


Al Datacenter Challenge

€ High BW flows + Low Entropy -> Elephant Flows & In-cast Congestion
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In-cast at ingress In-cast at transit In-cast at egress

# Congested Link
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RDMA Transfer

ML-Server-01 ML-Server-201

Q Application

Receives completion notification

Application

O Initiates Transfer

NIC NIC
Creates multiple packets, pulls Q Receives packets. and writes
O data directly from GPU memory Ethernet payload directly into GPU
memory
Generates completion
notification
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DMA Transfer by RoCEv2

ML-Server-01

\|[@

Encap data ROCEv2 NIC

in ROCEv2 frame

Ethernet

400G/800G ToR switches

ML-Server-201

NIC

ROCEv2 NIC

/% operations —- just used to define real constants ¥/
IBV_OPCODE_SEND_FIRST = 0x00,
IBV_OPCODE_SEND_MIDDLE = oxo1,
IBV_OPCODE_SEND_LAST = 0x02,
IBV_OPCODE_SEND_LAST_WITH_IMMEDIATE = ox03,
IBV_OPCODE_SEND_ONLY = ox04,
IBV_OPCODE_SEND_ONLY_WITH_IMMEDIATE = 0x05,
IBV_OPCODE_RDMA_WRITE_FIRST = 0x06,
IBV_OPCODE_RDMA_WRITE_MIDDLE = ox07,
IBV_OPCODE_RDMA_WRITE_LAST = 0xe8,
IBV_OPCODE_RDMA_WRITE_LAST_WITH_IMMEDIATE = 0x09,
IBV_OPCODE_RDMA_WRITE_ONLY = ox0a,
IBV_OPCODE_RDMA_WRITE_ONLY_WITH_IMMEDIATE = @x0b,
IBV_OPCODE_RDMA_READ_REQUEST = oxec,
IBV_OPCODE_RDMA_READ_RESPONSE_FIRST = oxed,

IBV_OPCODE_RDMA_READ_RESPONSE_MIDDLE = 0x0e,

IBV_OPCODE_RDMA_READ_RESPONSE_LAST = oxof,
IBV_OPCODE_RDMA_READ_RESPONSE_ONLY = ox1o,
IBV_OPCODE_ACKNOWLEDGE = ox11,
IBV_OPCODE_ATOMIC_ACKNOWLEDGE = ox12,
IBV_OPCODE_COMPARE_SWAP = ox13,
IBV_OPCODE_FETCH_ADD = ox14,

Elephant Flow-lets

User Datagram Protocol, src Port: 55470 (55470), Dst Port: 4791 (4791)

InfiniBand

= Base Transport Header
Opcode: 129
0... .... = Solicited Event: False
.0.. .... = Migreq: False
.00 .... = Pad Count: 0
.... 0000 = Header Version: 0
Partition Key: 65535
Reserved (8 bits): 64
Destination Queue Pair: 0x0000f1
0... .... = Acknowledge Request: False
.000 0000 = Reserved (7 bits): 0
Packet Sequence Number: 0

= Vendor Specific or Unknown Header Sequence
Unknown/Vendor Specific Data: 00000000

Invariant CRC: 0x00000000

Ethernet P UDP ’ IBBTH IB Payload

Destination port
4791 indicates next
header is RoCEV2

Base Transport Header - BTH:
Opcode: Transport type
Destination queue pair

Packet Sequence number

FCS

RoCE 32-bit end

to end FCS
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Al DC Software

Congestion Avoidance Congestion Control
(Effective utilization of Preventing packet drops
fabric capacity) (lossless)
|_Efficient Load Balancing Features | [ Congestion Management Features |

. DLB «  DCQCN (PFC+ECN)
. GLB e Telemetry:
«  Selective DLB * Interface level
»  Reactive Path Rebalancing * Queue level
+ BGP-DPF: GPU/QP pinning** *  PFCWatch-dog

e Per-Q Alpha Threshold value support
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UEC - 10,000 Ft View
/ InfiniBand \

Congestion

Avoidance
Effective utilization
of fabric capacity

Congestion

Control
Preventing packet
drops (lossless)

Credit Request/Grant
mechanism

— /

/Lossless Ethernet Fabric\

« Distributed architecture
* Dynamic Routing

* Intelligent Load Balancing
(DLB, GLB, sDLB etc.)

DCQCN
(PFC + ECN)

/

Ultra£thernet \

———Consortium

Dynamic Routing

Packet Spraying

Flexible Re-ordering on NIC
In Network Collectives (INC)

Link-level credit mechanism (LLR)
Receiver credit mechanism (RCCC)
Sender Network Signal CC (NSCC)
Telemetry based CC (CSIG)

Packet Trimming (DCN)

N /
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UEC- Overall Architecture

Software

Transport

Network

Link

Physical

In-Network Collectives (INC)

e UE Transport

Message Semantics
Packet Delivery

I Congestion Management | Reliability Modes |

e Security

Packet Trimming

LLDP Negotiation
Link Level Retry Credit-based Flow Control

FECstatstics | UeUsupport |

packets

il

[ Existing/Unmodified

. Ethernet
D UEC Required e
[] uec optional
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Ultra Ethernet Fabric - ordering and transactions

UET Overview - Overall Architecture

Software APIs

e libfabrics
Application meE
‘ API ‘
o =

Map ULP APIs to packets,
Transaction tracking, ordering, completions, etc.

o

Congestion Management
Transmit rate control,
Adaptive path selection
Telemetry module

Reliability
Reliable delivery,
Packet ordering, SACK

Security

Encryption, Key Management

packets

Ethernet
Fabric

UEC sumngfy%lé%NAL =SDC¢C




Ultra£thernet

Consortium

UEC vs ROCEV2 - Frame Format

UEC Transport - Packet Format ; ROCEv2 Transport - Packet format

|
L2 ETHERNET
; EtherType = IP "
i_._Protocol/NextHdr=17 __; . Ethemet = P} UDP ’IB BTH IB Payload
L3
IPv4 or IPv6 I
u Source-Port = Entropy : Dest-Port = UET |
UDP [l Destinatii t =
: : 2 ES.Iﬂé ion por RoCE 32-bit end
TYPE  INxtHdr=SES| FLAGS.CRC=0 | I 4791 indicates next o end FCS
UET PDS
I Base Transport Header - BTH:
Opcode: Transport type
UET UET_SES I Destination queue pair
Packet Sequence number
UET PAYLOAD I
L2 ETHERNET FCS I
1
|
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UEC : Network & NIC dependency

UEC New Features

Any NIC Support

UltraE£thernet

Network-Switch

Required ?
Packet Level Multi-Pathing & UET forwarding Yes No need of special-code
(Co-existence of sprayed and unsprayed traffic) Mozl i sen Al
p)
. . P YES
Packet trimming (Drop Congestion Notification) Yes (Need Dev. Work)
T Link | try (LLR No** e
ink layer retry (LLR) Y (Need Dev. Work)
4 . . YES
Credit-based link-level flow control (CBFC) No** (Need Dev. Work)
9 ; NIC Support require
In-Network COlleCtlveS Yes (Need End-to-End validation)
()
. NIC Support require
NSCC -assisted ECN and RTT pass-through Yes e B e ]
. L YES
RCCC - credit pass-through & monitoring Yes (Need Dev. Work)
CSIG (Congestion Signalling) Yes (Needﬁ,ﬁff Work)

———=Consortium
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THANK YOU




