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Do we completely understand 
how deep neural networks 

achieve these amazing results?





7No!



Art vs. Science
• In general, bigger neural network models with 

millions of parameters yield better performance 

• Difficult to understand and debug (art vs. science)



(Matt Rourke/AP)  Three Mile Island nuclear power plant, Middletown, Pa.



Human-Centered Design
Technology has to be designed in such a way that 
humans can use it – even when we are stressed out or 
tired or just liable to make mistakes. 

The interfaces around us need to be accepting of 
human limitations. They have to present a world 
comprehensible to us. 

This is the idea of empathy.

Good Design is Human, Wireframe Podcast, October 9, 2018



Human-Centered AI

Ben Shneiderman, 2021



Human-AI Collaboration

AI-reen is from http://robotodex.com/
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Act 1 - Observing

model outputinput

[Strobelt et al., TVCG 2017]

LSTMVis



Act 2 - Interacting

model outputinput

Seq2Seq-Vis

[Strobelt et al., TVCG 2018]

3/27/2018 S2S Attention

http://localhost:8080/client/index.html?in=wir%20wollen%20heute%20mal%20richtig%20spass%20haben%20. 1/3

Start entering some encoder sentence (enter triggers request)...

wir wollen heute mal richtig spass haben .

Enc words:

Attention:

topK:

wir wollen heute mal richtig spass haben .

we want to have really fun today .

we want to have really fun today .

now &apos;re a be a enjoy now ,

so &apos;d really get fun enjoyed with to

and &apos;ve that really some funny here &apos;s

i have the do quite enjoyable from with

pivot

g change:

word attn

hcompare:

sentence

swap:

�

wir wollen heute morgen mal richtig spass haben .

we want to have really fun this morning .

we want to have really fun this morning .

so &apos;re really be fun enjoy that tomorrow ,

and &apos;d a get a enjoyed in day in

now really that really some funny here next with

this &apos;ve some do quite enjoyable with evening to

compare

<s>

we

now
and
so

want
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we
we

to
going
want

have

be

really
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fun
really

fun
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fun
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time
time
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wir wollen heute mal richtig spass haben .

wir wollen heute morgen mal richtig spass haben .

show: edges  nodes
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show: src tgt  highlight: -1 0 +1

�  ich möchte ihnen heute  morgen ein paar geschichten erzählen und über ein anderes
afrika sprechen .

<s> what i want to do this morning is share with you a couple of stories and talk about
a different africa . </s>

�  ich möchte heute  morgen ein wenig darüber sprechen , was passiert , wenn wir uns
von design in richtung eines design-thinking bewegen .

<s> i &apos;d like to talk a little bit this morning about what happens if we move from
design to design thinking . </s>

�  über diese beiden aspekte werde ich heute  morgen etwas berichten .

<s> and i &apos;m going to say a few words about each one this morning . </s>

�  mein name ist ursus wehrli , und ich möchte ihnen heute  morgen gerne von meinem
projekt , kunst aufräumen , erzählen .

<s> my name is ursus wehrli , and i would like to talk to you this morning about my
project , tidying up art . </s>

�  eine neue theorie ist jetzt , und ihr habt sie bereits heute  morgen von dr. insel
gehört , dass psychische erkrankungen störungen der neuralen verbindungen sind , die
einfluss auf gefühle , laune und <unk> haben .

<s> now , an emerging view that you also heard about from dr. insel this morning , is
that psychiatric disorders are actually disturbances of neural circuits that mediate
emotion , mood and affect . </s>

�  alle 30 sekunden stirbt irgendwo auf der welt ein kind an malaria und paul levy
sprach heute  morgen über die metapher von der <unk> , die in den vereinigten staaten
abstürzt .

