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Abstract
Human kinds of problem-solving involve sophisticated cognitive processes for modeling, learning, and
finally solving a problem. The discourse of problem-solving has been established in strategic management,
economics, computer science, artificial intelligence, mathematics, and cognitive psychology. The disciplines
represent a common ground for the classification of problem-solving approaches. This entry reexamines
the existing approaches, from two distinguished perspectives: 1) synoptic formalism and incrementalism
and 2) (meta-)heuristics. The primary objective is to determine the characteristics of the aforementioned
approaches and to discuss the possibility for combining or coexistence of problem-solving approaches. In
conclusion, we provide a framework for proper selection of the approaches and assignment of activities to
decision situations. Finally, we emphasize on coexistent consideration of problem-solving approaches for
making human kinds of problem computable.

INTRODUCTION
As industrial Internet and cyber physical systems tend to
proliferate, the demand to cognitive computing is drastically increasing. Cognitive computing aims at handling
human kinds of problems and transferring human
decision-making processes to artificial models and computable algorithms.[1] The human kinds of problem-solving are
characterized by ambiguity, uncertainty, complexity, unpredictability, and, at the same time, adaptiveness to changes
in goals, information and requirements, contextual awareness, interactivity, and continuous learning.
For many years, numerous multi- and cross-disciplinary
research activities have aimed at employing sophisticated
machine learning algorithms, neurocomputing applications, and knowledge-based, high-performance computing
systems toward modeling human problem-solving and
decision-making processes.

The digital world, distinguished by interconnection of
networked systems, social networking, and web resources,
fosters cognitive computing toward modeling human
thought processes and developing precise (set of) rules
specifying how to solve a problem. Although cognitive
computing is to answer the question of “how to make
human kinds of problem computable?,” it is indispensable
to critically reexamine the discourse of problem-solving
and to determine the main characteristics of problemsolving approaches appeared in the literature. This entry,
hence, lays the ground for a comparative study of existing
problem-solving approaches and investigates two perspectives of problem-solving approaches: 1) synoptic and
incremental and 2) heuristics and meta-heuristics. We,
specifically, examine the relationships between the aforementioned approaches based on two perspectives and
identify the similarities and differences with regard to
their application (Fig. 1).
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account planning, product innovation (especially the discussion of radical and incremental methods to innovation
management), and quality management.[6]
As a consequence, synoptic models are to maximize the
individual or organizational goals that are based on a rational and comprehensive procedure.[5] Incremental models
are to decentralize the selection of alternatives through
adapting to environmental changes.
Synoptic vs. Incremental Problem-Solving
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Fig. 1 Two perspectives of problem-solving approaches.

PERSPECTIVE I: SYNOPTIC AND
INCREMENTAL APPROACHES
Two Schools of Thoughts: Synoptic Formalism
and Incrementalism
The first perspective to human kinds of problem-solving,
either as individual or collaborative decision-making, deals
with two major schools of thoughts (general approaches) for
strategy formulation and process modeling, i.e., synoptic and
incremental. Synoptic formalism (rationalism) is based on
the principles of rational decision-making.[2] Toft[3] defined
synoptic formalism “as a wide range of problem-solving
approaches that can be characterized as being ideal, rational,
sequential and comprehensive.” This school of thought is
originated by Andrews (1971), Ansoff (1977), Steiner
(1979), and Lorange (1980) (refer Bibliography).[4]
Methe et al.[5] pointed out that an incremental approach
argues that problems are too complex and ever changing.
Proper and long-term decision-making, therefore, cannot
be accomplished in a rational and straightforward manner,
and it is coherently incremental and adaptive.[5] This school
of thought is known as incrementalism. Furthermore, incremental approaches break through the barriers of synoptic
formalism by stating that the latter (straightforwardness)
is not applicable in some cases, and therefore cannot be
used, and even should not be tried to be used in such cases
(i.e., trying it regardless is not rational).[4]
The well-known incremental approaches are “bounded
rationality,” “muddling through”/“disjointed incrementalism,” “logical incrementalism,” “piecemeal engineering,” and
“Kaizen”.[4] The term “incremental approach” or “continuous
improvement” is considered and examined in the management literature, especially in contributions or partial overlapping to the thematic areas such as organizational change,
optimization of business process, corporate planning,

