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METHOD AND SYSTEM FOR DECISION 
ORIENTED SYSTEMS ENGINEERING 

RELATED APPLICATIONS 

[0001] This application is a non-provisional application 
claiming priority to US. provisional application No. 60/354, 
180, ?led on Feb. 4, 2002, Which is incorporated herein for 
all purposes. 

FIELD OF THE INVENTION 

[0002] The invention in general relates to the ?elds of 
management, operations, strategy, and engineering, and 
more particularly to the interdisciplinary ?eld of systems 
engineering. 

BACKGROUND 

[0003] Function allocation is the assignment of function 
responsibility to people, softWare, and hardWare. Function 
allocation is arguably the most signi?cant challenge facing 
System Engineering in the design of large, complex systems. 
Currently, there are no structured, systematic approaches in 
systems engineering practice that adequately address the 
function allocation challenge. 

[0004] To address the function allocation challenge, most 
systems engineering practices employ a process or func 
tional vieW of the system early in the design effort to capture 
requirements and conceptualiZe the design. Process-driven 
or function-driven approaches are very limited because they 
too quickly focus on hoW things are done. By focusing too 
soon on hoW things are done, should be done, or might be 
done, system design options can be prematurely constrained 
early in the design effort. 

[0005] Those practices that do not employ a functional 
vieW of the system often use obj ect-oriented or task oriented 
approaches to accomplish the same result. Object oriented 
methods link behaviors to objects early. Object-oriented 
methods require the development of an object model early. 
Whether they are called behaviors or functions, they are 
associated With objects and in so doing, there is often a 
premature assignment of functions to objects, prior to proper 
consideration of man-machine issues. Task oriented meth 
ods can be superior, but they also too quickly concern the 
designers With hoW things are done. 

[0006] Accordingly, it Would also be advantageous to 
provide a more structured, systematic approach to function 
allocation Without prematurely constraining the system 
design. Similarly, it Would be advantageous to directly link 
requirements capture to function allocation estimates and in 
so doing, develop design options for comparative evaluation 
before having to deal With the constraints of a functional or 
process model. An ideal solution Would provide an evolu 
tionary frameWork that dovetails With state-of-the art Sys 
tem Engineering tools and practices, While capable of sup 
porting and sustaining a holistic treatment of diverse issues 
such as training, automation, manning, softWare develop 
ment requirements (including Human Computer Interface 
issues), legacy system use, and requirements for neW system 
developments. Just such a solution to the problems noted 
above and more, is made possible by my invention. 

SUMMARY 

[0007] An illustrative summary of my invention, With 
particular reference to the detailed embodiment described 
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beloW, includes a method for building complex systems that 
begins With the construction of a decision model to capture 
the decision making requirements of the system. This infor 
mation is then used to guide all other design efforts. The 
method described here differs from prior approaches in that 
it is aimed at ?rst analyZing a decision making vieW of the 
system. A decision making vieW is one focused on the 
decision making support requirements of the system When 
used by the people, intelligent agents, or some combination 
thereof. In the decision making vieW, the people (intelligent 
agents) are considered part of the system from the outset. An 
early and proper understanding of the decision making 
requirements for the system is critical to efficient design. 

[0008] Here, a novel, systematic approach to the problem 
of human-centered design and the challenge of function 
allocation is described. This method of Decision-Oriented 
Systems Engineering (or DOSE for short), employs a multi 
step process that generates decision modeling tools such as 
a “knoWledge map” and other artifacts, and thereby articu 
lates decision-making support requirements and captures 
function allocation design decisions. 

[0009] In DOSE a decision model of system responsibili 
ties (represented via knoWledge maps and referred to as 
knoWledge cells) is constructed. This decision model serves 
as a frameWork to evolve requirements and design. The 
decision model is represented With decision chains, knoWl 
edge evolution summaries, and specialiZed knoWledge 
maps. These graphics vehicles are used to capture system 
responsibilities, analyZe these responsibilities for possible 
simpli?cation, reassignment, automation, etc., and ulti 
mately record allocation decisions for hardWare, softWare, 
and people responsibilities in ful?lling the overall system 
responsibilities. 

THE DRAWING 

[0010] The invention may be more readily appreciated 
from the folloWing detailed description, When read in con 
junction With the accompanying draWings, in Which: 

[0011] FIG. 1 is a How chart illustrating steps in designing 
a system using decision oriented systems engineering 
according to an embodiment of the invention; 

[0012] FIG. 2 illustrates a process for identifying key 
decisions used in step 2 of FIG. 1; 

[0013] FIG. 3 illustrates a process for capturing decision 
contexts in a knoWledge map according to step 3 of FIG. 1; 

[0014] FIG. 4 illustrates a process for capturing decision 
context, candidate contributing systems, and other decision 
product attributes in knoWledge evolution summaries 
according to step 4 of FIG. 1; 

[0015] FIG. 5 further illustrates aspects of knoWledge 
evolution summaries; 

[0016] FIG. 6 illustrates a process for capturing design 
attributes to complete knoWledge maps according to step 5 
of FIG. 1; 

[0017] FIG. 7 further illustrates aspects of a knoWledge 
map, in Which all nodes represent information products 
(including knoWledge, skills, and abilities that provide con 
text for information and decision products doWnstream); 
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[0018] FIG. 8 illustrates a description of DOSE knoWl 
edge map conventions according to a preferred embodiment 
of the invention; and 

[0019] FIG. 9 is an illustrative block diagram of one 
implementation of a partially automated system according to 
an embodiment of the invention. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT OF THE 

INVENTION 

[0020] Functional Requirements and DOSE. 

