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Frequent Experience with MDD

* Use cases which drive design & implementation
* Models which abstract the system

* Mapping between the models

* Static view in most of the models

and the main insufficiencies are:

= The lack of synchronization between the models
= Theimpact of changes is notimmediately obvious
= No possibility to validate business rules & workflows
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Service Logic Graphs (SLGs)

ol

corner cell addl0Bonus success

inat / N
——success%@ success—>> no corner cell >

start initialize isCornerCell end

\,?/

A Service Logic Graph (SLG) is a 4-tuple T=(S, s,, Act, Trans) with:

S a set of SIBs
So a unique ,,Start SIB“
Act a set of possible branching conditions

Trans ={(s,a,s’)} a set of transitions where s,s‘€ S and a € Act.
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Kripke Transition System (KTS)

Town : own own
acquire start
use

release end

Let AP be a set of atomic propositions.
A Kripke Transition System over AP is a 4-tuple

K=(S,Act Trans,l) with:

S a set of states
Act a set of actions

Trans € S X Act xS atransition relation
[: S — 24P an interpretation function

11



Process oriented view

* Process/Control flow : the ,,stories* of the system
* Sequences of Activities (flow of the controi from action to action)

. How to use the system?
. How to implement functions?

e different abstraction levels:

Business process Program execution
models models

— actionsina — sequences of commands
business/operational in a program (applicaiton)
course of coarse — fine granular

granular actions

Vertical
refinement )
Problem space Solution space

Farfrom (any) implementation Close to (an) implementation



Mashups — CeBIT 2009
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* Automatic service import
* Automatic composition synthesis with M2L and Golog [ISWC 2009]
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Enterprise Mashups for
Product Lifecycle Management
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Problems and Challenges

Current solution works great for subset of the data
Other datasets may require (slight) alterations

* Pipelineis a manually executed mix of Python, Matlab and Shell scripts

* Execution needs to be orchestrated by the user themselves, this requires
some coding knowledge

* Executionis local; users need to bring their own hardware

Adapting for different data sets is hard for non-developers!
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| Meta-Modeling level Modeling level Code Level Product Level ;
R e A it e . R TR ;
generates generates extract ﬂ
Source Code
: meta-IME Pipeline IME NN ' | |+ | Linked Records :
L + |Machine Transcription Pipeline | : :
: I : for : :
: ! : Historical Irish Death Records | ! | :
E improves : E : I
: ' improve on error
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Low-Code / No-Code

Allows users without programming knowledge to create applications

* Utilizes models to express what to do and how, enabling formal guarantees
* Infers/ generates correct code from the models (and other guidance)
with minimal or no programming knowledge

* New platforms support this way of producing applications for a given
research or application domain

R .
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File(s

N Access PDF Data
N
Table - Row | Column «| Word | Data - Data | Data pdf data: PDF
Segmentation| [[7|Segmentation| ”|Segmentation| ”| Detection ”|Synthesis| 7| Classification| ”| Linkage

K ) Access Tiff Data

tiff data: Tiff

Table Segmentation

1%

© Tiff-File: Tiff

© PDF-File: PDF_
© projectPath: string

J

\_ J
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From Proof-of-Concept to Modules

Proof of concept:

* Existing workflow cannot be easily automated
* Modules have side effects that make separation difficult
* No formal capture of dependencies, pre- and post-conditions
e Weak separation of concerns
* Interaction with the user required; prompts need manual intervention
and inputs
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e Proof-of-Concept to Modules

,Modules”:

* Transform the code into a library-style collection of well defined components

* By creating Service Independent Blocks (SIBs), workflows can be expressed as (f
ormal) models

 Workflows are (graphical) compositions ofSIBs | "

* Generate the complete code of the
application from the SIBs and the workflows

* Deploy and run the application.

