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Variant-rich automotive configuration

» Variant-rich ,individualized mass production®
= Configure 1 out of ~1030 cars, observing Boolean constraints

» 2 Levels: Product description (PD) + parts list (BoM)
= High Level PD: Which configurations can be built?

=  Boolean constraints system, ~500KB, 1000s constraints, ~103° solutions
= Daimler: PU; VW: MBT; BMW: VRM; GM: VDS; Renault, Peugeot, ...

= Low Level BoM: Which parts go into each configuration?
= List of all (10,000s) parts for each model line (e.g. C Class, A4, Golf)
= Boolean conditions (if cond then part) select the parts for each order

» Mechanical Theorem Proving - Formal Verification
= verify properties, detect defects, answer queries, optimize
= with respect to the full theoretical variance (~103° orders)
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Mercedes High-Level Product Description

Example: E-Class

e approx. 1.500 codes (options, countries, ..)
« approx. 3.000 rules in product overview (PU / PD)
* rule-based BOM with approx. 35,000 parts.

« B(code): condition for presence of code in order

« Z(code): condition for automatic addition of code
B(P09) = 297+540+543;
B(610) = (512 / 527 / 528)+608+ -978;
Z(P09) = (M271 + -M013 / M272) + 830 /
Z04+ -(M273 + Z27)

Z(682) = 623 /830 /513L

B(450) = L+965+ 670+837+ -P34+
((M271/M651)+(953/955)+(100A/200A)+(334/335)+(301/336/337) /
| M642+(2XXL/557L/571L)+(953/955)+(100A/200A)+(334/335)+ (301/337));
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Low-Level Product Description (BOM)

» BOM — Bill-of-Materials
= List of Materials (parts, software, colors) for entire car model line
» Grouped by Functionality (e.g. steering wheels, headlights,...)
= Within group: List of alternative parts (materials)

= List of Tupels: <Material, Boolean Selection Condition>
B Benennung Codebedingung
FOS [ZB RAD 24F
FB B RAD MIT REIFEM 34F
Pl 5] RAD T FJ X 1BHZ + 20555 R16 91Y JR+R01+22;
Pl 5] RAD I FJ X 16HZ + 2058 R16 91Y JR+R0 22+ 7054 7a):
7B RADVTIX 16H? + 2058M5 R16 91wy J4R+R01+4a0;
7B RADVTIX 16H2 + 205558 R16 91wy JR+RO1+HA0+(4T0MATEY:
7B RADJFI X 1BH2 + 205855 R16 91H JAR+RE01+2;
FB RAD I FJ X 16HZ + 20555 R16 91H J4R+R01+W21+(4 70547 AY;
Pl 5] RAD 7] X ABHZ + 20555 R16 91W HR+RO1 +#50+M 27 2+ 35+M 01 2;
Pl 5] RADITI K 16H2Z + 2085 R16 91H AL, [F4R+R0Z+W21;
7B RADITI X 16H2Z + 2085 R16 91H M. [F4R+R45+2 1,
7B FADT I 16HZ + 2085 BT 91H M. [F4R+E45+ 2T +{4 7004 7a);
FB RADSTI X 16HZ + 2068 R16 9TH M. [F4R+645+W21 +02T7 2 +M35+001 2

Wolfgang Kichlin, WSI und STZ OIT, Uni Tubingen

04.03.2020




Verification by Auto.Prove Mechanical Prover

Standard Checks on PD

» Codes which CANNOT be selected
» Codes which MUST be selected
» Per Model line, model, country ...

Standard Checks on BOM

Product description
formula PDF

Property
formula P

» No-Hits (part is missing for some car)
¥ » Double-Hits (some car gets 2 parts)
» Orphaned parts (no car gets the part)
Auto.LIb + Individual (free) Queries
Auto.Prove > Codes optional in US, ....
Verification » Parts deliverable to Japan, ...

» => Configurator

g Property holds always / does not hold always
(plus example of car / proof for no car)
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Query Example: Explaining PD Inconsistency

Ex: Country code 817L , Taiwan* impossible for station wagon, model type Cxxx

Analysis of product description which yields contradiction and pinpoints the problem:

Code rule for 817L (Taiwan): L+M272+M30
o Auto.Prove> Code rule for M30 (displacement): M642 / R
Code rule for M642 (engine): -M272

Conclusion:

Taiwan (817L) requires L+M272+M30. Since engine displacement M30 with motor M272 requires
right-hand steering R, no orders for Taiwan (817L) can be manufactured.

—> The product overview is defective / incomplete and the wagon is impossible for Taiwan!

<SR < <

y cause significant damage (Mio Euros):
ations to Asia

lons to China
display Latin characters
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Our SAT based configurator framework Auto.Config

» Car configuration task
= User enters some option combination A+B+...
= User selects any option family F in any order (e.g. motors, seats, wheels ..)