Translation View (a)

Neighborhood View (b)



Act 3 - Collaborating

model outputinput

hooks

CSI

GenNI
[Gehrmann et al., TVCG 2019]

GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

& constraint ⇧ forecast ꔄ

& constraint ⇧ forecast ꔄ

&

constraint ⇧ forecast ꔄ

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
oneoneone

nearnearnear

,,,
...

oneoneone

,,,

oneoneone

hashashas
andandand

hashashas

hashashas

,,,

aaa

aaa

aaa

hashashas
andandand

customercustomercustomer

111

customercustomercustomer

customercustomercustomer
111

ratingratingrating

outoutout
starstarstar

ratingratingrating

ratingratingrating

ofofof
111

ofofof

ofofof

ofofof

111
ofofof

555

111

111

outoutout

555
ratingratingrating

outoutout

outoutout

Global Forecast

F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F J K C T
F F J K E C T
F F J K E C T
F F J K E C T

name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST[Strobelt et al., TVCG 2021]



Three Messages
1. Interfaces to deep learning systems need to follow 

the principles of human-centered design. 

2. To re-establish the human agency over deep 
learning systems we introduce the concept of 
interactive collaboration. 

3. Neural network models need to be extended to 
include intermediate representations (“hooks”) 
that can be understood and acted upon by 
humans.



Act 1: Observing

model outputinput



A Tool for Visual Analysis of Hidden 
State Dynamics in RNNs
Hendrik Strobelt, Sebastian Gehrmann, 
Hanspeter Pfister, Alexander Rush
[TVCG 2017]

IBM Research AI
Visual AI Lab



RNNs

Machine translation

Speech recognition

Music generation

Text classification 
Image captioning

…



x t-2 x t-1 x t

h t-2 h t-1 h t

p t

wt-1 wtwt-2



Why are RNNs so effective at  
capturing the history of words?



What does an RNN capture  
in its hidden states?

x t-2 x t-1 x t

h t-2 h t-1 h t

p t

wt-1 wtwt-2



Visual Analysis Tool
Formulate Hypothesis - What properties do groups of 
hidden states learn to capture? 

Refine Hypothesis - What textual similarities do the 
hidden states represent? 

Compare models and datasets - to allow early 
generalization about the insights the representations 
provide



Simple Language with 
Memory

alphabet:  ( ) 0 1 2 3 4 

corpus: ( 1 ( 2 ) () ) 0 ( ( ( 3 ) ) 1 ) 

An opening parenthesis increases nesting level; a 
closing parenthesis decreases it 

Randomly, numbers are inserted depicting the nesting 
level



hi…j

words

time

state value

ht-1 ht
0.12 -0.4
0.01 0.07
0.1 0.3

…

thresholdon

off

localhost:8888/client/pattern_finder.html?data_set=6&source=states_u::states2&pos=99925&low_pass=0&threshold=0.3036649214659686&brush=15,15&queried=true




http://lstm.seas.harvard.edu/



Act 2: Interacting

model outputinput



Seq2Seq-Vis: A visual debugging tool 
for sequence-to-sequence models
Hendrik Strobelt, Sebastian Gehrmann, Michael Behrisch, 
Adam Perer, Hanspeter Pfister, Alexander Rush 
[TVCG 2018]

IBM Research AI
Visual AI Lab



Seq2seq models can learn to transform an arbitrary length input 
sequence into an arbitrary length output sequence and are state-
of-art for tasks like …

• Machine translation

• Natural language generation

• Question answering

• Speech recognition

• Image captioning

• Summarization 

• …



word in context











die längsten reisen fangen an , wenn es auf den straßen dunkel wird .

the longest travel begins when it gets to the streets . dark?



How to identify 
what went wrong?



Examine Model Decisions 
3/30/2018 S2S Attention

http://localhost:8080/client/index.html?in=our%20tool%20helps%20to%20find%20errors%20in%20seq2seq%20models%20using%20visual%20analysis%20methods%20.

Start entering some encoder sentence (enter triggers request)...

our tool helps to find errors in seq2seq models using visual analysis methods .

