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NaNet Project Objectives {NEN

NaNet

Designand implementation of a family of FPGAbased PCleNetwork Interface
Cards

¢ Bridging the front-end electronics and the software trigger computing
nodes.

Supportingmultiple link technologiesand network protocols.
Enablinga low and stablecommunicationlatency
Havinga high bandwidth.

Processing data streams from detectors on the fly (data
compression/decompression and re-formatting, coalescing of event
fragments,é).

¢ Optimizing data transferswith GPUaccelerators
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N NaNet Modular Design g?

NaNet

¢ |I/O Interface
A Multiple link

— _ A Multiple network protocols.
Physical Link | |APElink TSE Det. 10G ]

" Coding 1/O IF MAC | | |Latency BASEKR |'3 A Off-the-shelf 1GbE,10GbE
g Protocol Word | UDP 6 oM | =2 UDP g . .
€ | Manager || swir | = = £ = A Custom APEIlink34gbps/QSFP)KM3link
€ ata &| [pecom] & S| [MultiStream ] <
g Pro[ze:;sing K ;}ressor % N/A | 2 mg Q Router
=~ APEnet Proto Link NaNet - NaNet NaNet g , ] .

Encoder | |_cul curl curl cul A Dynamically interconnects I/O and NI

Router pOFtS.
! ! — > | C NetworklInterface
TX Block RX Block 32bit Micro Memory ? ; )
— — [ 7 °°“‘£°“‘" Jﬂ controller ER A Manages packets TX/RX from and to
S d|S Network
£ 1 Intertace CPU/GPUmemory,
» "|12 7||L_comrober (o || | ventuese A TLB& Nios Il Microcontroller
! f ; A Virtualmemory management
PCle X8 Gen2 core
¢ PCleX8 Ger? Core
A CPUBW
A 2.8 GB/sRead+ 2.5 GB/sWrite
A GPUBW

A 25 GB/sRead& Write.
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N  KM3NeT-IT Neutrino Telescope gﬁ

NaNet

KM3NeT-IT is an underwater
experimentalapparatusfor the
detection of high energy
neutrinosin the TeMPeVrange
based on the | erenkov
technique

The deployment site is located
about 100 km off-shore Porto
Palo di Capo Passerg Sicily,
and about 3500 m under the
sea The on-shore station is
located in Porto Palo di Capo
Passero
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KM3NeT-IT DAQ {NF

A detection dowerdis composedof:
@& Floor Control Module = 600 MB/s tthUthUt

¢

i Optical

i Module
> G
AN
\T Anchor C
. c
- i——& Eo.Cable
off -shore

14 floors 20m verticallyspaced Eachfloor has

A 8 m bars,equipped with 6 Optical Modules

A 2 hydrophones

A oceanographicinstrumentation
FCMmanagescommunicationbetweenthe on-shorelab
and the underwater devices,also distributing the timing
information (GPXlock)and slow control signalsreceived
from the on-shoreequipment

2.5 Gh/s optical link per floor (800Mb/s payload) with
TDM data protocol.

Initialdesign 2 twinned (on and off-shore) FCMper floor.

Issueswvhen scalingwith the number of towers

A Cost/Power/Reliability of DAQ cluster hosting read-out
boards
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" DAQ Cluster RN N

Floor Control Module JeYer: 180, per 4 floors
(FCM)

NaNet? is the on-shore
counterpartfor 4 FCMboards

N Y - | A Reduceby a factor 3.5 the
Buoy NG numerosityof DAQ cluster
‘ Deterministic latency links are
required to obtain a common
timing and known delay for the
spatiallydistributed read-out

Implemented on Terasic DE5-
NET development board (4
SFP+cages)

Optical
Module

T Anchor
?— k—(— E.O.Cable DAQ Cluster
off -shore on -shore
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N NaNet 3 INF

SATA SATA
Host Ports Device Ports  256MB Flash

Device TERASIOE-NET
Display  (Support up to 8GB) QDRII* SRAM = SO-DIMM Slot

G

¢ Basedon AlteraStratixV FPGA i o
G
G

Factory/User
Load Dip Switch

12V Power
Supply
Connector

PCleGer? x8 (GerB support) e &5

4 User Switches —{-

CDCM61004
= Programmable
Oscillator

MR- JTAG Header

4 independent SFP+ ports #s g
(up to 10Gb/S) 4 SFP* Ports |}

PCI Express
x8 Edge Connector

MAX_RST Button

CPU_RST Button
SMA Clock I/0 QDRI+ SRAM 12v

Push-Buttons FPGA Mode Fan Connector
Select Dip Switch

¢ NaNet specificationdor enhancedKM3NetIT read-out system

A Deterministiclatencylink :0 F i Ix @ td e elockgdiétribution for underwater events
time-stamping

