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= Computing infrastructures at
universities

IT

Summary

= Virtualization

= XEN /VMWare Esx Q(IT

® Server Consolidation / HA

" Virtualization in HPC Unverstat Kt ) E S
0 Dynamic cluster partitioning
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IHigh Perfomance Computing infrastructure at

universities

Two possibilities to run a high performance computing infrastructure:

= Departments or user groups are
running their own computing

infrastructure.
[ |

0 Setup will cope all their
needs in hardware and
software.

= Cons:

0 Qverhead in
administration,
administration has to be
done by each group

o No load balancing
between the isolated
(“private”) computing
clusters
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= Department or user groups run
a shared computing

infrastructure:
[ |

0 Administration can be
centralised (e.g.at the
Compution Centre of a
University)

0 Shared funding may
lead to a favourable
hardware price

0 Loadbalancing

" Cons:

0 Setup has to be a
compromise!
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IHigh Performance Computing infrastructure at

universities I

w

&

»

Compromise is not
desirable/possible in some
cases:

O Incompatibilities between
software and operating
systems (OS) within the
needs of the different
groups.

[ Some groups want to
participates in a Grid
environment (may lead to
point above). The
Grid environment should
be isolated from the local
users (security...)

4
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= Department or user groups run
a shared computing
infrastructure:

0 Administration can be
centralised (e.g.at the
Compution Centre of a
University)

0 Shared funding may
lead to a favourable
hardware price

0 Loadbalancing

p ha
compromise!
o

Virtualization

KIT - Die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)



Server Infrastructure at university departments ﬂ("‘

= Server load is often less than - [

Load Balancing

20% L — )

= Historically grown server ‘ o TR
infrastructure consumes: < )

0 energy, climate and space

0 Manpower in
administration: ‘ [

" Hardware/Software
failover

= etc.

High Availability etc. }

Virtualization
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| IT

Virtualization

® Possible Definition:

0 sharing resources of one
physical machine between

different independent Server 1 Server 2
operating systems (OS) in 08 |~ _{ os
V|rtua| MaCh|neS (VM) Hardware \ / Hardware
= Requirements: g
0 Support multiple OS like Linux [ vm3 | | vma |
and Windows on commodity J Hardware §
hardware Server 3 / \\Server4
0 Virtual machines have to be s =
isolated e -
O Acceptable performance
overhead
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Karlsruhe instiute of Technology

Virtualization - Products

Y LiInux

Virtual meﬁ{ﬂi&!{ﬂo Data Canter &n e r V EE r

The Xen™ virtual machine monitor :l_l

[0 llel
parallels & Openvz

and many more ...
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IVMware ESX

® Full Virtualization

= Virtualization layer is directly installed on the
hardware host

= Optimized for certified hardware
® Provides advanced administration tools

= Near native performance while emulating
hardware components
= Some Features:
0 Memory ballooning
0 Qver-commitment of RAM
O Live migration of VMs
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XIT

Guest 0S5 Guest OS5
Hardware Hardware

Virtualisation Layer

x86 Architecture

Schematic overview of
VMware ESX-Server
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IXEN (Open Source)

= Paravirtualization (or full virtualization — CPU support needed)
O Hardware is not fully emulated = Small performance loss

= [ ayout:

0 Hypervisor runs on the privileged host system (dom0)

0 VMs (domUs) work cooperatively

= Host and Guest Kernels have to be adopted. But most of common
Linux distributions provide XEN packages (XEN-kernel / XEN tools)

® Some Features:
; P— Device manager ; PR
unmoadified application unmoadified application
0 Memory s Hypervsar i
. Guest-0S AEN-Host-0S Guest-0S
balloonlng native native
driver driver
O Live- =
n » f-1]
a8
m Ig ratlo n Xen Virtual Machine controle Virtual Virtual hardware %
Monitor VIVIM interface CPU fuf Pt L) interface e %
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Virtualization at WR (FZK) — VMWare ESX

® Two ESX Environments:

O Production:
= 10 hosts (Blades) used Ta s 2 s |

@ | a
Inventory Schedued Tasks  Events Admin Maps

= 30 VMs running D-Grid R LT —

= [y Campustiid _
[ iorcgbladet fok.de i . Fesouce Al Paiaimance & Everts . Alais: | Perisions | Maps
S e rve rS = gﬁ%z;:gmaﬂabmw S— Name, Stale, Host o Guest 05 contans: = ¥
[ inrcblade1ifzkde Name | Host | state » | Host CPU-MHz | Host Mem - ME | GuestMem-%  [Memory S..| Uintime | 1P Address | Taols Status
[ wroobladet fode @ D-Gridinrdgrid inrcoblade1s fok.de Poweredon 2471 1083 00T 0% Siminuees ot Runring
(] nrcobladel? fokde & Grida-Caser inveoblads1s. ok de Poweredon 201 a5 1 512 26minutes et Runring
. 5 O V M S Oth e rS [ reobladsie fekde B D-aidaTaGike nrcobladet? fok e PoweredOn 2594 1215 1 WETTT 248 6days 192400450 TookOld
E :a:g:z;:izt:z @ Gridaca inrcoblade1? fok.de Poweredon 20| =8 0T o 12days ot Runring
1 ez ot o ) MRCGTESTD invcoblade1? fok.de: Poweredon 561 506 1 0 T w2 12days ot Runring
[ iwcbldezs ok de (B Darid-wint - Sa invcgblode1 fok e PoweredOn 254 1126 40T 104 3 mindes Mot Instaled
. ] bl ok de @ wrves2 inrcoblade1. fok.de Poweredon 271 1626 Q[T e 26days 1415216622 Tadksok
D e S 5@ s @ st invcoblade2? fok.de: PoweredOn 1441 2066 1 o WEEEIT 20 60 seconds 14152166200 Toolsok
[} 5@ od @ iwrbase inrcgblade?2.fzkde [} PoweredOn 411 576 W 0 1024 1 days Niot Running
5@ Prodiktion (B RGN inrcoblade2? fok.de PoweredOn 4364 2096 5[ 204 47 mindkes ot Runring
& D-GridkdCache @ sm invcoblade2? fok de: Poweredon 45 w67 1 i 512 19howrs Mot Runring
. D-Grckdgridfzk @ Deidar invcgblade?. fok de: PoweredOn 1681 1075 5 T 1024 24minutes 1415247012 TookOld
. OS S u S e (f D-GrickgEclpse. @ wrgidice inrcgblade?3 fok.de Poyered On 20 461w 0 1 1024 1 days Hok Runring
& D-Gri Gridkats & wroidspherez invcoblade?a. fok.de: Poweredon 55 538 Q[T 1024 Ldays 14152170124 Took0d
5 p-aridaTe @ wrras inrcgblade23 fak.de Powered On 301 M0 0 H 766 1 days Hok Runring
i D-Grid-GTe-Gridka & Scout-Thin-Clent-Managem...  inrcgblade23 fok.de Powered On 021 1667 21 H 2048 35 minutes 1415222345 Tookold
(. D-GridTRIS D D-GridIWRNIS inrcgbladez4 fokude: Powered On gl 5971 0. ] 66 1 days 1415217012 Toolsok
. S () D-Grid-TorqueSl4.4 B D-GridUnicore-GW inrcgblade?4 fzk.de: Powered On 1511 550 (] 1024 107 minutes 1415247015 ToolsOk
& D-GdUncore G @ r-egesot nrcgblade?4 fok.de Fowersd on 57 %61 o 0 2048 2hous Hot Runing
% ZVZQ‘:VCZMS B wrgridsphere inrcgbladez4 fokude Pawered on kAl £ [l 82 1024 1days Not Installed
& Gikechsc @ Htestmscnz invcgblade?4.fok de PoweredOn 471 1675 2] 1 204 B6minukes 141523828 Todsk
B wbase @B vors invcoblade?4.fok e PoweredOn 167§ S5 2[00 104 Zhous 1415246620 TooksCk
n i (B D-GridgEclpse inrcoblade2s fok.de Poweredon 521 50 — 0 T 0% Seminutes Nt Runring
. & inrgidiphers ) mwR-Cepes invcgblade?s fok.de: PoweredOn 1461 1037 T s 2hows Mot Runring
— & rgridsphere? D Htestmsc ircobladezS ik de [ Poweredon 47 2000 6 2048 29 minukes 14152332 Tooksck
{5 imontestt || @ o-criddcahe imncgblade2s. fokde: Powered on 231 637 W 1L 1024 1 days ot Running
B hwnras @ mwR-CeonL invcobladeze fok.de: Poweredon 401 W 90 s 2[00 40% 29minuees 141521662 Tosok
@ Test (B iwrmontestt invcoblade?s fzk e PoweredOn 24 241y 0 1 S12 1 days Mot Runring
D ~ 5 O V M f B @ User @ mgator inrcoblade2s fok.de Poweredon 17 1041 0 i 512 30minutes et Runring
O r e WO r S O p S " @ Bantie & Typo_3 Pltformn invcoblade?e fok.de: Poweredon 481 30u 0 T w02 1days 141522235 Tookod
2@ ks
L B sz I} | Bl
. . Recent Tasks x
. L I t e I n tro d u Ctl 0 n ‘ O u rS e e [ Target [ Status [ Tntiatedby |~ i | Skt Tine, [ Complete Time: A
Y Merkirtusl Mochine as Templ... (51 iwrqustrain ® Completed Fokalbla  08.10.2007 08:44:07 08102007 08:44:07  OB.10.2007 08:44:07
7 Power On Virtual Machine @ iwrvest @ Complated FakAlkuls 25 08.10.2007 08:39:25  0.10.2007 08:39:42
) Recorfigwre VitualMachine (31 rves1 @ Conpleted Fzkalhula 10 0,10.2007 08:3%:10  08,10,2007 0
S v‘? Move Into Resource Pool @ user @ Conpleted FZKelkula 158 08,10.2007 08:38:58 (08,10,2007 08:38: _]j
‘ |
|7 Tasks @ Alams | [Shoing ol enties ~[FZKAkula 7