Synoptic and incremental approaches have been examined,
criticized, and/or comparatively studied in the literature.
Hard critiques and debates can be detected concerning
incrementalism and/or synoptic formalism. For example,
Johnson[7] argued that “consciously managed incremental
change does not necessarily succeed in keeping pace with
environmental changes.” This is a so-called phenomenon of
strategic drift when the “incrementally adjusted strategic
change and environmental change moved apart.”[7] This
phenomenon is rooted in the characteristics of incremental
approaches especially mean-end relationship (i.e., prioritization of the alternatives to goals) and concept of choice
(i.e., selection of the approximate choice rather than the
best choice, or the one that most closely approximates the
desired end (Table 1). Seidenberg[4] reviewed and compared four incremental models, “disjointed incrementalism,” “logical incrementalism,” “piecemeal engineering,”
and “Kaizen,” and concluded that these models differ in
several ways; therefore, one cannot speak about one single
kind of “incrementalism.”[4]
During the evolution of synoptic and incremental models
over the past, they have been extensively discussed from
both a practical and theoretical perspective. However,
which one is “the best way of problem-solving?”
Fredrickson[2] suggested “not only organizations that
employ both synoptic and incremental approaches, but the
strategic process may be synoptic on some characteristics
(e.g. the process is proactively initiated) and simultaneously incremental on others (e.g., strategic decision is
not the result of conscious choice).” This hypothesis was
reconsidered through an empirical investigation by Methe
et al.,[5] They pointed out the question of selecting either
incremental or synoptic is not precise, and it should be
reformulated to “when and how” the two approaches could
be used.[5] Hence, the question of selecting “one best way”
to solve problems (either synoptic or incremental) is an
imprecise one. Instead, coexistence and combination of the
two basic approaches are recommended.[4]
Table 1 comparatively presents the major characteristics of synoptic and incremental approaches discussed
in the literature.
Furthermore, in Table 2, we provide recommendations
to decide “when and how” synoptic, incremental, or combined approaches are the better choice. With regard to the
repetition of decisions in enterprises, two types can be
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Table 1 Major characteristics of synoptic and incremental approaches.
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Characteristics

Synoptic approach

Incremental approach

Underlying principle of
cybernetics/control

Open loop

Closed loop

Initiation/trigger mechanism

Environmental observation generates
opportunities/problems for strategic
action

Problem/performance gaps initiate a search for
solution

Relationship between means
(alternatives) and ends (goals)

First, identify the ends of action and
the means to achieve them
(i.e., ends–means process)

Means and ends are not easily distinguishable. The
remedial change outcome is considered at the same
time that the means for achieving it is analyzed
(i.e., means–ends process)

Concept of choice

The best choice is the one that most
closely approximates the desired end

The choice of an alternative is made by combining
the considered alternatives (means) and their
possible consequences (ends) and simultaneously
selecting the one that yields the most desired
outcome (i.e., agreement achieved by choosing an
alternative or the means to an end)

Involved management phases

Planning and decision-making

All, especially including monitoring

Analytic comprehensiveness

All important factors are considered

All possible factors are not considered. Analysis is
based on a few alternatives only marginally
different from the existing state of affairs.

Integrative comprehensiveness

Efforts are made to integrate decisions
into a unified strategy.

