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= Enterprise Systems: Recent Developments ... and Lack of a

Vision

= Objectives and Challenges
= SRES: Early Vision .. and Obstacles
= Multi-Level Language Architecture to the Rescue

= Design and Implementation with the FMML* and the
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Enterprise Systems — Where to Go?

MDD

Low-Code
In-Memory DB

SaS : .
Microservice

Al loT
i

Lack of a groundbreaking, feasible vision
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Facets of Business Information Systems

" tremendous comblexitv

‘I see the artificial split between organizational and technical
issues as dangerous and unnecessary, and the frequent cultural 4 its
chasm between business people and information technology
professionals as the one factor that can block the effective use
" €  of computers and communications.”

C Peter G.W. Keen

L—| flivArtiiAatiAan AfF AranlAvinAac 1n Av mAacitiAne TnaAanAarAdAi—sAc IT

C

s jr ~Coulditbe that we are putting fifth generation technology in
second generation organizations?”

- u Charles M. Savage

IfDDUIC LU JUuolLlilTy/1TCTUuULT 11 LUOLO

BIS as linguistic artefacts!
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What We Need

Problem

Measure

Complexity/Risk

Create transparency -> abstraction from irrelevant aspects

Communication

Focus on concepts different stakeholders are familiar with ->
abstraction toward common concepts

Flexibility

Accounting for possible and probable change -> abstraction
from existing structures, processes, solutions

Economics of IS
development:
Fostering reuse,
integration and
protection of
investment

Identification of commonalities shared by different use
contexts->

B abstraction from specific properties of particular domains
B abstraction toward common properties (data structures, functions ...)

B abstraction from properties that may change over time, especially from
particular technologies
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Abstraction is the name of the game!

Problem

Measure

Complexity/Risk

Create transparency -> abstraction from irrelevant aspects

Communication

Focus on concepts different stakeholders are familiar with ->
abstraction toward common concepts

Flexibility

Accounting for possible and probable change -> abstraction
from existing structures, processes, solutions

Economics of IS
development:
Fostering reuse,
integration and
protection of
inve! nt

~ == Need for conceptual models!!

| 7

Identification of commonalities shared by different use
contexts->

B abstraction from specific properties of particular domains
B abstraction toward common properties (data structures, functions ...)

B abstraction from properties that may change over time, especially from
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Enterprise Model

An enterprise model integrates at least one conceptual model
of the information system (e.g. a class diagram) with at least
one model of the relevant action system (e.g. a business
process model).

|
A\~ Frank, Ulrich, Strecker, Stefan, Fettke, Peter, Brocke, Jan vom,
Becker, Jorg, and Sinz, EImar J. “The Research Field “Modeling

nn

Business Information Systems".” Business&Information Systems
Engineering 6, No. 1 (2014): 39-43.

CIM/OSA SOM

Zachman TOGAF

Framework ARIS
MEMO

4EM
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Multi-Perspective Enterprise Modelling (MEMO)

A multi-perspective enterprise model differentiates between
various explicit perspectives, which will usually correspond to
professional views. These perspectives are represented in
models constructed with domain/purpose specific modelling
languages.

0 developed during the last 30 years
O accompanied by various tools
0 still subject of ongoing research

@
Frank, Ulrich. “Multi-Perspective Enterprise Modeling:

Foundational Concepts, Prospects and Future Research
Challenges.” Software and Systems Modeling. Vol. 13, 2014, pp.
941-962
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MEMO: lllustration
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GoalML: Example

Oz ] due

Engagement

Increase profits by = T'?‘e HV‘OI’IZOFI
10% e : P

o _ Conflict B
Priority - N
Final
Relation Achievement Increase revenues
Expectation — by 10% promotes
/ T \ medium f \ d@} (positive impact)

valld until

917 w
\!
12 2016 10 2017
| Achievement

Reduce labor costs Reduce process Attract new Increase online ~ EXPectation —
b{S% 20% costs by 15% customer grougi sales high
Symbolic
-~ Goal
Achievement
Expectation
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in China service provider processes experience Improve image p
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ITML: Example Diagram
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Corresponding Tool: MEMO4ADO

113

MEMO Overview Framework

Goal System Diagram (MEMO GoalML)

Decision Process Overview Diagram
(MEMO DecisionML)

Performance Indicator Diagram

(MEMO MetricML)

= ) @ & A
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Organizational Structure Diagram

(MEMO OrgML)

