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Uncertainty in Machine Learning

» Quantification of uncertainty to
= Understand models
» Trust predictions
= Develop robust methods
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Getting a CLUE
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CLUE = Latent Uncertainty

= what should be different to change the outcome

Antoran et.al. Getting a CLUE: A Method for Explaining Uncertainty Estimates (ICLR 2021)




Paraphrasing Optimization < Machine Learning #7
DLR

= Optimization is used in ML to train models, e.g. neural networks
» Further usage of optimization in ML possible

OPTIMIZATION MACHINE LEARNING

objective function loss function
to optimize to train
iteration (e.g. of gradient descent) epoch

x € R" (variables in search space) e.g. 6,w e R"

(parameters of a NN when training a NN)




Notations #7
DLR

» data points x, labels y, latent space variables z
= probabilistic model H, differentiable, to estimate uncertainty of an observation, e.g. Bayesian NN

= variational autoencoder (VAE) consisting of encoder g4 (x|z) and decoder pg(x|z) with
parameters/weights ®, 0

encoder gq latent decoder pg

X space

2 z

= predictive means of decoder and encoder of VAE: E}, x|z)[x] =: e (x]2), Eqyzi0)[2] =: ue(2]x)

Cf.
https://towardsdatascience.c
om/intuitively-understanding-

variational-autoencoders-
1bfe67eb5daf




Pipeline
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The optimization problem in CLUE #7
DLR

L(z) = H(ylue(x|2)) + d(ue(x|2), x0)

mean cost mean uncertainty mean distance

42
1.6 -

Uncertainty measure 2.45 - 40 1
. 1.5 A

« Stochastic 38 -

« Given by trained probabilistic 2.40 1.4 1 16
model (e.g. BNN) _ _ s

Distance metric 535 ' 34

» Nearly deterministic, convex 1.2 32

* In sample space, latent space 3, 1 0

or prediction space '
2.25 - 1.0 “
= Solver: Adam, with 35 iterations o o 2 o 2
iterations iterations iterations

Kingma and Ba. Adam: A method for stochastic optimization. (2014)




The optimization problem in CLUE #7
DLR

» Two objectives summed up with weight 1

= Different weights to

» Indicate preferences of decision maker

= Give more insights to possible solutions
.7

= Solving with weighted sum approach

L(z) =41 -H(ylpe(xlz)) + (1 — 1) - d(ue(x|2),xo),
1€{0,01,0.2,..,1}




Considered uncertain test samples
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Exemplary results for number 2
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Exemplary results for number 7
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Loss functions and interpretation
DLR

A=0.0 A=0.3 A=0.7 A=1.0
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= More weight on distance: more similar CLUES, often no change in predicted label
= More weight on uncertainty: less similar CLUES, change in label possible

* |ocal solutions!
= first iteration (1 step of Adam) step brings most visually

* too much weight to one objective often not that useful




Outlook ‘Eé7
DLR

= More extensive studies, different data sets

= Solving methods for multiobjective optimization problems

» Local:
= Better initialization/starting points for CLUE - make use of previous computed solutions
» Stochastic gradient descent methods for multiobjective problems (?)

= Global: Evolutionary algorithms, e.g. NSGA-II

Thank you for your attention!
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Further examples oo
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Further examples

distance

5 W 15 2 5 06 08 10 12 14 15 18
[57213648690] uncertainty

=

) F- 2 T T T T i & LI T [ T T S P T . EE ] E ¢ % B 4 A& LR [ ¢ @ @& iE s E) E % ow & i @ ¢ i &
L HiTReZIR L ULTRIA Ul asa REELLE I nunv:a;uul G ULTIIGHAE | ALICHA2GE | ULIOIE M6 170542400 W05 02 A0 L 91T 2T AL p 41765023865 ,IH-WH?"E RUEELLE ULTSCIA0E | wLTOE 28408

i ] | b @ iR T oaom B W b [ VB 3 | I [l
i @ i Pw i | 0 i R § o 3 W L [ i » [ () [T ¥ 1} [}
ULHAZAT ULONAZAS | WI40dIEY GLIGENME LB uL4RdII ulMEdADT  wlN0dAZ wlarde Lz dazem Lz danaes s wlzrdem CLLIMAIE 01073 LIRS w1204 WIZMONE uIIVALIN  1INCIINE  uLINAASH LIINAA0IE GIITAANA  wlaTAMCId 1ITdMm: ulErcdmins

