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Abstract. Enterprise Architecture (EA) is increasingly driven by het-
erogeneous metadata drawn from cloud-based APIs, ERP systems,
and platform reference architectures. This paper revisits Moregraph,
a metadata-driven EA platform that combines OData API metadata
parsing, force-directed graph visualisation, and extends its specifica-
tion with Conceptual Graph — Formal Concept Analysis (CGFCA).
Moregraph’s specification is expressed as a Conceptual Graph (CG),
which captures the overarching architectural concepts of metadata-
driven EA. The CG is expressed in the Conceptual Graph Interchange
Format (CGIF), which is part of the interoperable family of logics in
the ISO/IEC 24707:2018 Common Logic standard. The CGIF encodes
thirteen architectural concepts that include [Application: Moregraphl],
[Solution Architecture], [Business Data Graphl], [SAP Graph], and
[Microsoft Graph], connected by seventeen relational triples. The
CGFCA algorithm transforms these triples into a 13 x 17 bi-
nary Formal Concept Analysis (FCA) context in Burmeister for-
mat, identifies seven direct pathways from the single input concept
[Application: Moregraph] to the single output concept [Enterprise
Architecture], all mediated by [Technical Debt]. We show that the
combination of CG and FCA in CGFCA provides a principled foun-
dation for navigating, validating, and analysing complex EA metadata
landscapes.

Keywords: Enterprise Architecture - Conceptual Graphs - Formal Concept
Analysis - Metadata - OData - CGIF - CGFCA - SAP Graph - Microsoft Graph



2 M. Saleem et al.
1 Introduction

Enterprise architects managing large SAP or Microsoft deployments face a fun-
damental challenge: thousands of data entities are published as machine-readable
OData metadata through SAP Graph [17] and Microsoft Graph [7], yet the archi-
tecturally significant relationships among them—Technical Debt, Solution Ar-
chitecture alignment, Clean Core compliance [22, 26, 16]—remain undocumented
in any formal, machine-readable form [20]. Bridging this gap requires a formal
knowledge representation capable of encoding typed architectural relationships
and an automated means of deriving structural insights from it.

Conceptual Graphs (CGs) [18,19,10] provide a logic-based notation with
direct first-order semantics, standardised in CGIF (ISO/IEC 24707:2018 [5]).
Formal Concept Analysis (FCA) [23, 4] derives hierarchical concept lattices from
binary cross-tables. CGFCA builds on Wille’s Concept Graphs [24] to bring CG
and FCA together [1,2], enabling lattice-based structural classification beyond
conventional graph traversal. This paper revisits Moregraph [11], a metadata-
driven EA platform, and extends its specification with CGFCA. Moregraph’s
specification is expressed as a CG in CGIF, enabling interoperability between
CGs and other logics [3].

To demonstrate the end-to-end workflow, we convert Moregraph’s CG to
CGIF and translate it into a Burmeister FCA context using the open-source
CharGer tool!, whose CGFCA source code is also demonstrated in Moregraph.
The analysis identifies a single input concept [Application: Moregraph], a
single output concept [Enterprise Architecture], and seven direct path-
ways between them, all passing through [Technical Debt] and [Solution
Architecture]. The derived 13 x 17 FCA binary context exposes the full tran-
sitive reachability structure of the CG.

Beyond [11], this paper contributes: (i) the complete 13 x 17 FCA formal
context; (ii) five structural observations identifying input/output concepts, root
and leaf attributes as formal invariants not derivable by graph traversal alone;
and (iii) a concept lattice confirming the top/bottom ordering—all of direct
practical value to enterprise architects validating metadata traceability.

2 Background

A Conceptual Graph (CG) [18,19,10] consists of [concept] nodes and
(relation) nodes with first-order semantics; CGIF [5] serialises them as typed
tokens, enabling interoperability with other logics [3]. Formal Concept Anal-
ysis (FCA) [4, 23] derives concept lattices from binary formal contexts (G, M, I)
ordered by extent inclusion [25], supporting ontology construction and informa-
tion retrieval [21, 12,14, 13]; CGFCA [1, 2] formalises the CG-to-FCA mapping,
building on Wille’s Concept Graphs [24]. OData [9, 8] is an OASIS standard for
REST-based data services; SAP Graph and Microsoft Graph expose large API

! https://github.com/Conceptual - Graphs/CharGer
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estates via OData [17,7]. Enterprise Architecture (EA) disciplines [6,22]
decompose information systems into Business, Application, and Data Architec-
ture layers forming the Solution Architecture; SAP’s Clean Core strategy [16]
mandates customisations within approved extension points, making metadata
traceability essential for Technical Debt control.

