
Building Raspberry Pi programs on a traditional PC

 Cross wise
The Raspberry Pi is a smart little machine, but you might find it easier 

to write programs on another computer then copy them to the 

Raspberry Pi afterwards. By Wolfgang Dautermann

article describes some of the steps you’ll 
need to take for cross-coding with different 
languages.

As you will learn, the most popular and 
best-performing languages, such as C and 
C++,  take the most effort because they re-
quire a compiler. The problem with compil-
ing a Pi program on an ordinary desktop 
computer is that most desktop systems (in-
cluding most Linux home computers, Win-
dows systems, and recent-era Macs) have a 
CPU based on the Intel x86 chip family, and 
the Raspberry Pi CPU runs on an ARM chip. 

The Raspberry Pi is an excellent com-
puter for hobbyists, but the Pi is not 
well suited for some CPU-intensive 
tasks. Compiling software, for ex-

ample, can take hours even on a high-per-
forming system. If you write your own soft-
ware for the Raspberry Pi, you may be won-
dering if it is possible to develop and prepare 
code on a faster desktop computer and still 
use it later on the Pi.

The answer is, yes, you can, but the com-
plexity of the task depends greatly on the 
programming language you are using. This Le
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You’ll need to become familiar with cross-
compilers if you want to compile code on 
one hardware architecture then get it to run 
on a different architecture.

Of course, the tools are different depending 
on which host system you want to use for 
writing and preparing the software. This arti-
cle focuses primarily on Linux tools. Because 
Linux is the system running on most Rasp-
berry Pi systems, it is a good choice for the 
host system also. One benefit of using Linux 
is that most of the development tools are 
available for free. This article also provides 
some tips for compiling your Rasp Pi code on 
a Windows system.

Script LanguageS  
and Bytecode
Scripting languages that are interpreted at 
runtime, such as Perl, Python, Ruby, PHP, 
and shell, can be copied and run on the Rasp 
Pi without complications. Applications pro-
grammed in Java also present few problems, 
because Java programs use machine-inde-
pendent bytecode that can be executed on 
any architecture. The only requirement for 
Java programs is that you have the correct 
Java runtime environment.

Applications written in Microsoft’s .NET 
environment will run on Linux using the 
Mono framework, which is available for 
most Rasp Pi systems. Applications written 
in Mono/ .Net are similarly flexible, even 
though they might present some complica-
tions. It is easy to write a simple “Hello 
World” program in Mono (Listing 1) and 
then translate it into an executable file (List-
ing 2). The program will have the misleading 
text (detected by the ‘file’ command) PE32 
executable (console) Intel 80386, […], but the 
reference to Intel 80386 is no cause for 
worry.

The result of a compiled Mono program is 
not x86-specific but is rather in the format of 
the Common Language Infrastructure (CLI). 
CLI code is similar to the CPU-independent 
bytecode in Java. The EXE file that emerges 
from the compile process can be copied onto 
a Rasp Pi without any problem and then exe-
cuted via mono helloworld.exe. If you now 
disassemble the file via monodis helloworld.
exe, the results on a PC will not be any dif-
ferent from the result on a Raspberry Pi but 
for a few comments.

The short “Hello World” program in List-
ing 1 took 10 seconds to compile on the Rasp 
Pi and .01 seconds on an Intel Core i5-2430M 
with 2.40GHz. This difference in compiling 
times becomes more pronounced when com-

piling a Java program. The PC can accom-
plish this task in about 0.7 seconds. The 
Rasp Pi needs more than 11 seconds.

croSS-compiLerS
Although Java and .NET/ Mono are admit-
tedly easier environments for writing porta-
ble code, developers writing open source 
programs continue to prefer compiled pro-
gramming languages such as C or C++, 
which offer better performance and, accord-
ing to many programmers, more versatility 
and freedom. Fortran is another compiled 
language used in Mathematics and Science. 
Numerous CPU architectures support the 
free GNU Compiler Collection (GCC), which 
will allow you to compile these languages. 
You can find cross-compiling tools for the 
Raspberry Pi with most recent GCC ver-
sions; however you will not find these 
cross-compiling components in the regular 
package management.