[0021] Functional requirements are typically requirements 
that are precise enough to buy hardWare or softWare With 
speci?c capabilities. For example, functional requirements 
for an electric motor may be readily stated, although there 
may be expert assessment needed to nail doWn speci?c 
parameters. Often there is uncertainty regarding the speci?cs 
of the motor’s range of operation: torque demands, transient 
loading, ambient operating environment, etc. In fact, the real 
test for an engineer is usually in selecting the lost cost 
effective motor that Will best satisfy its envelope of most 
likely demand With some applied safety factor. HoWever, 
consider this: before the motor can be siZed, We must 
understand the decisions that the motor Will be called on to 
support, What Will it be used for and What Will it be asked to 
do? To knoW this We should understand hoW it Will be used 
and, if there is any ?exibility in hoW it Will be used, and 
understand What human decisions it Will support. The DOSE 
method starts here, With these decisions. If any decision 
design is made Without a relatively complete understanding 
of the decision making support requirements that the motor 
might support, We run the risk of overly constraining motor 
requirements. 

[0022] An important objective, then, is to understand the 
decision-making support requirements ?rst, and use this 
information to drive the design process. The DOSE method 
begins by building a decision model that identi?es the 
critical decisions that must be managed and also identi?es 
all signi?cant information in Whatever form that may be 
called on to support the successful management of these 
critical decisions. 

[0023] The DOSE decision model satis?es these and other 
needs. To assist in the process, DOSE uses tools such as Key 
Decision Chains, Knowledge Evolution Summaries 
(KES’s), and DOSE Knowledge Maps (DOSE KM’s), 
described in more detail beloW, to represent a system and the 
important aspects of What it needs to accomplish. Working 
With available requirements documentation and subject mat 
ter experts from the appropriate problem domains, these Key 
Decision Chains, KES’s and DOSE KM’s are constructed to 
capture and characteriZe key cognitive decisions, their prod 
ucts, and required contextual information needed to support 
the key decisions, including key cognitive skills, experience, 
and abilities. 

[0024] If DOSE is consistently applied in tandem With 
other SE (Systems Engineering) practices, it simpli?es the 
design process considerably, especially the more complex 
systems involving teams Working With mixes of neW, evolv 
ing, and legacy systems. 
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[0025] A Preferred Embodiment of the DOSE Method. 

[0026] Successful Systems Engineering processes are 
typically marked by the evolution of multiple system vieWs 
in the design process. Each vieW focuses on certain aspects 
of the system being de?ned, often to the (temporary) exclu 
sion of other aspects that may be equally important. Typical 
to the use of the functional vieW is the notion that one can 
build a functional model of the system Without any differ 
entiation of things handled by the machine and things 
handled by the human. This assumption is rarely true. All 
large-scale, complex systems are marked by complex inter 
action among decision makers, operators, systems, and 
subsystems, hardWare and softWare. As the term implies, a 
complex system includes a combination of many associated, 
often interrelated parts, Which cannot be represented accu 
rately by a trivial model. 

[0027] It is the decision-making vieW that is the focus of 
DOSE, Which captures such knoWledge in a decision model 
of the system to lead the design process. When the decision 
model is extended to include potential key information 
products considered necessary by the subject matter experts 
to support the key decisions the decision model is effectively 
complete. 
[0028] Scenario-based design practices are used in the 
DOSE process. First, anticipated scenarios are screened for 
key, domain speci?c sets of responsibilities. For each major 
responsibility set, the system requirement may be couched 
as a set of decision responsibilities that must be successfully 
managed for successful system performance. Each set of 
decision responsibilities is called a knoWledge cell. To 
construct the decision models to represent the domain 
speci?c responsibility sets, a knoWledge mapping technique 
is used. As an analysis technique, knoWledge mapping has 
been applied in several ?elds. KnoWledge mapping has been 
applied in Decision Analysis, KnoWledge Based System 
Design, and Information Management Systems, often under 
a different set of conventions. The knoWledge mapping used 
here has been developed to support a systems engineering 
focus: it uses simple conventions covering only selected 
aspects of the system under design, focusing on aspects 
intended to complement other more traditional system 
vieWs, especially the functional and structural vieWs. 

[0029] In applying the DOSE method one begins ?rst by 
characteriZing a system in terms of its evolution of knoWl 
edge: data to information to decision products (representing 
decisions made) and their byproducts. It is these cognitive 
decisions that can be said to represent the key substance of 
the information system being designed, the essential data 
upon Which to build. 

[0030] The knoWledge maps of DOSE capture the key 
decisions of the problem domain by abstracting decision 
products for each of the key decisions. These decision 
products may then be presented as nodes on a directed graph 
designed to represent the evolution of knoWledge in a 
system (inclusive of the human complement) from loWer 
level states to higher-level states. Every node on a DOSE 
knoWledge map represents an information product in a form 
that may be recorded or at least described. In depicting this 
“evolution” of knoWledge on a knoWledge map, nodes 
generally proceed from data to information to decision 
products and their by-products (such as messages or direc 
tives resulting from this evolution). The complete knoWl 
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edge evolution depicted in the knowledge map represents 
the DOSE method’s current understanding of the knowledge 
cell and its extent. 

[0031] A DOSE Knowledge Map as an Evolution. 

