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Methodology - a branch of philosophy dealing with the science of method of
procedure. A system of methods and rules applied in a science.

NIV'Y NNNPYN 770 XD DAMTINNA DY N D2AND ATTORMIA Y9N ANTANN RN
nNn'ion N1'79'X0'TA RIO'YYN IX DMON NN WX NININNE - D'RIND ,n71IVoNn
AN X7 2195% DNy Dmnn .on'e-7y nnami 0Ny 0oian (NNX IX N'MINK, N'wTn)
NURIINOI017'9N NWIAN 72N DR DA 71707 IX ,0'7N)1 NIV'Y 7 VIYD qOIX TWKN

NNIN NNINIENAXYN YUK NA7IMVo'axrNI nazivaixn  (World view) o7ivn

,NININN ,NRNRYN 775 X' N0TINN DINN2 NAIZITINND D DIYA7 N1 IT 178 DINTan 0'0a 7y
221' D"OTINN NTIAYN D7NNA DNIYIYI MIYTA YT 'Y IX DTN WK D701 NI0'Y
LOTINN YNRNN TV 7W n1aom navwny

DA NN NR'YN W' L0701 NIV'Y 7¢ 1NN YNd 200 NTAN DRAIZITINNA WIn'wn DXYY?
NN N713'7 72m ,0yix7A [DIXI Y¥A7 YITIY NIN'YNN NN'WA 79 0N'D DXY (901 V2NN
VYT NIN'D |21 NIN'RNNA NIFMWNIE D752 NITYOXD LVIND AT ¢ 101 [12ON A7 77021 nnTin

NIXT7 DRNNA NI

NN AN¥N..900 'O 7V W91 70 DX N7 NIMIZITINN win'yad NN0ANN ,NINDY
.Jnovam

NOM NIXR'YAN NIDIWNN NOTIN MINNA NIMAIZITINNA wiM'y? vann 7212 NiNg? n7Ix
NT? N7 0'MIT DX ,0NY TTINNN? 0'WATI 1IRY 0"0TINN ONANKD NI AN N1n
NOTIN MINNA 'WIAXRN YVT'AI [I'0N NANIN DYY NN ,NTA DT N'NINN DAY QR DY
791N Th DY 7101 77a N9 NIMIY'T NIR'dVI 0'NPY7 ,NIV'WYW 1ARN N1A 710 NIdYNAN
NAIZITINN 72U D121 NN 2N DN INXY 1191 NINANN DINN NAI7ITINN 710'Vn DXY

NNN7¥N7 '0"P'7 1910 NN N'OTIN NIZ'YO Vix'd Nya

7210 ,"TO1 NIRdL 07N L, NIFNINA WTIA 10 T Xan 7"I0 axnn oy DITTmNN I
NITTIANN NIP'IOL "M In'y NIwy?

nowwnn omnn v ar *7nna (Tailoring) nnxnni Dira ¥ '7NN DNKN aL'wn
D'M'RNNN D701 NIV'YA ,TIOWN NINIA L,D'D'WO DNIK 7W NN 7w 75win '7nn yxay
119%7Y '0TINN NANKYT INYTY

,N1DIN 'V7'ND ,N'MYN '0j7'ND) D'OR'ND 2107 D'OTIN DANK 7 NI7'S A'MIYN V'Y
S2"I0 D'OR'N9N 10N TNR 707 NiroTan neralzImnn narnnl (121NN VRN




AN'YUNN 2107 NIMIMITINA NNXNN 1"V arx:
:NINQN NIXNAN '7XNII9 N0 NIYXNAXA ['Van NKX X" N1

{Tp1, Tp2, (071wn ;NN ,NNNIN) D"0TINN DMANKN 'AI0 2NN DX NO)
Tp3.....Tpk}

SANIZIAX ,'7000MP'R AR 0N 790 ,V) nidayn nomin NIMIIMNNA- 1IN DX [n0)
{SE1, SE2, SE3....SEm}  (*“7x2'90

