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o Encoder / Decoder -- Hinton�Autoencoder
o Word2Vec -- Mikolov �����!��%�
o Sequence to Sequence -- Ilya Sutskever
o Attention Mechanism -- Bahdanau
o Google �#($%���� -- Yonghui Wu 

n WordPiece
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o Differentiable Neural Computer -- Alex Graves 
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Hinton�Autoencoder
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2006� Hinton 8Reducing the 
Dimensionality of Data with Neural 
Networks” https://goo.gl/Ki41L8
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“Generating Text with Recurrent  
Neural Networks”

Ilya Sutskever et al.
http://goo.gl/vHRHSn

2011�

http://goo.gl/vHRHSn
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"The Unreasonable Effectiveness  
of Recurrent Neural Networks”

Andrej Karpathy
http://goo.gl/mNqwCv

2015�

http://karpathy.github.io/2015/05/21/rnn-effectiveness/
http://goo.gl/mNqwCv
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Tomas Mikolov et al.
http://goo.gl/j25y8s
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2013� Tomas Mikolov et al.
<Linguistic Regularities in Continuous 
Space Word http://goo.gl/j25y8s
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Collobert et al. (2011) http://arxiv.org/pdf/1103.0398v1.pdf

http://arxiv.org/pdf/1103.0398v1.pdf
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“a few people sing well” ���


“a couple people sing well” ���
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“the wall is blue” “the ceiling is red”
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o W(‘‘woman“)−W(‘‘man”) ≃ W(‘‘aunt“)−W(‘‘uncle”)
W(‘‘woman")−W(‘‘man") ≃ W(‘‘queen")−W(‘‘king")
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Mikolov et al (2013)  http://arxiv.org/pdf/1301.3781.pdf
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2014� Sutskever et al. “Sequence to 
Sequence Learning with Neural 
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Attention Mechanism
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Bahdanau, D., Cho, K., and Bengio, Y. �Neural 
machine translation by jointly learning to 
align and translate” https://goo.gl/HZxbNH
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Bahdanau, D., Cho, K., and Bengio, Y. 2Neural 
machine translation by jointly learning to 
align and translate” https://goo.gl/HZxbNH
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Bahdanau et al.                            GNMT
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bAbI task
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bAbi Task 2
1 Mary got the milk there.
2 John moved to the bedroom.
3 Sandra went back to the kitchen.
4 Mary travelled to the hallway.
5 Where is the milk? hallway 1 4
6 John got the football there.
7 John went to the hallway.
8 Where is the football? hallway 6 7
9 John put down the football.
10 Mary went to the garden.
11 Where is the football? hallway 9 7
12 John went to the kitchen.
13 Sandra travelled to the hallway.
14 Where is the football? hallway 9 7
15  ....

Two supporting facts



bAbi Task 3
1 Mary moved to the bathroom. 2 Sandra journeyed to the bedroom.
3 Mary got the football there.
4 John went back to the bedroom.
5 Mary journeyed to the office.
6 John journeyed to the office.
7 John took the milk.
8 Daniel went back to the kitchen.
9 John moved to the bedroom.
10 Daniel went back to the hallway.
11 Daniel took the apple.
12 John left the milk there.
13 John travelled to the kitchen.
14 Sandra went back to the bathroom.
15 Daniel journeyed to the bathroom.
16 John journeyed to the bathroom.
17 Mary journeyed to the bathroom.
18 Sandra went back to the garden.
19 Sandra went to the office.
20 Daniel went to the garden.
21 Sandra went back to the hallway.
22 Daniel journeyed to the office.
23 Mary dropped the football.
24 John moved to the bedroom.
25 Where was the football before the bathroom? office 23 17 5

Three supporting facts



bAbi Task 16
1 Lily is a frog.
2 Bernhard is a frog.
3 Bernhard is green.
4 Brian is a lion.
5 Brian is white.
6 Julius is a swan.
7 Julius is green.
8 Lily is green.
9 Greg is a swan.
10 What color is Greg? green 9 6 7
1 Julius is a lion.
2 Lily is a rhino.
3 Bernhard is a swan.
4 Lily is white.
5 Bernhard is green.
6 Greg is a rhino.
7 Greg is gray.
8 Julius is white.
9 Brian is a lion.
10 What color is Brian? white 9 1 8

Basic induction



bAbi Task 17
1 The triangle is above the pink rectangle.
2 The blue square is to the left of the triangle.
3 Is the pink rectangle to the right of the blue square? yes 1 2
4 Is the blue square below the pink rectangle? no 2 1
5 Is the blue square to the right of the pink rectangle? no 2 1
6 Is the blue square below the pink rectangle? no 2 1
7 Is the blue square below the pink rectangle? no 2 1
8 Is the pink rectangle to the left of the blue square? no 1 2
9 Is the blue square to the left of the pink rectangle? yes 2 1
10 Is the pink rectangle to the right of the blue square? yes 1 2
1 The red sphere is to the left of the yellow square.
2 The red sphere is below the pink rectangle.
3 Is the pink rectangle to the right of the yellow square? no 2 1
4 Is the yellow square to the right of the pink rectangle? yes 1 2
5 Is the pink rectangle to the left of the yellow square? yes 2 1
6 Is the yellow square below the pink rectangle? yes 1 2
7 Is the yellow square above the pink rectangle? no 1 2
8 Is the yellow square to the right of the pink rectangle? yes 1 2
9 Is the yellow square below the pink rectangle? yes 1 2
10 Is the pink rectangle below the yellow square? no 2 1

Positional reasoning



bAbi Task 19
1 The office is east of the hallway.
2 The kitchen is north of the office.
3 The garden is west of the bedroom.
4 The office is west of the garden.
5 The bathroom is north of the garden.
6 How do you go from the kitchen to the garden? s,e 2 4
1 The bedroom is west of the hallway.
2 The office is east of the garden.
3 The garden is north of the kitchen.
4 The kitchen is north of the bathroom.
5 The hallway is west of the garden.
6 How do you go from the kitchen to the hallway? n,w 3 5
1 The bedroom is south of the hallway.
2 The bathroom is east of the office.
3 The kitchen is west of the garden.
4 The garden is south of the office.
5 The office is south of the bedroom.
6 How do you go from the garden to the bedroom? n,n 4 5

Path finding
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https://goo.gl/mwzexD

Sony                            Panasonic

JBL                                Anker









Google Now



Apple Siri



Facebook Messengers



Microsoft Cortana



http://jp.techcrunch.com/2016/02/18/localized-watson-api/

IBM Watson API



VoiceMall SpeechRec FutureVoice

NTT Voice-Series
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“Deep Neural Networks for Acoustic 
Modeling in Speech Recognition”

Geoffrey Hinton et al.
https://goo.gl/GT6Bg9

2012�

https://goo.gl/GT6Bg9
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DNN = Deep Neural Network  
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GMM = Gausian Mix Model �����
HMM = Hidden Markov Model
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2012� [35] Schuster, M., and Nakajima, 
K. ?Japanese and Korean voice search” 
https://goo.gl/DUxQuv
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Google Cloud Speech API
Language Support
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Google Knowledge Graph Search API

https://developers.google.com/knowledge-graph/

KnowledgeGraph
Entity�����
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https://developers.google.com/knowledge-graph/


