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Re-evaluating Systems Engineering
Concepts Using Systems Thinking

A. Terry Bahill, Fellow, IEEE and Bruce Gissing

~ Abstract—Humans (individually, on teams, and in organiza- Electric using a similar process [24]. In 1993, Arizona passed a
tions) can follow simple processes to increase their probability |aw that said all state agencies had to use such a process. This
of success. Many authors, both technical and nontechnical, have systems thinking is the Fifth Discipline according to Senge

described processes for doing various things like designing a , . . .
system, attaining business excellence, and solving personal ancEt &l- [20]. Covey's7 Habits of Highly Effective PeoplE0]

professional problems. The amazing similarities in these diverse applies this process to individual people, and Katzenbach and
processes suggest that there is a general process that might béSmith [16] apply it to teams.
closely related to human thinking. This general process was  Evidently this process is such a natural endeavor that it
abstracted into the SIMILAR Process. This paper shows how the ;o being reinvented over and over again in many differ-
SIMILAR Process was used to help redescribe the Requirements . . - .
Discovery Process and System Design Process. ent fields. The purposes might be different (e.g., design a
_ o _ system, reengineer business processes, explain why teams
Index Terms—besign methodology, human thinking, modeling, 4 inerform individuals, manage a learning organization, do
problem solving, process description, requirements, standards, . . . . .
systems engineering. strategic planning, discover system requirements, or discover
new knowledge), but the process seems to be the same. Babhill
and Gissing [6] compared several of these processes and
I. MANY DisCIPLINES USE A SIMILAR PROCESS extracted the similarities in them. They called their abstraction

YSTEMS engineering is a grand unified theory for making€ SIMILAR Process. The basis of the SIMILAR Process
hings work better. Systems engineering has been Iﬁi presented in the Appendix. It explains over a dozen well-
the domain of the technical community. But now we sehown processes from diverse fields of human endeavor and
nontechnical practitioners using systems thinking. Accordiriglows that they can be mapped to the SIMILAR Process. This
to Senge [21], “systems thinking is a discip]ine for seein@apping works well because the SIMILAR Process describes
wholes. It is a framework for seeing interrelationships rath@r logically consistent and effective means of planning and
than things, for seeing patterns of change rather than statf@blem solving. The fact that so many authors describe the
‘snapshots’.” In essence, what we see is structured steps hig&cess suggests that humans have a tendency to act in a
give the individual the ability to walk a path toward a visiondisorganized way and need to be continually reminded about
whether it be the design of a Boeing 777 commercial airplagéective reasoning.
or the ability by Lands End to fill orders in 24 h. The path is This paper first explains the SIMILAR Process. Then, in the
not straight, nor is it absent of obstacles. The beauty of systef@gpendix, it shows the development of the SIMILAR Process.
thinking is that it forces the individual to gather all possibl&ext, it uses the SIMILAR Process to improve the description
processes and interrelationships into an organized structethe Requirements Discovery Process and then the System
Where did the root of systems thinking come from? Or, ha\esign Process. Finally, it shows how to customize the System
we always been doing it, using different names? Design Process so that it can be used in different phases of
Two decades ago Wymore [25] said systems enginedfe system life cycle.
should use interdisciplinary teams to state the problem, identify
the system’s functions and requirements, define performance ll. SIMILAR PROCESS
and cost figures of merit, investigate alternative designs, andqumans (individually, on teams, and in organizations) em-
test the system. He said this process is recursive, iterative, g6l simple processes to increase their probability of success.
much of it is done in parallel. He, in essence, reinvented thgany authors, both technical and nontechnical, have described
Shewhart Cycle [22]: Plan-Do-Check-Act. these processes, and their descriptions are similar. There is a
In the 1950’s, Deming [9] used the Shewhart Cycle to rev@pmmon root that can be generalized $tate the problem,
lutionize Japanese manufacturing. Welch reengineered Gengrglestigate alternatives/ odel the systemintegrate L aunch
the systemAssess performance, aRe-evaluate. These seven
. . , . functions can be summarized with the acronym SIMILAR:
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must be ameliorated. This problem statement must include allThe most difficult problem in the business environment is
of the requirements that the system must satisfy. The probl@ssuring that all activities are totally integrated under a com-
statement should be in terms what must be done, ndtow mon direction or business plan that supports the vision/mission
to do it. It might be composed in words or as a model. Inpugd goals. The business plan provides the resources (people,
come from end users, operators, bill payers, owners, regulatamgney, and facilities) to support the direction of the company.
agencies, victims, sponsors, marketing, manufacturing, etc.The natural result is that everyone is working together in

In a modern business environment, the problem stateméime same direction. Business plans evolve iteratively using
starts with a reason for change followed by vision and missideedback, checks, and balances.
statements for the company. In subsequent phases, goals ateaunch the SystemLaunching the system means running
written to ensure that the vision/mission will be accomplishethe system and producing outputs. Engineers produce designs
Strategies are developed for each of the goals. Finally, kigy the product and the process to make it. In a manufacturing
initiatives are identified to implement the strategies. environment, this might mean buying commercial off-the-shelf

Investigate Alternativesin an engineering environment, al-hardware or software or it might mean actually making things,
ternative designs are evaluated based on performance and eagt bending metal. In the business environment, launching the
figures of merit. No design is likely to be best on all figuresystems means the business plan is decomposed into tasks and
of merit, so multicriteria decision-aiding techniques shouldctions and is deployed throughout the company. Launching
be used to reveal the preferred alternatives. This analy#iie system means doing what the system was intended to do.
should be redone whenever more data are available. FoAssess Performancerigures of merit, technical per-
example, figures of merit should be computed initially basddrmance measures, and metrics are all used to assess
on estimates by the design engineers. Then models shoptdformance. Figures of merit (sometimes called measures
be constructed and evaluated. Next simulation data showifdeffectiveness) are used to quantify requirements. Technical
be derived. Subsequently, prototypes should be measured patformance measures are used to mitigate risk during design
finally tests should be run on the real system. For the designd manufacturing. Metrics are used to help manage a
of complex systems, alternative designs reduce project riskkmpany’s processes. Measurement is the key. If you cannot
Investigating bizarre alternatives helps clarify the problemmeasure it, you cannot control it. If you cannot control it, you
statement. cannot improve it [18].

