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RoCEv2 Connection Mode
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2. ACK/NACK RIEHIEI B FMiARIISIEREE; T
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RoCEv2 on FPGA
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RDMA exploration

1 Introduction

This brief introduction covers the motivation of this work, providing a general overview on
the project and describing the structure of this report.

Currently the readout system for Felix Phase | has succesfully been developed. No

Phase |l is in development and the desire for a higher speed readout system at the Atla
oroject is increasing steadily. The current data transfer protocols in use are supporting data

rates up to a pIining multiple of these links In parallel results In huge

data transfers but a more efficient approach would be to use less links which support higher
data rates.

Nowadays Ethernet link supporting data rates of 100 Gbps and even 400 Gbps are stan-
dardized in data centers and all technology to make use of these data rates is available.
Such data rates are very desirable to implement in the FELIX project. However to support
such rates there has to be a technology used called RDMA (Remote DMA).

This document will describe how to imple ) ‘ :
100 Gbps link in between a sever (x86) and a

ology to establish a

RDMA Report | Sheng Dong | July 10, 2025

ConnectX-4

Connectx-5

100G link

192.168.160.32

-

QSFP28

)

QSFP28 VCU128-EST

(

FMC+
(24 x GTY)

User Clock Input SMAs

SYSMON Header

USB-JTAG Connector
JTAG Header
USB-UART Connector

Samtec FireFly Interface
(4 x GTYs)

QSFP28
(4 x GTYs)

QSFP28
(4 xGTYs)

VCU128 -» VCUns
ConnectX-4 -» ConnectX-5

1R 1E

—A

|—a

—

F I FL A

1 A

&

(10/100/1000 Mb/s Tri-Speed Ethernet)

_ XCVU9P-LGA2104E
RLDRAM3 72-bit

(2 x 36 Components) FMC

H~ -~ - -~ ~

— oy — g

DDR4 80-bit PCle Edge

Memory Switches

onnector DDR4 80-bit
(5 x 16 Components)

VCU118

5T TAE

https:/gitlab.cern.ch/nboukadi/rdma

s PMBus Header



¢ CMAG+ERNIG

o =T

L

Implementing RoCEv2 in Verilog for FPGA

Gabriele Bortolato®?°, Matteo Migliorini®, Andrea Triossi®
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Figure 1. Schematic representation of the DT 40 MHz readout system. From left to right: the connection to the
CMS TCDS and secondary IpGBT links from the OBDTs are received by a VCU118. A simplified illustration
of its main components is shown in the middle box. The firmware is based on the CMS EMP framework,
connected via a set of FIFOs and a payload builder process to a 100G TCP/IP module. Board and firmware are
monitored and controlled via PCle. A second server is used to receive and process the TCP/IP stream.

40 MHz triggerless readout of the CMS Drift Tube muon detector
DOI 10.1088/1748-0221/19/02/C 02050
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Firmware Structure
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Firmware Design
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e Y% 1F RC RDMA WRITE #]
RC SEND (&g s
IMMEDIATE)

e RX R {XFHTF1EEX ACK #
NAK

RDMA Report | Sheng Dong | July 10, 2025

7

\

f

—®| Connection QP parameters
—y»| Manager
\ J
» ) RoCE ACK Y
ROCE RX 0 S
» ACK check ) » QP State
UDP
Y T v
4 D r N
< RoCE  [€ Retrans  [€ Header
< 1X < Module | FSM
) ’ ROCE J RoCE
UDP i
i N
< Headers
Memory
< AXIS payload \ )
< AXI Full
Optional

.

DATA
Stream

10




R}k QP ©

Connection Manager

INIT>RTR—RTSIRES, =fAR:

1.

