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DAQ Overview: Motivation

o High Rates of interaction at RHIC

o RHIC spec'd to 10MHz crossing/10kHz
interaction rate (for AuAu, at least)

o Tnterest in rare physics processes
o Stringent Design Requirements

> Need good triggering

o Buffering

o High Bandwidth

o Fast Processing
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Trigger

o One cannot collect data at every crossing, because
o Too many empty crossings
o Tt would take years to collect the data needed to do any
interesting physics
o Trigger system is designed to tell the PHENIX
detector to record data when a collision occurred

o Or when an “interesting” collision occurs

¢ One which has muon tracks, high energy or momentum charged or
neutral particles.

o Signals which are used to make a trigger decision are
taken from the FEMs and fed into the Local Level 1

o Example: BBCLL1 - Beam Beam paddle multiplicities and hit
times
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The Hardware Components of A Granule
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Granules and Partitions
A 3 Partition Example Configuration
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DAQ overview: Event Builder

Performs the final stage of event assembly in the PHENIX DAQ,

assembles fragments from each data stream into complete events
and provides an environment in which Level-2 trigger processing can
occur.

There are three types of Event Builder Components: SEB, ATP, EBC

Sub-Event Buffer (SEB) receives data from Partition Module (PM)

o Event fragments + clock signals received and buffered in a PCT card
(JSEB)

o Data transferred over 32-bit parallel cables (allows JSEB to raise a hold
against PM)

o JSEB has two 1 MB buffers

o PCT bus driver delivers data fo SEB's memory from one JSEB buffer
while the other receives data
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DAQ overview: Event Builder

o Assembly Trigger Processor (ATP)
o An ATP requests data from all SEBs that belong to a partition

o Upon receipt of data from the SEBs, concatenates the event fragments
and then executes Level-2 algorithms (if enabled)

o Built events are then sent to the Buffer Boxes

o Event Builder Controller (EBC) receives notification that data has
arrived at GL1 SEB

o Assigns events to ATPs and tells them to fetch the data from the SEBs

o Keeps track of completed assignments and sends "flush” messages to the
SEBs when assembly has been completed

“Pull Architecture”
o All communication via Gigabit Ethernet
o Data transferred from SEB to ATP using UDP
o (LZO compressed) Data transferred from ATP to Buffer Boxes using TCP
o Control messages sent via Multicast protocol

13 April 2004 PHENIX Focus Seminar Slide 10 of 29
David Winter, Columbia University



Hardware: EvVB machines

Num M anufacturer CPU RAM FSB Disk 0S Network
28| 11|Dell Dual 1GHz P3 256 MB ECC|133 MHz|8 GB SCSI |[NT4 Onboard Dual Fast Ethernet
| 17 plus 1 W2K|plus Add-on Gigabit PCI card
45 Microway Dual 2.4GHz P4 Xeon {1 GB ECC 400 MHZz|37 GB IDE|W2K Onboard Fast Ethernet/Gigabit
32 Microway Dual 2.4GHz P4 Xeon |1 GB ECC 533 MHz |37 GB IDE|W2K Onboard Dual Gigabit
105

o Rack-mounted 1U x86 dual-CPU servers

e NT4 SP 6, Windows 2000 Pro SP3 and SP4

* 39 SEBs

e B2 ATPs

o« 1 EBC

o All connected to CRT display in CR via cascaded
Raritan Master Console IT KVM switches
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TTAG port for Altera FLEX10k

programming FPGA FPGA 2 banks of
1 MB static RAM

Input for JSEB
cable from —_,

Partitioner
Module

PCTI 2.1 interface:

PLX 9080 PCI controller 32-bit 33 MHz with
3.3v or 5v signaling
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JSEB cont'd

Interfaces the Partitioner
Module (PM) to the SEB

Data from DCMs
transmitted via 50-pair 32-
bit parallel cable

Firmware contained in FPGA .
o Versions Ox11 and Ox13 ol

(Pseudo) Driver provided by

Jungo

DMA burst mode not stable ¢t

JSEB Read Speed

00

vie/sec)

