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The Sciences Of The Artificial Summary
Understanding human-made systems and their complexities.
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About the book

In "The Sciences of the Artificial," Herbert A. Simon delves into the

intricate relationship between human-made systems and the natural world,

challenging conventional notions of science by examining how artificial

constructs shape our existence. He posits that disciplines such as

engineering, architecture, and computer science should be studied not just as

technical fields but as integral components of a broader understanding of

human problem-solving and design. By bridging the gap between the

organic and the synthetic, Simon invites readers to rethink the nature of

intelligence, creativity, and the principles that govern human innovation.

This exploration not only reveals insights into the design of complex

systems but also encourages us to appreciate the ingenuity behind the

artifacts that populate our daily lives, making it essential reading for anyone

curious about the interplay between humanity and technology.
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About the author

Herbert A. Simon was a pioneering American polymath whose profound

contributions spanned various fields, including psychology, economics,

artificial intelligence, and cognitive science. Born in 1916, Simon is perhaps

best known for his groundbreaking work in decision-making processes and

problem-solving within organizations, for which he was awarded the Nobel

Prize in Economic Sciences in 1978. His interdisciplinary approach and

innovative theories reshaped our understanding of human behavior and

machine intelligence, laying the foundational concepts for the burgeoning

field of artificial intelligence. Throughout his career, Simon emphasized the

interplay between human and artificial systems, advocating for a

comprehensive view of design and problem-solving in complex

environments, as vividly illustrated in his seminal work, "The Sciences of

the Artificial." In addition to his research, Simon's influence extended to

academia as a prolific writer and educator, inspiring generations of scholars

and practitioners.
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chapter 1 Summary: UNDERSTAKING THE NATURAL
AND ARTIFICIAL WORDS

In his exploration of the natural and artificial worlds, Herbert A. Simon lays

 the groundwork for the distinction between natural and artificial sciences,

asserting that our understanding of both spheres shapes our modern life.

Over time, we have come to comprehend the character and behavior of

natural entities, uncovering patterns and principles underlying their

complexity, as exemplified by Simon Stevin's elegant interpretation of the

law of the inclined plane. Yet, as we navigate through a predominantly

artificial environment, consisting of human-made artifacts and symbols,

Simon draws attention to the need for a comprehensive understanding of

artificiality in the context of scientific inquiry.

The essence of natural science often revolves around describing the

behaviors and interactions of natural phenomena. Simon asserts that

artificiality, while sometimes perceived negatively, should be understood in

a neutral sense to signify human-made constructs distinct from natural ones.

He presents a detailed framework outlining four key characteristics of

artificial entities: they are synthesized by humans, may imitate natural

forms, are evaluated based on their functions and goals, and are often

discussed using prescriptive norms rather than mere descriptions. 

The relationship between these artificial constructs and their environments is
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crucial. Artifacts serve specific purposes within contextual environments,

and their effectiveness hinges on their structural design and the nature of the

external conditions they interact with. An artifact is characterized as an

interface, where the internal attributes meet the external demands. This

necessitates that engineers and designers must consider the environment

during the creation process to ensure functional success.

Simon reveals the limitations inherent in adaptive designs, pointing out that

while artifacts are designed with certain goals, their performance may reveal

insights about their internal limitations when tested against challenging

conditions. For instance, a bridge may perform adequately under normal

pressures but reveal its material capacities when overloaded.

Moreover, he emphasizes the vital role of simulation in enhancing our

understanding of both artificial and natural systems. By modeling behaviors

and processes, scientists can derive insights from observations rather than

relying solely on theoretical deductions. This is especially pertinent in

studying complex systems like economies, where physical symbols— the

basis of human reasoning and action—serve pivotal roles.

Finally, Simon introduces the notion of physical symbol systems, an

intriguing subset of artifacts that include computers and the human mind. He

posits that intelligence stems from the capabilities of these symbol systems,

suggesting that both artificial and biological intelligences rely on a similar
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foundational framework. The exploration of economic rationality represents

an idealization in this context; while narrating the external environmental

factors affecting decisions, Simon also acknowledges the inner constraints

on rationality, signaling a nuanced approach to understanding thought

processes and decision-making within artificial systems.

In summary, Simon’s exposition sharply delineates the interplay between the

natural and artificial realms, establishing a platform for further inquiry into

how scientists can adequately address the complexities of artificial systems,

while acknowledging their dependencies on natural principles and human

ingenuity. Through this lens, the study of artificiality emerges as not merely

a reflection of human creativity but as a domain ripe for rigorous scientific

exploration and understanding.
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Critical Thinking

Key Point: Understanding Artificiality as a Reflection of Human

Ingenuity

Critical Interpretation: Imagine standing before a beautifully crafted

bridge, a testament to human creativity and engineering prowess. This

chapter invites you to embrace the concept of artificiality not as a

mere imitation of nature but as a canvas of human innovation. Just as

you navigate through your own life, filled with choices and the

artifacts of your making, this perspective encourages you to appreciate

the significance of the structures and systems you create around you.

Recognizing the value in the artificial can inspire you to approach

life's challenges with a mindset of design and intention, shaping your

environment with the same care and purpose a designer would apply

to a complex artifact. By acknowledging that the constructs of your

daily existence—be they physical tools or social systems—are

extensions of your own intelligence and creativity, you empower

yourself to innovate and adapt, fostering a life that harmonizes with

both natural phenomena and the rich tapestry of human-made realities.
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chapter 2 Summary: ECONOMIC
RATIONALITY:ADAPTIVE ARTICICE

In the second chapter of "The Sciences of the Artificial," Herbert A. Simon

 explores the concept of economic rationality and the nature of

decision-making in human systems. Central to this discussion is the

acknowledgment that resources such as time and money are scarce,

necessitating rational allocation. This allocation task is a focal issue in

economics, which reveals the artificial dimensions of human behavior

reflected in individual actors, firms, and entire markets.

1. Scarcity and Rationality: Within the framework of economics, scarcity

drives individual and collective decision-making. The outer environment

consists of market behaviors and external factors, while the inner

environment is shaped by an entity's goals and its capability for rational

behavior. Here, Simon illustrates substantive rationality—where behavior is

adjusted to the external environment—and procedural rationality—where

intelligent systems rely on knowledge and computation to identify adaptive

behaviors.

2. The Economic Actor: In simplified models, firms aim to maximize profits

based on clear cost and revenue curves, which outline the operational goals.

Simon notes that such economic modeling can assess firm behavior through

calculus, signifying a straightforward adjustment to external environments
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defined by profit maximization. However, he stresses that this simplistic

view unrealistic and fails to capture the complexities facing real firms

navigating market uncertainties.

3. Procedural Rationality: Real-world firms encounter numerous challenges

when attempting to achieve profit maximization, as factors like demand

elasticity and quality control introduce complexity into decision-making.

The transition from pursuing concrete goals (substantive rationality) to

approximating good decisions (procedural rationality) highlights the

necessity of estimation under uncertainty. This shift leads to the need for

advanced techniques in operations research and artificial intelligence, which

offer methodologies for decision-making under complex, uncertain

conditions.

4. The Role of Operations Research and AI: Several applied sciences,

including operations research, offer mechanisms for firms to enhance

procedural rationality. Techniques such as linear programming or heuristic

searches provide methods for dealing with complicated decision problems.

Although both approaches can be effective, they each have trade-offs; OR

often results in optimal but simplified decisions, while AI typically yields

satisfactory solutions in more complex problem spaces.

