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Abstract—New experiments at FAIR require new concepts of
data acquisition systems. So rather than building hardware trig-
ger configurations with strict latency limitations, self-triggered
electronic systems will be utilized. Their front-end components
will be time synchronized and will provide data furnished with
time stamps. Data streams from a multitude of such components
will be forwarded via a powerful sorting network to an event
building farm. The Data Acquisition Backbone Core (DABC) is
designed as a general purpose software framework for the im-
plementation of such data acquisition systems. It is written in
C++. Recently, we made its first version available. In this paper
we describe the mechanisms of the data flow engine of DABC.

Index Terms—Data acquisition, software packages

I. INTRODUCTION

URING the design phase of data acquisition systems for

the new experiments of the FAIR facility at GSI, a new
concept evolved [1]. This concept comprises self-triggered
front-end systems delivering time stamped data. The sorting of
the data over the network cannot be based on events, since the
latter are not defined at that point, but on data packets of time
slices. An event definition is possible only after these time
slice fragments are recomposed at the receiver nodes of the
network. Afterwards the event data can be processed for filter-
ing, compression, on-line analysis and storage. This process-
ing will need large processing farms with high performance
networks. The global structure of such a system is shown in
Figure 1. To prove these concepts, we developed a DAQ
framework for two main applications. The first one is a proto-
type of a high speed network event building system. The sec-
ond application is a test bed for a full readout chain starting
from the detectors, digitizers, readout controllers, data com-
biners up to the event building, filtering, and archiving.

The requirements for the test-bed use-case turned out to be
the same as for a general purpose DAQ framework, since a
variety of front-ends had to be integrated, some from legacy
systems, others being not ready yet or even unknown. The
Data Acquisition Backbone Core DABC is a C++ software
library running on standard PCs. It organizes the data flow
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between various components of a distributed system in an
efficient way using a data flow engine that combines data over
fast networks. Application specific software that handles all
kind of front-end systems can be plugged in. (The DABC does
not cover the development of such front-ends). A general de-
scription of the DABC design and of some performance re-
sults has been published [2]. Bidirectional data rates of ~500
Mbytes/s per node have been measured on a Linux cluster
with 100 nodes connected via InfiniBand [3].
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Fig. 1. Overall data acquisition scheme.

II. DABC DATA FLOW ENGINE

Figure 2 shows a topology example of a DABC based sys-
tem. Front-end systems send data over PCI or Ethernet into
PCs, where they are processed by application specific plug-
ins. The networking (InfiniBand or Ethernet) is provided by
the DABC.
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Fig. 2. Example of a DABC topology.



The building network can be used bi-directionally. Each
node can serve both as a sender of partial data, and as a re-
ceiver of complete data (event or time slice). Inside DABC
processes, software modules (workers) process the data of one
or several data streams. Data streams propagate through ports,
which are connected by transports and devices as shown in
Figure 3. If necessary, application specific codes are imple-
mented in the module, transport, and device classes (network
transports and devices are already implemented in the DABC
core). Workers run in threads. DABC applications may differ
considerably regarding the need for CPU power and data
bandwidth. Depending on the underlying hardware - like num-
ber of CPUs per node or like the kind of network - the opti-
mum number of workers and threads, and the assignment of
workers to threads may also vary.
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Fig. 3. Data flow engine of DABC.

In the following we describe in more detail the thread and
memory management, and the data transport concept of
DABC.

III. DABC TECHNIQUES

A. Processes or Threads

The current development of computer architectures leads to
more and more CPU cores per node. To use these new archi-
tectures efficiently, the application code should run in parallel
in multiple execution units like processes or threads. The big
advantage of threads is that they share the address space and
that they provide efficient synchronization mechanisms. It is
more inconvenient to manage shared memory for processes
and inter-process communication. Therefore, the DABC uses
multiple threads, mutexes and condition variables. The correct
locking of shared resources and the synchronization of jobs
(when needed) are very important for any parallel executing
application. One intrinsic problem of thread synchronization is
the danger of deadlocks. Therefore, in the DABC, a sophisti-
cated multi-threaded environment is implemented, which
takes special care to avoid deadlocks per design. The access to
the shared resources is protected with mutexes. The thread
synchronization is implemented by using thread condition
waits.