Sé)eed (Mb

DMA Burst (4-word)
g DMA Burst (continuous)

0 01 02 03 04 05 06 07 08 09 1

(Firmware v. 0x27 looks promising) Transfer longth (Mbyte)
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13 April 2004

Foundry FastIron 1500

Total switching capacity = 480 Gbps
Jumbo Frames (we use 9014 byte MTU)

15 Slots (10 in use)

o 2 control modules (includes 24 100 Mbps

ports each)

o 6 16-port Gigabit modules (95 ports in use)

o 39 SEBs
o B2 ATPs

o 1 EBC, phnxbox2, phnxbox3, corba
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Software

o Development environment: Visual C++ 6.0
SP5

o Code developed and compiled on dual-CPU
workstation SEBDEV in CR

o Executables distributed to EvB machines
from SEBDEV (via FTP)

o Control via CORBA (Iona ASP 6.0)
e Run Control written in Java
o Performance monitor written in Java
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CORBA

Common Object Request Broker Architecture

The networking protocol by which the run control
software components talk to each other.

Based on a client/server architecture through a
heterogeneous computing environment.
o VxWorks, Linux, Windows NT/2000

Servers implement "CORBA Objects" and execute
the functionality described in the member
functions of the object.

Clients get a reference to the Servers "CORBA
Object™ and execute their member function. This
causes the server to execute the code of the
member function.

13 April 2004 PHENIX Focus Seminar Slide 16 of 29

David Winter, Columbia University




Configuration Data from Run Control
State Machine
whose transitions

are controlled by
CORBA methods

Event-driven
Multithreaded

Specific EvB

components are

derived from this
model
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Communication

o Messaging system
o Each message has a well defined
response/action associated with it
o Data sent as messages
o Control also implemented as message system

o Example: ATP sends a DataRequest Message to
SEB, SEB responds with Data Message for
requested event number

o All network communication done with UDP

® Broadcast messages sent via Multicast
protocol
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Sub Event Buffer (SEB)

David Winter, Columbia University

ATP EBC
A Y
N I N I N
Event Event Flush
Ma Request Buene
P Queue
ATP

Four threads: 1
Receive, 2 Transmit, 1
Flush

Events received from
JSEB

ATPs send requests
for events

Event sent to ATP

After event is
acknowledged by EBC,
it is scheduled for
flushing
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Assembly Trigger Processor (ATP)

EBC SEB Buffer Box
| | 1
A A
N A v cmmes N
Received Level
Assignmf | Event | + 5 1 | Output
Queue | 1
L~ / %
SEB EBC

David Winter, Columbia University

o Threads: 1 Receive,
2 Processing, 1
Output

e Receives
assignments from
EBC

e Sends requests to
SEBs

e Receives events
from SEB

o Optionally executes
Level-2 on
assembled event

e Writes to BB

o Notifies EBC of
completion
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GL1 SEB| |ATP ATP SEB

| 1 ] 1

Received
Events

o Receives notification of events from GL1

o Assigns incoming events to ATPs

o Uses a round-robin load-leveling scheme

o Receives notification of event completion from ATPs
o Sends signal to SEBs to flush data from memory
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Level-2: Design

primitives perform calculations, record ® LOQICGI p|ClC€ to run Level-2:

self, available to all algorithms ATP (conTains whole evenT)
. ° C ey .
algorlthms high level decisions Fr'lmlTIVZS/Algor'ITth SGVZd
based on primitive calculations in ATP data stream
adCCesSSO0rsS access raw data in ° DGTC(bClSZ P"'imiﬁves can
PHENIX Packet form read from db or ASCII
dbprimitives calibration constants, files .
geometry info o Can be run during event
classes (Component Base Classes, buuldmg or as IaTer‘ pClSS
LvI2Array,etc) over data stream
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Run Control

