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Program synthesis

» A classical challenge in computer science since Church‘s Problem (1956)
» Classical problem understood as synthesis ,from scratch”
» Given a logical specification, to construct a system satisfying it
» Classical problem faces inherent obstacles in the form of
« Computational complexity (super-) exponential
» Specification complexity
 CLS is component-based (not from-scratch)

o CLS s type-based (not based on complete specifications)

15.07.2022
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CLS: Atype-based approach to component-oriented synthesis

Component-oriented Synthesis

Synthesis relative to library (repository) of components
Combinatory Logic Synthesis (CLS)

Libraries need classification systems to enable retrieval and

composition
Classification
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J Rehof, MY Vardi: o s e s e s
Design and synthesis from components (Dagstuhl seminar 14232, 2014)
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Combinatory logic

David Hilbert
1862-1943

Moses Schonfinkel
1889-1942

Uber die Bausteine der mathematischen Logik.
Von

M. Schonfinkel in Moskau?).

§ 1.

Es entspricht dem Wesen der axiomatischen Methode, wie sie heute
vor allem durch die Arbeiten Hilberts zur Anerkennung gelangt ist, dafl
man nicht allein hinsichtlich der Zahl und des Gehalts der Axiome nach
moglichster Beschrinkung strebt, sondern auch die Anzahl der als un-
definiert zugrunde zu legenden Begriffe so klein wie méglich zu machen
sucht, indem man nach Begriffen fahndet, die vorzugsweise geeignet sind,
um aus ihnen alle anderen Begriffe des fraglichen Wissenszweiges auf-
zubauen. Begreiflicherweise wird man sich im Sinne dieser Aufgabe be-
ziiglich des Verlangens nach Einfachheit der an den Anfang zu stellenden
Begriffe entsprechend bescheiden miissen.

Bekanntlich lassen sich die grundlegenden Aussagenverkniipfungen
der mathematischen Logik, die ich hier in der von Hilbert in seinen Vor-
lesungen verwendeten Bezeichnungsweise wiedergebe:

1) Die folgenden Gedanken wurden vom Verfasser am 7. Dez. 1920 vor der

Mathematischen Gesellschaft in Gottingen vorgetragen. Ihre formale und stilistische
Durcharbeitung fiir diese Verdffentlichung wurde von H. Behmann in Géttingen
iibernommen.

Mathematische Annalen. 92. 20

Haskell Curry
1900-1982
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Combinators

Sryz = (x2)(yz)
Kxy x
Ix = x

S : (a=>(B—7) = {(a=>8)—(a—9))
K : a— (08— a)
I o — o

SKI-calculus is Turing-complete

Hindley, J. R.; Seldin, J. P. (2008). A-calculus and Combinators: An Introduction. Cambridge
University Press.

Barendregt, H. P. (1984). The Lambda Calculus, Its Syntax and Semantics. Studies in Logic
and the Foundations of Mathematics. Vol. 103. North Holland.
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Combinatory logic (simple types)

F,G:= X|(F G) combinatory expressions

o,Ti=aloc—- 1 types

Typing rules

X O X 8() comP)

[ F:0—-1 TG0
M+ (FG):7

(app)

e
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Synthesis as type inhabitation in combinatory logic

Given I' and o

e does there exist a combinatory term [’ such that
I'FF:07
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Synthesis is type inhabitation in combinatory logic

I'EF:o

e Repository of
component interfaces X : 7
e Synthesized (meta-)program

e Synthesis goal
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Example: Webpage synthesis
Types Inc. - A LS14 Company x
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Native repository (native types)

I'={ customer Form : (String — java.net.URL — OptionSelection — Form)
dropDownSelector : (java.net.URL — OptionSelection)
radioButtonSelector : (java.net.URL — OptionSelection)
company1itle : String
databaseLocation : java.net.URL
logoLocation : java.net.URL

alternateLogoLocation : java.net.URL }

15.07.2022 11
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Semantic repository (semantic types)