5. Satisficing and Aspiration Levels: Given the inability to achieve true

optimization, the concept of "satisficing" emerges—embracing solutions that
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are "good enough" given the constraints faced by decision-makers.

Individuals often establish aspiration levels that guide their search for

satisfactory alternatives, adjusting these expectations based upon achieved

outcomes. This psychological component enriches the understanding of

economic behavior beyond traditional utility models.

6. Organizational Dynamics: Simon emphasizes that economic analysis

should not only focus on individual firms but also encompass the roles of

markets and organizations. While markets coordinate economic activities,

organizations facilitate the complex interactions and decisions required in

environments where conventional market mechanics fall short. The balance

between market elements and hierarchical organization often determines the

effectiveness of decision-making processes.

7. Evolving Economic Institutions: Simon underscores the importance of

evolutionary theories in understanding economic institutions, arguing that

history matters in how organizations adapt and evolve over time. The

processes underpinning this evolution involve a mix of innovation and

selection, similar to biological evolution, and demonstrate that real-world

outcomes can deviate significantly from idealized economic models.

8. Uncertainty and Expectations: Addressing the complexities of human

decision-making requires a nuanced view of expectations and uncertainty

within economic systems. Both adaptive and rational expectations models
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struggle to encapsulate human behavior accurately, revealing the

inadequacies of assuming fully informed and rational actors. Instead, the

unpredictability of human interactions introduces challenges for economic

stability and necessitates frameworks for understanding these dynamics.

9. Conclusions on Human Society: Simon seeks a more realistic portrayal of

economic actors, emphasizing the role of bounded rationality in shaping

decision-making. Through insights from operations research and artificial

intelligence, he identifies how human systems can effectively adapt to

manage complexity and information overload. Ultimately, a deeper

understanding of human cognition and rationality is imperative for

advancing economic theories and practices in a rapidly evolving world.

Through this comprehensive exploration, Simon encourages a reevaluation

of how we perceive rationality in economic contexts, arguing for approaches

that respect the limitations of human decision-making while embracing the

complexities it entails.
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chapter 3: THE PSYCHOLOGY OF
THINKING:EMBEDDING ARTIFICE IN NATURE

In Chapter 3 of "The Sciences of the Artificial," Herbert A. Simon explores

the relationship between human behavior, cognition, and the complexity of

the environments in which individuals operate, ultimately positing that

human beings, as adaptive systems, exhibit simpler behavioral patterns than

their apparent complexity suggests. 

1. The chapter begins with an analogy to an ant navigating a challenging

environment, highlighting how its seemingly irregular path is a response to

its surroundings rather than a reflection of its complexity. This leads to the

argument that just as the ant’s behavior reflects the complexity of its

environment, so too does human behavior reflect the intricate nature of the

contexts in which we find ourselves.

2. Simon hypothesizes that human thinking embodies simple underlying

principles, suggesting that the complexity often attributed to human

cognition arises primarily from the environments we navigate. He contends

that our minds, though capable of sophisticated thought, are fundamentally
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chapter 4 Summary: REMEMBERING ANG
LEARNING:MEMORY AS ENVIRONMENT FOR
THOUGHT

In this chapter, Herbert A. Simon explores the intricacies of human

 cognition, emphasizing the role of memory in facilitating thought and

problem-solving, particularly in semantically rich domains. He contrasts

simple cognitive tasks with complex professional tasks, underscoring how

much of human thought hinges on the retrieval and organization of

knowledge in long-term memory. Here are the most relevant principles and

summaries extracted from the content:

1. Role of Memory in Problem Solving: Simon opens by reflecting on the

 simplicity of certain cognitive tasks, like mathematical puzzles, which

require minimal reliance on long-term memory. In contrast, tasks such as

navigating a city as a taxi driver demand extensive knowledge of streets and

locations, illustrating how the complexity of a task increases with the

richness of domain-specific memory required.

2. Simplicity in Cognitive Processing: The past research in cognitive

 psychology has typically focused on relatively simple memory tasks,

fostering the hypothesis that human cognition is fundamentally simple.

However, as research evolves towards more complex, meaningful tasks (like

medical diagnoses or chess), there arise inquiries into whether the richness
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of memory introduces increased cognitive complexity.

3. Nature of Long-Term Memory: Long-term memory (LTM) is

 described as vast and associative, akin to a library where information is

cross-referenced and indexed for easy retrieval. Importantly, Simon notes

that the architecture of this memory remains fundamentally simple despite

its potentially immense size.

4. Professional-Level Cognition: The chapter examines how

 professionals in areas like medicine and chess utilize their stored knowledge

to solve practical problems. Physicians, for example, rely on a combination

of symptom recognition and knowledge retrieval, navigating between the

patient’s immediate context and their extensive medical knowledge.

5. The Concept of Intuition: Intuition is framed not as an inexplicable

 flair but as a rapid act of recognition, particularly in experts who possess an

extensive repertoire of knowledge in their fields. Through practice and

experience, experts can recognize patterns and potential moves effortlessly.

6. Information Retrieval in Problem Solving: The concept of problem

 representation is crucial to problem-solving, as it involves the

transformation of problems into forms that cognitive systems can operate on.

For instance, Simon discusses how a general problem solver must extract

critical elements from tasks before they can be effectively tackled.
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7. Learning and Adaptation: Learning processes are framed as adaptive

 changes that enhance one's capacity to engage with the environment.

Learning results in new data structures and skills, aiding problem-solving

across diverse situations, driven by a few fundamental mechanisms.

8. Knowledge Representation Systems: Simon discusses various

 programs illustrating how both humans and computers understand

problems. Programs like UNDERSTAND and ISAAC represent knowledge

and problem structures differently, providing insights into human

comprehension in semantically rich environments.

9. Discovery Processes in Knowledge Acquisition: Simon touches on how

 humans and machines can discover new knowledge through similar

processes. Discovery involves the intersection of existing knowledge with

new information, underscoring the significance of both established

understanding and innovative reasoning.

10. Problem Representation and Insight: The process of creating a

 representation for a problem is complex, requiring insight and focused

attention. For humans, this can involve recognizing relevant features amidst

distractions, leading to progress in solving intricate problems.

In conclusion, Simon reiterates that while cognitive tasks may appear
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complex, the underlying cognitive system remains fundamentally simple,

relying heavily on the interplay of a vast and organized memory. This

construct supports the notion that the true complexity of human behavior

derives more from the extensive information environment than from

cognitive processes themselves. Understanding these mechanisms reveals

the sophistication but inherent simplicity of human cognition, making it a

critical subject for ongoing scientific exploration.
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chapter 5 Summary: THE SCIENCE OF
DESIGN:CREATING THE ARTIFICIAL

In this chapter, Herbert A. Simon explores the fundamental role of design

 within professional disciplines, emphasizing the contrast between the

sciences of the natural world and the sciences of the artificial realm. Here, he

explores the intricate relationship between design and various professional

practices, arguing that design transcends mere artifact creation and extends

into holistic problem-solving methodologies.

1. The Essence of Professional Design: Simon asserts that all

 professionals engage in design when devising courses of action that

transform current situations into preferred alternatives. This encompasses a

variety of fields, including engineering, medicine, business, and education.

However, he notes an ironic trend where, particularly in the post-World War

II era, the emphasis on natural sciences has overshadowed the teaching of

design principles within these professional schools, often to the detriment of

their students’ practical competencies.

