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Abstract

The provisioning of remote and composed services i
support of various application areas has dramatfical
increased over recent times. Thus, the conceptids®as
evolved, in the sense of a common platform fortrelic
service provisioning in multi-domain environmenthile,
traditionally, Grids have seen a quite static esiigte, many
new service compositions have to take place on-ddma
and for certain periods of time only. To tacklegbassues
the concept of Virtual Organizations (VO) delivarkighly
suitable representation of such dynamic Grids. Hmve
one important open problem at this stage is thek lat
applicable, distributed, and efficient accountinghemes
for commercial resource and service consumptiongnE
for simple management purposes,g, sampling or
archiving, this functionality is essential.

Therefore, a comprehensive model for Grid accogntin
has been developed and suitable accountable uaite h
been defined, in which an underlying activity- and

with other related concepts, service Grid VOs & acter-
ized as follows: Virtualization allows for an intdomain

Yervice provisioning and resource coordination.oRBES
are encapsulated by services that, in turn, cagbesgated
into more complex service bundles. Services aressilsle
via open interfaces and they implement standartbpots

so that interoperability between heterogeneous Goites
is achieved. In contrast, implementation detailsvai as

information about service composition and the overga-

nizational alignment of the VO are hidden from gmsv
users.

From an economic point of view, virtualization nefeot
only to the concept of resource coordination betwee
legally independent organizational entities, itoatovers
dynamics with respect to organizational compositaon
business process execution [28]. Depending onpheific
service user needs, representing the market's diiside,
suitable service providers need to be bound to a VO
Changes in either, demand or supply side, resutitler
operational VO instances. Furthermore, processed te

resource-based accounting model covers economit cogdapt to changing contexts so theat.,aggregated services

theory. Furthermore, this work is based on a serviwdel
proposed for service provisioning in dynamic VOggre
coming the typically static nature of traditionati@s.

1. Introduction

Grid systems have evolved over time from traditiona
Grid computing to service Grids. Grid computingfsed
on high performance computing, based on the cosaaafpt
cluster-building and resource sharing. By applythgse
concepts, Grid systems are able to solve datacamgbuta-
tionally intensive tasks. Service Grids addresaddition
the virtualization of resources and services acaassinis-
trative borders. Thus, they dispose of mechaniseesied
for geographically and organizationally distributegtvice
provisioning within a Virtual Organization (VO).

Based on the embracing analysis performed in [38})-
paring traditional Grid computing and today’s seeviGrids

have to be newly composed. In order to reflect sughly
relevant dynamic aspects explicitly, Dynamic VittQaga-
nizations (DVO) are introduced and used subsequentl
Inter-domain resource coordination and service iprov
sioning in DVOs traditionally finds most deploymearases
in research-oriented Grids. But such approaches are
required for fully competitive commercial environmg as
well, which are strengthened by respective Gritidtives
lead by industrial supporters, like [25]. Either &atistical
and planning reasons only, or with charging forstoned
resources in mind, accounting of resource usagededs
in a service provider's interest — both, in acadeind
commercial environments. Usage records feed acitmunt
systems with metered information on what resouhzase
been consumed how and by which service.
In economic terms, resource consumption is reftebie
cost elements. An accounting system has to specify
accountable units that need to follow the princpdé the



economic cost theory. Moreover, accountable urgteho
consider the specific requirements on accountimgefec-
tronic services that are offered in DVOs. This aevear-
ticularly the fact that — once a Grid service hasrb pro-
duced, thus, being available for service delivery
electronic services are characterized by a highresbé
indirect cost elements that are not directly atidble to a
specific service provided.

Accordingly, the main objective of this paper catsin
the design of an accounting model that addresges- in
domain provisioning of electronic services in DVO#is
model needs to satisfy, on one hand, DVO-speafigiire-
ments, while, on the other hand, it has to consigereric
requirements on accounting systems that are basekeo
economic cost theory. This approach is followedruher to
establish an accounting system that integrates, lpmi
spectives of economic and technical accountingahticu-
lar, the relevant set of accountable units for Geavices
has to be specified, constituting base componehtieo
accounting model.

In order to reach this goal a thorough investigatio
existing Grid accounting concepts is performed
Section 2, including an analysis of approaches dened.
This is followed by a close inspection of DVOs ahe
respective service model in Section 3. The insiglaised
on existing approaches and Grid service charatitayis
lead to a set of generic and DVO-specific requinetsi@n
accountable units as determined in Section 4. Drivgn
these characteristics, the accounting model isldpgd in
turn, which is followed by a functional evaluatiqrer-
formed in Section 5. Finally, the work is summarized
conclusions are drawn in Section 6.

in

2. Related Work

The area of Grid accounting has already been invest
gated in other Grid projects and by other reseasche
Therefore, various approaches on accounting fal<Grur-
rently can be observed in the literature. Based compre-
hensive analysis in [19] and [30], the followingpides an
overview of the “status quo” of existing accountiggs-
tems and accounting tools from European as wehtas-
national Grid projects, and it finally presentseaaluation
of fundamental characteristics in a compact manner.