Intersection type

\

I'={ customer Form : (String — java.net.URL — OptionSelection — Form) N
(Title — Location(Logo) — ChoiceDialog(«) — Order Menu(«))
dropDownSelector : (java.net.URL — OptionSelection) N
(Location(Database) — ChoiceDialog( DropDown))
radioButtonSelector : (java.net.URL — OptionSelection) N
(Location(Database) — ChoiceDialog( RadioButtons))
companyl'itle : String N 1itle
database Location : java.net .URL N Location(Database)
logoLocation : java.net.URL N Location(Logo)

alternate LogoLocation : java.net.URL N Location(Logo) }

15.07.2022 12
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I={ customerForm : (String — java.net.URL — OptionSelection — Form)

dropDownSelector : (java.net.URL — OptionSelection)
radioButtonSelector : (java.net.URL — OptionSelection)
companyTitle : String
databaseLocation : java.net.URL
logoLocation : java.net.URL

alternateLogoLocation : java.net.URL }

= { custornerForm : (String — java.net.URL — OptionSelection — CompilationUnit) N
(Title — Location(Logo) — ChoiceDialog(c) — OrderMenu(a))
dropDownSelector : (java.net .URL — OptionSelection) N
(Location(Database) — ChoiceDialog(DropDown))
radioButtonSelector : (java.net.URL — OptionSelection) N
(Location(Database) — ChoiceDialog( RadioButtons))
companyT'itle : String N T'itle
databaseLocation : java.net.URL N Location(Database)
logoLocation : java.net .URL N Location(Logo)
alternate LogoLocation : java.net.URL N Location(Logo) }

7 : CompilationUnit N OrderMenu(w)

Inhabitation problem

Inhbaitants:

[F7: CompilationUnit N OrderMenu(w)

{ customerForm(companyTitle. logoLocation,

customerForm(companyTitle. alternatelogol ocation,

radioButtonSelector(databaseLocation)),

radioButtonSelector(databasel ocation)),

customerForm(companyTitle, logoLocation,

customerForm(companyTitle. alternatel ogolocation,

dropDownSelector(databasel ocation)),

dropDownSelector(databasel ocation))}

Interpreted as calls to combinators and resulting code is made
available via branches in source code versioning system (git).

-tU technische universitat
dortmund 2
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Scala combinator

@combinator object customerForm {
def apply(title: String,

logoLocation: URL,

optionSelector: OptionSelection): Form ={
val form = Java(readFile("CustomerForm.java")).compilationUnit()
addOptionSelection(form, optionSelector)
addTitle(form, title)
addLogo(form, logoLocation)

form

}

val semanticType: Type =

‘Title =>: 'Location('Logo) =>: 'ChoiceDialog(alpha) =>: 'OrderMenu(alpha)
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Inhabitation request

' Inhabitation x |

< » | ® localhost9000/guidemo

Requests:

T+ ? : com.github.javaparser.ast.CompilationUnit & OrderMenu(cmega)

Solutions:

Variation 0: Raw  Git

List (Tree (customerForm, List (Tree (companyTitle,List ()}, Tree(logoLocation,List()), Tree(dropDownSelector,List(Tree (databaseLocation,List()})}})))

Variation 1: Raw  Git

# clone into new git:

git clome -b variation 1 hitp://localhost:%000/guidemo/guidemo.git
# checkout branch in existing git:

git fetch origin

git checkeut -b variation 1 origin/variation 1

Variation 2:  Compute

Variation 3:  Compute
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CLS world view: a repository is a combinatory basis

e CL over arbitrary bases:

General theory of component collections (repositories)

e The implementation theory” {S, K, I} is one, very special case

15.07.2022
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Synthesis is type inhabitation in combinatory logic

@ We consider the relativized inhabitation problem:

e Given a set of typed combinators I and r, does there exist
combinatory expression e such thatT + e : 77

@ Inhabitation for fixed base {S, K. 1} is Pspace-complete in
simple types (Statman’s Theorem [Sta79])

@ Relativized inhabitation is much harder

e Undecidable in simple types: Linial-Post theorems, 1948ff.
[LP49]’

@ The CLS view: Already in simple types, relativized
inhabitation defines a Turing-complete logic programming
language for component composition

@ Reduction from 2-counter automata [Reh13]
@ Similar idea used to prove undecidability for synthesis in ML relative to library of functions [BSWC16]

1 See also A. Dudenhefrer, JR: Lower End of the Linial-Post Spectrum, TYPES 2017

15.07.2022
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Theory and algorithms of inhabitation based on

alternating Turing Machines
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Computational complexity

System Complexity Authors
FCL() PTIME RU, TLCA 2011
FCL(N, <) EXPTIME RU, TLCA 2011
BCLL(<) EXPTIME DMRU, CSL 2012
BCL(N,<) (k+2)-ExpTiME | DMRU, CSL 2012
CL(SK) — | PSPACE S, 1979

