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( intel) Goals

e — Goal : Install a cluster yourself from scratch, after this
r— Network planning training you'll be able to do it alone and understand how it

! Dring works.

| Software

| First Boot

Oscar Instalaton n Required : Off the shelf hardware and open source tools

Oscar Usage - VP! (Oscar Toolkit 5.0).

Oscar Usage - Batch

sereenshots n Operating system : We'll use RHEL-AS 4u4, but you can use
Packups any Oscar compatible distribution, including non commercial

ones.

n Hardware : We'll use Intel64 hardware (also known as
"x86_64", "EM64T", ...), but the same would apply for older
32bit or Itanium hardware.

_
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Oscar Usage - WP server on your network, and later put it on a separate

Oscar Usage - Batch network, when you'll want to install the oscar toolkit and
Screenshots Install compute nodes. A simple VLAN or basic router
s between the networks is enough.
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(intel®) Network planning

TS n An oscar server is a DHCP and PXE server, so to keep it
simple you don't want such a server on your regular

! o network, you want a separate network.

.

Oscar Instalation n 2 Steps : You can start the installation of the oscar main
Oscar Usage - MP! server on your network, and later put it on a separate

Oscar Usage - Btch network, when you'll want to install the oscar toolkit and
Sereenshols install compute nodes. A simple VLAN or basic router
Backups between the networks is enough.

n For the same reasons and to keep it simple, keep a separate
network for each of your Oscar clusters.
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{ intel) Booting

i n BIOS : Make sure your server is booting from CD.
remmmmmm " BOOt: Insert RH CD in the tray, during the boot from CD

| DskNed prompt, you can ask to boot with VNC enabled passing

| FirstBoot kernel arguments "linux ks vnc". (you do not need to spend
Oscar Instllation 2 hours in the server room)

Osear Usage - MP n Basics : The installation procedure may ask you to choose
g s the network card, choose ethO, the keyboard layout and
Screenshots |an g u ag e .

Backups

n IP : After these steps, a message appears giving you the IP
address of the server, go back to your desk, and launch a
VNC viewer on display :1 with the the IP (for example :
"192.168.0.102:1").

Welcome : You should see the welcome screen i1 >Next.
Install/Upgrade : On Screen i2, choose to Install, >Next.

_
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Disk/Net/Intl

Disks partitionning : Screen i3, i4, 15, 16 : You can keep the
defaults (erase all), >Next.
Boot Loader : Screen i7, >Next.

Nextwork : Screen i8, You do not want to have a variable

con guration, this server will be the DHCP server !

u Hostname : "oscar.paris.intel.com"”

u Edit ethO : IP/NM : "192.168.3.1"/"255.255.255.0", OK

u Miscellaneous settings : gateway and DNS
"192.168.3.1", >Next.

Security : Screen 19, To keep it simple, no rewall and no
SELinux, >Next and Proceed.

Language : Screen 110, Choose your language, >Next.
TimeZone : Screen i11, Choose your timezone, >Next.
Root : Screen 112, Choose your root password, >Next.
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( intel) Software

2Tl n Default Software Selection : Screen 113, You want to
| Network planming customize, (oscar will install all needed packages later and
! ovsnng upgrade to custom versions of the packages), >Next.
n Software selections : Screen i14, Add the following list,
Oscar Installation >Next
Oscar Usage - P! u Kde, editors (details : +Emacs and +XEmacs)
Oscar Usage - Bateh u Engineering and Scienti c
Screenshots u Graphical Internet, Of ce, Authoring and Publishing
Backups u Graphics (details : +all)
u DNS, FTP, MySQL, Network Servers (detalls :

+vnc-server)
u Development tools (details : +subversion)
u System tools (detalls : +sysstat)

Launch ! : Screen 115, >Next and Continue.
... . Add CDs when asked and Reboot.