Little attempt to integrate, consciously, the
individual decisions that could possibly affect one
another (i.e.. not integrated but loosely coupled)

Decision-making and planning behavior

Anticipative and goal-oriented

Reactive to urgent problems

Goal orientation

Specific

Indeterminate

Type of complexity reduction

Trivialization of source of problems
by structuring

Tentativeness by the solution of the problem

Evaluation process of alternatives

Analytical and comprehensive

Piecemeal (in stages)

Type of problem shifting

Degenerative, i.e., the original problem
gets transformed into more trivial
solvable ones (problem structuring)

Progressive, i.e., each problem solution causes one
or more new problems

Cause of the phenomenon to solve the
“wrong” problem

Unsuitable modeling, especially by
highly reduced complexity

Unsuitable problem selection/prioritization

Time sequence of the problem-solving
process

Defined initial and defined end (project)

Without a defined end (ongoing task)

Status of problem-solving

Definitively (elimination of the problem) Tentatively (dealing with or handling the problem)

Expected quality level of problem-solving

High

Low

Possibility of wrong decision (risk of
decisions)

Not included in the basic model of
decision theory

Considered in this approach

Modeling of risk

Explicit modeling or abstracted from
risk (risk-free)

Probability-based analysis of alternatives, stepwise
and piecemeal problem-solving

Direction of evaluation of problem-solving Forward (based on the goal). What is left
to do?

Backward (based on previous state/literal review).
What has been reached?

Benchmark to assess the problem-solving

Absolute, based on optimum

Relative and comparative

Innovation-driven characteristic

Radical

Learning from experiences and evaluations of
prototypes

Source: Adapted from Ansari.[6] and Seidenberg.[4]

distinguished. Repetitive decisions occur from time to time
in the same manner or similar way, e.g., budgeting: the
same procedure with different numbers. Unique (singular)
decisions in contrast are not an element of everyday life,
e.g., searching for a new location for a production plant and

product innovation. With regard to their possible logical
links, two types of problems can be distinguished: isolated
and related/connected problems. The former ones “have
nothing to do with each other,” in fact, or at least are isolatable
by establishing a decision model. After processing an isolated
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Table 2 Decision table for assignment of problem-solving activities to decision situations.

Decision situation

Scenarios for Selection
i

ii

iii

iv

v

vi

vii

viii

Type of problem: isolated

Y

Y

Y

Y

Y

N

N

N

Type of problem: connected

N

N

N

N

N

Y

Y

Y

Type of decision: repetitive

Y

N

N

N

N

Y

Y

N

Type of decision: unique

N

Y

Y

Y

Y

N

N

Y

Problem can be transformed in a standard problem

-

-

-

-

-

Y

N

-

Ex ante: preparation possible (e.g., emergency plan available)

-

Y

N

-

-

-

-

-

Ex post: further analysis reasonable for future decisions

-

-

-

Y

N

-

-

-

↓

↓

↓

↓

↓

↓

↓

↓

Solution by standard synoptic model

✓
✓

Problem structuring (transforming in a standard problem)

✓

Activities
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Incremental approaches

✓

Combination of synoptic and incremental approaches
Application of a defined routine
Intuitive decision
Learning from past decisions
No activity required

problem, it can be considered as “resolved definitively.”
The problem-solving, thereby, neither results in generating consequential or new problems, nor provides knowledge for other cases. In other words, the solution neither
appears a need nor holds the ability to trigger a learning
process for future decision-making. Related or connected
problems are, in contrast, characterized by an inseparable
substantive or temporal connection, e.g., one resolved problem
may cause one or more decedent problems (i.e., phenomenon
of problem shift).[4]
The combination of repetitive decision and isolated
problem causes a standard or routine problem situation,
which is well structured and can be solved by a standard
synoptic model, e.g., the Economic Order Quantity Model
in logistics. The “challenge” of this particular problem
situation is limited to the solution of an assignment problem, i.e., the assignment of the specific problem to a suitable synoptic model. All other steps are programmable
numeric calculations. In case a repetitive decision is combined with a connected problem, the decision-maker may
succeed to transform the problem into a standard one by
structuring the problem, in particular decomposition of the
entire problem into trivial subproblems and solving them.
If problem structuring fails, then incremental approaches
should be used.
The case of a singular decision by which an isolated
problem to be tackled is rather atypical and should rarely
occur. One might think about a corporate crisis, evacuation

