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Introduction

Linux (pronouncedee - nux) is a free operating systethat is distributed by several
different vendors and organizations. In somesesdt is similar to the Mac QGX, that is,

it is very different from the Windows OS. However, Linux provides many advanced
software tools and a congenial environmentGaaind Assemblylanguageprogramming.
Furthermore, Linux typically runs as a serwehich eases remote access from any
computer on the Internet. Consequently, you will have ready, consistent access to the
development environment and your files whether you amdaiss, in laboratories, en
campus, or oftampus. Last, but not the leasaJmost all High Performance Computing
(HPC) platforms run Linux. Consequently, you typically have no choice but to work with
Linux for HPC needs.

Luckily Linux has been primarily developed t
smart p e o pWoeds, it is hoh meant forecasual users. This feature is a double

edged sword. Linux provides powerful software tools that are primarily executed from a

simple command prompt and not from a GUI. Therefore, there is an initial learning curve

for users trasitioning from a Window$ased environment to a Linux environment.

However, once you gain familiarity with Linux you will notice that your overall
development and deployment process actually proceeds much faster than in any other
programming environment.

This document has been desgrnto provide a detailed description of accessing a Linux
server and using some of its features. It is not meant to serve as an exhaustive guide to
using and programming with Linux. For help on commands and options referrt@th

(ual) pages available on the Linux machine. Furthermore, consult with your instructor for
any site specific details and additional directions if you experience problems or for
troubleshooting tips.
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Accessing a Linux server

Most Linux installation@dhere to a standard conventiondgcessing a Linux server via
the Internet or a local area network (LANAccessing a Linux server igelatively
straightforwvard and can be done using freely available softwidre. figure below
presents a conceptual viest the aforementioned configuration and the steps involved
are as follows:

Secure connection via the Inbe
established using SSH X

—
Linux Server Your computer that is

(easInx01 . eas.muohio.edu ) running an XServer!
(Windows/Mac/Linux/Unix

[ LN

e as

1. Start X-Server(Xming) on your computer.
SSH to the inux server and logiasingPuTTY.
3. Use shell commands to:
a. Create a working directory (to ease file organization) the first time.
b. Change current working directory to yatoursedirectory.
4. Type yourassemblyprogram usinggmacs
a. Emacs is a general purposgaphical text editor that also provides a
specialized environment for debugging programs using the GNU debugger

(gdb).

5. Assemble your source codsing theGNU assemblefas)
a. Useemacs to fix any syntax errors in your program.

Link your source code usirthe GNU linker [d ) to generate the final executable
7. Run the executable from the shell prompt
8. Test, troubleshoot, and bug fix your programs

a. You will need to run your program seaé times thoroughly test your
programs, and fix any semantic errors (akasuig your program.

b. For troubleshooting and debugging your program, you can run the GNU
debugger ddb) in emacs and step through eadhnstruction in your
assemblyprogram verifying its operation(s).

A detailed description of each of the aforementionedsstepresented in the following
subsections.

no

o
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X-Server

In order to leverage the graphical capabilities of the Linux and use graphical editors you
need to have piece ofsoftware called the XServer running on youocal machine. An

X server is a genericoncept (like a web browser) and several different companies and
open source projects provide different implementations of an X séiverX-Server is
already installed on alSEAS machines including machines in the class rooms and
laboratories. All of the SEAS computers typically have anS¥érver calledXming
installed on them.If you would like to install an XServer on youpersonal machine you
may do so. However, note that SEAS or MU is not responsible or liable for any
damages, either express iamplied, by installing or using software on your personal
computers. There are free >Servers available too
(http://sourceforge.net/projects/xmirfgtp://www.c/gwin.com).

