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1. The thesis

Every paradigm in software engineering — OOP, functional, data-
oriented, relational, “clean code” — tells you how to structure a
system. None of them tells you when its own structures stop
helping. That is the gap.

The Reality Principle fills it:

A software design is justified only if its benefits survive the
conditions of actual maintenance.

This is not anti-theoretical. It is theory held accountable. The
principle does not reject ideals; it places them under constraint. An
abstraction, pattern, or architectural form earns legitimacy only
when it reduces the total cost of understanding and change for the
people and agents who actually touch the code.

Maintenance of any piece of code begins immediately after you
write it. The next reader — tomorrow’s you, a junior, an agent, an
on-call engineer at 3 a.m. — is already the maintainer. There is no
grace period between “creation” and “maintenance.” Every design
choice you make during creation is simultaneously a maintenance
decision.

2. The three forces

The principle is not arbitrary. It is provoked by three forces that
govern every real codebase. Each force is irreducible; together
they define the space in which design must survive.

2.1. 1. Bounded cognition

Software is maintained by bounded reasoners. This is not a
deficiency to be engineered around. It is the permanent operating
condition.
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A senior developer under time pressure is bounded. A junior new to
the codebase is bounded. A domain expert touching an unfamiliar
subsystem is bounded. An on-call engineer debugging production
at night is bounded. An Al agent working within a context window
is bounded. Boundedness is not incompetence. It is the normal
state of affairs.

Design consequence: Optimize for recovery of intent by a reader
who is competent but constrained — not for ideal interpretation by
an omniscient one.

2.2. 1. Local change

Most edits are not rewrites. They are tweaks, additions,
substitutions, exceptions, repairs, and extensions at concrete
points. A system evolves faster than any central abstract model
can be curated. Design must tolerate drift, adaptation, and uneven
understanding without collapsing into incoherence.

Design consequence: The modification surface — the region of
code a maintainer must understand and safely alter to make a
likely change — must be visible, local, and proportionate to the
change.

2.3. 111, Identity clarity

A system whose components cannot answer what am I, why do |
exist, what transformation or invariant do | embody, what kind of
change belongs here? is a system where every reader must re-
derive the architecture from clues. That is expensive even for
experts. It is impossible for bounded reasoners.

Design consequence: Components must expose their governing
principle — the operational reason they exist — not merely their
structural position in a hierarchy.

3. How the forces interact

The power of the model is in the interaction, not in any single force
alone.
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Force pair What goes wrong when ignored

Bounded Readers can’t predict consequences of small edits. Every
cognition + local patch becomes a gamble. Bugs multiply. Teams slow
Local down, then freeze.

change

Bounded Readers see code but can’t recover purpose. They work
cognition + around what they don’t understand instead of extending
Identity it. Workarounds accumulate. The system drifts from its
clarity own design.

Local Changes land in the wrong place because the system
change + doesn’t declare where a given kind of change belongs.
Identity Concepts scatter. One feature leaks across a dozen files.
clarity

All three The system becomes a place where bounded readers
together making local changes cannot locate the identity of what

they’re changing. Architecture becomes archaeology.

When all three forces are respected simultaneously, a different
kind of design emerges: one that reveals identity clearly, keeps
modification surfaces local, and cooperates with limited
cognition.

4. The two kinds of abstraction

The most consequential distinction in this model is one that
“premature abstraction” discourse misses entirely.

Not all abstraction is the same. There are two fundamentally
different acts collapsed under the same word:

Identity abstraction reveals the essence of a thing. It names the
governing transformation, invariant, or role. It tells a reader what
kind of problem they are looking at. It reduces confusion. It is
clarifying, and it should happen as soon as the identity is genuinely
discovered.

Administrative abstraction manages structure around the thing.
It introduces layers, interfaces, services, wrappers, extension
points, or generalized mechanisms to control shape and
anticipated future change. It is organizational machinery.
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The common advice to “avoid premature abstraction” is too blunt.
It collapses these two acts into one, and the result is that teams
afraid of abstraction avoid identity discovery too. A project without
identity-level abstraction does not stay concrete and healthy. It
becomes a pile of locally clean fragments with no governing logic
— conceptual spaghetti, even if every function is short and every
file is tidy.

The distinction leads to a sharper rule than “prefer concrete code”:

Abstract the nature of the thing early. Abstract the
management of the thing late, and only under
demonstrated pressure.

Or equivalently: Discover identity before architecture. Earn
indirection through recurring cost.

