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If database management systems make better use of reference values, it will be easier 

to traverse linked data. This will enable AI tools to make more direct use of actual data 

in databases (instead of secondary sources, comments, blogs etc). 
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Here’s the agenda:
 To target a Generative AI tool to a desired purpose, it 

needs the right vocabulary and topic structure [1]

 Knowledge graphs, RDF, JSON etc are great sources
But these are fairly rare in business, science, industry [2]

Many (too many) tools available; all are quite tricky to use [2]

Very often we already have relational databases
Why not make RDBMS and PG a single technology?

Add graph models and queries to database products

Automatic conversion of existing data

 For new data, easily develop both models at the same time

 Linked data© Fritz Laux, Malcolm Crowe

[1] Bhatt,2020 [2] Kondylakis,2025 
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Relational databases and linked data
 SQL uses keys to link data, but foreign keys are “not usable in queries” [2]

 SQL/PGQ provides simple graph view and queries for relational data

 Graph pattern available

 But uses joins internally

 To follow edges in queries

 Schema constraints missing

 Rigid graph view definition

 Hard to experiment with alternative models on the same data

 It would be nicer when starting a new project to start to draw graph

 Reference values are the key© Fritz Laux, Malcolm Crowe

[2] Kondylakis,2025
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Why not use references instead of keys?
 Build in reference values to SQL implementation

 To replace the use of foreign keys

 The implementation should preserve compatibility
But silently use reference values alongside them

Allow graph patterns to define graph schema
Build an implicit graph model as you enter data

We can always do this for record-based databases

Records very often refer to other records: do this directly

Allow alternative graph models on the same data
Any reference can define an edge

 Record based data© Fritz Laux, Malcolm Crowe

 

The key idea is REFERENCE values. Amazingly, reference values (and the keyword REF) 
are already in the database standards and implemented in several widely used 
database products (Oracle, Microsoft, IBM etc). But at present REF is not  widely used. 
This could so easily change… 
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Record based data
 Every business or scientific record contains references

 Contracts, Orders, Categories, Invoices

 Link by record identity instead of indexing on key values 

 A big simplification that also supports graph query

 And makes an easy bridge to graphical data

 What does this give us?© Fritz Laux, Malcolm Crowe
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Focus on references in the data model

Select the properties of interest and the links to follow

What graph patterns lead to useful queries

Rows in relational tables can be nodes or edges

Any reference can be followed (properties often have 1)

Have as many as are useful (GQL edges have only 2)

 Introducing graph patterns© Fritz Laux, Malcolm Crowe

 

(Slide 9 is hidden) 
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Relational data old and new

Relational databases all have record uids

Though many products hide them from view

We can capture these uids on database load

Many products will calculate a REF for a given table row

Migrate existing relational data with foreign  keys 

Conversion to reference values comes for free

Use graphical patterns directly to add anything new

Graph insert arrows immediately become links to records 

 Building a fresh model© Fritz Laux, Malcolm Crowe
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Starting out..

Joe and Mary are married and Joe works at Cisco

Nodes and edges?

Insert (C:Company{name:'Cisco'}),

(:Person{name:'Mary'})-[:Married]->

(:Person{name:'Joe',worksIn:C})

C is temporarily bound to a particular Company

You can get bindings to existing data by using Match

 What is new here?© Fritz Laux, Malcolm Crowe

 

Arrows indicate links between items of data: with direction source to destination -> or 
the reverse <- . Undirected relationships can be indicated using ~. 

Nodes (individual items of information, rows in a table) are enclosed in round brackets ( 
), edges in square brackets. 

Then links between nodes are use edges: (a)-[ ]->(b) or (c)<-[ ]-(d) . 

Nodes and edges can have property lists. 

A database can have different types of nodes and edges (e.g. rows in different tables). 
The Label of a node such as :Company is the name of the table. Here the symbol C near 
the start of the pattern enables the worksIn relationship at the end to reference this 
company.  

WorksIn is thus an example of a link that dose not use an edge, such named links can be 
indicated by arrows –WorksIn-> that does not have square brackets. 
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What is new here?

From SQL standpoint, everything!

Graph insert statement

JSON notation for property values

Reference values (C)

 Labelled node types and edge types

 What is in the database?© Fritz Laux, Malcolm Crowe
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And in the database, this gives

 With our old ways..© Fritz Laux, Malcolm Crowe

3 tables with the data specified

Of course, the database allows

all the usual SQL things

 This example has no foreign keys

and so we get explicit REFs

 

 

13

Maybe we still want all our old ways
create table author(id int 

primary key,aname string)

create table book(id int primary key,

authid int references author,

title string)

insert into author values 

(1,'Dickens'),(2,'Conrad')

insert into book(authid,title) values

(1,'Dombey & Son’),

(2,'Lord Jim'),(1,'David Copperfield')

© Fritz Laux, Malcolm Crowe

 

 



14

An example: CS2013 syllabus
INSERT (c1:Category{name:'Core-Tier1'}), 
(c2:Category{name:'Core-Tier2'}), 
(el:Category{name:'Elective'}), (fa:Level{name:'Familiarity'}),

("as":Level{name:'Assessment'}), (us:Level{name:'Usage'}),

(a1:KnowledgeArea{name:'AL'})<-{

(:KnowledgeUnit{name:'AL/Basic Analysis'})<-{

(:Topic{detail:' Differences among best, expected, and worst 
case behaviors of an algorithm',category:c1}),

(:Topic{detail:' Asymptotic analysis of upper and expected 
complexity bounds',category:c1})}}

 Single insert statement for many linked records, capturing uid links

 The implied data model© Fritz Laux, Malcolm Crowe
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The CS2013 data model

 And JSON?© Fritz Laux, Malcolm Crowe
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Table data in Json

Set Json

 Table KnowledgeUnit

 Future work© Fritz Laux, Malcolm Crowe
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The LDBC Financial Benchmark (FB)

 Generalization/Specialization© Fritz Laux

⚫ Weaknesses and formal errors

1)Only 1 signIn edge is allowed 

between account and medium (in 

UML & PGM)

2)signIn should be an entity 

3)Multiple associations (own, 

guarantee, invest, apply) suggest 

similarity

4)Use inheritance and 

generalization

5)Repay and deposit are 

transactions as well

6)Not every Loan application will be 

granted 
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With LegalEntity and Account as Generalization
⚫ A TGM conformant data 

model with LegalEntity
and Account as 
generalization

1) uses ternary edge type transfer to 
identify each transfer

2) uses generalization and inheritance  
to make the model simpler, more 
realistic  and avoid repetition

3) Every transaction including 
withdraw and shop payment has a 
source and destination account. 
This complies with accounting 
rules.

4) Records only granted Loans as 
special type of an account.

 Using SignIn© Fritz Laux
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Realistic FB with Branch and SignIn as node 

 JSON output for Schema© Fritz Laux

⚫ This model is more realistic than the 

original LDBC FinBench. It includes: 

1) Branch as host location for the Accounts. 

Usually where you open the account.

2) And more imprtant, SignIn is promoted to a 

node-type which allows multiple sign-ins of 

a Medium to an Account. (In the original 

LDBC Data Model this weakness was 

mentioned, but not fixed)

3) Uses TGM with generalization 

/specialization to specify different types of 

accounts

4) Uses ternary edge type "transfer" to make 

clear that each transfer can be identified by 

a SignIn from a Person using a Medium
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JSON output of the revised model

 Conclusion, Next Steps© Fritz Laux, Malcolm Crowe

 

Name         Definition                                                                                                                                                                                                                                                                                                                                                                                                                                          
LEGALENTITY  {Fields:[ID:{Domain:INTEGER},NAME:{Domain:CHAR},ISBLOCKED:{Domain:BOOLEAN},COUNTRY:{Domain:CHAR}, 

CITY:{Domain:CHAR}],Display:5}                                                                                                                                                                                                                                                                                                                     
MEDIUM       {Fields:[ID:{Domain:INTEGER},TYPE:{Domain:CHAR},ISSUER:{Domain:CHAR},ISSUED:{Domain:TIMESTAMP}, 

ISBLOCKED:{Domain:BOOLEAN},LASTLOGIN:{Domain:TIMESTAMP},RISKLEVEL:{Domain:CHAR}],Display:7}                                                                                                                                                                                                                                                          
USES         {Fields:[FROM1:{Domain:REF,ToType:'LEGALENTITY',Multiplicity:'1..1'}, 

TO1:{Domain:REF,ToType:'MEDIUM',Multiplicity:'0..0'}],Display:2, 
EDGETYPE:EDGETYPE,REFERENCES:SET(494 FROM FROM1 51 OPTIONAL:False,582 TO TO1 220 OPTIONAL:False)}                                                                                                                                                                                                              

CONTRACT     {Fields:[TYPE:{Domain:CHAR},AMOUNT:{Domain:REAL},CURRENCY:{Domain:CHAR}, 
CREATETIME:{Domain:TIMESTAMP},FROM1:{Domain:REF,ToType:'LEGALENTITY',Multiplicity:'0..0'}, 
TO1:{Domain:REF,ToType:'LEGALENTITY',Multiplicity:'0..0'}],Display:6,EDGETYPE:EDGETYPE, 
REFERENCES:SET(796 FROM FROM1 51 OPTIONAL:False,870 TO TO1 51 OPTIONAL:False)}                                                                                                             

ACCOUNT      {Fields:[ID:{Domain:INTEGER},ACCNTTYPE:{Domain:CHAR},BANKNAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},CURRENCY:{Domain:CHAR},CREATED:{Domain:TIMESTAMP}, 
LASTLOGIN:{Domain:TIMESTAMP},ACCNTLEVEL:{Domain:CHAR},BALANCE:{Domain:REAL}],Display:9}                                                                                                                                                                                                    

BRANCH       {Fields:[ID:{Domain:INTEGER},BIC:{Domain:CHAR},LOCATION:{Domain:CHAR},PHONE:{Domain:CHAR}, 
EMAIL:{Domain:CHAR}],Display:5}                                                                                                                                                                                                                                                                                                                           

SIGNIN       {Fields:[ID:{Domain:INTEGER},LOCATION:{Domain:CHAR},SIGNIN:{Domain:TIMESTAMP}, 
SIGNOUT:{Domain:TIMESTAMP},VIA:{Domain:CHAR}],Display:5}                                                                                                                                                                                                                                                                                                              

HAS          {Fields:[FROM1:{Domain:REF,ToType:'BRANCH',Multiplicity:'1..1'}, 
TO1:{Domain:REF,ToType:'ACCOUNT',Multiplicity:'0..0'}],Display:2,EDGETYPE:EDGETYPE, 
REFERENCES:SET(1623 FROM FROM1 1242 OPTIONAL:False,1712 TO TO1 940 OPTIONAL:False)}                                                                                                                                                                                                              

WITH_        {Fields:[FROM1:{Domain:REF,ToType:'SIGNIN',Multiplicity:'1..0'}, 



TO1:{Domain:REF,ToType:'MEDIUM',Multiplicity:'1..1'}],Display:2,EDGETYPE:EDGETYPE, 
REFERENCES:SET(1825 FROM FROM1 1410 OPTIONAL:False,1899 TO TO1 220 OPTIONAL:False)}                                                                                                                                                                                                               

TRANSFER     {Fields:[FROM1:{Domain:REF,ToType:'ACCOUNT',Multiplicity:'1..0'}, 
WITH1:{Domain:REF,ToType:'SIGNIN',Multiplicity:'0..1'}, 
TO1:{Domain:REF,ToType:'ACCOUNT',Multiplicity:'1..0'}, 
AMOUNT:{Domain:NUMERIC},CURRENCY:{Domain:CHAR},EXECTIME:{Domain:TIMESTAMP},ID:{Domain:INTEGER}, 
TYPE:{Domain:CHAR}],Display:8,EDGETYPE:EDGETYPE, 
REFERENCES:SET(2000 FROM FROM1 940 OPTIONAL:False,2074 WITH WITH1 1410 OPTIONAL:False, 
2149 TO TO1 940 OPTIONAL:False)} 

ACTIVATEDFOR {Fields:[FROM1:{Domain:REF,ToType:'MEDIUM',Multiplicity:'0..0'}, 
TO1:{Domain:REF,ToType:'ACCOUNT', 
Multiplicity:'1..1'}],Display:2,EDGETYPE:EDGETYPE, 
REFERENCES:SET(2254 FROM FROM1 220 OPTIONAL:False,2328 TO TO1 940 OPTIONAL:False)}                                                                                                                                                                                                               

OWNS         {Fields:[FROM1:{Domain:REF,ToType:'LEGALENTITY',Multiplicity:'1..1'}, 
TO1:{Domain:REF,ToType:'ACCOUNT',Multiplicity:'1..0'}],Display:2,EDGETYPE:EDGETYPE, 
REFERENCES:SET(2425 FROM FROM1 51 OPTIONAL:False,2498 TO TO1 940 OPTIONAL:False)}                                                                                                                                                                                                           

COMPANY      {Under:['LEGALENTITY'],Fields:[ID:{Domain:INTEGER},NAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},COUNTRY:{Domain:CHAR},CITY:{Domain:CHAR},BUSINESS:{Domain:CHAR}, 
DESCRIPTION:{Domain:CHAR},URL:{Domain:CHAR},FOUNDED:{Domain:TIMESTAMP}],Display:9}                                                                                                                                                                                                 

PERSON       {Under:['LEGALENTITY'],Fields:[ID:{Domain:INTEGER},NAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},COUNTRY:{Domain:CHAR},CITY:{Domain:CHAR},BIRTHDAY:{Domain:TIMESTAMP}, 
GENDER:{Domain:CHAR}],Display:7}                                                                                                                                                                                                                                              

POS          {Under:['ACCOUNT'],Fields:[ID:{Domain:INTEGER},ACCNTTYPE:{Domain:CHAR},BANKNAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},CURRENCY:{Domain:CHAR},CREATED:{Domain:TIMESTAMP}, 
LASTLOGIN:{Domain:TIMESTAMP},ACCNTLEVEL:{Domain:CHAR},BALANCE:{Domain:REAL}, 
POSLOCATION:{Domain:CHAR}],Display:10}                                                                                                                                                       

ATM          {Under:['ACCOUNT'],Fields:[ID:{Domain:INTEGER},ACCNTTYPE:{Domain:CHAR},BANKNAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},CURRENCY:{Domain:CHAR},CREATED:{Domain:TIMESTAMP}, 
LASTLOGIN:{Domain:TIMESTAMP},ACCNTLEVEL:{Domain:CHAR},BALANCE:{Domain:REAL}, 
ATMLOCATION:{Domain:CHAR}],Display:10}                                                                                                                                                       

LOAN         {Under:['ACCOUNT'],Fields:[ID:{Domain:INTEGER},ACCNTTYPE:{Domain:CHAR},BANKNAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},CURRENCY:{Domain:CHAR},CREATED:{Domain:TIMESTAMP}, 
LASTLOGIN:{Domain:TIMESTAMP},ACCNTLEVEL:{Domain:CHAR},BALANCE:{Domain:REAL}, 
LOANAMNT:{Domain:REAL},INTEREST:{Domain:REAL,Precision:5,Scale:2},RATE:{Domain:REAL}],Display:12}                                                                                            

CUSTODIAL    {Under:['ACCOUNT'],Fields:[ID:{Domain:INTEGER},ACCNTTYPE:{Domain:CHAR},BANKNAME:{Domain:CHAR}, 
ISBLOCKED:{Domain:BOOLEAN},CURRENCY:{Domain:CHAR},CREATED:{Domain:TIMESTAMP}, 
LASTLOGIN:{Domain:TIMESTAMP},ACCNTLEVEL:{Domain:CHAR},BALANCE:{Domain:REAL},ISIN:{Domain:CHAR}, 
QUANTITY:{Domain:REAL}],Display:11}                                                                                                                                       

 

 

But probably we want to change the owner of Rex from Emil to Karin, so that the 
following would be better: 

match (k{name:'Karin'}),()-[o:owns]->({name:'Rex'}) o from1 k 

from1 is the default incoming arrow name for an edge. 



 

 

 

 