To set up your Linux computer to act as a 
development system, you will need to copy 
Git onto the system, usually from the pack-
age of the same name. You should also 

class HelloWorldProgram {

  public static void Main() {

    System.Console.WriteLine("Hello, world!");

  }

}

LISTING 1: Mono Hello

$ mcs helloworld.cs   # compile the C#-program

$ file helloworld.exe # what is the result?

helloworld.exe:  PE32 executable (console) Intel 80386, for MS Windows  
Mono/.Net assembly, 

$ mono helloworld.exe # execute program on the Raspberry Pi

Hello, world!

LISTING 2: Creating an Executable

The Raspberry Pi actually changed to a new 
hardware architecture with the arrival of the 
Rasp Pi 2. Raspberry Pi 2 models use the 
ARMv7 processor, and earlier versions use the 
ARMv6. If you wish to optimize the program 
for the Rasp Pi 2 environment, use the 
-mcpu=cortex-a7 -mfpu=neon options in 
the C/ C++ and Fortran compiler. The results 
then run a little faster on the Rasp Pi 2 but they 
produce the error message Illegal instruction 
on the first generation Rasp Pi. In Google Go, 
set the switch via the environment variable 
export GOARM=7.

OPTIMIZING FOR THE RASPI 2
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the compiler and the remainder of the tools, 
such as the linker, assembler, and help pro-
grams. The native cross-compiler for the 
floating point operations without numeric 
co-processor, or “soft float,” is found in the 
first folder. The second folder holds the 
compiler for floating point co-processors or 
“hard float” [2]. The third directory con-
tains the Linaro cross-compiler for 32-bit 

computers (see the box 
titled “Linaro”), and 
the fourth directory has 
cross-compilers for 64-
bit computers.

The compiler and the 
remaining tools can be 
distinguished from one 

another by their prefix and the toolchain refer-
enced in the name: arm-linux-gnueabihf- for 
the Linaro-Toolchain, arm-bcm2708-linux- 
gnueabi- for the Soft-Float-Toolchain, and 
arm-bcm2708hardfp-linux-gnueabi- for the 
Hard-Float-Toolchain. Windows cross-compil-
ers use a naming convention such as 
i686-w64-mingw32-, with the first set of char-
acters identifying the CPU; the second set 
specifying the operating system, which might 
include more exact specifications, such as 
hardfp, softfp, mingw32, or cygwin. The final 
set of characters indicates the name of the 
command. This can be a compiler name like 
gcc, g++, gfortran, or a tool like strip or ob-
jdump.

If the path variable of the shell contains the 
cross-compiler, you should look to Listing 6 for 
translating a short C program, such as the 

standard helloworld.c, onto your PC (List-
ing 7). Afterwards, copy the result onto 

the Raspberry Pi and execute it. Even 
when dealing with such a small pro-
gram, a laptop proves faster than 
the Rasp Pi by a factor of 10.

Large programS
You can compile larger programs 
that you would typically install 
with the command triplet ./con-
figure; make; make install on an 
external system by adding the op-
tion --host=arm-linux-gnueabihf 
or arm-bcm2708-linux-gnueabi or 
arm-bcm2708hardfp-linux-gnueabi 
to ./configure. The translation 
process will then look for the suit-
able cross-compiler and tools, as 
long as they are in the path. You 
can then execute the time-inten-
sive Make on the better-perform-
ing computer. The complete result 

check out the Raspberry tools [1] from 
GitHub (Listing 3). 