[P s s

Business Process Control Flow
Diagram (MEMO OrgML)
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Business Process Map
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Vision: Self-Referential Enterprise System (SRES)

MEMO Overview Framework

Development = DSMLSs

Deployment

[{ J)
,,,,,,, ==
T (MEMO MetricML) )
? ===
[

Enterprise Model

Maintenance

Enterprise Software

s et —

I!__Il —

Focus on enterprise model during entire lifecycle.
M |
EI
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Tight integration of modeling tool and enterprise software.
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Domain Specific Language (DSML) UDE

DSML
GPML

« specified_ by

name: String name: String 1,1
category: String

. dataModel: String
¢ : requires P . .
version: String version: String m

firstinstalled: Date | 0" 0,* [firstinstalled: Date M1 pame: String Apart_of name: String
isAbstract: Boolean
1,1 0,* see 0,*
/;\ /N
! pesceccccccccccccccccccccctctoctcoctcnocnceend /?\
RDBMS % CRM_System
name: String

~ <S > PY E MO name: String ion: Stri
version: String runs_on B ver5|lc_)n. t;lng
firstintalled: Date prog ang: tring
firstinstalled: Date

DB-10 CR++
—e@ runson - instance of
Model of IT infrastructure Model of IT infrastructure
created with DSML created with GPML
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SRES would foster ... UDE

= conjoint analysis and design of IS and organization
" transparency by shedding light into the black box

= additional user empowerment

0 improved understanding of potential and limitations of IS
0 adaptation by authorized users of models they are familiar with

" reuse by abstracting on commonalities promoted by DSMLs
" |ntegration

= decision making

-1 . .
Nice vision — but ...
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Serious Obstacles

= DSMLs unsatisfactory
O substantial development effort
0 defined with general-purpose meta languages
0 lack of expressiveness

" tight integration of models and code hardly possible

O mainstream programming languages require two different
representations

0 synchronization painful and, in the long run, not effective

» fundamental design conflicts
0 ambivalent effects of semantics
O e.g., trade-off between range and utility of reuse (,,generality/power”)
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Problem 1: Lack of Expressiveness

Product

minQualityLevel: Level
qualityLevel: Level
serialNum: String
salesPrice: Float

PeripheralDevice

qualityLevel: Level
serialNum: String
salesPrice: Float

Printer

pagesPerMinute: Boolean
color: Boolean
resolution: Integer
serialNum: String
salesPrice: Float

XP-600C

serialNum: String

Sometime no clear distinction
between instantiation or
specialisation — both make sense.

S ———— Every (meta) class is an object (has
state).

— Instantiation may be deferred to lower
levels.

pagesPerMinute: 90

resolution = 600 1 I
salesPrice = 99.99 - I
1
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Activity

name: String M2
type: [#Hautomated, #manual]

maxDur: Time

There are multiple levels of classification.

CheckOrder

name = "Check Order" M1
type = #automated,
maxDur =3

actual duration at M0O?

No satisfactory solution within current paradigm!



Problem 2: Integration of Model & Code

" model-driven development

" based on convincing idea

= at first restricted to build time
" even better: models available during the entire lifetime of a system

" in ideal case maintenance is restricted to models

0 however, usually not feasible
0 therefore: need for synchronisation of models and code

I
al separate representations of model and program
often show stopper
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Problem: From Model to Code

Modeling Environment Progamming Environment
Meta-Model
Class Attribute
name: String 11 o name: String
Model Customer Code class Customer

MO lastName: String String lastName;
custlD: String generate Date dateOfBirth;

dateOfBirth: Date
yearsOfAge() : Integer

{
- firstName: String ﬁ String firstName; -
M1

|

public int yearsOfAge ()

if actKunde.alter () >= fullAge ...

Why is there need to generate code anyway?
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Problem 3: Fundamental Design Conflicts

= Semantics promotes reuse. Bl iRIAEIN:
= Semantics compromises reuse. EelEERaREIRN NI #er 11

= Semantics promotes integration. Kl AaKelalultal(ecid ]y
= Semantics compromises integration.