Google Knowledge Graph Search API

o The Knowledge Graph Search API lets you find 
entities in the Google Knowledge Graph. The API 
uses standard schema.org types and is compliant 
with the JSON-LD specification.

o “Taylor Swift” ���������	


https://kgsearch.googleapis.com/v1/entities:searc
h?query=taylor+swift&key=API_KEY&limit=1&inde
nt=True

https://www.google.com/intl/bn/insidesearch/features/search/knowledge.html
http://schema.org/
http://json-ld.org/


{
"@context": {

"@vocab": "http://schema.org/",
"goog": "http://schema.googleapis.com/",
"resultScore": "goog:resultScore",
"detailedDescription": "goog:detailedDescription",
"EntitySearchResult": "goog:EntitySearchResult",
"kg": "http://g.co/kg"

},
"@type": "ItemList",
"itemListElement": [

{
"@type": "EntitySearchResult",
"result": {

"@id": "kg:/m/0dl567",
"name": "Taylor Swift",
"@type": [

"Thing",
"Person"

],
"description": "Singer-songwriter",

"image": {
"contentUrl":



"image": {
"contentUrl": 

"https://t1.gstatic.com/images?q=tbn:ANd9GcQmVDAhjhWnN2OW
ys2ZMO3PGAhupp5tN2LwF_BJmiHgi19hf8Ku",

"url": "https://en.wikipedia.org/wiki/Taylor_Swift",
"license": "http://creativecommons.org/licenses/by-sa/2.0"

},
"detailedDescription": {

"articleBody": "Taylor Alison Swift is an American singer-
songwriter and actress. Raised in Wyomissing, Pennsylvania, she
moved to Nashville, Tennessee, at the age of 14 to pursue a career
in country music. ",

"url": "http://en.wikipedia.org/wiki/Taylor_Swift",
"license": 

"https://en.wikipedia.org/wiki/Wikipedia:Text_of_Creative_Commo
ns_Attribution-ShareAlike_3.0_Unported_License"

},
"url": "http://taylorswift.com/"

},
"resultScore": 896.576599

}
]

}



"""Example of Python client calling Knowledge Graph Search API."""
import json
import urllib

api_key = open('.api_key').read()
query = 'Taylor Swift'
service_url = 'https://kgsearch.googleapis.com/v1/entities:search'
params = {

'query': query,
'limit': 10,
'indent': True,
'key': api_key,

}
url = service_url + '?' + urllib.urlencode(params)
response = json.loads(urllib.urlopen(url).read())
for element in response['itemListElement']:

print element['result']['name'] + ' (' + str(element['resultScore']) + ')'

Sample Code in Python



<!DOCTYPE html>
<html>
<head>

<script 
src="http://ajax.googleapis.com/ajax/libs/jquery/2.1.4/jquery.min.js"></s
cript>
</head>
<body>
<script>

var service_url = 'https://kgsearch.googleapis.com/v1/entities:search';
var params = {

'query': 'Taylor Swift',
'limit': 10,
'indent': true,
'key' : '<put your api_key here>',

};
$.getJSON(service_url + '?callback=?', params, function(response) {

$.each(response.itemListElement, function(i, element) {
$('<div>', 

{text:element['result']['name']}).appendTo(document.body);
});

});
</script>
</body>
</html>

Sample Code in JavaScript



Google Assistant SDK
The developer preview (0.0.3)   2017/7/19

https://developers.google.com/assistant/sdk/

p Google Assistant library for Python
p Google Assistant gRPC API

���
����	Forum����
https://groups.google.com/forum/#!forum/google-assistant-sdk-updates

https://developers.google.com/assistant/sdk/


Embed the Google Assistant 
in any device





google.assistant.embedded.v1alpha2

Converse            Assist



Add to my shopping list What do you want to add?.

“Add to my shopping list”

“What do you want to add?.”

Request                                     Responsee

google.assistant.embedded.v1alpha2
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google.assistant SDK	���������



bagels OK, I've added bagels to your shopping list.

Request                                     Responsee

bagels

OK, I've added bagels to your shopping list.

google.assistant.embedded.v1alpha2
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Introducing Dialogflow, 
the new name for API.AI 

2017/10/10

https://blog.dialogflow.com/post/apiai-new-name-
dialogflow-new-features/

https://blog.dialogflow.com/post/apiai-new-name-dialogflow-new-features/


o In-line code editor: you can now write fulfillment 
logic, test, and implement a functional webhook
directly in the console.

o Multi-lingual agent support: building for 
multiple languages is now easier than ever. You 
can now add additional languages and locales to 
your new or existing agent.

https://dialogflow.com/docs/how-tos/getting-started-fulfillment
https://dialogflow.com/docs/multi-language


Fulfillment�����
oDefine your conversation
nCreate intents

oBuilding responses in Dialogflow
oBuilding fulfillment responses



Define your conversation
Intents���

Intent�
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Define your Response



Build Fulfillment

Fulfillment
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Welcome to Schema.org

http://schema.org/
https://github.com/schemaorg/schemaorg

Schema.org������� Google, Microsoft, Pinterest, Yandex
�	�����
�Facebook����	�
��

http://schema.org/
https://github.com/schemaorg/schemaorg


Welcome to Schema.org

o Schema.org '�2S<TC>A*WebFT9�e-KTQ
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o Schema.org '�Google, Microsoft, Yahoo, 
Yandex &:HS7T
�/
!�-��&G4LDO
PT'�KTPS5P:A public-schemaorg 
@w3.org # GitHub https://goo.gl/WvCyP3 /�
�!�3TES$ER;:"���.!�-�

http://schema.org/

folksonomy0ERT=

http://lists.w3.org/Archives/Public/public-schemaorg
http://github.com/schemaorg/schemaorg
https://goo.gl/WvCyP3
http://schema.org/


Schema.org vocabulary
o Schema.org WD[E_`c4� RDFa, Microdata,  
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Type���	��
Types = “is-a”
o Book
o BookSeries
o EducationalOrganizati

on
o Event
o GovernmentOrganizat

ion
o LocalBusiness
o Movie
o MovieSeries
o MusicAlbum

o MusicGroup
o MusicRecording
o Organization
o Periodical
o Person
o Place
o SportsTeam
o TVEpisode
o TVSeries
o VideoGame
o VideoGameSeries
o WebSite

http://schema.org/Book
http://schema.org/BookSeries
http://schema.org/EducationalOrganization
http://schema.org/Event
http://schema.org/GovernmentOrganization
http://schema.org/LocalBusiness
http://schema.org/Movie
http://schema.org/MovieSeries
http://schema.org/MusicAlbum
http://schema.org/MusicGroup
http://schema.org/MusicRecording
http://schema.org/Organization
http://schema.org/Periodical
http://schema.org/Person
http://schema.org/Place
http://schema.org/SportsTeam
http://schema.org/TVEpisode
http://schema.org/TVSeries
http://schema.org/VideoGame
http://schema.org/VideoGameSeries
http://schema.org/WebSite
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Entity���	��
schema.org �� Entity�����

o Thing > CreativeWork > Book
o Thing > CreativeWork > CreativeWorkSeries >

BookSeries
o Thing > Organization > EducationalOrganization
o Thing > Event
o Thing > Organization > GovernmentOrganizatio

n
o Thing > Organization > LocalBusiness

Thing > Place > LocalBusiness
o Thing > CreativeWork > Movie



o Thing > Place
o Thing > Organization > SportsOrganization > S
portsTeam

o Thing > CreativeWork > Episode > TVEpisode
o Thing > CreativeWork > CreativeWorkSeries >
TVSeries
Thing > CreativeWork > TVSeries

o Thing > CreativeWork > Game > VideoGame
Thing > CreativeWork > SoftwareApplication >
VideoGame