_

>
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First Boot

After the rst boot, the goal is now to allow remote connectio n

via VNC.

n Vnc Password : Always as root, launch "vncpasswd" in a
terminal and type a password twice.

n Vnc Server . Edit the le "/etc/syscon g/vncservers"”, add :
VNCSERVERS="1:root"
VNCSERVERARGSI1]="-geometry 800x600"

n Restart VNC Server : Type "/etc/init.d/vncserver start" then
"/etc/init.d/vncserver status”, you should see :
Xvnc (pid 23353) is running...

n Connect : From your remote desktop, connect to the VNC
server, for example "vncserver 192.168.3.2:1" (See screen
sl), and via ssh too.

n FTP server : Edit "/etc/vsftpd.ftpusers" and
"letc/vsftpd.user _list", remove "root" from both, and launch
"letc/init.d/vsftpd restart”
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( intel) Preparation

25 e iy n RPM Folder : During the oscar installation, you'll need to
Osar ntloion _ provide a folder with all rpms of your RHEL OS (1694 les,
2.3 Go).

o mkdir -p /tftpboot/distro/redhat-el-as-4-x86_64
ety cd /tftpboot/distro/redhat-el-as-4-x86 64

o # for each RHEL CD 1-5

| Oscar ontorng cp -u /media/cdrom/RedHat/RPMS/* .

Oscar Usage - MP n Untar Oscar-base in /opt :

Oscar Usage - Batch cd / Opt

e tar -xzf /oscar/oscar-rpms/oscar-base-5.0.tar.gz

Backups mv oscar-5.0 oscar

n Untar Oscar-repo in Trivial FTP directory :
mkdir -p /tftpboot/oscar
cd /tftpboot/oscar
tar -xzf /oscar/oscar-rpms/oscar-repo-common-*
tar -xzf /oscar/oscar-rpms/oscar-repo-rhel-4-*

_
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( intel) Network

0S nstliato n Localhost and reverse : Depending on your distribution, the
oyl hostname of your machine may be associated to the
localhost IP "127.0.0.1" or the LAN IP (for us "192.168.3.2").
o We want the second case, so we have to edit the "/etc/hosts"
) G le to show :

e 127.0.0.1 localhost localhost.localdomain

| Oscartiontorng 192.168.3.2 oscar oscar.paris.intel.com # keep order !
e e 1P It is better to keep the reverse hostname as cluster name,
e Ve e here "oscar".

Screenshots n SSH as root : Edit the le "/etc/ssh/sshd_con g",

S uncomment the option "PermitRootLogin yes" and restart

the service with "/etc/init.d/sshd restart".
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<intel®) Oscar Setup Launch

OS Instalaion n Launch ./install _cluster : In your graphical VNC session,
el change directory to "/opt/oscar" and type "./install cluster
T eth0", a lot of things will happen, it will take a minute or two.
T n Explanation : Basically the setup is creating a database,

| osear s updating hosts and exports les, removing con icting RPMs
| Oscar il Mode and installing custom RPMs ... watch the logs.

o The result is screen s2.

Oscar Usage - MPI

Oscar Usage - Batch

Screenshots

Backups
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Oscar Packages

n Oscar Packages Selector : Click on item "2. Select Oscar

Packages to install", and choose at the bottom of the list
"SGE". It will remove automatically "Torque".
Screen s3 >Exit.

Con gure Oscar Packages : Click on item "3. Con gure
Selcted Oscar Packages" .

u "Environment switcher" . select "mpich"

u "SGE" : depending on your cluster size, it may be
Interesting to let the master node manage compute node
Instead of computing. In this case you would change to
"false" the rst question.

Don't change anything for a small test server.

Install Oscar Server Packages : The remaining server
packages are installed and con gured (Ganglia, apache, ... ).
Screen s3, "OK".

_
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Oscar Client Image

De ne Client Image : Click on "4. Build Oscar client image",
In our case it is easy because we are only using Intel64
hardware on the client and server. Keep the defaults.

Partitions : The only item you have to change is the "Disk
Partition File", nowadays stations and servers have SATA or
SCSI hard disks, and both are seen as "sdx" linux devices.
IDE drives would have been seen as "hdx" devices. Choose
the "scsi.disk" le by default.

If you have a mixed pool of nodes, continue creating a group
with scsi drives rst, then repeat the operation with ide
drives.

Build Client Image : Click on "build image", you will see a
progress bar and after a minute or two Screen s4, "OK" and
"Close".
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Oscar Clients

n De ne Clients : Click on "5. De ne Oscar Clients", you can

de ne here what client image previsouly de ned will be
associated with a group of node names/IP/groups.

