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A second demonstration platform has been developed to assess the ability of the MADNESS design 

framework to drive the design of an MPSoC embedded system enriched with the support for 

runtime platform adaptivity and fault tolerance. The application domain is network video 

streaming and H.264 video decoding.  

The platform is based on a single FPGA (Xilinx Virtex-6 lx240t device) populated with six 32-bit RISC 

MicroBlaze soft-core processors that are in charge of performing the video decoding, controlled by 

an additional MicroBlaze host processor. The six processing cores in charge of the video decoding 

tasks are interconnected by means of a Network-on-Chip (NoC) substrate. The host processor is 

connected to the cluster of six processing cores and to the other on-chip peripherals and memory 

controllers through a Xilinx proprietary PLB shared bus optimized for FPGA. The NoC topology is a 

regular 2x3 mesh where every node is connected to a local memory containing data and 

instructions for the attached processor. The host processor interfaces to an off-chip main memory 

(DDR3 RAM), a Tri-mode Ethernet MAC controller that attaches to an external network, and a set 

of standard peripherals for serial I/O and video displaying. Figure 1 shows a view of the multi-core 

system placed on the FPGA chip.  

 

Figure 1 - Multi-core MicroBlaze system demonstrator 

 

The application scenario consists of a video stream that flows in the system from the network 

through the Ethernet controller. The host processor is in charge of receiving the packets from the 

Ethernet controller and performing the packet processing in order to de-encapsulate the H.264 

video frames to pass on to the processing cores. Each of the MicroBlaze processors in the video 
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decoding cluster runs an instance of the Xilinx xilkernel OS, with explicit support for interrupts. The 

cluster of processing cores execute a parallel version of an H.264 video decoder. The 

parallelization is compliant with the Kahn Process Network programming model. Error! Reference 

source not found. shows a simplified view of the KPN computational graph. 

The adaptivity scenario is meant to emulate a configuration where the video decoding has to be 

modified iin terms of video resolution, in order to satisfy potential requirements for lower energy 

consumption or, more generally, to modified the provided level of video Quality of Service (QoS). 

The adaptivity support consists of a set of mechanisms that implement the migration of one or 

more processes of the Kahn Process Network among the different processing cores in the 

network, in order to modify the mapping of the processes onto the network. This scenario is also 

representative of a fault occurrence in the cluster of processing cores.  

The condition that triggers the adaptivity is supposed to be received as an external command. In 

the demonstrator platform, the external command is emulated with a packet received from the 

network on the Ethernet controller. Once this control packet is received from the external 

network, the host processor detects its control nature through the inspection performed by the 

OpenDPI application. The host processor then sends a control packet to the cluster of processing 

Microblaze, triggering the actual task migration mechanisms. 

 


