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The Key Enabler: Deep Learning
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DNNSs are hard to debug

Set a breakpoint & step through How to set a break point?

static void Main(string[] args)

{

int testlnt = 1;

for (int 1 = @; 1 < 10; i++)
{

® EESEIRE +- i;)
}

} ?2??
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Motivating Example:
An RNN model for sentiment analysis

His ruling makes perfect sense. Especially .
when you read the citations of law. @ Positive

100, 000 comments
from an online forum
So John Kelly is just a more useful idiot Neaati
than the Mooch. @ egative
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Motivating Example:
An RNN model for sentiment analysis

How naive is Justin. How
disingenuous of himself. It’'s not
the money silly. It’s being able to
plant the seeds of ideas, concepts
in the Minister’s so that he or she
will think favourably on your
behalf the next time a related
issue raises its ugly head.

- A comment from Reddit
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Our Solution:
Abstracting DNNs to Finite State Machines

Complex DNN Finite State Machine Interaction Support



DeepSeer:
An Interactive System for Debugging and Testing RNN Models

= DeepSeer
State Diagram Pattern Summary
State: 39 N, -3
‘fLEAR X \ associated words and phrases INFLUENTIAL PATTERN POSSIBLE BUGGY PATTERN
Stupld i count: 82
idi t: 50
idiot . o -e 26139 ) ypocrites v
stupid and  count:29
what a stupid v
— the catholic church v
o l — /—n ‘& / ‘
* » s : .1' (e 999 ) andincest v
<< : 71\
! ./ 11115 ) lock himup v
Node: 39, Positive: 5046, Negative; 39948
/U e/ eisa v
/
s @ ’& ‘
_ “ | (e 131322 ) whitesupre v
) /”«‘ 7 937
) V7 @) sae ~
SN 8 >33
\%_‘m
36 the clown prince v
Instance
= FILTERS = DENSITY = TRAIN/TEST {J POSITIVE: 92739 / NEGATIVE: 7261 Q Search




DeepSeer:
An Interactive System for Debugging and Testing RNN Models

R

State Diagram Pattern Summary
M &
| CLEAR X ‘ Negative INFLUENTIAL PATTERN POSSIBLE BUGGY PATTERN
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An Interactive System for Debugging and Testing RNN Models

DeepSeer:

How naive of Justin. How disingenuous of himself.

It's not the money silly. It's being able to plant

seeds of ideas, concepts, etc. in the Minister's Q
your behalf the next time a related s’ I. ,_ » 5

ugly head. Close quarters lobbying Iv. . —

Input text: how naive of justin . how di sing en uous of

himself . it ' s not the money silly . it ' s being able to plant
seeds of ideas , concepts , etc . in the minister ' s head so
that he or she will think favour ably on your behalf the next

time a related issue raises its ugly head . close quarters

lobbying i would call it .

Trace:
3=+13—9—22-22-422-422-30-30-+14—14—14—14—1
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DeepSeer:
An Interactive System for Debugging and Testing RNN Models

Further investigation reveals imbalanced training data with the word, “quarters”.

Instance

= FILTERS = DENSITY = TRAIN/TEST| ¢® POSITIVE: 27 / NEGATIVE: 1 Q, re' quarters %
Index Trace Text

2259 3134022422422 22—422—+22-+14—14—14—14—14-+14 the arrogant self - righteous ness of the media is
10349 3=+25=+11=11=11=34—26—26—26—26—2—2—2—-2—-2—2— here 's the real reason behind dow 21 , 000 ( no
13879 3=+11-+11—11—+35-+35-+35~+35—+35—+35—+35—+35—+35—+35—3" accepting the national constitution center ' s liber
15103 3=+11—+11—11—34—+26-+35~+35~+35-+35-+35—+35—-+35—+35—3! so the plant has lost some money in most years -

17269 3=+11=11=11=11=34—-34—35-+35—+4—7—26—26—35—-+35— one of the things , margaret , that makes you a fz



The medium nqmber of reasonable The medium number of error-inducing
explanations per user keywords found by users

Quora AGNews Quora AGNews

B DeepSeer N LIME
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Key Takeaways

New debugging tools
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Collaborators:

Da Song
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tianyi@purdue.edu

https://tianyi-zhang.github.io/
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Approach Overview

 State profiling
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Approach Overview

 State profiling

* Dimension reduction

 Principal Component Analysis
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(O He missed a flight.
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Approach Overview

 State profiling
* Dimension reduction
 Principal Component Analysis

o State abstraction

 Gaussian Mixture Models

O
O

| booked a flight.
He missed a flight.

18



Approach Overview

 State profiling
* Dimension reduction
 Principal Component Analysis

o State abstraction

 Gaussian Mixture Models

(O 1booked a flight.
(O He missed a flight.
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Q1. State diagram is useful.

Evaluation
A User Study with 28 Participants

Median

Q2. State diagram is overwhelming or distracting.

Num of participants

Q3. Interaction with state is useful.

Q4. Pattern sumarry and filtering is useful.

2
1

2
1 1 1

2 2 2

1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree

Q5. Instance view is useful.

1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree

Q6. Intermediate prediction results are useful.

1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree

Q7. Search for similar data instances is useful.

1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree

Q8. | want to use DeepSeer to debug my own models.

9
8
7
6
5 5
4 4
3
2
1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree Strongly disagree Neutral Strongly agree Strongly disagree Neutral Strongly agree Strongly disagree Neutral Strongly agree
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Q1. State diagram is useful. /

g

2
1

Evaluation

A User Study with 28 Participants

-

State Diagram

P10 said, “I think DeepSeer is in good
design. The best feature | like the

visualization of positive/negative states. ”

~

state is useful.

Q4. Pattern sumarry and filtering is useful.

) 5

) s
1 1

1 2 3 4 5 6 7
Strongly disagree Neutral Strongly agree

Q5. Instance view is useful.

1 2 3 4
Strongly disagree Neutr|

Q6. Intermediate predictig

Pattern Summary

P2 said, ‘it is good for us to see inside of
the model and find the bug with possibly
buggy pattern.”

2 3
ngly disagfee

4 5 6 7
Neutral Strongly agree

use DeepSeer to debug my own models.

6
4 4 )
- = = -
1 2 3 4 5 6 7 1 2 3 4 5 6 Intermediate Prediction Results
Strongly disagree Neutral Strongly agree Strongly disagree Neutral Stron
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1 1

P5 said, “typing out my own example, and
seeing the sequence of internal nodes that
the RNN went through (and its prediction)

was quite useful.”
\ V4 Y,

4 5 6 7
Neutral Strongly agree
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Design Implications

* Opening a black-box model is critical for debugging.
e Users wish to see the internal decision-making process of a model.

* Explanations should be interpretable to users.
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