{PM1,PM2, (PMP ,o17'R '©% 71n1) D'o'non 72101 NIV'Y [1Ian DX N0)
PM3....PMn}

NIV'Y 10 NI'NI 0IIY D'0TIN DNANKY NMYND INNI9 NRIYA NIDIWYNAN NOTIN NIV'WI NIFN
'0TIN NANK 707 NXMIN 700 NNt 0TI DNANKY? NIYND 0N X INNID D'OR'ND 71NN
D'OP'N9 71N NU'Y AI7'waw nfavm SEs nidyn nomn ntaimnn ,TPs aion 'aum

.0P"N5N NNYXN "1D'0 NX DIN'oMY7? 7aim nn'knn PMs

NN7¥N "ID'0 NN [0 DXRY L|IYUY7 7211 'UNNN-'NO [9INA NIWUN NX NO17 X711 DX
20'N9N

f{TPs1, SEs2 ,PMs3}

RNYNN DR DU ("Tm NN opTI'k S ) 1Nw'7D S [s1, S2, s3] D' N
fsuccess f{TP;, SE; . PMi} = Maxf{ TP, SE; ,PM: }

[Where: i=s1, j=s2, |=53] [Where: i=1..k, J=1...m, |I=1...n]

:0'N9N 1I1D'0 NX DIN'I'MY7 X'ANN “TA'M NN OpTI'R KIN S |'917N7
frisk f{ TPi, SEj ,PM }=Min frisk{ TPi, SE; ,PM }

[Where: i=s1, j=s2, |=s3] [Where: i=1..k, J=1...m, |=1...n]
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.Unmanaged Networks Evolution
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The population of unmanaged systems (Bonen #4), requires a separate
category. They are self-organized systems, which probably require additional
methodological tool box. Note that this layer includes also political & economic
systems. These are beyond the scope of this paper.

Managed SOS (Bonen #2) contains both the engineered systems & the
organizations which produce them. The latter sometimes require total systems
intervention when inputs and/or missions undergo major changes.
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System of systems (SoS) is a collection of task-oriented or dedicated systems
that pool their resources and capabilities together to obtain a new, more complex,
'meta-system' which offers more functionality and performance than simply the
sum of the constituent systems.

Commonly proposed descriptions, not necessarily definitions, of systems of
systems are outlined below in order of their appearance in the literature
(Jamshidi, 2005):

Linking systems into joint system of systems allows for the interoperability and
synergism of Command, Control, Computers, Communications, and Information
(C*) and Intelligence, Surveillance and Reconnaissance (ISR) Systems:
(Manthorpe, 1996) description in the field of information superiority in modern
military.

Systems of systems are large-scale concurrent and distributed systems the components of
which are complex systems themselves:
http://en.wikipedia.org/wiki/System of systems - cite note-3  (Kotov, 1997)
description in the field of communicating structures and information systems in private
enterprise.

System of systems education involves the integration of systems into system of
systems that ultimately contribute to evolution of the social infrastructure:
http://en.wikipedia.org/wiki/System _of systems - cite note-4 (Luskasik, 1998)




description in the field of education of engineers on the importance of systems and
their integration.

System of systems integration is a method to pursue development, integration,
interoperability, and optimization of systems to enhance performance in future
battlefield scenarios: http://en.wikipedia.org/wiki/System of systems - cite note-5
(Pei, 2000) description in the field of information intensive systems integration in
the military.

Modern systems that comprise system of systems problems are not monolithic,
rather they have five common characteristics: operational independence of the
individual systems, managerial independence of the systems, geographical
distribution, emergent behavior and evolutionary development:
http://en.wikipedia.org/wiki/System of systems - cite note-6 (Sage, et al., 2001)
description in the field of evolutionary acquisition of complex adaptive systems in
the military.

Enterprise systems of systems engineering is focused on coupling traditional
systems engineering activities with enterprise activities of strategic planning and
investment analysis: (Carlock, et al., 2001) description in the field of information
intensive systems in private enterprise.

