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Copy

* |IBM Watson: |2 & z|Altj|o| A 7|8k 2|2 232|512
- UL 02 7o 2Fo R THE BAH UL
- HE HIFE 2A0IM 62%, Y AMOIH 7.8% 2

« Google Knowledge Graph: & z|AlHj|o|A 7|8 HHA 23|51 Z

- 225k 7Y —'?—74' H|5tEl 230] ciast 22
- ' AE9| Aot njdsl= |*_!:]_E_H__ ERAAMAl A 22

{Google Knowledge Graph >

<IBM Watson (120t T A 22k

——————————————————————— Introducing the Knowledge Graph
( Document Passage search \"’ Answer PRISMATIC \l All
I search 11 Lookup search I
Percentage of guestions in 1 Q9 07%% 100, 00% :: 13.64% 43.75% 1 10084
active subset 1 ] :
No. of answers/active : 9055 162.47 I 15 11.57 1 216.53 % ! BB min Frankiin
question 1 I | ¢ J f birth: 7, 1706
Binary recall | T443% 79.40% :: 3.53% $31% 1 87T e oot RR
Height: 5
Perceniage unigue : 7.24% 12.05% 11 0.03% 0.18% : b e
Accuracy 1 62.65% 62.74% I 2. 18% 5.65% 1 T1.32%
i \ e o g e I T ——
> - =
S . 243 524 790
L]
- AR 18027Y
H|A & Z|AIH|0|A: 629 245 Z|Al A ) i .
|23 AAHI0|A: 62% Y8 2|AH0]2: 7.8% Y gt
\_ 45%@50%, 35%@80% /
[ | SHoll Ch3t Wats 24 U BH 27|
<) § oF — = ol =
- AZAe| £0|E? T
IBM St&: 2E29| 11%+= JERYE 2H 27t
« SAMO0| Ef2|A] ot1 whoj| EojRl He?
L o = - AL o 1545 AlO = o
- _ = Atof dste 2422 A= 27t
© Z20| QA AIAHS WIS W) N
| o1Z 2|4l M 2|4, ZHH 2A S

510|E.2|E QA = Inductive QA + Deductvie QA + Abductive QA
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KB-based Deductive QA: A12|4 > HH{2|7]|

* Q: AlE4Hentity 2] [propertyl=?

Entity linking | Property linking

height

Answer Type: Number

mountain

« Conclusion must be true if all premises are true

- A Y=
— B9 C}AM, Partial parsing
« IS4 Lot =L
- AlZ4e] =0l=
— Entity / Property disambiguation & linking
— Ontology construction: A|A B3 7{H2|R|, A|Al L= AM2|T

Copyright© 2015 by ETRI 5/37



Data-driven Inductive QA : A12|M ¢ HB{2|A]|

« Q: 20HA otH|oj|A AAIIS Foj| A U= 24222
— Evidences
« (+) 2L0HHAH 2ol= AN Y Kol 2=2F QA QUL
« (+) 200 U= IS EEQJL|CY,
o (+) = 20 A R0 MAFJ S 24 £ of] =0tete|0] QAT
« () LA SIH 2o 2= 022} CHLIF 7 QUL

« Conclusion is probable based on supporting evidences

- EA V=
— Linguistic knowledge(e.g., WordNet, FrameNet)
— Uncertainty processing
« 20HAAM SHHOA MAFAS Hojl O24A U= AH2?
— Deep parsing: 0{3|/23/2949| 0|5|
— Paraphrasing

Copyright© 2015 by ETRI 6/37



* inference to the best explanation
— "a entails b" is used for inference
— “snore” entails “sleep”

. Q: AT X SOPHILIR?

« T2 7|=: textual entailment in QA

— Question entailment: G|OJ|E{ 7|8t B3 C|=A
. 2T oA AR

— Word/Phrase/Sentence entailment: “2rAMCHSIC) entails “AP2tsiC)
« 19494 OtE=5|0f|A| =ZA TS0 ArTSIULE,

Copyright© 2015 by ETRI 7137



A ,

Zrute| ol AMLE-E 0" 0] 2|4 2F0] 7HS5H,
2t 5 oA EdE A dohs “USFE 7HE

exe»brain ’