3 The Moregraph Platform

Moregraph is a Next.js web application backed by PostgreSQL via the Prisma
ORM [11], comprising four subsystems: the OData Parser (accepts EDMX, auto-
detects V2/V4, extracts entity types and typed navigation properties in four
categories: containment, external reference, internal navigation, and referential
constraint); the Graph Store; the Force-directed Visualiser (physics simulation
grouped by service, with entity panel and pie chart); and the CGFCA Tool
(three-tab browser interface to upload CGIF/CSV /draw.io XML, run the algo-
rithm client-side, and download .cxt and pathway .txt files).

4 CG Representation of the Moregraph EA

We used Moregraph’s CG specification [11], authored in CharGer and ex-
ported to CGIF [5], as the EA knowledge base for CGFCA. The CG en-
codes thirteen architectural concepts and seventeen relational triples (Fig-
ure 1), with [Application: Moregraph] as the unique input and [Enterprise
Architecture] as the unique output.

Table 1 lists the thirteen concept types (left) and seventeen relational triples
(right). Two concepts carry individual referents—[Application: Moregraphl]
and [Ref. Solution Architecture: api.sap.com]—while the remaining
eleven are generic. In the CGIF encoding, in-support-of is n-ary (last ref-
erent = target EA, preceding referents = sources), compressing five triples into
one token; drawing-on grounds Clean Core compliance in the SAP reference
architecture at api.sap.com.

5 CGFCA: Triples to Binaries

5.1 Binary Context Generation

The CGFCA Tool accepts CGIF, CSV triples, or draw.io XML; for CGIF it
scans [Type: referent] tokens then (relation refs...) tokens, treating the
last referent as target and all preceding as sources. After parsing, input concepts
(never a target) and output concepts (never a source) are identified. The formal
context is then constructed as follows:

— Objects G: all CG concepts (13 for the Moregraph CG).
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Application: Moregrap!

Technical Debt

as-a-part-9

(aligned—t)ﬂ Solution Architecturels »(consi o)
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aligned-tg Metadata @
Business Data Graph|
mplemented-b), (mplemented-b
Reference Solution Architecture: api.sap.com | SAP Graph Microsoft Graph
v \’_, L
Business Architecture, »(n-support-
Enterprise Architecture

Fig. 1: CG representation of the Moregraph specification.

— Attributes M: all triples, labelled ‘‘source relation’’. The 17 triples yield
17 attribute columns. Two pairs share the same source-relation label with
distinct targets; these are disambiguated by appending the target in paren-
theses (e.g., SA consists-of (AA) and SA consists-of (DA)). ConExp treats
column headers as unique strings; the appended targets ensure all 17 at-
tribute labels are distinct in the exported .cxt file.

— Incidence I: g I m iff concept g is reachable as a target from triple m
through the transitive relational closure.

Transitivity is computed by the ADDBINARY procedure, called once per
triple: starting from the triple’s direct target, it follows outgoing triples recur-
sively, marking each visited concept as reachable; a path-membership check pre-
vents revisiting nodes, giving worst-case O(|G| - |[M]) complexity. The result is
written as a Burmeister .cxt file: header B, object and attribute counts, names,
and a binary matrix of X/. symbols.

5.2 FCA Context for the Moregraph CG

Table 2 shows the complete 13 x 17 binary FCA context generated from the
Moregraph CGIF, matching the .cxt file produced by the CGFCA Tool. Rows
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Table 1: Concept types (left) and relational triples (right) in the Moregraph CG.
Abbreviations in the right half are introduced in the left.

