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Semantic Parsing based on Lexicon Learning and
Structure Mapping

Abstract

With the rapid development of technology and society, people are increasingly
demanding information precision and application intelligence. This requires the
search engine can understand the meaning of the user’s submitted questions and
quickly respond with precise answers; It also requires more and more intelligent
applications can understand the instructions given by the user, and respond with
operations and services. Semantic parsing is one of the core technology to achieve
the above goals.

Semantic Parsing is the task of mapping natural language sentences into mean-
ing representations, which can be executed by computers. Most semantic parsing
methods to current are based on the principle of compositional semantics: the mean-
ing of a complex expression is determined by the meanings of its constituent expres-
sions and the rules used to combine them. This makes a semantic parser need two
function modules: structure mapping and semantic grounding. Structure mapping
module maps a sentence into a structural representation, and semantic grounding
module links the components of a sentence to items in a real world. Specifically,
structure mapping module needs to get the structure of a sentence, and figure out
which part is the subject, which part is the object, and which part is the predicate.
Semantic grounding needs to map the subject and the object into the correspond-
ing entities in a real world. Semantic parsing mainly faces the following challenges
and problems: a) low-coverage of the lexicon in semantic grounding; b) structure
mismatch problem in structure mapping; c) the problem of heavily relying on the
lexicon in semantic grounding; d)the problem of heavily relying on grammars or
templates in structure mapping.

In this thesis, we focus on the problem of semantic parsing. We start from
structure mapping and semantic grounding, and attempt to propose and implement
approaches to some problems in semantic parsing. The main contributions are
summarized as follows:

1. To solve the problem of low-coverage of lexicon in semantic grounding, we
propose two separate semantic parsing methods based on lexicon extending
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learning. One is a bridge based lexicon learning method for semantic parsing.
This method is on the basis of existing work, and it can bring in new vocabular-
ies during training and learn a new lexicon with high-coverage. Furthermore,
we design a new word-predicate feature template and utilize voting to gain core
vocabularies for more accurate lexicon. The other is a semi-supervised lexicon
learning method for semantic parsing. This method can increase the lexicon
coverage by exploiting easily obtained text corpora and lexical resources. The
intuition behind this approach is that similar phrases should map to similar
predicates. Thus the phrase similarity can be used to propagate known pred-
icate mappings to unknown mappings. We evaluate these two approaches on
two benchmark datasets. The results show that our systems can learn new
vocabularies for improving the coverage of lexicon. Meanwhile, our methods
can improve semantic parsing performance.

2. To solve the problem of structure mismatch problem in structure mapping, we
propose a semantic parsing method based on sentence rewriting. This method
can effectively resolve the mismatch problem by rewriting a sentence into a new
form which has the same structure with its target logical form. Specifically, we
propose two sentence-rewriting methods for two common types of mismatch:
a dictionary-based method for 1-N mismatch and a template-based method
for N-1 mismatch. We evaluate our sentence rewriting based semantic parser
on a benchmark semantic parsing dataset. Experimental results show that our
system outperforms the base system significantly, and generates logical forms
more accurately and parses sentences more robustly.

3. To solve the problem of heavily relying on the lexicon in semantic grounding,
and grammars or templates in structure mapping, we propose a novel seman-
tic parsing approach: Sequence-to-Action. This approach can simultaneously
leverage the advantages of semantic graph representation and the strong pre-
diction ability of Seq2Seq models. Specifically, we model semantic parsing as
an end-to-end semantic graph generation process. To achieve the above goal,
we first design an action set which can encode the generation process of seman-
tic graph. And then we design a RNN model which can generate the action
sequence for constructing the semantic graph of a sentence. Finally we fur-
ther enhance parsing by incorporating both structure and semantic constraints
during decoding. Experiments validate the effectiveness of our method.



Abstract xi

Keywords: Semantic Parsing, Lexicon Learning, Structure Mapping, Sentence
Rewriting, Semantic Graph Generation
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1.1 ⹊ガ㜂Ქфᝅѿ

䲿⵰⽮ՊⲴਁኅ઼科ᢰⲴ䘋↕ Ӫ̍ԜⲴ⭏⍫≤ᒣ䙀⑀ᨀ儈 ሩ̍Ც㜭机ಘӪ઼Ც

㜭ᓄ⭘Ⲵ䴰≲䎺ᶕ䎺བྷǄӪԜа䗩ӛਇ⵰⧠ᴹ科ᢰӗ૱㔉⭏⍫ᑖᶕⲴ࡙ׯˈа䗩

⭵ᜣ⵰ᴤ䍤ᗳⲴӗ૱ˈᑖᶕᴤ࡙ׯⲴ⭏⍫Ǆ਴⿽ޣҾӪ工Ც㜭Ⲵ科ᒫ⭥ᖡҏ䇙Ӫ

Ԝሩ਴类Ც㜭机ಘᴽ࣑Ӫ类ݵ┑ҶᒫᜣǄ䘈ᴹԱ业᧘ࠪⲴ਴⿽Ც㜭ӗ૱ˈ൘Ⴢփ

ⲴཨབྷᇓՐлˈҏ֯ᗇӪԜⲴᵏᵋ䎺ᶕ䎺儈Ǆ2011 年⭡ IBM 䇮计Ⲵ Watson ൘ޣ
Ҿ䰞ㆄ∄䎋Ⲵ㢲ⴞǉড䲙䗩㕈Ǌ中ᡈ㜌ҶӪ类䘹᡻˄㿱മ1.1˅̍ 䘉䇙ӪԜ㿹ᗇ计算
机ਟԕᤕᴹĀᲪភā̍ 㜭Āᙍ㘳ā̍ ⭊㠣ᖸཊӪᔰ࿻ᣵᗳӪ类⽮ՊՊ⇱ҾӪ工Ც㜭Ǆ

н㇑⴨н⴨ؑᲪ㜭机ಘӪ઼Ც㜭ᓄ⭘Ⲵ▌൘ড机ˈӪԜᐢ㓿⿫нᔰ⭏⍫中Ⲵ਴⿽

Ც㜭ᓄ⭘઼Ც㜭机ಘӪ所ᨀ׋Ⲵᴽ࣑ˈᒦфᵏᵋᆳԜ㜭ཏᨀ׋ᴤཊᴤᲪ㜭Ⲵᴽ࣑ǄIBM Watson

William Wilkinson’s ”An Account of the Principalities of Wallachia and
Moldavia” inspired this author’s most famous novel.

4മ 1.1: Watson ൘ޣҾ䰞ㆄ∄䎋Ⲵ㢲ⴞǉড䲙䗩㕈Ǌ中ᡈ㜌ҶӪ类䘹᡻

Ც㜭ᩌ㍒ᕅ᫾所ᴽ࣑ⲴӪ㗔ᒯ⌋ 䘉̍亩ᢰᵟ䘁ࠐ年ᐢ㓿ᴹҶっ↕ਁኅˈྲ 国޵

Ḁ㪇名ᩌ㍒ᕅ᫾ˈമ1.2ኅ⽪Ҷ൘䈕ᩌ㍒ᕅ᫾1кḕ䈒Āည᰾Ⲵ䓛儈ᱟཊቁāⲴḕ䈒

㔃᷌ˈ㔃᷌亥䶒Ⲵㅜаᶑቡⴤ᧕ኅ⽪Ҷ⺞࠷ⲴㆄṸˈ㘼ㆄṸⲴᶕⓀࠪ㠚 “姚明” Ⲵ
Ⲯ科亥䶒2ˈ൘䈕亥䶒Ⲵ㔃ᶴॆᮠᦞḿ中ᡁԜ᢮ࡠҶㆄṸⲴᶕⓀ˄㿱മ1.2 Ǆ˅Ӿ䘉
њֻᆀ中ᡁԜਟԕⴻࠪᲪ㜭ᩌ㍒ᕅ᫾⧠൘ᐢ㓿㜭ཏ理䀓аӋㆰ单Ⲵḕ䈒ˈᒦ࡙⭘

ᐢᴹ⸕䇶ᓃ˄ྲⲮ科亥䶒中Ⲵ㔃ᶴॆᮠᦞḿ中Ⲵ⸕䇶˅̍ ⴤ᧕㘼߶⺞ൠഎㆄ䘉Ӌ䰞

仈ˈնҏӵ䲀Ҿㆰ单ⲴᛵߥˈሩҾ༽ᵲⲴֻᆀˈ⧠䱦⇥Ⲵᩌ㍒ᕅ᫾ҏᰐ⌅理䀓⭘ᡧ

Ⲵḕ䈒᜿മ ਚ̍㜭֯⭘Ր㔏Ⲵ᡻⇥ ᢺ̍⴨ޣⲴ亥䶒作Ѫ㔃᷌䘄എǄ㾱ᜣᨀ׋ᴤྭⲴ

ᴽࡉˈ࣑䴰㾱ᴤ儈ᴤᡀ⟏Ⲵᢰᵟ᭟ᤱǄ

1https://www.sogou.com/
2https://baike.sogou.com/v4957112.htm?fromTitle=%E5%A7%9A%E6%98%8E
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相关搜索

姚明和孙杨身高 姚明小时候身高 姚明孩子身高 姚明身高图片 姚明全家身高

姚明身高对比 姚明身高和篮筐 姚明儿子身高 姚明父亲身高

更多热点

热点人物 展开

世界第一高人

鲍喜顺

世界最高篮球

运动员

孙明明

篮球明星姚明

的女儿

姚沁蕾

曾被称为世界

最胖的人

保罗·马森

全球最大天然

胸围女人

斯蒂斯

世界最长寿的

老人

让娜·卡尔门

中国篮球运动员 展开

中国篮坛著名

女巨人

郑海霞

前中国著名篮

球运动员

叶莉

中国篮球偶像

易建联

其他人还搜 展开

NBA史上最伟

大球员

迈克尔·乔丹

朝鲜著名篮球

运动员

李明勋

前亚洲第一篮

球中锋

穆铁柱

反馈

姚明的关系图谱

亲情 友情 爱情 查看全部

搜狗热搜榜-今日热点

全球首家太空酒店1

社保费征收有变化2

美军5天内4次坠机3

携号转网磕绊多4

每天60个死亡电话5

小伙报考女子学院6

通城整治活人墓7

婴儿相继死亡原因8

停车场现雪馒头9

逃犯从妖楼偷文物10

搜狐公众平台 - mt.sohu.com/2... - 2015-10-21

2008-07-287个回答

百度知道 - zhidao.baidu.com/q...- 2008-7-28

2007-10-147个回答

2007-11-1115个回答

搜狗百科 - baike.sogou.com/v... - 2018-3-20

凤凰科技 - tech.ifeng.com/p... - 2011-7-21

豆丁网 - www.docin.com/p... - 2011-10-31

漫漫看 - www.manmankan.com/n... - 2016-3-28

男人窝 - www.nanrenwo.net/s... - 2017-2-23

物联传媒 - weixin.qq.com - 2015-06-18

天涯社区 - bbs.tianya.cn/p... - 2005-3-31

搜狐母婴 - baobao.sohu.com/2... - 2013-7-5

www.nvsheng.com/e... - 2017-2-4

搜狗立知

姚明真实身高是多少？ 其身高被披露造假_搜狐新闻_搜狐网

而223厘米据说是姚明在1998年时的身高，他所属的上海东方大鱼队在

报名参加2001—2002年甲级篮球联赛时的身高，据说当时是因量身高的

尺不够长。 自多纳希曝光联盟操...
 - 快照

姚明的身高是多少_搜狗知识（全部约15224条结果）

姚明的身高是多少_百度知道

 那么，当时姚明是穿鞋量的，换算为227厘米，此一高度是姚明在NBA体检时所

量，火箭队的说法是；火箭队在上季公布姚明身高时是7英尺6英寸，就是229厘米了，莫非...

姚明的身高是多少cm？_搜狗问问

姚明的身高是多少_搜狗问问

姚明的身高 - 搜狗百科

姓名：姚明（Yao Ming） 生日：1980.9.12 身高：2.26米（NBA官方身

高为2.29米） 体重：141kg 国籍：中国 出生地：上海 祖籍：江苏震泽

民族：汉族 曾效力球队：CBA 上海东方大鲨鱼 现效力球队：NBA 休斯

顿火箭（现任主教练：阿德尔曼） 位置：中锋 百米速度：15秒左右 手
掌：21CM 臂长：225CM

 - 快照

91%的人还搜了

姚明女儿身高 姚明老婆身高 姚明父母身高 姚明身高多少 姚明身高体重

姚明加索尔身高 姚明小学身高 姚明闺女身高

比姚明还要高！中国第一巨人身高3.19米（组图）_科技频道_凤凰网

2011年7月21日 - 有史料记载，迄今“世界身高最高”的长人是詹世钗，他

的家乡是江西省婺源县浙源乡虹关村，现又发现世界最高男人詹世钗的

照片。此照1880年左右摄于...
 - 快照

著名的篮球运动员姚明的身高是多少 如何来测量身高 - 豆丁网

PPT文档 - 38页 - 下载需要10.0豆元

著名的篮球运动员姚明的身高是多少?如何来测量身高?姓名:姚明(Yao Ming) 生日:1980年09月12
日 身高:2.26米 体重:125公斤 籍贯:上海 单位:休斯敦火箭队(11号) ...

 - 快照

姚明女儿身高多少|预测_姚明女儿出生时身高|体重_姚明女儿身高直逼...
由于姚明身高2米26，姚明妻子叶莉身高1米90，他们的宝宝因此被看做

是中国体坛第一宝宝，关于其未来身高的预测一直被球迷津津乐道，球

迷认为孩子拥有延续父母事业的...
 - 快照

姚明个人资料及姚明身高多少_姚明吸毒是真的吗_男人窝

1993年，姚明的身高达到了1米96，进入上海大鲨鱼青年队训练。一开

始每天练10个小时，一周练6天。头一个月练的非常辛苦，瘦了40斤。当

时姚明与队友刘炜每个月只有10...
 - 快照

告诉我,姚明的身高是多少?
3年前 - “这个过程会涉及语音识别、自然语言处理、自动问答和自然语言

生成等诸多环节.”汪昆说.假如,我们给机器人出道题——姚明的身高是多

少?对于这句话,机器人首先并不清...

[篮球公园]姚明的身高到底是多少？_体育聚焦_论坛_天涯社区

11条回复 - 发帖时间：2005-03-31
比在这猜人家的身高强多了。换句话说就是你们这些无聊的人正在研究人家桌子上的剩饭剩菜哪

样更好吃。有这时间多给中国篮球出出主意，研究研究该怎么发展。 ———————...
 - 快照

姚明三岁女儿身高1米1,孩子身高谁决定？-搜狐母婴

活动现场，很少出现在媒体面前的姚明爱女吸引了众人的目光。因为是

巨人的千金，小沁蕾的身高也是大家关注的焦点。只有三岁的小沁蕾已

经快长到叶莉的腰部了，目测在1....
 - 快照

姚明的身高多少？姚明一家五口全是巨人_女生私房话-nvsheng.com
姚明的身高是多少？近日，姚明一家五口现身，一家人竟然都是巨人。

姚明一家五口 当地时间2月2日，美国休斯敦市市长西尔维斯特·特纳宣

布，当天为“姚明日”，并任命...
 - 快照

姚明身高

226cm
姚明1980年生于上海。美国NBA及世界篮球巨星。中国篮球史上里程

碑式人物。CBA上海队老板。曾效力于中国国家篮球队，NBA火箭

队。2011年7月20... 详情>>

反馈

最佳答案

搜狗已为您找到约21,327条相关结果 全部时间

网页 新闻 微信 知乎 图片 视频 明医 英文 问问 学术 更多

搜狗搜索姚明的身高是多少 设置 登录
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首页 公益百科 积分商城 个人中心

了解百科 编辑规范

用户体系 商城兑换

新手指引

关于审核 关于编辑

关于创建 常见问题

问题解答

举报与质疑 举报非法用户
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© 2018Sogou Inc. 京ICP证050897号 免责声明
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精彩百科 任务 用户

添加义项姚明 是一个多义词，您可以选择查看以下义项：

中国篮球协会主席、中职联公司董事长 中国著名作曲家 营口市人大常委会副主任

成都市青白江区原政协副主席 陕西省城固县盐务局副局长 安庆市法院副调研员

中国篮球协会主席、中职联公司董事长 添加义项 同义词 收藏

姚明 编辑词条

光影集锦 获奖记录 词条图册 关系表 城市百科 知乎精选快速导航

展开内容

2 早年经历 编辑

3 任免信息 编辑

4 职业生涯 编辑

5 比赛数据 编辑

6 个人生活 编辑

7 社会活动 编辑

8 获奖记录 编辑

9 人物评价 编辑

10 人物争议 编辑

1. 中国人民政治协商会议第十三届全国委员会委员名单--天津频道--人民网 人民网 2018-01-25 [引用日期2018-01-29]

2. 政协第十三届全国委员会各专门委员会委员名单 . 2018-03-18 [引用日期2018-03-18]

3. 姚明主持第9届篮协工作会议 将成立篮协理事会_CBA_新浪竞技风暴_... 新浪体育 2018-02-25 [引用日期2018-02-25]

4. 2017中国慈善名人榜 TFBOYS登顶成最年轻上榜明星|慈善|名人|TFBOY... 新浪娱乐 2018-01-31 [引用日期2018-02-01]

5. 《奔跑吧，新时代——2018体育嘉年华》 搜狗搜索 2018-02-17 [引用日期2018-02-17]

免责

声明

搜狗百科词条内容由用户共同创建和维护，不代表搜狗百科立场。如果您需要医学、法律、投资理财等专业领

域的建议，我们强烈建议您独自对内容的可信性进行评估，并咨询相关专业人士。

姚明（Yao Ming），1980年9月12日出生于上海市徐汇区，祖籍江苏省苏州市吴

江区震泽镇，前中国职业篮球运动员，司职中锋，现任中职联公司董事长兼总经

理。1998年4月，姚明入选王非执教的国家队，开始篮球生涯。2001夺得CBA常

规赛MVP，2002年夺得CBA总冠军以及总决赛MVP，分别3次当选CBA篮板王以

及盖帽王，2次当选CBA扣篮王。在2002年NBA选秀中，他以状元秀身份被NBA

的休斯敦火箭队选中，2003-09年连续6个赛季（生涯共8次）入选NBA全明星阵

容，2次入选NBA最佳阵容二阵，3次入选NBA最佳阵容三阵。2009年，姚明收购

上海男篮，成为上海大鲨鱼篮球俱乐部老板。2011年7月20日，姚明正式宣布退

役。10月20日，姚明已将上海哔哩哔哩俱乐部全部股权转让。2018年2月17日，

参加《奔跑吧，新时代——2018体育嘉年华》。

中文名 姚明

别    名 明王、移动长城、小巨人、大姚

民    族 汉族

出生日期 1980年9月12日

身    高 229厘米

运动项目 篮球

外文名 Yao Ming

国    籍 中国

出生地 上海市徐汇区

毕业院校 上海交通大学安泰经济与管理学院

体    重 140.6公斤

所属运动队 已退役

1980年9月12日傍晚，姚明出生于上海市第六人民医院，出生时体重5公斤，比普通新生儿重了几乎一倍。姚明

的父亲姚志源身高2米08，母亲方凤娣身高1米88，两人均是打篮球出身。姚志源退役后，分配到上海海事局。方凤

娣则进了体育科研所。当时姚家居住在西康路一老式里弄住宅。

1982年，姚明随父母搬进位于康平路95号的上海体育学院职工宿舍602

室。楼里住的都是上海体委的职工，王良佐、沈富麟等当时都是姚家的邻

居。姚明出生后，姚明父母工资的大部分都用在伙食上，方风娣很长一段时

间每个月只有四十多元的收入。姚明长身体的时候，食量很大。为了保证姚

明的营养，姚明父母只能省吃俭用。由于姚明对牛奶的需求也特别大，姚志

源从牛奶厂工人朋友那里得到了牛奶卡，才使姚明每天都有牛奶喝。

1986年的秋天，姚明提前一年进入高安路一小读书，当时姚明身高是

1.47米。姚明一家离开了体育学院的职工宿舍，搬入到康平路的新居。小学

的姚明是个喜欢读书的孩子，但因为身高不得不开始篮球训练。姚明因为自己小时候因身高超群而感到自卑。性格

内向，也是最受欺负的一个。

1989年，姚明开始在徐汇区少体校开始进行业余篮球训练，姚明进入少体校的一个重要原因，是因为当时少体

校的学生有伙食朴助。1990年，姚明参加了由上海市体育局主办的篮球夏令营活动。他开始参加正式篮球比赛。姚

志源也经常用奖品鼓励姚明。很多专家不看好姚明，因为他太高了。方凤娣则没想让他打专业队，只想升学能加

分。1991年，姚明五年级毕业，身高已超过1米80，在班中他是最高的。

1993年，姚明的身高达到了1米96，进入上海大鲨鱼青年队训练。一开始每天练10个小时，一周练6天。头一个

月练的非常辛苦，瘦了40斤。当时姚明与队友刘炜每个月只有10元的津贴收入，他们共同的爱好是训练结束后去打

世嘉的街机。

2018年1月24日，政协第十二届全国委员会常务委员会第二十四次会议通过，姚明当选政协第十三届全国委员

会委员。[1]