= Auto.Config computes paths to success (SAT Solving the config rules)
= which options in F can still be selected (which are implied / which are impossible)
= and which BoM parts are already implied / which are impossible / still possible

= User selects an option O in F and repeats the process with A+B+0O

» Re-configuration task
= User selects an impossible option O
= Auto.Config computes (using a MaxSAT algorithm)
= minimal change to order (undo previous selections) so O can be selected

» Weak learning Al?

= we program only the Config framework, then load (learn?) PD and BoM rules
= |f Config is wrong, error can be in programming, or in the rules

Wolfgang Kichlin, WSI und STZ OIT, Uni Tubingen 04.03.2020 7 S R



Example: Configuration with Auto.Config

=

F| AutoConfig - Prototyp (STZ OIT Tibingen) - Version 2014-11-20 = |8
g typ g

Start Wlth a mOdel File Selection Operations Automatic Operations Settings About

Input Order:

AutO.Conﬁg (#Options: 0)

o {Sum Priorities: 0}
computes arbitrary
PD_Valid Order / Qutput Crder: BE1 BFM BG4 B8GY @17 KA BaTA 2WN aY2 OYZ 8ZP 1AM 1CP 1D7 1EE 1G8 1HK 1L@ 1N3 1INL 1PA 158 1T@ 1u8 1'.-12 1va 1IZE| "

(#0otions: 188 288 2E3 201 210G 2KU ZMD 2M2 2P1 2PG 20@ ZQE 2V5 2WA 3B@ 3CD 3HA 3J6 3JA 3L3 3LN 3M2 3R@ 3RC 354 35H 3TH 3Ue
ER g ) 3UA 3VA 3WB 3MA 3Y@ 3YQ 4AG 4B2 4E3 4F@ 4FU 4GF 4H@ 4HH 4JH 4L2 4LA 4N2 4R1 451 454 4TA 4UC 4X@ 4Y@ SAD SBP
{Sum Priorities: 0) 5C8 5CL 5D@ 5DV S5FA 5G@ 5K@ 5N3 SNC 50@ 5R2 SRV 551 5TC 5V3 6B8 6CA 6FB 6KC 6L@ 6N3 6Ue 6X2 6XN 7AA 7B@ 7Ke

> Select any Option | Nt | ;Ij_z gii T0R 7QA Fva TX2 JYe 7YE BAE BEK BFA 8GG@ 8K1 8MN1 300 BQK BRD 85A 8T@ 8TD 8WB 8X3 8Y@ BZo 9AA 9CU 9H8 N

9LA 9MB SN1 SNA 9P@ 90Q1 9We 9SWC 9Y@ ABB AE® AFA AWS BeA BL4 C2G C33 E5T EJIS EUe FBA FC1 FM1 GBC GPe

Y V

fal I " Iy \ Rules |  CustomRules | Families |
> ' ARU (Aktionsausfihrungen] - Selection Pricrity Name Description

9
B O I d Auto . Conflg ABR [AbschlieBbare Radschrauben)| 0 | EOA |Keine Aktionsausfuhrung

AED (Fahrzeugklassendifferenzierur|
p p AHY [Anhangevornchtung) =1 0 ; E3T |"Life"
AIB (Airbag) ! 0 E5T |Transporter Edition
| 0
0

ava”able fOI’ th|S ALF (Ablagen Fahrerhaus) ESU |California Edition

ALG (Ablagenpaket) E79 |"Special"

m O d e | ALV (Armlehnen fir Vordersitze)

ASE (Aulenspiegel-Einstellung)
ASG (Anschlussgarantie)
> Gre . Auto Confi ASL (AuBenspiegel links)
y L] L] g ASR [AuBenspiegel rechts)
AUD ("Multimedia™Video/-DVD/ Mo

CO m p uteS O ptl O nS AUE (Achs- / Gangiibersetzung)

| AUS {Ausstattungsstufen)

n Ot aval Iab | e for th is ig;; {[BBaa:tEe:fen:"mt besonderer Cber

| BED (Bedienelemente (Lenkrader/Le
mOdel I !BEL (Instrumentenbeleuchtung)
| BFH (Bodenbelage im Fahrerhaus)
| BFL (Badenbelsge im Fahrgast- / La
| BGK (Batterien/Generatoren Kapazit
| BLB (Bauteilesatz landerspezifischer ~

‘| m | b
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Example: Configuration with Auto.Config

» Select any option
family

» Select any a
option

» Auto.Config
re-computes PD-
valid order with
selected option

» Bold: Auto.Config
computes options
available for this
Input order

» Grey: Auto.Config
computes options not
available for this
Input order

| File Selection Operations

Input Order: E3T(1)
(#Options: 1)

[Sum Priorities: 1)

Qutput Order:
A (#Options: 188)

Sum Priorities: 1)

