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Abstract

All BaBar Data Acquisition Systems have both a hardware and a software component. The software component is called
DataFlow DataFlow’s principle function is to serve as a mechanism to export the functionality of the underlying hard-
ware component of the system. This component will be calledl#iiarm A user (or application) interacts with the

platform through a series of Application Program Interfaces (APIs). These APIs are modeled as a set of C++ classes
organized intgpackagesEach package encapsulates a set of classes which cooperate in order to express a common func-
tionality. The collection of all packages constitutes DataFlow. A reference guide to these packages can be found in [2].
Packages are arranged to take advantage of the two different perspectives a user has of a platform:

® As a module which is “plugged” into the user’s system. Here the user is interested in treating and controlling the
platform as a whole, without any regard for its micro-structure. The set of classes which allow the user to maintain
this view can be found in tidanagemenpackage. Typically, the user is an application executing in an environment
external to the platforne(g.a Unix work-station). An example is the Online System which views the IR-2 platform
as one component of its own system.

® As a system into which one or more application modules can be “plugged”. Once an application module has been
plugged into a platform, it effectively becomes a part, or extension, of the platform. Consequently, modules can be
(and are) managed by external applications via the classedviattagemenpackage. An application plugs into the
platform through the classes provide by @lient package.

Modules can be plugged into different locations within the platform. The choice of where modules are plugged in is
largely driven by the module’s requirements in accessing data. This topic is discussed in greater detail within
Section 1.1 on page 9.

Application modules usually support access to, reduction of, and transformation of event oriented data. This support
is accomplished through a framework which is modeled on a Finite State Machine discipline. (See Section 4.0 on
page 26.) Th€lient package also provides this support.

Every DataFlow component in a platform maintains two representations of its identity. These are knowddretke

and thetag. The address specifies the location of a component within the platform. The tag specifies the location of a
component on the detector. Every detector component has a well defined relation to a platform component. The tag and
address may be used to label the containers which are used to transport data throughout the pla@Gontaifiée

package introduces these labeled containetagged containeobjects which are the fundamental building blocks for

data organization within DataFlow. Tagged containers allows DataFlow to present a regular data access interface
throughout a platform and to transport data with a common scheme.

1. The currently released version can be fountvaw.slac.stanford.edu/BFROOT/doc/www/
Computing/Online/OnlineDataFlow.html

2. rhamilt@slac.stanford.edu, mehsys@slac.stanford.edu, jlw@slac.stanford.edu
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1.0 The DataFlow Platform

Naively, one imagines BaBar with only a single platform whose function is to acquire
detector data from PEP-II interactions. However, in actuality, the BaBar experiment
defines many platforms, only one of which resides in IR-2. These systems serve a myriad
of functions ranging from electronics checkout to code development for both individual
subsystems and DataFlow. While physically disjoint, every BaBar platform has in com-
mon the following features:

* Has one or more VME crates. These crates have a custom J3 backplane and are capable
of housing 9U modules.

* Requires an extern@lming SystemClocking for the platform is derived from an exter-
nal source to allow synchronization and accurate phasing between the platform and the
electronics it is servicirilg

* Requires an externd@tigger SystemThe platform does not include any logic to either
calculate or derive a trigger. Instead, it provides thirty-two (32) input lines, each of
which, if driven correctly will cause drilAcceptto be generated and propagated
throughout the platform. These lines may be driven either externally through hardware,
or internally through software.

» Contains at least one Fast Confpaltition Master(FCPM) and Fast Contr@istribu-
tion Module(FCDM). These modules serve as an interface to the external trigger sys-
tem, provide calibration sequencing, and distribute common clocking and command
signals.

* Has one or morRead-Out-Module@ROMs). The ROM is an intelligent VME module
whose primary function is to gather event data from its managed Front-End-Electronics
(FEEs) and extract from this data the “interesting” features. To support this function,
the ROM has the responsibility to both configure and monitor the behavior of its man-
aged FEEs.

In addition, one ROM within a crate is tasked with the responsibility of gathering the
feature extracted contributions from each of the other ROMs within its crate and post-
ing the result onto the Bulk Data Fabric (described below). By convention this role is
assigned to the ROM residing in the first slot in a crateStbiel ROM.

Both DataFlow and the application code in each Read-Out-Module execute under the
supervision of a commercial real-time kernel provided by Wind River Systems
(VxWorks.

» Has one or mor&eneric Unix Boxef@GUBS) whose function is to serve as both as
source and sink for the Bulk Data Fabric. In addition, these boxes serve as the cross-
development platform for code development targeted to the platform’s ROMs.

1. Because most platforms outside of IR-2 do not have access to a timing system, the platform includes a
clock which can be used in place of the external timing system to drive both the platform and the elec-
tronics it services.

6 dagPlatform.fm



» Has aBulk Data Fabricwhose function is to transport large volume data (principally
event oriented) both into and out of the platform. In IR-2, this function is implemented
through a large capacity network based upon a high-speed switch. For platforms out-
side of IR-2 where cost, not performance is the governing factor, the Bulk Data Fabric
and Control Fabric may shared (typically through Ethernet).

» Has aControl Fabricwhose function is to provide connectivity between the Slot-1
ROMs and any GUBs. This connectivity is used as a path independent of the Bulk Data
Fabric to assist in the transport of small, fixed-sized messages, which represent neces-
sary control, error recovery, and some forms of monitoring traffic.

Greater detail on both the components within a platform and the composition of “interest-
ing” platforms can be found in [3]. However, each platform, regardless of its purpose or
location, subsets from the platform found in IR-2. In addition, DataFlow’s architecture
assures its portability, independent of either platform composition or platform location.
Therefore, this document will use the IR-2 platform as an example when demonstrating
platform concepts. An illustration of the composition and topology of this platform is
shown in Figure 1.

dagPlatform.fm 7
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1.1 The Platform hierarchy

The architecture of the DataFlow platform is designed to address the stringent perfor-
mance requirements imposed by the detector in both event rate and size (see [29]). To this
end, all platforms, independent of their composition, have their internal components con-
nected in a hierarchical fashion. This hierarchy allows the platform to exploit its deep
buffering capability and achieve a high degree of parallelism. DataFlow reflects the plat-
form hierarchy by defining four levels as represented by the following figure:

Proxy

Control

<l<l «l<[<l<[ «[<] ~<I<] <I«]

‘\ FEE

Source Level

Segment Level

Q Fragment Level
Q Event Level

FIGURE 2. The Platform Hierarchy

— Wweallsumop

However, another view of this hierarchy is to consider the platform as a fouestage
pipeline. All platforms are pipelined in the sense that the entire hierarchy contains many
event contributions, in various states of assembly, at any one time. Each event contribution
comes into existence at tBeurcestage, propagates down the hierarchy, and, at each
stage, is associated with all its corresponding contributions. Afvwbetstage, complete

1. Where here an event corresponds to both control and data information.
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(built) events are available for consumption. The function of each stage or level is as fol-
lows:

» Thesourcelevel. At this stage, both control and data information come into existence.
The underlying mechanism for generating this information is through commands
issued by the FCTS’s Partition Master. These commands incluAleceptsvhich ini-
tiate detector read-oualStrobedo inject calibration pulses, al®yncsused to resyn-
chronize the platform’s clocks. The Partition Master is managed by DataFlow software
executing in its crate’s Slot-1 ROM, therefore this stage is sometimes referred to as the
Control level. An application can participate directly in this management through the
classes contained in tdanagemenpackage. However, normally this control is
required from outside the platform environment. To provide this functionality in as
transparent a fashion as possible, DataFlow includes a proxy layer, which gives an
external application the appearance of directly controlling the Partition Master.

» The Segmenlevel. This stage contains boiliggeredandUntriggeredROMS. These
ROMs (and their corresponding code) have two primary responsibilities:

* On the receipt of abhlAccept gather event contributions from tReont-End-Ele-
ments(FEES), feature extract the contribution intassegmentand post the seg-
ment contribution to the Fragment stage.

» Asrequired, monitor, configure, and control the FEESs by issuing subsystem specific
“Read” or “Write” commands down the C-link connected between the ROM and its
FEEs.

» TheFragmentlevel. This stage contains the Slot-1 ROM which has an interface to the
Bulk Data Fabric. The responsibility of this ROM (and its corresponding code) is to
gather its crate’s segments (produced bySbgmenlevel) into afragment The result-
ing fragment is then posted to tBeentstage through the Bulk Data fabric.

» TheEventlevel This stage contains one or more GUBs and represents a generic pro-
cessing farm. The responsibility for gathering the contributions frorRrdgement
stage into whole or complete events rotates among the farm processors. Once the event
has been built it is available to event processors, for example, the L3 Trigger processor
executing under the control of Online Event Processing (OEP).

As discussed in the introduction, Application Modules can be plugged into any location
within the platform hierarchy. The choice of where modules are plugged into the hierarchy
is largely driven by the module’s data access requirements. For example, an application
module which performs feature extraction on the Read-Out-Module (ROM) would plug in
at theSegmenstage, while an application module which requires access to whole (or

built) events would plug into the hierarchy at Egentstage. In either case, the interface

to the data is independent of the stage and is always through the classes contained in the
Client Package.

1.2 Partitioning the Platform

An examination of Figure 1 on page 8 reveals that a platform has the capability to service
the electronics from one or more detectors. These detectors are themselves potentially
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capable of independent operation, however, because they share the same platform, they
cannot in principle operate independently. This unfortunate situation would result in poor
utilization of both the platform and the detectors it services. Therefore, in order to maxi-
mize utilization of the platform and its detectors, the platform has the capability of being
partitioned One can think of partitioning as a mechanism of sharing the platform in such

a way as to maintain tHetion of multiple systems operating simultaneously within a sin-

gle platfornt. In this case, each system corresponds to one platform’s detectors. For exam-
ple, given partitioning, the calibration of different detectors can be accomplished in
parallel. A DataFlow partitioned platform has the following characteristics:

» Control of each partition is mediated through an FCTS module calléthttidon
Master(FCPM). A summary of the FCPM’s functionality and resources can be found
in [3].

» The partition granularity is a singbeate However, any combination of DAQ crates
can be collected together to form a partition. This would imply, for example, that the
EMC could be partitioned as the Barrel, the Endcap, or both.

» The maximum number of simultaneous partitions in any one platform is a function of
both the number of crates and Partition Masters. For example, the IR-2 platform has
twelve Partition Masters, allowing for a maximum of twelve different partitions simul-
taneously.

» Within each partition, the hierarchy discussed in section 1.1 on page 9 is preserved. As
one consequence, application modules within the platform are unaffected by how the
platform is partitioned.

» Triggers can be shared in different partitions. The trigger lines driven by the external
Trigger System are bussed to all the FCBMsth each FCPM having its own pro-
grammable trigger mask allowing it to specify the combination of triggers to which it
will respond. This would allow, for example, creation a partition which services the
SVT detector to use calorimetric triggeviéhouthaving the EMC in its partition.

» Each trigger prescale is programmable and deadtime statistics are accumulated on a
partition by partition basis.

Although any combination of DAQ crates may be assigned to a partition, typically the user
will want to define partitions along subsystem or detector boundaries. Shown in Figure 3
on page 12 is an example of how the IR-2 platform might be partitioned at a single pointin
time. In this example, the SVT and DCH are partitioned together, the EMC barrel shares a
partition with the DIRC while the EMC endcap has its own partition, all three crates of the
Trigger System are partitioned together, and the IFR crate is left unpartitioned. (The code
to accomplish this partitioning is described in section 1.4 on page 13.)