2018年3月15日，政协第十三届全国委员会第一次主席会议通过，姚明当选第十三届全国委员会教科卫体委

员。[2]  

1998年4月，他入选王非执教的国家队，开始篮球生涯。5月，他赴美国印第安纳波利斯参加耐克夏令营的篮球

训练，对手中有后来成为NBA球星的泰森·钱德勒。同年，他作为上海队主力获全国男篮甲A联赛第5名，并入选中国

篮球明星队。

1999年5月，他入选蒋兴权执教的国家男篮和中国篮球南方明星队。他参加了全国男篮甲A联赛，代表上海队，

与队友合作，获第5名。5月，获99赛季全国男篮甲A联赛最有进步球员奖。同年8月，他参加在日本举行的亚洲男子

篮球锦标赛，与全队配合获得亚洲男篮锦标赛冠军。

2000年2月，他入选1999年亚洲全明星队。3月，他入选蒋兴权执教的国家男篮和全国男篮甲A联赛全明星阵

容，并参加1999-2000年全国男篮甲A联赛，与队友合作获上海东方队获得第二名。他个人获1999-2000赛季全国男

篮甲A联赛篮板、扣篮、盖帽三个单项奖。9月，他参加在悉尼举行的第二十

七届奥运会男篮比赛，与队友合作获第十名。

2001年4月，他参加2000-2001年全国男篮甲A联赛，与队友合作获上海

东方队获得第二名。

2002年，他以状元秀身份被NBA的休斯敦火箭队选中。

2003年10月1日，他率领中国男篮拿到亚锦赛冠军，同时获得雅典奥运

会入场券。

2004年2月23日，对阵老鹰队获得职业生涯单场得分最高41分和最高助攻7次。

2005年3月11日，对阵太阳队得到职业生涯单场最高篮板22个。

2006年11月14日，对阵马刺获得职业生涯最高抢断次数4次。12月16

日，对阵湖人获得职业生涯最高盖帽8个。

2009年1月18日，对阵热火12投12中拿到26分。3月14日，对阵山猫投

中赛季第1个3分。2009年4月19日，对阵开拓者姚明在24分钟内9投9中得到

24分。5月5日，对阵湖人的西部半决赛第一场中受伤，但经过调整后执意冲

回赛场，并最终带领火箭取得胜利。5月10日，左脚骨裂，该赛季报销。7

月，他成为上海大鲨鱼俱乐部老板。

2010年5月4日，他入选男篮集训名单。11月10日是他职业生涯最后一场比赛，他上场6分钟没有得分进账，拿

到1板1帽后便因伤离场。12月18日，火箭队医确认姚明因再次脚踝中部应力骨折无缘赛季。

2011年7月9日，NBA官方网站称姚明已决定从NBA退役。7月20日下午2时，姚明在新闻发布会上正式宣布退

役。

2012年9月20日，湖北省高级人民法院公开宣判，在姚明诉武汉云鹤大鲨鱼体育

用品有限公司侵权案中，姚明胜诉，并获赔100万元。

2014年6月，参加湖南卫视《爸爸去哪儿》客串嘉宾。

2014年10月24日，姚明参加观澜湖世界明星赛开幕仪式。网友发现姚巨人也鼓出

了大肚腩，身材走样。有网友调侃称，姚明竟然有了维尼熊的即视感。

2015年2月10日，姚明接受北京冬奥申委颁发的聘书，成为北京申办冬奥会形象

大使。他还表示能有机会为北京申办冬奥会做贡献，他感到非常荣幸。3月27日，姚明

被评选为，全球50位最杰出的领袖人物。

2016年3月9日，上海男篮投资人姚明将出任新成立的中职联公司董事长兼经理。4月6日，姚明正式入选了奈史

密斯篮球名人堂。4月16日，火箭队老板莱斯利-亚历山大计划退役前火箭队中锋姚明的球衣。

2017年2月4日，姚明的11号球衣在火箭主场对公牛的中场休息时退役。

姚明的整个NBA生涯都是在火箭队度过的，身穿11号球衣的他场均上场

32.5分钟，可以得到19.0分9.2篮板1.9盖帽。

2017年2月23日，在中国篮球协会第九届全国代表大会上，姚明当选篮

协主席。3月16日，据CCTV5官微透露，上海男篮已经完成了部分股权的转

让，姚明正在兑现自己的承诺：在下赛季开始前彻底脱身上海男篮的运营。

2017年5月11日，北京体育大学中国篮球运动学院正式成立，中国篮协主席姚明应邀出任该学院的名誉院长。

2017年7月20日，经中国篮协提名，公司董事会表决通过任命姚明为CBA公司董事长。

2018年2月，中国篮协主席姚明主持第9届中国篮协工作会议，通过关于成立篮协理事会的议案。[3]

NBA数据

常规赛平均数据

赛季 球队 出场 首发 时间 投篮% 三分% 罚球% 进攻 防守 篮板 助攻 盖帽 抢断 犯规 失误 得分

2002-03 火箭 82 72 29.0 49.8 50.0 81.1 2.4 5.8 8.2 1.7 1.8 0.4 2.8 2.1 13.5

2003-04 火箭 82 82 32.8 52.2 0.0 80.9 2.4 6.6 9.0 1.5 1.9 0.3 3.3 2.5 17.5

2004-05 火箭 80 80 30.6 55.2 0.0 78.3 2.6 5.8 8.4 0.8 2.0 0.4 3.7 2.5 18.3

2005-06 火箭 57 57 34.2 51.9 0.0 85.3 2.6 7.6 10.2 1.5 1.6 0.5 3.4 2.6 22.3

2006-07 火箭 48 48 33.8 51.6 0.0 86.2 2.1 7.3 9.4 2.0 2.0 0.4 3.3 3.5 25.0

2007-08 火箭 55 55 37.2 50.7 0.0 85.0 3.5 7.3 10.8 2.3 2.0 0.5 3.1 3.3 22.0

2008-09 火箭 77 77 33.6 54.8 100.0 86.6 2.7 7.2 9.9 1.8 1.9 0.4 3.3 3.0 19.7

2010-11 火箭 5 5 18.2 48.6 0.0 93.8 1.4 4.0 5.4 0.8 1.6 0.0 2.6 1.4 10.2

NBA生涯 486 476 32.6 52.4 20.0 83.3 3 6.7 9.7 1.6 1.9 0.4 3.3 2.7 19.3

季后赛平均数据

赛季 球队 出场 首发 时间 投篮% 三分% 罚球% 进攻 防守 篮板 助攻 盖帽 抢断 犯规 失误 得分

03-04 火箭 5 5 37.0 45.6 0.0 76.5 2.2 5.2 7.4 1.8 1.4 0.4 4.0 2.6 15.0

04-05 火箭 7 7 31.4 65.5 0.0 72.7 3.3 4.4 7.7 0.7 2.7 0.3 4.4 2.7 21.4

06-07 火箭 7 7 37.1 44.0 0.0 88.0 3.3 7.0 10.3 0.9 0.7 0.1 3.9 4.7 25.1

08-09 火箭 9 9 35.9 54.5 0.0 90.2 2.1 8.8 10.9 1.0 1.2 0.4 3.0 1.9 17.1

NBA生涯 28 28 35.3 51.9 0.0 83.3 2.7 6.6 9.3 1.0 1.5 0.3 3.8 2.9 19.8

最高记录

NBA记录

常规赛单场之最

项目 数据 比赛时间 比赛对手

得分 41 2004-02-22 老鹰

篮板 22 2005-03-11 太阳

助攻 7 2004-02-22 老鹰

盖帽 8 2006-12-15 湖人

抢断 4 2006-11-14 马刺

出场时间 52分钟 2007-12-20 掘金

季后赛单场之最

项目 数据 比赛时间 比赛对手

得分 33
2005-04-25 小牛

2005-05-07 小牛

篮板 15 2007-04-30 爵士

助攻 3
2004-04-17 湖人

2004-04-19 湖人

盖帽 5
2005-04-30 小牛

2005-05-07 小牛

抢断 2 2004-04-28 湖人

出场时间 44分钟 2009-04-26 开拓者

最长连胜记录：2008年1月29日-3月16日取得22连胜（因伤只参与10场）

最高单场命中率：

2009年1月18日，常规赛对阵热火，12投12中，命中率100%，得到26分，创造球

队历史记录。

2009年4月19日，季后赛首轮第一场对阵开拓者，9投9中，命中率100%，得到24

分。

CBA记录

单场最高得分：49分

单场最高篮板：31个

单场最高盖帽：13个

单场比赛21投全中

国家队记录

单场得分39分 国家队第一

单届世界大赛场均25.3得分最高球员

感情经历

姚明17岁时第一次见到叶莉。在1999年，姚明终于进入了国家队后，他

约叶莉出去玩被拒绝。之后两人相恋。

2007年8月3日，姚明和叶莉在上海徐汇区婚姻登记处，正式领取了结婚

证书。8月6日，两人在上海香格里拉酒店举办婚礼。

2010年1月姚明妻子叶莉被证实怀孕，宝宝在2010年“世博会闭幕式”之前

出生。5月21日，姚明的妻子叶莉于在休斯敦当地医院顺利产下一女。

2011年4月21日，姚明在上海梅陇基地召开了回国后的首次媒体见面会，

公布了女儿的名字：姚沁蕾。

学业经历

2011年11月6日，姚明前往上海交通大学报到。

2012年11月27日，香港大学举行第187届学位颁授典礼授予其名誉社会科学博士

学位，以表彰他对运动及推动国际社会关注艾滋病所做出的贡献。

庆生

2014年9月12日，在姚明的34岁生日之际，NBA在官方推特发表了一篇新的推文，号召球迷一起祝姚明生日快

乐。“加入我们，一起祝@姚明 生日快乐！”推文的上面则配了姚明的一副巨幅海报，海报中的大姚右手持球准备劈

扣，背景则是火箭队的红色，并配有“姚明生日快乐”的英文字样。

公益活动

2007年9月14日，由姚明和纳什共同发起的慈善义赛在北京首钢体育馆举行。10月，

专为智障人士举行的世界特殊奥林匹克运动会在姚明的家乡上海举行。2007年10月2日开

幕式当晚，特地从美国赶到上海的姚明参加了开幕式。

2008年5月14日，姚明第一时间向汶川地震灾区捐款50万元人民币，在美国向中国红

十字会外币账户捐款21.4万美元，捐款总额约合200万元人民币。6月11日姚明宣布，向

四川地震灾区捐赠200万美元，并成立姚明基金会帮助灾区进行校园重建。6月26日，“姚

基金”中文官方网站正式上线。8月8日，北京奥运会开幕式上，作为中国代表团旗手的姚

明，拉着四川省汶川县映秀镇渔子溪小学二年级学生、小英雄林浩的手，走在队伍最前

列。中秋节，姚明来到四川省广元市建设村。

2009年12月，入主上海男篮成为“姚老板”的姚明携全体上海男篮队员，郑重发出拒吃

鱼翅宣言。

2010年，以“城市，让生活更美好”为主题的世博会在上海举行，姚明义

担当起了上海世博会形象大使。

2011年，特奥会即将在希腊雅典举行。6月9日至10日，姚明一行来到酒

泉,为酒泉特殊儿童“上课”，并出席“酒泉纳什—姚基金特殊教育学校”竣工典

礼。6月26日，“姚大使”来到雅典参加与特奥有关的各种活动，包括特奥运动

员健康行动启动仪式、特奥会创始人施莱弗女士铜像揭幕仪式等，继续用实

际行动支持特奥运动发展。9月22日，姚明和理查德·布兰森出席由国际环保

组织野生救援协会在上海举办的“共同倡导保护濒危物种鲨鱼”公益活动。姚明

并呼吁作为鱼翅主要消费群体的华人，在保护鲨鱼方面作出表率。

2013年9月，姚明和英国威廉王子、足球巨星大卫·贝克汉姆一起为慈善救援组织拍摄了一组宣传救助野生保护

动物的宣传片。11月29日，NBA中国与姚明共同宣布，NBA姚明学校于2013年12月1日起正式接受报名。

2014年8月23日，巨人姚明与78岁韩美林在NBA姚明学校共同挑战冰

桶。据了解，NBA中国首席执行官舒德伟在近日完成冰桶挑战后，向姚明发

出“挑战”。姚明在五棵松篮球公园完成ALS冰桶挑战，和其他人不同的人，身

高2米26的姚明接受了4桶冰水的灌溉。

“ALS冰桶挑战”的目的是为了提高大众对于ALS(肌肉萎缩性侧索硬化症)

的认识，并号召人们为ALS协会捐款。截止目前，各行各业的明星大腕都已

纷纷加入其中。

2015年2月10日，北京冬奥申委副主席张建东和中国奥委会秘书长宋鲁增向姚明等六位运动员颁发了北京冬奥

申委颁发的聘书，姚明正式成为北京申办冬奥会形象大使。

姚明在接受聘书后表示，自己虽然从事的是夏季运动，但是一见到冰雪就兴奋。姚明说，他个人非常喜欢观赏

冬季运动比赛，最喜欢的项目是花样滑冰、速度滑冰和冰壶。担任北京申办冬奥会形象大使，能有机会为北京申办

冬奥会做贡献，感到非常荣幸。

2016年3月28日，姚明成为上海迪士尼度假区荣誉大使。

2016年10月，姚明成为中国"火星大使"，为中国火星探测工程名称和图

形标识全球征集活动宣传推广工作代言。

2017年2月2日，美国第四大城市休斯敦的市长西尔维斯特·特纳宣布，任

命前NBA休斯敦火箭队中国球星姚明为休市亲善大使，以表彰和纪念他在篮

球和慈善界、在美中两国文化交流与合作方面做出的杰出贡献。

政治活动

2008年8月6日，在北京参加奥运圣火传递。8月8日，担当中国奥运代表队旗手。

2011年12月5日，姚明当选上海公共外交协会副会长，兼荣誉大使。12月21日，上海市政协举行十一届三十一

次常委会议，增补姚明为十一届市政协委员。

2012年1月15日，被增选为政协上海市第十一届委员会常务委员。1月17日，被增补为上海市体育总会第七届委

员会常委、副主席。

2013年2月1日，当选第十二届全国政协委员。

2013年7月28日，姚明经国际奥委会宣布成为南京青奥会大使。

2015年1月27日上午，国务院总理李克强在中南海主持召开座谈会，听

取教育、科技、文化、卫生、体育界10位代表对《政府工作报告》的意见和

建议，10位代表中包括姚明。

2016年3月2日，全国政协委员姚明现身北京会议中心报到，参加2016年

全国两会。

2016年3月24日，姚明参加博鳌亚洲论坛2016年年会。

2017年8月，当选中国篮球协会篮球学院院长。

演艺经历

2017年1月27日，中央电视台春节联欢晚会上海分会场，姚明与众家庭共同登台唱响“家和万事兴”主题。

2018年1月31日，“2017中国慈善名人榜TOP30”揭晓，姚明排第7名。[4]

2018年2月17日，参加《奔跑吧，新时代——2018体育嘉年华》。[5]

个人

2018 “2017中国慈善名人榜TOP30”排第7名

▪2016    入选2016年奈·史密斯篮球名人纪念堂   （获奖）    

▪2015    劳伦斯世界体育奖体育精神奖    （获奖）    

▪2015    上海获美中杰出贡献奖    （获奖）    

▪2013    传播中华文化年度人物    （获奖）    

▪2013    上海体育事业白玉兰终身成就奖金质奖章    （获奖）    

▪2012    最有远见的年度人物    （获奖）    

▪2011    中国奥林匹克金质奖章    （获奖）    

▪2011    上海市体育事业白玉兰终身成就奖    （获奖）    

▪2002    感动中国十大人物之一    （获奖）    

▪2002    CBA总冠军上海队主力成员    （获奖）    

▪2000    入选CBA全明星阵容    （获奖）    

▪2000    CBA三个单项奖    （获奖）    

▪1999    CBA最有进步球员奖    （获奖）    

他用高超的体育技能，在一个强手如林的国家运动项目中占有了一席之地，成就了

很多人的梦想，更成为中国人的骄傲。他出色的表现和随时听从祖国召唤的爱国精神，

使他带给人们的思考已经远远超过了体育本身。对祖国的情感，对现在的把握和对未来

的期待，都将使他成为中国体育和NBA的历史人物。（感动中国颁奖词）

NBA评价称，“站在2米26的高度，他几乎以一举之力改变了NBA只在一个国度风靡

的局面，推动了NBA至关重要的全球化发展。”

代言事件

2014年5月，市民冯长顺将经销商北京百姓阳光大药房有限公司及该产品代言人姚明告上法庭。姚明代言广告

因涉及虚假宣传，与商家一起承担连带责任。

刘炜事件

2014年7月2日，在上海队官方宣布刘炜加盟新疆之后，这一事件在网上引起了很大的争论。对于这件事有两方

截然不同的观点，一方认为姚明没有留下刘炜太过残忍，是不念兄弟情的做法，另一方面认为姚明是在让球队真正

走向职业化，本不应该谈感情。
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Siri

Siri dictates the next fixture for the Seattle
Seahawks, upon the user's request, on an iPhone

SE running iOS 11

Developer(s) Apple

Initial release October 14, 2011; 6 years ago

Operating system iOS 5 onward, macOS Sierra
onward, tvOS (all versions),
watchOS (all versions)

Platform iPhone
iPad
Mac
Apple TV
Apple Watch
HomePod

Available in English · Arabic · Chinese
(Cantonese, Mandarin) ·
Danish · Dutch · Finnish ·
French · German · Hebrew ·
Italian · Japanese · Korean ·
Malay · Norwegian ·
Portuguese · Russian ·
Spanish · Swedish · Thai ·
Turkish

Type Intelligent personal assistant

Website www.apple.com/ios/siri/

Siri Remote

From Wikipedia, the free encyclopedia

For other uses, see Siri (disambiguation).

Siri (pronounced /ˈsɪəri/) is an intelligent
personal assistant, part of Apple Inc.'s iOS,
watchOS, macOS, and tvOS operating systems.
The assistant uses voice queries and a natural
language user interface to attempt to answer
questions, make recommendations, and perform
actions by delegating requests to a set of
Internet services. The software adapts to users'
individual language usages, searches, and
preferences, with continuing use. Returned
results are individualized.

Siri is a spin-off from a project originally
developed by the SRI International Artificial
Intelligence Center. Its speech recognition
engine was provided by Nuance
Communications, and Siri uses advanced
machine learning technologies to function. Its
original American, British, and Australian voice
actors recorded their respective voices around
2005, unaware of the recordings' eventual
usage in Siri. The voice assistant was released
as an app for iOS in February 2010, and it was
acquired by Apple two months later. Siri was
then integrated into iPhone 4S at its release in
October 2011. At that time, the separate app
was also removed from the iOS App Store. Siri
has become an integral part of Apple's products,
having been adapted into other hardware
devices over the years, including newer iPhone
models, as well as iPad, iPod Touch, Mac,
AirPods, Apple TV and HomePod.

Siri supports a wide range of user commands,
including performing phone actions, checking
basic information, scheduling events and
reminders, handling device settings, searching
the Internet, navigating areas, finding
information on entertainment, and is able to
engage with iOS-integrated apps. With the
release of iOS 10 in 2016, Apple opened up
limited third-party access to Siri, including third-
party messaging apps, as well as payments,
ride-sharing, and Internet calling apps. With the
release of iOS 11, Apple has updated Siri's
voices for more clear, human voices, supports
follow-up questions and language translation,
and additional third-party actions.