Identity abstraction is almost never premature. Administrative
abstraction must justify itself continuously.

5. Why ideal forms fail

The failure of idealistic design is not random. It follows a pattern:
visible order diverges from actual reasoning cost.

e An abstraction reduces duplication but requires every reader to
reconstruct a hidden general rule before making a simple
change.

e A hierarchy organizes concepts cleanly but forces readers to
traverse five files to answer one behavioral question.

e A dependency injection framework formalizes composition while
making execution flow untraceable.

o A flexible interface supports many implementations, but only
one is ever used and all future changes are local variations of
that one case.

These designs are praised because they look disciplined from
above. But maintenance happens from within. The person
changing the system is not admiring the architecture. They are
trying to predict consequences. If a design increases the invisible
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context needed to make a safe edit, it is not practically clean — no
matter how formally clean it appears.

This is distributed complexity. Instead of seeing what the
system does, the reader sees a system of permissions, indirections,
seams, and policy layers through which the real behavior must be
inferred. The code becomes lecture-friendly and review-friendly
while becoming maintenance-hostile.

6. The API usability trap

A closely related failure occurs at interface boundaries: APIs that
are difficult to understand don’t get used correctly. They
get worked around.

When a module’s contract is unclear, overly abstract, or requires
too much context to invoke safely, consumers don’t invest the time
to learn it. They write workarounds. They duplicate logic. They
bypass the intended pathway. Each workaround is locally rational
— the developer needed to ship — but the total effect is
catastrophic:

e The “official” path and the workaround paths diverge. Bugs are
fixed in one but not the other.

» Total surface area grows. Maintenance burden multiplies.

e The original abstraction rots because its actual usage pattern no
longer matches its design assumptions.

 New developers discover the workarounds first and assume they
are the intended pattern.

This is not a failure of discipline. It is a design failure. An API that
requires heroic understanding to use correctly has failed the
Reality Principle. The usability of a contract is not a nicety; it
is a structural property. A contract that cannot be used correctly
by a bounded reasoner under ordinary time pressure will be used
incorrectly, and the system will bear the cost.

Operational rule: If people are working around your API, the API is
wrong — not the people.

Source: https://gerolds.github.io/textbook/textbook/posts/the-reality-principle/ 7/16



The Reality Principle in Software Design

7. The delegation fallacy

Encapsulation and “architecture” are often justified as ways to
delegate responsibility and make systems manageable. This
framing conceals a critical assumption: that the process or
structure you delegate to is actually capable of performing
the task.

In safety-critical domains — train dispatch, nuclear power, aviation
— delegation protocols are extraordinarily sophisticated. They
involve redundant channels, formal verification, mandatory
checklists, independent audit, defined failure modes, and
continuous training. And they still fail. The history of industrial
accidents is largely a history of delegation protocols that were not
quite sophisticated enough for the pressure they faced.

Software architecture rarely comes close to this level of rigor, yet it
makes the same bet. An enterprise system delegates responsibility
to layers, services, interfaces, and organizational boundaries. But:

o The layers don’t verify each other. An interface contract is a
type signature, not a behavioral guarantee.

e The boundaries don’t audit themselves. A service boundary
prevents direct coupling but says nothing about whether the
separated pieces still form a coherent whole.

 The organizational structure doesn’t ensure competence.
Splitting a system across teams splits knowledge. Each team
understands its slice. Nobody understands the interaction.

 The delegation is rarely tested under stress. The
architecture works fine in normal conditions. Under deadline
pressure, bounded changes, misaligned incentives, and
personnel turnover, the delegation fails the same way a
simplified safety protocol fails: at the seams.

The evidence is not theoretical. Large organizations using
enterprise patterns — the ones most committed to managing
complexity through architectural delegation — produce systems
with the highest maintenance overhead, the poorest ratio of utility
to cost, and the most frequent security failures. This is not a
coincidence. The delegation itself is the failure mode. The
architecture promised to make the system manageable by
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distributing responsibility. But distribution without verification,
without shared understanding, and without continuous
accountability is not management. It is diffusion.

The Reality Principle predicts this: any structure that increases the
total amount of context needed to understand consequences will
eventually be defeated by bounded cognition, no matter how many
layers of encapsulation separate the components.

Operational rule: Do not delegate to a structure what requires
understanding to perform. Encapsulation manages visibility. It does
not manage comprehension.

8. The environmental constraints

The Reality Principle is not a preference. It is the rational response
to a specific set of environmental constraints that almost all
systems live under.

