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Overview

Procedural text Flow graph  [Mori+, LREC14]
1. MFATHERT 3. W= riE Ty oy
tOVEBREI L= ZVEMK. Today's n N

! & & 2o ®
Talk Facdw LV}, i85 Ry == F

12FERDHD,
2.0A43>&KEINDOZEEARZMRT,
NRAIWESHILREBIETRD,
3. WATEE—S2FEAT .

/Cooking robot /Smart kitchen @telligent search )
13] [Hashimoto+, IPMUO0S8] [Yamakata+, SocInfol3]

R\ | [Bollini+, ISER

Cut garlic
Then add it

12
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FLOW GRAPHS
FOR PROCEDURAL TEXT



Flow Graph

Direct acyclic graph (DAG) representing work flow

T-com Targ
1. /M /T T /ih/F ® /B8/Ac T o
(Dutch oven) (oil) (heat) Dest
MM
MOUE & IERENF & [ DIF .
(celery) {green onions) (garlic) -/ (add)
other-mod Dest

r o o & F \\_
i B UFARIR @
B RPN il s

Tar Tar

2. [TAAUIE & [KIF & 4
(broth) (water)J(macarom) (pepper) (add)

ﬁ @ FT

(p?sta) (tender) (is) /(mmmer)
arg Targ
3, K s ¥,

(snipped) (sage) (sprinkle) 15

Ta rg ar

T .




Vertices

Concepts = Important terms (word sequence)

T-com Targ
1. /M /T T /ih/F ® /B8/Ac T o
(Dutch oven) (oil) (heat) Dest
MM
MOUE & IERENF & [ DIF .
(celery) {green onions) (garlic) -/ (add)
other-mod Kf Dest

r | 7"‘ |" LA ey
115 EED

falaesitd 1 etk eSt
L EYRO0A & Gl Y coo
Tar

Tar Targ ar
2MCMC£ E’Ezmﬂut\

(broth) (water) J(macarom) (pepper) (add)

ﬁ @ FT

(p?sta) (tender) (is) (5|mmer)
3, K s ¥,

(snipped) (sage) (sprinkle)




Vertex Labels

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



ArcCs

Relationships between two important terms

Dutch oven) (oil) (heat) Dest

T-com Targ
1. (Lﬁiﬂﬂ T /i/F ® /B8/Ac [TD o

Tar

ar dar
BOVUE & B RENF & [Z222P1F 4 A
(celery) {green onions) (garlic) -/ (add)

other-mod “/* Dest

F o AN i LS55 e
fabeiid 1 mwaimitad
Ll RVl & il NS

Tar Tar

2. [TAAUIE & [KIF & 4
(broth) (water)J(macarom) (pepper) (add)

ﬁ @ FT

(p?sta) (tender) (is) (5|mmer)
3, K s ¥,

(snipped) (sage) (sprinkle)

Ta rg ar

T .
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ArcCs

Relationships between two important terms

1. /M /T T OH/E| &' /B8/Ac T o
(Dutch oven) (oil) (heat) Dest

MM
MOV & A REL & ST DIF .

(celery) {green onions) (garlic) 4_(/(add)

other-mod /"7 Dest

F 9 2% i# L2 e
(about 1 minute) (coo
Tar

Tar Targ ar
2MCMC£ E’Ezmﬂut\

(broth) (water) J(macarom) (pepper) (add)

ﬁ @ FT

(p?sta) (tender) (is) (5|mmer)
3, K s ¥,

(snipped) (sage) (sprinkle)




ArcCs

Relationships between two important terms

T-com Targ
1. /M /T T /ih/F ® /B8/Ac T o
(Dutch oven) (oil) (heat) Dest
MM
MOUE & IERENF & [ DIF .
(celery) {green onions) (garlic) -/ (add)
other-mod Kf Dest

r | 7"‘ |" LA ey
115 EED

falaesitd 1 etk eSt
L EYRO0A & Gl Y coo
Tar

Tar Targ ar
2LHMCMCE Eétﬂmr\
(broth) (water) _/(macaroni) (pepper) (add)

ent arg
/;m/
b‘ ® FT
(pasta) (tender) (is) (5|mmer)
3.
(s

h FE =00 L
nipped) (sage) (sprinkle)