Today 1 will only connect 1 compute node, so | choose
"Number of hosts = 1", "Starting IP = 192.168.3.10" and
"Default Gateway = 192.168.3.2" (.1 is the router and .2 is
the server).

Gateway ?77? . Note that the gateway for compute nodes is
wrong because the oscar server won't route their requests,
but that's ne because we don't want the nodes to be able to
go outside our network.

Add clients : When you click "Add clients", the setup is
con guring services like hostnames, preparing IP listings, ...
and the result is Screen s5. "OK" and "Close".



Oscar Network

ol el n De ne Network : Click on "6. Setup Networking". This

oo oo screen is here to help you match the de nitions od oscar

| Network nodes created in the previous step with real physical

o et machines.

oo cione You probably want to keep the order from the server rack to
the nodes names, instead of a random distribution, and keep
| Oscar ontorng a visual trace with a name label on the nodes.

Oscar Usage - WP n Procedure : The mapping is done via Mac Adresses. If you
Oscar Usage - Baich have a le with mac adresses for your hardware, great.

S If you don't you can click on "Start collecting adresses", boot
T your servers one by one in the right order, wait until their

MAC appears in the list, associate the MAC with a name on
the right with the button "Assign MAC to Node", and nally
put a label on the machine with the node name.



Oscar Install Mode

OS Installation

5

Enable Install Mode : Keep the default mode and click

e "Enable”.

e e n Con gure DHCP Server : Click "Con gure".

| Coear crent e n Build Autoinstall CD : Click "Build" (Not needed, modern
| oo et hardware should work ne with PXE, but may help).

T n Setup Network Boot : Click "Setup", then "Close". Screen

| Oscar Test
S6.

e n PXE : Be sure the BIOS of your nodes is set to boot with
PXE. Sometimes you have to enable PXE rst, reboot,
choose PXE for the correct network card as rst choice, then
reboot.

n Relaunch : Click "Quit" and relaunch "./install _cluster ethO"
(Not needed, but may work better in some cases).

Oscar Usage - Batch

Screenshots

Backups




Oscar Monitoring

0S Instalation n Monitor : Click on "Monitor Cluster Deployment". At the

Osct nselion beginning you'll see an empty list (Screen s7), then boot
= your nodes (no order).

[ n PXE/TFTP : If you have a screen attached to the node, you
e will see messages about PXE, then information found from
= DHCP server, then TFTP.

To n Monitor : If everything works, you'll see a line appear for
Oscar Usage - WP each node, with information about the CPU, memory and
Oscar Usage - Batch Installation status. When all you have is green lines with
Sereenshots "rebooted" in the "progress" column, click quit.

Backups u Empty : Screen s7

u
u
u
u

Initialization : Screen s8

Installation in progress . Screen s9

Rebooting : Screen s10

Installation completed and rebooted : Screen s11



Oscar Test

OS Installation n Complete Cluster Setup : After clicking, you should see a
Oscarnstleton "OK", but check the logs in the console ... Screen s12

reparatlon
s n Test Cluster setup : After clicking and a couple of minutes,
i el all tested should be labelled as a green "PASSED". Screen
) GGl s13, click "Quit".

scar Networ
| Qs sl oce n Congratulations : You have a working cluster !

Oscar Usage - MPI

Oscar Usage - Batch

Screenshots

Backups
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Add Users
MPI Selection

b s Oscar Usage - MPI

|

|

|

|

| MPI blast run

| Notes about storage

| Notes about processes
| Installing Intel MPI

| Switcher Intel MPI preparation
| Switcher Intel MPI integration
| Switcher Intel MPI test

| Intel MPI boot

| Intel MPI hello world

| Intel MPI Trace Analyzer

Oscar Usage - Batch

Screenshots

Backups




OS Installation

Oscar Installation

Oscar Usage - MPI

| Add Users

MPI Selection

Build MPI blast

First MPI-CH test

MPI blast run

Notes about storage
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Oscar Usage - Batch

Screenshots

Backups

Add Users

n Add users : The OPIUM script will help you replicate users.