The partitioning concept is fundamental to both the platform and DataFlow. Even stand-
alone systems consisting of a single DAQ crate must assign that crate to a partition in
order to make its services available.

1. Afiction, because partitions must stilarethe potential bandwidth of the platform.
2. In actuality, four of the thirty-two trigger lines are FCPM specific (see [3]).

dagPlatform.fm 11
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FIGURE 3. Partitioning the IR-2 platform

1.3 Managing the platform

Access to those operations which cross partition boundaries is mediated through the
dfPlatform class.dfPlatform objects may be created either at 8wircelevel in the plat-
form hierarchy, or at any location external to the pIatf?JrT)hle user is free to have any
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number of these objects instantiated at a single time. Since all platform usage is typically
done in the context of a partition, the number of services offered layrthgorm class is
necessarily small. These services include:

* Reinitialization of the platform’s time (the details of which are described in Section
13.0 on page 53). The platform automatically establishes its own time upon reset. If
necessary, the platform’s clock can also be reset by meanssetiihnee member func-
tion.

» Retrieving the time at which the platform was reset (viacteation member function).

* Retrieving the current time (via thiene member function).

A dfPlatform object can also be used to create one or more partition proxies. A proxy can
be used to query the platform for information on either a specific partition or on all its par-
titions. For example, to retrieve a reference to the partition currently containing the Drift
Chamber:

dfPlatform myPlatform;
dfMap map(myPlatform); // map the entire system
dfPartition driftChamber(map.Crates(DF_DCH));

If the user was interested in iterating over all the platform’s partitiongathigtons mem-
ber function could be used to return a bit-list of the allocated partitions, as follows:

unsigned partitions = myPlatform.Partitions();

The positions at which a bit &etindicate an allocated partition. These bit positions could
than be extracted and passed as an argumefRal@ition’s constructor.

1.3.1 Shutting down the platform

The Shutdowrtransition (see Section 4.0) must be accomplished througtirtagorm

object since this transition occurs outside the context of a partition. However, the user may
specify a list of crates on the platform to be shutdown. For example, to shutdown the drift
chamber:

myPlatfrom.Shutdown(map.Crates(DF_DCH));

For this operation to succeed, the drift chamber crates must be currenthstandey
state.

1.4 Establishing and monitoring a Partition

A DataFlow partition is established through an instance ddifthanager class [2]. The
object’s constructor takes as an argument the list of crates to be allocated to the partition.
ThedfManager object may be created either at 8murcelevel in the platform hierarchy,

or at any location external to the platform, however, for the same crate list, only a single

1. but with connectivity to the platform.
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dfManager object can be in existence at any given time. The reason for this restriction is
not only because a crate can only be in a single partition at a time, but also because the
FSMs in a partition can only be sequenced from a single source.

Though each partition can only have afi@aanager, it is perfectly reasonable to have sev-
eral references (or proxies) to the partition. For example, several applications spread over
different processes might want to map a given pre-existing partitiodf(eép) in order

to retrieve information about the partition. Instantiatirtgrartition object provides the

user with this functionality. A discussion of the usage of this class is found in Section 1.3.

ThedfManager class inherits from théfSequencer class, and uses thécalibCycle class

[2]. The member functions in thManager class supersede certain member functions of
thedfsequencer class. These member functions are invoked in order to allow user control
over both partition specific application code and the partition’s calibration sequencer. Fur-
ther information on this functionality can be found in Section 4.0.

To create a partition, one simply instantiates an object affthenager class. The argu-

ment to the constructor for the class specifies the composition of the partition. This com-
position is expressed as the list of crates to be contained in the partition, with each crate
being specified by a crateimber Crate numbers are physical addresses whose assign-
ment can change as a function of time and platform. To ensure the portability of applica-
tion code, the crate list is normally conditionalized through a logical address specification
and thedfMap class. The most natural logical address is the detector number (See
“Addresses and Tags” on page 38.). For example, to determine the crates that constitute
the SVT detector, independent of platform:

dfPlatform myPlatform;
dfMap  map(myPlatform); /[ Map the entire platform...
unsigned crates = map.Crates(DF_SVT);

Once the platform has been mapped, various combinations of crates can be composed and
used to partition a specific platform. For example, to create the partitions illustrated by
Figure 3 on page 12:

const unsigned TRIGGER = (DF_TRG_GBL | DF_TRG_ENR | DF_TRG_TRK);

dfManager partition(map.Crates(DF_SVT | DF_DCH));
dfManager barrel(map.Crates(DF_EMC_BRL | DF_DRC));
dfManager endcap(map.Crates(DF_EMC_ECP));
dfManager trigger(map.Crates(TRIGGER));

1.5 Dissolving a partition

To dissolve a partition, simply delete its instantiatédanager object. Any FSMs (See

section 4.0 on page 26.) running within the partition are sequenced back down to the
Standbystate. Once a partition is dissolved, the crates are once again available for the con-
struction of new partitions.
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2.0 Streams

The stream constitutes one of DataFlow’s fundamental metaphors and provides for the dis-
tribution of information (both control and data) throughout the platforstréamcarries
information quantized in units @atagrams Since a datagram employs Envelopé_et-

ter idiom, the stream has both the appearance and capability of carrying arbitrary objects.
Streams are unidirectional, that is, they transport datagrams in only a single direction. This
direction may either be from the control stage to the event stagmétrea or from the

event stage to the control stagpgtrean). Streams always mimic the platform hierarchy,

with the consequence that information propagated downstream generally requires fanning-
in, while information propagated upstream must be fanned-out. A stream is normally asso-
ciated with an autonomous service which, while constrained to a single partition, crosses
processor boundaries. Since within a partition DataFlow provides more than one service
simultaneously, it follows that within a partition many streams coexist simultaneously.
These streams are differentiated by their name, with the name suggestive of the supported
service. For example, thigameWorkstream supports the movement of event oriented

data through DataFlow’s Finite State Machine discipline.Jbeurrencestream supports

the Occurrence Manager by transporting out-of-band occurrences from their source to
potential downstream application handlers. Since all relevant streams are automatically
setup and configured by DataFlow the client is not normally concerned with either their
construction or installation. Instead, the client’s attention is focussed on how to access the
datagrambcarried on the stream.

2.1 The information carried on a stream (Datagrams)

Datagrams employ aenvelope/Letteirdiom, where the datagram represents an envelope
which (potentially) contains a letter. A letter represents a single arbitrary object which

may be inserted or removed from its datagram. Because of the regular, well-defined fea-
tures of the datagram it may be inserted (posted) or removed (delivered) at arbitrary sites
along a stream. In addition to envelope/letter behavior the datagram comes with a promise
of guaranteedielivery. That is, the poster of a datagram will receive notification when the
datagram is both delivered to and consumed by its downstream recipient. This provides
the client with a mechanism to assure deallocation of any resources associated with posted
datagrams. If a datagram consumer does not acknowledge delivery of a posted datagrams,
a time-out mechanism assures notification. A datagram is realized througbettze

gram class (see [2]). The following illustration represents the datagram and its contained
object:

1. Actually, the datagram’s contents.
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Return addresgdflTaggedContainer)
Letter (Sizeof, Typeof anddfObject)
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Postage clasgservice)
Postage stamgstamp)

FIGURE 4. The Envelope/Letter idiom as a metaphor for a datagram

Each feature of the envelope is modeled by the class in the following fashion:

» Postage stampA value typically used as a key to assist in correlation of a sequence of
datagrams. This functionality is exploited, for example, by the concentrator appliance
described within section 3.5.

» Postage class A small integer which enumerates the function or service the datagram
offers as it moves through the stream. This number is accessed through the datagram’s
Service member functions. Its usage depends on the service associated with the stream.
For example, on thErameworkstream, the service number enumerates a requested
FSM transition. Associated with each service number are a pair of context values,
accessed through the datagramgisem andApplication member functions.
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« Letter- an arbitrary objedtcontained by the datagram. The semantics for inserting and
removing the object from its datagram are inherited througbftaggedContainer
class (See “Tagged Containers” on page 43.) Without “opening” the envelope certain
characteristics of the letter are known, these include its type and size. Both characteris-
tics are accessed through thpeOf andsizeOf datagram member functions.

* Return Addressspecifies the source of the datagram. The access member functions for
this information are inherited througlitaggedContainer (see “Tagged Containers” on
page 43). These member functions allow the source address to be returned in either
DataFlow or detector space.

* Address represents the destination address of the datagram. The poster of a datagram
does not actually know its final recipient. Instead, the datagram is posted to a stream.
Therefore, the address representsdn@eof a stream.

Typically, empty datagrams are created and passed as arguments to application provided
action methods, therefore the client is not normally concerned with their creation. For
example, thelfAction clas€ is passed a potential output datagram, throughuthet

argument to itsire member function.

3.0 Appliances

Streams are in and of themselves relatively useless because they do not provide a mecha-
nism which allows clients to introduce, sample, and extract the datagrams associated with
a stream. This missing mechanism is provided by DataFlow through an abstraction called
anappliance An appliance is attached to either the stream or to other appliances. By
attaching to the stream, the client is able to both source and sink datagrams on the stream.
By attaching to other appliances, the client may serialize and coordinate stream related
activity between itself and other appliances. The attachment mechamesyulés, in the

sense that the interface remains the same, independent of the client’s location within the
platform hierarchy. This interface is represented by the abstract basefafgsgnce

1. But must inherit frondfObject.
2. Associated with thdfFSM class.

daquUitility.fm 17



(see [2]). The relationship between the appliance as an abstraction and the member func-
tions of its corresponding class is as follows:

IsOn
On/Off

Datagrams

Post (data to the appliance)
IsConnected

r Connect/Disconnect

datagram flow direction

FIGURE 5. The Appliance as a metaphor for a stream attachment

An appliance’s major features can be enumerated as follows:

A plug, which allows the appliance to access incoming datagrams. The appliance is
“plugged” into another appliance by providing a reference to the appliance as an argu-
ment to theConnect member function of the appliance to be plugged into.

An outlet,which allows the appliance to retransmit datagrams to another appliance.

The Connect/Disconnect member functions provide access to the outlet. An indicator

is provided so that the appliance can determine whether an appliance is plugged into its
outlet (thelsConnected member function). The appliance posts datagrams to its
plugged-in appliance by calling back sst member function.

An on/off switchwhich allows the appliance to remain plugged into another appliance,
but still able to accept or discard incoming datagrams. A created appliance comes up in
the off state. An indicator is provided to determine whether the appliance is either on or
off (thelson member function).

A utilization indicator which indicates how many datagrams have been both sent and
received by the appliance (through thagrams member function). In addition, the
creation time of the appliance is stored and can be accessed via the apieaceis
member function.

18
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Although applications are free to invent their own appliahdkey normally interact with
a stream through a set of appliances predefined by DataFlow. These appliances are dis-
cussed below.