A Time DivisionMultiplexing protocol support

A 4 channelsPCleboard (i.e. lessservers)essread-out boardsé)
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N NaNet 2 developer team INEN

NaNet

¢ R Ammendold®, A. Biagioni®), O. Frezz&), FE Lo Cicerd®, A. Lonardd),
M. Martinell®, P S PaoluccP), E PastorellP), L. Pontissdr), D. Rossettd),
E Simuld?, L. Tosorattd?), P Vicinib),

¢ Thanksto the TDAQteam: FAmeli®, C. Nicolau?), E Simeoné&?

(a) INFNSezionedi RomaTor Vergata
(b) INFNSezionedi Roma

(c) INFNSezionedi Pisaand CERN
(d) nVIDIACorporation,USA
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NaNet 2 overview s
KM3link
¢ RX: payload of different ofShore devices, oy | fotoney | fotome] | Loty

TDM TDM DM

Manager

multiplexed on continuous data stream at
fixed time slot

Data
Processing

APEnet Proto NaNet NaNet NaNet NaNet
Encoder Ctrl Ctrl Ctrl Ctrl

KM3link
KM3link
KM3link
KM3link

N/A N/A N/A

I/O Interface

A PCleDMA transactionto CPU/GPUnemory — I ] I :
¢ TXlimited data rate per FCM(slowcontrol) [~ | s || ooy 1] 59
A PCle TARGET transaction from CPU/GPU 1 |— Network 3

! Interface

RX DMA

Controller GPUI/O Event Queue

Accelerator DMA Controller

¢ Physical Layer: Altera Deterministic Laten
Transceivers (8B10B encoding scheme)

¢ Data/Transport Layer: Time Division
Multiplexing (TDM) data transmission protocol.

¢ NaNetTransmissiorControl Logic
A protocol translation encapsulateTDM data streamin APEnetprotocol
A VirtualMemory management(CPUNC offloading)

¢ Virtuakto-Physicallranslation
A NiosImplementation

A HW acceleration TranslationLookasideBuffer (TLB)asedon associativeanemory
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N NaNet 3 SW/HW Overview INEN

(@ N N\

/ nC KM3link
INIT NIOS Il CONFIG. KM3link
Reqgisters TX CTRL
CONTROL g -
oy RABIOCK A KM3link
PROCESSING \ V2P HW BLOCK /

- j

¢ SW/HWiInitialization
¢ SlowControl Management
¢ DataReceptionand Processing
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N SW/HW Initialization INFN
nC KM3link \
NIOS I CONFIG. KM3Ilink
KM3link
KM3link
KM3link
. A N _/
¢ CLOPDuffer registration ¢ Virtual/Physical address in Nios
¢ Pagespinning memory
¢ Virtual/Physicahddress ¢ KMalink Configuration
¢ Driver/mC communication ¢ KM3link Alignment

¢ KMa3Iink enabling
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N OM Slow Control Management INF
(- Y Ve )
KMa3link
SLOW NaNet L ol
CONTROL Registers TXCTRL .
KM3link

_/

¢ TX registersinterface ¢ Slowcontrol messagedistributed
c Slowcontrol buffer management over the KM3links
¢ Slowcontrol encapsulatedn TDM
streams

¢ Checksum for data corruption
avoidance
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AN Data Reception and Processing INF

NaNet

(- )

g N\
NIOS I KM3link
KM3link
KM3link
DATA KM3link
PROCESSING

_/

Data encapsulated according to
APEnet+ protocol

Virtual Address generation

Data Routing

Virtuatto-physical translation
PCle DMA write process
Interrupt generation (clop buffer)

- /

¢ Signalling to the application
(FCMserver)of reception of new
frame.

O O 0O O 0

0
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arget Memory Management {NF

\2

NaNet

C CLORP CircularListOf Persistenbuffer
A A data frame (8kB) per buffer Number of packets Inaslngle CLOP
A 2 pagesof CPUmemory

¢ Hardware I T T T T T 7
A Stable no latencyfluctuation T [ T T T T -
A TranslationLookasideBuffer: T [ T T T T 15
A 256entries L
A 2 entriesper frame [ T [ T T T T v

A 32 buffer per channel
A Maximumexecutiontime: 4 ms
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N NaNet 3 Software Stack g?