Automatic Operations

n) - Version 2014-11-

Settings

GZ @1Z @KA BTA eWS aYz @YZ @ZN 1AM 1CP 1D7
G 2KU ZMD 2N4 2P2 2PG 20Q@ 20D 2Vv5 2WA 3B¥ 3CX 3HA 313 3]A 3L3 3LQ 3M7 3R@ 3RC 354
3YR 4A3 4B2 4C@ 4ES 4FH 4GF 4HG6 4HH 4I2 43H 402 4LA 4N3 4RI 451 45M 4TM 4UF 4X3

About

1EY 1G8 1HA 1le 1N3 1ML 1PA 1S& 1T1 1U3

FA 5G1 5K@ 5MD 5Ne& SNC 502 5R2 S5RT 556G 5V3 6B3 6CE 6FB 6KC 6L@ 6MN3 6U2 6X4 &XN

ABR (AbschlieBbare Radschrawgen)| |
AED (FahrzeugklassendifferenzierwE
AGM (Abgaskonzept)

AHV (Anh3ngevorrichtung)

AlB (Airbag)

ALF (Ablagen Fahrerhaus)

ALG [Ablagenpaket)

ALV (Armlehnen fir Vordersitze)
ASE (AuBenspiegel-Einstellung)

| ASG (Anschlussgarantie)

| ASL {AuBenspiegel links)

!ASR {AuBenspiegel rechts)

|AUD ("Mukimedia™Video/-DVD/No
| AUE [Achs- / Ganglbersetzung)
!PLUS (Ausstattungsstufen)

BAT (Batterien)

BBO (Bauteile mit besonderer Ober
BED (Bedienelemente (Lenkridder/Le
BEL {Instrumentenbeleuchtung)

BFH (Bodenbelage im Fahrerhaus)
BFL (Bodenbeldge im Fahrgast- / La
BGK (Batterien/Generatoren Kapazii
BLB (Bauteilesatz landerspezifischer =

m 3

(I

Families

J9 EU@ FeA FC1

7Y@ TYE BAE 8EL BFA 3GV 8K1 BNl 8Q@ B8Q] BRE 85D &T@ BWE BX3 8Ye 8i4
9¢1 9WC 978 97A ABE AE@ AF@ AWS BBA BL9 C2G C33 D9

1We 1¥a 1Zae
35F 3TF 3Ue
4Y@ S5AD SBE
7AA TBD Tk
9CH SHa 91A
FM1 GeK GPa "

Keine Aktionsausfiihrung

Description

Selection Rgority Name
0 EOA

E2A

Multivan Edition25

E3T

"Life”

EST

Transporter Edition

ESU

California Edition

Do|lo|-=|a

E79

"Special”
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Example: Configuration with Auto.Config

: ) AutoCanfig - Prototyp (STZ O Tbingen) - Version 2014-11-20 lol e
> SeleCt any Optlon File Selection Operations Automatic Operations Settings About

fam”y [I:g:th:;::r} E3T(1) 1IRC(1)
> Select any available

1 Cutput Order: AE1 @FM BG4 J7 AKA BTA QWS aY2 8YZ @ZN 1AN 1CP 1D7 1EY 1G8 1HA 118 1N3 lNSB 1T1 1U3 1We 1Ye 178
Optlon 288 2E3 262 216 2RY 2MD 2N4 2P2 2PG 208 20D 2VS 2WA 3B7 30X 3HA 3]3 318 3L3 3LQ 3R@ 3RC 354 35F 3TF 3U8

(#Options: 188) s 5 = - s 1 4 a4 Al E
IVE 3W3 3WA 3V7 3YR\4A3 4B2 4C@ 4ES 4FN 4GF 4H6 4HH 412 41H 412 4LA 4N3 4R1 451 45M 4TM 4UF 4X3 4¥@ SAD 5B

(Sum Pricrities: 2) 5C1 5C3 5D1 5DD 5FA §G1 SK@ 5MD SMe SNC 50Q2 SR2 SRT 55G 5W3 6B3 6CE 6FB BKC 6LO 6M3 6U2 &X4 6XP 7AA 7B@ 7KO

7P1 708 7QA 7ve 7Y@ 7YE BAE BEL 8FA 8aGV BK1 8Nl 80Q@ 8QJ1 8RM 35D ETBI.\.'E 8X3 BY® BZ4 9CH 9He 2]1A
Valld Order Wlth AAU (Aktionsausfihrunget * || Selection Pridgty Mame Description
ABR (AbschlieBbare Radschrau =] o

9LA 9M@ 9N3 9NA 9PQ, 9Q1 SWC 9Z@ 9ZA ABE AE@ AF@ AWS B@A BLS C2G C33 D9l Jo EUe Fea FC1 FM1 GeK GP@ X
AED (Fahrzeugklassendifferenzierur| = i J P ol thieaibicn Soiniad

se | ected o) ptl on AGM (Abgaskonzept _ E 1} 1PC |Radschrauben mit Diebstahlsicherung _(nicht abschlieBbar)
AHV [Anhdngevorrichtung)
AIB (Airbag)

> Bold: AUtO.Conﬁg ALF (Ablagen Fahrerhaus)