[0032] One should recogniZe that the knowledge maps of 
DOSE represent an evolution of data to information to 
decision products, etc., and not a data ?ow. The notion of a 
“?ow” typically carries with it intrinsic notions of continuity 
and conservation, notions that would be misleading in the 
use of the DOSE knowledge maps. The evolution of knowl 
edge that is represented on a DOSE knowledge map repre 
sents an evolution of decision contexts to support some set 
of decision choices that must be made for successful man 
agement of the problem domain. The knowledge map is 
meant to capture the “superset” of key information, support 
ing decision products, human knowledge, skills and abilities 
that may be brought into play to make the key decisions. No 
two individuals or teams of individuals will rely on exactly 
the same contextual support or use it in the same way. The 
knowledge map is designed to capture the superset of 
available information so that any particular decision maker’s 
needs have been recorded so that system designers may be 
prepared to present it for the decision maker’s use (if the 
information is available) when it may be useful. In certain 
instances, decision makers using the system may be called 
upon to make decisions when the information they deem 
critical is not available. This is perhaps the most important 
reason to maintain the distinction between an evolution of 
knowledge and a How of information, and herein lies one of 
the several advantages of using knowledge mapping to 
represent high level system requirements. There is no 
requirement for all information elements to be available for 
decision responsibilities to be supported, and in turn, for a 
given system (designed to support these decision responsi 
bilities) to be able to operate. 

[0033] The following, together with FIGS. 1 through 5, 
provide an illustrative example of the DOSE method. The 
designer typically begins with a delineation of sets of 
decision responsibilities in the domain that need to be 
spanned to cover all that the system will be expected handle. 
In partitioning these “sets of decision responsibilities” it is 
preferable to be responsive and remain malleable to more 
ef?cient partitions (or better de?ned knowledge cells) as 
they become apparent. Knowledge partitions are ef?cient if 
they meet the following criteria: the de?ned set of decision 
responsibilities (knowledge cell) should represent a reason 
ably “complete”, assignable duty or responsibility that one 
could expect to levy on an individual or team as a whole. 
Does the assignable responsibility require a related set of 
knowledge skills and abilities, perhaps because of the prob 
lem domain? 

[0034] For each domain area, key decisions are identi?ed 
and abstracted into decision products that sketch out a ?rst 
cut at a knowledge map that represents the set of decision 
responsibilities that must be managed for successful opera 
tion. This information is ?rst captured in a Key Decision 
Chain, next in a Knowledge Evolution Summary, and ?nally 
in a DOSE Knowledge Map. 

[0035] The knowledge map is “?eshed out” by adding all 
known contexts necessary to support decision-making 
requirements. By “context” we mean those information 
elements, and that human knowledge, skills, and abilities, 
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and any other decision products considered necessary to 
support key the decisions that must be managed. Informa 
tion products whose generation may be supported wholly or 
in part by automation are also identi?ed. Known system 
responsibilities for low-level information feeding higher 
level decision products are identi?ed. Finally, design choices 
are made regarding which information products can be 
automated and to what level and are recorded on the 
knowledge map. Consistent with design decisions, sources 
for information products are identi?ed, whether they are to 
be provided by legacy systems, new systems, people, or any 
combination thereof. The preferred method of capturing the 
information is to get the subject matter experts (SME) to 
focus on naming the key decisions, establishing the order in 
which decisions are made, and try and capture as much 
context as possible while keeping the SMEs from arguing 
about how better decisions are made. There can be a real art 
to this as few people can put on the hat of facilitator (and 
recorder) and refrain from engaging the SMEs as fellow 
experts, but good Knowledge Engineers can do this well as 
they focus on elicitation and structuring the information. 

[0036] An Example of DOSE Method Mechanics 

[0037] The following is a more speci?c example of how 
DOSE may be implemented. For illustration purposes this is 
described in the context of a complex system in the form of 
an advanced naval ship system. Those skilled in the art will 
recogniZe its applicability to any other system design, 
including those of substantially less complexity. In other 
words, any system that involves or supports people in some 
activity can bene?t from DOSE. 

[0038] Step 1. Partition Decision Responsibilities and 
Identify Knowledge Cells; Identify Decision Objectives and 
High Level Quality Targets for the Knowledge Cells (see 
FIG. 1, blocks 1a, 1b, 1c, and 1d). 

[0039] Using DOSE, the process begins with a partition 
ing of responsibilities for system operation into mission 
areas and problem domains (decision responsibility sets). 
Operations Subject Matter Experts (SMEs) are polled in this 
effort. The partitioning effort should follow this rule: The 
span of required decision management responsibility should 
be consistent with what an Operations SME would consider 
a reasonable assignment for either an individual or a team of 
people collaborating in the effort. Preferably one limits the 
decision space for the partition to those decisions that are 
integral to the decision objectives. If one does not follow this 
rule, the knowledge map may be more complex than is 
needed to insure that human system interaction issues are 
addressed for the given problem domain, and it will even 
tually become evident that the knowledge map would be 
better if partitioned into a few components. 

[0040] Step 2. Capture Key Decisions; Prepare Decision 
Chain; De?ne & Establish Quality Targets (see FIG. 1, 
blocks 2a, 2b, and 2c, and FIG. 2). 

[0041] Once the responsibility sets are partitioned and 
established, one is ready to proceed with the capture of key 
decisions for the Knowledge Maps. After selecting one of 
the partitioned responsibility sets we proceed to name the 
key decisions and decision products. This is the basis for 
developing a Decision Chain. 

[0042] Recognizing that the Decision Chain, KES, and 
ultimately the DOSE Knowledge Map are meant to capture 
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a knowledge evolution, one advantageous approach is the 
use of a “?ight of stairs” metaphor during the knowledge 
engineering interview of Subject Matter Experts (SMEs) to 
help focus the interview on those key decision products that 
would represent successful management of the responsibili 
ties. The SMEs are operations experts with hands-on expe 
rience in using similar systems and operating in the domain 
environment and design experts familiar with systems func 
tions (domain and component systems and software engi 
neers) in the domain. Here it is important to ?rst name the 
“top step”, the end product/s of the knowledge evolution. 
This gives us a target to shoot for and determines when 
we’ve ?nished. Each decision and decision product is iden 
ti?ed to complete an evolution or chain that culminates in 
the decision product on the top step. 