2.1 Accounting Processor for Event Logs (APEL)

tation of the Grid Monitoring Architecture (GMA) @r
posed by the Global Grid Forum (GGF) [5].

In LCG accounting, each site publishes its own anto
ing data using an R-GMA primary producer, which esmk
use of its locally assigned R-GMA server. Currentgly
PBS (Portable Batch System) and LSF (Load Sharing
Facility) batch systems are supported by the umoheyl
architecture. The architecture, however, can eabdy
extended to develop other variants. Via a secongesy
ducer, the aggregated accounting data is streameden-
trally administrated, relational database managérags:
tem in the Grid Operations Centre (GOC), whichssdito
provide a web front end, generating a summary sduece
usage across the Grid [6]. Furthermore, varioug-pis
exists to provide access to a MySQL database ilGth€
in order to publish accounting records through RASr
presentation on the web.

2.2 Distributed Grid Accounting System (DGAS)

The DataGrid Accounting System was originally devel
oped within the EU DataGrid Project (EDG) [7] analsh
been maintained and re-engineered within the Eamope
EGEE project since April 2004 [1]. DGAS is desigrted
support an economy-based approach to regulateistre d
bution of Grid resources among authorized Grid sised
to implement resource usage metering, accounting, a
account balancing in a distributed Grid environnigai.

In accordance with the SweGrid Accounting System
(SGAS, cf. Section 2.7) all currency transactiorsraedi-
ated by decentralized bank services. The consumpatio
Grid resources by Grid users is registered in gppate
servers, called Home Location Registers (HLR), Wwhic
manage both user and resource accounts. Simi&GAS,
the Distributed Grid Accounting System makes useasf
called “template accounts”, which are temporaiitkéd to
authorized Grid users for the duration of a jobrsigsion.
Furthermore, the HLR takes care of the communipatio
between different HLRs and it credits/debits théedent
users/resource owners for the respective amount of
resource usage [13].

EDG makes use of an approach where each VO has thei
own HLR available for their members, although aefin
granularity is possible. The Price Authority (PAgtek-
mines an optional component in the architecturé finds
prices for all different resources in the Gridheit manu-
ally or by using different dynamic pricing algonitis. Sim-

The web-based accounting tool APEL, which has beenilar to the HLR approach, each VO comprises attleas

deployed within the EGEE/LCG project [18], is a logp-
cessing application used to interpret batch systedigate-
keeper logs in order to generate accounting recfdts
The APEL Log Processor parses log files to extjabt
information and publishes it using R-GMA, an impkm

PA. The costs of the user job are finally determibg the
HLR service, taken from resource prices and usagerds.
Account balancing is done by exchanging virtualditee
(Grid Credits) between HLRs of the user and theuss
under consideration [13].



2.3 Grid Accounting Services Architecture/
GridBank (GASA)

GridBank (GB), developed in Australia within thei¢r
bus project [24], is a secure Grid-wide accounéing pay-
ment handling system with a strong focus on ecooomi
structure and economic brokering. [3] presents rsg¢ve
requirements on Grid accounting and various ecooomi
models within GridBank, based on the Grid Accoumtin
Services Architecture (GASA) proposed. Implementati
issues are available, mainly with respect to aildetalis-
cussion of format variants to be maintained foriows
records/data bases,g, Resource Usage Records (RUR).
Also several protocols for the interaction betwegrid-
Bank and various components within Grid computingi-e

use of policies provides for accounting mechanishad
are flexible and dynamically configurable.

However, accounting and billing services within G&A
are still in an early design phase. For this reasewmeral
interesting aspects remain unspecified, such asatige of
supported resource types or accountable units.

2.5 Grid Service Accounting Extensions (GSAX)

GSAX represents an extensible OGSA (Open Grid Ser-
vices Architecture) [21] accounting and loggingfiework
as proposed by the GGF RUS-Working Group (RUS-WG)
[20]. It emerged in the course of IBM's “Extreme Blue”
Grid accounting project [4].

GSAX is designed to provide a modular accounting

ronments are presented. In addition, the payment offramework, which can be expanded by adding or cimang

resources is addressed in the approach by meansarh-
prehensive set of payment schemes, based on bdth, G
Credits and real money.

so-called core components. Furthermore, the uriderly
accounting system allows for the use of accourdineari-
ous application levels, and it provides informatimiffer-

In contrast to SGAS and DGAS, the accounting systement degrees of granularitg.g., real-time information or

of GridBank has a slightly different underlying ria$truc-
ture. Providers and consumers of Grid resourceg hav
register themselves on a central server, so treturee
owners do not have to establish accounts for enesgyurce
user [13]. Another interesting aspect of GridBaskhat it
makes use of decentralized Grid Trade Servers (Gd@S)
negotiate resource prices and to select an apptepri
resource provider.

