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* In-cast congestion
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3 Dynamic Load Balancing / Global Load Balancing

“FIEYT—RY FT— I TOEENEES LTS ?” (JANOG53)

https://www.janog.gr.jp/ meeting/janog53/dcgos/
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PHEWNZEE EElephant Flow

RoCEv2®D70—IC[35-tuple ECMPTY VIS TEREIFOIY FOE-HRSHEWEEH S

Spine Switch #1 Spine Switch #2

Congestion Link

Leaf Switch Leaf Switch Leaf Switch Leaf Switch
Rail #1-1 Rail #1-2 Rail #1-8 Rail #2-1

GPU Server

Rx Tx Total

swpl: 309.90 Gb/s 317.16 Mb/s 310.22 Gb/s
swp31: 158.52 Mb/s 2.84 kb/s 158.53 Mb/s

swp32: 158.64 Mb/s 309.90 Gb/s 310.06 Gb/s

total: 310.22 Gb/s 310.22 Gb/s 620.43 Gb/s
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Traditional ECMP Local 5-tuple
Traditional ECMP Local 5-tuple
Random Packet Spraying (RPS) (UDP Source Port)
(IPv6 Flow Label)
* Adaptive Routing (AR) Local Link/Queue fERZE
IB BTH flag
* Dynamic Load Balancing (DLB)  Local Link/Queue {ERZ
Global Load Balancing (GLB) Local + Remote Link/Queue {2
Fully-Scheduled Fabric (FSF) Local INTY RBEMNORAT L —

RTAG7D/\WYY 1&ERiEE
Static mode &FEIEN S
EETBHRD S V9 LMIC
KBDNTY AT —FER

Infiniband DR
Nvidia SpectrumDi&E

flowlet/spray®modeiEiR
D OJBERERSH D
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Flowlet Switching vs Packet Spraying
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DLB/GLB
(Spray mode)

Packet Spraying

Custom NIC (DPU)
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Adaptive Routing

NICEARMIWA A Y FDEEAD =X L

% sudo mlxreg -d 0e:00.0 --reg name ROCE_ACCL --get

Sending access register...

Field Name | Data
roce_adp_retrans_field select | oxeo000001
roce_tx window field select 0x00000001
roce_slow restart field select 0x00000001
roce_slow restart idle field select 0x00000001
min_ack timeout limit disabled field select 0x00000001
adaptive routing forced en field select | oxoo000001
selective repeat_forced en field select 0x00000001
dc_half handshake en field select 0x00000000
ack dscp force field select 0x00000001
roce_adp_retrans_en 0x00000001
roce_tx_window_en | oxoo0000000
roce_slow restart_en 0x00000001
roce_slow restart _idle en 0x00000000
min_ack timeout limit disabled | oxoo000000
adaptive_routing forced_en | oxoe000001
selective repeat forced en | oxoo0000000
dc_half_handshake_en | oxoo000000
ack_dscp_force | oxoo0000000
ack_dscp | oxoo0000000
BEIRER

NIC: NVIDIA ConnectX-7 MCX75310AAS-NEAT
Firmware: 28.39.2048-LTS

[+] Internet Protocol Version 4, Src: 192.168.0.10, Dst: 192.168.0.20
[+] User Datagram Protocol, Src Port: 60363, Dst Port: 4791
[-] InfiniBand
[-]1 Base Transport Header
Opcode: Reliable Connection (RC) —= RDMA WRITE Only (10)
Ouve «2w. = Solicited Event: False
MigReq: True
= Pad Count: ©
= Header Version: 0
Partition Key: 65535
Reserved: 00
Destination Queue Pair: 0x0063cb
0... .... = Acknowledge Request: False
.100 0000 = Reserved (7 bits): 64 [=]
Packet Sequence Number: 848230
[+] RETH - RDMA Extended Transport Header
Invariant CRC: Ox6eb4aade

NICOPFEITARDflagEBRET 2 & .
IB BTH®DReserved Field (7bit) DD 1bitH'ERE S NB,
AAYFIIZDbitODBETARDWR/NT WY ~&ET B,



