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“Round em-up, head em-up, move em-out”

- Ward Bond

For the DataFlow group:

M. E. Huffer, Stanford Linear Accelerator Center
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Outline

Data Acquisition (DAQ), whatis it? One member of the DAQ
“troika”

* The Trigger System.
Determines whenever something “interesting” happens
Anything “interesting” is called aavent

 The DataFlow System

 The OnLine System

What are the DataFlow System’s (primary)requirement®
» Eventvolume rate, andloss

What techniques are brought to bear to meet the requirements?
Generic features of a DataFlow System

The BaBar Dataflow System (specific features)
* The time-evolution of an “event”
* Flow control (specific features continued...)

Further requirements (with an emphasis towards DataFlow)
 Partitioning...

OOPs and DataFlow (a challenge)

Summary
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The Dataflow System

Transports information reliably, with minimal loss from the detector
to persistent store

The Dataflow System consists of both hardware and software in
intimate partnership

« Hardware will be callethe platform
» Software will be calledataFlow

Information constitutes the data associated with the event

Persistent storeonstitutes “the tape”, however:
» Data isnot stored serially, instead it is:

Stored in a random-access device (an object-oriented database)
* Implemented and controlled in cooperation with the OnLine Syster

The detectoris...

n.
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Detector picture here...

Significant feature: Multiple independentsub-detectors

» Implies data must be assembled before the event is complete.

« Assembly is traditionally called “Event Building”
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The OnLine System

Has multiple functions, for example...

Provides environmental monitoring and control. For example:
« High voltages

 Temperatures,

» Gas flows, etc...

But in the context of this talk its two most important functions are:

* Provides the (human) interface to control the experiment
Consequently manages both the Trigger and Dataflow Systems

* Is the consumer of events generated by the Dataflow System
Manages and controls the persistent store

The Online System will be described next week...
« C.T. Day from LBL
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The Trigger System
Multi-tiered (two implemented)
 Levell
 Level 3
Level 1 (L1)

Wakes DataFlow

Heavily pipelined (fixed latency 12 micro-seconds)

Use small (independent) subset of detector information
Deposited energy

Tracks plus geometry constraints

Level 3 (L3)

Woken up by Dataflow System
Works on whole (DataFlow generated) events
Implemented in software

To achieve performance goals, distributed across many processors
(The L3 farm)

Extracts physics (100 hz)
Output of this trigger is what goes to “tape”

L1 plays off rate to maintain efficiency
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Primary Requirements

kiloBytes per ROM per Event Total kiloBytes per
(average) Event

Detector Number of ROMs Input Output Input Output
SVT 26 .33 .33 8.5 8.5
DCH 4 35 1.0 14 4.0
EMC_BRL 80 12 108 960 8.5
EMC_ECP 20 8 70 160 15
DRC 12 1 390 12 4.5
IFR 8 11 250 9 2.0
TRG_GLT 1 0.5 493 0.5 5
TRG_TRK 3 3 770 9 2.0
TRG_ENR 1 3 1360 3 1.0
Total 155 — — 1176 32.5

Average rate from L1 Trigger is 2Khz
« 2.35 Ghytes/seimput from detector
« 65 Mbytes/seoutput from DataFlow to L3 trigger

L3 trigger reduces rate by a factor of 20 100 h2
« 3.2 Mbytes/seto persistent store

Deadtime = (1 - accepted/delivered) (must be=gligible at 2Khz)

Downtime must besmall in comparison to fill time
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Techniques...

Establish intelligence(fast processing) as faupstreamas possible
* Reduce data volume before transporting

Adapt High-speedbusses and interconnects

* Do not allow processors to starve

Move data byindirection. Always minimizethe number of copies
made

* Move data quickly

* Normally accomplished through shared-memory model

Exploit event independence by usingarallelism.Both in the:
 Interconnect strategy
* Processing

Pipeline event assembly and transport. Requires:
» Highly asynchronous system
» Deep buffering

To maintain uptime
* Where ever possible use commodity hardwsidE, Switch)
» Adapt where appropriate commercial standafds_/I1P
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Generic features...

DataFlow modelsthe detector in a sub-detector independent fashion
* TheFront-End-Element (FEE)

Provides an programmatic) Interface allowing the system as a whole
to be controlled

» Based orPlug/Sockeidiom

The platform is composed of:
» A collection of networkediiterconnectepprocessing elements
A processing element is typically a CPU + memory

Interconnect topology is a stricthierarchy

Interconnect is redundant (eplicated twice)
» Data-path(bulky, variable sized traffic)
» Control-path(small, fixed-size traffic, requiring deterministic latency)

The platform has aheartbeat
« 60 MHZ clockdistributed taall elements

« A timebase, whose value magmpledandassociateavith
information transported on the control path

» Maintainscoherencywith external clock (i.e. PEP-II timing system)
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Specific features (the FEE model)...

control
from ROM
(DataFlow)

il data to ROM

DAC | L1Accept (DataFlow)
[
I
[

(trigger)

Read Event

detector |
element

| event queue
Continuous Readout time buffer

» EXxistson-detector

« Communication withoff-detector DataFlow accomplished through G-
Links implemented over fiber-optics

» Analog data amplified/shaped and digitized continuously into circular
buffer (time buffer)

» Event queue exists to smooth transfer of event data off-detector

» DAC provides injection of known signal, allowing for calibration of
analog electronics

* Implementation is sub-detector dependent
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Read-Out Module (ROM)

=om § Row | Rom. General Features
® || ® || ® | < gathers event oriented data from its managed Front-
"o ||"® ||"® End-electronics (FEES)
o o el @ allows execution of code which extracts, transforms,
e o] hestmoon| pestmoer reduces and/or monitors this data (feature
prog1 prog?] prog1 prog?] prog1 prog?| eXtraCtI O n)
: Z j. « allows forwarding the results of feature extraction
P P allows control of FEEs
— | Sub-components of the Module
A * 1960RP based PMC Card (i1960PMC)
A e :
2l @ » Personality Card (PC)
ﬁ - » Untriggered Personality Card
[u] idy » Triggered Personality Card
dlink
B ]l |m] e Dummy Personality Card
flink
g C I < Controller Card
% : * Front Panel
dlink flink .
_ _ | Types of Modules that will be used
test point | test point [test poin
@®| @ « Triggered ROM
e Untriggered ROM
ARNAK | AS| » Network ROM
» Triggered/Network ROM
* Front-End Controller/Network ROM
N NG | AN
I N

Network Triggered Untriggered
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Specific features (continued)...