Siri's original release on iPhone 4S in 2011
received mixed reviews. It received praise for its
voice recognition and contextual knowledge of
user information, including calendar
appointments, but was criticized for requiring stiff user commands and having a lack of flexibility. It
was also criticized for lacking information on certain nearby places, and for its inability to
understand certain English accents. In 2016 and 2017, a number of media reports have indicated
that Siri is lacking in innovation, particularly against new competing voice assistants from other
technology companies. The reports concerned Siri's limited set of features, "bad" voice
recognition, and undeveloped service integrations as causing trouble for Apple in the field of
artificial intelligence and cloud-based services; the basis for the complaints reportedly due to
stifled development, as caused by Apple's prioritization of user privacy and executive power
struggles within the company.[1]
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History [ edit ]

Origins [ edit ]

Siri is a spin-out from the SRI International Artificial Intelligence Center, and is an offshoot of the
DARPA-funded CALO project.[2] It was co-founded by Dag Kittlaus, Adam Cheyer, and Tom
Gruber.[2]

Development [ edit ]

Siri's speech recognition engine was provided by Nuance Communications, a speech technology
company.[3] This was not officially acknowledged by Apple nor Nuance for years,[4][5] until Nuance
CEO Paul Ricci confirmed the information at a 2011 technology conference.[3] The speech
recognition system makes use of sophisticated machine learning techniques, including
convolutional neural networks and long short-term memory.[6]

Apple's first notion of a digital personal assistant was originally a concept video in 1987, called the
"Knowledge Navigator".[7][8]

Voice actors [ edit ]

The original American voice of Siri was provided by Susan Bennett in July 2005, unaware that it
would eventually be used for the voice assistant.[9] A report from The Verge in September 2013
about voice actors, their work, and machine learning developments, made hints that Allison Dufty
was the voice behind Siri,[10][11] though this was disproven when Dufty wrote on her website that
she was "absolutely, positively NOT the voice of Siri".[9] Citing growing pressure, Bennett revealed
her role as Siri in October, and her claim was proven by Ed Primeau, an American audio forensics
expert.[9] Apple has never confirmed the information.[9]

The original British male voice was provided by Jon Briggs, a former technology journalist. Having
discovered that he was the voice of Siri by watching television, he first spoke only about his role in
November 2011, also acknowledging his voice work was done "five or six years ago" without
knowing the recordings' final usage form.[12][13]

The original Australian voice was provided by Karen Jacobsen, a voice-over artist known in
Australia for her work as the "GPS girl".[14]

As part of an interview between all three voice actors and The Guardian, Briggs stated that "The
original system was recorded for a US company called Scansoft, who were then bought by
Nuance. Apple simply licensed it."[14]

With iOS 11, Apple auditioned "hundreds of candidates" to find a new female voice, then recorded
hours of speech, including different personalities and expressions, and built a new text-to-speech
voice based on deep learning technology.[15]

Integration [ edit ]

Siri was originally released as a stand-alone application for the iOS operating system in February
2010, and at the time, the developers were also intending to release Siri for Android and
BlackBerry devices.[16] Two months later, Apple acquired Siri.[17][18][19] On October 4, 2011, Apple
introduced the iPhone 4S with a beta version of Siri.[20][21] After the announcement, Apple
removed the existing standalone Siri app from App Store.[22] TechCrunch wrote that, despite the
Siri app's support for iPhone 4, its removal from App Store might also have had a financial aspect
for the company, in providing an incentive for customers to upgrade devices.[22] Third-party
developer Steven Troughton-Smith, however, managed to port Siri to iPhone 4, though without
being able to communicate with Apple's servers.[23] A few days later, Troughton-Smith, working
with an anonymous person nicknamed "Chpwn", managed to fully hack Siri, enabling its full
functionalities on iPhone 4 and iPod Touch devices.[24] Additionally, developers were also able to
successfully create and distribute legal ports of Siri to any device capable of running iOS 5,
though a proxy server was required for Apple server interaction.[25]

Over the years, Apple has expanded the line of officially
supported products, including newer iPhone models,[26]

as well as iPad support in June 2012,[27] iPod Touch
support in September 2012,[28] Apple TV support, and
the standalone Siri Remote, in September 2015,[29] Mac
and AirPods support in September 2016,[30][31] and
HomePod support in February 2018.[32][33]

Features and options [ edit ]

Apple offers a wide range of voice commands to interact with Siri, including, but not limited to:[34]

Phone and Text actions, such as "Call Sarah", "Read my new messages", "Set the timer for 10
minutes", and "Send email to mom"
Check basic information, including "What's the weather like today?" and "How many dollars
are in a Euro?"

Schedule events and reminders, including "Schedule a meeting" and "Remind me to"
Handle device settings, such as "Take a picture", "Turn on Wi-Fi", and "Increase the
brightness"

Search the Internet, including "Define...", "Find pictures of...", and "Search Twitter for..."
Navigation, including "Take me home", "What's traffic like on the way home?", and "Find
driving directions to..."
Entertainment, such as "What basketball games are on today?", "What are some movies
playing near me?", and "What's the synopsis of...?"

Engage with iOS-integrated apps, including "Pause Apple Music" and "Like this song"

Siri also offers numerous pre-programmed responses to amusing questions.[35] Such questions
include "What is the meaning of life?", to which Siri may reply "All evidence to date suggests it's
chocolate"; "Why am I here?", to which it may reply "I don't know. Frankly, I've wondered that
myself"; and "Will you marry me?", to which it may respond with "My End User Licensing
Agreement does not cover marriage. My apologies".[36][37]

Initially limited to female voices, Apple announced in June 2013 that Siri would feature a gender
option, adding a male voice counterpart.[38]

In September 2014, Apple added the ability for users to speak "Hey Siri" to enable the assistant
without the requirement of physically handling the device.[39]

In September 2015, the "Hey Siri" feature was updated to include individualized voice recognition,
a presumed effort to prevent non-owner activation.[40][41]

With the announcement of iOS 10 in June 2016, Apple opened up limited third-party developer
access to Siri through a dedicated application programming interface (API). The API restricts
usage of Siri to engaging with third-party messaging apps, payment apps, ride-sharing apps, and
Internet calling apps.[42][43]

In iOS 11, Siri is able to handle follow-up questions, supports language translation, and opens up
to more third-party actions, including task management.[44][45] Additionally, users are able to type
to Siri,[46] and a new, privacy-minded "on-device learning" technique improves Siri's suggestions
by privately analyzing personal usage of different iOS applications.[47]

Reception [ edit ]

Siri received mixed reviews during its "beta" release as an integrated part of iPhone 4S in October
2011.

MG Siegler of TechCrunch wrote that Siri was "great", adding that "The amount of times Siri
hasn’t been able to understand and execute my request is astonishingly low". Siegler further
praised the potential for Siri after losing the "beta" tag, writing "Just imagine what will happen
when Apple partners with other services to expand Siri further. And imagine when they have an
API that any developer can use. This really could alter the mobile landscape".[48]

Writing for The New York Times, David Pogue also praised Siri, writing that it "thinks for a few
seconds, displays a beautifully formatted response and speaks in a calm female voice". Pogue
praised Siri's language understanding, stating that "It’s mind-blowing how inexact your utterances
can be. Siri understands everything from, “What’s the weather going to be like in Tucson this
weekend?” to “Will I need an umbrella tonight?”". Pogue also equally praised Siri's ability to
understand context, using the example of "Once, I tried saying, “Make an appointment with
Patrick for Thursday at 3.” Siri responded, “Note that you already have an all-day appointment
about ‘Boston Trip’ for this Thursday. Shall I schedule this anyway?” Unbelievable".[49]

Jacqui Cheng of Ars Technica wrote that Apple's claims of what Siri could do were "bold", and the
early demos "even bolder". Cheng wrote that "Though Siri shows real potential, these kinds of
high expectations are bound to be disappointed", adding that "Apple makes clear that the product
is still in beta—an appropriate label, in our opinion". While praising its ability to "decipher our
casual language" and deliver "very specific and accurate result", sometimes even providing
additional information, Cheng noted and criticized its restrictions, particularly when the language
moved away from "stiffer commands" into more human interactions. One example included the
phrase "Send a text to Jason, Clint, Sam, and Lee saying we're having dinner at Silver Cloud",
which Siri interpreted as sending a message to Jason only, containing the text "Clint Sam and Lee
saying we're having dinner at Silver Cloud". She also noted a lack of proper editability, as saying
"Edit message to say: we're at Silver Cloud and you should come find us", generated "Clint Sam
and Lee saying we're having dinner at Silver Cloud to say we're at Silver Cloud and you should
come find us".[50]

Google's executive chairman and former chief, Eric Schmidt, conceded that Siri could pose a
"competitive threat" to the company's core search business.[51]

Siri was criticized by pro-choice abortion organizations, including the American Civil Liberties
Union (ACLU) and NARAL Pro-Choice America, after users found that Siri could not provide
information about the location of birth control or abortion providers nearby, sometimes directing
users to pro-life crisis pregnancy centers instead.[52][53][54] Natalie Kerris, a spokeswoman for
Apple, told The New York Times that "Our customers want to use Siri to find out all types of
information, and while it can find a lot, it doesn’t always find what you want", adding "These are
not intentional omissions meant to offend anyone. It simply means that as we bring Siri from beta
to a final product, we find places where we can do better, and we will in the coming weeks".[55] In
January 2016, Fast Company reported that, in then-recent months, Siri had begun to confuse the
word "abortion" with "adoption", citing "health experts" who stated that the situation had "gotten
worse". However, at the time of Fast Company 's report, the situation had changed slightly, with
Siri offering "a more comprehensive list of Planned Parenthood facilities", although "Adoption
clinics continue to pop up, but near the bottom of the list."[56][57]

Siri has also not been well received by some English speakers with distinctive accents, including
Scottish[58] and Americans from Boston or the South.[59]

In March 2012, Frank M. Fazio filed a class action lawsuit against Apple on behalf of the people
who bought iPhone 4S and felt misled about the capabilities of Siri, alleging its failing to function
as depicted in Apple's Siri commercials. Fazio filed the lawsuit in California and claimed that the
iPhone 4S was merely a "more expensive iPhone 4" if Siri fails to function as advertised.[60][61] On
July 22, 2013, U.S. District Judge Claudia Wilken in San Francisco dismissed the suit but said the
plaintiffs could amend at a later time. The reason given for dismissal was that plaintiffs did not
sufficiently document enough misrepresentations by Apple for the trial to proceed.[62]

Perceived lack of innovation [ edit ]

In June 2016, The Verge 's Sean O'Kane wrote about the then-upcoming major iOS 10 updates,
with a headline stating "Siri's big upgrades won't matter if it can't understand its users". O'Kane
wrote that "What Apple didn’t talk about was solving Siri’s biggest, most basic flaws: it’s still not
very good at voice recognition, and when it gets it right, the results are often clunky. And these
problems look even worse when you consider that Apple now has full-fledged competitors in this
space: Amazon’s Alexa, Microsoft’s Cortana, and Google’s Assistant."[63] Also writing for The
Verge, Walt Mossberg had previously questioned Apple's efforts in cloud-based services,
writing:[64]

[...] perhaps the biggest disappointment among Apple's cloud-based services is the
one it needs most today, right now: Siri. Before Apple bought it, Siri was on the road
to being a robust digital assistant that could do many things, and integrate with many
services — even though it was being built by a startup with limited funds and people.
After Apple bought Siri, the giant company seemed to treat it as a backwater,
restricting it to doing only a few, slowly increasing number of tasks, like telling you
the weather, sports scores, movie and restaurant listings, and controlling the device's
functions. Its unhappy founders have left Apple to build a new AI service called Viv.
And, on too many occasions, Siri either gets things wrong, doesn't know the answer,
or can't verbalize it. Instead, it shows you a web search result, even when you're not
in a position to read it.

In October 2016, Bloomberg reported that Apple had plans to unify the teams behind its various
cloud-based services, including a single campus and reorganized cloud computing resources
aimed at improving the processing of Siri's queries,[65] though another report from The Verge in
June 2017 once again called Siri's voice recognition "bad".[66]

In June 2017, The Wall Street Journal published an extensive report on the lack of innovation with
Siri following competitors' advancement in the field of voice assistants. Noting that Apple workers'
anxiety levels "went up a notch" on the announcement of Amazon's Alexa, the Journal wrote that
"Today, Apple is playing catch-up in a product category it invented, increasing worries about
whether the technology giant has lost some of its innovation edge". The report cites the primary
causes as being Apple's prioritization of user privacy, including randomly-tagged six-month Siri
searches, whereas Google and Amazon keep data until actively discarded by the user, and
executive power struggles with some employees leaving. Apple declined to comment on the
report, while Eddy Cue said that "Apple often uses generic data rather than user data to train its
systems and has the ability to improve Siri’s performance for individual users with information kept
on their iPhones".[1][67]

See also [ edit ]

References [ edit ]

Further reading [ edit ]

For a detailed article on the history of the organizations and technologies preceding the
development of Siri, and their influence upon that application, see Bianca Bosker, 2013, "Siri
Rising: The Inside Story Of Siri's Origins (And Why She Could Overshadow The iPhone) ", in
The Huffington Post (online), January 22, 2013 (updated January 24, 2013), accessed
November 2, 2014.
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൘学ᵟᯩ䶒 㠚̍❦䈝䀰༴理䎺ᶕ䎺ਇޣ⌘઼䟽㿶Ǆ㠚❦䈝䀰༴理ᱟ࡙⭘计算机

ሩӪ类Ⲵ㠚❦䈝䀰Ⲵؑ᚟䘋㹼༴理઼࣐工Ⲵᢰᵟ [159]Ǆа㡜Ⲵˈ㠚❦䈝䀰༴理研
究Ⲵ䰞仈ਟԕ࠶Ѫྲлࠐњቲ⅑：ᖒᘱ学˄morphology˅̍ 䈝⌅学˄syntax˅̍ 䈝ѹ
学˄semantics˅઼䈝⭘学˄pragmatics˅̍ ྲമ1.5所⽪ˈ䰞仈Ⲵ䳮ᓖ䲿⵰ቲ级Ⲵॷ
儈ҏ䎺ᶕ䎺བྷǄަ中䈝ѹ学研究Ⲵ䟽⛩ᱟ䈝䀰单ݳ㺘䗮ҶӰѸ᜿ᙍǄ䈝ѹ䀓᷀኎

Ҿ䈝ѹ学Ⲵ研究㤳⮤Ǆ

䈝ѹ䀓᷀ᱟ㠚❦䈝䀰༴理中ⲴṨᗳԫ࣑ѻа [110]ˈҏᱟᇎ⧠㠚❦䈝䀰理䀓Ⲵ
ᴤ儈≤ᒣⲴ׋䶒所ӻ㓽ⲴᲪ㜭ᩌ㍒ᕅ᫾ˈᲪ㜭ᓄ⭘઼Ც㜭机ಘӪˈ㾱ᜣᨀࡽˈ䭞ޣ

ᴽ࣑ 䜭̍⿫нᔰ䈝ѹ䀓᷀ᢰᵟⲴ᭟ᤱǄ䈝ѹ䀓᷀ᢰᵟ㜭ᢺ㠚❦䈝䀰䖜ᦒѪ计算机䈝

䀰 Ӿ̍㘼֯ᗇ计算机ⵏ↓理䀓㠚❦䈝䀰Ǆն⧠䱦⇥Ⲵ䈝ѹ䀓᷀ᢰᵟᒦнᡀ⟏ 䶒̍ࡽ

所ӻ㓽ⲴаӋĀ理䀓āⲴᛵᖒˈᖰᖰᱟ൘⢩ᇊⲴᛵຳлˈ׍䶐аӋ⢩ᇊⲴ⁑ᶯ઼㿴

ᔰ᭮ฏ઼ᰐ㓖ᶏᶑ件ǄࡠڊⲴ䈝ѹ䀓᷀ᢰᵟ䘈н㜭ࡽᶕᇎ⧠Ⲵˈⴞࡉ

䈝ѹ䀓᷀ሩ㠚❦䈝䀰༴理亶ฏަԆԫ࣑Ⲵਁኅҏާᴹ〟ᶱⲴ᧘䘋作⭘ˈྲ机

ಘ㘫䈁ǃ㠚ࣘ䰞ㆄǃؑ᚟ᣭਆǃᛵᝏ᷀࠶ㅹǄ机ಘ㘫䈁ᱟ⭘计算机ሶа⿽㠚❦䈝䀰

˄Ⓚ䈝䀰 㠚˅ࣘ㘫䈁ᡀਖа⿽㠚❦䈝䀰˄ ⴞḷ䈝䀰 [˅160]Ǆ研究Ӫ员ݸਾቍ䈅䗷֯⭘
䇽ሩ喀˄ สҾ䇽Ⲵ㘫䈁⁑ර [20]˅̍⸝䈝ሩ喀˄ สҾ⸝䈝Ⲵ㘫䈁⁑ර [138]˅̍ਕ⌅ṁ᱐
ሴ˄ สҾਕ⌅ṁⲴ⁑ර [155]˅̍ 㕆⸱ಘ-䀓⸱ಘ˄ ⾎㓿㖁㔌机ಘ㘫䈁 [69]˅̍ 所֯⭘ࡠ
Ⲵ䍴Ⓚ䎺ᶕ䎺儈ቲ⅑˄ ᆇ-⸝䈝-ਕ⌅-䈝ѹ˅̍㘫䈁᭸᷌ҏᱟ䎺ᶕ䎺ྭǄྲ ᷌ᡁԜ㜭ཏ
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മ 1.5: 㠚❦䈝䀰༴理所研究䰞仈Ⲵн਼ቲ⅑

ᗇࡠⓀ䈝䀰Ⲵ↓⺞Ⲵ䈝ѹ㺘⽪ ሶ̍ᴹࣙҾ㧧ᗇ理ᜣⲴ㘫䈁᭸᷌Ǆ਼理ˈྲ ᷌ᡁԜ㜭

ཏ࡙⭘䈝ѹ䀓᷀ᗇࡠਕᆀⲴ䈝ѹ㺘⽪ˈ䛓ѸᡁԜ㧧ᗇ䰞仈ⲴㆄṸ [59, 48, 44, 145]ǃ
Ӿਕᆀ中ᣭਆ⸕䇶 [28, 113]ǃᡆ者ࡔᯝਕᆀⲴᛵᝏ䜭ሶᴤ࣐߶⺞ǄCorona et al.
[37]䘈ᨀࠪ֯⭘䈝ѹ䀓᷀ᢰᵟᶕᨀ儈䈝丣䇶别Ⲵ߶⺞ᓖǄ

1.2 䈣ѿ䀙᷆Աࣗԁ㔃

䈝ѹ䀓᷀ᱟ指ሶ㠚❦䈝䀰ਕᆀ䀓᷀ᡀᆼᮤⲴˈ机ಘਟ䇶别Ⲵᡆਟ计算Ⲵ䈝ѹ

㺘⽪˄ྲ䙫䗁㺘䗮ᔿ˅[133]ˈаᰖ㜭ཏᗇࡠਕᆀⲴ䈝ѹ㺘⽪ˈ机ಘਟԕሩ↔ᢗ㹼
˄execute˅̍ ᒦ㔉ࠪ⴨ᓄⲴㆄṸ઼᫽作 [93]Ǆമ1.6㔉ࠪҶањ䈝ѹ䀓᷀Ⲵֻᆀˈֻ
ᆀ中ˈ䈝ѹ䀓᷀ᢺਕᆀ “奥巴马出生在哪个城市？” 䀓᷀ᡀ䙫䗁㺘䗮ᔿ λx. 城市
(x) ∧ 出生地 (奥巴马,x)ˈ䈕䙫䗁㺘䗮ᔿᱟа⿽ᖒᔿॆⲴ㺘⽪ˈ㜭ཏ㻛机ಘ䇶别ˈ
ᆳ㺘⽪䴰㾱᢮ࡠਈ䟿 xˈᒦ┑䏣 x Ⲵ类别ᱟ城市ˈᒦф “奥巴马” 与 x ѻ䰤ᆈ൘出

生于Ⲵޣ㌫ˈ൘⸕䇶ᓃⲴ᭟ᤱл机ಘਟԕⴤ᧕ᢗ㹼䈕䙫䗁㺘䗮ᔿˈ≲ᗇਈ䟿 x ᱟ

“火奴鲁鲁”Ǆ

⤝ѹⲴ䈝ѹ䀓᷀а㡜ਚवᤜ䀓᷀䘉а䜘࠶ ᒦ̍н⎹৺ਾ䶒Ⲵᢗ㹼˄ ྲк䶒Ⲵֻ

ᆀ˅̍ նᖰᖰᢗ㹼与䀓᷀ᱟ⴨ޣⲴˈ䀓᷀ⲴⴞⲴቡᱟѪҶᢗ㹼Ǆഐ↔ѪҶׯҾᢗ㹼ˈ

а㡜䈝ѹ䀓᷀֯⭘Ⲵᱟᢗ㹼䗷〻中⭘ࡠⲴ⸕䇶փ㌫Ǆྲമ1.6中Ⲵֻᆀˈᢗ㹼䜘࠶
所֯⭘ࡠⲴ⸕䇶փ㌫ᱟ⸕䇶ᓃ ⸕̍䇶ᓃ䟼䶒ᱟйݳ㓴Ⲵ⸕䇶 ሩ̍ᓄⲴ䈝ѹ㺘⽪ҏᱟ

สҾ䘉⿽ᖒᔿᶴᔪⲴǄਖཆ ሩ̍䈝ѹ㺘⽪ᢗ㹼ਾⲴ㔃᷌а㡜ਟԕ作Ѫᴹ᭸ؑ᚟ᶕⴁ

ⶓ䈝ѹ䀓᷀⁑රⲴ学ҐǄ൘ᵜ᮷中ˈᡁԜ䇔Ѫᢗ㹼ҏᱟ䈝ѹ䀓᷀Ⲵ䟽㾱㓴ᡀ䜘࠶Ǆ

䈝ѹ䀓᷀൘䀓઼᷀ᢗ㹼中䜭䴰㾱⸕䇶փ㌫Ⲵ᭟᫁ˈṩᦞ⸕䇶փ㌫Ⲵн਼ᶴᔪ
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语义分析的
定义