System of systems problems are a collection of trans-domain networks of
heterogeneous systems that are likely to exhibit operational and managerial
independence, geographical distribution, and emergent and evolutionary
behaviors that would not be apparent if the systems and their interactions are
modeled separately: (DeLaurentis , 2005) description in the field of National
Transportation System, Integrated Military and Space Exploration.

According to Sage: (Sage, 2007), SoS is defined by following characteristics:
Elements include:

Organizations.

People.

Processes.

Products (Inanimate systems).

Usually dispersed over a large area.

Sub-Systems can survive and perform by themselves useful missions, even if
disconnected from the higher levels of the SOS; in short they are stable sub-
Systems.

This is a federation of divisible stand alone Systems.

According to Bonen (Bonen, 1984) stresses the major role of people as an
essential part of the SOS.

It includes also monolithic, indivisible systems. In any case, the inclusion of people
inside a system requires also the application of “soft” methodologies, in analysis
and synthesis. These are not necessary for the analysis and synthesis of “hard”
inanimate systems. Hence, SOS engineering is different in many aspects from
traditional system engineering.

SOS are dispersed, hence they must use connecting networks to tie their parts
together. Thus a system and the various networks used by it are complementary.



Indeed, the structure of a system depends a great deal on its networks. In
particular, adaptive networks are essential for system adaptation.

According to Mark Maier (Maier: 1994, 1996), SOS is defined by the following
characteristics:

Operational Independence of the Elements: If the system-of-systems is
disassembled into its component systems the component systems must be able to
usefully operate independently. The system-of-systems is composed of systems
which are independent and useful in their own right.

Managerial Independence of the Elements: The component systems not only
can operate independently, they do operate independently. The component
systems are separately acquired and integrated but maintain a continuing
operational existence independent of the system-of- systems.

Evolutionary Development: The system-of-systems does not appear fully
formed. Its development and existence is evolutionary with functions and
purposes added, removed, and modified with experience.

Emergent Behavior: The system performs functions and carries out purposes
that do not reside in any component system. These behaviors are emergent
properties of the entire system-of-systems and cannot be localized to any
component system. The principal purposes of the systems-of-systems are fulfilled
by these behaviors.

Geographic Distribution: The geographic extent of the component systems is
large. Large is a nebulous and relative concept as communication capabilities
increase, but at a minimum it means that the components can readily exchange
only information and not substantial quantities of mass or energy.

Since one of our case studies is from the transportation arena it is interesting to
explore carefully Mark Parker (Parker, 2010), SOS definitions, since he address
the unsynchronized issue. To achieve the global need for efficient transportation
of people and goods across land without having a complexity growth, we require
the application of a system of systems approach that unifies existing, diverse
transportation modes and unsynchronized systems into a functioning whole,
optimizes their operations, and enables future capability growth to respond to
national, regional, and local needs. Parker mentions Selberg and Austin (2008)
that go further in defining an evolutionary SOS by adding two principles:

The complexity of the SOS framework does not grow as constituent systems
are added, removed, or replaced.

The constituent SOS does not need to be re-engineered as other constituent
systems are added, removed, or replaced.

These principles may be counterintuitive but for a national transportation system
to continue to meet a nation’s needs it must be structured so to evolve without
growing in complexity. System evolution coupled with increased complexity
generates the risk of the system collapsing due to its complexity. Similarly, a well
structured transportation system with open architectures and defined interfaces
will enable constituent system changes without a costly system level redesign.

Using a SOS definition promotes a new way of thinking for solving unprecedented
and complex challenges where the interactions of technology, policy and
economics influence the system’s development and operation. The new thinking
must recognize that, unlike traditional system development, a SOS will likely



experience greater influence from policy and economics than technology. It also
does not mandate specific tools, methods, or practices; instead, the development
and maintenance of such systems relies on multiple types and levels of
descriptive architectures. These architectures serve the purpose of providing
unifying conceptual views as well as identification of interfaces between and
among the architectures. The interfaces are the connective points that enable the
individual systems to interoperate as a whole system. It is the maintenance of the
interfaces that enables the constituent systems to evolve while remaining in and
contributing to the integrated whole.

