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Abstract

This tutorial shows how to setup aLinux cluster for high performance parallel com-
puting using MPI and PVM with ParallelKnoppix, abootable CD. Creating aHPC cluster
takes aslittle as5 minutes. The tutorial shows how parallel programs may berun. It ex-
plains how to get your les onto the cluster. It also shows how the CD can be modi ed
to add programs and les permanently, to meeta user's personal needs.

1 Introduction

ParallelKnoppix (henceforth P-KPX) is a bootable CD that allows creation of a Linux cluster
for high performance computing in very little (5-10minutes) time. The cluster is temporary -
onceit is shut down the computers are in their original state. Thereare no OSor softwarere-
quirements. The main requirement is that the slave nodes have PXE capable network cards.
There is a work-ar ound, mentioned below, but to save time and headaches,| recommend
equipping the slave nodeswith such cards. You may needto activate the PXEboot option in
the BIOS setup of the slave nodes.

This tutorial shows how to create and use a cluster for MPI and PVM based parallel
processing,step-by-step, using screenshots. For more general information on ParallelKnop-
pix, pleaseseethe homepage at the above link, or the user forum. The latest version of this
tutorial may be found here.

2 A sample session

This section presentsa series of screenshotsthat illustrate the setup of the cluster and the
parallel execution of some example programs.

2.1 Booting up

Is your entire hard disk formatted with NTFS partition(s)? This is what | refer to as the
NTFS curse, and it is often inicted upon computer users by the members of an evil hard-
ware/softwar e cabal. To use ParallelKnoppix, you need a Linux-friendly partition with
enough free spacefor your working les. Partition types such as FAT32, EXT2, EXT3, Reis-
erFS,or just about anything except NTFS, will work. If you have the NTFS curse, | recom-
mend using a USB pen drive, formatted as FAT32,to use asthe working space. Or, reparti-
tion your hard disk to add one such partition. The QTParted program on the CD can help
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you with this, but it canalso help you eraseyour data if you don't know what you'r e doing,
so be careful.

If you are going to use a USB key for the working space,insert it now. Then place the
P-KPX CD in one of your computers, and boot up. You might like to pressF2and/or F3to
seesome options that you can use. For example, to use my computer's SATA hard disk, |
usedto needto add the option acpi=off , though this is no longer necessarywith the current
version of P-KPX. But you should be aware that some hardwar e needs special options.

Upon booting the master computer we are in the KDE desktop environment.

& X

#rach CD-ROM  Tutorialpdf

[cdrom]
—
I‘J
{

Hard Dislc Floppy disk
Partition
[sda3]

¢ O

| Parallel

e

Knoppix

Hard Disle Parallelknopp
Partition ix
[sdaz]

J v
— |1

Hard Dislc KNOPPIX
Partition
[sdal]l

2P

CD-ROM README
[edrom1]

2.2 Con guration

All con guration is done using ascript that you canstart from the ParallelKnoppix/SetupParallelKnoppix
menu item, asfollows:
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Next, the terminal server is started to boot your slave computers. First you get some
information. Click on OK.

You are askedif you want to con gur ethe terminal server. Click OK.

You are asked how many nodes are in your cluster. Enter the number, including the
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master node you'r e sitting in front of.

You needto make surethat ALL network card types in the cluster arerolled into the PXE
boot con guration. Justcheckthe cards in your cluster:

For ordinary clustering, only the textmode option is needed. Besure not to selectsecure.t

You may need some special options to get your nodesto boot (seeabove). | just click on
the default myself:

IHopefully alittle warning bell went off in your head just now. This is NOT a secure setup. Anyone who can
get into the cluster do anything they want to to any computer in the cluster, and up above | told you the root

password. The cluster should not be connectedto other networks, and only trusted usersshould be allowed to
work with it. Or, have a good setof backups.
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Finally, you needto con rm that you'r e done with setup. Click OK.

You will seesome interesting information on the screen:

Now, you needto selecta partition on the masternode's HD on which to createaworking
directory. The working dir ectory will be named " parallel_knoppix _work ing ” to minimize
the chancesthat an existing dir ectory has the same name. The script will not let you use
NTFS partitions, so it that's all you have, you will encounter a problem here. Pleasego
to the top of this document and read more carefully if you have this problem. Otherwise,
choosea partition, any partition. A USBkey drive will be/mnt/uba#, wherethe #represents
a number (or it may just be /mnt/uba, depending upon how the key drive is partitioned).
The selection window looks like this:
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If all went well we should seethe following. Go turn on the slave nodes, then click OK.