2.4 Grid Based Application Service Provision
(GRASP)

The aim of the European GRASP project [22] consiists
integrating network-enabled Application Service\Wsmn
(ASP) with Grid computing and Web Services in campl

data on a per-job basis [4]. Another important aspéthis
theoretical approach is the possibility to integr@uality-
of-Service (QoS) parameters and Service Level Agree
ments (SLA) at different levels into the accountfragne-
work. For instance, this provides economy-based QoS
parameters and SLAs to be implemented at the atiogun
level. The underlying accounting subcomponent cisepr

of two basic services: first, the account manage¢nsen
vice providing accounting-related information and
accounting records to higher-level components da-a
quate interfaces; second, the accounting servioelling
metering events and, thus, establishing interfagés the
lower components of the framework [4]. The accauan-
agement service and accounting service hold aannstof

an account, which contains informatiang, the current

ance with the OGSI.NET framework [14]. GRASP makes balance or list of users authorized to use thewatco

use of distributed and heterogeneous resourceshvére
integrated using Grid technologies, in order to lempent
current and future ASP business models.

A fundamental concept of the GRASP infrastructure,
which is compliant with the Open Grid Services dsfruc-
ture (OGSI) specification, is the Virtual HostingnEron-
ment (VHE). VHE comprises various services and
resources, which are provided within a VO [8]. Timeler-
lying accounting subsystem, supporting usage-basell
service-level-based charging of jobs and applicatids
implemented by means of two basic Grid services: th
Financial Accounting (FA) service as well as tharging
service. The FA Service allows for the executionaof
application by coordinating other subsystems betan¢p
the Business Component Services Layer [14]. An impo
tant aspect of the accounting system is the usageln
cies, which are supported by Web Service Level Agre
ments (WSLA) [23] as well as business extensiorse T

2.6 Nimrod/G

Nimrod/G is a Grid resource management and schedul-
ing system based on Grid technologies, which waglde
oped at the Monash University in Australia. Thel twas
designed to manage the deployment of parametrierexp
ments in a global computational Grid [2]. Nimrodé@p-
ports an integrated computational economy in itedal-
ing system. This means that Nimrod/G can scheadlis j
on the basis of QoS requirements, deadlines, addéiu
restrictions [2].

The Nimrod/G Agent records the amount of resources
consumed during job execution, such as CPU timenaaild
clock time. The online measurement of resources con
sumed by an executed job helps the scheduler toaea
resource performance and to change schedules auglgrd
Furthermore, information from the metering compdnen



can be used in order to perform an accounting ef th
resource consumption.

Table 1: Evaluation of Existing Approaches (+ “Ye¢¥)
“In Parts”, — “No”, n.s. “Not Specified”)

Nimrod/G puts the focus on allocating and schedylin
however, not on the accounting of Grid resourcésisT
this approach lacks a specification of accountedoiel
monetary units as well as a detailed descriptiorussr
accounts and accounting records. As a result, Nifto
should not be considered as a single independeount
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ASA
SGAS

G
Nimrod/G

ing system. Integrating Nimrod/G into existing asotng

Interoperability and portability )

systemse.g, into GASA, proves to be reasonable [2], [3].

Scalability

+| +

Integration

Inter-organizational accounting

(

2.7 SweGrid Accounting System (SGAYS)

Flexibility and extensibility (H

The SweGrid Accounting System (SGAS) is an account-

Support of existing standards +) nl

ing system already implemented in the Swedish Matio
Grid (SweGrid). SweGrid determines a computational

Support of multi-provider sce-
nario

Grid, initially joining together one cluster at daaf the six
high-performance computing centers across Swedwah, a

Customer-specific visualization
accounting data

n.s

currently comprises approximately 600 nodes [31].

User transparency n.s.

™)

In contrast to DGAS or GASA, the SweGrid Accounting
System is built on open, standard-based Grid potdécand

Accounting of heterogeneous

n.s,
resources

Accounting of virtual resources

existing toolkits,e.g, OGSI. SGAS supports homogeneous
computing nodes and a few accountable units ordj; [1

Accounting of virtual services

Virtualization concept

The underlying architecture of the system consiéta
bank service, the Job Account Reservation Manage

Support of high dynamics

Security

(JARM), and the Log and Usage Tracking Service (BYT
[11]. In SGAS, each VO has an associated bankceeimi

Standardized, generic interfaces

)

order to manage resource allocation for a given VO

D
Support of various accountable
units/metrics

research project. The primary purposes of the SG&

Precision and abundance

are to keep track of resource consumption for idial
projects/users and to enable coordinated quotaaarfeent

Support of different accounting
policies

.| n.s.

across SweGrid sites. Among others, substantitiifes of

Reliability and fault tolerance +) nis.

the bank component include bank account adminisirat

Administration and managemen

+ .S.

transaction history, a logging service, and saftesaccount

Verification

n.s; n.s.

holds. JARM provides a single point of integratioh

Open source

SGAS into various Grid middleware [13], [15]. Moxew,
when placed on each Grid resource, JARM intercepts
incoming service requests, performs account refens
and charges the account of the requester aftenetimirce
usage. Finally, LUTS collects and publishes usaga dnd

it allows users to query accounting informatioraioonsis-
tent way. Similar to GridBank, accounting data tisred
using Resource Usage Records (RUR) as standarbized
the Global Grid Forum (GGF) Working-Group [13].