AM—=—nN1T) EXPSPACE RU, KF 2012
AN EXPSPACE U, TLCA 2009
AN 00 U, 1999
CL(N) 50 DH, 1992 + U, 1999

o CLS allows for ,controlled combinatorial explosion®, since interface types

can be used to program the composition (much like a logic program)
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Algorithm engineering

: Input : T,7— all types in T and 7 =)

08 loop -

CHOOSE (z:0) €T

write 0 = ()¢, 0

FOR EACH i € I,j € J,m < ||| o
candidates(i, j,m) := Match({gt,,(0;) < 75)

M :={m <|o|| | VierJjes : candidates(i, j, m) = true}

CHOOSE m € M;

FOR EACH i € I DO
CHOOSE j; € J with candidates(, j;, m) = true
CHOOSE S; a substitution

10 CHOOSE m; € P, (Si(oy,)) with tgt,,(m;) < 7; and

11 V1<l<mVr' € arg(m;) Iy:p) €T 3 apath pf

12 in p 3k : Match(tgt,(p') < ') = true

13 1F (m = 0) THEN ACCEPT;

14 ELSE FORALL(l =1...m)

15 7= (Nier 09i(mi);

16 GOTO loop;

ic1 Ti organized

(=]
© 00~ U =W
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CLS-Framework

== |nput Goal Type

Combinatory
Meta-Programs
Inhabitation algorithm for CL —
> (CL)S —

I
12 b I the e dagres 3 arcme i drfvaion, w eod

mar condd s mpply B 1 b the form 18, Sty b 8,
m}du!--!ﬂ

Tree grammar of all

solutions
Component
Repository in
SCALA extension

Current implementation (GitHub) www.combinators.org, https://github.com/combinators

Jan Bessai: A Type-Theoretic Framework for Software Component Synthesis.

Dissertation TU Dortmund 2019.
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CLS-Framework

Input Goal Type

>

Component
Repository in
PYTHON

Inhabitation algorithm for CL

(CL)S —

Combinatory
Meta-Programs

i i -t
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mHEEEH!H

Tree grammar of all
solutions

Output Programs
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Generate-and-test

== |nput Goal Type

Inhabitation problem in CL

Generate
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Extensions to CLS-framework

== |nput Goal Type

Combinatory
Meta-Programs
Inhabitation algorithm for CL e Output Programs
oo
R - P AT e,
» (CL)S — | i e

Tree grammar of all
solutions

MID

Example: transformations

Component
Repository in

SCALA extension POST

on arammar Example: tests, filters
PRE 9

Example: generation/config of components
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Example: Component & Connector Synthesis

] jectDiss - Microsalt Visual Studio - Experi le Instanz X | schnistan (5trg+Q) I
(0 -0 (Bt MR- | P s ey - | H G RN - Bt el

Example.compoeeniiagram® S

“Jeoaie-208 &=
’ Exploter (Stigs() n £
B Projekimappe "ModelingPrajectDiss {1 Projekt)
# i ModelingProjectDiss
*8 Ebenenverweise
B odeilienniica.
T Example.companentdiagramlayout
Prejektmappen-Explorer
Comeonient® K-movtts
HIE IR
Arbetsaufgaben 0 associated
Description
Farbe [0 161: 199: 231
s Astract Fatse
b bndirectly Instantiated  True
Name Companents
Qualified Name MedelingProjectDiss-Compene
ype
Visibasty Pubtic
Sterectypes
-
»

Boris Dudder: Automatic Synthesis of Component & Connector-Software Architectures with Bounded Combinatory Logic.
Dissertation TU Dortmund, August 2014.
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CLS strength: Automated software product lines

Software product lines (SPLs), or software product line development, refers to software
engineering methods, tools and techniques for creating a collection of similar software systems
from a shared set of software assets using a common means of production

https://en.wikipedia.org/wiki/Software_product_line

[Seiy | [Seare]

|Bank transferl | Credit card | | High I |3tandardl

¢ Mandatory O\ Alternative
r!; Optional /‘\ or

CreditCard implies High

_ https://en.wikipedia.org/wiki/Feature_model
G Heineman, A Hoxha, B Dudder, J Rehof:

Towards migrating object-oriented frameworks to enable synthesis of product line members.

