JOHANNES KEPLER
UNIVERSITY LINZ



EFFECTIVELY USING AND
REUSING ENGINEERING
KNOWLEDGE IN A
COLLABORATIVE ENGINEERING
ENVIRONMENT

Alexander Egyed

alexander.egyed@ijku.at, http://www.isse.jku.at

J z U L Institute for

» Software Systems Engineering
JOHANNES KEPLER

UNIVERSITAT LINZ _ Technologies for building better software

4

\\J


mailto:alexander.egyed@jku.at
http://www.isse.jku.at/

WHO AM 1?

Currently at Johannes Kepler University
[0 Professor for
[0 Vice Rector for
[0 Head of

http://www.isse.|ku.at

Past Affiliations:

B Research Fellow at University College London, UK 2007

B Research Scientist at Teknowledge Corporation, USA 2000-2007
Doctorate Degree:

B University of Southern California, USA 2000
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http://www.isse.jku.at/

Johannes Kepler University
B 20.000 Students, 2.000 Staff

B Technology, Natural Sciences, Social Sciences,

B Largest Research and Teaching
Institution in Upper Austria
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Collaborative

Engineering




TEAM
WORK

JXU
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BUILDING A ROBOT

* The robot has specific
requirements,
perhaps with a
specific customer in
mind

JXU
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BUILDING THE FIRST ROBOT

File Edit

CH~EH G &:

@ Meodeling - Robot:M

Diagram  Na

= | [ *Main &2

nal ® Software Architect

earch  Proiect Modeling  Model Analyzer

'] use Cases
&
N (P £
D; +
o Move Object L7 ——
eSS Move
Mowve Arm s
Controller _ ) —
Action
Release Object

Grab Object

JXU
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WE
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BUILDING THE FIRST ROBOT

| € Modeling - Robot:Main - Rational® Software Architect
‘: File Edt Diagram Navigste Search Project Modeling

vl @@ R-Qiq- 2
iﬁ - Class Diagram
)
&
Ilb»l 1
| | Gripper | ‘
las = ‘
i g ;L_ul('nt:!h | <bot {
£ oven () J ‘ ’ ‘L‘
N . — |
5\l elbow 1 - shoulder
- elbo L
; , 2% Y |
[&]| & ' - ™ - |5 DistanceAngles2Lengthxlsx - Microsoft Excel — ‘ M e |l ledde |
Home Insert Page Llayout Formulas Data Review View Acrobat 2 9 o eH E3 ‘ &5 rotate () | jéavr()tatel'/ @:maren
|
A B C D E <] 1 '
1 name ‘Eign formula value unit[” Cia ! |
= . - o AMm "f i ’
2 alphaMin amin 'D.E‘rr | Lenath :Intecer
3 alphaMax amax 14 = | arm |
4 | betaMin bmin ad L .
5 betaMax bmax .8 rad i
6 desired GraspingDistance ddes 2m _ =
7 rRobot = wWnst = wow = sShoudder =] arooerGnppe
8 maxNormedRadius r1 (cos(a Jamin+tbmax),  ..97005907 1 e
9 minNormedRadius r2 {COS(a ' in)) 0.39716924 1 2 rotate |
10 |minArmLength X ddes/(riE | 1.27154487|m 1 '
M 4 » »| LengthCalculation ¥ = | » 1] ) , L] S
Ready | » -} {J +) S dose ]

JXU
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Datel Egbwient Anyicd Esvtipen Axie o Apmbtatnen  Teols  Nantun Feaeder N

D23 oo ) ] TN Arfe-r"aalRMb sk 868509
© USTERARY Ragasareiag arttpes becnde
Bo e
A O | ~N
ros
)
/
~
V|nv_o
1 OLOWERARMPRT ox

A VWNEIST Y

|| I ' - ™ - |+ DistanceAngles2Length.xlsx - r]
g

Home Insert Page layout Formulas Data R

A
name
alphaMin
alphaMax
betaMin
betaMax
desired GraspingDistance

maxMormedRadius

L= = RN = R, B R TR R S R

minMNormedRadius

b

10 |minArmLength
4 4 » ¥ | LengthCalculation %]

