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Abstract

Enterprise key performance indicators (KPIs) can have different documented and executable calcu-
lations even when software continues to return plausible values. Detecting such a mismatch does
not establish which formula or boundary rule is authorized, which source evidence supports the
finding, or whether every decision needed to complete review has been recorded. We present a source-
linked review method that connects a declared KPI representation and an executable implementation
to verified input-level comparisons, separately justified regional claims, individual review questions,
and question-specific disposition evidence. The method includes an executable validator for evidence
identities, source locations, comparison findings, approval content, and derived review status. Two
preserved Literate Programming for Automated KPI Extraction (LEAP) demonstration cases were
examined using exact rational reference calculations and direct execution of archived Python functions.
Eight source probes produced four value differences, three definedness differences, and one agree-
ment. A separate Ethylene boundary execution and a constructed joint-undefinedness control tested
additional conditions. Five valid review records were accepted and all 26 fault-injected records were
rejected. A syntactic inventory of seven criteria across two cases found 5/14 positive dossier checks and
14/14 structured-record checks. These results establish a reproducible comparison-and-authorization
contract for the evaluated cases.

Keywords: key performance indicators, requirements engineering, code-documentation consistency,
traceability, software validation, evidence provenance

1 Introduction

Key performance indicators (KPIs) have business
definitions and executable implementations. Their
intended meanings appear in formula descriptions
and reports, while source code determines the val-
ues ultimately produced. If these representations
diverge, a dashboard may continue to show plau-
sible numbers even though the documented and

implemented calculations no longer agree. Estab-
lishing the discrepancy is the first step; deciding
which behavior should govern requires a separate
review.

The archived Gross Margin Percentage case
makes the distinction concrete. Its documented
formula expresses margin as the difference



between revenue and cost, divided by revenue:

B(R,C) = 100R;RC, (1)

Here R is revenue and C' is cost. The preserved
Python function instead returns zero when C' =0
and, for nonzero cost, computes

S(R,C) = 100%. @)

At R =100 and C = 60, the documentation gives
40% and direct source execution gives 500/3% =~
166.67%. At R = 100 and C = 0, the declara-
tion gives 100%, while a source guard returns 0%.
Thus one KPI exposes two decisions: which ordi-
nary formula is authorized, and which zero-input
reporting behavior is authorized? Approving the
ordinary formula would leave the boundary rule
unresolved. Figure 1 retains the source expres-
sion, both executed comparisons, and the separate
questions.

Software engineering has established methods
to detect inconsistencies between artifacts [6],
recover and maintain requirements—source links
[4, 7, 25], and test code against documentation
[2, 3]. Those capabilities can locate a mismatch
and preserve evidence of its origin. The Gross Mar-
gin example reveals a further engineering task:
each observed discrepancy must be tied to a review
question, and each claimed resolution must iden-
tify the precise evidence and source version it
approves. A review record that only reports “for-
mula mismatch” does not indicate whether the
zero-input policy has been decided.

This paper addresses the transition from
source-supported disagreement to evidence-bound,
question-specific review completion. Its research
question is:

RQ. How can a review record connect a KPI
definition-implementation disagreement to repro-
ducible evidence and the individual decisions
required to complete its review?

We propose a source-linked review method
that records the competing representations and
their provenance, classifies executed comparison
inputs, and distinguishes point observations from
mathematical claims about broader input regions.

It maps each discrepancy to the question requir-
ing a decision and validates recorded authoriza-
tion against the approved question, findings, evi-
dence, and source version. The contribution is
the integration of executable comparison evidence
and question-scoped disposition into a review-
able software-engineering record, together with a
validator that enforces the specified links.

The evaluation uses two preserved Literate
Programming for Automated KPI Extraction
(LEAP) demonstration cases and constructed con-
tract controls. Eight archived source probes yield
four value differences, three definedness differ-
ences, and one agreement. A separate Ethylene
boundary execution and a constructed joint-
undefinedness control exercise additional condi-
tions. The validator accepts five valid records
and rejects 26 fault-injected records. A seven-
criterion comparison across two cases finds 5/14
explicit checks in the archived KPI dossiers and
14/14 in the structured records. These observa-
tions support the stated method and its fixed-case
validation behavior.

LEAP is the research artifact that supplied
the preserved source files and generated KPI
explanation pages, termed dossiers. Earlier com-
panion studies address reconstruction of source-
linked KPI knowledge and explanation fidelity;
this paper evaluates the subsequent review con-
tract and reuses the documented Gross Margin
regional inequality. Section 2 positions the method
against related mechanisms and specifies that
reuse boundary. Sections 3 and 4 present the
contract and evaluation procedure, Sections 5
and 6 present the findings and implications, and
Section 7 concludes.

2 Related Work

The method combines three established kinds
of software-engineering work: keeping artifacts
linked, checking whether linked representations
agree, and retaining evidence for decisions. These
functions are related, but each answers a different
question in a KPI review.

2.1 Inconsistency management and
requirements traceability

Inconsistency management treats conflicting
descriptions as engineering concerns requiring



Declared representation
B(R,C)=100(R-C)/R

Executable representation

def calculate_gross_margin_pct(revenue,
cost):
if cost ==
return 0.0
return (revenue / cost) * 100

Frozen source: conflict_formula_margin.py

\.