Faim b (OOB) IRE:
{o] EL{th 118

e W X QPZE

N

., 18 QP M RESET &Stk

Bt TCP. UDP S{E

HBECE % QP RS

2. RDMA EIZEIEZE (Iibrdmacm / RDMA CM)

3. InfiniBand &EiEEIEzs
DER DS IB/RoCEIRE T EHE

«_-.-_=~-_- IP 89 rdma_cm [E
ZNE. BRZ/FE

(li

brdmacm) ,

il}i—

'Iklu\tﬂj:%, y %ﬁﬁ:—ﬁbj: 'ﬂE QP

(1

B CM)

BN, LR AAED, =F

RDMA Report | Sheng Dong | July 10, 2025

_Rd_

tl:iZI] = E >

S B )

B)SERS FI3 A QP

MR

_/ \/leO

QP4
QP Number
Initial PSN - #1456 )% %) 5
Base Address - RDMA Memory Regionjz #5 #iihil:
Remote Key - Memory Region 2 % 4H
GID - £ FtriR4s, IP Address (RoCEv2)

LAy J7X00B (UDP)
1. [ E—4QPN (256)
2. FF&kFETFlibibverbsijai i, @7 QPJE] S
PI#QIREZERTS, 5@ UDP
(17185) ] [l A CM A HL % £ QPE B

3. [FELUDP, %ikilie 4, HFPGA
HQPIRZEH A ERTS

4. HILQPZERGESL, FPGAR [HRNIC K% 1%
B o

11



Capture Package

[dongs@hd09 rdmal]$ ibdevZnetdev
mix5 0 port 1 ==> ensd4fOnp0® (Down)
ml XS 1 po rt 1 == en 54f lnpl (Up) File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help P
[dongs@hd09 rdmal]$ sudo ibdump -d mlx5 1 -1 1 == ST T8 A E W Tools H

Initiating resources ... No. Time Source Destination Protocol |Length Info
searching for IB devices in host

Port active mtu=4096

MR was registered with addr=0x192c910, lkey=0x1lcOb,

2 0.000004 102.168.160. 10 102.168.160.32 RRoCE 62 RC Acknowledbe QP=0x000100

Device , , _
. » Frame 1: 314 bytes on wire (2512 bits), 314 bytes captured (2512 bits)
Phys_lcal pO rt . » Ethernet II, Src: 02:00:00:00:00:00 (02:00:00:00:00:00), Dst: Mellanox ed:81:4d (b8:59:9f:ed:81:4d)
» Internet Protocol Version 4, Src: 192.1 160.32. Dst: 192.168.160.10

Link layer : Ethernet : ¢ Port: 63735, Dst Port: 4791
. . - InfiniBand
Dump file : sniffer.pcap '%%TMMWHH%%r‘ |
Upcode: Relia ection (RC) - SEND Only (4)

Sniffer WQEs (max burst size) : e s - Solicited Event: True
1.. .... = MigReq: True

..00 .... = Pad Count: ©

.... 0000 = Header Version: 0
Partition Key: 65535
Reserved: 00

Failed to set port snifferl: Invalid opcode Destination Queue Pair: 0x880927

> IR EEINBE TR (ibdump)

» Nvidia Employee: We removed support for Offloaded Traffic Sniffer feature, but we
can suggest using the docker-container solution to use RDMA devices, in order to
capture and analyze RDMA packets using tcpdump.

> F tcpdump A S1THNEY udp 4791 iR E, BN pcap X1, REH
wireshark ¥TFF 34534

[Length: 256]
RUIVIA RCpoOrtL | olielny poirly | July 1V, ZUZO 1:2

-




Software

» fRZim (PC) #1iL QP

1. ¥T7F RDMA %8 H DB Protection Domain (PD)

2. 97E2 Completion Queue (CQ)

3. Bll## Queue Pair (QP)

4. FFAEXE, (Memory Region, MR)

5. #1881 QP JAZS: RESET — INIT, INIT — RTR, RTR — RTS

https://code.ihep.ac.cn/rdma/qgp—server

> F5 QP& BIA RIZHIFPGARIQPIRES

ARIEEZRER, M3k 4791 9 UDP IO &1 ZEEMAENEY QP E#EEE (QPN/PSN/MEM Base ADDR/MEM
Key)

BT Connection manager & FPGA B9 QP 358 RTS X% (Python Script, UDP socket)
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DEBUG - Continuous Read/Write