3.1 Inlet

Each processor has, for each stream running through it, two pre-installed

and connected appliances, nameditthet and theterminator. These

appliances “bridge” the stream between adjacent stages within the Plat-

form hierarchy. If the stream moves datagralmenstreamthe inlet is

Symlbl%ltfor a plugged into its upstream stage and the terminator has plugged into its

outlet the downstream stage. If datagrams nupstreamthe inlet has
plugged into its outlet the downstream stage and the terminator is plugged into the
upstream stage. An inlet has two functions:

* Provides access to in-coming datagrams on a stream from its upstream stage or level.
In the case of either tHeEagmentor eventlevel, upstream may represent more than just
a single processor, therefore the inlet at these stages is actually providing access to dat-
agrams from multiple sources

* Provides execution context. The arrival of a datagram normally signifies the start of an
asynchronous activity by the inlet. This activity may trigger activity in the appliance
plugged into the inlet’s outlet, which in turn will trigger activity in its outlet appliance,
and so on. All this activity requires either a process or task under which to execute. This
is aVxWorkstask or process thread with its characteristics specified as an arguments to
the inlet’s constructor. Since the inlet box is created by DataFlow automatically (see
“Placing appliances” on page 23) the application is not normally concerned with this
process or task creation. However, if it becomes necessary to change these characteris-
ticsd,r Dataflow provides a mechanism to allow the user to configure these characteris-
tics™.

Since both the inlet and terminator are appliances, client appliances may plug into the inlet
to receive datagrams and be plugged into the terminator to retransmit them. The mechan-
ics of attachment require a reference to the necessary appliance. The client obtains a refer-
ence to either appliance through member functions aifeeam class (see [2]). For

example, to locate both the inlet and terminator folFiaeneWorkstream:

dfStream  stream(FrameWork);
dfAppliance* inlet = stream.Inlet();
dfAppliance* terminator = stream.Terminator();

1. By inheriting from thedfAppliance class.

2. The terminator is discussed in more detail below.
3. Remember, each datagram hagvte source address.
4. Also described on page 23.
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3.2 Terminators

As is described above, the terminator works in partnership with an inlet to
bridge the stream between stages in the platform hierarchy. In this role, it
@ provides a mechanism for client appliances to insert datagrams onto the
stream and consequently for those datagrams to be forwarded to their
Symbol for a upstream/downstream stage. However, at some point the stream must ter-
Terminator minate, therefore the appliance can also serve as a terminus or sink for
any of its datagrams. The termination is active, in the sense that the client
may specify whakind of datagrams to terminate. This termination is keyed off of the dat-
agram’s service type. For example, the following code fragment would pravenépt
transitions from penetrating past the segment stage dhaheworkstreant:

dfStream  stream(FrameWork);
dfTerminator* terminator = stream.Terminator();
unsigned previous_sinkList = terminator->Sink(L1Accept);

The terminator appliance allows a client to selectively turn on monitoring for any termi-
nated datagram. If monitoring is enabled, termination will cause a termination occurrence
to be generated in-band (on the stream) See Section 14.0 on page 58 for more information.
For example, the following code fragment, executed at the event level would cause any
Map or Configure ~ datagram terminated, to generate an occurrence:

dfStream  stream(FrameWork);
dfTerminator* terminator = stream.Terminator();
unsigned previous_monitorList = terminator->Monitor(Map|Configure);

DataFlow initially installs all terminators except at the event stage so that tiney tdo-
minate and dmot monitor any terminated datagrams, i.e. its sink list and monitor list are
set togzero. The terminator at the event stage is set to terminate and monitor all data-
grams.

3.3 Generators

A Generator is simply an appliance whose plugable behavior is not

exploited. Conceptually it represents the source or origin of Datagrams
@ for a particular stream. Consequently, the generator must understand the

semantics of the service associated with the stream. This normally

Symbol for a implies that:

Generator 1. Only a single generator is “on” the stream.

2. It is located at the Control stage.

1. This code is called on a segment processor.
2. With the exception df1Accept datagrams which for performance reasons are never monitored.
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A dfSequencer (see [2]) object is an example of a generator. Its function is to sequence the
collection of Finite-State-Machine appliances (discussed below) connected-tartie
Work stream.

3.4 Finite-State-Machines (FSM)

This appliance works in partnership with difeequencer generator
(described above) to provide disciplined access to a DataFlow partition.
@ In this guise the FSM is normally attached to the Framework stream (see
3.7). A comprehensive discussion of the role within DataFlow of state
Symbol for a machines in general and the FSM appliance in particular can be found in
FSM “The Finite State Machine” on page 26.

3.5 Concentrators

The appliances described up to this point consider arriving datagrams as
independent, and consequently may treat each datagram in isolation, i.e.
@ to process any datagram the appliance does not depend on the datagrams
that arrived either before or after it. However, this not the case with the
Symbol for a concentrator The concentrator is an appliance which assumes a correla-
Concentrator tjon between datagrams on the stream. Its function is to concentrate
related datagrams which arrive through its plug and to reconstitute them
into a single datagram which is available to other appliances through its outlet. A sequence
of correlated datagrams is calledem@nt This process may also be though of as a fan-in.
The proto-typical example of this process is concentration at the event stage (also known
as event-building). However, the same process occurs at the fragment stage, where instead
of concentrating crate contributions (fragments) to events, the appliance concentrates
ROM contributions (segments) to fragments.

By convention, concentrators assume the correlation is described by the datagnam’s

i.e. the stamp is used by the concentratorley & he datagram’s stamp is a convenient

key, because many interesting correlations are time-related and consequently the stamp
represents a time. For example, when building event data, the stamp represents the time at
which the FCTS synthesized th&Acceptcorresponding to the event trigder

A concentrator is represented throughdf®oncentrator class (see [2]dfConcentrator

allows a certain degree of configurability in its operation to allow for the concentration of
client specified objects to a client specified output container. To use this class, the client
must construct two objects feachkind (or type) of object concentrated.

1. An output container, used to represent the concentrated result. This container must
inherit from thedfEventContainer class.

1. Since the FCTS tagsiyycommand generated with a time, this example could be generalized to any con-
centration associated with a FCTS command, which in DataFlow includes alhamsticentration.
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2. An action to be fired when an event comes into existence. This action must inherit from
thedfevent class. From the concentrator’s perspective this class serves two functions:

* Instantiates the necessary output container (described above).

» Provides an estimate of how much time it takes to concentrate any particular event.
The concentrator uses this functionality to “time-out” contribution arrivals. The
estimate is provided as an argument to the object’s constructor and accessed
through itsburation member function.

Once instantiated, the action is made “known” to the concentrator by passing the action
as an argument to the concentrataggister member function.

When the concentrator determines that an event has come into existence, it fires the regis-
tered actioh by calling back itsreate member functions. This member function instanti-
ates an output container and passes it back to the concentratoredteemember

function is passed the number of expected event contributions, allowing an output con-
tainer of sufficient size to be created. If treate member functions cannot instantiate its
container, it returns a NULL result. As contributions arrive for the event, the container’s
Insert member functions will be invoked. The implementatiomefrt moves the contri-

bution to its output container. The concentrator guarantees thaséhanember func-

tions will be called back once and only once for each of its potential contributions. If a
contribution does not arrive (a time-out), a datagram is synthesized with a NULL payload.
Once all the contributions have been delivered, the concentrator calls the container’s
ReSort member function, allowing the client to implement any functionality required of a
container once it has been “filled”. Once filled and resorted, the container is passed to the
appliance connected to the concentrator’s outlet.

The operation of a concentrator may be illustrated with an example. Assume, first, that the
concentrator is operating at the Event level, and second, that its upstream stage is produc-
ing a sequence of “vectors of integers”, each vector described by an object of the follow-

ing type:

class intVec: public dfObject {
public:

int Sizeof() {return sizeof(intVec)};

int Typeof() {return VectorOfints;}
private:

int result[16];};

The client must then define both a container to hold the sequence representing an event
and an action to be fired when an event is declared. First, the container is defined as fol-
lows:

class myContainer: public dfEventContainer {
public:
myContainer() {next = list;};
void Insert(const dfDatagramé& contribution);
dfEventContainer* ReSort();

1. Derived through thefEvent class.
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private:
intVec** next;
intVec sequence[maxContributions];};

The container contains the list of vectors, whose current “fill level” is determined by a
“next” pointer. It overrides thmsert andReSort member functions with the following
implementations:

void myContainer::Insert(const dfDatagramé& contribution) {
*next++ = (intvec*)contribution->payload();}

void myContainer:Resort() {*next = NULL} // Terminate the list...

Next, an action must be defined to crate the container:

class myEvent public dfEvent {
public:
dfEventContainer* Create(int number);}

dfEventContainer* myEvent::Create(int number) {
return((number > maxContributions ? NULL: new myContainer);}

Finally, The actual run-time code is simply:

#define MICRO_SECOND 60
const int duration = (100 * MICO_SECOND)

main()

{

dfConcentrator builder;
myEvent event(duration);

builder.Register(VectorOfints, event);

3.6 Distributors

To be discussed.

3.7 Placing appliances

When the platform is reset, DataFlow automatically configures and installs the necessary
streams. In addition, for each stream on each processor, DataFlow instantiates and installs
the appropriate inlet and terminator appliances. For the inlet appliance, a task or process
thread (as appropriate) is created whose name corresponds to the service offered by the
stream. The characteristics of the created task or process thread are configurable by the

user. They include:
» Task or thread priority
» Task or thread stack space
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For those processors placed at the fragment or segment level aldefacéntrator appli-
ance (again for each stream) is created and plugged into the processér’s Ametrbi-
trary platform stream would then have the following topology and attachments after reset:

source

FIGURE 6. Stream after platform reset

Note that thesourcestage does not have an inlet, since it is assumed a client generator will
be attached at this location. Once the stream has been configured and installed the Data-
Flow client may wish to either add, remove, or replace any attached appliances. This situ-
ation occurs, for example, on tRemmeWorkstream, where the set of attached appliances
varies, depending on whether the framework is taking data or running a calibration. For
example, thé&rameWorkstream would have the following topology and attachments by

the time it is prepared to participate in data taking:

source @_

FIGURE 7. Framework stream ready for data taking.

1. Tailorable by the user.
2. This excludes segment stages which service one processor, or event stages which service a single crate.
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Although each appliance contains the member functions necessary to reconfigure its
attachment to a stream, the amount of plugging and unplugging required to reconfigure a
stream (summed over all the attached appliances) is somewhat cumbersome. To overcome
this awkwardness, th#fstream class provides convenience member functions to facilitate
reconfiguration. For example, assume a client residing in an Event level processor. To
reconfigure the stream at the Event level from its initial state to the topology and set of
attachments illustrated above:

dfStream stream(FrameWork);
dfFsm dataTakingMachine;
dfConcentrator eventBuilder;

stream.Replace(stream.Concentrator(), &eventBuilder);
stream.Insert(&dataTakingMachine, &eventBuilder);
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4.0 The Finite State Machine

The control of applications participating in DataFlow is modeled as a Finite State Machine
(FSM). The Booch notation for this FSM is illustrated in Figure 8 on page 27Adthe

state is shown in more detail in Figure 9 on page 31. Each step that participants must go
through in order to take data, from power ud,1écceptand back to power down, corre-
sponds to a transition in the FSM.

The most important of the states displayed in Figure 8 and Figure 9 are as follows:

» Partitioned- Partitions are created by a combination ofAHecateandMap transi-
tions, and thus thBartitionedstate is the first state which exists in the context of a
newly created partition. In this state, both the desired set of crates and an FCPM have
been assigned to the partition. States and transitions trefdittonedare not relevant
to a partition, and are done in the context of the platform.

» Configured- In theConfiguredstate, the partition has been assigned a set of triggers
inputs to which it may respond. There are thirty-two trigger inputs in all, and any parti-
tion can be assigned any subset of the thirty-two.