B
sign
amin
amax
bmin
bmax
ddes

X

formula

Ready |

JXU
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BUILDING THE FIRST ROBOT

Datel Egbwient Anmicd  Esvlipen  Armase o Appbiatenen  Teole  Nantan  Feneder  Hne

E2R&03 o' ¥ BTl n Brafe-raq@stsk e
Y T T T ———
B "0 (5]

" = o~

o

)

y

~
J OLOWERARM PRT :l >

= Java - Robot/src/Arm java - Eclipse - O :

File Edit Source Refactor MNavigate Search Project Run  Window Help

[ Robotjava &2 [

= i obot { ~
ble maxDistanc/ = 2.8;

id grab(do. ~=% throws DistanceExceededException, PhiExcee

distance > Roiot.mu~_ new DistanceExceededException();

eeouble d2 = Math.pow(distance,2);

double h2 = Math.pow(Rebot.safeHeight,2);
double c2 = Math.pow(Math.sgrt(d2z+h2), 2);
double 12 = Math.pow(Arm.length, 2);

double phil = Math.gces((c2/(2%¥c2¥12)))+Math.acos((d2+c2-h2/(2¥d2¥ ., |
double phi2 = Math.acos((l2+12-c2)/(2*12*%12)});

double phi3 = Math.agcos((c2)/(2*%c2*12))HMath.acos((d2+h2-c2)/(2%d2*h2});

rotate( phil, phi2, phi3 );
1

= public void rotate(double phil, double phi2, double phi3) throws PhiExceeded
if (phil < 11.5 || phil > 88.2) +throw new PhiExceededException();

segmentl. rotate(phil);
registerTimeOut(phil-segmentl.currentPhi, @.86666666); v

[ Arm java 2 = 8

public class Arm {
static double length = 1.5[;

| Writable | Smart Insert | 2:3

JXU
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IMPACT OF A CHANGE

7

leAnglesZlengthxlsx - MiCrosTt Excel

a1 - |
A k
. Javout Formulas Data Review Fyew Acrnbat“‘s‘? © == =

(2] e c \ [ho [e[5

‘Sign formula \ valdke unit
a1

What are the Links Iin Software
Engineering?

A Digitalization Problem 071
WSS (T L-1.L) ww;ucb
¥ NER il ! "_m

[EEERC I ——C

JXU
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Are Links Useful?




EXPERIMENT: ARE WE SURE TRACE
LINKS ARE USEFUL?

B Performing real tasks on real systems with/without real traces

B 52 students of computer science at the JKU
[0 Average industry experience: 1 year
[0 Development experience: 5.3 years
[0 Development with JAVA: 3.4 years

B 18 practitioners from Upper Austria

JXU
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RESULTS: BOTH PROJECTS

2 2
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REQUIREMENTS-TO-CODE TRACES
ARE ERROR PRONE IF DONE LATER

= Manual trace capture is error prone [Egyed at al. 2010]

100.00% -

[+ ]
ueﬂ,ﬂa%!,!- . o o
© ) L_J » —= L
= 80.00% P ° Py —
= 0 B
= 70.00% &
S 60.00% P————
= 5000% & & —2—
o 40.00% ¢
L  30.00% |
o
@ 20.00%
é 10.00% I

0.00%

0 2 a 6 8 10

Years of Industrial Experience

B Manual trace validation improves low-quality traces only
but worsens high-quality traces [Kong et al. 2011]

JXU
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IT°S ALL ABOUT DOCUMENTATION

We need to capture right away
B \What do we need to capture?

B How do we store it In a manner where we can
find it when we need it?

B How do we maintain it to ensure it stays up-to-
date?

