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ABSTRACT

The rise of question answering (QA) research isnigailue to the demand of people that access tanvation
quickly and accurately. Instead of returning “hitsés information retrieval systems do, QA systeespand to
natural language questions with concise, precisgngan. In this work, we addressed on generatingxactanswer

in natural language for cooking QA system. We fiestiewed the previous work of question analyskenl we
presented the annotation scheme for knowledge datalinally, we proposed the answer planning nuidlomy
for answer generation. The method mainly includes steps: answer content planning and answer sarfac
realization. An evaluation has been conducted otunah language questions and the results showed the
proposed answer generation method is effectivecandsatisfy user's demand.
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INTRODUCTION

Nowadays the popularization of computer and Inteteehnology raised the urgent need for the natarajuage
processing (NLP), and some applications of NLP retdgies have already moved toward practical usenes
researches have been done for computer-aided apdkor example, a retrieval system for cooking pesiwas
developed in Ref.[1]. This system searches fopeshaccording to the search condition input byg)sgassifies the
materials of recipes into food groups, and givessiiggested food menu that balanced necessargarutontained
in different food groups. Ref.[2] described a uadaptive task model of cooking for a cooking natrarasystem.

Ref.[3] present a method that improves search peegoce in cooking domain by adding the domain -figec
keyword to the user’s input query. Although the Vgelarch engine can get useful information for yssassfying

much information searching requests, it is notceffit enough to provide the precise content reduirng people.

People always need to do information filtering warnlanually on the result of search engine. One ehgihg

problem is how to return the quick and precise @mswo the user. The automatic question answelBte$ is

developed for resolving the problem, it involves tiesearch areas including computational lingusiitformation

science and artificial intelligence, etc., and hasn one of the hot topics of the computer apjdinat For enriching
computer aided cooking service, we aim to estalaliskffective and robust question answering system.

General QA systems adhere to the pipeline architectvhich mainly includes three parts: questionlyamis
information retrieval, and answer extraction (AE)uch research has been done about answer extrdotidpA,
they returned answer list by various similarityotdditions, confidence score comparison and so owelder, how
to generate a well-formed answer to complex questis a difficult task,there’s still no consensustimod. Several
systems have specifically addressed the task eferrgeneration or real application of text generatiFor example,
generating the intelligent numerical answer in a &tem, generating intensional answers in intfligQA
systems, generating weather forecast text, andrggmg approximate geographic description [4-8]r QA system
is aiming at real application of the cooking domaMe can obtain rich structural cooking documerisfthe web
and build an offline knowledge sources. After aatiag the corpus with cooking attribute blocks, dmeswer
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information may extract directly from the knledge database. Then, an exact answer in naturglidge can b
generated.

OUR PREVIOUSWORK

To understand the answer generation method, whiltibevintroduced in this paper, we briefly reviewr previous
work. The service objects of our cooking Q/stem are the people who are interested in cookidgveant to cool
dishes by themselves. Our system will accept therablanguage inquires as input, and directlynedithe precis
answer to the user.

At the beginning of work, we categorized icooking domain questions into four types. The fiype asks for ra\
material, the corresponding answer should be thia mgredients or the condiments of a dish. Thesddype ask
for the cooking recipe, the answer of which shdaddabout how to ck a dish step by step. The third type asks
dish name, the answer includes the dish recommiendadccording to the raw material or cooking fofirhe fourth
type asks the cooking techniques, the answer sftyipie should be procedures of some basoking skills. On the
basis of our question taxonomy, we collected andngied the question instances of Chinese cuisitie anviotal ol
522 from the Internet and obtained 453 effectivestjons. We have carried out questionlysis to these instances.
Fig.1 shows the architecture of question analysis n&

LTaer guestion

'
Segmmentation and pos tagoing
v
Dommain words recognition
'

Stop words removal
!

Cueestion classification
'

Subject identification
'

Cuestion type

Cliestion sibyect
Fig.1: Thearchitecture of question analysis

In question analysis module, user's questions \weeprocessed at first, which is to do lexical aslycreate
domain dictionary and remove stofords. Then, question type was classified. To ugedbmain knowledg
effectively, we have increased five kinds of domaords (dish name, raw material, cooking form, doglskill and
taste type.) and added them to domain dictio

In QA system, quegtn classification is very important, it has two jorafunctions. One is to reduce the sel
candidate answer and thus increase the accura®tuwhed answer. The other is to decide the styabégnswel
extraction. We have classified questions acing to their expected answer type. In previous woaksording tc
the question instances and the extracted clagsificdeatures, the rule based classifier was caottd. Suppol
vector machine (SVM) classifier was used for seeopdlassification tcthe questions which cannot be matc
with rules. We have achieved a classification aacyiof 96.22% [-10].

If let g be a user's question denotation, we usé a8 dish name (q), cooking skill (q), taste tfgpeto express th
domain words which areontained in the user's question. After analyzihg tjuestion sets which have bt
processed by question analysis module, we findusiailg the domain words can distinctively descti@esubject o
the question [11]. Table 1 lists the question stit§nd corresponding question type.
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Tablel. Question subjects corresponding to the question types.