* Ready- In theReadystate, the partition is available to take data for the first time. All
counters have been zeroed, and any system checks that don't redquiifecaaptmay
be performed. If the system is not configured correctly, the user can back out quickly
using theAbort transition without having to go through tBadtransition.

» Active- In theActivestate, the partition takes data. In reality, this state consists of num-
ber of substates which must be sequenced in order to run calibrations or take data (see
Section 5.0). For the purposes of this discussion, however, it can be treated as a single
state.

* Enabled- In theEnabledstate, the partition is generatib@jAcceptavhich drive the
FSM’s L1Acceptransition.

» Paused ThePausedstate permits the user to pause and resume taking data or calibra-
tions smoothly.

The classes whictirive the FSM have methods corresponding to all the transitions, while
the classes whicenforcethe FSM permitictionsto be associated with each transition.
This FSM model is referred to astion on transitionThe following sections describe the
classes that characterize the FSM, and how they are used by applications to participate
with and to manage DataFlow.

Of course, since DataFlow is a highly distributed system, it may also be thought of as a
collection of FSMs arranged in a hierarchy. In terms o$tleammetaphor, this hierarchy
consists of a set of appliances attached to the FrameWork Stream. (See Section 2.0 on
page 15.) However, to the application that DataFlow plugs into (be it Online Run Control
or a GUI controlling a stand alone system), DataFlow appears as a single FSM controlled
by the application. State machine transitions are driven either internally by the DataFlow
itself or externally by the agent managing DataFlow.

26 dagMan.fm



crash

reset

shutdown

Booted
(W) save transition information

Standby

allocate

deallocate Legend::

Allocated
Start Machine (or Substate) = .
map unmap Stop Machine = @
[ Partitioned } Transition = —
) i State retains persistent history =
configure unconfigure P y @
Labels:
) event
Confg)ured [condition]
[permit’]/ \[SoPermit]
[ Runnable ]:[NotRunnableﬂ
] A A
begin end abort
. Running
Ready
[ permit‘]/.ﬁoPermit ]
[ Runnable ]:[NotRunnable]
I
‘ start Active

Paused

mi ® . resume [ permit | [ noPermit ]
[ per i]/ \\[‘noPermlt] / \

Runnable NotRunnable|
[ Runnable ]z[NotRunnable]
pause

A

FIGURE 8. The DataFlow Finite State Machine.
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4.1 The FSM Classes

The FSM is modeled in software both by classes wthitte the FSM and by classes

which enforcethe FSM. These classes are contained in the Management Package. A user
application drives (or sequences) the DataFlow FSM througiftfeager class which
inherits from thedfsequencer class The class which enforces the FSM is diffem class.
Applications which plug into DataFlow use this class to register actions corresponding to
each transition. An action is a way for a user to get application code executed on a transi-
tion. Any action inherits its behavior from th&ction class.

Whenever alfManager object drives a transition, the actions registered on the correspond-
ing transitions of the each of thésm objects in the same partition are executed. If the
dfManager object attempts to drive an invalid transition for any oflitsm objects, the
manager’s attempt fails. To facilitate communication between the user of the manager and
the users of the FSMs, DataFlow provides a mechanism for associating a small amount of
information with a transition and for delivering it to each of the partition’s FSMs. This
information is called the transitiarontext Thus, the manger and its FSMs work together

to execute the ordered set of operations required for a partition to acquire data.

4.1.1 dfManager

The member functions affManager are listed in [2]. For each transition, there exist a sin-
gle member which is overloaded to serve two functions. The first function registers an
action whose purpose is to coordinate or serialize the completion of the transition. For
example, assume thatitmanager object callegartition has already been createdo
register the actiompyAction , for theBegintransition:

partition.Begin(myAction); // registers completion action

and then to drive or trigger the transition, omit the action argument:

partition.Begin(); /I triggers the Begin transition

These two functions are utilized in the following example to sequence the manager’s
FSMs from theConfiguredstate to théctivestate:

dfOccurrence* completion = new dfOccurrence;

/I Register appropriate actions
partition.Begin(completion);
partition.Start(completion);

/I Trigger appropriate transitions

partition.Begin()->Wait();

if(completion->Reason() == Success)
partition.Start()->Wait();

else

1. As shown in Section 1.4.
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On completion, the sequencer will exectidmpletions ’s Fire method. This method low-
ers the completion action’s synchronization barrier. Once the barrier has lowered, the
caller who was blocked (through invoking theit method) continues execution by asking
whether the transition succeeded. If so, the caller attempts to dri8eattiransition.

Note that, by waiting on the action&it method, theStarttransition could not be initi-
ated until theBegintransition completed.

As discussed abovefManager provides context with each transition. The context has

two componentssystermandapplication Both values are determined by the user of the
dfManager class. The application context is passed completely uninterpreted by DataFlow
to the user of the FSMs. However, the system context is interpreted and used by DataFlow.
The values for both types of context are specified as arguments to the transition method.
The application context is an optional argument for all transitions, while the system con-
text is a mandatory argument for certain transitions. FoCdwiguretransition, the sys-

tem context specifies the trigger input enable list. FoBgggnMinortransition, the

systeegn context specifies the calibration sequence which is to be executed during the Minor
Cycle".

The following example uses ti@onfiguretransition to demonstrate how the system con-
text is used to establish the input triggers for a partition. As described in [2], trigger input
enable list is a bit-list for which each bit’s offset corresponds to a physical trigger input to
the FCTS. The bit-list is a mask, and thus if a given bit is set, the corresponding trigger
input is enabled. If the bit is not set, the trigger is ignored. Normally, triggers are specified
through a logical value which is translated to the correct physical trigger input by using a
look-up table which inherits fromifiriggerTable. (See [2].) The tracking and the energy
trigger inputs are both enabled for the partition, as follows:

class myTriggers: public dfTriggerTable{
public:
dfBitList_t Id(dfBitList_t logicalList);} // user look-up here

#define TrkTrg 3
const int TrkTrgMask = (1<<TrkTrg);
#define EnrTrg 4
const int EnrTrgMask = (1<<EnrTrg);

partition.Configure(myTriggers.ld(TrkTrgMask||[EnrTrgMask));

As described above, for every transition, divdanager accepts as an optional argument a
reference to an object tlefContext class. The Application context inherits from thu-
Context class and encapsulates a value which is passed as an argument to a transition
method as described above. This object constitutes the application context. The following
example implements a trivial exampleaeffContext:

class myContext: public odfContext{
public:
myContext(void *context){storedValue = context;}

1. The calibration sequence is described in Section 5.0 on page 32.
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void* Value() {return storedValue;}
private:
void *storedValue;}

Now, to transport an application context from the manager to the partitions FSMs for the
Configuretransition:

myContext context(OXDEADBEEF);
partition.Configure(context);

4.1.2 dfFsm

ThedfFsm class enforces the rules behind the FSM. An object of this class always main-
tains a well defined state (returned bytituie method), and responds to external requests
for transitions. This class rejects invalid transitions. Typicatbgm is used as a base class
from which more sophisticated classes may inherit state machine behavior Because this
class is an applian&git may be instantiated and plugged into any location within a plat-
form.

ThedfFsm allows the application to register an action for each transition in the FSM. The
action inherits from thefAction class. (See [2].) For example, to define an action that just
prints out the value of the input container:

template<class type>
class myAction: public dfAction<type> {
public:
void Fire(type& input, dfDatagram& output);
{cout << *A transition occurred” << endl;} };

Now, assume the FSM executes on a processor at the Segment level of the platform hierar-
chy. Then, to create and register the action defined above:

#define ONE_MICROSECOND 60
const int DURATION = (100 * ONE_MICROSECOND);

dfFsm myMachine;
myAction<int>* action = new myAction(DURATION);
dfAction<int>& previous;

previous = myMachine.Configure(action);

Now, the objectction is registered for th€onfiguretransition. The time-out for this
transition is set to 10@sec, angrevious is a reference to the old action. To cancel the
action after it's registered,

action = myMachine.Configure(NULL);

Inside theConfigureaction example above, the following could be used to retrieve the
context values which were established indhanager examples. (See Section 4.1.2)

1. Discussed in seedfAppliance on page 35 of [2].

30 dagMan.fm



dfState* configStateValue = myMachine.Value();
dfBitList_t crates = configStateValue->System();
void* context = configStateValue->Application();
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5.0 Calibration

Figure 9 displays an exploded view of the FSKiivestate. Knowledge of the details of
this state is essential to understanding how to perform calibrations and take data. Both cal-
ibration and data taking require the user to sequence DataFlow through the substates of the
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Activestate. These substates exist so that a set of related calibrations may be performed
without sequencing the FSM back to tBenfiguredstate. These substates and their typi-
cal usages are as follotws

» MetaCycle- A MetaCycle consists of a set of MajorCycles, and typically constitutes a
complete calibration for a single subsystem.

* MajorCycle- A MajorCycle consists of a series of MinorCycles, typically mapping out
the response of a subsystem to a range of stimuli, and leading to determination of a set
of calibration constants.

* MinorCycle- A MinorCycle consists of a seriess#quencesach consisting of a con-
figurable number of pulses (commands A MinorCycle accumulates statistics on the
response to a fixed stimulus.

» Enabled- TheEnabledstate is the state in which th&Acceptsare generated.

Of the above states, the first tvidetaCycleandMajorCycle are executed entirely by
software, while thélinorCycleandEnabledstates are executed by a combination of
DataFlow software and the hardware sequencer in the FCPM. A MinorCycle is executed
by programming the FCPM to carry out a sequence of operations. For this reason, the
BeginMinortransition requires the user to specify a set of parameters which program the
sequencer. These parameters are encapsulated dyftiadtibCycle andodfCalibCmnd

virtual base classes.

odfCalibCycle defines a calibration cycle of calibration sequences, each consisting of up
to threeopcodeqeach opcode specifying an action to be taken by DataFlow), with an
arbitrary time delay before each opcode. Each delay/opcode pair is cadletreand

while a collection of these commands is callegquenceAn object of theodfCalibC-

mnd class describes@ammand The number of times the sequence is executed along
with how the iteration commences compriseslbration cycle

The user has the option of gating the calibration cycle either under programmatic control
(internal modé or through logic external to the FCTé{ernal modg The timing pattern

of both modes is illustrated in Figure 10 and Figure 11. Note that the minimum spacing
requirement is applied to all opcodes, while the delay values are each individually pro-
grammable. In Figure 11, once the calibration cycle has started, its timing is entirely deter-
mined by the delay arguments.

The Partition Master has connections for up to four independent external sources for the
gating signal, one on the front panel and three bussed (see Figure 7 in [3]). Only one of
these sources is used at any given time.obealibCycle class'gate method returns an
enumerated value (of typeifCalibCycle::Source) which specifies the source of the gate
signal to be used.

In the external mode, one sequence is executed for each gate pulse received. Gate pulses
are ignored until the completion of te@abletransition. In the internal mode, sequences

1. Thanks to GDF for this description.
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execute continuously oné&nablehas completed. In both modes, the total number of
sequences is determined by da@int method.

TheodfCalibCmnd class encapsulates tt@ay /opcode pair for a single command in a
calibration sequenceelay specifies the time deldeforean opcode is executed (in ticks
of sysClk ), andopcode specifies the opcode to be executed.

enable R
o 7 N
transition \
/
/ \
\
calibration |
sequences\__l_l_l_l_l_l_l_i_l_l_l_l_ U
\ ] // 2 N
AN iy
S — - s counts
.
A )
) |
: |
enable v
transition
calibration |5z | f = I W
Sequence flrst :second : : third : :first X
delay , delay . delay X ,delay ,
small delay—y <> > > >
L - -

~/J

Minimum Spacing (hominal 2|%ec)

FIGURE 11. Timing structure of a calibration cycle executed in the internal mode.