2. The Need to Reintegrate Design into Professional Curricula: This

 shift towards a focus on natural sciences has led to a neglect of the sciences

of the artificial and the design process itself. Simon argues for the necessity

of developing an explicit science of design—one that is rigorous, analytical,

and empirical—to reclaim its importance in professional training. He
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believes that this science is not only possible but has been emerging since

the mid-1970s, supported by initiatives like the Design Research Center at

Carnegie Mellon University.

3. Design Logic and Optimization: Simon delves into the logic of design,

 acknowledging that design is fundamentally concerned with normative

"how things ought to be" perspectives, as opposed to the descriptive nature

of natural sciences. He highlights the importance of optimization and

decision theory as frameworks for understanding design choices,

emphasizing that even when optimal solutions cannot be computed due to

complexity, satisfactory alternatives can often be identified through

heuristics and optimization techniques.

4. The Importance of Computational Techniques: Simon discusses the

 significance of computational methods in the design process. He categorizes

these methods into two groups: those designed for finding optimal

alternatives (such as linear programming and dynamic programming) and

those aimed at identifying satisfactory solutions (what he terms

"satisficing"). He illustrates this with examples like the diet problem,

demonstrating how optimization is computationally necessary yet

pragmatically insufficient for real-world applications.

5. The Search for Alternatives and Resource Allocation: The process of

 finding design alternatives is also addressed, with Simon suggesting that
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designers often have to synthesize new alternatives rather than merely select

from given options. This synthesis involves nature and the allocation of

resources, whether human or material, to optimize the design effort. He

emphasizes that a proper design process should account for this resource

allocation dynamically.

6. Hierarchical Design Structures: The chapter then discusses the

 hierarchical nature of complex systems, where various components function

semi-independently under a broader design framework. Simon advocates for

a structured approach that allows ample responsibility division and

autonomy among subsystems, thus fostering efficiency and innovative

design solutions.

7. Representation in Design: Simon touches on the critical importance of

 representation in design tasks, noting that the way in which a problem is

represented can significantly influence the ease of finding solutions. He

suggests that an effective taxonomy for different types of representations is

still a developing area within the science of design.

8. Curriculum for the Theory of Design: Simon concludes by proposing

 a comprehensive curriculum for the science of design, which emphasizes

the need for systematic yet flexible approaches to design education that

incorporate not only theoretical frameworks but also empirical practices. He

invites a multidisciplinary dialogue among professionals to learn from each
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other’s experiences in the design process, advocating the importance of a

unified understanding of design across fields, thus enriching the intellectual

discourse within and beyond engineering.

By weaving through these concepts, Simon illustrates the critical necessity

of design in professional environments, asserting its foundational role not

only in the creation of artifacts but also in the holistic approach to

problem-solving across various domains. He advocates for revitalizing

design as a core competency in professional education, thereby enabling

future generations to navigate complex challenges in an increasingly

artificial world.
Key Concept Details

The Essence of
Professional
Design

All professionals engage in design for transforming situations, but
post-WWII emphasis on natural sciences overshadows design
teaching in professional schools, harming students' practical skills.

The Need to
Reintegrate
Design into
Professional
Curricula

Neglect of the sciences of the artificial necessitates developing an
explicit, rigorous science of design to reclaim its importance in
training, supported by initiatives like Carnegie Mellon's Design
Research Center.

Design Logic
and Optimization

Design focuses on normative perspectives; optimization and
decision theory are key frameworks. Often, satisfactory alternatives
are found through heuristics when optimal solutions are too
complex to compute.

The Importance
of Computational
Techniques

Computational methods are categorized into those for finding
optimal alternatives and those for satisfactory solutions, with
real-world applications often necessitating pragmatic heuristics over
pure optimization.
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Key Concept Details

The Search for
Alternatives and
Resource
Allocation

Design involves synthesizing new alternatives, not just selecting
from existing options, with a dynamic approach to resource
allocation being essential for optimization.

Hierarchical
Design
Structures

Complex systems function semi-independently within a structured
framework that enables responsibility division among subsystems,
fostering efficiency and innovation.

Representation
in Design

The representation of problems deeply affects solution finding;
effective taxonomy for design representations is a developing area
in design science.

Curriculum for
the Theory of
Design

A comprehensive design curriculum should combine theoretical and
empirical practices, encouraging multidisciplinary dialogue to enrich
design understanding across fields.
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Critical Thinking

Key Point: The Essence of Professional Design

Critical Interpretation: Imagine stepping into any

profession—engineering, medicine, or education—and realizing that

at its heart lies the art of design. Herbert A. Simon's insight about

design transcending mere artifact creation and becoming a holistic

problem-solving methodology can profoundly inspire your own life.

Consider how every decision you make is a form of design, shaping

your future by transforming current situations into preferred

alternatives. Embracing this perspective invites you to approach

challenges creatively, empowering you to assess options, synthesize

alternatives, and optimize your choices with intention. This holistic

view not only enhances your professional journey but also enriches

personal growth, encouraging you to act as a designer of your own

life.
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chapter 6: SOCIAL PLANNING:DESIGNING THE
EVOLVING ARTIFACT

In this chapter of "The Sciences of the Artificial," Herbert A. Simon

discusses the intricacies of social planning and design, reflecting on the

tensions between technological possibilities, societal goals, and the realities

of human nature. He draws on historical examples of social design, such as

the U.S. Constitution and the Marshall Plan, to illustrate the importance of

modesty and restraint in setting objectives for large-scale societal changes. 

A critical aspect of successful planning involves the representation of design

problems. Simon emphasizes that how a problem is conceptualized

significantly influences the design process and its outcomes. For instance,

various interpretations of the Marshall Plan led to different organizational

structures and priorities, ultimately impacting the effectiveness of the aid

provided to Europe.

Identifying limiting resources is also crucial. An anecdote about the U.S.

State Department highlights how a misidentified bottleneck in

communication technology led to an inadequate solution, emphasizing the
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chapter 7 Summary: ALTERNATIVE VIEWS OF
COMPLEXITY

In Chapter 7 of "The Sciences of the Artificial," Herbert A. Simon examines

 the multifaceted concept of complexity, delving into its implications for

understanding various artificial systems, including economic structures,

business organizations, the human mind, engineering designs, and social

frameworks. He highlights the evolving perspectives on complexity and

introduces several key concepts that have emerged over time.

1. Various Conceptions of Complexity: Throughout the 20th century, there

have been periodic surges of interest in complexity, each characterized by

distinct concepts. An early interest, post-World War I, centered on "holism,"

emphasizing that systems possess properties beyond the sum of their parts.

Following World War II, attention shifted to concepts like feedback,

homeostasis, and cybernetics. Currently, contemporary discussions revolve

around "chaos," "adaptive systems," and "genetic algorithms." These

different perspectives highlight the complexity of systems and suggest that

understanding emergence—how whole systems exhibit properties not

present in their individual parts—is crucial.

2. Holism vs. Reductionism: Simon contrasts holism with reductionism,

where holism asserts that complex systems cannot be fully understood by

merely analyzing their individual parts. Strong interpretations of holism
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suggest the existence of emergent properties that challenge traditional

reductionist views. However, a weaker interpretation recognizes that while

components can be analyzed in isolation, their interactions reveal critical

characteristics that would not be apparent otherwise. Thus, while complexity

often involves emergent properties, a reductionist framework can still

provide valuable insights into the behavior of systems.

3. Cybernetics and Systems Theory: The post-war period brought forth

cybernetics, a field combining feedback theory, information theory, and

early computational technology. This movement advanced the understanding

of systemic behaviors, goal-orientation, and adaptation. It provided a keen

insight into the architecture of complexity, promoting the exploration of

adaptive systems wherein feedback controls help maintain stability in the

face of uncertainty. Notable discussions during this era centered on creating

a general systems theory, proposing that despite their variety, complex

systems share fundamental properties.