Proceedings of the 19th International Conference on Software Product Line, 56-60

15.07.2022




technische universitat
dortmund

Example: LaunchPad — Feature-oriented Programsynthesis
by George T. Heineman using (CL)S

File Edit Navigate Search Project Run Window Help

ma =R ENENE R E A R R C R W= R R S R e R RTT Quick Access g‘gwﬂm

;‘ & SolitaireProductline Model advanced.config ColumnC comb [J] HomePileMove.java<advanced> & SolitaireProductLine Model 53 = & ‘5
Oz
2‘ 2 o=
Legend: =
& Mandatory *7
& optonal | "
A Oor @
Abstract
[ Concrete @
=]

I
private boolean processDraggingColumnview(Columnview columnview) {
Column column = (Column) columnv¥iew.getModelElement();

S Get sourcelidget for card being dragged
Container ¢ = theGame.getContainer();
Widget sourcellidget = c.getDragsource();

File toPile = (Pile) src.getModelElement();

fi#Case: Card is coming from a Column
Column seurceCel = (Column) sourcelidget.getModelElement();
Hove m = new ColumnBaseMove (sourceCol, column, toPile);

Feature Diagram FealuleDlder|Source| I D E i if (m.walid({theGame)) {

<

m. doeMove(theGame) ;
theGame, pushMove [m);
T else {

eature .
¥

return true;
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fstproc N car N followsLine N twoLightSensors N
LEGO NXT robot control synthesis stopsOnTouch N robotProgram

Wings larger than
Burterfly
—

Wings not larger
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CLS pro's - ¢

Specifications

Simple and intuitive (type-based classification)

Integrated in code (component wrapping and types)

Automation

Search for components

Formalized rules for use of components
Composition of components (program generation)
Logical dependencies expressible

Nondeterminism (multiple solutions)

Migration strategies from code (system) to repository

Generalization of existing application to a product line

Flexibililty

Extendability
e.g. transformations, optimizers, constraint-solvers, ML-components

Language agnostic, code templating via metalanguage and staging



technische universitat X
dortmund R0

CLS con‘s

« Construction of repository and type specifications
— Presupposes component structure in the application domain
— Up-front cost (componentization, specification, wrapping),
only amortizable with certain level of complexity of product line
— Knowledge of CLS

— CLS debugger still open to improvements
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Repository aus Prozessmodulen PDM Synth eSIS

gl e T st (R e
-----H--

l_‘Q

O

Gibt Plan-Roh-Daten ein (

@ Erhalt Projektplan

N

User

Virtueller Server

Erzeugt Kombinatoren

Erzeugt MS-Project Datei

Code-
Generator

Craph -
Transformatio
n

Konvertiert

Wahlt gewilinschte Losun,
A

gaus

Web-Interface

FScala

Constraint Solver

Inhabitationsbaum in

Graph

Uberpriift Inhabitanten

auf Einhaltung der
Nebenbedingungen

Jan Winkels: Automatisierte Komposition und Konfiguration von Workflows zur Planung
mittels kombinatorischer Logik. Dissertation (GRK 2193) TU Dortmund 2019.
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PDM synthesis







PDM synthesis
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Using Component-based Software Synthesis
and Constraint Solving to generate Sets of
Manufacturing Simulation Models

Fadil Kallat*
Carina Mieth
Jakob Rehof
Anne Meyer
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Extensions to CLS-framework

== |nput Goal Type
Combinatory
Meta-Programs
Inhabitation algorithm for CL — Output Programs
o {insii A 7

2 ) s 7 =
& =

a BKISKI HOESNEN (o " ::: m‘-&ux-lumm:m?sm- A4k, dm LAY

— "l—} e e s
> (CL)S o smEKE | dsnEkin -/-§$ ""i:':' Eii Sk Toas Tk

i T e g L=y £ b T

PR P 0%?)\ T i

[ e forme i minkd g, ot oy e of ; o

I -d
12 b I the e dagres 3 arcme i drfvaion, w eod

mar condd s mpply B 1 b the form 18, Sty b 8,
m}duﬁ--!ﬂ

Tree grammar of all
solutions
Component

Repository in MID
SCALA extension

Example: transformations

on grammar

J Bessali, L Czajka, F Laarmann, J Rehof: Restricting Tree Grammars with Term Rewriting. FSCD 2022
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Industrial use case

Real-world example of a sheet metal box production

Implemented as discrete event simulation application using simulation
environment AnyLogic 8

It consists of

A. Aninbound warehouse and
an intermediate storage
for the sheets

@

Two bending machines
C. Two cutting machines

The simulation model is composed manually from the TRUMPF model library
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TRUMPF Model Library
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Variability and approach

