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Abstract

Large engineering failures often start where one group hands work to another and an assumption
is never written down. This paper defines those handoffs, states when checking them makes a

system stable, and gives tests that could prove it wrong.

In plain words

1. Most big computer failures happen at the handoff between teams or parts, not inside them.

2. The cause is usually a guess nobody wrote down, like which units a number is in.
3. If every such guess is written down and checked by a machine, a fix made in one place
stays fixed and does not break anything above it.

1. Thesis

In Liu Cixin’s novel The Three-Body Problem [1], a civilization lives on a planet that orbits three
suns. Its seasons have no rhythm, because no one can predict where three bodies under mutual

gravity will be. The title of this paper borrows that picture for computing, and then turns it
around: the instability is real, but it has a cause that can be located, and the cause can be
removed.

Computing has three bodies. Theorists state what a system should do: the mathematics, the

specification, the algorithm, the physical model. Makers build it: the chip designers, the compiler
and kernel writers, the library authors, the integrators. Users run it: the operators, the
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downstream programs, the people and the machines that depend on its output. Each body is
competent and internally coherent. A theorem holds. A chip meets its datasheet. A user follows

the documentation.

The trouble lives between them. Every handoff from one body to another carries assumptions:
about units, voltages, ranges, timing, memory, encodings, versions, operating envelopes and
intent. When each body assumes that the handoff is not there, or that it is somebody else’s job,

the assumption is never written down, and an assumption that is never written down is never
checked.

The core claim. The instability of computing systems is located at their unexamined interfaces,

not in the bodies. Pursuing artificial general intelligence (AGI) seriously, as a system that must act
correctly across every body and every level of the stack, forces every interface assumption to be
made explicit and checked. A stack whose interface assumptions are all explicit and checked is

stable in a precise sense: a correction made at one level stays correct at that level and carries
into every level above it. That is the resolution the title names.

The claim is engineering and theory. It is stated with definitions in Section 5, it rests on the
interface literature reviewed in Section 4, its evidence comes from independently tested verified

systems (Section 6), and it carries protocols and falsifiers that can defeat it (Section 8 and
Section 9).

2. The three-body problem, and what the analogy carries

2.1 What the physics says

Newton solved the motion of two bodies under mutual gravity in closed form: each moves on a

conic section about their common centre of mass. Add a third body and the problem changes
character. Poincaré’s memoir for the prize of King Oscar II, published in Acta Mathematica in
1890, showed that, beyond the classical integrals, the three-body problem has no further

integrals of the kind that would reduce it to quadratures, and in correcting an error in his first
submission he found the tangle of trajectories near a periodic orbit that is now recognized as the
first appearance of deterministic chaos [2, 3]. Barrow-Green’s history traces the episode from
the prize to the corrected memoir [3].

“No general closed form” needs care, because it is often overstated. Sundman showed, in work
published in 1912 and 1913, that the three-body problem does have a convergent series solution
for all time, provided the total angular momentum is not zero [4], and Wang extended a global

series solution to the n-body problem in 1991 [5]. The series converge so slowly that they are
useless for prediction. The practical content of Poincaré’s result survives: there is no simple
formula, and nearby initial conditions can separate exponentially, so long-range prediction of a

generic configuration is not available. Lorenz found the same sensitivity in a three-variable model
of convection in 1963 [6]. Stone and Leigh showed in 2019 that the chaotic, non-hierarchical
three-body problem can be described statistically, by the distribution of its outcomes, even
though individual trajectories cannot be predicted [7].



2.2 The special stable configurations

Chaos is the generic case, not the only case. Lagrange found in 1772 that three bodies can keep

their relative positions while they rotate together: in a straight line, or at the corners of an
equilateral triangle [3]. In the restricted problem, where the third body is light, these are the five
Lagrange points. The triangular points are linearly stable when the larger primary is heavy

enough relative to the smaller one, a condition Routh stated in 1874 (mass ratio above about 25)
[8]. Spacecraft now park near the Sun and Earth Lagrange points for that reason. Further
periodic solutions exist: Moore found the figure-eight orbit numerically in 1993 [9], Chenciner
and Montgomery proved its existence for equal masses in 2000 [10], and Šuvakov and

Dmitrašinović found new families in 2013 [11].

