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Abstractd In order for Grids to become relied upon for critical sites affected, and this must be accomplisheitkly. Some
infrastructure and reliable scientific computing, Grid-wide grids lack the formal process by which to plan and axgalish
management must be automatedothat it is possible inquickly  sych agrid-wide responseln fact, the siteautonomous nature
and - comprehensively respord to or anticipate specific ¢ gigs arguably facilitatethis lack of systemic response.
environmental changes and requirements. That is, due to the Somegrids (e.g., TeraGrifiL] and the Open Science Grid

disjoint administration of Grids which reslts in high oN h truct . | ized
communication requirements as well as large numbers of skilled [2]) hawe a more structuregrocess in placeprganize

administrators, manual reconfiguration of large portions of a hierarchically. For example, the Open Science Grid
Grid in such situations is not a viable solution. We have Governing Board can set policy overall, which then passes to

developed an architecture that allows changes to thegrid the governing boards of the individual VOs, then to the site
configuration to be automated in response to operator input or level managers. However, at eactinpan the hierarchy, its

sensors placed throughout the Grid.  Additionally, our not clear when oif such information is either acted on or
architecture allows the resource owner to specify who is allowed passed along.

to alter the configuration of his resource and what types of We claim that much of this humabased grid

reconfigurations are allowed. This permits the automation of management caand shoulde replaced or at leasiugmented

reconfiguration while retaining owner control of the individual b ft b d t struct | h
resources. Our periments show that this architecture can be ©Y & SOltwarebased management structure. In —ganer

used to reconfigure arepresentative GT4-based development SOftware would be written and deployed to monitor ghiel
grid in order to enforce maximum latency limits on a Virtual and effect changes as a result of observed behaviours. A key

Organizationés jobs by dyna miclkaldangeywoudde the eanstruaiien ofjthedogipbyiwhichito i e s
Grid -wide. map observed behaviours to actions designed to modify the
collective ations of thegrid. A fi saeeuntiomat edo apr
. INTRODUCTION might be takenin which key decisions should require human
Managing he dayto-day operation of arid is a very confirmation. If successful, the benefits include more
challenging task. Curremfrids can require a significant effortconsistent application of policy, more precise and complete
to monitor the availability and performance of thgrid records of decision making (e.dor postfacto auditing), and
software and tomake changes. Sincgrids often cross overall faster response time
administrative domainghe time required toffect changesa This paper presents a comprehensive and automated
a significant portion ofa grid can takedays weeks, and softwarebasedgrid management system. Our approaelies
sometimes months, usually throughmail or telephone upon ahierarchical control loop architectureeomposed of
exchangesyr direct exchanges betwebnoman operataer sensorsactuatorsand rulebased control logicThese control
Software updates, reconfiguration of the middlewateops are organized into a hierarchy such that the globat, grid
and/or application layers, security patches, amatlification wide control resides at the top with Vi@vel control below
to scheduling policies are just some examples of grahd potentially sitdevel control below those. Thus separate
management. @inarily, these tasks are left to the individuatules can be enforced at eachdewith different policies in
resource ownergtho haveto makechanges in théime and place for each VO and siteSpecifically, the contributions of
mannerthatbestsuits their organization. At any point in timethis paper are:
therefore, thegrid is in a potentially inconsisterdtate of e A system architecture to reconfiguaegrid dynamically

modification. As a esult, he usemight not be able to e without human intervention in response to environmental
upon the grid deliverings claimedservicelevels. changes

More precisely, the problem with the existing largely An implementation of thearchitecture in Java and
humanbased management gfids isin partgrid integrity and integrated wih Globus Toolkit v4 (GT4).

correctnes@nd in parthe relatively highatency of &ecting o A collection of policies to enforce a quality of service
changewhen viewed holistically. For example, a security  constraint across the grid for a virtual organization.
vulnerability ina grid must be corrected iall resources and We evaluate and show the utility of the system through a
case studyn which asmall GT4based developmemrid is