The following code fragment shows how to set up and configure the FCPM'’s hardware
sequencer. In particular, this code establishes a generic calibration sequence consisting of
a CalStrobefollowed by anL1Accept These two opcodes are separated by a delay of 1
psec. Defining a calibration sequence is a two step process. First, one defines commands
by inheriting from thexdfCalibCmnd class and providing an implementation, for exam-

ple, as follows:

const short one_microsecond = 60; // 16.7 nsec * 60 = 1 usec
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class myCalStrobe: public odfCalibCmnd {

public:
odfCalibCmnd::OpCode Opcode() {return CalStrobe;}
unsigned short Delay() {return one_microsecond;}}

class myL1Accept: public odfCalibCmnd {
public:
odfCalibCmnd::OpCode Opcode() {return L1Accept;}
unsigned short Delay() {return one_microsecond;}}

Next one assembles these commands into a cycle by inheriting framfttzdibCycle

class and providing an implementation. The following code fragment defines a calibration
cycle consisting of one thousand iterations of a two command sequence, where each
sequence is gated by an external signal applied to the FCPM's front panel:

const int one_thousand = 1000;
const int twoCommands = 2;

class myCycle: public odfCalibCycle {

public:
unsigned int Count() {return one_thousand;};
odfCalibCycle::Source Source() {return external2;};}

The command and cycle classes defined above are now used to describe how one might
calibrate the EMC. First, one establishes the partition for the EMC, instantiatgsidhe
object, and registers actions for the appropriate transitions.

dfManager partition(map.Crates(DF_EMC_BAR | DF_EMC_ECP));
myCycle cycle;

/I Now register action for all transitions

partition.Configure(action);

parition.Unconfigure(action);

Next one sequences the partition up toNtetaCyclestate. Note that since tlmenfigure
method is called with no argument, the current trigger mask is left unchanged.

partition.Configure()->Wait();
partition.Begin()->Wait();
partition.Start()->Wait();

Then one performs the calibrations by sequencing throughctineestate’s substates. On
eachBeginMinortransition thecycle object is used as an argument. When all Minor
Cycles have completed, a single calibration is done.

/I **This needs updating - put cycle on Enable transition
/I Perform Calibration

partition.BeginMajor()->Wait();

do{

partition.BeginMinor(cycle)->Wait();
partition.Enable()->Wait();

partition.EndMinor()->Wait();

} while(); // Major Cycle not done
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partition.EndMajor()->Wait();

Finally, the partition is sequenced back toRaetitionedstate in order to allow the user to
configure the partition for a different mode. An example of such a different mode might be
taking data, as described in Section 6.0.

partition.Stop()->Wait();
partition.End()->Wait();
partition.Unconfigure()->Wait();

6.0 Taking Data

Now assume that one is in tRartitionedstate after performing the EMC calibrations
described in Section 5.0. In order to take data with the partition, one must first define a
new cycle consisting of a single command. Defined below is an appropriate command
(consisting of d.1Accepiopcode with zero delay) and an appropriate cycle (consisting of
infinite iterations with no external gate source):

constint noDelay =0;
const int oneCommand = 1;

class dataTakingCommand: public odfCalibCmnd {
public:
odfCalibCmnd::OpCode Opcode() {return dfL1Accept;}
unsigned int Delay() {return noDelay;}}

/I ***This is obsolete***
class dataTakingCycle: public odfCalibCycle {
public:
unsigned int Count() {return dfForever;}
odfCalibCycle::Source Source() {return internal;}

Then one configures the partition’s trigger mask orCibefiguretransition, and
sequences the partition up through Emabletransition to start generating Accepts
When it is time to stop, one simply sequences fiagablethroughEnd

dataTakingCycle dataCycle;

/I ***This is obsolete***
partition.Configure(myTriggers.id(...))->Wait();
partition.Begin()->Wait();
partition.Start()->Wait();
partition.BeginMajor()->Wait();
partition.BeginMinor(dataCycle)->Wait();

partition.Enable()->Wait();
/I And when it's time to stop
partition.Disable()->Wait();

partition.EndMinor()->Wait();
partition.EndMajor()->Wait();
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partition.Stop()->Wait();
partition.End()->Wait();
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7.0 An Introduction to Containers in DataFlow

Tagged containeobjects are the fundamental building blocks for data organization within
DataFlow. Any data to be transported by DataFlow must be inserted into a tagged con-
tainer and any data delivered by DataFlow comes stored in a tagged contdiiseminor
restriction allows DataFlow to present a regular interface throughout its levels and to
transport data with a common scheme. dif@mntainer Package specifies the API inter-
face for the tagged container and its related classes.

A tagged containe(TaggedContainer) can hold an arbitrary obj&mnd a collection of
tagged containers. The fact that containers can hold other containers allows the construc-
tion of a hierarchy of containers reflecting the fundamental organization of the data as it is
built and processed by the various stages of DataFlow. A hierarchy of containers is navi-
gated with an iterator objeaif{cBrowser) which can be thought of as a “smart pointer”.

To assist the iterator and to provide context for its contents, a tagged container maintains
its location within the platform hierarchy (itgldres$ and an additionakg which typi-

cally encodes information about a detector component. The combination of the informa-

tion from all the levels above any tagged container in the hierarchy is callpdttie

that container. The path is analogous to a directory path within a file system and uniquely
identifies the container’s location within the hierarchy.

Tagged containers themselves will be discussed in Section 9.0, “Tagged Containers,” on
page 43. The identification and nhaming scheme will be discussed in Section 8.0,
“Addresses and Tags,” on page 38. The organization imposed by using tagged containers
with this naming scheme to build the event hierarchy structure will be discussed in
Section 10.0, “Event Hierarchy,” on page 46.

8.0 Addresses and Tags

Every DataFlow component in a DataFlow Platform maintains two versions of its identity.
These are known as theddressand theag. The address specifies the location of the com-
ponent within the platform. For example, the crate number and slot number are both
addresses. The tag generally indicates the location on the detector to which an electronics
component is attached. For example, the EMC barrel detector identification and a DCH
guadrant number are tags. An address from each level in the DataFlow can be strung
together to form a complete and unique identification of the address of any component.
This complete string of addresses is called@dress pathThis convention also applies

to tags where a complete specification is calleygath Any particular address path (or

tag path) can also be though of as a valuldress spacgr tag spacg For a given level

in the address path, the tags are not guaranteed to be unique. For example, multiple crates
can each have the same detector number. However, for both spaces the components under

1. Through a datagram, see Section 2.1 on page 15.
2. Here, arbitrary means that the object’s class inherits diiiject.
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a common parent are guaranteed to be unique. For example, in address space the slot num-
bering is unique for each crate, and in tag space module numbering is unique for each
detector.

The notion of tags and addresses generally applies only in the context of a DataFlow plat-
form which has a naming scheme for the levels as listed in Figure 12 on page 39. Each of
the fields in both of these spaces will be discussed in more detail in the following sections.

Address Space Tag Space
Partition %/:stem
—I—TCﬁ.te Detector
|—>Slot |—>Modu|e

—E&ment —Es_ection
|—>Chip L>Chi|o
—EChanneI —EChannel

FIGURE 12. Event Hierarchy Naming Scheme

An address or tag also has two arbitrary strings associated with it. These are referred to as
thenameand thenickname The name should be suggestive of the component represented
but there is no absolute rule on the formation of a name string. A nickname simply pro-
vides an alternate version of the name string that is usually an abbreviation of the name.
The name and nickname strings are not stored or transported with the tagged containers.
Instead, they are configured and stored separately into lookup tables whichdissbtsie
abstract base class as an interface. This class can convert string to value and value to string
for any particular address or tag object.

8.1 Address Field Definitions

Each field in an address path is specified by a small integer. An address can be manipu-
lated through a class derived from thiedr class that is appropriate to the field the

address represents. These six level specific classes allow accessAaitheddiLabel
interfaces.
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TABLE 1. Address Field Definitions

Field Origin Function Range Reserved

Partition  Set by the FCPM’s id number. Locates a partition within a 0-15 O=unknown
The partition master is selected DAQ system. 15=stored object
when the partition is created.

Craté? Set by the crate number thatis Locates a crate within a 0-31 O=unknown or
encoded into each crate’s FCDM.platform. single crate sys-
This value also corresponds to tem
the FCPR output number from 31=stored object
the Master Crate.

Slot Set by the slot number in a SlaveLocates the slot number 0-31 O=unknown
Crate. The slot value is set by  within a crate. 31=stored object
jumpers on the J3 backplane and
read back through the ROM’s
Controller Card.

Element Set by the Front-End-Element Locates the input and con- 0-31 None
input electronics on the ROM’s  trol buffers within the Per-
Personality Card and Controller sonality Card and the
Card. Controller Card of the ROM
and the electronics to which
it is attached.

Chig® d  Built into the detector specific ~ Locates a detector specific 0-31 O=unknown
digitization and read-out elec-  piece of electronics within
tronics. Information about the  an element
electronics is stored into non-vol-
atile RAM on the ROM.

Chan- Built into the detector specific  Locates a detector specific 0-255  O=unknown.
nef digitization and read-out elec-  digitizer.

tronics. Information about this

electronics is stored into non-vol-

atile RAM on the ROM.

a. Crate 31 is reserved for addressing the CPU’s which exist at the Event stage.
b. If the system does not contain an FCPR (i.e, a single crate system), the crate address is set to O.

¢. The Chip and Channel assignments are not under the control of DataFlow, consequently DataFlow
can not directly read these from the detector specific electronics. Their assignment for both the
address and the tag paths is stored in non-volatile memory on the ROM and reloaded as required.

d. The Chip level of organization may not be present in all detectors. When it is present, the values are
reflected either by values in the header portions of the raw data stream from the front end section or
by the numbering scheme of the channels.
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8.2 Tag Field Definitions

Each field in a tag path (except for the system number) is specified by a small integer. A
tag can be manipulated through a class derived fromifthg class that is appropriate to

the field the tag represents. These six, level specific, classes allow accesTig thied
dfLabel interfaces.

The system tag is a special exception to the general rules for tags. The system value repre-
sents the notion of a collection of detectors. The system also has a version number with an
initial value of one (1) which must be incremented whenever any changes are made to the
tag space. The most obvious example of a system is the central detector housed in IR-2
(namedBabar). However, the system component is used to represent any geographically
qualified installation. For example, a stand-alone test stand at LBL for SVT checkout, or
the Calorimeter Electronics testing at Imperial College would each constitute individual
systems.

The system number is not carried as a field in the tag path value since it does not directly
identify or locate any component within the hierarchy or platform. This value is, however,
extremely important in interpreting the data contained within the hierarchy, in configuring
the components of the platform, and in storing or retrieving the results of calibration. Con-
sequently, the system tag value is stored within each tagged container hierarchy.
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TABLE 2. Tag Field Definitions

Field Origin Function Range Reserved

Systend b Avaluein permanent storage anddentifies a collection of  0-255 O=unknown
not directly part of a tag path.  detector electronics
Changed only when the system which are serviced by a
configuration changes. platform.

