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Data Acquisition at Jefferson Lab

« At JLab we have 4 Experimental Halls, all running with different detectors - and
physics priorities.

- Of course, all are having increased demands for the DAQ.

« EXxperiments are increasingly reliant custom electronics to interface detectors and
digitize signals.
- ASICs and FPGAs are becoming the norm (and the future) for the front-end.
- But older hardware is still relevant and useful (particularly for starving budgets)

« Our goal is to support both the traditional Triggered model along with the
Streaming model within one integrated DAQ framework.

- Leverage existing hardware to implement streaming
- Add support for new electronics
- Try to make it as seamless and user friendly as possible
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The CODA Data Acquisition Toolkit

The ROC is software responsible TS -

for collecting data from front-end ,"AFECS cooL )
hardware and sending it to the 5 Database ROC - Readout Controller
next stage : | EMU - Event Management Unit

ET — Event Transport (Shared memory)
AFECS — Agent Framework Experiment
Control System

Platform

Trigger/Clock

__________________________________________________

File

EMU EMU 7
(Event Builder) (Event Recorder) File




VXS Standard (VITA 41)

® ] . | F A L. W, .

* JLab standardized on this technology for the 12GeV Upgrade
- Originally used for the L1 trigger data path
e Dual Star — switched serial backplane (along with original VME)
* Up to 20Gb (4 lanes) from each Payload to the 2 Switch slots (A, B)
* Up to 18 Payload slots are available
* Easydistribution of Trigger, Sync and low jitter clock to all modules in
the crate.

VXS Trigger Processor (VTP)

* Relievethe ROC of all the “Readout” tasks and implement them in the FPGAs.

* Triggered or Streaming readout from ALL payload modulesin parallel

* Ingenral, the payload modules should have some intelligence/programmability and
serial link capability (e.g. FPGA-based).

* The Software ROC now is primarily responsible only for Configure, Control and
Monitoringthe VTP-Based DAQ.
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Linux OS on the Zync-7030 SoC
(2-core ARM 7L, 1GB DDR3)
10/40Gbps Ethernet option
(runs the CODA ROC)

Xilinx Virtex 7 FPGA

Serial Lanes from both the VXS
backplane and the Front panel
4GB DDR3 RAM

Four
10Gbps
Ethernet

16 total lanes

==
for external

serial links

JLAB — VTP Board

VXS Trigger Processor (VTP)

3GByte SDCard

Serial Console |< >
10/M100/1000Mbps [ -
Ethernet -

10/40Gbps Ethemet («-+izne @ 10.3125GT/s»

Linux VS

£-7030

4x 10GbE

——2h @ 1333 —>|

1GByte DDR3

16 Status Oulputs (to payload ports}——— |
[————16 Status Intpuis (from payload poris)

QSFP 1 HW TCPP Stack FADC
% * 16 Payfload I
o Ports FADC
+ '
(%] = =
S i 2 FADC
| = [
o - FADC
pep— -
Trigger Stream ¢« 4lane @ 5 5GT/s—a —iidb @ -a::~.-r=.—>| 2GByte DDR3 |
QSFFP 2 VeSS
Ewent R Backpl
TriggerSiream 1, .- 5 8 5GT/s—» e <—wawom—>»  2GByte DDR3 | scpiane
QSFF 3 : 64 total FADC
_ ———————————dlane @ B.5ETIs 2 [
Trigger Stream d Dats ! senalﬂanes
QSFP 4 €—slane @ 8.5GTis—M Concentrator] i to 16 payload ports FADC
i — [
i *—: e -EI!': SGTis >
Trigger Stream —1zne @ 5.5GT/ XKCTVEA0T : T FADC
QSFFP 5
— |
FADC
32x LVDS Outputs [+ Trigger Programmable Clock ¢
Legic Distribution RefClk
V1495 Compatible
Expansion I . = Suool
ower Supply ¢
Seguencing/Monitoring =
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JLAB Clock and Trigger Distribution System

Trigger Distribution Crate

TS — Trigger Supervisor (VME/VXS)

SD — Signal Distribution Board (VXS)