The command in Listing 3 will load the 
current developer code directly from the ad-
ministrative system of the version rather 
than retrieving an archive from a website or 
FTP server. The result lands in a new sub-
folder named tools/. Therefore, you should 
call the Git command in your home direc-
tory. Alternatively, you can call the com-
mand from the folder for the programs in-
stalled over the package administration with 
the root rights in /opt/.

The directories shown in Listing 4 contain 
the so-called toolchain, which consists of 

$ git clone https://github.com/raspberrypi/tools.git

LISTING 3: Loading the Developer Code

tools/arm-bcm2708/arm-bcm2708-linux-gnueabi/bin/

tools/arm-bcm2708/arm-bcm2708hardfp-linux-gnueabi/bin/

tools/arm-bcm2708/gcc-linaro-arm-linux-gnueabihf-raspbian/bin/

LISTING 4: Toolchain

[...]

export PATH=$PATH:/opt/tools/arm-bcm2708/arm-bcm2708hardfp-linux-gnueabi/bin/

export PATH=$PATH:/opt/tools/arm-bcm2708/gcc-linaro-arm-linux-gnueabihf-raspbian-x64/bin/

[...]

LISTING 5: Example Path

$ arm-linux-gnueabihf-gcc -o helloworld helloworld.c

LISTING 6: Cross-Compiling Hello World

Linaro is an organization made up of several 
well-known companies, including LG, Broad-
com, Qualcomm, Allwinner, MediaTek, and 
ZTE. One mission of this organization is to 
work on optimizing widely used open source 
software like the Linux kernel or the GNU Com-
piler Collection, for the ARM architectures [3].

Ideally, you should add the directory contain-
ing the desired compilers to the path. If neces-
sary, you can add all of the compilers. Depend-
ing on the Linux distribution or the shell, you 
will need to edit ~/.profile and ~/.bashrc 
and extend the PATH variable via correspond-
ing export directives. The example from List-
ing 5 is limited to the hard float compiler saved 
under /opt/ and the cross-compiler for the 
64-bit systems.

LINARO

#include<stdio.h>

int main() {

  printf("Hello World\n");

  return 0;

}

LISTING 7: Hello in C
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for a successful build is copied onto a Rasp 
Pi, and the program is then finally installed 
via make install.

Larger applications usually need various 
dependencies in the form of libraries or 
other programs. For the compilation, these 
dependencies also need to be present on the 
host system. You can either cross-compile 
the necessary dependencies or install the 
packages on the Raspberry Pi, including the 
development versions, which are designated 
by the prefix dev-, and then copy the instal-
lation to the host computer. 

Alternatively, you can take the memory 
card out of the Raspberry Pi and mount the 
complete Rasp Pi system on the PC. Then, 
you can communicate with the build process 
in ./configure via a series of options about 
where to find the various compiler and 
header files. These options are typically 
called --with-package name=[...].

Larger software packages frequently offer a 
shell script called Packagename-config (e.g. 
wx-config for wxWidgets, sdl-config for 
SDL, …) to simplify this process. This can 
also typically be activated with ./configure 
options, such as --with-wx-config when 
compiling wxMaxima. The command 
wx-config --libs --cflags provides the nec-
essary compiler–flags, where the libraries 
and header files are located. When cross-
compiling, you do not use the ‘native’ wx-
config tool (/usr/bin/wx-config, which 
would point to the na-
tive libraries), but the 
one in the crosscompil-
ing environment, which 
points to the libraries 
for the Arm architecture.

With programs that only use a simple 
makefile for a build, it is possible to modify 
the compiler and other tools. Frequently, 
there are definitions for variables, such as CC 
(C Compiler) and CXX (C++ Compiler), that 
you will only need to adapt for the corre-
sponding Raspberry cross-compiler. With 
build systems based on CMake, toolchain 
files indicate which compiler the build pro-
cess should use and which target system the 
build is intended for. A simple example is 
presented in Listing 8. The invocation is 
made from the build directory according to 
Listing 9. You should reference the file Tool-
chain-raspi.cmake, which has been adapted 
for the Raspberry Pi as a toolchain file.

googLe go
The Go programming language, which was 
originally developed by Google [4], contains 

built-in functionality for cross-compiling. Go 
describes the functionality in the installation 
instructions by stating, “In effect, you are al-
ways cross-compiling.” In general, the build 
system is consistent with the target system. 
This functionality is advantageous for Rasp 
Pi developers. Most of the Linux distribu-
tions have Go in their package sources. How-
ever, you will need to manually install Go for 
cross-compiling (Listing 10).