Planning results in the choice of two cutting and two bending machines

Cutting Machines

— Differ in their cutting speed, assembly space

and type of loading and unloading

» 18 possible configurations

Bending Machines

— Differ in their Bending Speed and assembly space

» 6 possible configurations

Continuous parameters are grouped into intervals

to avoid uncountable number of possible combinations

Cutting Machine 1

Bending Machine 1

=
O

WA

low - mid - hi%h
automated
unloading- yes/no sheet size

small

medium
spee

sheet size

Cutting Machine 2

Bending Machine 2

')6

WA

small

” low - mid - high [REREG
automated
unloading - yes/no  sheet size

spee

mid - high
speed
sheet size

Fig. 1. Overview of the decision-making scope of
the industrial use case

In total, 18 * 18 * 6 * 6 = 11664 different system variants

Simulation
Model Library
J-

ot cone ) =

w.r.t. Troughput Times

—-

Goal Type /

(CL)S

Optimization

Criteria

Domain Specific
Constraints

— 3 —

SMT

Filtered and
Ranked Solutions

|
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Migration of a simulation model into a productline

e The scenario is converted into a L/f)i o | Use Case Scenario_|
feature mOdel l :r satory | SheetMetalProduction |
» Afeature model represents all i

occurences of a software
product line

« It allows to map the variability
and different configurations of
the given simulation model

Cutting Machine Bending Machine

Cutting Speed

Unloading

>

| Low I | Mid l |High | |Automated| IManuaII | Small || Medium || Large | | Mid ] | High |

Fig. 2. Feature model

» Given repository I' and a target goal

« (CL)S tries to find a set of combinators that meet the target type and cover all input
parameters

» The output of the synthesis are XML files, which are directly executable by AnyLogic
* In our case, we obtain 11664 well-prepared and valid simulation models
 Butl
— Not all of the generated simulation models are useful
— Various configurations violate against general project constraints
» Solution: Using constraint solving techniques for filtering simulation models
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Migration of a simulation model into a productline

e The feature model is transformed into combinators for
synthesis

 The combinators are held in a repository T’

» Each combinator is classified by
— A combinator name
— Anative type (e.g. integer or string)
— A semantic type
— Input parameters, which are classified in the same way
(optional)
 Combinators also have implementation details such
functions manipulating XML fragments

I = | sheerProduction

cuttingMachine

bendingMachine

cuninglLowEnd
cuttingMidEnd
cuttingHighEnd
bendingMidEnd
bendingHighEnd

T3 -
d &

= E=E=E=EnNn
(CuttingMachine(a,. 8, y,) —
CuttingMachine(a, i1, 72) —
BendingMachine(as, y:) —
BendingMachine(w,, yi) —
SheetProduction),

HE=E—=E—=En
(CuntingTime(av) —
Univading(3) —
SheetSize(y) —
CuttingMachine(a, 8, ¥)).

HE—=E—=E)n
(BendingTime(a) —
SheerSize(y) —
BendingMachine(w., ).

» E N Cutting Time( Low),

: En Cutting Time(Mid),

: E 0 Cutting Time( High),

o E N BendingTime(Mid),

: E N Bending Time( High),

: E N Unloading(M, ),

icl/nioading

&

smallSheetSize
medinmSheetSize

largeSheetSize

1 En Unloading(A i)
: E N SheetSize(Small)

: E N SheetSize(Medium)

: En SheetSize(Large) |

WF = {{a = Low). (a = Mid). (o = High),
(8 — Automated), (f — Manual),

(y — Small), (y

— Medium), (y — Large) |
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Experimental results

Exemplary job that requires processing of
40 small-sized and 60 medium-sized sheets

Assumptions

— Defined threshold for the allowed
throughput time of 400 minutes

— Large-sized configurated machine can also
handle medium-sized and small-sized
sheets

Without considering threshold for the
throughput time, 5184 different
configurations are generated

Fig. 4. Real-world example of a sheet metal production
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Experimental results

After filtering 1332 solutions are remaining
The following configurations are the best economic solutions:

Cutting Cutting Bending Bending Cutting Bending ) )
Machine 1 Machine 2 Machine 1 | Machine 2 Speed Speed Unloading Sheet Size
o || T % g ° % g ] % ° % = _ £ °
2|EEl & 5 EB| & 3z Bl& w|& % : 2z 5|z 5|¢g 2|&8 2 ¢
C|lFelwm ¢ ==l o 2 =£]lo 2| a @ - 2 T2 T|< &|4 2 5
n 2 n 2 n n
224003801 L s AL M o AfM S| M M Time 175 60 48 |120 96 [ 30 180 | 0 10 20
(in sec)
2360 | 380 L S A L M A M S M L
Costs | 5 10 15 10 15 5) 1 2 4 6
2400 | 380 L M A L M A M S M