20



Arc Labels
label  |Meaning  |Remark

Agent Action agent Relationship with actions (Ac or Af)
Targ Action target

Dest Action destination

T-comp Tool complement Tool used in an action
F-comp Food complement Food used as a tool
F-eq Food equality Identical food

F-part-of  Food part-of Refer to a part of a food
F-set Food set Refer to a set of foods
T-eq Tool equality Identical tool

T-part-of  Tool parf-of Refer to a part of a tool
A-eq Action equality Identical action (Ac, Af)
V-tm Head verb for timing, etc.

other-mod Other relationships
21



PROCEDURAL TEXT
UNDERSTANDING



Procedural Text Understanding

1. mFATHZRT D,

(In a Dutch oven, heat oil.)

OV EBRES LD ZIOZMA.

(Add celery, green onions, and garlic.)

12 EFERDHS,

(Cook for about 1 minute.)

2. 03> &KkERIAO-EHRIRZEMZ T,

INRAIDEENRBIEXTHRD.

(Add broth, water, macaroni, and pep
and simmer until the pasta is tender.)

B.AATZE—S2FERNT .
(Sprinkle the snipped sage.)

1. Word segmentation
2. Concept identification
3. Flow graph estimation

T-com Ta

1. /ME /T T AlvrE € M 76 .
(Dutchoven) (oll)

. 2] m A T
(broth) (macarum (pnpper) &add}
E{ﬁMﬁ%ﬁqimﬁm
& T

JE & M BEE & ® i .
(celery) (green onions) (gariic) ____/(add)
other-mod /"“ Dest

/Qgﬂmmw}

23



Procedural Text

1. MFRTHZRAT D,

(In a Dutch oven, heat oil.)

OV EBRE LT ZOZMR. 12EFERHS.

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

2. JA43>&KEIHOZLEBRZMAT,

(Add broth, water, macaroni, and pepper,

INAIHESHKBRBIEXTHERD,

and simmer until the pasta is tender.)

3. AAICE—S7FERT,
(Sprinkle the snipped sage.)



step 1. WOrd Segmentation

Result:

1. MF M THZ 229D,

(In a Dutch oven, heat oil.)

tOVv & ®FHRE L0 2Mx . 152 FE B B .

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

2. JA3> & K & IHOZ & AR 272 MR T .

V7, R PR T P N [
\Adq DrOIn Water macaroni, ana peppeEr,

IR WMEENLK XD ETEHRD

and simmer until the pasta is tender.)

B. AT EB—>"FESNT
(Sprinkle the snipped sage.)



step 1. WOrd Segmentation

e Pointwise solution [Neubig+, ACL11]

— Binary classification problem at each point
— Trainable from partially segmented sentences
— KyTea: http://www.phontron.com/kytea/

Eﬁﬁ?i 6’1\\\3_50
7 7 7 2 72 72

N Y Y Y'Y YYNY
...ﬁl%?) ?5?\\3_50

JdU

O]

F
-




step 1. WOrd Segmentation

« FPI—)\REEBRDTF MIHLY
— 95%
- Z< DSBS ADAFT TIEZD
o WHRDEFOFEI—/)\ X ZEN
— 99%
— How much?