Detectop ¢ Set for an entire crate by dip Identifies which detector 0-31 O=unknown
switches in the crate’s FCDM. the crate belongs to.

Modulé? Set by dip-switches on the ROM. Identifies the portion of  0-255 O=unknown
The value set must be unique the detectors’s electronics
across all of the crates belongingto which this ROM is

to a particular detector. attached.
Section Built into the detector’s front-end Locates the particular sec-0-31 None
read-out electronics tion of the detector to

which a subsystem spe-
cific electronics compo-
nent is attached.

Chip® f Built into the detector specific  Locates a detector specific 0-31 O=unknown
digitization and read-out elec- ASIC sized piece of elec-
tronics. Information about the  tronics within a section.
electronics is stored into non-vol-
atile RAM on the ROM.

Channet Built into the detector specific ~ Locates a detector specific 0-255 0=unknown
digitization and read-out elec-  digitizer.
tronics. Information about this
electronics is stored into non-vol-
atile RAM on the ROM.

a. A system number is also assigned to stand alone and test systems.
b. The assignment of this number is managed by DataFlow.

c. The detector tags have a common set of names and nicknames as shown in Table 3 on page 43. The
detector name and the subsystem name are the same if there is no meaningful division within the
subsystem.

d. The values assigned to this field are completely arbitrary and are left to the discretion of the sub-
system user. The only restriction is that the value used for any particular component must make the
path value to that component unique.

e. The Chip and Channel assignments are not under the control of DataFlow and DataFlow can not

directly read these from the detector specific electronics. Their assignment for both the address and
the tag paths is stored in non-volatile memory on the ROM and reloaded as required.

f. The Chip level of organization may not be present in all detectors. When it is present, the values are

reflected either by values in the header portions of the raw data stream from the front end section or
by the numbering scheme of the channels.
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TABLE 3. Assignment of Detector Names and Nicknames

Detector (Name) Subsystem Nickname
Silicon Vertex Detector SVT SVT

Drift Chamber DCH DCH
Detector for Internally DRC DRC
Reflected Cherenkov light

Electromagnetic Calorime- EMC EMC_BRL
ter Barrel

Electromagnetic Calorime- EMC EMC_ECP
ter End-Cap

Instrumented Flux Return  IFR IFR
Trigger-Global TRG TRG_GBL
Trigger-Tracking TRG TRG_TRK
TriggerEnergy TRG TRG_ENR
Online Event Processing ONL OEP

8.3 Assigning Addresses and Tags

In general, subsystem users maintain control over tag values and their initial assignment
for their own detector, while DataFlow maintains control over all address values and their
assignment. However, once a tag has been defined and assigned it is DataFlow’s responsi-
bility to apply the tag to the appropriate component to ensure that the set of all tag paths in
any given system are unique and consistent with the correct operation of the detectors in
the system. To this end, DataFlow serves as a clearing-house or registration service for the
user’s tags. It should be emphasized that the definition and assignment of both tags and
addresses are considered an immutable operation within any system version (i.e. until the
system number changes).

9.0 Tagged Containers

A tagged container object serves as the basic structural unit of data organization within
DataFlow. Tagged containers are distinguished from one another by having an address
labef' and a tag label. A tagged container can hold a set of other tagged containers. This
imposes a multiple branch hierarchy or tree structure on tagged containers. Further identi-

1. See Section 8.0, “Addresses and Tags,” on page 38 for the description of these labels and their relation-
ship to each other.
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fication information comes from the relative containment arrangement of the members of
the set by providing context in which to interpret the address and tag. The particular orga-
nization used within DataFlow will be described in Section 10.0, “Event Hierarchy,” on
page 46. A container keeps track of the hierarchy level of its children. The level must be
homogeneous for the children of a single parent. This feature allows levels within the
event hierarchy to be skipped for particular purposes or subsystems.

\

address and tag (the label)

tagged container storage
stored object

FIGURE 13. Notional Picture of a Tagged Container

Additionally, a tagged container can hold any object which inherits difamject. This

aspect of the tagged container allows it to carry a payload which is distinct from its stored
tagged containers. The distinction provides a clean separation between the tagged con-
tainer’s contents and its structure, allows traversal of a hierarchy built from tagged con-

tainers with a straightforward iterator, and makes context dependent interpretation of the
contents possible.

Figure 13 on page 44 illustrates these concepts with a notional picture of an isolated
tagged container object. The figure shows the object itself as a container labeled with both
an address and a tag. The container contains a box representing an arbitrary object and
some little labeled containers representing stored tagged containers. The big container
itself could in turn be placed into another container, just as the little containers can in turn
contain other containers.

The shape and layout of a simple example hierarchy with three levels is shown in
Figure 14 on page 45. This hierarchy does not correspond directly to the organization of
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the platform but is intended only to illustrate several key points. The container at the top of
the hierarchy does not have a parent container. The missing context for the address and tag
resolution is provided by the location within DataFlow where this hierarchy is examined.
None of the containers at the bottom of the hierarchy in the example have child containers,
but all of them have stored objects. An empty container at the bottom of the hierarchy is
also allowed. The stored objects are usually channel oriented data objects.

Containers above the bottom of the hierarchy can either contain stored objects or not,
completely at the user’s discretion. As an interesting example, they could be used to store
summary information for a level in the parent or they could be used to store a different
kind of information than the container’s children store. The containers in the bottom level
of the example are divided between two parents. This division matters for both the naviga-
tion of the hierarchy and the interpretation of the containers and their contents.

O =tagged container top of the hierarchy
[ ] =stored object level
|:| =no object
level
level

bottom of the hierarchy

FIGURE 14. A simple tagged container hierarchy

Access to the members of a hierarchy and their contents is through an associated iterator
object called a hierarchyrowser". A browser is created from th&cBrowser for a partic-

ular hierarchy. Multiple browsers can be created for the same hierarchy if required. A
browser has a set of overloaded operators which allow the traversal of a hierarchy in a
variety of ways. The browser allows navigation and access by always internally “point-
ing”2 or “locating” itself at some container in the event hierarchy.

From this container, the browser can be “pointed” at a different container by using a set of
operators and functions whose rules depend upon the particular subciaisBrofvser
from which it was created. The different subclasses provide different kinds of navigation

1. The termbrowseris used in place of iterator to reflect the fact that navigation can up and down the levels
as well as across the levels.

2. The term pointer is not meant to suggest an internal implementation of the browser class.
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by changing the rule by which the next container to which the browser points is deter-
mined. ThedfAdrBrowser class implements th#TcBrowser class by providing an address
based meaning for “next”. This is the most commonly used and fastest browser implemen-
tation. ThedflfagBrowser class implements th#TcBrowser class by providing tag based
meaning for “next”. Independent of the meaning of next, these operators act on the
browser in a manner that is consistent with the way they act on simple pointers and, in
effect, “move” the browser’s internal container pointer so that it points to another con-
tainer in the same hierarchy.

A browser’s operators are defined as follows:

* The ++ and -- operators will traverse the containers at the same level and in the
same parent container as the current container.

» The << operator will traverse up a hierarchy by one or more levels from the current
container’s level.

» The >> operator will traverse down a hierarchy by one or more levels from the cur-
rent container’s level.

» The * operator will de reference the browser’s internal pointer and return the object
held by the container.

» The -> operator allows access to the container’s member functions (as opposed to
the browser's member functions).

10.0 Event Hierarchy

During the building of a complete system event, tagged containers are added to a hierarchy
which has a shape that matches a subset of the platform’s shape. The shape for a complete
event is shown schematically in Figure 15 on page 47. This hierarchy is always formed in
address space since that is the way in which the platform components are hooked together.
As shown in the figure, each level in the hierarchy can be sparsely populated, possibly on
an event by event basis. An early level in the platform sees only a portion of the complete
hierarchy corresponding to its own level and below.

To allow the event hierarchy to be built, six specific kinds of tagged containers are defined
and derived from theffaggedContainer base class. The containers correspond to the lev-
els in the address space of the hierarchy and allow customization of the containers imple-
mentation specific to both its position in the hierarchy and the processor on which it is
used. These derived classes do not add additional behavior.
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Partition x

Crates (m,...,n)

Slots (m,...,n)

Channels (m,...,n)
FIGURE 15. DataFlow’s Event Hierarchy in Address Space

10.1 Maps

For purposes of understanding and determining the scope of a hierarchy or portion of a
platform, amapof any portion of the complete hierarchy may be built usingiftiiep

class. A map is essentially a hierarchy of empty (containing no data object) tagged con-
tainers which is fully populated (containing the maximum possible number of children for
that platform). A map can only be formed for the platform level on which the map object
is created or below. The normal tagged container and browser functions are available to
the map class. A map effectively gives the user three kinds of information. First, it gives
the complete set of possible children under any particular tagged container in the hierar-
chy. Second, it allows translation between address and tag spaces for any relevant values.
Last, it provides a storable picture of a hierarchy suitable for revisiting at a later time
through thedfstoredMap class.
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10.2 Input Event Hierarchy

Each of the detectors also has a unique input event hierarchy structure which is handed to
anL1Accepiaction on each of the Segment level processors (the ROMs) as a slot (module)
sized tagged container hierarchy. The structure and mapping of these hierarchies is sum-
marized in Table 4 on page 49. The actual data from each of the detectors are in stored
objects at the channel level. Each detectors has one kind of stored object that encapsulates
a channels worth of data and inherits frof@bject. The objects are shown belbd

Additional stored summary objects will encapsulate the chip and element data if they are
part of the detector’s data stream.

On each ROM, DataFlow will insert all of the objects for a partidul#cceptinto a slot
hierarchy appropriate for the detector. These hierarchies constitute the smallest granularity
of hierarchy handed to a user of DataFlow oh BAcceptransition’s action routine. All

of the hierarchies consist of a set of Sectidlerients As can be seen in Table 4, the
meanings of the various fields in these hierarchies do not correspond exactly to the general
meaning in the address and tag paths although the structure of the hierarchy is the same so
that the same tagged container and browser machinery can be used.

class dfEmcSample : public dfObject {

}

class dfSvtHit : public dfObject {

}

class dfSvtSummary : public dfObject {
}

class dfDchHit : public dfObject {

}

class dfDchSummary : public dfObject {
}

class dfDrcHit : public dfObject {

}

class dflfrHit : public dfObject {

}

class dfTrgGhbl : public dfObject {

}

class dfTrgTrk : public dfObject {

}

1. Without the implementation of tttfObject methods.

2. The layout of these classes depends upon the way in which the detector specific electronics function, the
way in which the Personality Card transports and reformats the data into the intermediate store, and the
way in which the DMA supervisor reformats the data into the ROM’s main store. The uncertainty in these
areas precludes a realistic listing of the class structures.
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class dfTrgEnr: public dfObject {

}

TABLE 4. Input Event Hierarchies Mapping at the Segment Level

Detector

Slot or Module

Section or
Element

Chip

Channel

Stored Object

EMC_BRL

I/0 Board?

Fiber

Sample

24 encoded chaln-
nel ADC values,
one from each of
24 crystals, plug
encoded triggel
primitive informa-
tion.

EMC_ECP

I/0 Board

Fiber

Sample

24 encoded chan-
nel ADC values,
one from each of
24 crystals, plug
encoded triggef
primitive informa-
tion.

SVT

2 Detector Modules

Read-Out Secti

DN

The Ch

ip Stri

P An FADC wave-
form plus embed-
ded TDC hit
values

DCH

Quadrant

Read-Out Ufit

Elephant

Wire

An FADC wave
form plus embed-
ded TDC values

DRC

Sector

Section

PMT

An ADC value.

