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1. Introduction

In recent years, the development of software-intensystems has increased in demand as the
popularity of computer-based business solutiongisas. The systems and software engineering
community has barely had time to stop and rethimkarious development strategies due to the
introduction of new technologies seemingly every.dm theory, one would think that engineers would
warmly welcome the introduction of these new tedbgies; however, technology can disrupt current
methodologies by changing the way people prefelotthings.

This constant influx of new technology and changimegthodologies can create a dynamic
development environment. Some professionals irfi¢he argue that software development is hardér no
only due to this dynamic behavior, but also becadses "invisible" nature (Dorfman & Thayer, 2009,
1). Software is complex and hard to understandhfiercommon individual, because it lacks a tangible
presence in our world. So, how does preperly develop and maintain@mplexsoftware-intensive
system in such a dynamic environment? Furtherniare, can a complex software-intensive system
become moréangible?

1.1 Structured Development with Object-Oriented Concepts

Starting in the late 1980s, software engineergabégoking at a new set of engineering techniques
that could help give a natural, less complicateut@gch to structured software-intensive systems
development: the "object-oriented approach” (Wigainl998, p. 459). Ivar Jacobson, a Swedish camput
scientist, originally dubbed this development ajpgto”ObjectOry" (Jacobson, 1987, p. 183). Jacobson
(1987) described ObjectOry as the structured devedmt of software system components with specidlize
entities (p. 183). Though the terminology is noder in use, the underlying concepts behind ObjgctO
continue to thrive in today's systems software eegjiing community.

By definition, a system consists of subsystemsamdponents that work together to fulfill a
common objective. Jacobson (1987) referred toetabsystems, as "blocks" that consist of several
"components” (p. 184). With object-oriented tecjugis, engineers are capable of viewing the systieays
are developing as a set of communicating, tangildeks. Engineers deal with each block on an iildial
basis if requirements change, or if issues appedeaelopment progresses. Theoretically, this svoul
allow engineers to make changes without disruptiegoehavior of other blocks in the system.

Despite the fact that software components are dersil "abstract concepts”, object-oriented
techniques make the pieces of a system seem nangitite” (Korson & McGregor, 1990, p. 48). The
ability to visualize and understand the system feonmobject-oriented perspective paves the way for
engineers to better design a system. In turnilliaégo be easier to deal with the unexpected gharthat
inevitably occur as development progresses.

Many systems software engineers have a very ctosded view of object-oriented techniques.
They only see these techniques used in high leegrpamming languages, such as C++ or Java. AsaBue
that may be, many of the underlying object-orierdedcepts seen in programming can also be apmied t
the entire engineering process. The premise tsetht#ies, called objects, are the building bloftks
components and subsystems. Their messaging ciipalaind inheritance concepts make system
components reusable and highly maintainable byrarihg modularity. Object-oriented techniques take
the development of complex software-intensive syst&®d a new level by breaking its complexity down t
the "way humans think" (Fayad, Tsai, & Fulghum, 699. 109).



Applying Object-Oriented Concepts to the Enginegoh Complex Software Systems 2

2. Objects: The Building Blocks

In an object-oriented system, the components ahsgystems are built from the ground-up with
objects. Objects are encapsulated entities, wdniehresponsible for fulfilling the specific funatiality
allocated to them. They also possess the capatuilitommunicate with other objects in the system
through messaging and behavioral functions. Itwsok terms, objects are instances of classeshvane
the implemented versions of "blocks" in an "objedented programming language" (Jacobson, 1987, p.
189). Software engineers can use classes to dnstdmces of objects to manipulate and communicate
The primary purpose of these objects is to worletogr through a messaging pipeline to meet thesneked
the system and its various use cases.

