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Cluster Definition

Cluster: / kinsta(r) /n 1 number of things of the same kind growing closely
together o a cluster of berries, flowers, curls; 2 number of people, animals or
things grouped closely together o a cluster of houses, spectators, bees, islands,
diamonds, stars o a consonant cluster, eg str in strong.

Oxford Advanced Learner’s Dictionary of Current English




Computer Cluster

Beowulf Cluster
1994 (16 PCs) NASA

Distributed memory parallel
computer

Standard Hardware
(off-the-shell)

Optimal ratio performance/price

Open Source OS and
development Software




If you were plowing a field, what would you rather use?

The fastest 10 computers in
the world are computer
clusters

www.top500.0org

Stablished companies produce
clusters ready to use (IBM, HP,
SG,.)

Companies have grown and
developed as Cluster specialist
(Megware)

Triggered the development of
more advanced/fast Network
technologies

We are not talking anymore
about off-the-shell, but still
pays off.

a strong ox, or 1024 chickens ?
Seymour Cray (1925-1996)




Designing Clusters

Basic components | Computing Nodes

Requirements of a
High Performance
Cluster

Network technologies

Data I/o and storage
_ Server
Maintenance and '
External Network

Physical conditions
(Campus)




Basic Components

Set of standard PCs =»
Connected by certain Technology

Two types of Nodes
used for the intensive calculations

export to the computer nodes a "Networkfilesystem”
Application Software
Input/Output areas

Interactive login
Automatic installation of the operating system on the nodes

How many servers?
How big is the cluster
How homogeneous




Designing Clusters:
What do you need the cluster for?

= Important decissions

CPU/Memory to take
intensive calculations [0 How many nodes

Massive Input/Output 0 Single CPU or SMP

. . nodes ?
Communication

_ - O How about I/O
Intensive applications = Diskless nodes?

Other special 00 CPU Architecture
applications 00 Network Technology

Speed, quality, price. Pick any two.

James M. Wallace




CPU Architecture

‘ Parameters

CPU Frequency (~ 3 -4 GHz)

How many and how big Caches L1/L2/L3
How much RAM (1-2GB)

System Bus (ej. 400, 533, 800MHz)
Motherboard. Chipset,...




CPU-RAM Bottleneck

REAL*8 (SIZE): A,B,C,D
DO ITER=1,NITER
DO i=1,N

ENDDO

ENDDO
(1K)

(8-128K)
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Benchmark RINF for the P4-3,06 GHz

TRIADS (Type: REAL_8 Stride: 1 Operation: a=b*c+d)
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Performance in Mflop/s

L1 Cache L2 Cache
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| am not sure how | will program a Petaflop machine, but |
am sure that | will need MPI somewhere.
Horst D. Simon

Network Technology




Network Technology, which one?

The answer fixes the network parameters

Quantity VRS

l B—— B

Bandwidth | Latency

Frequency




(How are data transmitted and
exchanged)

Set of cables through which all internal components of the PC
are connected to the CPU and the Main Memory (RAM)

Width: 32-bit, o 64-bit
Clock Frequency in MHz: How many times per second is the bus
able to send those 32 or 64-bits

Data Bus: data transmission itself

Address Bus: transmision of the address where those data are
send.




Standar of local Bus: PCI




The status of data transmission

BUS

<0.01

switched

70 ~ 25

several

switched

30 ~100

several

switched

§) ~ 1000

Myricom

switched

4 ~ 1500

several

point-to-
point

1100-1600

Dolphin
Intercon.




Cluster Storage: local

—

Local Filesystems: ext2, = 1\
XFS, NTFS, JFS, ... Deee

Cdmputer Hard Disk

,Harddisk" as data storage

Logical Volume Manager
(LVM)

Makes maintenance easier
Add or remove disks

Stripping between several
disk




Storage: Network fillesystem

NFS — Network File System

NFS server...

.. ‘exports* the
Filesystem...

...from its local harddisk
» More advanced, using a similar concept is the AFS




Storage: scalability problem

The NFS servers are overloaded with work
when the cluster is "big”

e Just adding more NFES servers

Besides the obvious administrative problem
data are not equally distributed between the servers
9




Storage: Parallel Filesystems

Input-Output seruers
Storage servers

' 'M letadata seruers

Whe write?

T o

connected to the
clients by some high
Speed network

Logical Information
about the files, plus
physical location in the
/0 servers

Tipically the cluster
Nodes




Summarizing

Set of PC’s interconnected with current
network technologies:

Linux as Operating System

From the user/administration point of view a
cluster is a “single entity” consisting in a
number of computing nodes and




Batch Systems: Some definitions




Batch Systems:
why are they needed?

More effective use of the
computers (ej. Uniform Load)

Resource availability 24/7

Resource allocation according
to defined rules (who gets how
much CPU and when)

Fastest job execution (the
systems finds out about the less
busy nodes to allocate new
tasks)

The user tells the system the name
of a file containing the description of
the job (batch script)

* Executable and paths
 Serial or parallel
 Memory/CPU requirements




Some popular batch systems

We will explain how a batch queue works using
SGE as an example




SGE cluster point of view

— g




How does it work?