IFR

Barrel or Endcap

Read-Out Secti

N

Front-E
Card

nd Strip

A TDC value.

TRG_GBL

?

?

?

TRG_TRK

?

?

?

TRG_ENR

?

?

?

a. (EMC) I/0O Board — A row along the barrel.
b. (EMC) I/O Board — An Endcap “chunk”.
c. (DCH) Read-Out Unit — one of four hardware layers within a 1/16 th phi wedge.
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TABLE 5. Number of components in the Input Event Hierarchies

Detector Slot or Module Section or Element Chip Channel
EMC_BRL 120 3 — 64
EMC_ECP 20 2 — 64
SVT 26 8 16 128
DCH 4 16 3-23 8
DRC 12 ? — 64
IFR 4 barrel, 4 end-cap 4 barrel, 5 end-cap 6 16
TRG_GBL 1 ? ? ?
TRG_TRK 1 ? ? ?
TRG_ENR 3 ? ? ?

a. Maximum number of chips per section. The maximum depends on the particular section for some
detectors.

10.3 Applying the Event Hierarchy in Reverse
(fan data out to a platform)

(Place holder for a future discussion.)

11.0 Using The Event Hierarchy

Code example of processing an input container, coming soon.

12.0 Front End Interface

Each of the subsystems will require access to their respective front end electronics by
injecting onto the C-link through the Readout module. A set of classes has been designed
to provide this functionality through an interface analogous to a device driver.

The driver classdfreeDriver provides a set of methods which have a famderice

driver-like syntax. In addition to the driver class, a set of pure viraglest oriented
classesdfRequest, odfWrite, odfReadFixed, odfReadVariable provides a natural interface

for those classes which will inherit from them to provide the user’s functionality. There are
two modes in which the driver can operate - synchronous and asynchronoissu€ e
method provides a synchronous interface by returning only upon completion of the com-
mand, and thqueue()dmethod provides an asynchronous interface by utilizing a queueing
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mechanism which DataFlow provides. Each of these methods exists in several variations
to allow full flexibility in calling any of the several types of commands: request, write,
readFixed and readVariable (see the class definitions).

Let's illustrate the use of these classes with an example pertaining to the drift chamber
where we reset the TDCs on one Front End Assembly.

Consider the following (incomplete) class declaration:

class tdcRst : public odfRequest

{

public:

tdcRst() : odfRequest(odfOpcode::SS4, odfOpcode::ADR1){}
~tdcRst(){}

void fire(unsigned status, int size){//The request has completed}

h

and the instantiation of the class:
tdcRst mytdcRst;

Given a driver instantiation (with proper binding) of:
odfFeeDriver myDriver(anOdfTaskObject);

then the command to perform a TDC reset on all ELEFANT ICs simply becomes either:

myDriver.issue(mytdcRst); //returns only on completion

myDriver.queue(mytdcRst); //returns immediately,
myDriver.issue(myFifoRst); //could do other things!

Now let's do another example where we write the ELEFANT IC setup registers in one
Front End Assembly. The registers are loaded with a serial strezawmiaf  but the

stream is downsampled at the Front End Assembly to ~1.86MHz from the C-link speed of
59.5MHz, so the total size of the transfer to the Front End Assengsyiis x 32 /

4=220Dbytes . So, let’s now consider the following (again incomplete) class declara-
tions:

class eleSetup : public odfWrite

{

eleSetup(unsigned char* buffer) : odfWrite(buffer, 55*32/4),
odfRequest(odfOpcode::SS0, odfOpcode::ADR3){}

~eleSetup(){}

void fire(unsigned status, int size)
{/lcheck the completion status of the request;}

h
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and the instantiation of the class:
eleSetup myeleSetup(mysetupdata.buffer());

mysetupdata IS a completely user defined and implemented object which would encapsu-
late the downsampling and deliver a properly populated buffer of size 220 bytesd® the
Write class via theleSetup class.

Once again, given a driver instantiation (with proper binding) of:
odfFeeDriver myDriver(anOdfTaskObject);

then the command to setup the ELEFANT ICs simply becomes one of:

myDriver.issue(myeleSetup); //returns only on completion

myDriver.queue(myeleSetup); //returns immediately,
myDriver.issue(myFifoRst); //could do other things!

There are perhaps two more cases to consider, that of the readFixed and readVariable. Fur-
ther examples to follow, stay tuned to this Bat Channel.
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13.0 Role of Time in DataFlow

This section is a discussion of PEP-II and BaBar timing issues as they relate to data acqui-
sition. In particular, this section will discuss how time is

 defined within the DataFlow Platform
» derived from external sources (for example, the PEP-II timing system)
» used both by DataFlow and its clients.

Typically a DataFlow platform counts time independently in each of its compoeents,
processor clocks, FCPMs’ clock, or Front-End-Electronic’s clocks. DataFlow ensures that
all these clocks are synchronized, so that its clients are able to time correlate information
across components. The resolutions of these clocks vary, but any particular clock can
never have a resolution better than sysclk. However, the client may consider time as
though it were derived from a single logical clock which will be calledithebaseThe
timebase is a 64-bit quantity which has a well defined relationship to wall-clock time, with
one count defined to be osgsclk.

Every time arL1Accept(or other command) is generated by the FCTS, the timebase is
sampled (to a resolution ofsgscli and its value associated with the command. This

value is called imestampln the case of abhlAcceptthe timestamp is used to check the
synchronization of the data from the Front-End-Elements. In addition, DataFlow uses the
timestamp to gather data segments associated with a partitAleceptnto data frag-

ments, and then gather those fragments into events. This process (event building) is
described in further detail in Section 3.5 on page 21.

Thesysclksignal used to clock the IR-2 Platform is derived from the PEP-II timing system
by dividing down its RF signal (476 MHZz) by eight. PEP-II's RF signal corresponds to
bucketdn the accelerator, every other one of which is filled witlhuach At any point in

time, there are 3492 buckets in the accelerator, and thus up to 1746 bunches. 5% of the
bunches are missing due to the ion clearing gap, leaving 1658 bunches in the ring at any
one time. PEP-II providesfalucial signal whose period corresponds to one complete rev-
olution of a bunch, or 3492 RF periods (jds®c). An illustration of these relationships is
shown in Figure 16 on page 54.

DataFlow provides its clients a consistent and regular interface to access and manipulate
platform time, for example, to sample the current value of the timebase. This interface is
through thedfTime class.

dfTime time; // Get current DataFlow time

The reference material for this class is contained in [2] starting on page 111.

1. nominally 16.7 nsec
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FIGURE 16. PEP-II and Platform timing structure

13.1 DataFlow Time vs. PEP-Il Time

So that detector performance and event timing near the ion clearing gap can be studied, the
timebase is related to the bunch structure of PEP-II. This is accomplished by synchroniz-
ing sysclkto PEP-II's fiducial signal with a precision of a single bucket. Assuming suffi-
cient precision in both the latency of the trigger system and the times measured in the
FEEs, DataFlow clients could conceivably correlat@cceptawvith the bunch structure of
PEP-II to very high precision. However, given that 3492 is not evenly divisible by the
number of bucketsysclk(8), a fiducial transition only corresponds to a DataFpsgclk
transition every other period. Thus, the incoming fiducial signal is divided by 2 in the Fast
Control Timing Module (FCTM) [3][12][13]. The result is referred to asdhieFiducial

signal. The FCTM alignsysclkwith the rising edge of theubFiducial There are 873
sysclkdan onesubFiducial When a new timebase value is loaded into a Fast Control Parti-
tion Master (FCPM)[3][12][13], the FCPM waits until the neMbFiducialto begin incre-
menting its clock. DataFlow ensures that the initial value of the timebase is an even
multiple of 873, such that the timebase (modulus 873) uniquely yields the number of
sysclkssince the lastubFiducial
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13.2 Reinitialization of the Timebase

Within a Platform, many events exist simultaneously. Proper operation of DataFlow
requires it to distinguish these events. Events are distinguished through their timestamp.
This requirement is met by having the timebase monotonically increase over the ifetime
of a Platform.

Within BaBar, events are stored in a persistent database. Proper operation of the database
requires it to distinguish its events. Since events are distinguished through their times-
tamp, the IR-2 DAQ System has a stronger requirement which is that the timebase must be
monotonically increasing over the lifetime of the experiment. Therefore, this System must
have a mechanism to persist time across reinitializations of the IR-2 Platform’s timebase
<OnlineRef >.

To ensure this monotonicity, DataFlow executes a particular algorithm when the plat-
form’s timebase is reinitialized. Figure 17 on page 57 illustrates this algorithm. When
DataFlow receives a request to reinitialize the timebase of the platform, it immediately
shuts the platform to external requests. Statistics continue to accumulate in both the Fast
Control Gate Module (FCGM) [3][13] and the FCPM. Once the system has been shut,
DataFlow reinitializes and resynchronizes the clocks in the partition serviced by each of
the FCPMs, and when finished, reopens the system.

When DataFlow reinitializes the timebase, it checks each FCPM to see if it has been allo-
cated. Allocated FCPMs are servicing the set of crates which constitute a partition. If the
FCPM has been allocated, a marker command is sent to the partition to flush any pending
data. The marker command’s timestamp is used to bound the latest possible time in the
Platform. If the FCPM is not allocated, a marker command is not sent and the flush time is
set to the current tinfeAfter all partitions have been flushed, the largest flush time is
saved.

DataFlow now requests the initial value for the timebase and rounds it up. The new time
value is calculated using an epoch defined relative to midnight, Jan. 1, 1997, GMT. (On
most Unix systems this time is obtained simply by taking the system time and subtracting
27 years of seconds (corrected for leapyears...).) A round up value is measured to account
for the finite time it will take to load all FCPMs with the new time value, and to ensure that
the new initial time value correspond tewbFiducialtransition.

I/l code example using dfTime to implement rounding...

13.2.1 Monotonicity Enforcement

In order to ensure that the timebase is monotonically increasing, the algorithm compares
the requested timebase value to the saved flush time. If the requested value is greater than
the flush time, the requested value is accepted as an initial value for the timebase. If, how-

1. Here lifetime denotes time between reinitializations of the timebase.
2. Since there is no partition, there is no data to flush.
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ever, the new value is less than or equal to the flush time, the algorithm requests another
value. To allow the algorithm to converge successfully, the value provided should repre-
sent the reinitialization requestors best estimate of the wall-clock time. For example, if a
timebase value one hour ahead of wall-clock had been successfully loaded into an FCPM,
and at some later time an attempt is made to reinitialize the timebase to a value corre-
sponding to the current wall-clock time, the requestor could be forced to wait one hour
before the algorithm would converge successfully.

13.2.2 Timebase is a platform quantity, not a partition quantity

Within DataFlow, time is a quantity associated with the platfaenit transcends parti-

tion boundaries. This fact is not relavent for standalone systems, which by definiton can
consist of only a single partition. For multi-partition systems, however, it is necessary that
DataFlow ensure that all FCPMs contain the same timebase value. This is accomplished
by means of a commaesetsignal generated by the FCTM, which starts the time

counters on all FCPMs synchronously. A multi-partition system isrdgisredto have

an FCTM.

