The Epistemology of Repair

Rethinking system failure as a high-value, information-producing event.

Based on the research of Flyxion (2026).
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The Problem with Working Systems

A working system withholds
Its own internal structure.

Uptime is compatible with a
surprisingly large class of
underlying structures, as
ong as they happen to
produce the correct external
behavior.

Attention follows failure, not function.
The knowledge required to build a

system and the knowledge required to
explain a working instance are not the
same—and the gap between them can
persist indefinitely as long as nothing breaks.
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Breakage is an Epistemic Event

The moment a system stops
behaving as expected,

the space of compatible
arrangements contracts
sharply.

Failure rarely damages a system’s structure.
Instead, it reveals a hidden constraint that

was always there, but simply had no occasion to matter before.

M Gemini




. . "
w9 B
i s B Aty 40 T ...u
[ n..__..__u,.._n. . .ﬂ"u o,
il i} n 8 _" & =
™ iy ...l.___.-._ .t ...._.“m”_ .W...J.
T g
L] Y k. .,.._u - .
- AW T g .w... o

POTT OO
| . e 8 f .. ; i B - L L
..-ﬂ-h.:”-.lllll-ll-llilliti PR LT B T L AT Tt L AP A L T
- R ™

Sogas B gt Sow g, e nitt_-_-t_-_-_-ﬂl LTI T

The Evidential Weight of Success vs. Failure

A -..I_.....' ‘--_-'..I.._ ™ -
e _ ap B _=da L P .e L] L] # Bpg Rl e ®
R A O P A O L c
E ] L ] L J
.-l__-i _-.-._-r.-li.-_ﬂ . e -_-_l.ﬂ_-i“ _-.._-_ iy -_-__l-_-_-_lh__" . -ii_l - ﬂll"liﬂiiﬂ_ " . "_ : "__.-_l_-_ O
L e ot a tea® 0 aety 0t 0 'L L -
L [ I"l_l_i_l_lll.l..l.'l ™ -.li" l:.“l N II....._I.-__II -l.
II llli.‘lll.-..l..l_llli l.l.il.l."ii"l.l' i..Il.i_‘I.III l“ ot a® W
" s _o"s iilt-_l_-_l-_-_l_-_-_-i_-
e eenn®s Yaeagete 0 0 s ea0latete s,
-H..__- Py P _._:-_,._.___ ..._-"-_i.._l_-_ _-__-_-_t-_l_- ll--_-__-__-_-.”.__-_nl -—
l-_-_hl.-__-_h_"_-_.-_ﬂ_-l"ﬂli_-li--l._“.“n_l-_-"-li m
e e Y N A gt gt .
& ™ .I.. . [ o . -..'_II " &
SRR A T =
LTI o L
Q =
— (ab]
=
- W
— =
il E
(48]
L
N
=
=5 O
. — =
"y e O @©
K - .!n_u_ . .” | i e
oyt r' o _..ﬂ ...ﬂ..ﬂuu.......ru ..w. D
.u......l...ﬂ_. oD on .‘.I. P
o e -_ﬂu_ hn-nu.-t--ﬂ“.l-_nirufnﬂ T " T l__,.-_W..__
.I_.U .B...'.l.."..'h'...'-I"-.-'-."--..”_B II ﬂl ﬁ"H .n
O T L IR AN R T S 4 o >
. iiﬂn -_w“t"-h_l"-.lniih--”i-itﬂih-i-_-_-“:.ﬂ”lninmﬂ_.-..__-h.o . WJ W
Lligge e ® s ) . —
B e O X S XX R o B A © C
_.-.-__-Wﬂ..:.._..__-._,1.__._ﬂ..__""_._u__“__--:._-Hu_._t_._-_..__-"-_“n-__"tﬂ_uu_-""ue#.a - =)
s nneellee,le e, et ot te 0 ¥eety 0, =
¥ B Spge "o _a'e e ¥ a_ag 8 "R 8 e L=
- lru__-.“l .n__,-. -__-i_-_ ® __.il nt_-_-._.r _-ﬂ.nnvﬂunﬂ ﬂ...rin-.“_ll-_ _-._-_,-_ - #H o .._-_l_.__.r.___. "Hi ﬂﬂhu_m.. - G T 0
.llﬂﬂ_m- *%e 0 es _-__._..__-_..:_._-...mi_.:..... o less o0t0n’ toe s s = O m
50 TPt e 0 e e et 8 sl emnog P e R Ra On (O
w20 0% 0t e tasg et antte o0 a0t el T =
A A b - A A P L A LA T ALl s
LA PO I P ST A SO PO L T e v O >+
P KON R O Ry LR LI RTINS 1254 RSO
BB g, e, L A o e B L P L s e [

B el o el TP R X T ATl TP Al B b L L T g e -
STl P ML A A T A ALM O L TR RS 8 b Sl
jllilt“iﬂili-li_i-llii-l > _-_.-_-_-_-_-_lil_-_- st st o, .ll_-_-_-_-.,.m.__:. O U W

L] . ] Sl abkg e ll-.l.I_lI.-:- agad_Ba ‘e e | T e

ll__"“lill-_”“ -.l_-l_.ﬂiﬂi li.-__-_,-hlll.-_ l“-_""ﬁ“iﬂil”--.“ “ﬂﬂﬂh‘lﬁl“ﬂllhﬂ.i“ﬂ” > @
s -— -llﬂl-".-_l._ul.-.-_ir'_-.ll oe _"H.-__“_.-rih.-i -__-ﬂ_“llﬂ_-lllll._-__-ill-__"_-.-_#-__....ﬁ. ) =——
n_l_._u_l_" _-__-_Illl.ll.l“.-_ “Ill. “ llill I..li.il".l.“i' - I_I_i - _“Illll.-__' H."I.il_lll.l II'I .l_.ll.,l.lliuuﬁ H D ID
ate o a¥% 00, " ot st P 000 ey, g 0 g, Ly ==
pa et il e T et et e saee g g e Fete BT T

