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MPLS Japan#)&i8 - JANOG, Internet Week, CODT etc.Z1EH

Mahesh Subramaniam
Data Center Product BU - Sr. Director Product Management

Mainly Focus AI DC Platform Software

UEC Summit, OCP’25 & NANOG
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INWITO R 2y M-V DREXITR

BRERTBIED SRR - QRN
BEIRREUT IV LCESAR - BAIL. Leaf-SpinefOECMPERIZDIREZ 81
NI URETREE & NI, (M) NS D1y OIROZAIMEL TigEz e

« DLB (Dynamic LB)
« GLB (Global LB)

¥
« DCQCN (PFC+ECN) JUNOS . sDLB (Selective DLB)*
* PFC Watch-dog ‘ - WPS (Weight Packet Spray)*
« DCN(Drop Congestion Notification) . RLB (RDMA-aware LB)*

*Juniper Innovation

© 2025 Juniper Networks Juniper Public . Z T NETWORKS



Av3a>oRa

+ Al DCOFREEXIREFRFEB I DIRNIRD

1. ALTA—R VAR B HHHD +
B F1——2JF& (iﬁZIK)

o)3kt - B1e1 0 B DFT 05
_B with BGP-DPF (Mahesb*

N\




ALINTA—=IX VA /ICT BREDTDHDERABRINGTA—H—

PRER bl : -DCQCN
« ECN drop-profile - ECN Y—/VEMELEIS
« PFC X-ON/(X-OFF) - PFCGX{E/(IFLL) BifE
« PFC watchdog interval - PFC pauseX b—AD#EF]
B - w - Buffer Profile
- Dedicated Buffer/Shared - E£H/\WIJ7DEINHT
- Lossless /Lossy/headroom buffer-partition - F1—0/\wIJ7EIDZT
- Alpha Value - &£8/\yvIJ7hs0&F1—0ENRY)WIFEINDHT

etc.

LR _ Ak
- ECMP/Flowlet/Pinning/Spraying/Rebalancing etc. - FEMDiEIR
- DLB/GLB update interval - DLBY®>GLBOEZAU> I iX{EMEFE

- DLB Inactivity Interval - Flowlets#sl DTz DFE bR
- DLB Flowset Table Size - ECMP #JSUTEE

etc.




Al DCOEIRIEEESESR(Juniper Al Lab)
NFRH—BEOBRIPOC/ FMFEHT HA >/ R FI— /I E B R ER/ FTR M A etc.

Spine®Buffer(dDeep&Shallow
ES5NEL TS ?

BB B 1oy 70 BN ES (47 2
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Apstra Auto Tune App
AINTA—=Y VA F1—=V) DERMRENETILHOBEEL

Apstra Power Pack

137> b D
7T — NE4N

DCQCN DLB Tuning -
AutoTuning App App

AT
A J
API &Terraform

N — )

2 E.' 3

Juniper Apstra’
Automated intent assurance
___________________________ ,4__—
Intent Based Networking
JUnIper

o .
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https://github.com/Juniper/ApstraPowerPacks

Juniper Public
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Apstra

- Al Cluster Template

70> by RI—TEFTRL GPUDN\YIIY Ry MNI—-IDBEHE - AIRAEICHIIE

«

DC Assurance

Juniper Apstra”

Al DC JVD

_ _ _
Leaf 1 — =<

GPUU /(‘— GPU*J J{\=n

DD‘
4
ol
ol
E‘
=18
O]
e

stripe 1

stripe n
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AlYSREA—FTTL—F
Simplified Template designer with minimal inputs

[ —

128

ApstraGPU T—2 x> k
GPU Hardware Traffic Monitoring probe

Juniper Public

Automated Rail-optimized topology

m -"—""‘L m _‘—‘WL zm—mu -Anh- _Anﬁ- 1

AIDC&GPUE=4AY VY
Dashboards Stripe & Rail Traffic
Queue-Level traffic management visibility

——— | ———
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ongested Link

IP Packet with ECN set to 11

CNP Packet with IP ECN 01

%JT
TR

ECN(Explicit Congestion Notification)

iEERBI{E - DCQCN (ECN +

ongested Link

PFC(Priority Flow Control)