2.8 Analysisof Existing Approachesfor Grid
Accounting

In order to conclude, the following section brieflym-
marizes several shortcomings of existing accounting
approaches for Grid environments. A detailed surimaar
tion of fundamental characteristics of existing@aetting
systems is depicted in Table 1, which comparesgadolist
of 23 criteria.

One of the major drawbacks of existing accountiygs s
tems is that they do not offer a comprehensive ephfor
the virtualization of resources and services wétspect to
accounting. Neither none of the considered accognti
approaches defines virtual resources or virtualices, nor
do they provide mechanisms for the accounting dfial
resources and virtual services as they are offerigin
VOs. Generally, the focus of existing systems aswbant-
ing tools is on the accounting of physical Gridowges.
Accounting of complex services — as for instancernnf
mation services or computation services — is comsitle
only partially. In addition, the aspect of accongtbf com-
posed virtual resources and services is also Higtcted:
this is of particular importance to multi-providsrenarios,
where several real and virtual organizations previid a
collaborative manner a virtual resource or virtselvice.
Furthermore, to some extent only static environmerith
Grid resources of homogeneous nature are considsred



underlying accounting systems. Dynamic Grid enwiron
ments with a high level of heterogeneity with redpe
resources, operating systems, and Grid middlewaréna
most cases not taken into consideration.

3. Service Model for Dynamic Virtual Orga-
nizations

Due to the lacking support of virtualization contseand
multi-provider scenarios in existing Grid accougtin
approaches, a closer look at characteristics aftreleic
service provisioning in DVOs is needed. To thispose, a
generic service model for DVOs has been developeid.
section refines the DVO model introduced in [103dxcon
the model proposed in [32] in order to specify anpoe-
hensive service model for Dynamic Virtual Organizas.
Figure 1 illustrates the respective overview.

Virtual Organization 1 Virtual Organization »

o 0 O -
. BV
AN y / ; !
I N i 0 /
I N / !
il N \
— T
/ ! ! \\:‘x\ \/A \ ! A
1 I
1 Y \ / ! 1
RO, )9 h la jhbye "N RO, f\ A i / RO,
I | A / | 7\ T
/ | | \’ 1 VA |
¥ | | / Vo
l
| G \

686666 &6 B o
0/® 06 O [—|—

{_Virtual Resource | _Virtual Service | Real Resource Layer Mapping Provided upon )

Figure 1: Service Model for Dynamic Virtual
Organizations, extended from [32]

Real Service

In the process of creating DVOs, multiple autonosou
organizations — so-called Real Organizations (RO)re- a
involved in providing VO's resources and servicgsbn-
tributing some of their local resources and sesjicespec-
tively. DVOs are characterized by strong dynamicteir
organizational composition and business procedses.
thermore, in a highly dynamic VO, resources areneges-
sarily dedicated to a single service or a singtmnization
only. In the context of Grid computing, virtualizationnca
be seen as the mapping of real objects (such asroes,
services and organizations) into virtual objectsicly may
have functional characteristics of (different) redljects
[34]. In Grid environments, the concept of virtzalion
provides an essential means to increase the fligxibi
within VOs with respect toge.g, the provisioning of
resources and services. If, from a service-oriept@dt of
view, the focus of VOs is on the provisioning oféees, a
VO can be defined as a set of virtual resourcesvatugl
services that can be used by individuals to archieem-
mon goal [10]. Furthermore, resources and servides
VO may also be provided to members of other VOss Th

case visualizes how important it is for an accaunsys-
tem to account for resource consumption and sensege
in an accurate manner.

A virtual resource of a VO may consist of sevetajg-
cal resources provided by one or multiple ROs. Adh+
mental characteristic of Grid resource virtualiaatis that
they may represent resources — or rather types of
resources — that do not physically exist in this/waéthin
ROs. A VO, for example, may provide a virtual sgga
resource, which consists of several storage elesrfeniin
ROs,e.g, a RAID system of RQ(cf. linea in Figure 1), a
file system, and a tape storage system oj Ri@esb and
c). Altogether, these resources build a virtual ager
resource offered by VO

Normally, functional properties of a virtual resoeirare
assumed to be the same as the ones of the reafecesbut
non-functional characteristics may be different][34 the
simplest case, a virtual resource offered withgiven VO
consists of exactly one resource of an underlyi@y(fhe
d). In addition, virtual resources may also compsaseet of
virtual and real resources. For instance,\60uld provide

a virtual resource that consists of a virtual cotimmu
resource (linee) of VO4, which in turn contains several
computing clusters and a physically existing reseuof
RGO, (line f), e.g, a high-performance computer. Finally,
the concept of virtualization can be applied alswittual
resources itself so that a virtual resource maysistrof
several other virtual resources of potentially etiént VOs
in order to provide a compound virtual resource.

In Grid environments, physical Grid resources, sash
computing elements, storage resources, networksyae
licenses, or scientific devices, may exhibit a higbel of
heterogeneity. Therefore, resource virtualizatisnalso
used to provide a homogenized view on heterogeneous
resources. For that reason, resource virtualizateom be
seen an essential means to reduce the complexityaof
aging heterogeneous systems and to handle diverse
resources in a uniform way [12].