ALG (Ablagenpaket)

a ALY [Armlehnen fir Vordersitze)
CO m p uteS O ptl O n S ASE (AuBenspiegel-Einstellung)
| ASG (Anschlussgarantie)

i | bl f h I EASI_ (AuBenspiegel links)
aval a e O r t IS | ASR (Au!%‘enspliegel rechts)
. | AUD {"Multimedia"Video/-DVD/Nor
Input Order EAUE (Achs- / Ganglbersetzung)
| AUS {Ausstattungsstufen)
BAT (Batterien)

> G rey: Auto . CO nfi g BBO (Bauteile mit besonderer Ober

. BED (Bedienelemente (Lenkrader/Le
BEL (Instrurmentenbeleuchtung)

CO m p UteS O ptl O n S n Ot BFH (Bodenbeldge im Fahrerhaus)

BFL (Bodenbeldge im Fahrgast- / La

avai |ab I e for th IS BGK (Batterien/Generatoren Kapazit

BLB (Bauteilesatz landerspezifischer =

Input order e :

(Sum Priorities: 2)
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Example: Configuration with Auto.Config

Select any option
family

Select any available
option

Auto.Config
re-computes PD-
valid order with
selected option

Bold: Auto.Config
computes options
available for this
Input order

Grey: Auto.Config
computes options not
available for this
Input order

File

Selection Operations

Input Order:
(#Options: 3)
(Sum Priarities: 3)

Output Order: @E1 BFM BG4

E3T(1) 1PC(1) 7MG(1)

Automatic Operations

L 2E3 2G1 231G 2KU 2MD 2
(FOptions: 188) 3.3 3 3v7 3vR 443 4
(Sum Priarities: 3) D1 5DD 5FA 5G1 5K
| = | P1 708 704 TV@ TX2
= WL SLA 9Me
les Custom Rules |

B1Z OKA WTA BWN @Yl avZ
2p2 2PG 208
4C2 4EB 4FN
SMD 5N& SNC
7Y@ TYE BAE

Fariilies

Settings

8zM
20F
AGF
502
BEL
974

s |

About

1CP 107 1EX 1G8 1HZ 1Le 1N3 1N:Sa 111 103
2WA 387 3CX 3HA 313 3JA 303 3LQ 37 3Re 3RC 354
4HH 4I2 4JH 4L2 4LA 4N3 4R1 451 45M 4TM 4UF 4X7
SRT 556G 5V3 6B3 6CE 6FB 6KC 6L8 6N3 6Ul 6X4 6XN
8GU 8K1 BN1 8Q1 &Q1 &RM 85D 8TC BWE 8X3 8Ye
ABE AE@ AF@ AWS BBl Bex C2G C3@E]9 EUd FeA FC1

1@
35F
4ya
TAA
BZ5
FMl

1Ye 1Ze 248
3TF 3U5 3vX
5AD 5BG 5Ce@
768 7K@ L3
aCH 9H@ 9JA
GaC GPa GX3

m

EHAU (AktionsausNrungen)

EHER (AbschlieBbare chrauben) |
| AED (Fahrzeugklassendiffe
| AGM (Abgaskonzept)

| AHV (Anhangevarrichtung)
| AIB (Airbag)

| ALF (Ablagen Fahrerhaus)
|ALG (Ablagenpaket)

EHL'U' [Armlehnen fiir Vordersitze)

| ASE (AuBenspiegel-Einstellung)

| ASG (Anschlussgarantis)

| ASL (AuBenspiege! links)

|ASR (AuBenspiegel rechts)

EAUD {"Multimedia"Video/-DVD/MNo:
EAUE (Achs- / Ganglbersetzung)

| AUS (Ausstattungsstufen)

BAT (Batterien)

BBO (Bauteile mit besonderer Ober
BED (BEedienelemente (Lenkrider/Le
BEL (Instrumentenbeleuchtung)

BFH (Bodenkelage im Fahrerhaus)
BFL (Bodenbeldge im Fahrgast- / La
BGK (Batterien/Generatoren Kapazit
BLB (Bauteilesatz 1anderspezifischer -

m | k

Mame

0GG

Description

Abgaskonzept, EU4

Selection Prkty
] 0

o\

oGv

Abgaskonzept, EUZ ddk (Dampfdruckkritisch)

0GZ

Abgaskonzept, EU3 Diesel mEOBD

TMG

Abgaskonzept, EUS

Y _,

7MH

Abgaskonzept, EU4 CN m.EQBD o. HWA

M

Abgaskonzept, EUS plus

TMQ

Abgaskonzept, EUS mod

[y o s Y R Yl ()

M5

Abgaskonzept, EU5 CN
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Example: Configuration with Auto.Config