Rx

Adaptive Routing

RoCEv270—D% 8

Tx

Total

400G GPU

Spine #1

Spine #2

Out Traffic

241.95 Gb/s
197.16 Mb/s
197.7@ Mb/s

242.23 Gb/s

200 Gb/s L AAANAAAAAAAAAAAAANAASR LA

100 Gb/s

0 b/s
13:05
Name

== swp4(swpd)
== swp3(swp3)

13:10

13:15

13:20

2024-06-18 13:25:30

== swpl(swpl)

== swp2(swp2)

© == swp3(swp3)
13:25 o= swp4(swp4)
swp5(swp5)

563 Mb/s
563 Mb/s
220 Gb/s

220 Gb/s }
0 b/s

394.86 Mb/s
121.01 Gb/s
120.94 Gb/s

242.23 Gb/s

13:45 13:50 13:55

Mean Last *

ARBE#EFFDRDMA Write

20—-HPBEFICHEHINTND
(Leaf R A v F THEIZHEER)

242.35 Gb/s
121.21 Gb/s
121.14 Gb/s

484.45 Gb/s

ECMPXYN—=TDIESDETH MRS T AL
(Spine A A v F THEIZ HEER)

14:00

Max + Min

200 Gb/s 180 Gb/s 220 Gb/s 180 Gb/s
200 Gb/s 180 Gb/s 220 Gb/s 180 Gb/s

BB ETET DD, IBBTHDflogZNICHI THRET 2WEHLH D
= A4V FHITH ZDflagZzmatchTEDEDLH D (merchant siliconD XA W F TIFERHEL)



Dynamic Load Balancing (DLB)

O—HIITOREERRICIECE STV IEIDHET

Out Traffi
e Flowlet mode

60 Gb/s
40 Gbjs 2
20 Gb/s

0 b/s

20:05
Name

== Ethernet11/1(DOWNLINK)
Ethernet16/1(DOWNLINK)

7T« TEE(7 A FIVRER)IC K DDHEL
ECMPXYN—=TDIES5DEIHATL
FEHOETUIEF /NN TS TRINT B
ReorderH"F4E U 745 L)

PHE-FEER

Spray mode

20:15

Mean Last * . Max Min

446 Gb/s 44.3 Gb/s 56.1 Gb/s

44.0 Gb/s 56.4 Gb/s

35.1 Gb/s

44.2 Gb/s 35.1 Gb/s
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CPU-Centric 5 GPU-Centric N

Super Super Lossy Frontend Fabric

« AV =YY —-—ERICREN
» Clos Topology

s NXAKFITA—F

« Lossy (TCP)

« CPU-Centric

Storage Inference Training

Cluster Cluster Cluster

Lossless Backend Fabric
- Al ChipBDBEICREL
» Rail-optimized Topology
. RIEERE - BLhwE - RS
« Lossless (RDMA)

B « GPU-Centric AEROWS




Rail-optimized Topology

/J— FEOGPUNREEE TRET HICREBELTINMROY

ey MlESSAgE path with PXN
P Message path without PXN

https://developer.nvidia.com/blog/doubling-all2all-performance-
with-nvidia-collective-communication-library-2-12/

GPUY—/\ONICEBUEEIFTDLeaf R A v FEZBEL
ZGPU/NICIZEI U Leaf R 4 W F(C1EHt T DIERK

J—FEBETIE. BUESDOGPURLETHEET DL
NCCLAAlIReduceZ EAETITRETICRROIVZHAITD
- ZOREBBNAZZSOCPURIDBERE A “Rail” &1F5

NCCLOEBE(PXN)DYIN T # =NV A% m AL T B8
kRO YA Rail-optimized TH D Z EZRITRELTWVWD

BCESDGPUR LA Leafti DIRL CRIGEMICKDI LD
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https://developer.nvidia.com/blog/doubling-all2all-performance-with-nvidia-collective-communication-library-2-12/
https://developer.nvidia.com/blog/doubling-all2all-performance-with-nvidia-collective-communication-library-2-12/