Entity���	��
schema.org �� Entity�����



schema.org ��Person�Property
Properties = “has-a”
o gender
o birthdate
o birthplace
o profession
o nationality
o ethnicity
o parents
o children
o religion

o education
o jobTitle
o follows
o knows
o owns
o seeks

... and more

Action



Person�Propery

o Person: additionalName, address, affiliation, 
alumniOf, award, awards, birthDate, children, 
colleague, colleagues, contactPoint, 
contactPoints, deathDate, email, familyName, 
faxNumber, follows, gender, givenName, 
homeLocation, honorificPrefix, honorificSuffix, 
interactionCount, jobTitle, knows, memberOf, 
nationality, parent, parents, performerIn, 
relatedTo, sibling, siblings, spouse, telephone, 
workLocation, worksFor, ......

The Type Hierarchy
http://schema.org/docs/full.html



Person�Property
Properties = “has-a”

http://schema.org/Person



http://schema.org/Person



http://schema.org/Person



Intent Model
Alexa0



AlexaDIntent Model
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Alexa-Intent Model
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Speechlet��4+#-� ��/�*0�

Request Response

SampleUtterances.txt

HelloIntent �4+#-
HelloIntent -���4+#-
HelloIntent ��
HelloIntent �0
HelloIntent *4��$&
HelloIntent ��
'!�
HelloIntent ��


HelpIntent >B=
HelpIntent ��&
HelpIntent )�!2.��
HelpIntent ���

��,��3�#��&�
?98!2.�	��2"
Intent Name +
�%�1�
Intent-�Request,��
( &�Speechlet+�02
1�

���,:D7-�=C5A
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Speechlet���

�� �	�����

Request Response

SampleUtterances.txt

public SpeechletResponse onIntent (...) ... {
...
if ("HelloIntent".equals(intentName)) {

return getHelloResponse();
} else if ("HelpIntent".equals(intentName)) {

return getHelpResponse();
} else {

throw new SpeechletException("Invalid Intent");
}

}

private SpeechletResponse getHelloResponse() {
String speechText = “	����”;
SimpleCard card = new SimpleCard();
...
return SpeechletResponse.newTellResponse(speech, card);

}
���������



Alexa�	���
Intent����
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SampleUtterances.txt
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speechspeech�
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Intent + Slot Model
Alexa



Alexa History Buff ����

User: “Alexa, ask History Buff what 
happened on August 20th”
Alexa: (Reads back three events, in reverse 
chronological order) “Want to go deeper in 
history?”
User: “Yes”
Alexa: (Reads back next set of three 
events) “Want to go deeper in history?”
User: “No”



HistoryBuffSpeechlet

public class HistoryBuffSpeechlet implements Speechlet {
...
public void onSessionStarted ( ... )  ....
public SpeechletResponse onLaunch ( ... )  ....
public SpeechletResponse onIntent ( ... )  ....
public void onSessionEnded ( ... )  ....

private SpeechletResponse getWelcomeResponse()  ...
private Calendar getCalendar( ... ) ...
private SpeechletResponse handleFirstEventRequest( ... )  ...
private SpeechletResponse handleNextEventRequest( ... )  ...
private ArrayList<String> getJsonEventsFromWikipedia( ... ) ...
private ArrayList<String> parseJson( ... )  ...
private SpeechletResponse newAskResponse( ... ) ...

}



public SpeechletResponse onIntent

public SpeechletResponse onIntent(final IntentRequest request, 
final Session session) throws SpeechletException {

log.info("onIntent requestId={}, sessionId={}", 
request.getRequestId(), session.getSessionId());

Intent intent = request.getIntent();
String intentName = intent.getName();

if ("GetFirstEventIntent".equals(intentName)) {
return handleFirstEventRequest (intent, session);

} else if ("GetNextEventIntent".equals(intentName)) {
return handleNextEventRequest (session);

} else if ("HelpIntent".equals(intentName)) {
// Create the plain text output.



public SpeechletResponse onIntent

String speechOutput =
"With History Buff, you can get"

+ " historical events for any day of the year."
+ " For example, you could say today,"
+ " or August thirtieth, or you can say exit. Now, “
+ “which day do you want?”;

String repromptText = "Which day do you want?”;
return newAskResponse(speechOutput, repromptText);

} else if ("FinishIntent".equals(intentName)) {
PlainTextOutputSpeech outputSpeech =

new PlainTextOutputSpeech();
outputSpeech.setText("Goodbye");
return SpeechletResponse.newTellResponse(outputSpeech);

} else {
throw new SpeechletException("Invalid Intent");

}
}



historybuff.speechAsset.
IntentSchema.jason

{
"intents": [
{
"intent": "GetFirstEventIntent",
"slots": [
{
"name": "day",
"type": "DATE"

}
]

},
{
"intent": "GetNextEventIntent",
"slots": []

},



historybuff.speechAsset.
IntentSchema.jason

{
"intent": "HelpIntent",
"slots": []

},
{
"intent": "FinishIntent",
"slots": []

}
]

}



historyBuff.speechAsset.
SampleUtterances.txt

GetFirstEventIntent get events for {august seventeenth|day}
GetFirstEventIntent get events for {december thirty first|day}
GetFirstEventIntent get events for {next monday|day}
GetFirstEventIntent get events for {today|day}
GetFirstEventIntent give me events for {august seventeenth|day}
GetFirstEventIntent give me events for {next monday|day}
GetFirstEventIntent give me events for {today|day}
GetFirstEventIntent what happened on {august seventeenth|day}
GetFirstEventIntent what happened on {next monday|day}
GetFirstEventIntent what happened on {today|day}
GetFirstEventIntent what happened
GetFirstEventIntent {january first|day}
GetFirstEventIntent {january second|day}
GetFirstEventIntent {january third|day}
GetFirstEventIntent {january fourth|day}
GetFirstEventIntent {january fifth|day}
GetFirstEventIntent {january sixth|day}
GetFirstEventIntent {january seventh|day}



historyBuff.speechAsset.
SampleUtterances.txt

GetFirstEventIntent {january eighth|day}
GetFirstEventIntent {january ninth|day}
GetFirstEventIntent {january tenth|day}
GetFirstEventIntent {january eleventh|day}
GetFirstEventIntent {january twelfth|day}
GetFirstEventIntent {january thirteenth|day}
GetFirstEventIntent {january fourteenth|day}
GetFirstEventIntent {january fifteenth|day}
GetFirstEventIntent {january sixteenth|day}
GetFirstEventIntent {january seventeenth|day}
GetFirstEventIntent {january eighteenth|day}
GetFirstEventIntent {january nineteenth|day}
GetFirstEventIntent {january twentieth|day}
GetFirstEventIntent {january twenty first|day}
GetFirstEventIntent {january twenty second|day}
GetFirstEventIntent {january twenty third|day}
GetFirstEventIntent {january twenty fourth|day}
GetFirstEventIntent {january twenty fifth|day}



