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out
store
the /
chef 7
/ food
was
J Chef Out
ran ;o » Th any Sof
who  to food
é \ store
the
to’ ’
whé
/ was
ol (Hewitt&Manning 19)

10



Y Explainable Al (XAl)

TOHOKU

- RFTRYZLERBA (78RR ):
— ATDETHHLTLNS A R &5 (attention, LIME, etc.)
— ¥RZFEEL-EESHZRE5

AADEZZRTFRILE=H FRIDRWUEGEDINE S iR

e : x| EpEE
» = 3
3 547°1)
> : FRASNIL
1

BWSERUTRIEFAMLTVWZOTHBTEELZ S EET—A
BICEORY ICRHHL D B o (FL

REETD
AlRZEHI

11



¢y LoEL?

TOHOKU
YRR AP

EI:IUH(,E : *:l Review 1: EI:IUH{E : /_I'{)‘\Jj_"fj\

%, BICEROBOERNT R, XoBEELZ
. NZNERICBNZSSVORELBEIN. REICER
-» e ERUTEERE TOZ EEFH D5, . .

' COBREFSETICRIEZENBVCS VRIS LULVE

BISEFRUTRIEFALTVWSOTHRTIZIELZES FREBS LU, THR TRE) HHIKTORY

BICHOBH YD B S o (FL
WWREUICFF UK RIRZR/IEEL DI BENBIEORIDZ EZE>TVD
EZ A%, BBIEFERKDD, KD ICHIZ D, BBIFERRL,

HIXTcDFI> TBDZFDFRFEH & b DEOE &
CDFTUWBRZN S D<K HEHAEHLET
CNINDIBERHIMBSNTZATI X
o UNRERBA ?

ANEDFEEISHR T TR TE S EAAFLL

12



3 zmeECLRBROLALRE

TOHOKU

uuuuuuuu

« explainability&performance kL —kA 2
— DAPRA XAl DO —)LIXZDRL—FADEMIL T H&F=o1=
— =1L, SORL—FA DX REDIFET—FIMNAFETET,
end2endDiEEBFEBEMNOIELLKFEE TDEE

Learning Techniques
Performance vs.

Explainability
Neural Nets - A
<~ Graphical ™\ g0
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Statistical AOGs MLNs . §
Models o D_elz_usmn H
rees inabili
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DARPA XAl (Hoffman & Klein 17)
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y y 5 Joh is testi ter fi b Poor quality. Has bad sci
Context: The princess climbed out ARSI e
creek to see how building a new golf ater would be collected in

sealable jars or bottles. Fourth

the window of the high tower and course upstreait is changing the  rade students would it be

water supply. Water is collected from  using glass beakers for an outdoor

climbed down the south wall when the creek and placed in glass nvestiation.

beakers. He then uses a hand lens to By the fourth grade, students
know that there will be

her mother was Sleeping. She see what small animals live in the microscopic organisms in the

water. Afterwards, the water is tested water. Possibly some macroscopic

. . . i that Id be vi d
wandered Out a gOOd ways. Flnally for chemicals. Which safety procedure xﬁz";s,?;snd I:n(s:?Ltl)ut i:‘ov,::v;'se
should be followed during the adding rigor, they would not be
J 5 = = lled small animals
investigation? @ ’
she went into the forest where inestigation?. eiqedionindiaaificl
h l . l b A Clean up broken glass before isg{:;y prgctidur: \gllltbp :
R 1 an e student is to
t ere are nO e ectrlc pO es ut te”mg the teacher. pick the best one for this

B Mix tap water into the creek water Investigatlon.:A, B, and.C are

where there are some caves. [P vt o the not safety procedures.