Now we need to log into the slave nodes and mount the working directory. This will
only work if they are booted, so be patient.

Someinformation follows.

We canseeLAM being lambooted:
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Taadaa, the cluster is ready for use!

Optionally , you can start the ganglia monitor, to observe activity on the cluster. In my
experience, this doesntt always work too well, sol don't useit much. But it is interesting to
try out afew times at least.

If you decide to start ganglia, you will see

Open up the konqueror browser, and go the the site in the following pictur e (there is a
bookmark handy). This shows (hopefully, it is a bit buggy) information about the cluster:
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2.3 Using it

Copy something to work on into the parallel_knoppix_wo rki ng directory. This is the only
NFS shared dir ectory, so you will always have to put les here so that they will be acces-
sible to the slave nodes. I'll use the C pi example here. To use any of the examplesin the
/home/knoppix/Desk  top /Paral le IKn oppix/ Exampes directory, you should copy the entire
subdirectory (e.g.,./C, or ./Octave, etc) to the working directory. For people unfamil-

iar with KDE, here's a drag-n-drop copy of this directory from ./Examples to the working

dir ectory:
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Open up aterminal in the ./parallel_knoppix _work ing /C/ pi directory (by pressingF4),
and follow the instructions in the readme le:
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O happy day, the output of a program run in parallel!

Now, copy the ./Octave example subdirectory to the working dir ectory. Goto the ./kernel
subdirectory, and edit the kernel_example2.m  le to re ect the number of nodesin the clus-
ter:
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Torun it, open up aterminal (F4),type octave , and in octave, type kernel_example2 , as
follows:

The output will look something like the following. In my case,my slave computer is an
old 2GHz laptop, and the masteris a nice new 3GHz desktop, sol'm not seeingany speedup
in this example. But when the slave is fast enough compared to the master, you will geta
speedup.
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The Examples dir ectory has additional MPI examples for C, FORTRAN, GNU Octave
and R. Most of the examplesare for GNU Octave, sincethat's what | use most. Contributions
of examplesfor other languagesare very welcome.

| personally don't use PVM, and | haven't yet collected examples. But P-KPX will setup
aPVM for you. Justrun the script

which issuesa warning:
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and then, if you click YESstarts pvm:

Then you can start xpvm:

and we seeit running:

13
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I'm not a PVM user, sol would be very grateful for some interesting PVM examples to
include in P-KPX.

2.4 Copying les into the cluster from a computer outside the cluster

In the above example, the needed data is on the ParallelKnoppix CD, so copying it into the
working directory is not a problem. If the data is on the computer that you booted with the
ParallelKnoppix CD, it is easyto mount the appropriate partition and copy it to the working
dir ectory. But the data may be on some other computer. In the following screenshotswe see
how to do this. | assumethe external computer is running Linux, with KDE running. For
other setupsyou'll needto do something similar.

From the external computer, we can log into the P-KPX master node, which has IP ad-
dress192.168.0.1.1 use the sh protocol to get a graphical scp interface. Log in as user
knoppix. A password is requested:



2 A SAMPLE SESSION

The password is "parallelknoppix”,

enter it and click ok.

Now you canseenodel's /home/knoppix  dir ectory.

15
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Now | cando drag-and-dr op copying from my computer to nodel. Anything you put in
/ home/knoppix/Deskt  op/ par al lel _knoppix _worki ng will be available to all nodes.
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This is a pretty convenient way of getting you own les onto the cluster. For permanent
addition of les to the CD, seethe next section.
2.5 Saving your work for another session

You should place your personal les in /home/knoppix/Deskt  op, sincethat dir ectory is easy
to save and restore. To save les that are within the /home/knoppix/Desk to p directory, |
recommend the following.

1. Usethe menu item Knoppix-> Configure->  Save KNOPPIX configuration . Selectthe
rst and second options only (Personal con guration and All data in Desktop).

2. Then saveto one of the disk partitions that you are offered. | recommend using a USB
key drive.

To re-load your work, do the following.
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1. RestartParallelKnoppix when you like. DON'T usethe myconfig=scan option, or sim-
ilar. (the configs.tbz le onthe CD will beextracted over the top, which is the reason
we'r e doing this non-standard procedure)

2. When you are in KDE, mount the partition where you saved your work.

3. Open aterminal there,and type tar -jpPxf  configs.tbz

Now whatever les were in Desktop are restored. This provides a relatively easy way of
adding your own les and data for multi-session use.

