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The Scenario

° hardware  software
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Hardware limitations for HPC
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The Scenario

‘We are approaching the speed and size limits of the electronics

Major share of possible optimization remains with software
part - OS level
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Hardware limitations for HPC
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How Clusters Work?

Conwventional supercomputers achieve their speed using extremely optimized hardware that operates at very high speed.

Then, how do the clusters out-perform them?
Simple, they cheat.
While the supercomputer is optimized in hardware, the cluster is so in software. The cluster breaks down a problem in a

special way so that it can distribute all the [ittle pieces to its constituents. That way the overall problem gets solved very

efficiently.
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What is MOSIX?

originally designed to
iImprove performance of MPlI and PVM on cluster
systems

http://www.mosix.org

Not open source

Free for personal and academic use
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MOSIX

MOSIX is a Single System Image (SSI) cluster that allows
Automated Load Balancing across nodes through preemptive

process migrations.
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Why Mosix?

‘Because you are not sure about the load on each node in the

cluster - you are not the single user of the facility.

You Know how to stop unnecessary services and reduce
overhieads on the cluster, but you have no control over OS

[imitations.
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Why Mosix?

You want a fully optimized Cluster OS with no unwanted

features - want to write your own ‘init” and service routines.

You want to use all machines, not just the latest ones - do not
want to contribute to the “electronic waste accumulation

business”
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A Personal Note

. | decided to build the first

1"  cluster when | noticed that |
4y had accumulated six

2 outdated PCson the shelf in
~my study that were replaced

LEHS
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A Personal Note

It was a wastage of money

| g wastage of space

| Wastage of resources
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MOSIX public version

Subject
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MOSIX

Prof. Amnon Barak

Department of Computer Science
The Hebrew University
Jerusalem 91904, Israel

E-mail: amnon@cs.huji.ac.il
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MOSIX -Design Objectives

Turn a network of Linux computers into a High Performance Cluster

computer.

Hide cluster complexity to users - Single System Image

Use resources as efficiently as possible -

dynamic load balancing
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Like What?

Mosix makes a network of machines behave liKe a single machine
with many processors and lots of memory (a Virtual SMP with linear
scalability).
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MOSIX -Design Concepts

Mosix cluster approach

Cluster is isolated machines + OS + middleware.

Cluster is a single machine RUNNING Cluster OS on nodes.

Allow automatic work distribution among cluster nodes.

Have Granularity at process level: "Fork and Forget”
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openMosix- Architecture

Farm of x86 processors

Supports both UP (uniprocessor) and
SMP (symmetric multiprocessor) nodes.

Supports all LAN Interconnects from
Ethernet cards to Myrinet.
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openMosix

LJ. What was your goa in
starting the openMosiX
project?

MB: | started openMosix
because, as a prior project
manager of Mosix, | could not
agree to going non-GPL. | also
didn't agree with how the
project was managed by the
co-manager at the time.
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openMosix Availability

http://opennobsi X. sour cef or
ge. net/
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openMosix Availability

CD based openMosix distributions are available for free
download and they allow disKless nodes to form a cluster.

E.g.: clusterknoppix, CHAQOS, plumpOsS ....
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Two tier technology

Information gathering and dissemination

Preemptive process migration

adaptive algorithms

Transparent to applicati@ss-Jer 235
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Information gathering and dissemination

Means: Same overhead
for 16 nodes or 2056 nodes
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Information gathering and dissemination

How?

In every unit of time (1 second) each node gathers and
disseminates information

Info sent to a randomly selected node
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‘Process migration by

adaptive resource management algorithms
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How Migration Works?