2.1 Objects as Related to Systems Devel opment

One perspective views subsystems as interconngeted in an old-fashioned clock, each
working and communicating their movements keep iteuime. The responsibility of subsystems is to
fulfill their assigned requirements determinedhia tesign phase of the development life cycle.s&wor
and McGregor (1990) argued that the object-orieafgaroach utilizes the "relationships between dbjec
as a fundamental part of the system architectyres1). Objects, much like the interconnected gjeér
our clock, have an assigned purpose, or respoitgibilhey are built specifically to fulfill theiassigned
requirements and to work with other objects to emsiat those requirements are met. Engineeralsan
assemble objects into clusters to form a fully tioral subsystem. For example, clustering objects
pertaining to network communications would creat®amunications subsystem responsible for all
incoming and outgoing network messages (see Fijure

message [ listener

socket = packet

Figure 1: A cluster of network objects forming a conmunications subsystem

One object-oriented concept that supports modularit reuse in systems development is
encapsulation. Objects achieve encapsulationdwgimd all of the functionality and data pertaintogt
within the object itself (Armstrong, 2006, p. 129h a software-intensive system, engineers are
responsible for distributing design decisions atwhtrol processes" into encapsulated objects (Qockb
1999, p. 317). This can lead to the creation bkgatems of clustered objects whose functionality o
belongs to them. Not only does this prevent disvepchanges from potentially harming the functiiga
of other subsystems, but it also can foster rendegaod maintainability practices. Snyder (19)Her
promoted "module independence" through encapsuldtiecause of the "maximal reuse of previously
designed" system components it provides to engingerid?25).

2.2 The Natural Perspective

So why are object-oriented techniques so apprddePaWhat makes them so much easier to
understand? In short, our world consists of maffgrént objects all working together in some foom
another. According to Garceau, Jancura, and Kii2833), "objects can identify tangible things,"igl
makes it easier for humans to visualize the sydtefore it has even been built (p. 27). This issegly
important when attempting to communicate systengdseswith individuals who may not be
knowledgeable in the terminology used to describgstem. Object-oriented techniques create a "ammm
ground" on which systems engineers and customars@amunicate (Garceau, Jancura, & Kneiss, 1993,
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p. 27). Oftentimes it is easier to understand sbimg when one can see it as opposed to resodingé's
imagination. An imagination can lead to confusamgl somewhat ambiguous interpretations of the gyste

Further, the object-oriented approach introducesva "development model based on the way
humans think" (Fayad, Tsai, & Fulghum, 1996, p.)109is only natural that humans view their wods a
collection of collaborating objects. When devet@pcomplex, software-intensive systems, it can
oftentimes ease the complexities by designing yisees in such a way that everyone involved in its
creation (programmers, designers, customers, uster¥js able to understand to it.

The human method of approaching a problem is twl€iit up and conquer it piece-by-piece.
When a need is communicated, a problem of systesigmlés born that must be solved through an
engineering process. Functional decompositionliregotaking the basic system need and dividingtd i
smaller pieces of system functionality. With th@ext-oriented approach, engineers decompose the
system's functionality by allocating them to obgecGilmore and Green theorized that the allocation
system processes into objects was more naturhétontays of human cognition than functional
decomposition” (as cited in Johnson, 2002, p. 13).

3. Communication and Interaction of System Compones

System components are, "by nature," always comeating with each other, and need to have
interactive behavior to achieve this (Wieringa, 899. 462). Thanks to concepts like encapsulatiuh
abstraction, objects have a firm grip on the dad they are responsible for manipulating. Withiet
presence of a communications pipeline between tBabsystems and components would be unable to
communicate. In other words, objects need to éskatvorking relationships with other objects, thgh
either functions or direct messaging, in orderdmmunicate. For example, when one double-clickohi
her mouse on a document, it signals the compuipegrating system to open that file. Figure 2 iHates a
high-level conceptual view of how the mouse, a congmt of the computer system, signals the software-
based operating system component of the systenit tieg double-clicked on the file it wishes to npe

lser double-clicks Computer receives Cperating system
maouse button signal from mouse opens the file

W

Figure 2: A high-level conceptual illustration of amouse's double-click message and response
3.1 Messaging

In an object-oriented system, the passing of ngesse the primary method used by objects to
communicate with each other (Hines, 1995, p. 196)rder to communicate a request, one object must
initiate contact by passing a message to anothjecbbThe key phrase to note here is "requestésddge
passing focuses on making requests of other objestspecific function calls or the passing ofadalf
other objects simply accessed the attributes aridade of another object, encapsulation would ngéon
be a valid operation. A highly encapsulated argtrabt system environment relies heavily on theipas
of messages for subsystem communication.
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Cohen (1984) described messages as either beiogway," "analogous procedure calls," or
"one-way," simple "requests that the receiver penfeome set of actions” (p. 33). Both types ofsagses
exhibit a cause and effect relationship. In otherds, with every action comes an expected reaction
Table 1 describes Cohen's object-oriented mesgags aind the reactions they expect to receive from
them. In the case of our mouse, the reaction weegpect from double-clicking on a system file i¢sn
for the operating system to open it. This wouldabmne-way message.