Sometimes investigating alternatives means evaluatingln the business environment, metrics or measures are a key
many alternatives in parallel and choosing the best. Amdement of the process. The measures tie back to the short-
sometimes it means successively revising various aspectsobflong-term goals of the company. Each measure must be
one plan of action until it satisfies the need. guantifiable. There are many methods of oversight to monitor

In the business environment, alternatives are considengf@gress.
when we run models, acquire data, check perception, and anaRe-Evaluate.Re-evaluation is arguably the most important
lyze thewhat is At the same time, strategies are brainstormef these functions. For a century, engineers have used feedback
to determine the optimum route to the goal state. to control systems and improve performance. It is one of the

Model the Systemln an engineering environment, modelgnost fundamental engineering tools. Re-evaluation should be
will be developed for most alternative designs. The modalcontinual process with many parallel loops.
for the preferred alternative will be expanded and used toln the business environment, people step back and re-
help manage the system throughout its entire lifecycle. Magyaluate the performance achieved. Several options are con-
types of system models are used, such as physical analgi@gred: continue as is, make minor modifications, rework the
analytic equations, state machines, block diagrams, flow dintire project, or discontinue the project.
grams, object-oriented models, mental models, and computeRe-evaluate means observing outputs and using this in-
simulations. Running these models clarifies requirements, fermation to modify the system input, the product, or the
veals bottlenecks and fragmented activities, reduces cost, #hi@cess.
exposes duplication of efforts. Fig. 1 summarizes the SIMILAR Process. This figure

In the business environment, models and simulations are €l@arly shows the distributed nature of the re-evaluate function
to analyze the process and find tisand, through analysis, in the feedback loops. However, all of these loops will not
determine theto be always be used. The loops that are used depend on the

Integrate. No man is an island. Systems, businesses, aparticular situation. The reader may want to read all or parts
people must be integrated so that they interact with ofé the Appendix at this time.
another. Integration means bringing things together so they
work as a whole. Interfaces between subsystems must be
designed. Subsystems should be defined along natural bound-
aries. Subsystems should be defined to minimize the amount
of information to be exchanged between the subsystemsWe suggest that someone describing a process should try
Well-designed subsystems send finished products to othermap his or her description to the SIMILAR Process.
subsystems. Feedback loops around individual subsystemsAsean example, let us apply the SIMILAR Process first to
easier to manage than feedback loops around interconnedtesl Requirements Discovery Process and then to the System
subsystems. Design Process.

I1l. APPLICATION OF THE SIMILAR PROCESS
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Fig. 2. New Requirements Discovery Process.

TABLE | Performance MeasureandMitigate Riskcertainly are related
to requirements, but they are extraneous to the Requirements
The SIMILAR Process | The Old Requirements Discovery Process Discovery Process. The Requirements Discovery Process is
(Bahill and Dean, 1997) . . .
State the Probiom Tdentify Customers and Stakeholders, supposed to be a box that fits into the System.DeS|gn Erocess
Understand the Customer’s Needs, of Fig. 3; these extraneous functions do not fit into that figure.
Defi d § he Probl . .
Tnvestizate Allomatives Azk“";,ha;_‘ e e _° e Part of the problem with Table | was that the process being
i"'fdel:he System Bjﬁ;—;—sﬁmﬁmms described was not explicitly stated. Most of the functions in
ntegrate t €q . . .
Launch the System Write System Requirements Table | concerned discovering requirements. But the extrane-
Assess Performance R o nsemens " ous functions involvedising (not discovering) requirements.
Describe Verification Process, Using these results, a New Requirements Discovery Process
Define Technical Performance Measures, d . d f h .. | s
Mitigate Risk was derived from the original paper, omitting extraneous
Re-evaluate functions and extracting functions that were obscured in the

original. This new process is shown in Fig. 2. To help with

No two systems are exactly alike in their requirement@“daﬂon’ this New Requirements Discovery Process will be

However, there is a uniform and identifiable process f(gpapped to the SIMILAR Process, as shown in Table Il.

logically discovering the system requirements, regardless o_fwe th'gk tg? NPTW Reqwredments dDIE;)OVE "y TOC?SS of
system purpose, size, or complexity. Bahill and Dean [ 9. 2 and Table Il'is more understandable than the old one.

have described this Requirements Discovery Process. TARPIYING the SIMILAR Process has added value.

description evolved over a three-year period, with contribu- 1€ System Design Process shown in Fig. 3 represents a
tions from hundreds of systems engineers. Table | shows hG@NSensus of dozens of senior systems engineers developed
this Requirements Discovery Process maps to the SIMILAR/ET & three-year period [3]. Table Il maps this System Design

Process. The right column contains the major section headifg@Ccess to the SIMILAR Process.
of this paper. Mapping this Old System Design Process to the SIMILAR