Note: The University and | are not liable for any damages (phy
emotional, psychological, economic, or academic) cause
installing any software or its derivatives on your personal comp

((\(é@

Starting Xming on Windows computers in SEAS labs

In order to start theXming X-server on Windows machinesmply navigate the Start
menu options as shown below:

Course Specific 4 E Cygwin c}{ Xl aunch

El

' -
E Programs ' Database @ Hummingbird Host Explorer
Engineering Apps 4 @ Internet Explorer
- Y
o EC: Documents 4 Graphics and Web Design  # @- Mozilla Firefox
;ﬂ.r; ) et \ Office applications 4 @ Mozilla Firefox (Safe Mode)
ettings
o ? Programming Languages ¥ f puTTY (EASLnx01)
=& D search b\ Utiity b & ouTTY (ehet&ssH) | Run Xming %
é @) o nd S 3 Handouts %5 winscez Server by
elp and Suppor " =P L.
- T Turnins I WSFTPLE clicking on the
z E=gnn above program!
=
=
= iﬂl Shut Down. ..

74 start Cw @
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On successfully starting up tixéMing X-server you should se an Xicon in the system
task tray at the bottom right hand corner of your screen as shown below:

Caution: Performance of X-based Graphics

The X protocol that enables graphical displays on remote computers is an efficient
protocol that has been in long use for more than 30 years now. Consequently, it has been
highly streamlined and optimized for slow and low bandwidth networks. Nevertheless, X
does place a load on the network and therefore on slower networks you will find a
significant lag in performance of graphical applications. If you do so, then you can
always fall back on the negraphical versions of various programs without much loss of
functionality.

Starting X on Macintosh computers in SEAS labs

All of the SEAS Mac comyters have an X server already installed on them. In order to
start the Xserver on Mac machines you need to perform the following tasks:

1. Click (left mouse button) on an empty area of the desktop to highlight the
AFi nder o menu. Fr ocmt tthhee ffiGodYeUt irthdértu,es $
shown in the screenshot below:

g @ Finder File Edit View Window Help

Back 38[

Forward 3]

@66 Enclosing Folder a1
T ||1||||||||E|||I|||1||||

— . = Computer {4 38C

"4 % Home ©8H

i  Network T BK

® iDisk B

# Applications
@ Utilities

@ Finder

Recent Folders

Go to Folder... £ #G
Connect to Server... #K

Page5



AssemblyProgramming under Linux

D. M. Rao

2.ln the AUtilities

shown in the snapshot below:
a0 [~ utilities
[« - J[E[= o) &

0 box, scrol |

()R

| ‘ﬂ’ EASSERVER1.USERS =

[ =2 ] g - -

‘ g Macintosh HD 2

| Migration Assistant

»

ﬁ MUSERVER4.USERS

m Desktop |-

@[ seas ODBC Administrator

|

| ;'7% Applications
| e |
I ’é Programming .

[ | Text Editors Terminal

L=

l{/g Web and Graphics &
5

| .‘:;')
| \L . Communication
==

@ 9

Netinfo Manager Netwaork Utility

= @

Printer Setup Utility System Profiler

) X

VoiceOver Utility X11

1 UnMountDrives iPod Software Updater Altiris
F— 1 of 27 selected, 47.14 GB available _ _,,é
3.0n double clicking the AX110 shoddses,

shel |l wi ndow

t he X

as $6howo mpel chel poomdt. Ak d it he

operations you will be performing will be done by typing appropriate commands

at the shell prompt.

' @ X11 Applications Edit Window
806

x| xterm

Help

krgl05-cB:” raodn I

4. 1 n addition, ensu
your screen) as shown below:
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PUuTTY

PuUuTTY is a freeware program that is widely used to establish a secure shell (SSH) for
accessing remote UnikLinux servers. Allthe SEAS computersave PUTTY already
installed on them. If yowould like to installPuTTY on your personal machine then you
can download it for free fromttp://www.chiark.greenend.org.uk/~sgtatham/putty/

Note: PUTTY uses port nuilmer 22 for connecting to the server.
your firewall or virus scanner blocks port 22 you will not be ab
connect to the server. If you have problems connecting to the
first check your firewall and virus scanner settings.