Standards are important, defining elements of the interfaces of the SoS. According
to Maier and Rechtin (2002), standards are network goods that, in economics,
are a commodity that increases in value the more it is consumed. In the case of a
standard, it increases in value the more widespread its use by products and
industries. A standard also provides a degree of uniformity and certainty that
fosters system development and performance. In its Smarter Planet™ initiative,
IBM (2010) wrote, “Importantly, we've learned that our companies, our cities, and
our world are complex systems — indeed, systems of systems — that require new
things of us as leaders, as workers, and as citizens. ...Global standards, not just
technological ones, across all dimensions and at all the interfaces of these
complex systems. ...A smarter planet will require a profound shift in management
and governance toward far more collaborative approaches.”As IBM notes,
standards are not solely technical in nature. Many standards come from standard-
setting organizations such as the International Standards Organization (ISO), but
they can also take the form of best practices and design guides that, through
widespread application, become de facto standards. The de facto standards
become more evident as guiding solutions when applied to local situations that are
more directly influenced by social, political, and cultural effects. In applying
standards to a system it is also important to identify the areas where standards do
not exist and the existing standards that require modification.

Standards must also be managed over the life of the system to ensure they
continue to be enablers for system interoperability and performance. Standards
that are locally imposed will be the easiest to manage over time whereas more
broadly used standards will require existing or new standards-governing bodies to
add, modify, or delete standards to address evolving requirements and
technologies.

In the context of transportation, a SoS approach has the flexibility to be used at
the macro global, regional, and national levels, and at the micro local,
neighborhood levels. It can be applied to relatively small-scale, grass roots,
bottom-up initiatives as well as large-scale, complex, top-down solutions with
strong governmental involvement or strong market-driven emphasis. A bottom-up
approach relying on local, limited resources to identify the existing components of
a here-to-fore unrecognized SoS can begin by simply mapping how the existing
independent components intersect and interoperate to form a higher-level SoS.
This newly identified, local SOS when combined with other local systems will itself
become a constituent system or building block in a larger, regional or national
transportation SOS. In essence, a national level transportation system then
becomes a system of smaller systems of systems that interoperate through
shared architectural frameworks, interfaces, and standards.

HKM (Hitchins, Kasser and Massie) Framework

HKM is a framework for a systems engineering body of knowledge (Kasser and
Massie, 2000). They proposed an approach based on architectures in which



military enterprise architecture would be developed. It is based on Hitchins’ Five-
layer Model (2000) proposed the following five-layer model for systems
engineering:

Layer 5 — Socioeconomic - regulation and government control.

Level 4 - Industrial Systems Engineering - engineering of complete supply
chains/circles.

Level 3 - Business Systems Engineering - many businesses make an industry. At
this level, systems engineering seeks to optimize performance somewhat
independent of other businesses.

Level 2 - Project or System Level - many projects make a business. Western
engineer managers operate at this level, principally making complex artifacts.

Level 1 - Product Level - many products make a system. This level is the tangible
artifact level. Many engineers and their institutions consider this to be the only
"real" systems engineering.

Hitchins states that the 5 layers form a "nesting" model, i.e. many products make
a project, many projects make a business, many businesses make an industry
and many industries make a socio-economic system.

According to HKM framework SOS models would be part of level 2. SOS models
usually refer to a synchronized effort, and therefore we also cover some important
standards of enterprise architecture at level 3 to address our issue of business
system engineering.