historyBuff.speechAsset.
SampleUtterances.txt

GetFirstEventIntent {january twenty sixth|day}
GetFirstEventIntent {january twenty seventh|day}
GetFirstEventIntent {january twenty eighth|day}
GetFirstEventIntent {january twenty ninth|day}
GetFirstEventIntent {january thirtieth|day}
GetFirstEventIntent {january thirty first|day}
GetFirstEventIntent {february first|day}
GetFirstEventIntent {february second|day}
GetFirstEventIntent {february third|day}
GetFirstEventIntent {february fourth|day}
GetFirstEventIntent {february fifth|day}
GetFirstEventIntent {february sixth|day}
GetFirstEventIntent {february seventh|day}
GetFirstEventIntent {february eighth|day}
GetFirstEventIntent {february ninth|day}
GetFirstEventIntent {february tenth|day}
GetFirstEventIntent {february eleventh|day}
GetFirstEventIntent {february twelfth|day}



historyBuff.speechAsset.
SampleUtterances.txt

GetFirstEventIntent {february thirteenth|day}
GetFirstEventIntent {february fourteenth|day}
GetFirstEventIntent {february fifteenth|day}
GetFirstEventIntent {february sixteenth|day}
GetFirstEventIntent {february seventeenth|day}
....
....

GetFirstEventIntent {december twenty third|day}
GetFirstEventIntent {december twenty fourth|day}
GetFirstEventIntent {december twenty fifth|day}
GetFirstEventIntent {december twenty sixth|day}
GetFirstEventIntent {december twenty seventh|day}
GetFirstEventIntent {december twenty eighth|day}
GetFirstEventIntent {december twenty ninth|day}
GetFirstEventIntent {december thirtieth|day}
GetFirstEventIntent {december thirty first|day}



historyBuff.speechAsset.
SampleUtterances.txt

GetFirstEventIntent {next Monday|day}
GetFirstEventIntent {next Tuesday|day}
GetFirstEventIntent {next Wednesday|day}
GetFirstEventIntent {next Thursday|day}
GetFirstEventIntent {next Friday|day}
GetFirstEventIntent {next Saturday|day}
GetFirstEventIntent {next Sunday|day}
GetFirstEventIntent {today|day}
GetFirstEventIntent {tomorrow|day}
GetFirstEventIntent {yesterday|day}

FinishIntent no
FinishIntent nope
FinishIntent no thanks
FinishIntent no thank you



historyBuff.speechAsset.
SampleUtterances.txt

HelpIntent helpHelpIntent help me
HelpIntent what can I ask you
HelpIntent get helpHelpIntent to help
HelpIntent to help me
HelpIntent what commands can I ask
HelpIntent what commands can I say
HelpIntent what can I do
HelpIntent what can I use this for
HelpIntent what questions can I ask
HelpIntent what can you do
HelpIntent what do you do
HelpIntent how do I use you
HelpIntent how can I use you
HelpIntent what can you tell me
GetNextEventIntent yes
GetNextEventIntent yup
GetNextEventIntent sure
GetNextEventIntent yes please



Intent � Slot
Slot Type���



Intent ! Slot

o Intent$�49/"&����(�6.+12*���'
Action*���

o Intent$�,3058 ��*���!� �'��#��*
Slot!���SampleUtterance"�Slot#
�*���

o �
*�	�'1-7#Intent#��* PlanMyTrip !
�(%�PlanMyTrip$�toCity, fromCity, 
travelDate !���Slot*���)��



Intent PlanMyTrip�������
{

“intents” : [
{  

“intent” : “PlanMyTrip” ,
“slots”   : [

{ 
“name”: “fromCity” ,
”type”  : “AMAZON.US_CITY”

} ,     
{ 

“name”: “toCity” ,
”type”  : “AMAZON.US_CITY”

} , 
{ 

“name”: “travelDate” ,
”type”  : “AMAZON.DATE”

} 
] 

}
}       



Intent GetHoroscope���������



Custom slot type
LIST_OF_SIGNS ����



���� sample utterances:



User: Alexa, ask Plan My Trip to plan a 
trip from Seattle to Portland on Friday.

��!��	����#���"�
Utterance���!��
�������!��

Plan a trip from {fromCity} to {toCity} on {travalDate}

Alexa ��fromCity &*'(� ”Seatle“��City &*'(
� ”Portland“�travelDate &*'(��Friday
 ����$�
PlayMyTrip Intent����������”Plan My Trip”%+)&
$� ���



��

Skill�����



Slot8Entity Resolution

�;"?+"�0��D &��7�1-8)$B#
MEDIA_TYPE8%&slot;"media:��:�"�'<"
”song”, “track”, “single” 8�43>:D!=B?&81B#
3%6%:

"EJH�9;"-:�5:��D�0?&9�&
-8)7*B#

MEDIA_TYPED"�5:Entity 8/6"2:	A&B�D"
>48��9��1B-8)7*B#2CD"Entity Resolution
8%&#

Entity Resolution 7;"Slot Type:�9;"ID)5,@
C"(5"2:���KsynonymL:IFG)��.CB#��)
�/3����;"”name” : ”value” 8.CB#



Slot���Entity Resolution



Slot Type
Numbers, Dates, 
and Times



AMAZON.Actor
AMAZON.AdministrativeArea
AMAZON.AggregateRating
AMAZON.Airline
AMAZON.Airport
AMAZON.Animal
AMAZON.Artist
AMAZON.AT_CITY
AMAZON.AT_REGION
AMAZON.Athlete
AMAZON.Author
AMAZON.Book
AMAZON.BookSeries
AMAZON.BroadcastChannel
AMAZON.CivicStructure
AMAZON.Color
AMAZON.Comic
AMAZON.Corporation
AMAZON.Country
AMAZON.CreativeWorkType
AMAZON.DayOfWeek
AMAZON.DE_CITY

AMAZON.DE_FIRST_NAME
AMAZON.DE_REGION
AMAZON.Dessert
AMAZON.DeviceType
AMAZON.Director
AMAZON.Drink
AMAZON.EducationalOrganization
AMAZON.EUROPE_CITY
AMAZON.EventType
AMAZON.Festival
AMAZON.FictionalCharacter
AMAZON.FinancialService
AMAZON.Food
AMAZON.FoodEstablishment
AMAZON.Game
AMAZON.GB_CITY
AMAZON.GB_FIRST_NAME
AMAZON.GB_REGION
AMAZON.Genre
������
������
AMAZON.WrittenCreativeWorkType

Slot Type
List Type
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Intent Signature  

Schema.org�Entity Model���

Action<propertyName@EntityType[propertyName]> 



Built-in Intent Library

Alexa Skills Kit ��
���������%+$!,�
Intent �)!&)*- �����(-#���
�",'
+ �����������Intent��	 Skill�����
���������

https://goo.gl/Dw39Bg

https://goo.gl/Dw39Bg


built-in intent library�schema.org

The built-in intent library incorporates material from 
Schema.org, which is licensed under the Creative 
Commons Attribution-ShareAlike License (version 
3.0) (the “License”). You may not use this file except 
in compliance with the License. You may obtain a 
copy of the License 
at http://creativecommons.org/licenses/by-sa/3.0/. 
For questions, please reach out to alexa-ontology-
support@amazon.com.

http://creativecommons.org/licenses/by-sa/3.0/


����
�build-in Intent�����	�












Understanding the Structure of the 
Built-in Intent Library

https://developer.amazon.com/public/solutions/al
exa/alexa-skills-kit/docs/understanding-the-
structure-of-the-built-in-intent-library

https://developer.amazon.com/public/solutions/alexa/alexa-skills-kit/docs/understanding-the-structure-of-the-built-in-intent-library


Intent Signature Syntax

o built-in intent ��intent signature���	 ��
signature��intent������Schema��
�����
�	 �����������WeatherForecast intents �
����Schema���
�	



o AMAZON: all built-in intents begin with 
the AMAZON namespace.

o SearchAction: an action that identifies the action the 
user wants Alexa to take, such as searching for 
information.

o object: a property of SearchAction, for identifying 
the entity on which it should operate.

o WeatherForecast: the entity type for object. This 
identifies the entity the user wants to search for.

o [temperature]: (optional) if included, specifies an 
attribute to narrow the scope of the intent. This 
creates an intent that is triggered when the utterance 
mentions the specified attribute. 