知识库

火奴鲁鲁

自然语言句子：奥巴马出生在哪个城市？

逻辑表达式：𝜆𝑥.城市(𝑥) ∧出生地(奥巴马，𝑥)

മ 1.6: 䈝ѹ䀓᷀Ⲵањֻᆀ

ᛵຳˈ䈝ѹ䀓᷀ѫ㾱ਟԕ࠶Ѫྲлє类：

• สҾ⸕䇶Ⲵ䈝ѹ䀓᷀：മ1.6中Ⲵֻᆀቡ኎Ҿ䘉⿽ᛵຳˈ䘉⿽ᛵຳа㡜ԕ⸕䇶
ᓃѪ⸕䇶փ㌫Ǆ䀓᷀䗷〻中䴰㾱֯⭘⸕䇶ᓃ中Ⲵ⸕䇶ᵜփ作Ѫ䈝ѹ㺘⽪Ⲵส

⹰Ṷᷦˈᢗ㹼䗷〻中䴰㾱֯⭘⸕䇶ᓃ中Ⲵ⸕䇶ˈ㔉ࠪ⺞࠷ⲴㆄṸǄᢗ㹼䗷〻

н䴰㾱与⸕䇶ᓃԕཆⲴަԆ䍴ⓀӔӂǄ

• 䶒ੁ机ಘ᧗ࡦⲴ䈝ѹ䀓᷀：䘉⿽ᛵຳⲴᢗ㹼ᱟާփⲴ机ಘ指Ԕˈྲ ൘ Linux㌫
㔏中֯⭘㠚❦䈝䀰ሩ᮷件䘋㹼⴨ޣ᫽作 䈝̍ѹ䀓᷀ᗇࡠⲴ䈝ѹ㺘⽪ቡᱟ Bash
指Ԕˈ䘉⿽ᛵຳлቡԕ机ಘ指Ԕփ㌫Ѫ䈝ѹ䀓᷀Ⲵ⸕䇶փ㌫Ǆ䀓᷀䗷〻䴰㾱

֯⭘机ಘ指Ԕփ㌫作Ѫ䈝ѹ㺘⽪Ⲵส⹰Ṷᷦˈᢗ㹼䗷〻中а㡜䴰㾱与ཆ䜘ц

⭼䘋㹼Ӕӂˈྲ指ᥕ机ಘӪᑞᘉقаᶟ㥦Ǆ

൘ᵜ᮷中ᡁԜѫ㾱䪸ሩㅜа类䈝ѹ䀓᷀ኅᔰ研究Ǆ

⸕䇶ᓃ൘䘉类䈝ѹ䀓᷀中䎧ࡠҶ䟽㾱Ⲵ作⭘：аᱟᗇࡠਕᆀⲴ䈝ѹ㺘⽪ѻਾˈ

࡙⭘⸕䇶ᓃ中Ⲵ⸕䇶ਟԕᗇࡠㆄṸ˗Ҽᱟ⸕䇶ᓃⲴփ㌫ᱟᶴᔪ䈝ѹ㺘⽪Ⲵส⹰Ṷ

ᷦǄ⧠䱦⇥ᐢᆈ൘਴⿽བྷ㿴⁑⸕䇶ᓃˈྲ Freebase3ǃDbpedia4ㅹˈമ1.7ኅ⽪Ҷ
Freebase中ޣҾᇎփ “Barack Obama”Ⲵ⴨ޣ⸕䇶 ൘̍മ1.6Ⲵֻᆀ中 ਈ̍䟿 xሩᓄ

Ⲵ٬ቡᱟമ1.7中Ⲵ “Honolulu”Ǆ਼ṧⲴֻᆀˈ䈝ѹ㺘⽪ λx. 城市 (x) ∧ 出生地
(奥巴马,x) 中ˈ“城市” ሩᓄࡠ⸕䇶ᓃ中Ⲵаݳ䉃䇽ˈণമ1.7中Ⲵ “Type-City”ˈ
㌫ޣ “出生于” ሩᓄࡠ⸕䇶ᓃ中ⲴҼݳ䉃䇽ˈণമ1.7中Ⲵ “PlaceOfBirth”Ǆ

ਕᆀⲴ䈝ѹ⿫нᔰਕᆀ中䇽䈝Ⲵ䈝ѹ ҏ̍⿫нᔰਕᆀⲴ㔃ᶴǄ䈝ѹ䀓᷀ቡᱟ研

究ྲօ㧧ਆਕᆀ中䇽䈝Ⲵ䈝ѹˈྲօ㧧ਆਕᆀⲴ㔃ᶴˈᒦྲօสҾ䇽䈝Ⲵ䈝ѹˈ࡙

⭘ਕᆀⲴ㔃ᶴ㓴ᔪਕᆀⲴ䈝ѹ㺘⽪Ǆ

3Freebase ⧠ᐢޣ䰝ˈ⧠ԕ Wikidata Ⲵᖒᔿ੸⧠
4http://wiki.dbpedia.org/
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Freebase

100M entities (nodes) 1B assertions (edges)

BarackObama

Person

Type

Politician

Profession

1961.08.04

DateOfBirth

HonoluluPlaceOfBirth

Hawaii

ContainedBy

City

Type

UnitedStates

ContainedBy

USState

Type

Event8

Marriage

MichelleObama

Spouse

Type

Female
Gender

1992.10.03

StartDate

Event3

PlacesLived

Chicago

Location

Event21

PlacesLived

Location

ContainedBy

[Bollacker, 2008; Google, 2013]

83

മ 1.7: Freebase 中ޣҾᇎփ “Barack Obama” Ⲵ⴨ޣ⸕䇶

1.3 ᵢ文Ⲻѱ㾷⹊ガ޻ᇯ਀㓺㓽㔉ᶺ

ᆼᡀ䈝ѹ䀓᷀ѫ㾱䴰㾱єњ࣏㜭⁑ඇ а̍њᱟ䈝ѹ㩭ൠ˄ Semantic Grounding˅̍
ਖањᱟ㔃ᶴ亴⍻˄Structure Prediction Ǆ˅ᵜ᮷㍗㍗ത㔅к䘠єњ⁑ඇኅᔰ研究ˈ
൘䈝ѹ㩭ൠᯩ䶒 ⭡̍Ҿ䇽ިа㡜䴰㾱学Ґ ൘̍ᔰ᭮ฏⲴᛵߥлᆈ൘㾶ⴆᓖн䏣Ⲵ䰞

仈 䪸̍ሩ䈕䰞仈ˈᴥ ᮷ᔰኅҶสҾ䇽ިᢙݵ学ҐⲴ䈝ѹ䀓᷀ᯩ⌅研究Ǆ൘㔃ᶴ亴⍻

ᯩ䶒 䪸̍ሩਕᆀ㔃ᶴ与ⴞḷ䈝ѹ㺘⽪ѻ䰤Ⲵ㔃ᶴн३䝽䰞仈ˈᴥ ᮷ᔰኅҶสҾਕᆀ

䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅研究ǄD ਾˈᴥ ᮷㔬ਸ࡙⭘䈝ѹമⲴ䈝ѹ㺘⽪Ո઼࣯⾎㓿㖁㔌

⁑රⲴᕪ亴⍻㜭࣋ˈᨀࠪҶа⿽ᯠⲴ䈝ѹ䀓᷀ṶᷦüüสҾㄟࡠㄟⲴ䈝ѹമ⭏ᡀ

Ⲵ䈝ѹ䀓᷀ᯩ⌅Ǆ

ത㔅к䘠޵ᇩˈᵜ᮷࠶ޡѪޝㄐˈᮤփ㓴㓷㔃ᶴྲമ1.8所⽪Ǆᵜㄐѫ㾱ӻ㓽
研究㛼Ჟ与᜿ѹˈԕ৺研究Ⲵѫ㾱޵ᇩǄਾ㔝ㄐ㢲޵ᇩᆹᧂྲл：

• ㅜҼㄐ俆ݸӻ㓽䈝ѹ䀓᷀Ⲵ⴨ޣ㛼Ჟ⸕䇶ˈԕ৺研究䈝ѹ䀓᷀所㾱Ҷ䀓Ⲵа
Ӌᾲᘥˈवᤜ䈝ѹⲴ㺘⽪ˈ⸕䇶ᓃᵜփˈ䀓᷀算⌅ˈ学Ґ算⌅ˈԕ৺ᑨ⭘Ⲵ

类ˈᒦㆰ㾱ӻ㓽ަ中ԓ㺘ᙗ࠶ᔰᮠᦞ䳶Ǆ᧕⵰ሩᑨ㿱Ⲵ䈝ѹ䀓᷀ᯩ⌅䘋㹼ޜ

ᯩ⌅৺ަՈ㕪⛩Ǆᴰਾㆰ㾱ӻ㓽ࠐ⿽สҾ䈝ѹ䀓᷀Ⲵިරᓄ⭘Ǆ

• ൘ㅜйㄐ 䪸̍ሩ䈝ѹ䀓᷀中⭘Ҿ䈝ѹ㩭ൠⲴ䇽ިᖰᖰᆈ൘㾶ⴆᓖнཏⲴ䰞仈ˈ

ᡁԜݸਾᨀࠪҶє⿽สҾ䇽ިᢙኅ学ҐⲴ䈝ѹ䀓᷀ᯩ⌅Ǆа⿽ᱟ൘⧠ᴹ工作

Ⲵส⹰кˈ൘俆䖞䇝㓳Ⲵ䗷〻中㠚ࣘᕅޕᯠⲴ䇽≷ˈ❦ਾ൘ਾ㔝Ⲵ䇝㓳中ሩ

ᯠ䇽≷䘋㹼ᢃ࠶ˈᴰਾ࡙޽⭘ᣅ⾘机ࡦ൘所ᴹ䇽≷中䘹ᤙṨᗳ䇽≷㓴ᡀṨᗳ

䇽ިˈᒦᓄ⭘Ҿ䈝ѹ䀓᷀中Ǆਖа⿽ᱟ࡙࠶ݵ⭘ᇩ᱃㧧ਆབྷ㿴⁑Ⲵ᮷ᵜ䈝ᯉ

઼䇽ި䍴Ⓚᶕ学Ґ䇽䈝与䇽䈝ѻ䰤Ⲵ䈝ѹ⴨լᙗᓖ䟿ˈ❦ਾ൘สҾമⲴॺⴁ
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第一章  绪论

第二章  背景知识和相关工作综述

第三章  词典扩充学习

第六章  总结与展望

语义落地 结构预测

第四章  句子重写

第五章  端到端的语义图生成

词典覆盖度不够 结构不匹配过于依赖词典
过于依赖文法or模板

 or依存树or启发式算法

语义解析

മ 1.8: ᵜ᮷Ⲵ㓴㓷㔃ᶴ

ⶓ学ҐⲴṶᷦ䟼ˈӾቁ䟿⿽ᆀ䇽≷ࠪਁˈ学ҐࠪᯠⲴ䇽≷Ǆ䈕ᯩ⌅Ⲵࠪਁ⛩

ᱟ⴨լⲴ䇽䈝ᓄ䈕᱐ሴࡠ⴨਼Ⲵ䉃䇽Ǆ

• ൘ㅜഋㄐˈ䪸ሩ䈝ѹ䀓᷀中㔃ᶴ亴⍻ᰦˈਕᆀ与ⴞḷ䈝ѹ㺘⽪ѻ䰤Ⲵ㔃ᶴн
३䝽䰞仈ˈᡁԜᨀࠪҶа⿽ᯠⲴ䈝ѹ䀓᷀ṶᷦüüสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀

ᯩ⌅Ǆ䈕ᯩ⌅Ⲵࠪਁ⛩ᱟањਕᆀᙫᆈ൘ਖа⿽㺘䘠ᖒᔿ˄ᯠⲴਕᆀ˅̍ 䈕

㺘䘠ᖒᔿ与৏ਕᆀⲴ᜿ᙍаṧˈ਼ ᰦަ㔃ᶴ与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴᱟ३䝽ⲴǄ

䈕ㄐሩ㔃ᶴн३䝽Ⲵ䰞仈䘋㹼᷀࠶ˈᒦᙫ㔃ࠪє类㔃ᶴн३䝽Ⲵ䰞仈ˈ࠶别

ᱟ 1-Nරн३䝽઼ N-1රн३䝽 䘋̍㘼࠶别ᨀࠪสҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉

⌅઼สҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅Ǆᴰਾᇊѹањ㚄ਸ⁑රˈ㔬ਸ㘳㲁ਕᆀ

䟽߉䜘઼࠶䈝ѹ䀓᷀䜘࠶Ǆ

• ൘ㅜӄㄐˈ䪸ሩ䈝ѹ䀓᷀中䈝ѹ㩭ൠ䜘࠶䗷Ҿ׍䎆Ҿ䇽ިˈԕ৺㔃ᶴ亴⍻䜘
Ⲵ㔬ਸ䰞仈ˈᡁԜᨀࠪҶа⿽สҾࡉ䎆Ҿ䇮计᮷⌅ˈ⁑ᶯ઼੟ਁᔿⲴ㿴׍࠶

ㄟࡠㄟⲴ䈝ѹമ⭏ᡀⲴ䈝ѹ䀓᷀ᯩ⌅üüSequence-to-ActionǄ䈕ᯩ⌅㜭ཏ਼
ᰦ࡙⭘Ҷ䈝ѹമⲴ䈝ѹ㺘⽪Ո࣯ˈԕ৺ᗚ⧟⾎㓿㖁㔌⁑රⲴᕪ㺘⽪学Ґ㜭࣋

઼ᒿࡇ亴⍻㜭࣋ǄสҾ䈕ᯩ⌅㜭ཏᢺ䈝ѹ䀓᷀䗷〻䖜ॆѪ䈝ѹമ⭏ᡀ䗷〻ˈ

਼ᰦᇊѹࣘ作䳶ᶕ㕆⸱䈝ѹമⲴ⭏ᡀ䗷〻ˈӾ㘼ਟԕᢺ䈝ѹ䀓᷀ⴻ作ਕᆀⲴ

䇽䈝ᒿࣘࡠࡇ作ᒿࡇⲴ㘫䈁䗷〻ˈ䘋㘼࡙⭘ᗚ⧟⾎㓿㖁㔌⁑රᶕᔪ⁑ࣘ作ᒿ

ൠׯⲴ⭏ᡀǄ↔ཆˈ൘䀓⸱Ⲵ䗷〻中ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件㜭ཏᯩࡇ

䘋а↕ᨀ儈䈝ѹ䀓᷀Ⲵ߶⺞ᓖǄˈޕ࣐

• ㅜޝㄐᱟሩޘ᮷工作Ⲵᙫ㔃ԕ৺ሩла↕研究工作ⲴኅᵋǄ





ㅢӂㄖ 䈣ѿ䀙᷆ᯯ⌋㔲䘦

2.1 Ᾰ䘦

䈝ѹ䀓᷀ᱟሶ㠚❦䈝䀰ਕᆀ䀓᷀ᡀ计算机ਟ䇶别ᡆਟ计算Ⲵ䈝ѹ㺘⽪˄ྲ䙫

䗁㺘䗮ᔿ˅Ⲵ䗷〻 [133]Ǆ䈝ѹ䀓᷀ᱟ㠚❦䈝䀰༴理亶ฏส⹰ᙗԫ࣑ѻаˈҏᱟᇎ
⧠㠚❦䈝䀰理䀓所䴰ⲴᢰᵟǄ

䈝ѹ䀓᷀ᐢ㓿ᴹᖸѵⲴ研究শਢ 䘁̍年ᶕᴤᱟ੨ᕅҶབྷᢩⲴ研究者Ǆᰙ年Ⲵ䈝

ѹ䀓᷀䜭ᱟสҾ㿴ࡉⲴˈⴤࡠ 90 年ԓˈ机ಘ学Ґᔰ࿻ޤ䎧ˈ਴⿽机ಘ学Ґ算⌅ᔰ
࿻䘀⭘Ҿ䈝ѹ䀓᷀Ǆ䘁年ᶕ 䲿̍⵰␡ᓖ学ҐⲴޤ䎧 ҏ̍⎼⧠ҶᖸཊสҾ␡ᓖ学ҐⲴ

䈝ѹ䀓᷀ᯩ⌅Ǆ

ᵜㄐ ᡁ̍Ԝሶ俆ݸӻ㓽䈝ѹ䀓᷀Ⲵ⴨ޣ㛼Ჟ⸕䇶 ᧕̍⵰ӻ㓽研究䈝ѹ䀓᷀ѻࡽ

㾱Ҷ䀓Ⲵ⴨ޣᾲᘥ ᧕̍⵰ᡁԜሩ䈝ѹ䀓᷀ᯩ⌅䘋㹼࠶类઼ᙫ㔃ˈD ਾӻ㓽㤕ᒢ䈝ѹ

䀓᷀Ⲵᓄ⭘Ǆ

2.2 㓺ਾ䈣ѿ学ૂ⁗ශ⨼论䈣ѿ学

⧠䱦⇥བྷ䜘࠶䈝ѹ䀓᷀ᯩ⌅䜭ᱟสҾ㓴ਸ䈝ѹˈ㓴ਸ䈝ѹⲴสᵜ߶ࡉᱟ：а

њਕᆀⲴᮤփ᜿ᙍᱟਕᆀ中਴њᡀ࠶᜿ᙍⲴ㓴ਸǄ䈕理论ᴰᰙ⭡ଢ学ᇦ Richard
Montague ᨀࠪˈ䘉⿽䈝ѹ学理论㻛〠Ѫ㫉ཚਔ䈝ѹ学 [108, 107, 109]Ǆ

⁑ර理论䈝ѹ学˄model-theoretic semantics˅ᱟสҾ⁑ර理论Ⲵ䈝ѹ学ˈަ 中

⁑ර理论˄model theory 1˅ᱟࠪ㠚ᮠ理䙫䗁中Ⲵᾲᘥˈᒯѹ㘼䀰ˈ⁑ර理论ᱟሩ䈝

䀰Ⲵ䀓䟺 䘉̍䟼Ⲵ䈝䀰ਟԕᱟӪ类Ⲵ㠚❦䈝䀰 ҏ̍ਟԕᱟᖒᔿॆ䈝䀰Ǆ൘㠚❦䈝䀰

中ˈสҾ⁑ර理论Ⲵ䈝ѹ学指Ⲵᱟˈ⭘ц⭼中ⲴḀањ⣦ᘱ˄state˅ᶕሩањਕᆀ
䘋㹼䀓䟺ˈമ2.1ኅ⽪ҶањֻᆀǄ

Model-theoretic/compositional semantics

Two ideas: model theory and compositionality

Model theory: interpretation depends on the world state

Block 2 is blue.

1 2 3 4

Compositionality: meaning of whole is meaning of parts

The [block left of the red block] is blue.