Validating system requirements means bringing all requirg’mcess points out that it had fragmented functions and missing
ments together to see if they are consistent and complete. fg@ctions. The functionState the Problem, Discover Require-
it rightfully maps to integration. Thask whysection exhorts ments,and Write Behavioral Scenarioshould be combined
engineers to ask why each requirement is needed. The purpbé@ one function callediscover Requirement3 heIntegrate
is to help eliminate unneeded requirements and reveal #dRe-evaluatdunctions seem to be missing. Let us now try
true requirements. Thus, it is a step in evaluating altern® ameliorate these deficiencies.
tive requirements. Therefore, it is mapped to the investigateOne of the first and most important steps in applying the
alternatives function of the SIMILAR Process. SIMILAR Process is identifying precisely the process to be
However, this mapping shows fragmented, missing, afgscribed. In this example, we want to describe the System
extraneous functions. The functiondentify Customers and Design Process specifically for the preliminary design phase.
Stakeholders, Understand the Customer’s Needsl Define The resulting New System Design Process is shown in Fig. 4.
and State the Problerare fragmented (or decomposed). TheyVe think the New System Design Process of Fig. 4 is easier
should be combined into one functioState the Problem to explain and understand than the old one in Fig. 3.
The two sections dealing with reviews should be combinedSome  people, particularly those raised  with
into one. TheRe-evaluatefunction is missing in Table I. MIL-STD-499A, think the first job of systems engineering is
This function was in the original document [5], but it wasstating the functions that the system must perform to satisfy
buried. The function®escribe Verification, Define Technicalits purpose. Other people, particularly those with extensive
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TABLE IV

The SIMILAR Process
State the Problem
Investigate Alternatives

The New System Design Process
Discover Requirements
Describe Alternative Concepts

Investigate Alternatives Ask Why Each Requirement is Needed
Model the System Define Figures of Merit

Integrate

Validate the Set of System Requirements

Launch the System

‘Write System Requirements

Assess Performance

Check Validity of Requirements,
Review Requirements with customer

Model the System

Define Functions

Integrate

Define Subsystems & Interfaces

Launch the System

Create Designs

Assess Performance

Evaluate Designs

Re-evaluate

Redesign

Re-evaluate Rewrite requircments
TABLE 111
The SIMILAR Process The Old System Design Process
(Bahill, Bentz and Dean)
State the Problem State the Problem,

Discover Requirements,
‘Write Behavioral Scenarios

Investigate Alternatives

Investigate Alternative Designs
Using Simulations & Experiments

Model the System

Create Models

Integrate

Launch the System
Assess Performance

Design Product & Process
Question Feasible Solution

Re-evaluate

identify the system’s

requirements.

alternatives also helps requirements discovery. Of course,
more than three alternatives will usually be investigated.
Fig. 4 shows three alternatives to emphasize that alternative
concepts can be investigated in parallel. To help validate this
New System Design Process let us map it to the SIMILAR
Process, as shown in Table IV.

It is important to note that processes mapped to the SIMI-
LAR Process will not maintain their temporal sequencing. The
right columns of these tables do not have time running from
top to bottom. Time sequencing varies for different processes.
Indeed, although Fig. 1 implies a serial process, in most cases,

management or business experience, think the requiremengy functions will be done in parallel.

must be discovered first; then the functions can be statedAfter Bahill, who was the principle architect of the Require-
Fig. 4 shows it as a parallel and iterative process. Firgtents Discovery Process of Table | and of the System Design
look at system requirements, then at system functions. Therpcess of Fig. 3, completed his work, he initiated further
reexamine the requirements and functions. Then reassesssthigy in the processes that comprise the design phase. Based on
requirements, functions, etc. Finding the system’s functiostudy and the development of the SIMILAR Process, Figs. 2

Investigatingnd 4 were produced, which provides vast improvements.
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Fig. 5. Design portion of the Systems Engineering Process.

Now that we have a System Design Process, we will haveAlthough it seems that the Systems Design Process has
to customize it to apply it in the various phases of the systeneen applied like a cookie cutter to preliminary designs,
lifecycle. models, prototypes, and the real system, the emphasis should

The Systems Engineering Process has a vertical hierarchg. different in each application. In the preliminary design
It is applied at levels of greater and greater detail: it ighase, the emphasis should be on discovering requirements
applied to the system, then to the subsystems, then to #rel defining functions, with some effort devoted to alternatives
components, etc. It is applied to the system being design@ad interfaces. In the modeling phase, the emphasis should
and to the enterprise in which the system will operate. It Be on alternatives, interfaces, and designs, with some effort
also applied horizontally. It is applied to alternative-1, theflevoted to rewriting requirements and redefining functions.
to alternative-2, then to alternative-3, etc. It is applied t the prototype phase, the emphasis should be on evaluating
component-1, component-2, component-3, etc. This procéBe prototypes. Finally, when applied to the real system, the
is hierarchical, repetitive, recursive, iterative, and much of @nphasis should be on evaluation. Fig. 6 shows where each

is done in parallel. function is emphasized.
The fact that the Requirements Discovery Process (Fig. 2)
is a subprocess in the System Design Process (Fig. 4) and that IV. ASSESSMENT ANDRE-EVALUATION

the System Design Process is a subprocess in the System]sh
Engineering Process of Fig. 5 illustrates the hierarchical na-

; . ! IS
re of m engineerin I 71). We will now tr . ;
tre o s_yste engineering (see also [7]). We 0 t.guthors, both technical and nontechnical, to propose processes
to explain the repetitive aspect of the System Engineeri ST T
. . . . that have strong fundamental similarities. These similarities
Process. In Fig. 5, the System Design Process is applied {0

oreliminary designs, models, prototypes and to the real syste%%ve been encapsulated with the SIMILAR Process of Fig. 1.

