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Obama: Barack
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Apple: Jobs
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“"The stratosphere extends from
bout 10km to about 50km in altitude.”
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“"The stratosphere extends from
about 10km to about 50km in altitude.”
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e Japanese: FIIHFKFZN¥=4TF. — I am a student at Tokyo University.

e Korean: \}+= &3 tfgte] s+ Y4yttt — I am a student at Tokyo University.

e Mixed Japanese/Korean: FUIH A= YUt — I am a student of Tokyo University.
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Russian/Belarusian: I wonder what they’ll do next!
wy,. = 0.00 WNuTepecHo, 4To OHH cAeaioT gasbie!
wpe = 0.20 HNuTrepecHo, 4To OHM ¢/1e/1a10T jadbiie!
wpe = 0.30 Ilikargo, 4T0o oHM OyayT JesaTh jajibiie!
wpe = 0.44 IlikaBo, mo BoHHU 6 b uTH jgasi! _ I
wy. = 0.46 Ilikaro, mo BOHH 6§$b gggwm aadi! VITATENMETD !
wpe = 0.48 Ilikago, mTo siHbl 3pobsib gaeit!
wpe = 0.50 [likapa, mro sinel Oyaynus pabins gaseit!
wpe = 1.00 [likaBa, mTo sinul Oyayue pabins jgaseit!

Japanese/Korean: I must be getting somewhere near the centre of the earth.

Wi = 0.00 R HER D P LI IS E T RICIT > TS ICE VRN,
wy, = 0.40 I HERO H LT D ¥ THhICHFW TV BICE WL W,
Wio = 0.56 FITHIERD FUILDITL D E T HhIC R > TS ICE VLR W,
wio = 0.58 Fu A 20t 717}o) o o] & 7ol = 2343 §) o] of sk,
Wy, = 0.60 = 2l 2] A E 2] 7171o] ofl o] A 7t &= &H3faL Q) of oF it
Wk, = 0.70 U= A 2] F A 2 A o | 7ol = &) o3 o
wio = 0.90 R ol 9740 7.9) 2 A2 Aol = 23 ok gh o,
wio = 1.00 U= A7 9 F A 2 A ol = &3 oF g o

Spanish /Portuguese: Here the other guinea-pig cheered, and was suppressed.
wp = 0.00 Aqui el otro conejillo de indias animé, y fue suprimido.
wy = 0.30 Aqui el otro conejillo de indias animo, y fue suprimido.
wpe = 0.40 Aqui, o outro porquinho-da-india alegrou, e foi suprimido.
wp = 0.42 Aqui o outro porquinho-da-india alegrou, e foi suprimido.
wpe = 0.70 Aqui o outro porquinho-da-india alegrou, e foi suprimido.
wy = 0.80 Aqui a outra cobaia animou, e foi suprimida.

Wpt = 1.00

Aqui a outra cobaia animou, e foi suprimida.
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/*
* Increment the size file of the new incorrect Ul_FILTER group information
* of the size generatively.

- Karpathy
static int indicate_policy(voi )
{ http://goo.gl/mNgwCv
int error;
if (fd == MARN_EPT) {
/*
* The kernel blank will coeld it to userspace.
.

if (ss->segment < mem_total)
unblock_graph_and_set_blocked();
else
ret=1;
goto balil;
}
segaddr = in_SB(in.addr);
selector =seg / 16;
setup_works = true;
for (i = 0; i < blocks; i++) {

seq = buf[i++];
bpf = bd->bd.next + i * search; , R
ifp(fd) { Linux®Y—Xa—k%

FEISEELO

current = blocked;

}
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Searle, John. (1980). "Minds, Brains, and Programs.”
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"Hybrid computing using a neural
network with dynamic external

memory"
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Alex Graves et al. https://goo.gl/r4g5xt
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Differentiable Neural Computer
by Google Deep Mind

Controller Heads Memory Links Usage
Output Write '

),
-

' Read

Input




Synthetic question answering experiments

John 1s 1n the playground.
Bob 1s 1 the office.
Where 1s John? A:playground

John 1s 1n the playground.

Bob 1s 1n the office.

John picked up the football.

Bob went to the kitchen.

Where 1s the football? A:playground

Where was Bob before the kitchen? A:office

John picked up the apple.
John went to the office.
John went to the kitchen.

John dropped the apple.
Where was the apple before the kitchen? A:office




¢ London Underground map
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bAbI best results

DADI| Best Results
Task LST™M NTM DNC1 MemN2N MemN2N DMN
(Joint) | (Joint) | (Joint) UJoint) 2' | (Single) 2' | (Single) 2°

1: 1 supporting fact 245 315 0.0 0.0 0.0 0.0
2: 2 supporting facts 532 545 13 10 0.3 1.8
3: 3 supporting facts 483 439 24 6.8 2.1 43
4: 2 argument rels. 04 0.0 0.0 0.0 0.0 0.0
5: 3 argument rels. 35 0.8 0.5 6.1 08 0.7
6: yes/no questions 115 171 0.0 0.1 0.1 0.0
7: counting 150 178 0.2 6.6 20 31
8: lists/sets 165 138 0.1 2.7 09 35
9: simple negation 105 164 0.0 0.0 03 0.0
10: indefinite knowl. 229 166 0.2 0.5 0.0 0.0
11: basic coreference 6.1 15.2 0.0 0.0 0.1 0.1
12: conjunction 38 89 0.1 0.1 0.0 0.0
13: compound coref. 05 74 0.0 0.0 0.0 0.2
14: time reasoning 553 242 03 0.0 0.1 0.0

. basic induction Sg% 5%2 52.4 8& ‘Sngi .
17: positional reas. 39.2 25.5 24.1 418 18.6 40.4

: R 2.2 4.0 BR:AY 5.3 .7
19: path finding 89.5 43 0.1 75.7 23 65.5
20: agent motiv. 1.3 1.5 0.0 0.0 0.0 0.0
Mean Err. (%) 252 201 43 7.5 42 6.4
Failed (err. > 5%) 15 16 2 6 3 2

\ J \
| |

Google Facebook



bAbI mean results HFEYRE RGN

bABI Mean Results

woownwo

»MGU!:“U!N\J-' =
n

1.
6.
9
5
7
9.
3.
3.
3
1

T —OWAN Ve W
OHHHHHHHHH

p—-ars
B oW

H

NLZNOANN o
- .o.hm-o-n .

o

Ol =4 NNDO B -4
(]

g — ) et N e e ek ad el
oF VnOud—=0OWn—=p"
HEH M
ml b 2

Wi

o
w
4
N

Task NTM

1: 1 supporting fact 2B4+-15 406+ 6.7

‘ :: ; suppof:ng Es 560% 1.5 563+ 1.5
3: 3 supporting facts 513+14 478+ 1.7

: 2 argument rels 08105 910,
5: 3 argument rels. 32+05 19+08
6: yes/no questions 152£15 184+ 16
/: counting 16414 199+ 25
8: lists/sets 17.7£12 185+ 49
9: simple negation 154+£15 179+£20
10: indefinite knowl. : 257473
11: basic coreference 244+ 70
12: conjunction 21966
13: compound coref, 2% 2. 82+08
14: time reasoning . 449+ 13.0
16: basic induction : 238+ 14
D ! 248 299+ 5.2

18: size reasonin f . 45+13

| !g pag :T_ingu;ng 909+ 1.1 865+ 194
Mean FErr. (%) . 285+ 29
Failed (err. > 5%) 173+0.7

140+ 5.




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 967

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?

4 Is the blue square below the pink rectangle? no
5 Is the blue square to the right of the pink rectangle?

6 Is the blue square below the pink rectangle? no
7 Is the blue square below the pink rectangle? no

8 Is the pink rectangle to the left of the blue square? no

Basic induction

yes
21
no
7 |
21
12

Positional reasoning

12

24
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GitHUbTODNCD AE—-H A4 X

def init (self,
memory size=128,
word size=20,
num_ reads=1,
num writes=1,
name="'memory access’):

Creates a MemoryAccess module.

https://github.com/deepmind/dnc/blob/master/access.py .
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bADbI task

http://www.thespermwhale.com/jaseweston/babi/
tasks 1-20 vi1-2.tar.gz



http://www.thespermwhale.com/jaseweston/babi/tasks_1-20_v1-2.tar.gz

bAbi Task 2 Two supporting facts
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 14

6 John got the football there.

7 John went to the hallway.

8 Where is the football? hallway 67

9 John put down the football.

10 Mary went to the garden.

11 Where is the football? hallway Q7
12 John went to the kitchen.

13 Sandra travelled to the hallway.

14 Where is the football? hallway 9 7
15 ...



bAbi Task 3 Three supporting facts

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 2317 5



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
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

967

918

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?

4 Is the blue square below the pink rectangle?

no

5 Is the blue square to the right of the pink rectangle?

6 Is the blue square below the pink rectangle?
7 Is the blue square below the pink rectangle?

no
no

8 Is the pink rectangle to the left of the blue square? no
9 Is the blue square to the left of the pink rectangle? yes

10 Is the pink rectangle to the right of the blue square? yes

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
4 Is the yellow square to the right of the pink rectangle? yes

5 Is the pink rectangle to the left of the yellow square?

6 Is the yellow square below the pink rectangle?
7 Is the yellow square above the pink rectangle?

8 Is the yellow square to the right of the pink rectangle? yes

9 Is the yellow square below the pink rectangle?
10 Is the pink rectangle below the yellow square?

yes
no

yes
no

yes
21
no

21
21
12
21
12

21
12
yes
12
12
12
12
21

Positional reasoning

12

21

21



bAbi Task 19 Path finding

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?
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?
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?

S, e

n,w

n,n

24

35

45
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Clova
Smart Speaker







Google Now




Apple Siri




Facebook Messengers

Bots

for Messenger




Microsoft Cortana

Hi I'm Cortana.




IBM Watson API
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“"Deep Neural Networks for Acoustic
Modeling in Speech Recognition”

Geoffrey Hinton et al.



https://goo.gl/GT6Bg9
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WERDAEEDEEER

DNN = Deep Neural Network ¥—75—=2%
GMM = Gausian Mix Model WEED A%
HMM = Hidden Markov Model

task hours of DNN-HMM i GMM-HMM GMM-HMM
training data with same data | with more data

Switchboard (test set 1) | 309 18.5 27.4 18.6 (2000 hrs)

Switchboard (test set 2) | 309 16.1 23.6 17.1 (2000 hrs)

English Broadcast News | 50 17.5

Bing Voice Scarch 24 304 36.2

(Sentence error rates)

Google Voice Input 5.870 12.3 16.0 (>>5,870hrs)

Youtube 1,400 47.6
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20124 [35] Schuster, M., and Nakajima,
K. "Japanese and Korean voice search”
https://goo.gl/DUxQuv
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https://goo.gl/DUxQuv

Google Cloud Speech API
Language Support

01194 EED Y KR—F

Thai (Thailand)

Korean (South Korea)

Chinese, Mandarin (Traditional, Taiwan)
Chinese, Cantonese (Traditional, Hong Kong)
Japanese (Japan)

Chinese, Mandarin (Simplified, Hong Kong)

Chinese, Mandarin (Simplified, China)




Afrikaans (South Africa)
Amharic (Ethiopia)
Armenian (Armenia)
Azerbaijani (Azerbaijan)
Indonesian (Indonesia)
Malay (Malaysia)
Bengali (Bangladesh)
Bengali (India)

Catalan (Spain)

Czech (Czech Republic)
Danish (Denmark)
German (Germany)
English (Australia)

English (Canada)

English (Ghana)

English (United Kingdom)

English (India)

English (Ireland)
English (Kenya)
English (New Zealand)
English (Nigeria)
English (Philippines)
English (South Africa)
English (Tanzania)
English (United States)
Spanish (Argentina)
Spanish (Bolivia)

Spanish (Chile)

Spanish (Colombia)
Spanish (Costa Rica)
Spanish (Ecuador)
Spanish (El Salvador)
Spanish (Spain)
Spanish (United States)
Spanish (Guatemala)
Spanish (Honduras)
Spanish (Mexico)
Spanish (Nicaragua)
Spanish (Panama)
Spanish (Paraguay)
Spanish (Peru)

Spanish (Puerto Rico)

Spanish (Dominican Republic)
Spanish (Uruguay)
Spanish (Venezuela)
Basque (Spain)
Filipino (Philippines)
French (Canada)
French (France)
Galician (Spain)
Georgian (Georgia)
Gujarati (India)
Croatian (Croatia)
Zulu (South Africa)
Icelandic (Iceland)

Italian (Italy)



Javanese (Indonesia)

Kannada (India)
Khmer (Cambodia)
Lao (Laos)

Latvian (Latvia)

Lithuanian (Lithuania)

Hungarian (Hungary)
Malayalam (India)
Marathi (India)
Dutch (Netherlands)

Nepali (Nepal)

Norwegian Bokmal (Norway)

Polish (Poland)

Portuguese (Brazil)

Portuguese (Portugal)
Romanian (Romania)
Sinhala (Srilanka)
Slovak (Slovakia)
Slovenian (Slovenia)
Sundanese (Indonesia)
Swahili (Tanzania)
Swahili (Kenya)
Finnish (Finland)
Swedish (Sweden)
Tamil (India)

Tamil (Singapore)

Tamil (Sri Lanka)

Tamil (Malaysia)

Telugu (India)
Vietnamese (Vietnam)
Turkish (Turkey)
Urdu (Pakistan)
Urdu (India)

Greek (Greece)
Bulgarian (Bulgaria)
Russian (Russia)
Serbian (Serbia)
Ukrainian (Ukraine)
Hebrew (Israel)
Arabic (Israel)

Arabic (Jordan)

Arabic (Bahrain)
Arabic (Algeria)
Arabic (Saudi Arabia)
Arabic (Iraq)

Arabic (Kuwait)
Arabic (Morocco)
Arabic (Tunisia)
Arabic (Oman)
Arabic (State of Palestine)
Arabic (Qatar)

Arabic (Lebanon)
Arabic (Egypt)

Persian (Iran)

Arabic (United Arab Emira Hindi (India)



Google NowlZTZE5AZ ¢

Google Assistant&Google Now



Google Assistant&Google Now
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Google NowMWTE4_ b

NEBDIFRDIRBENDE

VAT LRNEPTRITRIAE

1 EVENTS O 1 CONVERSIONS i JJ sones )
"When is sunset?" "What's 16 ounces in pounds?" "What's this song?"
"When is Mother's Day this
year?"
SBEORXRE? 164 R (I ? DRI DFR ?
» & L » & L lﬁl
@ MY PACKAGES & @ REMINDERS & @ CAMERA &

"Where's my package?"

