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NaNet3

Design and implementation of a family of network interface
cards dedicated to real-time systems (for HEP).

o NaNet3 for KM3Net-IT implemented on TERASIC DE5-NET board
= NaNet-1 (NaNet-10) twinned projects, targeted to NA62

Low and stable communication latency.

High bandwidth.

Multiple link technologies and network protocols.
Processing on data streams.

Flexible.

Extensible.

Upgradable.

Optimized communication with GPU accelerators
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NaNet Modular Design

a I/O Interface
Physical Link] |apElink TSE Det. 10G B MUIt!ple link.
g L_Coding J{vor] |lmac] |fuerod | paser o = Multiple network protocols.
© Protocol ||Word a o § ° Off-the-Shelf: 1-GbE,
T | Manager ||seui| E| | "OF [ S e £ ol =/ 10-GbE (work in progress).
€ [ pata 2| [Decom] 8 2| [oecom] 7 - Custom: APElink (34gbps/QSFP),
g Processing | e 2 :feeSSOf E i pressor g KM3link (Work in progress).
= net Protq | Link aNe aNet aNe £
| P:nc::ert t:trl Ctrl Ctrl Ctrlt - ROUter . .
+* f f T =  Dynamically interconnects I/0O
Router . and NI ports.
j : o Network Interface
TX/RX 32bit Micro Custom
el controlier | 7| Losie = Manages packets TX/RX from and
| “Neterork to CPU/GPU memory.
i *  Interface z0 u N|OS II MICI‘OCOI’]tI‘O”eI‘
PUI/O memory ||| 5 2 «  Virtual memory management
accelerator controller = Al 0 PCIe X8 Genz Core
= CPU BW:
PCle X8 Gen2
- R . 2.8 GB/s Read + 2.5 GB/s Write
=  GPUBW:
. 2.5 GB/s Read & Write.
)
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] eureriLe NaNet3 overview

KM3NeT . .
oo s KM3link (1 link - 48 hours test passed)
0 RX path: payload of different off-shore
I devices, multiplexed on continuous data
{_‘g il | ool B | ol 1 Wl B I Wil stream at fixed time slot
o , e = = E = (PCIe DMA transaction to CPU/GPU mem.)
S B M| %|[ToM & |TOM| & | TOM | & .
S L Manager E = = (o TX path: limited data rate per FCM (slow
2 NaNet NaNet NaNet NaNet NaNet ContrOI)
= Loommoter | Lol Jlon) Lo | Lay - (PCIe)TARGET transaction from CPU/GPU
¥ : : 7 mem.
Ly o Physical Layer: Altera Deterministic
Tx}Rx — — Latency Transceivers (8B10B encoding
Block Controller L Logic ECher/T_]re) L T D .
| "Network 0 Data/Transport Layer: Time Division
T = Interface 1 Multiplexing (TDM) data transmission
— : 2 protocol.
accelerator | | controlerr ) 3 g_ Q Na Net Ctrl:
— = protocol translation; encapsulate TDM data
PCle X8 Gen2 core stream in APEnet protocol
= Virtual Memory management (CPU/uC
offloading)
o Virtual-to-Physical Translation
=  Nios Implementation
= HW acceleration: Translation Lookaside
) Buffer (TLB) based on associative memory
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3 Deterministic latency link inter-operability
KM3NeT

shore (StratixV) FCM Off-Shore (Virtex5)

l\]a et3
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File Verti al Timebase Trigger Display Cursors Measure Math Analysis Utilities Help

0 Testbed: FCM vs Terasic DE5-Net

= Custom hw mode for FCM
Transceivers (Xilinx)

= Latency deterministic mode for
Stratix V Transceiver

= 2mt copper and 2 mt long fiber

o Test:

= 12 hours of periodic (~s) Tx clock
reset to verify pll locking and rx
imebase 640 psf Trigger B Word allgnment
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Time Division Multiplexing (TDM) support