= Semantics promotes flexibility. RVERELRIElslely
= Semantics compromises flexibility. Kol elliyl:
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Range and Productivity of Reuse

range of reuse

productivity of reuse

Class

Array

Product

GPML

__—

DSML 1

Printer

DSML 2

-

Level of Semantics

|
il
LI Need for (painful) trade-off between economies of scale

and utility of reused artefact in particular case.
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Multi-Level Language Architecture to the Rescue

" new language paradigm
= allows for an arbitrary number of classification levels

" motivated by the lack of abstraction in traditional, MOF-like
language architectures

O creates avoidable complexity
0O contributes to lack of flexibility

" first introduced in 2001 by Atkinson and Kiuhne
= with roots going back to the early 90s
= various approaches developed since then

* focus mainly on modelling, not on programming languages

| 23 © Ulrich Frank | Information Systems and Enterprise Modelling Research Group | Multilevel Language Architectures




FMMLX:
Metamodel

— FMML*

Object

CollectionMult

get(name: String): Object
set(name: String, value: Object): Object

copy(): Object

save(fileName: String): Object

lowerBound: Integer
XCore "|upperBound: Integer
hasUpperBound: Boolean

N\

0,1

context Class

@Constraint nonCycliclnheritance
not self.allParents().includes(self)
end

inherits from p

delegatesTo »

0

=

type: AssocType

extended features

type: Classifier
isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean

0,1
|
e 0,1 <partof Doc Constraint
0.1 0,*[name: String ! parto doc: String —
End N isAbstract: Boolean | 0,* 0,* [id: String %‘)dsyt- String
- id: String
o new() : Object 0,*
pamg. S_tnng 0. 11 0,
isIntrinsic: Boolean 0,* 0,* «part of
instLevel: Integer <«part of
isNavigable: Boolean
isCore: Boolean «part of 0,
0,* - -
2,2 Aribute CompiledOperation
1,1 —— name: String
Association name: String codeBox: Element

traced: Element
isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean

context End

@Constraint MultiplicitiesForIntrinsicAssocs

not self.association.isIntrinsic or
self.association.instLevel =
self.MetaClass.level implies

self.collectionMult.oclisUndefined() = false

end

Interface Layer

MetaAdaptor
level: Integer
new(): Object
newAtLevel(l: Integer): Object

~
|

I [
MetaClass

isIntrinsic: Boolean
instLevel: Integer

level =n

totallnstances(): Seg
allinstances(): Seq

—=> in

—> in

stantiated from

herits from
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Background: Raising the Level of Classification

| 25

CollectionMult

lowerBound: Integer
upperBound: Integer

0,1

0,1

End

Object

get(name: String): Object

set(name: String, value: Object): Object
copy(): Object

save(fileName: String): Object

inherits from p
0,*

0,*[name: String
isAbstract: Boolean

Class

name: String | o,
2,2

1,1
Association

name: String
isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean

L3

L2

new() : Object
A A /:\ 04 0*

<« part of

<« part of
0,*

0,*

Attribute

CompiledOperation

name: String

type: Classifier
isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean

Process

automated: Boolean

A

OrderManagement

numberOfinstances: Integer

name: String
codeBox: Element
traced: Element
isIntrinsic: Boolean
instLevel: Integer
isCore: Boolean
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Inspired by Actual Use of Technical Languages UDE

Organisational Unit

% Product
S Property
Position Committee % Unit
Compound
Composed Product
Department Department Product n o
ggregation
Quality Circle Faculty Council Part State
Team Dean g /\\‘\\ Ingredient
7 S--o
: a -
Market Analyst Institute Bicycle Wheel [ -
e R Saddle Beverage
R BRI /\\ Water | [ Container
Marketing Department Tl
Department of Physics g Cross Racer Tl
(8]
Market Physics Faculty = R3 Beer Bottle
Research Team Council (22 Saddle SR1
Quality Circle Rectgr's §= Wheel AT1 ES glcohol
Product PG 1 Office [\\
Market Dean of Dep. Y { \\“\\ o
Analyst MA2 of Physics S Te--s Beck's”
(O]
£ Cross Racer R3 C R R3
2 Serial No: CR ;Z:iil :l?rCR 0,5 0,33
3 592 ' Bottle | | Bottle
0 593

Language hierarchies with variable number of levels
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FMML* and XModelerMt

= XCore and the XModeler

0 language engineering and execution environment

0O facilitates specification, implementation and execution of programming
and modeling languages

0 developed by Tony Clark and colleagues
0 used and further developed in various projects with large companies

= FMMLX

0 executable multi-level modeling language
O based on extension of XCore
0 common representation of models and code

= XModelerMtimplements FMML*, extends orginal XModeler

Frank, Ulrich (2022): Multi-level modeling: cornerstones of a
rationale. In: Software and Systems Modeling 21, pp. 451-480.
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FMML*: lllustration