The lesson for this paper is in the shape of those solutions. Each stable configuration is a special
arrangement in which the forces between the bodies are balanced in a frame that moves with

them. Stability is not a property of any one body. It is a property of the relations between the
bodies, and of a frame in which those relations are held fixed.

2.3 Analogy and mechanism

A metaphor borrowed from physics can mislead. The table separates what this paper uses as
analogy from what it claims as mechanism.

The three-body problem In computing Status in this paper

Three masses, each sim‐
ple alone

Theorists, makers and users, each
coherent alone

Analogy

Instability arises from the
interactions, not from any
body

Failure arises at interfaces, not inside
the bodies

Mechanism, supported by the failure
studies in Section 3 and the literature
in Section 4

Sensitive dependence on
initial conditions

A small unchecked mismatch at one
interface grows as it propagates
through levels

Mechanism, stated as Proposition 2

No useful general closed
form

No single body can predict the be‐
havior of the whole system from its
own model

Analogy; computing has no equations
of motion

Stable configurations ex‐
ist in a co-rotating frame

A stack whose interface assumptions
are all checked holds a correction
where it is made

Mechanism, stated as Proposition 3

Statistical description of
chaotic outcomes [7]

Failure rates can be measured at
large N even where individual failures
are not predicted

Method, used in the protocols of
Section 8

The paper never claims that computing obeys Newtonian dynamics, that interfaces exert forces,
or that a Lyapunov exponent can be computed for an organization. The physics supplies

vocabulary and a structural lesson: stability comes from the relations, and it is found in special



configurations, not in the generic case.

3. The three bodies of computing and their interfaces

Diagram of three bodies, theorists, makers and users, drawn as circles at the
corners of a triangle. Each edge between two bodies is an interface drawn as a band,
labeled with the assumptions that cross it: theorist to maker carries the

specification, its units and its operating envelope; maker to user carries the API, the
version and the voltage and timing limits; user to theorist carries the actual use, the
observed failures and the intent that was never written. Dashed portions of each
band mark assumptions that no body writes down or checks.

Figure 1. The three bodies and their three interfaces. Diagram. The bodies are drawn
solid because each is coherent alone. The dashed bands are the unexamined
assumptions where failures originate. A PNG copy is provided. Open full size · PNG

3.1 Theorist to maker

A theorist’s statement assumes a domain: units, ranges, an operating envelope, an idealized

machine. A maker’s implementation assumes the statement is complete. When neither writes the
envelope down, the implementation is correct for a world that is not the one it will run in.

The loss of Mars Climate Orbiter in 1999 is the textbook case. The Mishap Investigation Board

found that ground software supplied thruster impulse data in English units (pound-force
seconds) where the navigation software expected metric units (newton seconds), and that the
error accumulated over the cruise until the spacecraft entered the atmosphere far below its
planned altitude [12]. Each body did its own work. The unit was an interface assumption nobody

checked.

3.2 Maker to user

A maker publishes an interface and a user depends on it. The documentation states some of the
contract. The rest is whatever the implementation happens to do. Hyrum’s observation states the
consequence: with enough users of an API, every observable behavior of the system will be

depended on by somebody, whatever the contract promises [13]. Spolsky’s essay on leaky
abstractions makes the complementary point: every nontrivial abstraction exposes, to some
degree, what it was built to hide [14].

The first flight of Ariane 5 in 1996 shows how a maker’s assumption crosses to a new user. The

inquiry board found that the inertial reference software reused from Ariane 4 converted a 64-bit
floating point value related to horizontal velocity into a 16-bit signed integer; on the faster Ariane
5 trajectory the value exceeded the range, the conversion raised an exception, both reference

units shut down, and the launcher broke up about 40 seconds after the start of the flight
sequence [15]. The software was correct for the envelope it was written for. The envelope was an
interface assumption that traveled with the code without being restated or checked [15, 16].
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The same pattern appears at the hardware boundary. An instruction set is a contract that
vendors revise. RISC-V’s unprivileged specification lists several ratified bases and a long and

growing list of ratified extensions [17]. Apple moved the Mac from Intel processors to Apple
silicon, announced in 2020, and supplies Rosetta as a translation layer for applications built for
the earlier contract; Apple’s page also states that from macOS 28 Rosetta will remain only for
certain older games [18]. The translation layer is itself an interface with a published end.