For instance, the 
intent AMAZON.SearchAction<object@WeatherForecast[t
emperature]>would be triggered by “what’s today’s 
temperature,” but not the more generic “what’s the 
weather today.”



34,4�Alexa ��'�#
Action*1-(+/5��'��6

�!��action����&%
Entity'���%�Search
Action!property

34,4����$���%
Entity!�

WeatherForcast!��!	
�
Skill ���slot�����&%

“Today”"�Date0)42./ �
�&%�

Utterance � Signature

utterance

signature



o %1Schema02�slot#��&9,�/�1)#�
“what’s the weather today in Seattle” 16 /��
2���1��.�
 “Seatle”:Slot0
;)Request:
Skill0�8�

o %971Intent2�Action.�Entity1�.�?@>=<"
7��&9,�8���1Intent1	�2
AWeatherForcast2�Built-in-Intent1	�-�8 B�%
971��.��0��&9,�+1Intent Signature
A�!3 AMAZON.SearchAction<object@Weather
Forecast>.�*(B04.579,�8�%1Signature:
Intent1	�.',��-$8�



Actions, Entity Types, and Properties

o An action represents an action the user is trying to 
take, such as searching for information. 

o For instance, SearchAction represents the 
“searching for information” action. An intent 
defined with SearchAction indicates that the user 
wants search or look up information, such as 
finding a weather forecast or finding the phone 
number for a nearby coffee shop. 

o An intent defined with AddAction indicates that 
the user wants to add information somewhere, 
such as adding an event to a calendar or adding 
the title a book to a reading list.



Actions, Entity Types, and Properties

o Most actions operate on other objects or use other 
objects. A search action needs to identify the 
information to search for. An add action needs to 
identify the item to add and possibly also the list to 
which to add it.

o These items are specified using the properties of 
the action. 

o For example, SearchAction has an object property 
that identifies the type of information the user 
wants to find.

o AddAction has a targetCollection property to 
identify the type of the target list and 
an object property to identify the type object to 
add to the list.



Actions, Entity Types, and Properties

o An entity type represents the objects that the 
actions can act on or use. 

o Entity types also have attributes, which are 
represented by properties. 

o For example, WeatherForecast is an entity type 
that defines a weather forecast. It has properties 
such as location, duration, and temperature
(among others).

Action<propertyName@EntityType[propertyName]> 



Identifying the parts of an utterance

o The entire utterance indicates that the user wants 
to search for something or find information.

o The “object” of the search – the information the 
user wants to find – is a weather forecast. This is 
the main focus or purpose in the sentence.

o The words “Seattle” and “today” are attributes of 
the weather forecast the user wants to find.

Action

Entity

Property

�������
$&#�

������"���� 
��"	��� �

“weather”������
��$&#&�
���Focus�� ��!�
$&#&�

�������� object �� %



AMAZON.SearchAction<object@WeatherForecast>

�%093.24#&�@1-9&�object %6853,&�
WeatherForecast�+�!�$+���"�)

“Search for Weather Forecast.”

SearchAction/72&
��+��$����+
���)

SearchAction%object
6853,&��!�)'�
Entity+���)

WeatherForcast/72&
����+���)

�*&��
:”Seatle”;(
��:”Today”;$� �	
+
���"�)6853,+�!

WeatherForcast%6853,



���'(&$����Action

AMAZON.AddAction<object@Book,
targetCollection@ReadingList> 

o ��!)$ #%�������@"�)��object'(&$�
�Book�����targetCollection'(&$��
ReadingList��������	��
��

o �� intent signature�������
���

Add Book to Reading List.



Example: Creating a Weather Skill with 
the WeatherForecast Intents

o A general request for the weather:
User: Alexa, ask My Weather what’s the weather in 
Seattle today?
My Weather: Light rain this afternoon through tomorrow, 
with temperatures falling to 56 degrees on Monday.

o A request for the expected temperature:
User: Alexa, ask My Weather what will the high 
temperature be in Seattle today?
My Weather: Today, expect a high of 65 degrees, and a 
low of 49.

o A question about a particular weather condition:
User: Alexa, ask My Weather when will it rain next in 
Seattle?
My Weather: Light rain is expected to start this 
afternoon, continuing until evening.



Cambridge Analytica�
�������	�

Micro Targetting

AI��������
�




Apple’s Tim Cook calls for more 
regulations on data privacy

https://goo.gl/WVwDw1



Mark Zuckerberg on Tim Cook’s 
criticism of Facebook: 
It’s “extremely glib and not aligned 
with the truth”

“The reality here is that if you want to build a service that helps connect 
everyone in the world, then there are a lot of people can’t afford to pay,” 
Zuckerberg said. “And therefore, as with a lot of media, having an 
advertising-supported model is the only rational model that can 
support building this service to reach people.”

https://goo.gl/EJ9s8V



AI��
��	�����

Google News Initiative
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AI

2000
 2010
 2020


/%(�1"��
Page Rank
Hadoop

���/�0&�-�
Knowledge Graph
����

�����2&3#')
����AI���

Google�
	����$%(-

SNS�
%,3)+ 1�
!.�*���

AI
������	
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o CEh�]p1�iD:�=4gtxyzwjN��6?7
9f�\XoR�ROChurch-TuringhnpPD:�? Qi
���mTuringhnpP-*j>TpYfVeWpU}QfR
S�M#HVArq`'�i1950��hNChomskyj3
�]pOChomsky HierarchyiG%V
`ij1956
�N”Syntactic Structures”V
pij1957�aO

o 1995�NChomskyi”Minimalist Program”V
0ZqpO
_qjN_qkei�@IiCE2Gsl�&[`liab`O
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pO”Minimalist”i��jN�B(�Ki,!B<Uo%.
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o (,#	W)!#	I?G�8S7I@UI:L3BM�� 
K.1N3�� L�?6�W��@U)!'�W&F<U
=ID4BVN3��M)!XYXW&F<U=IDI(EG
$64MinimalistMChomskyN3BVWMergeDI@U4

o �)M0W3�?3�:�B74
60�QJ�M1958�L3ChomskyM�
DECLambek
N32;P:�&W@U4��M)!XYXN3�MCEC�
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(x/y)y --> x
y(y∖x) --> x

o LambekN3�*W%@�nI3�W%@�sI67CEC�F
M�W�6G3,M�O9T3�M�FM)!XYXH�W

;)!W?GRAU4Categorial GrammarM+�H5U4
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Minimalist Program�
Categorial Grammar