Generic Unix Box

A collection of these boxes are organized to operate coherently as a
whole (the L3 processing farm). This farm provides a framework for
the execution and management of:

« Event Building
« L3 Trigger

Paths realized through variety of transport mechanisms

Control path
* Principally implemented through the FCTS
Purpose built
Broadcasts arbitrary, fixed length commands (Trigger for example)
o C-links (G-Links)
 VME backplane
» Ethernet

Datapath

* D and F-links (G-links)

 VME backplane

« Switching Fabric
No decision made (likely candidate is OC-3)
Implementation of builder based on TCP/IP
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PEP-II Timing

DAQ Slave Cratp
with ROM count
The ROM counts do n
include the slot 1 ROM

n =

Trigger System
_ .!R‘

Fast Control Master Crate

Procgssor
Farm

Bulk Data Fabric

Michael Huffer
mehsys@slac.stanford.edu
(415) 926-4269

13 of 21




EBaBar Data Acquisition |

Time Evolution of an event

Proxy

Control

<I<l <<l<l<] <I<] ~<I<] «I<]

N

'\ FEE

Source Level

Segment Level

Q Fragment Level
O Event Level

e Source- FEEs

e« Segment ROMS

« Fragment- Slot-1 ROMS

e Event- L3 Processing farm

~————— wealsumop
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Time evolution of event (continued)...

L1Accept

trigger
(trigger) \data to ROM
(DataFlow)

time buffe

Read Event

event queue

Arrival of L1Acceptcauses a slice of data to move from the circular

buffer to the tail of the event queue

 Read-Event (issued by ROM) causes event data to be transported

DMA Engin
on i960RP

f

(sindui gg 01dn)
S334 wol}
sweals induj

Main

Intermediate Memory

« ROM assembles data from up to 32 FEE

PowerPC

Extractio

Event Build

(Gather
across VME

Feature

Main
Memory
Buffers

* Relevant features extracted and posted to Fragment level
» Feature extraction code is sub-detector dependent
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Fragment level assembles all its crate contributions from its ROM’s

* One ROM per crate, designated as the assembler

Once assembled the Fragment is routed to a designated processor on
the Event Level

» Through the Switch and its fabric

» Routing changes as a function of time (each event!)

Farm processor must assemble the contribution from each crate into
an event

* Once assembled the event is passed to the L3 Trigger

» If the event passes L3 it is logged to persistent store
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Flow Control

What happens when the instantaneous trigger rate is higher than
DataFlow can handle?

» Buffering to smooth over rate fluctuations, however...
* What happens when buffering capability is exhausted?

Model of Flow Control is back-pressureoupled to trigger regulation
« Each stag@endsfor its necessary resources (i.e. buffering)
» As resources deplete the system begins to back-up (back-pressure)

« When depletion reaches the Source Lévitlis asserted back to the
FCTS, which throttle& 1Acceptgeneration (trigger regulation)

» Assertion ofFull is deadtime
This process i s accurately monitored
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Further Requirements...

DataFlow must serve as the platform on which...
» Calibration
» Diagnosticgdevelopment, commissioning, and repair of FEES)

Is implemented. This requirement and the desire to spur DataFlow
development necessitates:

« Multiple platforms (other than IR-2)
In turn, multiple platforms, require DataFlgvrtability

* A mechanism for sub-detector, application specific code to
participatein DataFlow

TheFramework The vehicle by which application specific code can
participate in a disciplined fashion with DataFlow

Based on &omposite Finite-State-Machimaodel

Partitioning

« Each sub-detector contained by the BaBar detector is capable of
independent operation

« To maximize (during commissioning and calibration) the utilization of
both the platform and its sub-detectors, the concepaditioning is
introduced:

“A mechanism to share a platform in such a way as to maintain the
fiction of multiple systems operating simultaneously within a single
platform”
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Trigger System

Fast Control Master Crate

PEP-II Timing
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OOPs - A challenge

Babar has embraced (in a very fundamental fashion) object-oriented
methodology, both in the On-Line and Off-line systems.

 However DataFlow wasot required to become a member of the
herd...

In any case, Wehave done so (at both the interface and
implementation level), fortwo reasons:

» Allowing provision for application specific code was a powerful
impetus

» | believe (as a tool) this methodology walbnificantlysimplify the
task of implementing and maintaining DataFlow. In particular:

It will have the capability tahangeover the lifetime of the experiment

However, OOPs and DataFlow is not without itsisks...
* Language standard is a moving target

* Necessary optimization not always possible
 OOPs languages come with “hidden” mechanism

Unlike “c”, where “what you see is what you get”, C++ offers “what
you see isiot all you get (or most likely want)”

« Semantics of dealing with objects in a shared memory system are
“Interesting” (particularly in a heterogeneous system)

 Interactions between objects and hardware is problematic (how do yo
tell a DMA engine to transport an object?)
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Summary

More information can be found on the Web...
SLAC -> BaBar -> Electronics -> DataFlow
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