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e =E8ULIE

1. HENE - REMTE - EAHEFE [LREC10, ACL11, IS11]

¢ 18/ %z8 & /Bhzel JBIK/ %R SF/%EE

(C/BhzEa 17 < /EhET]

2. FAEEZRH (EARIREE) [PACLING15, ACL16]

¢ '?EZ/%E—.I t/ﬂ’]u—.l /ﬁ7j</'l'glu—_| %/%D—J

(Z/Bhza) 17 < /Eh3E

3. {&D S FRAT [IJCNLP11, NLP12, LREC14, IWPT15]

¢ 18/ %z8 & /BhEE) JBIK/ %R F/%EE
~_

(Z/Bhze) 17 < /E)5H
/

18/ %58 & /BhERl JE7K/4ER 55/ 4aEE

(C/Bnze] 17 </Eh5A)

=\SD - A\ | =FHUEKF
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ZRRIAETF A MMIEWLFE

ZENINEEEIRE
— BN T — 3> h bDEFEHE

) E-1-Z| & (C-A-U-A|&?H? LR AT D2 L?3&K?T

— EHFEEDE| - MEETE - StHEE
- KyTea [LREC10, ACL11, IS11]

IRDIENNINDERTRZNER [LRE16]

8 (EBFRIE2EE)

- PWNER [PACLING15, ACL16] — N3ER

I

!l

e ==:=4h
==

-

2
1L

=111}

=1
a

j=11]|

|
-
L
(= 1]

— RO (THEEM
+ EDA [IJCNLP11, NLP12, LREC14, IWPT15]
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TS D (Fidr [REY, IEARERET, ...)

(INPUT: B T D

OLUTPUT:
BE JHI\A THI\A BHE K&
i M (& Bhzal-REhza
W <0 # /7] H5a-EnE A 5 -— %
T o =4 BhEhzal  BhEhzEl-4 = FA-—fE
s VI )L ad Sfza-FEEAI o BE hE- ZiT
o ﬁﬂj]na"? {:U'J—__'
B%nt\w LODEFTIVICE D S HENR U R RERZT

RiE B, IR fa5E, #5745 K, NLP2015

KyTea [Neubig+ ACL11][InterSpeech11]

#BIE—
%

N
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&5 RIR 55

- BB ZKIR: BRI & EDiEEE

48 A%, M4, iR, ©%8 B, IR, 218, ATY
. EHR(CHET DOEEES (HEOEZRORMEE)
- IEREBRIR: $9200%E

1’ /5E Other
& /BhEeE Other
=VNVEZE Loc-Begin
/%450 Loc-Intermediate
(C/Bhzd Other
17< /N5 Other

¢ ‘;_* (in%%’f&ﬁ

e PWNER [Sasada+ PACLING15] = N3ER



1% D 2 (TR

. BASEHEAY
%D SEDHETE
2. RO ITOIERIDHEE

ID head word/POS

01 02 %I /noun 3

02 03 D/part. 7

03 04 afeim/moun. —
04 19 [ /part.
05 15 ---------- [ /symbol
06 08 {*~F/noun

07 08 ~_/noun

08 09 d/suff. =i
09 10 iim/moun

10 13 -----cscecescicccccinanans (% /part.
11 12 & AH L /adj). 3
12 13 < /infl.

13 14 74 /adj. 3

14 15 /infl,
15 16 & &is s S A 8k e 82 58 5 5 200 200 55 S B o a5 Be B | /symbol =