EomiEs?

» &

"Remind me to call Jamie at
6PM."

"Remind me to buy paper
towels when I'm at Target."

JamieEDMEREATE T

w @&

"Take a picture."

EEROT
iy

Google NowlE, RAR T REAVN L RTLTHSD



Google NowMWTE4_ b

JJ  LocaLmovies i

"What movies are playing
tonight?"
"Where is Thor playing?"

< BHORRE L ?
lﬁl ® ]

n ENTERTAINMENT TRIVIA

o

"Who plays Carrie Mattheson
on Homeland?"

"Who directed Titanic?"
TitanicDEE L ?

nﬁl ® ]

& i:'

DA emais &

"Email Jamie that the meeting
was moved to 3."

- et
3 FINANCE &

"What's Google's stock price?"
"What is Twitter trading at?"

GoogleD#k{fil& ?
|ﬁ| €

NEBDIREHRDIERRNDLE
VAT LRNEPTRITRIAE

@ WEBSITES €h

"Go to wikipedia.com."

FENEH-I=EA—JLLT Wikipedia®rLT

o

By

N

@ CALENDAR EVENTS

R

"Create an event, dinner with
Jamie at 8 PM."

SEFICTAT—DFEANT

& b

Google NowlE, RAR T REAVN L RTLTHSD



NEBDIREHRDIERRNDLE
VAT LRNEPTRITRIAE

Google NowMWTE4_ b

1 LOCAL BUSINESSES T 'ﬁ' " -
: NUTRITION o "Wher"e's the nearest ice cream
- shop? D] mr conTacTs &
"How many calories in an
avocado?" "What's Jamie's number?"
"Compare apples and "When is Dad's birthday?"

TEERFRDAOY—IF? —BENTARI—LEIE? BREADHERIL?
|ﬁl « lﬁl «

() DIRECTIONS i DX sociaL q) 'ﬁ' | g
"Directions to Rowdy Hall." "Post to Twitter, just got a new
"Take me home." phone!" 1 wusc o
FXETFHELT FLWMERE-1=L. "Play The Rolling Stones."
'fir'witte rZifELT "Play Hey Jude."
O—Y) T RXb—2D
BT T

Google NowlE, RAR T REAVN L RTLTHSD



Google NowWTZE4 &

n TV SHOWS

"Listen to my TV."

TLEZDITT

i FAMOUS PEOPLE

"Where was Albert Einstein
born?"
"How old is Brad Pitt?"

TA a3l
ECTEFEN-D?

NEBDIFRDIRBENDE
VAT LRNEPTRITRIAE

gr—

() NAVIGATION
Chins -
15zt
"Navigate to St. Stephen's
Green."
“3-:- <+ I:“ LT n FAMOUS PEOPLE
: 5 "Where was Albert Einstein

» € born?"
" "How old is Brad Pitt?"

o9k -EvbEARg ?

Gum) TRAVELINFO

o » &
"What are some attractions in
New York City?"
—a2—3—4HT. Iz h 1 DICTIONARY
ARVNEWNOLE ? "What does onomatopoeia
mean?"
& & onomatopoela>T
— EATTER?

Google Nowl&. RAR T RAVN L RTLTHD
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O 74 a340DFAERIE? |
O IRV DOFRATZBIE? ]

O IRV DmFHEFEL?
O MTaylor Swift@OFERIT ? |
OMELLossE? )

O M#ERTOAOEX? ]

O [\ \DTIAZHERMNTT ! |
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Google Knowledge Graph Search API

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

KnowledgeGraph®EntitylZ7 7t X
TEHH . TOHEEIX. BRonTL S,


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

Google Knowledge Graph Search API

0 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” ICDWL\WTOBEYTIL

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"

}I 1n; I,
"@type": "ItemList", |mage". {
"itemListElement": [ contentUrl":
{
"@type": "EntitySearchResult",
"result": {

"@id": "kg:/m/0dI567",
"name": "Taylor Swift",
ll@typell: [

"Thing",

"Person”

1,

"description": "Singer-songwriter”,




"image": {

"contentUrl":
"https://tl.gstatic.com/images?q=tbn:ANd9GcQmVYDAhjhWNnN20W
ys2ZMO3PGAhupp5tN2LwWF_BImiHgi19hf8Ku",

"url": "https://en.wikipedia.org/wiki/Taylor_Swift",

"license": "http://creativecommons.org/licenses/by-sa/2.0"

i
"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"

i

"url": "http://taylorswift.com/"
i
"resultScore": 896.576599

¥
]
¥



Sample Code in Python

"""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,
b

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’]) + ')’




<IDOCTYPE html>
<html>
<head> Sample Code in JavaScript
<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=7?"', params, function(response) {
$.each(response.itemListElement, function(i, element) {
$('<div>',
{text:element['result']['name']}).appendTo(document.body);
1)
r)i
</script>
</body>
</html>



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

Google Assistant library for Python
Google Assistant gRPC API

—hhin, AFEEDForumIZANS

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


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

Embed the Google Assistant

in any device
: .o'



Library gRPC API

Supported architectures

Supported languages

Hands-free activation
(Ok Google)

Audio capture and
playback

Conversation state
management

Timers and alarms

linux-armv7l and linux-
x86_64

Python

Yes

Built in

Built in

Yes

gRPC platforms

gRPC languages

No

Reference code is
provided

Reference code is
provided

No



EmbeddedAssistant

Service that implements the Google Assistant API.

Assist

rpc Assist(AssistRequest) returns (AssistResponse)

Initiates or continues a conversation with the embedded Assistant Service. Each call performs one round-trip, sending an
audio request to the service and receiving the audio response. Uses bidirectional streaming to receive results, such as the
END_OF _UTTERANCE event, while sending audio.




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

A conversation is one or more gRPC connections, each consisting of several streamed requests and responses. For example,
the user says Add to my shopping list and the Assistant responds What do you want to add?. The sequence of streamed
requests and responses in the first gRPC message could be:

« AssistRequest.config 7_" _\\ 7_|_ _\\_916_ %)t

 AssistRequest.audio_in
« AssistRequest.audio_in “Add to my Shopping list”
« AssistRequest.audio_in

« AssistRequest.audio_in

» AssistResponse.event_type.END_OF_UTTERANCE

« AssistResponse.speech_results.transcript "add to my shopping list"

« AssistResponse.dialog_state_out.microphone_mode.DIALOG_FOLLOW_ON

« AssistResponse.audio_out

"What do you want to add?.”
F—T 474 TF—5HES

« AssistResponse.audio_out

« AssistResponse.audio_out

google.assistant SDK®OIXg17Ara)L



Request Responsee

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

The user then says bagels and the Assistant responds OK; I've added bagels to your shopping list. This is sent as another
gRPC connection call to the Assist method, again with streamed requests and responses, such as:

AssistRequest.config 7_" _\\ 7_|_ _\\_Q;E %)&

AssistRequest.audio_in
AssistRequest.audio_in b ag els

AssistRequest.audio_in

AssistResponse.event_type.END_OF_UTTERANCE
AssistResponse.dialog_state_out.microphone_mode.CLOSE_MICROPHONE

AssistResponse.audio_out

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

AssistResponse.audio_out

AssistResponse.audio_out 7_|' _\\ 7_|_ _\\_975‘3&%)

googIe.assistant.embedded.v1a|pha2

google.assistant SDK®OIXg17Ara)L



Introducing Dialogflow,
the new name for API.AI

2017/10/10

’ Dialogflow



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

’ Dialogflow

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

[0 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

FulfillmentZ#Emd 5

Define your conversation

B Create intents

Building responses in Dialogflow
Building fulfillment responses




Define your conversation
Intents® 4 ik

A Intent£a ]

* my._intent SAVE

Contexts

4[ J_—'US—O)%EE : 5N 101@} Intentzx k)i —9 5 FEE

User says

Events © ! 7_'\\77_|'_)|/|‘0)77:/3> ] T7)DTIA—ILk

DTI3av
GOOGLE_ASSISTANT_ WELCOME
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Define your Response

[

prﬁpxmiﬁ

ATTL—230 3T TLRRAMN
() Responses from this tab will be sent to AoG integrations only.i%éhflﬂ@?ﬁ‘?f:bs CCTDH Y

UM FASND,

Use response from the DEFAULT tab as the first simple response B

Response ©@  —e——

DEFAULT ACTIONS ON GOOGLE +

Simple Response Customize audio output () []]

This is API.AI's response builder. You can
provide different text and speech
output.

1 This is AP Al's response builder

2 Enter text output Enter speech output

ADD MESSAGE CONTENT



Build Fulfillment

FulfillmentZ

L S\HDVE DY }

Fulfillment

Use webhook | Use webhook for siot filing

Actions on Google

tnd conversation




Fulfillment®a—K-H4>7)L

const app = new DialogflowApp({request: request, response: response});
const WELCOME_INTENT = 'input.welcome'; // the action name from the Dialogflow intent

const NUMBER_INTENT = 'input.number’; // the action name from the Dialogflow intent
const NUMBER_ARGUMENT = 'input.mynum'; // the action name from the Dialogflow intent

function welcomeIntent (app
app.ask('Welcome to number echo! Say a number.');

}

function numberIntent (app) {

app.tell('You said ' + number);




Fulfillment®a—K-H4>7)L

function responseHandler (app) {
// intent contains the name of the intent you defined in the Actions area of Dialogflow
let intent = app.getIntent();
switch (intent) ({
case WELCOME INTENT:
app.ask('Welcome! Say a number.');
break ;

case NUMBER_INTENT:
let number = app.getArqument(NUMBER ARGUMENT) :

app.tell('You said ' + number);

preak ;
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DT STTORREER

[0 Google NOWDIZEGL, ANV D FTRIENLIELNT-
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Welcome to Schema.org

Schema.org XF+—<I[&. Google, Microsoft, Pinterest, Yandex

ZTHEHN TS, Facebooklk., #5TIEELY,



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

Welcome to Schema.org

[0 Schema.org [&, 13— ybOWebR—2  e-A—)L
DAY= 0ELI2H2EZLDEDD LEICHLEEILS
NI=T =R LT RF—TZEYHIT. HEFL. ThE
ILHBENSZTYL v EFE-S-HRBRIOOAI A =T FETH
Do

O Schema.org [£. Google, Microsoft, Yahoo,
Yandex QAR Y —FEEZH TS, TDRFYITS
|)—[&., A—=1)> 51y X public-schemaorg
@w3.org & GitHub https://goo.gl/WvCyP3 %
WT. A—T LT ATHEIN TS,

folksonomy77O0—F

http://schema.org/



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

Schema.org vocabulary

[0 Schema.org h¥F+23')—[&. RDFa, Microdata,
JSON-LD & 2<DITa—T 4> THIEAMNAIEET
HBo
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I T4T14DE (Type) DY T )L

Types = “is-a”

O Book
0 BookSeries

[0 EducationalOrganizati
on

[ Event

[0 GovernmentOrganizat
ion

[0 LocalBusiness

1 Movie

[ MovieSeries

[ MusicGroup

[0 MusicRecording
[0 Organization

[0 Periodical

1 Person

[ Place

0 SportsTeam

0 TVEpisode

O TVSeries

[0 VideoGame

B MusicAtbum

O VideoGameSeries
0 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

Person

/ /people/person

5@, Film Actor
/film/actor

Politician
/government/politician

One entity, many types.
— DDIVTAT1IE BLOBEZEHEFD

Thursgdav Aucu=t 19 N10



Entity XEEZEFD
schema.org T® EntityDE=E Dl

0 Thing > CreativeWork > Book

0 Thing > CreativeWork > CreativeWorkSeries >
BookSeries

0T
0T

OT
n

0T
T

0T

Ning > Organization > EducationalOrganization
ning > Event

ning > Organization > GovernmentOrganizatio

ning > Organization > LocalBusiness
ning > Place > LocalBusiness

ning > CreativeWork > Movie




Entity(3[,

EkRE;

-

schema.org T® EntityDE=E D5l

[0 Thing > Place

[0 Thing > Organization > SportsOrganization > S
portsTeam

0 Thing > CreativeWork > Episode > TVEpisode

[0 Thing > CreativeWork > CreativeWorkSeries >
TVSeries

T

0T
T

ning > CreativeWor
ning > CreativeWor

ning > CreativeWor

VideoGame

K > TVSeries
K > Game > VideoGame

K > SoftwareApplication >




schema.org TdDPerson®Property
Properties = “has-a”

OO0OO0O0O000a00

gender
birthdate
birthplace
profession
nationality
ethnicity
parents
children
religion

[0 education
[0 jobTitle
1 follows
[0 knows
[l owns

[1 seeks

... ahd more

Action




Person® Propery

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

— The Type Hierarchy

http://schema.org/docs/full.html



Person®Property
Properties = “has-a”

Property

Expected Type

EducationalOrganization

or
Organization

Description

An additional name for a Person, can be used for a middle name.

Physical address of the item.

An organization that this person is affiliated with. For example, a school/university, a club, or a
team.

An organization that the person is an alumni of.
Inverse property: alumni.

Date of birth.
The place where the person was born.

The brand(s) associated with a product or service, or the brand(s) maintained by an organization or
business person.

A child of the person.

A colleague of the person. Supersedes colleagues.

http://schema.org/Person

Date of death.
The place where the person died.

The Dun & Bradstreet DUNS number for identifying an organization or business person.



globalLocationNumber

hasOfferCatalog

honorificPrefix

honorificSuffix

isicv4

QuantitativeValue

ContactPoint or

Email address.