Twitter DS

95.50
95.00

94.50

F-mesure

94.00
93.50

93.00
0 500 1000 1500 2000 2500 3000

#sentences

o NXN— AT NIHE DL
e Yoo (XD Twitter DFZRERBEATIIEH L L)Y
e FE—)(RENTEBREIC_END



step 2. CONcept Identification

Result:

1. /@3 #/T T /il/F & /ZY/Ac B o
(Dutch oven) (oil) (heat)

/0VU/F & /8B RE/F & /=>=0U/F %& /HX/Ac

(celery) (green onions) (garlic) (add)

/@U)/Ac 5 o
(cook)

gc. /[TAI/F & [/IK/F & /IAOZ/F & /ERH/F & /IR /Ac
(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 N T2 /E—=/F &' JES/AC T
(snipped) (sage) (sprinkle)

A S

29



ep 2 Cnnrnn

U1 T\

t iden

11U

tification

« Same as NER [Mori+, CwC12]

1. BIO2 tagging for each word with a score
2. Search for the best sequence
— PWNER: http://plata.ar.media.kyoto-u.ac.jp/tool/

m--lﬂ

T-1 0.1 0.8 O O
F-B 0 0O 0 038 0

-
o O O
o O
o O O

Other O O 1 0 1 0 O O

30



step 2. CONcept Identification

- EBRIRZHRDIZS
- N, 1%, 8, €58, B¢, EfE, 2lE, ALY
—- 10,000 DEZFT—5
- 90%
. LIRS
- DEFEDER
—- 3,000XDEZEFT—4
- 90%
— How much?
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step 3. FlOW Graph Estimation

Parsing of a document, not a sentence
Targ

Result: T-com

1. /ME /T T /ih/F & /88/Ac TS o
(Dutch oven) (oil) (heat)

Targ — Targ_— m
LOUE & B REE & [ DIF x A .
(celery) (green onions) (garlic) -/ (add)

other-mod ‘(’- Dest

est

719 69\> '*

u 8 Y
':"“.1 AL 1 miputa
LW e A Nl s

2. [TAAUIF & [KIE & - .
(broth) (water) _/(macaroni) (pepper) (add)

F- e ent arg
other m /"mm
@ &FT

(pasta) (tender) (is) (5|mmer)
Targ Targ /
. (TR o 1E [l .

(snipped) (sage) (sprinkle)




step 3. FlOW Graph Estimation

1. Maximum Spanning Tree search

— Logistic regression (LR) scores

— 1st order

2. Arc addition

— DAG constrains

— LR score s penalty(n)



step 3-1. 1ree Estimation

MST using scores by Logistic Regression

/XAHOZ/F & /ER/F & /BIR/Ac

N

<> LR score + MST

Tar

ar
2 /]A0OZ/F & /&8A#/F & /DX /Ac T .
Agent

mr mQ V-tm ‘/Targ
?\/AC D o

JINAZIF B /ZBHY/SF < /7a/Af D2 ET

35




Step 3-2. Arc Addition

Arc addition under some constraints
Tar

ar
2 /NAHOZ/F & /8B/F & /BIX/Ac

< . Agent
m V-tm Targ
— ﬂ

JINAFE DS /ZZBEHY/ST £ /IX/Af D LT /=/Ac D o

‘ LR score > f/}.e'ln Penalty for n-th arc addition }

Tar

ar
2 /RAHOZ/F & /ERHI/F & /DR /Ac
Agent

T F-eq /
ther- V-tm Tar
g , ;

JINAFE DS JZZBEDY/ST £ [/IR/Af D T /Z/Ac D o

36




Features of a Labeled Arc

u
.. C =z 9D .
(... heat olil.) Dest
& =Y \ 3 .

(Add ... and garlic. Cook for about 1 minute.)

Combination of the followings:

3 surrounding words of u or v

- function words between u and v

- arc label

- word sequence, pronunciation, and concept tag of u or v
- whether u and v in the same sentence or not

- whether u and v in the same step or not

- whether an Ac exists between u and v or not



Nailve MST Parser Application

- Only concepts are considered.