1. Maintainers are bounded reasoners. They cannot re-derive
the architecture from first principles for every edit.

2. Change is local most of the time. Grand rewrites are rare.
The typical edit is a tweak, addition, or repair at a concrete
point.

3. The system evolves faster than its abstract model. Design
must tolerate drift without collapse.

4. ldentity must be exposed. Components must answer: what
am |, why do | exist, what belongs here?

5. Execution must be traceable. A reader must be able to
predict consequences without chasing an ideology through
many layers.

6. Variation is real but finite. The system must support
extension along meaningful axes, not every hypothetical one.

7. Architecture must pay rent continuously. Structures that
look good from altitude but increase local reasoning cost are
liabilities, not assets.

8. Partial understanding must be survivable. A person must
be able to act correctly in one area without fully understanding
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every other area.

Under these constraints, two opposite failure modes become
visible:

o Abstraction excess: too many layers, too much indirection, too
much formal structure managing hypothetical variation.

o ldentity failure: no governing concepts, no named principles,
only locally tidy code and ad hoc accretion.

The Reality Principle lives between them. Discover and state
essence aggressively. Mechanize cautiously.

9. Stress-testing the model

Any serious principle must survive its own mutations. Here are
several, tested against the framework.

9.4. Mutation 1: “Just write simple code”

This collapses the model to only one of its forces (bounded
cognition) while ignoring identity clarity. Simple code without
governing concepts produces conceptual spaghetti — locally
readable, globally incoherent. Identity-level abstraction is not
opposed to simplicity. It is a prerequisite for simplicity at scale.

Verdict: Incomplete. Simplicity is necessary but not sufficient.

9.5. Mutation 2: “Good architecture solves this”

This trusts administrative abstraction to handle all three forces. But
architecture itself is subject to bounded cognition and local change.
An architecture that requires full-system understanding to extend
safely has merely relocated the problem. Enterprise patterns are
the existence proof: they are the most architecturally ambitious
systems and also the most maintenance-intensive.

Verdict: Circular. Architecture is the thing being evaluated, not the
solution.
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9.6. Mutation 3: “Experienced developers don’t have
this problem”

This denies bounded cognition for experts. But expertise is context-
dependent. An expert in one subsystem is a novice in another. An
expert under time pressure behaves like a bounded reasoner. An
expert who leaves the project takes their understanding with them.
The code must survive without them.

Verdict: Survivorship bias. The code must work for the team it will
actually have.

9.7. Mutation 4: “This is just ‘be pragmatic’ with more
words”

“Be pragmatic” acknowledges the problem without naming the
forces. It provides no way to distinguish identity abstraction from
administrative abstraction, no criteria for evaluating indirection, no
account of why ideal forms fail. The Reality Principle is not
pragmatism. It is a specific theory with specific predictions: designs
that violate bounded cognition, local change, or identity clarity will
degrade in specific, predictable ways.

Verdict: The Reality Principle is what pragmatism becomes when
forced to explain itself.

10. Adjacent concepts

10.8. Technical debt as deferred reality checks

Most technical debt is not “mess we’ll clean up later.” It is the
accumulated cost of designs that were never tested against
bounded cognition, local change, or identity clarity. The debt
accrues because the design passed formal review but failed the
reality check. Reframing technical debt as reality debt makes the
repayment strategy clearer: the fix is not to make the code
“cleaner” but to make it more legible, more local, and more
identity-clear.
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10.9. Chesterton’s Fence — in both directions

Chesterton’s Fence warns against removing a structure whose
purpose one doesn’t understand. The Reality Principle adds the
converse: do not preserve a structure whose cost hasn’t been
measured. Many architectural layers survive not because they are
understood to be valuable but because no one is confident enough
to question them. A bounded reasoner who cannot determine
whether a layer helps or hinders will leave it in place, and the
system accumulates dead structure indefinitely.

11. Operational principles

11.10. The DOs

1. Name by governing principle. A component’s name should
tell a reader what kind of work happens there — the
transformation, invariant, or operational role — not its position in
a taxonomy.

2. Abstract identity early. When you discover that several
pieces of logic are instances of the same underlying operation,
name that operation immediately. Unrecognized identity is not
“keeping things concrete.” It is allowing conceptual spaghetti.

3. Keep the reason for existence visible. A component should
communicate not only what it contains but why it exists in the
system.

4. Organize by change axes. Group things by what changes
together, what is constrained together, what is part of the same
operational story.