Select any option
family

Select any available
option

Auto.Config
re-computes PD-
valid order with
selected option

Bold: Auto.Config
computes options
available for this
Input order

Grey: Auto.Config
computes options not
available for this
Input order

Custom Rules

E=nrcl <l

File Selection Operations Automatic Operaticns Settings About
Input Order: E3T(1) 1PC(1) 7MG(1) 1Dp2(1)
(#Options: 4)
(Sum Priorities: 4)
Qutput Order: @E1 BFM BG4 BIZ eKA @TA BYN @Yl @YZ BIN 1AN 1c1Ex 168 1HZ 1L8 1N3 :LNsa 1T1 1U3 148
,’ (#0ntions: 188 2E3 2G1 237G ZKU 2MD 2nN4 2PG 208 20FE 2v5 2WA 557 3CX 3HA 373 3JA 3L3 3LQ™S™¥ 3R@ 3RC 354 35F
i e ) 3W3 3WA 3¥T 3YR 4A3 4B2 4C) 4E8 4FN 4GF 4HG6 4HH 412 471H 412 4LA 4N3 4R1 451 45M 4TM 4UF 4X7 4va
(Sum Priorities: 4) 501 5DD 5FA 5G1 5K@ S5MIy SM6 SMC 502 5R2 5RT 55G 5VW3 6B3 6CE 6FB 6KC 6L8 6N3 6UL 6X4 6XN 7AA
N | Mt | @ P1 708 7QA 7va 7X2 7Y@\7YE BAE BEL BFA 8GU BK1 BN1 801 8Q1 8RM 85D 8TC BWB BX3 8Y@ BZ5
£x UKA 9LA SM@ 9N3 9NA 9P WC 978 9ZA ASE AE@ AF@ AWS BB1 BeX C26 C EJ9 EU@ FOA FC1 FM1

1Y@ 1Ze 248
3TF 3U5 3VX
SAD 5BG 5@
7B@ 7K@ 7L3
9CH 9Ha 9]A
GaC GPa GX3 i

m

EH..P‘U [Aktionsausfiihrihggn) = | Selection Priorily Name
| ABR (AbschlieBbare Radschtwgben) 0 100

Description

Ohne Anhangevorrichtung

Anhangevormichtung

EA.ED (Fahrzeugklassendifferenzie =] 5 55
| AGM (Abgaskonzept) N =
' 2 Ed] 1 | 1Dp2

Anhingevorrichtung, abnehmbar und abschlieBbar

| AHV (Anh&ngevarrichtung)
| AIB (Airbag) £ o | ip7

Vorbereitung fir Anhangevorrichtung

EALF {Ablagen Fahrerhaus)

EALG (Ablagenpaket)

| ALV (Armlehnen fir Vordersitze)

| ASE (AuBenspiegel-Einstellung)
|AsG [Anschlussgarantie)

|A.SL (AuBenspiegel links)

|A.SR {AuBenspiegel rechts)

|AUD ("Multimedia™Video/-DVD/Mo:
|AUE [Achs- / Ganglbersetzung)
!AUS [Ausstattungsstufen)

| BAT (Batterien)

|BBO (Bauteile mit besonderer Ober
| BED (Bedienelemente (Lenkrdder/Le
| BEL (Instrumentenbeleuchtung)
|BFH (Bodenbelage im Fahrerhaus)

| BFL (Bodenkelsge im Fahrgast- / La
| BGK (Batterien/Generatoren Kapazit
!BI_B (Bauteilesatz landerspezifischer
| ‘ (11} | 3
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Example: Configuration with Auto.Config

Select any option
family
Grey: options no
available for this
Input order

Bold: available
options in family for
this input order

@Aumconﬁg- Prototyp (STZ OIT T

File Selection Operations

Input Order:
(#Options: 4)
{Sum Priorities: 4)

Output Order:  BE1 BFM 0G4 832
g 2E3 261 23G 2KU
(#Options: 188) 3.3 3p 3v7 3vR

{Sum Priorities: 4) S0l 5DD SFA
) qﬁb P1 7 T0A
Next | ﬁ oA gl?'rg 933

Automatic Operations

Settings

E3T(1) 1PC(1) 7MG{1) 1D2(1)

BKA BTA BWM @Y1 aYZ 8ZN
2MD 2N4 2P2 2PG 208 20QF
4A3 482 4C2 4EE 4FN 4GF
5G1 5K@é SMD SNE SHC 502
Ve 7X2 7Y@ TYE BAE BEL
9NA SPB 901 SWC 978 9ZA

les | Custom Rules

‘ Families |

About

1AN 1EK 1G8 1HZ 1L@ 1N3 1NS{fl 1T1 1U3 1wWe 1Ye 17@
VS 24 B7 30X 3HA 3313 3]A 313 3LQ™P”3R@ 3EC 354 3SF 3TF 3U5
4HB 4HH 4I2 41H 4L2 4LA 4N3 4R1 451 45M 4T? 4Y@a SAD 5BG
SRZ SRT 55G 5V3 6B3 6CE 6FB 6KC oL@ 6N3 cUINSW#HXN 7AL 7B 7K@

BFA BGU BK1 8N1 801 80Q1 8RM S@TC BWB BX3 BY® BZ5 9CH 9H@

ABE AE@ AF® AWS BA1 BeX C2G C

]9 EUR FBA FC1 FM1 GAC GP@

2A@
3K
sCa
L3
ENEY
Gx3

w AHV (Anhangevarrichtung)

ALF (&blagen Fahrerhaus)
ALG (Ablagenpaket)

ALY [Armlehnen fir Vordersitze)

ASE [AuBenspiegel-Einstellung)

ASG (Anschlussgarantie)

ASL {AuBenspiegel links)

ASR (AuBenspiegel rechts)

AUD ("Multimedia™Video/-DVD/No:
AUE (Achs- / Ganglbersetzung)

AUS (Ausstattungsstufen)

BAT (Batterien)

BBO (Bauteile mit besonderer Ober
BED (Bedienelemente (Lenkrider/Le
BEL (Instrumentenbeleuchtung)

BFH (Bodenbelage im Fahrerhaus)
BFL (Bodenbeldge im Fahrgast- / La
BGK (Batterien/Generatceren Kapazit
BLB (Bauteilesatz landerspezifischer =
4] 1} | 3

AAU [Akzionsausﬂlhmr@?\- Selection Priority Name Description
ABR (AbschlieBbare Radschrauben)| | . ~ .
AED (Fahrzeugklassendifferenzierur| = ’_: R A?rbag f':lr Faies -
baaskonzept) :! 0 4UE |Airbag fir Fahrer und Beifahrer
— 4UF YAirbag fur Fahrer und Beifahrer mit Beifahrer-Airbag-Deaktivierung

Wolfgang Kichlin, WSI und STZ OIT, Uni Tubingen
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Optimization EX.: Re-Configuration with Auto.Config

» Select an option not
available Input Crder:

(#Options: 5)

> Auto.Config Sum Prioits 5
computes maximum

subset of PD-legal

option selections E——

File Selection Operations Automatic Operations Settings About

UE(1)

,T\

AE1 BFM 2G4 811 eKA aTC evD ewsyay3 eyYM @ZN 1AM 1B3J IEX 1G3 1HZ 1L2 1N3 1PS?_ IT3 1U3 1w 1ve

173 2@ 2E3 2G1 231G 2KT 2M4 2P2Q 2PW 202 2QE 2v5 2WA 3B4 3HB 333 318 3L1 3LQ 3M7 B 354 350 3TF 3Ue
IVE 3W3 3WA 3Y7 3YR 4A3 4B2 4C8J4E8 4FH 4GF 4H6 4HH 41H 4K3 402 4LA 4N3 4R1 451 45M 4“)(3 4Y@ 5AD 5BG
5C ¢l 5DD 5FA 5G1 SK@ SMDR5M6 5NJ 502 SR2 S5RT 55L 53 683 6CE 6FB 6KA 610 6N2 6ULWXE 6XN 7AA 7B3 7KB
?L P7 708 7QA 7v@ 7X@ 7Y@|BAE BEL BFA 8GU 8K1 8N1 30Q1 BQ] 8RE 85§ TC BWH BX4 8Y1 875 9CH 9H@ 91C
KA SLA 9MB 9N3 9NA SP1 90Q1 91 J9WC 978 ASE AEG AF@ AWS BB1 BEX (33 CD@JQ EUd FRA FC1 FM1 G&C GPa GX3 ki

tom Rules Families

; / \uto C O nfl g %A'AU (Aktionsekibeingen) \ Selection Priority | Name Description
" | ABR (AbschlieBbare Radschrauben) | N [ " g
- 1= 4 F
- - | AED (Fahrzeugklassendifferenzierur| = \ El 0 U Afrbag f':” _ahrer -
COI I lputes I ' l I n I I ' l u I ' l | AGM (Abgaskonzept) [ L 1 4UE |Airbag fir Fahrer und Beifahrer
| AHV (&nhangevorrichtung) L] 0 4UF | Airbag fidr Fahrer und Beifahrer mit Beifahrer-Airbag-Deaktiviesrung

T T | AIB (Airbag)
SUbset Of I m pOSSI b | e !H.LF[Abiagen Fahrerhaus)
q . | ALG (Ablagenpaket)
O ptl O n Se | eCtI O n S !H.LV' (Armlehnen fir Vordersitze)
!H.SE (AuBenspiegel-Einstellung)
. :A.SG [Anschlussgarantie)
> C f | ASL (AuBenspiegel links)
AUtO - O n Ig CO m pUteS | ASR (AuBenspiegel rechts)
| AUD {"Multimedia"Vides/-DVD/No

new order containing | ave e/ Ggueerezung

. | Aus [Ausstattungsstufen)
- BAT (Batterien)
th e P D Ieg al O ptl O n S BBO (Bauteila mit besonderer Ober
BED (Bedienelemente (Lenkrider/Le
With m axi m u m S u m BEL {Instrumentenbeleuchtung)
BFH (Bodenbkelage im Fahrerhaus)
BFL (Bodenbelége im Fahrgast- / La

Of i n p ut Wel g h tS BGK (Eatterien/Generatoren Kapazit

BLB {Bauteilesatz |anderspezifischer =

(here allways 1) = :
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Optimization Ex.: Re-Configuration with Auto.Config

)

A\

| Fil= | Selection Operatiops__Automatic Operations  Seitings  About

Re-Configuration
Fix the unavailable oo
Optlon 4U E(*) (Sum Priorities: 4

» Auto.Config
computes maximum
SUbset Of PD-lega | Rules ctom Rules . Families ‘
option selection ‘“R,a"“\“'

E3T(1) 1PC(1) 7MG(1) 1D2(1] 4UE=)

A\

ptions: 188)

8I1C BKT @NA BaTC eva akWQ 8Y2 aYZ B8ZIM 1AK 1B] 'ICE] 153 1HF 1L2 1N3 1INL 154 1T1 108 1k
288 2E3 2G2 213G 2KA 2N4 2P2 2PW 208 2Vv5 2WA 3B7 3CX 313 318 3L3 3M7 3%’3 % 35F 3TF 3U8 3VE
Priorities: 2)

A 3Y¥7 3YR 4A3 4B2 4C2 4E@ 4FH 4GF 4HZ 4H5 4JH 4K3 4L2 4LA 4Ne 4R1 451 45M 4TM @ 4%3 4Y@ SAD 5BG 5C1

B 50D 5FA 561 5K7 SMD SNE S5SNI 502 S5R2 SRV 551 5V3 5YG 6B3 6CE 6FB 6KA 6L@ 6N2 o 6X4 BXN JAA TB3 7K@
F‘l 708 7QA Ve 7X@ 7Ye BAE BEK BFA BGV 8K1 8M1 802 BQL BRE 85A &Te 8lH BX4 BY1 876 9CH 9H@ 91C
KA™SR 9M@ 9N3 9MA SP1 9Q1 9Wd SWC 9Z@ ASE AE@ AFe AWE BBR B3@ (33 CKE Dgl@EEB Eue Féa FC1 FM1 GeL GPa .

= ] 4 i tr F r
D (Fahrzeugklassendifferenzierur|= { K. . Ak i et

. / AGM [Abgask %) . __ 4UE |Airbag fur Fahrer und Beifahrer
> Auto . C O nfl g / AHV [.-’-\nhg;rfgz\rn;frihmngj ] 0 4UF  |Airbag fir Fahrer und Beifahrer mit Beifahrer-Airbag-Deaktivierung
. . AIB (Airbag)
Com putes m I n I m u m ALF (Ablagen Fahrerhaus)
- g ALV (Armlehnen fir Vordersitze)
S u bset Of I m pOSSI b | e ASE (Aufienspiegel-Einstellung)

ALG (Ablagenpaket)
. . ASG (Anschlussgarantie)
Op'“on Se|eCtIOnS ASL (AuBenspiegel links)

ASR (AuBenspiegel rechts)
AUD ("Multimedia™Video/-DVD/Nor
AUE (Achs- / Ganglbersetzung)
AUS [Ausstattungsstufen)
BAT (Batterien)
BBO (Bauteile mit besonderer Ober
BED (Bedienelemente [Lenkrdder/Le
BEL (Instrurentenbeleuchtung)
BFH (Bodenbeldge im Fahrerhaus)
BFL (Bodenbelge im Fahrgast- / La
BGK (Batterien/Generatoren Kapazit
BLE (Bauteilesatz landerspezifischer «

a m | 3
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Optimization Ex.: Re-Configuration with Auto.Config

= B ]

A\

Selection | Operations Automatic Operaticns  Settings About

Re-Configuration
Input Order: E3T(1) 1PC(1) 7MG(1) 1D2(1) 4UE*‘|

Fix the unavailable e

Option 4U E(*) (Sum Priorities: 4)
Output Order: @E1l BFM 9G4 B8IC OKT @NA BTC VG @WQ B8Y2 @YZ BIN 1AK 1BJ :lE: 1G3 1HF 1L2 1N3 1.1154 1T1 1U8 1@

> Auto ‘ Onfl (#0ptions: 188) 1va 123 2A@ 2E3 262 2]G 2KA 2N4 2P2 2PW 208 2VS 2WA 3B7 3CXSOME 3J3 3IB 3L3 3M7 3RO B4R 35F 3TF 3U@ 3VE
" e ) 3W3 3WA 3Y7 3YR 4A3 4B2 4C2 4ED@ 4FH 4GF 4HZ 4HS 47H 4K3 4L2 4LA 4N@ 4R1 451 45M 4T.’-1 4¥3 4Y@ S5AD 5BG 5C1
(Sum Priorities: 2) SCDD 5FA 5G1 5K7 SMD SNe SWI 502 5R2 SRV 551 5W3 5YG 6B3 6CE 6F0 6KA 6LO 6N2 W7 6X4 6XN 7AA YB3 7Ke

I e 7L P1 708 704 7W8 7X8 7Y@ BAE BEK BFA BGV 3K1 8M1 208 BOQL SRE 854 BT 3 ElH BX¥4 8Y1 BZ6 9CH 9H@ 91C
ComleteS m aXI m u m |ﬂ| OKA 9LA SMB ;?\13 gN: 9P1 901 9w 9:'(: ‘3;@ ASE AEG AF@ AWE BBR B3@ C33 CK& DglEEB EUa Fea FC1 FM1 GeL GPa >
Su bset Of P D—l eg al . Rules Custom Rules Families .

i i [AAU (Aktiogeausfihrungen) = || Selection Priority Name -
O ptl O n S e | e Ctl O n S |ABR (Abslcc'):rlieaﬁuba?e IIIZL::IEISECf‘.z’auhen} SE'EC-hon ooty e ; e s
| 0 4UC | Airbag fir Fahrer
= | / ] - 4UE |Airbag fur Fahrer und Beifahrer
AGM (Afgaskonzept) . 2
> Auto . C O nfl g gﬁH\r [;,nJhg;;gz:;frihmng] | 0 4UF  |Airbag fir Fahrer und Beifahrer mit Beifahrer-Airbag-Deaktivierung
0o | AIB (§lirbag)
computes minimum | awsensorens
| ALK (Ablagenpaket)
- g | APV (Armlehnen fir Vordersitze)
subset of Impossible | &g

JasG [Anschlussgarantis)

Optlon SeleCt|OnS | ASL (AuBenspiege! links)

EH.SR (AuBenspiegel rechts)
. | AUD ("Multimedia™Video/-DVD/Nor
> Auto Conflg iﬂ.UE (Achs- / Gangubersetzung)
" | AUS (Ausstattungsstufen)
| BAT (Batterien)

Com pUteS neW Order iBBO [Bauteile mit besonderer Ober

i BED (Bedienelemente [Lenkrdder/Le

m aXI m I ZI n g th e !BEL -.'Instrumentenb_eleuchtungj
!BFH (Bodenbeldge im Fahrerhaus)

| BFL (Bodenbelége im Fahrgast-/ La

W ei g h t Of th e P D- !BGK (Batterien/Generatoren Kapazit

| BLB (Bauteilesatz landerspezifischer = |

legal input options :

A\

| AED (Fahfzeugklassendifferenzierur| =
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Optimization Ex.: Re-Configuration with Auto.Config

==

» Re-Configuration ] AutoContg - Protoryp T2 T

File Selection Operations Automatic Operations Settings About

> Fix (*) the unavailable o, o =
options 7MG, 4UE s

» Auto.Config
finds contradiction:

no legal order with | we | csmue | e
7MG + 4UE EMU (Aktionsausfihrungen) . Selﬁcl‘lcion Priority Name Description

No Order

| ABR. (AbschlieBbare Radschrauben) '

] 4 i (ir Fi r
| AED (Fahrzeugklassendifferenzierur| = = 0 1K A!rbag bic b -
| AGM (Abgaskanzept) i ¥ * 4UE |Airbag far Fahrer und Beifahrer
I,.M.i-l"nlr {Anh3ngevorrichtung) [l 0 AUF | Airbag fir Fahrer und Beifahrer mit Beifahrer-Airbag-Deaktivierung
| AIB (Airbag)

| ALF (Ablagen Fahrerhaus)

ALG (Ablagenpaket)

ALV [Armlehmen fur Vordersitze)
ASE [Aufienspiegel-Einstellung)

| ASG [Anschlussgarantie)

| ASL (AuBenspiegel links)

ASR (AuBenspiegel rechts)

AUD ["Multimedia™Video/-DVD/Mo*
AUE (Achs- / Ganglbersetzung)
AUS [Ausstattungsstufen)

BAT (Batterien)

BBO (Bauteile mit besonderer Ober
BED (Bedienelemente (Lenkrader/Le
BEL (Instrumentenbeleuchtung)
BFH (Bodenbeldge im Fahrerhaus)
BFL (Bodenbelige im Fahrgast- / La
BGK (Batterien/Generatoren Kapazit
BLE (Bauteilesatz landerspezifischer

4 m | 3
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Other Problems

» Compute all combinations of a set of materials
= given the materials in a subset of the BoM (e.g. driver’s seat, rear axle, ...)
= From each BoM position pick exactly one material variant
= Compute all consistent combinations which can occur in configurable vehicles
= Example: All seats or all axles which can occur in a model line

» Compute software upgrades

= given software variants and their upgrade dependencies

= compute possible upgrades / compute all cars with possible upgrades
» Compute homologation (certification) requirements

= given a sales program for a market

= compute all homologation relevant materials for that market
» Change the documentation method

= convert the formulas for a car model line from one documentation method to
another, preserving the set of legal configurations.
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