= Unicore
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IVirtualization at IEKP (UNI) — XEN '}X‘(IT

® Two main server infrasturctures: LDAP SAMBA

O local services (Idap, cups,
samba, local batch system, .... )

O glite grid services of the PATENR st
UNI-KARLSRUHE Tier 3 site
= moved to Computing Center \ local host at IEKP
of the University test cluster : .
from local IEKP cluster il V|rtua||zat|0n Hardware:
0 Two hosts (local IEKP):
/ \ =  AMD Athlon 64 X2 4200+
Ul CE BDII " 6GB RAM, _
= 400 GB Raid10 disk space for
VMs
MON SE etc. O Virtualization Portal at Uni. KA
computing center:
_ = 2x Dual-Core AMD Opteron
\\ host at UNI. Computing Center / = 8GB RAM

= 400GB Disk Space

KIT - Die Kooperation von
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IHigh Availability |

One approach:

XIT

« Storage of the VM file system in a highly available and redundant SAN

» Use host systems with redundant LAN, SAN and power connections

= Live migration in case of
hardware problems or
maintenance of a hardware box

= | oad balancing between the
hardware server

® Automated tools for both exist

e.g. for the Vmware ESX server.

® All services can be offered
without or only a short
Interruption
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Server 1

Server 2 Server 3
OO0 0o gooon
00, IEl

-
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location OKD

location

IWR

-------

—— Network
- SAN

MC Clariion

by Fabian Kulla
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IHigh Availability i
Second Approach (“Poor Man's Solution”):

= Combination of spare machines and SAN is an overkill if only a few
critical services are hosted (example: IEKP)

® Solution should be without too much hardware overhead

= Possibility: Use two powerful host machines with same architecture in
combination with a Distributed Replicated Block Device (DRBD) to
mirror disk space between the machines (Raid 1 over Ethernet) for
the VM images

VM| VM

VM

VM| VM

VM

Storage

-

Storage
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= |n case of hardware problems or high load
the machines can easily be migrated

= Not yet implemented:

0 Heartbeat: in case of complete
hardware breakdown the machines
will be restarted on the other host

KIT - Die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universitat Karlsruhe (TH)



Dynamic Cluster Partitioning Using Virtualization

= Motivation:

0 Shared Cluster between several groups with different needs
(OS, architecture)

= Example: New shared cluster at the University of Karlsruhe
computing center (in March 2007)

0200 worker nodes:
» CPU: 2x Intel Xeon quad core
» RAM: 32 GB

» Network: Infiniband / Gigabit Ethernet
0~200 TB Storage:

» File system: Lustre
0 OS: Suse Linux Enterprise 5
0 Shared between 7 different university institutes

KIT - Die Kooperation von
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Dynamic Cluster Partitioning Using Virtualization

= Static partitioned cluster:

O No load balancing between the
partitions

O changing the partitions is time OS1 || 0s1
consuming

= Dynamic partitioned cluster:

O First approach (tested on IEKP local
production cluster):

= Using XEN to host the virtualized

worker nodes

= All needed VMs are running 0S1 | | 0s1
simultaneously. Minimum memory
is assigned to the not needed VM

[[6S2] [6S2] [osi] [osi]

= Managed by additional software
daemon controlling batch system
and VMs

= Tests were run for several weeks
on local IEKP cluster

KIT - Die Kooperation von
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IDynamic Cluster Partitioning Using Virtualization

= New Approach:
O Pre-configured VM Images

O “wrap jobs” start the VM on the host
worker node and pass the original job
to the booted VM

0Os1 0Os1
(host)(|l|(host)

O Finishing jobs stop the VM after job [os1 J||Lost |
output is passed out
0 Job cancels simply kills the VM ® Performance:
instantly O measured a performance
= Main Advantages: loss of about 3-5% with

0 “Bad” grid jobs which may leave bad experiment software

processes in memory are intrinsically (CMSSW)_
stopped and modified VMs are 0 VM boot time: about 45s at
removed after job the test cluster (old

o0 No software is needed everything is hardware) N
done by the batch system 0 the possiblity to participate

whithin the shared cluster

0 VM Images could be deployed by the makes that acceptable

VO with tested software installation!!

KIT - Die Kooperation von
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= Building up a shared computing cluster together with other institutes has
several advantages

= The problems of such shared clusters can be solved using virtualisation

techniques

O Virtualisation of the batch queuing system offers all groups the needed OS but
keeps the possibility of opportunistic use

O It allows the consolidation of many servers on few host machines ...

IConclusion/OutIook

= .. but we need concepts in case of failures of such a host machine

0 Spare machines and high available SAN for larger computing centres

0 DRBD can be used to build up a high availability infrastructures for a limited number
of VMs

0 Concept currently under investigation at the IEKP
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| SKIT

Questions?

Oliver.OberstQiwr.fzk.de
Jens.Milke@iwr.fzZk.de
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