[Montague, 1973]

78

മ 2.1: ⭘ц⭼中Ⲵ⣦ᘱᶕ䀓䟺ਕᆀⲴֻᆀ

⧠䱦⇥Ⲵ䈝ѹ䀓᷀ᯩ⌅བྷ䜘࠶䜭สҾ䘉єњ理论：㓴ਸ䈝ѹ઼⁑ර理论䈝ѹˈ

ާˈ者ᕪ䈳䈝ѹᱟ㓴ਸ㘼ᡀⲴࡽ ᴹ㔃ᶴᙗ ሶ̍䈝ѹ䀓᷀ⴻ作ᱟањ㔃ᶴ亴⍻˄ Struc-
ture Prediction Ⲵ˅䰞仈Ǆਾ者ᕪ䈳ਕᆀⲴ䈝ѹሩᓄࡠ⢙理ц⭼中ⲴḀњ⣦ᘱˈާ փ

1https://plato.stanford.edu/entries/model-theory/
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ᇎ䐥中ቡᱟሩᓄࡠањ⸕䇶փ㌫中ˈਕᆀ中Ⲵᇎփ઼ޣ㌫䜭⭘⸕䇶փ㌫中Ⲵᇎփ

㌫ᶕ䀓䟺ޣ઼ 䘉̍ҏ᜿ણ⵰ሩањ㠚❦䈝䀰ਕᆀ䘋㹼䈝ѹ䀓᷀䴰㾱ᢺਕᆀ中Ⲵᇎփ

㌫ޣ䇶փ㌫中Ⲵᇎփ઼⸕ࡠ㌫᱐ሴޣ઼ 䘉̍ᱟањ䈝ѹ㩭ൠ˄ Semantic Grounding˅
Ⲵ䗷〻Ǆ㔬к所䘠ањ䈝ѹ䀓᷀ಘ䙊ᑨ䴰㾱єњ࣏㜭：䈝ѹ㩭ൠ઼㔃ᶴ亴⍻Ǆ

2.2.1 䈣ѿ㩳൦

䈝ѹ㩭ൠᱟ指ਕᆀ中Ⲵᇎփሩᓄࡠ⢙理ц⭼˄world˅中Ⲵᇎփˈਕᆀ中Ⲵޣ
㌫ሩᓄࡠ⢙理ц⭼中Ⲵޣ㌫ [78]Ǆа㡜ⲴˈᡁԜ֯⭘⸕䇶ᓃ中Ⲵ⸕䇶ᶕ㺘⽪ањ⢙
理ц⭼ ণ̍ᢺਕᆀ中Ⲵᇎփ᱐ሴࡠ⸕䇶ᓃ中Ⲵᇎփ ᢺ̍ਕᆀ中Ⲵޣ㌫᱐ሴࡠ⸕䇶ᓃ

中Ⲵޣ㌫˄ҏ〠䉃䇽ˈवᤜаݳ䉃䇽઼Ҽݳ䉃䇽 Ǆ˅

䈝ѹ䀓᷀䗷〻中䈝ѹ㩭ൠⲴᇎ⧠ᯩᔿа㡜ᴹє⿽ а̍⿽ᱟ࡙⭘䇽ިǄ䇽ިᱟ䇽

≷Ⲵ䳶ਸˈ䇽≷ᇊѹҶਕᆀ中Ⲵ䇽䈝ࡠ⸕䇶ᓃ中ᇎփ䉃䇽Ⲵ᱐ሴˈ䘉Ӌ䇽≷а㡜

䴰㾱ᨀࡽ学Ґˈᡆ者൘䇝㓳Ⲵᰦ࡙ى⭘䀓᷀ಘᶕ学ҐǄн㇑ᱟଚ⿽䇽ި学Ґᯩᔿˈ

ᴰ㓸൘䀓᷀ᯠਕᆀⲴᰦى 䇽̍ިа㡜ᱟപᇊⲴ 䘉̍ṧаᶕਚᴹ䇽ި㾶ⴆࡠⲴࡠ⸕䇶

ᓃ中ᇎփ઼䉃䇽Ⲵ᱐ሴ᡽㜭㻛䀖ਁ˄trigger˅̍ ҏቡᱟᴹҶ᱐ሴ˄䇽≷˅᡽㜭࡙⭘

䘉њ᱐ሴ˄䇽≷䀖ਁ Ǆ˅࡙⭘䇽ިⲴ䈝ѹ䀓᷀а㡜䜭ᱟสҾ㓴ਸ᮷⌅Ⲵᯩ⌅Ǆਖа

⿽ᇎ⧠䈝ѹ㩭ൠⲴᯩᔿᱟ䈝ѹ३䝽Ǆ䘉⿽ᯩᔿа㡜н䴰㾱ᨀࡽ学Ґ䇽䈝ࡠ䉃䇽Ⲵ

᱐ሴˈ㘼ᱟṩᦞ䀓᷀䗷〻Ⲵ䴰㾱ᶕ䀖ਁⲴǄ䘉⿽䈝ѹ䀓᷀ᯩ⌅䙊ᑨᱟݸ䘋㹼㔃ᶴ

亴⍻ˈ޽䘋㹼䈝ѹ㩭ൠǄ䘉⿽ᛵߥлˈ䈝ѹ䀓᷀ݸᗇࡠਕᆀⲴањ㔃ᶴॆ㺘⽪ˈа

㡜֯⭘മᶕ㺘⽪ˈമ中Ⲵ㢲⛩㺘⽪ᇎփᡆ者ਈ䟿ᡆ者类别ˈമ中Ⲵ䗩㺘⽪ޣ㌫ˈ䘉

ᰦ䘉Ӌᇎփǃਈ䟿ǃ类别઼䗩䜭ᱟ⋑ᴹ䈝ѹ㩭ൠⲴ 䲿̍ਾ䙊䗷䈝ѹ㩭ൠᢺമ中Ⲵ㢲

⛩઼䗩䜭᱐ሴࡠ⸕䇶ᓃ中Ⲵ亩ǄާփⲴ а̍㡜ݸ䘋㹼ᇎփⲴ᱐ሴ 䘉̍ṧڊᴹєњྭ

༴：аᱟ⴨∄ݸ᱐ሴޣ㌫ˈ࡙⭘кл᮷ᶕ᱐ሴᇎփ㜭ཏᴤ࣐Ⲵ㋮߶˗Ҽᱟݸ䘋㹼ᇎ

փⲴ䈝ѹ㩭ൠˈ㍗᧕⵰ሩޣ㌫䘋㹼䈝ѹ㩭ൠᰦˈ㩭ൠⲴሩ䊑ቡ㜭ཏᴹ所䲀ࡦˈᗵ享

ᱟ与䈕ᇎփ⴨ޣⲴޣ㌫䉃䇽ǄᇎփⲴ䈝ѹ㩭ൠѻਾ޽䘋㹼ޣ㌫Ⲵ䈝ѹ㩭ൠˈ䘉䴰

㾱㘳㲁ਟ㩭ൠⲴޣ㌫Ⲵޘ䜘ى䘹ˈ࡙ ⭘ᢃ࠭࠶ᮠӾ中䘹ᤙᴰྭⲴǄ与ࡽ䶒࡙⭘䇽ި

Ⲵᯩ⌅н਼ 䘉̍⿽ᯩ⌅н䴰㾱ᨀࡽ⸕䚃䇽䈝ࡠ䉃䇽Ⲵ᱐ሴ 㘼̍ᱟ㘳㲁所ᴹਟ㜭Ⲵ᱐

ሴˈࡽ者ᇩ᱃ഐѪһݸ㕪ཡḀ⿽᱐ሴ㘼ᰐ⌅ᆼᡀ䀓᷀ˈਾ者ቡнᆈ൘䘉⿽ᛵߥ˗ն

ᱟਾ者Ⲵᩌ㍒オ䰤а㡜Պᖸབྷˈ㘼ࡽ者Ⲵᩌ㍒オ䰤ᆼޘ⭡䇽ިⲴབྷሿᶕ᧗ࡦǄ

൘研究䈝ѹ㩭ൠⲴ䗷〻中ˈ㹽⭏ࠪྲлࠐњ研究⛩：䇽ި学Ґˈ䇽ިᢙ઼ݵ⸕

䇶ᓃ䉃䇽ᢙݵǄ

2.2.1.1 䈃ޮ学Җ

㤕֯⭘䇽ިᶕᇎ⧠䈝ѹ㩭ൠˈ䇽ިⲴ䍘䟿઼㾶ⴆᓖаᇊ〻ᓖкߣᇊҶ䈝ѹ䀓

᷀Ⲵᙗ㜭Ǆഐ↔䇽ި学Ґᱟ䈝ѹ䀓᷀中ањ䟽㾱Ⲵ䰞仈 [77]Ǆ䇽ި学Ґ中ᴰާᴹԓ
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NP : kansasKansas

NP : kansas_city_MOKansas city

(S\NP)/NP : λx.λy.borders(y,x)borders

NP : texasTexas

Syntax : Semantics

Category
Words

മ 2.2: CCG 中Ⲵ䇽≷ⲴֻᆀStep 3: GENLEX Cross Product

Output Substrings:
Texas

borders

Kansas

Texas borders

borders Kansas

Texas borders Kansas

Output Categories:

NP : texas
NP : kansas
(S\NP)/NP :
   λx.λy.borders(y,x)

GENLEX is the cross product in these two output sets

X

Input Training Example
Sentence: Texas borders Kansas 

Logic Form: borders(texas,kansas)

Output Lexicon

മ 2.3: GENLEX 中⭏ᡀى䘹䇽≷Ⲵമֻ䈤᰾

㺘ᙗⲴ工作ᴹ䲀ᇊ亶ฏл Zettlemoyer and Collins [154]ᨀࠪⲴ䇽ި学Ґᯩ⌅üü
GENLEXˈ઼ᔰ᭮亶ฏл Cai and Yates [22]ᨀࠪⲴ䇽ި学Ґᯩ⌅üüLEXTEN-
DERǄ

GENLEX ᯯ⌋ Zettlemoyer and Collins [154]࡙⭘㓴ਸ㤳⮤᮷⌅˄ Combina-
tory Categorial Grammar C̍CG 2˅ᶕ䘋㹼䈝ѹ䀓᷀ǄCCGⲴṨᗳቡᱟ䇽ި C̍CG
中䇽≷Ⲵ䈝ѹ㺘⽪ㄟ⭡є䜘࠶㓴ᡀˈа䜘࠶ᱟਕ⌅ؑ᚟ˈਖа䜘࠶ᱟ䈝ѹؑ᚟Ǆ

മ2.2ኅ⽪Ҷ CCG 中Ⲵࠐњ䇽≷ǄԆԜⲴ䇽ި学Ґᯩ⌅࠶є↕：俆ݸӾṧֻ中⭏
ᡀ所ᴹਟ㜭Ⲵ䇽≷Ⲵى䘹 ❦̍ਾ࡙⭘䘉Ӌى䘹Ⲵ䇽≷˄࣐޽кᖃࡽ⁑රⲴ䇽ި˅ሩ

ṧֻ䘋㹼䀓᷀ˈ޽ᢺ൘↓⺞Ⲵ䀓᷀中所⭘ࡠⲴى䘹䇽≷ޕ࣐ᖃࡽ⁑රⲴ䇽ިǄ

ㅜа↕Ⲵާփ᫽作ᱟሩਕᆀㄟਆਕᆀ中所ᴹਟ㜭Ⲵ⸝䈝ˈሩ䙫䗁㺘䗮ᔿㄟ࡙

⭘㿴ࡉᣭਆ所ᴹਟ㜭Ⲵ䈝ѹ亩 ❦̍ਾᢺ所ᴹ⸝䈝઼所ᴹ䈝ѹ亩䘋㹼Ӕ৹ ⸝̍䈝઼䈝

ѹ亩Ⲵањ䝽ሩᶴᡀањ䇽≷ˈ䘉њ䗷〻ྲമ2.3所⽪Ǆ

ㅜҼ↕⴨ᖃҾሩㅜа↕所⭏ᡀⲴى䘹䇽≷䘋㹼ㆋ䘹Ǆㅜа↕ى䘹䇽≷⭏ᡀⲴ

䘹Ⲵ䇽≷ཚىᱟ：н┿ᦹԫօањ䇽≷Ⲵਟ㜭ᙗǄ䘉⿽ᖒᔿᑖᶕⲴᖡ૽ቡᱟࡉ߶

ཊˈഐ↔䴰㾱ሩى䘹䇽≷䘋㹼ㆋ䘹Ǆ䇽≷ㆋ䘹Ⲵᙍᜣҏᖸㆰ单：ሩṧֻ䘋㹼䀓᷀

ਾ 㜭̍ཏᗇࡠ↓⺞䀓᷀㔃᷌Ⲵ䀓᷀䗷〻中所֯⭘ࡠⲴ䇽≷ቡᱟ↓⺞Ⲵ䇽≷ ᢺ̍䘉Ӌ

䇽≷᭦䳶䎧ᶕቡ㜭ᶴᡀ䈝ѹ䀓᷀所䴰㾱Ⲵ䇽ިǄ

2൘ਾ䶒ᡁԜՊⴤ᧕֯⭘ CCGˈ㘼н֯⭘中᮷䈤᰾Ǆ
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About 947,000 results (0.46 seconds) 

Images for Barack Obama Honolulu

More images for Barack Obama Honolulu Report images

Searches related to Barack Obama Honolulu

barack obama parents

barack obama education

barack obama biography

barack obama sr

where was obama born

where does president obama go in hawaii?

barack obama family

makiki hawaii

1 2 3 4 5 6 7 8 9 10 Next

Makiki - Obama's Neighborhood - Barack Obama Resources, Hawaii ...
obamasneighborhood.com/makiki.html
Before he ever resided in a stately Hyde Park mansion or breathed the rarified air of the White House,
Barack Obama grew up in the unassuming Honolulu neighborhood of Makiki. Located in the urban
heart of Honolulu, it's bounded by downtown skyscrapers to the west and rainy Manoa Valley to the
east. Makiki is only ...

Feedback

What is Obama best known for?

What was Obama's job before he became president?

When did Barack Obama go to Harvard Law School?

Why is Barack Obama important?

People also ask

Barack Obama - Discover Hawaii Tours
https://www.discoverhawaiitours.com/barack-obama/
Description. Barack Obama is the first U.S. President to be elected having been born in Hawaii. He was
born on the island of Oahu and spent much of his youth living in Honolulu. Living in Hawaii with such a
diversity of cultures and ethnic acceptance he says has helped shape his world view, and the values he
holds most ...

12 Incredible Photos of Barack Obama in Hawai'i ... - Honolulu Magazine
www.honolulumagazine.com/Honolulu.../Incredible-Photos-of-Barack-Obama-in-Ha...
Jan 17, 2017 - Aloha, President Barack Obama! We decided to take a look back at the Hawai'i-born
president's visits to Honolulu over the past eight years through the lens of chief White House
photographer Pete Souza. Souza captured more than 2 million photos of Obama during his two terms,
including snapshots of ...

Early life and career of Barack Obama - Wikipedia
https://en.wikipedia.org/wiki/Early_life_and_career_of_Barack_Obama
Barack Obama, the 44th President of the United States, was born on August 4, 1961 in Honolulu,
Hawaii to Barack Obama, Sr. (1936–1982) and Stanley Ann Dunham, known as Ann (1942–1995)
Barack Obama spent most of his childhood years in Honolulu, where his mother completed college
after his parents divorced.
 Parents' background and ... ·  Indonesia ·  Return to Hawaii ·  Adult life

New exhibit at Honolulu Hale showcases Obama's early years ...
www.hawaiinewsnow.com/.../new-exhibit-at-honolulu-hale-showcases-obamas-early-yea...
Feb 15, 2018 - (Image: Pete Souza, White House). HONOLULU (HawaiiNewsNow) -. Before he made
history and became the first black president of the United States, Barack Obama was a local boy.

Senator Barack Obama arrives in Honolulu - Hawaii News Now ...
www.hawaiinewsnow.com/story/8814995/senator-barack-obama-arrives-in-honolulu
By Zahid Arab - bio | email. HONOLULU (KHNL) - Hawaii's most famous son returned home to a huge
welcome. More than 1,000 people waited hours in the hot sun just to get a glimpse of presumptive
Democratic Presidential Nominee Barack Obama. What was supposed to be a quiet family vacation
turned into thousands ...

President Barack Obama Birthplace Moped Honolulu Oahu Tour
https://hawaiimoped.com/barack-obama-moped-tour/
Did you know that our 44th president was born and raised in Honolulu? See where he was born, went
to school and even worked while growing up in Hawaii. Enjoy yourself! View Barack Obama Tour in a
larger map. Facebook Twitter Google+ Share. genuine scooters ...

New exhibit honors former President Barack Obama at the Honolulu ...
www.kitv.com/.../new-exhibit-honors-former-president-barack-obama-at-the-honolulu-...
Feb 15, 2018 - A new exhibit honors Hawaii-born former U.S. President Barack Obama. Images are
now on display inside the Honolulu Hale Municipal Gallery. The new exhibit showcases the life of
Obama, from his early childhood in Hawaii to his time in the White House. Pictures of his mother, father,
sister and even ...

Hawaii's latest attraction: Obama tourism - Travel | NBC News
www.nbcnews.com/id/28003461/ns/travel/t/hawaiis-latest-attraction-obama-tourism/
Dec 8, 2008 - But Honolulu, which already lures millions of tourists each year, is only beginning to see
development of tourism tied to Barack Obama, the Hawaii native son who becomes the 44th president
of the United States in January. The sole existing Obama-related tour is a 90-minute stroll through the
middle-class ...

Australia Australia - From your Internet address - Use precise location - Learn more

All Images News Videos Maps More Settings Tools

Barack Obama  Honolulu Sign in

മ 2.4: ࡙⭘ Google ᩌ㍒ “Barack Obama” ઼ “Honolulu” ᗇࡠⲴ㔃᷌

LEXTENDER ᯯ⌋ Cai and Yates [22]࡙⭘仍ཆ䈝ᯉᶕ学Ґ䇽ިǄ䘉њ
ᯩ⌅ᱟสҾ⁑ᶯ३䝽ⲴˈާփⲴˈӾ⸕䇶ᓃᵜփ中ᶴᔪ⸕䇶ᓃ⁑ᶯˈ࡙޽⭘ᩌ㍒

ᕅ᫾Ⲵ㔃᷌亥䶒ᶕᶴᔪ᮷ᵜ⁑ᶯǄᇎ䱵кˈ⸕䇶ᓃ⁑ᶯቡᱟ⸕䇶ᓃ中Ⲵањ⁑ᔿ

˄schema˅3ˈ⇿њ schema л䜭ᴹᖸཊᇎֻˈྲ Place_of_birth ㌫л䶒ቡᴹᖸޣ
ཊᇎֻ˄ ┑䏣䘉њޣ㌫Ⲵᇎփሩ˅̍ྲ “Barack Obama”઼ “Honolulu”Ǆᖃᢺ䘉єњ
ᇎփ䗃ࡠޕᩌ㍒ᕅ᫾Ⲵᰦىˈྲ Google4ˈ൘ḕ䈒㔃᷌中ቡՊᴹਕᆀवਜ਼䘉єњᇎ

փ˄ྲമ2.4所⽪ Ǆ˅สҾ䘉ṧⲴٷ䇮：㠚❦䈝䀰ਕᆀ中єњᇎփѻ䰤䇽䈝ਟ㜭ᱟ䘉
єњᇎփѻ䰤Ⲵޣ㌫ 㤕̠䘉єњᇎփᱟḀњ䉃䇽лⲴањᇎֻ ቡ̍〠䈕䇽䈝与䈕䉃

䇽ᴹа⅑ᇎփሩޡ⧠ˈᇎփሩޡ⧠Ⲵ⅑ᮠ䎺ཊˈ㺘᰾䈕䇽䈝䎺ਟ㜭᱐ሴࡠ䈕䉃䇽Ǆ

ҾᱟӾֻᆀ中 ቡ̍ਟԕᗇࡠ䘉ṧⲴਟ㜭Ⲵ䇽≷：grew up in :: Place_of_birthǄ

2.2.1.2 䈃ޮᢟݻ

❦㘼ӵӵ࡙⭘䇝㓳ᮠᦞˈԕ৺⸕䇶ᓃ与᮷ᵜ䈝ᯉѻ䰤Ⲵᇎփሩޡ⧠ᶕ学Ґ䇽

ި ӽ̍Պᆈ൘䇽ި㾶ⴆᓖнཏⲴ䰞仈ǄѪҶ䀓ߣ䘉њ䰞仈 䴰̍㾱䘋㹼䇽ިⲴᢙኅ学

ҐǄ䙊ᑨˈਟԕ֯⭘ॺⴁⶓ学Ґᯩ⌅ˈ࡙⭘᮷ᵜ与᮷ᵜѻ䰤Ⲵ䈝ѹ⴨լᓖˈӾቁ䟿

⿽ᆀ䇽≷中学ҐᯠⲴ䇽≷ԕᢙݵ䇽ިˈ䘉њ工作ᡁԜሶ൘ㅜйㄐ䘋㹼䈖㓶Ⲵ䈤᰾Ǆ

2.2.1.3 ⸛䇼ᓉ䉉䈃ᢟݻ

䈝ѹ㩭ൠ⋑㜭亪࡙ᆼᡀਟ㜭ᴹєњ৏ഐ а̍њᱟ䇽ިⲴ㾶ⴆᓖнཏ ቡ̍ᱟ⸕䇶

ᓃㄟᆈ൘䈕䉃䇽 ն̍ᱟਕᆀㄟⲴ䇽䈝ᰐ⌅᱐ሴ䗷৫Ǆਖཆањᱟ⸕䇶ᓃнᆼ༷ ቡ̍ᱟ

⸕䇶ᓃㄟнᆈ൘㜭ཏ㺘⽪䈕ਕᆀ中Ḁњޣ㌫Ⲵ䉃䇽Ǆࡽ者ਟԕ⭘䇽ި学Ґ઼䇽ި

ᢙݵ学Ґᶕ䀓ߣ ਾ̍者䴰㾱ሩ⸕䇶ᓃ䘋㹼ᢙݵǄѪ↔ K̍rishnamurthy and Mitchell
[81]ᨀ࡙ࠪ⭘ᣭਆࠪᶕⲴйݳ㓴ᶕݵᖃ⸕䇶ᓃˈGardner and Krishnamurthy [52]ᨀ