. . ) ‘con ing th IMILAR Pr n help elimin re-
However, this process is not serial. Each of the loops wi econd, using the S ocess can hep € ate re

; ) . undant or extraneous functions and help ensure inclusion
be executed many times. Execution of the redesign loop In

. ) . " of necessary functions, as can be seen by comparing the
the upper Ieft_ IS Very Inexpensive and_ should be EXETCISBSty Requirements Discovery Process (Table I) to the New
often. Executlon of the redesgn loop in the lower right Ils-iequirements Discovery Process (Fig. 2 and Table 1) and the
EXpensIve, but should_be exercised when necessary. Wher a’System Design Process (Fig. 3 and Table IIl) to the New
execution of the redesgn loop from the lower right all the Wagystem Design Process (Fig. 4 and Table 1V). Third, there is a
back t0 the upper Igft Ivery expensive E_md_ should seldo rocess for doing systems engineering. It is repetitive, there are
be exercised. This just restates the principle of concurr

; ’ . { hltiple feedback loops, and many things are done in parallel,
engineering and integrated product development teams: dogpis suggested in Figs. 2, 4, and 5. For two years this paper

a through job early in the design process reduces the amoyals continually re-evaluated and improved. The processes it

of change in the production phase, which improves cost agflg anplied to (e.g., the Requirements Discovery Process and

qua!ity. the System Design Process) were re-evaluated many times.
Fig. 5, of course, only shows a part of the Systems Engpps re-evaluation is a very natural function.
neering Process. It omits purchasing, manufacturing, logistics,

maintenance, risk management, reliability, project manage-

ment, documentation, etc. [4]. Fig. 5 also omits the important APPENDIX

feedback loop from system outputs back to the customer ALTERNATIVES TO THE SIMILAR  PROCESS

needs. And we all know that educating the customer is a veryin order to test or verify the SIMILAR Process, we will
important task of systems engineering. now map it to many other engineering, business, and personal

is paper has made three major contributions. First, there
something about human reasoning that has caused many
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Fig. 6. Functions of the System Design Process in the phases of the system lifecycle. The size of the circle suggests the level of effort.

processes. We drew examples from many fields of endeavor TABLE V
to show the broad applicability of the SIMILAR Process. In

these mappingS, we used the words and format used in the The SIMILAR Process The Systems Engineering Consensus
original books and papers. Sometimes these words made the (Bahill and Dean, 1996)

. . . State the Problem Understanding customer needs,
mappings obvious. However, at other times, these words made Stating the problem,
the mappings difficult because different people use words Discovering system requircments,

. . Validating requirements
differently. In all cases, our mappings were based 0N OUr  Tivestigate Altermatives | Defining performance & cost figures of merit,
interpretation of the original authors’ intentions. Exploring alierative concepts,

Sensitivity analyses
Model the System Functional decomposition,
. . Syst: deling,
A. Systems Engineering Consensus sﬁtiﬂﬁlii;,“ y
. . . . . .. Risk management,
Systems engineering is an interdisciplinary process that Reliability analysis
ensures that the customer’s needs are satisfied throughout a Integratc g;::gr':fi‘ft:;‘fa:?j:aging interfaces,
system’s entire lifecycle. Bahill and Dean [4] developed a Launch the System Configuration management,
consensus of hundreds of senior engineers about what systems S;’g’ﬁﬁ;‘fﬁf:’"““
engineering is. They summarized it with 22 subprocesses. We  Assess Performance Prescribing tests,
think these subprocesses are self-explanatory. Therefore, we g‘o’:‘a‘}fy‘;“in design reviews.
will not repeat their explanations here: we merely list them Re-evaluate Improve quality

in the right column of Table V, which maps the Systems
Engineering Consensus to The SIMILAR Process.

For the last entry in this table, we used the words Impro
Quality from the original paper, rather than their paragraph tit
of Total Quality Management, because we thought ImprO\%M”‘AR Process._ . . .

Quality captured the intent of that paragraph better. In the rest of this appendix, each mapping will have less

It is important to note that processes mapped to the S”\(}Lescnptlon. We are trying to provide a gestalt that shows the
ILAR Process will not maintain the temporal sequencingreat commonality of a large number of processes.
of their functions. The right column of Table V does not )
have time running from top to bottom. Time sequencing- Design Process
varies for different processes. Indeed, many functions will One part of systems engineering is design. Table VI maps
often be performed concurrently. We place this note after thige Design Process of [7] to the SIMILAR Process.

yaystems Engineering Consensus because it is so obvious here.
flowever, the note applies to all processes that we map to the
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TABLE VI TABLE VI
The SIMILAR Process The Design Process The SIMILAR Process Boeing System Design Overview
(Braha and Maimon) (Dahlberg and Lowe)
State the Problem Need Assessment State the Problem Define operational objectives,
Investigate Alternatives Analysis Define external interfaces,
Model the System Decomposition Define mission funcnons,.
Integrate Synthesis i , Define measures of effectiveness
Investigate Alternatives Propose design concepts,
Launch the System )
- Select preferred concept
Assess Performance Testmg,l Model the System Evaluate concept effectiveness
Eva?uauon Integrate Verify mission capability
Re-evaluate Des¥g“ Adequacy, Launch the System Specify design criteria,
Design [mprovement Develop detailed design,

Deploy system {(Submit designs)

Assess Performance

TABLE VII Re-evaluate
The SIMILAR Process | The System Life Cycle Product Development Cycle TABLE IX
(Wymore, 1993) (Braha and Maimon)
State the Problem Discovering system requirements Market Needs
Investigate Alternatives | Concept exploration Conceptualization, The SIMILAR Process FRAT (Mar)
Research and development - - -
PR - - State the Problem Requirements - describing how well the functions
Model the System Full-scale engineering design, Design o 4
Manufacturing must be performe -
Integrate System integration and test Marketing Investigate Alternatives Answers - describing what performs the functions
Launch the System Operation and ce Manufacturing Model the System Functions - describing the behavior of the system
Assess Performance Testing Integrate
Re-evaluate Retirement, disposal & replacement | Mai e Launch the System
Assess Performance Tests - describing how to evaluate if the answer
performs the functions as required
Re-evaluate

They do not explicitly mention the functiohaunch the
System presumably because they think it is obvious that a

) . TABLE X
design process should Produce Designs.