Question type I Subject word
1. cooking marerial dish name{qg) <= focus word(g)
2, dish recipe dish name{qg)

_ _ main ingredient(g’) or
3. dish recommendation L.
cooking formig)

cooking skill{g) ox

. cookmg technigue

taste tvpelg)

RESEARCHMETHOD

After analyzing uses’ questions, in this section we detail our ansvesregation method. This module solves
problem of generatingnswer from the o-line database. The inputs are question type andtignesubject whicl
are generated by question analysis module. Theubigpwel-formed exact answé&kle consider that, an answ
generation problem can be defined as a triple’N(@):

Q is the set of variables which represents thetopres(Q = ¢, o, ...q, -..).
A'is the set of variables which represents the ans(A = i, &, ..., ...).
S is the set of constraints/system func

Each constraint is the relation betweevariable g and @ A solution assigns to each variabl, with an answer
value a For a question, depending on the constraintse thiay be one solution or there may be no solt

3.1. Knowledge representation of domain document

The web is a valuableesource for QA system. The documents of cookirgp,asuch as fundamental cook
techniques, raw materials, condiments, are relgtstable. Although new dishes may appear from timmgme, the
main menu is rarely changed completely, they dowe'¢dcontinuous updating. Therefore, we can obtain
structural cooking documents from the web and baifd oftline knowledge sources.As pointed by Ref. [
Knowledge annotation is a question answering syatieat allows heterogeneous sources on the to be accessed
as if it were a uniform database. To obtthe exact answer from the local database, we put furgfiective
annotation on domain documents. In our work, wéectéd domain documents from the web and cookirgk lamd
created two different resources, namely, dish aopkiocuments and cooking techre documents. The dish
cooking documents differ from the general text tthety have been westructured; while the cooking techniq
documents are similar to the texts in general whiod narrated in paragraphs. The key point of aaudhent
collection s that they make it easy to find answer informafisj.

3.1.1 Annotation scheme for dish cooking document

Dish cooking documents, whether be collected frbmdooking website, blog, cook books, or magazihase &
good structure of the specific st. They generally consist of the information suchd&éh name, raw materic
condiment, cooking steps. They may also providectiaracteristics of cuisine, the nutrition ood and so on. In
this work, thedish cooking corpus consists of 703 Sichuanine recipes. To provide an effective mechanismr
answering questions, we annotate dish cooking deatsrwith four function blocks they are: (1) disdme block
(2) cooking form block, (3) raw material block, af#) directions block. Where, the raw ierial block also consists
of three sulblocks, i.e.,(i) main ingredient s-blocks, (ii) ingredient sulbocks, and (iii)condiments s-blocks.

3.1.2 Annotation scheme for cooking technique document

Our cooking technique corpus consists of 98 coolskill and taste type items. The documents of cap
techniques are collected from the wets such as Wikipedia, Baidu, meishij. We also colldcgmme cookint
techniques from the cooking books [14]. The chamstic of this source is different frome dish cooking
document. Generally, the explanation of cookindntégques is a paragraph constituted by several sesge and it
some situations, the sentences may not containnaaidoattribute word. Therefore, the annotation swheof
cooking techniquedocuments is very different from the dish cookingcaiments. We annotate them with t
function blocks they are: (1) the subject of cogkiachnique, (2) the explanation of operating. @heotation doe
not involve any other modification of the origirtext.

By annotating the corpus with function blocks, &mswer information can be extracted directly fréwa knowledge
database. Then, an exact answer in natural langusagbe generate
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3.2. Answer Generation Based on Answer Planning M ethod

In naural language generation (NLG), discourse genarasianot possible without text planning. The maimgwse
of the text planning is to make sure the generatadent and the relationship between the contétasiever, the
planning content is dependentampthe user models. In this work, we propose anplarming based approach
generating answers for QA system in cooking dom@la.exploit a tw-stage strategy for answer generating,
answer content planning and answer surface reializathe arcttecture of planning based arer generation is
shown in Fig. 2.
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Juestion Amswer content Answer surface
» . - o
analysis planning realization
F Y
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H 1 |
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i
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i
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Fig. 2: Architecture of answer planning based answer generation

3.2.1 Answer content planning

Content planning decides what information must d@municated, namely, answercontselection and ordering.
As referred to in section 2, we categorized thekowpquestions into four classes. According to ¢joestype anc
guestion subject (refer to Table 1), we can eximasiver component from the related databas.3 shows the flow
chart of answer content planing.

question | | question
tvpe subyect

Answer content planning w

[ Answer component ]

Fig. 3: Flowchart of answer content planning
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tvpe(al suaject (gl component fa)
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|. raw material

raw material ()
& direction fa)

[

cooking recipe dish name fql dish cooking

main inzredient (g}

3. dish recommendation .
or cooking form {a)

dish cooking dish names fa)

cooking skill gl

4. cooking technigue
ing techmare or taste type (g)

cooking technique  explanation fa)

Mote typelg) — question type,  subject(y) — question subject, componentis) — answer component(s’

Fig. 4: Representation of answer content planning
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In our work, the answers which correspond withtfisecond and the third type of questions couldjderatec
from dish cooking documents, the answer components @& function blocks which have been annots
However, as the difference in domain characteristie answers corresponding the fourth type willgeaerate:
from the resources of cooking technique doents, and the answer component is an explanatoaggoh. Fi. 4
is a detailed description of content planning fa tour types of questit.