Software written as if the instruction contract were fixed meets a revision it did not expect, and
the remedy is another interface layer.

3.3 User to theorist

The return path is the least examined. Users learn what a system actually does, where it fails and
what they meant to ask for. Unless that knowledge returns to the theorists as a revised

statement, the next specification repeats the old assumptions. Zave and Jackson’s account of
requirements makes the gap precise: a requirement is a statement about the environment, a
specification is a statement at the interface, and the domain knowledge that connects them is

often unwritten [19]. Hooker’s “hardware lottery” shows the return path working in reverse:
research ideas succeed or fail according to the hardware and software that happen to be
available, not on their merits alone, so what makers built shapes what theorists can think [20].

3.4 Why the instability looks irreducible

Each body sees only its own coherent model. From inside any one body, the failures above look
like bad luck or someone else’s mistake, because the cause lies on an edge no body owns. This is

the computing counterpart of the claim that three bodies have no simple formula: no single
participant’s model predicts the whole. Sculley and colleagues found the same structure inside
machine learning systems, where the model code is a small part of the system and most of the

maintenance cost lives in glue code, configuration, data dependencies and undeclared
consumers, that is, in interfaces [21].

4. The interface literature

The thesis is not new in its parts. Its contribution is to assemble them into one statement and
attach a stabilizing configuration and a test.

Structure follows communication. Conway observed in 1968 that organizations that design
systems produce designs that copy the communication structure of the organization [22].

MacCormack, Baldwin and Rusnak tested this mirroring hypothesis on matched pairs of products
built by tightly and loosely coupled organizations and found that the product architectures differ
in the predicted direction [23]. If the bodies do not communicate across an edge, the system has

an unexamined interface at that edge.

Interfaces are where design knowledge sits. Parnas argued in 1972 that a system should be
divided into modules by the decisions each module hides, so that a change in one decision is

confined to one module [24]. Baldwin and Clark generalized this into design rules: visible



interface decisions fixed in advance, behind which hidden modules may vary [25]. Henderson
and Clark showed that established firms fail at architectural innovation, a change in how known

components are linked, because their knowledge of the interfaces is embedded in their
organization and goes unexamined [26].

Correctness must be checked at the ends. Saltzer, Reed and Clark’s end-to-end argument
holds that a function can be completely and correctly implemented only with the knowledge of

the application at the endpoints, so checks in the lower layers are at most performance aids [27].
The argument does not say that intermediate interfaces need no checks. It says that the property
that matters must be checked where its meaning is known.

Contracts make assumptions explicit. Hoare gave programs preconditions and postconditions
in 1969 [28]. Meyer turned them into design by contract, where every routine states what it
requires and what it ensures [29]. Liskov and Wing defined when one component may replace

another: when it preserves the behavior its users rely on [30]. Each is a way of writing an
interface assumption down so that it can be checked.

Reuse fails at mismatched assumptions. Garlan, Allen and Ockerbloom found in 1995 that
building a system from existing parts failed because each part made implicit assumptions about

the others, about control, data, protocols and the environment, and that the assumptions
conflicted [31]. Revisiting the problem in 2009, they found it still present [32].

Accidents are interaction failures. Leveson’s systems-theoretic account treats safety as a

control problem: accidents arise from unsafe interactions between components that each meet
their own specification [33]. Cook’s short treatise on complex system failure says the same from
operations: catastrophe requires multiple failures, and the system usually runs in a degraded

mode [34]. Lehman’s observations on software evolution add time: a program used in the world
must keep changing, and its complexity grows unless work is done to reduce it [35].

Verified kernels show that a boundary can be a proof. seL4 was the first general-purpose
operating system kernel with a machine-checked proof that its implementation meets its

specification [36]. The proof is an interface check made total: between the specification and the
code, nothing is assumed.

5. Definitions and propositions

5.1 Definitions

Definition 1 (body). A body is a party with an internally coherent model of a system: a theorist, a

maker or a user. A body may be a person, a team, an organization or a program.