The SIMILAR Process |
State the Problem
Investigate Alternatives,

C. System Lifecycle

Wymore [25], [26] has a mathematical theory for systenjédel the Svstem
engineering that helps prevent certain methodological migunch the System
takes. His theory is complex, but in Table VII, we map ongesferomance
simple part of it, the system lifecycle to the SIMILAR Process.
In this table, we also map the Product Development Cycle of

[7]. F. Scientific Method

Assessing performance is not a phase in the system life-rhe following definition comes fronwebster's Third New
cycle because performance should be assessed continu@i¥mational Dictionary “scientific methodn: the principals

throughout the system lifecycle. The mapping of Marketing,q procedures used in the systemic pursuit of intersub-

to Integrate may seem odd. But Braha and Maimon did n@lctively assessable knowledge and involving as necessary

place this marketing function up front to help with the problerpnditions the recognition and formulation of a problem,
statement. Temporally, they placed it after testing and befqigs collection of data through observation and if possible
maintenance. It is as if they are integrating the manufacturggeriment, the formulation of hypotheses, and the testing and
product into society. confirmation of the hypotheses formulated.” Table X shows
the mapping between this definition and the SIMILAR Process.
This seems to be a fairly standard definition of the scientific
process. But if you are a scientist, think about how you
Conduct your analysis and development. You follow the above
s. But after you have done them, you probably sit back,
consolidate your results, construct new hypotheses, design
experiments, and then cycle through the whole process
Qﬂdover again. Thus, you do re-evaluation. You also fit your
new discovery into the existing body of knowledge, which is
integration.

The Scientific Method (Webster)
recognition and formulation of a problem
formulation of hypotheses

collection of data through observation and if possible experiment
testing and confirmation of the hypotheses formulated

D. System Design at Boeing

The Systems Design Overview Course at Boeing [8] e
plains the process and products of a method for creating sys
designs. It is mapped to the SIMILAR Process in Table VIl

We believe that they have subsequently added material
their course notes to cover assessment of performance
re-evaluation.

E. FRAT Model

Mar [17] has said that the essence of systems engineerfig Fifth Discipline
can be captured with the acronym FRAT: functions, require- Sengeet al. [20] present strategies and tools for building
ments, answers, and tests. The mapping between the FRAT managing a learning organization. They summarize their
model and the SIMILAR Process is shown in Table IX. five disciplines as follows.
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TABLE XI
\
The SIMILAR Process The Fifth Discipline
Fieldbook (Senge et al.)
State the Problem Shared Vision

Investigate Alternatives

Model the System Mental Models
Integrate Team Learning
Launch the System Personal Mastery

Assess Performance,
Re-evaluate

Systems Thinking

N

Fig. 7. Shewhart cycle [22].
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Personal Masteryneans learning to expand personal capac- TABLE XII
ities to create results we most desire and creating an organized 7
environment that encourages all its members to develop them- The SIMILAR Process | The Shewhart Cycle
selves toward the goals and purposes they choose. puate the Problem, Flan
) . . nvestigate Alternatives
Mental Modelsmeans reflecting upon, continually clarify- Model the System, Do

ing and improving our internal pictures of the actions and
decisions, and seeing how they shape our world.

Integrate,
Launch the System

Assess Performance Check

Re-evaluate Act

Build Leadership
Team

Shared Visiormeans building a sense of commitment in a
group by developing shared images of the future we seek to
create and the principles and guiding practices by which we
hope to get there.

Team Learningneans transforming conversational and col-
lective thinking skills so that groups of people can reliably
develop intelligence and ability greater than the sum of indi-
vidual member talents.

Systems Thinkingneans understanding and describing the
forces and interrelationships that shape the behavior of the
systems. This discipline helps us see how to change the
systems more effectively and to act more in tune with the Siﬁi;;’gfgn S;;ff:;;‘;f:;
larger processes of the natural and economic world. Senge .
et al. make extensive use of feedback in their models, but
they do not use the mathematical techniques of systems
theory [23]. Their techniques are all qualitative: graphs and
sketches. Why? Because they want everyone to be able to
understand the models. If the feedback system models are
not understood by all, it will be difficult to get everyone
to buy in. This is also the philosophy of Quality Function People and
Deployment (QFD). It is a very simple tool. There are more Teams It
sophisticated tools that can do a better job. However, they Business Plan
are not as popular because QFD is so simple everyone can Integigtion
understand it. Senggt al. and QFD offer two examples of en-
gineering tools being simplified for use without mathematics.
Table XI shows how Senge’s disciplines map to the SIMILAR
Process.

The idea of investigating alternative designs is not explicitly
in this fieldbook. We think it should be. However, this is
difficult mapping because Sengeal.s disciplines are distinct
unto themselves, but also applicable to all the functions of
SIMILAR. In particular, systems thinking applies to all thd. Road Map to Business Excellence
functions of SIMILAR.

Create
Vision/Mission

External internal
Environment Capabilities

Assess Business Performance

A

]

Employee
Satisfaction

Reﬂection]

A

Case for Change

Establish Goals

Determine

Strategies
-

Deployment and
implementation

Diagnosis
and Review
3

Measure Resulits

ig. 8. Road map to business excellence from [12].

