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Background

Interoperability

"the ability of two or more systems or components

Semantic Interoperability

to exchange information and to use the
information that has been exchanged”
[IEEE Standard Computer Glossary]
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Interoperability

“the ability of two or more systems or components
to exchange information and to use the

information that has been exchanged”
[IEEE Standard Computer Glossary]
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Semantic Interoperability
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Requirements Engineering

) ViewPoints [1,2] )

Representation Style
[1] A. Finkelstein, ). Kramer, B. Nuseibeh, L. Finkelstein, and M. Goedicke, ‘Viewpoints: a framework for integrating multiple
( Petri Nets )

perspectives in system development’, Int. J. Soft. Eng. Knowl. Eng., vol. 02, no. 01, pp. 31-57, Mar. 1992, doi: 10.1142/S0218194092000038.

[2]B. Nuseibgh, S. Easterbrook, and A. Russo, ‘Leveraging inconsistency in software development’, Computer, vol. 33, no. 4, pp. 24-29, Domain
Apr. 2000, doi: 10.1109/2.839317.
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[3] G.Spanoudakis and A. Zisman, ‘Inconsistency Management in Software Engineering: Survey and Open Research Issues’, 2000. ‘
1 t2
[4] A.Reder and A. Egyed, ‘Computing repair trees for resolving inconsistencies in design models’, in 2012 Proceedings of the 27th
IEEE/ACM International Conference on Automated Software Engineering, Sep. 2012, pp. 220-229. doi: 10.1145/2351676.2351707. t4
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Lenses

) Databases (View-Update-Problem) [5]

[5] F. Bancilhon and N. Spyratos, ‘Update Semantics of Relational Views', ACM Trans. Database Syst., vol. 6, no. &, pp. 557-575, Dec. 1981,
doi: 10.1145/319628.319634.

) Functional Programming [6,7,8]

[6]). N. Foster, M. B. Greenwald, J. T. Moore, B. C. Pierce, and A. Schmitt, ‘Combinators for Bidirectional Tree Transformations: A
Linguistic Approach to the View-update Problem’, ACM Trans. Program. Lang. Syst., vol. 29, no. 3, May 2007, doi:
10.1145/1232420.1232424.

[7] K. Matsuda, Z. Hu, K. Nakano, M. Hamana, and M. Takeichi, ‘Bidirectionalization Transformation Based on Automatic Derivation of
View Complement Functions’, in Proceedings of the 12th ACM SIGPLAN International Conference on Functional Programming, in ICFP
'07. New York, NY, USA: ACM, 2007, pp. 47-58. doi: 10.1145/1291151.1291162.

[8] M. Hofmann, B. Pierce, and D. Wagner, ‘Edit Lenses’, in Proceedings of the 39th Annual ACM SIGPLAN-SIGACT Symposium on
Principles of Programming Languages, in POPL "12. New York, NY, USA: ACM, 2012, pp. 495-508. doi: 10.1145/2103656.2103715.

) Categorical Unification [9]

[9] M. Johnson and R. D. Rosebrugh, ‘Unifying Set-Based, Delta-Based and Edit-Based Lenses’, in Proceedings of the 5th International
Workshop on Bidirectional Transformations, Bx 2016, co-located with The European Joint Conferences on Theory and Practice of
Software, ETAPS 2016, Eindhoven, The Netherlands, April 8, 2016, A. Anjorin and J. Gibbons, Eds., in CEUR Workshop Proceedings, vol.