WEY)

On the SEAScomputers, you can run PuTTY by navigating the start menu as shown
below:

Course Specific 4 E Cyagwin
. Programs , Database » @ Hummingbird Host Explorer
) Engineering Apps 4 E Internet Explorer
E’ |_3~ Documents k Graphics and Web Design  » @ Mozilla Firefox
E .) settings , Office Applications » @ Mozilla Firefox (Safe Mode)
= _ Programming Languages  * puTTY (EASINx01)
$E: !_) Search v [E) Utiity £~ puTTY (telnet & SSH)
% [C3) Handouts WIinSCP 2
= Q- Help and Support =3 Turnins F‘ﬁ; WS ETP_LE
W
E =] Run...
= RunPuTTY by
4 (0] shutDown... clicking on this link.

r 133 GnuEnvironment.doc ...
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On clicking the above link, you will sea popup dialog as shown below. Clibk iRuno
button.

Open File - Security Warning

The publisher could not be verified. Are you sure you want to
un this software?

Mame: putty.exe
Fublisher: Unknown Publisher

Type: Application
From: K:\win32\puTTY

[ Run ] [ Cancel

publisher. You should onby run software from publishers you trust.

@ This file does not have a valid digital signature that verfies its
How can | decide what software to un?

On running PUTTY you will see the following dialog box. Type in the maifrthe Linux
sever, namelyeasinx0l.eas.muohio.edu , i n HosthNamefi(or IP
address) 06 entry as shown bel ow:

' PuTTY Configuration
Category:
[=)- Session » Basic options for your PuTTY session
ot I_.Dglging Specify your connection by host name or IP address
=mina Host Mame jor IP address) Port
Keyboard = _ —
Bell | easinel1.eas muchio.edy| |.z.»_' |
Features Protocal:
= Window ) Raw (i Telnet (O Rlogn &) 55H
.mpea@nce Load, save or delete a stored session
Behaviour
Translation Saved Sessions
Selection | |
C':'l':'!"rs Default Settings Load
=~ Connection dragon
Data Save
e
Rlogin
=-55H
}:fex Cloze window on exit:
';:lrt_lh = O Aways (O Never (&) Only on clean et
Tunnels Al
About [ Open l [ Cancel
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Next, ensure that you configuRuTTY to translate all characters using UBFencoding.

This option is necessary (even though both Linux @iddows are fully Unicode
compliant) because some of the Unicode glyphs on Windows are not fully compatible
with the standards. In order to configireTTY to use UTF8 for translation, you need to
perform the following steps:

1. Cl i ¢ k Toramslatioh e 0 dption in the Category tree (to the left hand side

of thePuTTY dialog box, as shown below)
2. From the list of selection options, select U8 s shown in the screenshot below:

2% PuTTY Configuration

Categary:
= Seszzion ~ Options controling character zet translation
L.Dggmg Character set tranglation on received data
=I- Terminal . . . i
K.eyboard =
BE" I_ITF't W ]
Featuresz |Ladepages supparted by \Windows But nat lsted here,
2 window such as CPBEE on mary systerns, can be entered
Appearance marially]
Behayvioy
Tr——— [ Treat CJK ambiguous u.:harac.ters as wide
TR [ ]Capz Lock acts az Cyrillic switch
Enlngrs Adjust ko PuT T handles line drawing characters
= Connection i i ]
Data Handling of line drawing characters:
Prox (#) Use Unicode line drawing code points
Tel ¥ ) Poar man's line drawing [+, - and []
& n?t () Font has ¥windows encoding
Rlogin () Use font in both &MS| and DEM mades
=l 55H () Use font in DEM mode only
K.ex [ ] Copy and paste line drawing characters az lggqk
Auth
=11
Tunnels hd
T
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Now, click on the X11 option on the menu tree on the left hand siden dheck the

AEnabl e f or war diboxgatheaight as smowni belowt Thie

X11

check

ensures that the X protocol will tunnel over the secure (encrypted) link to your machine
so that you will be able to enjoy the graphical capabilities of Linuyoom local PC.

