
Rhino Tutorial 1 Tut 2 Page 1 of 3 

 Rhino Platform 
Tutorial 

 

 
 

Tutorial 1: 
Hello BORPH – booting Rhino and running bof files 

This assignment can be done individually or as a team of two 

Prepared by S. Winberg and M. Bridges 

The aim of this tutorial is to lead you through the process of booting a Rhino into the BORPH operating 

system, and running bof files (i.e., files that program an encapsulated bitfile into the FPGA).  

A short introduction to BORPH 

BORPH stands for the “Berkeley Operating system for ReProgrammable Hardware”. BORPH is designed for 

FPGA-based reconfigurable computers, and is a customized version of the standard Linux kernel. BORPH is 

designed around allowing hardware components within the FPGA of a reconfigurable hardware platform to 

be treated as devices (or computational resources) within the operating system. These resources are 

defined as HardWare Regions (HWRs), and these HWRs can be the entire FPGA (or separate FPGAs if the 

platforms have more than one), or resources within an FPGA. 

 

Now that the intro is over, let’s now get into using BORPH! 

STEP 1: Connecting up the board 

The board should already be connected up for you in the lab. You can check the following: 

 USB port connected to your workstation PC 

 Ethernet (the smaller CAT-5 100MBps connector) connected to the PC’s second network card 

 Power cable 

STEP 2: Open two terminals 

Open two Linux shell terminals.  

Use the first terminal for the serial port connection, using minicom: 

 $ minicom 
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 (Note this debug channel is generally not use, as everything can be done via the network; but the serial 

connection provides a backup connection to the boot loader in case the system doesn’t boot into Borph 

properly, or somehow the network port on the Rhino isn’t configured to allow a network connection). 

We won’t use the second terminal quite yet… 

 

STEP 3: Turn on the power to the Rhino (or switch it off and then back on) 

The minicom window 

should now show lots of 

text scrolling by to indicate 

that the boot loader has 

started and then starts 

loading BORPH Linux.  

 

What you want to 

eventually see is the 

“Starting sshd: OK” at the 

end of the messages. This 

means that the network can 

now be used for all further 

interaction with Rhino. 

 

STEP 4: Ssh in to BORPH 

From the second terminal (i.e. the one not running minicom) run the ssh command as follows. The 

hostname rhino has already been configured on the lab machines (note it is assumed your Rhino is 

connected to your PC’s second network card, which has been set up to have IP address 192.168.0.1 and 

netmask 255.255.255.0 – the host rhino has been set to this IP address. Of course you can use whatever 

network you’ve decided on, but this is what the Rhino has been configured for in this tutorial). 

 $ ssh rhino 

You will be asked to input the password for user bluelabuser. 

Just use the same username as the password (i.e. bluelabuser as the password). 

You should now be successfully logged in to BORPH and see the Linux prompt as illustrated on the next 

page. 

When you log it, the home directory is set to an NFS shared folder (actually, a folder that has been exported 

on your workstation PC). 
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STEP 5: Run a bof file 

Use the ls command to list directories and files. The BORPH operating system has various types of 

executable files; a bof file is an executable file that contains an encapsulated bitfile used to program the 

FPGA on the platform. You execute bof files just as you would a normal compiled executable. 

Change directory to the examples, i.e: 

 $ cd examples 

List the files using ls. Run the rhino_leds.bof example program. 

When this program runs, it programs the FPGA with a simple LED flashing system; you should see the user 

LEDs on the Rhino flashing in a sequence. 

 

Press Ctrl-C to kill the rhino_leds.bof process (i.e. to exit this program) and return to the prompt. 

STEP 6: Experiment with Linux commands on BORPH 

Try out some of the typical Linux commands on BORPH and explore the directory structures. You can use 

commands such as ifconfig (to view and configure the network settings) and echo (to display text and 

environment variables). You will notice there are some standard commands that aren’t available; this is 

because standard BORPH system running on Rhino has a cut-down set of Linux commands in order to save 

space. 

When you are finished experimenting, you switch of the board or proceed right away to Tut3 which 

involves writing some HDL code in Xilinx ISE that we will convert into an executable bof file to be executed 

on the platform. 

 

 

  