Many companies have good people, superior technology,
and are committed to improving shareholder, customer, and
employee satisfaction. But unfortunately their efforts to im-
H. Shewnhart Cycle prove are muddled because the organization has not followed

One of the oldest similar processes that we have fouadocused process to align the knowledge and initiative of the
is the Shewhart Cycle [22]. Plan-Do-Check-Act, which wasompany to the true business needs.
popularized in the 1950’s by Deming [9], is illustrated in Fig. 7 The Road Map to Business Excellence, shown in Fig. 8,
and is mapped to the SIMILAR Process in Table XII. was developed by Gissing [12] to provide business leadership
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TABLE XIlI they made the system better or worse. It should be a standard
part of the reengineering process.
The SIMILAR Process Road Map to Business Excellence
(Gissing)
State the Problem Create Vision/Mission .
Investigate Alternatives Establish Goals, K. Jack Welch at General Electric
NHodel e System i:ﬁzz‘:“;;is;::“gﬁomme Tichy and Sherman [24] analyze the steps that Jack Welch,
Integrate Business Plan Integration the Chief Executive Officer (CEO) of General Electric (GE),
Launch the System Deployment and Implementation took to transform the company. They trace actions that Welch
Assess Performance Measure Results X
Re-cvaluate Diagnosis and Review, took to move a successful company to a new and higher
Reflection plateau of performance. The financial performance from the
beginning, in 1981 to today has certainly delighted the share-
TABLE XIV holders.
It would be the envy of the systems engineers if the steps
The SIMILAR Process | Reengineering the Corporation and paths of.WeIc.h complied with the rigor and discipline of
— ;Ha:mer&lcha‘:ppk\() systems engineering. But unfortunately, Welch's path was er-
tate the Problem ‘undamental rethinking . . . « _age .
Tnvestigate Alternatives | Hunt for reengincering opportunities ratic, involving successful and unsuccessful initiatives. When
Model the System Model the business processes _ he started the transformation, Welch knew he had to change
Inteprate Relocate work across organizational boundaries
Launch the System Radical redesign GE, but he was not sure what would and would not work. The
Assess Performance Achieve dramatic improvements leadership that he displayed and the vision that described the

future state of GE were the foundation of his quest.
Looking back, we can develop a structure of what occurred.

a structured path to attaining business excellence. The resMifglch’s transformation went through three acts: Awakening,
of the process are clear goals and strategies, which are tMigion, and Revolution as a Way of Life. From a systems
broken into deployable tasks ready for empowered employedewpoint, each act was a discovery, instead of a planned stage.
to perform. Each step in the process is not new, but the keyTbe SIMILAR Process describes the process that a company
success is the integration of all steps into a usable and highlyould go through to transform the organization, but Welch
effective process. The process has been applied to seveaticed through the process learning and experimenting as he
companies in the last years with notable success. The Rgudgressed. Designing a hydraulic actuator versus designing
Map is an iterative process, thus the double arrows in Fig. @1 organization, which is totally aligned and focused on a
Table Xl shows how the Road Map to Business Excellena®mmon set of goals, is very different. The big difference is
maps to the SIMILAR Process. people. This was Welch’s biggest challenge. Welch used the

In this table, we have mapped Assess Business Performastps of the SIMILAR Process in each of the “Acts.” The
to Model the System. This is appropriate because in thacts” were self-contained, but as progress slowed, Welch
business environment, models and simulations are run rageveloped his thinking with new concepts and processes.
analyze the business performance and find the as is and,
through analysis, determine tiie be .
L. Covey’s 7 Habits

Covey’s [10]7 Habits of Highly Effective Peoplpresents
principles that are designed to help individual people solve

Hammer and Champy [14] define reengineering as “the futihieir personal and professional problems. These principles
damental rethinking and radical redesign of business processas help people adapt to change and take advantage of
to achieve dramatic improvements in critical, contemporagpportunities that change creates. These are his seven habits.
measures of performance, such as cost, quality, service, antliabit 1) Be Proactive: This means that we are responsible
speed” [14, p. 32]. They emphasize that we must focus &or our own lives. We can and should do things to change
business processes, not on tasks, jobs, people, or structaslives. Our behavior is a function of our decisions, not our
[14, p. 35]. Thus, they are telling us to model the businessnditions. We must change the things that we can change and
in terms of processes. They say that when we relocate wacept the things that we cannot.
across organizational boundaries [14, p. 61] work units changeHabit 2) Begin with the End in MindThe most effective
from functional departments to process teams [14, p. 65Jay to begin with the end in mind is to develop a personal
This is the integration process. Their chapter “The Humbission statement focusing on what you want to be and want
For Reengineering Opportunities” illustrates how companiés do. Your mission statement is the solid expression of your
identify their business processes and suggests techniquesvision and values. Rewriting your mission statement forces
selecting the processes that should be reengineered. Table Yt to think through your priorities and align your behavior
shows how Hammer and Champy’s book can be mappedwih your beliefs.
the SIMILAR Process. Habit 3) Put First Things First: This habit encourages you

Hammer and Champy’'s reengineering process seemstdoinvestigate your daily activities and give priority to im-
lack the functionRe-evaluate We think people who have portant, but not urgent activities, like building relationships
reengineered a system should look back and evaluate wheted planning. It suggests that you identify and prioritize your

J. Reengineering the Corporation
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TABLE XV TABLE XVI
The SIMILAR Process 7 Habits of Highly The SIMILAR Process The Wisdom of Teams
Effective People (Covey) {Katzenbach and Smith)
State the Problem Begin with the End in Mind State the Problem Common purpose and performance goals
Investigate Alternatives Put First Things First Investigate Alternatives Common approach
Model the System Think Win/Win Model the System Balanced performance ethic
Integrate Synergize Integrate Hold themselves mutually accountable,
Launch the System Be Proactive Exploit the potential of teams
Assess Performance Seek First to Understand, Launch the System Do real work
Then to Be Understood Assess Performance Focus on performance
Re-evaluate Sharpen the Saw Re-cvaluate
key roles. Select two or three goals for each role. And then TABLE XVII
schedule time to work on each goal.