4. Catastrophe Theory and Chaos: Catastrophe theory deals with phenomena

in which small changes can lead to significant shifts in system behavior,

illustrating non-linear dynamics. Examples include natural occurrences like

population explosions after an ecosystem reaches critical thresholds.

Conversely, chaos theory pertains to deterministic systems sensitive to initial

conditions, where infinitesimal alterations can lead to dramatically different

outcomes. The recognition of chaotic behavior has generated transformative
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insights across multiple scientific fields, particularly in understanding

systems previously thought to exhibit orderly behavior.

5. Implications for Complex Systems: The implications of both catastrophe

and chaos theories extend to various systems, suggesting that while they

may be intricate and unpredictable, such characteristics do not preclude

management or prediction within certain bounds. These insights are valuable

in disciplines like economics and engineering, where chaotic systems can be

actionably controlled rather than merely predicted.

6. Evolution of Complexity: A significant area of ongoing research is

focused on the evolution of complexity in systems, leveraging computational

approaches like genetic algorithms and cellular automata. Genetic

algorithms simulate evolutionary processes and natural selection in a digital

format, analyzing how traits propagate over generations. Meanwhile, cellular

automata enact self-replicating behaviors that echo biological systems,

contributing to our understanding of complex dynamics.

In conclusion, Simon posits that while the study of complexity is broad,

targeted investigations into specific classes of complex

systems—encompassing chaos theory, hierarchical systems, and adaptive

techniques—offer fruitful avenues for scientific inquiry. The chapter sets the

stage for deeper exploration of these themes in subsequent discussions about

hierarchical complexity and systemic behavior. Overall, Simon underscores
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the importance of evolving our understanding of complexity as a central

characteristic of the artificial systems that permeate our world.
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Critical Thinking

Key Point: Understanding Emergence and Holism

Critical Interpretation: Imagine stepping into the world around you

and truly recognizing that the things you see are more than just their

individual parts—they are vibrant systems with emergent properties

that interact to shape the very fabric of your life. The concept of

emergence invites you to look at challenges or relationships not in

isolation but as interconnected entities, where the sum of interactions

is greater than any single component. Embracing this perspective can

inspire you to cultivate empathy and discern the patterns in your own

behaviors and decisions. Whether in your career, where teamwork and

collaboration can lead to innovative solutions, or in personal

relationships, where understanding others' perspectives enriches

connections, acknowledging this complexity can empower you to

navigate the world with greater insight and compassion.
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chapter 8 Summary: THE ARCHITECTURE OF
COMPLEXITY:HIERARCHIC SYSTEMS

In Chapter 8 of "The Sciences of the Artificial," Herbert A. Simon discusses

 how complexity in systems is often observed in a hierarchical structure, a

concept he terms "hierarchic systems." These systems are composed of

interrelated subsystems, creating layers of organization that provide a

framework for understanding complexity across various scientific

disciplines, including social, biological, and physical sciences.

The chapter begins by emphasizing that complex systems are typically

formed from numerous interacting components. These systems are

characterized by the idea that their overall properties cannot be easily

inferred from the properties of their individual parts. Simon views

complexity through the lens of hierarchy, asserting that complex systems

frequently exhibit a nested structure where higher-level subsystems are

composed of lower-level subsystems.

1. Hierarchical Structure: Simon highlights that complexity often manifests

as a hierarchy where each subsystem is further subdivided into additional

subsystems. He notes that the category of "hierarchy" extends beyond formal

organizational structures to encompass various natural systems, such as

families in social contexts, cells in biological organisms, and even galaxies

in astronomy.
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2. Common Properties of Hierarchies: Hierarchic systems tend to evolve

more quickly than non-hierarchic systems due to the efficiency gained

through stable subassemblies. Simon likens this dynamic to the example of

two watchmakers, one employing a modular design that allows for

subassembly, while the other’s system is not adaptable to interruptions,

resulting in slower production.

3. Dynamics of Hierarchical Systems: Simon observes that hierarchically

structured systems possess dynamic behaviors that can often be decomposed

for analysis. This allows for the examination of their function by observing

interactions internally and externally among subsystems.

4. Near Decomposability: A critical property of hierarchic systems is "near

decomposability." This means that within a complex system, interactions

among components occur with varying degrees of intensity, with stronger

internal interactions among subsystems compared to interactions across the

higher level of the hierarchy. This structure allows for the efficient

functioning of each subsystem with minimal impact from others.

5. Evolution of Complexity: Drawing connections to biological evolution,

Simon posits that the arrangement of systems into hierarchies allows for

more rapid adaptation and evolution since stable intermediate forms can

facilitate the emergence of complex structures from simple beginnings. He
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emphasizes that the potential for complex forms is influenced by the

arrangement of their subsystems, which can be explored through methods

akin to natural selection.

6. Problem Solving and Natural Selection: Simon applies the concept of

hierarchy to human problem-solving methods, suggesting that the same

principles governing natural evolution can be seen in the way individuals

approach challenges. Task-solving infrastructures can be analyzed similarly

to biological systems, where feedback and adaptive mechanisms play a

crucial role.

7. Describing Complexity: The chapter addresses how complex systems can

be described through hierarchical frameworks that simplify understanding

and interpretation. Simon advocates for the separation of process

descriptions from static state descriptions, emphasizing that a clear

understanding of processes can often provide better insights into complex

systems.

8. Implications for Science: Finally, Simon stresses that recognizing the

hierarchical nature of complexity aids in comprehending various domains,

from biological organisms to societal structures. As the study of systems

becomes increasingly crucial in science, understanding hierarchy and near

decomposability will play a significant part in the evolution of theorizing

about complex systems.
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Overall, Simon's exploration of hierarchical complexity provides a robust

framework for examining the interrelations within complex systems,

offering insights into their dynamics, evolution, and representation in

various scientific fields.
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Best Quotes from The Sciences Of The Artificial by
Herbert A. Simon with Page Numbers

chapter 1 | Quotes from pages 1-24

1. The central task of a natural science is to make the wonderful commonplace: to show

that complexity, correctly viewed, is only a mask for simplicity.

2. This is the task of natural science: to show that the wonderful is not

incomprehensible, to show how it can be comprehended but not to destroy wonder.

3. The aesthetics of natural science and mathematics is at one with the aesthetics of

music and painting; both inhere in the discovery of a partially concealed pattern.

4. The world we live in today is much more a man-made, or artificial, world than it is a

natural world.

5. Artificial things are not apart from nature. They are what they are in order to satisfy

our desire to fly or to eat well.

6. A science of the artificial will be closely akin to a science of engineering but very

different.

7. Fulfillment of purpose or adaptation to a goal involves a relation among three terms:

the purpose or goal, the character of the artifact, and the environment in which the

artifact performs.

8. If wishes were horses, all beggars would ride.

9. Whether a knife will cut depends on the material of its blade and the hardness of the

substance to which it is applied.

10. Description of an artifice in terms of its organization and functioning - its interface
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between inner and outer environments - is a major objective of invention and design

activity.

chapter 2 | Quotes from pages 25-50

1. Because scarcity is a central fact of life... it is a task of rationality to allocate scarce

things.

2. Economics exhibits in purest form the artificial component in human behavior.

3. The outer environment is defined by the behavior of other individuals, firms,

markets, or economies.

