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Abstract—Different departments of a large organization often (S3)to end users. What is the link between services provided
run dedicated cluster systems for different computing load, py Amazon and the requirement of our anonymous client? In
like HPC (high performance computing) jobs or Web service ¢ opinjon, driven by the cost, cloud computing is a new wave

applications. In this paper, we have designed and implemesat a . S "
cloud management system softwar@hoenix Cloud to consolidate of reconstructing and consolidating data centers. Tkl

heterogeneous workioads from different departments affited  Cluster system software is self-containing [2], inadeguat
to the same organization on the shared cluster system. We hav adapting to this change. EC2 and S3 are big efforts to

also proposed cooperative resource provisioning and managent  provide virtualized hosting environments for end userd, bu
policies for a large organization and its affiliated departnents, it can not provide the customized system stack software to

running HPC jobs and Web service applications, to share .
the consolidated cluster system. The experiments show tham consolidate heterogeneous loads on shared cluster sykiems

comparison with the case that each department operates its |arge organizations. In fact, there lies no one-fit-all folu
dedicated cluster systemPhoenix Cloud significantly decreases  In this paper, we focus on developing cloud computing
the scale of the required cluster system for a large organiz®n, management software that enables the consolidation of het-
improves the benefit of the scientific computing department, erogeneous workloads on shared cluster systems for large
and at the same time provisions enough resources to the other o .
department running Web services with varying loads/] orgamzat_lgns, and we stress thvat do not target the design
of capability-oriented system software std8f. To the best
. INTRODUCTION of our knowledge, this is the first paper to propose the lajere
architecture of cloud computing management software for

Since 2007, a client from a large organization, which Werge organizations that intend to consolidate heterogeme

keep anonymous at its request, requires us to build themysig,oads from different departments on shared cluster sys
softwa_ire _for managing a share_d infrastructure. Thls_ larggms. [4] proposes the utility computing service framewtork
organization has two representative departmesTis: running ¢4 qijitate code reuse in the context of traditional datatees

a batch queuing system for HPC joband the other one i 4o not consider how to enable consolidating differepesy
responsible of providing Web servm_:em‘ which the ratios of of workloads. [5] [6] propos€luster on Deman(COD) as a
peak loads to normal loads are high. So two representatiyg mechanism for dynamical cluster resource management

departments from this big organization have operated o the contexts of Internet hosting centéil [5] or scientific
cluster systems with independent administration staffd 2Bomputing [6], but their works mainly focus on dynamic

found many annoying problems:. first, resource utilizat@tes oqorce provisioning in respective computing contexts.
of two cluster systems are varying. For peak loads, dedicate e gistinguished differences of our system and architectu
cluster systems can not provision enough resources, witile from others are that: first, we develop a common service
normal loads lots of resources are idle; second, the numigefnework as a foundation for cloud computing system soft-
of administration staffs for two separated cluster SystésnS yare: second, with the support of a common service frame-
high. The client inquired us whether it is possible to helg, . e create cloud management services respectively for
them consol_ldate two cluster _systems on one shared syste@Qientific computing (HPC jobs) and web service applicaon
At same time, we have noticed that many famous IT cofgsirq, we propose optimal resource management and pravisio
panies are advocating and experiencing cloud computing. fyjicies for heterogeneous workloads to cooperativelyesha

example, Amazori[1] has provided cloud computing servicgg;ster resources. The contribution of this paper can be con
like elastic computing cloud (ECZndsimple storage service ¢|,ded as:

P . _ « We have designed and implemented a cloud manage-
This document is dated from August 13, 2008 and contains aly ea - .
summary of experiences of this project, which also avaglafom the ment system softwar@hoenix Cloudwith the |ayered
web site of the First Workshop of Cloud Computing and its Applica- architectureto consolidated HPC jobs and Web service
tion (http://www.cca08.org/papers/Poster-8-Jianfezizan.pdf) The extended applications on shared cluster systems.
version with the title ofPhoenixCloud: Provisioning Resources for Het- . L
erogeneous Workloads in Cloud Computiggan be downloaded from « We have pmpos{'}.d .COOPerat'Ve resource prO\{|S|on|ng a.-nd
http://arxiv.org/abs/1006.1401. management policies for a large organization and its
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affiliated departments to share the cluster system. « The cloud management servi@@MS) is a management
Our experiments show that in comparison with the case service for a specific computing load, the implementation
that each department maintains its dedicated cluster sys- detail of which is seen in Fig??.