..u.....__,-_l_-__-_l Po e 8%° 5%% 0 3% 0 g00 Pt 0 n P go p0iy " 0 +
e e ag _-__-__-__-_-_ ll_-l.- s anPg o 8 T o g% ool ﬂ.“__ —=} (0]
mm-u-.__._un-um.ﬂ o, -""H--"“uh..w..ﬂ..-ﬂ-._u . : n_..u“ ““.__ Hﬂmﬂﬂm & = © O
@ ...&..M_l__-. l_--_ﬁ_ll-lll"ll"llll.-_-H-#-H-u-ﬂﬂll.ililini.. 4l | 1
l_:._W.,___-,,m.._-_ s 08, 1-_""_.-.."_- l-_.._-_-.-_u -.Jn_li eo Ly ) X y—
. . L QO O

et

e
T oS
=) () =
EC
- O
S o
e
<[ O =

Success

M Gemini Notebook

well-characterized failure forces the hypothesis
space to be compatible with the specific way the

Produces strong evidence instantly. A single




Inheriting the Experiment

Formal Science

Feyerabend’'s Opportunism

A scientist designs an experiment to

= : : discriminate between live
Repair is experimental inference performed on hypotheses.

phenomena the repairer did not get to design. s ,

A repairer inherits an experiment
reality has already run—the corrupted
heap, the failed build—and must
reconstruct the conditions just to
Interpret what it showed.
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The Underlying Procedure in Three Registers

Dependencies

Memory Corruption

Race Conditions

Transitive layers obscure
the broken package.

Crash site is arbitrarily
separated from the initial
invalid write.

The act of observing the
symptom alters the timing
that creates it.

Incremental version
pinning.

Memory sanitizers.

Invariant reasoning &
controlled scheduling.

Isolating a hypothesis
(reverting A alone restores
the property) rather than
iIsolating a component.

Collapsing the temporal
gap between corruption
and detection.

Causal indistinguishability;
the diagnostic tool acts as
a perturbation.
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Two Competing Objectives

Discriminatory Value

Restorative Value

Does this intervention restore the How much does this narrow the
desired behavior? Diagnostic space of competing explanations?

High-restorative interventions act Skill Lives High-discriminatory interventions
broadly, averaging away the exact Here act narrowly, accepting a slower path
distinctions diagnosis requires. ‘ to working order in exchange for a
legible record of what happened.
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Scoring Interventions

Restorative Value (Low to High)

Rolling back a lockfile Adding an assertion on a

Adding a global lock around a specific invariant + controlled
reproduction

contested section
Expanding a buffer size

(Fixes the symptom, destroys the evidence) (The ultimate, rare diagnostic achievement)

Memory sanitizer halting at
invalid write
Incremental dependency pinning

(The system may still be broken, but the
fault is legible)

Discriminatory Value (Low to High)
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The Workaround as a Causal Theorem

[State] +== [Intervention] :D—L[Consequence]

A workaround that reliably restores a property—even without a known root
cause—is not an absence of knowledge. It is a verifiable interventional fact.

Two Paths Diagram . } | | ~. : (7| e R ,|

One variable isolated, one hypothesis eliminated.
Path A: Rigorous Discovery — Yields: Falsifiable theorem with high evidential weight.

ity |
T Trying multiple things until the symptom vanishes.
——— Yields: Function restored, but highly vulnerable to coincidence.

Path B: Sloppy Discovery ----- S EN
LI .T .*

“*Mechanism is not the minimum unit of useful causal knowledge.
A single well-confirmed intervention is.” — Judea Pearl

—— —_—
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Accumulator Substrates: Where Information Survives

Substrate

Retention
Fidelity

Diagnostic
Bandwidth

Cost to Write

Cost to
Interpret

Terse Commits
(Sfixebuilde)
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Postmortems : : :

(Preserves ruled-out hypotheses . H 1gh . H 1gh . ngh O LDW
to prevent duplicated effort)
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Epistemic Compression
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A complete diagnostic episode narrows hypothesis spaces through successive

interventions. Over time, accumulator substrates compress this rich history down to a

single admissibility judgment, discarding the justification.

("Do not remove,
breaks build")
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The Patchwork of Local Rules

o Drawing on Mark Wilson's

Initialization Orders - :
v | concept of “physics

|
' o avoldance”, a mature
ﬂ ' codebase survives as a
atchwork of locally valid
DATABASE | P 2 Saly
SERVICES

|NTE§E§GE! rules.
MICROSERVICES
e GATEWAY

W s T Practitioners rnutingly get
sl=a correct results by stitching

hieaad — these rules together via
v Odd Conditionals —— .
| ‘ /‘( ) convention, successfully
WAL ] avoiding the underlying
TEE MICROSERVICES wl INTEGRATION | explanations indefinitely, as
| ‘ u SRS the localized constraints
i - i'- = E keep holding.
i
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Redefining Technical Debt

Structural Debt

Epistemic Debt

- Definition: Bad code, slow - Definition: Compressed logic,
performance, quick fixes that lost justifications, functional
cost computational resources workarounds with forgotten
later. origins (“feared code”).

- Nature: Physically limits the - Nature: Intellectually limits
system. the maintainer.

- Payment: Rewriting code. - Payment: Rediscovering the
causal justification, not
rewriting code.
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The Fossil Record of Failure

A mature software system is partly

composed of compressed failed experiments.

It is a fossilized record of everything
that was once aIIowed to go Wrong
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The opposite of ignorance in a complex system is not explanation. It is successful
discrimination—the accumulated ability to tell apart states that used to look identical.
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