Access Ti

= {iff data: Tiff
Table Segmentation

roject Preparations ﬁ
start | |  _a& | ucces 3

© Tiff-File: Tiff

© PDF-File: PDF
© projectPal ith: string

success
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=
projectPath: string SE I GREATLEAP
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(c) Request Evaluation and Response
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start
Health
Research ’
Institute
success
_o DataOwner: address
.o DataRequestor: address
. .o DataCID: byte

<<Data Store>>

( Requestor Data

<o @
=l Requestor : address ). Il ... _
Data CID : byte 1|

REQ:Get Request

DataOwner: address
Requestor: address
DataCID: string

| B

)\

Blockchain:
Token based
cancer patient:.,
data protection

success
--140) DUPCID: byte

IPFS:Read Data

@

DataCID: byte

success
.. .o Data: byte

REQ:Evaluate Data

@

_approved i=jeated
-3 choice RETTTTTPPPPPRPP {3 choice

REQ:Responde Request

------------- ¢ Requestor: address
£) DataCID: byte
td Answer: string

success

Energy Networks:

computing

Consumption !

Archetypes

Calculate Arch Count

start

¥

success

| @ InputFilePath: string

- @) ColumnName: array

- @ Value: dictestring, any>

| gy ArehTypssCambinations
amay

- € MeoAJURI: string

.| € Usermame: string

| @ Password: string
{ @ Query: string

FILE: Read CSV

"o €) inputFilePath: string

success

....| 0 ListOfDigtionaries: list <dict>

v
I €) Data: list <dict>

-3 €) ColumnName: aray

3| € Value: dictestring, any>

success

«+++ () FileredDala: list <dict>

REQ: Quary Neod for Arch Gount

"o el ) Data: st <dict
. 3ot € ArchiypssCombinations : array
.y ) LA sting
. O Usemame: string
3| €) Password: sting
| O Queny: string

[ 1

Buildings Matched No Matched Building

<<File Store>>
/7 FioMotadata___ "\
Size :int
File : file/byte

\

o1 (3 DataWithArchGount: list <dict> O Message: string

FILE: Writs CSV

© OutputFilePath: string

| @) Data: list <dhiot>

success

«++| () GSVFile: file

() OulputFilePath: SING  |...ieieeiecie s sannans




Data Ingestion / N\
WORKSPACE: Init & Sync ™\ FILE: Import from Dir FILE: Checksum Validator 7~ AWS: S3 Download REQ: Ingest From HTTPS
e e e ° ?‘ Interface Model (GUI)
© Workspace: string © SourcePath: string © InputFile: file © WorkingDirectory: string © TargetURL: string
© RemoteProvider: string © SourceFile: string © HashValue: string © ObjectURL: string © AuthToken [Optional]: string n 8 Data Model
© RemotePath: string © Wildcard: string © Algorithm: string © ObjectKey: string © TimeOut: string
© SyncStrategy: string Vi j :
Success Success
- — [
Success © LocalFile: list<file> © ComputodHash: string o S; PROUAL Frosd PRI G Projec Dl e Chsaicn
@ WorkingDirectory: string ) GHE e R @ Checksum: boolean O Fi @ @ @ .External Native DSLs
! } oo
l T T iy 1} Frojuciilic byw Bl Cumation i byia
) Dmoripion: siing "—I—" Pouen I brln
: : LT
REQ: Ingest From SFTP REQ Ingw;um:&zum Blob B} Pucss: airing [ 205
e £ Remsin:uiing B e s
© Host: string © ContainerName: string £ Do g [ Dwaripsor: awirg
O Port: int © BlobName: string Bl Ericar wing I P
© Username: string © ConnectionString; string £ Corplime sy 0 Erdluis: wring
© PrivateKeyPath: string El StwiCui mring
© RemoteDirectory: string l ’ 'u' Eritiia: vy
! &
| P
| ] Success Rejectd PR B l k h °
Success Rejected @ Azurefile: file @ ErrorMessa K Frapeii: iy oc c a I n
@ LocalFiles: list <file> © ConnectionError: string OJFilInio-Fi l ¥
@ Filelnfo: FileMetad. L l Frisgusai
i ] Dl P H EG Fappor] P FE Dl Mo HE G v by Dl
File Parsing and Formatting E .@ @ .@ S I B Pa lettes
- - R ian R ARpuasd woiossE Cram e gddne ﬂ Oy b
ARCHIVE: Decompress CONVERT: TXT to C8V TEXT: Standardise Encoding o T L R B T Dm0 : b ol 0 - e LR “
i ° o A By sl 0 aiving atomlc components
[>] InputFile: file > ] InputTXT: file © RawFile: list <file> [ | |
© Password: string © Delimiter: char (5] TargetEncoding: string WT ﬁﬂ ﬂM
o v rajecied parEding srropiod LTI chalcs tad
[ il ' l } | | AD-DSLs
S
Success Success UCCess i
© ExiractedFiles: list <file> @ CSVFile: file © EncodedFile: list <file> . . )
l l l T Ol o Faka TO# Craais Tokan T Toarars: Tokan Tok Viedily Taan Tl B Tokmn
e :
CONVERT: Convert Excel to CSV _u_ Tokardl 'H‘ Db il 'a_ Tokmaill: ind 'H‘ - _a_ -
B rwm B il vamg W Mesiphert addriut £ raraala ben
Hociped . addem Eigk e Pl lore;
© InputXLs: file a || e ks wam
I Pl T g
[>] SplitSheets: boolean
i Energy =
[ ner Seiiesy 2 = P Y BN
s v v v v v
_ Swees management
& CSVFile: list <file=
Iy S|