D. This is a safety procedure.

(ol Waar candale cA chAaacs flt])rrni- Aok "y
Question: Where did the princess o g B8 g dTE,
. 3. 48 vy o ey pre | E-a T Fow £8 32 s ¥ 2
? Sl shalislRl gl & fw Fe|glileze
wander to after escaping: A annnnnuER LRI B
F W I 3 O O - B S 1 I
B [T S s Bl<lxl 2 & o 8 A N X
i {\)J,V/h:”f* f? 7§ % p|U<oi:
i PUEMlel2icinlfll z & 0 At #lalsl &y
38 | || 79 kel 1] 0 o] 6 J?P ki‘ 7(2 g 2 sef Lo
. ; @ [Ulols[f] EZ=lE 2 ®2 5l 54
Answer: A) Mountain * B) Forest e iR & a8 §(%F %
Sl < -»’,"\"‘.‘," % b W o | &
o B | A KSR E - & 22
C) Cave D) Castle N KL L S-S S S B
& — = ;m (BN & 3 g ’:’ GE
R hdElEzle 2 5§ Alx: uE
f;.gﬁméﬁ Sll-lEl s © 2% f|ie fi
< | 2l ;‘¥4“4 v = N k‘, b3
vk Y | I[ 2 y & ~ A ‘#:
(MCTest, mc160.dev.29) 2 mEoEEnok I 5
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UNIVERSITY

s EHMODOBREMASHTHS ARBFEOTOSMEICRT T THEi% 5
o PRENTALIET VI NIT—RRITHED B
ECEMNT-HFZZGEH BT A5, D, PHENT (L
[ S — — N=F2)ROBEICALLNTEY (kB),
o HRAHDE (EEE) TiRBA =% Y BDRIEITIE - RILAH
B> TN D () &

M

, s , “is deeply associated with”
may_treat 9 may_prevent ),

‘has_therapeutic_class’, Alzheimer’s ——_--'~~~~.
‘has_chemical_structure’, disease € —2> 0l-Syn uclein
‘exhibited_by’, ‘phenotype_of’, - associated_with ~
‘has_phenotype’, ‘related_to’, ? : -a N, “has been identified as
‘therapeutic_class_of’, : == = \ a causative mutation
‘no_relation’, etc. ¢ :: gﬁlx"a) IIEE;E Al ,' in hereditary”
R may_treat P k,'
apomorphine arkinson
P P ) ~—— _~ disease

-, “is used for improving”

*

"a
L
]
.........
ma,
"

“... [Apomorphine] is used for improving [Parkinson disease]

/I

" apomorphine Parkinson
———> disease

hasmedfwanism\ may_treat
_o / \

dopamine_agonists \

“ [Alzheimer’s disease] is deeply associated with [a-Synuclein]

“... [Alpha-Synuclein] has been identified as a causative
mutation in hereditary [Parkinson disease] or ...
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i@;‘ Relation prediction over UKG

TOHOKU

(Dai+ NLP 2020; PhD 2020; under review)
(k) - . _ , —
HAOHMAEZET TSR MEBEEOSXKIEM L
Relation prediction (Dai PhD 2020)
1.0
: N \ DSV W/ DSV W/
: ' KG paths Universal KG
I 0.8 /
: %77] DSV w/ text
" S 0.6 1 —
£os +
0.4 - <
0.3 1
021 Supervised Distant SV
learning w/o KG w/ KG
0.10.0 0:1 012 0j3 014 0:5 Or6 Oj7 0.8
J) Recall
cyoss-doc multi-hop paths| KG multi-hop paths KG embedding “is deeply associated with”
bad_ bad.f ; , ”———-~~‘~
B Drug_allergy = Drug#5 may_reat \ Alzhelmer S ~. .
Beclometasone Asthma UMLS disease < ——> a-synuclein
1 badfor g badfr T KG o associated_with LN
‘ U [37K concepts ] . N
---------------------------------------------------------------------------------------------------- g - . o o a0 \
” 185kreltriples ] P * relation prediction )
o /]
\ L
‘in preventing the recurrence of ” "symptom such as" O may_treat R
,Symptom#3<ﬁ N\ apomorphine * % > Parklnson
Beclometasone 4 . - PelTie Text Seo L - disease
‘may provide symptomatic relief for’ » Disease#3 ‘and e A MEDLINE - ~~dlo :__,— . .
e oo R / (24.3M abstracts) s use for tmprouving 22
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uuuuuuuuuu (Dai+ NLP 2020; PhD 2020; under review)

RENLT—2tYb NYT10 TH SoTA

—#+— Our Model
Sent+KG
DISTRE
RESIDE
PCNN+HATT
BGWA
PCNN+ATT
PCNN
MIMLRE
MultiR
Mintz

our models

SRRRA RS RN,

Precision

0.4 A

0.3

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Recall
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(Dai+ NLP 2020; PhD 2020; under review)