JXU

© Alexander Egyed 2017
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Linking and Meaning
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A LINK EXAMPLE

Edtwient. Anmiced  Exfipem A9 anen Teols  Nanoun  Feneter N

4 NWFIST P

Home Insert Page Layout Formulas Data Review View Acrobat 2 6 = EH £3

Fs

4 A B c D E
Ty ame A sign  formula value unit

2 alphamin, amin 0.2 rad

3 alphaMax . amax 1.4 rad
4 |betal \“x\ bmin 0.4 rad
5 betar baax 2.8 rad

6 desir > ingDistance dde;“\\ 2 m

2 —_—

8 maxNormeonadius rl [CC}S[amin};tha;ﬁfnin+bmax}} 1.97005507 1

3 minNormedRadius r2 (COS{amax)-COS{amax “hmin)) 039716324 1

10 |minArmLength X ddes/(r1-r2) —'m‘ -
4 4 » ¥ | LengthCalculation %] (4] i *—,——‘-fﬁ
Ready | |E| 100% (=) (]

@ e

JXU
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MORE LINK EXAMPLES

@ Madeling - Robot:Main - Rational ® Software Architect

File Edit Diagram Mavigate Search Project Modeling

ELEEEHO RS- R R i

Rule: CADComponent.links->
JXU exists(l|l.target->exists(c|c.type(UseCase)))

© Alexander Egyée



TRACE MATRICES TO THE RESCUE

Hardware (CAD)
Naming Conventions is a E
Dangerous Thing LE
&
Move
v |Action
53 Move Object X X
Y IMove Arm X X
~ [Release Object X
Grab Object X

JXU
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LIVE FEEDBACK

1 Rule: self.receliveEvent.covered->

forAll(represents.type.ownedOperation->
exists(name=self.name))

B Grab an Object

E Robot
E E robot:Robot J E joints:Joints E g:GripperSlot
# arab () — I I
§ arrived () Wotate |

I
1.1.1: arrive! _u

1.2.1: opened

I
1: grab T

1.2: open :J_

2: rotate

2.1: arrived

3.1: closed A ‘hldden, Ilnk

JX <
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DesignSpace

a cloud infrastructure for
Integrating cross-tool
engineering knowledge




ENGINEERS CONTINUE TO USE
TOOLS BUT THE
DESIGNSPACE

IS AWARE

CAD Drawing

DesignSpace
P
Artifacts
Services

[Demuth et al. 2015]

© Alexander Egyed 2017



ARTIFACT: REFLECTION ON TOOL

ARTIFACT
INSTRUMENTATION AND ANNOTATION

]| & @ - - |5 DistanceAngles2Length.xlsx - Microsoft Excel

Artifact
o

Home Insert Page Layout Formulas Data Review View Acrobat %2 a = e 53_ TOOl:Excel
A B C D E .
1 name ‘Sign formula value i Englneer_PSMlTH
- - _'_‘_'_,_,_o—'—'_'_'-‘ — -

2 |alphaMin amin Svar=AlphaMin.In 0.2 |D—<UI"IIC|U€>

3 alphaMax amax $meta=Data . .

4 betaMin bmin a|pha|\/||n =02
5 betaMax bmax — —— _

6 desired GraspingDistance ddes iﬁ;};iﬁ;ﬂngmm&mce.ln alphaMaX - 14
7 1 —

8 'maxMNormedRadius ri (COs{ $vz]r=‘r|:1‘inn£rrmLeﬁg1-£.Dut 1.57005507 1 betaMIn . 04

9 minNormedRadius 2 (COS(|$mem=Dat m-msm 1 betaMax = 2.8
E' minArmLength

M 4 ¥ H | LengthCalculation

X

#a

ddes/(r1-r2)

[1275m87im ~

Ready |

TR— [l GraspingDistance=2.8

minArmLength = 1.27

Sync is fully automated




CONSTRAINTS BETWEEN TWO TOOLS
IN CLOUD

DesignSpace

upper.armlength=1.5
lower.armlength=1.5

Tool Artifacts alphaMin=0.2

alphaMax=1.4
(Fragments)
minArmLength=1.27

11111
2 |alphaMin
aaaaaaaaa

Tools
JXU
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CONSTRAINTS BETWEEN TWO TOOLS
IN CLOUD

DesignSpace

Tool Artifacts Nty upper.armlength=1.5
apy lower.armlength=1.5
(Fracments)