This materialis basedipon worksupported by th&laional ~ dynamically reconfigured on a peite basis through the
Science Foundation und&rantNo. SCI-0426972.
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application of sitespecific and then V&pecific control logic, The experiments and scenario conducted in the paper
so that the VO is then able to meet its performance goals. involve shifting resources and in general reconfiguring the
The remainder of the paper is orgamizas follows: grid in order to achieve performanoslated goals on a per
section Il describes related work; section Il presents ol basis. The closest project in the gridnmoounity to
management architecture and its integration into the grafjdress similar performancelated goals is the TeraGrid
section IV is an experimental evaluation of our architectuSPRUCE[16] project, in which special priorities are pre
implementation, and example policies; section V is @efinedandpraut hor i zed f or Thegoase nt
discussbn of pertinent issues; and section VI giveand application of the Willow approacb managing grids

conclusions from our work. described in this paper is broader tI#&PRUCE; for example,
our approach features continual sensing of the state of the grid,
Il. RELATED WORK with multiple (sometimes conflicting) independent control

There exist many hierarchic managemamhitectures in logic for reposturing the grid dynamically (e.g., by
the literature; some commercial aothers experimentalThe identifying and applying software patches as necessary to
size of the managed systems and the scope of managerimit known vulnerabilities).
vary with architecture. Applying the model of Marfitatin
et al [3], we can describe management architectures by the 1. MANAGEMENT ARCHITECTURE
nature otheir delegation capabilities

Early management architeces, such as traditional .
SNMP-basedsystemg4], apply centralized control. SNMP One way to approach the problem of creating a software
based systems have evolved to apply management hierarefgiem for managing grid is to consider each existing
Examples of hierarchic management systems include ware componentroa pefcomponent basis, modify the
SAMPA [5] architecture, lie Tivoli Management Frameworkcomp_one_”t to facilitate monitoring and dynamic behaviour
[6], andthe Open Systems Interconnection (OSI) standatd Modification, and then attempt to-cempose the overall
In these, the power of lateound, rurtime delegation service functionality using the modified parts. This is particularly

is increaed, allowing managers to delegate authority througﬂreaIiStiC for grids, given the relative nwarity of the
commands over otherwise static iricture in static SOftware componenisieasuredn part by active deployments
hierarchicconfigurations In essenceit is impossible to redesign the existimggid

The overall goals of our project overlap with thé:omponents for these _c_apabilities, and it i_s _similarly
ambitious vision of autonomic computifig][8]. By drawing impractical to suggest holistic replqcements for e_X|st|ng parts.
parallels to the human autonomic nervous system, the intent of I"Stéad, our general model is that there is a separate
autonomic computing is to create software systems that Cigrarchical control structurevhich is integratedwith an
manage themselves with minimal human interventioihe €XiStinggrid systend sensing and actuation mechanisms. The
research described in thigaper has similar goals tanany control logic is implemented solely within this control

existing autonomic computing projectgjoals thatinclude Structure, not within the ésting grid software. This

selfawareness,eif-healing, anticipatory response, and so offecoupling allows both the contr_ol logic and implemen.tation
The Willow approach that we discuss hesehe first attempt (© € developed artd mature semindependently of evolving

at controlling agrid (e.g., GT4) via an eticit management 9rid functionality. _
architecture that irarporates multiple, hierarchaets of semi Such a softwareystem for semautomated management
independent control logic. of largescale grids h a s sitbatiarnindepéndert and

Sensing state is common to magnyd projects, mainly to Stuationrdependerit requirements A grid management
provide human operators with important informatiorsyStem can be described in terms of sgecific intended
Hawkeye[9], SCALEAG [10], RGMA [11], GridMon [12], PUrPosese.g., ensurig a particular VO meets its performance
and INCA[13] are systemshatgather data about the state of02lS Or ensuring that all available software patchesehav
components ofhe grid, including the network infragructure P€€N applied to grid nodes , _
MonALISA [14] provides complex sensing capabilities and 't 1S useful to break the requirements of grid
provides an interface with which grid administratorcan Management system intbose that are generic to the entire
interact and reconfigunesource. grid management systeandthose that are specific to a single

