[ G 3 European Research Network on Foundations, Software Infrastructures and Applications
g ”'_—"%- for large scale distributed, GRID and Peer-to-Peer Technologies

A Metwork of Excellence funded by the European Commission

Co-Allocation of Compute and Network Resourcesin the
VIOLA Testbed

Christoph Barz, Markus Pilz
{barz, pilz}@s.uni-bonn.de
University of Bonn

D-53125 Bonn, Germany

Thomas Eickermann, Lidia Kirtchakova
{th. ei ckermann, |.Kkirtchakova}@ z-juelich.de
Research Centrelllich, ZAM
D-52425 dilich, Germany

Oliver Waldrich, Wolfgang Ziegler
{Aiver.Wel drich, Wl fgang. Zi egl er }@cai . fraunhofer. de
Fraunhofer Institute SCAI, Department of Bioinformatics
D-53754 Sankt Augustin

CoreGRID Technical Report

(oreGAMBD__ Number TR-0051
g —— September 23, 2006

Institute on Resource Management and Scheduling

CoreGRID - Network of Excellence
URL.: http://www.coregrid.net

CoreGRID is a Network of Excellence funded by the Europeam@gssion under the Sixth Framework Programme

Project no. FP6-004265



Co-Allocation of Compute and Network Resources in the VIOLA
Testbed

Christoph Barz, Markus Pilz
{barz, pilz}@s.uni-bonn.de
University of Bonn

D-53125 Bonn, Germany

Thomas Eickermann, Lidia Kirtchakova
{th. ei ckermann, |.kirtchakova}@z-juelich.de
Research Centre Jilich, ZAM
D-52425 Julich, Germany

Oliver Waldrich, Wolfgang Ziegler
{Aiver.Waeldrich, Wl fgang. Zi egl er }@cai . fraunhof er. de
Fraunhofer Institute SCAI, Department of Bioinformatics
D-53754 Sankt Augustin

CoreGRID TR-0051
September 23, 2006

Abstract

Demanding applications like distributed multi-physiasislations benefit from the combined computational per-
formance and data storage of multiple clusters. A resemvatiechanism spanning these clusters ensures the avail-
ability of all selected resources. Complex workflows withatological dependencies are supported. This approach
addresses network resources the same way as computatigtosagk resources. A Meta Scheduling Service (MSS)
does the orchestration of resources of different admatise domains, based on an advance reservation capalility o
local resource management systems. The combined reseregdtcomputational, storage and network resources as
done in the VIOLA project for UNICORE based Grid applicasoallows a user or application driven selection and
reservation of network connections with dedicated QoSdasesvolving network technologies. The integrated net-
work management system ARGON is a cornerstone of the nexrgton Grid enabled optical networks rendering
the network to a first class Grid resource.

1 Introduction and Overview

Advanced applications usually benefit from the existenddiftérent, heterogeneous resources available in Grids. Be
ing able to select among multiple resources allows the esedto execute the individual components of his application
using the most appropriate resources available. Examplasch applications are distributed multi-physics simula-
tions where multiple resources are needed at the same tmeoentplex workflows where the resources are needed
with some timely dependencies [11].

This research work is carried out under the FP6 Network oeHlecce CoreGRID funded by the European Commission (Conitel-2002-
004265).



Additionally, having distributed applications and dataere is also a need for dedicated QoS of the network
connections between the resources to support efficientémacf the applications. However, to make efficient use
of the resources we need reservation mechanisms that gearte availability of the selected resources including
the network at the time they are needed to execute applicaimponents or a component of a workflow. Without
reservation there is only a best effort approach to exequpéications across multiple resources without a chance
of coordination. Having reservation mechanisms allowsdmletely planning the execution of an application or
workflow if the timely dependencies are given by the userhn¥IOLA [15] project we created a UNICORE based
Grid testbed on top of an optical network.