The above steps complete the core configuratidPudiTY to access our Linux server.
your
repeat the same steps again) as indicated below:

No w,

5% PUTTY Configuration

Categony:

[=)- Session
Logging

=~ Terminal
Keyboard
Bell
Features

= Window
Appearance
Behaviour
Translation
Selection
Colours

= Connection

#11 forwarding

Options caontralling S5H X171 farwarding

| H1Enable X1 forwarding |

X display location

Remote ¥11 authentication protocol

(&) MIT-Magic-Cookie-1 ) XDM-Authorization-1

Open l [

Cancel

you

may

save
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You may save/our current configuration as a separate sessi®uinry through the
following steps:

1. First c |Sessitn @ no p thiedategoryn tréel{om the left hand
side) as shown below.

2. Then type out a session name for your session. Typically the shatafdahe
Linux server (namelgasinx01 in this case) works best.

3. Click theSave button to save this configuration with the given session name.
Now a new entry should appear in the lisBaved Sessions  in thePuTTY
Configuration window.

4. Now connect to theerver by clicking on th®pen button at the bottom of the
PuTTY Configuration window.

2% PuTTY Configuration

Categony:
=) Session Basic options for your PuTTY session
5 Temi glging Specify vour connection by host name or [P address
ermina _

Kevboard Host Mame (or IP address) Part
Beil |easlrm31.eas.muuhin.edu | |22 |
Features Protocal:

= Window ) Raw () Telnet (O Flogin~ (8 55H
Appearance
;;Ea'-.-'icuur Load, save or delete a stored session
Tranzlation Saved Sessions
Selection [ |easlru-r.21 |
Colours

Default Settings
= Connection draaon [i]
Deta E T ]F

=— glenn

Tenet e
Rlogin
= 55H
KE" Close window on exit:
;flrt_lh O Always (O Mever (3 Only on clean exit
Tunnels b
About [[ Qpen [ Cancel

Note Once you have saved a configuration as a session, yc

vV/ directly connect to the Linux server by simply double clicking ol
JL corresponding session name in the lisSalved Sessions in the
= PuTTY Configuration window. You donét ha
v

configuration options each time you laurfelTTY.
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Now, clickt h ©perid

shown the first time you connect to a server)

PuTTY Security Alert 3]

4

b u(or doubie click a saved sessida)connect to the server.
On cl i c ®pemg btuh & ofrsee\a dialog asaslyown beldthis dialog box is

The server's host key is not cached in the registry. You
have no guarantee that the server is the computer you
think it is.

The server's rea2 key fingerprint is:

ssh-rsa 1024 f1:e5:48:97:25:05:b8:07: 190926 3b: 14:86:9d: 3c
If you trust this host, hit Yes to add the key to

PUTTY's cache and carry on connecting.

If you want to carry on connecting just once, without
adding the key to the cache, hit Mo.

If you do not trust this host, hit Cancel to abandon the
connection.

[ fes l[ Mo ][ Cancel ]

Cflesoc kb uit t o n

to cont

Now you should see the following terminal show up on your screen, prompting to enter
your user name and password.
1. Enteryour MU id andpress th&NTER key
2. Enter your MU password (when you type your password you will not see
any characters on the screen. This is normal operation) and:pmEss

key.

3. On entering the correct user name and password you will be dropped to a

shdl prompt. The shell prompt may look a little different than the one
shown in the figure below:

& raodmeeasinx01:~
login as: raodm
Using kevboard-interactive authentication.

Password:

Last login: Thu Oct 23 17:

racdm@easlnx0l:~> pwd
/home/ racdm
' racdmfeaslnx0l:~>

This conceptual area is referred to as the sh

prompt or$ prompt. You will run various
programs by typing at the shell prompt.

2008 from ip-134-53-130-147.dhcp.muochio.edu

DE®
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These steps complete the process of configlPm§TY and using it to log onto a Linux
server.PUuTTY runs the secure shell (SSH) protocol to interachlite Linux server.
Furthermore PuTTY arranges the graphical display from the remote Linux server to be
routed to the XServer running locally on your computer.

Now you are sucssfully logged into the Linugerver(easinx01 ) and you should be
able totype out various commands for developing, debugging, and running progtams
the shell prompt.

S

appear on their computer the program is running on their comj
However, such is not the case when running with X and Linux.
= programs are actually running on the Linux server. Only the display is r
v to your machine!