✓
✓
✓

✓
✓

procedures in case of incidents, or extreme situations, in
which the decision-maker has only one trial. Sometimes
there are possibilities to prepare ex ante solution, based
on predictions, for such a one-off situation by creating
emergency plans as well as simulating corresponding scenarios, but for gradual advance steps and learning from
mistakes, there is no opportunity in such a situation. Hence,
in this respect, an incremental approach is futile. However,
ex post conclusions might be drawn for similar future cases
(i.e., learning from past decisions). It seems further analysis
is not reasonable with respect to future decisions and so, no
activity is required.
The possibility of failure of incremental problem solutions makes it seem quite questionable applying incremental approaches to particular cases, which are characterized
by hard revisable decisions, issues with existential relevance, or a long time delay between implementation and
effect of the solution. Typically, a company’s strategic
issues feature the aforementioned characteristics, which
coherently shape an area that is not well suited for synoptic
planning and is hardly satisfying requirements for the information needs as well. One way out of the outlined dilemma
can be to provide concepts that combine incremental and
synoptic elements.[4] In sum, Table 2 matches the selected
above-discussed scenarios to decision situations and
problem-solving activities. Given positive (Y), negative
(N), or neutral (-) answer in response to the decision situation, an appropriate problem-solving activity is provided
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(✓). For instance, “Scenario i” refers to decision situation
characterized by isolated, disconnected, repetitive, and
common problem that fulfills the condition to employ a
standard synoptic model (Table 2).