8 XModeler 1.2.0-SNAPSHOT [NO_IMAGE_SET|Saving - (] X
Welcome | Diagram Invoicing (id 0) X
Test
T R"’?Z’h'ps Zoom | + | 100% Show: |/ Operations |v/| Operation Values /| Slots | Getters & Setters |/ Derived Operations v/ Derived Attributes | Update Diagram || Print Protocol
& Association
- Palette
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| pETE— 1 Employee Instantiation Level - Product
—_ B firstName:String[1] BempiD:string[1] i Bunit:string[1]
= 0] dateOfBirth:Date[1] E o—age() : Integer (from Person) 1 AMetaClass ] salesPrice:Float[1]
—_ electedinvoice lnvo‘cceManager o1
InvoiceManager currentlnvouceNo:Integer[1]
'mf‘“"m ................. De|egati0n 0.1 [createlnvoiceltem() : Invoiceltem| 0..1
okee, [§] createlnvoice() : Invoice
HP200 refersTo’
Employee
Customer
ABCS0
O TIPS o pagesPerMin:Integer[1]
aClass
AMetaClass? 1 aic erialNo:String[1]
1 Customer ‘issuedFor o esPrice:Float[1] (from Proc
 custiD:String[1] el ¢ Mivinciees Lselecteditem .
mcus ’ r:ng — 1 - creationDatezIntegerH] 5'1 includes? 1 Invoiceltem h—| [unit = feee
—age() : Integer (from Person) ..
29 BESEIOR Ll amount:lnteger[1]
A 1 A
itemTotaI() :Float | o * 1 Fiitey
APerson” | k ; il
0 p1 Tl X In, @\PH{:NHS?HH(][” (from Printer)
lastName = Jim Constraint pagesPerMin = 100
firstName = Smith | - Slot Value 0 Alnvoiceltem”? salesPrice = 109.99
dateOfBirth = 24 Nov 1983 ' . i1
e > = A A
age()->l I ~ |amount=70 | ereffersIot\ 0 :szi%(:
" | itemTotal()-> I -
0 Alnvoice? > | serialNo = H302
ACustomer” invoicel includes .
0 antomet |- oo CUNISITE | Operation Value
custlD = cl7204 no = 1800 L includesP Alnvoiceltem”
creationDate = 23 ‘ 0 i2 refersTo’ 0 AABE:CSSO‘?IA
: — Lo — s s a
Constraint Report invoiceTotai()->m “lamount = 4
serialNo = A20
itemTotal()->
XMF Console X | Exception
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Diagram or Code — Different Views on Same Model

1 Diagram OrderManagement (d 0] - o x
Test
~ Reltionships

zoom | + || 100% Show: (] Operations (V] Opsration Valuss (V] Sits (V/ Getters & Setters /] Derived Opsrations (v/ Derived Attrbutes | Update Diagram || Print rotocol
Association

& Unk 5
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MetaCla

Product

pr—— PR L =
startedAtDate{1] refersTo! l salesPrice Float(1]
scoresooleanit ]

ConsumerElectronic Date)

Lusedin

setunit(value : Sting) : Element
creationDate:Date(1]

getuni : Sting
sk eion D Bemanc | [[028 0.~ [setsarchive(value : Boolean)  Element e ey —
setCreationDatelvalue : Date) : Element aeiiiestiaan’ Bot

_ | setisCore(value : Boolean) : Element
— |getTerminatedAt() : Date getisArchive() : Boolear