You may want to group cluster users in a speci ¢ group, and
chosse a ID in a high range, for example >= 1000.
/usr/sbin/groupadd cluster_users
/usr/sbin/useradd -u 1000 -g cluster_users paul
/usr/bin/passwd paul
# you may wait the next automatic synchronisation or :
/opt/sync_files/bin/sync_files

Test : Open a second ssh connection to paul@oscatr.
The C3 tools will help you launch commands on all nodes.
Let's grep the "/etc/passwd" le to test if my user account
has been created on all machines :
/opt/c3-4/cexecs grep paul /etc/passwd
--------- oscarnodel---------
paul:x:1000:501::/home/paul:/bin/bash
Of course, with more nodes you would see more lines.



MPI Selection

OS Instaation First we'll select MPI-CH as default, then we'll compile the MPI
Oscar Instalation version of blast with MPI-CH, then we'll switch to Intel MPI to
Oscar Usage - WP do the same.
NEerrammm | he tool used to select a MPI implementation is "switcher".
| S # as paul, what mpi compiler is my default ?
| Notes st srage which mpicc
g Jusr/bin/which: no mpicc in .....
e o e # using switcher, ask possible values and select
| Suicher el WP es switcher mpi --list
e openmpi-1.1.1
y .
e o mpich-ch_p4-gcc-1.2.7
o lam-7.1.2
e switcher mpi = mpich-ch_p4-gcc-1.2.7

# logout, relogin ... and ask again
which mpicc

[opt/mpich-ch_p4-gcc-1.2.7/bin/mpicc
# done !
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Backups

Build MPI blast

The goal is to get archives, patch and build the original blast,
then build mpiblast.

# get and untar matching archives

cd /oscar/mpi-blast

tar -xvzf ncbi_20050605.tar.gz

tar -xvzf mpiBLAST-1.4.0.tgz

# patch the ncbi toolbox, make with the provided script

cd nchi

patch -pl < /oscar/mpi-blast/mpiblast-1.4.0/ncbi_Jun20

cd ..

ncbi/make/makedis.csh

# mpiblast : configure, make, make install

cd mpiblast-1.4.0

Jconfigure --with-ncbi=/oscar/mpi-blast/ncbi \
--prefix=/home/paul/mpiblast

make

make install

05 evallt
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Backups

First MPI-CH test

The goal is to con gure MPICH and launch a simple software,
rst create a le " /.machines" with machines names, one per
line, then :

cd

cp -R /oscar/mpi-hello .

cd mpi-hello/

mpicc hello.c -0 hello

mpirun -np 10 -machinefile ~/.machines ./hello
Hello world from process 0 of 10
Hello world from process 2 of 10
# ... It works

You can ssh in a second terminal to "oscarnodel" and type
"top -u paul -d 1" you'll see your hello processes being created
(you may have to increase the number if 10 is not enough).



MPI blast run

0S Instalation For this run, we want everything in our home (data and
Oscar Installation software), because this is a shared NFS folder.

Oscar Usage - P # copy (edit with your folder) the ncbi config file
| slecion cp /oscar/mpi-blast/ncbirc ~/.ncbirc

| First MPL-CH es # copy data

cd ~/mpiblast

g e cp /oscar/mpi-blast/small-benchmark/* .

e i e # format input data, target : 4 MPI processes

| swcherniel WPt Jbin/mpiformatdb -N 4 -i seqfa -0 T -p F

e P el wor # run with 4 workers (and 2 more for scheduling)

Intel MPI Trace Analyzer

mpirun -np 6 -machinefile ~/.machines bin/mpiblast \
-p blastn -d seq.fa -i input.fa

Oscar Usage - Batch

Screenshots

Backups




Notes about storage

0S Installation n More nodes ? : A better solution for large clusters would be
Oscar Installaton to use local folders to store local copies of the bases. Input
Oscar Usege - P le are small, they can stay on the NFS folder.

| VP seecton n Larger input ? : For a big workload, consider putting

s P CH s everything locally, to avoid all data related network traf c.