IR NER-N N N ~ NSNS ~ N

:f‘:.:ﬁf'i:.:":.

v
v

i E) ¥ £ B LI iE o w i £ 3 i W & ¥ [ ] Pow L}
i E) iw o L) &b @ LI it ) 11 [ | ) L) i w i © £ i W & L ) L Lo 3 ooB @ ¥ i ) ) Poa i

SE JEEE JE
= -’m )-« ,m

oA v 2

" FIR)

3 Poh oo I R oo 0w B LI T R oo [ A LI T CIE R ]
ULIGABNE  SI0GBSIT UOMSHESEN U0SMCERISE UOMSANMDTE  UOMDEUDS WOTIAMILIN  WOWMSHGIEN  CTGAIEN  W0TIGATLEN  LOTEATLAN  weTIEd91E0 VOTIEATISED  WOTHO0IMD  LOTIANIED  OTHCILEN  LOTHANEN  LOTHAWSED  LOTEAMSE LOTHAILEN  WOTAIIEC  UOIGADIGEH  UOMGCOMMR JOMEATLIN  UOTESTLES)  MOMENULN  WOTIEAIISH WOTHedlEM  u0TISalEss
VLIRS | LO/RGRON | OMIANINN | UOMSITOS | GCWOUILNS | WMDOIEN | GAIUEND | WRMUGTAN | GORTEEAN | unndmes JEUMNIENS | GOSN NNUMTRADS | GATSRAS | GOTMARALD | UOTMARNS GRS DWW | OUSCINS  LAWOTOS | ORGNNS | DCANGILNS | LWDISIO | OIS | GUG0GTOS | OMORND | nOFMGTND | OMIGEND | WOMNIESI | u0rsdsien | uamidsiens

B SR S
N I S

B TEEIL I
N I




a0.07el79 entangled loss functions

Further examples : )

=]