Ordinary-input witness

R = 100, C = 60: declared 40%, imple-
mented 500/3% =~ 166.67%

Class: value difference

Boundary witness from the guard

R = 100, C = 0: declared 100%, imple-
mented 0%

Class: value difference

Review questions

q1: Which ordinary Gross Margin formula is
authorized?
q2: Which zero-input reporting behavior is
authorized?

The witnesses expose two different decisions;
neither execution chooses the authorized
business rule

Fig. 1 Opening worked example linking the preserved Gross Margin representations, two executed com-
parison witnesses, and the corresponding formula and zero-input review questions

detection, diagnosis, and handling [6]. Traceabil-
ity complements this by recording relations from
requirements to design, code, and later changes
[4, 7, 29]. For a KPI, these relations help locate
the function responsible for a displayed measure
and establish which documented definition was
compared with it.

Link recovery has been studied through
source—documentation matching [5, 13], system-
atic mappings of information retrieval methods
[15], and industrial adoption and transfer ques-
tions [25, 26]. Maintenance studies report ben-
efits of keeping recovered links usable as soft-
ware evolves [19]. More recent work distinguishes
upstream requirements provenance from subse-
quent specification-to-implementation links [20]
and evaluates requirement-to-code recovery meth-
ods [27]. An ISSE study likewise connects trace-
ability to configurable agile engineering practice
[18]. Together these studies motivate persistent
source identities and artifact links; the proposed
KPI record additionally attaches numerical obser-
vations and decision evidence to those links.

2.2 Code—documentation
inconsistency detection and
repair

Documentation can be wrong or outdated even
when a link to source exists. Empirical documen-
tation studies and code-comment synchronization
research characterize such defects and their main-
tenance consequences [12, 30]. Detection meth-
ods provide concrete ways to compare descrip-
tions with code: Zhang uses program analysis
alongside language-model reasoning [10]; Meta-
mon executes generated tests and evaluates doc-
umentation against behavior [3]; and CASCADE
derives tests from documentation to expose incon-
sistencies [2]. DocPrism detects and categorizes
documentation incorrectness across languages [9];
C4RLLaMA and CCISolver also address repair
[8, 11].

Such methods can produce the discrepancy
evidence that the present contract consumes. For
the Gross Margin example, an observed differ-
ence of 40% versus 166.67% identifies a mismatch.
Review completion poses two further questions:
which calculation is approved, and what rule
applies when cost is zero? The added mechanism



is a persistent association between comparison evi-
dence, those distinct questions, and their eventual
approved dispositions.

2.3 Structured review, rationale,
assurance, and semantic
differences

Design rationale records decisions together with
alternatives and the reasons for choosing them;
its capture and maintenance have been studied in
architecture practice and tools such as SEURAT
[16, 24]. Assurance arguments similarly relate
explicit claims to evidence [28]. Formal-model
safety-case construction shows how verification
results can support such arguments [14, 21], and
assurance-case evaluation examines whether both
structure and evidence are adequate [17]. Assur-
ance 2.0 emphasizes explicit reasoning and coun-
terevidence [1]. A related 2026 preprint, Defeater
Cards (Gohar et al., arXiv:2606.11462), proposes
structured records for challenges to assurance
claims, including provenance and status.

Recent ISSE studies offer two more specific
comparators. Rosales Viesca and Al Lail develop
frame-condition generation and behavioral verifi-
cation for UML class-diagram specifications [22].
Rumpe and colleagues analyze semantic differ-
ences between compositions of class diagrams,
OCL constraints, and object diagrams and derive
witnesses for those differences [23]. Both show how
formal representations make behavior or differ-
ence claims inspectable. The KPI method operates
at a declared-formula/executable-source bound-
ary and adds explicit question coverage, source-
version-linked disposition evidence, and derived
review completion. Table 1 distinguishes these
reusable mechanisms from the contract evaluated
here.

2.4 Relation to companion LEAP
studies

The study reuses two KPI examples from a LEAP
architecture artifact that generates source-linked
KPI dossiers. A companion explanation-fidelity
study examined contradictions among the source,
declared mathematics, and published explana-
tion, including the Gross Margin positive-domain
inequality reused below. The present unit of anal-
ysis is the subsequent review record: it binds

preserved comparison evidence to the decision
questions and to evidence of any authorized res-
olution. Table 2 identifies the inherited artifacts
and the distinct contribution evaluated in this

paper.

3 Source-Linked KPI
Disagreement Review
Method

The method accepts two representations of the
same KPI: a declared business-facing calcula-
tion and the executable function that produces
values. The reviewer identifies their source arti-
facts, checks variable meaning and units, selects
diagnostic inputs, and formulates the questions
requiring a business decision. Software executes
the fixed comparisons, records source identities
and outputs, classifies each witness, and checks
the structure and correspondence of any recorded
approval. Regional mathematical arguments and
authority to select the governing rule remain
matters for explicit review.

The output is a review record with one status
derived from its questions. Open means none of
the required questions has verified authorization,
partial means some but not all are authorized, and
closed means every required question has a valid
matching disposition. In the Gross Margin case,
the R = 100, C = 60 comparison supports a ques-
tion about the ordinary formula; R = 100,C =0
supports a separate zero-input question. A test-
only approval for the first question leaves the
record partial until the second is also authorized.
These states do not imply organizational approval
of the archived example.