[0043] In naming the decisions we look for labels that 
would be appropriate for the decision made, making every 
effort to avoid concerning ourselves with the alternative 
values or states of the decision. (This can usually be done 
unless they are fundamental to the responsibility set; for 
example, a decision that triggers the activation of another 
responsibility set.) 
[0044] Alternately, one can also start at the bottom with 
the early decisions and proceed until the culminating deci 
sion has been named. For example, in FIG. 3 one could start 
by identifying decisions A and D and de?ning their associ 
ated decision products. 

[0045] The success of any system is measured by the 
degree to which the people using the system successfully 
manage their responsibilities. To this end, “Quality Targets” 
may be assigned for rating how good the decisions must be. 
A high level statement of how well the knowledge cell 
should be managed is needed ?rst. (See block 1c of FIG. 1.) 

[0046] Step 3. Capture/Resolve Required Decision Con 
text; Develop Initial DOSE Knowledge Maps (KMs) and 
Knowledge Evolution Summaries (KESs) (see FIG. 1, 
blocks 3a, 3b, and 3c, and FIG. 3.) 

[0047] Next, each decision and decision product is iden 
ti?ed to complete a chain that takes us to the decision 
product named in step 2. In naming the decisions we look for 
labels that would be appropriate for the decision made, 
making every effort to avoid concerning ourselves with the 
alternative values or states of the decision. (This can usually 
be done unless they are fundamental to the responsibility set; 
for example, a decision that triggers the activation of another 
responsibility set.) The decisions and decision products are 
placed in a table (a knowledge evolution summary) that 
contains additional contextual information considered 
important to the decision. At this point the focus is on 
capturing the requirements and the job is done when the 
required decision context is considered complete. 

[0048] As the decisions or decision products are named it 
is preferred to constrain one’s thinking to only what is 
speci?cally needed to support the humans working with the 
new system and all that would constitute successful man 
agement of the responsibility set, and no more. Though we 
are not initially interested in understanding the intricacies of 
how things may be accomplished, some of this becomes 
useful when one begins constructing knowledge maps to 
re?ect the design. Finally, it is critically important to capture 
all human cognition along the way, even the little stuff. This 
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would include anything that might ?nd its way into an 
educational curriculum or experience pro?le. Usually the 
preferable way to elicit this kind of information is to ask 
questions, examples of which might include: “What will 
make you comfortable in making the decision? How could 
you make the decision more quickly? What are the sources 
of uncertainty in making the decisions? Who are best at 
making these kinds of decisions? How much luck do you 
think is involved in making consistently good decisions, 
how would one remove the need for luck. What would be 
necessary for a easily defensible decision after the fact? Do 
personality types make a difference, and how? How impor 
tant is it to be risk averse or risk tolerant and under what 
conditions do you think performance would be equal?” 

[0049] The DOSE method is also used to de?ne quality 
targets for individual decision products. The system should 
allow access to suf?cient information of adequate quality to 
allow decision makers of given experience and capability to 
successfully manage the decision space. This requires the 
de?nition of individual quality requirements for each of the 
decision products in a given knowledge cell. (See FIG. 1, 
block 3a, also FIG. 5). 

[0050] The DOSE knowledge map is designed to capture 
the superset of available information so that any particular 
decision maker’s needs have been recorded so that system 
designers may be prepared to present it for the decision 
maker’s use (if the information is available) when it may be 
useful. The knowledge mapping used here has been devel 
oped to support a systems engineering focus: it uses simple 
conventions covering only a select few aspects of the system 
under design, focusing on aspects intended to complement 
other more traditional system views, especially the func 
tional and structural views. 

[0051] The knowledge maps of DOSE capture the key 
decisions of the problem domain by naming decision prod 
ucts for each of the key decisions, and presenting these 
decision products as nodes on a directed graph designed to 
represent the evolution of knowledge in a system (inclusive 
of the human complement) from lower level states to 
high-level states. Every node on a DOSE knowledge map 
represents an information product in a form that may be 
recorded. In depicting this “evolution” of knowledge on a 
knowledge map, nodes generally proceed from data to 
information to decision products and their by-products (such 
as messages or directives resulting from this evolution). 

[0052] The key decisions and required context are used to 
sketch out a ?rst cut at a Knowledge Map representing the 
set of decision responsibilities that must be managed for 
successful operation. From a requirements perspective, the 
Knowledge Map is completely de?ned by adding all critical 
contexts necessary to support decision-making require 
ments. Context includes the relevant information, and the 
required human knowledge, skills, and abilities. 

[0053] Step 4. Function Allocation Step: Identify Candi 
date Components, Automation Opportunities, Needed Per 
sonnel in the Knowledge Evolution Summaries (see FIGS. 
4, 5, and 6) 

[0054] Completing the KESs directly supports a “design 
for automation” goal. The “contributing elements/compo 
nents” entries, allow us to line up legacy systems and 
candidates to ?ll speci?c decision context requirements. 
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FIG. 6 illustrates a high-level vieW of such a mapping 
process. Where there is no current capability provided by 
legacy systems, a neW system development (or an extension 
to a current systems) may be Warranted or at least suggested. 

[0055] The decision product is examined relative to its set 
of required context elements. HoW dif?cult is it going to be 
to synthesiZe the decision product based on the available 
context? The ansWer to this question helps us quantify the 
automation difficulty that Will be associated With the auto 
mation design job. Is the technology even available or, better 
yet is it practical? If all or part of the responsibility is to 
remain With an individual Who should that person be? And 
What skill Will be needed? What sort of Workload demands 
Will be placed on the individual? These questions are 
addressed With the “Personnel Assignment”, Workload Esti 
mates”, Skill Level” and “Speci?c Skill” entries. See, as one 
example of the typical attributes required to complete the 
function allocation ?rst cut, FIG. 5 using a database table 
approach for capture of such information. 

