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Abstract

Introduction

Be it in production, design, scientific research, or Education,
forward database (db) and software engineering (se) is almost the
sole direction in these fields, harnessed even more in these latest
years by the race in Artificial Intelligence (Al), and, especially, by
the Large Language Models (LLMs) explosion.

However, there is still and always there be a need for reverse
database and software engineering, which should not for ever re-
main the Cinderella of Computer Science (CS) and Information
Technology (IT) [1]. The IT state of the art is still dominated by lot
of legacy db software applications (apps) which are poorly docu-
mented (if any), working almost fine, but needing extensions from
time to time, and even refactoring or completely replacing them
with newer technology ones, without losing any of their useful
functionalities.

Even extending them, not to mention refactoring (e.g,
switching to a safe web interface) or complete replacement, the
database and software “surgeons” need a deep, full, and precise
knowledge of some, if not even all, of their conceptual and
technological details, not only to fulfill their tasks, but also not to

This research paper describes how to reverse engineer relational database schemas into (Elementary) Mathematical Data
Model ones. Four tools are used to simplify this job, using the same example of a medium complex MS Access database: MatBase,
ChatGPT, Gemini Al, and Claude Al, each one with its advantages and disadvantages.
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tamper with the functioning of the rest of these apps. Of course,
before understanding the apps’ code, you must first understand
the underlying dbs’ structure.

Up to now, reverse db and se required highly skilled db and
software architects and developers, with extensive knowledge in
the corresponding legacy programming languages and technolo-
gies. Even only the reverse engineering of legacy dbs was often a
big challenge. Especially if your target is not a plain English verbose
novel, but a formal, concise mathematical schema. This paper re-
ports on our latest research results in reverse db engineering to-
wards concise and accurate mathematical schemas, with the help of
Al, which considerably alleviates these prerequisites.

The goal of this research was to compare the capabilities of our
long date tool MatBase [2,3] with three of the top current Al tools,
namely (in chronological order of their public availability) ChatGPT
[4], Gemini [5], and Claude [6] in reverse db engineering, the com-
mon target formalism being our (Elementary) Mathematical Data
Model ((E)MDM) schemes [7]. (E)YMDM is based on the semi-naive
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theory of sets, relations, and functions (SNTSRF) [8], the temporal
first-order predicate logic with equality (TFOPL) [9,10], and Data-
log — [11,12].

MatBase is our intelligent data and knowledge base manage-
ment system prototype, mainly based on (E)MDM, but also on Dat-
alog, the Relational (RDM) [11,13,14] and Entity-Relationship (E-R)
[14-16] Data Models.

MatBase was designed to accept (E)MDM schemas (which in-
clude Datalog - programs), translate them to relational databases
(rdbs) and automatically code generated database (db) applica-
tions (apps), to accept and import rdbs and translate them to (E)
MDM schemas, to accept E-R Diagrams and translate them to (E)
MDM schemas, as well as, again dually, to translate (E)MDM sche-
mas into E-R diagrams [14-16]. The main goal was always to reach
modeling as programming [17] and, especially, mathematical data
modeling. Currently, MatBase has two versions, one developed in
MS Access and VBA, for small dbs, and one in MS C# and SQL
Server, for large dbs.

ChatGPT, Gemini, and Claude are Al agent tools.

The next Section mentions related work. The third one is ded-
icated to the materials and methods used. The fourth one presents
and discusses the results obtained. The paper ends with conclu-
sions and a list of references.

Related Work

The FOPL component of MatBase was described in [18]. The
relationship between ChatGPT and mathematics is the topic of
several published articles, e.g. [19,20]. Similarly, for Gemini Al see,
e.g, [21,22], and for Claude Al e.g., [23,24]. A comparison between
mathematical capabilities of ChatGPT 5, Claude 4.1 Opus, Gemini
2.5 Pro, and Grok 4 can be found in [25].

Materials and Methods

We used our two Toshiba Satellite Intel CORE i7 running
MS Windows 10, Google Chrome browser’s current version
(146.0.7680.81), MS Access 365 (v. 2603), MS SQL Server 2025, MS
SQL Server Management Studio v. 21.4.12, MS SQL Server Migra-
tion Assistant for Access (SSMAA) [26] v. 17, MatBase 5.2 Access,
ChatGPT Plus 5.3, Gemini 3, and Claude Sonnet 4.6.

We started to refactor a legacy MS Access Geography app man-
aged by MatBase into a MS Razor C#ASP web one, over MS SQL
Server. The architecture of this app is fine: a Geography.mdb pure
VBA code one (i.e., containing only forms, VBA code for enforcing
non-relational constraints, and a menu) uses links to the tables of
two pure data dbs: a GeographyDB.mdb storing the fundamental
data, and a GeographyTmp.mdb storing the temporary tables. The
GeographyTmp.mdb has only 3 empty tables and was immediately
and correctly imported into a SQL Server db by SSMAA.

The GeographyDB.mdb has 389 objects (62 tables, each with its

own surrogate primary key, other 106 unique keys, 11 non-unique
indexes, and 148 foreign keys) storing 3.75MB+ of data. The MS Ac-
cess Database Documenter generated for this db a .pdf file of 449
A4 pages of documentation (taking 1.35MB+).

SSMAA took almost half an hour to import it and managed only
partially: it wrote 510 statistics.html files taking 4,55MB, other 4
.html ones, 1 .xml, 12 js, 7 .css, 1 .ttf taking, and 81 .gif ones, in total,
other 4.2MB, only for displaying the import statistics, plus a 60 A4
pages .txt file with the table import list. Unfortunately, the instances
of 10 tables were lost. The T-SQL script of the imported db schema
generated by the SQL Server has 5,650 lines.

MatBase exports the managed dbs in either XML, HTML, PDF,
or DOCX formats, by simply clicking on its submenu option Manage
Databases/Export Database; after any successful
execution triggered by its submenu option Other Databases/
Import Relational Database, MatBase also generates a HTML file
with the (E) MDM schema of the newly imported db.

moreover,

With the three Al we considered for this research, we started
the dialog by proposing them the GeographyDB.mdb file and
asking for the corresponding formalization of its structure using
SNTSRF and FOPL.