HADHRAM T TERR M ERESXIER £

(Dai PhD 2020)

cross-doc muIt| -hop paths| KG mult| -hop paths

bad_for bad_for may_treat

— Drug_allergy < Drug#5

N\ bad_for Drug#6 bad_for [ tall ]

e L A '

‘in preventing the recurrence of "

> Symptom#3 "symptom such as"

I
l h e a d I “may provide symptomatic relief for” . "and" ta I I

> Disease#3

o L '

Relation prediction

(24.3M abstracts)

1.0
09-\ DSV w/ DSV w/
' KG paths Universal KG
0.8 /
%77] DSV w/ text
S 0.6 1 —
£os- 4
0.4 ~
0.3 1
021 Supervised Distant SV
learning w/o KG w/ KG
0.10.0 0.1 0 2 0j3 014 015 Or6 Oj7 0.8
' Recall
KG embedding “is deeply associated with”
UMLS <* —3 o-synuclein
KG s associated_with S
[37K concepts ] . \\
. : \
185K rel triples 7 ~relation prediction )
v.. ,,
1§ *
N may_treat > Pg_rkinson
~a _- disease
Text \eoune = JZ‘ ——=""
is used for improving
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TFSRAICE DO MEN A

i

Dual Process Model
(AFTL2)

attention

cross-doc multi- -hop paths< KG multi-hop paths L.
bad_for bad_for may_treat rev I S I O n
> Drug_allergy Drug#5
Beclometa:
ec! om: sone \ S T R Astkma KG
“in preventing the recurrence of ” Symptom#3 "symptom such as" N -
Beclomet N
° omf asone ‘may provide ic relieffor” . o ‘and" 7 Asﬂ‘A\ma Text

vitamin_e

DSV w/
KG paths

0.9

Relatlon prediction (Dai+ PACLIC2019, PhD2020)
1.0

DSV w/
Universal KG

may_prevent

0.8 1

0.7 1

DSV w/ text

-
- ~

memory_function -
.

disease
associated_with

?  EhrEFERR

.......

apomorphine_pill

has_ingredient

. may_treat
apomorphine
~

5067
L2
o
£ 054
0.4 1
0.3
02 Supervised Distant SV
learning w/o KG w/ KG
0.1 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Recall

0.8

“Is deeply associated with”

. -
Alzheimer’s ~.

12837 H 22 VT 3 BN I AT HE i

(Takahashi+ ACL 2018)

Rodney
Brooks

knowledge
inference

knowledge
acquisition

entity
linking

(AFL1)

Knowledge Graph |II |I|I||<]
KK .|
R R WIKIDATA Infobox
R,

R
promment actionist .
achlevements approach .

T
T Q" [ .Q
8 : O :6: . E
0 O e
H “bra [aaa] bra bra bra [bbb]”

“bra [aaa] bra bra bra [bbb]”

DCS-vec

é is known 'or OE]

“[Brooks] is most known for his [actionist approach]”

(Tian+ ACL 2016)

ligand_binding_
protéin_gene

encodes

a-synuclein

N,

N
“has béqn identified as

a causa¥ive mutation
in hereditary”
’

Parkinson

~. disease

_—

S - .

has_mechanism e Semmm TS
_of is used for improving” 1

“IBrooks] is well-known for popularizing the

[adtionist approach] to robotics”

(=48 + NLP2020, Heinzerling+ arXiv 2020)
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@ Building Large-scale Knowledge Graph
from Biomedical Scientific Papers
Dai, Takahashi, Inoue, Inui (Tohoku U), Tsuruoka (U Tokyo), Aizawa (NII)

Multi-hop reasoning over biomedical scientific papers (text)
combined with existing knowledge graph (KG):