Family name. In the U.S., the last name of an Person. This can be used along with givenName instead
of the name property.

The fax number.
The most generic uni-directional social relation.

A person or organization that supports (sponsors) something through some kind of financial
contribution.

Gender of the person. While http://schema.org/Male and http://schema.org/Female may be used,
text strings are also acceptable for people who do not identify as a binary gender.

Given name. In the U.S., the first name of a Person. This can be used along with familyName instead
of the name property.

The Global Location Number (GLN, sometimes also referred to as International Location Number or
ILN) of the respective organization, person, or place. The GLN is a 13-digit number used to identify
parties and physical locations.

Indicates an OfferCatalog listing for this Organization, Person, or Service.
Points-of-Sales operated by the organization or person.

The height of the item.

A contact location for a person's residence.

An honorific prefix preceding a Person's name such as Dr/Mrs/Mr.
An honorific suffix preceding a Person's name such as M.D. /PhD/MSCSW.

The International Standard of Industrial Classification of All Economic Activities (ISIC), Revision 4
code for a particular organization, business person, or place.

The job title of the person (for example, Financial Manager).

The most generic bi-directional social/work relation.

http://schema.org/Person



makesOf fer

worksFor

MonetaryAmount or
PriceSpecification

Ownershipinfo or

A pointer to products or services offered by the organization or person.

An Organization (or ProgramMembership) to which this Person or Organization belongs.
Inverse property: member.

The North American Industry Classification System (NAICS) code for a particular organization or
business person.

Nationality of the person.

The total financial value of the person as calculated by subtracting assets from liabilities.

Products owned by the organization or person.

Event that this person is a performer or participant in.
The most generic familial relation.
A pointer to products or services sought by the organization or person (demand).

A sibling of the person. Supersedes siblings.

A person or organization that supports a thing through a pledge, promise, or financial contribution.

e.g. a sponsor of a Medical Study or a corporate sponsor of an event.

The person's spouse.

The Tax / Fiscal ID of the organization or person, e.g. the TIN in the US or the CIF/NIF in Spain.
The telephone number.

The Value-added Tax ID of the organization or person.

The weight of the product or person.

A contact location for a person's place of work.

Organizations that the person works for.

http://schema.org/Person



Intent Model
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Alexa®Intent Model
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Alexa®Intent Model
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Request

Response

[CAIZBIL] :: ) | Speechlet

_— £S5

SampleUtterances.txt

HelloIntent CAIZHIL
HelloIntent &Ly, CAITHIE
HelloIntent &0y
HelloIntent 255
HelloIntent 7 A LY>T
HelloIntent xR TI H
HelloIntent 8t&R

HelpIntent AL
HelpIntent Bil+T
HelpIntent £33 fu(XL0D
HelpIntent &EELY
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Request Response

[ZAlchid) mmm) | Speechiet | mmm TE&575 )

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 = “&&5%5";
SimpleCard card = new SimpleCard();

return SpeechletResponse.newTellResponse(speech, card);

}
BREN—FARSD




o D

1—H—0T0J 3.4

Customer
SampleUtterances.txt
Customer asks Alexa identifies your Your service
a question or processes the
gives a > ™ request and |
commagan _ returns a text |
_9\/[&15 (Xt and graphical
response |
user's request
Customé g :) 7:'; rg Al e
e~ aspeech |
response from s 3
Alexa’s voice itt
Customer sees Your graphical -
representation is
in the companion app |

companion app



Intent + Slot Model
Alexa



Alexa History Buff 927 )L

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> getlsonEventsFromWikipedia( ... ) ...
private ArrayList<String> parselson( ... ) ...

private SpeechletResponse newAskResponse( ... ) ...



public SpeechletResponse onIntent

public SpeechletResponse onIntent(final IntentRequest request,
final Session session) throws SpeechletException {
log.info("onIntent requestld={}, sessionld={}",
request.getRequestld(), session.getSessionld());

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




historybuff.speechAsset.
IntentSchema.jason




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}

GetFirstEventIintent {december twenty third|day}
GetFirstEventIntent {december twenty fourth|day}
GetFirstEventIintent {december twenty fifth|day}
GetFirstEventIintent {december twenty sixth|day}
GetFirstEventIntent {december twenty seventh|day}
GetFirstEventIntent {december twenty eighth|day}
GetFirstEventIintent {december twenty ninth|day}
GetFirstEventIintent {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}
GetFirstEventIintent {next Friday|day}
GetFirstEventIntent {next Saturday|day}
GetFirstEventIintent {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 helpHelplntent 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
GetNextEventlntent yes

_ GetNextEventIntent yup
GetNextEventIntent sure
GetNextEventIntent yes please




Intent & Slot
Slot Type®DEA



Intent & Slot

O Intentld, A—HIZ&>TESINZUVIIRMNEERT S
ActionZzxXd,

O Intentld. #7323 Tol$EEHDODIENTES, TS I8 E
Slot&lyS, SampleUtterancel<. SlotD i EEF9,

.............................................................................................................................

O fkITZ2EHET AR /LDIntentD & 8iiE PlanMyTrip &
g nlX. PlanMyTripld. toCity, fromCity,




Intent PlanMyTripD AFX—< E

{
“intents” : [
{
“intent” : “"PlanMyTrip” ,
“slots” : [
{
“name”: “fromCity” ,
"type” : “AMAZON.US_CITY"
Y
{
“name”; “toCity”,
"type” : “AMAZON.US_CITY"
Y
{
“name”: “travelDate” ,
"type” : “AMAZON.DATE"
b
]
b



Intent GetHoroscopeM XA Fx—<EZ= DI

{
"intents": [
{
"intent": "GetHoroscope",
"slots": [
{
"name”: "Sign",
"type": "LIST_OF_SIGNS"
|
{
"name”: "Date",
"type": "AMAZON.DATE"
}
]
}
]




Custom slot type
LIST_OF_SIGNS OE=HI

Aries
Taurus
Gemini
Cancer
Leo
Pisces
Virgo
Libra
Scorpio
Sagittarius
Capricorn
Aquarius




x> 9 % sample utterances:

GetHoroscope what is the horoscope for {Sign}

GetHoroscope what will the horoscope for {Sign} be {Date}
GetHoroscope what will the horoscope for {Sign} be on {Date}
GetHoroscope get me my horoscope

GetHoroscope {Sign}

(many more sample utterances)




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

FOEOLGREINGEINT=ET S,
UtterancelZXRD K574 ECik A ddoT=&L &9,

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

Alexa [, fromCity AAwkZ "Seatle®., &City XRvk

[Z "Portland". travelDate ROvk Z"Friday” &LV EZ.
PlayMyTrip Intent®5|#&ELTEL T, "Plan My Trip"H—E X
FIEUH T,




Utterances

HEh

Alexa, tell plan my trip | need a vacation

| I | I | I I
wake word launch Invocation name utterance
II’d like to take a tripI next Friday.
| J
utterance slot value

SkillOIENHL l

PlanMyTripintent {value: “2017-12-20"}
, | I J

Intent

Intent

slot value




Slot&Entity Resolution

A, KK BICYMEZTESIEETHEI CELH D,
MEDIA_TYPE&LSslotld, mediadDiFEDE, HIZ X,
"song”, “track”, “single” £E2-RDEEHDHIOET S,
EFWLWTLW\DOZE. 3—FICIE. CO=DDOKRBERILLIICHKD
ZENTES,

MEDIA TYPEZ.—DO®MEntity &L T, ZOHYS5EZ.
1OEEEICEET HENTES, Tz, Entity Resolution
ELVD,

Entity Resolution TlZ, Slot Type®{EIZ(X., IDADITS
n. ™o, FORIEE (synonym) DY RARAEMENS, SEED
SELI=FEBKIL. "name” @ "value” &&hb,




Slot® & D Entity Resolution

{
"types": [
{
"name"”: "MEDIA_TYPE",
"values": [
{
"id": "ALBUM",
"name": {
"value": "album",
"synonyms": ["cd","1p","record"]
}
ot
{
"1d": "SONG",
"name": {
"value": "song",
"synonyms": ["track","single","tune"]
}
}
1
}
]



Slot Type

AMAZON.DATE

AMAZON .DURATION

AMAZON. FOUR_DIGIT_N
UMBER

AMAZON .NUMBER

AMAZON.TIME

Short Description

Converts words that
indicate dates (“today”,
“tomorrow”, or “july”)
into a date format (such
as “2015-07-00T9").

Converts words that
indicate durations (“five
minutes”) into a numeric
duration (“PT5M").

Converts words that
represent four-digit
numbers (“six oh four
five" into digits (“6045").

Converts numeric words
(“five") into digits (such

as “5").

Converts words that
indicate time (“four in
twopm") German
into a time value

(“04:00", “14:00").

the morning

n o
’

Supported Languages

English (UK)
English (US)
German

English (UK)
English (US)
German

English (UK)
English (US)
German

English (UK)
English (US)
German

English (UK)
English (US)

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.Devicelype
AMAZON.Director
AMAZON.Drink
AMAZON.EducationalOrganization
AMAZON.EUROPE CITY
AMAZON.EventType
AMAZON.Festival Slot Type
AMAZON.FictionalCharacter
AMAZON.FinancialService
AMAZON.Food
AMAZON.FoodEstablishment
AMAZON.Game
AMAZON.GB CITY
AMAZON.GB FIRST NAME
AMAZON.GB REGION
AMAZON.Genre

List Type

AMAZON.WrittenCreativeWorkType
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Built-in Intent Library

Alexa Skills Kit (&, HoMLHHESNTEILEAD
Intent DSA735)—%RIET S, Aa—FIF, HEOH T
IWERAET A LS. ZhIntentD#EEESkillD 5 THIF
ITEHCEMTES,

https://goo.gl/Dw39Bg
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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/

RO E5% build-in IntenthA BESh T3S

b X i ] = LS. S £ &

Skill Information Interaction Model Configuration Test Publishing Privacy & Compli

Save Model Build Model

Use an existing intent from the built-in library

154 / 154 Built-ins

NAME DESCRIPTION

Actor

1 Built-in

Book

Book Series

2 Built-ins




Actor

A person who performs in live or recorded performances such as movies, television,

1 Built-in or on stage. These intents let users ask about actors.
Book A book. These intents let users ask for actions related to books, such as finding
14 Built-ins books, adding books to reading lists, and rating books.
Book Series A named series of books, such as "The Lord of the Rings." These intents let users
2 Built-ins take actions on a book series, such as adding the books in the series to a reading list.
A calendar that contains a list of events. These intents let users make requests
Calendar : 3 :
SRt related to calendars, such as reading back events, looking up events, and adding
uit-ng items to a calendar.
Catalog A collection or library offered and curated by an organization or collected and
6 organized by an individual. These intents let users ask about collections of books or
1 Built-in .
music.
A generic kind of creative work, including books, movies, photographs, software
Creative Work :
S programs, and so on. These intents let users make requests related to any type of
S creative work.
Creative Work Section A section or part of a creative work, such as a page or chapter. These intents let
8 Built-ins users specify a particular part of a book, movie, page, or other section.



Creative Work Section
8 Built-ins

A section or part of a creative work, such as a page or chapter. These intents let
users specify a particular part of a book, movie, page, or other section.

Episode
6 Built-ins

An episode for TV, radio, video game, or other media which can be part of a series or
season. These intents let users request actions related to episodes, such as starting
playback of a particular episode or searching for a particular episode.

Event
8 Built-ins

An event happening at a certain time and location, such as a meeting, concert,
lecture, or festival. These intents let users make requests related to events, such as
adding an event to a calendar, or looking up details of an event.

O 0 0 0

Local Business
4 Built-ins

Musician
1 Built-in

A particular physical business or branch of an organization, like a restaurant, a
medical practice, or a store. These intents let users ask for information about
businesses such as the location, contact information, or opening hours.

A person or group that performs music. These intents let users request actions
related to musicians, such as asking to rate or "like" a musician.

O

Music Creative Work
14 Built-ins

The broad category of creative works that are musical in nature, includes songs,
albums, playlists, and other items. These intents let users request actions related to
musical works, such as adding songs to a library, controlling playback of musical
works, and looking up information about musical works.

Music Group
2 Built-ins

A musical group, such as a band, an orchestra, or a choir. This can also represent a
solo musician. These intents let users request actions related to a music group, such
as "liking" a group, finding songs by a group, or asking about the members of a




O

Music Playlist
10 Built-ins

A collection of music tracks in playlist form. These intents let users make requests to
manipulate playlists by adding, removing, and choosing items.

O

Music Recording
5 Built-ins

A music recording (track), usually a single song. These intents let users ask for
specific information about songs, such as the artist who performs the song, the
genre of the song, or other information.

Playback Mode
2 Built-ins

Represents modes related to playback, such as shuffle and loop. These intents let
users ask to turn these modes on and off.

O 0O

Reading List
7 Built-ins

Screening Event
4 Built-ins

A list made up of books or other written creative works that a user wants to collect
in one place, such as a summer reading list or a "read later” list. These intents let
users make requests about reading lists, such as creating lists and adding or
removing items on the lists.

A screening of a movie or other video. These intents let users make requests related
to particular screening events, such as asking for the show time for an event, asking
what movies are playing, and asking what movie theaters are playing a particular
movie.

Singer
1 Built-in

A person who sings, either as a solo performer or as part of a group. These intents
let users request actions related to singers, such as asking who sings a particular
song.

Standard
22 Built-ins

The standard intents are used for common, general actions such as stopping,
canceling, and asking for help.



Thing
5 Built-ins

A generic object. These intents let users make requests that are not related to any
specific object or entity, such as requests to pause or continue an action.

TV Season
1 Built-in

Season during which a series of related episodes are broadcast on TV broadcast or
delivered online. These intents let users request actions for a TV season, such asking
to start playback of a particular season for a show.

TV Series
2 Built-ins

A series of related television episodes. These intents let users request actions for a
TV series, such asking to start playback of a particular series.