distance

=

T T T T T T T T T T T T T T T
VAN LLSNGE | L3I0 LNBORML | ULEBOSUL 1SNl DM LLEEONM WLBORML W) WLEEARML | aEMIS LA ENamin uleamw | wleras s lmeni smemin enesuw uamanis LN EBARME | OSIONIL LMW SMaNM | WIOM G LDaRW AEIAMll | LIEINl IeamW LMWL wlemami elean
CE R i Enr e e [ SRR 5 B B ¢ B s ¢ B & § ¥ B ¢ B & i I L ER e [ N B Er e e § [ ; e I i e
Limoemam | ULMGHOR | ULNSWImOR  uLm9esms | ULUZCHN | ULINGHDI | 090133 IGO0 WLNSOGH | LMB0208 | WLMAME | ALSSOW0N  viENAMOD | ULGOAN | WIN0N205 | VLSMAZMS | GLNAG0SS | U1MSduol | UISOMAN | ULODYN00 | LIS VLN | UINSSMD | U1MGie | U1SWOIAMD | UIMRU0 | 1SRN WIGNAZAGS | WLWSSWGH | 1M ULSMOM | UIMEUIN  WLEASGES | uimadzam | wlwadsecss
[ [ L | i i P Faos b i 5§ 5 [ s e E i I R 3 § t [ EE Fow o
CE s i e I R 1 Ik T e S e S S 2 R N S R e el R il i I B e e S e ST T S S R R L [ | o N B e e i e
Bam | simeesen | e simasos comsammn  ucmedmms | somesami | ueaideiss COTMAS LTINS uOrmsTE | eDTRASIN | oA LommdsE | s0menmn | ucmdaos Lommasm 1 emaam ueomdam | somdem | sesmdan aam soarl  serdsm imaanm | wemadnm | serds
z
s n = » » » = » | af = uf | MR » » » » » - .
Lowasms | ubsmesman | o Uomrasun | ubmmasmmE | B | uomeasems | madmms | L0MIGIN | ewidnime | abmasms 0 amvem | somedmrn | esadm | uGMONTS | GDRMNTG | WDEGBT | ONAWML | u0medmTa | ucamdwmns Levmdmu | ubnmaseus | Gsmdmns | uowbims | Lommdmms | uowmdws | unmodsanis somsasn omdmrs | wosdwm | weasdmse | abimdsne
= U n l_)| B » » = a u » al » = 2 @ » » a » : » » » - a
[ B 3 5 i [ LRI § g i i [ N [ e i ‘ L L 3 5 | 3 i P e
Losmasaun SOMMSTSOE | UGASSON | OMISTIOG | UOMMSTTI | SOMAETIGN | NCMSYSIE | UOMMISE | SSONAwSS | WIMSSSS | SOTRSRS | MSSRS | SOTAARES | LOTMARES | GONGASS  WOTMSHS | S07sEA | SOTHUES | WOTSSNS | SOTMAWES | WTBARES | coTM4SES | w0mmasms | ssresmes | L STIGRS | LOTIADES | WOMSSRS | OMSME | WOTSRS | WOTWOTS | WOTNAGS | WOTNASES | wamiesie
L o [ N FwE o L 0 i i [ N [ T L e 5 | E P e
Lsoiem | vemdow | somiiman | Gmdman | omdstms | vDwdwN | 00O | wOROSWSN | UONOURIT | uGmedimsn | wRSsemem | omAiNem | uaesimom | unwimon | vooadmon | sonsdmom | woesdmm | veesemie | sosmimen | seeedmvn | usovdmas | uoesdwon | unesdeon | vossdion | JEONEMEE | JLONINOTD | bODAdIAGE | WRGHGMND | WGEINDN | JODCMWG | QDEWW | voSeden | wimedmss | uaesdsen
Joswsamas o uemdwan  sosscess  uiewdemi | sosedios wamrdwn  ucomdmoes  wumsdea somocen  omedois | wemsdrom | wwsdrme apsenn  somimas  somemas soimdmerns Lormdwos  sensdess  ancdenn  eompdiom | somsdmes  scomdwas  sommceess  wbamdsame | somomss  soondmi | somsdomas | scondws | soesdois
u ‘u u"u"um'u‘U“'u L/‘J“u HL;JW VUHUJY "uvuwu u U"U"umu "u'L)ﬂu" mu . uﬂu
Lomsamse  uGeMaTIR | UGeeTiwr  uoSmTE  UDNGOTINS | UOSOSTML 0PI UCEMATOMO  MOGaWEN  Lem0sgen | wimsec: SBeEEs  NTARES  ueMeHs | LerEHs | WITAOSS  L0Deses | LOTQMESS  J0me@es  oIewes  UIRAGSS  LTDAGSS  LINSSS | J0IS0ESS  UCIIEM  J0IN0eMs  WOTAOES | W0MNSes | 10ILISMS  i0INCEES | a0Taowes | WOTISTes | uenamss  womisses
Sowswwen | uovmdmen | soMimIG | UGwmImmL | uesadsime | vosndsmEn | Vmemn | woILIWN | emidsen | uowyimie | wesmemE | semmsswe | sesssmer | anasimes | wosdmes | oy | vosemes | somsimes | vewsmes | ueadwmes | vossdmes | wasdwes RAIIND | OIS | MY | UGN | v0HRER | SOMISMEI | OMPUIGD | wONIBN | wimadmar | veacdman




30152195 entangled loss functions
]
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Further examples .

distance
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