In order to provide the functionality of a resoyrae for
example access to a database or computational eieme
real as well as virtual resources are encapsulatede use
of a trivial service, which provides standardizedess to
these resources in an abstract manner. From aitathn
perspective, these encapsulation services for eleamay
be implemented as Web Services. Beside resourcéd, a
can also comprise of a set of virtual services #natcom-
posed of several services of one or more real azgaons
participating in the VO (lineg, h, andi). These so-called
compound virtual services [10] are perceived atirn-
tions of multiple, potentially different servicesof real
organizations onto one virtual service. Underlysegvices
of ROs — which themselves are provided upon physical



resources — can be of homogeneous or heterogeneousnderlying ROs. VO members only have immediate ssxce

nature. Similar to the provision of virtual rescesca VO
may also offer virtual services, which use sevezal ser-
vices in order to build up a new type of servicegihg a
new functionality and which is not provided as sugthin
the underlying organizations.

3.1 Example: Virtual Information Service

The virtual information service sketches an exangpie
how a compound virtual service comprising seveeat s
vices from underlying RO might look alike: The wvia
information service collects information on expegmts in
the domain of particle physics, using a data sergicRQ.

It performs several calculations on this informatida a
computation service, offered by RCand finally presents
results in graphical form using a visualization viey
offered within RQ. In this example, the virtual informa-
tion service makes use of several underlying sesvitom
ROs, which are provided upon physical resourcesaa:
gether build a composed virtual service. Throughwintu-
alization, a virtual service in most cases becomasore
complex service than underlying services of the [R@).

In the simplest case, a virtual service may coneist
exactly one service from the underlying RO (ljhdn this
case, a one-to-one mapping from the real servite e
virtual service takes place. Furthermore, a virsgtvice
may also comprise several real and/or virtual sesviin
order to build a new compound service. For exangle-
tual service of VQ may use another virtual service from
VO, together with a real service from R@ order to pro-
vide a new compound virtual service (lideandl).

In analogy to service provisioning in ROs, a VO may
also offer virtual services that are not composkdirtual
and/or real services, but which are provided upiotual
resources (linem andn). An example for this case would
be a virtual computation service offered by M@at is pro-
vided upon virtual computing resources within 3 @hich
in turn are composed of several computing facditaf
underlying organizations. Finally, a virtual servican
make use of real and/or virtual services and autthlly
may consume one or several virtual resources iercal
offer a new virtual service (lines p, andq).

Generally, the set of virtual resources and virtse-
vices needs to be mapped in an operational mamter o
real resources and real services by applying aquzde
mapping function [10]. The mapping function is abso
important means to map accountable units for Mirtua
resources/services onto real resources/servicesdbr to
access services or resources of another VO, gdsssary
to maintain an established trust relationship betw€Os,
which in turn is mapped to all services and resesiaf the

to virtual services and virtual resources of anotl®.
Thus, they can not directly use resources and cE3\vof
the underlying organizations, which are arrangedhim
lower layer of the service model.

4. Accountable Unitsfor Grid Services

Driven by the comprehensive analysis of existingdGr
accounting approaches above and the presentecceservi
model for DVOs, relevant requirements on accounting
mechanisms in DVOs are identified in this sectidhis
includes both, generic and DVO-specific requireraeint a
second step, those requirements determined aré&deosd
in developing an integrated accounting model for@3V

4.1 Requirementson Accountable Units

In general, accounting systems rely on accountafits.
These determine the range of possibilities for rigki
records of resources consumed during provision séra
vice or product. Resource usage records, thus, fben
basic input for accountable units that, in turmyeas input
for charge calculation. Accountable units dependtioa
respective range of measurable units of a spaeificurce.
Resources may be both, tangible and intangiblg,, a
piece of hardware or software.

Accountable units, in their role of the basic canshg
elements of an accounting model, have to satisfgtaof
generic and application environment-driven requésts.
The first category embraces generic accountingtioes;
while the latter covers in this context DVO-driviesguire-
ments, well considering the applicable service mdde
DVOs presented. With respect to generic accounting
requirements, the following issues are of particuan-
cern:

Typically, accounting is divided into internal/maesial
and external accounting. This separation is reasbyelif-
ferent objectives the variants take. While exteataount-
ing (also referred to as financial accounting) daifd to
informing organization-external entities, such mgestors
or authorities, internal accounting serves mainigihess-
optimizing purposes. Accordingly, external accoogtis
highly regulated, whereas organizations are freavbat
accounting approach they follow for internal aitmsernal
or managerial accounting is also called cost adiogin
since costs are perceived as an important eleraenine
hand, to estimate process efficiency. On the ottad,
incurred costs also serve as an input to priceutzion.
Driven by the main aim of this work — consistingtire
design of an integrated accounting model for DVOs
accounting is understood @sternal or cost accounting
only. In the context of a DVO, which deals with sasce
coordination across administrative borders, cosbaating



is particularly relevant, since costs, by definitidirectly
express resource consumption.