TD — Trigger Distribution (VME/VXS)

Tl — Trigger Interface ( comes in several flavors)

- CTS >
PCle TI <>
[ e | (TRIGGER,CLOCK, (BUSY)
SYNC)
VME VXS

Front-End ROCs:

(up to 127)

N N )

—

For large DAQ
systems with many
— front-ends (ROCs)

The Tl board can be
used as a TS for small
systems
(up to 9 front-ends)
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JLAB FADC - Streaming mode

A 250 MHz FADC generates a 12 bit sample every 4ns. That’s 3 Gb/s for one channel. 16 channels is 48 Gb/s.
Currently, we identify a threshold crossing (hit) and integrate charge over a ROl and send only a sum and timestamp for each
hit.

Available bandwidth will allow for 1 hit every 32ns from all channels.
A data frame (Time Slice) for all available hits is generated in the VTP every 65us

Readout Time Slice
TS1
(65 115) TS2 TS3 TS4
RO ROI ROI J' l ROI J
Chan 1 B y TN Y MM
I a P L | 1 s 3
TﬁFM THT/ TH\/ TH/
Fine § i |
Time Stamp 3 ;4 o >« >
RO ROI | ROI
Chan 16 5 — 3 3

a I ‘ s
TH/ THM o \/

The next revision to the firmware will have an option for full ROl wave forms to be streamed, but this will allow
possible dropped hits due to bandwidth limitations

The FADC can still simultaneously operate in triggered mode with an 8us pipeline and 2us readout window.
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FADCs - Triggered vs Streaming

Triggered Mode

RO ROI ROI Ex.ternal
M AT Trigger
—~ ~ N (timestamp)
i/ W/ W/
9 Sle(SampIe#)
~ PTW (0-2us)
) PL (0-8[s) i

PL: Programmed Lookback
PTW: Time window

Data we get on a trigger:

- FADC waveform values for the ROI
- Threshold Sample # (hit time)

- Trigger absolute time stamp

Length (words)

ROC Data Format [

Tag [ DT [ M

Trigger Bank

Data Banks

F

Trigger#
timestamp

Streaming Mode

Time Slice
ROI RO ROI F(Frame #

i

CTTTTITTITN (TTTTTTTTTI v & timestamp)
— -~ — N |
Tﬁ\/ Tﬁ\/ Tﬁ/

Fine time stamp (4 ns) Ni( Max Sample #)

9
1 Frame = N Clocks (up to 16bits, currently 65536 ns)

Data we get for a Frame:
- Pedestal subtracted sums over an ROI for every hit over threshold

- Threshold sample # fine time stamp for each hit
- Frame # and absolute time stamp for the frame

Length (words)

ROC Data Format [ Tag | DT | 5
Stream Info Bank } Frame #

timestamp

Data Banks
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Primary tools:

Vivado (VHDL & SystemVerilog)
- Needed forfast and/or minimized logic, specialized bus interfaces, specialized IP, multi-clock domain handling

Vivado HLS (C/C++)

— Used fordata processing, formatting, and aggregation
— No problem saturating 10G Ethernet ports
Vivado HLS Project - C++ w/special HLS directives to instruct parallelism:

Firmware Compiler

Vivado HLS 2017.4

@ B> @ L -
)= - ) =
is Report for " ing_eb his’

General information

Date: Wed Jul 27 16:42:20 2022

version: 2017.4 (Build 2086221 on Fri Dec 15 21:13:33 MST 2017)
Project: streaming_eb_hls

Solution: solutionl

Product family: virtex7

Target device:  xcTvxSSOtHg1927-1

Performance Estimates

= Timing (ns)
Summary
Clock| Target Estimated Uncertainty
ap_ck 6.40 6.00 0.80
= Latency (clock cycles)
Summary
Latency | Interval
min max min max _Type
7 rdataflow