« EgressF1—D\YIFERAZRN—ELARIVGELURES
(WRED)(Z/Woy MCECNY —F>J BatA

« ECN-CNPZE(CLDEETNRIEL — MR zE

« NWIPERIREUTI -T2 I 0B &2Z1L

- ECN - [EHRsRER @S0 1- VIR L —F

o J\WIPHEB(ICHDEMENZIBZEEPFC Pause/xOFF%

TMIRAMYFNIELZE

* PFC pauseZz®{EU. xONFT h3T71YIXONXEZIF L
 PFC - [®RRFIEI-N\-FIL—F




DCQCN Auto Congestion Algorithm

ECNY—VBMEMEVEIEEL — M EASRL
B 9T BEPFCICLRIXEFELED/ My ROVIFRE

w=) PFC-F—)lROVSEMZELR . ECNDOA(Z )% TAZEL . Bl E%

SRH

Buffer Headroom

© 2025 Juniper Networks

e DIOP
xOFF
{Send PFC Pause frames)
XON
(Stop PFC Pause Frames) e

WRED Max

{All packets get ECNs)

PFC/tail droph®
R4

PFC/tail drop(&

WRED Min

(Start ECNs only some packets get ECNs

Priority Queue Buffer
WRED and PFC thresholds

FEELTRULN,
ECNA'FAE

Juniper Public

ECNZE %35

Adjust left

1
(100%)

RIE

} Buffer Occupancy
»

ECNZE<LT
RIEMEZIRT

Adjust Right

1
(100%)

B\‘uffer Occupancy
I

JUNIREL



Apstra DCQCN Auto Tuning App
ECN,PFC, Tail-DropszEztR ®» ECNi&@XN191=>% DDrop Profile(Kmin,Kmax)%z JE%2

ECN(drop-profile) Demo:Automated Congestion Management in the AI DC

11N . https://www.juniper.net/us/en/the-feed/topics/data-center/automated- conqestlon
fill level [60 90 ]’ management-in-the-ai-data-center-with-juniper-networks.html e
drop-probability [ 10 100 ];

YA I

ECN & PFCt&H: » F1F% - 60/90 — 40/70 (%)

1 PFC ‘
(100%) .
100 SO ECN & PFCI&H: ® F(F3 - 40/70 — 30/60 (%)
robability of Packet
ECN marking Drops
0| | $
5 60(X)  90(Y) | !
(0% S B Sk ECNF4 & PFCIREEY ® £15 - 30/60 — 35/65
Switch Egress buffer queue length (%)
DCQCN Parameters *ECNOZIRZERALIBIeH(C. ECNBIXINEITET.

PFCYDrophFEELRV, RERMEZRTE

© 2025 Juniper Networks Juniper Public
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DLB - Dynamic Load Balancing : Flowlet mode

- )y iNElDInactivity Interval(774 RILERR)(CEDIO—Z5BIU . B> )72 ER,

o IntervalMRIESL. JO-HEIJO—-EU CEREEN DB<KRAH I FEIEDD

- Intervalhg9 &3, BIZO—ELTERHENDN, UA—H—DFAETD0lEEEDD

ts  ta  tl

—> e -
1 I 1 1

BN
—

Stripe 1
Leaf-2

t1 and t3 < inactivity-interval
t2 > inactivity-interval
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Apstra DLB Tuning App

DLB Tuning
App

O

Juniper Apstra” e T

Leafl —— T Leaf8
as -»--:;i ll
I:IEID a s :mm l;lﬂ@ ] :ID:I
i § § ﬁ-g.~',-g,~ BB Oms ,.g,. §
GPUH—/{—1 GPUH—/{—n

stripe 1

| stripe n

Apstra agent on NVIDIA

- GPUAINDOOS(Out-of-Sequence)zE5%R,

« OOSHMEZX TS

— inactivity_interval % &0
- JUNOS default 256 psec
- apstra default 128 psec
- default_deltald 24 psecd DiENN

« OOSHZENST
— ZERL - s@BMEEL TR
- YR (SHA T DEEZ FIE
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Al DC Software ““sm=

Congestion Avoidance
(Effective utilization of
fabric capacity)

|_Efficient Load Balancing Features

o EEEEEE - ool

Move the flow to better link

Long Lived < Flow2 DDDDDD#
Lo I EE -

© 2025 Juniper Networks

DLB (Dynamic LB)