Process are divided into two pieces

User-Space | " User-Space

deputy

Kernel context

remote . Kernel-Space ) . Kemel-Space )

user context

communications through
UDP ports over 1024
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How Migration Works?

communications through
UDP ports over 1024

Migration time has a fixed component + a linear component that is proportional to
the number of pages -> only necessary memory pages are transferred (mm+dirty

pages+page tables)

Site-dependent system calls are executed on the home node (synchronous

communication). Other system calls are executed directly on the remote node.
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(" User-Space

How Migration Works?

communications through
UDP ports over 1024

For optimal resource usage, processes are migrated on the basis of a Big Mac Index
Economic Algorithm that minimizes a GCF (global cost function).

Every resource usage on a remote node encumbers a "cost’ (CPU, Memory, 1/0). These costs are unified in

the GCF.

Processes are migrated to the node where they have the lowest cost: the most "economically’ convenient

distribution is selected.
Each process is allowed to adaptively migrate as many times as required to realise the most'economic’

configuration.
To smooth fluctuations during load balancing and achieve scalability every node broadcasts its status to a

random subset of nodes.
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How Migration Works?

communications through
UDP ports over 1024

The UHN asynchronously informs the remote about signals and process wake-up

events (network data arrival).

Network links like socKets stay at the UHN while migratable socKets are on the

way out.

If home node dies, the process dies.

If remote node dies, the process.
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DFSA

Direct ‘File System Access means:

TJo have a distributed FS

It allows the migrated process to do 10 "locally" in the migrated (remote) node.

The resource sharing algorithm will move the process to the data!

Distributed FS compatible with DFSA include:
OMTFS, GFS, QFS (Qlusters), PVFS2

IMSc -Jan 2005
nsp@stthom.ernet.in




Cluster Configurations

Single-pool

Server-pool

Adaptive-pool
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How does it compare?

PVM and MPI software run more efficiently on the openMosix Kernel

than on Cluster unaware OS Kernels.
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Process migration (MOSIX)VS.
static allocation (PVM/MPI)

MPI test at INFN Napoli

-Adopted from “Clustering with
openMosix” by Maurizio Davini, 4 8
Department of Physics and INFN '
Pisa

num of processes

@ Linux g Linux+MOSIX

16 nodes 24 nodes 32 nodes
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openMosix Features
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Allows dynamic addition & removal of nodes
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openMosix Features
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Preemptive process migration offer optimal load
balancing across the nodes.
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openMosix Features
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B: MPI Code performance is the performance of the slowest node

OM: MPI code performance is the performance of the fastest node
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openMosix Features
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Adaptive resource allocation scheme allows use of
heterogeneous nodes in the cluster.
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openMosix Features
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No need to modify, compile or link user code
with any special software library
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openMosix Features

Offers optimal performance for CPU bound code
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openMosix Features
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Uses DFSA for optimal buffered file resource

shari ng IMSc -Jan 2005
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openMosix Features
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Ideal for multi user, time shared systems
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openMosix Features

——
——m

L O e i
il ‘

e

LR T =

f A 1:{3..
= 3 ;
| Y eyt
| 3 =N I
§ o W
! '\_ I .
E =i
=E=asE.___ - [T T fi o =F=F
i-— i =l —{ = P P |j“iL ‘l ;f
-_-_ .k. b
;o
J. 'v ‘I‘E' ]

C r
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openMosix Features

Optimal use of computing facility
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openMosix Features
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For building farms with different speed nodes
and/or memory sizes

IMSc -Jan 2005
nsp@stthom.ernet.in




When NOT openMosix?

/0 bound applications -migration
becomes a disadvantage

Shared Memory applications -work
INn progress

Explicit dependency to a particular
hardware in a node
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Software Side

MOSIX Linux kernel 2.2.19
80 new files (40,000 lines)
109 modified files (7,000 lines changed/added)

About 3,000 lines are load-balancing
algorithms
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Software Side

openMosix Linux kernel 2.4.17
47 new files (38,500 lines)

126 kernel files modified (5,200 lines
changed/added)

48 user-level files (12,000 lines)
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Software Side

In openMosix Linux kernel 2.4.x

No new system-calls are used.