= Detail
= Instance
Latency | Interval
instance Module min max min max_Type

frame_info_proc 0 U0 _frame_infoproc 05 7 2 ? 7 none
frame_info_proc574_U0 frame_info_proc574 7 7 2 ? none
frame_info_procS75_U0_frame_info_procs75 7 7 2 7 none
frame_info_procs76_UO_frame_info_procs76 2 7 2 2 none
eb_data_writer 0 UD  eb datawnter0s 1 1 1  1function
eb_data_writer_1_571 UDeb_data_writer 1571 1 1 1 1function
eb_data_writer_2_572_UOeb_data_writer 2572 1 1 1  1function
eb_data_wnter_3 573 UOeb_data writer 3573 1 1 1 1lfunction
ebif_writer_0_U0 ebif_writer_0_s 1 1 1 1function
ebif_writer_1 568 U0 ebif_wniter_1_568 1 1 1 1function
ebif_wnter 2 569 U0 ebif_wnter_2_569 1 1 1 1function
ebif_writer_3_570_U0 _ebif_writer_3_570 1 1 1 lfunction
ddr3_reader_0_UO ddr3_reader_0_s 1 1 1 lfunction
ddr3_reader_1_562_UO _ddr3_reader_1_562 1 1 1 1function
ddr3_reader_2_563 U0 ddr3_reader_2_563 1 1 1 1function
ddr3 reader 3,564 U0  ddr3 | reider 3564 1 1 1 1function
ddr3_reader_4_UO ddr3_reader_4_s 1 1 1 1function
ddr3_reader_5_565_U0 _ddr3_reader_5_S65 1 1 1 1unction
ddr3_reader_6_566_U0 _ddr3_reader_6_566 1 1 1 1function
ddr3_reader_7_567_ U0 ddr3_reader_7_567 1 1 1 1function
frame_info_router U0 frame_info_router 0 0 1 1function

% Loop

utilization Estimates

= Summary

tream v ming eb_perisstreaming eb_h

¥ Debug + |Synthesis 6¢ Analysis

L« streaming_eb_his.cpp &3

#pragea HLS INTERFACE ap_fifo port=s_migl_rd_addr

#pragaa HLS INTERFACE ap_fifo port=s_mig0_rd_addr

spragea HLS INTERFACE ap_stable port=frame_len

#pragea HLS INTERFACE ap_stable port=roc_id

#pragma HLS DATAFLOW

trean<frame_info_t> s_frame_info_0[16];
nfo_t> s_frame_info_1[16];

streamcframe_info_t> s_frame_info_2(16];

static hls::streancframe_info_t> s_frame_info_3(16];

#pragsa HLS DATA_PACK variable=s_frame_info_0

#pragma HLS DATA_PACK variable=s_frame_info_3
static hls::strean<ebif_datas_t> s_eb_infos4[4];
#pragua HLS STREAM varisble=s_eb_infobd depth=64 dis=l
#pragaa HLS DATA_PACK variable=s_eb_info64
i > s_ebif_datab4_partialldl;
#pragma HLS STREAM variable=s_ebif data64_partial depth=64 dim=1
#pragma HLS DATA_PACK variable=s L ehxf _datasa_partial

ddr3_reader<0>(s_migé_rd_din[6], s_mig0_rd_addr[e]);
ddr3_reader<1>(s_mig0_rd_din[1], s_migo_rd_addr[1]);
ddr3_reader<2>(s_mig0_rd_din[2], s_migo_rd_addr[2]);
ddr3_reader<3>(s_mig0_rd_din[3], s_migo_rd_addr[3]);
ddr3_reader<a>(s_migl_rd_dinlo], s_migl_rd_addrlo]);
ddr3_reader<s>(s_migl_rd_dinl1], s_migl_rd_addr(1]);
ddr3_reader<6>(s_migl_rd_din(2], s_migl_rd_addrl2]);
ddr3_reader<7>(s_migl_rd_din(3], s_migl_rd_addr(3]);
ebif_writer<0>(s_ebif_dataéd_partial(e], s_ebif_datass(e]);
& ebif writer<l»(s_ebif datad_partial[1], s_ebif datasa[1]);

ebif writer<2>(s_ebif dataéd_partial[2], s_ebif datasal2]);

ebif writer<3>(s_ebif dataéd_partial(3], s ebif datass(3]);

eb_data_writer<o>(s_eb_infosalol,
eb_data_writer<l>(s_eb_info64(1], s_migo_rd_datalll,
eb_data_writer<2>(s_eb_info64(2], s_wigh_rd_datal2],

ig0_rd_datalo), s_migl_rd_datale],
s_migl_rd_datal1],
s_migl_rd_datal2],

_ebif_datass_partiallo]
s_ebif_datasa_partial[1]
s ebsf_data6d_partiall2]);

eb_data_writer<3>(s_eb_info64[3], s_mig0_rd_datal3]. s_migl_rd_datal3], s_ebif data6d_partiall3]):