tem, consolidating HPC jobs and Web service applica-« Client tools: end users use client tools to access services
tions with cooperative resource provisioning and man- or submit jobs.

agement policies can significantly decrease the scale ofjg.[2 shows the micro-level architecture ®hioenix Cloud

the required cluster system for a large organization, at thyen twocloud management servicebare a cluster system
same time improve the benefit of the scientific compuind reusdhe common service framework

ing department while provisioning enough resources to
the department who runs Web service applications wit
varying loads.

Our paper includes four sections. In Sectign Il, we explain I
the design and implementation issue Pifioenix Cloud In !_._._Y_.1 Ir
Section[Ill, we evaluate our system. In Sectiod 1V, we draw Scheduling |
a conclusion. | poliey

Scheduler WS Server Load balancer

a _

Resource I

Resource

+ Management I Management Load balancing

policy Policy

In Section[II-4, we introduce the layered architecture of |
Phoenix Cloud In Section1I-B, we propose cooperative re-
source provision and management policiesfoenix Cloud !

DESIGN AND IMPLEMENTATION ISSUES

A. The Layered Architecture of Phoenix Cloud

. . . Fig. 2. The micro-level architecture &fhoenix Cloud
We divide our cloud computing management software into g

three independent layershared infrastructure for the resource
provider, cloud management services for service provideT
who are different departments affiliated to the same la
organization andclient tools for end userFig.[1 shows the
macro-level architecture of our innovative system as fedlo

One isa cloud management service for scientific computing
ike HPC jobs)(in short, ST CMS, including ST Servetand
rgaecheduler and the other i@ cloud management service for

Web servicegin short, WS CM}§ including WS Serverand

Load balancer

Amongthe common service framewoik service named

Fig. 1. The layered architecture Bhoenix Cloud

« The resource provider is responsible for operatihg
shared infrastructure including the shared cluster re-
sourcesandthe common service frameworkhe shared
cluster resources include hardware resources, e.g. CPU,

.’End user e Resource Provision Serviagth the customized resource
«. _.# | Client Tool Client Tool provisioning policyacts as the proxy of a large organiza-
KT A tion, responsible for managing and provisioning resource
Y. \ 4 to different cloud management services
SO Cloud management Cloud  management « The resource provision poliayetermines wheResource
Service Vi service Provision Servicewill provision how many resources to
. . service
*. provider ./ differentcloud management servicas what priority.
Y « The cloud management serviosith a customized re-
_y_.__\ Shared source mqnagement policgnd a scheduli_ng/load bal—_
I',.i{esource S infrastructure ancing pollcybehgves as the re_presentatwe of a service
\ provider i —— — prowder, .res.por?5|ble for managing resources, scheduling
N Ao [T T jobs or distributing requests for load balancing.
"""" Consolidated i Common service « The resource management poliof a service provider
i Resources , 1 framework determines wherST Serveror WS Servagbtains or re-

turns how many resources Resource Provision Service
according to what criteria.

The scheduling policgeterminesSchedulerof ST CMS
when and how to choose HPC jobs for runnifighe
load balancing policydetermined.oad Balancerof WS
CMS how to distribute requests and adjust Web service
instances according to what criteria.

memory, and system software like host operating systemsOur innovative system evolves from our previous work
The common service framewgrkovides a set of servicesPhoenix which is a cluster system software stack [8] [9].
that manage, monitor the shared cluster resources @msed onPhoenix we have consolidated two differeatoud
provision resources ta@loud management servicdsr management servicesspectively for HPC jobs and Web ser-
different service providers. vices on the shared cluster system.[Big.3 shows the artimiéec



minimum size and shortest running time, and release

Management
service

configuration can decrease the cost of a large organization
in term of resource consumptioiin comparison withthe
-------------------------------------------- static configuration of which each department maintains its