Video Creative Work
23 Built-ins

Video Playlist
3 Built-ins

A creative work that includes video and possibly audio, such as movies, television
shows, and video clips. These intents let users request actions related to video
works, such as adding videos to a library or watchlist, controlling playback of videos,
and looking up information about video works.

A collection of video creative works, such as a list of shows to watch. These intents
let users make requests to manipulate video playlists by adding, removing, and
choosing items.

Weather Forecast
3 Built-ins

Y weather forecast. These intents let users ask for general weather forecasts, as well
L more specific questions about specific weather conditions.




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 %>, ZM
signatureZ. intent® & FIEL TSchemalZELZEMTE
b, RDYTILIEX. ZDDWeatherForecast intents %
$-o1=. Schema® I TH 5.

i
"intents": [
{
"intent": "AMAZON.SearchAction<object@VeatherForecast>"
},
i
"intent": "AMAZON.SearchAction<object®@VeatherForecast[temperati
}
]

}



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

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

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

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

[0 [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.”



Utterance & Signature

................................................

"What is the weather in Seattle today?"

............ o g o )

aA—H—HAlexalcEFELED | LAY BRDITRIETD

ActionA TS ok (AMEET) N, | Enttyoz
............................................................ . AR
SearchActxon(object@WeatherForecast>

Z M ETactionhNEfTEN b e l

EntityZz5E 9 4. Search <

Action®property ]

WeatherForcast® Z DD E .,
SkilllZxfLTslotELTEESN S

Y Y
object.location.addressLocality.name object.startDate
"Seattle" "Today"

L

“Today”l&. Date7x+—< vk IZE#cn b, "2016-11-01"




{

"intents": [

{

"intent": "AMAZON.SearchAction<object@VeatherForecast>"

}
1
}

O —dSchemalZlf. sloth EEINTLVELDTEAY,
“what’s the weather today in Seattle” @ L3575
X. 5§ BOB{tEET “"Seatle”%SlotIZ& A~Request®
SkilllZi% 5,

O ChndIntentld, Actiond, EntityD#E L, T O/874H
SEREIN TS, B4 DIntentD AR
(WeatherForcastid. Built-in-Intent®&8itHs ). =
NHEDERE—EIFEEINT—oNDIntent Signature
Iz X AMAZON.SearchAction<object@Weather
Forecast>&LVof) ITEEHBNTLVS, —DSignaturez

IntentD&Za1ELTRIATE S,



Actions, Entity Types, and Properties

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

[0 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.

[0 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

[0 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.

[1 These items are specified using the properties of
the action.

[0 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

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

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

[0 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
|
[0 The entire utterance indicates that the user wants

to search for something or find information. Action

[0 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. Entity

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

"What is the ?weather in Seattle today?"

CORFELKT, YL | weather"LLWIERAS. SOV
A5 A DIERERDTINS FEDFocusTHD, cnh, 11— —NM
:t%%L—CL\éO EOH‘J::)tL/—CL\é ObJeCt —G%é'



.........................................

SearchAction”5 X (% l
IFHREET EVVSERE IR N
xKIKIT S bt macdra 1

SearchAction®Mobject L_l = =
JOnNT«lF. RoFoeRE 0T bt oot i
Entity£ &1 5 '-- :

WeatherForcasty5 X% y
XA FTHERIZTH WeatherForcast®70/\7«

nlx. ZAT ("Seatle”) | location startDate
H{t ("Today”) ELvoF=E14E%E
RIFLTWATO/N\T1&HD

AMAZON.SearchAction<object@WeatherForecast>

ZDIAVTFHFALTIE, @Y 121&, object T A/NT+IE,
WeatherForecast®&#HFDZEXEELTLVS

“"Search for Weather Forecast.”



B OTO/\T14ZEDAction

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

O COaVTFARTH, @ARRIZ, @Y1, objectTO/NT«
(XBookZ!%#tL , targetCollection7O/87«1&
ReadingList®##HFDOEEEEL TS,

00 2 intent signaturelf, RO ELSIZ5FHEH S,

Add Book to Reading List.




Example: Creating a Weather Skill with
the WeatherForecast Intents

[0 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.

[0 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,

[0 A question about a particular weather condition:

User: Alexa, ask My Weather when will it rain next in
Seattle?

i Fain is ex r i
afternoon, continuing until evening.
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“"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/E]J9s8V
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1 At THE CARTESIAN WELL: THE
MINIMALIST PROGRAM & CATEGO-
RIAL GRAMMAR

Imagine the following scene. You are at your fa-
vorite beer hall somewhere in Amsterdam—Ilet’s
call it the Cartesian Well. Well known meeting
place of intelligentsia, you are not surprised when
a thin person dressed all in black sidles up to you
and whispers in your ear, “Have I got a linguistic
theory for you!” You of course yawn, have heard
many such fables in your time; besides you have
drunk too much. “No, wait,” the figure grabs

your shoulder, “I've discovered that Chomsky’s
latest approach to syntax and categorial gram-
nvenging.”

Another flat-earth cultist? you think. “Well,
hear me out—at least let me buy you another
beer.” So you to listen to the tale:

19954 Berwick & Epstein

4 (CONCLUSIONS FROM THE BEER

HALL

To summarize, given the current push towards
“minimalism” in the so-called government-and-
binding approach seems to have eliminated both
government (and binding, not discussed here) in
favor of a single hierarchical concatenation op-
erator that meshes perfectly with the classical
theory of categorial grammar, as well as provid-
ing a natural explanation for the observed gram-
matical relations and a transparent framework on
which to build a model of sentence processing.
While this trend surely does not solve all our “re-
ligious” problems, it certainly goes a long way
towards taking down the “barriers” to a mature,
ecumenical framework within which to reach com-
mon ground among what has long appeared to
ite dispar nts of
Perhaps we can all now drink beer together.

“On the Convergence of ‘Minimalist’ syntax and Categirial Grammar”
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19954

On the Convergence Of ‘Minimalist’ Syntax and
Categorial Grammar

Professor Robert C. Berwick, MIT Department of Computer Science

Professor Samuel David Epstein, Harvard Department of Linguistics
Cambridge, MA 02139

ABSTRACT

This paper shows that the so-called “Minimal-
ist Program” of Chomsky (1993, 1995) can be
given a natural interpretation as a categorial
system in which there is exactly one syntac-
tic (algebraic) operation: namely, “Hierarchi-
cally Concatenate” (HC) (what Chomsky calls
“Merge”), and also replacing the representations
of “D-structure,” ‘S-structure” and transforma-
tions with the derivation lines typical of catego-
rial systems—thus unifying two previously dis-
parate approaches to the analysis of natural lan-
guage. For example, the general “movement” rule
of transformational grammar is easily seen to be
a subcase of Hierarchical Concatenation of (al-
pha, beta), where alpha is a subtree of beta; this
automatically derives the usual ¢c-command con-
dition on so-called “empty categories.” The usual
L semantic internretation henefits of the catecarial

terpret” sentences.

1 At THE CARTESIAN WELL: THE
MINIMALIST PROGRAM & CATEGO-
RIAL GRAMMAR

Imagine the following scene. You are at your fa-
vorite beer hall somewhere in Amsterdam—let’s
call it the Cartesian Well. Well known meeting
place of intelligentsia, you are not surprised when
a thin person dressed all in black sidles up to you
and whispers in your ear, “Have I got a linguistic
theory for you!” You of course yawn, have heard
many such fables in your time; besides you have
drunk too much. “No, wait,” the figure grabs
your shoulder, “I’ve discovered that Chomsky’s
latest approach to syntax and categorial gram-
mar are converging.”

20164

Wi =N ICIN v LUk

LANGUAGE AND EVOLUTION

Robert C. Berwick . Noam Chomsky

Berwick & Chomsky



Lambek: "Remarks on the history of
categorial grammar”

1 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.

[0 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.

0 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.

[0 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.

0 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.

[0 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.

[0 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.)



[0 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?
| must confess that | haven’ t mastered all these theories, although
| suspect that what some of them are about can be incorporated
into the pregroup framework.



[0 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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Chomsky Hierarchy
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Chomsky Hierarchy

Production rules

Grammar Languages Automaton :
(constraints)
Recursivel . : — b (no
Type-0 d Turing machine < ,’B,(
enumerable restrictions)
Context- Linear-bounded non-
Type-1 aAf — «
P sensitive deterministic Turing machine 2 2/
Non-deterministic pushdown
Type-2 Context-free : A— 7
automaton
A—a
Type-3 Regular Finite state automaton and
A — aB

https://en.wikipedia.org/wiki/Chomsky_hierarchy
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Type-0
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Type-2
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Xk 15l Deep Learning
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Mildly Context Sensitive Languages',proposed
by Aravind Joshi.
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equivalent to multiply context-free ones =8 ->TLY
HEo71=,

0 f=7=. Minimalist Program® Lt = ThHMergel=D

LTI, FhvhRecursive TH A EMNRFAINTULNVAS,
Recursivetl DIk, Recursive Enumerabled) &4 T

REFIBEIZ LD TH D, (RDFLHADES

O AEIDEEEEHEAB DI FIE ijODJ_L\é'—%ZéE&
RecursiveERecursive Enumerable®:ELME, KELE

IRZFF 2,



Recursive Language
“"Merge” is recursive

recursively enumerable

context-sensitive

context-free

regular

E ‘\=I:Il:|

Mildly Context SenS|t|ve Languages

Recursively Erumerable (Type-0)

Context-Sensilive (Type-1)

Context-Free (Type-2)

LL(1)

Regular (Type-3)




i
Speech Recognltlon Gram ;/

ZCTOIE T, EFEIGETLAELY,
FNTIX. AVEA—42—EELa /(57—
B BN,



https://www.w3.org/TR/speech-grammar/

Proof. Omitted. O

Lemma 0.1. Let C be a set of the construction.
Let C be a gerber covering. Let F be a quasi-coherent sheaves of O-modules. We

have to show that 06 = O34) Ka rpathy
http://goo.gl/mNgwCv

Proof. This is an algebraic space with the composition of sheaves F on X4, we
have

Ox(F) = {morphy xo, (G,F)}
where G defines an isomorphism F — F of O-modules. O

Lemma 0.2. This is an integer Z is injective.
Proof. See Spaces, Lemma ?7. O

Lemma 0.3. Let S be a scheme. Let X be a scheme and X is an affine open
covering. Let U C X be a canonical and locally of finite type. Let X be a scheme.
Let X be a scheme which is equal to the formal complex.

The following to the construction of the lemma follows.
Let X be a scheme. Let X be a scheme covering. Let

b: X-2Y 2Y Y Y xxY X
be a morphism of algebraic spaces over S and Y.

Proof. Let X be a nonzero scheme of X. Let X be an algebraic space. Let F be a

quasi-coherent sheaf of Ox-modules. The following are equivalent Stack Theory L
(1) F is an algebraic space over S. - =
(2) If X is an affine open covering. 28 ISE-30

Consider a common structure on X and X the functor Ox(U) which is locally of
finite type. O


http://goo.gl/mNqwCv

This since F € F and z € G the diagram

S

l

3

Ox-

[ 5

=a —a x
Sp(?C(Kd;) 6\'101'5;'!3 d(oxx,.eG)

is a limit. Then @ is a finite type and assume S is a flat and F and G is a finite
type f.. This is of finite type diagrams, and

e the composition of G is a regular sequence,

e Oy is a sheaf of rings.

Proof. We have see that X = Spec(R) and F is a finite type representable
algebraic space. The property F is a finite morphism of algebraic stacks. Then t
cohomology of X is an open neighbourhood of U.

Proof. This is clear that G is a finite presentation, see Lemmas 77,
A reduced above we conclude that U is an open covering of C. The functor F is a
“field

Ox:— Fz -UOx,,.) — Ox0x,(0%,)

is an isomorphism of covering of Oy,. If F is the unique element of F such that X Stgack Theo ry @#&*ﬁl%%

is an isomorphism. f22, 315

The property F is a disjoint union of Proposition 7?7 and we can filtered set of F%E Jéﬁf:%o)
presentations of a scheme O x-algebra with F are opens of finite type over S.

If F is a scheme theoretic image points. O

If F is a finite direct sum Ox, is a closed immersion, see Lemma 77, This is a
sequence of F is a similar morphism.




This since

Diagram|® E LN TELELY !

X

l

Spec(Ky) Morsees d(Oxy,,.9)

is a limit. Then @ is a finite type and assume S is a flat and F and G is a finite
type f.. This is of finite type diagrams, and

e the composition of G is a regular sequence,

e Oy is a sheaf of rings.

Proof. We have see that X = Spec(R) and F is a finite type representable
algebraic space. The property F is a finite morphism of algebraic stacks. Then t
cohomology of X is an open neighbourhood of U.

Proof. This is clear that G is a finite presentation, see Lemmas 77,
A reduced above we conclude that U is an open covering of C. The functor F is a
“field

Ox:— Fz -UOx,,.) — Ox0x,(0%,)

?s an i.somorpllli.sm of covering of Ox,. If F is the unique element of F such that X StaCk Th eo ry 0)#& *5'_%%
is an isomorphism. 2 313
The property F is a disjoint union of Proposition 7?7 and we can filtered set of r%EJéﬁf:%o)

presentations of a scheme O y-algebra with F are opens of finite type over S.
If F is a scheme theoretic image points. O

If F is a finite direct sum Ox, is a closed immersion, see Lemma 7?7, This is a
sequence of F is a similar morphism.