This testbed provides solutions to the problems addreds@ekbathe orchestration of resources of different sites
belonging to different administrative domains is done by etd%cheduling Service (MSS) [16]. This service is re-
sponsible for the negotiation of agreements on resouraeusih the individual local resource management systems.
The agreements are made using WS-Agreement [1] developtatByRAAP [8] working group of the Global Grid
Forum [7]. The agreements made basically are Service Leyaidments on the advance reservation of the resources
needed for an application or a workflow. The local resourcaagament systems finally include the advance reser-
vation in their individual schedules. Extending this amioto network resources as done in VIOLA allows user or
application driven selection and reservation of netwonkr@ztions with dedicated QoS based on evolving network
technologies.

2 Architecture

2.1 The UNICORE Environment and Extension of the Client

The Grid-system UNICORE [13] is being developed since 1988 is used in various projects and production
environments, mainly in Europe and Japan. UNICORE is based three-tier architecture, consisting of (1) a
Java-Client as the user-interface to the Grid, (2) sereemgonents at the UNICORE-sites that provide the secure
access of the user to the UNICORE Grid and manage the usersijmbfinally (3) the target systems which execute
those jobs (see Figure 1).
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Figure 1: UNICORE Architecture

The standard UNICORE software offers extended workflow stupgJNICORE jobs are composed of subjobs
that can be executed on the same or different resourcesdoadltes). Dependencies between those subjobs can be
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specified, forcing them to be executed in a particular oldeaddition to that, conditional execution and controletat
ments allow to build loops of subjobs. However, UNICORE haduild-in capabilities to make advance reservations
or to provide synchronous access to distributed resources.

Within VIOLA, this feature has been added via a UNICORE liplugin (see Figure 2) that accesses an external
MetaScheduling service. The plugin provides a GUI thatttetsuser specify his job including the number of processes
to run on which target systems and the required bandwidthdsat them. Based on this information, the client requests
a reservation from the MSS. Once the reservation has beea byatie MSS, it is processed like any other UNICORE
job. A job may consist of a number of subjobs one for each tagtem that is requested. Users can retrieve output,
monitor or cancel the job.

In the current version, the plugin is tailored to the needslisfributed simulations using the metacomputing-
enabled MPI-implementation MetaMPICH [3]. Using it, theeusot only specifies the resources needed but also
further MetaMPICH-related information allowing the plagio perform additional tasks, as e.g. distributing the
different types of MetaMPICH tasks (compute tasks, netwotker tasks, I/O server tasks) onto the requested cluster
nodes based on various policies and generating a MetaMPo@fiharation file.
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Figure 2: Snapshot of UNICORE Client with the MetaMPICHgilu construction of a MetaMPICH-job

The pluginis designed and implemented in a modular fashitowing easy adaptation to other types of distributed
application, not based on MetaMPICH. An example under cmmation is the distributed simulation of crystal growth

in the VIOLA application TechSim. Here, two MPI-applicai®are coupled via MpCCI [9] using plain TCP/IP
sockets.
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2.2 TheMetaScheduling Service (MSS)

Once the MSS receives the agreement proposal with the rmegasformation on resources and QoS needed for an
application from the UNICORE client it starts to negotiatihmthe local Resource Management Systems (RMS) of
these resources (see Figure 3). The negotiation has fourphases:

1. querying the local RMS for free slots to execute the apgibn within a preview period
2. determining a common time slot

3. if such a time-slot exists, perform a reservation reqogstis slot on behalf of the user.
otherwise
restart the query with a later start time of the preview perio

4. check whether the reservation was made for the correetdlot on all systems,
if yes
we are done;
otherwise
restart the query with a later start time of the preview perio
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: | | N | !
i i i !
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Figure 3: Architecture of the VIOLA Meta-scheduling Enviraent