Enc words:

Attention:

topK:

our tool helps to find errors in seq2seq models using visual analysis methods .

unser werkzeug hil� , fehler in <unk> modellen zu finden mittels visueller analysen .

unser werkzeug hil� , fehler in <unk> modellen zu finden , visueller analysen .

unsere instrument dabei dabei fehlern zu der modelle anzuwenden entdecken mit der <unk> von

das tool hilfreich dazu abweichungen bei den <unk> einzusetzen suchen die visuellen auswertung ,

unserem hilfsmittel ist zu <unk> für form , mit verschaffen mittels des analyse der

wir werkzeuge helfen es etwas auf die anhand für geben und <unk> darstellungen des

pivot

g change:

word attn

hcompare:

sentence

swap:

�

unser werkzeug hil� , fehler in <unk> modellen zu finden mittels

der

visueller

visuellen

visuellen

analysen

<unk>

analysen

analyse

analysen

.

.

.

.

.

input / encoder (S1)

output / decoder (S2)attention (S3)

top k prediction 
(S4)

beam search (S5)



Check Encoder



Check Attention



Check Prediction Model



Check Beam Search



What-If Testing



3/27/2018 S2S Attention

http://localhost:8080/client/index.html?in=wir%20wollen%20heute%20mal%20richtig%20spass%20haben%20. 1/3

Start entering some encoder sentence (enter triggers request)...

wir wollen heute mal richtig spass haben .

Enc words:

Attention:

topK:

wir wollen heute mal richtig spass haben .

we want to have really fun today .

we want to have really fun today .

now &apos;re a be a enjoy now ,

so &apos;d really get fun enjoyed with to

and &apos;ve that really some funny here &apos;s

i have the do quite enjoyable from with

pivot

g change:

word attn

hcompare:

sentence

swap:

�

wir wollen heute morgen mal richtig spass haben .

we want to have really fun this morning .

we want to have really fun this morning .

so &apos;re really be fun enjoy that tomorrow ,

and &apos;d a get a enjoyed in day in

now really that really some funny here next with

this &apos;ve some do quite enjoyable with evening to

compare

<s>

we

now
and
so

want
&apos;re
we
we

to
going
want

have

be

really

a
some
fun
really

fun

really
really

fun

today
now
fun
fun

today

.

.
time
time

.

.

.

wir wollen heute mal richtig spass haben .

wir wollen heute morgen mal richtig spass haben .

show: edges  nodes

wir

wollen

heute

mal

richtig

spass

haben

.

wir

wollen

heute

morgen

mal

richtig

spass

haben

.

show: src tgt  highlight: -1 0 +1

�  ich möchte ihnen heute  morgen ein paar geschichten erzählen und über ein anderes
afrika sprechen .

<s> what i want to do this morning is share with you a couple of stories and talk about
a different africa . </s>

�  ich möchte heute  morgen ein wenig darüber sprechen , was passiert , wenn wir uns
von design in richtung eines design-thinking bewegen .

<s> i &apos;d like to talk a little bit this morning about what happens if we move from
design to design thinking . </s>

�  über diese beiden aspekte werde ich heute  morgen etwas berichten .

<s> and i &apos;m going to say a few words about each one this morning . </s>

�  mein name ist ursus wehrli , und ich möchte ihnen heute  morgen gerne von meinem
projekt , kunst aufräumen , erzählen .

<s> my name is ursus wehrli , and i would like to talk to you this morning about my
project , tidying up art . </s>

�  eine neue theorie ist jetzt , und ihr habt sie bereits heute  morgen von dr. insel
gehört , dass psychische erkrankungen störungen der neuralen verbindungen sind , die
einfluss auf gefühle , laune und <unk> haben .

<s> now , an emerging view that you also heard about from dr. insel this morning , is
that psychiatric disorders are actually disturbances of neural circuits that mediate
emotion , mood and affect . </s>

�  alle 30 sekunden stirbt irgendwo auf der welt ein kind an malaria und paul levy
sprach heute  morgen über die metapher von der <unk> , die in den vereinigten staaten
abstürzt .