. . . _ dedicated cluster system.
Fig. 3. WithPhoenix Cloudtwo cloud management services reuse and share

the common service framework. A. The benefit and cost models
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For a large organization, we utiee size of node® measure
of ST CMSand WS CMSbased orPhoenix The function of the cost of owning a cluster system. For HPC jobs, wethee
ST CMSis similar to OpenPBS[[10], while the function ofnumber of completed joli® measure the benefit of a service
WM CMSis similar to the Oceand [11]. But distinguishedProvider; at the same time, we ue reciprocal of the average

differences of our systems are as follows: turnaround time per jolto measure the benefit of end user.
. Different heterogeneous workloads can be consolidatEQ" Web service application, we uge throughputn term of
on the shared system: request/secontb measure the benefit of a service provider; at

. Different cloud management services can reuse the cofflé Same time we usie average response time of requests
mon service framework: to measure the benefit of an end user.

« Different cloud management services can cooperatively Experiment method and load traces

share resources under varying loads according to the . _ e :
cooperative policies proposed in sectigi]I-B. Our experiments include two parts: first, in Section 1]I-C

we obtain the real resource consumption of a Web service
B. Cooperative Resource Provision and Management Policiagplication under varying loads on the testbed. Seconddas

In this section, we propose cooperative resource provisid! the real resource consumption of a Web service applitatio

ing and management policies for a large organization and f8téined in Sectio T, we use a simulation method to

affiliated departments. As shown in Fily.2, we could speitiéy obtain the resource consumption in the case of consoliglatin
resource provisioning policjor Resource Provision Service different computing loads from different departments of a
and different resource management policiesS@rServeand large organization on the shgred clugter_syst_em. Th_e Syeithe
WS ServerThe resource provisioning polidg as follows: request trace of Web service application is obtained from

o The resource demands froMWS Serverhave higher _the real tr:’;tce .Of WorId_Cup of wo week from June 7
g in 1998 [12] with a scaling factor of 2.22. For the World
priority than that ofST Server

If there are idle resources f&esource Provision Service Cup trace, the ratio of the peak load to the normal load is
* it will - I I .dllj ut(ST SVI ! vie high. HPC trace is the real trace of SDSC BLUE of two

It will provision all dle resources erver .. weeks from Apr 25 15:00:03 PDT 2000 on the web site of
« If WS Serveclaims urgent resourceResource Provision

Servicewill force ST Servetto return resources with the http://www.cs.huji.ac.il/labs/parallel/workload/lsdptml.

size claimed byWS Serverand then reallocate t8/S C. The resource consumption of Web service under varying
Server load

The resource management polyST serveiis as follows: The testbed is as follows: All nodes are connected with
o ST Serverpassively receives resources provisioned by 1 Gb/s switch. Each node has the same configuration: 8
Resource Provision Service x Intel(R) Xeon(R) (2.00GHz) CPU and 2G memory with
« If Resource Provision ServidercesST Serveto return 64 bit Linux with kernel of 2.6.18-xen. On each node, we
resources, the latter will release resources immediatalgploy eight XEN [[18] virtual machines. The configuration
with the size demanded by the former. of XEN virtual machine is: 1x Intel(R) Xeon(R)(2.00GHz)

« If there are no enough idle resources 8F Serverit CPU; 256M memory; the guest operating system is 64 bit

will kill jobs in turn from the beginning of job with CentOS with kernel version of 2.6.18.
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Fig.[4 shows the system deployment diagram. We chod@eshows the architecture of our simulation system, which in-
httperf [14] as the load generator, LVS[15] with direct mutcludesone cloud management service for scientific computing
mode is responsible for distributing requests to the Wetiser (ST CM$ andone cloud management service for Web service
with the least-connection scheduling policy. The DNS servé/V'S CM$. In comparison with the re&hoenix Cloudsystem,
is responsible for distributing connection from each uger bur simulated system maintaifi®esource Provision Service
one of four LVS with round robin policy. We choose opeWS ServerST Serveland Schedulerwhile other services are
source software ZAPL[7] as a typical Web service, and eaokmoved or substituted.
instance of ZAP! is deployed on a virtual machine.
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Fig. 6. The architecture of the simulated system.