l | [ e | [ e | [ s | [ seemm |
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Energy management
v ﬂ common.sibs

‘"—’F Interface Model (GUI) }-——l
— @ WORKSPACE: Init & Sync (Workspace (string) RemoteProvider (string) RemotePath (string) SyncStrategy (string)) --> |success (WorkingDirectory (str] B i B | B owta mose

@ FILE: Import from Dir (SourcePath (string) SourceFile (string) Wildcard (string)) --> [success (LocalFile (list<file>) FileInfo (FileMetaData))| Oﬁ

@ FILE: Get File Source (FileSource (enum[AWS, Local])) —>AWS | Local

@ External Native DSLs

@ FILE: Checksum Validator (InputFile (string) HashValue (string) Algorithm (string)) --> [success (ComputedHash (string) Checksum (boolean))|

FILE: Get Format (InputFile (string)) --> zip_tar_archive (FileFormat (string) Encoding (string)) | Excel (FileFormat(string) Encoding (string)) |
Txt (FileFormat (string) Encoding (string))|

@ ARCHIVE: Decompress (InputFile (file) Password(string)) --> [success (ExtractedFiles (list<files>)|

8 data_ingestion.sibs E=le  [E=IX

— @ AWS: S3 Download (WorkingDirectory (string) ObjectURL (string) ObjectKey(string)) --> |success (S3 File (file) FileInfo (FileMetadata))|

@ REQ: Ingest From HTTPS (TargetURL (string) AuthToken (string) Timeout(string)) --> |success (Downloaded File (file) FileInfo (FileMetadata))|

REQ: Ingest From SFTP (Host (string) Port (int) Username (string) PrivateKeyPath (string) RemoteDirectory (string)) --> |success (LocalFiles (list<file>)
FileInfo (FileMetaData))|

@ REQ: Ingest From Azure Blob (ContainerName (string) BlobName (string) ConnectionString (string)) --> |success (LocalFiles (list<file>) FileInfo (FileMetadat))|

v ﬂ parsing_and_formatting.sibs

@ CONVERT: Convert Excel to CSV (InputXLS (file) Splitsheets (boolean)) --> |success (CSVFile (file))|