O Note that many users often incorrectly assume that when graphical di

Pagel3
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Shell Commands

Almost all the operations that will be required for this class wilp&gormedvia shell
commands. This includes changing or navigating directories, creating atidgléles,

and logging out of the serverSome of the commonly used Shell commands and a few
examples of their usageelisted in the tabl&elow:

Command | Description Example usage
exit Log out of the Linux box $ exit
cd Change directory $ cdm: |
$ cd /usr/X11R6/bin
$ cd..
pwd Show present working $ pwd
directory
Is List files. Is
Is -1
Is -1l./*s
Is -1./a?b*.s
Is -1../directory
mkdir Make new diretory mkdir csa - 470
rmdir Remove empty directory rmdircsa - 570
cp Copy file or files. You can cp ../as.

copy entire directories
recursively as well.

cp ../a.s bak.s
cp ../*xs
cp ../a?b*.s

P B B DD DR B RRPD PP PR B AP HH

cp -r../directory
mv Move file or files.You can mv ../a.s
move directories as well. mv ../a.s bak.s
mv ../*.s
mv ../a?b*.s
rm Remove files and directoriej $ rm../a.s
rm a.s bak.s
rm ../*.s
rm ../a?b*.s
rm T rf directory
less View contents of the file less hello.s
(scroll using amw keys and
pressg to quit).
emacs Editor and development $ emacs&
environment.
icc Runs the Intel C compiler | $ icc g TWallhello.c i o hello
program(s)
mpicc Runs the Intel C compiler | $ mpicc Tg 7 Wallhello.c i 0 hello

with options to link inthe
MPI library as well.

gdb Debugger (Typically run | $ gdb hello
from within emacs)

Page14
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man Display manual page fora | $ manls
command (use cursor keys $ man man
navigate and to quit)
as Assembler (Convert $ as 1- gstabs+ hello.s Tohello.o
assemblysource to object $ as i-help
file)
Id Linker (Convert one or morg $ Id e main hello.o T 0 hello.exe
j iles i i i Ikernel32
object files into a single $ 14 1-help

executable)

module Runs the module $ module avail
management program to log $ module load java
and unlad modules on the
cluster

clear Clears the current terminal | $ clear

objdump | Display information about a| $ objdump -- help
object or executable file $ objdump s hello.exe

objcopy Copy parts of an objector | $ objcopy -- help
executableife to another file| $ objcopy 1] .text I O binary
possibly in different format. | hello.exe hello.sys

Most ofthese commands are going to be frequently used in this class. Consequently, you
need to get conversant with them. Spend timérytoout each one of the commands
yourself.

Theman (manual)command is your never failing friend! The manua
contain all the information for each of the aforementioned shell

S

commands and include references to other related commands that
used. If you are not sure how to use a command, the first thinggo
a’ to look up the man pages. You may also find the man pages onlir
17 (http://www.linuxmanpages.com/
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Copying Files From/To the Linux Machine

In order to copy files to/from the Linux machine you can use a freely available secure
copy program calle@inSCP. Like most other progras WinSCP is just a fancy GUI
around the textnode command callescp (short for secure copyWIinSCP is already
preinstalled on all SEAS computers. For your personal use, you can freely download and
install WinSCP from http://winscp.net/eng/index.phdn order to run WIinSCP first
launch the program by navigating the start menu as shown below:

Course Specific L4 E Cygwin
= b ingbi

!. Programs , Database @ Hummingbird Host Explorer
Engineering Apps L4 E Internet Explorer

I_“.z’g Documents L Graphics and Web Design  » @ Mozilla Firefox

Office Applications » @ Mozila Firefox (Safe Mode)

= Settings L4
c Programming Languages f puTTY (EASLAx01)
/—:' Search , Utility y DUTTY (telnet & SSH)
@) HebandSupport | rymin e FTP L ]

#=] Run...

@ Shut Dowert..

RunWinSCPby clicking on
this menu option.
@ 1nbox in Miami - Micro. ..

On runningWinSCPyou may be prompted with the following message box. Click the
Run button to continue runninfinSCP.
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