3൘ਾ᮷中ⴤ᧕֯⭘ schemaˈ㘼н࣐中᮷䈤᰾
4https://www.google.com/
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਼ࠪᰦ࡙⭘⸕䇶ᓃⲴ⸕䇶઼ᣭਆࠪᶕⲴॺ㔃ᶴॆⲴ⸕䇶ˈ⴨ᖃҾᢙݵҶ⸕䇶ᓃ中

Ⲵ䉃䇽Ǆ

2.2.1.4 ะӄ⾔㔅㖇㔒⁗ශⲺ䈣ѿ९䞃

⌅䈝ѹ㩭ൠᴹє⿽ᯩࡠ䶒ᐢ㓿ᨀࡽ а̍⿽ᱟ࡙⭘䇽ިⲴᯩ⌅ ਖ̍а⿽ᱟ࡙⭘䈝

ѹ३䝽Ⲵᯩ⌅Ǆਾ者䴰㾱ሩ所ᴹਟ㜭Ⲵى䘹䘋㹼ᧂᒿᢃ࠶ˈѪҶᴤྭⲴᔪ⁑䘉⿽

与䈝ѹ⴨ޣⲴ᱐ሴˈD 䘁䎺ᶕ䎺ཊⲴ研究者ੁٮҾ֯⭘⾎㓿㖁㔌⁑රǄަ 中ᴰިර

Ⲵᱟ Yih et al. [149]֯⭘ধ〟⾎㓿㖁㔌˄CNN˅⁑රᶕᔪ⁑䘉⿽᱐ሴǄ

2.2.2 㔉ᶺ人⎁

䈝ѹ䀓᷀中㔃ᶴ亴⍻指Ⲵᱟሩਕᆀ所ሩᓄⲴ䈝ѹ㺘⽪Ⲵ㔃ᶴⲴ亴⍻Ǆ䙊ᑨ㔃

ᶴⲴᖒᔿᴹє⿽ а̍⿽ᱟสҾ䙫䗁㺘䗮ᔿⲴ ਖ̍а⿽ᱟสҾമⲴǄ䘉є⿽ᖒᔿⲴ㺘

䗮ᱟㅹԧⲴ є̍者ѻ䰤ਟԕ᤹➗аӋ⢩ᇊ㿴ࡉ䘋㹼⴨ӂ䖜ᦒǄ֯ ⭘สҾ䙫䗁㺘䗮ᔿ

ᶕ㺘⽪ⴞḷ䈝ѹⲴ㔃ᶴⲴᯩ⌅а㡜ᱟสҾ㓴ਸ㿴ࡉሶሿⲴ䈝ѹ单ݳ㓴ਸᡀᴤབྷⲴ

䈝ѹ单ݳǄ㓴ਸ㿴ࡉⲴ䇮ᇊ઼䈝ѹമⲴᶴᔪᯩ⌅ᱟ䈝ѹ䀓᷀㔃ᶴ亴⍻研究Ⲵ䟽⛩Ǆ

2.2.2.1 㓺ਾ㿺ࡏ

࡙⭘㓴ਸ㿴ࡉᶕ䘋㹼㔃ᶴ亴⍻Ⲵᯩ⌅ 䙊̍ᑨ与䇽ިа䎧֯⭘ 䇽̍ި䍏䍓ᓅቲⲴ

䇽䈝Ⲵ䈝ѹ㩭ൠˈ㓴ਸ㿴ࡉ䍏䍓ᢺᓅቲⲴ䈝ѹ㺘⽪单ݳ䙀ቲᖰк㓴ਸᡀᴤབྷⲴ䈝

ѹ单ݳǄ㓴ਸ㿴ࡉа㡜ᱟӾ䈝䀰⧠䊑中ᣭ䊑ࠪᶕⲴ㿴ࡉǄྲ㓴ਸ㤳⮤᮷⌅˄CCG˅
[127, 128] 中а㡜֯⭘ഋᶑ㓴ਸ㿴ࡉቡਟԕ㾶ⴆབྷ䜘࠶Ⲵ䈝䀰⧠䊑Ǆ䘉ഋᶑ㓴ਸ㿴
：⽪别൘മ2.5઼മ2.6中ኅ࠶ˈѪє㓴࠶ࡉ

ample, the sentences have quite flexible word order,
and include telegraphic language where some words
are effectively omitted.

In this paper we describe a learning algorithm that
retains the advantages of using a detailed grammar,
but is highly effective in dealing with phenomena
seen in spontaneous natural language, as exempli-
fied by the ATIS domain. A key idea is to extend
the approach of ZC05 by allowing additional non-
standard CCG combinators. These combinators re-
lax certain parts of the grammar—for example al-
lowing flexible word order, or insertion of lexical
items—with learned costs for the new operations.
This approach has the advantage that it can be seam-
lessly integrated into CCG learning algorithms such
as the algorithm described in ZC05.

A second contribution of the work is a new, on-
line algorithm for CCG learning. The approach in-
volves perceptron training of a model with hidden
variables. In this sense it is related to the algorithm
of Liang et al. (2006). However it has the addi-
tional twist of also performing grammar induction
(lexical learning) in an online manner. In our exper-
iments, we show that the new algorithm is consid-
erably more efficient than the ZC05 algorithm; this
is important when training on large training sets, for
example the ATIS data used in this paper.

Results for the approach on ATIS data show 86%
F-measure accuracy in recovering fully correct se-
mantic analyses, and 95.9% F-measure by a partial-
match criterion described by He and Young (2006).
The latter figure contrasts with a figure of 90.3% for
the approach reported by He and Young (2006).1

Results on the Geo880 domain also show an im-
provement in accuracy, with 88.9% F-measure for
the new approach, compared to 87.0% F-measure
for the method in ZC05.

2 Background

2.1 Semantics

Training examples in our approach consist of sen-
tences paired with lambda-calculus expressions. We
use a version of the lambda calculus that is closely
related to the one presented by Carpenter (1997).
There are three basic types: t, the type of truth val-

1He and Young (2006) do not give results for recovering
fully correct parses.

ues; e, the type for entities; and r, the type for real
numbers. Functional types are defined by specify-
ing their input and output types, for example 〈e, t〉
is the type of a function from entities to truth val-
ues. In general, declarative sentences have a logical
form of type t. Question sentences generally have
functional types.2 Each expression is constructed
from constants, logical connectors, quantifiers and
lambda functions.

2.2 Combinatory Categorial Grammars

Combinatory categorial grammar (CCG) is a syn-
tactic theory that models a wide range of linguistic
phenomena (Steedman, 1996; Steedman, 2000).
The core of a CCG grammar is a lexicon Λ. For
example, consider the lexicon

flights := N : λx.flight(x)
to := (N\N)/NP : λy.λf.λx.f(x) ∧ to(x, y)
boston := NP : boston

Each entry in the lexicon is a pair consisting of a
word and an associated category. The category con-
tains both syntactic and semantic information. For
example, the first entry states that the word flights
can have the category N : λx.flight(x). This cat-
egory consists of a syntactic type N , together with
the semantics λx.flight(x). In general, the seman-
tic entries for words in the lexicon can consist of any
lambda-calculus expression. Syntactic types can ei-
ther be simple types such as N , NP , or S, or can be
more complex types that make use of slash notation,
for example (N\N)/NP .

CCG makes use of a set of combinators which
are used to combine categories to form larger pieces
of syntactic and semantic structure. The simplest
such rules are the functional application rules:

A/B : f B : g ⇒ A : f(g) (>)
B : g A\B : f ⇒ A : f(g) (<)

The first rule states that a category with syntactic
type A/B can be combined with a category to the
right of syntactic type B to create a new category
of type A. It also states that the new semantics
will be formed by applying the function f to
the expression g. The second rule handles argu-
ments to the left. Using these rules, we can parse the

2For example, many question sentences have semantics of
type 〈e, t〉, as in λx.flight(x) ∧ to(x, boston).
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following phrase to create a new category of type N :

flights to boston

N (N\N)/NP NP
λx.flight(x) λy.λf.λx.f(x) ∧ to(x, y) boston

>
(N\N)

λf.λx.f(x) ∧ to(x, boston)
<

N
λx.flight(x) ∧ to(x, boston)

The top-most parse operations pair each word with a
corresponding category from the lexicon. The later
steps are labeled −> (for each instance of forward
application) or −< (for backward application).

A second set of combinators in CCG grammars
are the rules of functional composition:

A/B : f B/C : g ⇒ A/C : λx.f(g(x)) (> B)
B\C : g A\B : f ⇒ A\C : λx.f(g(x)) (< B)

These rules allow for an unrestricted notion of con-
stituency that is useful for modeling coordination
and other linguistic phenomena. As we will see, they
also turn out to be useful when modeling construc-
tions with relaxed word order, as seen frequently in
domains such as ATIS.

In addition to the application and composition
rules, we will also make use of type raising and co-
ordination combinators. A full description of these
combinators goes beyond the scope of this paper.
Steedman (1996; 2000) presents a detailed descrip-
tion of CCG.

2.3 Log-Linear CCGs
We can generalize CCGs to weighted, or probabilis-
tic, models as follows. Our models are similar to
several other approaches (Ratnaparkhi et al., 1994;
Johnson et al., 1999; Lafferty et al., 2001; Collins,
2004; Taskar et al., 2004). We will write x to de-
note a sentence, and y to denote a CCG parse for a
sentence. We use GEN(x; Λ) to refer to all possi-
ble CCG parses for x under some CCG lexicon Λ.
We will define f(x, y) ∈ Rd to be a d-dimensional
feature–vector that represents a parse tree y paired
with an input sentence x. In principle, f could in-
clude features that are sensitive to arbitrary sub-
structures within the pair (x, y). We will define
w ∈ Rd to be a parameter vector. The optimal parse
for a sentence x under parameters w and lexicon Λ
is then defined as

y∗(x) = arg max
y∈GEN(x;Λ)

w · f(x, y) .

Assuming sufficiently local features3 in f , search for
y∗ can be achieved using dynamic-programming-
style algorithms, typically with some form of beam
search.4 Training a model of this form involves
learning the parameters w and potentially also the
lexicon Λ. This paper focuses on a method for learn-
ing a (w,Λ) pair from a training set of sentences
paired with lambda-calculus expressions.

2.4 Zettlemoyer and Collins 2005

We now give a description of the approach of Zettle-
moyer and Collins (2005). This method will form
the basis for our approach, and will be one of the
baseline models for the experimental comparisons.

The input to the ZC05 algorithm is a set of train-
ing examples (xi, zi) for i = 1 . . . n. Each xi is
a sentence, and each zi is a corresponding lambda-
expression. The output from the algorithm is a pair
(w,Λ) specifying a set of parameter values, and a
CCG lexicon. Note that for a given training example
(xi, zi), there may be many possible parses y which
lead to the correct semantics zi.5 For this reason
the training problem is a hidden-variable problem,
where the training examples contain only partial in-
formation, and the CCG lexicon and parse deriva-
tions must be learned without direct supervision.

A central part of the ZC05 approach is a function
GENLEX(x, z) which maps a sentence x together
with semantics z to a set of potential lexical entries.
The function GENLEX is defined through a set of
rules—see figure 2—that consider the expression z,
and generate a set of categories that may help in
building the target semantics z. An exhaustive set
of lexical entries is then generated by taking all cat-
egories generated by the GENLEX rules, and pair-
ing them with all possible sub-strings of the sentence
x. Note that our lexicon can contain multi-word en-
tries, where a multi-word string such as New York
can be paired with a CCG category. The final out-

3For example, features which count the number of lexical
entries of a particular type, or features that count the number of
applications of a particular CCG combinator.

4In our experiments we use a parsing algorithm that is simi-
lar to a CKY-style parser with dynamic programming. Dynamic
programming is used but each entry in the chart maintains a full
semantic expression, preventing a polynomial-time algorithm;
beam search is used to make the approach tractable.

5This problem is compounded by the fact that the lexicon
is unknown, so that many of the possible hidden derivations
involve completely spurious lexical entries.
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മ中Ⲵ㿴ࡉᖒᔿᱟ⭘Ҿ䈝ѹ䀓᷀Ⲵᖒᔿˈᴰᰙ⭡ Zettlemoyer and Collins [154]ᨀ
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a) Utah borders Idaho

NP (S\NP )/NP NP
utah λx.λy.borders(y, x) idaho

>
(S\NP )

λy.borders(y, idaho)
<

S
borders(utah, idaho)

b) What states border Texas

(S/(S\NP ))/N N (S\NP )/NP NP
λf.λg.λx.f(x) ∧ g(x) λx.state(x) λx.λy.borders(y, x) texas

> >
S/(S\NP ) (S\NP )

λg.λx.state(x) ∧ g(x) λy.borders(y, texas)
>

S
λx.state(x) ∧ borders(x, texas)

Figure 2:Two examples of CCG parses.

of noun-phrase and sentence respectively. Note that a sin-
gle word can have more than one syntactic type, and hence
more than one entry in the lexicon.

In addition to the lexicon, a CCG has a set ofcombinatory
rules which describe how adjacent syntactic categories in
a string can be recursively combined. The simplest such
rules are rules offunctional application, defined as follows:

(1) The functional application rules:
a. A/B B ⇒ A
b. B A\B ⇒ A

Intuitively, a category of the formA/B denotes a string that
is of typeA but is missing a string of typeB to its right;
similarly, A\B denotes a string of typeA that is missing a
string of typeB to its left.

The first rule says that a string with typeA/B can be com-
bined with a right-adjacent string of typeB to form a new
string of typeA. As one example, in our lexicon,borders,
(which has the type(S\NP )/NP ) can be combined with
Idaho (which has the typeNP ) to form the stringborders
Idaho with type S\NP . The second rule is a symmetric
rule applying to categories of the formA\B. We can use
this to combineUtah (typeNP ) with borders Idaho(type
S\NP ) to form the stringUtah borders Idahowith the type
S. We can draw a parse tree (or derivation) ofUtah borders
Idahoas follows:

Utah borders Idaho

NP (S\NP )/NP NP
>

(S\NP )
<

S

Note that we use the notation−> and−< to denote appli-
cation of rules 1(a) and 1(b) respectively.

CCGs typically include asemantic type, as well as a syn-
tactic type, for each lexical entry. For example, our lexicon
would be extended as follows:

Utah := NP : utah
Idaho := NP : idaho
borders := (S\NP )/NP : λx.λy.borders(y, x)

We use the notationA : f to describe a category with syn-
tactic typeA and semantic typef . ThusUtahnow has syn-
tactic typeNP , and semantic typeutah. The functional

application rules are then extended as follows:

(2) The functional application rules (with semantics):
a. A/B : f B : g ⇒ A : f(g)
b. B : g A\B : f ⇒ A : f(g)

Rule 2(a) now specifies how the semantics of the category
A is compositionally built out of the semantics forA/B
andB. Our derivations are then extended to include a com-
positional semantics. See Figure 2(a) for an example parse.
This parse shows thatUtah borders Idahohas the syntactic
typeS and the semanticsborders(utah, idaho).

In spite of their relative simplicity, CCGs can capture a
wide range of syntactic and semantic phenomena. As one
example, see Figure 2(b) for a more complex parse. Note
that in this case we have an additional primitive category,N
(for nouns), and the final semantics is a lambda expression
denoting the set of entities that are states and that border
Texas. In this case, the lexical itemwhat has a relatively
complex category, which leads to the correct analysis of
the underlying string.

A full description of CCG goes beyond the scope of this
paper. There are several extensions to the formalism: see
(Steedman, 1996, 2000) for more details. In particular,
CCG includes rules of combination that go beyond the sim-
ple function application rules in 1(a) and 1(b).1 Additional
combinatory rules allow CCGs to give an elegant treatment
of linguistic phenomena such as coordination and relative
clauses. In our work we make use of standard rules of
application, forward and backward composition, and type-
raising. In addition, we allow lexical entries consisting of
strings of length greater than one, for example

the Mississippi := NP : mississippi river

This leads to a relatively minor change to the formalism,
which in practice can be very useful. For example, it is eas-
ier to directly represent the fact thatthe Mississippirefers

1One example of a more complex combinatory rule is that of
forward composition:

A/B : f B/C : g ⇒ A/C : λx.f(g(x))

Another rule which is frequently used is that oftype-raising:

NP : f ⇒ S/(S\NP ) : λg.g(f)

This would allowNP : Utah to be type-raised to a category
S/(S\NP ) : λg.g(Utah).

മ 2.7: ࡙⭘㿴ࡉ䘋㹼䈝ѹ㓴ਸⲴֻᆀ

CCG 中䘈ᴹަԆ㿴ࡉˈㇷᑵ所䲀䘉䟼ᡁԜн޽ааӻ㓽ˈަᇎ⇿ањ㿴ࡉ䜭
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њ৺⢙ࣘ䇽ˈᆳⲴਕ⌅䜘࠶Ⲵ㺘⽪Ѫ：(S\NP )/NPˈާփᶕ䇢ˈᆳ䴰㾱ਣח㺕ޘ

ањᇮ䈝˄ሩᓄ NP˅̍ 䘈䴰㾱ᐖח㺕ޘањѫ䈝˄ሩᓄ NP˅̍ й者࡙⭘㿴ࡉ㓴ਸ

ԕਾˈᗇࡠ类රѪ S Ⲵ㤳⮤ˈণањ㔃ᶴᆼᮤⲴਕᆀǄᖃ㓴ਸ᮷⌅Ⲵ㋂ᓖᖸሿⲴ

ᰦىˈՊ֯ᗇ㓴ਸ䎧ᶕⲴ中䰤单ݳ䗷ཊˈZhang et al. [156]ᨀࠪ֯⭘㋂ᓖᴤབྷⲴᆿ
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2.3.1 䈣ѿ㺞⽰
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ᱟ㜭ཏᯩׯ䖜ॆѪӪ类ᇩ᱃ⴻ៲ⲴᖒᔿǄ
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สҾੁ䟿Ⲵ䈝ѹ㺘⽪ᯩ⌅ⲴՈ⛩ᴹ：a) 䶎ᑨ䙊⭘Ⲵа⿽㺘⽪ˈਟᓄ⭘Ҿ਴⿽
ਾ㔝Ⲵ༴理ˈሩҾ机ಘ学Ґԫ࣑ҏᱟ䶎ᑨ৻ྭⲴ˗b) н޽䴰㾱䇮计⢩ᖱǄ

สҾੁ䟿Ⲵ䈝ѹ㺘⽪ᯩ⌅Ⲵ㕪⛩ᴹ：a)䈕㺘⽪ਚᱟᮤփⲴањ䘁լ㺘⽪ ᖸ̍䳮

४࠶㋮㓶Ⲵ䈝ѹᐞ别ˈ䘉ሩҾ䘭≲ᆼޘ߶⺞㺘⽪Ⲵ䈝ѹ䀓᷀ᶕ䈤⮕ᱮ㋇㌉˗b) Ӿ
䇽Ⲵੁ䟿ॆ㺘⽪ࡠ޽ਕᆀⲴੁ䟿ॆ㺘⽪Ⲵ㓴ਸ䗷〻 ᖸ̍䳮ᔪ⁑ ᖸ̍䳮᢮ࡠањᴹ᭸

Ⲵᯩᔿᶕᦅ᥹䇽与䇽ѻ䰤Ⲵ׍䎆ޣ㌫˗c) ሩӪ类н৻ྭˈቡۿ唁ⴂᆀ˄black box˅
аṧˈӪ类ᖸ䳮Ӿੁ䟿㺘⽪中ⴻࠪާփ䈝ѹǄ
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Commercial transaction

SELLER : Cynthia

BUYER : Bob

GOODS : the bike

PRICE : $200

Many syntactic alternations with different arguments/verbs:

Cynthia sold the bike to Bob for $200.

The bike sold for $200.

Bob bought the bike from Cynthia.

The bike was bought by Bob.

The bike was bought for $200.

The bike was bought for $200 by Bob.