PERSPECTIVE II: HEURISTICS
AND META-HEURISTICS
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Heuristics
The term “heuristic” comes from the Greek verb which can
be translated as “find” or “discover.”[8] Heuristic approaches
are deployed in the field of economics, informatics, artificial
intelligence, mathematics, and psychology. Heuristic models
encompass principles of synoptic and/or incremental
approaches but do not necessarily deal with mathematical
formulations and in turn concentrate more on providing
hypotheses and guidelines.[9] Examples of heuristic models
are rules of thumb for proposing hypothetical structures for
planning, monitoring, and controlling which are strengthened, not necessarily, by providing mathematical formulations. Heuristic models are usually speculative formulation
serving as a guideline in problem discovery and solving and
not guaranteeing the best way.[9,10]
Koen[10] listed the ideal characteristics of heuristic
approaches/models and declared that: 1) Heuristics do not
guarantee a solution; 2) Two heuristics may contradict or
give different answers to the same question and can still be
useful; 3) Heuristics permit the solving of unsolvable problems or reduce the search time to a satisfactory solution:
4) The heuristic depends on the immediate context instead
of absolute truth as a standard of validity. Koen’s definition
of the engineering method has stressed the importance of
heuristic modeling as “the engineering method is the use
of heuristics to create the best change in a poorly understood
situation within the available resources”.[10]
Besides, Gigerenzer comprehensively reviewed heuristic approaches to problem-solving[11] and later heuristic
decision-making.[8] His study was aimed at comparing statistical optimization procedures and heuristics. He pointed
out that “heuristics do not try to optimize (i.e. find the best
solution), but rather satisfice (i.e. find a good-enough solution).”[11] He exemplified that while “calculating the maximum of a function is a form of optimizing, choosing the
first option that exceeds an aspiration level is a form of
satisficing”.[11] This statement, in fact, highlights the difference between synoptic approaches, including exact algorithms, and heuristics and implies that the quality of a
synoptic solution (optimality) does not depend on the chosen algorithm or on the fact, who (which subject) executes
it. In other words, in case of an optimal solution, it is irrelevant, how the solution has been reached, while the quality
of a heuristic solution usually is path-dependent. For example, the heuristic solution may depend on the presolution one
starts with or on the experience of the user. In the light of the
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fact that an optimal solution is only optimal in terms of the
underlying mathematical model and its idealization and
simplifications, there is normally a potential for improvement with regard to the real problem.[12] Here the border
is, therefore, located between pure synoptic and combined
approaches (i.e., the combination of synoptic and incremental approaches).
Furthermore, heuristic approaches can be divided into
constructive heuristics and improvement heuristics.[9]
Constructive heuristics generate a valid initial solution of
a problem. After that, the approach terminates and the solution does not get improved. They can be classified into five
subgroups as follows:[13]
 Approaches with increasing degree of freedom, where
the decision of previous steps can be revised so that the
amount of branches in the decision tree is growing.
Awell-known approach is the shifting bottleneck heuristic.
 Approaches with decreasing degree of freedom, i.e.,
reducing the amount of future decisions in every step.
A well-known example is priority rules.
 Greedy or myopic approaches, which aim for the maximum improvement in every step like the nearest-neighbor
heuristic of the Traveling Salesman Problem or the
column minima method of the Transportation Problem.
 Predictive approaches, which determine the impact of
modifications on the next steps after every step. A typical
example is the Vogel’s approximation method.
 Uninformed approaches, which do not consider the
target function in the solution process, e.g., Northwest
Corner Rule.
Improvement heuristics mainly try to improve an initial
solution generated by a constructive heuristic. They start
with a valid solution, which is applied as long as improved
iteratively, until the stop criterion is fulfilled, like a certain
amount of iterations or the discovery of a local minimum or
maximum. At each iteration, the neighborhood NB(x) of
the current solution x, which can be determined by using a
specific transformation rule, needs to be examined. If there
is a solution in the neighborhood, which is better than the
present one, it will be replaced and a new iteration begins.
Otherwise, if there is no better solution, the heuristic terminates. Nevertheless, it is possible that an improvement heuristic gets stuck in the local optimum and is not able to leave
it. The value of local optimum can be worse than the value
of the global optimum.
Improvement heuristics differ from each other how they
examine the neighbor solutions either randomly or systematically. They can completely analyze the neighborhood
and select the best solution of it (best fit) or only look for
the first improving solution (first fit).[9,13] For instance,
k-opt is an improvement heuristic of the Traveling Salesman Problem, which assumes, that a valid solution exists. It
tries to improve that solution by swapping k edges against k
other edges. Therefore, the neighborhood NB(x) of a
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current solution x is defined as the set of all valid solutions,
which emerges by swapping k edges.
In cognitive psychology, there are two research approaches, which gained acceptance, namely heuristic and
biases and fast and frugal heuristics. Heuristic and biases
approach implies that humans use a limited amount of
heuristic principles for reducing complexity. Thus, they
can judge probabilities and predict values. These principles are useful but can sometimes lead to biases.[14] Biases
can be caused not only for laymen, but also for experts.[14]
The most common examples are “representativeness
heuristic,” “availability heuristic,” and “adjustment and
anchoring heuristic.”[15]
Fast and frugal heuristics are part of the research area
cognitive heuristics, which examines how people judge and
decide in everyday life without determining probability and
utility. These heuristics are fast, because they solve a problem immediately and they are frugal, because they only
need little information.[8] Therefore, they can also be entitled as simple heuristics, which can solve problems better
and faster than complex strategies in many cases.[16] By
ignoring a part of information, heuristics can make decisions faster, more frugal, and more precise than complex
approaches do.[8] These heuristics are part of the adaptive
toolbox, which implies that the mind is a modular system,
containing a collection of specialized and cognitive
mechanisms.[16] They are consisting of building blocks,
which give the search a direction, finish the search, and
make a decision.[8]
Comparing these two approaches, both assume that
heuristics can be applied for solving complex problems.
They distinguish themselves, because the “heuristic and
biases” approach assumes that heuristics are useful but lead
to biases so they cause misjudgments, whereas “fast and
frugal heuristics” are perceived positively because they are
fast and frugal compared with complex approaches.