Table 1. Best configurations for considered use case example

Table 2. Parameters used in use case example
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Generalizing an existing simulation model via CLS-retrofitting

Proceedings of the 2022 Winter Simulation Conference
B. Feng, G. Pedrielli, Y. Peng, S. Shashaani, E. Song, C.G. Corlu, L.H. Lee, E.P. Chew, T. Roeder, and

P. Lendermann, eds.

AUTOMATIC COMPONENT-BASED SYNTHESIS OF USER-CONFIGURED
MANUFACTURING SIMULATION MODELS

Alexander Mages Jens Hetzler
Carina Mieth
TRUMPF Werkzeugmaschinen SE & Co. KG ITK Engineering GmbH
Johann-Maus-Str. 2 Im Speyerer Tal 6
Ditzingen, 71254, GERMANY Riilzheim, 76761, GERMANY

Jakob Rehof
Fadil Kallat
Christian Riest
Tristan Schifer

Department of Computer Science
Chair for Software Engineering
TU Dortmund University
Otto-Hahn-Str. 12
Dortmund, 44227, GERMANY
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] a = O | Simulation Model Modifier
I_I_I r — :—D | Data Collection
HEm [ ] ] | Path Generator

(1) Model Library (2) Machine Cells (4) Additional Components

| |

o oo {cLs

¥

CH -]
| Simulation
| . - )
! Enwrcm.ment (3) Components wrapping (5) Synthesis Framework
i Anylogic Machine Cells (hidden from end-user)

Figure 5: Screenshots of the 2D visualization of generated simulation model variants which represent shop
floors with various instances of each machine type and a storage system with a varying number of towers.
The paths for the workers are also synthesized.

15.07.2022

47




- technische universitat
dortmund

Design space exploration with active learning

Design Space Exploration for Sampling-Based Motion
Planning Programs with Combinatory Logic Synthesis

Tristan Schafer, Jan Bessai, Constantin Chaumet, Jakob Rehof, and Christian
Riest

TU Dortmund University, 44227 Dortmund, Germany
{tristan.schaefer, jan.bessai, constantin.chaumet, jakob.rehof,
christian.riest}@tu—dortmund.de

WAFR 2022
The 15th International Workshop on the Algorithmic Foundations of Robotics

June 22-24, 2022 at the University of Maryland, College Park
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Extension: generate-and-test loop for data analysis and learning

== |nput Goal Type

Inhabitation problem in CL

(CL)S

Generate

Learn

/7 setun tares
o (dim 4o+ @5 E s 0 deei 0
s C] e Caben( et » v
e 7 Mt Leren
A Tar cdom 4o+ @3 E s 0 deei
v felazaluera{t] = e Cabam Cotimeaprcts + {411
sl (116l ialaa (1)
| Hiaalummrtensld] = e ol mwbde flalccalawsfd}] s
e Aiwddial o ows [ ]- st [20438% (el Sam, 20 4 0k, dm, LERER ]y
T sotvletoges |‘delialueigenc|d]]5
A
P —
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Far (e o i
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Feature space exploration for sample-based motion planning

OMPL Example [1] Optimization problem

"Escape™: Result path along narrow passage

Function f: X — R, X denotes domain of interest (i.e. design space)
Optimization problem for mono objective : x,;, = argmin f(x), x € X

@ Design space X for planning programs: Planner, sampler, state
validator, motion validator

@ Solution vector in R": Maximal computation time, path length,
computation time, number of failures (i.e. planner failed to return a
result)

@ Multi-objective optimization: explore pareto front

Optimization problem

o Optimization problem is derivative-free due to ordinals, i.e. derivative
of f is not available

epy

@ Given problem can be solved via design space exploration (DSE) (also
referred to as derivative-free optimization (DFO), black-box
optimization)

0y e Hypermapper 2.0 [2]

Min
o Design of Experiment (DoE) followed by optimization
@ Assumes that f is deterministic

o Bayesian optimization with prior injection

s Random search

e Local search

Figure: Multi-objective optimization [2]

15.07.2022 50
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Feature space exploration for sample-based motion planning

Algorithm Feature
Space Definition

l Black-box Function (Inhabitation + Evaluation)

Input Algorithm Algorithm Feature

a

Configuration x € X Model
I'p: Combinator . Customized J Inhabitation Request: o] Inhabitation Resul
Implementations Repository T° r-7:7¢ nhabitation Kesult
Hypermapper 2.0:

Design of Experiment,
Active Learning Loop

-

Result Vector
(averaged over
executed instances)

Execution of Multiple
Program Instances

Python Program

1

OMPL: Code Templates
and Configuration

|

Tabular
Evaluation Report

Fig. 2. Overview of the approach: Hypermapper selects samples from the algorithm feature space. Samples are forwarded into the black-box function,
which generates Python programs that are executed to obtain evaluation information that is fed back to close the learning-loop.