07 frame mtn_pmnn;(msg hdr_enable, ss_total_streams,
frame_info_proc<l>(cmsq_hdr_enable, ss_total_streams,

frame_info_router (port_ensble_mask,
}

frame_len,
frame_len,
frame_info_proc<2>(casg_hdr_enable, ss_total_streams, frame_len,
frame_info_proc<3>(cmsg_hdr_enable, ss_total_streans, frame_len,

roc_id,
roc_id,
roc_id,
roc_id,

s_frame_info, s_frame_info_0, s_frame_info_1, s_frame_info_2,

port_enable_mask[o],

port_enable_maskl(2],
port_enable_mask(3],

ais_module_id,
ais_module_1d,
ais_module_1d,
a1s_module_1d,

cpu_evt_async_en,
cpu_evt_async_en,
cpu_evt_async_en,
cpu_evt_async_en,

s_frame_info_3);

streat
streat
streat
streat

Vivado Project - usual mix of VHDL and Verilog custom and Vendor IP:

J p_fade_stream v7 - Uhomeibrayd Vip_fade_stream vInp fade_stream vZ.xprl - Vivado
fle Edt Flow Jools Window Lsyout iew Help Synthesis Out-of-date detalls <
= LI Default Layout v
PROJECT MANAGER - vtp fadc_stream v7 ? %
5 Sources 7 0% Project Summary 200 x
§ - ~
H Q + B & Project name: vtp_fade_stream_v7
3 B TPl . = Project location: A v Y i p_fade_stream v7
g > @ wp_master_bridge_inst : vp_master_bridge Froduct famiy: Virtex7
> @ wIck_per_inst : v7clk_per Praject part: wePwES0tfigl 9271
> @ v7sd per_inst - v7sd_per Top madule name: ¥
> @ streaming_sb_per_insto : streaming_sb_per T — WL
> @ v7mig_per_inst_r : vmig_per(syntr A
> @ vImig_per_inst | : v7mig_perisynt
> @ ebio_te_per_insta : ebio_bperisynthe
> @ ebio_tx_per_instl ; ebio_tx_per Synthesis Implementation
> @ gefp_per_gen|3).v7aureragblob_per_geny7al
tatus: outof-date atus: Hot started
> @ qsfp_per_gen|2]v7aurcraBblob_per_gen7at E A & -
> @ qsfp_per_genll].v7auroragbl ob_per_gen.v7at o ALECTTRTE Messages: o errors or warnings
> @ asfp_per_gen|0]v7auroraBhl Db _per_gen.v7al At run: 1 Active run; ImpLL
3 @ wastrg_per_geni15].v7auroraBbl Ob_per_gen.v Fart: *eTWB501Figl 927-1 Part: e TS 0tffg1827-1
> @ wistrg_per_gen|L4].v7auroraBbl0b_per_genv Strategy: \ivad Synthesis Defaults Strategy vwado Implementation Defauts
> @ wistrg_per_gen|13].v7auroraBb10b_per_geny' Report Strategy.  Vivado Synthesis Dafault Reports Report Strategy: Vwad Implamentation Default Reports
> @ wistrg per_gen{12].v7auroraBbl0b_per_geny' Incremental complle:  Hone
\ B smeten nar nant1 1 Tairnrah fh nar nan
Hierarchy ® Sources  Libranes ompilat 4 b 5 . o
Properties 2 _oox tion Run Implementation to see timing resut
&
uUtilization Post.Synthesis | Postimplementation Power
Graph | Table
wr 3
LUTRAM 8 4
[ 2q
BRAM 29
v I 74
= Run Implementation t I "
ot 100
BUFG 59
MMEM 25
PLL 15
) 3 0 75 100
Estimated Utilzation (%) i
T es 1% | Design Runs ?2_00
Q x 8 + %
Name Constraints Status WNS TNS WHS THS TPWS Total Power Failed Routes LUT R BRAMs URAM DSP  Start Elapsed
o~ Lsynth 1 constrs 1 Synthesis Out-of-date 112699 139431 33800 0 0 721227:48PM  OR1EL~
impl 1 constrs 1 Mot started
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Front-end Crate Simulation