NaNet

C Host

A LinuxKernelDriver
A StatusConfigurationregisters
_l T A TXregistersinterface.
A CustomEventQueue management

Application

Library )
A User space Library (open/close buf reg,
|/dev/nanet | User space waitrecvevts €)
l Kernel space ¢ NiosI Microcontroller
A Single process program performing

Linux Kernel
Driver

I Number of packets in a single CLOP

SystemConfiguration& Initializationtasks

NaNet Device 1 2 . "
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NaNet

NaNet3 On-shore (StratixV)

operabili

Deterministic latency link inter -

FCM Off-Shore (Virtex5)

ty

JUL

ff shore Recovéred cloc

Clock (+ Data)>C

From on shore data

On sh)o(@ ecovered ck< Clock (+ Da’[a) Off shore Refovered clock
From off shore §ata To on ghore data
Cc Testbed FCMvsTerasicDBES-Net
A Custom hw mode for FCM
TransceivergXilin®
A Latencydeterministicmode for Stratix
V Transceiver
A 2mt copper and 2 mt long fiber
c Test
A 12 hours of periodic (~s) Tx clock
resetto verify pll locking and rx word
— — T r— alignment

00
eadll
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N Conclusions s

¢ We presentNaNet
A PCleGer? board

A 4 channelup to 800 Mbps featuring Deterministic Latency and TDM protocol
support

¢ DataAcquisitiontest (eachchannelseparately
A FramelDin OMO_slow_control
A Dataintegrity
A 48 hourstestpassed
¢ Workin-progress
A Integrationwith FCMservempplication
A Testingthe Multi-channeldata acquisition

¢ FuturePossibleenhancements
A GPUDirecP2P/RDMAcapability to support GPUbasedtrigger developments

Ve

A Link speed up to 10Gb/s. Further reduction in number of optical channelsis
possible

A PCleGer implementation

Andrea Biagiond VLVntT 2015

15/09/2015 NaNe#t: the on-shore readout and slowcontrol board for the KM3NeTIT underwater neutrino telescope



\2

THANK YOU

Andrea Biagiond VLVntT 2015

15/09/2015 NaNe#t: the on-shore readout and slowcontrol board for the KM3NeTIT underwater neutrino telescope



" : C. . : i )
INF
N Time Division Multiplexing (TDM) N
NaNet /O interface Customization:
TDM implementation: compliant with
KM3NeTFIT specification, echo test OK!

K Code Kout D
IDLE_CODE
FRAME CODE -
DATA _CODE

A NaNee TX

log: 20140707 12:00:39 £1

Type|Alias Name T . T L . S S S O
& ...er_instjreg_valid[4] i

E ...er_instjreg_valid[5] i

E ...er_instjreg_valid[6] ;

'_55 #- _..otoltdm_address {_270Ft W02h ) 0003h % 0004h ¥ 000Gh ¥ 0006h ' 00OFh % 00CBh M0AR ¥ 000Bh % 000Ch ¥ 000DR % O00Eh 0o1oh

& ..tr:x_proto|tx_ctribit

£ - ..:tx_proto|dataout _BCh 44h % DBh ¥ 4lh ¥ FFh ¥ 17h % F8h % 19h 00h % BBh

& ...:t%x_proto|FCM_valid

£ #-...proto]FCM_slow 4] [

A NaNe€ RX:
Data flow: NaNet A FCM boardA NaNet

log: 201407/07 12:42:42 #1
Type |Alias MName -10 . ‘? , ? , ‘f . ? , ? , 2| . ‘1 , EIS

3 - proto]OM5_slow i 00000000k

£ ..._ctrl:rx_proto|ctrl_bit |
&5 - .rlrx_proto|datain {_01h 44h % DBh ¥ 42h ¥ BAR ¥ BCh ¥ GBh ¥ EAhR FCh W BBh —
B F-_.r¢_proto|TdmCnt { 2T0FR 002h ' 0003h ' 0004h % 0005h % 000Bh ' 0OO7h ¥ 000Bh 000AR % 000Bh 3 000Ch ) 000Dh ¥ 000Eh noioh
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