2) A &5 71 | ()0 AASH 7IE

(1) AtHo] o5l 7I=

AHO|Z 7| =El HIAEQ] HIC|O|E{ 2 EE] AH0 AZS 0fal5)a,
012], 2, 2Mo| o|O| O3 ,y= o Zjatol Bt T AMAL HE/M|IHY 2o E
- Wise Natural Language = 9_IV;I_ise_|KHB = o- o2 ==
Understanding > Wise Question Answering
o R Inductive QA
g L(el =~ e2) Q
“=HAAEN <A +
pa— ; , Deductive QA
— = Llel = e2) = K(el — e2) +
S Abductive QA
Deep NLP Learning Learning by Reading Hybrid Reasoning
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Question Answering(QA)

 Find the answer to a question in a large collection of
documents (By Bernardo Magnini)
— questions (in place of keyword-based query)
— answers (in place of documents)

* Research Context

Question Answering

N

Closed Domain Open Domain
Structured data Free text
Web Document Single

collections document

Copyright© 2015 by ETRI 1 0/37



Question Type & Answer Type

* Question Type: an idiomatic categorization of
qguestions to distinguishing between different

processing strategies and/or answer types
— Factoid

— List

— Definition

— Relationship

— Superlative

— Opinion

— Command

— etc

« Answer Type: the class of object or lexical type of

sentence sought by the question

— Exact answer: Person, Place, Date, Number, ---
— Short answer: Definition, Explanation(Why, How)
— Long answer: Summary, Report

Copyright© 2015 by ETRI 11/37



* Nature of information

— IR-based QA: useful in an open domain

* Find Answers from a collection of documents
« TREC QA, IBM Watson

— Knowledge-based QA: useful in a close domain
* Find Answers from a Knowledge Base
* Google Knowledge Graph, Wolfram Alpha, Apple Siri

« Nature of the technique

— Shallow linguistic methods
« Simple, limited question & answer types

— Deep linguistic methods
« Complex, unlimited question & answer types

Copyright© 2015 by ETRI 12/37



IR-based QA: TREC QA P _—

« TREC(Text Retrieval Conference) QA Track
— D= NIST, ARDA, DARPA £ ¢

— From 1999 ~ To 2007 (http://trec.nist.gov/data/qamain.html)

— From 2002, the notion of confidence was introduced
« A|AHIO] Al 150] AEQ A0 efet

— Main task:
« ZtH0] AZ(CHEZ 1223)0ll it Factoid, List, Definition A 27|
o AALA E-IIAE(3GB)

— ﬁ—_

Copyright© 2015 by ETRI 13/37


http://trec.nist.gov/data/qamain.html

IR-based QA: TREC Factoid QA ,

« Type-and-Generate Method |
—  Q:“4FE AA EHO{%tLE?” > Expected Answer Type: DATE
- AL 1876 83 292(SH 7E 112)0f| sl = sHF
)M (F)2ts 2K AeF (it 7k, GA| 24A4]), SS2M] ZHEA (ZL[5 1)
o| & 2L (YAl 17M]) 572 2|= oF== E[ o] LtCt,
(Wikipedia “Zd-t" H|O|Z|A|M E2)

- WYSH:1876' 89 20U(2 79 1Y), 18769 89 29%, 22 78 1Y, 78 1Y
Documents J_
e Add Web and
Search Engine
Index Components

Passage Retrieval
Question Processing L
- . Document Passage
Question Formulation " Retrieval ——E@— Retrieval —[Passages}\

Answer Type Detection Answer

\ PI'DGBSBiﬂg

\

Source: Gartner (June 2013)
Copyright© 2015 by ETRI 1 4/43



IR-based QA: TREC Factoid QA P _—

Type-and-Generate Method |
1. Question Processing: 2= =M6t0{ 2t12} 5t= YR 24
2. Passage Retrieval: 2-Z0j|A] 7|9 & =&510] 2HAE LA A
3. Answer Processing: ZAMEl 1S ZM510] HE =& U =218}

- O3 9 : YA (2G> EH >0 e 2fo] of A
— QU= AHA| A LE?” > (Answer Type: Date)
- A:[F0{/42F] 19499 6E 26€, 12A]| 363, M=2| AIEHQl Zu0M =
T X H A Q| OHE=S|of|A| "7"':*_}“”3} [0{’d=F, *I’“"E"] = HEH{OSR F

Oﬂo o M

AR oLt AHSICE” (Wikipedia “ZTt T 0| 2| 0f| A Ltz])