Figure 2 shows the operating sequence from
the two source representations through evidence
construction to review completion. The subse-
quent subsections define the record, witness classi-
fications, evidence bindings and executable checks
formally.

3.1 Source-bound record and
question-scoped authorization

The record formalizes the two representations, the
evidence used to compare them, the resulting find-
ings, and the questions requiring a disposition. A
question-scoped authorization associates approval



Table 1: Closest mechanisms and the specific addition evaluated in the present method

Study or family

Mechanism already available

Relation to the present contract

Inconsistency man-
agement [6]

Traceability [4, 7]

Metamon (3]

CASCADE [2]

Assurance 2.0 [1]

Defeater Cards
(2026 preprint)

Present review
contract

Consistency rules, diagnosis,
and handling within a broader
software process

Persistent links among require-
ments, source, rationale, and
evolution

Generated tests capture pro-
gram behavior; LLM queries
compare test oracles with docu-
mentation
Documentation-derived
automatic tests expose incon-
sistencies against executable
behavior

Explicit claims, evidence,
defeaters, counterevidence, and
review reasoning

Structured challenge record
with provenance, affected
nodes, rationale, version/status
information

Source-bound B/S represen-
tations, executed findings C,
regional claims G, questions @,
dispositions A

Present contract specializes handling to
source-bound numerical /definedness evidence and
question-level closure

Present contract requires each representation,
execution, regional claim, and approval to resolve
to its own evidence identity

Present contract starts from supported
comparison evidence and records the downstream
question and disposition

Present contract retains the resulting evidence as
an executed witness and binds later authorization
to it

Present contract applies explicit evidence/status
reasoning to paired KPI calculations and derives
question-level closure

Present contract adds executable KPI witnesses,
regional mathematical claims, and approval
binding to exact question content

Validator enforces
source/execution/question/version bindings and
derives open, partial, or closed state

Table 2: Reuse boundary between the companion LEAP manuscripts and the present study

Research object

Reused here

Contribution evaluated here

LEAP architecture compan-

mon

Explanation-fidelity compan-

ion

Present study

source/dossier artifacts;

source-linked record context
Prior Gross Margin positive-domain
inequality and exceptional-input

observations

Same preserved case evidence plus
constructed contract controls

Frozen Gross Margin and Ethylene

No new architecture claim; the
artifacts become evidence inputs to
the review contract

The prior analysis is encoded as a
regional claim linked to executed
findings and review questions
Source/execution binding,
witness—region separation,
question-content binding, disposition
validation, and derived closure

with one exact question rather than with an entire
dossier. For one KPI, the method constructs

K:<B,S,E7C,Q,Q>, (3)

where B is the declared representation record, S'is
the inspected implementation record, F is the set
of evidence identities, C = {¢;} is the set of exe-
cuted witness findings, G = {gx} is the optional

set of justified regional claims, and @ = {g¢;} is
the set of review questions requiring resolution.
Both B and S store a representation, source path,
SHA-256 identity, and source location; S addi-
tionally identifies the executed function. Every ¢;
stores an execution identifier, exact input values,
declared and implemented results, classification,
and comparison identifier. Agreement findings can
remain as evidence without a review question;
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Identify the declared calculation, exe-

L cutable source, and their evidence
) !

Align variables, units, branches, and diagnostic inputs
‘ ]
( Execute comparison inputs; record
L broader regional arguments separately
) !

Link discrepancy findings to individual review questions
‘ ¢
g

Construct and validate the source-bound review record
N
) !

Verify question-specific approval evidence; derive review status

J

Fig. 2 Source-linked review procedure from source-bound representations through executed findings,
regional claims, questions, contract validation, and disposition-derived status

every discrepancy finding must appear in at least
one question’s finding set F; C C.

A regional claim gy, is distinct from an executed
witness. It stores a region, statement, mathe-
matical or branch argument, source-evidence ref-
erences, and the witness findings it supports.
This separation prevents one executed point from
silently becoming a statement about an entire
input region. The validator checks the claim struc-
ture and evidence references; the correctness of
the mathematical argument remains reviewable
scientific content.

When decision evidence is available for a ques-
tion, the authorized disposition is

Aj = {aj, Dy, Fj, dj, hy, e5,v5), (4)
where D; is the question-and-finding-content
digest, d; is the recorded decision, h; is the named
accountable authority, e; is the approval-evidence
reference, and v; is the affected artifact identity
and version. The digest binds not only a find-
ing identifier but the comparison content to which
that identifier refers.

The digest covers the exact question text
and selected canonical content of every cov-
ered finding, rather than finding identifiers
alone; Section 3.4 specifies the serialization. The

approval document must carry the matching
digest, finding identifiers, decision, authority, and
affected source version.

The set @ itself is the set of questions requiring
resolution; there is no separately editable required
flag. Let Valid(K, A) mean that the record and
dispositions satisfy the schema, source/execution
bindings, evidence checks, and question coverage.
Let AuthorizedMatch(q;, A;) require an autho-
rized status, complete decision and authority
fields, gDigest(A4;) = Dj;, the exact finding-
identifier set IDs(Fj), and approval evidence
matching the question, finding content, decision,
authority, and affected version. Completion is

Complete(K, A)
< Valid(K,A) A
Vg, € Q, AN A; ¢
AuthorizedMatch(g;, A;).