After you complete the installation, the Go 
compiler will be in the ~/go directory. You 
should set the environment variable $GOROOT 
and expand the path with the directory so that 

set(CMAKE_SYSTEM_NAME Linux)

set(CMAKE_SYSTEM_VERSION 1)

set(CMAKE_SYSTEM_PROCESSOR arm)

set(CMAKE_C_COMPILER arm-linux-gnueabihf-gcc)

set(CMAKE_CXX_COMPILER arm-linux-gnueabihf-g++)

# where is the target environment

set(CMAKE_FIND_ROOT_PATH "/opt/tools/arm-bcm2708/
gcc-linaro-arm-linux-gnueabihf-raspbian/")

# search for programs in the build host directories

SET(CMAKE_FIND_ROOT_PATH_MODE_PROGRAM NEVER)

# search for libraries and headers in the target directories

SET(CMAKE_FIND_ROOT_PATH_MODE_LIBRARY ONLY)

SET(CMAKE_FIND_ROOT_PATH_MODE_INCLUDE ONLY)

LISTING 8: Building with CMake

$ cmake -DCMAKE_TOOLCHAIN_FILE=path/to/toolchain/file/Toolchain-raspi.cmake path/to/the/sourcecode

LISTING 9: Invoking CMake

cd $HOME

# for bootstrapping Go 1.5 we need Go 1.4 so install that first:

wget https://storage.googleapis.com/golang/go1.4.3.linux-386.tar.gz

# install Go 1.4 into $HOME/go1.4/

# (it is searched there when building Go 1.5)

tar xzf go1.4.3.linux-386.tar.gz --transform 's/go/go1.4/'

wget https://storage.googleapis.com/golang/go1.5.1.src.tar.gz

# extract Go 1.5.1 into $HOME/go/

tar xzf go1.5.1.src.tar.gz

cd go/src/

# build Go 1.5.1 with native and Arm CPU support

GOOS=linux GOARCH=arm ./make.bash

cd $HOME

LISTING 10: Installing Go for Cross-Compiling

$ export GOROOT=$HOME/go

$ export PATH=$GOROOT/bin:$PATH

LISTING 11: Setting GOROOT
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image. Listing 12 dem-
onstrates the process 
using the example of the 
simple “Hello World” 
demo helloworld.go 
(Listing 13) [9].

concLuSion
If you want to write 
portable code that is 
easy to adapt for the 
Raspberry Pi environ-

ment, a scripting language such as Perl or 
Python is the best option. If you prefer the 
performance edge that comes with writing in 
a compiled language, and you would want to 
compile your code on an Intel-based devel-
opment system, you’ll need to get used to 
working with cross-compilers.  ● ● ●

it works properly. In this way, the self-compiled 
Go compiler takes precedence over any other 
version of the Go compiler on the system that 
might be lacking cross-compiling capabilities 
(Listing 11). If Go finds the environment vari-
ables GOOS=linux and GOARCH=arm, the com-
piler will spit out a Rasp Pi-compatible binary 

$ go run helloworld.go                            # run program without compilation

hello world

$ go build helloworld.go                          # compile program native

$ file helloworld                                 # Result: a binary for x86-64

helloworld: ELF 64-bit LSB executable, x86-64, version 1 (SYSV), statically linked, not stripped