Rail-optimized Topology & &

ECTEDKS BBEHVHRET SDD

Spine Switch Spine Switch Spine Switch Spine Switch

P

Leaf Switch Leaf Switch Leaf Switch Leaf Switch Leaf Switch

Rail #1 Rail #2 Rail #3 Rail #4 Rail #8
Z0-0fRD #1 i ‘
| In-cast #4 |

GPU Server GPU Server

- #1 DR D I[ZRail-optimized Topology CH DU LEEIFTDZ EIFTEERL

« #2 ORDIZARVDLBG EDA A v FRIOE RS EFMIC K > T—EDXI LA T EE
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Improving Performance

% & )
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Mapping the right New collective

“parallelism” traffic Algorithms

to different stages to Reduce Impact of
of the network Network Latency

Invest in Network
Load balancing
Techniques

MetaTlE/NT 2 —Y YV ARED =H ICEFDEIRMABEN RIRE = £
SYSTEMS @SCALE 2024

“GenAl Training In Production: Software, Hardware & Network Considerations” &D5|H
https://www.youtube.com/watch?v=1lhrGRggPWU

Next-gen Load Balancing capabilities

» Dyna ] Balancing

« Probabilistically reassign the path if

ss links base the current p

quality met

athis not optimal

+ Automatically steer traffic around

; - , - , failed links in hardware
+ Global visibility for improved decision making

into account the Path Quality metric

OT next "\Cp noaes as wg

para

DLB = local load
Does not take into
account downstream

o]

1T =
congested links _ _ -_— -_— ™ -—1 —
— — — —_ N\ — —
] ] _— -_ - -
™,
GLB = global load : s oL cated i
Avoids downstream congested links Congested links HECNERRISRIRINS

Alibaba & Broadcom(Z K 2RO AR D BT M\ DHIF
OCP GLOBAL SUMMIT 2023

“Alibaba‘s Ethernet based DC deployment for Al/ML workloads using Merchant Silicon” & D 5|
https://www.youtube.com/watch?v=T5fbbA27rUw



https://www.youtube.com/watch?v=1lhrGRqqPWU
https://www.youtube.com/watch?v=T5fbbA27rUw
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* Rail-OptimizedBRDIBE. GPUBIBEIIRIAEFEDLealf TH DR
SpineZRHBULEVWREDIFES., B9 UH NSDEBESERMAIREELEFEILEVDOTIEEVLS?

- IRIRGPU 18I12400G 1/R— DD < 7=8b. GPU Railh SLeaf NOPIE/NZ(E—D U H AL

- IEVWEEBOGPUZIAWHT R I 21—V VIR vs BEZEEMTHN—FTDZIRE?

Super Spine Super Spine Super Spine f Super Spine Super Spine Super Spine Super Spine Super Spine
| e e ]
400Gx4 400G-FR4
— |
Spin& Spine Spine Spine
—
Leaf Leaf Lghf Leaf

ICHNICHNICHNI
GPU Server

ICRINICHNICHNI
GPU Server

ICHNICHNICH NI
GPU Server

ICRINICHNICHNI
GPU Server

ICHNICHNICHNI
GPU Server

ICHNICHNICHNI
GPU Server
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- Resilient Hashing EDHEEHNTE4L)
« 5-tuple CEFLAEWZS, BLT70-Z2—8BHEDH DRI ARV ZFICEIDHTSNAEWL
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SEIR

F—=I9tEVI—2XY FI—TJTOEEFIHICDOWVT (JANOGS3)
- https://www.janog.gr.jp/meeting/janog53/dcgos/ (E#H
- https://www.youtube.com/watch?v=hzRyLaE1wCs (E)i&)

AI(AIFBE)DBDXY FT—2T (JANOG53)

- https://www.janog.gr.jp/meeting/janog53/ainw/

AI/MLEEED400G DCRXY T —TJ%ZBEU =88 (JANOG52)
- https://www.janog.gr.jp/meeting/janog52/aimi400/
- Adaptive Routing®E A E4

LLMEGPUERY T =2 (MPLS Japan 2023)