[0056] The KESs are augmented to accommodate current 
manpoWer allocation and automation concepts relevant to 
the mission area or problem domain. Candidate systems that 
may contribute to the required decision context are identi 
?ed. KnoWn system responsibilities for speci?c support of 
the decision products are identi?ed Where appropriate. 

[0057] It may be helpful to ask What automation is at this 
point? Webster de?nes automation as “the technique of 
making an apparatus, a process, or a system operate auto 
matically; the state of being operated automatically”. While 
many tasks and processes involved in today’s complex 
systems already exhibit some degree of automation, the 
automation available provides a reference datum upon 
Which neW automation must springboard. In order to focus 
on the neW automation that must be developed, it may be 
helpful to devise a more specialiZed de?nition of automa 
tion. In order to help us focus on What the automation Will 
cost for the neW system, a useful de?nition of automation 
Would include: “anything that contributes to reduce the 
Workload in supporting neW system operation, including life 
cycle support) When contrasted With legacy system opera 
tion”. Such a de?nition is particularly useful for concept 
evaluation purposes as this de?nition removes the time 
dependence, i.e. use of the general de?nition of automation 
that might arguably include even the simplest mechanisms 
of automatic control. 

[0058] Step 5. Complete Knowledge Evolution Summa 
ries and Knowledge Maps; Develop and Contrast Candidate 
Con?gurations in Cost, Risk, and Performance (see FIGS. 5 
and 6). 

[0059] Decision products Whose generation may be sup 
ported Wholly or in part by automation are identi?ed for 
further analysis. This yields speci?c candidate automation 
opportunities. Design decisions regarding Which informa 
tion products Will be automated and to What level are 
captured. Consistent With the design decisions, sources of 
information products are identi?ed, Whether they are to be 
provided by legacy systems, neW systems, people, or any 
combination thereof. Candidate systems are “matched”, 
yielding candidate con?gurations. 

[0060] With respect to KM completeness, the evolution of 
data and information that is represented on a DOSE knoWl 
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edge map represents an evolution of decision contexts to 
support some set of decision choices that should be made for 
successful management of the problem domain. The knoWl 
edge map is meant to capture the “superset” of all informa 
tion, supporting decision products, human knoWledge, skills 
and abilities that may be brought into play to make the key 
decisions. No tWo individuals or teams of individuals Will 
rely on exactly the same contextual support or use it in the 
same Way. The knoWledge map is designed to capture the 
superset of “necessary” information. In this Way any par 
ticular decision-maker’s needs are recorded so that the 
system may be able to present it for use When it is needed. 
It is recogniZed that quite often decision-makers must make 
decisions in the face of less information than they Want or 
need. In circumstances such as these, knoWledge of the 
“superset” of information may be useful in helping the 
decision-maker make a “satis?cing” decision (—a term used 
in operations research for problems Where optimal solutions 
may be never found or are by de?nition impossible due a 
mix of objective and subjective attributes such as Where 
human preferences apply.) 

[0061] The KESs summariZe the key decisions and their 
associated products. Other attributes also captured include: 
Required Context, Contributing Elements/Components, 
Automation Category, Automation Level, Personnel Assign 
ment, and Skill Level, and Speci?c Skills. De?nitions for the 
information elements captured in the KESs are provided 
beloW. (See FIG. 5.) These attributes should only be con 
sidered typical, the actual set of attributes used should be 
optimiZed for the problem. 

[0062] “Key Decisions”—Key decisions are essen 
tial decisions related to mission or domain critical 
operations, managed by an experienced person or 
group of persons engaged in a mission areas or 
problem domains. Key decisions are decisions that 
must be touched by a human, or those that have been 
traditionally fallen under the purvieW of a human in 
past systems. Decisions that must be touched by a 
human include, at a minimum, decisions that touch 
legal issues, issues of National Policy, etc. 

[0063] “Key Decision Products—A key decision 
product is an information Product Whose name accu 
rately describes the decision if it Were to be recorded. 

[0064] “Required Context” identi?es speci?c infor 
mation required for generation of the given decision. 

[0065] “Contributing Elements/Components” identi 
?es elements or components of the system design 
that may contribute to the generation of the decision 
product. 

[0066] “Automation Category” identi?es the Work 
load reduction technique/s relied upon to reduce the 
net Workload. 

[0067] “Automation Level” refers to the automated 
decision support sophistication. 

[0068] “Personnel Assignment” identi?es the indi 
vidual or individuals assigned to be responsible for 
making the decision and generating the information 
product. In those cases Where the generation of the 
information product is to be Wholly automated, the 
information product is named in order to complete 
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the decision chain and this and next tWo ?elds do not 
apply. The assignment may be dependent upon the 
speci?c problem at hand or assignments made else 
Where. 

[0069] “Workload Estimate” identi?es average Work 
load associated With the generation of the decision 
product (i.e., making the decision, etc.,) 

[0070] “Skill Level” identi?es the level of experience 
of training necessary or desireable for the position. 
Again, this may be problem dependent. 

[0071] “Speci?c Skills” contains speci?c skills or 
training considered necessary to adequately make 
the decision. 