5. Make dependencies and mutations explicit. Hidden needs
are a primary source of reasoning failure for bounded readers.

6. Keep invariants near enforcement. The rule and the code
that preserves it should not live far apart.

7. Make common edits obvious. The likely place to add a
variant, tweak behavior, or replace a policy should be
structurally discoverable.
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. Prefer seams that correspond to real variation. Extension

points belong where the domain actually varies, not where a
pattern says it could.

. Accept duplication that preserves identity or locality.

Some repetition is cheaper than an abstraction that dissolves
the shape of the problem.

Treat traceability as a first-class property. A reader should
be able to follow execution flow and ownership of meaning
without reconstructing the architect’s intent.

11.11. The DON’Ts

1.

Don’t confuse naming with abstraction. Renaming a mess
into prettier terms without discovering its governing principle is
cosmetic architecture.

. Don’t treat every repeated shape as a call for shared

machinery. Some repeated code evidences a recurring identity.
Some is just coincidence. These require different responses.

. Don’t introduce indirection to satisfy formality. Interfaces,

service layers, and wrappers must improve understanding at the
point of use, not at the point of review.

. Don’t split concepts that change together to satisfy

layering doctrine. Separating by purity can destroy
modification locality.

. Don’t let types become bureaucracies. A type should carry

real semantic weight, not just hold a place in a class-shaped
architecture.

. Don’t optimize for review neatness over maintenance

clarity. Code that looks clean in a diff may still be hard to
reason about in operation.

. Don’t generalize from hypothetical futures. Generalize

from stable identity and recurring real pressure.

. Don’t hide the operational center. If nobody can tell where

the actual work happens behind the adapters, coordinators, and
managers, the architecture is obstructing — not organizing.

. Don’t equate low duplication with high clarity. A perfectly

factored system can still be unintelligible.
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10. Don’t rely on local cleanliness alone. Without identity-level
abstraction, “clean” code devolves into conceptual spaghetti.

12. The review checklist

When evaluating any design decision — during creation or
maintenance — ask:

1. What is this thing, really? What transformation, invariant, or
principle defines it?

2. Is this abstraction revealing identity, or merely reorganizing
code?

3. Would removing this layer make the system easier or harder to
understand?

4. Can a bounded reader — junior, rushed, unfamiliar, or an agent
— modify behavior here safely?

5. Are we preserving locality, or scattering one concept across the
architecture?

6. Does the modification surface for the most likely change stay
small and visible?

7. Can someone use this API correctly without heroic effort?

13. The paradigm test

The Reality Principle is not another paradigm beside OOP, FP, data-
oriented, or relational design. It is a governing criterion over all
of them.

e Object orientation is useful when encapsulation reduces
cognitive load for a bounded reader. It fails when objects
become vessels for abstraction doctrine.

o Data-oriented design is useful when transformation pipelines are
central. It fails when its shapes are imitated stylistically.

e Functional composition is useful when purity reduces reasoning
cost. It fails when the composition machinery becomes harder to
trace than the problem it solves.
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o Relational thinking is useful when invariants and normalized
truth matter. It fails when normalization destroys practical
comprehensibility.

e Clean code principles are useful when they reduce incidental
complexity. They fail when cleanliness becomes a rhetorical
property rather than an operational one.

The order matters: not “choose a paradigm then shape the
system”, but “understand the real computational and
maintenance problem, then adopt only those forms that
survive the reality check.”

14. Conclusion

Software design has lots of ideals. What it has lacks is a way to
hold them accountable.

The Reality Principle aims to provide that accountability. It rests on
three irreducible forces: bounded cognition, local change, and
identity clarity. It asks every design decision to survive their
combined pressure. It distinguishes the abstraction that reveals
what something truly is from the abstraction that merely manages
code shape. It predicts, specifically, where and why ideal forms will
fail: wherever they increase the invisible context needed by
bounded reasoners making local changes to components whose
identity is unclear.

The principle does not make engineering easier. It makes it honest.

A design that cannot be understood by the people who must
change it is not principled. It is negligent. A contract that cannot be
used correctly under ordinary conditions is not sophisticated. It is
hostile. An architecture that delegates responsibility to structures
incapable of bearing it is not robust. It is failing in the way it
promised not to.

The right conclusion is not that ideals are useless. It is that ideals
require legitimacy. They earn it the only way anything earns it: by
surviving contact with reality.
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Drafting assistance: Claude Opus. All claims mine; errors my
responsibility.
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