Results and Discussion
Here are the results obtained with each one of these 4 tools.
MatBase 5.2 Access

MatBase wrote in some 2 minutes a .pdf file of 20 pages, taking
almost 300KB. Figures 1 to 4 show a fragment of it (the scheme of
9 tables out of 62, having a total of 51 columns, i.e., mathematical
functions).

As detailed in [7], (E)MDM uses the following abbreviations
and conventions:

e  Entity-type sets are written in bold and italic.

e  Relationship-type sets (e.g., GALAXIES_NEIGHBORHOOD from
the bottom of Figure 4) are similarly written but followed by
parentheses with their canonical projections.

e  Attributes (e.g., x), i.e., the functions taking values from data
types or their subsets, are written under the name of their cor-
responding domain sets, indented, without explicitly mention-
ing them.

e  Structural functions (e.g., GalacticSuperCluster), i.e., functions
taking values from object sets (i.e., corresponding to foreign
keys), are written without any abbreviation.

e  Explicit constraints are prefixed by the letter C having as sub-
script the corresponding unique identification value from Mat-
Base CONSTRAINTS metacatalog table [3], followed, in paren-
theses, by their name, unique within the db.
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obid is the abbreviation for object identifier; auton. is the ab-
breviation for autonumbering.

The double arrow is used for injective (one-to-one) functions.

NAT(n) stands for the subset of naturals having at most n dig-
its.

ASCII(n) stands for the subset of strings over the ASCII alpha-
bet having maximum length n.

The total constraint means that the corresponding function is

product one.

—.| —f o g is the notation for the non-existence constraint
[27], meaning that, for no element x of their domain set, may
both f{x) and g(x) be defined (i.e., not null).

key (see the constraint C38 on the last line of Figure 4) is the
abbreviation for minimal injective.

The parentheses following set names, function and constraint
definitions are comments (stored in MS Access dbs in the op-
tional Description column).

totally defined (i.e., the corresponding table column has a NOT
NULL constraint). As MatBase also manages the corresponding app stored in

hy. hich inl f h -relational -
e  Computed sets (e.g., *STARS from Figure 3) and functions (e.g., Geographymdb (which mainly enforces the non-relational con

*OrbitCenterName from Figure 2) have their names prefixed by
o

straints), this (E)MDM schema contains explicit constraints as well.
Were MatBase only importing GeographyDB.mdb, no such con-
straints would be present in this schema, except for C,,.

© is the function composition operator, while e is the function

GALACTIC CEUSTERN (The set of galactic clusters of interest)
x 3 HAT(E) total, auton. (obid)
Galactic Clusfer «» ASCIIZ55) total (Galactic cluster unigue name)
LightTears — (0, 27320 (Distance from Eatth in light yveatd)
GalacficSuper Clusfer | GALACTIC CLUSTERY — GALACTIC CLUSTERY acyclic(Galactic superclusterto which cluster

belongs Mo galactic cluster may belongtoiteelf, neither divectly, nor indirectly)
CONSTELLATIONS (The set of constellations of interest)

x4+ MAT(P) total, auton. (obid)
Comsfellafion <3 ASCIIR255) total (T onstellation e que natme)
Declinafion — [P0, 90] (T onstellation’s declinati o)
MinVisibleLafifude — [P0, 90] (Mlimdmum latitude where constellationisvisible)
Max VisibleLafifude — [-90, 90] (M aximum latitude where constellationisvisible)
BestSeenidonth — [1, 12] (Month of the year when the constellationisbest seem)
RightAscension — [0:00:00,24:00:00] CAngular distanice of the constellation eastward alongthe celestial equator from the
hlatch ecuino)
Galactic Cluster | CONSTELLATIONSY — GALACTIC CLUSTERY (Galactic cluster towhich constellationbelongs)
GALAXTEN (The set of galaxies of interest)
x4+ MAT(P) total, auton. (obid)
Grlaxy +» ASCIIZ55) total (Gralary i gue name)
Lighttears —+ (0, 2732 (Distance from Eatth in light veatd)
Sfarso — NATEY (HMumber of stars, inbillions)
Length— HAT(Y (MWlaximum galaxy diameter in hundreds of thousand li ght years)
Galactic Clusfer | GALATIRS — GALACTIC CLUSTERY (Galactic cluster to which galaxybelongs
Cenfer | GALATTES 3 CELESTIAL RODIESY (Celestial bodylocatedinthe galawy center. Mo such body may be the center of

mote than one galaxy)

Figure 1: Fragment of the (E)MDM schema generated by MatBase (1 of 4).
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CELESTIAL BODIES (The set of celestial bodies of interest)
#OUT 3 NAT(9) total, auton. (obid)
Celestial Body < ASCIN255) total (T elestial body uni gue tiam )
AvgDistance = [5, 27 6] (&verage distancefrom the ortbital center atoundwhich the celestial body gravitates,
in millions of km)
aafellifeNo — NAT(P) (Celestial body satellites/ planetsmamber)
Distance — (0, 27320 (Distance from Earth to the celestial body, in light years)
Avparenfidamifude — [-26.74, 36] (T elestial body apparent magnitude as compared tothe Sui)
Relafivelass — (0, 2 6] (Celestial bodymass as compared to the Sun'd)
Temperafure — (0, 28500](C elestial body sutface average temperature, in Kelvin degrees)
Water — [0, 2™ 6] (Celestial body total suface covered with water, inkm)
Lemd — [0, 2716] (Celestial bodytotal land suface, inloand)
MeassRafio — (0, 2716] (Celestial bodymass ratio as compared to Earthy)
RevolFerFafio — (0, 2 6] (Celestial bodyrevolution periodratio compared to the Earth year)
FotFPerRafio — (0, 271 6] (Celestial bodyrotationperiodratio compared to Earth day)
Diamefer — [10, 990,000 0097 (Celestial body equatorial diam eter, in km)
AvgDensify — (0, 2™ 6] (Celestial body average density comparedto Earth’s water)
GravifRatio— (0, 2™ 6] (Celestial body gravitationratio as compared to Earth's one)
AzgregafionTipe — {"plasma", "metal", "gas", "ice"} (Celestial body aggrezationtype)
*CebitCenter Name = Celesfial Body * Orbifal Confer
Celesfial Body Type : CELESTIAL _BODIES — CELESTIAL BODI TIFEY total, default = “star”™ (Celestial bodsytype)
Galaxy | CELESTIAL BODIES — GALATTES (Galaxy to which celestial body belongs)
Consfellafion : CELESTIAL BODIRS — CONSTELLATIONS (T onstellation towhich celestial body belongs)
Chbital Center . CELESTIAL RODIES — CELESTIAL BOINES acyelic (Otbital center around which the celestial body
gravitates. Mo celestial body may orbit arounditself, neither directly, nor indirectly)
Solariystem: CELESTIAL BODJES — SOLAR STSTEMS (Solar system towhich celestial body belongs)