getCreationDate) : Date

getstartedat) : Date Product’
Streos0 jgetisCore(): Boolesn

OrdarManagement o Floatl1] (
S ABusinessProcessh [l setsalesp ve :Float) ; Element duct
1 OrderMas ABusinessDocument” I % gessa Float (from Product
ted/ 7 5:22:26 1 o init = piec
terminatedat = 27 Jun 2021 15:22:21 . MetaCiast Junit = pieces
ti202D startedAt = 27 Jun 2021 152226 L da‘i\D:Imr\gU]
total( - Element
Customer iscore = true
oicie s cene || _oched I .
nteger) -
Orderliem resolutioninteger(1]
o 1 1.+ [@itemTotaly : MonetaryValue 0.
T = JgetOrderiDg : i serialNo:Stringl1
Metalass' . getProduct0 : Product g o .
Customer getAmount( : Integer
astName:Stringl1] isarchive Integen): Element
firs o B Gveany creationDate getResolution() : Integer
setLastName(value - Sting) - Eement| | setserialNo(value : Sring) : Element
setFirstNome(value : String) : Element] getSerialNog : Sting
|getLastName() : String v e
| getFirstName( : String ‘~Orderitem” 1 - i ki
ewtome | ¢ incudes¥ [ refersTo® 20207
. % |0 customert ssueday 0 np 20201 1 Aprinter®
amount = 2
indlu HP_2020
Change Slot Value lastName = ndudes remTotalo->] =
fistriams 8 rom
e f 7 serseriaoa ent (from Print
87 gerserian
Name resolution = 100
Type. salesPrice = 99.99
Valve refersToP AStarB080"
0 stars0801
1s expression T |
temTotalg->|
o Concel
1 Model Browser null - o x
Model Objects Attributes Slots Associations
o 8 susinessProcess "MetaCiossn 7| | [l orderD: Sting ishrchive = tue {0) Order (1] incluces (0) Ordertem
@ Printer *PeripheralDevice’ creationDate = 27 Jun 2021 15:2226 | (0} Order [1] issuedBy (0) Customer [0
1) Customer AMetaClass™
1) HP_2020 Aprinter C
1 Order ABusinessDocument? Operations Operation Values Links
il L S total() : Element 2 (1) BusinessDocument [0..*] usedin {1
1 OrderManagement "BusinessProc | [ 0 t0rderiDvaue :Sing): Ele
LSta080 ADrntect 5™ | @ getordertem - Orcertem
Vet SusnessDocument | | et Sinn L
Root:FMML:MetaClz Constraints Constraint Report / Issues Linked Objects
Project: [TODO] Parent: (@ rotMoreThan1000
Update. R
Status: View Updated Abstract
Do not push! Delegete: No delegation

Operation (total) X | Constraint (notMoreThan1000) | Issue
coperation total[monitor=true] ():Root: :Float
if self.getOrderIten().size() > 0
then self.getOrderIten().asSeq()->iterate(i sum =0 |
sun.add (1. itenTotal()))
else false
end

end

Commit
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One Model — Many Representations

Default Notation

DSML with Graphical Notation

Generated/Revised GUI

mmmmm

= o ot
"a= a
| T ovssers ,
| E Selected Involce Date of creation 12 Apr 1993 m .
— - — iwoicel Customer details:
Total amount of invoice  1449.4
Lineems 23 CustomerID | c504
22 Lastname Himmel
Firstname Ning
Dateof birth 31 Jul 1988
Replace associated Customer

Information about line item

product ID 1 @
les pr 10099
I of line item 10999
! piece

© Ulrich Frank | Information Systems and Enterprise Modelling Research Group | Multilevel Language

| 3 0 Architectures




Multi-Level SRES in a Nutshell 1

aaaco®

L2+

Multi-level model of
the SRES presented as
diagram or in a browser

change of models at any level
— immediate effect on
software

L1

Graphical Editors,
specific GUIs or text
editors to access
models of the
enterprise and of the
enterprise software

Tight coupling requires
specific refactoring measures
in cases of non-monotonic
extensions

also: need to cope with

restrictions of dynamic typing

LO

Traditional GUI of - [ =
Enterprise System |
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Relaxing the Generality/Power Conflict

Change of system through using a higher level (meta) schema (DSML)
and, may be, create a new instance of that -> clearly less effort and risk.

Schema 4.0
Schema 3.1 Schema 3.2
Schema 2.1 Schema 2.2 Schema 2.3
Schema 1.1 Schema 1.2 Schema 1.3
Schema 0.1 Schema 0.2 Schema 0.3 Schema 0.4
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Conclusions and Future Research

" Multi-Level Language Architectures: Promising new Paradigm
O suited to increase development productivity ..

and user empowerment

relaxes fundamental design conflict

enables advanced enterprise systems

(cross-) organizational integration

= awareness slowly increasing
O in practice -> project with Oracle
O in academia -> award for “most influential project” at CAISE 2023
O various promising application areas, e.g., digital twins, loT, and many more

" Future work
0 multi-level process modelling — very challenging!
0 multi-level refactoring
0 multi-level reengineering of flat models and schemas
0

I I R N R
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S —

ome Foundations Results ‘Team Community  Documentation  Download ~ FAQ

.......

Download of XModelerM- and multiple resources
(publications, models, screencasts, demos) available at:

= S ¥

For first steps you may want to try UML-MX®O: the first
UML editor that allows for instantiating and executing
object models, also available at: https://le4mm.org/