1. /mF /T  /iB/F  /E/Ac
(Dutch oven) (oil) (heat)

/aou/F /B RE/F /== /F /BX/Ac

(celery) (green onions) (garlic) (add)

/1 &b/Ac
(cook)

2. /A3 - K /BOZ/F - [ERRYF - /DA /Ac
(broth) (water) (macaroni) (pepper) (add)

JINRBE - |ZZEHY/SE - JIR/Af /3 /Ac
(pasta) (tender) (is) (simmer)
3. /Zl/Ac /C—=/F JE5/Ac

(snipped) (sage) (sprinkle) 38



Procedural Text Understanding

- Words not covered by concepts are clues.

1. /M /T T /i/F & /ZY/Ac 9B o
(Dutch oven) (oil) (heat)

/0VU/F & /B RE/F & /Z=>=D/F & /MA/Ac .

(celery) (green onions) (garlic) (add)

/@&J/Ac 5 o
(cook)

gc. /TAA>/F & /K/F & /IBOZ/F & /EBY/F & /BIX/Ac
) (broth) (water) (macaroni) (pepper) (add)

JINABE D /ZBEDY/SF  [/IX/Af D £T /ZH/Ac D o

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

3. /A/Ac b E /1E—2/F & /FESN/Ac T o
(snipped) (sage) (sprinkle) 39



EVALUATION



Experimental Settings

« Criterion: F-measure
— Harmonic mean of precision and recall
— Unit: labeled arcs
« Recipe flow graph corpus (r-FG corpus)
— Randomly downloaded from CookPad
— Manually annotated with flow graphs
— Available at http://plata.ar.media.kyoto-u.ac.jp/data/recipe/

mm

1,303 7,268 25,446

— 10-fold cross validation

41



Flow Graph Estimation

« Baseline: naive application of an MST parser
— Input: a concept sequence (cf. word sequences)
— MST + arc addition
— Ignore words not covered by the concepts

Baseline 5.1 6
Proposed 73.5 7

(@)
(@)

2
2

= Ul
= W

1.
9.

(@)

 Words other than concepts are important for
flow graph estimation.

42



Text Parsing on a Raw Text
Task | Input | F

Word segmentation (WS) Raw Recipe Texts 98.6
Concept Identification (CI) Gold WS results 90.7
Flow Graph Estimation (FGE) Gold WS/CI results 72.1
WS + CI + FGE Raw Recipe Texts 51.6
e WS

* Enough high and well solved
e (I

» Less accurate than WS
* Needs improvement or more resource
 FGE
* Least accurate, most difficult
* Needs more resource or more sophisticated techniques



CONCLUDING REMARKS



Conclusion

Procedural text

1. BFHTHZET B,
tOVEBREILZOZIZMA.
1DEELDHS.

2.0A43>&KEINDOZEEARZMRT,

NRAIWESHILREBIETRD,
3. WATEE—S2FEAT .

e Framework for

Today'’s
Talk

Flow graph  [Mori+, LREC14]
(Dutch oven}  (oil} (head

T
& SO ® MRiRc

m
{oslery) {green ontons) {garlic} {add}
/——-——-'/
I'”A:-‘ MDA -

procedural text understanding
1. Word segmentation (for Japanese or Chinese)

2. Concept identification

3. Flow graph construction (most difficult)
« Referring to words other than concepts as clues 45




Applications

Procedural text

1. BFHTHZET B,
tOvEdREE=>Z
12FERDHD,

NRAIWRESHRDFH
3. WATEE—S2FEAT .

2. 43> &KENYHOZ

[Mori+, LREC14]

Flow graph
 gEaa i
DZEMX. Today'’s L
Talk AeNUF & A hEr & 008 R
CHMZEMX T,
THD.

/ Cooking robot \
4\ | [Bollini+, ISER13]

www.denso.co.|p

/Smart kitchen
[Hashimoto+, IPMUO0S8]

@telligent search )
[Yamakata+, SocInfol3]

Cut garlic
Then add it

46




AT L
e |
FlowGraph2Text: Automatic

Sentence Skeleton Compilation
for Procedural Text Generation

Shinsuke Mori (Kyoto Univ.)
et al.




