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FLOW GRAPHS
FOR PROCEDURAL TEXT



Flow Graph

Direct acyclic graph (DAG) representing work flow
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Vertices

Concepts = Important terms (word sequence)
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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
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ArcCs

Relationships between two important terms
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ArcCs

Relationships between two important terms
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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
10



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
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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.)
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(Add celery, green onions, and garlic. Cook for about 1 minute.)
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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/
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step 2. CONcept Identification

Result:

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

/e0VU/F & /8 RE/F & /=>=D/F %& /MX/Ac .

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

/@U)/Ac 5 o
(cook)
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(broth) (water) (macaroni) (pepper) (add)
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(pasta) (tender) (is) (simmer)

3. /Zl/Ac A T2 /E—20/F B /ESV/AC T o
(snipped) (sage) (sprinkle)
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ep 2 Cnnrnn
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« 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
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o O O
o O
o O O

Other O O 1 0 1 0 O O
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step 3. FlOW Graph Estimation

Parsing of a document, not a sentence
Targ

Result: T-com
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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
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Step 3-2. Arc Addition

Arc addition under some constraints

Tar
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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. /DA = K S /IAOZ/F - [ERHYF - /BIR/Ac
(broth) (water) (macaroni) (pepper) (add)

[INARS [F /ZEBhVY/Sf /T8 /Af /R/Ac
(pasta) (tender) (is) (simmer)
3. /Zl/Ac /C—=/F JE3/Ac

(snipped) (sage) (sprinkle)
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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)

2. /TA3A>/F & K/ & /AHOZ/F & /EB#Y/F & /MR /Ac T .
(broth) (water) (macaroni) (pepper) (add)

[INAS/F Bt /ZZBEhY/Sf < /I/Af D £ T /A/Ac B -

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

3. /Al/Ac A T2 /1 E—2/F B /ES/A T
(snipped) (sage) (sprinkle)

24



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
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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.
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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
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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 30




Applications

Procedural text
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