Micre=2 1t Excel I‘ - ‘:'_

|| i ¥ - - |+ DistanceAngles2Length.xlsx -
Home Insert Page Llayout Formulas Data Review View Acrnbat“ﬁ? 9 = B 23
A B c \D E |5

1 name ‘sign formula valde unit
2 alphaMin amin \ 0.2 rad

3 alphaMax amax 1 1.4:rad =
4 betaMin bmin \ 0.4 rad

5 betaMax bmax 2.8 rad
?'desired GraspingDistance ddes m
7

8 ‘maxMNormedRadius rl (COS{amin)-COS5(amin+bmax)})  1.97005507 1

9 'minNormedRadius r2 (COS{amax)-COS{amax+bmin))  0.39716924 1

10 minArmLength X ddes/(r1-r2) 1.78016282 m
M4 4 » M| LengthCalculation 2 NN i | » 1]
Ready | [Emm 0% o) U O

© Alexander Egyed 2017




CONSTRAINTS ON TOOL MODEL

DesignSpace

Artifact Arufact

‘ ~
Tool Artifacts alphaMin=0.2 : upper.armlength=1.5
alphaMax=1.4 H lower.armlength=1.5
(Fragments) N :
minArmLength=1.78

11111
2 alphaMin
aaaaaaaaa

Ysign formula value unit
amin 0.2 rad
amax 14'rad

4 betaMin bmin 0.4'rad
O O S 5 betaMax bmax 2.8 rad
| 6 |desired GraspingDistance ddes 2.8Im
7
8 maxNormedRadius r1  (COS(amin)-COS{amintbmax])  1.97005307 1
9 a:

© Alexander Egyed 2017




LIVE AND FINE GRANULAR

= Java - Robot/src/Arm. java - Eclipse = =

File Edit Source Refactor Mavigate Search Project Run  Window Help

J| Gripperjava [J] Robotjava 32  [J] DistanceExcesdedE J| PhiExceededExceptio = 8

k= public class Robot { ~
static double moxDistance = 2.8;

=] public void grab(double distance) throws DistanceExceededException, PhiExcee

{

if (distance » Robot.maxDistance) throw new DistanceExceededException();

double
double
double
double

d2
h2
c2
12

double phil
double phi2
double phi3

rotate( phil,

Math.pow(distance,2);
Math.pow(Robot. safeHeight,2);
Math.pow(Math.sgrt(d2+h2), 2);
Math.pow(Arm. Length, 2);

Math.acos((c2/(2*c2¥12)) )+Math.acos((d2+c2-h2/(2*d2*c2)));
Math.acos((12412-c2)/(2%12%12)};
Math.acos((c2)/(2%¥c2*12) )+Math.acos((d2+h2-c2)/(2*d2*%h2});

phi2, phi3 );

b

e public void rotate(double phil, double phi2, d

if (phil < 11.5 || phil > 88.2) +throw new PhiE
segmentl.rotate(phil);
registerTimeOut(phil-segmentl.currentPhi, @.86666666)

[¥] Armnjava 2

public class Arm {
static double Length = 1.5h

Writable | Smartlnset | 2:31

T1ava Fiald

Well-defined Data Structures with Types and
JXU Instances (similar to EMF)

© Alexander




Case Study: VHA

JXU
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THREE ENGINEERING TOOLS
[Demuth et al. 201@5;I

@ C/Ces - C\Useny\drress\ FMTClinfomgtésifi Hehenberger-EgyediUse_caseimodels\SWAID h - Ectipre
File Edt Source Refactor Navigate Search Prggect Run Window Help

- - . - i W ET® W v v N BrQeQ v

q"-"g g cice~

4
(]
fifndef 10N \ ,
gdefine 10 H |

2 2 Qamaratet Y dependencymodel genemodel Y. dependencymodel

Adefine hwlO_inl Sxeddl

adefine hwl0 in2 Sxast2

context EplanCodelLink

if self.define . map.scurce = self.define then
self.define.map.target.eplan. function.link.in = self.function
and self.define.map.target.eplan.function.link.out <> self.function

endif

A B c D £ G M | J .