Gass and Fu[18] studied meta-heuristic approaches and
provided a pattern for the classification of the approaches
into four subgroups as follows:








Constructive meta-heuristics, such as Greedy algorithms, Lagrange heuristics, and Ant Colony algorithms,
generate valid solutions. In every step of the solution
process, an element, which leads to the largest improvement in the current step, gets added to the partial solution. Comparing to constructive heuristics, they deploy
a memory or use random elements.
Improving meta-heuristics can be divided in two different ways:
I. Local search-based meta-heuristics, which transform a known valid solution into a better valid solution, as far as a better one exists. They look
iteratively for a better solution until the current solution is not improvable anymore. In contrast to
improvement heuristics, local search-based metaheuristics deploy a memory or use random elements. Simulated annealing, tabu search, variable
neighborhood search, and ruin-and-recreate are
typical examples of this kind of meta-heuristics.
II. Population-based meta-heuristics, like genetic or
evolutionary algorithms, select and recombine
iteratively an existing solution from a set, which
is called population, to a new solution. Afterward,
the new solution gets modified randomly and
added to the new population.
Hybrid meta-heuristics combine the above-mentioned
types. For example, Greedy Randomized Adaptive
Search Procedure (GRASP) is a hybrid meta-heuristics,
which combines a greedy algorithm with the local search.
Matheuristics combine meta-heuristics with exact
(mathematical) optimization approaches.

Heuristics vs. Meta-Heuristics
Meta-heuristics
The term “meta-heuristics” was used by Glover[17] for the
first time, who declares his tabu search as a meta-heuristic.
Meta-heuristic is a confusing term, which might be fallaciously interpreted to heuristic for/about heuristics, while it
does not address a common understanding by adding the
prefix “meta-” to a term for building a new term. For
instance, meta-data is a kind of data that provide data about
data. In contrast, meta-heuristic is an independent term
referring to optimization or approximation algorithms.[9]
Unlike heuristic approaches, they can be applied for every
kind of problem, i.e., independent of context, because
they are able to get modified and adjusted to a certain
problem.[9] Hence, they are consisting of a problemindependent framework, which contains problem-specific
heuristics. Meta-heuristics can be, therefore, referred to as
superior strategies/algorithms, intelligent search strategies,
or modern heuristics.[9]

Meta-heuristic approaches provide general patterns for universal problem-solving (i.e., a wide range of problem
domains) instead of specific situations where heuristics are
applicable.[9] They are used basically to find approximate
solution(s), especially for sophisticated and complex problems.[6] In particular, such methods are used when there
is neither an idea and/or information about the optimal solution (or value) nor the way to approach it, in addition to the
problem domain being wide and not necessarily specific.[6]
Of course, any meta-heuristic method does not necessarily
equip one for solving any kinds of problem, and in each case,
the most adequate meta-heuristic solution should be selected
through feasibility test and usability assessment.[6] For
example, using evolutionary algorithms (e.g., genetic algorithms), local search, tabu search, and the nested partitions
method requires context-dependent requirement analysis.[6]
Nevertheless, the distinction between meta-heuristics and
heuristics seems to be difficult. According to definition, greedy
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Table 3 Decision table for the classification of problem-solving approaches.

Problem-solving Approach

Downloaded by [Fazel Ansari] at 07:00 19 July 2017

Characteristics of
problem-solving

Rules for classification
C1

Y

Y

Y

Y

N

N

C2

Y

Y

N

N

-

-

C3

N

Y

-

-

-

-

C4

-

-

N

Y

N

Y

↓

↓

↓

↓

↓

↓

✓

Synoptic model
Combination of synoptic model and incremental approach

✓

Qualitative heuristic approach for general purpose (e.g., reference model)
→ incremental

✓

Qualitative heuristic approach, which needs step-by-step improvement
→ incremental
Meta-heuristic model
Heuristic model

and local search-based algorithms are meta-heuristics, but
in literature, e.g., in Blohm et al.,[9] they are assigned to
heuristics in contrast to exact algorithms. On the other side,
there are several authors, who do not distinguish between
meta-heuristics and heuristics, because for them, local
search and evolutionary algorithms are just improvement
heuristics. For other authors, however, they are assigned
explicitly to meta-heuristics.[19]