1571. CEUR-WS.org, 2016, pp. 1-13.
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Proceedings of the 2005 ACM SIGMOD International Conference on Management of Data, in SIGMOD '05. New York, NY, USA: ACM, 2005,
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Infrastructure for Model Management Language Engineering’, in 2009 14th IEEE International Conference on Engineering of Complex
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Computer Systems, Jun. 2009, pp. 162-171. doi: 10.1109/1CECCS.2009.14.
[13] R. Salay, S. Kokaly, A. Di Sandro, N. L. S. Fung, and M. Chechik, ‘Heterogeneous megamodel management using collection
operators’, Softw Syst Model, vol. 19, no. 1, pp. 231-260, Jan. 2020, doi: 10.1007/s10270-019-00738-9.
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Triple Graph Grammars

) invented by Andy Schiirr [14]

[14] A. Schiirr, ‘Specification of Graph Translators with Triple Graph Grammars’, in LNCS, in WG '94, vol. 903. London, UK, UK: Springer-
Verlag, 1994, pp. 151-163. [Online]. Available: http://dl.acm.org/citation.cfm?id=647675.731658

) declaratively describe how two structures co-
evolve correctly to induce means of
) model matching
) consistency verification
) update propagation

Yy common approach for formalizing model
transformation [15, 16]

[15] H. Ehrig, K. Ehrig, C. Ermel, F. Hermann, and G. Taentzer, ‘Information Preserving Bidirectional Model Transformations’, in
Fundamental Approaches to Software Engineering, M. B. Dwyer and A. Lopes, Eds., in Lecture Notes in Computer Science. Springer
Berlin Heidelberg, 2007, pp. 72-86.

[16] F. Hermann et al.,, ‘Model synchronization based on triple graph grammars: correctness, completeness and invertibility’, Softw Syst
Model, vol. 14, no. 1, pp. 241-269, Feb. 2015, doi: 10.1007/s10270-012-0309-1.
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Bin-ary vs. Multi-ary ?!

Example (© Z.Diskin): Remember: “Inheritance must be acyclic!”

________________________________
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1& . J7 . | C —> D |
- : § i <1J E

also Peirce’s Reduction Thesis: "all relations can be generated from the ensemble of unary, bi-
nary and ternary relations, but that at least some ternary relations cannot be
reduced to relations of lower arity” [17]

[17]). Hereth and R. PGschel, ‘Peircean Algebraic Logic and Peirce’s Reduction Thesis’, Semiotica, vol. 2011, no. 186, pp. 141-167, 2011,
doi: 10.1515/semi.2011.050.

=> We need multi-ary consistency management!
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Theo

Contributions

Comprehensive Systems (CS) are a formal construct, suitable for representing arbitrary
multi-model situations and show useful theoretical properties, e.g.

y form a weak adhesive HLR-category (-> DPO graph transformation)

)y admissible for Single Pushout Rewriting (SPO)

y can be extended to a semi-institution using diagram predicates, ...

) generalise graph diagrams (including triple graphs)

[18] [19] [20]

CS: Intuition [1/3]
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Contributions

Comprehensive Systems (CS) are a formal construct, suitable for representing arbitrary
multi-model situations and show useful theoretical properties, e.g.

)y form a weak adhesive HLR-category (-> DPO graph transformation)
) admissible for Single Pushout Rewriting (SPO)

) can be extended to a semi-institution using diagram predicates, ...
) generalise graph diagrams (including triple graphs)

Towards Multiple Model Synchronization with

Comprehiensive Systems Foaf Gompmimg $)‘ Theurwwcumpum o [18] P. Stiinkel, H. Konig, Y. Lamo, and A. Rutle, ‘Towards Multiple Model Synchronization
® e " with Comprehensive Systems’, in Fundamental Approaches to Software Engineering, H.
— Wehrheim and J. Cabot, Eds., in Lecture Notes in Computer Science. Cham: Springer
. . Single pushout rewriting in comprehensive systems of - International Publishing, 2020, pp. 335-356. doi: 10.1007/978-3-030-45234-6_17.
Comprehensive systems: a formal foundation graph-like structures
for multi-model consistency management Patrick Stnkel -, Harald Konig "

