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Interpretability Issues

• People understand simple models

• George Miller, 7±2: “There seems to be some limitation built into us either by 

learning or by the design of our nervous systems, a limit that keeps our channel 
capacities in this general range.”

• “… the number of chunks of information is constant for immediate memory. 

The span of immediate memory seems to be almost independent of the 
number of bits per chunk …”


• Not surprising that one cannot “keep in mind” complex models

• What leads to complex models? And what to do about it?


• Overfitting

• Restrict model complexity; e.g., regularization


• True complexity

• Make up “just-so” stories that give a simplified  

explanation of how the complex model applies  
to specific cases


• Trade off lower performance for simplicity of model
�2Miller, G. A. (1956). The magical number seven plus or minus two:  some limits on our capacity for processing information. Psychological Review, 63(2), 81–97.



Trust

• Critical for adoption of ML models

• Case-specific prediction


• Clinical decision support

• Confidence in model


• Population health


• Recall my critique of randomized controlled trials

• Simplest cases (no comorbidities), smallest sample needed for significance test, 

shortest follow-up time

• Results applied to very different populations


• Same concerns for ML models

• Train and test samples often drawn from same population

• Are results applicable elsewhere?
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Explanation — Not a New Idea! 
Mycin, 1975

• In light of the site from which the culture was obtained, and the method of 
collection, do you feel that a significant number of ORGANISM-1 were obtained? 
**WHY 


• [1.0] It is important to find out whether there is therapeutically significant disease 
associated with this occurrence of ORGANISM-1 
It has already been established that: 

• [1.1] the site of the culture is not one of those which are normally sterile, and 

• [1.2] the method of collection is sterile 


• Therefore, if: 

• [1.3] the organism has been observed in significant numbers


• Then: there is strongly suggestive evidence (.9) that there is therapeutically 
significant disease associated with this occurrence of the organism 


• [Also : there is strongly suggestive evidence (.8) that the organism is not a 
contaminant] 


�4Shortliffe, E. H., Davis, R., Axline, S. G., & Buchanan, B. G. (1975). Computer-based consultations in clinical therapeutics: explanation and rule acquisition 
capabilities of the MYCIN system. Computers and Biomedical Research, 8, 303–320.



• **WHY 
• [2.0] . . . in order to find out a locus of infection in PATIENT-1  

It has already been established that: 

• [2.1]  the site of the culture is known, and 

• [2.2]  the number of days since the specimen for the culture was obtained  

is less than 7 

• Therefore, if: 


• [2.3] there is therapeutically significant disease associated with this occurrence 
of the organism 


• Then: it is definite (1.0) that the site of the culture is a locus of infection in the patient 

•
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• **WHY [i.e., WHY is it important to find out a locus of infection in PATIENT-1?] 

• [3.0] . . . in order to find out about an organism or class of organisms for which 

therapy should cover  
It has already been established that:

• [3.1] the site of the culture is blood, and 

• [3.2] the stain of the organism is grampos, and 

• [3.3] the portal of entry of the organism is GI 


• Therefore, if: 

• [3.4] [A- abdomen is a locus of infection in the patient, or B- pelvis is a locus of 

infection in the patient] 

• Then : there is strongly suggestive evidence (.9) that enterobacteriaceae is a class of 

organisms for which therapy should cover

�6



• ** HOW 3.0 [i.e., HOW were you finding out about an organism or class of 
organisms for which therapy should cover?]


• [4.0] At that point RULE095 was being used.  
In addition : 

• [4.1]  RULE162 was used to conclude that bacteroides is an organism for which 

therapy should cover, and

• [4.2]  RULE115 will be tried later, as well.  

• ** HOW 4.1 [i.e., HOW was RULE162 used?] 

• [5.0] We have already established that: 


• [5.1]  the site of the culture is blood, and 

• [5.2]  the portal of entry of the organism is GI, and 

• [5.3]  the patient is a compromised host 


• Therefore : it is definite (1.0) that bacteroides is an organism for which therapy 
should cover (RULE162) 
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• ** DO YOU EVER PRESCRIBE CARBENICILLIN FOR PSEUDOMONAS 
INFECTIONS?  

• RELEVANT RULES: RULE064 RULE119 RULE120 
WHICH ONES DO YOU WISH TO SEE? 
** RULE064 
IF: 1) IT IS KNOWN WITH CERTAINTY THAT THE IDENTITY OF THE ORGANISM IS 
PSEUDOMONAS, AND 
2) THE DRUG UNDER CONSIDERATION IS GENTAMICIN 


• THEN: RECORD THE FOLLOWING AS A MORE APPROPRIATE THERAPY: 
GENTAMICIN-AND-CARBENICILLIN 
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Local Interpretable Model-agnostic Explanations  
(LIME)

• A model predicts that a patient has the flu, and LIME highlights:

• Sneeze and headache are portrayed as contributing to the “flu” prediction

• “no fatigue” is evidence against it. 


• With these, a doctor can make an informed decision about whether to trust the 
model’s prediction.


• Approach helps detect data leakage, data set shift, using human expertise

�9LIME slides developed from Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). “Why Should I Trust You?” (pp. 1135–1144). Presented at 
the the 22nd ACM SIGKDD International Conference, New York, New York, USA: ACM Press. http://doi.org/10.1145/2939672.2939778



Explanation of Cases May be Useful to Compare Models

• Predict whether a post is about “Christianity” or “Atheism”

• Algorithm 2 may be overall more accurate, but Algorithm 1 makes more sense, at 

least on this example.


• Again, relies on human expertise, which is much broader than any of our models
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Desiderata for Explanations

• Interpretable — “provide qualitative understanding between the input variables and 
the response”

• depends on audience

• requires sparsity

• features must make sense


• e.g., eigenvectors in principal component analysis are not explainable 
features


• Local fidelity — “it must correspond to how the model behaves in the vicinity of the 
instance being predicted”


• Model-agnostic — “treat the original model as a black box”

• Is this really a good idea for all models?