16 17 & /part. 7

17 18 v y/verb 3

* EDA [Flannery+ IJCNLP11] [Flannery+ IWPT15]
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AR ETE

e THYINZGIEFE

« [NL125][B:#%99] (E58mIERMB FHliERIE
— Google, Microsoft, Apple EEHMED> TLVD

. [Coling-ACL06] Drinking my own champagne r ‘

[

— ARUETF X SOEBSTFFI DI N
File Edit Options Buffers Tools Help .~ ‘

#8578 D, 6
R 1 O =S — B (OB Ly T

-8k - %% #gcratche A11 L2 (Lisp Interaction) I
TWA:000268 L —AREL T, ORIV FOBIRAERARYITL T
HMﬂmmzﬁpplﬁfy,l—ﬁuyhﬁﬁ,— fts, B FRED
L0015 Sy ﬁgﬁgﬁgﬁ%bﬁzﬁ%%%
- BT B 3 a2y O s
C WMAZO01202 2 f?}r' }%HE— Jo PR TH Y. £ T—RoEs
~E:#%  slorice 811 16 (Fundamental)
—oar (Bl 5 8o B0k dr Al £t B g HLhE

« [Takahashi+ EMNLP15]
- 1—Y—-ZBOI M5O SEBIAHDIES
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(FAEED . A
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BFOEDIIIH

N
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’I‘V*/ \ﬁggﬁj —) f7\ [Mori+ LREC16]

$ B 7 6 5 4 3 2 1

SRR E;E,L;E R -

—_ Riffe 1 1=

—+ 57 ~ TR | [ =

‘A—_ Jor—=>3z T ] [ e |
E T BE F/Tu O 8A/Hu I3 2 RE/St I X /Ac 1t

: FE| BEEE B

. WIEES)E
——RA =] _ R EE

./

N

- FIEE (MEEER) |,

= T E -

o 21 E ] [ B [ |- ‘
= W B[ [ =¥ - EF/Mn % #iF/Ac 3 HE/Hu

R ||| [

) BIO2 90‘\'{2:% «1 5 £ ﬁt' - m 4:

® http://res.Ista.media.kyoto-u.ac.jp/data/game/
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Recipe Flow Graph [LREC14]
T—com

#3/T T //F & /3 Ac TB .
(Dutch oven) (oil) (heat)

1.

Tar
(celery) (green onions) i

other-mod

(broth) (water))(macarom) (pepper) / (add)
F- e&/ V- Targ
IINASIF ____________________________________ [13/Af B FT Ac B »
(pasta) (tender) (is) (simmer)
Targ Targ Dest
3. /El/Ac A TE JZ—20/F BB [ES/AC T o
(snipped) (sage) (sprinkle)

° ERI%%EEEEEWJ %*E C‘:_ 3_5 DAG (Directed Acyclic Graph)

24



T—com

#3/T T //F & /3 Ac TB .
(Dutch oven) (oil)

1.

Tar

AHR 1

(heat)

/EOUF & /5 REF &

(celery)

(green onions)

& DULIEDL

BB DILIED AT

25



EHR 2

(pepper) (add)

V- Targ
WE A5y A m D o

(pasta) (tender) (is) ~(simmer)

» A—YMADRIRE(C L DB (LA - Toli)

6



EHR 3

bt | Targ / L/CSL
3. @%—2\ L:K—*;ZLFE\A JERIAe T o

(snipped) (sage) (sprinkle)

+ BZETIE (BEEZED) (CKRDEMFIER

27



r-NE Vertex Labels
-m_

Food Eatables including intermediate products,
T Tool Knife, container, etc.
D  Duration Duration for cooking

Q  Quantity Quantity of food

Ac Action by Verbs representing chef’s actions (stem
chef only)

Af  Action by Verbs representing food's actions (stem
food only)

Sf  Food state Food'’s initial or intermediate states

St Tool state Tool's initial or intermediate states



Agent
Targ

Dest
T-comp
F-comp
F-eq
F-part-of
F-set
T-eq
T-part-of
A-eq
V-tm

other-mod

Arc Labels
label |Meaning  |Remark

Action agent
Action target
Action destination
Tool complement
Food complement
Food equality
Food part-of
Food set

Tool equality

Tool parf-of
Action equality
Head verb for timing, etc.