KM3NeT
Opens a new window on our universe Field vﬂmv Code Start Address smp Address Length [byte]
: : : . Start Frame FRAME_CODE 0x0000 0x0000 1
NaNet I/O interface Customization: Famelime | DATACODE G0z 0x0008 161
. . . . FCM Slow Control DATA_CODE 0x0009 OXO00E 14441
* TDM implementation: compliant with OMOSiow Control  DATACODE  0x000F ox0014 11441
OM1 Slow Control DATA_CODE 0x0015 0x001A 1:4+1
_ 1F1 1 OM2 Slow Control DATA_CODE 0x001B 0x0020 1+4+1
KM3Net-IT specification, echo test OK! e e e A o s o e
OM4 Slow Control DATA_CODE 0x0027 0x002C 1+441
OMS Slow Control DATA_CODE 0x002D 0%0032 1+441
IDLE_CODE Hydro data No IDLE_CODE 0x0200 0x03FF 512
FRAME_CODE OMOo Phy Data No IDLE_CODE 0x0400 0x07FF 1024
DATA_CODE OM1 Phy Data No IDLE_CODE 0x0800 OXOBFF 1024
OM2 Phy Data No IDLE_CODE 0x0C00 OXOFFF 1024
OM3 Phy Data No IDLE_CODE 0x1000 OxX13FF 1024
OM4 Phy Data No IDLE_CODE 0x1400 0X17FF 1024
¢ N d N et3 TX OMS Phy Data No IDLE_CODE 0x1800 OX1BFF 1024
log: 2014/07/07 12:00:39 #1
Type Alins Name -16 1 -1|4 1 -1|2 1 -llo L} -Is L} -IS L} -'4 Ll -'2 ' 0' L 2'
R ...er_inst|reg_valid[4] ;
R ...er_inst|reg_valid[5] E
R ...er_inst|reg_valid[6] ;
< & ..otojtdm_address { 270Fh }_0000h (_0001h  0002h _ 0003h _0004h _0005h _0006h _0007h _000Bh _00CSh J{ D00Ah  000Bh _ 000Ch _000Dh  00OEh 4 G00Fh _0010h ¥,
S ...trltx_proto|tx_ctribit
< #-..:tx_proto|dataout _BCh } FCh i 1Ch j{ 44h x DSh ¥ 41h ¥ 7Fh ¥ 17h ¥ F8h X 19h ) BCh X 00h X 55h j%j 1Ch ¥
N ...tx_proto]FCM_valid :
&5 ~...proto]FCM_slow _4| 1

* NaNet3 RX:
Data flow: NaNet3 > FCM board = NaNet3

log: 2014/07/07 12:42:42 #1

Type|Alias Name -10 . -5 . -6 . -4 . -2 . ? . 2 . 4 . 6 .

£ #-_.proto]OMS_slow | 00000000h

> ..._ctrl:rx_proto|ctrl_bit 1 [ | 1
=5 ...r:rx_proto|datain {_01h  FCh ) 1Ch j 44h ¥ DSh ¥ 42h ) BAh ¥ 8Ch ) 66h ) EAh jij 1Ch X FCh X 55h ¥ BCh ¥

Es ...1x_proto|TdmCnt { 270Fh ) 0000h " 0001h }{ 0002h ¥ 0003h 3 0004h _0005h ) 0006h _0007h _0008h :§j 0009h } 00DAh ¥ 000Bh ¥ 000Ch ¥ 000Dh ¥ 000Eh i 00OFh  0010h
= & _ctrl:rx_proto|len 4 | i oo D




o Linux Kernel Driver

EEURETILG NaNet? Software

Opens a new window on our universe

Number of packets in a single CLOP

Status/Configuration registers. >

TX registers interface. 1 2 M
Custom Event Queue [ I I I R I
management (N I oy o

a NIOS II Firmware T T T 7T T T 7s
New BSP for NaNet3 board. @~ e e
Initialization of NaNet3 channels. L T T T T 1T 1T I~
Management of 4 concurrent data
streams

0 Appllcatlon Library

nan3_t nan3_open(int card_id); int nan3_close(han3_t nan);

int nan3_register_clop(nan3_t nan, nan3_chan_id_t chan, u32 pkts, u32
items, u8 is_gpu);

int nan3_wait_event(nan3_t nan, nan3_event_recv_t* event);
u32 nan3_write_slow_data(nan3_t nan, u8 channel, u8 deviceld, u32 data);

o Application Template

=)
INFN

L/,

KM3NeT-Italy SC - P.V. - 12 maggio 2015 7



] cureTiLe SW/HW Initialization

KM3link \

CONFIG. KM3link

KM3link

KM3link

KM3link

_/

U 0O O O

CLOP buffer registration 0o Virtual/Physical address in
Pages pinning Nios memory
Virtual/Physical address o KM3link Configuration