�11



How to Make Interpretable Models

• If the original data are            , define a new set of variables,                     that can 
serve as the interpretable representation of the data


• An explanation is a model           where G is the class of interpretable models

• E.g., linear models, additive scores, decision trees, falling rule lists, …

• The domain of g is            , i.e., the interpretable representation of the data


• The complexity of a model is 

• E.g., depth of a decision tree, number of non-zero weights in a linear model


• The full model is 

• E.g., for classification, f is probability that x belongs to a certain class


•          is a proximity measure of how close z is to x, thus defining a locality around x

• Let                  be a measure of how unfaithful g if to f in the locality defined by 

• Then                                                            
 
 
is the best explanatory model for x given our choices for 
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⇠(x) = argming2G L(f, g,⇡x) + ⌦(g)
<latexit sha1_base64="79yio77JAbMUk6yCefybObbAeg0="></latexit>

x 2 Rd
<latexit sha1_base64="zWyHnOrs5hI3lbLjfo5kzQOqLIk=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiR1YcGFBTcuq9gHNLFMJtN26GQSZibSEgJ+iRsXirj1G9y78x9E3Lh30nah1QMDh3Pu5Z45XsSoVJb1ZuQWFpeWV/KrhbX1jc0tc7vYlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3PM381jURkob8Uo0j4gaoz2mPYqS01DWLI+hQDp0AqYHnJRfpld81S1bZmgD+JfaMlE4+P77eb16O613z1fFDHAeEK8yQlB3bipSbIKEoZiQtOLEkEcJD1CcdTTkKiHSTSfYU7mvFh71Q6McVnKg/NxIUSDkOPD2ZZZTzXib+53Vi1au6CeVRrAjH00O9mEEVwqwI6FNBsGJjTRAWVGeFeIAEwkrXVdAl2PNf/kualbJ9WK6c26VaFUyRB7tgDxwAGxyBGjgDddAAGIzALbgHD0Zq3BmPxtN0NGfMdnbALxjP3/ZAmZc=</latexit>

x0 2 {0, 1}d0

<latexit sha1_base64="P1fkydr9xHci2G5OCKFAOPYPDSY=">AAACCHicbVDLSsNAFJ3UV1tfUTeCCweL4EJKUhd2WXTjsoJ9QNOWyWTSDp1MwsxErCHgxo2/4kZEEbd+gjvBj3H6WGjrgQuHc+7l3nvciFGpLOvLyCwsLi2vZHP51bX1jU1za7suw1hgUsMhC0XTRZIwyklNUcVIMxIEBS4jDXdwPvIb10RIGvIrNYxIO0A9Tn2KkdJS19y/6TiRoAGBDuXQSaxj20k7iTdV065ZsIrWGHCe2FNSqOzefufuns+qXfPT8UIcB4QrzJCULduKVDtBQlHMSJp3YkkihAeoR1qachQQ2U7Gj6TwUCse9EOhiys4Vn9PJCiQchi4ujNAqi9nvZH4n9eKlV9uJ5RHsSIcTxb5MYMqhKNUoEcFwYoNNUFYUH0rxH0kEFY6u7wOwZ59eZ7US0X7pFi6tAuVMpggC/bAATgCNjgFFXABqqAGMLgHj+AFvBoPxpPxZrxPWjPGdGYH/IHx8QNxnpyT</latexit>

g 2 G
<latexit sha1_base64="Z78FZAa6/50mKyhw5m7+mdYx89M=">AAAB7nicbZDLSgMxFIbP1Futt2qXboKl4KrM1IVdFlzosoK9QDuUTJppQzPJkGSEMnTnC7hxoYhbn8QHcKcP4BP4AKaXhbb+EPj4/3PIOSeIOdPGdT+czNr6xuZWdju3s7u3f5A/PGpqmShCG0RyqdoB1pQzQRuGGU7bsaI4CjhtBaOLad66pUozKW7MOKZ+hAeChYxgY63WAHWZQJe9fNEtuzOhVfAWUKwVSnffb1+f9V7+vduXJImoMIRjrTueGxs/xcowwukk1000jTEZ4QHtWBQ4otpPZ+NOUMk6fRRKZZ8waOb+7khxpPU4CmxlhM1QL2dT87+sk5iw6qdMxImhgsw/ChOOjETT3VGfKUoMH1vARDE7KyJDrDAx9kI5ewRveeVVaFbK3lm5cu0Va1WYKwvHcAKn4ME51OAK6tAAAiO4h0d4cmLnwXl2XualGWfRU4A/cl5/AEftk04=</latexit>

{0, 1}d0

<latexit sha1_base64="JAhn4e2kKNKL9D4U3EfF0+URxkA=">AAAB+3icbVDLSsNAFJ3UV1tfsW4EN4NFcCElqQu7LLpxWcE+oEnLZDJph84kYWYi1hDwS9y4UMSV4I+4E/wYp4+Fth64cDjnXu69x4sZlcqyvozcyura+ka+UNzc2t7ZNfdKLRklApMmjlgkOh6ShNGQNBVVjHRiQRD3GGl7o8uJ374lQtIovFHjmLgcDUIaUIyUlvpmyUmtU9vJeqnfc2JBOcn6ZtmqWFPAZWLPSbl+cP9deHi/aPTNT8ePcMJJqDBDUnZtK1ZuioSimJGs6CSSxAiP0IB0NQ0RJ9JNp7dn8FgrPgwioStUcKr+nkgRl3LMPd3JkRrKRW8i/ud1ExXU3JSGcaJIiGeLgoRBFcFJENCngmDFxpogLKi+FeIhEggrHVdRh2AvvrxMWtWKfVapXtvleg3MkAeH4AicABucgzq4Ag3QBBjcgUfwDF6MzHgyXo23WWvOmM/sgz8wPn4A4uOXTw==</latexit>