[0072] The candidate con?gurations are evaluated against 
constraints (typically from external sources, not part of the 
“negotiable requirement space”.) Decision context elements 
are subjected to an analysis for required quality, resulting in 
speci?c inputs to performance speci?cations. This analysis 
may also impact functional requirements for the candidate 
system components. For example, When a quality standard is 
applied to a decision then there is usually an associated 
impact on the quality of information that must be available. 
This may result in more stringent requirements for better 
sensors. Conversely, if many pieces of information Will be 
available Which may be correlated, then perhaps each con 
tributing sensor may not need to be so accurate. Similarly, if 
there exists some required quality standard for a system to 
exhibit a minimum response, this may ultimately trickle 
doWn to speci?c choice of a prime mover With speci?c 
capabilities. 
[0073] Completed DOSE Knowledge Maps are typically 
directed graphs that bear some resemblance to data How 
diagrams, hoWever the conventions are very different. (See 
FIGS. 7 and 8). Elliptical nodes represent information 
products, some of Which may be key decision products. The 
key decision products are indicated With a shadoW. ArroWs 
indicate precedence relationships and identify a transition of 
knoWledge from a loWer to a higher state. The arroWs do not 
indicate a How of information, although the transition may 
imply a process With inputs and outputs that can be de?ned 
later. This is a convenient format, but those skilled in the art 
Would be able to readily choose alternatives. 

[0074] It is important to capture human cognitive elements 
along the Way. Wherever speci?c human knoWledge, skills, 
or abilities are named as required context for a decision or 

information, red nodes are used. 

[0075] Revise/Simplify OrganiZation Concept; Revise 
Partitioned Responsibilities (FIG. 1) 
[0076] With the completion of the 5 steps of FIG. 1, 
opportunities for simpli?cation or commonality have usu 
ally been discovered, leading to a potential revision of the 
intial partitionings for the knoWledge cells. With the help of 
Cognitive Task Analysis (CTA, or similar detailed analysis 
of the task and procedures necessary to accomplish a spe 
ci?c job) the candidate con?gurations are examined across 
mission areas and problem domains for redundant respon 
sibilities and opportunities for simpli?cation. Based on CTA 
inputs, manpoWer allocations and automation concepts may 
be modi?ed to pursue a better ?t, With a potential impact to 
the requirements based KESs and KMs. CTA provides 

Sep. 18, 2003 

insight into the cognitive demands placed on individuals as 
Well as an individual’s capacity for multiplexing supervisory 
control functions. In turn this can lead to neW insights into 
fundamental organiZational limitations and neW concepts for 
conducting operations. 

[0077] As the KESs and KMs are examined across the 
decision responsibility sets, CTA can provide insight into 
opportunities for simpli?cation or elimination of unneces 
sary redundancy. Such insights can provide ideas for a 
reallocation of responsibilities, potentially simplifying deci 
sion chains and increasing ef?ciency, hence providing addi 
tional opportunities for reduced manpoWer. 

[0078] Finally, turning to FIG. 9, an illustrative, simpli?ed 
block diagram of an automated system for use With the 
DOSE method is shoWn. In this case input is provided, e.g., 
by users 90 such as intervieWers or intelligent agents, to a 
program/database subsystem 94 (Which could be any of a 
multitude of convenient or knoWn Ways to store and process 
data, including computers, PDAs, netWork agents, etc.). The 
users 90 provide the illustrated data via physical or elec 
tronic representations of the knoWledge cells 95, decision 
chains 2c, KES’s 4c, KMs 3b/5b and reports 93. SMEs 91 
and DE’s 92 are shoWn providing data and information to 
the user 90, but one skilled in the art Will appreciate hoW 
others With pertinent knoWledge can be tapped for informa 
tion, and hoW many such may directly provide predeter 
mined categories of information to the automated subsystem 
94. A skilled artisan Will readily appreciate hoW FIG. 9 
represents a high-level abstraction of a system for imple 
mentation of DOSE for illustration purposes only, and that 
a multitude of variations are possible in keeping With the 
basic purpose of facilitating the implementation of the 
DOSE method here described. 

[0079] Some Useful Tips on Applying DOSE 

[0080] Conducting DOSE intervieWs: When setting up the 
knoWledge acquisition intervieWs, it may prove advanta 
geous to identify tWo speci?c kinds of experts: experts 
experienced in operations and experts familiar With state 
of-art in available systems. It may be preferable to keep 
sessions With the tWo types separate and distinct. In addition 
may be very useful to keep intervieWs as small (in number) 
as possible. One additional observer can facilitate if prepped 
on hoW to help the session along. This gives the intervieWer 
a little additional time to structure the results of the session 
in real time. If there are additional observers, they should be 
given strict guidance, eg to only ask clarifying questions, 
folloW the lead of the intervieWer, and refrain from taking 
exception to a position held by the expert. Similarly, if there 
is no alternative but to have more than one expert in the 
intervieW, the experts should be advised to refrain from 
taking exception to each other’s position or perceptions. 

[0081] Taking best advantage of DOSE analysis results: 
FolloWing the ?rst intervieWs of operational subject matter 
experts, the named decision products may be immediately 
useful to all system designers as a core element of the 
information model for the system. Similarly, knoWledge, 
skills and abilities identi?ed in the earliest intervieWs may 
be immediately useful to those concerned With Wrapping 
their arms around the training requirements for the system. 

[0082] When revieWing the DOSE analysis results: One 
should take advantage of the knoWledge map representations 
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to take best advantage of the subject matter expert’s time. 
Once they are generally familiar with the conventions, it is 
relatively easy for several experts to review and recommend 
improvements if the results are in KM form and large format 
diagrams. This is because the KMs represent a superset of 
information; there is no single “right” answer. 

[0083] Ways to look for simplifying opportunities: One 
should look across several knowledge maps to discover 
opportunities for common information product labels and 
resolve de?nitions to a minimum set. Often key decision 
chain may be very similar across several domains and a 
generic superset decision chain may be able to be developed. 