In accounting, the causality between given factddo
conceived by an accounting system and assignediazco
able units is essential. Transferring this condeptost
accounting means that for every cost element thieeco
sponding cost driver needs to be determined. Qostrd,
hence, stand for the event or fact that primarédg baused
costs in the first place.

Besides those generic requirements, applicatioraifom
specific requirements need to be considered. InV® D
primarily electronic products — in terms of elecioGrid
services — are offered. With the focus on electreeirvice
provisioning often comes a high relative amourindfrect
costs (overhead costs). While labor and materisiscare
relatively easy to be assigned directly to produiitss
more difficult to allocate indirect costs to protkidWhere
products use common resources differently, a wigght
mechanism is needed for the cost allocation proddss
assumption is valid for any electronic service tisahot

production-orientedj.e., once a given service has been

produced for the first time, re-provision of thergaor sim-
ilar service does not cause costs that grow ligeaith the
number the service has been delivered. In sucts@, the
share of costs being directly assignable to theigian of
a service diminishes, while the relative amounindirect

costs €.g., depreciation on infrastructure) increases with

the overall number of service deliveries. As a eguence,
for DVOs facing a high amount of indirect costs e

assigned the chosen accounting model needs toderovi

methods in support of the allocation of indirecstso

Another DVO-specific requirement is derived frone th
applicable service model presented that lays tbhasfmn
virtual services and resources in a multi-provieeviron-
ment. Allowing basic services to be aggregated intoe
complex service bundles demands for an accountivadein
that provides the means to generate different viefvs
aggregation on accounted for data. In doing so¢tmsis-
tent use of the same accounting practices on gfeggtion
levels is desired. Hence, the accounting modeddsiired
to be highly flexible and universally applicable, that it
can reflect, in the same way, the respective viefiss sin-
gle Grid service provider or of a VO as a whole.

If all those generic and DVO-specific requiremeots
accountable units are taken into consideration falew-
ing overall claim is determined: Accountable utitsre to
be specified in the most flexible way, since thegnf the
base building blocks every Grid service can be aseg
of. These accountable units have to act as theatxstts
on which indirect cost elements can be assignedrdicr
to suited cost drivers. By means of the set of ifipec
accountable units, the accounting model needs itgédr
the gap between financial data, originating from titadi-

tional cost accounting systems, and the technicabunt-
ing system.

4.2 Development of an Accounting M odel for
Dynamic Virtual Organizations

As Section 2.8 revealed, the latest Grid researchsked
primarily on the accountability of Grid serviceoin a
technical perspective and on a meta level of VOkpre-
sented Grid accounting models and architecturebvdéa
resource usage records or offer a usage trackivicseln
order to use Grid services in a commercial enviremmn
economic and financial principles have to be cargd
and actual costs have to be allocated to the resaigage
of a service. Furthermore, DVOs are characterizedih
tualization and dynamics, which makes service ion
ing very complex as managing heterogeneous sysaeohs
diverse resources from different service domairsirie be
considered. These facts demand for the definitibn o
accountable units and an accounting systematicstita-
fies all of the above mentioned characteristics thatl fills
in the identified gap of already existing accougtinodels.
Accountable units presented in this paper deterrttiee
link between the financial world and the techniGxid
environment.

Although Grid services are very heterogeneous ahyd r
on the usage of different resources, accountahte need
to be determined from the consistent set of baddibg
elements out of which every Grid service is compose
This approach facilitates both, flexible and cotesis
accounting and charging. These universal accoun&lbl
ments are called service constituent parts, cogeramely
Processing, Storage, Transferring, and Output,@aé 2
shows. These four service constituent parts reptabe
four basic hardware functionalities, out of whiaty antan-
gible digital service is assembled by some amothis
does not imply that all four service constituentt ggpes
have to be used for generating a given servicerder to
allow for a better understanding of a service dturestt
part, the four service constituent part types amagned in
Table 2 with respect to detailed descriptions, etehents,
applicable metrics, and relevant cost drivers.

The accounting model introduced considers the requi
ment to support virtual multi-provider scenariobeTmain
target of any participant in the DVO is to know tsofor
providing one specific service request. Figure @viates
an overview of this idea of the accounting system the
central role of service constituent parts. The antiog
model relies on two well-known accounting systems.

The first of those is the Traditional Cost Accougti

System (TCAS) as specified in supposably every cost

accounting text book, such as [16]. TCAS is usedllo
cate costs first from financial data to cost centard then



Table 2: Service Constituent Part Characteristics

Characteristics (Description, Costs, Metrics, and Cost Drivers)

Processing | Constituent

It is very unlikely that Grid service provisioning without datacessing is possible at all. As a result, the serdnstituent part “Processing” r
ceives strong importance. Basically, this service constifpentype calculates the cost for processing data in a TRUIT resource for this s¢
vice constituent part type, thus, is considered to be a €Ridessing costs primarily depend on the used hardware (@) dnd also the usg
application logic (software). In addition to that, other cdikts cooling devices for CPUs as well as cache memory coutdbh&idered too. Th
activity metric for “Processing” is based on CPU usage, lwban be either measured as CPU seconds or million instrupgorsecond. Therg
fore, the service cost driver for “Processing” is the tim€Bt usage (CPU cycles).