Risk judgement and evaluation (EN ISO 12100:2010)

1

2

3

A Project : Consistency use case

3 +

& Wr.| Danger | Consequence | | __Uketyhood | frequency of exposwure | OFH ([Damage) | WP (@

r 1|Pmchad n between comeeyor bet | hand mury 1) befces | Protu by | Dady | frachue 1-2

8 |Zyafer | nearty impossible | DOaly | bruse | 1.2 persa
3

0

.o
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DesignSpace

Re-thinking much of software
engineering research




Collaborative Linking




| implemented Feature x here
but Bob had to make further
‘ . changes also.

CAD Drawing = e Java

[oevap——

Alice was asked
to implement
Feature x

| used the arm length
computation here and also let
Emma know for the design S U (S P
B computation was -
used by Carol.

ngles2Lengthxlsx - Microsaft Excel - ORd

© Alexander Egyed 2017



LINKING

B Complementary Understandings
0 David knows that Alice implemented the use case
O Alice knows where she implemented it

B Uncertainties [Ghabi-Egyed 2015]
0 The feature is implemented here but Bob made further
changes
B Transitive Meanings [Kuang 2015, Ghabi-Egyed 2012]

[0 The use case was modeled in this sequence diagram. This
sequence is implemented in that code

Research on Language and Reasoning Engine for Complementary,
Uncertain, Transitive Statements

JXU
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Collaborative Awareness

(The Changes of Others)




MULTI-USER ENGINEERING

DesignSpace ALIES
Tool=Excel
Engineer=PSMITH
alphaMin=0.2
alphaMax=1.4

Public ;T-l.inArmLength:1.27 tSS

Private Artifact

Tool=ProEngineer\
Engineer:BANDEF{
upper.armlength=1.5
lower.armlength=1.5

commit

JXU

© Alexander Egyed 207 =




MULTI-USER ENGINEERING

DesignSpace

Public

PI‘iva te Artifact o

Tool=Excel _
= A\
Engineer=PSMITH Tool PIrelETg s,

i Engmeer-BANDEFQ
alphaMin=0.2 &
alohaMax=1.4 upper.armlength=1.5

P N lower.armlength=1.5




Collaborative

Consistency




CHANGE

Rule: self.receiveEvent.covered->
forAll(represents.type.ownedOperation->

exists(name=self.name))

Q Robot

# arab ()
§ arrived ()

robot:Robot E joints:Joints E q:GripperSlot

.1: rotate

© Alexander Egyed 2017
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@ 1500 o /s
c *
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= 1000
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© *
-
©  gop * /e
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0
100 1000 10000 100000
JXU .
model size
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3000

4 2500
c
O
O
D
2 2000
&
=
O 1500
£
S
= 1000
© Model Analyzer
c_>5 [Egyed 2011] Approach
®D....500 /
0 o e e I——
100 1000 10000 100000
JXU
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CONSISTENCY CHECKING IN TOOLS

CAD Drawing

’ Comprehensive Consistency Checking not
straightforward - n-fold integration problem

© Alexander Egyed 2017



CAD Drawing

____ ettty e

Comprehensive, Uniform
Consistency Checking

DesignSpace

1 name sign  formule value it

But what about the individual views? Impact
of Changes?

J¥YU
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[Demuth et al. 2016]

Comprehensive, Uniform
Consistency Checking

D e S I n S aC e T 9 - ® -5 DistanceAngles2lengthxls - Microsaft Excel = B RS
Home Inset Pagelsjou: Fomuias Dats Review View Aobat ¥ @ = @ &
6] 3

<R 2

ign  formule ‘Vsm
Artifacts

b [ef
e uiit

© Alexander Egyed 2017



Collaborative Repair and

Change Propagation




REPAIR

Class Diagram

E Control E GripperSlot

E| Grab an Object

robot:Robot E joints:Joints E q:GripperSlot

Q Robot r——-g\\

# arab () " | I

JXU

© Alexander Egyed 2017

|
§ arrived () : 1: rotate  _ | :
| ] 1.2: open I
| |-
3 E : q 1.2.1: opened T
Joints '
E ®— | g ma | I:J |
- 2: rotate —
o= | : . |
§%, rotate () g i | : : g
Q (Eg act | | _2.1: arrived |
ek | |
M | Q | 3: close _ |
| | 3.1: closed |
| 5 |
| | |