4. In contrast to a situation where the adaptation process is itself problematic, we can

predict the system's behavior without knowing how it actually computes the optimal

output.

5. The question of maximizing the difference between revenue and cost becomes

interesting when, in more realistic circumstances, we ask how the firm actually goes

about discovering that maximizing quantity.

6. Real-world optimization, with or without computers, is impossible; the real

economic actor is in fact a satisficer.

7. What a person cannot do he or she will not do, no matter how strong the urge to do it.

8. Markets appear to conserve information and calculation by assigning decisions to

actors who can make them on the basis of information that is available to them locally.

9. The most significant fact about this system is the economy of knowledge with which

it operates, or how little the individual participants need to know in order to be able to

take the right action.

10. The evolution of firms and of economies does not lead to any easily predictable
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equilibrium, much less an optimum.

chapter 3 | Quotes from pages 51-84

1. The apparent complexity of our behavior over time is largely a reflection of the

complexity of the environment in which we find ourselves.

2. Human beings, viewed as behaving systems, are quite simple.

3. A thinking human being is an adaptive system; men's goals define the interface

between their inner and outer environments.

4. Psychology as a science should illuminate the artificial structures and processes

underlying human cognition.

5. The artificiality—hence, variability—of human behavior hardly calls for evidence

beyond our observation of everyday life.

6. Only human pride argues that the apparent intricacies of our path stem from a quite

different source than the intricacy of the ant's path.

7. To the extent that they are effectively adaptive, their behavior will reflect

characteristics largely of the outer environment.

8. Only a gross knowledge of the characteristics of the human information-processing

system is needed to predict behavior.

9. The truth or falsity of the hypothesis should be independent of whether ants, viewed

more microscopically, are simple or complex systems.

10. What we learn about how individuals think and solve problems should inform our

understanding of the inherent simplicity behind human cognition.
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chapter 4 | Quotes from pages 85-110

1. More memory does not necessarily mean more complexity.

2. Understanding systems, especially systems capable of understanding problems in

new task domains, are learning systems.

3. Meaningful material is indexed in such a way that it can be accessed readily when it

is relevant.

4. Learning is any change in a system that produces a more or less permanent change in

its capacity for adapting to its environment.

5. The adaptiveness of the human organism makes it an elusive and fascinating target of

our scientific inquiries.

6. The apparent complexity of our behavior over time is largely a reflection of the

complexity of the environment in which we find ourselves.

7. The inner environment, the hardware, is simple. Complexity emerges from the

richness of the outer environment.

8. Exercise for the reader: write a computer program that... will choose a reasonable

path to deliver a passenger from one point to another.

9. Intuition is a genuine enough phenomenon which can be explained rather simply:

most intuitive leaps are acts of recognition.

10. Nothing that we have discovered about memory requires us to revise our basic

verdict about the complexity or simplicity of human cognition.

chapter 5 | Quotes from pages 111-138

1. Everyone designs who devises courses of action aimed at changing existing
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situations into preferred ones.

2. Design, so construed, is the core of all professional training; it is the

principal mark that distinguishes the professions from the sciences.

3. The proper study of those who are concerned with the artificial is the way

in which that adaptation of means to environments is brought about.

4. The professional schools can reassume their professional responsibilities

just to the degree that they discover and teach a science of design.

5. What is called for is not a departure from the fundamental but an inclusion

in the curriculum of the fundamental in engineering along with the

fundamental in natural science.

6. The damage to professional competence caused by the loss of design from

professional curricula gradually gained recognition in engineering and

medicine.

7. A science of artificial phenomena is always in imminent danger of

dissolving and vanishing.

8. The logic of optimization methods can be sketched as follows: The 'inner

environment' of the design problem is represented by a set of given

alternatives of action.

9. Finding satisfactory actions is a realistic approach when optimization is

computationally infeasible.

10. The design process involves management of the resources of the

designer, so that his efforts will not be dissipated unnecessarily in following

lines of inquiry that prove fruitless.
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chapter 6 | Quotes from pages 139-168

1. We are energized by the great power our technological knowledge bestows on us.

2. Most of the framers of the Constitution accepted very restricted objectives for their

artifact principally the preservation of freedom in an orderly society.

3. The organization of ECA...provided a common problem representation within which

all could work.

4. The task is not to design without data but to incorporate assessments of the quality of

the data, or its lack of quality, in the design process itself.

5. Each of these representations had some basis in the congressional legislation

establishing the ECA.

6. It is probably the strictest standard we can generally satisfy with real-world problems

of this complexity.

7. The aim here is to enable them not just to evaluate alternatives better but especially

to experience the world in more and richer ways.

8. Designing without fixed goals has much in common with the processes of biological

evolution.

9. Our essential task a big enough one to be sure is simply to keep open the options for

the future or perhaps even to broaden them a bit.

10. By combinatorics on a few primitive elements, unbounded variety can be created.
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chapter 7 | Quotes from pages 169-182

1. "The whole transcends the sum of the parts."

2. "Natural objects as wholes... are not entirely resolvable into parts; they are more than

the sums of their parts."

3. "Emergence simply means that the parts of a complex system have mutual relations

that do not exist for the parts in isolation."

4. "Holism can be given weaker or stronger interpretations."

5. "We can learn something about the (relative) gravitational accelerations of binary

stars, but not of isolated stars."

6. "In a pragmatic way, we can build nearly independent theories for each successive

level of complexity."

7. "All complex systems have a structure that can be dissected to find principles that

govern their behavior."

8. "The ominous term 'chaotic' should not be read as 'unmanageable.'"

9. "Although the future is not predictable in any detail, it is manageable as an aggregate

phenomenon."

10. "Complexity is more and more acknowledged to be a key characteristic of the world

we live in."

chapter 8 | Quotes from pages 183-216

1. The whole is more than the sum of the parts in the weak but important pragmatic

sense that, given the properties of the parts and the laws of their interaction, it is not a

trivial matter to infer the properties of the whole.
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2. Complexity frequently takes the form of hierarchy and that hierarchic systems have

some common properties independent of their specific content.

3. Hierarchy is one of the central structural schemes that the architect of

complexity uses.

4. The time required for the evolution of a complex form from simple

elements depends critically on the numbers and distribution of potential

intermediate stable forms.

5. The potential for rapid evolution exists in any complex system that

consists of a set of stable subsystems, each operating nearly independently.

6. If there exists a hierarchy of potential stable subassemblies... then the time

required for a subassembly can be expected to be about the same at each

level.

7. One of the interesting characteristics of nerve cells and telephone wires is

that they permit very specific strong interactions at great distances.

8. In problem solving, a partial result that represents recognizable progress

toward the goal plays the role of stable subassembly.

9. The task of science is to make use of the world's redundancy to describe

that world simply.

10. The notion of substituting a process description for a state description of

nature has played a central role in the development of modern science.



The Sciences Of The Artificial Discussion Questions

chapter 1 | UNDERSTAKING THE NATURAL AND ARTIFICIAL

WORDS | Q&A

1.Question:

What is the primary focus of natural science according to Simon in Chapter 1?

The primary focus of natural science, as outlined by Simon in Chapter 1, is to study

natural objects and phenomena in order to uncover and explain the underlying

simplicity behind complexity. Natural science endeavors to make the wonderful

commonplace by identifying patterns hidden in apparent chaos and helping us to

comprehend complex systems. Simon illustrates this with the historical example of

Simon Stevin's drawing that shows the principles of the inclined plane, demonstrating

that natural phenomena can be understood through reason and experience.

2.Question:

How does Simon define the term 'artificial' and why is it considered neutral in his

context?