[19] P. Stiinkel, H. KOnig, Y. Lamo, and A. Rutle, ‘Comprehensive Systems: A formal
foundation for Multi-Model Consistency Management’, Form. Asp. Comput., vol. 33, no. 6,
pp. 1067-1114, Dec. 2021, doi: 10.1007/s00165-021-00555-2.
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[20] P. Stiinkel and H. Kdnig, ‘Single pushout rewriting in comprehensive systems of graph-

like structures’, Theoretical Computer Science, vol. 884, pp. 23-43, Sep. 2021, doi:
10.1016/].tcs.2021.07.002.
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CS: Intuition [1/3]
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CS: Intuition [2/3]
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Digression: Model Weaving

[21] S. Feldmann, K. Kernschmidt, M. Wimmer, and B. Vogel-Heuser, ‘Managing inter-model inconsistencies in model-
based systems engineering: Application in automated production systems engineering’, Journal of Systems and

Software, vol. 153, pp. 105-134, Jul. 2019, doi: 10.1016/].js5.2019.03.060.

[22] L. Samimi-Dehkordi, B. Zamani, and S. Kolahdouz-Rahimi, ‘EVL+Strace: a novel bidirectional model transformation approach’,
Information and Software Technology, vol. 100, pp. 47-72, Aug. 2018, doi: 10.1016/].infsof.2018.03.011.
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CS: Intuition [2/3]

kS
8
F]
------ 2
N PatientData’, | §
: P 7N :
1 : Acceptance
! :
P RejectionEﬂ &
B Extract
11_2,) & Patient
1 Information Approval
1
‘ Referral
\ Finished
\}
' Patlent A R Ut N 7 Legend:
' appeal . R ,; ~\ Correspondence between UML Attributes,
' Lo +22' BPMN DataObjects and DMN Columns
Y : Rejection ,’2‘\ Implementation of BPMN DataObjects
Vo . v £ through UML Classes
1 ~
1 ', ~PostalCoder ~ ===-- . : R \ 1“5y Definition of BPMN BusinessRuleActivities
~ -~ ~ 1 P
A 7 . N (_3’)\ 'Specialization' ‘\\ ' * - through DMN DecisionTables
. i \
: A 5 \\ --------- -’\1c p===== A S S S e e e e
1 P ) \ \ "—\" ~7 ,‘~\ TTte-ll
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Think: "Drawing links on a white-board”



CS: Intuition [3/3]

1 0 M?
M P, M
DataObject R S T ] 1p2 Class
1.1 :"“\”\: . . -
name: String Dy j 1DataObjectClassimplementation - - - --- name:String
of [fxor} | FEEEEEEREEERREEREEEE TR 1.1 ¢ owner
produces consumes N . .
p D1 Tl 0.1 -"'"""'"""'"'"""',1 1 [attributes
Pl RIRUNEREREE --._ "~<._DataObjectCorrespondence.’:"_
B IR T Jp _________ P P2 1.1]  Attribute
- o hTITIiTIiiiis SITITIIoIIIIIn BREIN
R B | 1.1 N .
producers consumers 'f;put . ] 1\* ________ Do name:String
— output M- ™1 / type TR
Activity N f)l VAN . w type \/1..1
, RN L U A p2 11| DataT
name:String ..'DecisionTableDef: | ; !\ BaseType L----f-z--_. .| DataType
type:ActivityType i P Vi l v T A name:String
e name_id: String ¥ : . 1.
D BT, '
context DecisionTableDef inv:"- '

self.p_l.type = BUSINESS_RULE , K ” : “ *

implies self->commonalities()->count()=1| 1.1 R4 . a 1 : \ AN

5 D3 inputSide DP3 1.1 'pz \ D3 1.1 A D3
. Columns  p '
DecisionTable —— Column 1] Type
3 : Stri 1.1 708 :Stri type :Stri
M name: ring outputSide name:string name:string
Columns

What happened here?
) We removed the concrete syntax (=> graphs)!
) We added (partial) mappings (=> graph morphisms)!