3 Personalization (Remastering)

It may bethat you needto add programs to the CD?. This section shows how you cando it. |
assumeyou already have networking con gur ed, if not, seethe KNOPPIX->Network/l nt ern et- >Netw ork
card configuration entry in the KDE menu.

First, copy the sourceto the hard disk. Startthe script using the 1-CopySourceForRema ste r
script, in the menu

°Note that remastering is necessaryeven with the UNIONFS used in Knoppix, since changeswithin the
UNIONFS are not exported to the slave nodes when using the terminal server.
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This will askyou whereyou would like to copy the sourceto. Selecta disk partition with
enough space(4GBshould be enough - you need room for the decompressedsource and for
the image you will eventually create).

After you choosea partition and click OK, you will needto wait awhile while the source
is copied from the CD to the HD. Eventually you'll seea messagetelling you it worked (I
hope!).
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Next, run the 2-StartCHROOT script.

You are askedwhere you copied the sourceto.

20
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You are given a polite reminder that will keep you from messing things up if you pay
attention to it.

Then your chroot'ed window opens up. You need to mount /pr oc, and specify your
nameserver as indicated in the following screenshot. Ping your favorite site to make sure
this is working (don't you all hit www .sco.comat once!)

Do an apt-get  update

Now install your favorite missing package using apt-get install. In the following
screenshotl do this, then | uninstall again soasnot to clutter up the sourceon my HD. Note
how | umount /pr oc and do cleanup before leaving the chroot environment. You don't want
alot of .deb les in your /var/cache/apt subdir making your CD image becomeenormous.
Also, you'll generally want /etc/resolv.conf empty, and you need to remember that bit
about umount /proc !
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ParallelKnoppix, always polite.

The 3-MakelSO entry will createthe ISOimage for you.

22
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It asksyou whereyou put the sourcefor remaster.

Then it saysthat things appear to be in order, and asksif you want to proceed.

23
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Quite sometime later, you'll eventually getto this. | recommend hitting <CTRL-C> here
to abort, sincethe k3b program is a nicer way to burn the image.

If you have a CD burner in addition the the CD readeryou used to boot ParallelKnoppix,
you can burn the new image directly, using the k3b application (R-click on the desktop,
selectthe "run command” option, and enter k3b, or nd it in the menu. Find the Tools ->
CD->Burn CD Image entry
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Theimage you want to burn isin the /mnt/<whichever partition you used>/parallel_kn oppix_ remas
dir ectory
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Start to burn it...

26
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...and in abit you'll have your own freshnew ParallelKnoppix CD.

| have already explained above how you can add your own data les for multi-session
use, by saving to ahard disk or USBkey drive. But if you would like to add your own les to
the CD, you cando that too. To add personal data, the method | recommend is to boot your
ParallelKnoppix CD after the above remastering. Then put any personal data somewhere
in /nome/knoppix/Desk  top , for example in a new subdirectory (similar to the ParallelKnop-
pix directory that you seeon the Desktop). Then when this is done, use the KNOPPIX-
>Con gur e->SaveKNOPPIX Con guration option. Selectthe rst and second options only
(Personal con guration and All data in Desktop). Then saveto one of the disk partitions that
you are offered. To put the information on the CD, you need to copy the /mnt/<whatever
partition you saved to>/configs.tbz and /mnt/<whatever  partition you saved to>/knoppix.sh
into the /mnt/<whatever partition your remaster is on>/parallel_knoppix _remaste r/m aster /KNOPRX
dir ectory. Then re-run the 3-MakelSO script, and re-burn the image.
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4 Conclusion

The ParallelKnoppix CD provides a very simple and rapid means of setting up a cluster of
heterogeneousPCsof the 1A-32 architecture. It is not intended to provide a stable cluster for
multiple users, rather is is atool for rapid creation of a cluster. The CD itself is personaliz-
able, and the con guration and working les can be re-used over time, so it can provide a
long term solution for an individual user.

It is worth emphasizing again that ParallelKnoppix gives the user complete control over
all of the nodes of the cluster. A user can easily delete or modify data on any hard disk
partition of any of the nodes. As such, administrators should not let untr usted users work
with it. It would also be advisable to have disk images or some other backup of all nodes
available, in casea disastrous mistake is made. ParallelKnoppix provides avery easymeans
of creating a cluster. The easeof setup is obtained largely at the expenseof security.

| welcome comments, suggestionsand contributions from anyone who usesthis.
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