Copyright© 2015 by ETRI 15/43



IR-based QA: TREC Factoid QA

Type-and-Generate Method Il (LCC)
1. 2o =2HYF| 212} 5= Expected Answer Type Z3&
2. WBORRE|JIYIE 24 3, £MGIAL St 1A 2
. WordNet 22 Lexical Alternation CHE = Query reformulation
3. A& R and/or WEYwd 7|0t ZM A ZM510 AEHZRE
. WordNet 28 Semantic Alternation &4

Answer Type C ATEGORY Namep  Extiry  CATEGORY QUESTION DOCUMENTS ANSWER(s)
Person == person i
MonEy I~ money - Collection Index ‘\
\b . % Quemnn Dependencies
PEE price m

AMOUNT
OOP 1 Mm<Paragraph #<Max

SPEED
. Boo]ean Retrieval
DuraTION > guantity Question Keywords ‘ LextcalfMorphuloglca].r’Semanhc NORMALISAT[ONS‘
> number
v Answer Dependenmec
es

Yes

Ex rpeczed Answer Type

_____________________ = in Pﬁragraph”\N}i Discard
Paragrap Lexical Alternations
LOOP 2

Question Dependencies,

Expected Answer:
Type

| Multi-Term Semamlg NORMALIZATIONS ‘

Yes
Semantic Alternation; -

i
________________________________________________________________________________ Answer Extraction

Figure 3: Retrieval Feedbacks in a Q/A System

(Source: S. Harabagiu, D. Moldovan) 16/43
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TREC QA && 0

219  Target: Iragi defector Curveball
219.1 FACTOID What year did Curveball defect?
219.2 FACTOID What was Curveball’s profession?
2193 FACTOID What 1s Curveball’s real name?
219.4 FACTOID Which intelligence service employed Curveball?

219.5 LIST Which US government officials accepted his claims regarding Iraqi weapons labs?
219.6 FACTOID Where does Curveball now live?
219.7 OTHER

254  Target: House of Chanel
254.1 FACTOID Who founded the House of Chanel?
2542 FACTOID In what year was the company founded?
254.3 FACTOID Who is the president of the House of Chanel?
2544 FACTOID Who took over the House of Chanel in 19837

254.5 LIST What women have worn Chanel clothing to award ceremonies?
2546 LIST What museums have displayed Chanel clothing?

2547 FACTOID What Chanel creation is the top-selling fragrance in the world?
254.8 OTHER

269 Target: Pakistan earthquakes of October 2005
269.1 FACTOID On what date did this earthquake strike?
269.2 LIST What countries were affected by this earthquake?
269.3 FACTOID What was the final death toll from this earthquake?
2694 FACTOID What was the strength of this earthquake?
269.5 FACTOID Where was the epicenter (latitude and longitude)?
269.6 LIST What countries supplied aid?
269.7 OTHER

Figure 1: Sample question series from the test set. Series 219 has a PERSON as the target, series 254 has

an ORGANIZATION as the target, and series 269 has an EVENT as the target.
(Source: Overview of the TREC 2007 Question Answering Track)

Copyright© 2015 by ETRI 1 7/43



TRECQA ds

Tasks

Document
Collection

# Questions

Question Source

Correctness
Judgments

Evaluation
Measures

Best Main Task
Results

Copyright© 2015 by ETRI

2001
Main/List/Context

TIPSTER/TREC
(979,000 documents;
3GB)

Main: 500
List:25
Context:42

MSNSearch and
AskJeeves Logs
Main/Context:
Correct/

Incorrect/
Unsupported
(Lenient:
unsupported= correct;
Strict:
unsupported=incorrec
t)

List:
Correctness/Distinctn
ess

Main/Context: MRR
List: Average
Accuracy

0.68(MRR)

2003
Main/Passage

Corpus of English
News

(1,033,000
documents; 3GB)

Main:
(Factoid: 413
List:37
Definition:50)
Passage: 413

AOL and MSNSearch
Logs

Main

(Factoid/list:
Incorrect/Unsupporte
d/Inexact/Correct)
Definition:
“Information nuggets”
created and marked
by assessors
Passage:
Incorrect/Unsupporte
d/Correct

Main: FinalScore=
0.5*FactoidScore+0.2
5«ListScore+0.25*Def
Score

Passage: Accuracy

Final: 0.559
(Factoid:0.7,
list:0.396, Def:0.442)

2005
Main/Document/Relatio
nship

Same as TREC 2003

Main:

(Factoid: 362
List: 93
Other:75)
Document: 50
Relationship: 25

Same as TREC 2003

Main

(Factoid/list:
Incorrect/Unsupported/|
nexact/Correct

Other: same as TREC
2003 definition task )
Document: relevant/not
relevant

Relationship: same as
other task

Main: FinalScore
=0.5*Factoid+0.25*List+
0.25*Other

Document: R-Prec, MAP
Relationship:F(8=3)

Final: 0.534
(Factoid:0.713,
list:0.468,0ther:0.248)

2006
Main/ciQA

Same as TREC 2003

Main
(Factoid: 403
List:89
Other:75)
ciQA: 25

Same as TREC 2005

Main

(Factoid/list:
Incorrect/Unsupported/|
nexact/locally
Correct/globally Correct
Other: same as TREC
2005)

ciQA: same as other task

Main: FinalScore
=1/3*Factoid+1/3*List+1
/3*Other

ciQA: Pyramid F-Score

Final: 0.394

2007
Main/complex/ciQA

AQUAINT-2 (News:
907,000 documents) +
Blog06 corpus

Main
(Factoid: 360
List:85
Other:70)
ciQA: 25

Same as TREC 2005

Main

(Factoid/list:
Incorrect/Unsupported
/Inexact/locally
Correct/globally
Correct

Other: same as TREC
2005)

ciQA: same as other
task

Main: FinalScore
=1/3*Factoid+1/3*List
+1/3+Other

ciQA: Pyramid F-Score

Final: 0.484

(Factoid:0.578,list:0.433, (Factoid:0.706,list:0.47

Other:0.250)

9,0ther:0.281)
18/43



TREC QA vs. Waston QA P _—

TREC QA - Type-and-generate QA
1. Limited AT: 222 252E 2t} 5H= 7|4 2| Answer Type 2%
2. AECRHHI|ISE & 2, EM5I0A} 5= THet M
3. AdEAX Y HERd 78 ZMAn ZM510] YEHRE
M5:48.4% (Factoid: 70.6%, List: 47.9%, Other: 28.1%, 2007)
- (-) M|stA Answer Type (Coarse grained: 6, Fine grained: 50, Li & Roth 2002)

Watson QA - Generate-and-type QA
1.  Unlimited AT: 229 22 F{ 2 1A} St= Lexical Answer Type 84 24
2. Liofot dEs= U Ar85I0 EeE MY T dEHSEo Bty 23
3. AEHSEO e ZAHEA 7|8 2|3 HE &d 2 ¢

45 70% (d=HE), 86% (H=HE) @70% (SE=E) (2011)
> (=) Alm{C] 240 BE2| 95%= $7|m{C{oF A0

Lexical Answer Type.: ZZ20jA] ZEIOZ 2+

POETS & POETRY': He was a bank clerk in the X} 5f= 9MEIEIS F1=27[=0/{5]
Yukon before he published “Songs of a Sourdough™
in 1907. - “poet’, “he’, “clerk’

19/43
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IBM Watson: Lexical Answer Types ,

Why LAT?
« Open domain problem:
« Long tail answer type distribution
* New answer types were being introduced at 12% to be roughly constant

We do NOT attempt to anticipate all questions and build specialized databases. I

In a random sample of 20,000 questions we found
2,500 distinct types*. The most frequent occurring <3% of the time.
The distribution has a very long tail.

And for each these types 1000’s of different things may be asked.

Even going for the head of the tail will

/ barely make a dent

he

film
group
capital
woman
song
singer
fruit
planet
son
tree
line
site
lady
hat
bay

province
dog

show
poser
title

there
person
color
place
birds
animals
substance
way
founder
form
disease
someone
writer
novelist
hergine
sign
countries

nguage
holiday
product
insect
senator
maker
father
words
object
dish

post
month
vegetable

@ Il

| *13% are non-distinct (

.g., it, this, these or NA)

Our Focus is on reusable NLP technology for analyzing volumes of as-is text.
Structured sources (DBs and KBs) are used to help interpret the text.