Habit 4) Think Win/Win: This principle encourages you to The SIMILAR Process Arizona Budget Reform Act
understand (or make mental models of) human interactions and St the Problem Ahission and principles,
suggests ways of working with people to produce mutually Investigate Alternatives Goals & objectives
beneficial outcomes. Model the System

. . Integrate

Habit 5) Seek First to Understand, Then to Be Under- Launch the System Action plans
stood: Diagnose before you prescribe. Understand system Assess Performunce Use performance measures,

. . . 3 Do internal/external assessment,
performance before you try to change it. Listening with the Conduct monitoring & tracking
intent to understand is called empathic listening. “Empathic Re-evaluate

listening is so powerful because it gives you accurate data to

WO:;l;Nitltg) S[i/%e%izzeﬁl'll'ke whole is greater than the sum o roach for which they hold themselves mutually accountable.

its parts. The interactions between people add value to t gams need to develop acommon approach_ [16, p. 45]’.Wh'Ch
organization. means that they should investigate alternative economic, ad-

Habit 7) Sharpen the Sawie should continually eValuateministrative, and social ways of working together. Individuals
progress and strive to improve our physical, social/emotiongI]USt be mtegrat_ed Into teams_. Holding themselves mu_tually
spiritual, and mental dimensions. ac¢countable, which means being evaluated as a team, instead

Table XV shows how Covey’s seven habits can be mapp%& gssndw;dga_lsi e?hhances t.h |st_|nteg|2a'5[|on. t,:\ Isc;, tezmss nlaSt
to the SIMILAR Process. e integrated into the organization. Katzenbach and Smith’s

There are people who think that Seek First to Understar{&G’ Part ThreeExploiting the Potentiabegins with “teams

Then to Be Understood means you should first try to figure o\ﬁv{" be the primary building blocks of company pe_rforma_nce
the organization of the future.. Such organizations will

how the other person thinks, and therefore, this habit shodﬁ(ﬁ)t romote teams for their own sake. Rather. the performance
map to Investigate Alternatives. P Ir ow ' ' P

In our development tables, we have deliberately listed ea H"C of the company—that is, the focus on balanced results

function only once in a column. Sometimes this restrictio at benefit customers, employees, shareholder, and other key

caused difficulties, but we think it makes the mappings mo gnstituencies—will generate the challenges that give rise to

meaningful. Haimes and Schneiter [13] did not do this. F a?;?ﬁ{érlzeal?qrclin:ﬁ;yt:aoalren(s)ft:woari ;ne?:/ae??trne;;;lto Iﬁgus i?/r:a
example, they mapped habit 5, Seek First to Understand, THEH ' y, ey g
uncommon statement of common sense: to be successful

to Be Understood, onto their systems engineering tasks . .,
1) determine objectives, goals, performance criteria, and pt ams must “do real work” [16, p. 144]. Table XvI shows how

pose and 2) communicate the solution to the client. They al lof Zgg%in:h(;ftzﬁim:oaopks cggetzen(ftl'\r/lellggrlr_\:r:erﬁgerses.evaluation

mapped their systems engineering task, determine ObjeCti\t;ft{g
oals, performance criteria, and purpose, onto Covey's Hahjts. o .

9 P PuP y is was a difficult mapping because the SIMILAR Process

1) Begin with the End in Mind, 2) Think Win/Win, and 3) ) .
Seek First to Understand, Then to Be Understood. They us%?]d The Wisdom of Teams work toward different ends.

a different method because they had a different purpose. They
were merely showing similarities, whereas we are trying td. Arizona Budget Reform Act
create a universal template.

the problem the team was to solve. We think they should.

Arizona’s Strategic Planning Advisory Committee evaluated
i the strategic plans of 34 state agencies [2]. They found that
M. The Wisdom of Teams few were developed with any consideration of customer needs

Katzenbach and Smith [16] wanted to explain why teants employee participation. Virtually none had links to perfor-
outperform individuals, show what is necessary to make raalnce measures. Many agencies had strategic plans and total
teams, and state what high-performance teams do. They hguality management, but the strategic plans had no relationship
a succinct definition of a team, as follows. “A team is & the quality plans. Therefore, the committee developed
small number of people with complementary skills who arguidelines to help state agencies do strategic planning. Their
committed to a common purpose, performance goals, and apacesses are shown in Table XVII.
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TABLE XVIlI

The SIMILAR Process

The Manufacturing Process

TABLE XIX

The SIMILAR Process

IEEE 1220 Systems Eng ing Process

State the Problem

Receive program plan,
Discover requirements,
Develop preliminary manufacturing plan

State the Problem

Requirements Analysis (6.1)

Investigate Alternatives

Analyze various manufacturing plans,
Determine tooling and facility plan,
Determine optimum make or buy plan,
Conduct tradeoff studies

Investigate Alternatives

Synthesis (6.5)
Systemns Analysis (6.7)

Model the System

Functional Analysis (6.3)

Integrate

Launch the System

Synthesis (6.5)

Model the System

Simulate the manufacturing process,
Finalize the manufacturing plan

Assess Performance

Control (6.8)

Integrate

Negotiate design release dates,
Assure manufacturing plan supports program plan

Launch the System

Release program plan,

Release production schedules,
Initiate detailed production planning,
Initiate tool design,

Release orders to production,
Release purchase orders,

Acquire facilities and machines

Re-evaluate Requirements Baseline Validation (6.2)
Functional Verification (6.4)
Physical Verification (6.6)
TABLE XX
The SIMILAR Process EJA 632 System Design Process (4.3)

Assess Performance

Monitor performance to program metrics,
Conduct quality assurance tests

State the Problem

Requirements Definition Process (4.3.1)

Re-evaluate

Improve manufacturing plan

Investigate Alternatives

Solution Definition Process (4.3.2)
Regs. 17a &b, 18 c & d, 22 and 23

Model the System

Logical Solution Representations (Req. 17)