ZACHMAN Framework this one is the first to be really relevant

In 1987 John A. Zachman, an IBM researcher, proposed the Zachman
Framework, which is an analytic model of conceptualizing how all of the more
specific architectures that an organization might create, can be integrated into a
comprehensive picture (Zachman, 1987). Zachman borrowed the term
architecture from the building trades and suggested parallels in software
development. He stressed that an organization does not have a single
architecture, but has, instead, a whole range of diagrams and documents
representing different aspects or viewpoints and different stages. In the years
since, he has worked to refine and elaborate his framework. nr9nn pn 'axaw

NN MR aNaw.N¥n) X7 provides an overview of the current

Zachman Framework.
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Table 1: Zachman Framework overview

The Framework for Enterprise Architecture is a two dimensional classification
scheme for descriptive representations of an Enterprise. The vertical dimension
(the rows) describes the perspectives of those who use the descriptions contained
in the cells. The top row represents generic perspective of an organization, while
lower rows are more concrete. The bottom row represents a description of the
actual data, code and people that make up the enterprise. The horizontal
dimension of the framework (the columns) describes the types of abstractions that
define each perspective. These abstractions are as follows: DATA: What is it
made of? This focuses on the material composition of the product. In the case of
software systems, it focuses on data.

FUNCTION: How does it work? This focuses on the functions or processes.

NETWORK: Where are the elements located relative to one another? This
focuses on the geometry or connectivity of the product.

PEOPLE: Who does what work? This focuses on the people and the operating
instructions or models they use to perform their tasks.

TIME: When do things happen? This focuses on the life cycles, timing and
schedules used to control activities.

MOTIVATION: Why do things happen? This focuses on goals, plans and rules
that prescribe policies that guide the organization.

The Framework is a generic classification scheme for design artifacts, that is,
descriptive representations of any complex object, like an organization.

The advantages of this framework are that it is a comprehensive — addresses the
enterprise as a whole, it is simplistic in its structure, easy to understand, and has
logical structure for descriptive representations of any complex object
independently of tools or methodologies.

Despite of its popularity, the Zachman framework could be a challengeable one in
practical situations because there are not enough well-known methods and tools
covering all of its aspects. Its major disadvantages are the large number of cells,
which is an obstacle for the practical applicability of the framework, and the
relations between the cells are not clearly defined. This framework is simply a
classification scheme for descriptive representations of complex objects and does
not give details of enterprise development and direction to incorporation.

DoDAF

The Department of Defense Architecture Framework (DoDAF) is a reference model to
organize the enterprise architecture (EA) and systems architecture into complementary and
consistent views. The first version was developed in the 1990s under the name C4ISR
architectural Architecture Framework. C4ISR stand for The Command, Control,
Communications, Computers, and Intelligence, Surveillance, and Reconnaissance, and it is
clearly aimed at military systems (Levis & Wagenhals, 2000). The latest version DoDAF
v2.0 was approved on 2009. Other derivative frameworks based on DoDAF include the
NATO Architecture Framework (NAF) and Ministry of Defense (United Kingdom)
Architecture Framework (MoDAF). Like other EA approaches, DoDAF is organized
around a shared repository to hold work products. A key feature of DoDAF is



interoperability, which is organized as a series of levels, called Levels of Information
System Interoperability.

The DoDAF defines a set of products that act as mechanisms for visualizing,
understanding, and assimilating the broad scope and complexities of an
architecture description through graphic, tabular, or textual means, in purpose to
ensure a common denominator for understanding, comparing and integrating
architectures.

It is especially suited to large systems with complex integration and
interoperability challenges, and is apparently unique in its detailing the customer's
operating domain in which the developing system will operate. It focuses on the
significant impact on technology intensive organizations. The purpose of DoDAF is
to define concepts and models usable in six core processes: Capabilities
Integration and Development (JCIDS), Planning, Programming, Budgeting, and
Execution (PPBE), Acquisition System (DAS), Systems Engineering (SE),
Operations Planning and Capabilities Portfolio Management (CPM).

The DoDAF encompasses 29 architectural products or “views” that can be used to
describe a myriad of complex technical, physical, and conceptual systems. The
views are divided into four main categories: All Views (AV), Operational Views
(OV), Systems and Services Views (SV), and Technical Views (TV). Each view is
tailored to provide information on different aspects of the system. The operational
views are functional description of how systems work together. The system views
describe the physical components and their relationships. The technical views
focus on technical standards and conventions for interoperability and
commonality.