W FART TN RN RAT N LR A A R A A A AN T I W AW WL h\llv\ll LA

1 0.000000 192.168.160.32 192.168.160.10 RRoCE 74 RC Send Only Immediate QP=0x0009a6

2 0.000004 192.168.160.10 192.168.160.32 UDP 106 44226 - 17185 Len=64

3 0.000004 192.168.160.10 192.168.160.32 62 RC Acknowledge QP=0x000100

4 4.702509 192.168.160.10 192.168.160.32 ICMP 98 Echo (ping) request 1id=0x00f5, seq=1/256, ttl=64 (no response found!)
55.113446 Mellanox ed:81:4d 02:00:00:00:00:00 ARP 60 Who has 192.168.160.327 Tell 192.168.160.10

6 5.753488 192.168.160.10 192.168.160.32 ICMP 98 Echo (ping) request 1id=0x00f5, seq=2/512, tt1l=64 (no response found!)

[™ Wave - Default

drp_clk
rst
rx_axis_tdata il 0. J0..{l000... 1000.| {0000000000000000000000000000000000000000000000000000000000... {D00000000000( —_
rx_axis_tkeep | 0. J0..floo0... fooo.| fooooo3fmeeeet | [ T Yb000000000QO0(
rx_axis_tvalid Hello Sheng,
rx_axis_tlast

rx_axis_tuser

gsfpl_tx_axis_tda... iR IO Y TEE N PR R N R S

qsfpl_tx_axis_tke... (fff.. ... (o 4o f Cof. . 4 (or. ) (o ) (ff. ) (fif.. To get back to your problem, that commit uses RoCE_udp_tx_simple.v to pack the infiniband headers into the axi stream udp
gsfpl_tx_axis_tva... payload. That version gave me quite a lot of head ache and it the end | swapped back the the previous version

qsfpl_tx_axis_tre... ( RoCE_udp_tx.v ), which is more complex, but is faster and more reliable.
qsfpl_tx_axis_tlast

gsfpl_tx_axis_tus... Can you try to swap these lines

fifo_tx_axis_tdata ' v beé... Il beefffff7 eff

fifo_tx_axis_tkeep ' '

ol ' ' o EIT(HE (REHIAXIZEHIE, ping/arp/udp) Efi
g ' e e e S T o]@R, SHE (Message) o8 ZEEIM O, IKSH

OPEN_CHO 512'h0b00007... . 00000000000003270300004800214322430ad401160bd4011600001140000000005¢0000... _EEE
OPEN_CH1 512°'h0000000... 100000000000000000000000000000000000000000000000000000000000000000000084322
MOD_CHO 512'h0b00007f... 0219000 0 : :

MOD_CH1 512h0000000... (0000000000000030000000000D000000000400000000000000000000000000000000084322 1601 140a000000G00..__ }E 23 b= E SRR
START_CHO 512°h0b0000TY.. (0b00007124b8e8a0000000021900000000000003¢701000048002143224304d401160bd40116000011400... | ® IE)dSSUG, / E F/

START_CH1 512'h0000000...

Gabriele-bot 3 weeks ago Owner

| am glad that some one is using my code (considering the mess that is right now).

r o ® FIMEIR T Writetifgla)@ (iICRCI% B #XIEFfRVIE
. se Cursor 1 6714.353 ns 6714 3¢ z"E,)
/

f Transcript ~ | gg| Wave [[h]top_tb.sv ~ [ @ Objects ~ | & Processes | Ji Library ~ [ E8 Memory List [ & sim |

o fBLLILAEIK, (AEARIIAKERRE S CIANERSHY
% |
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o M+ M 39Gbps 1#FZ! 93.5Gbps

632
633
634
635
636
637
638-
639 }

* BX

RDMA Report | Sheng Dong | July 10, 2025

631 if (xfer_len > © & & !m write immediately) {

oftware Trick

// std::vector<char>& buf = m _recent received data[m recent data index];

// buf.assign(slot.ptr, slot.ptr + xfer_len);
if (m_recent _data count < MAX _STORED MSGS) {
m_recent_data_ count++;

}

size t idx _print = m_recent _data_index;

// m_recent _data index = (m_recent data index + 1) % MAX STORED_ MSGS;

y

B RS
&Mt : 93.5 Gbps

[dongs@hd@9 build]$ numactl --cpunodebind=0 --membind=0 ./rdma_app --recv_op write --msg size 2048000 --num_wrs 2000
RDMA Application (C++ Threaded & Parameterized) starting...