If no common time-slot within the local RMSs specific lookeald times can be identified, an error is reported to
the user. The pseudo-code of the co-allocation algorithdejscted below. The successful negotiation and reservatio
is sent back as agreement to the UNICORE client which thecgsses the job as usual. When the job starts at the
negotiated common starting time the MSS collects the IPemdds of the participating machines (this information
may not be available at an earlier time as the local scheglgiistem might assign the job to different nodes than
planned at the time of submission) and communicates thehetodtwork RMS which in turn is then able to manage
the end-to-end connections with the requested QoS. Thaatkpseudo code of the algorithm is given in Listing 1.
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Listing 1: Pseudo code of the common timeslot negotiatigo@thm

set n = number of requested resources
set resources[1..n] = requested resources
set properties[l..n] = requested property per resource #bar of nodes, bandwidth, time,...

set freeSlots[1..n] = null # start time of free slots
set endOfPreviewWindow = false
set nextStartupTime = currentTime+someMinutes # the simagt point when looking for free slots

while (endOfPreviewWindow = false) dd

for 1..n do in parallel{
freeSlots[i] = ResourceAvailableAt(resources[i], promees[i], nextStartupTime)

}

for 1..n do {
set needNext = false
if (nextStartupTime != freeSlots[i]) then{
if (freeSlots[i] != null) then {
if (nextStartupTime< freeSlot[i]) then {
set nextStartupTime = freeSlots[i]
set needNext = true

}
} else {
set endOfPreviewWindow = true
}
}
}
}

if ((needNext = false) & (endOfPreviewWindow = false)) thereturn
freeSlots[1] else return "no common slot found”

2.3 Advance Networ k Reservation

Taking a look at the Grid as a geographically distributecb$eesources comprising computing and storage for users
and their applications, the connecting network infragtiteebecomes important. While sites are usually connected
by IP best effort technologies, the coordination of highfgenance resources like meta-computing brings new
requirements and challenges to the network.
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i Network Resource
ARGON Management Service (NRM)
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Figure 4: North- and sourthbound Interfaces of ARGON

A sites Internet connectivity is usually tailored to the Baidth demands of the well-known interactive Internet
applications like e-mail and web traffic. It is assumed tlmatating clusters to efficiently use computing and storage
resources from multiple sites requires high bandwidth. (sagerms of multiple Gbit/s) and low delay (e.g. as low

CoreGRID TR-0051 5



as possible) connections with virtually exclusively usabaracteristics. The idea of QoS in the network domain has
been apparent for many years [10, 4]. In addition, the VIOLAjgct provides an in advance reservation interface
which allows to connect sites on demand with high speed, kelaydconnections.

These premium connectivity services can be invoked by tha$theduling Service in order to provide on demand
the required network QoS for multi-site jobs. The followsggtion presents a brief overview of the developed network
reservation system ARGON [2] (Allocation and Reservatiosrid-enabled Optic Networks) including the advance
reservation capable interface for the Grid applicatioefayffering connectivity services with a specified QoS on top
of the optical network between the Grid sites in the VIOLAwatk. This allows for a combined reservation of cluster
and network resources and to achieve high network utibmatFigure 4 shows the north- and southbound interfaces
of ARGON: The Network Resource Management (NRM) servicb@V{IOLA testbed.

ARGON is designed to provide a set of network related seswic¢he Grid community, e.g. advance reservations
can be requested by the upper layer (e.g. MSS). This inclimeimstantaneous setup of network connections if the
requested resources are available for the specified spanef At this level ARGON tries to hide the details of the
network technologies, i.e. the user or application specifleS requirements for a service and describes the service
endpoints.

ARGON maps abstract premium connectivity services to $igdaiyer 2 and layer 3 network services via MPLS
as well as point-to-point connectivity services via GMPB8side the details of a single service, a set of services can
be bundled in a single request for reservation. Hence, avasen may consist of several services with chronological
dependencies which may themselves consist of several ciongas a basis for the service. Consequently, the whole
reservation can be regarded as a transaction: All servimesiced are accepted, rejected or postponed as a whole.
This also applies for malleable reservations where theadhagrvice of the reservation can be stretched or compilesse
in the same way. The idea of malleable reservations is skdtithFigure 5. A data amount has to be transferred and
according to the present resource allocation and reservptirameters, ARGON can choose an appropriate duration
and capacity frame to schedule the service.