Other relationships

Relationship with actions (Ac or Af)

Tool used in an action
Food used as a tool
|dentical food

Refer to a part of a food
Refer to a set of foods
|dentical tool

Refer to a part of a tool
|ldentical action (Ac, Af)

29



r-FG COrpus (treci4] yamakata+ LREC20]

 Open Resource
— Solution = Source (Program)
+ Resource (Data)
« r-FG Corpus (recipe Flow Graph)
- BHAGE: 266L-2E
— EE: 300L3 K n



?”‘EEO) ri@ﬁﬁj [Maeta+ IWPT15]

1. BFATHZHT D,

(In a Dutch oven, heat oil.)

OV EBRES EZOZIOZMA.

(Add celery, green onions, and garlic.)

12EFERDDS.

(Cook for about 1 minute.)

2. 74432 4KEIDOZENZMAT,

INRAIMESHIRBIFETERD,

(Add broth, water, macaroni, and pep

and simmer until the pasta is tender.)
3. WA E—S"FERT

(Sprinkle the snipped sage.)

1. EHEEDE] (WS)
2. 82k (NER)
3. 70—V S5 JHFE

1.

2.

3. /%

T-com Targ

[MF /T T /ih/F & /5%
(Dutch oven) (oil) (h ‘
Tar Tar

YacdmiVYiz
(celery)

Tar

(green onions)
other-mod

(garlic)

Targ

[TAIAF & [KIF & [XAO
(pepper)

(broth) (water) _/(macaroni)
F-e ent
M/LK
JINADIF B [ZBPVYST £ /I/Af B FT c79

(pasta) (tender) (is)

W
/u Ei—r &/
(sage) (spr

LA

A g‘
19 o
e)

—J/F & /iB8/F & / h Zf/f"/f“,\;i;'

Ta rg

& [BREMF & IZ=DIF % rzf’l:‘;‘/J/,-'\VHi%? [Ac

31




FIaZE

1. MFRATHZERT S,

(In a Dutch oven, heat oil.)

TOVEBRELZDZIOZMA, 12 EERDHD,

(Add celery, green onions, and garlic. Cook for about 1 minute.)

2. JA3>&KEIHOZEHEMAT,

(Add broth, water, macaroni, and pepper,

INRAIPESH KRB ETED,

and simmer until the pasta is tender.)

3. WATCE—>ZFEAT,
(Sprinkle the snipped sage.)



Step 1. % ﬁil (WS)

Result:

1.

Mm¥FE i Tl Z2 2 93 o

(In a Dutch oven, heat oil.)

tOV &EdRF &>V 2NmMx .« 19 FEBLD D,

(Add celery, green onions, and garlic. Cook for about 1 minute.)

JA43> & K & IHO= & &l & MIX T .

(Add broth, water, macaroni, and pepper,

INRG B ESIr K XD ETHRD

and simmer until the pasta is tender.)

A AoEEtEe—>2FENT
(Sprinkle the snipped sage.)



Step 1. % ﬁil (WS)

BN FEDHEFRFOBRD2BI5A
- B/\DORIEICFHE (R ERE)

KyTea [Neubig+ ACL11] http://www.phontron.com/kytea

— —fix31—/CX (BCCWJ]/UniDic) TH*&
— #995%
E&iFIENN
- L ERBECERUTEIDN I ) F7—>3 >
) E-RR-F| & |(C-A-U-A|Z2H? CRAR?DRA(C?L2EX?T
— £999%

E”'.l

34



Step 2. ﬁﬂE?:.iEf\uﬂﬁ (N ER)

Result:

1. /3 #/T T /il/F & /Z/Ac FB o
(Dutch oven) (oil) (heat)

/eOuU/F & /B REF & /Z2ZD/F & /MA/Ac .
(celery) (green onions) (garlic) (add)

/f’}‘&)/Ac 5 o
(cook)