- https://mpls.jp/2023/presentations/mpls2023-yuyarin.pdf



https://www.janog.gr.jp/meeting/janog53/dcqos/
https://www.youtube.com/watch?v=hzRyLaE1wCs
https://www.janog.gr.jp/meeting/janog53/ainw/
https://www.janog.gr.jp/meeting/janog52/aiml400/
https://mpls.jp/2023/presentations/mpls2023-yuyarin.pdf
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LINEY 7 —XKEF—9t Y 9BEMiOREIE : LLMEKSHEMTOEE (JANOG54)
- https://www.janog.gr.jp/meeting/janog54/dlc/
- AERANDGPUISAIXYRT—=TJEZDOPAYAT—IdL VI —TERITDIEDTT



https://www.janog.gr.jp/meeting/janog54/dlc/

SEIR

Adaptive Routing (AR)

- https://1460550cab6f00848c565-
a/635525d40ac1c/0300198708936b4e.ssl.cfl.rackcdn.com/images/al7f55305bcebb331b95ad7%cle
9d3fdc8e185c6.pdf

Dynamic Load Balancing (DLB)
- https://www.broadcom.com/video/6328983519112

Global Load Balancing (GLB)

- https://jp.broadcom.com/blog/cognitive-routing-in-the-tomahawk-5-data-center-switch
- https://www.youtube.com/watch?v=A30nk8 eTWA

On the impact of packet spraying in data center networks

- https://ieeexplore.ieee.org/document/6567015
— Random Packet Spraying (RPS)



https://146a55aca6f00848c565-a7635525d40ac1c70300198708936b4e.ssl.cf1.rackcdn.com/images/a17f55305bcebb331b95ad79c1e9d3fdc8e185c6.pdf
https://146a55aca6f00848c565-a7635525d40ac1c70300198708936b4e.ssl.cf1.rackcdn.com/images/a17f55305bcebb331b95ad79c1e9d3fdc8e185c6.pdf
https://146a55aca6f00848c565-a7635525d40ac1c70300198708936b4e.ssl.cf1.rackcdn.com/images/a17f55305bcebb331b95ad79c1e9d3fdc8e185c6.pdf
https://www.broadcom.com/video/6328983519112
https://www.youtube.com/watch?v=A30nk8_e1WA
https://www.youtube.com/watch?v=A30nk8_e1WA
https://ieeexplore.ieee.org/document/6567015
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Hashing Design in Modern Networks: Challenges and Mitigation Techniques

- https://www.usenix.org/conference/atc22/presentation/xu



https://www.usenix.org/conference/atc22/presentation/xu
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data center networks
- From the perspective of network operators -
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Data Center Networks and Congestion

Recap from JANOGS53

—

EITEBIRETION

* In-cast congestion

T—REVL2—2y b7—J LEE

In JANOGS53, we focused on congestion control in TCP-based
networks, particularly the Incast problem.

In this presentation, we will discuss load balancing techniques

in Lossless Ethernet.

BHOEETHINLDODHBEICT —X %
RIEFISEET 2% —DBfE
Z{E)/Ny 7 7 Ttail droph’RET 3
BEOTF—2€ry2—%y +F7—2T
FIREICAR Y X d Ly
RELLLEZOHEHEL W

Out-cast

In-cast

« Fabric congestion

LN 74 v o 70—0DRY
& >T77 7V I2RDNY 77T
Ny FAXDRETS
DLB®GLBXToHOXEHIHER I NS

« Scope of this Presentation

Congestion

Congestion

« Qut-cast congestion

BEDOHAF 12— I/ HEIREEZBA
LERETT—RERETHEEIIRET S
EETHIREINS OHRNBITLBRNES

3 Dynamic Load Balancing / Global Load Balancing

“How do you deal with congestion in data center networks?” (JANOG53)
https://www.janog.gr.jp/meeting/janog53/dcgos/



https://www.janog.gr.jp/meeting/janog53/dcqos/

Distributed ML and Elephant Flow

RoCEv2 flows often lack enough entropy to distribute links using 5-tuple ECMP

Spine Switch #2

Spine Switch #1

Congestion Link

Leaf Switch Leaf Switch Leaf Switch Leaf Switch
Rail #1-1 Rail #1-2 Rail #1-8 Rail #2-1

GPU Server

GPU Server

Rx Tx Total

swpl: 309.90 Gb/s 317.16 Mb/s 310.22 Gb/s
swp31: 158.52 Mb/s 2.84 kb/s 158.53 Mb/s

swp32: 158.64 Mb/s 309.90 Gb/s 310.06 Gb/s

total: 310.22 Gb/s 310.22 Gb/s 620.43 Gb/s

Distributed machine learning RDMA communication is mapped to a single flow, leading to

imbalanced specific links.