Translation View (a)

Neighborhood View (b)

http://seq2seq-vis.io/



Act 3: Collaborating

model outputinput

hooks



Model “Hooks”
• Forward Path: Prediction  

• Backward Path: Examine and correct model 
decisions interactively

model outputinput

hooks



Forward Backward

? ?
? ?



Forward Backward

X !
X !



Traditional Prediction Model

xt

htht-1

Wt



Latent-Variable Model

xt

htht-1

Wt

zt



Visual Interaction  
with Deep Learning Models 
through Collaborative Semantic Inference
Sebastian Gehrmann, Hendrik Strobelt, Kathryn Hite, 
Robert Krueger, Hanspeter Pfister, Alexander Rush 
[TVCG 2019]

IBM Research AI
Visual AI Lab



Collaborative Summarization
1) What input text generated the output? 
2) Select different input text and generate new output 
3) Change the output and see where it appears in the input 

(backwards)



(a) (c)(b)

(d) (d)

(e) (f)(g) (g)(h)Cesar Anna AI-reen Bert

Cesar Anna AI-reen Bert

Generate initial 3 sentence  
summary from all inputs



(a) (c)(b)

(d) (d)

(e) (f)(g) (g)(h)

Blue: What do I want to use? 
Red: What has been summarized

Where did it come from?

The summary



Cesar Anna AI-reen Bert

Add a new sentence that  
starts with “The water is …”

Cesar Anna AI-reen Bert



Cesar Anna AI-reen Bert

Cesar Anna AI-reen Bert

I wrote another sentence. 
What does the summary  
cover now? 



Lessons Learned
• Users can have semantically meaningful interactions with 

the model (CSI: Collaborative Semantic Inference). 

• It is easy to over-constrain the text generation; SOTA ML 
models cannot handle this, yet. 

• Need a higher-level interface to specify the constraints. 
Idea: use a constraint graph to specify model hooks. 



GenNI: Human-AI Collaboration for 
Data-Backed Text Generation
Hendrik Strobelt, Jambay Kinley, Robert Krueger,  
Johanna Beyer, Hanspeter Pfister, Alexander M. Rush 

IBM Research AI
Visual AI Lab

[TVCG 2021]



Table2Text Generation

GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
oneoneone

nearnearnear

,,,
...

oneoneone

,,,

oneoneone

hashashas
andandand

hashashas

hashashas

,,,

aaa

aaa

aaa

hashashas
andandand

customercustomercustomer

111

customercustomercustomer

customercustomercustomer
111

ratingratingrating

outoutout
starstarstar

ratingratingrating

ratingratingrating

ofofof
111

ofofof

ofofof

ofofof

111
ofofof

555

111

111

outoutout

555
ratingratingrating

outoutout

outoutout

Global Forecast

F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F J K C T
F F J K E C T
F F J K E C T
F F J K E C T

name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST



Higher-order Model Hooks

Forecast

Refine

Control states (model hooks) 
as constraint graph Generated output text



Control States  
(aka Model Hooks)

GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
oneoneone

nearnearnear

,,,
...

oneoneone

,,,

oneoneone

hashashas
andandand

hashashas

hashashas

,,,

aaa

aaa

aaa

hashashas
andandand

customercustomercustomer

111

customercustomercustomer

customercustomercustomer
111

ratingratingrating

outoutout
starstarstar

ratingratingrating

ratingratingrating

ofofof
111

ofofof

ofofof

ofofof

111
ofofof

555

111

111

outoutout

555
ratingratingrating

outoutout

outoutout

Global Forecast

F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F J K C T
F F J K E C T
F F J K E C T
F F J K E C T

name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST

GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
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...

oneoneone
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andandand

customercustomercustomer
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Global Forecast
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name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

&

& create example ꔃ

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST



Model Output
Table

Output



User Correction



Model 
Output



User Correction



Model 
Output

Different control states



Infer Model Hooks

x: table input 
y: user-generated desired text output 
z: inferred control states (aka model hooks) model outputinput

hooks



Constrained Generation

Beam tree with constraints
model outputinput

hooks



Constraint Graph Editor
Edit control state constraints in visual RegEx editor



Lessons Learned
• Higher-order constraint graphs combined with direct user 

input to control the output are intuitive. 

