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The Dream: Programming in Natural Language
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“The only way a person can

truly concentrate on his problem and solve it [. . .]

are if he is able to communicate directly with the computer

without having to learn some specialized intermediate language.”
Jean E. Sammet, 1966
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Programming should never be

a one way street

Traditional Programming

Programming in Natural Language 
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What does

„it“ refer to?

Your condition

misses a dependent

statement! 
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Dialog Systems (Related Work)

Statistical Dialog SystemsRule-based Dialog Systems
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Dialog Systems: Integration Challenges
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Dialog System
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Dialog Systems: Integration Challenges
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Modular System

Dialog
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Dialog Systems: Goal
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Existing System

(PARSE)

Dialog 

Module
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Application Example: PARSE

[Wei15] 

[Wei17] 
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[Wei18] 

SLU
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Challenges & Approach

Challenge Approach
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Fit in existing framework (PARSE)

Reactivity

Extensibility

Implement as PARSE agent

Use indicators for (unresolvable) 

language understanding problems 

Dialog acts

Chain of responsibility
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Dialog Systems: General Architecture
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Speech 

Recognition

Language 

Understanding

Dialog 

Management

Speech 

Synthesis

Language 

Generation
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Approach: A Dialog Agent for PARSE
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SLU Framework

Agent 

A

Agent 

C

Pre-processing

P1 Pn
…

Post-processing

Agent 

B
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Agent 

B

Approach: A Dialog Agent for PARSE
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SLU Framework

Agent 

A

Agent 

C
Dialog Agent

Language 

Understanding

Dialog 

Management

Dialog Management

Language Generation

Speech Synthesis

Pre-processing

Speech

Recog.
Pn

…

Post-processing
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Approach: Dialog Acts & Chain of Responsibility

Dialog Acts
One per problem class

It comprises
An indicator: graph to pattern to identify problems

A dialog model: agenda-based

A language generation: slot-filling

Chain of Responsibility
Orders Dialog Acts

Extensible
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Dialog Agent

Dialog Act

Dialog Act

Indicator

Dialog Model

Language Generation

Dialog Act
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Dialog Act: Coreference Ambiguity

Integrating a Dialog Component into a Framework for Spoken Language Understanding | S. Weigelt, T. Hey, and M. Landhäußer



15 27.05.2018

Problem classes: Overview
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Information Problem Indicator

speech recognition uncertainty low word confidence 

coreference

ambiguity corefConf(x, a) ~= corefConf(x, b)

missing pronoun without reference

uncertainty low confidence of sole reference

conditional incomplete conditional clause without then-clause

…
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Problem classes: Speech recognition uncertainty
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Information Problem Indicator

speech recognition uncertainty low word confidence 

coreference

ambiguity corefConf(x, a) ~= corefConf(x, b)

missing pronoun without reference

uncertainty low confidence of sole reference

conditional incomplete conditional clause without then-clause

…

“… take𝟎.𝟗𝟏 the𝟎.𝟖𝟐 right𝟎.𝟕𝟐 fridge𝟎.𝟖𝟗 …”
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Problem classes: Coreference ambiguity
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Information Problem Indicator

speech recognition uncertainty low word confidence 

coreference

ambiguity corefConf(x, a) ~= corefConf(x, b)

missing pronoun without reference

uncertainty low confidence of sole reference

conditional incomplete conditional clause without then-clause

…

“… dishwasher and fridge … open it”

0.80

0.81
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Problem classes: Incomplete Conditionals
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Information Problem Indicator

speech recognition uncertainty low word confidence 

coreference

ambiguity corefConf(x, a) ~= corefConf(x, b)

missing pronoun without reference

uncertainty low confidence of sole reference

conditional incomplete conditional clause without then-clause

…

“ if the laundry is done put it into the dryer …”
conditional clause undetected then-clause
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Chain of responsibility

Problems may be connected

Solving a problem may make an invocation of another Act obsolete

Organize Dialog Acts in a chain of responsibility
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DA1

DA2

DA3

…

Solve speech recognition uncertainties

Solve coreference ambiguities

Solve incomplete conditionals
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Chain of responsibility

Problems may be connected

Solving a problem may make an invocation of another Act obsolete

Organize Dialog Acts in a chain of responsibility
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DA1