⌦(g)
<latexit sha1_base64="OhFm44ZTWi9u2r2Ux8vQrfjDrEk="></latexit>

f : Rd ! R
<latexit sha1_base64="DbryJhp5VbvFzYQqfAUGC4lExbU="></latexit>

⇡x(z)
<latexit sha1_base64="2O236CAHe8edDMNE6k6ekH/yZak="></latexit>

L(f, g,⇡x)
<latexit sha1_base64="ebZvHGpierjMSzYnypcWfsdjtNo="></latexit>

⇡x
<latexit sha1_base64="WG/JlJel2uTAQUMLd4pEx5pSBI4="></latexit>

{L,⇡x,⌦}
<latexit sha1_base64="ZFKF7oHpNuhaqV0b2jf49n51CAU="></latexit>



Use Sampling to Generate Data in a Local Neighborhood

• Goal is model-agnostic explanation capability

• Thus, cannot rely on knowing anything about the model f


• To explain the model’s result around the interpretable point x’, 

• sample in the interpretable representation space to get a set of points 

to create a dataset    of perturbed samples

• recover sample            and compute         as the label for 

• optimize                                                          , weighting contributions of z by 
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z0 2 {0, 1}d0

<latexit sha1_base64="s3kzihpcTX+3yA1r0vj8JBt9vFQ="></latexit>

z 2 Rd
<latexit sha1_base64="vxrjD48oyxCjpZ65p4LCRAHwBek="></latexit>

f(z)
<latexit sha1_base64="1K1vrtppSlaQw5B2Uu4bY+W/om8="></latexit>

Z
<latexit sha1_base64="f1hwUT2ro+/ITieryR4P1i4HY6c="></latexit>

z 2 Z
<latexit sha1_base64="nH706/2uAO9daBrWVFTtrYfB1L8="></latexit>

⇠(x) = argming2G L(f, g,⇡x) + ⌦(g)
<latexit sha1_base64="79yio77JAbMUk6yCefybObbAeg0="></latexit>

⇡x(z)
<latexit sha1_base64="2O236CAHe8edDMNE6k6ekH/yZak="></latexit>



Sparse Linear Explanation

• Choose G to be the class of linear models  
such that 


• Let                                             be an exponential kernel on some distance 
function D with width  
• E.g., cosine distance for bag-of-words, L2 distance or DICE for images
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g(z0) = wg · z0
<latexit sha1_base64="dTdVoYqxFpeFi3N5HRhv9FtJsuI="></latexit>

⇡x(z) = exp(�D(x, z)2/�2)
<latexit sha1_base64="qrC+u3IL+NG8kqtvkO5AkZ7lNt8="></latexit>

�
<latexit sha1_base64="IJMxHRTkf7ql64tXKfvhCx+i+eg="></latexit>

L(f, g,⇡x) =
P

z,z02Z ⇡x(z)(f(z)� g(z0))2
<latexit sha1_base64="dsu9Kx4QxG8KdHgHqgdxKnRks9A="></latexit>

Toy example to present intuition for LIME. 
The black-box model’s complex decision 
function f (unknown to LIME) is represented 
by the blue/pink background, which cannot 
be approximated well by a linear model. The 
bold red cross is the instance being 
explained. LIME samples instances, gets 
predictions using f, and weighs them by the 
proximity to the instance being explained 
(represented here by size). The dashed line 
is the learned explanation that is locally (but 
not globally) faithful. 



Apply to Text Classification

• Bag of words, cosine distance for 

• Choose K as a limit on the number of words in an explanation
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⇡x
<latexit sha1_base64="WG/JlJel2uTAQUMLd4pEx5pSBI4="></latexit>



Apply to Image Interpretation

• Superpixel is a group of connected pixels with similar colors or gray levels

• Image is segmented into super pixels

• K is chosen as the number of superpixels to represent


• K-LASSO predicts label from superpixels, to select which K of them to use for 
explanation


• with N=5000, scikit-learn random forests with 1000 trees ⇒ 3 sec


• explaining Inception network results ⇒ ~10 min
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Choosing a Suite of Examples to Explain

• Choose a diverse, comprehensive set of B examples to explain

• Given explanations for a set of instances                  , consider the           explanation 

matrix      whose rows are examples and columns are features

• Each entry gives the local importance of that feature for that example

• For linear models, for instance                     , set 


• recall that 

•     is a measure of global importance of that feature


•                             for text

• more difficult to superpixels because they don’t 

recur over different instances 
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X( |X | = n)
W

<latexit sha1_base64="UVHTK84V4/AVMTGsfxjxdOfFwns="></latexit>

n⇥ d0
<latexit sha1_base64="7VEaOqhaXapOifgLxyn3MRFkswc="></latexit>

xi, gi = ⇠(xi)
<latexit sha1_base64="aHGJd0o6TpQNwSW3/ghixjTnEa8="></latexit>

Wij =
��wgij

��
<latexit sha1_base64="UBsGARODnMJh2fxBLMs/kMdHQK0="></latexit>

g(z0) = wg · z0
<latexit sha1_base64="dTdVoYqxFpeFi3N5HRhv9FtJsuI="></latexit>

Ij
<latexit sha1_base64="ffroNFOzI5bq3S3hEqJ+z4L5vj4="></latexit>

Ij =
pPn

i=1 Wij
<latexit sha1_base64="vaElwb9HSo6eZO3zNatTkmQbEGA="></latexit>
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c(V,W, I) =
d0X

j=1

[9i2V :Wij>0]Ij
<latexit sha1_base64="aSQZkgtgdWf6aNWYn4iABy7K5Lo="></latexit>

Pick(W, I) = argmax
V,|V |B

c(V,W, I)
<latexit sha1_base64="9VRAURHk8Z24T4AXNk7/J4fFCQQ="></latexit>

c(V [ {i},W, I)� c(V,W, I)
<latexit sha1_base64="aTZvKLOGTdtXbxhw36owLOj30Gs="></latexit>