2. /TA3A>/F & /K/F & /IPBOZ/F & /EBHY/F & /BIX/Ac T .
(broth) (water) (macaroni) (pepper) (add)

[INAS/F Bt /ZEZEhY/SF < /I/Af D £ T /A/Ac B o

(pasta) (tender) (is) (simmer)

3. /Z/Ac A T2 /E—2/F &' JES/AC T
(snipped) (sage) (sprinkle)
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Step 2. }:F.Il:u:l u:uunjz (NER)
SRR & B UsREE

— PWNER [Sasada+ PACILNG15] http://www.lsta.media.kyoto-

=]

AI

u.ac.jp/resource/tool/PWNER/
B DRE (BBFRIR) DER
1—) CRIERK
- 2007J0—%57 + 200 NE 5L €
$190% (F1)
- SERTEE (B E DT, BMOBEDIEETE, etc.)

A




Step 3. j I:I _0\\5 jj::l:fE [Maeta+ IWPT15]

Parsing of a document, not a sentence

Result: T‘Cofﬁf/%

1 ! D -C LﬂL. E L?;:Lw 3-5 o
(Dutch oven) (oil) (heat)

Tar

(green  onions)
other-mod

(snlpped) (sprmkle)



.

step 3. J [1—72 5 THETE (macta+ weris]

« MST Parsing [McDonald & Nivre CL11] +0

1. Arc score OETE (Logistic regression)

2. BRAREIEAK (MST; Maximum Spanning Tree) 1#3
« 1st order

3. =DENM
« DAG %1

* LR score s penalty(n)

» Arc I T #72%




BEMTABE

Task |  mput | F
EHFEDE] (WS) Raw Recipe Texts 98.6
J5&a0a8 (NER) Gold WS results 90.7
JO—2 S JH#ETE (FGE) Gold WS/NER results 72.1
WS + NER + FGE Raw Recipe Texts 51.6

« VisionEk, Searchk, et al.

- EREZEIRTEX! FEEEDA!
Ny TSEICBEOIEENE > THESKR

Cf. BE2H = S2ET)L + SEBETI/L (BERE v.s. E58E)

39



BEMTABE

Task |  mput | F
EHFEDE (WS) Raw Recipe Texts 98.6
15850:% (NER) Gold WS results 90.7
1. BB « RERIREDICF
- TOERE gh
D. FAzE:=Dy . 158 L EUROXT G

- L>E4ERK

- —HEDOEBRIRZ G EFERE

- FEUSXAX(F T, Ac) (E#I95%
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BEMTABE

Task | _Input | F
JO—72 = J#ETE (FGE) Gold WS/NER results 72.1
WS + NER + FGE Raw Recipe Texts 51.6

3. JO—TJ S JHE
- EANEEFEVEUEE > R
BHYEDEEAT TR (fl: BIES U w T & DRIS)
- FT—HEN - FBEDUE

41



RyaE

Procedural text

1. BFRATHEHT S,
OV EBRISE=>=U%&EMK.
1DEFEERDHS,

NRAIWESHILKBRBIETRD,
B.AAIEE—S7FERT

2. T3> EKEIDOZERNZMAT,

Flow graph  [Mori+ LREC14]

T-com Targ

1. /MF $#/T T /[iB/F & /Z/Ac TB o
(Dutch oven) (oil) (heat)
Tar Tar Tar
(OVUF & [BREF & [Z2=DF

(celery) (green onions) (garlic)
other-mod Dest

/'}I/&D/QC - I Targ

Dest

 /NA/Ac
(add)

Targ
2. [TAT2F & [KIF & [AOZ/F & [EEYF & MIZ/Ac T .
(broth) (water) (macaroni) (pepper) (add)
F-e ent V- est
[INAEZE B [ZZENYSE K [1E/Af B FT /7/Ac D o
(pasta) (tender) (is) (simmer)
Targ Targ est
3. JAl/Ac b B [Z—2/F B /FS/AcT o
(snipped) (sage) (sprinkle)