B. DABC Multi-threading

The basic concept of the DABC thread organization is
sketched in Figure 4 (left). Each thread runs a main loop

driven by event queues accessible to all other threads of the
same process. In the following, event means a message trig-
gering some action. Incoming events are queued either by the
executing thread or by other threads. The main loop scans the
queues and executes the entries according to priority levels by
calling ProcessEvent functions implemented in application
specific subclasses of the worker class. These functions do the
calculations, file 1/0, or networking by reacting to incoming
events. When the queues are empty, the thread goes into a
waiting state and does not consume any CPU resources until
an event arrives. In the meantime, other threads can execute.

Workers sharing their thread with others must never block.
Each event processing function must therefore return control
to the main loop after a limited time. The communication be-
tween workers is also performed via events. Each worker uses
thread-safe functions for event submission and processing,
respectively.

To perform periodic actions in the worker without having
incoming events, one may configure the timeouts, which are
processed in the thread main loop and delivered in form of
timeout events to the workers.

WorkingThread
Asynchronous workers

WarkingThread
Synchronous worker

Event queus Event queue 4—]

Worker: :MainLoop

Event queus -—:I

Worker: MainLoop

’b WWarker:: PicessEvent |

[

— WWOrker: ProcessEvent |

[P *b Warker: ProcessEvent |

ProcessEvent

Several per thread (assigned by setup)
Sequential execution

Non-blacking resource requests (faster)
For low CPU requirements

MainLoop
One per thread
Parallel execution

Blocking resaurce request (slower)
For high CPU requirements (multicarsel)

For high data flow (no context switch) For low data flow (context switch)

Fig. 4. Thread organization in DABC.

Using event queues, one needs an instance that permanently
delivers events to keep the workers running. Typically, the
data sources deliver such events. Since the data streams are
always organized in buffers, events are generated when buff-
ers are ready to process. All functions are therefore called per
buffer and execute only for a limited time.

An example of a data source is the IP socket worker class of
DABC assigned to a single opened socket. Several sockets can
be handled in one thread generating events when a socket can
read or write, or when it is closed. The events are than deliv-
ered to the associated workers, where the callback function
handles the event (processing data) and returns. Then the next
event can be processed. A similar approach has been used in
the implementation of thread and worker classes for Infini-
Band networks.

The DABC thread system allows us to configure the as-
signment of workers to threads without modification. The
DAQ topology can be optimized easily for given hardware
setups.



C. Modules

Application specific data processing code is executed in
module objects, which are in fact workers (see Figures 3 and
4). The Module class of DABC provides several components:
input/output ports for receiving/sending data, pool handles for
requesting memory, timers for generating timeout events, and
parameters for the configuration and monitoring. A module
can execute in both asynchronous or synchronous modes.
Therefore, two alternative ways to develop data processing
code are supported. The main differences are shown in Fig-
ure 4.

In order to run in an asynchronous mode (left) a module
implements the event-driven processing model as described
previously. In this case, the data processing code is imple-
mented in callback functions for events such as input ready,
output ready, or timeout. Several asynchronous modules exe-
cuting in the same thread are in fact synchronized by events.
Thus, the communication between asynchronous modules
running in the same thread does not need time consuming
locking and thread context switches.

An alternative way is the synchronous mode. It requires an
explicit main loop, where several blocking functions can be
used (s. Figure 4 right). For instance, one can block the execu-
tion of the main loop until a new portion of data arrives to the
module or until a free buffer of required size is provided by
the memory pool. Such blocking functions allow us to write
linear code without complicated bookkeeping as it is typically
required for asynchronous modules. The blocking calls in fact
access the event queue. If no event for the required resource is
there, the thread waits for events. It is evident that only one
synchronous module can run in each thread.

It is up to the application designer to decide which mode
fits best. The synchronous mode needs more threads and,
therefore, more synchronization overhead while the coding is
simpler. The asynchronous mode based on event processing is
the only way to implement complex systems with multiple
input and output ports and with irregular traffic patterns. It
also provides better performance. However, the design of the
callback functions is more complex.

D. Memory Management

In a high performance distributed DAQ system, one should
avoid copying data as far as possible. If data have to be dis-
tributed and combined over a network, it is necessary to ac-
cess and transport fragments of buffers rather than the buffers
themselves. To avoid copies, one needs a gathering mecha-
nism for the transport. This is supported by another important
component of the DABC, by the memory management.

The memory space for data handling in DABC is pre-
allocated in memory pools. Memory pools consist of contigu-
ous blocks of configurable size. The number of blocks can be
either fixed or flexibly changed on demand. On a request for
free memory from any DABC component, the memory pool
delivers a reference to a free memory block of the required
size. Multiple references to memory fragments mapped over
filled memory blocks or even overlapping fragments can be

obtained for processing. The memory pool manages reference
counters for each underlying memory block (see Figure 5).
Each DABC component that works with memory references is
responsible for releasing them. Only when all references to a
memory block are released (reference counter is zero), the
memory block can be used again.