The record is open when @ # & and none of
its questions has an authorized disposition, par-
tial when at least one but not all questions are
authorized, and closed when Equation 5 holds.
If @ = @, admissibility requires that C con-
tain no discrepancy finding; the record is then



closed vacuously. Any discrepancy without ques-
tion coverage is invalid. Organizational legitimacy
of the named authority remains a human gover-
nance decision; the validator checks the recorded
evidence correspondence.

Figure 3 illustrates the three nonempty-
question states using the Gross Margin synthetic
authorization controls. The archived Gross Mar-
gin case remains open; the partial and closed
snapshots use test-only approval files.

3.2 Witness classifications and
regional claims

A reviewer also needs to know what kind of dis-
agreement has actually been observed. A witness

agreement,

value difference,
definedness difference,
joint undefinedness,

These four classes partition the witness state
space. A numerical difference S(xr) — B(z) is
reported only when both values exist. Table 3
gives the corresponding truth conditions.

A statement about a region belongs in G, not
in the region field of a single witness. For exam-
ple, the Ethylene source returns zero for all F' < 0,
but the comparison class over F' < 0 depends on
production E: when E # 0, the declared ratio
100E/F is nonzero and differs from the implemen-
tation; when E = 0, both representations equal
zero. The stored regional claims therefore use F' <
0 A E # 0 for value difference and F <0A E =0
for agreement.

3.3 Evidence requirements and
procedure

Evidence binding requires a reviewer to be able
to return from a comparison result to the specific
material that produced it. Each representation
points to its frozen source path, SHA-256 iden-
tity, and verified location; the implementation also
names the function. Every comparison records

defp(z) Adefg(z
defp(z) A defg(z
defg(z) @ defs(z),

—defp(z) A —defg(x).

is one concrete input at which both representa-
tions are evaluated. A regional claim is stronger:
it states that a relationship holds over a set of
inputs and therefore requires an argument beyond
one example. Keeping these two levels separate
prevents a single test case from being presented as
proof of a whole-domain property.

Let  defgp(x) and  defg(z) indicate
whether B and S are defined at input z.
Each executed witness is classified by

)AB
) A B(z) # S(x),

an executed probe and exact input/output evi-
dence. Generated HTML dossiers are presentation
artifacts and do not replace the source record.

The procedure aligns variable meanings, units,
scaling and branch conditions before evaluat-
ing selected inputs. Each comparison is classified
using Equation 6. A claim over an input region
receives a separate argument and evidence refer-
ences. Disagreement findings are then assigned to
questions, and a supplied disposition is checked
against the question, findings, approval record
and affected version. The result is an evidence-
linked review state, not a calculation of business
authority.

3.4 Executable validation contract

The record definition describes what should be
present; the validator tests whether a supplied
record actually satisfies that definition. This is
the executable contract: a set of machine-checkable
invariants for structure, source binding, execution
binding, question coverage, and authorization evi-
dence. It does not decide which business rule is
correct. It decides whether the record supporting



Open Partial
q1: unresolved
q2: unresolved

Authorized: 0/2

. J -

q1: authorized; D; verified
qo: unresolved
Authorized: 1/2

Closed

q1: authorized; D; verified
q2: authorized; Do verified
Authorized: 2/2

J . J

Fig. 3 Open, partial, and closed question states exercised by the Gross Margin test controls; authorized
states require exact question-content, finding, evidence, and version correspondence

Table 3: Witness-level comparison classes

B defined S defined Equal Class

Yes Yes Yes Agreement

Yes Yes No Value difference
Yes/No No/Yes - Definedness difference
No No - Joint undefinedness

that business decision is internally complete and
consistent.

The validator computes the question-and-
finding-content digest D; in two stages. For each
covered finding ¢;, it hashes the compact, key-
sorted JSON serialization of eight fields: compar-
ison identifier, comparison type, probe identifier,
region, inputs, exact declared value, exact imple-
mented value, and classification. It then hashes
a compact, key-sorted JSON object containing
the question identifier, exact question text, and
an array sorted by finding identifier, with each
array element holding that identifier and the first-
stage finding hash. This final SHA-256 value is
Dj, stored as question_sha266. A change to
the selected content of a covered finding there-
fore invalidates the digest even when its identifier
remains the same. The approval document must
carry the matching digest, finding identifiers, deci-
sion, authority, and affected source version.

The validator first applies a draft-2020-12
JSON Schema with closed object structures and
required representation fields. It then resolves
each representation’s path, SHA-256 identity, and
source location against the record’s own evidence
items; binds every executed comparison to a rec-
ognized probe, exact inputs, expected results,
classification, source hash, function, and repre-
sentation expressions; checks regional-claim evi-
dence references; verifies unique identifiers and

complete question coverage; and validates each
authorized disposition against the hash-bound
question-and-finding content digest, finding set,
decision, approval evidence, and affected source
version. An untyped or unexecuted comparison
cannot enter C.

Regional arguments are preserved as
inspectable claims and are not machine-proved by
the validator. This boundary is intentional: the
contract can verify that a claim states its region,
argument, supporting evidence, and related find-
ings, while mathematical correctness remains
independently reviewable.

The positive controls comprise two unre-
solved archived records, one constructed joint-
undefinedness record, one synthetic partial autho-
rization, and one synthetic full authorization.
The negative suite contains 26 fault-injected
records that target distinct contract invariants.
They include execution bypass, null or incom-
plete representations, missing or incorrect source
locations, cross-case source substitution, ques-
tion/finding mismatches, missing authorization
components, altered approved-question content,
reassigned approved finding content, and invalid
source spans. Section 5 reports the outcomes by
control family.



