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 Figure 7.2: Request and response net.


Peripheral Address Space
 UART 0x80000000 - 0x8fffffff
 Semaphore 0x40000000 - 0x4fffffff
 Memory all others.


Table 7.1: Assigned address spaces for peripherals.


and response networks, the system is ensured to be deadlock free, as explained
 above. In figure 7.2 the separated request and response networks for the system
 is shown. Each link is marked with the master cores that uses it.


It is sufficient that the buffer capacity of each router is one flit. Therefore the
 depth of the input and output FIFOs is set to 1. Due to the un-decoupled latch
 controllers two handshake latches are needed to store one flit.


For the “Hello World” application theMEM1 memory core in figure 7.1 is not
 needed. Thus, the system has three memory mapped peripherals. The assigned
 address space for each peripherals is listed in table 7.1.



7.5 MPSoC Implementation


A design with three CPUs, one RAM, one UART, and one semaphore running
the “Hello World” application is implemented. To be able to fit the design on
the FPGA the mesh is reduced to a 3x2 mesh. From figure 7.1 the implemented
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system contains the following cores CPU0, CPU1, CPU2, MEM0, UART, and
 SEM. The routers R6, R7, and R8 has been removed. With only three CPUs
 and one RAM in the system the three removed routers is not used anyway, so
 the original routing within the topology can be kept.


The “Hello World” application is implemented in C and the source code is found
 in appendix A.6.


The following VHDL entities are used in the implementation of the prototype:


MPSoC_noc: The top-level entity. Appendix A.5.5.1 p. 209.


noc_mesh: A 3x2 mesh of routers. Appendix A.5.5.2 p. 225.


or1200_ocp: OCP wrapper for the OR1200. From [22]. Appendix
 A.5.5.3 p. 239.


or1200_mem_if: Used in the OR1200 OCP wrapper to merge the 
 in-struction and data interface. From [22]. Appendix
 A.5.5.4 p. 244.


core_mem_ocp: OCP interface for Block RAM cores. From [22]. 
 Ap-pendix A.5.5.5 p. 247.


semaphore_ocp: Semaphore unit. From [22]. Appendix A.5.5.6 p.


249.


uart16550_ocp: OCP wrapper for the UART core. From [22]. 
 Ap-pendix A.5.5.7 p. 250.


types: VHDL package that specifies global constants. 
 Ap-pendix A.5.5.8 p. 254.


MPSoC_noc.ucf The User Constraints File (UCF) where the clock
 andtigconstraints are assigned. Appendix A.5.5.10
 p. 255.


Not included in the list above is the entities for the OR1200 and UART core
 from OpenCores and the entities implementing the routers and NAs presented
 in chapter 4.


To make a GALS-like system, two different clocks are used: clk1 = 40 MHz
and clk2 = 16.6 MHz. The FPGA development board has a single 100 MHz
oscillator. It is equipped with an external clock divider that feeds the FPGA
with three different clock frequencies. Because the clocks are derived from the
same oscillator, they cannot be considered to be completely independent. The
clocks are further divided using the Digital Clock Managers (DCMs) available
on the FPGA.clk1is used for CPU0 and CPU1 andclk2is used for CPU2 and
the slave cores.
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CPUs Routers LUT Util. Run-Time


1 1 19% 12 mins.


2 1 30% 22 mins.


1 9 41% 23 mins.


3 6 65% 96 mins.


2 9 67% 270 mins.


3 9 73% 2430 mins.a


aMap failed. Utilization numbers are post-synthesis.


Table 7.2: Mapping run-time observations for different configurations, ordered
 by run-time.


To exclude the asynchronous components from timing analysis the tig 
 con-straint is used as explained in section 2.7.3. The tigconstraint is applied to
 all signals in the noc_mesh entity using a wildcard in the UCF file. tig is
 also applied to the signals in the NAs that crosses from the synchronous to the
 asynchronous domain.


The reported maximum frequencies for the two clocks are:


clk1= 59.6 MHz
 clk2= 49.6 MHz


The implementation of this down-scaled system utilizes 52% of the LUT 
 re-sources.


As previously mentioned it has not been possible to fit the desired system on
 the FPGA. With increasing design sizes the run-time of the mapping process
 increases significantly and eventually it fails completely. A number of 
 observa-tions has been collected about the relation between the LUT utilization ratio
 and the mapping run-time for different configurations. These are shown in table
 7.2. It has not been possible to fit a design that utilizes more than 67% of the
 LUTs. After the observations in table 7.2 was collected, an error was discovered
 in the implementation of the FIFO stage.1 Correcting this error resulted in a
 significant decrease in the required delay sizes. With the reduced delay elements
 a design with 3 CPUs and a 3x3 mesh only uses 62% of the LUTs. This design is
 able to pass the mapping process but the place and routing process fails. Place
 and route fails with an error that the design is too dense.


It has not been possible to find any documentation from Xilinx that suggests
 whether these observations are normal or not. However, in a white paper 


pub-1The error was previously mentioned in section 2.6.1 on page 25.
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lished by Altera [3] (Altera is a competing FPGA supplier) they claim that they
 are not able to fit (synchronous) designs larger than 65% on a Xilinx Virtex-5
 FPGA.


The observations by Altera suggests that there is a general problem with 
ob-taining high resource utilizations on the FPGA. However it also seems that the
NoC interconnect utilizes a high amount of the routing resources which lowers
the possible utilization ratio even further.
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