[0084] Identifying where the DOSE analysis is needed 
most and (?rst): When considering which knowledge cells to 
tackle ?rst (e.g., due to ?scal constraints), one may ?nd it 
helpful to use the following scale, ranked from highest 
likelihood for requiring human interaction to those possess 
ing the least likelihood for requiring human interaction: 

[0085] 
[0086] 
[0087] 
[0088] Operations Constraints (the way the operation 
works today) 

Political/Legal Constraints (Highest priority) 

Interoperability Constraints 

Command Protocols 

[0089] Organization/Department Protocols 

[0090] Manning Constraints 

[0091] Domain-Speci?c Technical Constraints 

[0092] Other Aspects of DOSE 

[0093] One of the useful abstractions that Systems Engi 
neering employs is the idea of alternative system views to 
focus on speci?c system aspects. DOSE focuses on the use 
of methods and tools to fully describe the decision-making 
view of the system. The functional view and the object 
oriented view are additional views that are equally useful, 
but focus on different aspects. For each of these alternative 
System Engineering views, one can ?nd examples where the 
view has been augmented to consider aspects that are central 
to other views. For example, functional views often employ 
control ?ows and state transition diagrams to address control 
aspects. DOSE treats the decision-making, object (or struc 
tural), and functional (or process) views as orthogonal but 
interconnected. 

[0094] As the name suggests, Decision Oriented Systems 
Engineering is based in part on the observation that most 
complex systems used by people are decision support sys 
tems ?rst and foremost. Whatever else a system does func 
tionally, each system must ?rst satisfy the needs of its users 
as decision-makers (operators). DOSE uses a decision 
model of system responsibilities to depict and evolve 
requirements, preferably captured in knowledge evolution 
summaries and knowledge maps, although those skilled in 
the art will appreciate that any other convenient method for 
representing a system as evolution of knowledge that sup 
ports key decisions in the problem domain may be used. 
DOSE uses these tools to capture system responsibilities, 
analyZe these responsibilities for possible simpli?cation, 
reassignment, automation, and ultimately record allocation 
decisions for hardware, software, and people responsibilities 
in ful?lling the overall system functionality. The DOSE 
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decision model allows analysis for identi?cation of unnec 
essary duplication of common elements across the system, 
with signi?cant potential for reducing risk and cost. 

[0095] At ?rst glance it may appear that DOSE further 
complicates an already complex job of engineering complex 
systems. However, DOSE can be conducted concurrently 
with other systems engineering activities and facilitates 
concurrent engineering. DOSE’s focus on the needs of the 
decision maker complements analyses in other views, ensur 
ing that the decision-making needs are addressed. The 
results of this focus are recorded in Knowledge Evolution 
Summaries (KESs) and KMs that record the essence of what 
is needed rather than how it will be accomplished, or how 
much of something is needed. DOSE provides a structure to 
record the evolving design in a decision model that main 
tains a view of the “whole”. In similar fashion it provides a 
framework to study alternative organiZation structures and 
concepts, candidate con?gurations, manpower allocation 
concepts, etc., within cost and performance constraints. 

[0096] While the steps of DOSE are speci?c, they may 
directly coincide with the activities of the classic System 
Engineering cycle: Requirements Analysis, Functional 
Analysis , System Synthesis, and Systems Analysis. The 
construction of the decision model in DOSE spans all of 
these activities and in fact supports and simpli?es their 
efforts. 

[0097] The decision model is captured in the KESs and the 
KMs. Contrasted against object models, functional models, 
and other models useful in capturing key aspects of the 
system, the models are developed to “mature” the design. 
The decision model captures all aspects of human control of 
the system. The functional model captures activities that 
must be performed by the system, and the object model 
describes the physical partitioning. 

[0098] The DOSE Knowledge Maps provide a convenient 
presentation of the KES data in a directed graph format that 
clearly shows precedence in the evolution of knowledge 
from low-level data and information to highest-level deci 
sions. Knowledge Map conventions allow for the identi? 
cation of candidate systems (legacy or new), decision prod 
ucts slated for automation, and allocated manpower. The 
Knowledge Maps can also clearly distinguish human 
Knowledge Skills and Abilities (KSA) contextual elements 
from conventional information products. The Knowledge 
Maps provide a convenient forum to check if the “whole” is 
complete; an operations SMEs will quickly notice or detect 
?aws in the decision chain, and gaps in the information 
considered necessary to support the decisions. In the hands 
of the process modeler, the Knowledge Map can provide 
sound guidance for the construction of a functional model as 
well as a component model: for every knowledge transition 
that is highlighted on the knowledge map there must exist a 
process that will support its occurrence. 

[0099] Finally, at the component level, knowledge based 
system development practices align well with the efforts of 
conventional software engineering. Although these knowl 
edge-based systems are software systems they differ from 
conventional software systems in that they will differ in the 
type of knowledge that must be encoded. Software engi 
neering for conventional software involves the representa 
tion and encoding of well-de?ned and often well-known 
algorithms. Knowledge engineering on the other hand, 
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involves the representation of unstructured, often poorly 
de?ned heuristic knowledge that may require considerable 
effort to extract from the experts. Often the experts do not 
know how or why they know what they know. Somehow this 
expert knowledge must be captured and transferred into a 
representation that works as software. This is called knowl 
edge acquisition and representation. 