Aldec Riviera used for VHDL, SystemVerilog, C/C++

1. SYNC released (starts data flow)
_ _ 2. Analog pulses to FADC250
- Read & write files & network %, 3.Serialized pulses to VTP
_ ~ % 4, Writes/Reads to/from DDR buffer
_ L|brary access (ROOT, EVIO, etc) 5. Frame builder writes TCP stream

- D etal |ed Waveform VI EWI n g for (R] scripted_based - fhome/braydo/Projects/fisfw/Sknulation/aldeg/scripted_hased/testbench/fadc_streaming.awct - Riviera-PRO

File Edit View Control Simulation Tools Window Help

. Bv@ B EB® X B Oe BB W @ 0> »loms
low-level debuggin BABE Suk Wh# B-FMTOSEH-4 O UE WMTLE 2 b 4 a9 e
[ Design Manager =/2)x] [Es  ebio_rx_per.vhd [#]x||[ vxsreadout_crate_pkg.vhd (#]x||[% wxsreadout_runsim.de (% | v [% Hierarchy B|EES
debug ~|mE D Fr N E G @ 6 @fsus-320024716 1397~ | A 4 & R TR O NLvdé P hh (Ao - Enter filter text ~| ¥ 14 attributes v
A t | t N f t N Name Name Vvalue Fo oo 20 is0 oo P20 a0 pso Jeeo oo | us| | Name De
- =y | e L BB BB BB Y g e et =
CCurate iatency intormation so e
3 vetroc - ® CONFIG_DONE 1 kY & ti_en_gen _false
£ vetroc_tdc_trg ~ 1 SD_TIN.SYNC 0 B & vmesiot_gen_0
{3 vsem_lib = ADC_TH (boo000 % & vmeslot_gen_1
B vtn 27 & pp serial Links PP Serial Lipks & vmeslot_gen_2
— 8 vtp_z7_stream . & vmeslot_gen_3
2 vip_v7 17 UXS_TRG_RX_TDATA {00080000000060 % & vmeslot_gen_4
£ vip_fadc_stream_v7 7 UXS_TRG_RX_TVALID 0000 800 sasa p < - vmeslot_gen_5
= gvtlfﬂdastfﬁm -85 DDR3 Transactions DDR3 Transactiony - & vmeslot_gen_6
vtp_mpd_readout_v7 . ‘. - % vmeslot_gen_7
many failure cases from rea e T .
il vtp_solid_ecal_v7 1ir DDR3_RD_EN® 0 ) & vmesiot_gen_9
£ vtp_uxs_readout v7 17 DDR3_RD_DATA RDO 0 | & vmesiot_gen_10
g \/[pyxs;ea:mu:}Y 115 DDR3_WR_EN1 0 [ : \/mas:utiganii; g
system tests e - : | | CiEmE |
- compile_all.do 7 DDR3_RD_DATA_RDL 0 5 ‘ Processes | Hierarchy | Datasets
+-[ga compile.do - 8% Network Output Hetwork Output K - .