13.2.3 Uncertainty in the Timebase

The relative uncertaintT in the absolute time as determined by DataFlow after two suc-
cessive time initializations is (assuming a perfect external time source) determined by the
relation

AT = Atl + Atz + At3 + At4

where At, is the uncertainty in the initialization time relative to the rsexiFiducialtran-
sition (on average half treubFiducialperiod),At, is the uncertainty in the time for the

new value to propagate from the external source to DataFlow (hopefully small relative to
the subFiducialperiod),At; is the uncertainty in the propagation delay before the initial

time value is loaded into the Partition Master (small relative tsub€&iducialperiod),
andAt, is the uncertainty in the rounding calculation (on average hasuibieiducial

period) (more here...14p&ec is thesubFiducialperiod).
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14.0 Occurrences

this section remains to be written...

15.0 Trigger monitoring and deadtime

It is both natural and expected in the normal course of a platforms operation that whole
events may be discarded due to DataFlow’s inability to garner the resources necessary to
either describe an event or to transport its associated data. This loss idezdiahe and

while it cannot be made identically zero, DataFlow, of course, strives to minimize it. Data-
Flow monitors and logs both deadtime volume and rate.

Deadtime is the natural result of flow-control applied to event generation. DataFlow’s
model for flow-control is back-pressure coupled with trigger regulation. Typically, the
propagation of an event downstream requires the allocation of one or more resources at
each stage. If the stage cannot garner its necessary resources then it voluntarily enters a
resource waittate, where it simply pends waiting for the resource to become available.
When the resource does becomes avai]rabtestage is removed from its resource wait
state, allowing it to rearbitrate for the resource. In this way, pressure is naturally asserted
back through the hierarchy until it reaches$oeircestage. This stage cannot enter

resource wait because no-one exists to remove it from this state. Instead, it looks at least a
single event ahead and conditionally asseveslable/fullto the Partition Master which,

on the basis of this assertion, either enables or inhibits the transmiskibhaokpts.

this section is not yet complete...

16.0 Event damage

The acceptance of ariAcceptby DataFlow implies the expectation that an event can be
delivered intact to the Event level, however, DataFlow cannot always honor this expecta-
tion. As event data contributions propagate downstream, they may encounter errors which
prevent their further transport. These errors are acausal with the generation of the
L1Accept originating in the intrinsic unreliability of DataFlow and its platform. This

implies that any hypothetical event may contain all, part, or none of its data. However,
because DataFlow assumes an event has an existence independent of its associated data, it
is able to transport all events, however incomplete. Events which do not contain all their
expected data are deengminagedDamaged events are tagged with both the reason and
extent of the damage. Note, tlilsmagedoes not imply a corruption of either the consis-
tency of the event’s data structure or contents.

this section is not yet complete...

1. By another entity “freeing” the resource.

58 dagServices.fm



List of References

DataFlow Documents
[1] Hamilton, R. T., M. E. Huffer, and J. L. WhitBAQ Programmer’s Guide

[2] Hamilton, R. T., M. E. Huffer, and J. L. WhitBataFlow Reference Manual

[3] Hamilton, R. T., M. E. Huffer, and J. L. Whit€he DataFlow Platform User’s
Guide

ROM Documents
[4] Haller, G.,DAQ Readout Module - Overview

[5] Huffer, M. E.,Conceptual Model of the ROM from the perspective of DataFlow
[6] Dowdell, J.,Architecture for the BaBar DAQ Read-Out Module

[7] Oxoby, G.,PCI Mezzanine Card

[8] Dowdell, J.,.BaBar DAQ Controller Card Description

[9] Haller, G.,Architecture for the BaBar Triggered Personality Card

[10] Intel, iI960RP Microprocessor User's Manl®&art #272736-001, 1996.

FCTS Documents

[11] Lankford, A.,Functional Requirements of the BaBar Fast Control and Timing
System.

[12] Haller, G.,Conceptual Design of the BaBar Fast Control and Timing System.

[13] Sapozhnikov, L.Architecture for the BaBafast Control and Timing System.

[14] Haller, G. and G. Oxob¥lectronics Control and Dataflow between the Read-
Out Module and the Front-End Electronics Systédagar Note 281 Version 1.1.

Wind River Systems (WRS) Documents
[15] WRS,User’s Guide: Tornado 1.0 (UNIX Version)

[16] WRS,Tornado Release Notes (UNIX Version), 1.0, Rev. 2

[17] WRS,Wind River Products Installation Guide, Torando 1.0 (UNIX Version), Rev.
3.

[18] WRS,Tornado for PowerPC Architecture Supplemen®.

dagREF.fm R1



[19]
[20]
[21]
[22]

[23]

WRS,VxWorks Programmers Guide, 5.3
WRS,VxWorks Reference Manual, 5.3
WRS, Tornado API Guide, 1.0 Beta
WRS,GNU ToolKit User’s Guidg2.6.

WRS, Debugging with GDB, 4.12

Other Third Party Documents

[24]
[25]
[26]

[27]

[28]

RadstoneRadstone PPC603/603e/604 User Guide
RadstoneRadstone PPC603/4 Rev. 004 Installation Guide
Tundra, Universe ChaptafMEDbus Interface Components Manusdring 1996.

VITA, The VMEbus SpecificatipANSI/IEEE STD 1014-1987, ICE 821 and
297.

EPICS Documentation.

DataFlow CDR Supporting Documents

[29]
[30]
[31]
[32]

[33]

Day, C. T., R. T. Hamilton, M. E. Huffer, and J. L. Whitde Data Flow System.
Hamilton, R. T.Fast Control Software Manual.

Huffer, M. E., The Segment Builder.

White, J. L.,The Fragment Builder.

Day, C. T., The Event Builder.

Other BaBar Documents

[34]

BaBar CollaborationBaBar Technical Design Report.

R2

dagREF.fm



	DAQ Programmer’s Guide
	Version 1.1
	September 3, 1997 6:01 pm
	R. T. Hamilton, University of Iowa
	M. E. Huffer, Stanford Linear Accelerator Center2
	J. L. White, Stanford Linear Accelerator Center2
	Table of Contents
	List Of Figures
	List Of Tables
	1.0 The DataFlow Platform
	FIGURE 1. The IR-2 Platform
	1.1 The Platform hierarchy
	FIGURE 2. The Platform Hierarchy

	1.2 Partitioning the Platform
	FIGURE 3. Partitioning the IR-2 platform

	1.3 Managing the platform
	1.3.1 Shutting down the platform

	1.4 Establishing and monitoring a Partition
	1.5 Dissolving a partition

	2.0 Streams
	2.1 The information carried on a stream (Datagrams...
	FIGURE 4. The Envelope/Letter idiom as a metaphor ...


	3.0 Appliances
	FIGURE 5. The Appliance as a metaphor for a stream...
	3.1 Inlet
	3.2 Terminators
	3.3 Generators
	1. Only a single generator is “on” the stream.
	2. It is located at the Control stage.

	3.4 Finite-State-Machines (FSM)
	3.5 Concentrators
	1. An output container, used to represent the conc...
	2. An action to be fired when an event comes into ...

	3.6 Distributors
	3.7 Placing appliances
	FIGURE 6. Stream after platform reset
	FIGURE 7. Framework stream ready for data taking.


	4.0 The Finite State Machine
	FIGURE 8. The DataFlow Finite State Machine.
	4.1 The FSM Classes
	4.1.1 dfManager
	4.1.2 dfFsm
	FIGURE 9. An exploded view of the Active state.
	FIGURE 10. Timing structure of a calibration cycle...



	5.0 Calibration
	FIGURE 11. Timing structure of a calibration cycle...

	6.0 Taking Data
	7.0 An Introduction to Containers in DataFlow
	8.0 Addresses and Tags
	FIGURE 12. Event Hierarchy Naming Scheme
	8.1 Address Field Definitions
	TABLE 1. Address Field Definitions

	8.2 Tag Field Definitions
	TABLE 2. Tag Field Definitions
	TABLE 3. Assignment of Detector Names and Nickname...

	8.3 Assigning Addresses and Tags

	9.0 Tagged Containers
	FIGURE 13. Notional Picture of a Tagged Container
	FIGURE 14. A simple tagged container hierarchy

	10.0 Event Hierarchy
	FIGURE 15. DataFlow’s Event Hierarchy in Address S...
	10.1 Maps
	10.2 Input Event Hierarchy
	TABLE 4. Input Event Hierarchies Mapping at the Se...
	TABLE 5. Number of components in the Input Event H...

	10.3 Applying the Event Hierarchy in Reverse

	11.0 Using The Event Hierarchy
	12.0 Front End Interface
	13.0 Role of Time in DataFlow
	FIGURE 16. PEP-II and Platform timing structure
	13.1 DataFlow Time vs. PEP-II Time
	13.2 Reinitialization of the Timebase
	13.2.1 Monotonicity Enforcement
	13.2.2 Timebase is a platform quantity, not a part...
	13.2.3 Uncertainty in the Timebase
	FIGURE 17. Flow chart describing timebase reinitia...



	14.0 Occurrences
	15.0 Trigger monitoring and deadtime
	16.0 Event damage
	DataFlow Documents
	[1] Hamilton, R. T., M. E. Huffer, and J. L. White...
	[2] Hamilton, R. T., M. E. Huffer, and J. L. White...
	[3] Hamilton, R. T., M. E. Huffer, and J. L. White...

	ROM Documents
	[4] Haller, G., DAQ Readout Module - Overview
	[5] Huffer, M. E., Conceptual Model of the ROM fro...
	[6] Dowdell, J., Architecture for the BaBar DAQ Re...
	[7] Oxoby, G., PCI Mezzanine Card
	[8] Dowdell, J., BaBar DAQ Controller Card Descrip...
	[9] Haller, G., Architecture for the BaBar Trigger...
	[10] Intel, i960RP Microprocessor User’s Manual, P...

	FCTS Documents
	[11] Lankford, A., Functional Requirements of the ...
	[12] Haller, G., Conceptual Design of the BaBar Fa...
	[13] Sapozhnikov, L., Architecture for the BaBar F...
	[14] Haller, G. and G. Oxoby, Electronics Control ...

	Wind River Systems (WRS) Documents
	[15] WRS, User’s Guide: Tornado 1.0 (UNIX Version)...
	[16] WRS, Tornado Release Notes (UNIX Version), 1....
	[17] WRS, Wind River Products Installation Guide, ...
	[18] WRS, Tornado for PowerPC Architecture Supplem...
	[19] WRS, VxWorks Programmers Guide, 5.3.
	[20] WRS, VxWorks Reference Manual, 5.3.
	[21] WRS, Tornado API Guide, 1.0 Beta.
	[22] WRS, GNU ToolKit User’s Guide, 2.6.
	[23] WRS, Debugging with GDB, 4.12.

	Other Third Party Documents
	[24] Radstone, Radstone PPC603/603e/604 User Guide...
	[25] Radstone, Radstone PPC603/4 Rev. 004 Installa...
	[26] Tundra, Universe Chapter, VMEbus Interface Co...
	[27] VITA, The VMEbus Specification, ANSI/IEEE STD...
	[28] EPICS Documentation.

	DataFlow CDR Supporting Documents
	[29] Day, C. T., R. T. Hamilton, M. E. Huffer, and...
	[30] Hamilton, R. T., Fast Control Software Manual...
	[31] Huffer, M. E., The Segment Builder.
	[32] White, J. L., The Fragment Builder.
	[33] Day, C. T. , The Event Builder.

	Other BaBar Documents
	[34] BaBar Collaboration, BaBar Technical Design R...