Joachim Lambek
1922 – 2014



1957�

1958�

1995�
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50��

Chomsky

Lambek

48�



1995� Berwick & Epstein
“On the Convergence of ‘Minimalist’ syntax and Categirial Grammar”

Minimalist��	��
�������
���



2016�

1995�

Berwick & Chomsky



Lambek: “Remarks on the history of 
categorial grammar”

o A few years later, I was invited to a symposium of 
the American Mathematical Society [1961] on 
applications of mathematics to linguistics. Hard 
pressed to find anything new to say, I discussed a 
non-associative version of the syntactic calculus. 

o These ideas did not catch on with the linguistic 
community and even met with some antagonism 
by certain graduate students, although two 
linguists, Noam Chomsky and Robert Lees, tried to 
encourage me to continue. Still, I could see the 
new wave of Chomsky’s generative-
transformational grammar sweeping everything 
else aside and turned my attention to other things.

https://goo.gl/T7vHsh



Lambek:“Word to Sentence”
0. Preface.

o Chomsky refined and deepened his theory in 
subsequent years, publishing almost one book per 
annum. Yet, while going profoundly into the 
structure of natural languages, it became less 
accessible to computational implementation, at 
least in the opinion of some categorial linguists. 
Prompted by a suggestion by Claudia Casadio, I 
proposed a new computational algebraic approach 
in 1998,  founded in the categorial tradition and 
based on a slight generalization of the ubiquitous 
concept of a group, called a “pregroup”. In 
retrospect, this approach was already implicit in 
the work of Zellig Harris, Chomsky’s teacher, and 
may be viewed as a refinement of the latter. 



Lambek:“Word to Sentence”
0. Preface.

o My own experience tells me that, in countries 
where high school students are faced with a choice 
between a scientific program and a humanistic one 
based on a study of classical languages, future 
mathematicians often arise from the latter stream.

o The principal idea is to assign to each word in the 
mental  dictionary one or more types. (Sometimes 
the types of inflected forms of lexical items may be 
calculated by certain “metarules”.)  These types 
are elements of an algebraic system or terms of  a 
logical system and the grammatical status of a 
string of words is determined by  a calculation      
on the corresponding types.



Lambek:“Word to Sentence”
36. Postscript on Minimalism.

o Readers familiar with current linguistic theory will 
have noticed that many ideas underlying the 
present monograph have been influenced by the 
profound insights gained by Chomsky and his 
school in the last half century. However, there are 
technical differences in how these ideas are 
displayed. Mainstream (Chomskyan) grammarians 
assume that words are arranged in labeled 
bracketed strings, or equivalently as leaves on a 
plane tree with labeled nodes, and that sentences 
are generated and analyzed by manipulating these 
structures.



o In categorial grammars, such calculations are 
performed not on labeled bracketed strings of 
words, but on strings of types, and this is assumed 
to be done in real time, even as the words are 
uttered or perceived during actual communication.  
In particular, this approach rules out any 
movement from the end of a sentence to the 
beginning.

o Chomsky’s ideas have undergone a number of 
significant changes over the years, which have 
usually led his many disciples to revise their 
methodology as well. (I am reminded of the French 
comic book “Asterix and Cleopatra”, in which 
Obelix accidentally breaks off the nose of the 
Sphinx, whereupon the souvenir vendors hasten to 
hack off the noses of their replicas.)



o For the last dozen years or so,  the official version of the 
Chomskyan enterprise has been the so-called “minimalist 
program” (described as “maximalist” by some). It is not 
clear to me which of the earlier notions have been 
discarded and which have been absorbed in the new 
program. The two texts I have looked into rely heavily on 
a discussion of the earlier theories. For example, 
Chomsky [1995] discusses government theory, binding 
theory, case theory, X-bar theory, phrase structure 
theory and theta-theory, to judge by the section headings 
only, not counting trace theory and optimality theory, 
which are mentioned elsewhere (see Lasnik et al.[2005]). 
Is the reader required to study all these theories before 
engaging on the minimalist program?
I must confess that I haven�t mastered all these theories, although 
I suspect that what some of them are about can be incorporated 
into the pregroup framework.



o Much of the recent debate among mainstream 
grammarians is couched in the technical language 
of parsing trees. There have been a number of 
papers analyzing the minimalist program from an 
algebraic point of view, for example by Stabler 
[1997], and by several authors in de Groote et al. 
[2001], showing that minimalist grammars are 
weakly equivalent to multiply context-free ones. As 
far as I can judge, they still rely on an arboreal 
representation. While I cannot say that I have 
completely understood the minimalist program, I 
believe that in spirit, if not in technical details, 
pregroup grammars may be viewed as an attempt 
to carry out such a program.
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Speech Recognition Grammar 
Specification Version 1.0

W3C Recommendation 16 March 2004
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“Approaching UG from Below”

Noam Chomsky 2007
http://goo.gl/V7lrsG
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“Three Factors in Language Design”
http://goo.gl/IJo7Ru Chomsky 2005�
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Merge (α, β) → {α, {α, β}}
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n I like to ____(drink)/(drink water).
n (Drinking/Drinking water) ____is fun.
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n There's some water on the table
n *There's some drink water on the table
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n I like to drink ____ (water)/(cool water).
n Drinking ____ (water)/(cool water) is fun.
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Merge (cool, water) 
→ {water, {cool, water}}
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“The Faculty of Language: What Is It, Who Has It, 
and How Did It Evolve?” http://goo.gl/pgSppH
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Inclusiveness Condition :The machinery of syntax (CHL) does not 
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2. Syntactic types

1958�����

2008�����



3. Type list for a fragment of English

n	n∖s →	s

(	n/n	n	)	n∖s →	n	n∖s →	s	

(	n	n∖s )	s∖s →	s	s∖s →	s	

n	((n∖s)/(n∖s)	n∖s)		
→	n	n∖s →	s	
(n	n∖s)	((s∖s)/n	n))		
→	s	s∖s →	s	



3. Type list for a fragment of English

(n	n∖s))	((s∖s)/s	(n	n∖s)))	→	s	((s∖s)/s	s)	→	s	s∖s →	s	

n	((n∖s)/n	n)		
→	n	n∖s →	s	
(n	n∖(s/n))	n)		
→	s/n	n	→	s	



57689��.�57689�/���.57689�.�57689�+/�
�
.��/,!�%2/�	�.��.���(Part of Speech)��

.��* 1�%.��$2&����357689+�4*!1�
#.57689/��.�
-0')�"�#$21���.���3�(�



4. Formal systems
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4. Formal systems
Merge (cool, water) 
→ {water, {cool, water}}

Merge�
	����
�����������
����������
�������� “water”
����� ����
��



5. Type computations in English

i. Insert brackets in all admissible ways.
ii. To each word assign all types permitted by a 

given finite type list. (We ignore for the moment 
the difficulty arising from words which possess a 
potentially infinite number of types, as do the 
chameleons `and' and `only’).

iii. For each grouping and type assignment compute 
the type of the total expression.

iv. Select that method of grouping and that type 
assignment which yields the desired type s.