Storage

This service constituent part type calculates costs fongtdita during a certain amount of time. The main cost-catessiogrces for this servi
constituent part type are data storage devices, suchasibks or any portable data carriers. The costs for thifceeronstituent part type al
depend on the costs of all hardware components around the stgstgy®, such as racks, software for managing the hards dsvevell as back
up systems, magnetic tapes, and robot systems for exchanging apoti@tion. Possible activity metrics for this service canestit part type
are: 1/O operations, transmitted volume, used disk or tape spa&e a certain time period. The more data has to be stor@dhe longer it has
be saved, the more costs are incurred. In consequendgtdesservice cost driver for “Storage” is the mathematixiuct of volume and time

o

o

Transferring

This service constituent part type calculates costs oarteénand of transferring data between resources withed anganization (internal tran
ferring). On the other hand, costs for external data trembfgtween virtual resources are considesagl, between RO and VO or VO and V
Basically, these transferring costs can be separated iN @&ts and LAN costs, since both categories typically dfifferent cost structure
Moreover, external and internal data transfer might diffeh@éway of what Quality-of-Service levels can be guaranteed. Thesburce con
sumed by this service constituent part type is a “Networld’ gffecific administrative domain. Service cost driversToafisferring” could be th
transferred data volume or the provided bandwidth.

Output

This service constituent part type calculates costgdaerating a tangible output. Possibly, this could be a pritgedmentge.g, an invoice fo
charging purposes, forms, or photos. For example, this servistitcent part type is provided by a printing centre in a banlergéng an ove
view of the monthly transactions of a bank account. The cosirga IT resource for this service constituent part depends drattware €.g,
printers) used. Apparently, printing is the only service constitp@ritthat uses directly clearable material consumption. Broost-effectivenes
perspective, this service constituent part type is charaeteby a relatively high share of direct cost elements and vargalst when compare
with the other service constituent part types where indirearth@ad costs prevail. Thus, the more pages printed, the morgindrend paper wil
be used, and the higher the costs will be. Cost-influencictgriaare output device-dependent characteristics (ink printeser printer), timg
(priority), print quality, and paper quality. An adequaternindor measuring the consumption of this service constituemtiparinted pages d
printed lines. Instead of printing a document, it is also pos#ibalethis service constituent part describes the prodestsrong data on a portab
data carrier such as recordable CDs or magnetic tapesrdiiagly, other service cost drivers have to be defieegl, (MB burned, used CDs
DVDs).

o un

h

=

le
Dr

to cost objects, which are the corresponding sergimn-
stituent parts. TCAS is, therefore, used to deteentost
rates for the service constituent parts involvedrioviding
a specific service.

The second accounting system is Activity Based i6gst
(ABC) [27], [26], [17]. The main idea of ABC is thaost
objects consume activities. Activities, in turn,nsame
resources, and the consumption of resources detesrttie
event that drives cost. Instead of using broadtrarl per-
centages to allocate costs, ABC seeks to identfyse-
and-effect relationships in order to assign cobjsatively.
Once costs of activities (represented by servicestitnent
parts) have been identified, costs of every agtidte
attributed to each product to the extent that thadyct
uses the activity. In this way, ABC often identifiareas of
high overhead costs per unit and, thus, direcentdin to
finding ways to reduce costs or to charge morectmstly
products. An important advantage of ABC is its &iehi-
cal and modular structure, which is useful for artong at
various levels of application and granularity. Thi®ws

for a universal applicability. A more detailed 8lwation of
ABC accounting is provided in Figure 3.

Processing

CPU Sec.

Storage
MB-Month

Transferring
MB

Financial Data
Traditional Cost
Accounting System
Grid Service

Output

Printed lines

Activity Based Costing

Service Constituent
Parts

(Cost Drivers)

Figure 2: Accountable Units Overview



The most difficult task, however, consists in finglithe
appropriate amount of service constituent parte. Aigher
the number of service constituent parts to be demsd,
the more accurate costs will be collected, but riigre

expensive the measurements will be as well. Thezefo

careful considerations about economic cost/benafitula-
tion have to be made.

There is no generic rule for choosing the right amaf
service constituent parts so far — RO may use @ivetip

approach while VO may use a top-down approach. The

bottom-up approach identifies first every servioastitu-
ent part offered by an IT resource, while the topd
approach starts with the offered service and ifiestthe
real and virtual resources (from different VOs @43 with
their corresponding service constituent parts dseder-
vice provisioning.