The actuation component of our architecturenist PurPose The purposeindependent requirements include)
similar to grid software systems such athe Virtual Data € Systém must acknowledge, support, Bathnce holistic

Toolkit (VDT) [15]. VDT is intended as a software releasdlid behaviour goals against the local seterest é nodes;(b)
and update tool much likeumor rpm. None of these systemstn€ Systém must scal€) the system must have reasonable
are designed to provide automated responseshe work overhead;(d) the management system itself must not be an

described in this paper, we did not utlize an existifgiréasaable management burden; afe) the management
monitoring system such as VDT, mainly because of ti¥Stem must supporthe composition ofpurposespecific

complexity of integration. A simpler, less comprehensi/@anagement techniques. _
mechanism was sufficient for the research described, without The PUrpOsespecific requirements of grid management
precluding the us of one of these tools in the future. system include:(a) relatively easy integration of local

A. Requirements
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purposespecific performance measurement techniques into Where conflicts arise in determining management actions
the grid management systeng.g., providing the user thebetween the different leveldhe Spadn systemeffects a
ability to specify: how and when toitiate the performance prioritization based on a separately provided specification.
measurement technique, how the management system shdtlds, the management system can be constructed easily to
interpret the results of individual perfnance measurements.ensure thagrid-wide management changes take precedence
andhow to aggregatandividual sensor measuremendsid (b) over local chages no matter how they conflict, but consisten
similarly easy mechanisms feffecting management changeslocal changes will still be applied.
e.g., providing the user the ability to specify:fta@re Specification of the control mechanisior a systemis
mechanisms toffect change; how and when taitiate these written in the Timebased Event Detection Language (TEDL)
software mechanismandhow to interpret thie results [20], and the resulting specification compiled into an

) ) appropriate implemeation. Using this mechanism allows
B. Overview of our Approach: Willow, ANDREA and Spartag,anagement policies to be changed quickly and the changes

To meet theerequirements, @& leverage anéxtendthe implemented quickly since the generatiomf the
Willow architecture [17] to meet the chalhges of a implementatioris automatic.
management architecture for largealegrids. Willow is a The basic component of TEDL is an event. An eventis a
comprehensive architecturthat provides survivablity for time-stampedset of (name, alug) pairs. A set in TEDL is
large-scale distributed systems. It consists ofnasted defined as a collection of events whose tastamps fall within
hierarchy of control loopghat sense andnalysethe state of some defined range relative to the current timehemmachine
the g/stem and a powerfuhetwork managememhechanism executing the finitestate machine. Predicates are then defined
to effect the required chges on the underlying system. relative to attributes of setsna predicates can be compdse

As shown in Figure 1, the two major pieces of Willow ar form compound predicates. The change in value of a
Spartan which provides the state seng and analysis predicate during operation is the source of action and higher
capabilities and ANDREA which provides the netwok level event generation.
managementapabilities In the remainder of this section, we A finite-state machine is defined by a set of states, each
describe Spaian and ANDREA in more detdil 8][19][20]. of which has actions asdated with it as well as transitions

between the statethat are defined relative to predicates
Events defined over sets of input events. As the machine transitions
_ between states based on input events, actions are triggered
corresponding to each state visitefictions may be either to
output an event to another finite state machine or to create a
task and run that task on the system in order to altesttte
ke of the systenfagrid in our case)
) Task Complex sensing and scalability are achieved in Spartan
Sensor | o | Actstor _by hierarties of Spart_e_m nodes. At each Ieyel the sensor data
is analysed and desions are made relative to the local
; Grid e_nviron_ment of each node. I_E\_/ents_ tansmittedto nodes
1 higher in the hierarchy thus giving higher level nodes a more
Sensor _,\/_/ Actuator abstract view of the symm and increasing the scope of the
knowledge of nodes as thapproach the root node.