. ! >, O
- - . - & B vxsreadout runsimde |~ 1 TCP_TX_DATA {00000000000000 = Objects 2J[EX
I . ! ' 1 TCP_TX DATA VALID {00 00 60 00} (00 60 06 66} 180 08 80 DO} 160 00 00 00} Enter filter text «| ¥ (7| Attributes ¥
= | u | | . wW | u Design Manager Filesystem £t st s — ——
Libraries # uxsreadout_crate inst vxsreadout_crate_inst 1 CONFIG_DONE_ARRAY FFFFFFFFFFFFFFEFFF,
5
. - - & vtp wrapper_inst Vtp wrapper inst TSN uu
& |Enter filt. v =
imul for ingl - | T HCH e ongooneoos
.
"Ea'"emmm = & streaming_eb_per_inst® streaning eb per instd 1T o QuIcCKeIM_EN e
"1 sroot S yTnig_per inst r VvInig_per_inst_r - 7T BLOCK_LEVEL N
3 tadestream_test & uTmig_per_inst L vinig_per_inst_1 i TT BUFFER_LEVEL 1
C rat e O 5 FA D C a n n e S ut CE o evio pper e Suio_te per (1o ;ﬂ ?:u(EmsmT MASK igglsa
y g solidecal_test & ebio_tx_per_instl ebio tx per instl " =
d N
'.:::::dzdt_i:: pkg % streaming_eb_inst streaming eb_inst
o 1in - + | | & Detaut cursar 150 900 08 5590 rs 72 102 300 s ——————|
oren on akes a 1ew irames 10 s e s ;
Libraries | Stimuli ‘ O 7bus - 320024716139fs .+~ joo Locals | Objects |
. . &2 console BH[E
et needed information ¢ SEmE—— :
o # EX o : MIG: Read Data 273FAG71273F206D273ECOG6A273EAG69254BA071254B206D254AC06A254AA0692357A0712357206D2356C06A2356A0602163A071216320602162C06A2162A069 =
o # : MIGB: Read @ 98000010 .'.
o # : MIGB: Read Data 2F8FAG712FOF206D2FOECOGA2FOEABGI2D1BA0712D18206D2D1ACO6A2D1AAB692B27A0712827206DIB26CO6A2B26 071293 96A2032A060
o # : MIGL: Read @ 82000840
- # : MIGO: Read Data 36DFA@7136DF206D36DEC 4EBAOT134EB: 4EACOBA34EAABBO32F7AD7132F72Z06D32F 6CO6A32FEAB603103A0713103206D3102C06A3102A069
o # : MIGE: Read @ 63000818
- # : MIGO: Read Data 3EAFAO713EAF206D3EAECOGA3EAEAO693CBBAO713CBB206D3CBACOBAICBAADBI3ACTADT13ACT206D3ACEC06AIAC6A06038D3A07138D3206D38D2C06A38D2A060
> R 2
Console [Cansole (C | Find Results

[ 5 I ™ [ | Default Debug Coverage Console Dacuments 4

71ps latency: analog puléé to network interface Jefggon Lab




Event Viewer/Processing Tools

EVIO compliant files come from real DAQ and simulation output. Allows standard Jlab DAQ tools and event builders to use these sources
from the new streaming data system.

E.g. jeviodmp is checking 'event block' format for correctness:

vtp2_streamv3_1TCP_1000.dat bytes (on indra-s1) - o x
File
fscratch/abbottd/dataivtp2 streamv3 1TCP_1000.dat
Search By Word Position +1 +2 | 43 +4 iR Comments —— Color Key ——
0 0x634d7367 (20697320 0x636f6T6C OxBEE0000S) Ox00000624 +| IGlock normal
2 word ¥alue 5 0300400000 000000001 0 1 i 1 0 34 S iEvent ]
© word Position 10 5x0000000d R ARRRRR] o B 0 1 o 24 LA WEBE)
b 15 Oy DE0EL G0 G DO0E0EEE GxcOdaflen O BE0BGE0 Gxffd1@l@d  Block Header| Block with error
) Page Scrolling 20 Oy 0A03G400] 00001067 [ 1 & 1 0 34 Event with error
. 75 €] id] G fff 11 6] = ¢ i ) 24 Evio struct error
alEviclalock 30 000001504 ExOE000000 Bxc0da0100 0400000004 Eufd20160 oGNS
) Evio Ewvent 35 Oy 00800400 o ¢} 4] 1 ¢} 54 T
o 28 5100002415 OxEEGO0GEL B E [ 1 [ 21 Glnentiselelinn
 Evio EFault 45 000002204 O GE000DEE B Odatle0 0xBO00240C 000241811
50 OX0EE000G o Ff302011 031610003 & &
—SearchFor————— 55, Oy 00300000 41050004 0y DOE40082] Oy BEE7TE0ES) %0080 G083
||oxcodaomo \ - || 60 0x00afo0sd 0x0000035e 0300020100 008109 f 0x00113fal
65 Ox0O11OFFF Ox10489F 3 0104831 6F 0x1B8499F FF Ox10ac9Ff6
Search Controls —— 70 0x10ad3f6d Ox103d9fff 0x11109F17 0%11113F70) Ox11119Fff
75 0x11749F 6 m11753f6d 0117591 Ff ox11degfef 0x11d9376f
| = ” = | 20 Ox11d96F Ff Ox123cof o 012343763 0x123d9F Ff Ox12a89Ff1
| Start Scan ” Stop | 85 0x123137 67, 0x123197ff 0x130487 0 013853761 0x130597ff
j2¢] x13689fes) 1369352 0135991 ff Bx13ccSfer) Bx13cd3f 6L
[ Done | o5 0x13cd9FFf Ox14309fef 0143137564 0x14319FFf 0x14949Feb
1060 0314953761 14959F ox14fegted 0x14f93F5f Ox14f99fff
Block Info—— 1065 B3155cSfeq 1554358 0:155d9fff x15c09fed Bx15c135¢
Total words [13 110 0x15c19F Ff Ox16249fed 01625315 0162597 ff 0x16889Tea
Header words g 115 0x16893F65) Ox1B890f ox16ecofes Ox16ed3fsa Ox1Bedofff
|d number 1 120 0x17500Fdf 0x17513f53 0%17519FFf 0x17b49Fdf 0x17b53757
125 0170597 FF Ox15159feS 015193153 0181997 FF Ox187coFda
Event count |1 130 0x157d359 Ox1E708T T @x15e05Te5 Ox18el3f5h Ox18el9TTT
Version [4 135 0x19449Fdc 019453157 0194591 0x19a389Fda 0x19393760
Has dictionary [false 140 0x18390f ff Gxlatcofed 12043154 Gxlagdofff Gxlaroofdd
Is last [true 145 0x1a713f5c Gxla?lofff Oxlad4ofed Ox1ad53f56) Oxladsefff
150 Ox1b3ESTes) Ox1b303760 Ox1b38ef 0x1bGcSfed) Ox1bod3762
155 Ox1bodofff Oy 1c0ofdd 0x1cG13f5a Ox1c@LOFFf Ox1cB49fde |
160 x1cE53f50 Cxlohoofff Oxlccaofdf Oxlec83f5e xlecSofff >
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Beam Tests

Recent beam tests with a calorimeter
prototype at DESY (Thanks to Doug Hasell for
coordinating this opportunity)

5x5 PbWO4 Crystal Array (2 cm”2 face) with
2-5GeV electron test beam

Jlab 250Mhz FADC boards

- Triggered data are waveforms read out over
VME bus.

- Stream data are integrated sums and times of
all hits over a threshold in the calorimeter
regardless of the trigger status.

phototubes

Trigger scintillator




Simple Hybrid CODA System

==
=

Two ROCs are defined for
the DAQ System

SD

Trigger

CPU

VME_ROC
Runs on the CPU 1
Reads out Triggered data VXS Crate FADCs

| i
VTP_ROC 10Gbps (Stream
- Aggregator)

Configures and manages
EMU File
1Gbps (Event Builder)

the stream data
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Beam Tests

Calorimeter spectra — Streaming Data
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FADC Channel
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Beam Tests cont...
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“Zero” Suppression

In the streaming environment we have to
manage these the two extremes

- Empty time frames

- Too much data for available bandwidth

For the current Streaming ROC format there
IS a minimum 72 bytes/frame sent.

- For 65us frames that comes to ~1.1MB/s
"empty” data rate.

Making time frames longer reduces the
overhead. Allow for an adjustable time frame
(planning to expand support fo frame size
65us to >1ms).

EVIO Header (32 bytes) is just for transport
to the Aggregator — then stripped.