6. Pronouns
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I. Introduction

1. Origin of languages.
2. Grammar and mathematics.
3. An algebraic approach to grammar.
4. Mathematical interlude.



basic types

o π = subject,
π3 = third person singular subject,

o s1 = declarative sentence in present tense,
o i = infinitive of intransitive verb,
o j = infinitive of any complete verb phrase,
o o = direct object.

o We postulate
π3 → π, i → j,



partial order

o reflexive: x → x,
o transitive: x → y and y → z implies x → y, and
o anti-symmetric: x → y and y → x implies x = y

o We may read x → y as saying that everything of 
type x is also of type y.





In the above examples, the pronoun she has type 
π3 to indicate that it serves as a third person 
singular subject. 

she will come 
π3 (πrs1jl) i

����
����������
�π������
�π3 → π�����
�������������
 �
���
come �������
�i ��	��
���j������
�i → j�

π3 (πrs1jl)i → π (πrs1jl) i → π (πrs1jl) j
→ π πrs1jl j →1s11 → s1



she will  see  him  
π3 (πrs1jl)(iol)o

��������������������see ���������iol�������
�	���������
������������
�������������	�����������
����
����������	�����l  ����������������ol 	��	����o �����
����left����������� olo → ���
��� ������ ��
�� ��������� will ���� ��� ����
πrs1jl �� ��
�	��� ���� �� �� ������
 ��� � �����	� ��
��� ���� ��
 ��� �� ���������� �� ��� ��
��� ���
������	���� r �� �� ���� ���� πr 	��	��� π ���� ���
right� ���	� ���� π3� ���	�

π3πr��ππr���.
π3 (πrs1jl)(iol)o � ππrs1jliolo � ππrs1jl jolo
���ππr)s1(jl j)(olo) ���s1�� ��s1



she will  see  him  
π3 (πrs1jl)(iol)o

�
� ����������� l �	��� ��
���� �� �
�� jl ������� j ���

�
� left� 
���� ���� i� �����

jli��jlj���.

With apologies to Chomsky, I would like to say that the 
parentheses ( and ) indicate the surface structure and the square 
brackets [ and ] the deep structure. 
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q1 ���
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�
��	����
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	����
�����
�q1jlπl ���will�



The distinction between q and q is necessary, since a 
question of type q can be preceded by when of type qq` 
and a question of type q cannot. The dash at the end of 
(3.1) was placed where Chomsky would have put a so-
called trace. 
Traces are not needed in our approach and are only 
indicated to facilitate comparison with Chomsky's 
approach. It will turn out that a double superscript l makes 
an appearance whenever Chomsky requires a trace.



how a sentence such as (3.1) is analyzed 
in real time

(3.1)



��������

Part IV



������
��	



�����������
��	




���:

��/�-�#/��.)�*����+�('�#�9	!
�9�"�/��/��8�$0*�
��+��#*24��
%7&7�400���.1,3576 ;



�4
�7

101

�4
�7
27

�

�

�4
�7

448
192
1368

�

37) �4
64
0

2

���	�����


������������




1. ���(�(�$(	0���
4+7 = 11 

2.  (��(���(�(	�0
�'
��
4+7 = 11

3.  (����10��"#!,�

(�'�*�
10��"#!,�
(�(�'�
�����-��-(10
��

4. 
(�(�$(	&��-��-
��.)� .+�/�%!��
1+6+3=10
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37
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64
37

1
3
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5. �$��$���$�$	�,
�#
�� 1+6+3 = 10

6. �$����10�����(�

$�#�&�
10�����(�
$�$�#�
�����)��)$1,
��

7. 
$�$� $	"��)��)
��*%��*'�+�!���
1+0+0=1

8. �$��$���$�$	�,
�#
�� 1+0+0 = 1
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9. /7�&( 10��120; 
�7�6�9!
10��120; �7�7�6 
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1. ���#�#��#	'���
��!���$����#�'
��
%� ��#��'���
14-7 = 7
4+(10-7) = 7  

2. �#��#	�'�"
��

3. �#�#��#	'���
5-3=2
��!���$����#�'
��
%� ���&�

4. �#��#	�'�"
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)
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27
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1. 7 x 4 %�
�$�
7 x 4 = 28

2. � ��28 �
� �� 8 %
���"�� ��2!������

3. 7 x 6 %�
�$�
7 x 6 = 42

4. � 42�������2 %���
42 + 2 = 44 %�� 	����#�

5. 3 x 4 %�
�$�
3 x 4 = 12

6. � �� �
� �� 2 %�
3 �����"�� ��1!������

7. 3 x 6 %�
�$�
3 x 6 = 18

8. � 18�������1%����18+1 =19%�
� 	����#�

9. 448�1920%��
�$� ……
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1. 37 x 64 (
��'�
37 x 64 = 2368

2. �!
�2368!�!�	!�� 68 (
���#��!��23"������

3. 37 x 12 (
��'�
37 x 12 = 444

4. �!444 �� ���23 (���
444 + 23 = 467 (��!	 ���$�

5. 34 x 64 (
��'�
34 x 64 = 2176

6. �!
�!�!�	!�� 76 (�
3	!� ���#��!��21"������

7. 34 x 12 (
��'�
34 x 12 = 408

8. �!408 �� ���21(����408+21 =429(�
�!	 ���$�

9. 46768�4297600(����'� ……

12+4
34*7

46768
42976
4344368

)

%�%��	!��!
����������&
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1. 64+0=64
2. 64+64=128
3. 64+128=192
4. 64+192=256 

35.64+2176=2240
36.64+2240=2304
37.64+2304=2368
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2x1=2
2x2=4
2x3=6
2x4=8
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�
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�
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�
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56x1=56
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�
�
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56x39=2184
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�
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294x1=294
294x2=588
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�
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From word to sentence:
a computational algebraic approach to 
grammar

Joachim Lambek
http://www.math.mcgill.ca/barr/lambek/pdffiles/2
008lambek.pdf
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I. Introduction

1. Origin of languages.
2. Grammar and mathematics.
3. An algebraic approach to grammar.
4. Mathematical interlude.



II. Basic Word Classes

5. Noun.
6. Philosophical digression.
7. Adjectives.
8. Verbs.
9. Adverbs.



5. Nouns.

In addition to names, such as John and Napoleon, 
there are three kinds of nouns in English:
count nouns: bean, pig, idea, delivery, ..... 
mass nouns: rice, pork, water, sadness, .....
plurals: beans, pigs, ....., police, cattle, ....., pants, 
scissors, .....

n = name,
n0 = mass noun, 
n1 = count noun, 
n2 = plural.











7. Adjectives

o Adjectives in English play two distinct rˆoles.  They 
can serve as predicates, as in

o or as attributes modifying nouns, as in











8. Verbs.











9. Adverbs.





III. English Sentence Structure.

10. Negative and interrogative sentences.
11.Direct Wh-questions.
12.Indirect questions.
13.Relative clauses.



10. Negative and interrogative sentences.

The easiest way to negate a declarative sentence in English is 
to insert the adverb not in an appropriate place, namely after an 
auxiliary or modal verb. Thus, we assign to not  the type  xxl, 
where x = j, i, p1, p2 or a, as illustrated by the following examples:









k

k

kMetarule 1. If the finite verb form of a modal or auxiliary 
verb has the type πrsjxl, with
declarative sentence, then it has type qjxlπl in a question , 

k

x = j, i, p1, p2, p2oˆl or a in a

�����	
	���������������������	���
������	� �
	�����





11. Direct Wh-questions.





Metarule 2���������������
�����������������	���������
�������������������������������	���ol ����	�������
���	��
o�lili�









12. Indirect questions.







IV. Other verbal complements.

14.Doubly transitive verbs.
15.Sentential complements
16.Discontinuous dependencies.
17.Quasi-sentences.