The framework concentrates on required deliverables, and not on the architectural
process. Its main advantages are that it gives comprehensive perspective to
define the enterprise in totality, from conception to design to implementation
through verification and validation, through upgrades and final disposal. The
framework stimulates the architect to produce a product that can grow as
technology changes and software requirements migrate. The DoDAF is highly
structural in that it provides a sturdy framework or base to begin building an
architecture description.

Architecture frameworks are tools for managing system complexity by structuring
data in a common language and format. By characterizing the form, function, and
rules governing systems, architecture frameworks serve as a communication tool
to stakeholder communities. DODAF was found most applicable for emergent
properties and conducting dynamic quantitative analyses of system architecture
(Richards, Shah, Hastings & Rhodes, 2007).

However, this framework is cumbersome, almost impractical and it is doubtful that
such an effort would contribute significantly to system development (Lankhorst,
2009). The DoDAF is inelastic in that it follows a direct path with little variance,
and leaves little room for tolerances or diversions to enable enterprise adaption.

TOGAF

TOGAF is an industry standard architecture framework that may be used by any
organization wishing to develop information systems architecture for use within
that organization. TOGAF has been developed and continuously evolved since
1995 by representatives of some of the world’s leading IT customer, vendor
organizations and academics working in The Open Group's Architecture Forum.



Its first version was originally based on TAFIM (U.S. DoD). Its updated version is
TOGAF Version 9 Enterprise Edition, which was published in 2009. It is a detailed
method and set of supporting resources for developing an Enterprise Architecture.
Its main goals are to understand and address current and emerging requirements,
establish policies and share best practice, facilitate interoperability, evolve and
integrate specifications and open source technologies and generate Architecture
Development Method (ADM) guidelines and techniques (Buckl, Ernst, Matthes,
Ramacher & Schweda, 2009). The ADM process and techniques for architecture
development are:

Architecture Content Framework: Architecture content meta-model, architectural
artifacts, architecture deliverables and building blocks.

Enterprise Continuum and Tools: A model for structuring a virtual repository,
methods for classifying architecture and tools for architecture development.

TOGAF Reference Models: Technical reference model (Foundation architecture)
and integrated information infrastructure reference model.

Architecture Capability Framework: A structured definition of the organizations,
skills, roles and responsibilities to establish and operate an Enterprise
Architecture.

The ADM describes a cyclic process model, in ten different phases of EA
development (see Figure 2) as a generic method.
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Figure 2: ADM cyclic process model

The TOGAF ADM cycle starts with the Preliminary phase, which prepares and
initializes the EA management approach. Typical tasks executed in this phase
include definition and establishment of the EA team, selection and implementation
of supporting tools, as well as the definition of architecture guidelines and
principles. After these activities are performed, the EA management endeavor is
defined within the Architecture Vision phase (A). A core objective of this phase is
to identify the relevant stakeholders and their concerns. Based on the architecture
vision developed, the corresponding Business Architecture (B), Information
Systems Architectures (C), and Technology Architecture (D) are developed.
Initially, the current architecture is described. A gap analysis is performed to



evaluate the differences between the current and the target architecture. The
phase Opportunities and Solutions (E) is concerned with the derivation of projects
and programs, which describe the transformation from the current to the target
architecture. The major steps to be performed in this phase are the consolidation
of the gap analyses. The Migration Planning phase (F), which is concerned with
the formulation of an implementation and migration plan that schedules and
realizes some or all of the planned architectures. The major steps within this
phase are the assignment of a business value to each project, the prioritization of
projects, and the generation of a roadmap and migration plan. In the phase
Implementation Governance (G) the projects selected for realization in the
preceding phase are executed. Major tasks of this phase are the identification of
deployment resources and skills, monitoring of the execution, and the conduction
of reviews. The Architecture Change Management phase (H) concludes an ADM
cycle and prepares the initiation of another cycle. Key tasks of this phase are the
deployment of monitoring techniques for the architecture process, and the
development of change requirements to meet performance targets. This phase
looks at the process of managing architecture requirements throughout the ADM.
All phases together define a process whereby requirements for enterprise
architecture are identified, stored, and changed.

