss-i [Member] 1 (0Ss-j [Core Member] |
I o I I Fo I
I osa | I I oss_] I

L_ L __J L __J

( Loop ]

[Every 2 mins] GetFederationConfig

A

kNoError

Persist FederationConfig
locally

f Opt

[0SS-i membership details have changed]

Y

UpdateFederation

Operation: UpdateMember
Member: OS5-i
Memberinfo:
<oss_i_metadata>

A

kNoError

i 5 - 25
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Virtualizing Object Store

- Each object store has
its own default local S3
namespace

» An object store can be
a part of multiple
federated namespaces

- A namespace is a
virtual construct!
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r———~~~~"~"~""~"""~""~"""~"~"“"*"“"*"*~"*">"¥"”"/™"%¥”"¥9¥” 9" =" =" =" =" " — — —— ™ 0
[ Fed-C Namespace |
- - J
r——~~"~""~"~""~"~"""~"~"~"~""~"*"~"*"*"*"“"*"*"*"*"">"“"T"7>™"7”" 7”7/ "/ "/ "~~~ “~“—~°= h
[ Fed-B Namespace |
.- - J
r———~~~"~~""~>"~""~""~""~""~""~*""~*""~*""~®""™"~™""~™*"~""~*""™>""™®>""™®>"™"™"™"™"™"™"™"™>"™""*>"™"™""™>"™>"“"*""™""™>"™">"™"™"™"™"™>"™"™""™"™"™7= 1
[ Fed-A Namespace |
- - - o J
r————-—-——= 1 - - 1 r—————-—-—= 1 r———— - = 1 [ 1
| Default Namespace | | Default Namespace | | Default Namespace | | Default Namespace | | Default Namespace |
N J o J L J - J - J
Objects-h Objects-i Objects-j Objects-k Objects-|
r— "
| Default |
| |
e

L__J

r nor n
| Fed-A | | Fed-C |

&
C__J L__J
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Buckets And Namespace

> BUCketS frOm mU|t|p|e L_____________ie‘tC_Na_mE_srfCE_____r::::::::il ________________________
namespaces can R s
reSide in the Same LE::::::::__]___r___________________]____r___iij_-_A_r\_liriis_p_a_Ci___}____r_________________;___r__::::::::
object store o O O 0 O Wl
> A bucket is uniquely
identified by
Namespace + Bucket
Name
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Fed

~ Unig

eration FQDN

ue FQDN

identitying the

> On
FQ

~ederation

- Provided during
Federation creation

y requests to this
DN are treated as

Federated requests

- Can be resolved to any

of t

he members

public IP addresses

18]©2025 SNIA Developer Conference. © Nutanix. All Rights Reserved.

Fed-C Namespace
FQDN: fedc.ntnx.com

Fed-B Namespace
FQDN: fedb.ntnx.com

Fed-A Namespace
FQDN: feda.ntnx.com

Default Namespace

| Default Namespace |
FQDN:ossi.ntnx.co

| Default Namespace
L FQDN:ossk.ntnx.com

Objects-h

Objects-i

Objects-j

r a
| Default |

&
L__J

r ar 0
| Fed-A | | Fed-C

I [ I
I| II
C__J L__J

Objects-k

Objects-|
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Federated Data Access - Object Put

If_ OSS-i [Member] _} r— OSS-a [CoreMember] ) [ oss-k [Member] ]

| S3_Adapter | FC FMS ! | oc |
I oss_i I | oss_a oss_a I | oss_k |

Actor N S | -« - - - _ - _ _ _ _ [ | L_ _
i N -

FQDNMN = Federation Metadata

fedl.ntnx.com - {
name: fed1,

ObjectPut {bucket: "foo', obj: 'bar'} I
> I
| core_members: {0ss_a, 0ss_b, 0ss_c}}
I
I

fgdn: fedl.ntnx.com

fed2.ntnx.com = {
name: fed2,

A

s L _oore-members: (o5, 05 055K ) (™ Gepuoket 1\ s
; federation: fed1 '
! - name: foo i
: [ LookupBucket \ - :
federation: fedl
! name: foo Read Global Metadata \ !
Forward request to Consensus leader for
: 'fed?' '
B Read metadata persisted for bucket 'foo’ .
i - KNoError in federation "fed1
: kNoError . .
! Global Bucket Metadata \ _ ] 5 5
federation: fed1
' bucket: foo, ' '
i replicas: oss_k E i
; Forwarded ObjectPut {bucket: 'fog', obj: 'bar'} _
fgdn: fedl.ntnx.com

Object 'bar' created ObjectPut completed

- 25
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Key Takeaways

- Leverage proven distributed systems principles to ensure reliability

> Contain complexity within a few services
> Limit blast radius and isolate impact
> Avoid major restructuring of existing code or multiple touchpoints

- Develop generic frameworks to maximize reuse
- Build abstractions to support extensible design
> Provide seamless lifecycle management for faster adoption

- 25
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Thank you for attending!

Please remember to rate this session. You get access the presentations at
http://sniadeveloper.org/conference

. . = 25
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