4 Case Study Materials and
Procedure

A deterministic artifact evaluation tests whether
the review contract represents known discrepancy
patterns and rejects records that break its evi-
dence bindings. It uses frozen source functions,
documented inputs, independently computed ref-
erence expressions, and constructed authorization
controls.

4.1 Study design and preserved
materials

The unit of analysis is a source-bound review
record for one KPI, evaluated through two pre-
served LEAP demonstration fixtures. Gross Mar-
gin tests a mismatch between the declared and
implemented ratios plus a zero-cost guard; Ethy-
lene Yield tests an otherwise matching ratio with
a non-positive-feedstock guard. These cases exer-
cise formula, branch, value, and definedness paths
of the contract in a deterministic case study.

Table 4 identifies the frozen files. The source
files are primary evidence for declared annotations
and executable behavior. The HTML dossiers are
derivative navigation artifacts and are used only
to confirm that the generated pages retain the
relevant source-file identities.

4.2 Fixed-input design

Table 5 lists eight fixed inputs chosen to exercise
ordinary calculations, guards, and denominator
boundaries. Gross Margin revenue R and cost C
use the same arbitrary monetary unit; Ethylene
production E and feedstock F' are measured in
tons. EY-3 tests the negative-feedstock guard at
FE = 60. An additional execution at £ = 0, F =
—100 checks the zero-production boundary within
negative feedstock. That diagnostic is recorded
separately from the eight archived probes. The
probe design tests specified contract cases rather
than estimating frequencies in operational KPI
systems.

4.3 Execution and exact reference
calculations

For every probe, two forms of evidence are needed:
the result returned by the frozen Python function

and an independently computed reference value
from the declared or implementation expression.
Exact rational arithmetic is used where possible
so that a classification cannot depend on display
rounding.

The validation script imports the two frozen
Python fixtures and calls the named archived
functions directly under Python 3.13.5. Each
probe identifier maps to a fixed case, exact
input tuple, expected source hash, function name,
declared expression, implemented expression, and
expected comparison class. Reference calculations
use Python’s exact rational Fraction represen-
tation. A floating-point source return is accepted
as matching its implemented reference when
math.isclose with relative and absolute toler-
ances of 107'2 succeeds. The comparison class is
derived from exact reference values and defined-
ness flags. This mapping is the execution oracle
used to reject serialized comparison values that
were not produced by a recognized probe.

The fixed executions yield exact comparisons;
no sampling model or stochastic estimator is used.

4.4 Record validation, authorization
controls and baseline

The contract tests exercise both accepted review
states and deliberately malformed evidence. Pos-
itive records cover open, partial, closed, and
constructed joint-undefinedness cases; negative
records remove, alter, or reassign required content
to test rejection of individual invariants.

The two archived case records contain sep-
arate indexed questions. Gross Margin has a
positive-region formula question and a zero-input-
policy question; Ethylene Yield has a non-positive-
feedstock-policy question. All original questions
remain unresolved. Positive contract tests include
a constructed pair of ratios B.(z) = 100/x and
Se(x) = 200/x whose functions are both undefined
at x = 0. The constructed Python implemen-
tation raises ZeroDivisionError at that input,
and the record’s joint-undefinedness classification
is accepted.

Two further positive records reuse the Gross
Margin findings with synthetic, test-only approval
files. One file authorizes the formula question
while leaving the zero-input question unresolved;
the record must be partial. Two matched approval
files authorize both questions; the record must be



Table 4: Preserved case artifacts and SHA-256 identity prefixes; exact filenames and complete hashes

are supplied in Online Resource 1

Artifact Role SHA-256

Gross Margin source Primary source 78cfbbe20447. ..
Gross Margin dossier Generated dossier 2e3574d2d4a5. . .
Ethylene Yield source Primary source bcbe6£529203. . .
Ethylene Yield dossier Generated dossier 78989737a210. ..

Table 5: Eight archived source probes used for the fixed deterministic comparison

Probe Inputs Purpose

GM-1 R =100,C =60 Ordinary positive-input witness for the formula mismatch.

GM-2 R =100,C =100 Positive-input configuration attaining the prior analytical
lower bound.

GM-3 R =100,C = Zero-cost source branch.

GM-4 R=0,C=60 Declared denominator boundary.

GM-5 R=0,C=0 Joint zero-input boundary: declared ratio undefined;
source guard returns zero.

EY-1 E =60,F =100 Positive-feedstock branch where ratio and implementation
should agree.

EY-2 E=60,F=0 Declared denominator boundary and source guard.

EY-3 E =60,F =-100 Non-positive source guard versus algebraic declared ratio.

closed. These approval documents reference the
exact question identifier and canonical question-
and-finding content digest, covered finding identi-
fiers, proposed decision text, test authority, source
hash, and affected version. The corresponding
test records provide contract coverage without
asserting business approval of the archived fixture.