— Extract stated (but unstored) relations from text

— Predict undescribed/undiscovered new relations

vitamin_e

may_prevent & “Is de?Pl.l/ associated with”
memory_function - =~
*
*

.. Alzheimer’s_ N £ encodes COVID-19 Related
TG e tEE Large-scale KG

associated_with

. ) . . A “has}wen identified as -
apomorphine_pil 27relation predictiona caubative mutation (2,800K rel triples)
has i - * in hefeditary”
as_ingredie R .
. . . . hi may_treat Parkinson
Relation prediction (Dai+ PACLIC2019, PhD2020) apomorp Irui——_)N >, icenco
1.0 _ - - ase
s h h - .
0.9 \ DSV w/ DSV w/ as_mfgfan?/ “Is used for improving” y x 15
KG paths Universal KG Precision
0.8+ ~86%
0771 DSV w/ text N\ o Unstructured Text Structured knowledge
§ 06 v Text MEDLINE + CORD-19 KB UMLS 37K:oncepts
£os. | (24.3M abstracts) (180K COVID-19 papers) 185K relation triples

0.4 1 apomorphine_pill
“... [Apomorphine] is used for improving [Parkinson disease] ...
/ has_ingredient

Parkinson

| Supervised Distant SV “... [Alzheimer’s disease] is deeply associated with [a-Synuclein] apomorphine m disease
Iearning W/O KG W/ KG has_mechanism_of / \
0.1 T T T “... [Alpha-Synuclein] has been identified as a causative mutation
0.4

0.0 0.1 0.2 0.3 0.5 0.6 0.7 0.8 in hereditary [Parkinson disease] or ... — dopamine_agonists e

Recall
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o
o

s T 7474 FEﬁ )] F';EH?& Ed shozted at Tim. He cras?zed the car.

> ANV MERE %R
« BE. &, BFfEl. FAR

“Is deeply associated with” ?
- --~N o
Alzheimer’s Ss.
disease € —3 o-synuclein
2 associated_with ~

. N\
P . < . “has b¥n identified as
? o rE|at|0n prEdICtlon a causqtive mutation

*

" in hergditary”

. may_treat

apomorphine Parkinson

_= disease

~
~
~-—-————

“is used for improving”

semantic matching

X damages so:mething of Y

k Yisangry at X J

knowledge acquisition

Y sho:uts at X

multi-hop reasoning
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Dual Process Model
(AFTL2)

attention

cross-doc multi- -hop paths< KG multi-hop paths L.
bad_for bad_for may_treat rev I S I O n
> Drug_allergy Drug#5
Beclometa:
ec! om: sone \ S T R Astkma KG
“in preventing the recurrence of ” Symptom#3 "symptom such as" N -
Beclomet N
° omf asone ‘may provide ic relieffor” . o ‘and" 7 Asﬂ‘A\ma Text

vitamin_e

DSV w/
KG paths

0.9

Relatlon prediction (Dai+ PACLIC2019, PhD2020)
1.0

DSV w/
Universal KG

may_prevent

0.8 1

0.7 1

DSV w/ text

-
- ~

memory_function -
.

disease
associated_with

?  EhrEFERR

.......

apomorphine_pill

has_ingredient

. may_treat
apomorphine
~

5067
L2
o
£ 054
0.4 1
0.3
02 Supervised Distant SV
learning w/o KG w/ KG
0.1 T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Recall

0.8

“Is deeply associated with”

. -
Alzheimer’s ~.
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(Takahashi+ ACL 2018)

Rodney
Brooks

knowledge
inference

knowledge
acquisition

entity
linking

(AFL1)

Knowledge Graph |II |I|I||<]
KK .|
R R WIKIDATA Infobox
R,

R
promment actionist .
achlevements approach .

T
T Q" [ .Q
8 : O :6: . E
0 O e
H “bra [aaa] bra bra bra [bbb]”

“bra [aaa] bra bra bra [bbb]”

DCS-vec

é is known 'or OE]

“[Brooks] is most known for his [actionist approach]”

(Tian+ ACL 2016)

ligand_binding_
protéin_gene

encodes

a-synuclein

N,

N
“has béqn identified as

a causa¥ive mutation
in hereditary”
’

Parkinson

~. disease

_—

S - .

has_mechanism e Semmm TS
_of is used for improving” 1

“IBrooks] is well-known for popularizing the

[adtionist approach] to robotics”

(=48 + NLP2020, Heinzerling+ arXiv 2020)
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On Entity Representations, Storage Capacity, and Paraphrased Queries

(Barack_Obama, wasBornln, Hawaii)

Fact

Statement

Language Models as Knowledge Bases:

(Heinzerling+ arXiv 2020)

Benjamin Heinzerling' 2 and Kentaro Inui*
IRIKEN AIP & 2Tohoku University

W% DNN Language Model

Query

° ’ﬁ\ * Barack Obama is from [MASK].
Barack Obama was born in Hawaii. ‘ —

Answer

* Barack Obama is from Hawaii.