Table 1: Object-oriented message types (Cohen, 1984 33)

Message Type Description Expected Reaction

One-way A_simple message that signals an objegt The signaled object shouI(_j
with a request perform the requested action

Two-way A message, which signals another obje :tA return response from the
and listens for a response signaled object

For systems development, the concept of messagjiagiiucial aspect of ensuring that all of the
components and modules of the system are capakhler&ing together. Messaging allows fluid
communication of data between subsystems. Thegitref the interrelationships between objects in a
system, otherwise known as "object coupling," isaamted by the openness of the communications paeli
developed between them (Berard, 1998, p. 65).

3.2 Methods and Object Behavior

As previously mentioned, messaging does not invtileemanipulation or passing of data between
objects. In order to achieve this, objects aceash other's attributes and behaviors through "coent
functions" otherwise known as methods (Wiering®38, 9. 466). Methods may accept parameters, which
define what the method will need to perform itktaBor example, our computer file will not operlass
the operating system received the correct cooreléniair the file's location when the mouse doubhieked
the screen.

The behavior of an object is governed by its "statdich describes what task the object is
currently performing (Armstrong, 2006, p. 125). €ldbject could be idle, functioning, or simply wiordg
as a communications conduit to other objects inliister. Systems operate under various staisyat
given time. In order to control the parameterfioms can accept, engineers must manage the Biates
which object can be. Objects also need to reflexde states in order to operate at the propel ¢dve
performance. Through methods, system objects namjpulate another object's behavioral state and
attributes.

4. Inheritance: Not Just for Geneticists!

It is through genetics that humans understand hey inherit specific traits from their parents.
One can look in a mirror and point out featurekisfor her face that resemble one or both parents.
Humans even inherit their quirks and behavioralkaites through careful observation of their paaient
units. In an object-oriented environment, thiaasdifferent. An object may serve as a parenntutteer
object or set of objects, which inherit the basidlzutes and behaviors of its parent. In the obgiented
approach, this concept is called inheritance. ritdngce is a "useful mechanism" for component rehae
saves both time and money on project developmenif Hoes have its faults (Snyder, 1986, p. 44).

The limitations of inheritance fall within its cditts with encapsulation. As discussed earlieg, th
point behind encapsulation is to keep all of areotg functionality, attributes, and behaviorshia bbject
itself, only allowing access to it through messgdiarmstrong, 2006, p. 125). With inheritance cdnject
can have children that implement and make useeopétient's functionality and attributes. It i®lik
opening the floodgates to its contents insteagéihg them off into a single system component.
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4.1 Applying I nheritance to Systems

Regardless of this conflict, experts have heraldkdritance as being "the most promising
concept" available to software systems engineecalse it helps create systems from "reusable'parts
rather than by "hand coding" every system "fronastdr" (Korson & McGregor, 1990, p. 43). Without
reuse, systems would take a significantly longeowamh of time to develop. Inheritance can help oedu
the amount of redundancy in the system by alloviiagic objects to be created whose functionalitylean
the basis for other objects. Encapsulating basictfonality into a single object from which othengy
derive, means that its functionality does not neelde duplicated in other system components. [Ehids
to saving development time and money.

Korson and McGregor (1990) further explained tleatse through inheritance allows the
developer to "tailor" the child object to his orimeeds from the features of the parent withoutadlst
altering the attributes and behavior of the paitsetf (p. 44). By building objects from other ebjs
through inheritance, developers can create sulbmagsigth a cookie cutter approach. In other words,
similar functionality can be applied to severalsggiems from a single object or interface, whickatjy
reduces redundancy in the system's implementatidmeritance helps form bonds between objects of
similar types. Further, it strengthens relatiopsthetween system components and allows for arlarge
amount of system reuse.

4.2 Expanding with Multiple I nheritance

The traditional view of inheritance is simpliséind singular, meaning an object may only inherit
from one parent and no other. Naturally, thisdashlrow one may view the world unless all of a sutide
became single-celled organisms. In fact, the mataral view of inheritance would involve two paien
"Multiple inheritance" is the object-oriented coptewhich, according to Singh (1995), is a "mor&ura
definition of relationships" between objects (p).30

In multiple inheritance, an object may inheritrfranore than one parent object. This allows for
even greater component reuse, by not limiting yisesn to single inheritance methods. Halbert and
O'Brien explained multiple inheritance in his "disexample” of the "TeachingAssistant” object, akhi
was formed by inheriting from the "Teacher" andutiint" objects (as cited in Taivalsaari, 1996,49)4
Figure 3 illustrates the multiple inheritance riglaship of O'Brien's TeachingAssistant object sopiarents,
the Teacher and Student objects. Note how thehimgéssistant inherits specific and distinctive aebr
from both parents.

Teacher Student
-teaches lessons - listens to lessons
- grades papers - does homewark
- assigns hamewark - studies

N v/

TeachingAssistant

- attends lessons

- mentors classmates
- grades homewnork

- studies

Figure 3: lllustration of the TeachingAssistant's nultiple inheritance relationship (as cited in
Taivalsaari, 1996, p. 449)
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Is multiple inheritance really cracked up to whegrgyone says it is? Does the concept really add
to the reusability of system components? Certaibjoes. However, though powerful, multiple
inheritance brings a large amount of "complexitythe table (Singh, 1995, p. 31). Its complexignss
from the amount of development freedom granted/$tesns engineers, because they can expand the
relationships between objects by inheriting frormgnanstead of one. The more relationships thagtexi
between objects, the more complex the system megnbe, and a multiple inherited object adds to those
relationships with each parent object it inhenitari (Singh, 1995, p. 34). This can make the delsayd to
follow, which will later translate to a softwaretémsive system that is difficult to maintain.

5. The Unified Modeling Language

Modeling is a concept that allows engineers toalize and test a system before it is built.
Models can be physical, much like a miniature Epbf an architect's building design while othedele
are abstract and convey the general idea behigstars's data flow, decisions, or processes. Since
software is such an abstract concept for many peaoprasp, modeling has become an important aspect
developing software-intensive systems. Modeling lealp communicate the design to all parties ined|v
especially when trying to look at the system frohigh-level perspective (Fowler, 2003, p. xxvi).

In the late 1980s, the "Three Amigos," Grady Bqdear Jacobson, and Jim Rumbaugh,
introduced the "Unified Method" of modeling objewiented concepts (Fowler, 2003, p. 8). This miodel
technique, along with several other object-oriemedleling languages from the "late 1980s and early
1990s," later grew into what the industry now kn@sshe Unified Modeling Language (UML) (Fowler,
2003, p. 2). UML is a method of notation that t&napplied to diagramming object-oriented software
systems. It includes a variety of notations tledtare system concepts through the modeling of its
activities, objects, relations, and even commuiooat Since its creation, UML has been referredbyo
some, as being the "defacto industry standardth®modeling of object-oriented systems (Lykins,
Friedenthal, & Meilich, 2001, p. 2).

In many cases, systems engineers on object-odigmtgects focus their energy on modeling
UML class diagrams. Fowler (2003) described UMassl diagrams as diagrams that depict the types of
objects in a system as well as their relationstppsperties, and functions (p. 35). In order fayatem to
function, all of its components must communicatthweiach other in order to fulfill its purpose. Qgiant
step toward understanding the unimplemented systéayn mapping these relationships using UML class
diagrams. A class diagram serves as a very toaditi "top-down" view of a system (Lykins, Friedesit
& Meilich, 2001, p. 7). Having a visual perspeetian abstract object-oriented concepts can helimees
pinpoint system design flaws before entering immatation. UML class diagrams are also helpful in
explaining how the designed system works for thustefamiliar with the intricate details of software
production.