$ GOOS=linux GOARCH=arm go build helloworld.go    # crosscompile for the RasPi

$ file helloworld                                 # Result: a binary for the RasPi

helloworld: ELF 32-bit LSB executable, ARM, EABI5 version 1 (SYSV), statically linked, not stripped

LISTING 12: Getting the Binary Image

package main

import "fmt"

func main() {

  fmt.Println("hello world")

}

LISTING 13: Hello in Go

This article deals mainly with cross-compiling 
on a Linux system, but the process also works 
on Windows. As long as Mono cooperates, you 
should invoke C# programs developed with Vi-
sual Studio via mono program_name to the 
Rasp Pi. To cross-compile Go on Windows, 
you’ll need to compile Go from the source code 
as the cross-compiler. Windows lacks a native C 
compiler for compiling Go, but the Go commu-
nity [5] recommends TDM-GCC [6].

With C++ and C, it is a good idea to choose the 
Sysprogs-Windows-Toolchain for the Rasp-
berry Pi [7] (Figure 1). After setting up the tool-
chain with default settings, you will find the 

compiler, along with the necessary tools, in the 
C:\SysGCC\raspberry\bin\ directory. The 
system will accept the folder automatically in 
the path with the corresponding option in the 
installation assistant.

Invoking arm-linux-gnueabihf-gcc.exe 
helloworld.c translates a C program under 
Windows for the Raspberry Pi. Many program-
mers prefer to work with an Intergrated Devel-
opment Environment (IDE). IDEs usually have 
settings where one can setup which compilers 
should be used – and there you can choose the 
crosscompilers instead of the native compilers. 
For example, the CodeLight IDE [8] is available 
for Linux and Windows.

WHEN WINDOWS IS THE HOST SYSTEM

Figure 1: Installing the Sysprogs Windows toolchain for the Raspberry Pi.

[1]  Raspberry-Pi-Tools:  
https://  github.  com/  raspberrypi/  tools

[2]  “What do you mean by soft float ABI and 
hard float ABI?”:  
http://  raspbian.  org/  RaspbianFAQ#  What_
do_you_mean_by_.  22soft_float_ABI.  22_
and_.  22hard_float_ABI.  22.  3F

[3]  Linaro: https://  www.  linaro.  org

[4]  Google Go: https://  golang.  org

[5]  “Installing Go from source”:  
https://  golang.  org/  doc/  install/  source

[6]  TDM-GCC: http://  tdm‑gcc.  tdragon.  net

[7]  “Sysprogs Windows Toolchain for Rasp-
berry/ PI”:  
http://  gnutoolchains.  com/  raspberry

[8]  CodeLite Development Environment:  
http://  www.  codelite.  org

[9]  Code for this article:  
ftp://ftp.raspberry‑pi‑geek.com/pub/listings/
raspberry‑pi‑geek.com/14

INFO
Wolfgang Dautermann works as a system 
administrator at the FH Joanneum 
University of Applied Sciences in Graz, 
Austria. He is busy in the Linux community 
and serves as one of the organizers for 
Linux Days in Graz..

THE AUTHOR

Building Pi Apps on a PC

88

SKILLS

RASPBERRY PI GEEK ISSUE 14



Shop the Shop        shop.linuxnewmedia.com

order online:

shop.l inuxnewmedia.com/rpi

In case you missed  
it last time...
You ordered your Raspberry Pi... 
You got it to boot...what now?

The Raspberry Pi Handbook takes 
you through an inspiring collection of 
projects. Put your Pi to work as a:

▪  media center

▪ web server

▪ IR remote

▪ hardware controller

▪ and much more!

Discover Raspberry Pi’s special tools 
for teaching kids about programming 
and electronics, explore Wolfram 
Mathematica, and find out how to 
integrate your Rasp Pi system with 
LEGO Mindstorms.

the only raspberry pi reference 
you’ll ever need!

LNM_Special_RaspPi_1-1.indd   1 5/11/15   11:13:38 AM