You'll be able to get all your data back to the server via a
instaling Intel MPI NFS copy or rsync.

|

| Switcher Intel MPI preparation
| Switcher Intel MPI integration
| Switcher Intel MPI test

| Intel MPI boot

| Intel MPI hello world

| Intel MPI Trace Analyzer

Oscar Usage - Batch

Screenshots

Backups
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Notes about processes

Number of logical cores : on my current hardware, | have 2
cores per server, no hyperthreading, and 2 servers : total of
4 logical cores.

Why 6 ? : But mpiblast is built with 1 scheduling thread and
1 output thread, so we have to launch 6 threads to use all 4
cores for calculations.

More nodes : For larger clusters, the scheduling and output
threads will have more work to do, so letting 1 or 2 cores for
these threads would be good.

Formatting : Mpiblast need an input formatted with a number
of chunks related to the number of execution processes.

Test : As always, play with parameters, time the execution,
and take data driven decisions.



Installing Intel MPI

OS Installation As root :

Oscar nstallon mkdir -p /opt/intel/licenses

Oscar Usage - WP cd /oscar/intel_softs/mpi/

el seleton cp *.lic /opt/intel/licenses

| First MPLCH test tar -xvzf |_mpi_p_3.0.021.tgz

ot st sore |_mpi_p_3.0.021/install.sh

# choose 2. installing on every node

e o e # enter the machines file "/home/paul/.machines"
| Swicher Inel P1test # read license and accept the default folder
| intel MPI helo worid # end : success ?

|

Intel MPI Trace Analyzer

# Use c3 to check the the mpi folder size on all nodes
/opt/c3-4/cexecs du -ks /opt/intel/mpi/3.0
# and compare it with the master server folder :
du -ks /opt/intel/mpi/3.0
cexecs is a command to execute the same command locally on
all nodes of your cluster, serially, displaying the results.

Oscar Usage - Batch

Screenshots

Backups




Switcher Intel MPI preparation

OS Instalation n Multiple MPI : We already have 3 MPI implementations
Oscar Instalation Installed on the cluster, we want to install a fourth one and
Oscar Usage ) be able to switch from one to another using "switcher".

| P Selecton. n Cong le: Asimple le describing the differents PATH

s PGt variables must be adapted to our folders : see the

| Notes about storage "Intelmpi-3.0.021" le in

natng e "loscar/intel_softs/intelmpi-switcher-module le-3.0 .021-1".
n Copy to all nodes in /opt/ . As root :

meiwPibon MODULE="intelmpi-switcher-modulefile-3.0.021-1"

it ot e Ay cd /home/paul

Sesapileep o cp -R /oscar/intel\ softs/$SMODULE .

S fopt/c3-4/cexecs cp -R /home/paul/SMODULE /opt/
St cp -R /home/paul/SMODULE /opt/

rm -Rf intelmpi-switcher-modulefile-3.0.021-1



Switcher Intel MPI integration

0S nstallaion Integrate with switcher : (As root)

Oscar Insalaton switcher mpi --add-name intelmpi-3.0.021

e [opt/$MODULE/share/intelmpi

| selecion [opt/c3-4/cexecs switcher mpi --add-name intelmpi-3.0.0 21 \
| First MPLCH tes [opt/$MODULE/share/intelmpi

ot st sore switcher mpi --list

e intelmpi-3.0.021

| Switcher Intel MPI preparation

openmpi-1.1.1
| Switcher Intel MPI test mpICh'Ch_p4—gCC—127

| Intel MPI boot

I Intel MPI hello world Iam—712

| Intel MPI Trace Analyzer

Oscar Usage - Batch

Screenshots

Backups




Switcher Intel MPI test

OS Instaation And to use it : (As paul)

Oscar Installation SWItCher mpl

O Lsego - WP user:de_fauIt:mplch-ch_p4-gcc-1.2.7
| P Selecon user.exists=1

First MPI-CH test switcher mpi = intelmpi-3.0.021

MPI blast run

Notes about processes

Installing Intel MPI WhICh m pICC

Switcher Intel MPI preparation

- # click y to replace old value, RELOGIN

[opt/intel/mpi/3.0/bin64/mpicc

Switcher Intel MPI integration

| Switcher Intel MPI test

| Intel MPI boot
| Intel MPI hello world
| Intel MPI Trace Analyzer

Oscar Usage - Batch

Screenshots

Backups




Intel MPI boot

OS Installation Compared to MPI-CH 1, the procedure is different.