15.07.2022 51



- technische universitat
dortmund

ﬁ
#

goal type

component
repository

Inhabitation problem in CL

sample-based
motion plans
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Schaéfer, Bessai, Chaumet, Rehof, Riest: Design Space Exploration for Sampling-based Motion
Planning Programs with Combinatory Logic Synthesis, WAFR 2022
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Feature space exploration for sample-based motion planning

Is= {

PlannerAssembly:

any_planner — any_state_validator —
any_motion_validator — any_simplification —

sbmp_input — sbmp_program,

PRMStarSchema :

(any_opt_obj — sampler_space — PRMStar) N
(any_opt_obj — sampler_valid_state — PRMStar) N
(any_opt_obj — sampler_informed — PRMStar),

ESTSchema :
obj_path — sampler_valid_state — EST,

[..]
}

Fig. 3. Excerpt of the semantic repository I'y showing the type signature
of the combinators PlannerAssembly, PRMStarSchema, and ESTSchema

15.07.2022

Computation Time [s]

Planners (Symbol):

W EST

® SBL

+ STRIDE
Sampling Strategy (Color):
Il Gaussian valid state
+ + [0 Max. clearance valid state
I Uniform valid state
L 2 Il Chbstacle-based valid state

30 ™

25

20 ]

+ +

600 700 800 900 1000 1100
Solution Path Length [arbitrary unit]

Fig. 4. Results for the motion planning problem ~Abstract”

Success rate (%)

— Abstract
— Apartment
~— Home
cubicles
— pipedream

10 20 a0 40 50 60 70 80 90 100
Iteration

Fig. 5. Success rate for various problem instances
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54th CIRP Conference on Manufacturing Systems

Automatic Building of a Repository for Component-based Synthesis of
Warehouse Simulation Models

Fadil Kallat™*, Jakob Pfrommer®, Jan Bessai®, Jakob Rehof*, Anne Meyer®

Motivation

* Decision-making process in factory and warehouse planning is often supported by
simulation studies

* But creating simulation models is a time-consuming and costly task
* Due to budget and time restrictions, planners often must leave out variants
* Research field “Automatic Simulation Model Generation” brought out many
successful approaches, but ...
* it’s still challenging to generate structural variants and
» corresponding complex control strategies, and

* many approaches are tailored to specific use-cases

15.07.2022
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Extensions to CLS-framework

== |nput Goal Type

Inhabitation algorithm for CL

Component
Repository in

‘ SCALA extension

PRE
Example: generation/config of components

Combinatory
Meta-Programs

Output Programs
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54th CIRP Conference on Manufacturing Systems
A Synthesis-based Tool Path Planning Approach for Machining Operations
Tristan Schiifer™*, Jim A. Bergmann®, Rafael Garcia Carballo®, Jakob Rehof®, Petra Wiederkehr®

Motion Planning Primitives

1

a) & b)

-u,lf!'H".‘,,

€)

Repository Overview

Combinator Name Type
AluminumRoughing CncTool N roughing N aluminum
AluminumFinishing CncT ool N finishing N aluminum
SteelRoughing CneT ool N roughing N steel
SteelFinishing CneTool N finishing N steel
GenericCompositionPcStep  PathCoverageStep Mo — PathCoverageStep N — PathCoverageS tep N«
TrochoidalSlot CneTool N — PathCoverageStep N« — PathCoverageStep N a N pcRoot
SpiralRoughing CneTool N — PathCoverageStep N — PathCoverageStep N a N peRoor
ContourSteel CncTool N steel = PathCoverageSiep N steel
ContourMultiTool CncT ool 0 raughing N aluminum — CncTool N finishing 0 aluminum — PathCoverageS tep N aluminum
ZigSteel CncTool N steel = PathCoverageStep N steel
ZigZagAlu CncTool 0 aluminum — PathCoverageStep O aluminum
SteelTrochoidal CncTool N steel — PathCaverageStep N steel

15.07.2022
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—— roughing
— finishing
0 workpiece
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Synthesis of Scheduling Heuristics
by Composition and Recombination

Dominik Mickel!®, Jan Winkels'®, and Christin Schumacher?®@®

Art des Maschinen-

belegungsproblems

(Identische parallele
Maschinen, Flow Shop,
Flexibler Flow Shop etc.)

