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The proposed upgrade for the Large Hadron Collider LHCb experiment at CERN envisages a system of 500
Data sources each generating data at 100 Gbps, the acquisition and processing of which is a challenge even
for state of the art FPGAs. This challenge splits into two, the Data Acquisition (DAQ) part and the Algorithm
acceleration part, the later not necessarily immediately following the former.

Looking first at the DAQ part, a Header Generator module was needed to packetize the streaming data coming
in from the front-end electronics of the detectors, for easy access and processing by the servers. This neces-
sitates FPGA architectures that not only handle the data generated by the experiment in real-time but also
dynamically adapt to potential inadequacies of other components, such as the network and PCs, while ensur-
ing system stability and overall data integrity. Since the data source has no flow control, this module needs to
modify the stream data by dropping datasets in a controlled fashion in the event of receiving a back pressure
signal from the downstreammodules. Also needed was a front-end source emulator capable of generating the
various data patterns, that can act as a test bed to validate the functionality and performance of the Header
Generator. Such a system was earlier designed and realized in VHDL. The results from this were presented
as a paper, ‘Dynamically Adaptive Header Generator and Front-End Source Emulator for a 100 Gbps FPGA
based DAQ’ presented at the IEEE Real-Time Conference earlier in 2014 (RT2014).

While this process has been traditionally carried out using hardware description languages (HDLs), the pos-
sibility exists of using OpenCL to design a DAQ system. This has the potential to simplify development for
physicists using the tools, who are more familiar with traditional software as opposed to HDLs, so they can
understand the system and make modifications in the future. This is challenging due to fact that the OpenCL
language is designed for Parallel Processing and not really targeted at real-time DAQ and there are major
challenges in representing the cycle-accurate data acquisition and processing system in OpenCL. However,
OpenCL for FPGAs may be applicable from a high level synthesis perspective. Achieving this will enable the
movement of the entire FPGA design flow for High Energy Physics applications to OpenCL, rather than just
the algorithm acceleration portion that involves parallel processing.

For the algorithm acceleration part, the Hough transformation will be implemented in OpenCL. This is a
method to reconstruct lines from points in 2D/3D space and can be used to identify particle tracks from hits
in the VELO detector elements. Variations of this algorithm are also used for feature identification on the data
from other detectors too.

This work explores the feasibility of implementing Data Acquisition and Processing system on OpenCL and
evaluates the performance of this OpenCL implementationwith theHDL based implementation. Development
is using the Altera OpenCL compiler for FPGA.
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