Choosing i that maximizes marginal coverage
approximates optimum



LIME Experiments

• Two sentiment analysis datasets (2000 instances, each; used 1600/400 test/train)

• Bag-of-words as features

• Models:


• Decision Trees

• Logistic Regression with L2 regularization

• Nearest Neighbors

• Support Vector Machines with RBF kernels

• Random Forest (1000 trees) with word2vec embeddings


• K = 10
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Human Experiments

• Questions:

• Can users choose which of two classifiers generalizes better 

• Based on the explanations, can users perform feature engineering to improve the 

model 

• Are users able to identify and describe classifier irregularities by looking at 

explanations

• “Christianity” vs. “Atheism” from 20-newsgroups dataset


• known problems of data leakage from headers, …

• trained original and “cleaned” classifiers for comparison

• test set accuracy favors the “wrong” classifier!!!


• Separate test set of 819 web pages about these topics from http://dmoz-odp.org

• SVM with RBF kernels, trained on the 20-newsgroup data

• Mechanical Turk, 100 users, K=6 words, B=6 documents/Turk


• in 2nd experiment, they are asked to remove word features they believe 
inappropriate

�21

http://dmoz-odp.org
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Can People Gain Insight from these Explanations?

• Trained a deliberately bad classifier 
between Wolf and Husky

• All wolves in training set had snow 

in the picture, no huskies did

• Presented cases to graduate students 

with ML background

• 10 balanced test predictions, with 

one husky in snow, one wolf not in 
snow


• Comparison between pre- and post- 
experiment trust and understanding
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Critique of LIME

• Choice of    is arbitrary and can lead to bad sampling

• in implementation, often set to 


• it is important to tune the size of the neighbourhood according to how far z is to the 
closest decision boundary 

�24Adhikari, A., Tax, D. M. J., Satta, R., & Fath, M. (2018, December 21). Example and Feature importance-based Explanations for Black-box Machine Learning Models. arXiv.

�
<latexit sha1_base64="IJMxHRTkf7ql64tXKfvhCx+i+eg="></latexit>

0.75
p
d

<latexit sha1_base64="u0IyH/txJ3qcy66ZKLZgel9PYd8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0iq0h4LXjxWsB/QhrLZbNqlm026OymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbm+YngGhzn2ypsbe/s7hX3SweHR8cn5dOzto5TRVmLxiJWXZ9oJrhkLeAgWDdRjES+YB1/fL/wO1OmNI/lE8wS5kVkKHnIKQEjeY5du8N9PVGQBfNBueLYzhJ4k7g5qaAczUH5qx/ENI2YBCqI1j3XScDLiAJOBZuX+qlmCaFjMmQ9QyWJmPay5dFzfGWUAIexMiUBL9XfExmJtJ5FvumMCIz0urcQ//N6KYR1L+MySYFJuloUpgJDjBcJ4IArRkHMDCFUcXMrpiOiCAWTU8mE4K6/vEnaVdu9sauPt5VGPY+jiC7QJbpGLqqhBnpATdRCFE3QM3pFb9bUerHerY9Va8HKZ87RH1ifP7MnkWI=</latexit>



LEAFAGE - Local Example and Feature importance-
based model AGnostic Explanations

• Experts often reason by analogy from previous cases

• In law, this is formally enshrined as precedent

• In medicine, we see it in the behavior of experts


• Case-based reasoning: retrieve, adapt, learn

• Contrastive justification


• Not “why did you choose x?”,

• but “why did you choose x rather than y?”


• Assume that a black-box model                   solves a classification problem where

•  

• training set                             and                              ,


• To explain                , use

•                                             , 
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f : X ! Y
<latexit sha1_base64="NXbXZBdXwZUVLtSjUJd5I70eQQk=">AAACJXicZVDLSsNAFJ3UV62vqEs3g6XiqiRVsLgquHFZwT6kCWUynbRDJ5kwM1FKyB/4H+7d6i+4E8GVWz/DSRu0tgcGDufcy51zvIhRqSzr0yisrK6tbxQ3S1vbO7t75v5BW/JYYNLCnHHR9ZAkjIakpahipBsJggKPkY43vsr8zj0RkvLwVk0i4gZoGFKfYqS01DdP/EvoBEiNMGJJN4WOoMORQkLwhz/9Lu2bZatqTQGXiZ2TMsjR7JvfzoDjOCChwgxJ2bOtSLkJEopiRtKSE0sSITxGQ9LTNEQBkW4yzZPCilYG0OdCv1DBqTq/kaBAykng6cnsi3LRy8RfrzJv6jRC+nLhvvLrbkLDKFYkxLPzfsyg4jCrDA6oIFixiSYIC6oTQDxCAmGliy3pauzFIpZJu1a1z6q1m/Nyo56XVARH4BicAhtcgAa4Bk3QAhg8gmfwAl6NJ+PNeDc+ZqMFI985BP9gfP0AAjOl4Q==</latexit>

X = Rd and Y = {c1, c2}
<latexit sha1_base64="kgLpQ1JU5CyQOJqG/l2kGyOawnw="></latexit>