5.1 Toolsfor Engineersand Designers

Systems software engineering is not an easy #askpftentimes it can be frustrating, painful, and
tedious work. The introduction of "Computer-Aid8dftware Engineering (CASE)" tools to the industry
assisted in suppressing the pain of designing cexgaftware-intensive systems (Fowler, 2003, p. 3).
Many of these tools focus their expertise towardriodeling of object-oriented software systemgesin
they tend to become more complex with the use ediacked concepts like multiple inheritance. The
trouble with early UML tools was that they neveharkd to a standard. The concepts were therekshan
the original authors of the modeling technique; Beer, each tool implemented the methods differently
from the rest. It was not until the mid 1990s ttiet Object Management Group (OMG) stepped in and
standardized UML, which helped to bring the tool®tder from chaos (Fowler, 2003, p. 8).
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Today, there are vast quantities of UML tools aalai to systems software engineers. The
Microsoft Corporation developed one such tool, ¥isMicrosoft developed the Visio business-modeling
suite to allow its users to "visualize, explored @@mmunicate complex information" (Microsoft Offic
Visio 2007 top 10 benefits, para. 1). AdditionaN§isio gives engineers a chance to share theiretsod
with others through the tool's internet capab#itiicrosoft Office Visio 2007 top 10 benefits, paf 2).
Long gone are the days where engineers furiousigtded models and charts onto chalkboards in balmy
conference rooms!

The key feature of UML tools is not just their ayito churn out graphically pleasing diagrams of
object relationships or activity diagrams, but alsair ability to increase productivity and simglthe
complexity of object-oriented software system cqse Further, UML CASE tools can serve as a means
to achieve the methodologies behind modeling, sitmd, and documenting the process of object-agint
development techniques as applied to the engirgeefioomplex software-intensive systems.

6. Conclusion

Many industry experts believe that systems softveangineering is undergoing a "software crisis,"
whereby the development of software is becomingeimgingly complex and difficult to maintain (Johnso
2002, p. 11). Like the ocean, requirements aeedanstant rocking motion driven by the ebb andlthe
of customer needs. Additionally, new technologird methodologies enter the scene, and shake up the
way engineers think about designing their systefss can make for a very tedious development
environment, especially when the developing systeimvisible to the human eye.

In order to resolve the ongoing crisis, systenfsivswe engineers need to focus on reducing the
complexity of software-intensive system developmeéntile selecting appropriate development life
cycles, documentation methodologies, and modeénfrtiques can help achieve this goal, it is nougho
to succeed in an uphill battle. Engineers sholdd ok toward new development approaches to bring
into the pile of possible solutions.

Object-oriented techniques, though not new tdribastry, are oftentimes overlooked for their
previously heavy association with programming. t&ys software engineers tend to have a limited view
of object-oriented concepts. They only apply therthe implementation phase of the development
process, and do not stop to think how they coltd tadifferent approach and apply those same ctsmcep
to the other stages of development.

The object-oriented approach brings much moreddahle than simple programming
methodologies with concepts, such as encapsulatiessaging, and inheritance. Without encapsulation
objects would have very little control over theitridutes and behaviors. Messaging gives systems
software engineers more control over the relatigsstheir system components possess by establishing
controlled communication with other objects. Withanessaging capabilities, objects would not previd
the necessary level of cohesion needed betweesnsysimponents. Additionally, the concept of
inheritance helps achieve component reusabilitigje€@s would always be duplicating functionalitgrin
other objects without the availability of a concepth as inheritance. This can bloat a projectimcr@ase
its development time.

The object-oriented approach is not merely a séigif-level programming techniques. Instead, it
is a collection of concepts, which makes compldisre-intensive systems development more tangible
and easy to understand for humans. By designgygt®m as an assembly of objects, engineers ctar bet
relate to the system in which they are workingisTdan reduce the complexity of the system as agell
make it less susceptible to harmful effects froim@eleveloped in a dynamic environment. The object
oriented approach is not the magical sword thdtshal the software crisis dragon; however, it &ep in
the right direction toward reducing the complexte developing software-intensive systems.
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