GLB (Global LB)

sDLB (Selective DLB)**

WPS (Weight Packet Spray)**

RLB : GPU/QP pinning & BGP-DPF**

I

—
—
—_—
—
—_
—
—
—
_—
—
—_—
—

** - Juniper Innovations

Congestion Control
Preventing packet drops
(lossless)

| Congestion Management Features |

- DCQCN (PFC+ECN)
e Telemetry:
e Interface level

Queue level
« PFC Watch-dog

e Per-Q Alpha Threshold value support

Juniper Public

JuniPer

NETWORKS



Load Balancing Evolution

=T - I - T - T

Static ECMP

Standard ECMP
supported by
everyone

© 2025 Juniper Networks

DLB

(Dynamic Load Balancing -
FLOWLET)

GLB

(Globa; Load Balancing)

* Dynamic Load
Balancing

* Global Load
Balancing

(GLB requires >TH5
hardware)

DLB**
ok (Dynamic Load Balancing -
RLB PACKET SPRAY)
(RDMA-aware Load
Balancing) -
WPS
(Weighted Packet Spray)

* Juniper's RDMA-Aware
Load Balancing

* Juniper's Dynamic Load
Balancing using Packet
Spraying

* Juniper's Weighted Packet
Spray

This session’s

Focus

** - Juniper Innovations Juniper

Juniper Public = NETWORKS



Launching AI Load Balancing

=
Q2
o
e
S
a
)
R
—

Leaf-to-Spine
Spine-to-Leaf -
downlink congestlon uplink congestion m m There are fewer large-sized
elephant flows in Al Training

networks making the
Lea Leaf problem worse

NV
a J.J.

QP QP QP
DLB- GLB- Y
Dynamic Load Balancing Global Load Balancing
_ _ . . RDMA Aware Load Balancing
Delivered local congestion aware LB -> Delivered full path congestion aware LB
Better performance -> Better performance during failures Highest Performance

Lowest variability

No tuning _JUﬂ”Der

© 2025 Juniper Networks Juniper Public NETWORKS



RLB:RDMA-aware Load Balancing

Highest Consistent
Performance

Eliminates Congestion in
most scenarios

u”ﬂu

In-order Delivery

Delivers packets in order
improving JCT

RDMA-aware Load Balancing

SPINE

N leaf-spine links

800G LEAF 800G 800G
400G 400G 400G 400G 400G

4x100G/QP
N QPs per NIC

Ditch the proprietary tax: scale smarter with Juniper Al load balancing
https://blogs.juniper.net/en-us/industry-solutions-and-trends/ditch-the-proprietary-tax-scale-smarter-with-juniper-ai-load-balancing

© 2025 Juniper Networks

Juniper Public

Expensive HW
not required

Doesn’t require expensive
HW

(SuperNICs or deep-buffer
switches)

Delivers non-rail
performance

Delivers highest
performance even for
non-rail, lowering TCO.

JUNIREL




Deterministic RDMA Flow Pinning

Single QP RDMA

ey - [(Sanocsesil - - IGEN|

|

Multi QP RDMA

Memory Memory

suE Memory

500 MB
500 MB

<
o)
3
s)
=
<

500 MB

500 MB

B gursy M

500 MB 500 MB

Ly
N
Lo |
o |
=

500 MB

500 MB

Num of QPs = Num of leaf-spine links = N = 4

JNPR NCCL plugin sets up N QPs per GPU

© 2025 Juniper Networks

ROCEv2 BTH Header QPAIRs
are pinned to different paths.

SPINE

CEEEEEEEEES EEEEEEEERS EEEEEEEEE EEEEEEEERS

8 x 100G/QP

800G 800G LEAF 800G 800G
400G 400G 400G 400G 400G 400G 400G 400G

LTI

NVLINK

4 x100G/QP

N leaf-spine links

N QPs per NIC

Juniper Public

Juniper

NETWORKS



Traffic Engineer in the DC IP Fabrics
- DPF

GPU Server 1 GPU Server 2

Deterministic Path Forwarding (DPF)

. RSVP-TE was traditionally used for traffic- %ebpr?crste a physical IP fabric into multiple logical
engineering
e F ; : . :
. Many data center networks uses pure IP lows can be mapped to different logical fabrics for

without MPLS Different SLAs
« BGP is usually used as the only routing Load balancing purpose
protocol in the DC IP Fabrics .
_ _ No fate sharing etc--
« BGP DPF is an alternative to RSVP-TE for _ _ _ _ _ _
the DC IP Fabrics - A lightweight traffic engineering for IP fabrics

© 2025 Juniper Networks Juniper Public -~ = NETWORKS



RLB and BGP-DPF:Control Plane

2) SLAAC

(IPv6-ND)