Local Modelling

Constraint;) «attachedTo»

‘e.g. OCL, EVL, FOL, ... R

“Graphs

«instanceOf» __________________ morphisms” ~
.......... a:A - M
“diagrams + C
predicates” e.g. XMI, XML, custom DSL, ...
Models

(Generalised
Sketches



Multi-Modelling

(mj : M® = M7)(1 <jen
Multi-Span

- Correspémdence
5 Metamod%«defmedOver» Definition A (- consistency rules)

~

- «conformTo»

«referTo» (traces, links, mappings, ...)
Commonalities




Model Merging / Colimit

Az

Issue 1: Loosing the origin!
Issue 2: Only truly "fitting” for identity-relations!

A+




Merging Issue:

) Locally inconsistent models can be globally consistent




CS: Objective

) Handle the multi-ary case!

) Formalize Model Weaving

) Address shortcomings of Model Merging

) Achieve a foundation for multi-model management

) Assumptions
) Software Models are (graph-like) structures
) Model relationships are morphisms (mappings)

) Local Modelling comes with means for consistency verification and
restoration



CS: Definition

Let B be an algebraic signature with unary operations only:

Category
Category In
Comprehensive Systems, Components, Commonalities CS 2% y1
A comprehensive system C comprises 220 y -1
1. For every s € |[B| and 0 < i < n, there is a set C;(s) _yo no
2. Foreveryop : s -+ s’ € B and 0 < i < n, there is a fotal function jy_] _nﬂn

Cilop) : Ci(s) — Cy(s’).

3. Foreverys € [Bland1 <j <n, thereisapartialfunctionpfs : Co(s) — Cy(s)

=~ (Theorem 1)
such that forallop:s — s’ € Band 1 < j < n the following statement holds:

If pj-.(x) is defined, then pj ., (Co(op)(x)) is defined (5.13)
and py.(Co(op)(x)) = C;(op)(p;(x)). (5-14) e.g

el
ST

target

E

¥\
N/
owner

Category
M = G'»

A functor M : I, — G where the image of M(j0) forall 1 < j < nisa
monomorphism is called a multi-model span.

NN Multi-model span

SetBXIn) ~ gopB'™




Theorem 1implication

comprehensive metamodel

Constraints | «attachedTo» | Metamodel _«definedOver» Coeresqu?dence : Comprehensive
------------------------------------- > efinition - System (CS)
e.g. OCL, EVL, FOL, ... " K

.

i I [ : I 1

! «referTo» e
L N T P T ] S o i

: Commonalities :

I I

) A comprehensive system is single a global artefact with a
“sraph-like” structure that internalises the inter-relations
(Theorem 1)



Results

___________________ Category Theory | ...
i (Eilenberg,MacLane) |
! I !
F|brat|on§, Slice Functor]al Span Categories
Categories, ... Semantics (Robinson,Rosolini)
(Grothendieck) (Lawvere)
\:/ - //// \:/
Generalised Algebraic Graph
Sketches, ... Transformation [~
(Makkai,Piskin,...) (Ehrig,...) :
v = n Y
Consistency Checking = — :
via Mergipg based on Adhe5|ye ______s| Hereditary Pushouts | __
Multi-Spans i G5 G Categories (Kennaway,Heindel)
Known (Diskin,Kénig) " (Lack,Sobocinsky)
' DPO rewriting , -
novel

Prop

Thm 3 CS/M has M-partial

Def CS/M is weak classifiers

Comprehensive adhesive HLR

Systems” (CS) Prop
CS/M has pushouts along
M-morphisms

Prop

CS/M pushouts stable
under pullback



Proof technique

) Diagram chasing

AO Nnp , CO
=5 |
0 B® e D° c
. | . -
|
| A n_j ¢y S C
jo cp dom(p{*) dom(pj-)
9-j | o
I
. Yo B I m . ~ D C
—j dom(p;’) . »dom(p;”) P;
o \
4 Ri )
i P} Al . > C)
9j
j B = D)

) More details in the papers &

M? + N°
Ao u : \ .