Relation Source Target

addresses MG TD
Concept Referent as-a-part-of ™D SA
Application (MG) Moregraph consists-of SA DA
Ref. Solution Arch. (RSA) api.sap.com consists-of SA AA
Enterprise Architecture (EA) (generic) aligned-to SA BA

Solution Architecture (SA)
Application Architecture (AA)
Business Architecture (BA)

( )  enacted-through DA M

( )  captured-in AA BDG
( )  using M BDG
Data Architecture (DA) ( ) aligned-to M CcC
Metadata (M) ( )  drawing-on CC RSA
Business Data Graph (BDG) (generic)  implemented-by BDG  MS
Microsoft Graph (MS) ( ic)  implemented-by BDG SAP
SAP Graph (SAP) ( )  in-support-of MS EA
Technical Debt (TD) ( )  in-support-of SAP EA
Clean Core (CC) ( )  in-support-of BA EA
in-support-of RSA  EA
in-support-of CC EA

are concepts (objects); columns are triples (attributes) labelled by source and
relation. X marks reachability—direct or transitive. Five structural observations
follow: (1) Row 1 (Application: Moregraph) no X—unique input; (2) Row 13
(EA) X in every column—unique output; (3) Col. 1 (MG addresses) covers all
twelve other rows—root attribute; (4) Cols. 3, 9, 15-17 (in-support-of ) cover
only Row 13—five leaf attributes; (5) Col. 12 (CC drawing-on) covers only
Rows 12-13, confirming RSA reachable exclusively via drawing-on.

6 Experimental Results

6.1 Pathway Analysis

Table 3 lists the seven direct pathways from Application: Moregraph to Enter-
addresses D as-a-part-of SA

prise Architecture. Every pathway traverses MG
making Technical Debt and Solution Architecture mandatory mediators. Path-
way 4 (via drawing-on) confirms Clean Core compliance traceability to the SAP
reference architecture; no cyclic dependencies were detected.

6.2 Structural Observations from the Binary Context

Table 2 supports lattice observations without full lattice computation. Under
the Ganter—Wille ordering [4], Enterprise Architecture (Row 13, all X) generates
the bottom concept; Application: Moregraph (Row 1, all dot) generates the top
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Table 2: Complete 13 x 17 FCA formal context from the Moregraph CGIF.

ffo-proddns-ur woo-des tde :29I1n30931OIy UOIIN[OS 9OULILJOY X
jo-qproddns-ur ydeir) 1JOSOIDIN X
jo-proddns-utr ydein) Jvs X
(SIN) Aq-pojuewierdurt ydelir) eye ssoursng X X
(davs) £q-pojuswrerduur yders) eye ssoursng X X
uo-3uIMRIP 9100 URd[D X | X
(V) JO-S31SISU0D 2INn30931YdIy UOIN[os XIX|X[X[X|X|X]|X
(VV) JO-$1SISUOD 2IN}091IYDIy UOTIN[OS X X[ X | X X
Jo-1roddns-ur 2100 ues[) X
Fuisn ejepRIDIN X[ X | X X
03-pouslife vleprIdN X XX
3Nn01Y3-pajorus 9In30931ydIy eje( XX | X|X[|X|X]|X
ur-paanjdes 21nj3oeIydry uorjeorddy X[ X | X X
01-pauSI[e 2IN}0931YdIy UoIINjog X X
Jjo-110ddns-ur 9In1299)1Y2IYy ssoulsng X
jo-1red-e-se 3qo(] [e2TUYDT, XXX | XXX X[X[X|X]|X
sossorppe ydeidoroy :uoryeorddy XX | XX X[X|X[X[X]|X|X]|X

£

Q

<

o

]

@

8

5

o

=

=

=

Q

Q

© =

= <=
EIRPRE HE
m Hl =S| ,MI.P“. <|5
20 228 = ©
9 Ble|l=E|e & =1
= o1 8l=5 o=
S s|g|ol= @] <|E |3
S12|= h=R e &=
Qg < D= | S
sI8IEE] 2|12 Fl=l5 3=
S|z |<|<|3|=g glala | @
SR w = m m Q w|® &= Q RZ]
c|lo|ln|g|= z|Olal5|o|al=m
sl Elz|g|e| 8| SI0|1g|g| e
QIR |= SlE=E|s|3 w g o mu. mu.
Silalolz |2 &el|w BER2) ABlE S
Ll a2 |o|asE|E Bl =
Ol<lEAmn |<|A|=Z |0 |M x| = |~ |-




EA Metadata from Moregraph and CGFCA 7

Table 3: Seven direct pathways from Application: Moregraph to Enterprise Ar-
chitecture (CGFCA output).

