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BaBar

Abstract
Experiences developing a data acquisition system for thedBAR CP violation experiment located at the Stanford Linear Accelerator Center are presented. The BBAR detec-
tor consists of multiple independent subdetectors joined with a data acquisition system consisting of a large number of embedded PowerPC single b@amputers residing in
VME crates. The data acquisition software is layered on the VxWorks real time operating system. It is partitionable to allow subsystems (as well asttegands) to operate
independently. Data is assimilated into events through a combination of shared memory and a high performance network. This system presents data toNiXJfarm via a
high speed non-blocking ethernet switch at a rate of 2 kHz.
Topics such as bootstrapping and loading 200 processors, NFS file access for these processors and software development andrsglare discussed.
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The BABAR detector on the PEP-II beamline

Data from the 5 subdetectors is digitized on the detector in so ¢
Front End Elements (FEES).
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FEEs are connected to Read Out Modules (ROMs) with op
fibers, one for control and one for data.
A ROM can handle up to 32 FEEs.

Personality Card Motorola MVME2306 PowerPC board

1960 PMC card

Controller Card

Read Out Module

ROMs are 9U VME cards composed of four independent cir

boards. There are two varieties of Personality Cards to interfac
fibers: triggered (TPC) and untriggered (UPC). The Controller Ca

provides access to the custom P3 backplane, carrying contro
timing signals. The processor card is a commercial Single B
Computer: Motorola MVME2306 with 300 MHz 604r PowerPC,
MB DRAM, 1+4 MB flash memory, DEC 21140 ethernet interfa

Tundra Universe Il PCI/VME bridge, serial port, 2 PMC expansi o}
slots. The serial port and network access are brought out throug
P2 connector over a custom flex-circuit attached to back side of §
VxWorks RTOS is booted from flash.

PMC daughter card contains i960 to transport data from PC to S
There are some 170 ROMs in 24 VME crates. ROMs are used for

icébr the network transport. UDP is used to transfer event data f

ture extraction and partial event building.

The Fast Control and Timing Systengs
distributes messages such as the
L1Accept trigger and PEP-II derived =
timing signals and collects ROM- L]
generated inhibit signalsFULL).
Messages are accompanied by a

bit, beam-crossing derived time
stamp. The FCTS was designed tp
allow partitioning of the system. The
hardware trigger system generat
L1Accept from deposited energy and
tracks plus geometrical constraints
IThe L1Accept timestamp is used to
?éjg eventsegmentsin all ROMs. e
LlAccept rate is 2 KHz. Thisrastcontoland Timing Distribution and Ethemetwork
reduces the 2.35 GB/sec from the detector to 65 MB/sec.

The Data Acquisition system is governed by the Finite S
Machine model. State transition requests are passed around
the FCTS messaging scheme.

Systems Catalyst 5500 switches. The TCP/IP protocol stack is

ROMs to the Level 3 trigger processor farm. Packetization, pa
acknowledgement and flow control were implemented to make
transport reliable and allow events of almost arbitrary size.
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Network Layout

EEvent segments from data-taking ROMs are built into eVead-

:
A
Bfhis ensures that all fragment contributions of an event go to
2same L3 node. L3 nodes are Sun machines running the Solaris
eating system. The physics rates resulting from the L3 trigger is
z. The data rate going to persistent store is 3.2 MB/sec.

ering around each stage of event data processing smooth
B\gclriations in data rate. When a stage’s buffering is exhausted
next stage upstream is notified. This process continues (called
3%ressure) until FEEs can no longer deposit data into ROMs. At
eE(Sint the FULL signal is asserted to disable L1 triggers.
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The network consists of 100 Base Tx, full duplex ethernet and Ci

Lessons learned and Suggestions

« To allow concurrent independent development of subsections o
system, partitioning was implemented

*RTOS kernel was put in flash and network parameters were tun
achieve reliable booting in fastest possible times.

« To ensure that a multiprocessor system is coherent, third party
ing tobroadcast loadkernel, code and constants should be use

» Connections should be brought into the backs of modules, not
the front panel, to reduce connector failures and lower the prob
ity of incorrect wiring.

«\ersion management is used (e.g., cvs) to keep track of chang
code and data files.

»Loadable objects are (or will be) tagged with a version “number 3

that it can be determined what has been loaded after the fact.

« Strived for scalability so that errors in system parameter guess
mates can be compensated for.

2« Used object oriented methodology and C++ for alBBR soft-

ware. Not all compilers support all features of the language. Thi

caused unavailable features in one compiler to be avoided for
with other compilers.
S« Some C++ features caused more difficulties than they solved,
* templates and inlined functions. Dependency trees became
€ unwieldy.
keIncluded header files cause compilation time to increase. Prog

t mers are often not aware of how deeply nested header files are.

effect on compilation time causes some programmers to replic
from header files instead of including them.

*RISC programming techniques are different from CISC techniq
Avoid memory references. Make the best use of cache by accl
timing measurements. Watch for prefetch and write posting si
effects. Make sure that memory cacheing attributes are properl

*Looking at the compiler’'s assembler output teaches one how t
trick the compiler into generating the best code.

than linking to private copies. Much easier for package owner:
maintain.
« For packages that must communicate together, dynamic versi

incompatible with the server’s output format.

" mentsin VME slot 1 ROMs according to their timestamps. Event
gments are dispersed to a Level 3 trigger processor by indexing

an available farm node table using the timestamp informati

Go to Rowan Hamilton’s talk
The BABAR Data Acquisition System
for more information

« Shareable libraries and run-time linking allow one to avoid interde-
pendencies between packages. Clients use a common copy ratiler

management can help. Add a version number to data communicgied
between packages so that clients can recognize whether they'r