Twenty-six fault-injected negative controls
exercise hash and version mismatches, incorrect
source witnesses or classes, missing fields, wrong
question/finding/decision links, duplicate dispo-
sitions, incomplete question coverage, false clo-
sure, unexecuted comparisons, null representation
records, missing or incorrect source locations,
cross-case source substitution, altered approved-
question text, missing authorization components,
reassigned finding content, and an incorrect fixed-
case source span. Source files are hash-checked
before execution, every serialized witness must
bind to a recognized executed probe, and autho-
rization evidence must bind to the canonical
question-and-finding content digest.

A bounded artifact baseline compares the two
preserved HTML dossiers with the new JSON
records. Seven explicit-field criteria are inspected

10

per case: visible source identity, executable guard,
review question, structured comparison identi-
fier, question-to-finding identifier, per-question
disposition, and SHA-256 evidence identity. The
checker applies specified predicates for each cri-
terion and emits an evidence note for every
cell. Because the dossier-side checks operate on
explicit text or markup patterns rather than a
full semantic model of the HTML, this result is
reported as a syntactic explicit-field inventory,
not as a semantic-quality or reviewer-effectiveness
measure.

5 Results

The archived source executions produced four
value differences, three definedness differences,
and one agreement. Mathematical analysis iden-
tifies the input regions where those relationships
hold, and separate contract tests check the valid-
ity of the resulting review records. These three
evidence types are reported separately.



5.1 Eight source-executed
comparisons and the
regional-boundary check

Table 6 reports exact values and definedness at
the eight archived probe inputs. Gross Margin pro-
duces three value differences and two definedness
differences; Ethylene Yield produces one value dif-
ference, one definedness difference, and one agree-
ment. GM-5 is the combined zero-revenue/zero-
cost Gross Margin case, in which the declaration
is undefined and the implementation returns zero.

For GM-1 the Python function returns
166.66666666666669, which matches the exact
reference 500/3 under the specified tolerance. The
separately executed Ethylene diagnostic at E =
0, F = —100 gives 0% from both representations.
This agreement illustrates the zero-production
boundary of the negative-feedstock region; the
regional statement is established by the algebra
and branch rule in Section 5, not by this single
execution.

5.2 Gross Margin regional claim

The Gross Margin witnesses show several indi-
vidual mismatches, but the positive-input for-
mula disagreement is stronger than those exam-
ples. Because both positive-domain expressions
are algebraic, their difference can be analyzed
directly to determine whether any positive input
could make them agree.

The fixed positive-input witnesses repro-
duce the previously established Gross Margin
discrepancy. The companion explanation-fidelity
manuscript derives the positive-domain identity;
using Equations 1 and 2, for R > 0 and C > 0,

S(R,C) — B(R,C) = 100 (g g g) (7)

RC
> 100 percentage points.

(®)
Because (R — C)?> > 0 and RC > 0, the
bound holds over the stated positive region. The
structured record stores this statement in G as
a regional claim with its argument and source
evidence; GM-1 and GM-2 remain the executed
witnesses linked to the claim.

S(R,C) ~ B(R,C) = 100 (1 N <R—C>2>
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The zero boundaries create a separate policy
question. With positive revenue and zero cost,
the declaration equals 100% while the source
guard returns zero. With zero revenue and pos-
itive cost, and with both inputs zero, the dec-
laration is undefined while the implementation
returns zero. Thus the record distinguishes the
ordinary-formula question from the zero-input
policy question.

5.3 Ethylene Yield witness and
region behavior

Ethylene Yield illustrates why a branch con-
dition cannot be summarized by one negative-
input example. The implementation returns zero
whenever feedstock is non-positive, whereas the
declared ratio continues to depend on produced
ethylene when feedstock is negative. The resulting
comparison therefore changes with both inputs,
and the regional statement must make that depen-
dence explicit.

For positive feedstock, the declared ratio and
implementation agree; EY-1 yields 60% in both.
At F = 0, the declared ratio is undefined and
the implementation returns zero. At £ = 60, F =
—100, the declared ratio is —60% and the imple-
mentation returns zero. Those two discrepancy
witnesses support the open non-positive-feedstock
policy question.

The regional analysis separates the two cases.
For F < 0 and F # 0, the declaration 100E/F is
nonzero while the implementation guard returns
zero, producing a value difference. For F < 0
and FF = 0, both representations return zero,
producing agreement. Figure 4 shows this bound-
ary explicitly alongside the prior Gross Margin
positive-domain relation.

5.4 Question coverage and record
status

Every discrepancy in the two archived records is
linked to a specific unresolved question. Table 7
shows the mapping; agreement findings remain
documented evidence without creating a disposi-
tion obligation.

The archived records store indexed ques-
tions and their associated discrepancy findings
(Table 7). Gross Margin separates the positive-
region formula decision from the zero-input policy



Table 6: Exact results from the eight archived-source probes (percentages)

Probe Inputs Declared result Implemented result Classification
GM-1 R =100,C =60 40 500/3 =~ 166.67 Value difference
GM-2 R =100,C = 100 0 100 Value difference
GM-3 R=100,C =0 100 0 Value difference
GM-4 R=0,C =60 Undefined 0 Definedness difference
GM-5 R=0,C = Undefined 0 Definedness difference
EY-1 E =60, F =100 60 60 Agreement
EY-2 E=60,F=0 Undefined 0 Definedness difference
EY-3 E =60,F =—-100 —60 0 Value difference
E 500 Region Classification Example
'g 400 - | F <0, E#0  Value difference EY-3
& F<0, E=0 Agreement boundary
2 check
g 300 - 1 .
S F=0 Definedness difference EY-2
2, F>0 Agreement EY-1
E 200 |- 1
| (b) Ethylene region classification (E: ethylene produced;
N 100 L ‘ | F': feedstock input). The four rows separate the negative-