Packet Distribution Techniques

Summary based on public information

Load Balancing Method Measurement Distribution Remarks
Location Element

Traditional ECMP (Static mode) Local 5-tuple RTAG7 hash, etc.
Traditional ECMP Local 5-tuple Packet spray by randomizing
Random Packet Spraying (RPS) UBP Seures Parly | seuiee lifermeen.
(IPv6 Flow Label)
* Adaptive Routing (AR) Local Link/Queue usage  Extension of Infiniband.
IB BTH flag Feature of Nvidia Spectrum chip.
* Dynamic Load Balancing (DLB)  Local Link/Queue usage  flowlet/spray mode is selectable.
Global Load Balancing (GLB) Local + Remote Link/Queue usage  Notify neighboring devices of

the quality of the path.
Fully-Scheduled Fabric (FSF) Locall Packet-level spray  Implemented with VOQ devices.

* We tested AR and DLB.

Reactive Path Rebalancing, Source IF-based LB, and other DLB feature extensions are not listed.



Flowlet Switching vs Packet Spraying

Load balancing methods as a deciding factor in selecting network equipment and configuration

Distribution methods Implementation Reordering locations

DLB/GLB
(Flowlet mode)

> No reordering

Flowlet Switching >

+ Divide flow into intervals with idle time.

+ Select paths based on divided units (flowlet).

+ Set idle interval longer than propagation delay time.
* No reordering occurs.

DLB/GLB

Packet Spraying (Spray mode)

Custom NIC (DPU)

+ Select transmission IF for each packet.

« Non-shortest path may be selected. Ada ptive Routing
+ Several implementations are needed to
| t-of-order. . .
resOe oHroToraer Scheduled Fabric VOQ Switch

Spray methods generally require reordering implementation on the switch or NIC side to absorb out-of-order packets.

— Operating a network with mixed methods is practically challenging.



Adaptive Routing

Mechanism for collaboration between NIC and AR-compatible switches

% sudo mlxreg -d 0e:00.0 --reg name ROCE_ACCL --get

Sending access register...

Field Name

roce_adp_retrans_field select
roce_tx window field select
roce_slow restart field select
roce_slow restart idle field select
min_ack timeout limit disabled field select
adaptive routing forced en field select
selective repeat_forced en field select
dc_half handshake en field select

ack dscp force field select
roce_adp_retrans_en

roce_tx_window_en

roce_slow restart_en

roce_slow restart _idle en

min_ack timeout limit disabled
adaptive_routing forced_en
selective repeat forced en

dc_half handshake en

ack dscp force

ack _dscp

0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x00000001
0x00000000
0x00000001
0x00000001
0x00000000
0x00000001
0x00000000
0x00000000
0x00000001
0x00000000
0x00000000
0x00000000
0x00000000

Operating Environment
NIC: NVIDIA ConnectX-7 MCX75310AAS-NEAT
Firmware: 28.39.2048-LTS

[+] Internet Protocol Version 4, Src: 192.168.0.10, Dst: 192.168.0.20
[+] User Datagram Protocol, Src Port: 60363, Dst Port: 4791
[-] InfiniBand
[-]1 Base Transport Header
Opcode: Reliable Connection (RC) —= RDMA WRITE Only (10)
Ouve «2w. = Solicited Event: False
MigReq: True
= Pad Count: ©
= Header Version: 0
Partition Key: 65535
Reserved: 00
Destination Queue Pair: 0x0063cb
0... .... = Acknowledge Request: False
.100 0000 = Reserved (7 bits): 64 [=]
Packet Sequence Number: 848230
[+] RETH - RDMA Extended Transport Header
Invariant CRC: Ox6eb4aade

Setting the AR flag on the PF side of the NIC sets one bit in
the 7-bit Reserved Field of the IB BTH.
Switches use the presence of this bit to identify AR target

packets.