Copyright© 2015 by ETRI 20/43



IBM Watson: QA Architecture

Al 7|=: Generate-and-type Wt (Data-driven approach)
1. Hypothesis Generation: 222 28510 CiZFo| 71 A4 M
2. Evidence Retrieval & Scoring: AYS 2 E Z|X|5t= 27 AL L 24~ AL
3. Final Merging & Ranking: 22 §3 & 2|23}=l 2t 247

Learned Models
help combineand

Evidence
Sources =

_Sources _ _ Answer Evidence Evidence

Candidate | \ Retrieval Scoring

Answer
Generation

Primary
Search

Final Confidence
Synthesis Merging and

Question ~ Questic Hypothesis Hypothesis and

and Topic Decomposition Generation Evidence Scoring
Analysis etk Ranking

Answer and
Confidence

21/43
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IBM Watson: Precision ,

SW: Linux with UIMA, Hadoop, Lucene, Indri

HW: 90 x IBM Power 750 servers, 80 Teraflops (30 &)
« 2,880 CPU cores, 15 Terabytes of memory

IBM &£0| 25517174 -

100% - . Iy T o O —
- =——maei ey Ve T o 4@ e - 20044
90% { P S P MR e i}
‘e - IBM2 2nd J23E #|z|2
e ‘AHoc 2L 25 SHHEH
e v0.6 10/09 & ° 2007'&
60%
é \ - 22 Deep QA V0.1 714t
' 50%
8 : 20114
40% v0.2 05/08 i

- 2 AL # 24 25(70%)
- HW: 3093 2 A AHE
- 20124

10%
: - S5 QAQ| HAFO], Hirio|Ef
0% ; : : . : + . : 1 : or= 2 2~ , =
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
’ ’ % Answered ' 'E'OI: E-"]I'l ?’iﬁ SW 7H%I.
-2014 4
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Deep QAs of Stanford, Facebook & MS

WebQuestions dataset contains 5,810 question-answer pairs with
common questions asked by web users(Berant et al. 2013)

« This dataset is built using Freebase as the KB by crawling questions
100M entities (nodes) 1B assertions (edges)

MichelleObama

--'u.“l'::."
/l \ ™Female USState

PlacesLived 1992.10.03 ]
\ —_ Ty
)
— I
Event21 Event8 Hawaii
-.__.-'
C e
AN . 1
Location  Type Marriage UnitedStates ContainedBy
l ContainedBy
______.___...--"""r
Chicago’ BarackObamr PlaceCHBirt bt Homolulu
Mocation Places 7/
- -
Event’” _ ~~ [/ -
/ ype DateDfBirth Profession ype

Person 1961.08.04 Politician City

Figure 1. Freebase KB (Bollacker et al. 2008) has over 100m entities and the Stanford system used 41m

of them for the WebQuestions benchmark.
Q Table 3. Results on the WebQuestions test set using Berant & Liang's F1 evaluation method. Other

systems were reported by (Bordes etal 2014)

Method F1 Score (Berant & Liang 2014)

Stanford (Berant et al. 2013) 314
Borders et al. 2013 29.7
Fader etal. 2014 35.0
Yao and Van Durme 2014 33.0
Stanford (Berant & Liang 2014) 39.9
Facebook (Bordes et al. 2014) 39.2
Ensemble of Facebook & Stanford (Borders et al. 2014) 41.8
Our Approach: Microsoft Deep QA 45.3

(Source: Microsoft Research Technical Report MSR-TR-2014-121) 23/37
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WiseQA Architecture ,

Question EfOHH[2|7 o]l $12|3H U204, 57} F12}FL2201 0]
V Q)| uztel Y2 A2 A0 S8 7132 Urt
Natural
Natural Language Language @
Question Understanding Unders;andlng
- entail(Q) = {05,035, -, 07}, Question
Q= 0/, 1sisn Entailment

Edecmp(Q ) = {Ql 1 le' 00 le}
irelation = {Or, And, Dep},

m-—1

0} <{Question Entailment>

Qf - &0lof| fIx|5t1, Zt2f7tA%F =21 0] =7t2| 0]
2 22 Hl|u|z|of=t= 2 0|7} UCE,

Qf - hotof|2|Ztof| f1%|5t1, = HO| ‘2H2 Hi||x|oF 2}
£ 2[0|7t = 0] F7t2| £ FI2t7tA 0|},
<{Question Decomposition)

{Qf' QS' ooo

Question
Decomposition

B BN Gusstion 0¢, : HHulof SIxI34, Ff2f7A%}£201 0 27}

: QDE;, QCE;, QFE) Analysi } 0¢, : 0| F7ke] 0152 ‘e vlulobats ojnjz} ek,
Fmean(QF)) = { ARG ,;_é_}; e b 05, : Hotu2171ol $I3/3t3, 0| e ujux|oka}
= Ly A0 2T £ 90|} gl of 27