The user 'submits™ a job to a batch queue, and then




Queue configuration |

figuration - Modify

Quene Configuration - Modify

Queue

I_l}_{b_ifiD_l

H@ s E-name

|1xbifi01.bifi.unizar.es

‘Subordinates
Execution Method

Complexes User Access

General Configuration ] Checkpointing

LoadiSuspend Thresholds

iﬁl_w!lg rs

Limits

| T2

Fequence HNr '-Cale,néi ar |

IEI

Processors Wotify Time |00:00: 60

IUNDEF INED

tmp Directory o
M I/ s Job's Nice

Shell

I:EH |

bi h L
I/ in/fes Slots

Shell Start Mode Initial State Berun Jobs

" Batch
™ Interactive
_I checkpointing

" Parallsl

NONE | defaute | &

» Type: batch, interactive parallel

» Access rights: users handling
 Limits: CPU, RAM, etc...

» Execution Methods: how to
handle jobs at starting time




QMON +++ Queue Control




Submitting serial Jobs to SGE

#!/bin/sh

#3$ -0 SHOME/mydir/myjob.out -j y
#3$ -N myjob

#$ -M abcd@mydomain

#$ -1 32bit=yes

. letc/profile.local

cd mydir

/myprog

> Batch_serial.sh

gsub batch_script.sh




Submitting Parallel Jobs in SGE

#!/bin/sh

#$ -0 SHOME/mydir/myjob.out -j y

#$ -N myjob

#$ -M abcd@mydomain

#$ -1 32bit=yes

#$ -pe infiniband 4-8  4mmm How many processes ??

. letc/profile.local
. mpi.setup —e infiniband 4@@ Setting up $ENV

cd mydir _ .
Variable $NSLOTS contains the number of

mpirun -np $NSLOTS ./myprog - allocated processes




X QMON +++ Parallel Environment Configuration <@lxsrv1>

Multiple Parallel environments

Parallel Environment Configuration

PE List Configuration
ambeared PE Name infinikband
eirene Blots 14
infinikand Juenss nodel100 nodelll node
lammpi Users LatticeQCD
make Husers NONE
mpi Start Proo Args fusr/local/sys/ege/m
openmpi Stop Prog Args fusr/localfeys/sgels

Allocation Rule sround robin

Control Slaves false

Job is first task false

5] d

Infiniband Parallel Queues setting
smtsIEM ::II -

Dueus List User Lists Huser Lists -

nodel0n Lattice@QCD
nodel0l
nodel 02

node103

nodel0d 1 All
nodel0h

nodel 6

Name |inﬂniband

Btart Proc Args

Ia’usrflocalfsysfsgefmpia’startinﬂniband.sh $pe_hostfile
Stop Proc Args

Ia’usrflocal!sysfsgefstopinﬂniband.sh

&llocation Rule

|$round_robin

_| Control Slaves _I Jobh is first task




Parallel Environments in SGE

MPICH, OpenMPI and LAMMPI

MVAPICH Start procedure

Start procedure SGE allocates hosts

SGE allocates hosts PEHostfile

PEHostfile The PEHostfile is translated to
The PEHostfile is the language of the $machines

translated to the language Starts lamboot everywhere

of the MP! | $LAMMPIR_H/bin/lamboot $machines
$TMPDIR/machines
Stop procedure

kills lamboot daemon

Stop procedure Deletes /tmp/machines

Deletes
$TMPDIR/machines




Limitations of the SGE scheduler

Starvation in the queue of jobs requesting large number of resources
(Memory, PE, Disk,...)

$ gstat —a
JOBID USER Proc. REQ STATUS submitted/started at
1222  t3828 6 Running 7/07/03 22:08:09

1224  a2802 Running  13/07/03 18:55:44

provides mechanisms to avoid job starvation




SGE Scheduler: where Is the problem?

28| | |26 | (1o EALPE

Running [Running |Running

120h | 96h | 100h

the machine is not likely to have 32 processors free simultaneously




Maul Scheduler: Generalities

Free download

Operating Systems

Resource Managers
supported

gtar —xzvf maui-3.2.6.tgz
cd maui-3.2.6
Jconfigure & make

Parameters given in

Remove initialization

of batch system scheduler
Restart batch system
/usr/local/bin/maui

Normal mode
Test mode
Simulation mode




Job Submission in SGE-Maui
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How does Maul Scheduler help:
Priority Reservations

» 28] 126| [1o EALPE

#1 + R | Running |[Running |Running
24 h 120h | 72h | 100 h

What?: 32 nodes
When? in 100 hours
For whom? Job #1 32Reserv




Further improvements
Backfill policy ON

28

26

10

Running

Running

Running

120 h

72 h

100 h

#2
Jobs #2 and #4 are

during
Remaining 28 h




What happens 72 hours later ?

D EE | SO
. #3 #2 | #1 +R Running| Running|Running | Running
.. 120h |32 h 24 h 5h 14 h 48 h left] 28 h left

I Backfilled job

Job running by SGE means




Maui Scheduler Work Cycle




Maul Scheduler:
Priority Reservation + Backfilling

out-of-order execution

I

|

enabled to prevent job starvation

should be




Muchas gracias!