Analysis of LM capacity for storing world knowledge facts:

/

12-layer Transformer

1.0 ===
e — 7.0M
Voo T Q@
Sl o)
Jo.s8 e ©
© v e T —e N
2 \\ -------------- 5] 5.0M
............. .
® 0.6 ’\\ .................... £
c L OO o
SR B e =
gt S e T 4 *
S 0.4 | Layer size o 2
E -<-- 768 g
S o, | A 384 -
= -¥- 192 ©
% = 38M | ——
0.0 !
0 2M 4M 6M 8M 10M 288 384

Number of statements (6 million entities)

(39M) (55M)

768
(125M)

Hidden layer size

960
(160M)
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Context: The princess climbed out
the window of the high tower and
climbed down the south wall when
her mother was sleeping. She
wandered out a good ways. Finally
she went into the forest where
there are no electric poles but
where there are some caves.

Question: Where did the princess
wander to after escaping?

Answer: A) Mountain * B) Forest
C) Cave D) Castle

(MCTest, mc160.dev.29)

EALZAIIWVAN—2RET DD

@ BREETRAAD

5 Johnny is testing water from a nearby
creek to see how building a new golf
course upstream is changing the
water supply. Water is collected from
the creek and placed in glass

Poor quality. Has bad science

d 5
gtc& vl\Jl%eusId be collected in

sealable jars or bottles. Fourth
grade students would not be
using glass beakers for an outdoor
Investigation.

beakers. He then uses a hand lens to
see what small animals live in the
water. Afterwards, the water is tested
for chemicals. Which safety procedure
should be followed during the
investigation?
A Clean up broken glass before
telling the teacher.

B Mix tap water into the creek water
so the sample is cleaner.

A \Waar candale cn chane 4o pak Aak
15
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By the fourth grade, students
know that there will be
microscopic organisms in the
water. Possibly some macroscopic
organisms that could be viewed
with a hand lens, but if one is
adding rigor, they would not be
called small animals.

The question indicates that
safety procedure will be
listed and the student is to
pick the best one for this
investigation. A, B, and C are
not safety procedures.

D. This is a safety procedure.
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R4C: Right for the Right Reasons RC
(Inoue+ NLP 2020, ACL 2020 )

Question

What was the former band of
the member of Mother Love Bone
who died just before the release of “Apple”?

Articles

Title: Return to Olympus

[1] Return to Olympus is the only album by the
alternative rock band Malfunkshun.

[2] It was released after the band had broken up and
after lead singer Andrew Wood (later of Mother Love
Bone) had died...

[3] Stone Gossard had compiled...

Title: Mother Love Bone

[4] Mother Love Bone was an American rock band...
[5] The band was active from..:

[6] Frontman Andrew Wood’s personality and
compositions helped to catapult the group to...

[7] Wood died only days before the scheduled release
of the band’s debut album, “Apple”, thus ending the...

Derivation
(explanation)
[Malfunkshun]

is former of
[Mother Love Bone]

[Andrew Wood]
is a member of
[Mother Love Bone]

[Andrew Wood]
died just before the
release of [Apple]

e Set of entity relations
e Entities & relations are
written in free-form NL

Answer
Malfunkshun
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Context: The princess climbed out
the window of the high tower and
climbed down the south wall when
her mother was sleeping. She
wandered out a good ways. Finally
she went into the forest where
there are no electric poles but
where there are some caves.

Question: Where did the princess
wander to after escaping?

Answer: A) Mountain * B) Forest
C) Cave D) Castle

(MCTest, mc160.dev.29)

EALZAIIWVAN—2RET DD

@ BREETRAAD

5 Johnny is testing water from a nearby
creek to see how building a new golf
course upstream is changing the
water supply. Water is collected from
the creek and placed in glass

Poor quality. Has bad science

d 5
gtc& vl\Jl%eusId be collected in

sealable jars or bottles. Fourth
grade students would not be
using glass beakers for an outdoor
Investigation.

beakers. He then uses a hand lens to
see what small animals live in the
water. Afterwards, the water is tested
for chemicals. Which safety procedure
should be followed during the
investigation?
A Clean up broken glass before
telling the teacher.