Adaptive Routing

Distribution of RoCEv2 flows

Rx

Tx

Total

400G GPU

Spine #1

Spine #2

Out Traffic

241.95 Gb/s
197.16 Mb/s
197.7@ Mb/s

242.23 Gb/s

200 Gb/s L AAANAAAAAAAAAAAAANAASR LA

100 Gb/s

0 b/s
13:05
Name

== swp4(swpd)

== swp3(swp3)

2024-06-18 13:25:30
== swpl(swpl) 563 Mb/s
= swp2(swp2) 563 Mb/s
© == swp3(swp3) 220 Gb/s
13:10 13:15 13:20 13:25 - swp4(swp4)

swp5(swp5) 0 b/s

220 Gb/s }

394.86 Mb/s
121.01 Gb/s
120.94 Gb/s

242.23 Gb/s

13:45 13:50 13:55
Mean Last *

200 Gb/s
200 Gb/s

180 Gb/s 220 Gb/s
180 Gb/s 220 Gb/s

14:00

242.35 Gb/s RDMA Write with AR enabled

121.21 Gb/s

121.14 Gb/s Flow is evenly distributed.

484.45 Gb/s (Confirmed by Leaf switch)

Very little variation among ECMP members.

(Confirmed by Spine switch)

180 Gb/s
180 Gb/s

It works ideally, but the IB BTH flag needs to be set on the NIC side.

— Switches also need to be matched to this flag (not implemented in merchant silicon switches).



Dynamic Load Balancing (DLB)

Traffic allocation according to local congestion conditions

Out Traffi
e Flowlet mode

60 Gb/s = :
40 Gbjs R = _\«’”?‘\\/;-’/ =
20 Gb/s

0 b/s

20:05
Name

== Ethernet11/1(DOWNLINK)
Ethernet16/1(DOWNLINK)

Distribution by inactive time (idle interval).

Large variation among ECMP members.
Band width bursts are absorbed by NW design.

No reordering occurs.

D m—

Spray mode

20:15
Mean Last * . Max Min

446 Gb/s 443 Gb/s 56.1Gb/s 35.1Gb/s
44.2 Gb/s 440 Gb/s 56.4 Gb/s 35.1Gb/s

Distribution by per-packet.
Small variation among ECMP members.
Improved link utilization efficiency is expected.

Reorders may occur.

Changed distribution mode

! It is not recommended to change the distribution mode during operation due to service impact.



Why focus on load balancing technology?

When expanding GPU clusters, it is possible that switches with different implementations may be mixed.

« The intelligence used in internal algorithms varies depending on the load balancing method.
« Sampling Rate, Inactivity Timer, Interframe Gap, Packet Flag, etc.

«  When multi-vendor switches are used during cluster expansion, these differences can affect performance.
- Specifically, it may be necessary to reorder out-of-order packets on the receiving side.

Configuration of the GPU cluster at LY Data Center (Rail-optimized Backend Clos):
© LY Corporation Different load balancing algorithms are expected to be mixed during future cluster expansions. 32



Considerations for mixed configurations

Is it possible to mix multi-vendor switches if they use the same method?

Distribution methods Implementation Reordering locations

Vendor A's DLB
specifications

Flowlet Switching >

On the switch side:

+ Adjustment of inactive timers seems necessary.

Reordering occurs?

* Other detailed parameters also need to be considered.
On the host side:

Vendor B's DLB * Install NICs (DPU) capable of reordering?
specifications - Extremely high cost.

+ Operational costs may not be realistic.

Points of concern
« GPU generations evolve quickly, deciding whether to add to the existing NW or create separate clusters for each generation.
*  When adding to the existing NW, switches from different vendors may be included due to circumstances at the time.
*  When constructing Lossless Ethernet with multi-vendors, the load balancing method might become a technical consideration.

— We may be able to answer this in future JANOG meetings (currently under verification and construction).



Points for discussion

We would appreciate your feedback at the venue or on Slack!

« How the network of the GPU cluster is constructed.
« How much concern there is for the distribution and reordering of RoCEv2 flows?
 Criteria for selecting load balancing technology.

« Adjusting parameters according to the environment and workload.

« Considering multi-vendor RoCEv2 networks.
« Points to consider.

« Separating networks based on GPU generations and uses.

« As a network operator, what is missing in the current Al/ML network (Lossless).

« Functions, observability, etc.