FZDZEBRDICIE,
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"Minimalist .
Program ) Ei&{&

Chomsky https://goo.qgl/ny5rSM



https://goo.gl/ny5rSM

EiRXEERNLT YT THERT S

“Approaching UG from Below”

Noam Chomsky 2007


http://goo.gl/V7lrsG

RN RBOBE
BIESCAIE. S EREH DMK

O S50FRIICRERYIRSH =T £ E B (biolinguistic) D

2 1OHRT, TELZEDIE., §388E1 (Language
Faculty) FLADEGFDHFEZRET B ANEE
NOTLND, S5E6eN FLIX. BB DEZFE ITHLHLIEARE
S, ZORTIE, REMIZIEZTRTO ABIZEBEINT-.
REWCEELATABOHA A =Z—0LEELDTHS, £
NPz, ABELSTEDOHLEDHETH S,
ZTDIOIERENDIEL, S:5(E. FLO—DDIRETH
% I-LanguageTahlY. FiE XA (UG) (X, FLO#ERIK
REDIEIRE . BEERESN D,




SHRAEED=DNDER

O HESHN BAICBHTAEEBREZICIE. RDOD=DDT7
HDE—PNEENTUOEITRIETESELY,

1. BIoFDFE, CNILZERATEELETEEIZ. B OHDHIE
iRlL., T X, SEE/EZEEICT 5,

2. BT —3, FEWEEOR T, —O MDD EEEEIR
I HREBRAEEHRINS,

3. 53881 FL IZEFAETITGL., WO DIRE,




“"Three Factors in Language Design”

http://goo.gl/IJo7Ru  Chomsky 2005 %

OFB=DT7053—I&. LW OMD YT ALTIZahnd,
(a) TR MDREE, Ik, SEEEFTLET DD MEE

T*”Fﬁéhéf'%jo
(b) BEWR T —FTIOFv—LERELDFHTID
CHICIE., HEEDEME. SRE DR, [ EEH IS

.
B SNE

NEFEND, T IR LGHEDIRELEFTND. £

NE. EEBEDIOLEAEATLIZESDTHAIDE

= ZEN

HHEHFIND,

NEDYTIALTDIED ., EZDHD A, FERK A RELR
ERDAREZTRET HDITHNGEEREEZIFDONETH

Do



http://goo.gl/IJo7Ru

[y T 5

V1ETRE LT YT )

S=RYRR-TRAISLIEF RELT7 YT

OXSGEDIRROBERZFZEL T, SEEZEEHDEFEERTE
ITH5MREIE. [y T XD I TPTA—FEINTE =, A
£. EEEBFEHIATE-OICIT. ZEBEICIE. EnE

[TDEMEZ:

EF-hIEEZSTELON? ELvo=kSI,

O=<YRMTATILIE TRELTYT IO T TH—
FEE KT EH, E=ZDT7I7—ITKHL T, ERINT-
I-Language® Z ki ZenBAL G WD EDE
HICERBIGEICIRETHAENTELDOMN? &,

O Z20778—FI&, 3B5A. IELEITFNIXGESELY,
F- . HBOBHDERDB T, HEERALEITNIEES

Ay




I-languageé—2DA3—TJ1—X

O I-language 1%, BIEICZLOAMRITZERTHETE
/ZTA—C&)%) FTORBDENETNN, BREES A&
S BEHDOZ DDA EZ—DI—RA L RATLADGED
LA EAIET EMTED,

OF=D7703—DEEMNHEET HECAHET, SEBIF. A
R—DI—ATigEon=-F8ZFmi-9 212, ThIEY
[CTHAEINETHAD, 32ETTAHIVGET—EEE
BILH_ENTELDED, ENIZONTIE, B THEI(C
FE>TLAT=A,




Merge

O£ oL FHNLERA T £ AT LI, I TICHR

-1

EE-bZ2BYUEL. —DoOFHLLY

BEICIHET D

IBEICEBEE L FTNE"Merge”EMEIZS, HIELLT

. Mergelf. AR DEREDBEEILINI-RETATHE
AHT . TP R, Mergel. ZNHFIRZLTEEIN
HELVOEHE, ZERIGED—HETES,

ELT




Merge&Idfalh 2

“The Science of Language: Interviews with
James McGilvray” Hv5


https://goo.gl/lbAO7n

Merge):ld:ﬂh\ ?
ANBEDHEILEDRT

OHBADEIZ, FOFRIZT AN SRIMD ST,
HESMZEZBICEVEIZ. ZDELRFOEIITZEDT
IW—THNTERIZG -, NI, BA LD DEF
SHBOT=ITELVELY, 1272, ZNIEIEFIZEUVERIIC,
M EDQINSET IIL—TTRES-, ST, TNIE. GATES
F=DEASH? 3oL BMGRTEIX. ThZxE5EAE
MELEND=H, AISESI=-CEEF., T4 IE Merger
BERLI-ELNSTEE, A, T TIZEBR SN 20D F DA
T aboT  FRDD SHIZKELRDDFDOAT
CIONERBRT ACLERIREICT AIRIEEER/LI=DT=,
%1’L7€)\Merge7“:o%/‘rl/é%E F9 H0LVE0, AL, FIAET

R RIFOEEZDREMESEDEIED ZHEEXEL DL
l A




Mergetliﬂb\ ?
BRE B RATLEEEZERATLOLEE

0 MergeMNEASNT=FF, EERIE, T TICRE - EEAT
LxF-H>TW =, BEolenld. BhIG+t0ELTHIA
Sht=. FBE,. TN EIELEHELVSEZIL,. EoEHE
[CIE>TOENT=ITELALY,

SHIZ. ELE. HAFEDODEEDUATLERF>TULM=, L
L. FNIEREBHELD T MEELZALHILDLMN=T
IDZEUMECEWNST=ELGE Do, I2EZA TN EA
HEDTHN, TNSIEEDL AT LERU-LDIZIZR
ZHW, Fnh, 17,18 eI KBRS NT=-E BT, 1=1-.
HESMZ, FNIFFEELTL =,




Merge& el h 2
ANEOBELEEQHL

O O EF-U, ADRCOREROFITE, s (Chomsky Ay,
* IL: ILA%/ZTAJ&D /b\lb\%/ZTA)€1§OT:\B JE
HIZEEIESN-REOEEDZHKEZTESFIT HE. A
(&, ZE7A. %hif:&%’(%&?ﬁhf*b‘)ﬁ’( B A aTlE
L. ﬁ#?RTé;&b\’C%éc\:')l ot ...

ZLT. COBHFLGREE. GAEALLTHERELESIEL
YEBZNEFENS, ... TOLI-EDELT,. EEDESE
?Eié:é:h‘“f%éo




Merge& I {alh ?
“"Minimalist program” wiki Page

ZZTl&. MergeklZESLVSE3DTHADH ., FHE(C
HHIZEDNTIHR S,
https://goo0.gl/x7Cyx6



https://goo.gl/x7Cyx6

Merge

O Merge (&, Z2DFA Tz (aéBELED)EELT. S
NIVEEST=(ahBTH D, COBITIE. alIANILIZHS
TWB)—DODIEFZE-HZVWESICHETIEHTHS,
SAN)LIE. ZOA (phrase) DEBEERT

Merge (a, B) — {a, {a, B}}

O Iz X, Mergeld. Lexical Item “drink”&"water” (2
{EALT. "drink water"a52 %,




] “drink water” O4&

O CoA] “drink water”l&. & iElwater D KHIZTIEEL,
ENERrink D &SRS F S EITEET S &,

O XDBFID XS, drinkhEIFAALEIZ. drink waterZ
BL_EMTES,
m]liketo__ (drink)/(drink water).
B (Drinking/Drinking water) ____is fun.

O 612, Aldrink waterlX., #&&Rlwater ERICEFRICIEE
CSEMTELGLY
B There's some water on the table
B *There's some drink water on the table




SARJLDER
Merge (drink, water) O5&

O A&, SANILERILED EHTEEINS, "drink water” Dl
TlE. COFIFEFHEELTIRES>D T, IANILIE., drinklZ
A

Merge (drink, water)
— {drink, {drink, water}}

O cOAE. B1E4 (VP: Verb Phrase) &klEdhb ., XX
ATCRITERDESIZRITTES,

drink VP
S HENE T

drink water drink water




SANJLDER
Merge (cool, water) D&

O SEIX. "cool”&"water"#Merged 5 LEEZ LS, —
D, —DF] “cool water”lZ. Ejidldrink O KS5(ZTIE
1<, AElwaterD SSICIRBAESSENh M B,

O RDBIDESIZ, waterhEITAHHEIEIZ. cool waterz
BLZENTES,

] like todrink __ (water)/(cool water).
B Drinking __ (water)/(cool water) is fun.

0 "cool water”MSA JLIEwaterT. &4 (NP) TH B,

Merge (cool, water)
— {water, {cool, water}}




BRICHE RSN -a1EDMerge

OO0 MergelX. BRICBREN-EDICHLERATES, TNHNT
=M oS. SOLEVAT AL, SGERIZIE, Z8EXL
MERTELGE A5, BLFTLLhead yHS., BRIZHERLS
NTWBA TR (AE) EMergesh i, RD LI
AR
Merge (y, {a, {a, B}})

— {Y, {v, {a, {a, B}}}}

g
O RO ESHEXKIZES. TN
CCT Y [ESIRNILTH S, g =
o




Language =
Interfaces + Recursion

HELRAFLELTHOESE RS

(sJ01p3)
JULEO LILeW
pueINes N

Interfaces + Recursion = Language?

IR UOINOL

https://go0.qgl/iOSVEP


https://goo.gl/i0SVEP

I-E"'E: XT-L\J&L—CO) = ngAbj]

0 Minimalist ProgramTIX, E&8EHZx. Z DDA 53—
21— D EATLELTIER S,
O CS5LE=770—F%. Rb LTy I niadAs EIFTr el
SEITIENIR, TNIE, BIRICLLSEEREHDELEIC,
T NWTHLZEIZBEAS,

O f=7=. ZOL1=EE % EIXEoALY,




“"The Faculty of Language: What Is It, Who Has It,

and How Did It Evolve?” http://goo0.al SppH

External
Environment

Ecological

Physical

Cultural

Social

Organism Internal

Memory Digestion

@f)\ FLB

Conceptual-

FLN intentional

Recursion

=)

FLB

Sensory-
motor

F &l I.l jl : ’ I@
Respiration ¥ S

Circulation



http://goo.gl/pgSppH

Minimalist
ProgramT®
EEEETIL

R - E B
A3 —Tx—R

5+ 5B1E
Externalization

EERDHEHFA
Semantics

H@'E\%
A B3—Tx—R

Language = Interfaces + Recursion




Minimalist
ProgramT®
EEEETIL

1HAA. CLlE. AFED
XD RSN T-FEBED
BMEMEETILTHS,




Minimalist
ProgramT® RE-E8
§§EE.:E7—-“ JL 128—Ix—RX

(===

")) ) ) )9

5+ 581k
Externalization

BELGIEE.
*EE e IL‘.\%4>

TJx—RAD k|

ERBEENTX

r*ﬂ% ll_.\o) U ‘j_ \ -

ETHLVORE . B =
MEFEELTL ,fff;i%;x emantics

ThHo,




BMED )Y —XDFEE

O FDERIEX. WAALECATERLTE=L,. CZTIE.
ZTORIBIIRICEZD, I=1=. LELZHEn. BERENDE
ERIITRESINT-, SOLEAVKR—R UMD EET S (T
Hhb, ZOLET, EBEENIEEEZD)V—ADFHE
95). ELT. EZBDOEILOHAENRYBO NEHREN
FHET D, (b, SELURID. ABICHF|IAAI g%
D) )—RADEEIZDLNTE)

-

CIA 3 —TI—ADEIZHHED



Bot

Both{T-oTLY5
ZElF.EEETIL
BZlE. AT E,

Speech2Text

[hEADEEIE
t=1L. BotH®D BEILHEEZLTLS
INNDEEBEESIX
ILISSERASNS,

YV INE (AP

BotTI&7%<. A
DEENTH S,




ETEVATLZERT 20D

CCTClE. D EVATLOBEEZ RS,

~ [ AaA

EEERIT (n, M) IZDOULTIZX., X “"Bare Phase
Structure” https://goo.gl/LiFCAQ B n &,
“Minimalist Program” @& %7 “Chapter 4"

(. ZDVARTLODTILIYXLDEEHREL TSR
%) !



https://goo.gl/LiFcAQ

lexical Item (GE=xXI1EH)

O MergeMNHIBRZZUICE AR GEZRC EICMZ T, HiEXE
X, DGKERT RV IR ERTHAHESIEH Lexical
Item LIZRELLGZ T NIEXGESE0, ZhIE,. EhEnms
Merge it DIRENKRITZHAT ADIERT S5
() OB ELSNT=EEHITHD, cNoDERFEHIE. £
DAUN, A F3—TT—ATEREINLSDICHELIFRHR
FEATLWEITNIEXGELEN, T RTOIFRIL. I-
LanguagelRILE BT, SIERMGZETED - D BARTE
ZTHhbInclusiveness Condition Z&E71-9,

Inclusiveness Condition :The machinery of syntax (Cy ) does not
introduce any new features not already contained in the lexical

items.