Administration and info through /proc/hpc
/proc/hpc
/proc/hpc/admin
/proc/hpc/info

/proc/hpc/nodes/nnnn  (per node information)
/proc/hpc/remote/pppp (remote procedure information)
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Node Configuration

A cluster of 3 nodes with IP 192.168.1.50 -52

# MOSI X-# | P number-of-nodes
1192.168.1.50 3
OR

# MOSI X-# | P number-of-nodes
1192.168.1.22 1
2192.168.1.60 1
3192.168.1.141
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Performance monitoring

Auvailable tools:

n

mosmorn

s

mps

if®

mtop

openMosix view

openMosix analyser

openMosix migmon

3dmosmon
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System Administration
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System Administration
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openMosixview

=~ openMosixview 1.3 (][]

E opentdosi=collector status

load-balancing efficiency overall [oad '3 all memory all cpu

Ei. rted Jdmosmaon

All parts are accessable from the main application window.

"Priority-sliders’ for each node simplifying the manual and automatic load-balancing.
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OpenMosixview

=™ Openmosizprocs

- /=m openmosixview procs-b el LS s

t | node
| proc.

-display || nodel

| &y clear | | clear histary

The most common openMosix-commands are executable by a few mouse-clicKs.

IMSc -Jan 2005
nsp@stthom.ernet.in




openMosixview

=+ openmosixview [2][x]

£%  openMosixview Advanced Execution

specify additional command-line arguments)
[ no migration
[ run home
® run on P e fUR job on
~ cpu ok ’ . cluster-node

[0 job

" parallel execute | | hclose|

An advanced execution dialog helps to start applications on the cluster.
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OpenMosixview

/=m openMosizmigmon 1.4

‘The migation monitor show how
well the processes migrate across the

nodes.

Manual control possible — just drag

and drop
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openMosixview

- =w gpenMosixHistory 1.3

Detailed History of processes ran

and migrated is available for easy

athome

athome

debugging.
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openMosix attractions

Adding new nodes to a running openMosix cluster can be made dynamic
with the auto discovery daemon.

Nodes can join in and withdraw gracefully without disturbing the processes

running on the Cluster.
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openMosix attractions

Add power on-demand:

The dynamic addition of nodes allow one to add or remove nodes from the cluster

with ease.

It is even possible to avoid any Kind of software installation on the system (if
that scares you) with the use of live CD distributions of openMosix such as
CHAOS, ClusterKnoppix, Quantian. etc.
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openMosix attractions

Recycle all your old hardware: it will be used as best as possible

How?

Form cluster groups of machines of similar architecture. Keep a well done

Linux box as front-end of each such group and other 'abruptly’ installed
machines as back-end.
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openMosix attractions

Matlab 5

Octave

MIPEG tools
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openMosix attractions

bladeenc
Flac

POVRAY

MPI
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openMosix attractions

Postfix

SETI@home

CISILIA
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openMosix attractions

Sun's GridEngine for distributed and Grid Computing
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openMosix limitations

The MAASK Team (Maya, Anu, Asmita, Snehal, Krushna) have
developed a MigShm patch that is not yet added to official oM.
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openMosix limitations

Instabilty issues: sudden hard locKs

Many limitations are present (same Kernel on nodes, no pthreads, X and Kde

migration instability..)

No performance gain for a single process (apart from the advantage given by the

migration of the other processes).
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Research in HPC?

Traffic control,

Disaster managemert..
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Research in Wireless HPC?
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Network Bandwidth

MNetPIPE: Technology Comparison by Size
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Curtsey: SCL Lab, lowa State University
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Research in Wireless HPC?

IMSc -Jan 2005
nsp@stthom.ernet.in




Santhom Cluster Project

1. Transfer your data and application
securely via Secure Shell {ssh)

R 2, Submit your “job" |8
YN =, forprocessing.. |
. E‘ z ‘-: '._-._. |4
4. Download your ===
results!

L-d
o e £ e
[

3. Your job is processed
on a high perfarmance sy
clustar...