This framework advantages are that it provides guidance on a less abstract level
than the Zachman framework. The ADM is developed to be a generally applicable
EA management process, not tailored to a narrow application field such as
DODAF. These guidelines nevertheless stay on a rather generic level and might
hence not be directly applicable to a specific enterprise.

Systems of Systems: Scaling Up the Development Process (Watts Humphrey,
2006)

Large and complex computer-based systems are now critical to the economic and
military welfare of the society population worldwide. These systems form the
backbone of modern military, business, and governmental operations.
Unfortunately, the development of such systems has been troubled, and the
systems needed in the future will be vastly more complex and challenging. If
history is any guide, attempting to develop these future systems with the
outmoded methods of the past will almost certainly yield unsatisfactory results.

System of Systems research area is extensive and involves a host of technical
and management issues. However, there has not yet been a concerted effort to
define and understand the process management and control issues involved in
the development, evolution, and operation of these systems. Since a number of
groups are currently defining and starting to develop such methodologies, it is
important to understand the suitability of the traditional development processes
that will have to be used if newer and more appropriate methods are not defined
and adopted.

The report reviews the challenges of developing near future technological systems
and outlines steps for addressing them. The report tries to verify whether different
classes of scale of integration requires specific SE methodologies & if yes, what
are the characteristics of such integration classes & what processes, methods,
and practices should be used?

The Internet is an array-of-systems that has evolved over a number of years and
in a largely undirected manner. It was started with an inspired set of architectural
and design choices, but its subsequent evolution has not been centrally controlled
or directed. However, the many SoS-like systems that have been and are being



proposed are all needed for specific purposes, and must be obtained on defined
schedules and for committed costs. The characteristics of such systems differ
widely from those of prior large-scale systems, and the development methods
used in the past are almost certainly inadequate.

The principal characteristics of these future SoS-like systems relate to their
emergent behavior. In such behaviors many largely autonomous nodes cooperate
to produce complex and unique overall system capabilities.

The report discusses the nature of future systems design. The partitioning of truly
massive systems-of-systems into multiple semi-autonomous evolving large-scale
systems. The tradeoffs required for this partitioning are particularly critical and
have significant implications for the systems-development processes of the future.

Critical system-development projects have almost always failed because of
project-management problems and the relationship between processes and
technology.

The report discusses the requirements for a process that is scalable from small
projects to truly massive development programs. It also describes why the current
commonly used systems-development methods are not scalable.

Unless the steps outlined in this report are taken in conjunction with continued
technical research and development, the systems development efforts of the
future will continue to fail, and often catastrophically.

There are five ways in which a defined, planned, measured, and quality-controlled
processcan help improve both the business and technical performance of very
large-scale traditional and SoS-like programs.

1. All modern science and engineering is based on learning from prior experience.
Competent engineers and scientists know what experiments have been
successful and base their processes on them. They stay current with process
research developments and do not waste time experimenting with processes that
have already produced unsatisfactory results. Until developers consistently use
defined and proven processes, they will waste their time relearning known truths.

2. With an inefficient or ill-defined process, developers must follow poorly defined
and inaccurate plans. With the data available from a modern process, plans can
be both accurate and precise. With more appropriate plans, developers do not
waste their time on routine project-management and planning tasks and can
devote more of their efforts to creative technical work.

3. Quality work is not done by mistake. Quality must be planned, measured,
tracked, and managed. When it is, product defect levels are normally reduced by
orders of magnitude [Davis 03]. With current common practices, large software
products typically have thousands of test defects and developers spend at least
half of their time finding and fixing enough defects for the product to run the basic
tests. Even then, finished products have many unidentified defects. While it takes
considerable skill to fix defects in test, fixing defects is not creative work. For SoS-
like systems, the development work must be done by people who strive to
produce quality products in every step of their work.

4. Development is a learning process. However, unless this learning is codified
and preserved, the resulting knowledge is generally lost. That is the reason
developers should define, use, and continually improve their processes: to build
on their own and other’s experiences.