The root node in a Spartan system sees the world in a
very abstract way and can make determinations on courses of

Spartan, the sensing and analysis functionality of tlaetion by taking into account an entire laigpale digibuted
Willow architecture, is a hierarchy of finite state machinesystem without having to know who, where, or how many
that process sensor events and determine achased on nodes there are in the system. Since each level of the
state definitions and transitions. A Spartan node is onehigrarchy receives input only from the nodes directly below it,
more fnite state machirethat receives sensor input eventd is possible to make intelligent decisions about large systems
either from other Spartan nodes or directly from sensors without each level having detailed knaedge of the rest of
the target reource (thgyrid in our case). the system.

It is the hierarchy of finite state machines that allows As the finitestate machine of a Spartan node transitions
Willow to provide a wide range of diffent control through states, it may outptatsksto be performed in order to
capabilities. The hierarchis established for any specificalter the configuration of the system. This is the only point at
system in such a way that it matchhe overallmanagement which Spartan is bound to ANDREA, the task generation and
goals of tle system. Thus, for example, the telpvel finite- task passing interface. Once a Spartan node determines that a
state machine in the hierarchy will be concerned witld- task should be executed, it creates it and passes it off to
wide issues, the next level with issues faceddgjons of the ANDREA to see that it is executed on the nodes of the
grid, and the lowest level with issues faced by local elemem®nitored system. Databaut the effect of the task is
of thegrid, perhaps a single site.

Figure 1. Willow Control Structure
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gathered by Spartan from sensor events it reseafter the ability to express many situations and their corresponding
task is executed. requirements.

ANDREA is amanagemensystem for very largecale )
distributed systems. It is built on the premise that there wflf SCenario
be more nodes in the systenahcan be tracked by any one  In our scenario there is grid that consists of thee sites
entity and therefi it is based on a hierarctstructure. The named UVA, NCSA, ath SDSC. These names have no real
hierarchy is imposed overraghly modifiedpublishrsubscribe meaning in our scenario other than to identify each site. We
communication network permitting nodes to determirieat are not modding any observed behawio or predicted
tasks they will accept and fromhom they wil acceptthem behaviar of these sites the TeraGrid, for example.
Tasks are passed through the network of control nodes basedAdditionally, there are two Virtual Organizationsepent
on subscription attributes stating which sources and typesirof our GT4-based development grid, modeling the
tasks a node is willing to accept. It is this mechanism treivironment of the Open Science Grid in which multiple VOs
permits resource owners to determine what actiongaken exist and resources support all or some subset of the W@s.
on their resoure. This is also the mechanism that permitefer to one VO aBHYS( fi P h y and thesothgr VO aBIO
ANDREA to control very large systems. In effect, addressiigii Bi o. o 4ggpid, ) we use thesenames only for
nodes within the system is based on attributes that the nodestification with no specific attachedeamning.
have and nonecessarilyon specific network addresses or In this scenariomembers ofboth VOs are wbmitting
some otheform of identification. jobs to thegrid. The property to be enforced is tHatHY S 6 s

More specifically, a task in ANDREA is aorkflow. jobs are temporarily more important than the jobs of anyrothe
ANDREA supports mst typical workflow constructsuch as VO. Theyhave a performance goal that theyst finish
delegation, suitasks, and conditional tasks-{ifenelse, etc). within a reasonable amount of time and showgtehpriority
Each task has associated with it a seletttar implanents the on the resources. Howevehely are only more important for
addressing mechanism discussed aboWdis selectoffield some elatively short time period, such asday or a week.
can be very specific, e.ghe name of a single node, or can bBuring this time the PHYSVO will be submitting jobs to the
a general property of a node, e.g. any machine running Fedirenpute nodes of all three sites at a uniform rate and the jobs
Core 6. Thus, both sender and receiver nodes in ANDRBEAISt complete within a bounded time period.
havethe ability to filter tasks according to their specific needs. During the period when theHYS VO is submitting jobs