V. Unbounded Dependencies and 
Constraints.

18.Unbounded dependencies.
19.Unblocking maneuver.
20.Coordinate and subordinate conjunctions.
21.Summary of constraints.



VI. Semantic Considerations.

22.Quantifiers.
23.Anaphora.
24.Kinship grammar.
25.Capulet versus Montague.



VII. Background and limitation of  
pregroup grammars.

26.Remarks on the history of categorial 
grammar.

27.The mathematical background.
28.Limitation of free pregroup grammars.
29.Conclusion.



VIII. Summary.

30.Mathematical Rules.
31.The poset of basic types.
32.Type assignments.
33.Dictionary rewriting rules.



IX. Appendices.

34.Related mathematical recreations.
35.Selected etymologies.
36.Postscript on Minimalism.
37.Acknowledgements.
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PAS5predicate-argument structure6 23
14

o�),�'�0��,��
n I heard that Edison invented the phonograph in 1877.
n I heard that Edison invented a phonograph in 1877.

o �)�$)�*��#!	�0
$� )�&*�ESG%
)��%*��(�
�/.�!"�PAS%*��)��
*���/.�

o�)�%+�EGB%*�'.����-/.��PAS%*
��%�.�
n Odysseus was bold and clever.
n bold and clever Odysseus.



ESG@F:F-PASAC=F

o %/4#.�PASAC=F0�ESG@F:F/����/
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o �/�0�Jeopardy/��
“Chandeliers look great but nowadays do not 
usually use these items from which their name 
is derived.”
8�ESG,��&(2/,"5�



“Chandeliers look great but nowadays do not usually use these 
items from which their name is derived.”

ESG����



“Chandeliers look great but nowadays do not usually use these 
items from which their name is derived.”

PAS����
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PRISMATIC
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In 1921, Einstein received the Nobel Prize for his 
original work on the photoelectric effect."



PRISMATIC
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����������“In 1921, Einstein 
received the Nobel Prize for Frame02”���
Frame01��“his original work on effect.” ���
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In 1921, Einstein received the Nobel Prize for his 
original work on the photoelectric effect."

frame01

frame02

����	����
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�%NRTP:�"��

o 1> �<�%NRTP>&�.E';>D,=�"��
/�0�2GF.I!8AD,(

o�-@'"Napoleon annexed Piedmont in 1859 )L
ORJS?'1859�='MTQSKI��35*" :+,�
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� IKLJ:����

o�
>$�=A);�G�*A)%"He ordered a 
Napoleon at the restaurant." ..9=Napoleon>$
@6EH$�=��9=Napoleon:>!)=5,$3=
.:>$�=A)<08��9-C%

o “Napoleon”=�,�+B;+74B$�	;� IKL
J=�+B$.=��+B�
/DCIKLJ:�1M45
0“Napoleon”="�=�>&��':08N�=A);�
G08(CIKLJG��2C%3)2C:$.=order=
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o����,-./"'�������!�)��&
�
�$�0�*+ LAT “Lexical Answer Type” #��1+
	��)�#'�#!(��%$)&�����"(��&
���$��'�%� �

{
<subject type,"Person">
<verb,"order">
<object type,"?"> <== "Napoleon"&�'2
<verb prep,"at">
<prep,"restaurant">

}
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POETS & POETRY: He was a bank clerk in 
the Yukon before he published “Songs of a 
Sourdough” in 1907.

o Focus /��
.��)���7
$(�53.)�5�
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POETS & POETRY: He was a bank clerk in 
the Yukon before he published “Songs of a 
Sourdough” in 1907.

o Question Classification ='$�C'�7+B,=
 �<'@69�,
;�3B@<9?:3(2<�8='
2<$�='�@���:DFE'Factroid;�3B(
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focus ! LAT ��#��

o�
� “this” �%�$ “these”&���	��:
n THEATRE: A new play based on this Sir Arthur Conan 

Doyle canine classic opened on the London stage in 
2007.

o�	�!� # This �%�$ these :
n ‘88: In April 1988, Northwest became the first U.S. air 

carrier to ban this on all domestic flights.

o�
�	�����������"��
��" focus 
#(')&��%�
n AMERICAN LIT: Number of poems Emily Dickinson 

gave permission to publish during her lifetime.



focus ���

o����	����� “he/she/his/her/him/hers”:
n OUT WEST: She joined Buffalo Bill Cody’s Wild West 

Show after meeting him at the Cotton Expo in New 
Orleans.

o����	����� “it/they/them/its/their”:
n ME “FIRST”!: It forbids Congress from interfering with a 

citizen’s freedom of religion, speech, assembly, or 
petition.

o��	 “one”:
n 12-LETTER WORDS: Leavenworth, established in 1895, is 

a federal one.

o����������������
���focus����
�����




LAT ���

o �
 focus���	����
���������
n HENRY VIII: Henry destroyed the Canterbury Cathedral 

Tomb of this saint and chancellor of Henry II.
o “(Focus) of X”. (Focus)�
���������

one/name/type/kind LAT X �����:
n HERE, PIGGY, PIGGY, PIGGY: Many a mom has 

compared her kid’s messy room to this kind of hog 
enclosure.



LAT ���

o “(Focus) for X”. (Focus)�	���������
one/name/type/kind LAT X �����:
n COMPANY NAME ORIGINS: James Church chose this 

name for his product because the symbols of the god 
Vulcan represented power.

o focus���
��	�������������	���
�������	LAT���

n HEAVY METAL BANDS: “Seek & Destroy”, “Nothing Else 

Matters”, “Enter Sandman”.



POETS & POETRY: He was a bank clerk in 
the Yukon before he published “Songs of a 
Sourdough” in 1907.
o 1;$�;�8<)��9�
;"�<)�0;�8>)

publish(e1, he, ‘‘Songs of a Sourdough’’) 9
in(e2, e1, 1907)9,-:&#:��3@*��<)
� ;CGHF e1 .1907�:%/419A&=7,@*

o	�:"�<)�6;”he”9”clerk”.)�'��8+@
19A!�2)”Yukon”<
���DHEBEB8+?)
“Songs of a Sourdough”<)��8+@9	�3@*
1-27) authorOf(focus, ‘‘Songs of a 
Sourdough’’) 9 temporalLink (publish (. . .), 
1907) 9,54(�A��3@*
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UIMA(Unstructured Information Management 
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o Watson 38,)*0 ���� �� 
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In UIMA, the common analysis structure (CAS) is a dynamic data 
structure that contains unstructured data (i.e., data whose intended 
meaning is still to be inferred) and structured information inferred 
from this data, encoded as feature structures.



CAS(Common Analysis Structure)0Prolog
20��

o'7(70CAS 0�
��1�DAI<.���0ID
9�5�476��
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JCGB?:K
1� feature_name(id, value)-� �,�fact-.
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o 3%�feature0�"��0�
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o Prolog FIF!4
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