M° dom(pjvl) + dom(p}\‘) T N©
:“] N Ty TCP
" : —i ~
dom(pM) M+ N dompM)
Elj“l Aj / \ Kj lﬂ?“l
M / \ N

X9 m , A0
X
- < [mg,fy)
BO = LPO c:
M gompBEF)

Xy, ™ ) N
<5 dom(p5') dom(p{')
£ e

\/ / - < Im i" 3
dom(pB): Ldom(pB)
pJ r]d wpiB. p]



Theoretical Results

___________________ Category Theory

i (Eilenberg,MacLane)

v v

Fibrations, Slice Functorial
Categories, ... Semantics
(Grothendieck) (Lawvere)

\:/ - //// \:/
Generalised Institutions
Sketc'h.esf, (Goguen,Burstall)
(Makkai,Diskin,...)

v

Consistency Checking
via Merging based on
Multi-Spans

known

we can do

(Diskin,Konig)

DPO rewriting

novel

Def
“Comprehensive
Systems” (CS)

Triple Graphs++
are subsumed

\V4

Span Categories
(Robinson,Rosolini)

\V4

Algebraic Graph

Transformation
(Ehrig,...)

| N
\V4 !

we can do SPO

Adhesive

Categories
(Lack,Sobocinsky)

rewriting

Thm 3

CS/M is weak
adhesive HLR

Prop

CS/M has

coproducts and
inital object

CS/M has M-partial
classifiers

Prop

Prop
CS/M has images

CS/M has pushouts along
M-morphisms

Prop

CS/M pushouts stable
under pullback

Pre-image functor has
right adjoint




Relationship with TG(G)s

) Triple graphs are a special case of CS
with n = 2 and all projections being total

/I’askModel LLLLL \ (" Task2Ul O\ / AUIModel

) There is a multi-ary generalization of = .
triple graphs called graph diagrams [23] |. .,
) also subsumed by CS ]

[23] F. Trollmann and S. Albayrak, ‘Extending Model Synchronization Results from Triple Graph Grammars to Multiple
Models’, in Theory and Practice of Model Transformations, P. Van Gorp and G. Engels, Eds., in Lecture Notes in
Computer Science. Springer International Publishing, 2016, pp. 91-106.

) Since CS are weak adhesive HLR, one
may define Comprehensive System
Grammars (CSG)



CS

pﬁs(x) is defined & pi[?s(fo‘s(x]] is defined and

M

Pis(fo,s(x)) = fj,s (Pf . (X))

N i -
p; o [idpo,mo) = [idpi, my) o p;
0 idMo 0 mo 0
M M®> *N
cM = ;
= =) )
id A
< dom(pM) v 2 m_; .
M 5 M -j N
dom(p;") om(p;”) - =+ dom(p;’)
M M
B; Ei
M)

=> related to [24]

[24] ). Kosiol, L. Fritsche, A. Schiirr, and G. Taentzer, ‘Adhesive Subcategories of Functor Categories with Instantiation
to Partial Triple Graphs’, in Graph Transformation, E. Guerra and F. Orejas, Eds., in Lecture Notes in Computer

Science. Cham: Springer International Publishing, 2019, pp. 38-54. doi: 10.1007/978-3-030-23611-3_3.