5. For individuals and groups to work together effectively, they must coordinate
their activities. While very small groups can often do this informally, without
defined processes and detailed plans, large groups cannot. To have a reasonable
chance of being successful, the more challenging SoS-like development programs
of the future must address the critical systems-development problems of cost and
schedule, requirements instability, system properties, and process management.
Further, whenever the separate system node or platform development efforts must
coordinate their work, a higher level of system coordination, process
management, and development planning is essential.

The need for new design, analysis, project-management, and quality methods with
increasing scale are obvious in building construction.

SoS-like systems are like skyscrapers and the suitability of all of the methods
used in their design and development must be defined, managed, and quality
controlled.

When a project involves a system of unprecedented scale, that project must
discover for itself the need for new methods.

There is generally little or no focus on the continued suitability of the existing
smaller scale methods. The principal concern here is with the design and quality-
management methods used in software development. When developers design
and implement the modules and components of massive systems, they typically
continue to use precisely the same methods they learned to use with the small toy
problems they solved when first learning to program.

As noted in the previous sections of this report, the development processes of the
future must meet five requirements. They must predictably control development
costs and schedules, responsively handle changing needs, minimize development
schedules, be scalable and predictably produce quality products.

This report concludes that, to successfully produce the large complex, and critical
systems of the future, the development processes must be suitable to the scale of
system integration.

The current commonly used systems-development methods have reached (or
soon will reach) their feasibility limits, and continuing to develop the increasingly
challenging and massive systems of the future with the outdated methods of the
past is destined to failure. Furthermore, continuing to address the technology
issues of SoS-like systems without simultaneously addressing their process-
management, team-management, and quality-management issues will be counter-
productive and could even be dangerous.

The danger is that, with the rapid pace of technology, society could well be lulled
into the false belief that the technical community is capable of building the
systems we can technically describe.

As these newer systems are used to support increasingly critical aspects of
modern society, we then will likely face far more catastrophic system failures than
we have experienced heretofore.

In summary, this report recommends that efforts be established, staffed, and
funded to refine, test, and widely adopt processes that meet the requirements
outlined in this report and that early projects be identified for testing and refining
these processes on large-scale systems.
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Bonen, 2009: Manmade systems theory laws include laws of nature & man made
laws. The latter, if they interfere with the laws on nature, are hazardous.
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In the context of transportation, a SoS approach has the flexibility to be used at
the macro global, regional, and national levels, and at the micro local,
neighborhood levels. It can be applied to relatively small-scale, grass roots,
bottom-up initiatives as well as large-scale, complex, top-down solutions with
strong governmental involvement or strong market-driven emphasis. A bottom-up
approach relying on local, limited resources to identify the existing components of
a here-to-fore unrecognized SoS can begin by simply mapping how the existing
independent components intersect and interoperate to form a higher-level SoS.
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.Collaboration

In its Smarter Planet™ initiative, IBM (2010) wrote, “Importantly, we've learned
that our companies, our cities, and our world are complex systems — indeed,
systems of systems — that require new things of us as leaders, as workers, and
as citizens. ...Global standards, not just technological ones, across all dimensions
and at all the interfaces of these complex systems. ...A smarter planet will require
a profound shift in management and governance toward far more collaborative
approaches.”As IBM notes
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In the context of transportation, a SOS approach has the flexibility to be used at
the macro global, regional, and national levels, and at the micro local,
neighborhood levels. It can be applied to relatively small-scale, grass roots,
bottom-up initiatives as well as large-scale, complex, top-down solutions with
strong governmental involvement or strong market-driven emphasis. A bottom-up
approach relying on local, limited resources to identify the existing components of
a here-to-fore unrecognized SoS can begin by simply mapping how the existing
independent components intersect and interoperate to form a higher-level SoS.
This newly identified, local SOS when combined with other local systems will itself
become a constituent system or building block in a larger, regional or national
transportation SOS. In essence, a national level transportation system then
becomes a system of smaller systems of systems that interoperate through
shared architectural frameworks, interfaces, and standards
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