Inclusiveness Condition® L
https://goo.ql/Z6HDRd



https://goo.gl/Z6HDRd

Lexicon (B=%)

O S5EE. DiEd NSA—F—DFHIm LT ' IGEIZ &S
THIRATEEICIESHEFHOBRMEN S DZEIRICE>TH
TFand, ZLT. LI(Lexcon SEEE)DHD LD
HFHOBEAEHEDY AL, S5EAEHEFFHT-LTL
H, NHIOLIIE. M ADAA—Txz—XA T, HOEWI-H
DEDVURIVEREIE. REHIZELGSTLSELSE
BTN H D,

Cl /U3 —D1—ATIE. YOS 2= —230 - AT LTIE— R34
HICRZS. CCAMNLGIFTMHIUBERADEARMSIRELTLNS, TNIE. B8
AHTCIEHEAREBREOLN TSI EELUTWNS, HL. 22 THDHEL. AF'aﬁ@;;n
[ZIE. SBRBICUE=BE&RIEEL, Tndk, Frege, Peirce, Tarski, Carnap,
Quine RPZD/MD . FEHADINTHEZ IOERRDOLS ., FHITHIZZELR

T COTERRITEFECTTU,
colourless green ideas sleep furiously



Principal & Parameter

SHESRT LD
Fl i ks

/G%!’Sl—

gg;‘ﬂﬁi%% Lexicon

ZDFEETH Do

S




Principal & Parameter

Lexical Item

REBEFIEBIL, (E=0EIE
(lexical entry) DE&E
ZERZ A (word formation
rule)'TEDHRBDERM GRS
E= HEE (lexicon) IZ&o T,
BEE#iEE - BRI E DFHRH
HESN TS,
https://goo.gl/eJZMGv

& RV HEE

INTA—R—( ]
7 3 Lexicon

FaE Ciail=anbd,

AAYFMAL)
I5, Lexical Item Lexical Item
Lexical Item
HELEEED gxical Item
 Lexical Item _
| Lexical Item _

Lexical Item Lexical Item
Lexical Item Lexical Item Lexical Item



https://ja.wikipedia.org/w/index.php?title=%E8%AA%9E%E5%BD%99%E8%A8%98%E8%BC%89%E9%A0%85&action=edit&redlink=1
https://ja.wikipedia.org/w/index.php?title=%E8%AA%9E%E5%BD%A2%E6%88%90%E8%A6%8F%E5%89%87&action=edit&redlink=1
https://ja.wikipedia.org/wiki/%E8%AA%9E%E5%BD%99%E7%9B%AE%E9%8C%B2
https://ja.wikipedia.org/wiki/%E9%9F%B3%E9%9F%BB
https://ja.wikipedia.org/wiki/%E7%B5%B1%E8%AA%9E
https://ja.wikipedia.org/wiki/%E6%84%8F%E5%91%B3

Principal & Parameter

oot

book

Merge

LexiconmMis, —D®D
Lexical Item TH5
“the”&"book”AYERY
Han ., Mergesiif=
ECA,

Lexicon

Lexical Item
g|rI Lexical Item

mama Lexical Item

Lexical Item

apple Lexical Item
Lexical Item




Principal & Parameter Merge

Mergedxf &I,
Lexical Item7f=1+
EIXRSELY,
RSN =a4.
MergeMx&RIZ1E5,

Lexicon

Lexical Item

Lexical Item
Lexical Item




Principal & Parameter SMALA—TT—2|

xfLTl&. Phonetic
formMEREIN S,

Logical For

Cl4>2—2Jx—XIZ
%t LTI, Logical
formhE RN,




Principal & Parameter

SM
Interface

Phonetic form

CI
Interface

Logical Form




Principal & Parameter

SM
Interface

Phonetic form

CI Lexicon

Interface Lexical Item

. Lexical Item
Logical Form

_ Lexical Item

Lexical Item

Lexical Item
Lexical Item




The mathematics of sentence structure

JOACHIM LAMBEK


http://lecomte.al.free.fr/ressources/PARIS8_LSL/Lambek.pdf

2. Syntactic types

(I) (z/y)y —=, yly\z) - =

1958F M EXE

2008FDERIE v




3. Type list for a fragment of English

(1) John works
n n\s nn\s—s

(2) (poor John) works
n/n  n n\s (n/nn)n\s—>nn\s—s

(3) (John works) here
n n\s s\s (nn\s)s\s—>ss\s—s

(4) John (mnever works) N ((n\s)/(n\s)n\s)
n (r\s)/(n\s) n\s —»nn\s—s

(5) (John works) (for Jane) (nn\s) ((s\s)/nn))
(1 n\s (s\s)/n mn —SsS\s—s



3. Type list for a fragment of English

(6) (John works) (and (Jane rests))
n n\s (s\s8)/5 n n\s

(nn\s)) ((s\s)/s (nn\s))) = s ((s\s)/ss) >ss\s—s
(7) John (likes Jane) n ((n\s)/nn)

n (n\s)/n n - nn\s—s
(77) (John likes) Jane (nn\(s/n)) n)
n n\(s/n) n —s/nn-s

(I1) (z\y)/z +— =z\(y/2).



Table 1

Word Type Part of Speech Fries Class

(1) works n\s intransitive verb 2C

(2) poor n/n adjective 3

(3) here  s\s adverb 4

(4) never n\s/(n\s) adverb

(5) for s\s/n preposition F

(6) and s\s/s conjunction E,J

(7) likes n\s/n transitive verb 2B

ATA)=3CEDTATI)—IIE BFOATI) =D ATI)— &I,
EZOEREIEN, ENIE, LD IGEDT MmEE(Part of Speech) I#7=
DILKRTH D, EDHKRSn =l mEEIZzHTI ) —EFATIS,
COATI)—IF. FBOEEICLOTEIETECEINLEE LD |Z2HD,



4. Formal systems

John (likes

(fresh milk))

n n\s/n n/n n
N

n\s

Ne— —

8

n((n\s/n)((n/n)n))

—

n{(n\s/n)n)

XDIEHDETRIL.
B?'F[') Eljnno)jjT: U_
DEDETEMNL, XD
H731)— s #EHT S
iz IR R TRER
TZE5%,

— n(n\s) — s.



4. Formal systems

Merge (cool, water)
— {water, {cool, water}}

John (likes | (fresh milk))] Merge®:iEiHTH LD

n n\s/f n/n n FOGEHZBRWNEHLT

BRLLY, RILZ T

f=f=L. ZZTIL “water”
n\s EWSTRLEFETHS,

n((m\s/n)(n/n)n)) - n((m\s/m)n) — n(n\s) — .



. Type computations in English

Insert brackets in all admissible ways.

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’).

I. For each grouping and type assignment compute

the type of the total expression.

. Select that method of grouping and that type

assignment which yields the desired type s.



6. Pronouns

(8) he works, he likes Jane
s/(n\s) n\s s/(n\s) n\s/n n

(9) that’s him, Jane  likes him,
8/n (s/n)\s n n\s/n  (8/n)\s

Jane works for him

n n\s s\s/n (8/n)\s



(10) he likes him ;
s/(m\s) m\s/n  (s/m\s

(8/(n\8))(n\s/n)((s/n)\s)

() (2/y)(y/z) — =z/z, (2\y)(r\z) - =\z

(s/(n\s8))(n\s/n) — s/n
(n\s/m)((s/m)\s) — m\s




(he likes) him, he (likes him)
N N

s/n (s/n)\s s/(n\s) n\s.

(John works) for Jane

n n\s s\s/n n

(M\s)((s\s/m)n) - (n\s)(s\s) — m\s.

n — s/(n\s), n — (s/n)\s



(IV) =2 —= y/(z\y), =z - (y/z)\v.

n*(n*\n*/n')n o5 (*/n')n o5 (@*/A')n -5



From word to sentence:
a computational algebraic approach to
grammar

Joachim Lambek


http://www.math.mcgill.ca/barr/lambek/pdffiles/2008lambek.pdf

I. Introduction

. Origin of languages.

. Grammar and mathematics.

. An algebraic approach to grammar.
. Mathematical interlude.
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basic types

[0 7 = subject,
r; = third person singular subject,

[0 s; = declarative sentence in present tense,
0 1 = infinitive of intransitive verb,

[0 j = infinitive of any complete verb phrase,
[0 o = direct object.

[0 We postulate
I73 — 11, i — j/



partial order

O reflexive: x — X,

O transitive: x — y and y — z implies x — y, and
[0 anti-symmetric: x — y and y — x implies x = y

[0 We may read x — y as saying that everything of
type x is also of type vy.



(zy)z = z(y=)

lr =a = xl.

v — 1, 2tz — 1,

m3(7m"s1j")(i0%)o = [m37"]s; [j'i][0%0O]
— [r7"]s1 [j'j] [0“0]
—> 181 11 = S,



she will come
3 (n's.J') i

In the above examples, the pronoun she has type
1T; to indicate that it serves as a third person

singular subject.
[t also has type &, since 73 — m. The instransitive verb

come has type 1 and also J, since 1 — J.

3 (n's)i — n (n's,y') i — 1 (7's43') j
— [ ﬂrslj/j —>1511 — S]_



she will see him
s (n"s;j')(io’)o

The transitive verb see has type 10/, to indicate that
1t 18 looking for an object on the right.

The superscript / is to show that 0/ cancels 0 from
the left, thatis, 0'o — 1.

The finite modal verb-form will here has type
7's1J’ to indicate that it is looking for a subject on
the left and for an infinitive on the right. The
superscript 7 1s to show that 7" cancels # from the
right, hence also w3, since

T3w —> T —> 1.

rn; (n's.3)(ioYo — nn's,j'io’'o — nn's,j’' jo'o
— (nn7)sy(j'j)(o'o) — 15,11 — sy



she will see him
s (n"s;j')(io’)o

The superscript ! again reminds us that J’ cancels j from
the left, hence also 1, since

i ji—1

3(77s1j")(i0")o = [m37"]s [j“i][0"0]
— [r7"]s1 [jj] [0%0]
— 181 11 = Sq

With apologies to Chomsky, | would like to say that the
parentheses ( and ) indicate the surface structure and the square
brackets [ and ] the deep structure.



will she see him ?

(que’ﬁ'f) e (iof) o —
| L 1 | L |

Here we have introduced a new basic type
q; = yes or-no question 1n present tense

and assigned a new type qqJ'7’ to will.

whom will she see — 7
(@0 q")(qij'n")ms(io") —

a1

Nl

where we have introduced two new basic types

q = yes-or-no question in any tense,

q = arbitrary question (including wh-question)

and postulated

Qg — q —

qg.



The distinction between q and q is necessary, since a
guestion of type q can be preceded by when of type qq
and a question of type g 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 | makes
an appearance whenever Chomsky requires a trace.



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

whom will she see — ?

(3.1)  (go"q")(qij'n")ms(io’) — q

=

whom : qo° (q[

whom will : ﬁo[ ¢ q q jirt — qo'jirt,

whom will she : qo° J' 7r o}

J
0

— ﬁ
. e . . — A Pf f L
whom will she see: qo l iol — qo'o’, — q.
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101 448
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RLEMDE

4+7 = 11

. EDEBEZAD—BTOHORFTZ

TIZE{,
4+7 = 11

10LAEF=ot=bb, RD#TD LEIZ,
INSKHRRY EAYD17EL

. ROHTD DD, &Y LMY
RhnE, EndEaHhETRET,

1+6+3=10

EE D I)L—IL
. —BTOHDOZDOHERET,

64
+ 37
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+ 37
1

1
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+ 37

1

1
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+ 37
1



. TOEZD—EBTOHOBFE
TIZEL, 1+6+3 =10

10LL Ef=oT=6. XDHTD EIZ,
INELL Y ERNYD1ZFEL,
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+ 37

01

11
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11
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+ 37

101
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BIBLBAR. —DLOHE  _ on
—DEbLT. ROFEZI1TI,
14-7 = 7 -
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444 + 23 = 467 %, Loigizz=ngy, 46/68

. 34 x 64 %n-l_ﬁj_és
34 x 64 = 2176 42976
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MMTETTIEYED 7 ILTY X L(Silly!)

2x1=2
2x2=4
2X3=6
2x4=8

2x1173=2346
2x1174=2348

21x1=21
21x2=42

21x3=63
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56x41=2396
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21x111=2331

21x112=2352

2x1175=2350

2x1176=2352
2x1177=2354

21x113=2373

56x43=2408

294x9=2646
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The mathematics of sentence structure

JOACHIM LAMBEK


http://lecomte.al.free.fr/ressources/PARIS8_LSL/Lambek.pdf

Lambek (1958):&w X D 2 F /18I M

O Lambek (1958)iwXI&. ESEBFDHX THAHM . HFHIA
mZxHEFD,

O FO—2lE. £IZREULONDETEIL—ILA (BULVETH-
=8 ) M, EUERZIIL— LD SRIBIICEHTES &
ZHHLMZLI=CETHS. D LUYERHZIL—ILDER
% . fE(L"Syntactic Calculus”&RESS,

O £5—2l%. ZDSyntactic CalculuslZ. MRERTEEILZAZR
THH % FIZEIBALI-CETH S, ——TlE, —DER
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SGEDERLEARIG
JL—IL, D

/. Syntactic calculus 2LDHE JL— LA
Bhnd,
(a) T —
(b) (e)s—o(yz) (V) o(yz) = (o3):
(c) fey—z (c’) ifey oz
then z — z /¥ then y = z\z
(d) ifz— z/y (d’) ify o z\z
then zy — = then 2y — z
() ife >y and y = z

then z = z



EDIL—ILINSEANDRE,
z = (2Y)/Y% (ohpE L)L
(z/y)y — Z,

y — (2/9)\z,

(2/y)(y/2) = 2/,

zfy — (z/z)/(y/=),

(z\y)/z +— z\(y/2),

(m/y)/z — :ﬂ/(zy)i

if 2 & 2’ and y = y' then zy — 2'y/,
if 2 = 2’ and y = y' then z/y’ = 2'/y.



Proof of (m).

! ! | N | ! !

, 2 (o) Y (@)
z—z ' = (z2'y)/y . ¥y y—}m\(my)(e)
z — (z'y)/y (d) y — z'\(2'y) (@)
zy — o'y 'y — o'y’ (e)

ry — o'y’




Proof of (n).

'y = 'y

(z2/v')y = = (gs ),)
y—=y ¥ 2 (z/¥)\= (€) z/y = 2y (d)
y—=>(z/¥')\e ., (z/y)y = ¢ z — '
; (d") ; (e)
(z/y')y = = (©) (z/y)y = ¢ (d)
2y —z/y

z/y — ' [y (e)
zfy — &' [y



From word to sentence:
a computational algebraic approach to
grammar

Joachim Lambek


http://www.math.mcgill.ca/barr/lambek/pdffiles/2008lambek.pdf

I. Introduction

. Origin of languages.

. Grammar and mathematics.

. An algebraic approach to grammar.
. Mathematical interlude.
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II. Basic Word Classes

. Noun.

Philosophical digression.
. Adjectives.

. Verbs.

. 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,
Mmass nouns: rice, pork, water, sadness, ....

plurals: beans, pigs, .....

SCISSOr'S, .....
n = name,
Ny = Mass noun,

count noun,

= plural.

, police, cattle,



Napoleon SlEﬁpt, [ SEE .]Oh.n
r r 14
T — ™ (7 —
1 ( 382) S9 | 1 ( 1|81 O )l’l S1

I —— (I

n— 773, O

T T
N7Ty — MMy — 1.

so = declarative sentence in past tense,
m = first person subject.
mo = plural or second person subject.