59
മ 2.8: ਕᆀ㔃ᶴн਼ˈնᱟสҾ FrameNet Ⲵ䈝ѹ㺘⽪⴨਼Ⲵֻᆀ

2.3.1.2 ะӄṼᷬⲺ䈣ѿ㺞⽰

Minsky [105]俆ݸᨀ࡙ࠪ⭘Ṷᷦᶕ㺘⽪䈝ѹˈԆሩṶᷦⲴᇊѹᱟ：ањṶᷦ
ᱟ⭘Ҿ㺘⽪৏රᛵຳⲴᮠᦞ㔃ᶴˈྲањሿᆙⲴ⭏ᰕ⍮ሩǄањṶᷦᴹањ䉃䇽

˄predicate˅㺘ᖱ䈕ṶᷦˈањṶᷦሩᓄањᣭ䊑ॆⲴᛵຳˈ↔ཆˈањṶᷦ䘈ᴹ
㤕ᒢ‭˄slot˅̍ ҏਟԕᡀѪ论ݳˈ䙊ᑨާᴹаӋ䈝ѹⲴ䀂㢢ˈ⭘ᶕ㺘⽪与䈕Ṷᷦᴹ
Ⲵ㺘⽪㔃ᶴ䎧ⓀݳⲴ仍ཆⲴؑ᚟Ǆ䘉⿽䉃䇽-论ޣ Baker [8]与 Fillmore [50]ᨀࠪⲴ
Ṭ᮷⌅˄case grammar Ǆ˅สҾк䘠理论ˈᴹєњสҾṶᷦⲴ䈝ѹ㺘⽪ⲴާփⲴᇎ
别ᱟ࠶ˈ⧠ FrameNet5઼ PropBank6Ǆ

FrameNet[9]ᱟ Berkeleyབྷ学ᔪ・Ⲵањ工〻ˈD ᰙޜᐳҾ 1998年Ǆ䈕工〻
Ⲵѫ㾱⢩ᖱᴹ：a) Ѫ䈝ѹ઼ਕ⌅Პ䙽ॆᨀ׋䈝ᯉ䇱ᦞ˗b) ሩⴞḷ䇽䈝 (ѫ㾱ᱟ名
䇽ǃᖒᇩ䇽ǃࣘ䇽) Ⲵԧ位˄valence˅㺘⽪ˈަ中䈝ѹ䜘࠶ѫ㾱࡙⭘ҶṶᷦ䈝ѹ学Ǆ
䘉њ工〻Ⲵѫ㾱ᡀ᷌ᱟᨀ׋Ҷањᮠᦞᓃˈᮠᦞᓃѫ㾱वᤜྲлй䜘࠶：䇽ިǃṶ

ᷦᮠᦞᓃ઼สҾ䇽ި઼Ṷᷦḷ⌘ྭⲴਕᆀ䳶ǄFrameNet Ⲵࠪ⧠ᴹ࣋ൠ᧘䘋Ҷ䈝䀰
学઼㠚❦䈝䀰༴理Ⲵਁኅˈ䘈ⴤ᧕导㠤Ҷ䈝ѹ䀂㢢ḷ⌘ԫ࣑Ⲵ䈎⭏Ǆ

FrameNet ԕṶᷦѪṨᗳˈ䖵ࣙԕ论ݳⲴḷㆮˈᒦф论ݳⲴḷㆮ൘н਼ⲴṶ
ᷦ䟼ᱟਟԕޡӛⲴˈྲ SELLER 䘉њ论਼ݳᰦࠪ⧠൘ SELL ઼ BUY єњṶᷦ中Ǆ
FrameNet 䙊䗷ሩн਼ᖒᔿⲴ䇽≷单ݳ䘋㹼ḷ߶ॆˈ֯ᗇਕᆀⲴสҾṶᷦⲴ䈝ѹ㺘
⽪ᱟਟԕн׍䎆Ҿਕ⌅㔃ᶴˈণਚ㾱ਕ᜿⴨਼ˈᆳԜสҾ FrameNet 中ⲴṶᷦⲴ䈝
ѹ㺘⽪ҏᱟ⴨਼Ⲵˈമ2.8ኅ⽪Ҷ䘉ṧⲴањֻᆀ 7Ǆ

PropBank[75, 112] ᱟ൘ᇮᐎṁᓃ˄Penn Treebank˅Ⲵส⹰кˈሩ䘉њṁᓃ
5https://framenet.icsi.berkeley.edu/fndrupal/
6https://propbank.github.io/
7ֻᆀُ⭘Ҿ Percy Liang Ҿ 2015 年൘ ICML Ⲵᣕ੺：“Naturalڊ language understanding:

foundations and state-of-the art”Ǆ
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中ࣘ䇽Ⲵ䝽ԧޣ㌫Ⲵ䘋㹼ḷ⌘ˈ㘼ᔪ・ⲴĀભ仈ṁᓃā˄ Proposition Bankˈㆰ〠
PropBank Ǆ˅与 FrameNet⴨լ P̍ropBankḷ⌘Ⲵҏᱟ䉃䇽-论ݳ㔃ᶴؑ᚟Ǆн਼Ⲵ
ᱟ P̍ropBankᱟԕࣘ䇽ѪṨᗳ ᒦ̍สҾਕ⌅㔃ᶴ ሩ̍论ؑݳ᚟䘋㹼ḷ⌘ 论̍ݳḷㆮ

ሩҾࣘ䇽ᶕ䈤ᱟ⢩ᇊⲴˈণањࣘ䇽ˈሩᓄа㓴论ݳḷㆮǄമ2.8中สҾ FrameNet
Ⲵ䈝ѹ㺘⽪ᱟ⴨਼ⲴˈնᱟสҾ PropBank Ⲵ䈝ѹ㺘⽪ቡՊࠪ⧠ཊ⿽ᖒᔿǄӾ䘉
њ䀂ᓖᶕ䇢ˈFrameNet ∄ PropBank ሩҾ䈝䀰⧠䊑ާᴹᴤྭⲴ᧿䘠㜭࣋Ǆ❦㘼ˈ
PropBank ᱟสҾ Penn Treebank ᶴᔪⲴˈᮠᦞ㿴⁑ᴤབྷˈӾ㘼ҏ੨ᕅҶབྷᢩ学者
֯⭘ PropBank 䘋㹼⴨ޣ研究Ǆ

สҾṶᷦⲴ䈝ѹ㺘⽪ᯩ⌅ⲴՈ⛩ᴹ：a) ާᴹᖸྭⲴ㔃ᶴᙗˈ与㠚❦䈝䀰ਕᆀ
Ⲵ㔃ᶴ类լ˗b) ާᴹᖸྭⲴਟ理䀓ᙗˈ研究者ਟ䙊䗷Ṷᷦ理䀓䈕Ṷᷦ所ሩᓄⲴᛵ
ຳˈྲ䈕ᛵຳ中Ⲵᯭһ者ˈਇһ者࠶别ᱟӰѸ c̠) ሩ机ಘ৻ྭˈ㔃ᶴॆⲴ㺘⽪ˈᖸ
(䖜ᦒᡀ机ಘਟ䇶别Ⲵ〻ᒿ䈝䀰˗dׯᯩ ާᴹඊᇎⲴ䈝䀰学理论ส⹰Ǆ

สҾṶᷦⲴ䈝ѹ㺘⽪ᯩ⌅Ⲵ㕪⛩ᴹ：a) 䴰㾱Ӫ类ᶕ䇮计䘉ӋṶᷦˈањṶᷦ
ሩᓄањᛵຳˈᖸ䳮ࡠڊṶᷦⲴ㾶ⴆᓖ㜭ཏ㾶ⴆࡠ㺘⽪ц⭼˄world˅中Ⲵ所ᴹᛵ
ຳ˗b) ṶᷦⲴ㋇㓶〻ᓖ䇮计ᖸ䳮ᢺᨑˈṶᷦⲴ㋂ᓖཚབྷˈ导㠤ᰐ⌅䘋㹼㓶㠤४࠶ˈ
ṶᷦⲴ㋂ᓖཚሿˈ导㠤ṶᷦⲴᮠ䟿ཚཊǄ

䘁年ᶕˈM 研究者࡙⭘Ṷᷦᶕ㺘⽪ਕᆀ䈝ѹ 䘉̍类䈝ѹ䀓᷀〠Ѫ Frame-Semantic
Parsingˈᱟሶањਕᆀ᱐ሴᡀสҾṶᷦⲴ䈝ѹ㺘⽪Ⲵ䗷〻 [40, 39, 41]Ǆ

2.3.1.3 ะӄ䙱䗇㺞䗴ᕅⲺ䈣ѿ㺞⽰

lambda-㺞䗴ᕅ˄lambda-calculus˅ᱟа⿽สҾᮠ理䙫䗁理论ⲴᖒᔿॆⲴ䈝ѹ
㺘⽪փ㌫Ǆᆳਟԕ作Ѫа⿽㋈ਸ䈝䀰˄glue language˅ᶕ㓴ਸ㠚❦䈝䀰中Ⲵ䇽䈝ˈ
മ2.9ኅ⽪Ҷࠐњਕᆀ与ަሩᓄⲴ lambda-㺘䗮ᔿⲴֻᆀǄާփⲴˈlambda-㺘䗮ᔿ
ਟԕ䙊䗷єњ࠭ᮠᶕ䘋㹼㓴ਸǄ䘉єњ࠭ᮠ࠶别ᱟ࠭ᮠᓄ⭘˄ function application˅
઼࠭ᮠ㓴ਸ˄function composition Ǆ˅࠭ᮠᓄ⭘˄function application˅指Ⲵᱟሶа
њ࠭ᮠ λx.f(x) ᓄ⭘ҾާփⲴањ৲ᮠ aˈާփᖒᔿྲл：

λx.f(x) a → f(a)

࠭ᮠ㓴ਸ˄ function composition 指˅Ⲵᱟሶањѫ㾱˄ primary Ⲵ˅࠭ᮠ λx.f(x)ᓄ

⭘Ҿањ⅑㾱˄secondary˅Ⲵ࠭ᮠⲴ㔃᷌к λy.g(y)ˈާփᖒᔿྲл：

λx.f(x) λy.g(y) → λy.f(g(y))

lambda-DCS ṇ [91] ᱟสҾ DCS˄dependency-based compositional seman-
tics˅㘼ᶴᔪⲴᖒᔿ类լҾ lambda-㺘䗮ᔿⲴ䈝ѹ㺘⽪ᖒᔿǄ⴨∄Ҿ lambda-㺘䗮
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returning entirely correct logical forms for each test sen-
tence. Our method achieves over 95% precision on both of
these domains, with recall of 79% on each domain. These
are highly competitive results when compared to the previ-
ous work.

2 Background

This section gives background material underlying our
learning approach. We first describe the lambda–calculus
expressions used to represent logical forms. We then de-
scribe combinatory categorial grammar (CCG), and the ex-
tension of CCG to probabilistic CCGs (PCCGs) through
log-linear models.

2.1 Semantics

The sentences in our training data are annotated with ex-
pressions in a typed lambda–calculus language similar to
the one presented by Carpenter (1997). The system has
three basic types:e, the type of entities;t, the type of truth
values; andr, the type of real numbers. It also allows func-
tional types, for example〈e, t〉, which is the type assigned
to functions that map from entities to truth values. In spe-
cific domains, we will specify subtype hierarchies fore.
For example, in a geography domain we might distinguish
different entity subtypes such as cities, states, and rivers.

Figure 1 shows several sentences from the geography
(Geo880) domain, together with their associated logical
form. Each logical form is an expression from the lambda
calculus. The lambda–calculus expressions we use are
formed from the following items:

• Constants: Constants can either be entities, numbers
or functions. For example,texasis an entity (i.e., it
is of typee). state is a function that maps entities to
truth values, and is of type〈e, t〉. size is a function
that maps entities to real numbers, and is therefore of
type 〈e, r〉 (in the geography domain,size(x)returns
the land-area ofx).

• Logical connectors: The lambda–calculus expres-
sions include conjunction (∧), disjunction (∨), nega-
tion (¬), and implication (→).

• Quantification: The expressions include universal
quantification (∀) and existential quantification (∃).
For example,∃x.state(x)∧borders(x, texas) is true
if and only if there is at least one state that borders
Texas. Expressions involving∀ take a similar form.

• Lambda expressions:Lambda expressions represent
functions. For example,λx.borders(x, texas) is a
function from entities to truth values, which is true of
those states that border Texas.

a) What states border Texas
λx.state(x) ∧ borders(x, texas)

b) What is the largest state
arg max(λx.state(x), λx.size(x))

c) What states border the state that borders the most states
λx.state(x) ∧ borders(x, arg max(λy.state(y),

λy.count(λz.state(z) ∧ borders(y, z))))

Figure 1:Examples of sentences with their logical forms.

• Additional quantifiers: The expressions involve
the additional quantifying termscount, arg max,
arg min, and the definite operatorι. An example
of a count expression iscount(λx.state(x)), which
returns the number of entities for whichstate(x)
is true. arg max expressions are of the form
arg max(λx.state(x), λx.size(x)). The first argu-
ment is a lambda expression denoting some set of en-
tities; the second argument is a function of type〈e, r〉.
In this case thearg max operator would return the set
of items for whichstate(x) is true, and for which
size(x) takes its maximum value.arg min expres-
sions are defined analogously. Finally, the definite op-
erator creates expressions such asι(λx.state(x)). In
this case the argument is a lambda expression denot-
ing some set of entities.ι(λx.state(x)) would return
the unique item for whichstate(x) is true, if a unique
item exists. If no unique item exists, it causes a pre-
supposition error.

2.2 Combinatory Categorial Grammars

The parsing formalism underlying our approach is that of
combinatory categorial grammar (CCG) (Steedman, 1996,
2000). A CCG specifies one or more logical forms—of the
type described in the previous section—for each sentence
that can be parsed by the grammar.

The core of any CCG is a lexicon,Λ. In a purely syntactic
version of CCG, the entries inΛ consist of a word (lexical
item) paired with a syntactic type. A simple example of a
CCG lexicon is as follows:

Utah := NP
Idaho := NP
borders := (S\NP )/NP

In this lexiconUtahandIdahohave the syntactic typeNP ,
andbordershas the more complex type(S\NP )/NP . A
syntactic type can be either one of a number ofprimitive
categories(in the example,NP or S), or it can be acom-
plex typeof the formA/B or A\B where bothA andB
can themselves be a primitive or complex type. The prim-
itive categoriesNP andS stand for the linguistic notions

മ 2.9: ਕᆀ৺ަሩᓄⲴสҾ lambda-㺘䗮ᔿⲴ䈝ѹ㺘⽪Ⲵֻᆀ
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Lambda Dependency-Based Compositional Semantics

Percy Liang

September 19, 2013

Abstract

This short note presents a new formal language, lambda dependency-based compositional
semantics (lambda DCS) for representing logical forms in semantic parsing. By eliminating
variables and making existential quantification implicit, lambda DCS logical forms are generally
more compact than those in lambda calculus.

1 Introduction

Semantic parsing is the task of mapping natural language utterances to logical forms in some
formal language such as lambda calculus. This short note describes lambda dependency-based
compositional semantics (lambda DCS), an alternate formal language which can be notationally
simpler than lambda calculus. Here is an example:1

• Utterance: “people who have lived in Seattle”

• Logical form (lambda calculus): λx.∃e.PlacesLived(x, e) ∧ Location(e, Seattle)

• Logical form (lambda DCS): PlacesLived.Location.Seattle

As one can see, lambda DCS attempts to remove explicit use of variables. This makes it simi-
lar in spirit to dependency-based compositional semantics (DCS) (Liang et al. 2011), but DCS is
restricted to tree-structured logical forms, and is therefore not as expressive as lambda calculus.
Lambda DCS, on the other hand, borrows the use of variables and lambda abstraction from lambda
calculus when necessary to handle phenomena such as anaphora.

Lambda DCS was designed in the context of building a natural language interface into Free-
base (Bollacker et al. 2008), a large graph database, where the logical forms are database queries
(see Berant et al. (2013) for our companion paper). Therefore, we will focus on representing the
semantics of noun phrases or wh-questions. Also, we will discuss only the semantics of the formal
language, not the compositional semantics of mapping natural language utterances into lambda
DCS. Finally, this document assumes the reader has basic familiarity with lambda calculus in the
context of natural language (see Carpenter (1998) for an introduction).

1This example is based on the Freebase schema, which reifies events (called compound value types in Freebase).
Here, PlacesLived(x, e) denotes that a person x was involved in a living event e, and Location(e, Seattle) denotes
that the location of that event is Seattle. Other properties of e would include StartDate(e, ·) and EndDate(e, ·).

1

മ 2.10: lambda-㺘䗮ᔿ઼ lambda-DCS ሩҾањਕᆀⲴ㺘⽪Ⲵሩ∄

ᔿ l̍ambda-DCSⲴ㺘⽪ᖒᔿᴤ࣐Ⲵㆰ单 മ̍2.10ኅ⽪Ҷањሩ∄ֻᆀǄDCSᱟสҾ
ѕṬⲴṁ㔃ᶴⲴ䈝ѹ㺘⽪ᖒᔿˈᱮ❦ᆳⲴ㺘⽪㜭࣋ਇ䲀Ҿṁ㔃ᶴˈ⴨∄ lambda-㺘
䗮ᔿˈDCS Ⲵ䈝ѹ㺘⽪㜭࣋㾱ᕡаӋˈሩ䈝䀰中ⲴḀӋ⧠䊑н㜭䘋㹼㺘⽪ˈྲ指
ԓǄlambda-DCS ᱟُ⭘Ҷ lambda-㺘䗮ᔿ中ⲴаӋᙍᜣˈᗇࡠⲴ lambda-DCS Ⲵ
䈝ѹ㺘⽪ᖒᔿާᴹ与 lambda-㺘䗮ᔿㅹԧⲴ䈝ѹ㺘⽪㜭࣋ˈ਼ᰦᆳ䘈؍ᆈҶ DCS
ᵜ䓛สҾṁ㔃ᶴⲴ㺘⽪ᖒᔿˈ䘉ҏ֯ᗇ䘉⿽䈝ѹ㺘⽪ᖒᔿ与㠚❦䈝䀰ᵜ䓛ᴤ࣐Ⲵ

䍤䘁Ǆ

สҾ䙫䗁㺘䗮ᔿⲴ䈝ѹ㺘⽪ⲴՈ⛩ᴹ：a) 㺘䗮㜭࣋䶎ᑨᕪˈสᵜ㜭ཏ㾶ⴆ所
ᴹⲴ䈝䀰⧠䊑˗b) ާᴹѠᇼⲴ䈝ѹˈӪ类ҏᇩ᱃ⴻ៲˗c) ሩ机ಘ৻ྭˈ䈕㺘⽪ᵜ
኎Ҿᖒᔿॆ䈝䀰ˈ㜭ཏᖸᯩׯˈᖸ⺞ᇊᙗⲴ䖜ᦒѪ机ಘਟⴤ᧕֯⭘Ⲵ〻ᒿ䈝䀰Ǆ

สҾ䙫䗁㺘䗮ᔿⲴ䈝ѹ㺘⽪Ⲵ㕪⛩ᴹ：a) 䈕㺘⽪ᱟ亶ฏ⢩ᇊⲴˈሩҾањ亶
ฏˈ㾱䇮计䈕亶ฏ中Ⲵ䈝䀰⧠䊑઼䈝䀰⸕䇶˗b) ᖸ䳮䘋㹼Ӫ工ḷ⌘ˈ䴰㾱аᇊⲴ
专业⸕䇶Ǆ

2.3.1.4 AMR

Abstract Meaning Representation (AMR) ᱟа⿽สҾമⲴ䈝ѹ㺘⽪ᖒᔿ [10]Ǆ
ਟԕ֯⭘ AMR മᶕ㺘⽪ањਕᆀⲴ䈝ѹǄAMR മᱟањᴹṩ㢲⛩Ⲵǃ䗩ᑖḷ
ㆮⲴǃᴹੁᰐ⧟മǄަ中㢲⛩㺘⽪ᾲᘥ˄concepts˅̍ 䗩㺘⽪єњᾲᘥѻ䰤Ⲵޣ㌫Ǆ

AMR 中Ⲵᾲᘥѫ㾱ྲлࠐ⿽ᖒᔿ：单䇽˄ྲˈ“boy”˅̍ PropBank 中ⲴṶᷦ˄ྲˈ
want-01˅̍ ᡆ者⢩↺Ⲵޣ䭞䇽˄वᤜᇎփ类රˈྲ “date-entity”ˈ઼䙫䗁䘎᧕ㅖˈ
ྲ and Ǆ˅䘉⿽ᖒᔿᱟสҾભ仈䙫䗁˄propositional logic˅઼ neo-Davidsonian һ
件㺘⽪ᖒᔿ [114, 42] Ⲵˈമ2.11ኅ⽪Ҷਕᆀ “The boy wants to go” Ⲵࠐ⿽䈝ѹ㺘
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are related to meanings.