X = [x1, . . . , xn]
<latexit sha1_base64="OXUMUosZiNIpn3RcVIQi4Ae6OnE=">AAACGHicZVDLSsNAFJ34rPUVdSVuBkvBRSlJFexGKLhxWcE+oA1hMpm0QyczYWYiLaH4H+7d6i+4E7fu/AM/w6QNUtsDFw7n3MvhHi9iVGnL+jbW1jc2t7YLO8Xdvf2DQ/PouK1ELDFpYcGE7HpIEUY5aWmqGelGkqDQY6TjjW4zv/NIpKKCP+hJRJwQDTgNKEY6lVzztAtvYG/s2hXYZ77QClbg2OUOLLpmyapaM8BVYuekBHI0XfOn7wsch4RrzJBSPduKtJMgqSlmZFrsx4pECI/QgPRSylFIlJPMXpjCcqr4MBAyHa7hTF28SFCo1CT00s0Q6aFa9jLxzysvmhgxqQK1lK+DupNQHsWacDyPD2IGtYBZS9CnkmDNJilBWNL0A4iHSCKs0y6zauzlIlZJu1a1L6u1+6tSo56XVABn4BxcABtcgwa4A03QAhg8gRfwCt6MZ+Pd+DA+56trRn5zAv7B+PoFfK+d6w==</latexit>

ytrue = [y1, . . . , yn]
<latexit sha1_base64="+EDHjKI3V3Id5ELWx6JUJ9jBqPs=">AAACJ3icZVDLSsNAFJ34rPVVdelmsBS6KCWpgt0IBTcuK9gHtCFMppN26GQSZm6EEPoL/od7t/oL7kSX7vwMkzZIbQ9cOJxzL/fe44aCazDNL2Njc2t7Z7ewV9w/ODw6Lp2cdnUQKco6NBCB6rtEM8El6wAHwfqhYsR3Beu509vM7z0ypXkgHyAOme2TseQepwRSySlVYycZ+gQmyk9ARWw2wzd4EDtWDQ/FKABdw7EjbVx0SmWzbs6B14mVkzLK0XZKP8NRQCOfSaCCaD2wzBDshCjgVLBZcRhpFhI6JWM2SKkkPtN2Mv9ohiupMsJeoNKSgOfq8kRCfK1j3007s+P1qpeJf15l2aREKO3plf3gNe2EyzACJulivRcJDAHOQsMjrhgFEaeEUMXTDzCdEEUopNFm0VirQayTbqNuXdYb91flVjMPqYDO0QWqIgtdoxa6Q23UQRQ9oRf0it6MZ+Pd+DA+F60bRj5zhv7B+P4FrEGleA==</latexit>

ypredicted = {f(x) | xi 2 X}
<latexit sha1_base64="3KnO+czmZRQ5hbCgbph0QWGgF+I="></latexit>

f(z) = cz
<latexit sha1_base64="LoQOSEyyM46e6yUYGBXpy18z9gU=">AAACBXicZVDLagJBEOw1L2NeJjnmMkQEc5FdDcRLQMglRwPxAbrI7Dirg7Ozy8xsQBfPueea/EJuIdd8R/4gn5FRl2C0oKGo6qa7y4s4U9q2v63M1vbO7l52P3dweHR8kj89a6kwloQ2SchD2fGwopwJ2tRMc9qJJMWBx2nbG9/N/fYTlYqF4lFPIuoGeCiYzwjWRur4penVLelP+/mCXbYXQJvESUkBUjT6+Z/eICRxQIUmHCvVdexIuwmWmhFOZ7lerGiEyRgPaddQgQOq3GRx7wwVjTJAfihNCY0W6upEggOlJoFnOgOsR2rdm4t/XnHVJJhL5au1/dqvuQkTUaypIMv1fsyRDtE8EjRgkhLNJ4ZgIpn5AJERlphoE1zOROOsB7FJWpWyUy1XHq4L9VoaUhYu4BJK4MAN1OEeGtAEAhxe4BXerGfr3fqwPpetGSudOYd/sL5+AeZomHw=</latexit>

allies = {x 2 X | f(x) = cz}
<latexit sha1_base64="CAdbo+6Osi4K72rk5+DiKlio+NY="></latexit>

enemies = {x 2 X | f(x) 6= cz}
<latexit sha1_base64="FmJg4yOADVqBE4F3IDHvTnVah+Q="></latexit>

Adhikari, A., Tax, D. M. J., Satta, R., & Fath, M. (2018, December 21). Example and Feature importance-based Explanations for Black-box Machine Learning Models. arXiv.



• Choose a subset of training examples in the neighborhood of z

• Build a linear model from that subset

• Compute importance of each feature in that model

• Define a similarity measure based on features weighted by their importance


•                           defines the decision boundary

•                                                           is the distance function, 


• Explanation gives

• Most important features

• Most similar examples that give the same answer


• (details in paper)
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b(t) =
p
d · ||wT

z t�wT
z z||+ ||t� z||

<latexit sha1_base64="7tJf4wJetcREIaoJENlJwjYB8tg="></latexit>

g(x) = wzx+ c
<latexit sha1_base64="SyGxa9zEe7spF3pvhjpYispTgUY=">AAACFXicbVC7TsMwFHXKq5RXgBEGiwqpCKlKChJdkCqxMBaJPqQ2ihzXaa3aSWQ7QImy8BP8AivsbIiVmZUvwWk70JYjWT4+517d6+NFjEplWd9Gbml5ZXUtv17Y2Nza3jF395oyjAUmDRyyULQ9JAmjAWkoqhhpR4Ig7jHS8oZXmd+6I0LSMLhVo4g4HPUD6lOMlJZc87Bf6no8eUhPLrP7PnUfJ294CrFrFq2yNQZcJPaUFMEUddf86fZCHHMSKMyQlB3bipSTIKEoZiQtdGNJIoSHqE86mgaIE+kk41+k8FgrPeiHQp9AwbH6tyNBXMoR93QlR2og571M/M/rxMqvOgkNoliRAE8G+TGDKoRZJLBHBcGKjTRBWFC9K8QDJBBWOriZKR5PCzoUez6CRdKslO2zcuXmvFirTuPJgwNwBErABhegBq5BHTQABk/gBbyCN+PZeDc+jM9Jac6Y9uyDGRhfv7yZns8=</latexit>