@ CONVERT: Convert Txt to CSV (InputTxt (file) Delimiter (char)) --> |success (CSVFile (file))| SI B Palettes

@ TXT: Standardise Encoding (RawFiles (list <files>) TargetEncoding (string)) --> |success (EncodedFiles (list<file>))| .
(atomic components)

58 arch_count.sibs

@ FILE: Read CSV (InputFilePath (string)) --> |success (ListOfDictionaries (list <dict>))| AD-DSLs
@ Data: Filter Data (Data (list <dict>) ColumnName (array) Value (dict <string, any>)) --> |success (FilteredData (list<dict>))|

REQ: Query Neo4] for Arch Count (Data (list <dict>) ArchTypesCombination (array) URI (string) Username (string) Password (string) Query (string))
-> Buildings Matched (DataWithArchCount (list <dict>)) | No Buildings Matched (Message (string))

— @ FILE: Write CSV (OutputFilePath (string) Data (list <dict>)) --> [success (CSVFile (file))|




Energy management

,,7.[ ¢ Interface Model (GUI) } —]

(a) File Parsing and Formatting 3 Data Model

Connect the inputs and output |
SIB Palettes branches I

FILE: Get Format

(atomic components) o

SUCCEES
@ Encoding: string
@ Dolimiter: bockean
e MuliFlasSpit: boolean
JRITONTRR . T——— B KrckscaPomced; | shing

v

-9

© InputFile: file

AD-DSLs ( J C

)

FILE: Get Famat

zip_tar_archive Excel [ TXT e
€ Encoding: string €3 Encoding: string {3 Enceding: string > O woutrietie
€} FileFormat: string () FileFormat: siring ) FileFormat: string - ]
v Nati Zip_tar_archive Exoel =T
@ alive i l l ) Encoding: saring {3 Encoding: string 3 Encading: s¥ing
L : T : i E -
common.sibs T © FreFomat: siing © FiaFamat airing
& WORKSPACE: Init & Sync (Workspace (string) RemoteProvider (string) RemotePath (string) SyncStrategy (string)) --= |success (WorkingDirectory (striril) l l
@ FILE: Import from Dir (SourcePath (string) SourceFile (string) Wildcard (string)) --= [success (LocalFile (list<file>) FileInfo (FileMetaData))| ARGHIVE: Decompress CONVERT:Excel 2 C51 | [ conveRn T csv |
@ FILE: Get File Source (FileSource (enum[AWS, Local])) --> AWS | Local e o o H
WO mputee: e ) © InpuLS: file P D) inpanae |(
@ FILE: Cheeksum Validator (InputFile (string) HashValue (string) Algorithm (string)) -=> [suceess (ComputedHash (string) Checksum (boolean))| W O rasamora sting : © spisnees: booean  [€7 © coimiter: char
) FILE: Get Format (InputFile (string)) --= zip_tar_archive (FileFormat (string) Encoding (string)) | Excel (FileFormat(string) Encoding (string)) - |
Txt (FileFormat (string) Encoding (string))| e | O N R N—

@ ARCHIVE: Decompress (InputFile (file) Password(string)) --> [success (ExtractedFiles (list<files=)|

Double-Click to get
> @ dala_ingestion.sibs SIB r‘epl"ese.ﬂ"'ﬂ'ﬁon

v @ parsing_and_formatting.sibs

w=Slongs

Mame : siring

@ CONVERT: Convert Excel to CSV (InputXLS (file) Splitsheets (boolean)) --> |success (CSVFile (file))|