~

/Cooking robot

meart kitchen
[Hashimoto+, IPMUO0S]

mtelligent search

[Yamakata+, Socinfo13]

Cut garlic
Then add it

[ Targ

[




CAaIT

/A

— AFEBELUNDOAF

BB NS 0D

SIEE-

=08 O 2

— InfE (DU NEENE)

=lEE= DiEE1 L
— FIRZBEERK
EH(CEITT

Sl ackrd
— I EERADE
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FEEEBIEN S DFITELER

Cut carrot

cut them into

- SR (IRZEFEM) D =575 (
o« BIF(CHIZDIGFE
— VRIS EE T — D D
- BRI AT (R — hFYF)
- — R bEERLUDDFE - LI ETHZE "




KUSK Dataset [Hashimoto+ CEA15]

» 20 recipes

* 40 cookging
videos

Recipe says; cut chicken into bite-size pieces

Then human will do ...

Camera A & Kinect

N —Pow. Cons. of Stove |

Camera C

- 0
~

401
426 &

— W
o~

101
126
151
176
201
226
251
276
301
326
351
®'376

¢ Electric Consumption Sensors

—Work-Area ==Cooking Stove

kg 8

6 ] %
4 b . .3

2

0

Camera D

"SBR8NBARRLEESBRLOERE
Load Sensing Tables AANNNMMIIODDODNOONNRND
Sec.

:E

— =—Supply ——Discharge

A

WaterFlowsensors ONOoO WLV LA LONNMNMNNMNMNMNMNMMW®MOENMOD
ﬂﬂﬂﬂﬁﬂﬂNNNNNNmmmmmmsec'
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%42|Ku.b\.§a i+ %En tT) L [Ushiku+ IJCNLP17]

Time > r-NE Prob.
Cooking video | s aTim 06
(Frame sequence)| L (knife)
. ; ; FEART 03
Object recognition by Faster R-CNN (A) (cutting board)
+ r-NE recognition(B)
r-NE Prob.
| «
Recognition result ? I BI/F 0.6
! (meat)
‘. Generating r-NE sequence (C) ‘
| p— ET/T(0.6) BIF(0.4)

r-NE sequence ! 5 i ! <= (knife) (meat)

é - — N EHHT(0.6) B/F0.4)
‘ Generating recipe sentence candidate(D) (cutting board)  (meat)

‘ Searchlng the recipe sentence sequence (E) —

i ——— i e 1]
1 | i |

Recipe sentence | i
candidate ;

I
|
1
1
1
|

i
1 [ 1L
i 1 T
- ][
I

Recipe i ;r

1
|
|
1



vSIMMR [Nishimura+ LREC20]

» BENHDTENEEL
- BEEEEDHS L EO—-/(X

— SIMMR [Jermsurawong & Habash EMNLP15] D¥L5E

o wen Lt

Cookpad 555 AN, 1,715,595
Image Dataset

L=t 2N :210) 266
JO—20357

vSIMMR F5E3 oD 2103



T e i g i y e e : ;
'+ Materials | ' Materﬁ!'::n step ' ' Merging tree . ' Procedural Text
L] ] n ¥ ]
. @ Tomatoes  * ' p ' ' : :- '
| @Pumpin e e | e ou® e (o : -
&Ketchup ' p @ @ ' p B .‘{‘ o @ ! + Cut the tomatoes. :
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Merging tree generated by full model
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1. /Transfer/Ac /1 - 10 ml/Q of
/culture/F overnight to /Eppen/T .
2. /Centrifuge/Ac for /5 minutes/D .
3. Thoroughly /resuspend/Ac
/pellet/T with /250 ul/Q of /Cell
Resuspension Solution/F .

4. /Add/Ac /250 ul/Q of /Cell Lysis
Solution/F to each /sample/F .
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