File Options Mode
BBLLL Status
Stop Configured North Glinic South Glink
T i i
(23 Run Number: 110807 Run Control Log
Data Taking Mode: Praduction Issuing comrmand: et evia on
Run Control State: Run Started lssuing command. wait
?,""“I"":u'"g_ et @B0. o Issuing command: download
M P S lssuing command: set runtype physics
— Run Type -- DataFi i],,mm,: bfeventdata Issuing command: scaler read activate
Physics Data File Name: EVENTDATA0c FO1-0000110807-"SEQ#.PROFF Issuing command: scaler etattach
Buffer i i Issuing command: start L
Granule State: Issuing command: scaler gilp read eor
[GTM_MUID S Started ]
Granule GTM Status DCM Stats SEB Status ATF Status EBC Status
Names Run  Busy OKL1 Busy Glink OK Name #Events EventSize  DataRate  BuffUsage ReadEror Busy OK Name #Events #L2Accept #Read BT AssemRate AveDataRate  ATPOK ETOK EBL.
BB 51888 0 [E [ [ SEBBRO 67000  2292KB 4126 MBS 0654 0 1 === arr! 1984 0 1 552048 10.253 MB/s [ ool EBC OK ]
C 61392 BN | 0 [ [ e SEBZDCO 66920 1102KB  2.147 MBfs 0654 0 i [mem ATR2 2287 0 2 §5195/s 11628 MB/s [momi [ &1
MVD 61894 0 [ [ [ SEBMVD.0 66815  7.205KB 12.991 MBfs 0562 0 1 [Eoi ATP3 2109 0 1 639275s 11537 MB/s Fl' '“ ﬂ“ ﬁ”“ l|' ]
0 [ [ [ SERMVDL 66649  4ADOKD  7.927 MB/s 0639 0 I == arr4 2006 0 3 56239 9959 MBss [ - q
DCW 61898 [ (o] (0] 0 [ [ [ SEBDCALO 66960 10.805KB 19452 MBfs 0.897 0 i [ ATES 2325 0 2 554985 10.680 MB/s [
0 [ [ [ SEBDCALL 66720  7.540KB 14300 MB/s 0589 0 i == ATEG 2274 0 1 s56L4s 11.969 MB/s |,
PCW 61900 [ [ ] 0 [ [ [ SERPLWD 66620  B5S0KDB 15418 MBfs 0773 [y 2013 0 1 542745 9171 MB/s H 2 “ 5 2 gﬂ . ]
RICH.W 51902 0 [ [ [ SERRICHAL.0 67180 2590 KB 4.670 MB/s 0.664 [ — 1 ] 2009 0 o 54.203/s 9.165 MB/s a -
EMCAB 61903 [ [ | | 0 [ [ [ SEBEMCWB 67067  6.104KB 10.573 MBfs 0742 0 i [m== ATES 2200 0 1 654795 11.296 MB/s [
EMCAT 61905 =1 [ | 0 [ [ [ SEREMCWT 67160  5.924KB  10.681 Mbfs 0761 [—— 'y T 2196 0 1 65317)s 11702 MB/s e e
DCE 61907 0 [E [ [ SERDCED 66740 10.675KB 19238 MB/s 0.956 0 I [=== ATFB 2179 0 2 56807/s oga7 M B e
0 [ [ [ SERDCEL 66902 .96 KB  16.134 MB/s 0.896 0 i [m== ATRC 2165 0 2 588255 10142 MB/s [t [
PCE 61911 [ [ ] 0 [ [ [ SERFCED 66940  BAG3KB 15242 MB/s 0645 0 i [m== ATRD 2377 0 2 655555 11.257 MB/s [ [
TOFE 61916 0 [E [ [ SEBTOFED 66628  5062KB 9125 MBfs 05639 0 I [=== ATRE 25 0 1 639695 12022 MBs [ =
RICHE 61918 0 [ [ [ SEBRICHED 67240 2611 KB 4.661 MB/s 0.625 0 0 [F50 ATRI0 5457544 43635568 29882988 524545 1.831E+027MB/s [ | [
EMCET 61930 [ | [N | 0 [ [ (s SEREMCET 67220 7.592KB 13565 MBfs 0721 0 i [m== ATRIL 220 0 3 121/s 10.771 MB/s [t [
EMCEB 61932 [ [ || 0 [oo [ (o SEREMCEBO 67160  2238KB 4036 MBfs 0664 1 == ATRIZ 2301 0 3 651157 12221 MBfs [ [
0 [ [ [ SEBEMCERL 67100  5043KB D061 MB/s 0664 0 i == ATR13 2214 0 1 6L277s 11495 MBfs [ [
MUTRS 61936 [l [ (0] 0 [t (s (i SEEMUTRSSTL0 67208 8123KB 14520 MBfs 0716 0 i (== ATR14 1954 0 3 56588/s 10741 MB/s [t [
0 [ [ [ SEBMUTRSST2D  Gro=n ) 0 I [=== ATR15 2260 0 0 638365 10799 MBfs [l [