GZ

M = Reflective Monomorphisms

P
L R
Lt dom(p)* R!
oldAddress ©._newAddress oldAddress  newAddress oldAddress newAddress
N e e
address Sea address
o .
70 B ] : RO

oldAddress- - |

N ;)

address O

sameness

-

customer
address
. | OldAddress N oldAddress\
newAddress | . | N[N\ hewAddress N newAddress
12 N ‘d‘om(p)‘{ dom(p)3 RQ\ Rr3
G' 22420 o N "Immanuel”
"Arthur" _ "LawProtect Plus" RN / "Kant"
'Schopenhauer . |1:€ontractr—>{2:Client woriti l)e@reason hil"
"Priv.Doz." | K quBE P
"shopi1788@mail.net" \ N
LN S "Prinzessinplatz 87,
"Kohléfen 29, ' 1337 \"Household Extra" Konigsberg"
Hamburg” [ YN
@ ®) Vo
Q0 / Voo Error: Reflection violated
"Mr. Kant"
"Immanuel K;ent" /contacts[0]
"Prinzessinplatz 87,
"Arthur Schopenhauer

"Kohléfen 29,
Hamburg"

2342 "Lawsuit against 190 000,00

Kénigsberg"

ritique@reason.phil”

"Prinzessinplatz 87,
Kbnigsberg"

"Prof. Hegel"
/contacts[1]

"hegel@preussen.de”
G3

Prof. Hegel"

"Unter den Linden
42, Berlin"




~— = =7
Stage 3: Merging oo & 4
induces - -
Global Systent Post-Processing S~—Pre-Processing
§ paline Pipoine
— P
Tool: CorrLang Siage 2 Weavig P :
declare
GraphQL Comprehensive Systems Correspondences
Integrator Xtext prototype
[25] [18]
**A . CorrSpec fie |
.| I3 - s Stage 1: Union A
dofine [
CorrLang Endpoints |
Schoma 1 Schoma 2 Schema n
www.corrlang.io [
m/ v f 4
Stage 0: Identification g - ..z-
BT b=
R \
Endpont | 3
- comprise: > 2.7 — \
goal ComprehensiveSys { | < >
correspondence Backoffice Types W Commonality
ou:pu(}?ards DutParams "
1 / \<os
VAS -
Actions  contains

path /graphql

endpoint Sales {
type SERVER r
at http://localhost:4611 action FEDERATION
technology GRAPH_QL
target SERVER {
,\\9?
. M @—contains=> W comprises
< 0.1

1) merg
1dent1fy (Sales Customer, Inv01ces C11ent HR.Employee) as Partner;
new association
Endpoint \
M/ﬂ RM rea/rsedsy\

technology GRAPH_QL
schema schemas/sales.graphql
}
}
}
Schema
1 ﬁ
correspondence Backofflce (Sales, Inv01ces, HR) { pmmwsMe“agescmwmw Data
g
descnbedEyiLT)k’,//—l — ——\
PN T 7
CorrSpec

relate (Sales Purchases, Inv01ces Inv01ce) as paldIn,
sync (Sales Customer address, Invoices. Cllent address),
/ \
e Vinm
\y | E] TechSpace
Plugin
Server File




Tool: CorrLang

[25] P. Stiinkel, O. van Bargen, A. Rutle, and Y. Lamo, ‘GraphQL Federation: A Model-Based Approach’, JOT, vol. 19, no.

2, p. 18:1-21, 2020, doi: 10.5381/j0t.2020.19.2.a18.

GraphQL
Integrator
[25]

CorrSpec

Generator Federated Endpoint
&) spring

=’

Java

Local Endpoints

Comprehensive Systems
Xtext prototype
[18]

CorrLang

www.corrlang.io

7
/
/
/
/ =
|8 Package Explorer &2 B3 by = rcorr 83
¥ &5 ComprehensiveSystems correspondence (BPMN,DMN,UML) {
b i g ) jenerate e relate (BPMN.BusinessRule,DMN.Table) as Decision with {
&) commonalities.ecore

relate (DMN.Table.name,BPMN.Node.name) as name;
@] comprehensive.ecore

&) BPMN.ecore

&) DMN.ecore
rcor

@) UML.ecore b

relate (BPMN.ProcessVariable, DMN.Column, UML.Attribute) as DecisionVar with {

relate (BPMN.Node.name, DMN.Column.name, UML.Attribute.name) as name;
relate (DMN.Column.type, UML.Attribute.type) as type;

relate (DMN.DataType,UML.BaseType) as Type with {
relate (DMN.DataType.name, UML.BaseType.name) as name;
relate (BPMN.ProcessVariable,UML.Class) as ProcEntity;

relate (BPMN.ProcessVariable,UML.Attribute) as ProcAttr;


http://www.corrlang.io/

CorrLang: Summary

) A DSL to describe inter-model-relationships...