DA2

DA3

…

Solve speech recognition uncertainties

Solve coreference ambiguities

Solve incomplete conditionals
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10 subjects

3 scenarios 

Scenario 1: explain robot how to perform a task (laundry)

Scenarios 2 & 3: existing recordings (from previous studies)

Integrating a Dialog Component into a Framework for Spoken Language Understanding | S. Weigelt, T. Hey, and M. Landhäußer

Scenario 1: free dialog

“… robo take the laundry from the washing machine 

and put it into the dry hair and start it …"

Evaluation: Setting
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Scenario 2: word errors and ambiguous coreference

“Armar, can you get the green cup … please Philip 

afterwards with water from the fridge … then you 

can bring the cup to me“ 

Evaluation: Setting

10 subjects

3 scenarios 

Scenario 1: explain robot how to perform a task (laundry)

Scenarios 2 & 3: existing recordings (from previous studies)
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Scenario 3: conditional (undetected then-statement)

“… if there are dirty dishes please put them into the 

dishwasher …“ 

Evaluation: Setting

10 subjects

3 scenarios 

Scenario 1: explain robot how to perform a task (laundry)

Scenarios 2 & 3: existing recordings (from previous studies)
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Evaluation: Results Speech Recognition Uncertainty

Scenario 1

Ø questions 1.81

error rate 0.02

success rate 0.25

resolution rate 0.23
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𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 =
# 𝑛𝑒𝑤𝑙𝑦 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑠𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 =
# 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
# 𝑠𝑜𝑙𝑣𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠
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Evaluation: Results Speech Recognition Uncertainty

Scenario 1 Scenario 2

Ø questions 1.81 1.76

error rate 0.02 0.00

success rate 0.25 0.36

resolution rate 0.23 0.36
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𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 =
# 𝑛𝑒𝑤𝑙𝑦 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑠𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 =
# 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
# 𝑠𝑜𝑙𝑣𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠
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Evaluation: Results Coreference Ambiguity

Scenario 2

you -> you it -> green cup ∑

Ø questions 2.00 1.50 1.75

resolution rate 0.40 0.60 0.50

Integrating a Dialog Component into a Framework for Spoken Language Understanding | S. Weigelt, T. Hey, and M. Landhäußer

𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 =
# 𝑛𝑒𝑤𝑙𝑦 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑠𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 =
# 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
# 𝑠𝑜𝑙𝑣𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠
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Evaluation: Results Incomplete Conditionals

Scenario 3

Ø questions 1.10

resolution rate 0.30
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𝑒𝑟𝑟𝑜𝑟 𝑟𝑎𝑡𝑒 =
# 𝑛𝑒𝑤𝑙𝑦 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑠𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 =
# 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠

𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
# 𝑠𝑜𝑙𝑣𝑒𝑑 𝑒𝑟𝑟𝑜𝑟𝑠

# 𝑑𝑖𝑎𝑙𝑜𝑔 𝑎𝑐𝑡𝑠
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Conclusion

Objective: Integrate dialog into existing system

Reactive

Extensible
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PARSE

Dialog Agent
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Conclusion

Objective: Integrate dialog into existing system

Reactive

Extensible

Approach: one dialog act per problem class
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PARSE

Dialog Agent

Dialog Act
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Conclusion

Objective: Integrate dialog into existing system

Reactive

Extensible

Approach: one dialog act per problem class

Indicators for language understanding problems
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PARSE

Dialog Agent

Dialog Act

… the𝟎.𝟖𝟐 right𝟎.𝟕𝟐…
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Conclusion

Objective: Integrate dialog into existing system

Reactive

Extensible

Approach: one dialog act per problem class

Indicators for language understanding problems

Dialog modelling: PARSE and dialog act
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PARSE

Dialog Agent

Dialog Act

… the𝟎.𝟖𝟐 right𝟎.𝟕𝟐…
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Conclusion

Objective: Integrate dialog into existing system

Reactive

Extensible

Approach: one dialog act per problem class

Indicators for language understanding problems

Dialog modelling: PARSE and dialog act

Chain of responsibility

Evaluation: user study

Resolution rates up to 50% (negligible errors)

Future Work

More dialog acts

Improved wording and dialog models
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PARSE

Dialog Agent

Dialog Act

… the𝟎.𝟖𝟐 right𝟎.𝟕𝟐…

DA

DA
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