Tasks in ANDREA are considered to be constraints ¢ine BIO VO is also submitting jobs, but not necasdly at a
the configuration of a system. Enacting a task ongtigd uni f orm r at e. Specifically
therefore equates to constraining the configuration ofjtite  submission rate throughout the period of tiRHYS
to conform to sme requirement. ANDREA holds thesubmissios and there will also be periods of increased
constraint until it is told to do otherwise. With regard tworkload imposed by theBIO VO, but these increased
Spartan this mans that when a Spartan finiteate machine workload periods will not be comtiious. In our testthis
enters a statdt enacts a constraint on tlygid configuration increase in workloads represented by a period of increased
and that constraint is not lifted tiinthe machine enters submission rate at each of the sites. These periods do not
another statehat explicitly tells ANDREA to either futherover |l ap and thus exhibit a #fAro
constrain the system or to relax the previous constraint. ~ the increased rate moves between the sites timife@ach

individually.
IV. EXPERIMENTAL RESULTS One potential approach to this problem isview it asa

In order to assess théeasibility, applicability, and Simple scheduling problgnandto try to solve it byseting the
efficacy of the Willow approach togrid management, we priorities of the schedulers at each compute remithat the
conducted a case study in which we applied tRHYS VO has the highest priority and will alwgyget the
reconfiguration mechanism to @rototypical GT4based resources first. Howevealthough ar developmengrid has
developmengrid we deployed and maintain for experimentadnly 3 stes with 5 compute nodes eacand thus only 15
purposes The scenariowe usedis small in scale but compute nodes in the systgna productiongrid would have
sufficiently organizatiomlly complex to representrealistic many more nodesnaking priority assignment aignificant
environmentsuch as the Open Science GI@5G) effort. Futhermore, each nodmight be administered by a

In OSGlike environments there are multiple VOs andifferent personand so to enforce a global scheduling priority
each site administrator may choose to support one or mgfeuld require changes at each node individuallfhus,
VOs. This results in environments with competing ar#odifying individual schedulers is a particularly undesirable
sometimes conflicting priorities and requirements.  Fogolution when the orderingf priorities changeslynamically
example, if two VOs need tasethe grid intenselyat the same and unpredictably In our est we only determine relative
time, then a decision must be made as to who should g@portance between the two V@sice, butas stated earlier
higher priority or if they should just compete for resourcdBis is only a temporary ordering. It is entirely possible that
equally. It isin resolving conflicting demands such as thigwo days later th&lO VO will needto have top priority
that the Willow architectureperforms well because ofits A differentapproacho this problenis to mandatea grid-

wide scheduler to which all jobs are submitted and where all
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Figure 2. Willow Configurati on on GT4-based DevelopmenGrid

priorities are enforced. The disadvantage of such an approachTo implement the scenario described ahod@low was
is that it results in a total scheduling order &irnodes in the deployedon ourGT4-baseddevelopmengrid of 15 compute
grid and thus imposes unnecessary constraints on the resonomiesin a twotiered control loop organization with single
ownersin terms of defining policyln addition, while there are global control loop and three sitevel control loops, one for
many Auser portal so depl oyeadh site(Rigurg )i The glaba dna siteldved noges s e n t
customized loolandfeel for particular VOs, we know afo Willow each consist of aANDREA node and a Spartan node
existing generapurpose and/or mulise grids that attempt toimplemented as Java objects and coupled programmatically to
restrictall users in this way in order to set a global scheduliradiow Spartan to tell NDREA how to actuatéhe GT4based
policy. Potential grid users wouldmostcertainly object to grid components
this oneinterfacefits-all mandateAs well as being infieble, The concept of a site is ifgmented by assigning a
it requiresthata single node in thgrid handle a large portion SitelD attribute to the ANDREA nodes such that a set of five
of the work and this nodebecomesboth a single point of compute nodes and one siéed node share a common
failure anda potential performance bottleneck. SitelD. Each compute nodeonsiss of an ANDREA node

By leveraging and extending/illow, we approach this whi ch i ncl udes that coaspnsdre no
situation as adynamic control problem where the sensorsanda GT4 installation.FromWillowd s p e r,orgyghet i v e
monitor the job turnaround time of tHeHYS VO, and the sensor and ANDREA node are part of tmpute node he
actuators reconfigure the scheduling policy or proce€d 4 installation is not. Eachomputenode in the system
priorities at the compute nodas necessaryBecause Willow (global, site, and compute) runs on its own physical machine,
provides a hierarchy ofontrol loofs, it is pos#ble to have and the machinegreconnected via a GigBcal area network
multiple policies being enforcesimultaneously at the local, It is important to stress that the only portion of the
site, andgrid levels. experiment that was truly simulated wasfthg o b 0 d¢rihat t

We note that the policies employed in a productiomas required to rufrom both VOSs) consistingof sortinga
system need to encompass morafrformance goals of therandom array of integersT h e sjomylodtputs are a pair of
type we investigated. For exalapWillow would most likely log messages, onat initiation of the sort and one at
be used to provide a recovery mechanism from seriogempletionthat includesthe wall clock running time of the
widespread hardware failures as well amanaging sort. The sortis essentiallycompletely CPU bound and thus
performance. responds well to actuationthat alter the CPU schauling

Willow provides a degree of flexibility and adaptabilitypriorities. While we believe that our approach is suitable for
not present in the other approaches. Even nimgpertantly it actual VO jobs, we created such simple and parameterized
allows the actual reconfiguration to be done automatically ajubs to simplify our testing and clarify the interpretation of the
thus reduces the workload of individual site and resoursults.
administrators. The strengths and weaknesses of Willow and Execution is initiated via GT4 job submissions andsth
the other approaches are discussed further in Section V.  all jobs executed on a compute node output to a common log

_ file. The sensors monitor the log fifer the compute node

B. Experimental Setup upon which they are runningind they simply average the
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running time of the last three cofafed jobs submitted by theD. Simulated Workload Characteristics

PHYS VO user. Eachsensor scans the lagf its compute
nodeevery 30 seconds and sends the informati®an event
to the Spartan node for its sithereby introducinghe base
level events into the control loop.

C. Willow Configuration Details

The workload used for the tests consisted of the two VO
users submiiing jobs at a constant rate to each computieno
at each of the three sitesEach user submitevo jobs per
minute per compute node for the-Blnute duration of the
testfor a total of 100 jobgpercomputenode

At predefined offsets from the first jobubmission a

As noted above,pecificaion of the control actions that gisyrhancds created at each of the sitsthe BIOVO. The
are requiredor each control loop in the Willow systeare gy rhance is a brighcrease in the rate of job submission
defined using te Timebased Event Detection Languagengchanges in the nature of the jobs themselves. The jobs

(TEDL). The ANDREA WorkFlow Language (AWFL)s
used tospecify the details of the controlctions that the
system takes in the form of tasks described by workflows.

>= 3 nodeseport
latency of > 200

within 30
Action: Set nice Normal High Action: Set nte level
level of jobs to 0. L tgn of jobs to-3. Send
ANCY | 5 S t eaHti egrhell

event to Global
Controller.

<=1 node reports
latency of >200
within 30 minutes

Figure 3. Site-level Specification

submitted during the disturbancase submitted in pairgith

one pair submitted per minute for three minutes. The jobs
have ruming times that are more than twice the running times
of the normal jobs being submitted.

The first disturbance is started at the UVA site compute
nodes 10 minutes after the first na@infoad job is submitted.
The second disturbance is started at the NCSA site compute
nodes 10 minutes after the disturbance at the UVA site is
started, and the third disturbance is started at the SDSC site
compute nodes 10 minutes after the start of ti@&SA site
disturbance.