) ...generates mediation via Message translation

) Conceptual Abstraction: Servers and Files are "Endpoints”

) Formal Abstraction: Schemas, Messages and Data are “"Graphs”

40



CorrLang: Endpoints

endpoint Sales {
type SERVER
at http://Localhost:4011
technology GRAPH QL
schema schemas/sales.graphqgl

}

T
et
[\

Schema
1

il
ARY
Endpoint \

/q R realisedBy
\ Q‘/-t:

U] Lf e

Server File

describedBy———————

41



Formal Representation

) Schemas are graphs

) Nodes = Entities, Data Types, Classes...

) Edges = Associations, Attributes, ...

) Data are graphs
) Nodes = Objects, Values, ...

) Edges = Links, Attribute valuations, ...

) Traceability-links are multi-spans

CompanyADat/abase Co\mpanyBDatabase
1
ol:Custorer _OQCHW
o id=23
/ldentlfx '
| / A \ I
instanceOf 7 \ :instanceof
| -~ \
ComparnyASchema €ompanyBSchema
@ Customer ©Emp|oyee : E ;Client
address: String salary: Int id: ID
@ Role
name: String

42



CorrLang: Correspondences

i.e. the apex of the
span + projection

0O

o

comprises
Schema A

1

’l
Endpoint \ : CorrSpec

ﬁ R realisedBy ~ == == = = === -
is:

TechSpace
Plugin

correspondence Backoffice (Sales, Invoices, HR) {
// (1) merges types/attributes/associations

identify (Sales.Customer, Invoices.Client, HR.Employee) as Partner;

// (2) introduces new associations
relate (Sales.Purchases, Invoices.Invoice) as

// (3) introduces new associations and automatically keeps them consistent
sync (Sales.Customer.address, Invoices.Client.

paidln;

address);
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The CorrLang DSL [2/3]

endpoint Sales {
type SERVER
at http://Localhost:4011
technology GRAPH QL
schema schemas/sales.graphqgl

}

correspondence Backoffice (Sales, Invoices, HR) {
// (1) merges types/attributes/associations

identify (Sales.Customer, Invoices.Client, HR.Employee) as Partner;
// (2) introduces new associations

relate (Sales.Purchases, Invoices.Invoice) as paidIn;

// (3) introduces new associations and automatically keeps them consistent
sync (Sales.Customer.address, Invoices.Client.address);

A



CorrLang: Goals

construction of
comprehensive
system / colimit

) Supported actions (currently):

goal ComprehensiveSys {
correspondence Backoffice

action FEDERATION
technology GRAPH QL
target SERVER {

path /graphgl
}

SCHEMA global view of the comprehensive schema

FEDERATION

global view of the comprehensive data

VERIFY check the "consistency” of the global view

45



Global Schema
—— E§

Proxy *_ e

(Split, Translate,Consolidate)

Stage 3: Merging

Pre-Processing

induces
Pipeline

"Global System"

Stage 2: Weaving

declare
Correspondences G (El, E2,...,
(B,Y,M) I
(c,0) P
(A,X) o '

Lo/ [T
VA 4 CorrSpec file
_ (A=~ [
Stage 1: Union |
define [~ [
Endpoints ; [

Schema 2 Scheman

Stage 0: Identification




The CorrLang DSL [3/3]

endpoint Sales { goal ComprehensiveSys {
type SERVER correspondence Backoffice
at http://localhost:4011 action FEDERATION
technology GRAPH_QL technology GRAPH_QL
schema schemas/sales.graphql target SERVER {