Simon defines 'artificial' as man-made, contrasting it with 'natural.' He points out that

the term often carries a negative connotation, which he aims to neutralize in his

discussion. He uses 'artificial' in a non-pejorative way to signify objects or systems

created by humans that still adhere to natural laws. This distinction is crucial for his

exploration of how artificial systems (such as technologies and engineered artifacts) can

be studied and understood in relation to human goals and adaptiveness.

3.Question:
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What distinguishes artificial systems from natural systems according to Simon?

According to Simon, artificial systems are distinguished from natural

systems by four key characteristics: (1) artificial systems are synthesized by

human beings, often for specific purposes; (2) they may imitate natural

appearances but lack certain realities of their natural counterparts; (3) they

can be characterized by their functions, goals, and ways they adapt to their

environments; and (4) discussions about artificial systems often involve

normative considerations (what they ought to do) in addition to descriptive

facts (how they operate). This distinction underlies the necessity for a

science of the artificial.

4.Question:

What role does the environment play in the functionality of artificial

artifacts as described by Simon?

Simon emphasizes that the environment plays a crucial role in the

functionality of artificial artifacts. He refers to the relationship between the

artifact's purpose, its internal characteristics, and the external environment in

which it operates. For an artifact to fulfill its designated purpose—such as a

clock telling time—it must be designed to function effectively in its specific

environment. This interaction between the internal structure of the artifact

and the external conditions determines whether the artifact can successfully

achieve its goals. Examples include clocks designed for different settings

and the adaptations required for them to work accurately under varied

conditions.

5.Question:
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In what way does Simon suggest artificial systems can be studied or

simulated to enhance our understanding of complex behaviors?

Simon suggests that artificial systems can be studied through simulation,

which allows researchers to explore and understand complex behaviors

without needing complete detail about every aspect of the system.

Simulation provides a powerful means of deriving knowledge from known

mechanisms and predicting behaviors by modeling them under various

conditions. He also notes the importance of abstraction in simulation, stating

that by focusing on relevant organizational properties rather than specific

hardware details, one can create functional representations of artificial

systems. This abstraction facilitates predictions about behavior and helps

designers improve system functionality.

chapter 2 | ECONOMIC RATIONALITY:ADAPTIVE ARTICICE |

Q&A

1.Question:

What is the central theme of economic rationality according to Simon in Chapter

2?

The central theme of economic rationality in Chapter 2 focuses on the allocation of

scarce resources in an environment marked by limitations. Simon emphasizes that

economics serves as an illustration of artificial systems, highlighting how individual

actors, firms, and entire markets interact with their environments. He differentiates

between substantive rationality, which involves adapting to the outer environment

based on goals and capabilities, and procedural rationality, which involves the methods
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used by decision-makers to reach solutions amidst uncertainty. The goal of economics,

therefore, is not simply to maximize utility or profits, but to understand how economic

actors operate within these constraints.

2.Question:

How does Simon differentiate between 'substantive' and 'procedural'

rationality in economic behavior?

Simon differentiates between substantive and procedural rationality by

defining substantive rationality as the ability of an intelligent system to

adapt to its outer environment based on its goals and capabilities. This

involves making decisions that would maximize outcomes given perfect

knowledge and computation. In contrast, procedural rationality pertains to

the specific methods and processes that actors use to arrive at their decisions,

especially when faced with uncertainty and complexity. While substantive

rationality assumes optimal outcomes, procedural rationality acknowledges

the limits of knowledge and the need for simplifications, inevitably leading

actors to seek 'good enough' solutions rather than optimal ones.

3.Question:

What role do operations research (OR) and artificial intelligence (AI)

play in enhancing procedural rationality according to Simon?

Operations research (OR) and artificial intelligence (AI) are significant tools

that enhance procedural rationality in economic actors. OR provides

structured methodologies, such as algorithms for solving complex decision

problems under uncertainty, including techniques like linear programming
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and queuing theory. These methods allow firms to optimize decisions

efficiently, albeit at the cost of simplifying the real-world context. AI, on the

other hand, adopts heuristic approaches that yield satisfactory solutions by

navigating complex decision-making spaces without the same constraints

that OR imposes. While OR focuses on finding optimal outcomes, AI

emphasizes the generation of 'good enough' solutions, adapting to more

realistic conditions, thus inviting more nuanced strategies for

decision-making in business.

4.Question:

What is the significance of 'satisficing' in Simon's analysis of economic

actors?

Satisficing is significant in Simon's analysis as it encapsulates the limitations

of human rationality in decision-making. Rather than striving for optimal

solutions, economic actors often settle for 'good enough' alternatives due to

the complexities and uncertainties of real-world scenarios. This arises

because maximizing utility or profit becomes impractical. Satisficing allows

for a more realistic understanding of behavior, accommodating the cognitive

limitations and emotional factors that influence human choices. Simon

argues that this perspective is crucial, as it acknowledges that the gap

between satisfactory and ideal choices affects both individual

decision-making processes and broader economic theories.

5.Question:

How does Simon address the interaction of markets and organizations in
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regulating economic activity?

Simon discusses how both markets and organizations function as

coordinating mechanisms in economic activity but often serve different

purposes and operate under varying conditions. Markets are identified with

decentralization and respond to signals (like price) from numerous actors,

promoting competition and efficiency in resource allocation. In contrast,

organizations often provide more structured and cohesive decision-making

environments, especially when addressing uncertainties and

interdependencies between units. Simon emphasizes that a modern economy

cannot rely solely on markets; it also necessitates the presence of

organizations that can effectively manage complexity, centralize

decision-making when necessary, and align the interests of multiple actors

within a cohesive framework. This interplay is critical for understanding

how economic systems balance efficiency with stability.

chapter 3 | THE PSYCHOLOGY OF THINKING:EMBEDDING

ARTIFICE IN NATURE | Q&A

1.Question:

What hypothesis does Herbert A. Simon present regarding the behavior of ants

and humans in relation to their environments?

Simon presents the hypothesis that both ants and humans, viewed as behaving systems,

are fundamentally simple. The complexity observed in their behaviors is largely a

reflection of the complexity of their environments. He illustrates this idea by comparing

the adaptive behavior of an ant navigating obstacles to a human grappling with complex
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thought processes. Both exhibit adaptive behaviors that are reactions to their

surroundings and not necessarily indicative of complex internal mechanisms.

2.Question:

How does Simon suggest that the complexity in human cognition can be

understood?

Simon suggests that human cognition can be understood as a product of its

environment, referring to the ways in which humans adapt their thoughts and

decisions in response to external challenges. He emphasizes that much of

human cognitive behavior is artificial, learned, and shaped by the task

environment. This includes memory limitations and search strategies

employed during problem-solving, as humans often utilize learned

techniques rather than innate cognitive abilities to navigate complex

situations.

3.Question:

What role does short-term memory play in Simon's diagnosis of human

cognitive abilities, and what are its limitations?

Short-term memory plays a crucial role in Simon's analysis by acting as a

bottleneck in human cognitive processes. He identifies that humans can

typically hold around seven chunks of information in short-term memory,

which severely restricts their ability to perform complex tasks efficiently.

Additionally, he notes that transferring information from short-term to

long-term memory takes substantial time (approximately eight seconds per

chunk), which further complicates cognitive tasks and problem-solving
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efforts.

4.Question:

What evidence does Simon provide to support his claims about the

artificiality of human thought processes and their reliance on

environmental complexity?