Driver/uC communication | |2 KM3link Alignment
o KMa3link enabling

INFN
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OM Slow Control Management
‘ ) 4 N\
KM3link
SLOW : Na_Net KM3link KM3link
CONTROL Registers TX CTRL KM3link
KM3link
N Vi AN %
o TX registers interface 0 glow I;:ontdrol mesiages
Istributed over the
o Slow control buffer KM3links and data
management

curruption avoidance

o Slow control encapsulated
in TDM streams
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P M3NeT
Opens a new window on our universe

Data Reception and Processing

/ Wo \
NIOS II KM3link
R
(o) KM3link
U
T
E KM3link
R
DATA WA §E EUAN -
PROCESSING V&er 1ivy KM3I|nk

_/

Data encapsulated according to
APEnet+ protocol

Virtual Address generation

Data Routing

Virtual-to-physical translation
PCIe DMA write process
Interrupt generation (clop buffer)

/

o Signalling to the application
(FCM server) of reception of
new frame.

(]

o 0000
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P M3NeT
Opens a new window on our universe

NaNet3 current status

o Testbed Environment
= FCMserver
= NaNet3
=  FCM + FEM (off-shore systems)

o Echo test (single channel)
=  NaNet/FCM roundtrip

o  Slow-control test
= TX: from NaNet3 to FCM

o Data Acquisition test
= Frame ID in slow_control_0
= Data integrity
= Single channel 72 hours test passed
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E EURETILE
KM3NeT _

o Procedura di installazione HW/SW
completata e documentata
= Doc di installazione con patch da
eseguire documentati con immagini...
«  FCMServerSetup.doc
— patch per USB cable

— procedura completa di
assemblaggio FCMServer

"  Procedura automatica di
configurazione OS/Driver delle
FCMServer

« Installazione via script di OS, driver e

application software
«  One-click” setup: replicabile e
testabile

«  Utilizzata per installare 4 server a
LNS

%)

NaNet? current status
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NaNet? next steps

0 Patch HW per segnali di calibrazione
=  Progetto completato, da implementare ASAP

o Versione 4 canali

- Component| HW/SW ready:

Re-design dell’interfaccia PCIe RDMA (nuova TLB per supporto
x4 data throughput)

« Re-design dell’architettura switch/clop-based

«  Supporto per 4 canali indipendenti

«  Driver software ottimizzato

« ... Ulteriori piccoli ottimizzazioni e miglioramenti architetturali...
= Under test

- Effettuato test singolarmente per ogni canale

«  Pianificata la realizzazione nel nostro lab di Roma di un setup di
test aggiuntivo a canale multiplo (FCMs, fibre, etc...)

«  Finalizzazione compatibile con l'installazione di > 2 torri
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B cureTiLe NaNet3 at work....

KM3NeT
Opens a new window on our universe

o Di cosa abbiamo bisogno per il test del read-out di KM3Net-IT
basato su NaNet? ?
= Un piano della torre = 1 fibra.
= Per ogni fibra utilizziamo un cage/connettore SFP+

= NaNet design e’ modulare:
» L'hardware/software di una singola DE5-Net offre fino a 4 connessioni SFP+ indipendenti

« Il design di NaNet supporta 1 Porta SFP+ (i.e 1 fibra, 1 piano, running da gennaio) fino a 4
Porte SFP+ (i.e. 4 piani, 4 porte, hw/sw ready, design under test)

= (Ogni torre necessita di 16(?) connessioni SFP+. Di conseguenza per il read-

out di una torre:

« 16 FCMServer con DE5-Net installata ognuna connessa ad un piano (via fibra su porta SFP+)
(ORA!)

« Appena la versione 4 canali verra’ rilasciata in produzione una torre 4 FCMServer con DE5-
Net installata

o Nel frattempo a LNS abbiamo:
= 4 FCM server installati tramite la procedura automatizzata di installazione e
configurazione del software necessario sulla FCMServer
= Replica del testbed di Roma con FEM che emula traffico e struttura dei
frames connessi a NaNet3

™ - Siamo pronti per connettere il sistema alla Torre
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