• AMR is heavily biased towards English. It

is not an Interlingua.

AMR is described in a 50-page annotation guide-

line.1 In this paper, we give a high-level descrip-

tion of AMR, with examples, and we also provide

pointers to software tools for evaluation and sem-

banking.

2 AMR Format

We write down AMRs as rooted, directed, edge-

labeled, leaf-labeled graphs. This is a com-

pletely traditional format, equivalent to the sim-

plest forms of feature structures (Shieber et al.,

1986), conjunctions of logical triples, directed

graphs, and PENMAN inputs (Matthiessen and

Bateman, 1991). Figure 1 shows some of these

views for the sentence “The boy wants to go”. We

use the graph notation for computer processing,

and we adapt the PENMAN notation for human

reading and writing.

3 AMR Content

In neo-Davidsonian fashion (Davidson, 1969), we

introduce variables (or graph nodes) for entities,

events, properties, and states. Leaves are labeled

with concepts, so that “(b / boy)” refers to an in-

stance (called b) of the concept boy. Relations link

entities, so that “(d / die-01 :location (p / park))”

means there was a death (d) in the park (p). When

an entity plays multiple roles in a sentence, we

employ re-entrancy in graph notation (nodes with

multiple parents) or variable re-use in PENMAN

notation.

AMR concepts are either English words

(“boy”), PropBank framesets (“want-01”), or spe-

cial keywords. Keywords include special entity

types (“date-entity”, “world-region”, etc.), quan-

tities (“monetary-quantity”, “distance-quantity”,

etc.), and logical conjunctions (“and”, etc).

AMR uses approximately 100 relations:

• Frame arguments, following PropBank

conventions. :arg0, :arg1, :arg2, :arg3, :arg4,

:arg5.

• General semantic relations. :accompa-

nier, :age, :beneficiary, :cause, :compared-to,

:concession, :condition, :consist-of, :degree,

:destination, :direction, :domain, :duration,

1AMR guideline: amr.isi.edu/language.html

LOGIC format:

∃ w, b, g:

instance(w, want-01) ∧ instance(g, go-01) ∧

instance(b, boy) ∧ arg0(w, b) ∧

arg1(w, g) ∧ arg0(g, b)

AMR format (based on PENMAN):

(w / want-01

:arg0 (b / boy)

:arg1 (g / go-01

:arg0 b))

GRAPH format:

Figure 1: Equivalent formats for representating

the meaning of “The boy wants to go”.

:employed-by, :example, :extent, :frequency,

:instrument, :li, :location, :manner, :medium,

:mod, :mode, :name, :part, :path, :polarity,

:poss, :purpose, :source, :subevent, :subset,

:time, :topic, :value.

• Relations for quantities. :quant, :unit,

:scale.

• Relations for date-entities. :day, :month,

:year, :weekday, :time, :timezone, :quarter,

:dayperiod, :season, :year2, :decade, :cen-

tury, :calendar, :era.

• Relations for lists. :op1, :op2, :op3, :op4,

:op5, :op6, :op7, :op8, :op9, :op10.

AMR also includes the inverses of all these rela-

tions, e.g., :arg0-of, :location-of, and :quant-of. In

addition, every relation has an associated reifica-

tion, which is what we use when we want to mod-

ify the relation itself. For example, the reification

of :location is the concept “be-located-at-91”.

Our set of concepts and relations is designed to

allow us represent all sentences, taking all words

into account, in a reasonably consistent manner. In

the rest of this section, we give examples of how

AMR represents various kinds of words, phrases,

and sentences. For full documentation, the reader

is referred to the AMR guidelines.

179

മ 2.11: ਕᆀ “The boy wants to go” Ⲵࠐ⿽ㅹԧⲴ䈝ѹ㺘⽪

Proceedings of the 11th International Workshop on Semantic Evaluations (SemEval-2017), pages 536–545,
Vancouver, Canada, August 3 - 4, 2017. c©2017 Association for Computational Linguistics

SemEval-2017 Task 9: Abstract Meaning Representation Parsing and
Generation

Jonathan May and Jay Priyadarshi
Information Sciences Institute
Computer Science Department

University of Southern California
jonmay@isi.edu, jpriyada@usc.edu

Abstract

In this report we summarize the results
of the 2017 AMR SemEval shared task.
The task consisted of two separate yet
related subtasks. In the parsing sub-
task, participants were asked to produce
Abstract Meaning Representation (AMR)
(Banarescu et al., 2013) graphs for a set
of English sentences in the biomedical do-
main. In the generation subtask, partici-
pants were asked to generate English sen-
tences given AMR graphs in the news/fo-
rum domain. A total of five sites partici-
pated in the parsing subtask, and four par-
ticipated in the generation subtask. Along
with a description of the task and the par-
ticipants’ systems, we show various score
ablations and some sample outputs.

1 Introduction

Abstract Meaning Representation (AMR) is a
compact, readable, whole-sentence semantic an-
notation (Banarescu et al., 2013). It includes entity
identification and typing, PropBank semantic roles
(Kingsbury and Palmer, 2002), individual entities
playing multiple roles, as well as treatments of
modality, negation, etc. AMR abstracts in numer-
ous ways, e.g., by assigning the same conceptual
structure to fear (v), fear (n), and afraid (adj). Fig-
ure 1 gives an example.

In 2016 an AMR parsing shared task was held at
SemEval (May, 2016). Task participants demon-
strated several new directions in AMR parsing
technology and also validated the strong perfor-
mance of existing parsers. We sought, in 2017, to
focus AMR parsing performance on the biomed-
ical domain, for which a not insignificant but
still relatively small training corpus had been pro-
duced. While sentences from this domain are quite

(f / fear-01
:polarity "-"
:ARG0 ( s / soldier )
:ARG1 ( d / die-01

:ARG1 s ))

The soldier was not afraid of dying.
The soldier was not afraid to die.

The soldier did not fear death.

Figure 1: An Abstract Meaning Representation
(AMR) with several English renderings. Example

borrowed from Pust et al. (2015).

formal compared to some of those evaluated in last
year’s task, they are also very complex, and have
many terms unique to the domain. An example
is shown in Figure 2. We continue to use Smatch
(Cai and Knight, 2013) as a metric for AMR pars-
ing, but we perform additional ablative analysis
using the approach proposed by Damonte et al.
(2016).

Along with parsing into AMR, it is important
to encourage improvements in automatic genera-
tion of natural language (NL) text from AMR. Hu-
mans favor communication in NL. An AI that is
able to parse text into AMR at a quality level in-
distinguishable from humans may be said to un-
derstand NL, but without the ability to render its
own semantic representations into NL no human
will ever be able to appreciate this.

The advent of several systems that generate En-
glish text from AMR input (Flanigan et al., 2016b;
Pourdamghani et al., 2016) inspired us to conduct
a generation-based shared task from AMRs in the
news/discussion forum domain. For the gener-
ation subtask, we solicited human judgments of
sentence quality. We followed the precedent es-
tablished by the Workshop in Machine Transla-
tion (Bojar et al., 2016) and used the Appraise so-
licitation system (Federmann, 2012), lightly mod-
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മ 2.12: њн਼ਕᆀᤕᴹ⴨਼Ⲵࠐ AMR 㺘⽪Ⲵ⽪ֻ

⽪ˈᒦф䘉ࠐ⿽䈝ѹ㺘⽪ᱟㅹԧⲴǄ൘ AMR 中ާᴹ⴨਼᜿ᙍⲴਕᆀˈণ֯ާᴹн
਼Ⲵਕ⌅㔃ᶴˈᆳԜⲴ AMR മҏᱟ⴨਼Ⲵˈമ2.12ኅ⽪Ҷ䘉ṧⲴањ⽪ֻǄ

֯⭘ AMR ᶕ㺘⽪䈝ѹⲴՈ⛩ᴹ：a) ֯⭘สҾമⲴ㔃ᶴˈ与ਕᆀⲴ׍ᆈമᖸ
类լˈᯩׯ㧧ਆ˗b) ሩ䈝ѹ䘋㹼ҶаᇊⲴᣭ䊑ˈ᜿ᙍ㺘䗮所㾶ⴆⲴ㤳തᖸᒯ˗c˅
ਟԕᔪ⁑ᖸ༽ᵲⲴ䈝䀰⧠䊑ˈྲ੖ᇊˈ∄䖳ㅹ;d) ᴹབྷ㿴⁑䈝ᯉ᭟ᤱ˗d) ሩӪ઼机
ಘ䜭৻ྭˈӪᇩ᱃ⴻ៲ AMR 㺘⽪ˈ机ಘҏᇩ᱃ሩ䘉⿽䈝ѹ㺘⽪䘋㹼༴理Ǆ

֯⭘ AMRᶕ㺘⽪䈝ѹⲴ㕪⛩ᴹ：a)ḷ⌘∄䖳ഠ䳮 b̠)㺘⽪Ⲵѫփᱟ PropBank
中ⲴṶᷦˈ䘉ҏ֯ᗇ AMR 㺘⽪ਇ䲀Ҿ PropBank 中ⲴṶᷦ䈝ѹ㺘⽪Ǆ

䘁年ᶕˈสҾ AMR Ⲵ䈝ѹ᷀࠶˄〠Ѫ AMR ੨ᕅҶՇཊ学者˅᷀࠶ [51, 136,
120, 6, 106]ˈAMR ᱟሶਕᆀ᱐ሴᡀ᷀࠶ AMR മⲴ䗷〻Ǆ
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2.3.2 ⸛䇼ᓉᮦᦤ㓺㓽ᖘᕅ

ሩҾ䈝ѹ䀓᷀ ⸕̍䇶ᓃѫ㾱ᴹєњ作⭘：⸕䇶ᓃᵜփ㔃ᶴߣᇊҶ䈝ѹ㺘⽪Ⲵ㔃

ᶴ ⸕̠䇶ᓃ中Ⲵ⸕䇶ਟԕ⭘ᶕ计算䈝ѹ㺘⽪Ǆ⸕䇶ᓃᮠᦞ㓴㓷ᖒᔿᱟ⸕䇶ᓃᵜփ㔃

ᶴⲴާփփ⧠ˈл䶒ᡁԜㆰ㾱ӻ㓽є⿽ᑨ㿱Ⲵ⸕䇶ᓃᮠᦞ㓴㓷ᖒᔿǄ

пݹ㓺 ⸕䇶ᓃ中Ⲵᮠᦞᖒᔿа㡜ԕйݳ㓴Ⲵᖒᔿᆈ൘ˈᖃࡽՇཊབྷ㿴⁑⸕

䇶ᓃ䜭䟷⭘䘉⿽ᖒᔿˈྲ FreebaseǃDbpediaㅹǄйݳ㓴亮名ᙍѹ ⭡̍й䜘࠶㓴ᡀˈ

ሩҾ㺘⽪єњᇎփѻ䰤Ⲵޣ㌫Ⲵ⸕䇶ˈйݳ㓴Ⲵᖒᔿᱟ：˄ ᇎփ ㌫ˈᇎփޣˈ1 2˅̍
ྲˈ䉃䇽ݳ䇶ᓃᵜփ中ⲴҼ⸕ࡠ㌫ሩᓄޣ PlaceOfBirth˗ሩҾ㺘⽪ᇎփⲴ类别Ⲵ
⸕䇶ˈйݳ㓴Ⲵᖒᔿᱟ䘉ṧⲴ：˄ ᇎփˈ类别ˈ类别٬˅̍ 类别٬ሩᓄࡠ⸕䇶ᓃᵜփ

中Ⲵаݳ䉃䇽ˈྲ PersonǄ

㺞Ṳ ⸕䇶ᓃ中Ⲵᮠᦞᖒᔿԕ㺘ṬⲴᖒᔿᆈ൘ˈྲԕ Wikipedia 中Ⲵ㺘Ṭ作
Ѫ⸕䇶ᓃǄ㺘2.1ኅ⽪Ҷ Wikipedia 中Ⲵањ㺘ṬǄ[129]

Year Competition Venue Position Event Notes
1975 Asian Championships Seoul, South Korea 1st 5,000m 14:00.8
1979 Asian Championships Tokyo, Japan 2nd 10,000m 29:00.2
1981 Asian Championships Tokyo, Japan 1st 10,000m 28:53.29
1981 Fukuoka Marathon Fukuoka, Japan 2nd Marathon 2:09:37
1982 Fukuoka Marathon Fukuoka, Japan 4th Marathon 2:11:45
1983 World Championships Helsinki, Finland 28th 10,000m 29:49.04

㺘 2.1: Wikipedia 中Ⲵањ㺘ṬⲴֻᆀ

2.3.3 䀙᷆㇍⌋

л䶒ӻ㓽ࠐ⿽ᑨ㿱Ⲵ䀓᷀算⌅Ǆ

CYK สҾ㓴ਸ䈝ѹⲴ䈝ѹ䀓᷀ᯩ⌅中ˈᴰᑨ⭘Ⲵ䀓᷀算⌅㧛䗷Ҿ CYK 算
⌅ [32, 70, 150]8Ǆ䘉类ᯩ⌅Ⲵ䀓᷀䗷〻ᱟ㠚ᓅੁкⲴˈ类լҾਕ⌅᷀࠶˄syntactic
parsing˅Ⲵ䀓᷀䗷〻ˈ䈝ѹ䀓᷀䗷〻中所֯⭘Ⲵ᮷⌅ˈྲ㓴ਸ㤳⮤᮷⌅˄CCG˅
઼สҾ׍ᆈⲴ㓴ਸ䈝ѹ᮷⌅˄DCS˅ㅹˈቡ类լҾਕ⌅᷀࠶中Ⲵкл᮷ᰐޣ᮷⌅
˄CFG Ǆ˅䈝ѹ䀓᷀中ˈᴰᓅቲⲴ᮷⌅ˈҏቡᱟਦᆀ㢲⛩Ⲵ᮷⌅ˈሩᓄࡠ䇽≷ˈণ䇽
䈝ࡠ䉃䇽Ⲵ᱐ሴ 㔗̠㔝ᖰк䀓᷀ቡᱟ࡙⭘㓴ਸ㿴ࡉ䘋㹼нᯝ㓴ਸᴤབྷⲴ单ݳ ⴤ̍ࡠ

⭏ᡀṩ㢲⛩Ⲵ䙫䗁㺘䗮ᔿǄ

CYK 算⌅ⲴᴰൿⲴᰦ䰤༽ᵲᓖᱟ O(n3|G|)ˈަ中 n ᱟਕᆀⲴ䮯ᓖˈ|G| ᱟ᮷
⌅ⲴᮠⴞǄ

8https://en.wikipedia.org/wiki/CYK_algorithm
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ะӄ agenda Ⲻ䀙᷆㇍⌋ ѪҶ䘋а↕ᨀ儈䀓᷀Ⲵ᭸⦷ˈ研究者ᔰ࿻᧒㍒ަ

ԆⲴ䀓᷀算⌅ǄสҾ agenda Ⲵ䀓᷀算⌅ᐢ㓿൘ਕ⌅᷀࠶中ᒯ⌋䘀⭘ [74, 23, 116]Ǆ
Berant and Liang [15]ᴰᰙ൘䈝ѹ䀓᷀中֯⭘䘉⿽䀓᷀算⌅Ǆ䈕算⌅Ⲵ᭸⦷∄ CYK
算⌅Ⲵᴤ儈Ǆ

2.3.4 学Җ㇍⌋

䈝ѹ䀓᷀ಘሩਕᆀ䘋㹼䀓᷀ਾՊᗇࡠᖸཊى䘹Ⲵ䙫䗁㺘䗮ᔿˈѪҶӾ中䘹ᤙ

ᴰྭⲴ 䘈̍䴰㾱ањᢃ࠭࠶ᮠˈ਼ ᰦ䘈䴰㾱学Ґަ中Ⲵ৲ᮠǄᡁԜԕ学Ґ算⌅所֯

⭘Ⲵⴁⶓ⸕䇶类别Ѫ࠶类ḷ߶ˈሶ学Ґ算⌅࠶Ѫй类：ⴁⶓ学Ґ算⌅ǃॺⴁⶓ学Ґ

算⌅ǃ䶎ⴁⶓ学Ґ算⌅Ǆ

ⴇ⶙学Җ㇍⌋ 䘉⿽ᯩ⌅所֯⭘Ⲵ䇝㓳ᮠᦞⲴᖒᔿᱟ˄䰞仈ˈ䙫䗁㺘䗮ᖒᔿ˅

ሩˈ䙊䗷䇝㓳ˈᡁԜᐼᵋᗇࡠᯠਕᆀⲴ䙫䗁㺘䗮ᔿˈ䘉䴰㾱ᡁԜ学Ґࡠ䇽䈝ࡠ䉃䇽

Ⲵ᱐ሴˈণ䇽≷ˈԕ৺㓴ਸ㿴ࡉⲴ䘹ᤙ˄㓴ਸ㿴ࡉа㡜ᱟᇊѹྭⲴ㤕ᒢᶑ㿴ࡉ Ǆ˅

ঀⴇ⶙学Җ㇍⌋ 䘉⿽ᯩ⌅所֯⭘Ⲵ䇝㓳ᮠᦞⲴᖒᔿ䙊ᑨнᱟ˄䰞仈ˈ䙫䗁

㺘䗮ᖒᔿ˅ሩˈਟԕᱟ˄䰞仈ˈㆄṸ˅ሩˈ䘉⿽学Ґ算⌅ԕ䙫䗁㺘䗮ᔿѪ中䰤䳀ਈ

䟿 ԕ̍ㆄṸ作Ѫ䘌䐍⿫ⴁⶓǄ㲭❦ⴁⶓ⸕䇶所वਜ਼Ⲵؑ᚟∄ޘⴁⶓⲴᯩᔿቁ ն̍ᱟ

࡙⭘䘉Ӌॺⴁⶓؑ᚟׍❦ਟԕ䘋㹼ᴹ᭸ൠ学Ґ 㘼̍ф䘉⿽䇝㓳ᮠᦞᴤᇩ᱃㧧ਆǄⴁ

ⶓؑ᚟䘈ਟԕᱟަԆᖒᔿˈKate and Mooney [71]ᢺ SVM Ⲵ࠶类㔃᷌作Ѫа⿽ⴁ
ⶓؑ᚟ᶕ学Ґ䈝ѹ䀓᷀⁑ර K̠ate and Mooney [72]中所֯⭘Ⲵ䇝㓳䈝ᯉᱟ˄䰞仈ˈ
ཊњ䙫䗁㺘䗮ᔿ˅̍ ަ中ਚᴹањ䙫䗁㺘䗮ᔿᱟ↓⺞ⲴǄਖཆᡁԜᢺӔӂᔿ学Ґ算

⌅ҏᖂ൘ॺⴁⶓ学Ґ算⌅лˈӔӂᔿ学Ґ算⌅䙊䗷⭘ᡧⲴаӋ৽侸ؑ᚟ᶕ䘋㹼⁑

රⲴ学Ґˈ֯ ⭘䘉⿽Ӕӂᔿ学Ґ算⌅Ⲵ䈝ѹ䀓᷀㌫㔏ᴹ Clarke et al. [31], Artzi and
Zettlemoyer [3], Wang et al. [137], Iyer et al. [66]Ǆ

䶔ⴇ⶙学Җ㇍⌋ 䘉⿽ᯩ⌅н䴰㾱ⴁⶓ⸕䇶ˈᵜ䍘кˈᢺ䈝ѹ䀓᷀中所㾱֯

䉃䇽Ⲵ᱐ሴˈণ䇽≷Ⲵ学Ґˈ࡙⭘㚊类Ⲵᙍᜣᶕ学ҐǄ൘䈝ѹ䀓᷀ࡠⲴ䇽䈝ࡠ⭘

Ⲵ工作中ˈ֯⭘䶎ⴁⶓ学Ґ算⌅Ⲵ㓿ި工作ᴹ：Poon and Domingos [119]ǃPoon
[118]઼ Goldwasser et al. [56]Ǆ

2.3.5 ᔶᮦᦤ䳼ޢ

䘉䟼ˈᡁԜㆰ㾱ӻ㓽ⴞࡽᑨ⭘Ⲵ䈝ѹ䀓᷀ޜᔰᮠᦞ䳶Ǆ
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2.3.5.1 Geoquery ᮦᦤ䳼

Geoquery9ᮠᦞ䳶ᴰᰙ൘ 1996 年⭡ Zelle and Mooney ