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Mission: To advance industrial innovation and academic excellence in embedded systems engineering

Synopsis

Q ~55 staff members, many with
extensive industrial experience

Q 5 Part-time Professors

O Working at industry locations

O Program turnover 2017: ~10
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Executable model that takes real data as inputs
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CHALLENGE IN HIGH TECH INDUSTRY

Changing machines
Changing factories

Complex systems
Integrated systems

System of systems e i el - L - gy oo i e R Changing usages

" 4

Domain Specific Language MODEL MAINTENANCE CHALLENGE

¥

1. Detect change
Modular way-of-working m 2. Localize change
3. Locally adapt

An initiative of industry, academia and TNO
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DETECT CHANGE
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. How likely is it that we observe

o the data

. according to the model.

Probability of Finding
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BAYESIAN BELIEF NETWORK

CONSTRUCTION

* Experts provide structure
* Experts provide numbers
e Structure learned from data
* Numbers learned from data

An initiative of industry, academia and TNO
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USE

* Deal with uncertainty

* Different scenarios

* Explains outcome

*  Numbers have meaning
* Handles missing data

Provides the Probability of Finding automatically
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* Based on Western Electric Rules for statistical process control
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* Adapted to take probabilities as observations
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99.7% of the data are within

95% within

68% within

deviation
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LOCALIZE CHANGE

Calculate Probability of Finding
per fragment

How likely is our observation
of the fragment data,
according to the model, and
given the observations in the
rest of the model

An initiative of industry, academia and TNO



"ESI

SS15E7 ASSANY 1A0SPE 322015 MIEIAZ -
EX T TN RTH R THTI R T+ FI

2202 B.E35E1 AMSET LSS 1ANEPE L2345 RSEEMZ

ZAZEI 121206 13055

ERITTE] 22020
12681 [RITLIT]

[T

[EELERITIT]

ZEASE LEASHY 4AZERN . [RTFH ZEWEL LISED 42670
LEH TH [REITT ] [ETFIH
157874 [T 155025 EXTITH
137776 ERTIH EXELT
EET 1A1E5E 122042
Az 17amns ERTIT ETETH
134284 ERTLT [RTTIT] LNTiTH
ERTE IR RTT ERELIT] 131560 [NTTE T LT
sz 1ERE [E-EITT AT 455231 LR 1AE7Y
AIE 17420 ANMEA RAGZ? LaNEm 43677
(R [RTLITINRE T T] 1ETEE
azess [RELITEE T 184380
EXTITH EXTITEEE:TH 156292
EEHH] BRI XTI ERTET
104438 MM 22307 [RTTH
2.2zl 1.16081 EREILTER T RETLTL]
135221 1 LR T LN ] CTEITIN R FIH 153641
nEazae Anaze 145401 157641 EXTTTTR T 157648
te data (ELEH R TH EXTEIERE ) EMEZ 467 PRt
Genera Lz EXTH 154430 EXITT 1m0
wsmer ERt 150110 FRIIT 25040
136021 LRl L] 1237131 LFE24F -LMES 274021 ERTTH
LRLEE .o 1.21213 LEIFY LANPE 220054 Lt] 224676
LD G D LESEPY ALEA 1434104
-1.E355 1.55551 1.32726 1.14E55 SLEISE LESSEY LAZPIE 1.73355
B3 ZATESZ AANEE? R LANIRY ZATESZ LANNER 4.3374
LEAER TLElE Al LLERE 1.24497 49MER4 1.7SENY 4.NNS [EITHH
AIZEE ZENRFE A.NNZIE LEERILE [RITEL] 9226 ZENNF? 4MZIE 4NN [RILEH
A6 Z.EE2Y A.ERR2E e LAME AATEAN ZEEZNH 1.ENERS 4454F EITH
GBI HELE CHEXiE -LEER2E [RHIT 162402 AEMHIA 172027 0343 [RTIEH
HLELH LT LR 140452 .70 192501 156410 31671
CHEERE TR CHLEEL) 224026 125250 161352 100
[RTEEa 1o 133383 1621 T FRTI v aasEa| 13853z
1.35028 s BELTH (LM (RTITH SasezE .50 LR
(RELH (ETH EECH R LATIERZ T P
iz R AERZZE 140250 anzens T Lanam
LETNPEE (ETHL ERLT 13007 [ FETTE
1.452m (NEE 163570 14582 P FTTIT
152485 E3EE
EELLE a1
1.24748 EXTITT R FRTTIT
z.aram 131270 115020 . ) EXEITE
575 150351 sz Hlde ground EXT
XTI ERTH 1] 148254 TR
ranzE 10z z.r52ar b T
aLses [T truth : T T
1322 ::::': T [NTTT [T T ENTTEH
e FITH [EITTE NI
L 135422 126970
1::::: [T B LPE?R 192024 A2
L ELHT) (XTI ERTL IR ITIL Y T
EETT! [EITTT LAY 477
OB [ETE EXTIH IG5 477702 mSEAN
Rt T [RETTE N ETTH 105470 LI I RN
M GARD 1211 FECTENR P RTT RNt P 1]
ATHR LT [RTTE ] 270 121543
EITLH RET ENTH T 2260431 1.70649
2.oanzz 222311 147453 . Z.rasnll 3.16E30
QPR i [T [T EXEITIEETTTHEE RET L]
IR B R Lz [T ERTTTEEN VT TLIN T ) 101453
e AHETERD B LSIAZ5 2R ZENNSA ZEEISD 447 107367
W BT LEFTEE \CERE ANNE? LENSSD NZEENY LEAIN L3I AN AN
IHE QAR O B ETTH LAMNY 229575 L7GFEE AMAPE 497633
A YTy LS L0361 LEEI2) ZEEIS LSSAEY L1530 LOEMSS
QYR QR T2 2.247I A3 LI AESEZE 43443
AR et 125044 . 615 [T
P 4 g WYE EXTTIIIER LAz EXTHTIEXTH H
AFET R 252 T STETTIN ] . A.znar 1EIEEA 135401

EERTTT] 15224 203544 293458 425742

14357 152927 1366 196204 RIPED
1.36051 153947 (NIRRT PR RT3 TE)
EXTH 156656 247454
ETTET) 152091 42
ERTIT ERIEELMEREITT
ERIITH [RTECMNERTIT] 1.
. ozn 10052 42230

RRITIH 18044
2205540 [RITTH)
2471 241320 143043 135654 B,

137360
53

104727 142035

pened w

162560 1.26ME5 194261 1.37455
205701 -RIERY

Change 3

An initiative of industry, academia and TNO

[RLEITI R
[NTTII ¥ T
4907 WLMSEE

104445
ERTIT

143640
[t




FRAGMENT RULES

Principles: Causality, Causal Sufficiency, and Faithfulness on Suitable Variables

The Causal Markov Condition states that a phenomenon is
independent of its non-effects, given its direct causes.

The Markov condition (a.k.a. Markov assumption) for a Bayesian
network states that any node in a Bayes net is conditionally
independent of its non-descendants, given its parents.

If the structure of a Bayesian network depicts causality, the two
conditions are equivalent, which provides a test for causality.

* A node is conditionally independent of the remaining network,
given its Markov blanket.

The Markov blanket of node includes
its parents, children and the other
parents of all of its children.

The parents of children are included,
as they can explain away effects.

The Markov blanket provides a suitable notion on the locality of
cause-effect relationships. A causal fragment should not extend
beyond the Markov blanket of a topic’s core node, if such exists.

Astructure, like that of a Bayesian network fragment, is causally sufficient
if there is no common cause that is outside the structure which impacts
variables withinin.

Models that are not causally sufficient typically fail the Markov Condition.

- OK

Astructure, like that of a Bayesian network fragment, is faithful if and only
if all of the conditional and unconditional probabilistic independencies that
exist among the variables are included in the structure.

The Faithfulness Condition implies that the causal influences of one variable
on another along multiple causal routes does not ‘cancel’.

W o Bk &

unshielded collider alternate pathway can cancel effect

These requirements allow localized change in the network structure.

Are these restrictions really limiting??

An initiative of industry, academia and TNO
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ﬁ Variables are appropriately distinct.

They capture independent observables, causes,
or effects individually.

2 2
(S B

;é? Variable states are not too coarsely grained,
as they must capture distinct causes / effects.

Applied principles
The theory unrolls from principle 1 to 6, but checking
a Bayes net for modularization starts with 5 and 6.

Given those, the structure conditions 3 and 4 must be
fulfilled. 1 and 2 guide towards sensible fragments.
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SUMMARY

* Modular model design method

MAINTAINABLE
MODELS

* Fragmentation rules

* Probability of Finding tracking

How to maintain?

An initiative of industry, academia and TNO



THANK YOU

Emile.vanGerwen@tno.nl

Join our ESI Symposium, Eindhoven NLD, Tuesday April 9, 2019
Theme: Intelligence — the next challenge in system complexity?
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