Definition 2 (interface). An interface is a handoff between two bodies, or between two levels of
a stack, across which one side’s output becomes the other side’s input.



Definition 3 (interface assumption). An interface assumption is a predicate  over the values
that cross an interface, which the receiving side relies on for its own correctness. Examples: a

unit, a range, a type, a voltage, a timing bound, a version, an envelope.

Definition 4 (checked and unexamined). An assumption is checked when a mechanism
evaluates  on every crossing and refuses the crossing when  fails. It is unexamined when it is

relied on but is neither written down nor evaluated.

Definition 5 (stack). A stack is a sequence of levels  where each level consumes the

level below only through the interface between them. A body may own several levels; an interface
may join two bodies or two levels of one body.

Definition 6 (general agent). Following Legg and Hutter, a general agent is one whose

performance is measured across a wide class of environments, not one task [37]. Morris and
colleagues operationalize levels of AGI by both performance and generality [38]. For this paper
the relevant property is generality across bodies: the agent must act as theorist, maker and user,
and across every level of the stack.

5.2 Propositions

Proposition 1 (failures originate at unexamined interfaces). If every body is correct with

respect to its own model, then every failure of the composed system violates at least one
interface assumption, and if every assumption is checked, the first violated assumption is
refused at the interface where it occurs.

Proof sketch. If every body is correct relative to its inputs and every input satisfies the
assumptions the body relies on, the composition is correct by induction over the stack. A failure
therefore requires some crossing at which an assumption fails. If that assumption is checked, the

crossing is refused there, so the failure is located at that interface and does not propagate. ∎

Proposition 2 (unchecked mismatches propagate). If an assumption at the interface between
 and  is unexamined, a violation at that interface can produce wrong values at every level

above , and no check at a level above  that is phrased only in that level’s own terms can locate
it.

Sketch. Levels above  see only outputs of , which are well formed relative to ‘s own

model. Mars Climate Orbiter is the instance: the navigation solution was internally consistent and
wrong [12].

Proposition 3 (the stabilized configuration). In a stack where every interface assumption is

explicit and checked, a correction made at level  that passes the check of its own boundary
leaves every property established by the checks of the other boundaries intact, and every level

above  inherits the correction without change.
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Sketch. The checks at the other boundaries evaluate predicates over the values that cross those
boundaries. The corrected  changes only values that cross the boundaries of , and its

outgoing values satisfy the checked assumption of the boundary above it. Each level above 
consumes  only through a checked interface, so if the corrected  satisfies that interface, the

consumers see a correct input. ∎

Proposition 4 (the pursuit of AGI forces explicitness). Let a general agent in the sense of
Definition 6 be required to pass a correctness gate on tasks drawn across all three bodies and all

levels of the stack. Then for every interface the task distribution crosses, either the agent makes
the interface assumption explicit and checks it, or there is a task on which the agent’s success
depends on an unchecked guess about that assumption.

Argument. A narrow system can rely on the convention of its one environment: a fixed unit
system, a fixed instruction set, a fixed version. A general agent faces environments in which
those conventions differ, by construction of generality. An assumption that holds in one
environment and fails in another must be detected to be handled, and detecting it is checking it.

A correctness gate is a test that a run either passes or fails, with no partial credit. Under such a
gate, a guess that happens to be wrong is a failed task, not partial credit. So the pursuit of
generality under a gate is a pressure toward explicit, checked interfaces at every boundary the

agent touches. The proposition does not say that any current system meets this standard. It says
what the target requires.

Proposition 5 (joules rank the stable configurations). Among stacks that pass the gate, the

one that resolves each interface with the least energy to completion is preferred, and an explicit
check spent once at an interface is cheaper over a workload than a failure rediscovered at every
level above it.

Sketch. The ordering is gate then rank: correctness is a constraint every candidate must satisfy,

and energy to completion, in joules, orders only the candidates that satisfy it, as in constrained
optimization where the objective is compared only over the feasible set. A check at the boundary
has a fixed cost per crossing. An unexamined mismatch has a cost at every level it reaches, and

that cost recurs on every run until the mismatch is found.