--- Effective Configuration ---

Device: rocep94sefl, Port: 1

Local SGID Index: 3 (CRITICAL: User must verify this!)

Remote IP: 192.168.160.32, Remote QPN: ©x100@ (256), Remote Initial PSN: ©
Local Initial SQ PSN: ©

Buffer Size: 10485760000 bytes, Num WRs: 2000, Message Size: 2048000 bytes
Path MTU: 4096 bytes

Receive operation: write

Stream data to file: no

Debug mode: off

RdmaManager instance created.
Device: rocep94sefl, Port: 1, Target SGID Index: 3
Remote Target: 192.168.160.32, Remote QPN: ©x1088, Remote Initial PSN: ©
Local Initial SQ PSN: ©
Path MTU set to: 4896 bytes
Receiving operation type: write

Using RDMA device: rocep94s0fl

Port 1: State: active, LinklLayer: Ethernet, Active MTU: 4096 bytes, Using path MTU: 4896 bytes, LID: ©x@, GID table length: 256, Link rate: 100 Gbps
Using SGID at index 3: ©000:0000:0000:0000:0000:ffff:c0a8:abba

PD allocated.

Main buffer (10485760000 bytes) allocated and initialized with ©x77.

0, n istered:

Buf drew '('HIv in_buffer_ptr): 0x7f6824800000 (Decimal: 140085265694720)
%R Addvrm n_mr->addr): ©x7f6824800000 (Decimal: 140085265694720)

M 10485760000 bytes

MR LKey: 0x5948

MR RKey: Ox5948 (22856) <-- Remote will use this RKey

CQ created with 4000 entries.

QP created with system-assigned QPN: ©xa8b (2699)

QP state changed to INIT.

QP state changed to RTR.

QP state changed to RTS. Ready for RDMA operations!
2000 initial receive WRs posted.

Connection parameters written to 'rdma_params.json'.
CQ polling thread launched.

Main thread: CQ polling thread started.

Send Ctrl+C/kill signal to request shutdown.

[CO Thread] Started in busy polling mode on CPU 8. Local QP ©xa8b
lgata received: 78125 MB in 6.68475 s (11687.1 MB/s).
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Send Only Send First Send Last
3KB 4KB 3KB
Message Size: 13KB
_ AL
Send First Send Middle Send Middle Send Last
4KB 4KB 4KB 1KB

T O L Z 1 Packet &%

LEREIATEIRY, $2XRims

RDMA Report | Sheng Dong | July 10, 2025
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Software Trick

o e e >| Receive Queue (RQ) | |
| | (WR/WQE PAZ!) | 2. HCAXMEWR |

| Fom e e >| HCA |
| | | (RDMARI&) |

| | 4. 4RKCQEZICQ | |

| e T S | |
| | Completion Queue | | |
| | (CQ) | | |
| | (CQE PBAZI) | | |
|
|
|
|

e (13218 (Busy—Polling) - IRE &R, (BE&HiE

NARFRE—TZENERFR, My, EZEtERC1EKRE (20 ibv_poll_cq)

®
Jdlinl
LHL]

1

%;QQQ)?
%lJ'_'\/l\
FHRE

o 12X T E1EK (Work Request — WR)
e £ Rl 5 FAFIIN (Completion Queue Entry —

CQE)
o hFHMEWR
e CQE# N\5ZRBATI (Completion Queue — CQ)
® &FigCQ (Polling CQ)

5eABATI (CQ) RSB FRISTREAZIIN (CQE)