wz = (wz1, . . . , wzd)
T

<latexit sha1_base64="NO5/1j5pO1WOxN7LqTGQ2OPObzk=">AAACHnicbVDLSsNAFJ3UV62vqEs3g6VQoZSkCnYjFNy4rNAXtDVMJtN26EwSZiaWNuQL/Al/wa3u3Ylb3folTh8L23rgwuGce7n3HjdkVCrL+jZSG5tb2zvp3cze/sHhkXl80pBBJDCp44AFouUiSRj1SV1RxUgrFARxl5GmO7yd+s1HIiQN/Joah6TLUd+nPYqR0pJj5jouj0eJM7nJj5x4Au2kADvMC5QswJngJRcPNcfMWkVrBrhO7AXJggWqjvnT8QIcceIrzJCUbdsKVTdGQlHMSJLpRJKECA9Rn7Q19REnshvP3klgTise7AVCl6/gTP07ESMu5Zi7upMjNZCr3lT8z2tHqlfuxtQPI0V8PF/UixhUAZxmAz0qCFZsrAnCgupbIR4ggbDSCS5tcXmS0aHYqxGsk0apaF8WS/dX2Up5EU8anIFzkAc2uAYVcAeqoA4weAIv4BW8Gc/Gu/FhfM5bU8Zi5hQswfj6BdLUoe8=</latexit>



�27See user study in paper



Can Attention Models in Deep Learning Serve  
as Explanations?

�28Liu, G., Hsu, T.-M. H., McDermott, M., Boag, W., Weng, W.-H., Szolovits, P., & Ghassemi, M. (2019, April 4). Clinically Accurate Chest X-Ray Report Generation. arXiv.



• Image encoder (CNN)

• Spacial image features 


• computed by fully connected layer on pre-global-pooling layer of CNN

• Sentence decoder (RNN/LSTM) uses image features


•  

• topic vector and stop signal                                       , 


• Word decoder (RNN/LSTM)

• Uses    ,   , and embedding of previous word generated

• Word is sampled from either conditional probability or overall corpus probability


• Reinforcement learning to favor most readable and clinically correct output

• Use CheXpert annotations for 12 diagnoses: pos, neg, uncertain, absent


• Hack: remove duplicate generated sentences

�29

V = {v}Kk=1
<latexit sha1_base64="lKKyQaMP3GQYafXnOWAvreaczh8=">AAACEnicbZDLSsNAFIYn9VbrLepK3ASL4KokVbCbQsGN4KaCvUATw2Q6bYfOTMLMpFBC8CV8Bbe6dydufQG3PomTNgvb+sPAx3/O4Zz5g4gSqWz72yisrW9sbhW3Szu7e/sH5uFRW4axQLiFQhqKbgAlpoTjliKK4m4kMGQBxZ1gfJPVOxMsJAn5g5pG2GNwyMmAIKi05ZsnbsCSdlp3kwwmqZs+3vnJuO6kvlm2K/ZM1io4OZRBrqZv/rj9EMUMc4UolLLn2JHyEigUQRSnJTeWOIJoDIe4p5FDhqWXzL6QWufa6VuDUOjHlTVz/04kkEk5ZYHuZFCN5HItM/+r9WI1qHkJ4VGsMEfzRYOYWiq0sjysPhEYKTrVAJEg+lYLjaCASOnUFrYELC3pUJzlCFahXa04l5Xq/VW5UcvjKYJTcAYugAOuQQPcgiZoAQSewAt4BW/Gs/FufBif89aCkc8cgwUZX79LhJ4d</latexit>

hi,mi = LSTM(v̄;hi�1,mi�1)
<latexit sha1_base64="CQ5Y3ZhCNhYjOPty8bJbl+iNdYM="></latexit>

⌧i = ReLU(W T
⌧ hi + b⌧ )

<latexit sha1_base64="Dh2z76Dr3gy1bdeho6dg7QuSRok="></latexit>

ui = �(wT
uhi + bu)

<latexit sha1_base64="2iqP5PfkyzOFmYFpEnu4Dlhpjgg=">AAACHXicbZDLSsNAFIYn9VbrLerSzWAVKkJJqmA3QsGNywq9QVvDZDpth84kYS5KCXkBX8JXcKt7d+JW3PokTtoubOsPAx//OYdz5vcjRqVynG8rs7K6tr6R3cxtbe/s7tn7Bw0ZaoFJHYcsFC0fScJoQOqKKkZakSCI+4w0/dFNWm8+ECFpGNTUOCJdjgYB7VOMlLE8+0R79Loj6YCjQsfn8WPi6ftaSsPEo/Ac+p4+8+y8U3QmgsvgziAPZqp69k+nF2LNSaAwQ1K2XSdS3RgJRTEjSa6jJYkQHqEBaRsMECeyG09+k8BT4/RgPxTmBQpO3L8TMeJSjrlvOjlSQ7lYS83/am2t+uVuTINIKxLg6aK+ZlCFMI0G9qggWLGxAYQFNbdCPEQCYWUCnNvi8yRnQnEXI1iGRqnoXhRLd5f5SnkWTxYcgWNQAC64AhVwC6qgDjB4Ai/gFbxZz9a79WF9Tlsz1mzmEMzJ+voF086h/w==</latexit>

v̄
<latexit sha1_base64="MyuB2bey4o1lsua3q/h7+fqQIRk=">AAACA3icbVC7SgNBFL0bXzG+opY2i0GwCrtRMGXAxjKCeUB2CTOT2WTIzOwyMxsIy5b+gq32dmLrh9j6JU4ehUk8cOFwzr2cy8EJZ9p43rdT2Nre2d0r7pcODo+OT8qnZ20dp4rQFol5rLoYacqZpC3DDKfdRFEkMKcdPL6f+Z0JVZrF8slMExoKNJQsYgQZKwUBRioLsMgmed4vV7yqN4e7SfwlqcASzX75JxjEJBVUGsKR1j3fS0yYIWUY4TQvBammCSJjNKQ9SyUSVIfZ/OfcvbLKwI1iZUcad67+vciQ0HoqsN0UyIz0ujcT//N6qYnqYcZkkhoqySIoSrlrYndWgDtgihLDp5Ygopj91SUjpBAxtqaVFCzyki3FX69gk7RrVf+mWnu8rTTqy3qKcAGXcA0+3EEDHqAJLSCQwAu8wpvz7Lw7H87nYrXgLG/OYQXO1y8hV5i0</latexit>