KB-based IR-based 03222 ol;‘L;}[O!LTQE_S I‘E-;‘;’f;(j\llq',n ;
Candidate Passage oo (02,) = {
Retrieval Retrieval mean 1'—‘%'—Eﬂil°|(QD) 22|,
L A232Y2(QQ) : HEY, 44U2YY,
Answer Candidates Generation AZE =22(QF) : ‘0] =7},
v o HEHFA(LAT) : =7},
O|0| AL (SAT) : LCP_COUNTRY,
Answer Type o=Tr
Axiom Pr )\,/Fl)n { Answer Candidates Reduction AEA| 2k (LocExptictr) o,
o o g ¥ %‘EZ‘IIQf(FRAMESytaC”C) 0
A C int (P: =&, AO:X, A1:7t2|7t2)
nSV\{er onst{'aln S Answer Verification }, fmean(Qle,Z). ty fmean(QS,Z)
Axiom Proving
] y K R(fmean(Qle,l). fmean(Qle,z), And)
Answer Confidence Reasoning R(finean(Q51), finean(Q5 ), And)
\4

Answer, Confidence, Source
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o Z|ABO|A ZHAKS 9|5 AE AITHE| may|Ql s
= = (] (=}
A o M2QI0] £ U mjEd 7|k AR A|HE] may|Ql
A
M 718 N
z0 [O1H2 RULZA7|0 S272| FabF SYUS 0|2 LO|ACH7} LES0f| 2fA= LI0] H2 BAFS L0t 0|12 T2 A0t ]
SE | (A4 24 22 Yol Yt FOIZoA| AYH 0| UL RAUN] > (2L 2] Ly (game 1

YRS CHEF-AMA A :)é;i-i-’:‘-’é' ol

AE2Y: 0], 0 =Y, A

O] YERY: B4 HAL &

TYPE(X, )

nY AT
Bz

ARGO: X
|0y E}H: CV_POSITION

SR gy, g2t
O|o|HEHH : CV_POSITION

Predicate: O|2C}

ARG1: [E5F]l066_pouics]2]

2 "e23: 0] 53, 501
ofFATRY : 3ol
o|0|A T3 : CV_POSITION

TYPE( X, &%)
Predicate: 20|C}t

. ARGO: X
e ARG2: A4 [24Z 2L ]UTERATURE]
[+ 2H [cv_POSITION] (NP_OBJ) LEZ}Z2O1Z0]| A (NP_AIT)
oo o ARG-TMP: [2A12FZ A| 7| | [DYNASTYI(NP_AIT) -
ARAARY - HHE AR TYPE(X, )
Predicate: S0t o|2Ct
HEAIo) AR-2HYZAI7| ARGO: X
ARG1: L{O| B2 &2} (np_os)
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* Deep NLP parsing: Rule + Supervised learning + DL
— SRL, CoRef. Resolution, Zero-anaphora resolution
— Textual entailment: DL using WiseWordNet

NL Question Understanding for axiom proving

Tight coupling of IR-based & KB-based QA

— Natural language to logic representation(1A|%)
— logic representation to structured query language(2A15)

Hybrid reasoning QA

— Deductive + Inductive + Abductive approaches to learn best
combination of approaches

Answer confidence reasoning
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>

Simple Summarization
(Smart Advisor)

simple facts that can be
extracted from short text

strings

Focused Summarization
(Decision Supporter)

a shortened version of one or
more documents or content
objects

Figure

Business Value

Matural-Language
Interface to Access
Wast Data Volumes

Answers to Action

First-Person
Commentary

Rapid Content
Assessment

Fast:
High Recall

High-Precision |
Docurnent

Search

Strings of Data ™.,
Explicit Meaning s,

interpret multiple
information sources and then
stitch together a coherent
answer

» 2. The Information Retrieval Family

Interpretation of Data
Inference and Interaction
LY
"
Y

Semantics of Data
Derived Meaning

Y
Y Senllment
‘.\ E Analysis

b

Text Search A}
i
i
i
i

Semantic
Search Engines

Y
\ Question Answering
Personal Assistant
Intent-Based
N Search Engines

Question-Answering
Cognitive System

Decision Trees/
Case-Based
Reasoning

Source: Gartner (June 2013)
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Analysis

Simulated Thinking and
Triggered Activity

Semantic Outcomes
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« 2001: A Space Odyssey (19684)
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