} path /graphgl
}
}

correspondence Backoffice (Sales, Invoices, HR) {
// (1) merges types/attributes/associations
identify (Sales.Customer, Invoices.Client, HR.Employee) as Partner;
// (2) introduces new associations
relate (Sales.Purchases, Invoices.Invoice) as paidIn;
// (3) introduces new associations and automatically keeps them consistent
sync (Sales.Customer.address, Invoices.Client.address);




CorrLang: Keys

D!= Contract Mgmt

2:Client o

correspondence Compr (CoM,CaM,CRM) {
identify (CoM.Customer,CaM.Client,CRM.Contact) 1iContract o frstame = “manuer
— lastName = "Kant"
das P d r‘t ner ;?:ctlri;”:?goﬁzzold Extra" title = "Mr"

email = "critique@reason.phil"

h ( C M C t address = "Prinzessinplatz 87, Konigsberg"
whnen oM. Lustomer.name ==
. . 4:Client
CaM.Client.firstName ++ “ “ ++ 3iContract stowmer | ——
contractNo = 2342 - Prs:name f "g\n:ur h "
C aM . C 1 i e nt . l a S ‘t N a me | | product = "LawProtect Plus" tiﬁ; :.$2V_.DQZC-"0pen aL-Jer
C d M C 1 i en t t it l e ++ oo ++ «depehds()n» zdmdarl‘les_s 2h%%:]§2g@2n;?mﬁ:burg"
. . | hd
Gl @
CaM.Client.lastName == W e
cases B
. { contacts :
CRM.Contact.salutation ); o T o — ;f :
e [t o000 |
eg «same» . 2 ’ B

address : "Prinzessinplatz 87, Kénigsberg"-J

E 3,
' {
} | customers salutation : "Prof. Hegel",

«FK» email : "hegel@preussen.de",
: name address address : "Unter den Linden 42, Berlin"

/ } (1)
R "Arthur Schopenhauer" |"Kohléfen 29, Hamburg"¢ I
«same»

"Prinzessinplatz 87,

o —| D?3= Customer Relation Mgmt
Konigsberg"

"Immanuel Kant"

D?= Case Mgmt



CorrLang: Rules

correspondence Big (BPMN,DMN,UML) {

identify (CoM.Customer,CaM.Client,CRM.Contact)
as Partner

when (...)

check CaseHasConstract;

rule CaseHasConstract {
using EVL """
Case.all().select(c[c.customer = self) implies

Contract.all().exists(c[c.owner = self);

"y

}




CorrLang: Demo

https://youtu.be/98z64/3mPiQ



https://youtu.be/98z64J3mPiQ

Related Work

) Semantic Web
) similar representation (knowledge graph)
) concrete technology ties vs. technology agnostic (tech space plugins)
) focus on reasoning vs. focus on translation

Y ETL/ELT
) similar objectives
) many-to-one vs. many-to-many
) operational2analytical vs. operational2operational

) Categorical Databases (CQL)
) similar objectives & related theoretical background
) focus on databases vs. focus on system interfaces



Future Work

Ts Tso Tsn
Gy \ﬁf Gop —= Gop2 ... — Gon,
\mQA UFS, Uf,-, J.Lf"
r T

) Theory ST
) Comprehensive System Grammars (automatic N
rule derivations) e
y Thorough unified treatment of attributes, AG : BXD — Set (Attributed Graphs)
inheritance, and commonalities (profunctors)  ¢s: Bx1 — set (Comprehensive Systems
) comprehensive systems of comprehensive 1G: BXB — Set (Graph with Inheritance)
systems
) Practice ’ 172
) TechSpace Adapters: OpenAPI, gRPC, SQL, Avro el
) Use Cases [open for suggestions!] e
) improved tooling / IDE support (LSP) j—l{\
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