0 [ [ [ SEBMUTRS<™ i === ATR1E 2275 0 1 E5141s 11580 MBfs [ [
0 [ [ [ SEB" ‘. ‘ “ “ l l m h [ ATPI7 2294 0 1 65537/s 11362 MBfs [l [
MUTRN 61941 ] 0 [ (e <=m= ATRI8 5457544 12114895 30931564  65.274/s 1831E-027 MB/s i (o
== ~ arr1s 0 U 52588s 9365 MB/s [l [
0 [ “‘ TR 2358 0 3 E3As 1L630 MBfs [ [
0 l:l';" lII % ‘8 2430 0 2 657258 10.975 MBfs [ [
MUIDN 61945 [F] [ (] 0 2444 0 3 65450]s 10530 MB/s [t [
ERLE 61948 [ [ 1 |0 = 2310 0 1 65474s 11660 MBfs [ [
ERTA 61950 0 EJ H “l i “ 1 .45 a M B.'r‘ 2419 0 0 656395 11331 Mbss [ [
FOAL 61951 ([ | |00 2434 0 3 655855 10.080 MB/s [t [
AGELW 61854 (| |01
s 178907 KE 321.854 MB
L ] 5
ale LiveTime Live Time(RA) Raw/Ref Live/Rel Scaled/Ref
.13 Hz 10000 10000 10000
. 1.754 KHz 00003 00003 3017285
ZDLR- anz 18833 He 00007 00007 32055
ZDCLLLwiae L460KHz 19204 Hz 00007 00007 33037
ZDCLLInarrow _miz 2877KHz 28495 Hz 00005 00005 49020
UltraPeripheral o _ ooy 32584 Hz 18395 Hz 18305 Hz 00000 00000  3.545
ERT_2x26BBCLLL Disabled 73378 v 0 L765KHz 0000 Bz 0.000 Hz 00002 00000 00000
ERT_GAMMALABBCLLL Disabled 1146 v 0 28385 Hz 0000 Bz  0.000 Hz 00000 00000 00000
ERT_Gamma2 Disabled 1570 o 0 33427 Hz 0000 Hz 0000 Hz 00000 00000  0.0000
ERT Gamma2&BBCLLL Disabled 503 o U 12036 Hz 0000 H2 0000 Hz 00000 00000  0.0000
ERT_Hlectron&sBcLLL Disabled 0 v 0 0000 Hz 0000 B2 0000 HZ 00000 00000 00000
ERT_Hectron{ERWJGBBCLLL  Disabled 21001 o 0 506403 Hz 0000 Hz 0000 Hz 00001 00000  0.0000
ERT_Gamma3&BBCLLL Disabled 2474 o 0 60430 Hz 0.000 Hz  0.000 Hz 00000 00000  0.0000
Disabled 2 v 0 0000 Hz 0000 H2 0000 Hz 00000 00000 00000
Disabled 0 o o 0.000 Hz 0.000 Hz 0.000 Hz o.0000 0.0000 0.0000
Disabled 2 o 0 0000 Hz 0000 Hz2 0.000 Hz 00000 00000  0.0000
M Disabled 0 v U 0000 Hz 0000 H2 0000 Hz 00000 00000  0.0000
MUIDN 1 Disabled 2 v 0 0000 Hz 0000 B2 0.000 HZ 00000 00000 00000
MUIDN_1 D&BBCLLL Disabled 0 o 0 0000 Hz 0000 Hz 0000 Hz 00000 00000  0.0000
MUIDN 1D15 Disabled 2 o 0 0000 Hz 0000 Hz2 0.000 Hz 00000 00000  0.0000
MUIDN 1 D1S&BBCLLY Disabled 0 v 0 0000 Hz 0000 Hz 0000 Hz 00000 00000 00000
MUIDLL1_S1D&BBCLL1 Disabled 0 o o 0.000 Hz 0.000 Hz 0.000 Hz 00000 0.0000 0.0000
MUIDLLI SLDISGBBCLLL  Disabled 0 o 0 0000 Hz 0000 Hz2 0.000 Hz 00000 00000  0.0000
MUIDLL1 S 2D&BBCLLL Disabled 0 ] U 0000 Hz 0000 H2 0000 Hz - -- 09000 00000  0.0000
MUIDLLI N1D&BBCLLL Disabled 0 v 0 0000 Hz 0000 B2 0000 HZ 00000 00000 00000
MUIDLLI_N1DIS&BBCLLL  Disabled 0 o 0 0000 Hz 0000 Hz 0.000 Hz 00000 00000  0.0000
MUIDLL1 N2D&BBCLLL Disabled 0 o U 0000 Hz 0000 Hz 0000 Hz = -~ 09000 00000  0.0000
PPG{Pedestal) Enabled a 18 18 1001 Hz 0384 Hz  0.384 Hz 0429 0400 00000 00000  0.0660
‘ e g T 3 4 Z ] roote [ X feed 7.10 [>< MuTr Calibration DAQ  [X EvBTool
b > [ | == 7 8 Z| [ Feed | & /d/phenix/evb_log - X EvBTool <2 | X Event Builder Rehoot
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Performance Monitor
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Future