⌧
<latexit sha1_base64="pwKYVxoWXmxTQ8vKl9M/hue8wdA=">AAACAHicbVA9SwNBEJ2LXzF+RS1tFoNgFe6iYMqAjWUE8yG5I+xt9pIlu3vH7p4QjjT+BVvt7cTWf2LrL3GTXGESHww83pthZl6YcKaN6347hY3Nre2d4m5pb//g8Kh8fNLWcaoIbZGYx6obYk05k7RlmOG0myiKRchpJxzfzvzOE1WaxfLBTBIaCDyULGIEGys9+qHIfIPTab9ccavuHGideDmpQI5mv/zjD2KSCioN4VjrnucmJsiwMoxwOi35qaYJJmM8pD1LJRZUB9n84Cm6sMoARbGyJQ2aq38nMiy0nojQdgpsRnrVm4n/eb3URPUgYzJJDZVksShKOTIxmn2PBkxRYvjEEkwUs7ciMsIKE2MzWtoSimnJhuKtRrBO2rWqd1Wt3V9XGvU8niKcwTlcggc30IA7aEILCAh4gVd4c56dd+fD+Vy0Fpx85hSW4Hz9AoVslz0=</latexit>
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Attention Map Identified Relevant Parts of the Image

�31



But

• “assumption that the input units (e.g., words) accorded high attention weights are 
responsible for model outputs”


• Desiderata if attention actually is to give insight into how a DNN operates

• Attention weights should correlate with feature importance measures (e.g., 

gradient-based measures) 

• Alternative (or counterfactual) attention weight configurations ought to yield 

corresponding changes in prediction 


• Mixed results, though the study has been criticized for methodology

• “evidence that correlation between intuitive feature importance measures 

(including gradient and feature erasure approaches) and learned attention 
weights is weak”


• counterfactual attention distributions — which would tell a different story about 
why a model made the prediction that it did — often have no effect on model 
output 


�32Jain, S., & Wallace, B. C. (2019, February 26). Attention is not Explanation. arXiv.
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Building Simple Models 
Falling Rule Lists

• Willing to sacrifice (some) performance for simplicity of model

• Falling Rule List is a form of Decision List, a one-sided Decision Tree


• the order of rules determines which example should be classified by each rule 

• the estimated probability of success decreases monotonically down the list 


• Rank rules to form a predictive model 

• Stratify patients into decreasing risk sets 

�34Wang, F., & Rudin, C. (2015). Falling Rule Lists. Aistats.



Learning Falling Rule Lists

• Data: 

• Bayesian approach:


• Hyperparameters

• Falling Rule List parameters 

• Likelihood

• Size of rule list 

• Space of possible IF clauses (Boolean functions on X)

• Clauses                                   iff x satisfies a set of conditions, for 

• Risk scores


• These will be scaled by logistic function to yield a probability
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D = {(xn, yn)}n=1,...,N , xn 2 X, yn 2 {0, 1}
<latexit sha1_base64="N2LfArwdOPpcs01k7uVcE5sgC48="></latexit>

H
<latexit sha1_base64="77CTXaD9QAX5giIbw9LaaGR1HgM=">AAAB+HicbVA9SwNBEN3zM8avqKUgi0GwCnexMJ0Bm5QJmA9IQtjbzCVLdveO3T0hHimtbLW3E1urVP4PW1v/hJuPwiQ+GHi8N8PMPD/iTBvX/XLW1jc2t7ZTO+ndvf2Dw8zRcU2HsaJQpSEPVcMnGjiTUDXMcGhECojwOdT9we3Er9+D0iyUd2YYQVuQnmQBo8RYqVLqZLJuzp0CrxJvTrI3n+PKz+PZuNzJfLe6IY0FSEM50brpuZFpJ0QZRjmM0q1YQ0TogPSgaakkAnQ7mR46whdW6eIgVLakwVP170RChNZD4dtOQUxfL3sT8T+vGZug0E6YjGIDks4WBTHHJsSTr3GXKaCGDy0hVDF7K6Z9ogg1NpuFLb4YpW0o3nIEq6SWz3lXuXzFyxYLaIYUOkXn6BJ56BoVUQmVURVRBOgJPaMX58F5dd6c91nrmjOfOUELcD5+AdNpl7U=</latexit>

✓ with prior p✓(·;H)
<latexit sha1_base64="GEXcqusRNnU8LClDkDgce6+CF1k="></latexit>

pY ({yn} | ✓; {xn})
<latexit sha1_base64="AmwA1gVwjJ4B5I4qu+NOYKtAQJ4="></latexit>

L 2 Z+
<latexit sha1_base64="JkVCk5loYVWRXwXDxvRIsI61es8=">AAACCXicbVA9SwNBFNzzM8avU0ubwyAIQriLhQELAzYWFhHMB+Zi2NvsJUt2947dvUA4Duz9C7ba24mthb/B1lrExt69JIVJHHgwzLzHG8YLKZHKtt+NufmFxaXlzEp2dW19Y9Pc2q7KIBIIV1BAA1H3oMSUcFxRRFFcDwWGzKO45vXOUr/Wx0KSgF+pQYibDHY48QmCSkst07xwCXcZVF3Pi6+Tm8OWmbPz9hDWLHHGJHf6/fXzeft2Um6ZH247QBHDXCEKpWw4dqiaMRSKIIqTrBtJHELUgx3c0JRDhmUzHiZPrH2ttC0/EHq4sobq34sYMikHzNObaUY57aXif14jUn6xGRMeRgpzNHrkR9RSgZXWYLWJwEjRgSYQCaKzWqgLBURKlzXxxWNJVpfiTFcwS6qFvHOUL1w6uVIRjJABu2APHAAHHIMSOAdlUAEI9ME9eACPxp3xZDwbL6PVOWN8swMmYLz+ApnVn4w=</latexit>