6. The stabilized configuration

Diagram of the same three bodies, now arranged at the corners of an equilateral

triangle inside a rotating frame, in the manner of the Lagrange configuration. Each
interface band is solid and carries a check mark and a short label: the specification
written once, the gate at entry, and the trace and receipt that return to the theorist.
At the centre sits a shared frame labeled one specification, one gate, joules as the

ranking.
Figure 2. The stabilized configuration. Diagram. In the physics, three bodies keep
their relative positions in a frame that rotates with them. In computing, the shared

frame is an explicit, machine-checkable statement of intent with every interface
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assumption checked, so the three bodies keep their relations as the system
changes. A PNG copy is provided. Open full size · PNG

6.1 The shared frame

Lagrange’s configurations are stable only in a frame that moves with the bodies. The computing

counterpart is a shared representation that all three bodies read and write, in which every
interface assumption is a checkable statement: a formal specification, a machine-checked
contract, or a type. When the theorist’s statement, the maker’s implementation and the user’s
observed behavior are related by checks against one such representation, the handoffs between

them are checks rather than translations.

6.2 Every interface assumption explicit

Diagram of a stack with six levels from intent at the top through specification,
gate, projections and runtime to hardware and energy. Between each pair of adjacent
levels sits an interface drawn as a small gate with its assumption and its check

written beside it. A correction made at the runtime level is drawn with arrows rising
through each checked interface to the levels above.
Figure 3. The stack with every interface checked. Diagram. A PNG copy is provided.

Open full size · PNG

The method has three steps. List every boundary of the stack. For each, write the assumption the
receiving side relies on as a predicate, and name the mechanism that evaluates it on every
crossing. When a check fails, the break is located at that boundary; the correction is made at that

level, passed through that boundary’s check, and inherited by the levels above.

6.3 Evidence from verified systems

The existence of stabilized configurations, in the sense of Proposition 3, is supported by systems
built and tested by independent groups.

A verified compiler under random testing. CompCert is a C compiler whose optimizing

middle and back end carry a machine-checked proof that the generated code preserves
the semantics of the source [39]. Yang, Chen, Eide and Regehr ran Csmith, a random
program generator, against CompCert and many other compilers. They reported hundreds

of previously unknown bugs in the other compilers. In CompCert they found no wrong-
code errors in the verified middle end. The defects they did find sat in parts outside the
proof, such as the front end and an unverified assumption about the target [40]. Failures
appeared where an assumption was left unchecked, as Propositions 1 and 2 predict, and

not across checked boundaries.
A verified kernel boundary. seL4’s proof relates its C implementation to an abstract
specification, so that between specification and code nothing is assumed [36]. The proof

is stated relative to explicit assumptions about the compiler, the assembly code and the
hardware, which shows the method of Section 6.2 in practice: the residual assumptions are
written down as the remaining interfaces.
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Specifications in industrial practice. Newcombe and colleagues report that engineers at
Amazon Web Services wrote TLA+ specifications for core distributed systems, and that

model checking found subtle design bugs, some needing long event sequences, that
review and testing had missed [41].
Units as a checked interface. Kennedy’s dimension types make the unit of a quantity part
of its type, so that a pound-force-second value cannot be passed where a newton-second

value is expected without an explicit conversion [42]. The interface assumption behind the
Mars Climate Orbiter loss [12] becomes a refusal at compile time.

This evidence comes from single systems, each built with checks in mind. It shows that the

stabilized configuration exists and can be maintained. It does not show that the configuration
extends to stacks that span several organizations. The protocols of Section 8 are written to test
that.

7. The hardware side

The hardware boundary is where interface assumptions become physical: a supply voltage, a
thermal envelope, a memory model, an instruction contract. Section 3.2 gave the instruction

contract as an example of a maker’s interface that is revised over time [17, 18]. A stack that treats
the hardware as fixed has an unexamined interface at its lowest level, and Proposition 2 says that
a mismatch there can reach every level above.

Within this paper, the hardware side is a set of interfaces to be made explicit, and a hardware

result enters under the same gate and the same energy ranking as software.

8. Protocols

Each protocol is fixed before its run. Energy figures carry one of three labels: est_j for an

analytical estimate, reported_j for a reading from an operating system or on-chip counter, and

measured_j for a reading from an external power meter.