• This lesson applies also to other deep learning models, e.g., 
in computer vision.  

• How do we evaluate human-AI collaboration?  

• Could evaluate models using both automated and human 
metrics, e.g., GEM Benchmark (https://gem-benchmark.com)



GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

& constraint ⇧ forecast ꔄ

& constraint ⇧ forecast ꔄ

&

constraint ⇧ forecast ꔄ

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

&

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
oneoneone

nearnearnear

,,,
...

oneoneone

,,,

oneoneone

hashashas
andandand

hashashas

hashashas

,,,

aaa

aaa

aaa

hashashas
andandand

customercustomercustomer

111

customercustomercustomer

customercustomercustomer
111

ratingratingrating

outoutout
starstarstar

ratingratingrating

ratingratingrating

ofofof
111

ofofof

ofofof

ofofof

111
ofofof

555

111

111

outoutout

555
ratingratingrating

outoutout

outoutout

add to examples + forecast ꔄ

Global Forecast

F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F F J K E C T
F J K C T
F F J K E C T
F F J K E C T
F F J K E C T

name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

&

& create example ꔃ

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

&

&

&

&

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST

Soon at https://genni.vizhub.ai 



Call for Action



Three Messages
1. Interfaces to deep learning systems need to follow 

the principles of human-centered design.
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Design

a) observer design process:

b) collaborator (CSI) design process:

informs
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ML Experts
Visualization / HCI 
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Three Messages
1. Interfaces to deep learning systems need to follow 

the principles of human-centered design. 

2. To re-establish the human agency over deep 
learning systems we introduce the concept of 
interactive collaboration.
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Three Messages
1. Interfaces to deep learning systems need to follow 

the principles of human-centered design. 

2. To re-establish the human agency over deep 
learning systems we introduce the concept of 
interactive collaboration. 

3. Neural network models need to be extended to 
include intermediate representations (“hooks”) 
that can be understood and acted upon by 
humans.



Latent 
Variable 
“Hooks”



Towards Visually Interactive Neural Probabilistic Models
Hanspeter Pfister 
pfister@seas.harvard.edu

Demos, source code, papers are available: 

http://seq2seq-vis.io/

http://lstm.seas.harvard.edu/

http://vcg.seas.harvard.edu

Soon at https://genni.vizhub.ai 

Award III-1901030

mailto:pfister@seas.harvard.edu


Appendix



Generation

Decoder Network

……..

……..

<sos>

z1

z1

y1

y1

z2 z3

z2 zT

<eos>y2

y2

yT

yT

M1: Free Generation Input: x   —>  Output: y, z

M2: Controlled Generation Input: x, z-constraint   —>  Output: y, z

z-constraint: .*

X
X

X

X

x 



Control States
Each control state z corresponds to a high-level 
cluster of the corresponding word’s semantics learned 
by the model for the problem.

GenNI model: e2e

Re-ne Constraint Generation Forecast

Edit Constraint

or none
!

F "

F J K E

J K

" C T

history: F(FJKE|JK)CT .*

constraint: F(FJKE|JK)CT

Re-ne by Examples

MERGE SELECTED CONSTRAINTS ⇧ RESET LIST

the 
F

phoenix 
F

is 
J

a 
K

french 
E

pub 
C

. 
T #

strada is a pub . #

the strada pub near all bar one , has a customer rating of 1 out of 5 . $

Create Example

Select Input ID : -1 OR: SELECT RANDOM SELECT FROM GLOBAL

customer_rating eattype name near
1 out of 5 pub strada all bar one

Manual Output (#)

strada is a pub .

Alternative Model Outputs ($) RESET

the strada pub near all bar one , has a customer rating of 1 out of 5 .