T — T (k:].,g,?))



water 1s wet, I drank much water.
r. =l — 851 r N\ (= ¢
n, (m3s;a)a m (7" 820°)(My ng) ng

a = predicative adjective,
— predicative adjectival phrase,
; = complete noun phrase.

a— a -/ a,
n0—>ﬁ0—>7r3, (OB
115 —>ﬁ2—>71'2, (O
ﬁ1—>ﬂ'3, 0.



the king 1s dead,

(myn)) n; (75s;a)a — Si
I L —- 1 I L - 1
she met a boy.
N — S
73 (7" s20") (M Ny )Ny 2
kings will die.
— Sl

IIIQ (7TT181 ,]g)ll

No — Ng — My — T,

they have many pigs .
T 0N (—= 4
T2 (7581 0°)(M ny) N2

L - =




a man eating fish, B
(mynf) [y (nfn; o) mg M

e —

a (man — eating) fish,

(minf) (nnf)n;, M




/. Adjectives

[0 Adjectives in English play two distinct r"oles. They
can serve as predicates, as in

she 1s poor,

1 or as attributes modifying nouns, as in

the poor man, poor men, poor wine,

— 0 n o, n
(Mnj)mnin; 71 (menyny T % (mgng)ng  °




the poor old man

(ny n})(ny n})(ng nj)ng

*she 1s poor old,
r =1
my(mys1a’)a a

— s1a /4 sy.

she 1s very poor
(m(mys;@’) (aa’)a

aa’n,n — nn.

very poor e
(aa")(aa"mn!) — M.

l | '




present participle,
past participle,

P1
P2

sleeping dogs,

r 14 — 119
(|p1p1| n2 |n2) n2|

beaten dogs.
¢ T l
(P20°0p; Ny Ny )0y

L= |




j = complete infinitive with to.

eager to come

(aj) ()i

_)a

easy to dislike
(a(f\)t’fjg) j”j[) (ilof) — a




too frightened

(aa’) a

too frightened to flee
_ <t - .
(aja’)a(i)

— a,

i) i
| | | |

too frightened to avoid —

@o"j a)a (i) (o) — A

*very too frightened

(aa’) (aa’) a
e



8. Verbs.

am are 1S
Cir be — ( ) ,

was were was

qo qo qoes
Cjk. go — go go g ,
went went went

wll wall wall )

would would would

Cj W Z” — (

being
Fj be — ( been )

P. go — ( qgoing )
J

gone



Cl3 go — goes.
ro. 30\3 r
(Wéle )H — T3S1

Cor go

— went,

(7”89 je)i — 7Sy

Chy like
(nfs1 )i o)

(m3s1§°)(i0)

o

-

like,
W{sloe
likes.

Wgsloﬁ

[ see you saw her,

T (WISl SE

L
|

)|7r2 (7Tr| S9 Ioe)o

_)Sl




they arrive ,

WQ(WSSlﬁ) — 51

they will arrive |
7"‘ .E -
m (7's1j) 1 — sy

they have arrived ,

2 (772 Slez)(PQL) — Si1

they are arriving .

m (75813 p1)(P1 i) — s

they do arrive .
'T' .E L
P (7T2|81|1 )i — sy

they are seen — |

ma(y 11 6 pE)(p2ji0) = s

they get seen —




I have been arriving,

mi(7y 81§ Ps) (P2 i p1)(P1if) — s

you will have arried,

2 (Wr,sljg)(jupg)(l)%ﬂ) — S

she will be arriving,

|7T3(7Trl S1 ,]E) (j,,lpﬁ) (Pllﬁ) — 5

we would have been arriving,

mo (7" 82§) (1 P5) (P2 § P (P1i"D) — s

you would be seen —,

lWQ(Wr.SerE)(i 0" p2)(P2LO) — S




a— a

she will be good |
3 (ersl’je)(ilnﬁg) a — S

she is being good .
T 4 /st L
73 (m3s1py)(priia)a — s

|

*she does be good |

7R (Wgslie)(ilﬁf) a 7L> St
ot

she 1s too good. .

o =l (=l
my (mysia)(aa)a — s




9. Adverbs.

[ will meet you tomorrow,
(s i) (o)) — s

she had met him in the rain.

ma(m" SQjE[Ij pg)(pgﬂoﬁ)o(i"’lipf)(nﬁ n)n; — S
| ]

he was met when it rained.

ma (7" s 1 Iéu p5)(p2o )(1" ils'g) ma(m" sgl) — S

p2j io’ — pso’. TI'TSQE — 7'So.



I promised to see her today,
m(r 553 (e)o D) — =

I promised to see her today.

(7 s BTG 0ol ) —

colourless green ideas sleep furiously.

(aa” 2 njy)(aa’ ny ny) ny (7 Sllj€|i)(ir i)

under the cover

.',‘.

o ¢ - ¢ — 11
(i"io")(nnj)n;
when i1t rains.

— 1'1.

(iris) ms(7h sq)




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 xx/
where x =}, i, p,, p, Or a, as illustrated by the following examples:



she would not come,
VAV RIAN — S
m3(m 82§ )(jj )1 ’

I

she does not come,
T .E . oe . _> Sl
ma(my sl )(il)i

I ——| |

she is not coming,

m3(m 81 1) (PLP1) P1

she has not come,

m3(75 81 P5) (P2 P)) P2




she was not SEET,

m3(y SQJL'O” Ps) (P2 pg)(pzo ) 52
she 1s not very good,
m3(73 1 Iﬁe) (5||5£) (a”ae)al - Sl
she i1s not too good,
== — S

m3(m5s1a’)(aa’)(aa)a

*she 1s very not good.
ra(mjsa’)(aa’)(aal)a 7 S
Lo



will not —  won't

('s1§)(33)  —  7sij

does not —  doesn't
.€ . .e .g "
mhsi ) (i —  mrsqit
(mys11)(ii") 581
1S not — 1sn't

(7T§S1ZI?£)(:I?:17£) — 7T§Slil?£ ;

I
when x = py or a.
1S not — 1sn't

(75510 Ps) (P2 P5)  —  m5s10°PS



q = yes-or-no question,
(1 = ves-or-no question in present tense,

Qo = Ves-or-no question in past tense,

qg—q (j=12).

Metarule 1. If the finite verb form of a,modal or auxiliary
verb has the type s, with x =j, i, py, p,, p,0”/ orain a
declarative sentence, then it has type qx'r in a question,

and similarly when the subscript jor kis omitted.



does she not see me ?
(qui‘my)ms (ii°)(io')o — i

doesn't she see me ?
0 ¢ . ¢ — q
(qii |7T3) 73 (1|0 )o

am I being seen — 7

(qlpm)m(pl’\”pg)(pz T @

was I seen — 7

(92 (A)Mpg’ﬁf)ﬂ (PQOF) — Q2




11. Direct Wh-questions.

she went where ?
- N/ o —
m3 (7" $9)(s" q)
she saw whom ?
H

w3 (7 8y o) (os’" q)

q = question

q—q/ q.

Ne]

q



where did she go ? _
(qlqg)(qglif I’/TE)'IT3Ii — 9q

“why where did she go?

(aq’) (aq”)
emmmfd

she went to Rome.
™ (7 s [i) (I710)0

—  S9.

where did she go — 7
(q@i'i“q") (qi‘r)m i — 4




whom | what did she see — 7

(@0 a) (api's’) m (i0") =

No]

Metarule 2. In the type of a transitive verb or in a
preposition (= transitive adverb), 0/ may be replaced by
o141,

whom did she see today !

(@6" q') (qui‘ ") w3 (i0°ifi) (iI"i) — q

| | | |
L |

*did she see today him,

(qoi‘m")m3(i0i[i)(i"i)o

‘I |
i




whom did She go with yestm day !

(qéwq’f)(q i 7r) (@ io 1€L

with whom

(— ~ 000 qf) (— (A)M qﬁ) — ﬁq(

whose bed did she sleep in yesterday ?

(ﬁf)w qf n'i) nl(qgl 7T£)7T31 [i (i"liéf it i)i"i) — q




who came yesterday 7

(ﬁISE m3)(my 8o () (i71)

*came yesterday she ?

(quT‘.%jf i) i)WT 7

who came yester day ?

(qﬁgg ‘ QQ"TBJ€|

q



‘was seen yesterday she !

(qur|§ 0" py) (P2 0'J' [ J)ms 7>

/

who was seen yestm day ?

(qwg’q)(qmﬁo py) (P2 P20J NG i'J)

which wine will please you !

(ﬁﬁgeqeng)no(%’/’w)( o')o — q

whose books z’nteresz‘ you ?
(q7y qﬁ n;) ny (qy 7 WQLO o — 9

| |




12. Indirect questions.
t = indirect question.

I wonder whether she is coming.

mi(mys1j'it")(ts") ms(mh 81 py)py
1 |

does she know if I expect her ?
(qll /t3)/t (lt )(tIS'g')I’iTl(W;SllOF)O — qi

she asked me when I would come.
my(m" sth[ o )o(ti‘i"s") m (7’ SQJ) — Sy




I w onder where I will go tomorrow,

g W’]sl (tlflﬂs‘]) (" su )[(;1) — S

she doesn't know what I like,

SV AT N/ i
|7T3(7T573|81|1)(1ut )(tO S)’/’H(WISlO) — 81

I wonder which books I should read.

mi(my s1t")(66 s ny)ny i (77 82,] Hiof) — s

I ask who is coming tomorrow,

mi(mysith)(t Wﬁf q')(qu s py) (pi” [)(i 1)

—)Sl

I know u'hich gz'7l likes you.
7T1(7T1 Sq te)(t 7T3 q nl)nl(ql 7r.g ()e)() — S1

| |




I wonder where to go,
r RAVIRIAY
mi(mysi ) (tj)(i0)i

I wonder whom to see tomorrow.

m(r st (66" (i A0 [ T

I know which books to read.

~pp <t -, .
milmsiE)(60" J ng)na(ji)(io) s




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 assighnments.
33.Dictionary rewriting rules.



IX. Appendices.

34.Related mathematical recreations.
35.Selected etymologies.
36.Postscript on Minimalism.
37.Acknowledgements.



Deep parsing in Watson

['Watson TR ELN/\—D 5 |


http://goo.gl/VLuWKc

"Deep parsing in Watson”

OZDH/XNDEEZEND—A M. C. McCord IF. SNE TN
LTZ7- Slot Grammar®DE|IEE TH S,

O I XEFFBET TS0 KR—b, ZEXRXOYE
X% /\—H—(English Slot Grammar (ESG)
parser) EihEES I B EE LA — (predicate-
argument structure (PAS) builder) (L. IBM
WatsonTHIFASN A BRIEXFIBFHROMVNAIZ. ZEZAZFR
DT RFRZFIRET S, RDMLEEESTTDRENZIRHL
TW5, B2, ChbDaviR—3 oI, BERID S H-[B
ZIRFEDER - XHR DDA HICEARWGEREZERT-
LTLS,

http://qgo0.gl/VLUWKCc



http://goo.gl/VLuWKc

"Deep parsing in Watson”

O WatsonZ oz oD —EEL T, ESGIZBEREYR SRS/,
Jeopardy! D&, HohLORAEIN-SHET—2IC
T BEDINTF—IRITHEEINT-, PASIL. ESGD
FI2. SYEELLTEIET S=-OICEBEINT-, CD
XTI, CN6QaAVR—RUMIDWTIHRR, ZhoH
Watson® /38— - A—XDOEFZMEHI R—R D

P TCEDISIZFIASNTWAINETESIERS, F-.

ESG/IN\—U2 0 DAVR—R UM LRILTODINITA—T

AFHEDEETFERBIZHLT-0Y, |

http://qgo0.gl/VLUWKCc



http://goo.gl/VLuWKc

PAS (predicate-argument structure) EJL

5—

O RDEIGEXEZE AL,

B [ heard that Edison invented the phonograph in 1877.
B [ heard that Edison invented a phonograph in 1877.

OZD20OXIlE. E>F-ERKZEHFD, D&l ESGT

DFEMTIIIEREICRRENS, 1=1=. PASTIE. 2D
ITHER=ND,

X Al

O RDOHFITH, EGBTIEEGLHHEMAFONDA, PASTIE

BRILTH S
B Odysseus was bold and clever.
B bold and clever Odysseus.




ESG/\—H—EPASE LA —

O CDESI. PASE LA —IE ESGIN—H—DEFERED
MMz EERL T, Bffe-MRIET S, cNIZK-T. &0
NAHITERIOIZ2a70 R 1 HHLH5DI=H . CHLI=EHEL
FEEATEKRZHMABLIZIEZSON. KEOT—2ELTHRS
[CIENZEITH S,

O XD L. Jeopardy D [ElzE
“Chandeliers look great but nowadays do not
usually use these items from which their name
is derived.”

Z.ESGTHEMLIZTDTHD,




ESGTO#ET
| subj(n) chandelier(1) noun cn pl physobj artf
——T lconj look(2,1,3) verb vfin vpres pl sta
comp(a) great(3,1,u) adj erest
. top but(4) verb vfin vpres pl cord
vadv nowadays(5,6) adv
| —1 rconj do(6,1,9) verb vfin vpres pl

| vadv not(7,6) adv ppadv nounadv neg

vadv usually(8,9) adv
auxcomp(binf) use(9,1,11,u) verb vinf vpref ssa
ndet these(10) det pl def
obj(n) item(11,u) noun cn pl

—t comp(p) from(12,17,13) prep wh
objprep(n) which(13,11,u)  noun pron wh
ndet their(14) det sg possdet

—I: subj(n) name(15,u,u) noun cn sg langunit

—e—— nrel be(16,15,17) verb vfin vpres sg

—— pred(en) derive(17,u,15,12) verb ven vpass



PASTDfEHT

chandelier (1)

look (2, subj:1, comp:3)
great (3)

but (4, 1conj:2, rconj:9) [ top predicate]
nowadays (5)

zziag7l)y gl PASTO#EM{ERIE
1 ~ N &7+ 4t
use (9, subj:1, obj:11, vadv:5, vadv:7, ESQTgﬁtﬁfgf*
vadv:E) )T ©
item (11, nrel:17) [ determiner: these] |I=l=. B E T2
from (12, objprep:13) B{RZIEZAH_ET,
hich (13 NN T T
their (14) /\J'C‘“L‘éo

name (15, ndet:14) [ determiner: their]
derive (17, obj:15, comp:12)




Automatic knowledge extraction from
documents

[ AV RAVL0D BENFNER L |



http://goo.gl/MexfSl

FFa AR DORBOHEH

(0 WatsonTlE. BRI (A4 X TEZIETEV L)) O L.