In order to allow for automated resource coordination aryigioning, the northbound interface is implemented
as a WebService and accessible via SOAP [12]. It allows ferMI8S or other applications to reserve network
capacity and scheduled services. The interface curreatigists of five message types for reservation of resources,
cancellation of reservations, query of reservation relatéormation, availability information and the binding of
additional information for provisioning purposes. Availity information and binding of provisioning informatio
are especially important for the co-allocation of resosrem the MSS. The availability request helps to find a
common time slot for cluster and network resources.

volume transfer

--------

capacity capacity T v
4
Tt
time time
“increase capacity / reduce duration” “reduce capacity / increase duration”

Figure 5: Malleable Reservations

A late binding of provisioning information allows for the MeScheduling Service and the local scheduling sys-
tems respectively appointing the cluster nodes used fasexvation just in time before the provisioning. At the time
of reservation only the service endpoint (e.g. providerarsumer edge router), but not the identity of the cluster
nodes needs to be known. The provisioning information mangist of ports of the router to which the cluster nodes
are attached and/or IP addresses.
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The southbound interface of ARGON to the network componesgés standard network management protocols
if available to initiate MPLS/GMPLS based signalling to tmh both the MPLS and the GMPLS domain. At the
time of writing, the primary interfaces to the network equgnt use either a Command Line Interface (CLI) which
is not only vendor specific but also version dependent and BMMossible. It is also envisioned to integrate vendor
specific management interfaces that support XML messagsfénawith a higher layer of abstraction. In the context
of MPLS two services are favoured by ARGON: A layer 3 baseaéliservice and VPLS. The layer 3 based tunnel
service utilizes MPLS traffic engineered point-to-pointriels which convey IP packets.

The Virtual Private Lan Service connects sites by meansyef|a connectivity, i.e. bridging of LANs and VLANSs
across multiple sites. Beside these technologies, alsd®?HSvand virtual private routed network solutions are under
investigation. In the GMPLS domain SDH equipment is usetdéMIOLA testbed. This equipment is configured via
CLI or vendor specific UNI client proxies which trigger RS\Based UNI signalling to establish SDH point-to-point
connections. Beside the signalling and provisioning ofvoek resources, ARGON uses the southbound interface to
gather information about the networks, e.g. topologiciinmation is extracted from the OSPF database of the MPLS
and GMPLS control plane.

The core of ARGON utilizes the network topology informatimncompute the possible paths in the network to
realize and plan the requested services in advance. Alththegnetwork equipment in the VIOLA testbed allows
for traffic engineering, in on demand and in advance resensimust be handled by ARGON. Protocols used for
traffic engineering like OSPF-TE and RSVP-TE provide meansrfstantaneous path computation and signalling
within the network components. Pre-planning of future céfpaisage is therefore left to the core of ARGON which
supervises the resource usage in the underlying netwoekddike MPLS and GMPLS. One of the next topics for the
NRM ARGON includes the challenge of multi-domain resemwasi (east-/westbound interface). This topic includes
the interaction between multiple ARGON systems or other MRike UCLP [14], G-lamda [6] and DRAC [5] which
provide similar ideas to build next generations Grid enduolgtical networks.

3 Outlook

The current version of the VIOLA Grid testbed expects the tis@lescribe the resource demands of his application
using the UNICORE client and do a pre-selection of resousagéisfying this demand. However, we are working on
several other projects to have applications providing ithfisrmation. Annotating applications with the knowledge
about their requirements will allow to make the resourcegmiection process more automatic and disburden the user
from this task.

The communication of the MSS with the other components ofstyfsem is based on WS-Agreement. WS-
Agreement version 1 does not support re-negotiation ofeageaits already accepted an extended version with richer
negotiation capabilities is under preparation. Once thision becomes available we will switch to the new version.
In the FP6 funded project UniGrids, a WS-based version of GDIRE is under development. A tighter integration of
the MSS into the UNICORE system is delayed until UNICORE/GIEhve available.
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