As shown in Figure 3, the usage of ABC accounting

allows to allocate also other costs for servicevigioning,
which are not chargeable to any of the above meetio
service constituent parts. These could be orgaairape-
cific cost elements such as,g, administrative costs that
accrue due to service provisioning. From the petbye of
a VO, external services (virtual services) coulccharged
in a flat fee scheme or per service request.

b Main- Process m

Main- Process

Service Constituent Parts Pool from RO and RO; on their real IT

ﬁ ‘I/}I'ESOUI'GEA?T ﬁ

‘ Traditional Cost Accounting System

External Service j P ) Service Constituent j T ) Service Constituent
- from VO or RO Part P ing” Part ,Transferring”
j other ) Other cost, e.g., j s ) Service Constituent E) Service Constituent
costs Part ,Storage” Part ,Output*

O/ Measurement of
Cost Driver

@ Real IT resource

Figure 3: ABC Accounting Model for a DVO

In the example given in Figure 3, ®@ffers a virtual

service that is composed out of two external sessithe
first provided by RQ@ and the second provided by ROn
addition to the costs incurred by sourcing thosterasl
services, additional costs are included on the &@I| for
instance for administrative activities. Focusingvnan the
first external service provided by RGhe example shows

which cost-relevant activities are needed for;R® pro-
vide this service to VQ To repeat, an external service
sourced from a third party, followed by R® main pro-

cess, plus other, at this stage not specified inerdetail,
cost elements. Within the administrative domainRa),,

several information aggregating steps are takeling in

a top-down approach to a fine-granular process anuesiy-
sis, until, on the lowest level, the respectivesiser constit-
uent part assignment per real IT resource is carduc

Even though the example depicted in Figure 3 featur

real resources only, the accounting model is agblein
the same way to virtual resources and virtual sessicf.
Section 3) as well.

S

5. Evaluation of the Accounting M odel

To provide an evaluation of the accounting modehwi
regard to those requirements determined, benefitwedl
as shortcomings of the accounting systematics ptede
are discussed.

From a theoretical viewpoint, the accounting maatet
posed fully matches the set of generic as well\@®3pe-
cific requirements on accountable units. The apgraa
compliant with the service model introduced in &et8,
and it covers all relevant aspects of service gioning in
DVOs from an accounting perspective. Furthermadne, t
accounting model provides the possibility to bridgm-
cepts of the Traditional Cost Accounting System taudh-
nical accounting, allowing to allocate financiapexses to
resources and to calculate costs for resource ubgge
means of cost drivers. In addition, the proposedaating
model is also highly flexible as it is able to esfl different
views within the same modelg.,the view of a single Grid
service provider and multiple Grid service provilers
well as the view of a VO as a whole. Thus, the antiag
model is universally applicable in highly dynamioveon-
ments being capable to reflect the perception fiérdint
Grid service providers. Moreover, the accountingdeio
for DVOs is extensible in the sense that, on omelhié can
be adapted and expanded concerning the objectivdi§ 0
ferent Grid service providers. On the other hamdts for
additional resources — as for example scientifidakes/—
may also be taken into consideration by the acdogint
model by the use of the service constituent pattie).
The underlying idea of allocating costs first toréBources
and then to the four service constituent parts tehdilly
makes the accounting model very powerful for anliepp
tion in dynamic environments. Due to the fact téhin
the approach presented basically only fixed ovetloests
are allocated to the service constituent partsatiteunting
model allows for the detection of inefficienciedereas an
economical analysis is simply done by identifying |
resources, which do not run at a high workloadlleve



Since accounting on a fine-granular basis causeEma
siderable effort, which stands in contrast to therall ben-
efit of an accounting system, a cost/benefit anslgsll
has to be performed. Within this work, the initiafjuire-
ments match has been performed from a theoretieal-v
point. The accounting model as such, however, dab@o
evaluated easily in practical terms. Thus, its i@pfibn in
a real-world scenario has to be envisaged, asnk&iamnce
within the German D-Grid [9] where several so-adlle
Community-Grids €.g., MediGrid, AstroGrid, or HEP-
Grid) and resource providers.§.,supercomputing centers
or universities) jointly offer a broad range of quex Grid
resources and Grid services to the German scieictifin-
munity.

6. Summary and Conclusions

The emerging importance of service Grids and gseis
ated concept of DVOs, to allow for a flexible anghdmic
grouping of virtual services and resources, hasppinted
the importance of accounting in such highly dynaenriei-
ronments.

A comprehensive investigation into accounting msdel
for Grid systems has revealed that existing appreado
not consider the full set of requirements on Gdaaunt-
ing in DVOs, patrticularly not covering aspects e$aurce
and service virtualization as well as accountingnialti-
provider scenarios. This has led to the need fantgra-
tive Grid accounting model to be determined. SID&Os
provide virtual services with certain service levelnd
costs, the identification of accountable units aedount-
ing models is essential as well.

This paper has proposed activity based costinghes t
suited accounting model for DVOs. In addition, agud
able units have been identifidde., four basic service con-
stituent parts of processing, storage, transferaind out-
put. Due to the fact that the model was design#éadvitng
economic accounting principles, rather than featineen
requirements only, it qualifies as the first Grictaunting
model to bridge the apparent gap between finaraial
technical accounting systems. This provides thertiial
basis as well as initial technical approach togtesimple-
ment, and operate a commercially viable Grid actiogn
system.

From a conceptual point of view, the accounting etod
developed is sustainable. Results at this stagefateeo-
retical nature. Therefore, it is planned to veitfybearing
strength in a real-word scenario in the area of f@kGan
initiative to establish e-science in Germany.
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