REDOFF1AVLT—EMNOT HIGH 171

HHH 93X R E

Tlt. SLEALZFEAFASNTNS

o

O BR(EVR) OFBICIE. ChETREERESIC.MEX
AOyk3k/A~—H—(English Slot Grammar (ESG)
parser) | EREES | #4EEE LAY — (predicate-
argument structure (PAS) builder) 1Z{E501=H3,
FEaAEDGI B IZHE T ODICFASNEG AT L

[X. "PRISMATIC".EFE[EINTLVS,

00 Watsonsm XEH D . ROEXMNEDRBREICHETOoNT
VS, "Automatic knowledge extraction from

m B 1

—documentsHSEE N o OB EE O
= J'o~ AHpR

" http://goo.gl/MexfSI

v/ d



http://goo.gl/MexfSl

FFa AR DORBOHEH

O N'BM Watson®D &5%DeepQAL AT LIZEST EA
FEEDFERBICEHERICLTERICEASCEICEINIT 54
121X, ERICERGREICT IR T HEMN, RERIIC

EEZTHD,

O BKIESN-HBORIBIL., TNICE>THRMNBESIC
BAHAELSHEBRHLIDI=H, A—T UL EETEEES
NTWVEWNT Ao EIESNT-FEZEFT T S L1,
LIZFLITA#THY . aXHBDINYTED,

O AR OHRIDIEARERIE., RV GEMTHBE TN ER
ORI, BZICEFTE. MO BRLEVATLD
ZLDMHEEBTHRHTEZSHELSISETH D,




FFa AR DORBOHEH

O FEAIE, GENGHNEBETNDAEETSIEKRDOMEZTZ
ERPETITO, F— I, KRREGRFAVCDEFTY D
EUVRIEADY. BEIBICHEEINS, EZIZ, BEIRICHE
SNF=EVVEMNEHN SN E=ETIBHRM 5. BN
EIRZTHRT Do

O CO@mXTIE, EQLITZVRIENAHEIN, TNAE
DESICKBBELZI— /NI BEEMIZLEINAD . £
LT. Esnt=fHstEmmnn. EOIIILTEMPLGE
RO RSN DADMNEEFIRT S, BBFIZ, ZNFHME D
¥R B EDIBMODeepQAL AT LEARDHT, ED
SOIZFIAINTULAMNZDWNTREEIZIHR =0, |




PRISMATIC

O PRISMATICIZDWTIE, RBENELGHTLVS A, XD
X5, "PRISMATIC: Inducing Knowledge from
a Large Scale Lexicalized Relation
Resource” http://goo.gl/AsLr94

O PRISMATICAY, ROXE "In 1921, Einstein
received the Nobel Prize for his orlglnal work on
the photoelectric effect."ZBHILI-RFE*RI DK
[2RY , A—=XIZIE-TLVSDIEL, Slot Grammer =43,
ARYEDFEFEMN ESGN—H—LIFEFEFELG-TLVS,
ESG/A\—H—D ROy EE KRG Feature N lAE D
B TRAYrEIRRLI=&FDICR Z 5,



http://goo.gl/AsLr94

Nobel_prize_p_31 for_p_43

objprep objprep

mod_ndet mod_nadj “\ mod_nobj

objprep

effect_p_86

mod_nadj

@toelectric_p_n




PRISMATIC

O Ff=. LRI R-TER 1O TIE. ESGNN—HY—T0
FERTICHR< I i EE 51 30481 (predicate-argument
structure (PAS) 1O A BEE>T=DI=H, CCTIE

ZOLI=ZERfE DL

 [FITHONTULVELY,




ML —LDOER

O —_2HOEIE., T Xhin, “In 1921, Einstein
received the Nobel Prize for Frame02”&0LMS
FrameO1&. “his original work on effect.” &LVS
Frame02D Z 2D IL—LHBMESNDBZEERT,
(“photoelectric”h’, TIYEToNTLELTLISA, )




“IIIIIIIIIIIII

*

‘IIIIIIIIIIIIIIIIII..

*

4

31

mod_vprep \ subj

objprep

..IIIIIIIIIIIIIIIIIIIII{III.I.lIIIIIIIIIIIII EEENR EEER an®

frameO1

AR

obj

e
>
N
N

‘lllllllllllllll

.
L 4

I —LDE

= i

his_p_47

frameO2

|
|
mod_vprep .
.
Nobel_pﬁzz_@ for_p_43 -
|
objprep .
“-.................. ........i...............
.
e ;
R .

mod_ndet mod_nadj “\ mod_nobj
on_p_65

objprep

effect_p_86

..IIIIIIIIIIIIIIIIII‘

<

..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIII“

mod_nadj

@oelectn'c_p_n




PRISMATICAHN A B L1=5N5 7L —Ls
Frame(]
verb receive
subj Einstein
rpe PERSON/SCIENTIST
obj Nobel prize
mod _vprep In
objprep 1921
rype YEAR
mod_vprep for
objprep Frame()2
Frame()2
noun work
mod_ndet his/Einstein
mod_nobj on
objprep effect




B RIGRBIL—LDER

0 PRISMATICIZ. WikipediaZzigshEd530GBORFa
Ak TF—=a05, CH5LT. 10EELOHMFB IL—LEE
BRLTWNSEWNDS, T, TERIDETIE. U7 ILEA L
[CIEEINZITFNIENTELD A, SHL=RIBEIL—L
DERIE. EBAHA . FHIIZITHN TS,




I —LEMETIBER

O COREXGHBIL—LOREN L. EOQXIICHETFHR
MNEIEHINEINER THED,

O FA I, "Napoleon annexed Piedmont in 1859 [+
RUA I, 1859FIZ . E—FUREHELI" V53X
ENEMINDSTIL—LEEZZTHEI EARBIIZIE,
S-V-ODHDIL—LLGEDI=H, Z5LI-FT. B
"annex" (IS I5NEETCZHDIL—LZEDHLE.
annex|d., Mg (ZRICHFOHMEZMAENZ LN E
., RETBIZhHhh B,




I —LEMETIBER

OSEIX. ROIIGXEEZKD, "He ordered a
Napoleon at the restaurant." Z—ZT®dNapoleonlZ.
155A,. EOXETOHONapoleontlFTESDEN. FD
ZElF.RODESICLTHEGRTES,

O “Napoleon"@E Lo hiahot=6, BREHE L —
LDBML, COXENMERMRINSGTIL—LERL (=12
L"Napoleon"@® &5 DEUITARBH IELT) RO KLH1EH
L TWAIL—LZRET 5. TO9 H&. ZDorderd
BROEBORIL, METRIICIXI B II=EWLS 2 EA DI D,




METFHRZLATOHEEIZFI A

<subject type,"Person">

<verb,"order">

<object type,"?"> <== "Napoleon"®O#& [ ?
<verb prep,"at">

<prep,"restaurant”>

’

O EMGEVATLTIE. ERNBERLTVASEZDE
#74 8 (2% LAT “Lexical Answer Type” &ULVS) %

HET ALE ETELERICHADIEN. CCTE. CO

R IR0
=] [N X BTA ) B -Jo



Question analysis:
How Watson reads a clue

[ERD 5 : Watsonld,. EQLIITEREZL DI ? |


http://brenocon.com/watson_special_issue/02%20question%20analysis.pdf

WatsonDig X T EE R EEFTDEE D

O IBM Watson AT LDUEDHZRIDAT—1E, AN
KOLNTWADH, ZLT, ZTNIZEZBIZITED L7
771:1 FRRBEDINERET H=HIZ. BEREIDFH

TR ZEITOETHS. ERID I, Watson@*ﬁi
ﬁﬂﬁ& K EEHTDRD EH1EBENZFIFAT 5, iFL Slot
Grammar®/Ss—H— %ﬁlj’éﬁ’JI/T»{T»{O)uwﬁk
%E@’&ﬁ’iiﬁ&?’é:)ﬁ—*‘zh EIRER e i B Y D e
R THB,

OFLE. COLMILELNAEBHEHZANT, BEFD
AEMCEBRERZBRHITHE=OIC. HRIGELIL—
WEDSADTDFEEERT S, ERPDEEGERLE

_ LTE DO H S,



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

0 Focus (I, BERIO—8T. ZEAZIELTLSEDTHS,
—DOLEOYTILTIE, FocuslE. "He” TH A,

O LATs (Lexical Answe Type) &, BEfIFDEEAT. &
DIEIGEDIUTATAHREMEINTLENZERTELDT
H5, FocusD EFE(RHEE) X, —RMIICIXLATTH S,
LALEBRIZIE. ZDIENEHLLATEZES L CEALIELIE
H5,Jeopardy DFEBTIE. ERIOATI—AH, Z5L
= EMZLATDIRIZIE S, COHITIE, “he”, “clerk”,
“poet” NLATTH S,




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

[0 Question Classification (&, BEffiZz. —D0H 5L &
BED. L2ELWVWERICETDEDEHATTT , COHITIE,
COEMIE. L —ENGIS R, FactroidIZEd 4,

[0 QSections (. %O)ﬂﬁﬁﬁh“ﬁﬂufJMIEEELZ\EtTés
B O HTHSD, QSectionDHRLEELF AL,
’Jli BHZDEX EDOHRIEHE (BIZIL, F4$C%J):75\F3

g lELV21) THY., =21 EfIZ LD TED
EFnﬁl:ﬁ\ﬁ’iTé:t’G%éo




focus & LAT BHEDOER

O BRXE “this” &AL X “these"#F->1-%54):
B THEATRE: A new play based on this Sir Arthur Conan

Doyle canine classic opened on the London stage in
2007.

O K& ELTOD This H5ULME these :
m '88: In April 1988, Northwest became the first U.S. air
carrier to ban this on all domestic flights.
O SN -o1-imE . EBEMIC. BREKIC focus
DINIIWVEDIT B,

B AMERICAN LIT: Number of poems Emily Dickinson
gave permission to publish during her lifetime.




focus MEH

O XRDOKRLEFDLT h “he/she/his/her/him/hers”:
B OUT WEST: She joined Buffalo Bill Cody’s Wild West

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

O XRDERLFADULT D “it/they/them/its/their:

B ME “"FIRST"!: It forbids Congress from interfering with a
citizen’s freedom of religion, speech, assembly, or
petition.

O X435 “one”:

m 12-LETTER WORDS: Leavenworth, established in 1895, is

a federal one.

O FFOoWTntBERAINGI =6, BEIE. focusHZiLrh

HLLNIELY,



LAT ORH

O £L focush ¥EfmeT=o=Hb. TOERZHHET S

B HENRY VIII: Henry destroyed the Canterbury Cathedral
Tomb of this saint and chancellor of Henry 11.

0 “(Focus) of X”. (Focus)m. RODENZoT=5

one/name/type/kind LAT X %1

H95:

B HERE, PIGGY, PIGGY, PIGGY: Many a mom has
compared her kid’s messy room to this kind of hog

enclosure.




LAT ORH

0 “(Focus) for X”. (Focus)h'. XD ENI=oT=5
one/name/type/kind LAT X #H#itH 93 5:

B COMPANY NAME ORIGINS: James Church chose this
name for his product because the symbols of the god
Vulcan represented power.

O focuspiEH a3 . A7) —pL& R >=5, 753
J—DRHBLE., LATET B,

B 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.

OCOBEROBITIE, EBXEEXRDENIE, ZLDHFTEH,
publish(el, he, “'Songs of a Sourdough’’) &
in(e2, el, 1907)ELSICHBEBICER 5, REIL.
FHITDARUE el N1907F(CEE-CEEZRRTINS,

O BIEFIZEEATIEX. —Z 2D "he”E"clerk”h, X @SB THS
CEERHEL. "Yukon"[IHIFERI T T4 T4 THY.
“Songs of a Sourdough”lZ. EGTHBERIET S,
—>LT. authorOf(focus, ‘'Songs of a
Sourdough’’) & temporalLink (publish (. . .),
1907) LU\ F=FEFRZHHT 5,
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UIMA(Unstructured Information Management
Architecture Y& o=, AV R—RUrEHEAEHE T
INMTSAVELTRESN TS,

O Watson® 70Oz 7O E B ST OEED KE 71X,
PASEWodNetD SO R BN ER DT —3R—X ED
IL—ILELTEEINTLS,




UIMA focus and LAT annotator
External
Focus rules databases
(e.g., WordNet)
LAT
rules\‘/
Prolog
CAS CAS facts A engine | —» New facts CAS
Add focus, LAT
T gog;/;;tgcf,:fts annotations to CAS P:Ar\sse’
Parse, Y !
PAS _ entities,
entitiels > UIMA Prolog interface > relations,
1€s, focus,
relations LAT
UIMA pipeline

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)®Prolog

~DEHR

O ZNENDCAS OEFHIBEIX. A=—IGEREDID

ZEIVIROND, HEBEDEN TN DR (TO/

\T A1)

. feature_name(id, value)&UL\S5H#£ T, factéis

%)

O £L. featureDED ., EDFEEETHOI=IEGEIZIE.

X R D HEEDIDA., PrologdDfactDiED RO
EHhnd,

W Z

O Prolog JL—ILZ WbE M NS, LWhiEdFiLifactd, CD

CASH#HLWVEFHIBE THALEEZTIT LD EL TS
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nNd, FLT.HWHEDUIMANATSADRD
AnnotatoriZEan 3,