-IX 5/ FHZETVRE18) (Event-Driven / Blocking) — X &5, {BIERKS

NAREFAEE, MEBEKEGTEEMINCQERANBE — 1" SM4 KEHNE., NAREFNEGES "EIR EE, BEFEGRE.

o SEE%18 (Hybrid Polling) — Bx{ESLE AU

SE S

Zal LM A INNR. FHEiT—/NRIVENITIE, MREXENERKREFRICQE, MEBEANSHRMEEEL, FF F—XBH.,
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Software Trick

o NUMA (FF—ENATFEIHI0)5244)
e 2% CPU R4 (MIMER Xeon) EEZ N NUMA Ta;
o § 1T RABAMAFFAM CPU #%;
¢ ETRINNAFEEESERTERT R
e RDMA BENER/FRIFESUK, HIEHIFEMNEEXEE,

[dongs®hd@9 ~1$ cat /sys/class/infiniband/rocep94s0fl/device/numa_node

%)
[[dongs®hd@®9 ~1$ numactl —-—-hardware

available: 2 nodes (0-1)

node O cpus: O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

node @ size: 94669 MB

node @ free: 35579 MB

node 1 cpus: 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47
node 1 size: 96715 MB

node 1 free: 44921 MB

node distances:

' node 0 1

0: 10 21
1: 21 10

numactl --cpunodebind=0 --membind=0 ./rdma_app --recv_op write --msg_size 2048000
--num_wrs 16384
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Get
QP info

Write Data

® Message K/\6KAS, FILFIX

T data R
first
_.< ACK last
ACK
ACK
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= END
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R
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|
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Define:
QPs
PD
R key

Send
ACKs

Check data
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Preliminary Result

%)
o 102
o]
O,
R
-]
Q.
-
(@)]
-
(@]
—
-
=

10'-

100}

—— 100G 512b@322MHz
25G 64b@390.625MHz
- 10G 64b@156.25MHz 1

Message Size [kB]

Speed | Msg.size | Latency | Tot. Throughput
[kB] [ps] [Gbps]
10G 262 ~15 9.63
25G 262 ~20 24.09
100G 262 ~25 93.1

Small issues related with the priorities configured on the switch.

The

Connect-X was sending on all 8 priority queues, while the VCU118 only on
priority queue 0. This triggers a slight TX asymmetry (~62% Connect-X,

~38% VCU118

RDMA Report | Sheng Dong | July 10, 2025

£1192.1Gbps,

oy 2 - E——— ,...,..,.1.1.,., ......... r....,...,..1..r.|.1., ........ —
2, 10 @ o
QQ e it e eeaaaaaa 9 -9 O ........... 9 3@35 ........... 93 @35 ........... 93 $35 ........... 93_
O,
)
e O T e T N S A _
(@}
O
U0) e e e |
-
@)
L .
T e T e - N
—
Mode = erte
PMTU = 4096 Bytes
’
IIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi | IIIIIIIi | I I

1 10 102

x AL N93.5Gbps

10° 10
Message Size [kB]



Cables
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Summary and Outlook
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Resources

100G Floorplan 10G/25G Floorplan
Speed LUT [k] | Regs [k] | BRAM | URAM
. 10G 16 19 13.5 3
R\é\:'r‘;:S 25G 16 19 11.5 18
100G 37 52 36.5 64
. 10G 13 16 11.5 0
Vr;/;tt‘::; 25G 13 16 11.5 0
100G 30 43 24.5 0
Example floorplan of the 100G implementation.
In violet the MAC and GTYSs, in components, In
blue the RoCEv2 TX and in red the retransmission module are shown.
Some are used during the debugging steps and monitoring.

Retransmission memory set to to buffer around 160 s worth of data. So 2MB for 100G, 0.5MB
for 25G and 0.26MB fo 10G
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RDMA in ATLAS

FELIX FW on NVIDIA®
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RDMA in HEP
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Figure 2. Block diagram of the first DPB-based prototype of the STS readout chain in the CBM experiment.
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Figure 4. Block diagram of the second prototype of the STS readout chain for the CBM experiment.
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