Select a token to see alternatives

thethethe stradastradastrada pubpubpub

nearnearnear

servesservesserves

offersoffersoffers

cancancan
...

allallall

thethethe

foodfoodfood

foodfoodfood

bebebe

barbarbar
oneoneone

allallall

andandand

foundfoundfound

oneoneone

barbarbar

barbarbar
oneoneone

nearnearnear

,,,
...

oneoneone

,,,

oneoneone

hashashas
andandand

hashashas

hashashas

,,,

aaa

aaa

aaa

hashashas
andandand

customercustomercustomer

111

customercustomercustomer

customercustomercustomer
111

ratingratingrating

outoutout
starstarstar

ratingratingrating

ratingratingrating

ofofof
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Global Forecast

F F J K E C T
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F F J K E C T
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name eattype food pricerange area familyfriendly near
the mill pub english less than £20 city centre yes raja indian cuisine

the mill is a english pub .

name eattype customer_rating near
strada pub 1 out of 5 all bar one

strada is a pub .

name eattype food pricerange familyfriendly near
the wrestlers restaurant japanese more than £30 yes raja indian cuisine

the wrestlers is a japanese restaurant .

name eattype food pricerange area area familyfriendly near
the plough pub chinese high city centre riverside yes raja indian cuisine

the plough is a chinese pub .

... (shortened output for editorial purposes)

Range Forecast

customer_rating eattype name near
1 out of 5 pub strada all bar one

strada is a pub .

customer_rating eattype name near
1 out of 5 pub homer all bar one

_UNK is a pub .

customer_rating: 1 out of 5 eattype: pub

name: strada, homer near: all bar one

GENERATE GENERATE WITH CONSTRAINT

Test Constraint against Test Corpus

EXPORT TEST CODE %

Control States

A B C E F G H I J K L M N O P Q R S T

input: eatType name priceRange customer rating

output: restaurant coffee shop pub

CHECK LATENT MODEL

FORECAST ꔄ MAP TO GRAPH ꔅ GET FROM GRAPH ⇧

SELECT

ADD TO EXAMPLES + FORECAST



Open Issues
• For which tasks do we want to involve humans? 

Could we ever have somebody do interactive 
corrections of models? Maybe on the data side? 
Maybe providing confidence values?  

• Call to action: let’s create tools for this!
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User Role: Trainer
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User Role: End User

Parameters Parameters
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A. Karpathy, J. Johnson, and F. F. Li, “Visualizing and 
Understanding Recurrent Networks,”  ICLR 2016 Workshop



Nine Design Iterations

gradient states

states comparisonparallel coord. plotheatmap

linechart



Call for Reproducibility and Public Adoption: 
open source with documentation



Social Media
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GenNI - Generation 
Negotiation Interface



Generation

Decoder Network

……..

……..

<sos>

z1

z1

y1

y1

z2 z3

z2 zT

<eos>y2

y2

yT

yT

M1: Free Generation Input: x   —>  Output: y, z

M2: Controlled Generation Input: x, z-constraint   —>  Output: y, z

z-constraint: .*

X
X

X

X

x 

Posterior Inference

Inference Network

……..

……..

z1

y1

z2 z3 zT

y2 yT

x 

y3

M3: Inferred Control State Input: x, y   —>  Output: z



Prediction Network
Predict the next word        based on the previous 
predictions        and the input 

p(yt+1 | y1:t, x)

y1:t

yt+1
x



Latent Variable Hooks
Introduce new latent variable z such that:

p(yt+1 | y1:t, x) = ∑
z

p(yt+1 | y1:t, x, z) × p(z | y1:t, x)

Hook NetworkPrediction Network



Generate Output



Lessons
• Gennie: Correct the model in a generic way, not just 

correcting one instance. 

• Go from one instance to some form of 
generalization. Cannot correct each example 
manually. 

• Single instance modification does not solve the 
problem. Hooks are a good way to do it on a more 
general basis. 