o Expansion of capacity

o EvB Components - more servers -> more data
faster!

o Switch - room for five more boards -> additional
80 ports
o Linux port
o Made realistic by removal of ATM
o Common platform for Level-2, offline, etc.
o Easier to develop & maintain
o Flexibility & tunability
o Take advantage of P4 hyperthreading
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Future (2)

o In a position to really study the
performance of various pieces of the EvB

o A’r’renﬂon ’ro The details of ar'chlfecfure
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W Bes07 S o o SOESE %o o e G P R i ol i
o HR e o . o B | B i
0 g o - bt |
— £ o \ 1e+08 D e iar o it
E Sa+07 ?-“# ;,,-H:ﬁ'-_':i-iwl i b ) i i
A Caide 1 il :
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Summary

o High interaction rates at RHIC and PHENIX
interest in rare physics processes place stringent
constraints on DAQ design

o The DAQ is designed to be fast and allow various
subsystems to be run independently

o The Event Builder assembles event fragments and
sends whole events to storage

o EvB is a natural stage to perform Level-2 decisions
(though it's not the only place)

o Critical part of making Run4 the success it's beenl!
> Achieved archiving rates up to 350 MB/s
o Event rate throughput as high as 2 kHz (>3 kHz for pp?)
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The People

o Event Builder
o Brian Cole, Jiangyong Jia, Dave Winter, Jiamin
Jin
o Level-2
o Tony Frawley, Brian Cole, Jiangyong Jia, Jiamin
Jin, Hugo Pereira da Costa, Xiaochun He,
Gobinda Mishra, Chris Cleven, Hai Qu, Jamie
Nagle
o Emeritus: Peter Steinberg, Sean Kelly,
Sotiria Batsouli (and my apologies to any
others I've missed... )
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