Oscar Instalaton You still need the ".machines" le, but you also need a
Oscar sage - WP ".mpd.conf" le with a simple password in it :

| P Selecton echo "MPD_SECRETWORD-=tititoto" > ~/.mpd.conf
) G chmod go-rwx ~/.mdp.conf

! Mot st e Then "boot" the mpi engine with :

ST mpdboot -n 2 -f ~lmachines - ssh

| Switcher Intel MPI integration mpdtrace

| Switcher Intel MPI test

oscar

e oscarnodel
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Intel MPI hello world

0S Insialatior Let's recompile with Intel MPI instead of MPI-CH :

Oscar Installation Cd ~/m p | - h el IO

|Oscar Usage - MPI rm he”O
Add Users .

| P Selecon mpicc -0 hello hello.c
Build MPI blast .
Fist MPI-CH est ldd hello | grep intel
MPI blast run

| ot abon age libmpi.s0.3.1 => /opt/intel/mpi/3.0/lib64/libmpi.so.3 1

instaling Inel MPY libmpigf.so.3.1 => /opt/intel/mpi/3.0/lib64/libmpigf. s0.3.1
D mpiexec -np 4 ./hello
sicher il WP e Hello world from process 0 of 4

| Intel MPI hello world

| Intel MPI Trace Analyzer
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Intel MPI Trace Analyzer

S Instalaton Simple installation just like mpicc, install trace analyzer from
Oscar Instalaton "loscar/intel_softs/trace/" and intel compiler from

Oscar sage - WP "loscar/intel _softs/cc/".

| MPI Selecton Copy the folders from the /opt/intel/ subfolders to the nodes.

| Build MPI blast . " . . . . "
| First MPL.CH test Source the con guration les "/opt/intel/itac/7.0/bin/i tacvars.sh
| e and "/opt/intel/cce/9.1.045/bin/iccvars.sh”.

! neeling e itcinstrument --input hello --output hello_itac

| cocher il Pl oot Writing instrumented binary hello_itac... done

| swcher el WP es mpiexec -n 2 ./hello_itac

| e R il Hello world from process 0 of 2

Hello world from process 1 of 2
[0] Intel(R) Trace Collector INFO: Writing tracefile hello
traceanalyzer hello_itac.stf
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OS Installation
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CD-HIT

n CD-HIT : stands for Cluster Database at High Identity with
Tolerance.

n 1/0 : The program (cd-hit) takes a fasta format sequence
database as input and produces a set of 'non-redundant' (nr)
representative sequences as output. In addition cd-hit
outputs a cluster le, documenting the sequence 'groupies'
for each nr sequence representative.

n "nr': The idea is to reduce the overall size of the database
without removing any sequence information by only
removing redundant’ (or highly similar) sequences.

This is why the resulting database is called non-redundant
(nr). Essentially, cd-hit produces a set of closely related
protein families from a given fasta sequence database.

n Doc : Read the CD-HIT User's Guide !



Data decomposition

OS Instalaion n No MPI ? : In MPI-Blast, the goal was to launch a process,
Oscar Installation split small chunks of data and spread the calculation with

Oscar Usage - MPI MPI

CscarUsage - Bach n : Here the goal is to split the data and launch a number of
Independant processes with the batch scheduler, and build a

Screenshots composite result from all the independant results.
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Alternatives

0S stallation n Rocks : Another easy way to get a cluster running in a short
Oscar Insallaton time, Rocks comes a full OS+tools package.

Oscar Usage - MPI n Para”el Knopplx _ Boot CD Wlth nOdeS, monltorlng, MPI,

Oscar Vsage - Balh PVM, ... autocon guration. You don't need to change the
sereenshots contents of your hard drive. Easy to reproduce.

n Cluster Knoppix : Boot CD with nodes, monitoring,

| Links

openmosix ... autocon guration. You don't need to change
the contents of your hard drive. Easy to reproduce.

Using openmosix, your processes can migrate from one
node to another automatically using shared memory on the
kernel level.



Links

OS Installation n OS WWW I’edhatCOm
oscar st n Oscar Toolkit : oscar.openclustergroup.org
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