Nachfragedaten

Ausschussdaten

Prozesszeiten

UmrUstzeiten

Zielfunktion

Nebenbedingungen

C Startheuristiken Kombination von
> Heuristiken >
Metaheuristiken e - O
L Evolutionare
Algorithmen

Nachbarschaftsstrategie

S n

Maschinen-
belegungsplan

__

Lernverfahren zur Verbesserung der
Syntheseergebnisse

o s

(© Springer Nature Switzerland AG 2021

B. Dorronsoro et al. (Eds.): OLA 2021, CCIS 1443, pp. 283-293, 2021.
https: //doi.org/10.1007 /978-3-030-85672-4_21
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Decision Pipeline Synthesis
Anne Meyer! und Jan Bessai?

Starting point Architecture decision pipeline synthesis

Decision-making in logistics usually requires
decision pipelines combining ML and optimization

historic prediclion Example: Decision pipeline for soiving a
senvice mode Tor service (capacitated) vehicle \probiem with a four
a5

ot ibrtagal

Dwm | ipetbes |
e P
- FatereCinisrerima A0l L 7] s S b, Fisistiaac
P ek pDRs

l. -

i [ [ simine L

Eﬂ_;_-glmﬂ' e €17 Pararvetartung | %1

Hypothesis 1: To automate the selection,
configuration, and deployment of decision pipelines
combining software synthesis and algorithm
selection and configuration is beneficiall

Hypothesis 2: Configuration of algonthms present
in pipeline components should consider the averall
pipeline performance instead of the isolated
performance of components!

technische universitat
dortmund

Hypothesis 1:

+ Working code generator for Python via synthesis
from abstract domain model

+ In a next step, the parameter space of the
algorithms present in a pipeline is also generated
to prepare algorithm configuration

Hypothesis 2:

+ At the moment we integrate SMAC3 as parameter
tuning tool

+ We develop performance measures considering
the whole pipeline performance

+ In a next step, we use real world data from
industry to test our system

Open questions

+ Do you know any similar work in this context?
+ Do you have ideas for evaluation?
+ Which conferences and journals fit well?

Related Work

Kalat, F., Pfommer, J.. BEE:.J.WJ.M.&(M!}MM of a Repostory for
Commponent-based SFI'B of Warehouse Simulation Models. 54th CIRP Conference on Manufacturing

Schafer, T Bergmann J, Garcia Carballo. R, Rehof. J., r{mﬂﬁ iz-based Tool Path
Planning Approach for Machining Oy 54th CIRP Ce r

Bessai, J. {ﬂﬂl!l}.ATxpe-'l'lmﬁcF!mmi mmwmd
Dortmund, Germany. DOI: http:iid:e doi.omy/'10.17877DE2O0R-20320
Meyu'A.Za:h'iKrwR‘-Seh!Tmlsjr‘ isi i D Eng

5. Wischmann, E A Hartmarn
m}mmmmmm{ammu|mmm&m4m 15

COSEAL Workshop 2021

15.07.2022

T anne2 meyer@tu-Dortmund.de | ? jan.bessai@tu-dortmund.de
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Proceedings of the 2019 Winter Simulation Conference
N. Mustafee, K.-H.G. Bae, S. Lazarova-Molnar, M. Rabe, C. Szabo, P. Haas, and Y.-J. Son, eds.

TRENDS IN AUTOMATIC COMPOSITION OF STRUCTURES FOR
SIMULATION MODELS IN PRODUCTION AND LOGISTICS

Sigrid Wenzel Jakob Rehof
Jana Stolipin Jan Winkels
Institute of Production Technology and [Logistics Department of Computer Science
Dept. of Production Org. and Factory Planning Chair for Software Engineering
University of Kassel TU Dortmund University
Kurt-Wolters-Str. 3 Otto-Hahn-Str. 12
Kassel, 34125, GERMANY Dortmund, 44227, GERMANY

15.07.2022

59



dortmund

technische universitat Fakultat fur Informatik
LS XIV Software Engineering

Conclusion

Many industrial applications. Some are surprising.
CLS approach works well in complex, real scenarios.
CLS-Framework is easy to use and easily exstensible.

Future directions around model-based training for Al.
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