RE PAI R Locations

E Class Diagram

Q Control

(N ) .l' 00 09
ﬂ Qkobot 000000000000 00
. E .‘ E robot:Robot E E joints:Joints E g:GripperSlot
%qrab () | |

& arrived () 1: grab T 1.1: rotate | |
ﬁ 1.1.1: arrived WJ

e00000000 0000,

121 opened— | Poee.,

T

|

1.2: open

3
Q Joints

ﬁ rotate ()

2: rotate

Generating Concrete Repairs is a Massive
Seach Space Problem

JXU
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BENEFITS

1000
O # Small Rules Actions
O # Medium Size Rule Action 1 |
O # Large Rule Action
100
10
1 II[:]II

54 95 1789 1707 2438 2593 2809 5373 16255 33347

JXU

© Alexander Egyed 2017
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COLLABORATIVE REPAIR

M Individualized Repairs
[1 Considering private changes
1 Filtering changes relevant to ones own work

1 Complementary Changes
@® If Bob resolve the inconsistency this way then Carol’s
choices are reduced

JXU
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JXU
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0
VARIABILITY ..|%' =

M Variable System: a system whose features are variable

[Joperating system and hardware platform
(different variants (demo, premium, ...)
(drequirements differ for customers

me!l
JXU

© Alexander Egyed 2017

A6

Source: https://www.ubuntu.com/

60


https://www.ubuntu.com/

L"-‘

BUILDING THE FIRST ROBOT

=] - |= DistanceAngles2Lengthuisx - Microsoft Excel - olEd
I ove e Fagelsout Fomuies Data Review View Acobat v @ = @ B

A B c D e 5
1 |name “sign  formula value unit
2 |alphamin amin 0.7 rad
3 |alphaMax amax 14 rad
4 |betaMin bmin 0.4 rad
5 |betaMax bmax 2.8 rad
6 |desired GraspingDistance ddes Im
7
8 | maxNormedRadius rl  (Cos(amin)-COS{amintbmax)) 197005907 1
5 |minNormedRadius r2 (COS(amax)-COS(amax+bmin)} _0.39716924 1
10 |minArmLength x ddes/(r1-r2) e ~
W _4» | LengthCalculation . ¥J 0Kl |
Ready | | (2|0

[3) Robot

i) g public class Robot

double d2
double h2

double 12

double c2 =

double phil
double phi2
double phi3 = Math.acos((c2

Robot 1

oA

Java - Robot/src/Armjava - Edlipse

Fe Refactor MNavigate Search Project Run Window Help

tiava &3 =
{ ~

static double maxDistance = 2.0;
public void grab(double distance) throws Distanceexceededexeeption, PhiExcee

if (distance > Robot.maxDistance) throw new DistanceExcesdedexception();

th. pon
th. pont
th. pon
th. pon

distance,2);
Robot. safeHeight,2);
Math.sqre(d2+h2), 2);
Arm. Length, 2)

= Math.acos((c2/(2*c2*12)))#iath. acos( (d2+c2-h2/ (2°42%c2)));
Math.acos( (12+12-c2)/(2*12*12)) ;
)/(2%c2*12)) #iath. acos( (d2+h2-c2) /(2*d2*h2));

rotate( phil, phi2, phi3 );

public void rotate(double phil, double phi2, double phi3) throus Phisxceeded

% if (phil < 11.5 || phil > 86.2) throw new PhiExceededException();
Madeling - Rabot:Main - Raticnal® Software Architect Segmentl.rotate(phil);
registerTime0ut (phil-segnentl, currentPhi, 0.86666666); v
fle Edit Dugram Neage >
= =g
M 1 lass Arm { N
A ic double Length = 1.5k v
Use Cases
| Writable Smartnsert | 2431
Move Object
Move
D Modeting - Robot:Main - Rationat are Archiect = o <
Eile Edit Disgram MNevigste Broject Modeling Model Analyzer Bun W
= St i i~ & = = =
Move Arm = Class Diagram
Contyoder
Robot
- =
Helease Obpect 1 T e =