Simon draws upon experimental evidence from various cognitive tasks,

including cryptarithmetic problems, concept attainment, and memory

studies, to support his assertions. He emphasizes that, in these tasks, the

complexity of human performance often reveals common patterns that are

consistent across different environments, suggesting that the overarching

structure of cognition remains simple, despite the complexity of tasks. For

instance, through specific strategies, individuals can drastically reduce the

space of possible solutions in problems, which further points to the

efficiency of learned strategies over brute-force approaches.

5.Question:

In what ways does Simon connect psychology to artificial intelligence

and design?

Simon connects psychology to artificial intelligence by emphasizing that

both fields study adaptive systems that seek to mold their responses based on

external task environments. He explains that insights gained from human

cognition can inform the design of intelligent systems, as understanding the

limits and capabilities of human problem-solving can lead to better designs

in AI. He suggests that analyzing human behavior can lead to improved
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thinking and design techniques in AI, as both require a systematic

understanding of how complex tasks can be reduced and navigated.
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chapter 4 | REMEMBERING ANG LEARNING:MEMORY AS

ENVIRONMENT FOR THOUGHT | Q&A

1.Question:

What is the distinction made between simple puzzle-like tasks and semantically

rich domains in the context of human thought processes?

Herbert A. Simon posits that simple puzzle-like tasks (such as DONALD + GERALD =

ROBERT) require limited memory and knowledge, making them accessible even to

intelligent adults through straightforward processes of manipulation. In contrast,

semantically rich domains (like driving a taxi or medical diagnosis) necessitate an

extensive repository of knowledge stored in long-term memory. Mastery in these

domains relies not only on intelligence but also on the retrieval of a large amount of

specialized knowledge. This introduces complexity as problem-solving in these rich

domains often engages extensive memory, unlike the simpler problems examined in

earlier research.

2.Question:

How does human long-term memory function according to Simon, and what are its

key characteristics?

Simon describes long-term memory (LTM) as having essentially unlimited capacity,

allowing for the storage of vast amounts of information over a person's lifetime. It has

an associative nature, where triggering one piece of information can lead to the retrieval

of related items through links or associations. The process of storing new information

takes about eight seconds, or even less for experts using templates. Retrieval of stored

information is also rapid, typically taking a few seconds. Simon likens LTM to a vast
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encyclopedia or library, organized by topics and accessible through an elaborate

indexing system.

3.Question:

What role does intuition play in expert problem-solving as discussed by

Simon, particularly in the context of chess?

Simon argues that intuition in expert problem-solving manifests as the

ability to recognize familiar patterns rather than as an innate or mysterious

skill. For instance, chess masters rely on their long-term memory to quickly

identify thousands of recognizable 'chunks' of chess positions, allowing for

rapid decision-making. These intuitive leaps are essentially acts of

recognition, where experts can envision the most strategic moves based on

previously encountered configurations, which demonstrates that expertise is

largely rooted in extensive memory and practice.

4.Question:

How does Simon differentiate between rote learning and meaningful

learning, and why is this distinction significant?

Simon highlights a profound difference between rote learning, which merely

involves memorization without understanding, and meaningful learning,

which entails comprehension and the ability to utilize knowledge as a

cognitive tool. Meaningful learning fosters quicker acquisition, better

retention, and improved transfer to new tasks. The significance of this

distinction lies in its implications for educational practices; teaching

strategies that promote understanding rather than mere memorization can
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enhance students' learning experiences, making them more adaptable and

skilled in applying their knowledge.

5.Question:

What are production systems, and how do they facilitate learning in the

context of artificial intelligence?

Production systems are models in artificial intelligence consisting of a set of

production rules that directly map conditions to actions. Each rule operates

independently and is triggered when its conditions are met. This system

facilitates learning by allowing the easy addition and modification of

productions, which can adaptively grow to incorporate new knowledge and

skills. These systems are especially useful for simulating human cognition,

as they can represent both the information stored in memory and the

procedural knowledge required to perform tasks.

chapter 5 | THE SCIENCE OF DESIGN:CREATING THE

ARTIFICIAL | Q&A

1.Question:

What is the main focus of Chapter 5 in Herbert A. Simon's "The Sciences of the

Artificial"?

The main focus of Chapter 5 is on the science of design, particularly how it involves

creating artificial artifacts and the need for a formal discipline that encompasses the

design processes. Simon emphasizes the distinction between engineering schools,

which traditionally taught about artificial things and design, and natural sciences, which
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taught about natural phenomena. He critiques the shift away from design in

professional curricula and advocates for a robust curriculum that includes a science of

design alongside natural sciences.

2.Question:

How does Simon characterize the relationship between design and the

professions?

Simon states that design is central to all professional training and is a key

differentiator between professions and sciences. He argues that everyone

who devises plans to change situations—be it in engineering, medicine,

business, etc.—is involved in design. This reflects the fundamental role

design plays not only in engineering but across various fields, where the aim

is to achieve specific goals through structured methods of designing.

3.Question:

What critique does Simon offer regarding the evolution of professional

schools after World War II?

Simon critiques that after World War II, professional schools began to

prioritize natural sciences at the expense of design education. He observes

that engineering schools became more focused on physics and mathematics,

while business and medical schools also shifted towards analytical and

scientific orientations. This trend led to a decline in teaching design as a

fundamental skill, which Simon views as detrimental to professional

competence.

4.Question:
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What is meant by 'satisficing' in the context of design, and why does

Simon consider it relevant to real-world design processes?

'Satisficing' refers to the practice of searching for alternatives that are 'good

enough' rather than optimal due to the limitations of computational power

and the complexity of real-world problems. Simon posits that in many

practical design situations, achieving optimal solutions is often infeasible;

thus, designers typically settle for satisfactory solutions after moderate

searches. This concept is crucial for understanding how designers operate in

real-world scenarios where the perfect solution is not always attainable.

5.Question:

What role does Simon attribute to logic and optimization in the design

process?

Simon discusses the importance of logic in the design process, highlighting

that traditional logical systems may not fully suffice for design-related

inquiries, which often deal with imperatives rather than mere observations.

He elaborates on the use of optimization methods within design,

emphasizing that designers often seek to maximize utility under given

constraints. He suggests that optimization, aided by techniques such as linear

programming, plays a critical role in evaluating and selecting design

alternatives.

chapter 6 | SOCIAL PLANNING:DESIGNING THE EVOLVING

ARTIFACT | Q&A

1.Question:
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What does Herbert A. Simon mean by 'bounded rationality' in the context of social

planning?

Bounded rationality refers to the cognitive limitations that constrain human

decision-making abilities. In social planning, Simon suggests that both the

Apollo Moon missions and the drafting of the United States Constitution

were successful because they were evaluated against limited objectives. This

means that planners and decision-makers are not expected to foresee all

possible consequences or design complexities but work within manageable

and practical goals that reflect human limitations. For instance, the framers

of the Constitution recognized the psychological nature of people, accepting

traits like selfishness as design constraints. By maintaining modest

objectives and simplifying the real-world situations they faced, planners are

more likely to achieve satisfactory outcomes.

2.Question:

How does Simon illustrate the concept of problem representation in

social planning?

Simon illustrates problem representation by discussing the different ways in

which the Economic Cooperation Administration (ECA) could have been

conceptualized during the implementation of the Marshall Plan. Six different

and contradictory approaches were proposed, such as commodity screening,

balance of trade focus, and bilateral agreement emphasis. Each

representation implied a different way of organizing the agency and would

lead to different assistance plans and political consequences. Simon argues
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that a successful representation is one that can be universally understood and

facilitates action, rather than paralyzing the process with confusion.