Intcgrate

Identify and define interfaces (Req. 17b2)

Launch the System

Product Realization (4.4)

Assess Performance

Product Verification Process (4.5.3)

This legislation [1] was written by politicians. They read
about modern management practices, but did not read rele-
vant engineering publications. Consequently, they missed the

important modeling, integrating, and re-evaluating functiongjesign (6.5.15). We think these integration functions should
be combined and mentioned at a higher level. Similarly, we
O. Manufacturing Systems think the three Re-evaluate functions should be combined.
The manufacturing process is the result of numerous inputsThe high-level section headings of EIA 632 produced poor
that eventually come together in the delivery of a finishe@appings. There were many extraneous functions and many
product to the customer. It starts with the development 8fnctions were missing. For example, it ignores feedback of
requirements, whether they are customer inspired or interndifiie Re-evaluate function. This document contains lots of good
generated. Next, manufacturing specialists are brought irgiiff, but this good stuff is not organized. Furthermore, it is not
the process to help determine the best way to transform tgood description of a system or of a process for producing
requirements into a finished product. The main effort, in thsystem. Nevertheless, some subsections could be mapped to
initial phases of the program, is spent by the engineers wite SIMILAR Process, as is shown in Table XX.
design the concept and details of the product. Manufacturing’'sThe System Design Process (4.3) seems to constitute a
task is to determine if the design can be manufactured a@ensistent process whose purpose is to define requirements
provide input to the designers that make the product affordab®d transform them into a set of design solutions. However,
producible, and satisfy the requirements. The process doesthig process lacks clarity. The level of detail varies from
operate in series but takes place concurrently with the parti¢hole sections to single notes. For documents describing
ipation of many disciplines. The manufacturing organizatiod process or system, the section headings should map to
pulls together the program plan, design, schedule, and cthg SIMILAR Process. Furthermore, successive versions of
requirements and starts to develop the optimum manufacturidglocument should follow an evolutionary not a revolutionary
plan. However, the manufacturing plan is not produced infdocess.
vacuum. There is a continuous interface and dialogue with the
designers and other involved disciplines. The manufacturiqy Generalizations

process can be mapped to the SIMILAR process, as is ShoWRris appendix has tried to show that within both technical

in Table XVIII. and nontechnical methodologies there are many similarities
, with the concepts of systems engineering: Structure, Interrela-

P. Emerging Standards tionships, Tests, Feedback, Analysis, etc. are all part of Covey,

We tried to map the SIMILAR Process to the two emergin§engeet al., and Wymore’s work [10], [20], [21], [25], [26].
standards for systems engineering, namely, IEEE 1220 [IH}e concepts are different, but they should be, because they
and EIA 632 [11]. The heart of IEEE 1220 is Section 6 thatesign to different parameters and have different payoff times.
describes the Systems Engineering Process, whose purpbse key root is the application of systems thinking. Because
is to transform a customer’'s needs into a system solutiaf. the similarities of the processes from such diverse fields,
Table XIX shows the mapping of this section to the SIMILARwe think that there is something in the SIMILAR Process that
Process. maps closely to human thinking.

Although the Integrate function is missing at the high On the other hand, the SIMILAR Process may map well
level, it is considered at lower levels for requirements (6.1.4Q such disparate processes because it describes a logically
functions (6.3.1.2), physical interfaces (6.5.7), and the finabnsistent and effective means of problem solving. The fact

Re-evaluate

Many tasks are highly iterative (4.3 note 5)
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that so many authors continue to describe the process suggegtsb. Braha and O. Maimon, “The design process: Properties, paradigms,

that humans have a tendency to think in a disorganized way
and need to be continually reminded about systems thinkingg
What makes the SIMILAR Process so generic? It has seven
functions, which matches human information capacity [19].[9]
The process follows the thinking process that takes a thougty
or an idea from conception state (State the Problem) through
analysis, development, and production of an output that th

and structure,lEEE Trans. Syst., Man, Cybern, ¥ol. 27, pp. 146-166,
Jan. 1997.

S. O. Dahlberg and R. Low&|otes for Systems Design Overview Course
no. 9SV076Boeing Inf., Space Defense Syst., Kent, WA, 1997.

W. E. Deming,Out of the Crisis Cambridge, MA: MIT Center Adv.
Eng. Study, 1982.

S. R. Covey,The 7 Habits of Highly Effective PeopleNew York:
Simon & Schuster, 1989.

] EIA Standard, Process for Engineering a System, EIA &28sion 1.0,

1998.

has to be assessed to assure that the performance equalsB. GissingRoad Map to Business ExcellenceNew York: Wight, 1996.

the fundamentals of the thought or idea. When the cycle [
complete, we sit back and determine if we are satisfied with
the result. The process pushes us to think differently, not orii]
in a structured disciplined manner, but also to open up Oti[s]
minds to a new paradigm. The SIMILAR Process seems to
have the functions that are necessary to explain how to 86l
something. For particular tasks, some of these functions miqlp;]
be combined or omitted. However, no additional functions are
commonly performed. 18]
The SIMILAR Process is dynamic. It evolves with time.
In dealing with complex systems, people start with a simple
process and embellish it as they learn more about the systéjrﬂ].
The SIMILAR Process is hierarchical. It is applied at levels of
greater and greater detail. It is applied to the system, then(26l
the subsystems, components, etc. It is also applied horizontqu]
and to alternative-1, then to alternative-2, alternative-3, etc.
The SIMILAR Process is dynamic, hierarchical, recursivé??]
iterative, and much of it is done in parallel. Because of thgs
analogy to pictures that are created with fractal algorithms,
we say that the SIMILAR Process is a fractal process.
[25]
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