Introduction

The Embedded Xinu project is being conducted by both graduate and undergraduate

students in the Systems Laboratory in the Math, Statistics, and Computer Science

department of Marquette University in Milwaukee, Wisconsin [1]. The existing sys-
tem, which is being used for Operating Systems, Hardware Systems, Embedded Sys-
tems and Networks courses offered at Marquette University, uses a pool of Linksys
WRTb54GL routers to run custom student made Xinu kernel images. The reason why
we chose to convert the existing system from a pool of Linksys WRT54GL routers to

a pool of Raspberry Pi's was because Raspberry Pis are:
= 15 dollars cheaper than the routers
= more open than the routers
= more modern than the routers

= smaller than the routers

Figure 1: A picture of a Raspberry Pi model B.

MIPS Vs. ARM Architecture

The Linksys WRT54GL routers use MIPS architecture processors compared to the
Raspberry Pi, which uses ARM architecture processors. Biggers (2013)[3] already
ported the Xinu operating system for the Raspberry Pis, so they rewrote the support-
ing Xinu kernel MIPS assembly code to ARM assembly. Unfortunately, the courses
at Marquette, which used the Embedded Xinu project, has all of its assignments,
tests and quizzes use MIPS assembly language. Therefore, we had to convert the
MIPS assembly assignments to ARM assembly to ensure this was viable for the fall
2015 semester. As figure 2 shows, MIPS does have more general purpose registers
than ARM. However, we found that the students benefit greatly from the switch
from MIPS assembly to ARM assemily in that they can reduce their code for a lot of
assignments, such as context switching processes. Additionally, students benefit from
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using Arm assembly in that when specifying a stack pointer offset to load or store
operation, one can use a register in ARM. This allows a student to write assembly

programs a lot easier.

MIPS general purpose registers ARM general purpose registers

Register “regdef.h" Naming . |
Harme Conuentian Possible Usages Heglstﬁl' USEgE
50 2610 wired to zero value Name
51 Sat reserved for the assembler
52 Sv0 return values RU
53 Svl
54 §20 R1
" $a1 . genersl purpose (scratch)
atrguments
56 $a2 R2
57 523
8 St0 R3
59 5t1
510 512 R4
511 513
512 st temporary RS
513 5t5 Rﬁ
514 St6
515 5t7 R/
516 530
$17 $s1 RS generz| purpose
518 952
$19 $s3 RY
saved
520 Ssd
$21 ¢s5 R10
522 556
$23 7 R11
524 518
525 Stg tempﬂrary le
iii 2:? reserved for the OS kerne R13 reserved for the stack pointer
528 SEp reserved for the globzl pointer Rld |inker rEEiSIEr
529 Ssp reserved for the stack pointer
230 38, 50p | saved, hrame painter R15 reserved for the program counter
531 Sra linker register {return address)

Figure 2: MIPS Architecture general purpose registers and ARM Architecture

general purpose registers side by side

MIPS vs. ARM Assembly[4]

Mailbox property interface

When we first started trying to set up the pool of Raspberry Pi's, we initially wanted
to test communicating with the Raspberry Pi's over the network. We found that
the port of Xinu for the Raspberry Pi couldn’'t find the hardware MAC address for

the Raspberry Pi and would generate a random hardware MAC address every time

the Raspberry Pi booted up. This was a problem because to communicate with a
Raspberry Pi over the network, it needs a static hardware MAC address that needs

to be known in order for us to designate it an IP address.

Figure 3: The shell command pistat

Solution:

We found out about the Mailbox property interface, which is the primary means of
communication between the ARM and the VideoCore firmware running on the GPU

5]. Using the mailbox property interface we created a Xinu shell command callec

pistat that reads a Raspberry Pi's hardware information. Additionally, we created
functions that takes a parameter of what hardware information a user wants then
returns that hardware information.

The general procedure to read from a mailbox:
® Read the status register until the empty flag is not set
® Read data from the read register

@ If the lower four bits do not match the channel number desired then repeat

from 1

o T he upper 28 bits are the returned data

6]
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