Overview

Procedural text
1. BFHTHERT D,

OV EBRE L ZIZMR.

12EFEELDHS.

Today'’s

2. 043> &KERDO-ESAHZENRX Talk

C.

NRAIWESHLREBIETRD,

3. WATEE—SFEAT

[Smart kitchen
[Hashimoto+, IPMUO0S8]

Cut garlic
Then add it

Flow graph

[Mori+, LREC14]

[Cooking vodeo

~N

@telligent search )
[Yamakata+, SocInfol3]

48
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- 2T — bZEBEEAERRK

P I . —

ERDL S EQOEBEEXZTIUL
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ME

1. E90 5 J%=t

[E= Zh, Oy >0 Mz

2. KEDHISTEE (Skeleton Pool)DIRZE

T z 95 . 5
3. BBz EaEX
MFERTCHZRID || EOYU, BRE. >0 Z XD

50



RIS T=ESHMBT DN ?

BISTARZRDTTEL ?

B TR DR ORER(?

EDREDY A XDHISXENBEN ?

ERSNIZXDEL?

51



1. 83530 S T DM TTE

FIEEMEESUEND S TR BHRIER

'IZI:I'J ==Y A 1 9 [FE i")&’)]

. A3 Kk whO= A oz
M /'.

fm e —
INRZ FEbh & =1

—

(
Ll

52



2. BISIRZRDTFSE

DSz UNEE
- _EE/a: BE)ER5 (FBE90%)
B TOAL CETAR

— Sentence Skeleton Pool —
723 T z 95

212: \ \ % 3
\_

4. B30 =I5 A5 mRER (-HEF)
5. wASEED Skeleton Ti#EIR (-EETT)L=E)

"\ HHIIH
% 1

. K
L
L

w =

53



RIS ITZESHETDIN?

BISTHRZRDTFEE

B SR DO ?

EDREDY A XDHIXENBEN ?

ERSNIZXDEL?

54



Skeleton Pool Size ZZ&{t =3/
fh R

402 E(#I3008F 0 A) DN S STAERK

skeleton’ UEB DA 52 27 17 9 4
215 skeleton %X 374 124.3 450.2 1598.1 5483.3
BLEU 11.19 11.25 12.86 13.12 13.76

 Skeleton IR UDBPD AN DD

. 13 skeleton #(F+53 W) skeleton iEiRZET X

« BLEU: 7t X MIX9 3D n EHESDYY FEIS
—-n=1, 2,3, 4 D%y




&7 T

Table 5: Result of text quality survey on 10 recipe texts.

Evaluator 1

Evaluator 2

Evaluator 3

Evaluator 4

BLEU Q1 L2 Q3 Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3
6.50 13 2 4 11 0 3 12 0 2 i 1 2
7.99 7 & 2 5) 2 2 7 1 1 4 2 2
10.09 18 3, 4 15 2 q b 4 1 11 4 2
11.60 24 1 4 13 2 4 18 2 4 13 1 2
13.35 6 1 4 6 0 4 T 1 5) 4 1 2
14.70 16 1 4 12 2 4 12 0 3 6 2 2
16.76 9 2 3 §) 1 3 i 1 3 5 3 2
19.65 8 2 5) 6 i 1 4 1 4 4 2 4
22.85 18 1 4 15 2 9 12 2 2 7 3 4,
31.35 5 1 5 5] 0 4 5! 1 3 5] 1 4
Ave. | 124 1.5 3.9 9.4 1.2 d.1 | HLd 1.3 2.8 6.6 2.0 2.4
PCC | —0.30| —0.46| +0.57| —0.24| —0.24| 4+0.36| —0.46| —0.04| 40.26| —0.29| —0.04| 4+0.70
PPC stands for Pearson correlation coeflicient.
o Ql: SCEERDDE, Q2: BN REAERERIZDEY,
Q3: ;LS EEDLEER (SERRE)
« 9INT BLEU &#HEN DD *%%*}&E’\]%WEWT» 56
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