The GT4 GRAM service is configured to use the forking
job manager, so jobs are forked into existence as they are
submitted as opposed to being placed in a queuing system

For the scenariodescribed abovehe specifications were such as PBS or SGE. This is an important detail since it

as folows. The sitdevel TEDL specifications weriglentical
for all of the site nodes in the systefRigure 3) The
specificationstatesthat if, within a 3 minute windowthree
or more compute nodes in the site send eviewiisatingthat

deternines how jobs compete for resources and how newly
submitted jobs can influence the execution time of jobs
already running on the systemThis is not the case with a

queuingsystem backend. Using a forking GRAM service is

job latency for the PHYS/O is above 200 seconds, then théhe reasomwhy the disturbance jus are few but long running;
Sparéin node should respond :bfa) initiating a task on the because they run for a long time they affect the latency of

compute nodes toaisethe priority of thePHYSV O
jobs and (b) send a SiteHighlatency event to the global
controller indicating that the site is experiencing highb
latency. The priorityricrease igmplemented as renice of

u s dnary ipbs not just the jobs submitted after them. In addition,

the long runtime of the disturbance jobs causes the normal
load jobs to run longer and thereby begimtocumulate on #
system.

the userds j3obs to nice | eve
J E. I!Qesults
To evaluate how well our implementation of the Willow

;:SZi teHigh architecture is able to handle the scenario described alveve
events received compared the results of runnindpe workload with and
within 60 minutes. without Willow operating The metric of intereswas the

Action et | o o action: Set turnaroundimes of the jobs in the workload.

A gh .

nice level of Latency nice level of

jobs to 0. jobs to-1.

0 site nodes repor|
high latency

Figure 4. Global-level Specification

The TEDL specificatiorfor the global control loop specifies

that if two or morelatency events are receivedwithin a 60
minute window each from different sitevel controllersthen
the global controller should initiate a task itcrease the
priority of the PHYSVO wuser 6s

is to set the us e-i06Thus,jthe blabal
response itessseverghanthat of the sitdevel controller.

j obsgridt
(Figure 4) The priority increase speafil by the global task

al | sites in the

to a nice | evel of
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site yet. This control policy is present to deal witlossible
multi-site problens. If two of the threesites report that
turnaround timediave exceeded a prescribed threshold, then
the problem (whatever its) is not local andcannot be
controlled at the site leveGlobal actionis thus warranted. It
can of course, be changed whenereeded
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Figure 5. PHYS job turnaround times (Willow not running)
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Figure 5 shows theturnaround timefor the 100 job
workload of the PHYSVO user with the grid operating U e e e o A PO
normally (unmodifiedlas measured by t he syste mp‘_sum s s or.s
The disturbances are clearly visibb® the graphas sharp B B .
increases irurnaround time The staggering of disturbances Figure 7. Node averaggob turnaround time sfor each site
is visible between sites. The disturbances 4120 and 30 (Willow not running)

minutes after the start of the workload, but they do not Figures7 and 8 show theturnaround timegfor each job
manifest themselves until several minutes later since the j%t%raged across the five nodes at eachbsite without and
must complete before the sensatstect any changes inyty the Willow system operating. Again, we note that the
turnaround time _ ___effects of the disturbances were mitigated in a comprehensive
Recall that the disturbances are the result of |njecth\giy so as to ensure that the taraund times for the jobs
relativdy few high-demand jobsver a relatively short time. geemed the nsi important (those from the PHY\D) were

Despite this, the effects of the disturbances can be seen cleggly within reasonable bousidWe also note that the effect of
for extended times. Theurnaround time®f the normal jobs e giobal policy change can be seen once again.
remain high well after the disturbances are introduced.
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Figure 6. PHYS job turnaround times (with Willow) Figure 8. Node averaggob turnaround time s for each site
Figure 6 showsthe PHYS job turnaround timesvith the (with Willow)
complete Willow system operatingWillow is able to reduce V. DISCUSSION

the turnaround timesignificantly following disturbancgrom
thoseexperienced in the unmodified systefigure5).
The resultsn Figure6 showthat the third disturbancet a

In this paper, we have described thyeplication of the
Willow architecture to the monitoring and control of job
the SDSC site, does not bring thenaround timeover the turnaround time The system ensured that a particular VOs

threshold of 200 seconds all. This effect occurbecauseof Nigh-priority jobs were kept running within a reasonable
the action takerby the global controdr after the second amount of time in the face of high CPU contention from other

disturbance. Ithas changed the priorities at the SDSC sitdOs:
proactivelyeven though no disturbance hatten placet that
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