[0100] While the invention has been primarily described 
in connection with a particular embodiment for a process 
including the use of KM and KES’s and interfacing with 
subject matter and design experts to determine key infor 
mation and attributes, as noted above it is applicable to other 
forms of decision-oriented systems engineering and may 
rely upon other resources besides experts in the course of the 
system engineering, and the embodiments discussed above 
may also be useful individually with more traditional sys 
tems engineering approaches. While the foregoing constitute 
certain preferred and alternative embodiments of the present 
invention, it is to be understood that the invention is not 
limited thereto and that in light of the present disclosure, 
various other embodiments will be apparent to persons 
skilled in the art. The method of DOSE is equally useful for 
a variety of decision problems, including but not limited to 
strategic planning, product launch planning, program man 
agement, Tiger team planning and execution, failure analy 
sis, etc. As an example, if the issue was a strategic planning 
issue, one could de?ne the decisions required to reach a 
viable, executable, and successful strategic plan (and out 
come) and all the required contextual information that might 
contribute to the solution, including special expertise, 
knowledge, skills, and abilities, and any other special infor 
mation sources. Following the DOSE method to its logical 
conclusion, one would then have all the information to 
de?ne and instantiate an ef?cient process to realiZe the 
desired strategic plan. Accordingly, it is intended that the 
invention not be limited to the speci?c illustrative embodi 
ment but be interpreted within the full spirit and scope of the 
appended claims. 

I claim: 
1. Amethod of system engineering comprising building a 

representation of a system in as a set of knowledge cells, 
each knowledge cell representing a knowledge evolution 
within the system, with each knowledge evolution repre 
senting contexts needed to support the decisions that must be 
managed. 

2. Amethod for designing a complex system, comprising: 

a. constructing a decision model by identifying key deci 
sions needed to capture the decision making require 
ments of the system, and using these requirements to 
guide all subsequent design efforts; 

b. further constructing the decision model by de?ning 
decision products to represent the key decisions; and 

c. describing the decision model with knowledge maps 
and knowledge evolution summaries. 

3. A method according to claim 2 wherein step b. further 
comprises de?ning sets of responsibilities that are assignable 
to personnel interacting with the system. 

4. A method according to claim 2, further comprising 
capturing operational requirements through interviews with 
experts experienced in a domain of interest related to the 
system. 
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5. A method according to claim 4, further comprising 
identifying all information elements necessary to generate a 
decision product, such information elements including spe 
ci?c human knowledge, skills, abilities, and experience as 
necessary. 

6. A method according to claim 2, further comprising 
capturing design requirements through interviews with 
experts experienced in legacy component systems. 

7. A method according to claim 5, further comprising 
developing design requirements and function allocations by 
recording the attributes for the de?ned decision products. 

8. The method of claim 7, wherein the attributes com 
prises at least one of the group consisting of: (a) a list of 
candidate systems potentially helpful in generating the deci 
sion product; (b) a description of additional automation 
processes to complete generation of the decision product; (c) 
a description of personnel needed to determine the decision 
product by at least one of generating or approving a gener 
ated decision product. 

9. A decision-oriented system for building a complex 
system, comprising: 

a. plural knowledge cells representing partitions of deci 
sion responsibilities; 

b. a decision chain, whereby key decision products 
needed to manage the knowledge cells are identi?ed; 

c. a knowledge map, whereby one or more contexts for 
each decision product is de?ned; and 

d. a knowledge evolution summary in which one or more 
attributes of each decision product are recorded. 

10. The system of claim 9, wherein the attributes comprise 
at least one of the group consisting of: (a) a list of candidate 
systems potentially helpful in generating a decision product; 
(b) a description of additional automation processes to 
complete generation of a decision product; (c) a description 
of personnel needed to determine the decision product by at 
least one of generating or approving a generated decision 
product. 

11. A system for determining knowledge capturing deci 
sion products of a complex system comprising: 

a. a database component operable to maintain knowledge 
cells and decision products; 

b. an input device operable to receive user inputs de?ning 
knowledge cells and identifying at least one identi?ed 
decision and an associated decision product for each of 
the plural knowledge cells; 

c. a program operably structured for use with a processor 
to update the database component based on the user 
inputs and to determine a knowledge map based on the 
maintained knowledge cells and decision products. 

12. The system of claim 11, wherein the input device is 
further operable to receive user inputs identifying one or 
more decision products based on input naming, context 
de?nition, and user targets for each of said one or more 
decision products. 

13. The system of claim 12, wherein the program is 
further operably structured to re?ne the knowledge map by 
receiving further data identifying candidate components for 
?lling decision requirements and automation opportunities, 
and summariZing identi?ed decisions and associated deci 
sion products according to predetermined rules. 
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14. The system of claim 13, wherein the program is 
further operably structured to interactively prompt inputs 
from a user according to predetermined rules for use in 
determining the knowledge map. 

15. The system of claim 14, wherein the predetermined 
rules are eXpert rules providing structured querries to the 
user. 

16. The system of claim 13, wherein the database main 
tains decisions and decision products in knowledge evolu 
tion summaries. 

17. The system of claim 16, further comprising: 

d. an output device operable for providing a representa 
tion of the knowldege map as nodes representing 
knowledge evolutions from data to decision products 
and decision by-products. 

18. The system of claim 13, wherein the program is 
further operably structured to re?ne the knowledge map into 
alternative con?gurations. 

19. The system of claim 13, wherein the program is 
further operably structured to: 
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a. de?ne a quality target for each knowledge cell; 

b. determine a task model based on the decision products; 

c. determine knowledge transitions in the knowledge map, 
and determine a system functional model based on the 
knowledge transitions; 

d. determine functional allocations based on the decision 
products and de?ned conteXt, and determine a work 
load model based on the functional allocations; and 

e. determine a functional model of the complex system 
based on the knowledge map and knowledge evolution 
summaries. 

20. The system of claim 13, further comprising: 

a. at least one of the group of a human user or intelligent 
agent providing at least part of the said inputs to said 
input device. 