For WS CM$ a daemon name&esource Simulatowill
simulate the varying resource demandWwt CMSand drive
WS Serveto obtain or release resources from andResource
Provision ServiceWe use the real resource consumption in

WS Serveadjuststhe number of instances of Web service'éig' m]_as the_i_nput _toReso_urce _Simulator_For ST_ CMS
according to the criterion in terms ofie average utilization >chedulers specified witfthe First-Fit scheduling policy, and

rate of CPU consumed by Web service instantés presume Job Simulatoris used to simulate the process of submitting
the number of current instances of information service.itf 1°PS- To accelerate the experiment, we speed up the submissi

the average utilization rate of CPUs consumed by Web servi%@d completion of jobs by a factor of 100. This speedup

instancesexceeds 80% in the past 20 second§ Servewill allows two weeks trace to co_mplete_ in about three hours.
increase one instance. thie average utilization rate of CPUs 1 N HPC trace is introduced in Sectibn 1ll-B. We presume

consumed by Web service instanéedower than80%(n — that the software package of Web service are pre-deployed on
1)/n in the past 20 second$yS Servemill decrease one those reallocated nodes, so the time of reallocating nodes f
instance until the number of the current instances is equal ,T_ Se.rvelto WS SErvens only seco_nds:, includee time of

1. We use the Web service trace described in SeCtion I11-8, aflling jobs andthe time of communicating amolys Server
Fig[3 shows the varying resource consumption in two Weelg,r Serverand Resource Provision Service.

of which the peak resource demand is 64 virtual machines, !N our simulation system, fostatic configuration(in short
SO, of which each department of a large organization main-

tains its own cluster system, the minimum scale of the ctuste

Fig. 4. The system deployment diagram.

varying real resource comsumption system for HPC trace introduced in Sectibn TlI-B is 144
70 < . nodes, because the real SDSC trace is also collected from the
g s o same 144 nodes; the minimum scale of the cluster system for
é: o b i Web service is 64 nodes, because the peak resource demand
£ =0 % g g g E in Fig. [ is 64 virtual machines. Sthe size of the cluster
o E"MWL = configuration allocated to Web services and HPC jobs for
1 28 55 82 109136 11163 190 217 244 271 298 325 SCis 208. Forthe dynamic configuratiofin short DC), we

respectively sethe size of the cluster configurati@iiocated
to Web services and HPC jobs as 200, 190, 180, 170, 160
and 150. Figld7 showthe number of completed jolamdthe
average turnaround time per job in term of secofdisHPC
D. The simulation experiments of consolidating computingghce in two weeks when we set differesize of the cluster
loads configuration

We use a simulation method to verify the advantage of For HPC trace, 2672 jobs are submittedS® ServerFor
consolidating different computing loads from differenpdet- dynamic configurationwhen the cost of the large organization
ments of a large organization on the shared cluster systigm. kn term of the size of the cluster configuratiatecreases to

Fig. 5. The resource consumption of Web service trace in tweks.



160, only 76.9% of that oftatic configurationthe benefit jobs and Web service application on the shared clusterrayste
of scientific computing department in term tife number of We have also proposed cooperative resource provisionidg an
completed jobsn two weeks is still higher than that atatic management policies of large organizations and their atffiti
configuration while the benefit of end user in term t¢ifie departments to share the consolidated cluster systems. Our
reciprocal of the average turnaround time per jatstill higher experiments show that in comparison with the case that each
than that ofstatic configuration With the size of the cluster department of the same large organization runs its dedicate
configurationdecreaseghe number of killed jobscreases in cluster system, consolidating HPC jobs and Web servicea-appl
general. Only the exception is the number of killed jobs whearations from different departments wittboperative resource
the size of the cluster configuratios 170, which is higher provisioning and management policiest only significantly
than that whenthe size of the cluster configuratiés 160. decreases the scale of the required cluster system for @ larg
organization, but also improves the benefit of the scientific
computing departments while provisioning enough resaurce

- The number of completed jobs for DC

~#-The number of completed jobs for SC to the other department running Web service applicationis wi
—k- Average turn around time for DC H
2658 Average turn around time for SC -5 3500 Varylng |OadS.
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For Web service, the benefits of service providers and end
users are unchanging, since we just use the same resource
consumption collected from Sectidn _IMI-C as the input to
Resource Simulator

IV. CONCLUSIONS

Different departments of large organizations often mainta
dedicated cluster systems for different computing loads. |
this paper, we have designed and implemented a cloud man-
agement system softwaRhoenix Cloudto consolidate HPC
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