# Pathway (relation labels omitted for brevity)

1 MG —- TD —- SA —- DA —- M — BDG — MS — EA
MG — TD —+ SA — DA — M — BDG — SAP — EA
MG —- TD —+ SA —- DA - M — CC — EA

MG — TD —- SA - DA - M — CC — RSA — EA
MG — TD — SA — BA — EA

MG — TD — SA —- AA — BDG — MS — EA

MG — TD — SA — AA — BDG — SAP — EA

N O U W N

concept. Cols. 3, 9, 15-17 (in-support-of leaf attributes) have extent { EA} only;
Cols. 1-2 cover the most objects and are the most generative. Reference Solution
Architecture (Row 12) is reachable exclusively via Clean Core drawing-on, giving
it the smallest non-empty intent. Figure 2, computed in ConExp?, confirms
this ordering: EA at the bottom node, Application: Moregraph at the top, with
the seven pathways visible in the branching structure. The lattice additionally
reveals which concepts share identical structural positions (same lattice node),
a classification not expressible as a formal invariant by directed-graph traversal.

7 Related Work

The theoretical relationship between CGs and FCA was studied by Andrews
and Polovina [1], who provided a foundational mapping from CG triples to FCA
formal contexts and compared the approach to Wille’s Concept Graphs [24]—a
distinct diagrammatic reasoning system grounded directly in FCA, which Wille
intentionally named to distinguish it from Sowa’s Conceptual Graphs. CGFCA
was further described in [2]. Rudolph and Stumme [14] showed that concept lat-
tices can be constructed from CG projection graphs; Priss and Old [13] modelled
semantic aspects of CGs using FCA incidence structures. The CGFCA algorithm
is complementary: it constructs a formal context directly from the triple struc-
ture, capturing transitive reachability and pathway topology rather than via
projection. While pathway analysis from input to output concept is achievable
through conventional directed-graph traversal, the FCA formal context addition-
ally enables lattice-based structural classification: the concept lattice identifies
each architectural element’s structural role—input/output concepts, leaf and
root attributes, and relative generativity—as formal invariants of the knowledge
representation, beyond what graph traversal alone provides |25, 4].

The Moregraph platform was introduced in [11]. The present paper adds:
(1) the complete 13 x 17 FCA formal context in Burmeister format; (2) five
structural observations identifying root/leaf attributes and input/output con-
cepts as formal invariants; and (3) a concept lattice confirming the top/bottom

2 https://conexp.sourceforge.net/
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ordering. A companion paper [15] extends the platform with a Metadata-to-
Governance Transformation (MGT), mapping OData metadata to governed EA

artefacts in SAP LeanIX.

In EA tooling, Lankhorst [6] advocates for model-driven EA using ArchiMate;
Moregraph differs in grounding its model in machine-readable OData metadata
rather than manually authored diagrams. Priss [12] surveys FCA in information
science, underscoring its value for hierarchical knowledge organisation—a central

requirement in EA.

Application: Moregraph

| Application: Moregraph addresses |

Technical Debt

| Technical Debt as-a-part-of |

Solution Architecture

| Solution Architecture consists-of |

Data Architecture
Data Architecture enacted-through | Solution Architecture consists-of
Metadata| |App|icati0n Architecture |
Y
Metadata aligned-to Metadata using

Application Architecture captured-in

| Solution Architecture aligned-to

| Business Data Graph implemented-by | | Business Data Graph implemented-by

b . .
~. . i

i [ 5AP Graph]| [ Microsoft Graph| [ Business Architecture
3

Reference Solution Architecture: api.sap.com| /
1)

SAP Graph in-support-of

Reference Solution Architecture: api.sap.com in-suppornt-of
Microsoft Graph in-support-of

Clean Core in-support-of

Business Architecture in-support-of

Enterprise Architecture

Fig. 2: Moregraph CG formalised as a concept lattice (CGFCA and ConExp).
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8 Conclusion

We have presented Moregraph, a metadata-driven EA platform combining
OData metadata parsing, force-directed visualisation, and a browser-based
CGFCA tool, applied to a thirteen-concept, seventeen-triple CG in CGIF. The
resulting 13 x 17 Burmeister FCA context identifies seven direct pathways from
Application: Moregraph to Enterprise Architecture, all mediated by Technical
Debt and Solution Architecture, with no cyclic dependencies. The formal con-
text reveals EA is transitively reachable from every triple and that addresses
is the root attribute—non-trivial invariants that emerge automatically, beyond
what directed-graph traversal alone exposes. A companion paper [15] extends
this into a Metadata-to-Governance Transformation (MGT) for SAP LeanIX;
future work will render the concept lattice interactively within Moregraph.

Disclosure of Interests. The authors have no competing interests to declare that
are relevant to the content of this article.
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