DISCUSSION AND CONCLUSION
In the digital world, solving a problem may require patterns
for identification and selection of a right algorithm, which
resembles human kinds of problem-solving. Taking into
account a holistic view of Perspective I to problemsolving, synoptic approaches consider all relevant requirements and conditions concerning the decision situation.
Hence, they generate the best solution, whereas incremental
approaches provide only a satisfying one. Synoptic
approaches, however, have been criticized by representatives
of incrementalism. Based on empirical insights, they
revealed that the true encountered problem-solving and
decision-making behavior is differed from the synoptic ideal.
The criticism mainly refers to the existence of completed
information together with the unavailability and uncertainty
of information. The central characteristic of all incremental
approaches is verification and provision of corrective feedback with respect to the environmental changes. It becomes
apparent, though, that incremental approaches are no single
alternative to synoptic approaches. Problems may not get to
the bottom and only symptoms get fixed, which can lead to
continuity of the problem or handling the wrong problem. In

✓
✓
✓

addition, there is no information about the optimum step
size, i.e., the appropriate frequency of changing the status
quo.[4] The reactive behavior in small steps, therefore, does
not allow early identification of chances and risks,[20] but in
many cases, such as innovations, a huge step is required.
Perspective II studied heuristics and meta-heuristics to
problem-solving. Heuristics are problem-specific approaches, which consider only a subset of all possible solutions
and give no guarantee for discovering a solution. Additionally, they should use stop rules plus controlling mechanisms for the user to obtain a valid solution. On the contrary,
in the field of cognitive psychology, a heuristic is a strategy
for solving complex problems. Depending on the research
approach, heuristics are perceived positively (fast and
frugal) or negatively (biases). Meta-heuristics are problemunspecific approaches and get adjusted to a problem with the
help of problem-specific heuristics. They have the ability to
leave a local optimum.
Heuristic and meta-heuristic approaches own many similarities with incremental approaches. It is, however, too
indecipherable to generally identify which heuristic or
meta-heuristic method is synoptic or incremental. For example, the synoptic approach such as branch-and-bound can be
interpreted in a shortened version, i.e., terminated at a certain
point, as heuristic due to the fact that the generated solution
cannot be claimed as optimal at that stage.[9] The genetic
algorithm as a meta-heuristic approach, in contrast, behaves
incremental. Therefore, one cannot classify those models
in two fully separated categories. As a result, the advantages and drawbacks of synoptic and/or incremental
models and their border of similarity to heuristic and
meta-heuristic approaches indicate the potential for the
coexistence of these approaches.
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In order to classify problem-solving approaches, we
have defined four major characteristics (C1–C4) of related
procedures:
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 C1: A formal (mathematical) model is used, consisting
of decision variables, objective function, and constraints.
 C2: The model guarantees an optimal solution, i.e.,
minimizing or maximizing the objective function.
 C3: A procedure way is provided to refining and/or
enhancing the model, e.g., using feedback loops.
 C4: The applied method or model is designed to fit
exclusively the specific problem (type or domain).
Given positive (Y), negative (N), or neutral (-) answer in
response to the above-mentioned characteristics as conditions, Table 3 provides the actually resulting problem-solving
approach (✓). For example, when the problem-solving
holds C1 and C2, while C3 is negative and C4 neutral,
respectively, then an appropriate decision is to employ a
synoptic model (Table 3).
In conclusion, Table 3 provides a factual framework,
including set of rules, for classification of the abovediscussed problem-solving approaches by defining various
combinations of essential characteristics of dealing with
problem-solving. Anticipating the evolution of cyberspecific solutions in the digital world and its impact on
reciprocal learning and problem-solving, i.e., collaboration
of human and cyber physical system in problem-solving,[21]
the proposed classification framework supports proper selection of problem-solving perspectives in diverse contexts and,
in particular, associated algorithms to resemble a function
(set of functions) for solving a particular problem.
An important topic for further research to investigate is
enhancing and refining knowledge about the collaborative
use of the synoptic, incremental, and (meta-)heuristic
approaches. In fact, using simulation and statistical tools
may either aid the process of selecting the best fit solution
or facilitate exploring new algorithms.
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