Figure 2: Fragment of the (E)MDM schema generated by MatBase (2 of 4).

a9 (S0l Spstr Galax): —|— SolarSystem e Galaxy (Mo celestial bodymay belong directly to both a solar system and a galaxy)
C40 (S0l 5pstlr Const): —|— SolarSysteme Consfellation (Mo celestial body may belong directlytoboth a constellation anda
galaxy)
Ca1( Tl Center Refler): Galaxy © Cenfer null-reflexive (Any celestial body that is the centerof a galaxy must belongto that
galaxy)
CELESTIAL BODF_TYPES (The set of celestial body types of interest)
x &3 MAT(Y) total, suton. (obid)
Celestial Body Trpe 5 ABCIIZ55) total (Celestial bodytype unique name)
MNotes — ABCIIISS)
*$TARS = {x ¢ CELESTIAL BODIEY | Cclesfial Bodp Tppe(Celesfial Body Tipe(xi)= “star”™}
SOLAR SFSTEMYS —*STARS (The set of solar systems of interest)
Sfarsho — [1, 255]total (Number of solar system stard)
PlanefNo— [1, 255] total (Mumber of solar system planets)
S SOLAR STETEMY < *START total (obid, canonical inclusioninjection: biggest solar system star, no star may hethe sun of
more than one solar system)
*Talaxy = Sun ® iwpes® Galary (Galaxy to which solar system belongs)
*Consfellafion = Sun® { 1spz® Consfellafion (T onstellationto which solar system belongs)

Ca2(SolarsystReflex): SolarSystem® §wpaes® S reflexive (Any solar system sun belongsto its solar system)

Figure 3: Fragment of the (E)MDM schema generated by MatBase (3 of 4).
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x> HAT(?Y total, auton. (obid)

ofie such system )

belongs)

the same galaxy)

must belongto the same constellation)

the same galaxy as its stars)

must belongto the same constellation asits stars])

x> HAT(9Y total, auton. (obid)

MULTT STAR SFSTEMS (The set of multiple star systems of interest)

Idulf Star Spstem <3 ASCII255) total (Multiple star system und que name)
Galaxy . MULTI STAR STETEMS — GALATIES (Galany towhich multiple star system belongs)
Comsfellafion: MULTI_STAR STETEMY — CONSTELLATIONS (C onstellation to which multiple star system belongs)
MULTT STAR SFST _STARY (The subset of stars of interestbelonging tomultiple star systems)
Frimary? — BOOLE (Is the star the primary one inits multiple star system™)
Sfar . MULTT_STAR STET STARS « *STARY total (Star belongingto the multiple star system. Mo star may belongto more than

IhltipleStar Spsfem : MULTT STAR STST STARSY — MULTT STAR STSTEMY total (Multiple star system to whichthe star

Caz (Ml Sfar Syt Star Gal nte grify): (Wx pe MULTT STAR STST STARDMGIfipleStar Spstem(x) = MulfipleSfar Spstem(y) =
Galaxy(l ssmir Star(x) = Galaxp(l sspars(Sfar(y i (Any stars belongingtothe same multiple star system must belongto

Caa (Ml f1.5ar Sy st5far CovstInfegrify), (Wr pe MULTT_STAR STST STARIS(Mulfiplestar Systemin) = MulfiplestarSypstem(y) =
Comstellafion(i snie S (2 = Constellaiion] smrsr STar(pIn (Aty stars belongingtothe same multiple star system

Cas (Ml 1 5far SpstGal nfegrify): Galaxy ° MultipleStar System= Galaxy © sz ® Star (Atoyy multiple star system must belongto

Ca6 (Mulfi Star SpstConstinfegriny), Constellation® MultipleStarSystem = Constellafion ® i snges® Star (Any multiple star system

GALAXIES NEIGHBEORHOOD = Galaxy — GALAXIES, Neighbor Galaxy — GALAXIES) acyclic (The set of galaxypairs
that are neighborto each other. Ho galaxvisneighborto itself, neither directly, nor indirectly)

Lightlears = (0, 2732) (Distance between the two galaxies, inlight years)
Cza (Gl Meighb Sef): Galary « Neighbor Galaxy key (It makes no sense in storing twice the same neighbor galaxy pairs)

Figure 4: Fragment of the (E)MDM schema generated by MatBase (4 of 4).

ChatGPT Plus 5.3

ChatGPT does not accept binary files like the .mdb ones. When
we provided the .pdf one exported by the MS Access Database Doc-
umenter, it rejected it too, as being too long. In the end, it accepted
the .sql script generated by the SQL Server after the SSMAA import.
From the options it offered, we chose the maximum rigor ones (i.e.,
both functions and constraints, full 3-valued logic, including null
values, and the logic textbook style). Figures 5 to 10 show the sche-
ma fragment corresponding to the one in Figures 1 to 4. Figure 11
shows almost everything we could then obtain when asking again
for the formalizations of constraints as well. Please note the follow-
ing:

e  The answer is only about 6 of the 9 tables from the astronomy
section of the db. Generally, even after insisting several times,
we could not obtain the whole formalized schema, without get-
ting any No to our requests: ChatGPT always tries to deflect
your queries by providing other options to choose from.

ChatGPT sometimes used the name of our db schema tables
and columns, sometimes abbreviated, and sometimes even
changed them (e.g. from x to id_abbrev.SetName).

Function codomains do not take into consideration corre-
sponding check constraints: they are only specifying the math-
ematical sets corresponding to the data types (e.g. the natu-
rals, the integers, the reals, etc.).

Primary key constraints (see Figure 8) are not compactly writ-
ten as, at least, injective, or one-to-one, or key, but using explic-
it one-to-oneness definition (unfortunately, using their id nota-
tion instead of x). Even worse (see Figure 10) the injectivity of
the Continent, which stores continent names, is misidentified
as primary as well, although the corresponding CONTINENTS
table also has a surrogate, AutoNumber primary key x. Gener-
ally, of course, primary does not make sense in SNTSRE.

Both totality and not totality are also verbosely described (see
Figure 8).
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Similar verbosity is used for foreign keys (see Figure 9). Even
worse, all foreign keys are described as being totally defined,
which, for their majority, is not the case.

Generally, ChatGPT is extremely verbose, not rigorous, and
mainly uses plain English spiced with logic quantifiers and
symbols (e.g., #,=,—, €), rather than the “logic textbook
style” and “maximum rigor” advertised. Unfortunately, when
you copy its answers from the browsers, they are verbosely
written using Latex conventions: if you do not know them and
do not want to learn them either, you must take screen shots

and manually replace the Latex commands with the corre-
sponding math symbols.

Only one positive remark: although the T-SQL schema does
not include our non-existential constraint — | — River o Lake
e Sea * Ocean e GeographicUnit (Rivers may flow in only one
of these: another river, a lake, sea, ocean, or a geographic unit,
e.g, desert, cave, etc.), at the end of Figure 10 ChatGPT added
the non-existence constraint Sea — | — Ocean, but not its dual
and using a rather Prolog-like notation.

1. Signature {Mathematical Structure)

Base sorts (domains)

We introduce onesort per takle

(BT — Celestial Body Types
Const — Constellations
CC— Celestial Bodies

GC — Galactic Clusters

Gal — Galaxes

G — Galaxy Meighborhood relations

Identifierfunctions (primary keys)

Eachtable hasa canonical identity;

id_CBT: CAT> N
id_Const: Const > N
id CCi CCo N

id GC:GCo N
id_Gal: Gal > N
id_Gh:GN=> N

Attribute functions

Celestial_Body Types

name_CBT: CAT - String

notes CBT: CBT = String {pariial since NULL allowed)

Figure 5: Fragment of the math schema generated by ChatGPT (1 of 6).
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CELESTIAL_BODIES

s name_CC: CC-» String

o fype CC:CC—» CBT

e constellation_CC: CC - Const

e galaxy CC: CC— Gal

o orhitCenter; CC = CC(zelf-reference)
Murneric/physical attributes (all partial unless MOT MULL):

o augDistance; CC—R

¢ sateliteno: CC—H

¢ distance: CC— R

o apphlag:CC—R

¢ relMass: CC—R

e temperature; CC—F

e water: CC— R

o land:CC—R

e rathass: CC—= R

¢ ratRevalution: CC—R

¢ ratRotation: CC—~R

e diameter: CC—R

¢ avgDensity: CC— R

s ratGrav:CC—R

e solarSystem: CC—~H
e aggregationType: CC—~H
o orhitCenterfame: CC = String

Figure 6: Fragment of the math schema generated by ChatGPT (2 of 6).
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CONSTELLATIONS

narne_Const: Const = String
galCluster Const: Const — GC
declination: Const =&
rninLat : Const — &

maxlat: Const =&
besthonth: Const =R

right&scension: Const =N

GalacticClusters

nare_G3C: GC = String
lightears GC:GC =R

superCluster: GC — GC

GALAXIES

name_Gal ; Gal = String
cluster_Gal : Gal = GC
lightYears Gal: Gal ~ R
center_Gal ; Gal = CC

starshlo: Gal = W
constellation_Gal @ Gal = Const

length_Gal . Gal = W

Figure 7: Fragment of the math schema generated by ChatGPT (3 of 6).
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GalaxyNeighborhood (relation-liketable)
o galany,: GN = Gal
e galanyz: GM = Gal

o distance GN. GN—=R

2. Core First-Order Logic Constraints
2.1 Primary key uniqueness
For each table:
Example (Celestial Bodies):
‘Ya,h ECC
id_CC(a)=id_CClh) > a=bh

(Simnilarly for all other tables,)

2.2 Total vs partial functions
From MOT MULL constraints:
Example:

e € CCname_ CC(c)is defined
¥ £ CCtype CC(c)is defined
Partial (nullable figlds):

Jc € CC constellation_CC{e)is undefined (allowed)

2.3 Foreign key semantics
Celestial Body = Type
¥ £ CC: 3t € CBT such that type Coic)=t

Figure 8: Fragment of the math schema generated by ChatGPT (4 of 6).
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Celestial Body ¥ Constellation
Yo ECC
constellation_CClc)is defined =

3k € Const suchthat constellation_CC{c)=k

Celestial Body = Galaxy
o ECC
galaxy_CC(c) is defined =
g€ Gal suchthat galaxy CCic)=g

Self-reference (orbit center)
Yo ECT
orhitCenter(c)is defined =

3c' € CCsuch that orbitCenter{c)=c'

Constellation - Galactic Cluster
¥k € Const:
galCluster_Const(k)is defined =
Jge GCsuchthat galCluster Constik)=g

Galaxy - Galactic Cluster
¥a € Gal:
cluster Gal(g) iz defined =

Jc e GC suchthat cluster Galigi=—c

Figure 9: Fragment of the math schema generated by ChatGPT (5 of 6).
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€ 2.2 Primary Key Axioms (Uniqueness)

Continent

¥ oy Continent, namegx)= nameglyl = u=y

€ 2.3 Referential Integrity (Foreign Keys)

Sea — Ocean

W s 5ea, 30 Ocean, ocean(s)=0

’ 2.4 MOT MULL Constraints

¥ o Country, continent(c)=L1

(similarly for all mandatory attributes)

< 2.5 Nullability (Rivers)

Seaq presence

% riRiver, hasSea(r) =3 s, flows_to sealr)=s

’ 2.6 Consistency Constraints

rAutual exclusion

% r: River, has5ea(r] = = hasOcean(r)

Figure 10: Fragment of the math schema generated by ChatGPT (6 of 6).
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Gemini 3

Gemini is much more verbose than ChatGPT and does not pro-
vide you the mathematical scheme it generates either, not even
parts of it, although we tried several times during the long dialogue
we had (85 pages A4): it writes you that it has stored it internally,
“intended for research, simulation, and high-fidelity geographical
modeling”. The dialogue is full of metaphors; here are some exam-
ples:

e  The DISTANCES table is the most complex part of your “Me-
tabolism.”

e  This is the Bio-Logic Actuator. If a user attempts to enter 72
or 11023, the “encapsulated bacteria” in the database (the
Validation Text) produces a limestone wall (Error Message) to
heal the rupture.

e  Unlike terrestrial geography, which is fixed by soil, the Celestial
Map is a Relational Projection. The “Fortress” ensures that a
star cannot belong to two constellations simultaneously (The
Monogamy of Entanglement).

e  These formulas represent the “Fortress” rules. If a data entry
violates these, the mathematical symmetry of your universe is
ruptured.

From the very few formal fragments we obtained, we noticed
that Gemini’s style is identical to the ChatGPT one, e.g., set and func-
tion names are usually abbreviated or completely replaced (e.g., id
for x), primary and foreign keys use the same verbose syntax, which
extends to the relational domain constraints, e.g., for our Altitude
: PEAKS — [1000, 8848], Gemini wrote the constraint “Domain:
Vv m e PEAKS:0 < H(m) < 8848” (unfortunately, even wrongly
replacing 1000, the minimum altitude for a peak to be considered a
mountain one, with 0: only “poets” like it can consider that kid-built
sand heaps by the seaside are mountain peaks as well).

Moreover, surprisingly for us, Gemini also used an RDM-style
functional dependency notation, e.g., for CELESTIAL_BODIES it
wrote: f, oo sopmst 1D —> Name x Type, x ID,, x Orbit Cen-
ter X Mass.

Figure 12 shows what does Gemini understand by first-order
logic constraints. On a positive note, although the 449 A4 .pdf pages
that it took as input is not presenting the non-relational constraints
enforced in Geography.mdb, it suggested us to not forget adding
to the DISTANCES table (between cities) the geometrical triangle
inequality constraint (/' City,, City, City, € CITIES : DISTANCES
(City,, City,) < DISTANCES (City,, City,) + DISTANCES (City,, City,)).

Just tell me

g7 1f you want the next step

Mow that we have a complete formal theory, we can:

{ Translate this exactly into COL (executable)
¢ Derive Datalog rules mechanically
[ Prove consistency / completeness

Generate SQL schema automatically

2

Figure 11: The most frequent end of answers displayed by ChatGPT.

Arst-Order Logic Constraints (The Invariants)

T a h | & [Mathematical Entity [Parent Mapping (Function)
COUNTRIES [Set of Countries C Root
FREGIOMS |[S5et of Regians R fiR—=C
COUMNTIES [Set of Districts J g:1—=R

| T | E 5 [5etoflLocalitiesL bl —=

Figure 12: Examples of Gemini “FOL constraints”.
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Instead of mathematical formalizations, Gemini is much more
interested in coding and pushing ahead usage of PostgreSQL and
Python:

e  Without being asked for and even without asking for our per-
mission, Gemini translated our .mdb db into a PostgreSQL one.

e  Then, with our permission, Gemini built on top of it a FastAPI
(Python) with Pydantic validation models layer, plus an anal-
ysis NetworkX (for graph topology) and AstroPy (for celestial
metrics) module, as well as a visualization Plotly (for connec-
tivity heatmaps) and Graphviz (for relational mapping) one.

e  Finally, it added to this app a pathfinding Dijkstra algorithm, a

connectivity density map (that calculates which counties are
the more connected hubs, measured by how many roads pass
through their cities), a closeness centrality one (that identi-
fies which cities are closest to all others, acting as the natural
hubs of countries’ spines), a semantic mapping interface layer
embedded in the app’s interface for translating English/Roma-
nian questions into the complex JOIN logic required by the 62
db tables (natural language query tool called by Gemini “The
Oracle”), and even a geographical quiz engine!

Figure 13 shows Gemini’s summary of this effort (where you
can note once more its appetite for metaphors).

Python Labyrinth.

Managing the "Ethical Ruptures"

Fast APl project:

hroken.

We have now successfully migrated the "Full Universe™ from a d49-page PDF into a functional

In your legacy Access database, "Cringe" happened when a user typed bad data into a form. In this

¢ The "Limestone" (Walidator): Pydantic stops bad numbers.

e The "Labyrinth" (Route Logic): The code checks the district_id|t0 ensure the parentage isn't

The Relational Map isnow fully operational across all dimensions, We have moved from a static
445-page POF of 62 tablesto a Dynamic Intelligence System capable of:

1. Self-Healing: Identifying missing links and data ruptures.

2. Navigation: Calculatingoptimal paths fram a villagein llfov to astar inthe Andromeda Galaxy.

3. Visualization: Projecting the "Bio-Logic" density of connections.

Figure 13: Gemini’'s summary of the app buided over our input db.

Claude Sonnet 4.6

Claude was the only one who could decrypt the Geography.mdb
file. However, lot of columns and constraints were not captured,
so we provided instead the corresponding T-SQL script: in only a
couple of minutes, it offered for downloading an .md text file with
its corresponding db schema mathematical formalization. The fact
that the file is a .md one means that Claude stored it as an axioms
one for our further interactions on this project.

Unfortunately, this second answer was only a “sketch”, not in-
cluding all sets, nor all columns, no domain (check) constraints, and
containing some incorrect formalizations. A much better formaliza-
tion was delivered for download after our reactions. Unfortunately,
it still had some already flagged issues, as well as new ones: Fig-
ure 14 shows our corresponding message. In a couple of minutes,
Claude replied with the message shown in Figures 15 and 16, plus a

new Geography.md file. Neither were these corrections enough: to
our message from Figure 17, Claude answered as shown in Figure
18.

Although issue 3 was not solved and there were still erroneous
expressions like x.Min Visible Latitude and a UNICODE (255) +, we
were happy with this fourth version of the formal schema, as we
reached the quota for daily free interactions. Figures 19 to 22 show
the math schema fragment equivalent to MatBase’s one from Fig-
ures 1 to 4.

Remarkably, CLAUDE Al added irreflexively constraints for all
9 dyadic relations (DISTANCES and 8 neighbor-type ones), as well
as for all 8 self-maps (e.g., Galactic Supercluster and Orbit Center);
of course, the self-maps are, in fact, acyclic, not only irreflexive, but
at least irreflexively is commonsense. The whole file has 17 A4 .pdf

pages.
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Hi Claude! Your formalization iz almeost ok, Howewer, we do not understand the following izsues:

1, Why did you change some domain constrainta? [e.g, for CelestialBody « CELESTIAL BODIES — UNICODE(255) wou
replaced UNICODE by 5TR)

2. Why did you stillignore the check constraintz? (e.g, youwrote Diarneter : CELESTIAL BODIES - REAL « NULLS,
instead of Diameter : CELESTIAL BODIES — [10, 9999999091 U NULLS, az per
35MA_CCICELESTIAL_BODIESY Diametrufvalidation_rde).

3. Afew times, at least, you added a corresponding asd o, but, for example, iso't it much more natural and compact to
forrmalize, e.g, BestieenMonth : CONSTELLATIONS — TINT € NULLS -- 1..12 plus your Asdom CH1, as
BestieenMonth : CONSTELLATIONS — [1, 12] «» NULLS?

4, Why did woureplace ewverywhere the correct expression 5w NULLS with the completely wrong 5  NULLS one, for
any set name 57

5. Why did you add the equally incorrect 3 ¢ NULLS, instead of simplywriting 3, whenever 5 and NULLS are dizjoint?

6. Why did you add foreign key (FR) specifications, when they are relewant only to relational databaszes and do not
hawve any relevance inmathernatics?

7oWhy did wou dizcard the Galaxy « NeighborGalaxy ey (e, minimallyinjective] for GalaxyNeighborhood [that wou
wrongly described as prirnary ke first, but, at least, itwas aunique product, better than nothing)?

B. Why did you add your Axiom CC3.** (wx € CELESTIAL_BODIES)(x.Water € NULLS wx Land & NULLS w = Water + x.
Land = 100]7 Both Water and Land are onlypositive, not upper bounded by 100, becansze they store corresponding
area sizesin square kins, not percentages of celestial bodies” areas,

Figure 14: Our third message to Claude Al.

These are all excellent and precise corrections, Let me address each one before rewriting:

1. STR ws UNICODE — 5TR was my shorthand, | should use UNICODE(R) as in the original notation,

2. Check constraints ignored — | should read all validation rules from the SOL script and incorporate them as
range domains directly in the function signature,

3. Avdom vs range domain —You are right: f: T = [a,b] U MULLS isfar more compact and natural than a separate
axiom. Separate axioms are only needed for inter-column constraints (like AltCulminant = Althinim ).

4, S U MULLS vs § € NULLS — A serious error on my part, € NULLS means "belongs to the set NULLS" which is
nonsensical. The correct notation is5 U MULLS meaningthe codomain includes null.

5. S& MULLS — Equally wrong, When 5 and NULLS are digjoint (NOT MULL colurmn), the codomain issimply 5, no
annotation needed.

B, FK specifications — Correct, FKs are a relational implem entation detail. In mathem atics the function signature
f:T -5 already expresses that f mapsinto 5, which is all that needs saying

7. Minimally injective key — | should write Galaxy + NeighborGalaxy as a com posite injective key, not conflate it

with the surrogate PK.

Figure 15: Claude Al's answer to our message shown in Figure 14 (1 of 2).
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Let me now read all check constraints from the SQL hefore rewriting: Now | have everything | need. Let me write the
complete, corrected form alization: Complete rewrite addressing all seven corrections:

1. UNICODE{n) restored throughout, with UNICODE{n)+ for non-empty strings (where disallow_zero_length
constraints exist), and plain UNICODE{n) where empty strings are permitted.

2. All check constraints incorporated as range domains directly in the function signatures — e.g. Diameter :
CELESTIAL_BODIES = [10, 9393933995] U NULLS, Depth : OCEAM_DEPTH — [73, 11022], unbounded lower
constraints written as (0, +==), etc.

3. Separate axioms eliminated wherever a range domain suffices — BestSeenMonth, Declination,
RightAscension, all percentage fields, all lat/lon fields, all population and area fields now carry their ranges
directly in the sighature, Only genuinely inter-column constraints remainasaxioms (e.g Tem phin < Tem phdax,
MinLatitude « MaxLatitude),

4, D U NULLS used throughout for nullable codomains — never O & MULLS,

5. Plain D used for WOT MULL codomains — newver D & MNULLS.

6. FKspecifications removed entirely. The function signature f 1 T =+ 5 expresses membership in $ mathem atically
without any relational machinery.

7. Composite injective keys written asf - ginjective on T for every unigque index found in the 50L, including the

corrected Galaxy - MeighborGalaxy injective on GalaxyMNeighborhood and all others throughout the schema,

Figure 16: Claude Al's answer to our message shown in Figure 14 (2 of 2).

That's much better, Claude, thank yow! Howeser, we would like yrou to fix the following izsues:
1, 5TR iz sfilluzed instead of UNICODE; only a few ocourences of STR were renamed az UNICODE,

2, TNICODE[n)+ iz an wafortunate choice, ewven if less than UNICODE(n) instead of UNICODE(nR] W NULLs, Moreower,
forthe Celestial BodyType function, STR+(32] iz used instead of UNICODE[3)!

3. "« iz uged for primary kevs instead of *——" for all other injective functions, which iz confusing,

24, There are lot of codornaine of the type (0, +0C), which iz deeply erroneous in cormputers: due to their (hoth internal
atd external) finite mernories, all data types are finite, Even if youwish not to bother with their exact madrogn liroits,

wou can write instead [Oracle-style] MAXINT, MAXLONG, MAXNUMEER, etc., not 2,

S, Sirnilarly, INT iz an infinite zet: INT[n], » natural, or INT[MAXINT] should be uzed instead,

6, Notations like zMinVisibleLatitude instead of MinVisibleLatitude(x] are not only mathermatically, but alzo, in dbs,
relationally incorrect,

7 Amorn CCF was not rernowved, but onlyrenammed az CCZ,

8. Formalizations like "Galaxy - NeighborGalaxy injective on GalaxyMNeighborhood® would be much better expreszed
instead as "Galaxy - NeighborGalaxy minimally injective” [or ke, in our abbreviation], az if fiz injective, then any
product containing fis injective and not interesting in dbe (i.e, superkey, which st newver be enforced)], while "on
GalaxyNeighborhood” iz superfluous, because any functon iz injective onits domain,

Figure 17: Our fourth and final message to Claude Al.
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Every point isperfectly correct. Let me analyse them all hefore rewriting:

UNICODE — | need to search the full file for any remaining STR occurrences.

UNICODE({n) not UNICODE(n)+ — non-nullahle strings should be UMICODE(n) not UNICODE(n)}+ And STR+(32)
is completely wrong,

« for PK vs injective for others — | should use a consistent notation. Since you use ® for functions, and PK is
just a special injective function, | should use ®® (or simply note PKs separately and use injective only for non-
PK unique functions).

(0, +=) is wrong — should use (0, MAXREAL], (0, MAXFLOAT], [1, MAXINT] etc. depending on the SOL type.
INT is infinite — should write INT(MAXINT) meaning the finite set of integers representahle, or simply note
the SOL type bounds explicitly.

wf notation vs () — Minvisiblelatitude(x) = MaxVisibleLatitude(x) is correct relational/m athem atical
naotation.
Axiom CC3 (Water + Land £100) — =till present, must be removed.

Minimally injective / key — f - g key an T means the pair is a minimal key (neither f alone nar g alone is
injective). Plain injective on a product when a com ponent alone is already injective would make it a superkey,
| need to distinguish key (minimal) from superkey. Mow | have aclear picture, | see the previous version used
=3 for injective and STR+/STR instead of UMICODE. Let me check the full notation section and do a
com prehensive rewrite:77 linesto fx. Thisis a full rewrite of the fle. Let me do it system atically with Python:
The Python replacem ents didn't apply to the fle — they only ran in memory. Let me do a clean full rewrite
directly: 855 lines — manageable. Given the complexity of the fixes and the number of issues across all 8 points,
the cleanest approach is to rewrite the fle from scratch with all corrections applied from the start, Let me
write it directly; Zero remaining issues, Let me do one final check an the notation section and present: All eight
issues are now corrected:

UNICODE(n) throughout — no remaining STR.

UNICODE(n) for non-nullable strings (the disallow_zero_length constraint is ahsorbed into the domain
defition itself).

«for PKs, =»=» for other injective functions, consistent throughout.

Mo more += — replaced with MAXREAL, MAXFLOAT, or MATY depending on the SOLtype.

INT{MAXINT), SINT{MAXSINT), TINT(255) — all integer type codomains are now explicitly finite.

Field (3} notation — all axiom s now use Minvisiblelatitude(x) £ MaxVisibleLatitude(x) style,

Axiom CC2 removed — the Water + Land £ 100 cross-column constraint that was CC2 in the previous version
is gone. CC1remains for the orbital self-reference.

f- gkey — compound unigue constraints are now expressed as minim al keys, not as superkeys. The notation
section explains that neither component alone is unigue.

Figure 18: Claude Al's answer to our message shown in Figure 17.

#48 CELESTIAL BODY_TYPES

% { CELESTIAL_BODY_TYPES «IMT (PK)
CelestialBodyType: CELESTIAL BODY TYPES == LUMICODE(32)
Motes T CELESTIAL BODY_TYPES — UNICODE(255)UMULLS

#H# GALACTIC_CLUSTERS

X : GalacticClusters « INT (PK)

GalacticCluster  © GALACTIC_CLUSTERS - —» UNICODE(255)

Lightyears DGALACTIC_CLUSTERS = (0, MAKREAL]U MULLS
GalacticSuperCluster ; GALACTIC_CLUSTERS - GALACTIC CLUSTERS LI MULLS
*Eaxiom GCL.** (Wi € GALACTIC_CLUSTERS)(GalacticSuperCluster(x) #x v

GalacticsuperCluster(x) € NULLS)

# CONSTELLATIOMNS
¥  COMSTELLATIONS «INT (PK)
Constellation  : COMSTELLATIONS = = UMICODE(32)
GalacticCluster 1 COMSTELLATIONS = GALACTIC_CLUSTERS U MULLS
Declination ¢t COMSTELLATIONS =+ [-90, 907U MULLS
MinvisibleLatitude: COMSTELLATIOMS =» [-90, 301U MULLS
IaxisibleLatitude : CONSTELLATIOMNS = [-90, 90] LI MULLS
BestSeenhonth  : COMSTELLATIONS =+ [1, 121U NULLS
Right&scension  : COMSTELLATIONS = [1, 24] W MULLS
*Eaxiom CHL** (Wi € CONSTELLATIONS)(MinvisibleLatitude(x) € MULLS
W M axvisiblelatitudelx) € NULLS
W Wlinvisiblelatitude £ x. WMaxvisibleLatitude)

Figure 19: Claude Al's schema fragment equivalent to the one from Figures 1 to 4 (1 of 4).
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HH GALLYIES
% ! GALAXIES « INT (PK)
Galay ! GALAXIES = - UNICODE(255)