BX(·)
<latexit sha1_base64="APT4pHSLV2ocq+BtqT4Y1uESjQw=">AAACAXicbVC7SgNBFJ31mcRX1EawGQxCbMJuLEwZYmMZwTwwWcLs7CQZMo9lZlaIS0DwF2y1t5O0folg5Zc4eRQm8cCFwzn3cu89QcSoNq775aytb2xubafSmZ3dvf2D7OFRXctYYVLDkknVDJAmjApSM9Qw0owUQTxgpBEMrid+44EoTaW4M8OI+Bz1BO1SjIyV7iudZr6NQ2kuOtmcW3CngKvEm5Nc+eTxO/00rlQ72Z92KHHMiTCYIa1bnhsZP0HKUMzIKNOONYkQHqAeaVkqECfaT6YXj+C5VULYlcqWMHCq/p1IENd6yAPbyZHp62VvIv7ntWLTLfkJFVFsiMCzRd2YQSPh5H0YUkWwYUNLEFbU3gpxHymEjQ1pYUvARxkbirccwSqpFwveZaF46+XKJTBDCpyCM5AHHrgCZXADqqAGMBDgBbyCN+fZeXc+nPGsdc2ZzxyDBTifv1+gmfY=</latexit>

l = 1, . . . , L� 1
<latexit sha1_base64="fYQ/Qun9DjCDrTB67y0kZmZ9CT8=">AAACCXicbVC7SgNBFJ31GeNrNaXNYAhYxLAbC9MIARsLiwjmAUkIs7OzyZCZnWVmNhCWdHb+gq32dmIr+A9aWvgFfoCTR2ESD1w4nHMv53K8iFGlHefDWlldW9/YTG2lt3d29/btg8OaErHEpIoFE7LhIUUYDUlVU81II5IEcY+Rute/HPv1AZGKivBWDyPS5qgb0oBipI3UsW124eZhi/lCqzy8PnU7dtYpOBPAZeLOSLacyd39vH9/Vjr2V8sXOOYk1JghpZquE+l2gqSmmJFRuhUrEiHcR13SNDREnKh2Mvl8BHNG8WEgpJlQw4n69yJBXKkh98wmR7qnFr2x+J/XjHVQaic0jGJNQjwNCmIGtYDjGqBPJcGaDQ1BWFLzK8Q9JBHWpqy5FI+P0qYUd7GCZVIrFtyzQvHGzZZLYIoUOALH4AS44ByUwRWogCrAYAAewCN4su6tZ+vFep2urlizmwyYg/X2C6pynPw=</latexit>

cl(·) 2 BX(·) 3 cl = 1
<latexit sha1_base64="QCNYIYMO2tNEuGk3LUOrdzZYFDg=">AAACG3icbVC7SgNBFJ31mcTXqo1gMyQIsQm7sTCNEGJjGcE8IBuW2dnZZMjs7DIzK8QlYOlP+AsWNtrbia2FYOWXOHkUJvHAhTPn3Mude7yYUaks68tYWV1b39jMZHNb2zu7e+b+QVNGicCkgSMWibaHJGGUk4aiipF2LAgKPUZa3uBy7LduiZA04jdqGJNuiHqcBhQjpSXXzGOXFR3sR+oUOpTDmtuePR1OoTYvbNcsWCVrArhM7BkpVI/uvrP3z7W6a/44foSTkHCFGZKyY1ux6qZIKIoZGeWcRJIY4QHqkY6mHIVEdtPJLSN4ohUfBpHQxRWcqH8nUhRKOQw93Rki1ZeL3lj8z+skKqh0U8rjRBGOp4uChEEVwXEw0KeCYMWGmiAsqP4rxH0kEFY6vrktXjjK6VDsxQiWSbNcss9K5Wu7UK2AKTLgGORBEdjgHFTBFaiDBsDgATyBF/BqPBpvxrvxMW1dMWYzh2AOxucvfV2i/g==</latexit>

rl 2 R, for l = 0, . . . , L 3 rl+1  rl
<latexit sha1_base64="6CuWLv/xlrOhviJJjFssIKLWR/k="></latexit>



• Lots of details (see the paper)

• use a “frequent itemset mining” algorithm to find clauses with enough support 

• choose rl to be log of products of real numbers

• L is drawn from a Poisson distribution

• use can express preference over lengths of clauses

• MAP decision list is computed by simulated annealing: {swap, replace, add, 

delete} a clause

• Gibbs sampling to estimate posteriors
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Empirical Test: 30-Day Hospital Readmission

• 8,000 patients

• Features: “impaired mental status,” “difficult behavior,” “chronic pain,” “feels 

unsafe” and over 30 other features

• Mined rules with support ≥5%, no more than two conditions

• Expected length of decision list = 8

• Compared to SVM, Random Forest, Logistic Regression, CART, Inductive Logic 

Programming
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Readmission Rule List
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Test on Various UCI Data Sets
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Recap

• Introduction: What makes healthcare 
unique?


• Overview of clinical care

• Deep dive into clinical data

• Risk stratification using EHRs and 

insurance claims

• Survival modeling

• Physiological time-series

• Clinical text (x2)

• Translating technology into the clinic

• Machine learning for cardiology 
• Machine learning for differential 

diagnosis


• Machine learning for pathology 
• Machine learning for mammography

• Causal inference (x2)

• Reinforcement learning (x2)

• Disease progression & subtyping (x2)

• Precision medicine

• Automating clinical workflows

• Regulation of ML/AI in the US

• Fairness

• Robustness to dataset shift

• Interpretability

�40



Thanks

• Immense thanks to Irene Chen and 
Willie Boag!!! 

• David Sontag’s vision

• Your hard work

�41The END