Geaty Object

JXU

© Alexander Egyed 2017

ousder

Shoulder

CAD

Computations (Matlab)
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BUILDING THE FIRST ROBOT

‘ -/ Robot1l mcCAD
) | B Computations (Matlab)
. — | = m EPlan
o= SRS
Al I = | B Modelica
-] B SysML/UML
=l [ B Test/Use Case Scenarios
i B Configuration Databases
B Commissioning Parameters
B Source Code
H .
JXU
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BUILDING THE SECOND ROBOT

Robot 1
B The second robot is
“kind of like” the first
robot
-
B A max distance the
robot needs to be l

able to reach Is 2.8

meters Robot 2

B Also It needs a P

different gripper ‘ | //
[

JXU

© Alexander Egyed 2017




CLONE AND OWN THE ENGINEERING
ARTIFACTS OF THE FIRST ROBOT

‘ ~| Robot 1
¢
1 = LL(gs]
=l
@ - \
y =
sim |4
L :—j'
Clone and Owr b
@ S—
J\YU Robot 2 1
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MAKE CHANGES AS NECESSARY

-1 Robot 1

sim |4

T letas

]| " ® - - |5 DistanceAngles2Length.xlsx - Microsoft Excel - O
Home Insert Page Layout Formulas Data Review View Acrobat %2 a (=
A B c D E 5]

1 name ‘sign formula value unit

2 alphaMin amin 0.2 rad

3 alphaMax amax 1.4 rad

4 betaMin bmin 0.4 rad =
5 betaMax bmax 2.8 rad < —
Eldesired GraspingDistance ddes I E.E:_Im sm 1

7 7

8 'maxMNormedRadius rl (COS{amin)-COS{amin+bmax)})  1.97005907 1 Xj

9 minNormedRadius r2 (COS({amax)-CO5({amax+bmin)) 0.39716924 1 i

10 minArmLength X ddes/(r1-r2) 1.78016282 m

4 4 » M| LengthCalculation %] ] 4| _ | b_|I| FAB‘

Ready | |@@ M 1009 (=} L] (+)

JYYU Robot 2 1
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MAKE CHANGES AS NECESSARY

Robot 1

Tevls  Maneun Feneter N

DZRealdlo- o ¥ SBDititn ArFe-"aa@hsts

Datel Edbwien Anvicd  Erpes  Amsae i Apmbramanen

sgklesY
© USTERARY Ragasetatang artapens tecnde
B
Moxiribaum _1.
S L
1
5

) ILOREF
1 OLOWERARM T
A WRST AT

JXU
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MAKE CHANGES AS NECESSARY

- Robot 1

¢
sim |4
y N
-
¢ =
sm |4 anas
= :
Al =]
Clone and Own ==l
[

JYYU Robot 2
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BUILDING THE NEXT ROBOTS

Robot 1 Robot 2 Robot 3

—

\Nd/

JYU - Robot n

© Alexander Egyed 2017




Solution

Existing Products

Robot 1

Robot 2

Robot 3

JXU

Short Upper Arm
Short Lower Arm
Blue Gripper

Long Upper Arm
Long Lower Arm

Yellow Gripper

Short Upper Arm
Short Lower Arm

Yellow Gripper

Extraction

Compares
products to
identify
commonalities
and differences

Completion

© Alexander Egyed 2017

T/

ECCO Tool

Fragment Repositor
\9 P Y/

|

; B "‘

- | L]