GalacticCluster | GALAKIES - GALACTIC_CLUSTERS LI MULLS

Lightyears @ GALAXIES = (0, MAXREAL]U MULLS

Center | GALAMIES —» — CELESTIAL BODIES U MULLS  --injective when present
Starsho | GALSKIES = (0, MAXREAL] U MULLS

Constellation : GALAXIES - COMNSTELLATIONS U MULLS

Length DGALAKIES = (0, MAKREALTU MULLS

#ii GALAYY_MNEIGHBORHOOD

X D GALAKY _MEIGHBORHOOD « INT (PK)

Galaxy | GALAKYY _MNEIGHBORHOOD = GALMKIES
MeighborGalaxy @ GALAXY_MNEIGHBORHOOD < GALAXIES
Light¥ears : GALAXY _NEIGHBORHOOD = (0, MAKREAL] L MULLS
Galaxy - MeighborGalaxy key

FRARom GNL** (Wi € GALAXY_NEIGHBORHOOD)( Galasy () # MeighborGalaxy(x))

#F SOLAR_SYSTEMS

sun  SOLAR_SYSTEMS « CELESTIAL BODIES (PK — shared with CELESTIAL_BODIES)
Galaxy ; SOLAR_SYSTEM S = GALAKIES U MULLS

Constellation : SOLAR_SYSTEMS = CONSTELLATIONS U MNULLS

FlanetMo  : SOLAR_SYSTEMS = (0, MAXREAL]

Starsho @ SOLAR_SYSTEMS = (0, MAXREAL]

Figure 20: Claude Al's schema fragment equivalent to the one from Figures 1 to 4 (2 of 4).

H### CELESTIAL_RODIES

"CC 1 CELESTIAL_BODIES « INT [PK)

CelestialBody : CELESTIAL_BODIES = <> UNICODE(255 1
CelestialbodyType: CELESTIAL BODIES = Celestial_Body_Types
Constellation  : CELESTIAL BODIES = COMSTELLATIONS U MULLS
Galaxy ! CELESTIAL_BODIES - GALAKIES U MULLS
OrbitalCenter @ CELESTIAL_BODIES —» CELESTIAL BODIES U MULLS
Ayghistance : CELESTIAL_BODIES —» [5, MAXREAL]U NULLS
SatellitesMo : CELESTIAL_BODIES = MAT U NULLS

Distance : CELESTIAL BODIES = (0, MAKREAL]U MULLS
Apparenthagnitude: CELESTIAL_BODIES = [-26.74, 361U MULLS
Relativelass @ CELESTIAL BODIES = (0, MAXREAL]I NULLS

Tem perature P CELESTIAL BODIES = (0, 28500]U MULLS

Water P CELESTIAL_BODIES = (0, MAKREAL]U NULLS
Land : CELESTIAL_BODIES - (0, MAKREAL]U MULLS
Rathlass : CELESTIAL_BODIES = (0, MAXREAL] U MULLS

RatPerRevolution : CELESTIAL_BODIES —» (0, MAXREAL] U MULLS

RatPerRotation : CELESTIAL_BODIES =+ (0, MAXREAL]UMULLS

Diameter : CELESTIAL_BODIES = [10,993999339] U MULLS

Awghensity : CELESTIAL BODIES = (0, MAKREAL]U MULLS

RatGravitation : CELESTIAL BODIES = (0, MAKREAL]U NULLS

SolarSystem : CELESTIAL_BODIES = SOLAR_SYSTEMS U MULLS

AggregationType @ CELESTIAL_BODIES = {0, 1,2, 33U NULLS

*OrbitCenterfame : CELESTIAL_BODIES —» UNICODE(255) UNULLS  --computed

**pyiom CCL** (Wx € CELESTIAL_BODIES)(OrbitalCenterx) ##CC(x) W OrhitalCenter(x) € MULLS)

Figure 21: Claude Al's schema fragment equivalent to the one from Figures 1 to 4 (3 of 4).
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A8 PMULTI_STAR_SYSTEMS

% : MULTL_ST&R_SYSTEMS « INT (PK)

A8 PMULTI_STAR_SYST_STARS

% : MULTI_STAR_SYST_STARS «INT (PK)

Star
Primary?

#hayinmm WS, (s € MULTI_STAR_SYSTEMS)

MultiStarSystem : MULTI_STAR_SYSTERS = UNICODE(255)+

*Constellation : MULTI_STAR_SYSTERS —> CONSTELLATIONS UNULLS  -- computed
*Galawy @ MULTI_STAR_SYSTEMS — GALAMIES U NULLS -- cofputed
*Starsho ¢ MULTI_STAR_SYSTEMS = TINT(255) U NULLS -- compUted

hultiStarSystem : MULTI_STAR_SYST_STARS = MULTI_ST&R_SYSTEMS
D RAULTI_STAR_SYST_STARS —» - CELESTIAL_BODIES --injective: each starin at most one system
D MAULTI_STAR_SYST_STARS —» BITU MULLS

[ 1% € MULTI_STAR SYST STARS | MultiStarSystem(x)=s.x A Primary?(x)=11}] =1

Figure 22: Claude Al's schema fragment equivalent to the one from Figures 1 to 4 (4 of 4).

Conclusions

As expected, MatBase is still the best one of these four tools,
both as accuracy and speed. Its great disadvantage, however, is
that it may reverse engineer only MS Access and SQL Server dbs.
The 2nd best is, by far, Claude Al, both as speed and as almost
perfect accuracy. Moreover, it is not limited to only MS Access and
SQL Server dbs, very probably just like ChatGPT and Gemini.
Unfortunately, almost after any answer, you must wait some 10h
before you get the right to ask another free of charge question.
The 3rd best is ChatGPT. Unfortunately, it takes extremely long to
get a full schema, which, moreover, is not that accurate. Fortu-
nately, it is also providing the possibility to formalize db schemas
using Category Theory formalism as well, but this is beyond the
scope of this research: it will be our next further work topic.
Finally, Gemini is almost not useful at all for this endeavor but is
very interesting for developing data intelligence apps. Future
work will evaluate Claude Al, ChatGPT, and Gemini for legacy
database reverse engineering.
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