100 1005

t=C/R

10—06

(a) Gross Margin positive-domain difference as
t = C/R; the regional relation was derived in the
companion explanation-fidelity manuscript

feedstock region, its zero-production boundary, the zero-
feedstock boundary, and the positive-feedstock half-plane

Fig. 4 Analytical structure behind the regional claims; source and declared outcomes are evaluated at
explicit witnesses, while broader regions require a separate argument

decision. Ethylene Yield has one policy ques-
tion covering EY-2 and EY-3. The positive EY-1
agreement and the added F 0,F = —100
regional-boundary agreement do not create dispo-
sition questions. All archived dispositions remain
open.

The constructed joint-undefinedness record
remains a separate method control at z = 0. The
two synthetic Gross Margin authorization records
exercise partial and closed states using approval
documents that carry the exact question-and-
finding content digest and affected source identity.
These controls produce the three states illustrated
in Figure 3 without changing the unresolved status
of the archived cases.
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5.5 Contract validation and
bounded artifact comparison

All five valid records were accepted and all 26
fault-injected records were rejected. The contract
thus enforced the specified source, execution, ques-
tion, and authorization bindings on these con-
structed and archived inputs. A separate field
inventory compared seven explicit representation
criteria in the two archived dossiers with the
corresponding structured records.

Four file-hash checks, eight source executions,
and two HTML/source-name checks account for
all 14 artifact/execution checks. The separately
run Ethylene boundary check and constructed
joint-undefinedness execution also passed. The



Table 7: Finding-to-question coverage in the archived case records

Case Question identifier Comparison identifiers requiring an answer Status

Gross Margin GM-Q-FORMULA GM-positive-witness, GM-positive-equal Open

Gross Margin GM-Q-ZERO GM-cost-zero, GM-revenue-zero, Open
GM-both-zero

Ethylene Yield EY-Q-POLICY EY-zero, EY-negative Open

rejected controls include unexecuted compar-
isons, representation /source-location errors, ques-
tion and finding-content reassignment, incomplete
approval records, and incorrect fixed-case spans.
Table 8 groups the positive and negative records
by the contract properties exercised.

The artifact inventory yields five positive
checks out of fourteen across the archived dossiers
and fourteen out of fourteen across the corre-
sponding structured records. Appendix A reports
all seven criteria for both cases. The result
describes explicit representation structure only; it
is not a measure of reviewer accuracy, decision
quality, or review time.

6 Discussion

The case study shows that a KPI disagreement
can be carried from reproducible source behavior
to explicit, separately authorized review ques-
tions. The main finding is that witness execution,
regional mathematical justification, and decision
authorization can be represented and validated as
different kinds of evidence.

6.1 Interpretation of the contract

The Gross Margin example contains two indepen-
dent questions despite one named KPI. A valid
decision about the ordinary formula leaves the
zero-cost branch unresolved; the record therefore
remains partial until the second question also has
matching approval evidence. This is the practical
significance of question-level closure: a reviewer
can see precisely what has been decided and what
remains outstanding.

The validation controls test the integrity of
those associations. A comparison must remain
tied to its executed input and source, and an
approved question must remain tied to the content
of its covered findings. Reassigning valid execu-
tion payloads under existing finding identifiers
or omitting required authorization fields causes
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rejection. The 26 fault-injected outcomes establish
the tested contract invariants; the separate eight
source probes establish the case arithmetic.

6.2 Relationship to prior literature

Traceability and code-documentation analysis
establish the artifact links and mismatch observa-
tions needed to begin review [2-4]. Rationale and
assurance research provides the idea of evidence-
supported decisions [1, 16]; semantic-differencing
research shows the value of explicit behavioral wit-
nesses [23]. The present method connects those
capabilities through a KPI-specific record whose
review questions, comparison findings, and autho-
rized dispositions can be checked together. Its
contribution is the executable integration of these
relationships, as distinguished in Table 1.

That integration also identifies a precise
boundary between automated verification and
professional judgment. The validator can detect
whether an approval covers the recorded ques-
tion and evidence at an identified source version.
Determining which business definition is correct
and which person may authorize it is a separate
decision. Recording that decision explicitly makes
the technical result usable for review without
assigning business authority to the validator.

6.3 Mechanisms behind the
observed disagreements

An observed disagreement records a particular
pair of outcomes; its mechanism is the math-
ematical normalization or program branch that
makes the outcomes diverge. This distinction mat-
ters because identical “value difference” labels can
describe different causes.