3.Question:

What role does understanding limiting resources play in social design

according to Simon?

Understanding the limiting resources is crucial in social design as it shapes

the identification of the true bottlenecks in a system. For example, in the

case of the State Department's communication challenge during crises, the

initial focus was on increasing teleprinter capacities, which did not address

the actual limiting factor—the attention and processing capabilities of the

decision-makers. By accurately identifying limiting resources, planners can

develop more effective solutions that truly address the core issues, such as

filtering important information rather than flooding decision-makers with

excessive data.

4.Question:

What challenges does Simon raise regarding the availability of data for

planning?

Simon discusses the significant challenges associated with poor data

availability in social planning, emphasizing that the effectiveness of design

relies heavily on the quality of data. When planning in the context of

inadequate data, a minimal strategy some scientists adopt is to associate a

measure of precision with every estimated quantity, reminding planners of

the reliability of their information. He points out that predictions about the
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future are often weak points, and instead of detailed forecasts, planners

should focus on constructing alternative scenarios and options for the future

that can be adapted based on changing circumstances.

5.Question:

How does Simon envision the future of social planning and the role of

designers according to his arguments?

Simon envisions that social planning should be an evolving process, similar

to biological evolution, where the aim is not necessarily fixed goals but

rather the creation of flexible frameworks that adapt to future needs. He

argues for the importance of leaving future decision-makers with numerous

alternatives, knowledge, and a capacity for fresh experiences. The designer's

role becomes one of facilitating ongoing exploration and facilitating an

environment where new possibilities can emerge rather than adhering rigidly

to predefined objectives. This flexible approach aids in managing the

complexities and uncertainties inherent in social systems.
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chapter 7 | ALTERNATIVE VIEWS OF COMPLEXITY | Q&A

1.Question:

What are the historical periods of interest in complexity as discussed in Chapter 7?

Chapter 7 discusses three significant historical periods of interest in complexity. The

first period, following World War I, saw the rise of 'holism,' with emphasis on 'Gestalts'

and 'creative evolution.' The second phase, after World War II, introduced concepts like

'information,' 'feedback,' 'cybernetics,' and 'general systems,' highlighting the

interactions within complex systems. The current wave incorporates 'chaos,' 'adaptive

systems,' 'genetic algorithms,' and 'cellular automata,' focusing on mechanisms that

generate and maintain complexity, along with new analytical tools to study it.

2.Question:

What is the difference between holism and reductionism as described by Herbert

Simon?

Holism posits that systems contain properties that cannot be fully understood by merely

analyzing their components in isolation; the system is more than the sum of its parts.

Holism embraces the idea of emergence, where new properties or functions arise from

interactions among the components. In contrast, reductionism seeks to explain the

behavior of complex systems in terms of their individual components and interactions,

often employing mechanistic explanations. Simon suggests a 'weaker' form of

emergence that accommodates reductionism, allowing for the study of complex systems

while still acknowledging the significance of inter-component relationships.

3.Question:
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How does the theory of chaos relate to our understanding of complex systems?

Chaos theory, as described in Chapter 7, deals with deterministic systems

that can exhibit unpredictable behavior due to sensitivity to initial

conditions. Although such systems are deterministic, small changes can lead

to substantial differences in outcomes, making prediction difficult. This

concept is crucial for understanding complex systems, as many natural

phenomena (e.g., weather patterns, ecological systems) display chaotic

behavior. The theory of chaos helps scientists manage unpredictability in

complex systems but does not imply that these systems are unmanageable;

rather, they can be handled through strategies like feedback mechanisms.

4.Question:

What role does feedback play in the study of complex systems according

to Simon?

Feedback plays a central role in the study of complex systems, allowing

these systems to maintain stability and adapt to changes in their

environment. Through feedback control, systems can recognize goals,

compare them to their current state, and take actions to minimize

discrepancies. This understanding simplifies the analysis of complex

systems, as feedback loops lead to homeostasis and self-regulating behavior.

Simon also emphasizes that these feedback mechanisms can remove the

mystery surrounding the purpose of complex systems, providing a clearer

comprehension of their dynamics.

5.Question:
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What is the significance of genetic algorithms in the context of

complexity and evolution?

Genetic algorithms represent a computational method inspired by the

process of natural evolution, where organisms with favorable traits tend to

survive and reproduce. Simon highlights that these algorithms simulate

evolution by evaluating 'fitness' based on specific features or genes. Over

generations, advantageous traits proliferate, illustrating how systems can

adapt and evolve under different conditions. This model of evolution serves

as a valuable tool for understanding emergent complexity, particularly in

artificial and biological systems, and exemplifies how computational

techniques can enhance the study of complex systems.

chapter 8 | THE ARCHITECTURE OF COMPLEXITY:HIERARCHIC

SYSTEMS | Q&A

1.Question:

What is a complex system as defined by Herbert Simon in Chapter 8, and how

does he differentiate between organized and disorganized complexity?

According to Herbert Simon, a complex system is one that consists of a large number of

parts that have many interactions with each other. He distinguishes between

disorganized complexity, where elements are numerous and individually may not

interact in any predictable way, and organized complexity, which involves a structured

system where the relationship between parts produces emergent properties that cannot

be easily inferred from the individual components alone. Organized complexity refers

primarily to systems where organization and interrelations create a meaningful
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structure.

2.Question:

What role does hierarchy play in complex systems according to Simon's

discussion?

Hierarchy is central to Simon's exploration of complex systems, as he argues

that many complex systems are hierarchically structured into subsystems,

each containing their own hierarchies. This organization allows for more

manageable analysis and understanding of interactions within the system.

Hierarchical systems can evolve more quickly than non-hierarchical systems

due to the existence of stable intermediate forms that facilitate the

evolutionary process. Simon posits that this hierarchical structure is a

prevalent form of organization across biological, social, and physical

systems.

3.Question:

How does Simon argue that hierarchical systems compare to

non-hierarchical systems regarding their evolutionary speed?

Simon theorizes that hierarchic systems evolve significantly faster than

non-hierarchical systems of the same size. This is because hierarchical

structures allow for subassemblies to stabilize, which can then interact to

form larger structures without needing total reassembly upon disturbance.

The presence of stable intermediate forms speeds up the evolutionary

process by reducing the functional complexity involved in creating new

configurations, which allows for selective pressures to act more effectively
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on intermediate forms.

4.Question:

What are nearly decomposable systems, and why are they important in

the context of complex systems as per Simon's analysis?

Nearly decomposable systems are those in which the interactions among

subsystems are weak compared to interactions within subsystems. According

to Simon, these systems exhibit a clear distinction between fast local

dynamics (internal subsystem interactions) and slower global dynamics

(interactions between subsystems). This near decomposability allows for

simplification in understanding and analyzing dynamic behavior, as the

short-term behavior of individual subsystems operates largely independently

of other subsystems, facilitating comprehension and management of

complex systems.

5.Question:

How does Simon relate human problem-solving to the concepts of

hierarchy and natural selection discussed in the chapter?

Simon draws analogies between human problem-solving and the principles

of natural selection, noting that both processes entail trial and error with an

emphasis on selective outcomes. In problem-solving, individuals navigate

complex mazes to find solutions, with heuristics guiding their search.

Similarly, in evolutionary terms, the emergence of stable forms among

biological systems can be likened to the adaptive successes identified

through selective pressures. Simon emphasizes that both domains rely on a
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hierarchical structure of knowledge or interactions to simplify inherently

complex tasks, allowing for more effective and efficient solutions.