Empty Frames for the Beam Tests

TET (threshold | Empty Frames Frames with
over pedestal) Triggers

10

50

68.9% 0.084%
97.0% 0.64%
EVIO Header

Length (words)

ROCID | DT [ SS

TSS

AlS

PP1

PP N

Minimum 40 bytes
forupto 2
— payloads.
Total 68 bytes for 16

—_—

payloads

.!_g,f_f;gon Lab



Congestion & Latency Management

« Too much data can be handled both locally and globally
* Globally “Sync” is used to start and stop all the streams at their source (FADCs)
- An optional “Busy” generated by any ROC can feed back and inhibit all streams for all ROCs

« Locally, PPs stream hits to a VTP DRAM buffer. The Frame Builders have a frame “fifo”
- DRAM can hold programmable number of frames (anywhere from 1 to many thousands).
- When frame buffer is full, the front-end payload card will drop the frame (frame timestamps allow tracking loss).
- This frame buffer depth constrains the latency of the frame -> network (when UDP is used):
Our typical settings: max latency = 131kByte (rramesize_max)* 256 (FrameBuffer max) * 4 (pp_num)/ 9.5GDbPS (Linkspeed)= 113mMs maximum

80ps minimum is typical since we expectto operate at low link occupancy

PP 1

/DRAM

VXS

PP 16

N

~

_____________

J

Zynq 7/
1 | Tcp/upp!
2 | TCP/UDP!
3 | upP
4 | upp

* Up to 4 independent network streams can be defined.
Each PP maps to a specific Frame Builder/output stream. VTP

Note:
TCP Performance
~7-8 Gbps per link without frame drops

UDP performance (8000 MTU)
>9.5Gbps per link without frame drops
~50% CPU utilization for a single stream

(These tests were done with both VTP and a
Server connected through a single switch)
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Some general observations...

 The design of our Clock/Trigger/Sync/Busy distribution system is critical to the flexibility and

functionality of the CODA Hybrid DAQ.

 The VXS platform works for JLAB (as we have a large inventory of this hardware), but is an impractical
and/or financial overhead for small university groups. The same could be said for other solutions like

the FELIX/DAM architecture for EIC.

+ It seems there is a need for an affordable COTs or alternative "lightweight” solution which supports
Streaming that can be made available to the community for development and test systems. Front-end
modules with optical outputs ideally would have Ethernet support for easy compatibility with standard

PCs.

The critical component to just about
any system is a System on a Chip with
enough resources to support at least a
few Front End electronics serial link
protocols and perform 15t stage
hardware stream aggregation. And
present the data to the next stagein a
standardized way.

FEE

e

FEE

FPGA

FEE

SoC

ethernet

[ VXS/VTP

FELIX
“Smart” Switch

PCle

Server

Server

Form factor:

PCle?

Stand Alone?
VME board?
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Summary

We have successfully started integration of Streaming support within the CODA software framework
and supported hardware.

The Hybrid DAQ system give us a lot of flexibility to support older hardware within a Triggered system as well as
newer hardware that can conform to the the Streaming requirements.

UDP data transport from the VTP is proving to be reliable and the most efficient method for getting data to backend
processing.

Upgrades to JLAB FADC firmware this Summer will allow for more streaming options including waveforms.

The ability to take both Triggered and Streaming data simultaneously should provide useful data for Online
processing to better define efficient event identification algorithms as part of a high level trigger.

Integration of other ASIC-based front-end electronics within the CODA streaming environment still
needs to be developed.

CLAS12 DAQ is working to replace a few front-end electronics that don't support streaming. They are making an
effort to secure the option to switch to a streaming DAQ. Would be a great test bed that may not require a huge
investment.
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Timing System Components

Serialized trigger word

Trigger, Clock, SYNC

TS Clock, Encoded SYNC

BUSY

BUSY

SD

Trigger/Clock/Sync

Tl

FiberLengthMeasurement

BUSY / Trigger acknowledge / ROC acknowledge

—> VXS PO backplane signals
b

— MTP Optical fiber
— g

other status

Other
127 TI

.g_gf_ggon Lab



