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Abstract classifications exist in the literature [3] [4]. NFRs play a
significant role during system design, since they depict the
Information system architecture design is a complex taskonditions under which specific system components should
depending on both functional and non-functional require-operate, leading to alternative design decisions [6]. We
ments. Since system architecture definition is stronghtedl  suggest that the basic aspects of NFRs for system design
to system performance, non-functional requirements play @urposes can be depicted in three sub-categories, namely
significant role during enterprise information system desi  performance constraintand specific qualityin accordance
To explore the effect of non-functional requirements ornwith other researchers [7]. During system design emphasis
system design process, a model-based approach emphasig-often laid upon performance requirements [8].
ing non-functional requirements is proposed. To faciétat Model-based system engineering is about elevating mod-
the designer to effectively define and handle requirementsls in the engineering process to a central and governing
during architecture design, a number of system views aregole in the specification, design, integration, validation
proposed, each of them focusing on discrete design issuesd operation of a system. In such a case, activities that
and satisfying different kind of requirements. A consis-support the engineering process are to be accomplished by
tent requirement model is defined representing how noneeveloping models of increasing detail [9] [10]. Model-
functional requirements are related between them and tdased system engineering is supported by a number of
system components forming the overall system architecturenethodologies and modeling languages [11]. In such a case,
SysML has been adopted as the modeling language, sinceatcentral system model must be defined capturing all system
enables requirement definition and can be formally extendedequirements and decisions that fulfill them at differemels
Moreover, requirement derivation process is discussed andf abstraction, serving discrete activities and faciliteit
a case study where the proposed concepts are applied iimformation exchange between them.
practice while redesigning the legacy system of a largdesca  Enterprise Architecture (EA) frameworks [12] are char-

organization is presented. acterized as an attempt to integrate strategies, processes
methods, models and tools towards enterprise information
1. Introduction system engineering. Most of them have adopted the notion

of separating concerns by establishing different viewfspin

According to INCOSE [1], determining the system archi- each depicting the concerns of a specific stakeholder (e.g.
tecture (i.e. the way autonomous system components shouidgser, designer, implementer, etc.) In [13], the concept of
be synthesized) is a complex process, which in essenagsing Zachman EA framework as the basis for establish-
focuses on the integration of system components alreadiyg a central EIS model for model-based EIS engineering
defined by other stakeholders than system architects. Thugjas introduced. Zachman framework provides a holistic
system design should be explored taking into account kklatemodel of enterprise information infrastructure, focusomy
requirements identified by the respective stakeholders. 6 different perspectives and 6 different aspects. A plethor

A requirement denotes a capability or condition that musiof methodologies and formalisms exist [14], [15], each
(or should) be satisfied and may specify a function that applicable to a subset of cells of the Zachman matrix, while
system must perform or a condition a system must achieveespective system models are defined. As such, the matrix
[2]. Requirements are divided into two main categories:may integrate different concerns, issues and methodsewhil
functional and non-functional[3] [4]. Non-functional re- specific methods may use parts of it as a reference point.
quirements (NFRs) is a broadly used term, while there are Based on the proposed concepts in [13], a model-based
significant efforts on how to handle them [5]; however, approach for the design of EIS architecture emphasizing
there is no consensus about their nature, since varioudFRs is discussed in this paper. EIS architecture design is



the process of defining and optimizing the architecture ofconsists of the definition and optimization of a system ar-
the information system, both hardware and software, anghitecture comprised of software and hardware components,
exploring performance requirements. While application de-ensuring that all software components are identified and
sign mainly focuses on functional requirements, architect properly allocated and that hardware components are prop-
design targets the effective EIS operation emphasizing oerly combined to support the efficient operation of software
NFRs. components. It is evident that the identification of functb

A model-based design approach could be integratedequirements, e.g. EIS components and their capabiliis [
within Zachman EA matrix and allow for the progressive is not enough to ensure EIS efficient operation. NFRs, e.g
refinement of EIS architecture based on a well-defined modéhe conditions under which EIS components should operate
constituting of discret&lS Architecture Viewemphasizing [2], should also be taken into account.
different EIS architecture aspects (e.g. software archite, A model-based approach for EIS Architecture design is
hardware configuration, system topology). EIS Architegtur based on a common system model facilitating the definition
model should facilitate the description of both functioaatl  of both functional and non-functional EIS requirements and
NFRs and the design decisions related to them accordinthe synthesis of a system architecture combining them [10].
to different EIS Architecture perspectives often influehce Functional requirements and corresponding design desisio
by different EIS stakeholders, other than system designefire described using complementary EIS Architecture views
Each of the perspectives results to an independent EIS Afocusing on different aspects of system desiganctional
chitecture view serving a discrete design activity. Adoegti view depicts functional requirements related to software
a model-based approach for EIS Architecture design allowsomponents and relevant data, system users and design
for the progressive and independent execution of thesdecisions related to software architectui@pology view
activities in parallel, while the impact of design decision facilitates the description of system access points in $erm
adopted in each of them to the others is expressed in term@f hierarchically related locations, callesltes and deals
of relations between corresponding EIS Architecture viewswith software allocation decisiondNetwork Infrastructure

Although there is a UML profile for Modeling Software Vview refers to the aggregate network, described through a
Quality of Service [16], it is not adequent for system hierarchical structure comprising of simple and composite
engineering. Thus, we chose SysML to support the modelnetworks and defines hardware components and config-
based approach to EIS Architecture design. SysML [11)urations. Related functional requirements are depicted in
supports the concepts of requirement definition and mancorresponding hardware component models, while network
agement and resource allocation, which are vital to depicand hardware design decisions are explored. Non-fundtiona
EIS Architecture design activities. A SysML profile can be requirements are represented using an independent EIS view
defined to provide an integrated EIS Architecture modelintegrated in EIS Architecture model, callddFR View
consisting of alternative system views addressing funefio focused on performance requirements. NFRs defined within
and NFRs . The profile was implemented as a plugin toNFR view must be satisfied by specific entities included
MagicDraw modeling tool [17]. in Functional, Topology and Network Infrastructure views

The rest of the paper is organized as follows: Section Zepicting specific EIS functionality and EIS Architecture
explains the main concepts of model-based EIS architectur@esign decisions. In this manner, the system architect is
design identifying basic design activities and corresprupd ~ €nabled to realize the affect of specific design decisiowrs (f
EIS views. Section 3 emphasizes on NFR management. igxample the allocation of software to hardware resource) to
section 4, the corresponsing SysML profile is describedNFRs imposed on them (for example performance) and vise-
In section 5, a case study is presented, discussing théersa. All NFRs are aggregated in NFR view, while each
application of the proposed concepts in the renovation off them is also included in the corresponding diagram that

a public organization legacy system. Conclusions and éutursatisfies it. Using NFR view, the system designer is enabled
work are discussed in section 6. to explore NFR relationships, while, using other views, the

relationship between NFRs and design decisions is explored
. . Thus, it is important to provide a well-defined meta-model
2_' Model-Based DeS|gn of Enterprise Informa- describing requirements and the relations between them and
tion System Architecture other EIS Architecture components [18].
Functional view (figure 1) encompasses functional spec-

EIS Architecture design is the process of defining ElSifications (e.g. application architecture, user behaviod a
structure to effectively support EIS provided functiohali data structures). Applications are considered to be based
This activity should be performed taking into account re-on multi-tiered, client-server models. Each applicatitam, t
lated requirements identified by the respective stakeh®lde called module containsservices The behavior of different
(application designers, managers, system engineersidaviuser groups is modeled througbles Data entitiesare
different views of EIS. In practice, EIS Architecture desig defined to indicate portions of data used by applications.
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Figure 2. NFR View Meta-model

Performance requirements are further decomposdwsbto
havior, load and utilization. Utilization requirements are
associated with Network Infrastructure view and regard the
proportion of network infrastructure resources used byiapp
cations during normal operation or extreme conditions. Be-

For each Service, a service description sub-view is deﬁnebaViOI' requirements deal with service behavior and are-time
indicating network infrastructure resources needed fer it related (e.g. response times). They affect Functional .view
execution. The load imposed to network infrastructure re-Two of them are defined, namefgsponseTimeindicating
sources each time the service is executed is expressed usitit time interval within which a service should complete its
requirements and is further described in NFR view. execution, andoleBehavior indicating activation patterns

Topology view (figure 1) facilitates allocation of software for roles defined within Functional view. Load requirements
data and people resources. It comprisesitefs organized in  concern the load imposed to other EIS resources by EIS
a hierarchical structure. Those belonging to the lowestllev components allocated to them. Load requirements are de-
are characterized as atomic while others are characterizdthed in all views. Most of them are derived requirements,
as composite. The allocation of modules, roles and datdhich are calculated using properties of other load reguire
entities to sites corresponds to software architecturggdes ments. Four different load requirements are defined, namely
All of them are finally allocated to atomic sites. The load ServiceQoSmoduleQosStraffic and load.
imposed to sites by the allocated resources is expressegl usi Regarding physical requirements, indicating constraints
requirements and is further described in NFR view. imposed on design decisions by existing hardware resources

Network Infrastructure view represents the overall net-we focus on those concernimgpacity Capacity, indicating
work decomposed to sub-networks. Servers, workstationémitations of the hardware and their impact to the system,
and other network devices are associated with LANs ais related to Network Infrastructure view. Regarding sfieci
the lowest level of the hierarchy. Networks and networkquality requirements, we consider ordyailability require-
nodes are characterized by capacity properties, whichéghouments. They are associated with Network Infrastructure
be specified by the system architect in order to satisfy alview, where availability deals with hardware aspects. Avai
related requirements. Sites are allocated to networks. Wheapility requirements may also be defined for applications
an atomic site is allocated to an atomic network, functionawithin Functional View.
view entities allocated in it must be specifically allocated NFRs and the way they are interrelated to each other as
network nodes belonging in it. well as to other entities belonging in Functional, Topology

and Network Infrastructure views are depicted in figure 2.
3. Non-functional requirements classification In the following, NFRs are analytically presented grouped
by EIS Architecture view they are satisfied by.

NFR viewcomprises non-functional requirements relevant Functional View Requirements: RoleBehaviomrequire-
to EIS architecture design. They are progressively definednent describes different user behavior, e.g. when, withtwha
during model-based EIS Architecture design tasks. Thre@robability and how frequent a user initiates services. A
main categories are supportggerformance physicaland  role initiates services, while each service satisfiesea
specific quality[7]. Performance requirements are empha-sponseTimeequirement. The service requires EIS resources
sized, since they are essential in EIS architecture design. for its effective execution, expressed in terms of Quality

Figure 1. Functional, Topology and Network Infrastruc-
ture View Meta-model



of Service (QoS) it should receive from the underlyingbe applied to many different kinds of systems. Entities
infrastructure. The serviceQoS requirement indicates th&elonging in these three views are related only using stereo
amount of processed, stored or transferred information &ypes of SysML allocaterelationship, as indicated in 2. Re-
service requires during its execution. Consequently, thguirements View is depicted using a Requirement diagram.
serviceQoS properties are average and maximum estimatiofequirements are related to entities of all other viewsgusin
of traffic, processingandstorageQoS needed for the service SysML satisfyelationship. The profile is implemented using
execution. The QoS for each service is defined by the systefflagicDraw modeling tool [17].

architect, taking into account that it should satisfy corre NFR view is defined in SysML as a stereotype of a
sponding responseTimeequirement. ModuleQoS require- Requirement Diagram. Requirements in SysML are de-
ment describes the QoS needed for the module execution. $cribed in an abstract, qualitative manner, since they are
bears the same properties as serviceQoS and is apparentlgfined using a hame and a description. In the case of EIS
derived by the serviceQoS requirements belonging in thérchitecture Design non-functional requirements and espe
same module. Moreover, moduleQoS requirement propertiesially performance requirements should be more accurately
are calculated as the aggregation of the values of theescribe using quantitative properties. Furthermoreyeer
corresponding serviceQoS requirement properties. requirement properties should be automatically compuged b

Topology View Requirements: Sites satisfy traffic re- combining specific attributes of requirement and allogatio
quirements, indicating the amount of information exchangeentities. Though, SysML provides for NFRs description,
between the allocated modules. Traffic requirement is deSysML requirement entity was heavily extended to ef-
scribed in terms of incoming, outgoing and exchangedectively represent the quantitative aspects of perfogaan
traffic. Maximum and average values are computed. It igequirements and the way they derive from each other.
derived from moduleQoS and roleBehavior performance
requirements as indicated in figure 2 and it is computeds. Case Study
each time there is a change in allocations performed within
Topology View. In the following we discuss the case of renovating a legacy

Network Infrastructure View Requirements: Networks information system supporting a large-scale public organi
and network nodes are characterized by capacity indicazation. The proposed model-based EIS Architecture design
tions, for example throughput, storage, speed or proagssirapproach was applied to explore alternative architectures
power. Their definition by the system architect must takeand their implications to the network infrastructure. One
into account constraints applied by existing infrastruetu  of the main objectives of system architecture re-design was
availability, utilization and load requirements, as iraded in ~ to enhance application performance without rewriting the
figure 2. Load requirements are computed based on Modulepplications themselves. Since NFRs play a significal role
QoS and Traffic requirement properties satisfied by entitiesn the re-design of the legacy information system, it was
allocated to the specific network infrastructure componensuggested to apply the proposed SysML profile, to explore
(for example modules allocated to a specific network node)related design desicions.

In order to effectively define EIS Architecture, the system Functional View. In figure 3, a fraction of the Functional
architect should ensure that all performance requirensets View is presented, where an officer working in a small
fulfilled. In SysML a test case is used to determine whetheregional office initiates three services belonging to two
the system meets specifications placed by requirements. different modules (applications). As shown in the figurés th
test case is a set of conditions or variables which will berole satisfies two role behavior requirements. One of them
tested to ensure requirements are met. Thus, as indicatedfers to average day behavior and the other for a heavy
in figure 2, aPerformance Test Casshould be used to load behavior. Using these requirements it is possiblesb te
verify specific requirements, assponceTimer Utilization  system performance under different conditions (worklpads
indicating the effective EIS operation. Since the verifmat Topology view depicts the structure of regional offices. A
of EIS Architecture design is performed using simulation,fraction of the Topology view corresponding to a medium
Performance Test Casis used for information exchange office is depicted in figure 4. Traffic requirements satisfied

with the simulation environment. by every site are computed and presented in the diagram.
A server room is established in all regional offices. For
4. SysML Profile Definition each atomic site, all modules running in it are presented.

The same is applied for the roles, which are presented as
In the proposed SysML profile each view is depictedusage allocation$\Network Infrastructure View represents
using a discrete diagram. Functional, Topology and Networlexisting network topology. Constraint requirements amedus
Infrastructure views are described using hierarchicatlo to depict existing infrastructure restrictions. Each oegil
definition diagrams. SysML blocks can be used throughoubffice is connencted with IT datacenter through point-to-
all phases of system specification and design, and capoint (PTP) connections (figure 4). Every network is related
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Figure 4. Topology & Network Infrastructure View

to a constraint requirement, which describes the existingwo parameters have to be defined: the network load and the
speed of the network and a load requirement, which denetwork connection speed. For a network, a corresponding
scribes “how much traffic” do the applications that belongload requirement is assigned which is derived by the traffic

to that network require. Moreover, a utilization requireme requirements for each site allocated to that network.
is satisfied by the point-to-pont connection between region

offices and the datacenter. Eventually, the designer inrorde The network architecture is predefmed. The system ar-
to define the connection speed between two networks, Ioaq::!teCt was enab_led to explore two_different _da_tabase ar
requirements of the networks and utilization of the networkCMtecture scenarios. The f|rst' one was to eliminate local
connection must be taken into account. Load requirement‘.j."?t[abasg3 SEIVers anq consolidate them in the IT anter,
depend on the server distribution, meaning that if the serve without mtervenl_ng with database arc_h|tecture_. That is, a
are distributed across the local offices, the load will bdaig local database is kept for every regional office, but all
whereas if the applications are web-based, load will bemc them are hosted. |n.the T _Center where th? centra_ll
less. For a network of a higher hierarchy, load requiremenfiat.abase IS also' malntalngd, wh|!e local .Transacnon. Moni-
is derived by the load requirements of the lower levertoring Servers still operate in Reg!onql offices. The sdenar '
networks. In order to calculate PTP connection utiIizationhas no effect on the manner applications operate. Though it

resulted in considerably increasing network traffic over th



Figure 5. NFR View - Small Regional Office Example

point-to-point connections between regional offices ared th

while the way they are derived from each other should be
expressed in a quantitative manner. To provide such a func-
tionality, SysML requirement entity used heavily extended

The proposed profile is currently tested in other case
studies as well. Furthermore, we are exploring the proposed
solution validation using simulation in an automated fashi
Information exchange between the simulation environment
and SysML profile is explored.
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