B Mix tap water into the creek water
so the sample is cleaner.

A \Waar candale cn chane 4o pak Aak
15

Eﬁ "A<<— o
A EAIE el #
E 0 kA 1f | v | I~ (-
lf*:* i Lt |41 % f 3
2 [vl3] | %)) o #
g8 [fS el 3
%; 10 £ | ég 7N 1‘21 &
. il jp‘,“ﬁ(v (L
P A P e 5 B
sd || 79 ol Bl &) 4 ¢
@ 9] & %% 4 Z
m o] ||R L&) 5 &
o IS N HREER
gg 1 ki nt{'@'; n|l & 7
o (RA | 7l ~ |l 3.
Fal 2] $) <] @

By the fourth grade, students
know that there will be
microscopic organisms in the
water. Possibly some macroscopic
organisms that could be viewed
with a hand lens, but if one is
adding rigor, they would not be
called small animals.

The question indicates that
safety procedure will be
listed and the student is to
pick the best one for this
investigation. A, B, and C are
not safety procedures.

D. This is a safety procedure.
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e (Reisert+ AIED 2019; Naito+ 2020)
TAN—MIB T D RBDREBBZEERNBLANILTHETL, Ta—F/\WIEERK

Speech of prime minister Argumentation graph Feedback
BRoupRYI GP GP
Today's topic is "Homework should be abolished". P support 6P L Suggestion: B
We believe if homework were to be abolished, we Attat ;I'fgis abfility is uselful f%r you in rt]he i FALIFIAZ PODHERICE
: uture, for example when you have to AMC oA N s
could have more free time. As a result, we could do study for universpally admigsion ;573 ;ff; d\(Di( 57&%‘&5{
: T I& 5cknT o,
more of what we really wanted like club activities, - - =
. . . . Si rt
hobbies, or playing with friends. In my case, | go to oree o S S
tennis club after class and then | go to cram school. having a different viewpoint it is a s : . _
- ; TR (B
After this full day, | start my homework at nearly (r;"?:r?;geetrcr)]:r?tqwre the way of time Support ;mé;;ﬁ%z;fzﬂjgfat
L . o
10:00 pm. | have a lot of homework, so | go to bed e > ST Support Lol 25
late at night and | don't have the opportunity to Sypport
sleep for a long period of time. It is not healthy. Good Paitis
Therefore, homework should be abolished. Support Attack BRATRSN TS & Find L
Arack, M ek iy BBV ETHRBRVERRTER
Support BPu N \ =
Counter argument P i e gt . DO ENDZTY
Support / BP.
. 550 . 5 7 AnaCkAﬂaCK o Support
I think club activities, hobbies, and playing with ap GP undbiztsiack
friends are necessary, but | also think that being we have to consider our ways to — g = =1
— s = XY
able to plan ahead and be able to do homework is spend tmlipror:ore ellective’y k pper TAN ( !;%ggg)*ﬁ h’\
also a necessary ability. Rather than waiting for you 4
i : Smoking should be banned! Tt bad
-— Z . B
ability to manage time later in life by creating it Sl j
i ; Whil int is logically valid, it
yourself. So | think homework which | can manage - - 7 doesiﬁ(t)}l:s??f;nb;n‘i,g;ﬂ‘:egug:tanc;. N )
) Time for homework is important as & Can you provide a more relevant reason? A
and do should not be abolished. well as for club and cram school
Oh..I know that many people die of —_——
S second-hand smoke each day!
BP S ppoHppOn
Indeed, people dying from second-hand
GP smoke is much more convincing than
causing bad breath. Where did you learn
Submit about this information?
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vvvvvvvvvv (Reisert+ AIED 2019; Naito+ 2020)

Constructive Feedback Demo

Topic i Suggestion: Change ‘oppose’ to ‘can
School Uniforms: Good or Bad? oppose

Suggestion: Add the phrase 'Based on
my personal experience' to your ~
argument.

| think uniforms are good. Uniforms
can remove the wall of status. They|

Your argument: They also look very
nice and respectful.

If you are making an argument based
on your own experience, consider
explicating this.
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