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Record Performances with Black Box ML -

Traffic Sign Skin cancer Lung cancer
detection detection
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Poker Computer games Jeopardy OCR
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Disadvantages of a Black Box System

TRUST
Can we base important
decisions on it?

; everything ok, no
> > therapy needed”

SAFETY

Can we be sure that it
resists manipulation?

I I “don’t stop, you
Béif(k have right of way”
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FAIRNESS

Can we be sure that it
follows the rules?

“l am sorry, but you
do not get this job”
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Disadvantages of a Black Box System -

TRUST

“everything ok, no
therapy needed”
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Opening the Black Box

Idea: Decompose function

> =11 (z)
Explain prediction ~  =---------mmsmmesomeooooooooo
(how much each pixel contributes to prediction)

heatmap

Theoretical interpretation: (Deep) Taylor decomposition of neural network
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Opening the Black Box

Classification >
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Opening the Black Box -

Explanation <

Initialization

O-@

R f(a)

Idea: Backpropagate “relevances”
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Opening the Black Box

Explanation <

cat

rooster

Fmmm e e e e e e e e e e e e e e e e e e e e e e e e e e e - - - -
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ISimple LRP rule (Bach et al. 2015)
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| R( ) — Zj S, ;1'1"]111/ Rg +1) Every neuron gets its "share"
I

J of the redistributed relevance
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Explanation >

ST
QRS
O

Layer-wise relevance conservation

SiRi=.. =Y, RY) =Y, RV = . = f(a)
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Opening the Black Box -

Heatmap of prediction “3” Heatmap of prediction “9”

[3] (9]
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No, it’s not Sensitivity Analysis

Sensitivity Analysis LRP / Deep Taylor
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Explains what influences  Explains prediction
prediction “cars”. “cars” as is.

Slope decomposition Value decomposition

SR = || ViflI? >_.iRi = f(x)  Moreinformation

(Montavon et al., 2017 & 2018)
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LRP in Practice

General Images

Sentiment Analysis

do n't E@SEE your money .
AEHERSH ARy for SHSPERSERUN MBR particularly well-drawn

Speech Cla45$ifiqatiqn Morphing Attacks Detection
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Strategic Games "
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We can analyze the reasons for the misclassification.

rlght hand decision left hand
boundary
@
* e correctly
e‘ i classified
LL L1
00.01 0.20 0.24 0.5
incorrectly
0.4 classified
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LRP in Practice

Visual Object Classes Challenge: 2005 - 2012

aeroplane bicycle bird boat bottle bus car cat chair cow diningtable dog horse motorbike person pottedplant sheep sofa train tvmonitor

INRIA Flat 748 625 512 694 292 604 763 57.6 531 411 54.0 428 765 623 845 353 413 501 77.6 49.3
INRIA_Genetic  77.5 636 561 719 331 60.6 780 588 535 426 549 458 715 640 859 363 47 506 792 532
INRIA Larlus ~ 62.6 540 328 47.5 178 464 69.6 442 446 260 38.1 340 660 55.1 772 131 29.1 367 627 433
MPI_BOW 58.9 460 313 590 169 405 672 402 443 283 319 344 636 535 757 223 266 354 60.6 406
PRIPUVA 486 209 213 172 64 142 450 314 274 123 143 237 301 133 620 100 124 133 267 262
QMUL_HSLS  70.6 548 357 645 278 511 714 540 466 366 34.4 399 715 554 806 1538 358 415 731 455
QMUL_LSPCH 71.6 550 411 655 272 511 722 551 474 359 374 415 715 579 808 156 333 419 765 459
TKK 714 517 485 634 273 499 70. 512 517 323 463 415 726 602 822 317 301 392 711 410
ToshCam_rdf 599 368 299 400 236 333 602 330 410 178 332 337 639 531 779 290 273 312 501 37.6
ToshCam_svm  54.0 271 303 356 170 223 580 346 380 190 275 324 480 407 781 234 218 280 455 318
Tsinghua 62.9 424 339 497 237 407 620 352 427 210 389 347 650 48.1 769 169 308 328 589 331
UVA_Bigrams 612 332 294 450 165 37.6 546 313 399 172 314 306 616 424 746 145 209 235 499 300
UVA_FuseAll  67.1 481 433 581 199 463 618 419 484 278 419 385 698 514 794 325 319 360 662 403
UVAMCIP 665 479 410 580 168 440 612 405 485 278 417 37.1 664 50.1 786 312 323 319 666 403
UVA_SFS 66.3 497 435 607 188 449 648 419 468 249 423 339 715 534 804 297 312 318 674 435
UVA_WGT 597 337 349 445 222 329 559 363 368 206 252 347 65.1 40.1 742 264 269 251 507 29.7
XRCE 72.3 575 532 689 285 575 754 503 522 390 468 453 757 585 840 326 397 509 751 495
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LRP in Practice

Winning ML algorithm classifies horse images without detecting the horse.
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LRP in Practice

L v & Predictions

25-32 years old
“Laughing speaks for prediction
25-23 years”

60+ years old
“Laughing speaks against
prediction 60+ years”
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CVPR 2018
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Thank you for your attention

Visit:

http://www.heatmapping.org

» Tutorials
» Software
» Online Demos
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For more information, check out our tutorial paper:

Montavon et al. “Methods for Interpreting and Understanding Deep Neural Networks”
Digital Signal Processing, 73:1-15, 2018
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