@ CONVERT: Convert Txt to CSV (InputTxt (file) Delimiter (char)) --> [success (CSVFile (file))] £ P TEXT Statadize Encecing
EU— AL T E :
@ TXT: Standardise Encoding (RawFiles (list <files>) TargetEncoding (string)) --> |success (EncodedFiles (list<file>))| o
"""""""" gt St S
v E arch_count.sibs L\ o, |
@ FILE: Read CSV (InputFilePath (string)) - |success (ListOfDictionaries (list <dict=))| S o = -
| AU ——— ) EncodedFie: listies
@ Data: Filter Data (Data (list <dict=) ColumnName (array) Value (dict <string, any=)) --> |success (FilteredData (list=dict=))| l
) REQ: Query Neod] tor Arch Count (Data (list <dict>) ArchTypesCombination (array) URI (string) Usemame (string) Password (string) Query (string)) o
-> Buildings Matched (DataWithArchCount (list <dict>)) | No Buildings Matched (Message (string)) G
@ FILE: Write CSV (OutputFilePath (string) Data (list <dict>)) --= success (CSVFile (file))|
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’ External Native DSLs

W.Meﬁ

SLG Palettes (workflows) @"Jm b
forcle |
Energy management AD-DSLs E=le [E=le [G=lX
v Naﬁve gy g

v common.slgs
Data Ingestion (HashAlgorithm (string) ExpectedHash (string) LocalFilePath (array[SourcePath, SourceFile, Wildcard]) S3ConnectionStr (array)
WorkspaceName (string) FileSource (enum[AWS, Local])) --> |success (ComputedHash (string) Checksum (boolean))|

& File Parsing and Formatting (Encoding (string) Delimiter (boolean) MultiFileSplit (boolean) ArchivePassword (string)) --> |success (EncodedFile
(list <file>))|

v arch_count.slgs

Calculate Arch Count (InputFilePath(string) ColumnName (array) Value (dict<string, any>) ArchTypesCombinations(array) Neo4JURI (string) Username
(string) Password (string) Query (string) OutputFilePath (string)) --> success (CSVFile (file) | No Buildings Matched (Message (string))
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e Structured outputs can be leveraged for visual suggestions, but that
requires appropriate tooling support

 Natural-language editing of models looks promising

* Visual representation makes it easier for the human-in-the-loop to
refine their prompts and validate the output

e LLMs can be leveraged to help transforming code into usable SIBs ——
 LLMs can help refine the workflow, RAG to select appropriate SIBs oo

Access Tiff Data

o

tiff data: Tiff

* Combination of the accessibility of visual editing and natural
language to empower non-experts

Table Segmentation
- 7
stat | [  _& |  _ ucces
3 ™ >
projectPath: string b © Tiff-File: Tiff
b © PDF-File: PDF
b © projectP ath: string

start success

' UC C UNIVERSITY OF
LIMERICK

Unlcrslcnongl d

projectPath: string




Service Centered Continuous Engineering

+ Al
Use Al to

= Extract properties

= Support integration
(make SIBs)

= Synthesize the logic

= Translatetoa
different target
language/runtime

Al/ML itself as a domain
= Al’'s as SIBs
= Models as SIBs

Ingredients
Models
Knowledge
 formal (mathematical) base (Manual)
* properties Testing composition
* model checking

transformation (to code) Core model N
model extraction Code ew
components

generation
Compliance

Genesys
* model-to-model and model-to-code transformation

ITE
* model-based automated testing environment

LearnLib
AVA
cations

* model inference by active automata learning




How to leverage your FMs and Als in this context?

Use Al to

= Extract properties

= Support integration
(make SIBs)

= Synthesize the logic

= Translatetoa
different target
language/runtime

Al/ML itself as a domain
= Al’'s as SIBs
= Models as SIBs

Models

Knowledge
 formal (mathematical) base (Manual)
* properties Testing composition
* model checking

transformation (to code) Core model N
model extraction Code ew
components

generation
Compliance

Genesys
* model-to-model and model-to-code transformation

ITE
* model-based automated testing environment

LearnLib
AVA
cations

* model inference by active automata learning
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LC/NC platforms and Al: which future?

Tiziana Margaria,
University of Limerick

tiziana.margaria@ul.ie
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