3.2.2 Answer surfacerealization

According to content planning, we can decide thenam content componefrom the related database. By ans'
surface realization, we can convert content compnéto actual answer. (e.g. Insert function wordsier
components, add punctuation, etc,.). As our systemmed at answering frequently asked questidnser:, we
argue that a small number of predefined patternscoaer all the superficial variations in answenstouction. In
this work, the approach we proposed to answer smrf@alization is to use dom-specific language, and
summarize the generic temfda for answer sentences accordingour question categories. I. 5 shows the
workflow of the answer surface realizati

t]'l.'lcﬂl: i.(]l'l ANSWEr
tvpe || component
Answer surface realization w

Final answer

Fig. 5: Flowchart of answer surfacerealization

To use generic templates to represent answer, netel@ user’s question g, correspondingly, system’s answel
a. Then we can use such as dish name (q), cookimg q), cooking skill (q) to express the domainrdgin
guestions, use subject (q) to represent the subjegtiestion. Similarly we use answer block (aghdhane (a),
cooking skill (a) and so on to express the answenponent. Supposing for a question ¢, the answay tisen the
answer for all questions consist of two parts. Ngnsubject (q) and answer component (a). Accordamith the
expressing way of cdéing domain, the four type answer templates arensarized as Fi. 6 — Fig. 9.

The material concept word (q;) of cooking dish name (q;) is material block (a;).

Fig. 6: Generic answer template of question type 1

The cooking procedure of dish name (q) is as follows: raw material (a,). direction (a,).

Fig. 7: Generic answer template of question type 2

Template 1. { the attribute of subject is main ingredient)
You can cook dish name1(a;), dish name 2 (a,) or dish name 3 (a,) by using main ingredient{q).

Template 2. { the attribute of subject is cooking form)
You can cook cooking form (q) such as dish name 1(a), dish name 2{a,) or dish name 3(a,).

Mote that: As the subject has two possible attribute values, the template has two possibilities.

Fig. 8: Generic answer template of question type 3
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Template 1. { the attribute of subject is cooking skill)
The method of cooking skill (g): explanation (a;).

Template 2. ( the attribute of subject is taste type)
The method of cooking taste type (q): explanation (a;).

Fig.9: Generic answer template of question type 4

No answer: When the answer component can be eadkfcim the knowledge database (regardless of minmgct
or incorrect), we can generate a certain answeweder we should give user a reply even if this no answer in
some cases. The reply template is shown i.10.

Sorry, no answer for this question vet.

Fig. 10: Reply template for no answer
RESULTSAND DISCUSSION

Experiment sets

We evaluate our approach by applying our answeerngging method to 53 questic which has been classified by
our classifier, and we distinguish three casesecbranswer, incorrect answer, and no answer.Therpsnce o
AG module is evaluated by means of coverage andracg Here coverage and accuracy are definedllasvéo
[15-16].

number of correctly classified questions
number of obtained classified questions

precisior =

number of correctly classified questions
number of questions

recall =

Evaluation results

The result of evaluation is shown in Table 2. Wi
#QT: the type of question;

#Q: the number of questions;

#CA: the number of correct answs

#ICA: the number of incorrect ansrs

#NA: the number of no answer;

Cov: coverage;

Acc: accuracy.
Table 2. Evaluation of the answer generation

Qr  #Q  #CA  #ICA  #NA Cov(%)  Ace(%)
1 10 10 ] ] 100 100

2 17 15 0 2 88.24 88.24

3 12 11 0 1 91.67 91.67

4 14 13 1 {1 10k 921.85

total 53 49 1 3 94.34 92.45
DISCUSSION

Our answer generation is based on the questiorifitadion. When the question has been wronglysifiesi, there
are two kinds of situation: (1) we can not extrde answer component according to content planr@gwe
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extract a wrong answer component.The system caluateathe coverage automatically, however, the r@aoyu
relies on human judgement. As seen in Table2, \weae a high accuracy, but the coverage is somelohatrom
the application’s point of view, it is better thhere is no answer rather than a wrong one.

CONCLUSION

For the off-line QA strategy, we constructed theldng QA-orientated corpus, the domain documergsaanotated
with function blocks. The answer planning methodgldor answer generation was proposed, By answeteod
planning, question-answer relationships were cegtand the answer component can be extracted frerretated
database. Generic syntactic templates for answers summarized. We generate a succinct and exafisitver in
natural language to return to user. Evaluationltesthow that combining with domain knowledge, natlanguage
generating techniques can be used flexibly in ¢istricted domain QA system.

Text oriented QA has achieved great development €wnee its inception. However, how to retrievel amswer
the question for multimedia information is not ordychallenge, but also a development opportunityttie QA
technology. For the practice cooking domain, presuand videos are more vivid and illustrative the text
information, to build a multimedia cooking QA systavill be an interesting direction.
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