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traditional simulation, a VHDL test bench generates stimuli to, and checks results from, the PIP 
core. A Bus Functional Language (BFL) provides a method to read and write the registers of 
the PIP core. The BFL configures the BFM to generate stimuli to and check results from the bus 
side. 

Using a BFM provides an efficient means of including bus transactions in simulation. It is 
simpler to generate bus transactions using a BFM than an actual microprocessor model 
because there is no C code involved. A designer need know only the addresses of the PIP 
registers and the bus operation. Knowledge of the microprocessor architecture, instructions, 
registers, and ports is not required. The use of a BFM allows control over bus transactions, 
transaction spacing, and the ability to simulate abnormal transactions, such as aborts, retries, 
and errors.

Synchronizing Stimuli

Either the BFM or the VHDL test bench interfaces with the PIP core at a time. There are 
handshaking signals between the BFM and the test bench which ensure that the BFM-PIP core 
and VHDL test bench-PIP core interfaces are synchronized. In a typical simulation of the 
microprocessor writing to a peripheral, the BFM writes to the control registers of the PIP core, 
causing the PIP core to perform some function, then the VHDL test bench verifies the function 
by reading the PIP output. In a simulation of the PIP core generating data for the 
microprocessor to read, the test bench generates external stimuli to the PIP core, then the BFM 
does a read operation to verify that the PIP core produces the expected results. 

Examples for BFM simulation are provided in the bfm_simulation.zip file. The first example, 
opb_myled_cntlr, is a BFM simulation of a new IP core using Create IP wizard. It is a simple 
example, providing limited BFL - VHDL test bench code. The second set of examples are 
existing PIP cores. The reason for simulating existing peripherals is that they provide good 
examples of BFL-VHDL test benches generating BFL - VHDL test bench stimuli.

Running BFM 
Simulation

To run BFM simulation on an existing core, unzip bfm_simulation.zip and change to a core’s 
simulation/behavioral directory. Invoke Modelsim, edit the path to the test bench in 
bfm_system.do if necessary, and run

do ../../scripts/run.do

This provides a complete functional simulation of the core. The <core>_tb.vhd and <core>.m4 
files provide stimuli. Comments in these files indicate the test performed. The wave.do file adds 
the signals and generics needed to understand the operation of the core.

Developing a 
BFM Simulation 
Using Create IP 
Wizard

This section provides the steps used in developing a BFM simulation of the OPB GPIO.

1. Create a directory named designs/opb_gpio_bfm. From XPS, do the following.

Invoke Hardware -> Create/Import User Peripheral and select Create templates for a 
new peripheral

Repository or Project panel : Browse to /designs/opb_gpio_bfm

Core Name and Version : Enter opb_gpio for the Name, and 3_01_b for the Version name

Bus Interfaces panel : Select OPB.

Figure 2:  Simulation (Using BFMs)
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IPIF Services panel : Do not select any services.

Peripheral Simulation Support panel : Check Generate BFM Simulation.

Peripheral Implementation Support panel : Check Generate ISE and XST projects.

In the following, <sim_project> is used as shorthand for the path generated by Create IP 
Wizard, which is <project>/MyProcessorIPLib/pcores/<core_version>/devl/bfmsim/.

2. Edit the pao file. Change to the <sim_project>/pcores/<core>/data directory. If a new IP 
core is used, Create IP Wizard generates template files which assist in the development of 
the new core simulation. If an existing core is used, the VHDL source files and the pao file 
generated by Create IP wizard should be replaced with

<EDK>/hw/XilinxProcessorIPLib/pcores/opb_gpio_v3_01_b/data/opb_gpio_v2_1_0.pao, 
renamed to opb_gpio_tb_v2_1_0.pao, with the following line added to the bottom.

simlib opb_gpio_tb_v3_01_b opb_gpio_tb

3. Edit the VHDL Testbench template. Change to <sim_project>/pcores/<core>/simhdl/vhdl. 
To edit the template created by Create IP wizard, add the library declaration for xil_bfm and 
the xil_bfm_pkg.vhd package. Add the PIP core generics which are not passed from a 
higher level. Add external ports as signals. Provide generic and port maps. Finally, add a 
test process for generating stimuli and checking results. The edits of the <core>_tb.vhd 
files are given in the examples. 

4. Create m4/BFL files

The BFM stimuli can be written in BFL directly, or written in m4 and translated into BFL. In 
the examples, the scripts directory contains the m4 sub-directory which provides the BFM 
stimuli. The m4 directory contains a definition file and a stimulus file, <core>_defs.m4 and 
<core>.m4. The <core>_defs.m4 file provides address locations of the PIP registers and 
the values of the generics for the simulation being run. These must match the address 
locations and generics provided in the VHDL test bench located in 
<sim_project>/pcores/<core_tb>/simhdl/vhdl.

To produce <core>.bfl in the <sim_project>/scripts directory, run gen_bfl from the 
<sim_project>/scripts/m4 directory. Change to the <sim_project>/scripts directory and run 
xilbfc <core>.bfl to create the simulator stimuli file. 

5. In <sim_project>/scripts/run.do, change sample to opb_gpio, and comment the 2nd half of 
the file (all statements from quit -f).

6. Run 

make -f bfm_sim_cmd.make sim

Understanding 
BFM Simulation 
Results

This section describes the simulation results of the OPB GPIO core. A common use of the OPB 
GPIO core is to provide output register interfaces to LEDs and input register interfaces to 
switches. This example shows external stimuli generated by the VHDL test bench and checked 
by the BFM. It then shows stimuli generated by the BFM and checked by the VHDL test bench. 
It also shows the synchronization signals used in the simulation.

The GPIO is configured with C_IS_DUAL = 0, C_INTERRUPT_PRESENT = 1, and 
C_GPIO_WIDTH = 32, the generic values in the opb_gpio_defs.m4, and 
opb_gpio_tb_v3_01_b.vhd files. The signal waveforms below are the result of the stimuli from 
the test code in the opb_gpio.m4 and opb_gpio_tb_v3_01_b.vhd files.

As shown in Figure 3, at 250 and 300 ns, the BFM (lines 11:12 in opb_gpio.m4) reads 
0x00000000 and 0xFFFFFFFF from the DATA and TRI registers. The test bench writes a status 
message to the simulator transcript window indicating the operation performed.
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As shown in Figure 4, from 350 ns to 650 ns, the opb_gpio.m4 (20:31) prompts the VHDL test 
bench to generate input stimuli into GPIO_IO_I. The synchronization pulses occur at 350, 450, 
550, and 650 ns. The 0xFFFFFFFF, 0x00000000, 0xFFFFFFFF, 0x00000000 input stimuli is 
generated by the test bench at 360, 460, 560, 660 ns. Control is transferred to the BFM, and the 
BFM verifies that the data register contains the data received from the GPIO_IO_I inputs at 
410, 510, 610, and 710 ns.

As shown in Figure 5, from 750 ns to 1000 ns, the simulation verifies that the GPIO writes data 
correctly to the GPIO_IO_O outputs. The opb_gpio.m4 writes 0x00000000, 0xFFFFFFFF, and 
0x00000000 to the data register at 770, 860, and 940 ns. The opb_gpio_tb_v3_01_b.vhd 
verifies this data at the GPIO_IO_O output pins, and writes a status message.

Figure 3:  Checking Reset Values

Figure 4:  Reading Input Data
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