8.1 Interface inventory

For a target system, enumerate every interface between bodies and between levels. For each,
record the assumption as a predicate, its owner, and whether a mechanism checks it. Report the
fraction of assumptions that are checked, and the fraction that have no owner. Two independent
auditors inventory the same system; report their agreement.

8.2 Break and catch

For each recorded assumption, inject a violation at that interface on a fixed seed set. Record

whether the violation is refused at that interface, caught at a later level, or not caught.
Proposition 1 predicts that checked assumptions are refused at their own interface. Proposition 2
predicts that unexamined assumptions, when caught at all, are caught later and are not located.



8.3 Compounding

Run a fixed workload for  rounds with and without one correction promoted at a chosen level.

Record escalations, failures and energy per round. Proposition 3 predicts that cumulative
escalations with the correction are no higher in any round, and that no property checked before
the promotion fails after it.

8.4 Cross-body handoff

Choose a real handoff between organizations: a specification passed to an implementer, a library

passed to downstream users, or a hardware revision passed to software. Express the handoff as
a shared representation with explicit assumptions, run the break and catch protocol across it,
and compare with the same handoff carried by prose documentation. Report failures located at

the interface in each arm, with Wilson 95% intervals.

8.5 Generality under the gate

Build a task set that varies the conventions at interfaces: units, instruction contracts, library
versions, encodings. Evaluate agents under a correctness gate. Proposition 4 predicts that
success across the varied set requires detecting the convention, so agents that check interface
assumptions explicitly should pass a larger share of the varied tasks than agents that assume a

default, at matched success on the default tasks. Rank passing agents by joules to completion.

9. Falsifiers

Fixed before the runs they test.

ID Observation Defeats

TBP-
F1

In the break and catch protocol, a violation of a checked as‐
sumption is accepted at its own interface

Proposition 1 as stated for the
system under test

TBP-
F2

In the compounding protocol, a correction that passes its own
boundary check causes a previously passing check at another
boundary to fail

Proposition 3

TBP-
F3

In the cross-body protocol, the shared representation locates
no more interface failures than prose documentation, within
the intervals

The claim that explicit checked
interfaces stabilize handoffs be‐
tween bodies

TBP-
F4

In the generality protocol, agents that assume defaults pass
the varied tasks at a rate no lower than agents that check, at
matched default performance

Proposition 4

TBP-
F5

An interface inventory of a working system finds failures
whose cause cannot be assigned to any interface assumption,
with every body correct to its own model

The interface account of
instability

R



10. Scope and method

The physics enters as structure. It supplies the vocabulary of bodies, relations and stable
configurations, and every proposition is stated and tested in computing’s own terms. Claims
about sensitivity are claims about how outcomes depend on unexamined mismatches, and they

are measured statistically at large N, in the manner of Stone and Leigh [7].

Explicitness is maintained, not declared. Assumptions surface as a system meets new
environments, and the world a program serves keeps moving [35]. The method therefore treats

each discovered assumption as a new interface to close: written as a predicate, given a check,
and kept checked under Proposition 3. The stabilized configuration is held the way a spacecraft
near a Lagrange point is held, by continuing station keeping.

The unit of analysis is the handoff between roles. One person can be theorist, maker and user in

an afternoon, so the method applies wherever a handoff occurs, inside one team or across
organizations. Every approach to building systems, from formal methods to large models with
tests to hand-written code with review, is placed by the same measure: the fraction of its

interface assumptions that are explicit and checked, read from the inventory protocol of Section
8.1.

11. Conclusion

The three-body problem taught physics that instability can come from the relations between
simple parts, and that stability, where it exists, is a special arrangement of those relations in a
shared frame. Computing has three bodies of its own, theorists, makers and users, and its
instability comes from the interfaces between them, where assumptions cross unwritten and

unchecked. A system that aims at general intelligence has to act across all three bodies and
every level of the stack, so it cannot leave those assumptions implicit. Taking that aim seriously
means writing every interface assumption down and checking it on every crossing. In a stack

built that way, a correction stays where it is made and carries upward, and the system holds its
shape as it changes. That is how the pursuit of AGI resolves the three-body problem in
computing.
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