1) Juniper

NCCL plugin

© 2025 Juniper Networks

SPINE1
AS101
100.0 FC00:10::1/128

-—
—_

—
—

—
PR—
-—

PR

STRIPE1 LEAF1
AS201
100.0 FC00:10:0:1:1/128

gpuO_eth

FC00:1:1:1::966d:aeff:fef5:9c5¢
FC00:1:1:2::966d:aeff:fef5:9¢c5¢
FC00:1:1:3::966d:aeff:fef5:9c5¢
FC00:1:1:4::966d:aeff:fef5:9c5¢

SPINE2
AS102
100.0 FC00:10::2/128

G—
pE—

—
—

—
P
-—

—_—

STRIPE1 LEAF2
AS202
100.0 FC00:10:0:1::2/128

gpul_eth

FC00:1:2:1:a288:c2ff:fe3b:506a
FC00:1:2:2:a288:c2ff:fe3b:506a
FC00:1:2:3:a288:c2ff:fe3b:506a
FC00:1:2:4:a288:c2ff.fe3b:506a
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SPINE3
AS103
100.0 FC00:10::3/128

-—
—

—
—

ibr.4

—
—_—
—

—_—

STRIPE1 LEAF3
. AS209
knl{ 100.0 Fco0:10:0:1::9/128

gpu2_eth

FC00:1:3:1:a288:c2ff:fe3b:506e
FC00:1:3:2:a288:c2ff:fe3b:506e
FC00:1:3:3:a288:c2ff:fe3b:506e
FC00:1:3:4:a288:c2ff.fe3b:506e

SPINE4
AS104
100.0 FC00:10::4/128

—
—

-—
—

ibr.5

—
—
aEnm

—

STRIPE1 LEAF4
AS210
100.0 FC00:10:0:1::10/128

gpu3_eth

FCO00:1:4:1:2288:c2ff:fe3b:5072
FC00:1:4:2:a288:c2ff:fe3b:5072
FC00:1:4:3:a288:c2ff:.fe3b:5072
FC00:1:4:4:a288:c2ff:fe3b:5072

4) BGP-DPF

Juniper
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DLB vs. RLB performance

Leaf-Spine Bandwidth Out Of Sequence
400 Gb/s -
700 p/s
350 Gb/s -
D L B - pls
300 Gb/s

500 p/s

250 Gb/s | | 400 pfs f
200 Gb/s - 300 p/s
150 Gb/s 200 p/s

100 Gb/s - 100 p/s \
0p/s
09:15:30 09:16:00 09:16:30 09:17:00 09:17:30 09:
0b/s - Al I = H100-01 = H100-02 == H100-03 = H100-04

09:15:30  09:16:00  09:16:30  09:17:00  09:17:30  09:18:00  09:18:30

Pkts/Sec

Bandwidth

50 Gb/s -

Leaf-Spine Bandwidth Out Of Sequence

400 Gb/s -
350 Gb/s -
300 Gb/s -

250 Gb/s - Zero OO0 packets

200 Gb/s -

Bandwidth

RLB

Pkts/Sec

150 Gb/s

100 Gb/s |

50 Gb/s - 15:03:30 15:04:00 15:04:30 H 15:05:30 15:06:00
= H100-01 == H100-02 = H100-03 == H100-04

0 b/s -
1

15:04:00 15:04:30 15:05:00 15:05:30 15:06:00 15:06:3
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Performance Variability Comparison

Performance Variability
with 3 consecutive tests

ECMP has the highest
variability.
- 196, 263, 373 GBps

DLB has good performance
variability
- 353, 365, 373 GBps

RLB delivers highest
consistent performance

- No performance variability
(373,373,373) GBps

Load Balancing Comparison using nccl-tests AllIReduce

400

350

w
(=4
o

250

200

Bus Bandwidth (GBps)

150

100

(Higher is better)

373,373,373

| |

365
353

263

196

ECMP DLB RLB
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Al Data Center Network with
Juniper Apstra, NVIDIA GPUs,
and WEKA Storage

PUBLISHED AI JVDs

Juniper Validated Design

Published Q4 2024

JUniper | e

Published Q1 2025, later enhanced with
Pollara

Al Data Center Multitenancy
with EVPN/VXLAN

Published Q2 2025

Al Data Center GPU Backend Fabric
with Juniper RDMA-aware LB and
BGP-DPF—Juniper Validated Design
(JVD). Published Q3 2025

_ R Juniper
© 2025 Juniper Networks Juniper Public NETWORKS
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