For Gross Margin, the declaration normalizes
revenue minus cost by revenue, whereas the source
normalizes revenue by cost. Equation 8 establishes
a difference of at least 100 percentage points for
positive revenue and cost. The zero-cost branch



Table 8: Positive-path and fault-injection validation outcomes

Control family Outcome

Contract property exercised

Archived unresolved records 2/2 accepted

Constructed joint-undefinedness 1/1 accepted
record

Synthetic authorization paths 2/2 accepted
Evidence, version, witness, 15/15 rejected

approval, and completeness faults
Execution/source/question-
binding mutations
Authorized-disposition
mutations

5/5 rejected

omission  4/4 rejected

Approved finding-content reas-
signment

Incorrect source span

1/1 rejected

1/1 rejected

Source-bound witnesses, question coverage, open status
Both representations undefined at the executed control
input

Question-hash-bound partial and full closure
Canonical evidence correspondence, version identity,
and required review fields

No witness, source family, source location, or approved
question may bypass its canonical binding

Decision, authority, and affected version are
mandatory for an authorized disposition; combined
omission also fails

Finding identifiers are bound to canonical
comparison-content digests

Fixed-case representation spans must match the
specified source locations

is a second mechanism: it returns zero where the
unguarded implemented ratio would be undefined,
and can disagree with the documented margin
formula.

Ethylene Yield uses the same ratio in dec-
laration and implementation when feedstock is
positive. Its guard returns zero for non-positive
feedstock. At zero feedstock the declaration is
undefined; at negative feedstock the compari-
son depends on whether produced ethylene is
zero. The region classification in Figure 4 there-
fore needs both the feedstock and production
conditions. A single negative-feedstock execution
cannot establish that full relationship.

6.4 Practical and scientific
implications

A reviewer could approve the Gross Margin ordi-
nary formula but leave its zero-input rule open.
The corresponding record would retain the source-
bound witnesses and identify that unresolved
policy question instead of presenting the entire
KPI as approved. After a source revision, the
affected source identity changes; the comparison
and disposition must be revalidated against the
new version before claiming continued coverage.
These are concrete review actions represented by
the contract.

The record also supplies a unit for future
empirical study: each trial can present the same

two representations, source evidence, witness find-
ings, and authorization questions, then measure
whether reviewers detect issues, complete deci-
sions correctly, and identify the relevant source
evidence.

6.5 Limitations and threats to
validity

The evidence comprises two preserved LEAP
demonstration fixtures, eight archived probes, one
additional Ethylene boundary execution, and con-
structed authorization controls. The cases exercise
selected formula and guard relationships rather
than representing a sample of industrial KPI defi-
nitions. Archived declarations are fixture annota-
tions, not independently approved business speci-
fications, and their actual review questions remain
unresolved.

The validator checks the documented fixed-
case execution oracle, hashes, source locations,
question coverage, and approval correspondence.
It does not establish mathematical proofs for arbi-
trary supplied regions or the organizational legit-
imacy of a named approver. The Gross Margin
positive-domain inequality is reused from the com-
panion explanation-fidelity analysis. The Ethylene
negative-feedstock tests exercise software behav-
ior without determining whether that input is
operationally meaningful. The field inventory tests
explicit syntactic presence for seven criteria, not
usability or the quality of a human decision.
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Independent systems, adjudicated requirements,
and human review studies are needed to measure
generality and operational effectiveness.

7 Conclusions

KPI definition—implementation review requires an
account of both the disagreement and the deci-
sion needed to resolve it. This paper provides
a source-linked record and executable contract
that connects documented and implemented cal-
culations, individual execution witnesses, justified
regional claims, review questions, and version-
bound authorization evidence. In two preserved
cases, eight archived probes yielded four value
differences, three definedness differences, and one
agreement. The validator accepted five valid
review records and rejected 26 fault-injected
records, demonstrating enforcement of the spec-
ified review bindings. The comparison of two
archived dossiers with their structured records
additionally yielded 5/14 versus 14/14 explicit-
field checks.

The next step is evaluation against indepen-
dently sourced KPI requirements and implemen-
tations with adjudicated business authority. That
corpus should contain source revisions, prede-
fined witness inputs, region arguments, expected
review questions, and authentic decision evidence
so that formula fidelity, review correctness, and
practitioner outcomes can be assessed beyond the
preserved cases.

A Artifact-Level
Field-Presence Audit
Matrix

Table 9 reports the seven specified explicit-field
criteria for each of two KPI cases, giving four-
teen dossier checks and fourteen corresponding
structured-record checks. The archive records the
detection predicate and supporting evidence note
for each cell. This is a syntactic representation
inventory.
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Table 9: Presence of the seven specified review criteria in each archived dossier and corresponding

structured record

Field criterion GM dossier GM record EY dossier EY record
Source file identity visible Yes Yes Yes Yes
Executed guard visible in source context Yes Yes Yes Yes
Generic review question visible Yes Yes No Yes
Per-input comparison identifiers as structured No Yes No Yes
fields

Question-to-finding identifiers as structured No Yes No Yes
fields

Per-question disposition states as structured No Yes No Yes
fields

Evidence identity stored as SHA-256 No Yes No Yes
Specified checks positive 3/7 T/7 2/7 T/7

Supplementary information. Online Data Availability Statement

Resource 1 (archive ESM_1_KPI_Review_Reprodu
cibility.zip) contains the four preserved case
artifacts, strict JSON Schema, two unresolved
case records, constructed joint-undefinedness
source and record, synthetic authorization con-
trols, approval evidence, validation scripts,
field-audit script, and machine-readable out-
puts. It reproduces the eight archived probes,
the separate Ethylene regional-boundary check,
five valid-record outcomes, twenty-six rejected
fault controls, and the field-presence matrix.
Install the pinned dependency with python3 -m
pip install -r requirements.txt, then run
python3 reproducibility/validate_review_
records.py and python3 reproducibility/co
mpare_legacy_record_fields.py at the archive
root.
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