To transfer data between DABC threads, only the refer-
ences are exchanged. Reference objects can combine several
fragments of memory together into so-called reference lists
shown in Figure 5. This allows us to extract data subsets
without copying memory. Such reference lists can be directly
transferred over the network (via DMA in case of InfiniBand)
or stored into files.
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Fig. 5. Memory pool and referencing its memory by buffer objects. A buffer
can have a list of references (gather list) on several memory blocks or frag-
ments of blocks; multiple references on overlapping fragments are possible.

For any kind of DMA operations, memory pinning must be
performed first. For instance, the InfiniBand library requires
to register the memory prior to using it for sending or receiv-
ing data. Such registration can take a significant amount of
time and should not be, therefore, performed prior to every
data transfer. With the DABC memory pool, one can register
memory once, before the first transfer operation starts.

E. Ports, Transports and Devices

Buffers enter and leave a module through ports. A module
may have several input, output, or bidirectional ports. There
are several module functions to process port events: when data
enters an input port, when a module can send new data over
an output port, or when a port is connected or disconnected.

Each port has a buffer queue with a configurable size which
steers the back-pressure mechanism of the DABC. If an input
port queue is full, the corresponding transport cannot add new
buffers to the queue and, thus, will not read new data from its
data source. The same is true for an output port queue; if it is
full, no new output ready event is available for the sending
module. In the synchronous mode, a call to send data over the
port will just block until the connected receiver empties the
port queue or until a timeout event arrives.

The ports are connected to transport objects, which are re-
sponsible either for getting data from their data source or for
delivering data to a data sink, respectively. There is a special
local transport subclass, which transfers data between two
ports in the same process by reference. The connection of
ports on different nodes is done by network transports (see



Figure 3). Presently, transports for Ethernet (TCP, UDP) and
InfiniBand are implemented.

Device objects typically correspond to some physical enti-
ties like PCI cards. They manage the transports, which are
interacting with these entities. A device is a worker and con-
trols the thread for the transport to run. By configuration,
transports may run in the same thread as modules, or run in
their own threads without affecting directly the data process-
ing.

IV. DABC RELEASE

DABC has been released under a GPL license [4] and can
be downloaded from http://dabc.gsi.de. The structure of the
released package is shown in Figure 6.
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Fig. 6. Components of DABC distribution.

The core of the DABC package includes the library with the
complete data-flow kernel, the DABC executable, and a shell
script to start DABC applications on remote nodes. The pack-
age includes two implementations of a control interface: one is
a simple batch-like control used for testing purposes (S/im).
The other one is based on DIM [5] and provides a GUI.
For setup a powerful and flexible XML-based configuration
system is included.
The following functional components are provided as plug-
ins:
= socket — thread, transport, and device implementation to
work with IP sockets in asynchronous mode;

=  IB verbs — thread, transport and device implementation
for data transport over InfiniBand [6];

= mbs — transport implementation for connections to the
standard GSI data acquisition system MBS [7]
(http://daq.gsi.de) and modules for event building;

=  bnet — components (applications and modules) for con-
structing multi-node event building networks. Applica-
tions can use these classes to construct event building
networks for their own data formats.

=  bnet-mbs — implementation of multi-node event building
for MBS front-ends;

=  ROC-UDP — device and transport classes to access a spe-
cific readout controller (ROC) via Ethernet;

=  ROC-PCI — device and transport classes for DMA trans-
fer from/to a PCle board, which receives data from read-
out controllers via optical channels.

For each plug-in, the package provides an application direc-

tory with all files needed to run this application. In most cases,
these are just configuration files. Sometimes test modules are
implemented to demonstrate a specific functionality.

The plug-ins and applications provided are intended to
demonstrate the functionality of DABC. They can be used as
examples for users who want to develop their own classes in
order to integrate their specific hardware or software into the
DABC. On the DABC web site, a detailed introduction and a
programmer manual are available.

V. CONCLUSION

The DABC framework can be used to develop data acquisi-
tion systems of different sizes: from small detector and read-
out test-beds up to high performance event building over fast
networks. In addition to the conventional TCP/IP sockets, the
fast and low-latency InfiniBand network is supported by
DABC as well. It is possible to implement other networks.

A multitude of experiment-specific front-end systems and
data processing modules can be integrated into the DABC by
plug-in mechanisms.

Recently, the DABC has been used in the first detector and
front-end equipment test experiments.
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