@
=
Commonalltles and
Differences are stored as
Com pOSItIOI’l Product Fragments

New Robot Composed
from Existing Fragments

Short Upper Arm
Long Lower Arm

Yellow Gripper /&5

Pedestal WEW;! I | J_‘




public zlasx C . . Lrpl 3
protected List<Line> lines = new LinksdList<Line>();
Paint atazs, end;
proteated Line newlioe = null;

publio ssun TigureTypes |
NoNT,
LINw

1]

piblle FigureTypes figuredelected = FigureTypes.NINE;

public void paintCoaponent (Graphics g) |
supor . paintlonponent (g))
g.setlolor{Coloz . WHITE) )
¢ fillRect{0, D, getMidech(), getReight()))
for {Line I  Limes) |
L.palnt(g)s
|
|

publisz void wipe{) |
this.lines.cleas{);
this.zepaint{);

| public class < ds O irepl

T .
protected List<line> lines = new Linksdlist<Line>{);
Poine astacs, end;

protacted Lise nawline = null;

public wmun TiguraTypes |
wonw,
Ty

Iz

public FigureTypes figurelelected = FigureTypes.NOwE;
protacted Color color = Celar, BLACK;

public void paintCosponens (Graphics gl |
supey . paintCopooent (gh;
g.setTolor|Color. NNITE) 3
g.£illPecs (0, O, gesMidshil, gesdeighs())s
for (Line § & limes) |

Lypaintigiy

]

|

publio void sezColor(ftring ocolor@tringl |

Af (oolor@tring.egusls ("fed™})
oolor = Color.red;

elss If (color@tring.equals{"Grean™l)
color = Color.green)

else If |color@sring.equals{"Blua®))
oolor = Color.blus;

olss
oolor = Color.blaok)

public class < s JToNg Lmpd Mousali
protected List<Lipne> lines = pew LinkedList <Lime>()y
protected Lisc<Basichectangle> rects = wew Lickedlist
foint stary, end;
protected Line newlisne = null;
protected Sasichectangle newhect = nully

public ssun figureTypes |
o,
Linx,
Az
b

public FigureTypes figurefelected = FiguseTypes.NORS;
protacted Colse =elar = Color.BLACK;

publio void paintCosponant (Goaphice gl |
supar.peintiomponent ig) ;
G.setColor (Colar.RNITE)
g-fillRect ({0, O, getWidch() ,getlimight ()}
tor(Line 1 1 lines) |
L.paintigly
|
for (BasicRectangle r | rects)|
r.paintigl 1
|
'

public void serfolox (8vring eolor@rtringl |

Lf (cclarfString.eqguals (“hed”))
selor = Color.szed)

else if (cclarString.equals{“Grean”™))
solds = Color.greens

else Lf (colozsSerisng.equals{“Blue®))
color = Colar.blue;

wlse
e=liar = Calor.bBlack;

JXU
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class Canvas |
List<Line> lines;
List<Rect> rects;
void wipe() |
this.lines.clear();

class Maln extends JFrame|

I initContentPane() |
toclPanel ,add(lineButton);
toolPanel . add(rectButton);
toolPanel,add (wipeButton);

class Line |
Line (Point start) |

class Rect |
Rect (Color ¢, int x, int y) |

71



ifrean e bt et OV
» pewcian s auhe - miuk Ant1Y)
> -3, eakruttaings i enet:
TS
B e el s Laetoeds | B e nmeow $1)
4 = colnRiman: «Uncketined > (1) = sy integeri ]

—

Ve
- - wvws by |
" e Pl

no— )
tﬁm

T T
B e integes (1)
et AL )

JXU

© Alexander Egyed 2017

=+ Imetiumon: «Undefineds (1)
+ wipefiicton <Undefined> [1]
ip wmm_m

S——
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o yomiege 11
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(a) Base Variant

(b) Bigger Base

(c¢) Bigger Ground

JXU

© Alexander Egyed 2017

(a) Claw Arm and Bigger Base

73



COMPOSITION

B After only few input variants precision and recall are close to 100%
B 6 Systems: Source Code <344KLOC, <256 variants, <15 features

Recall and Precision of Output Variants
-~ Recall - Precision

100

90

[Fischer et al. 2014, Linsbauer et al. 2013]

0 20 40 60 80 100

80
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Input Variants



Variant 1
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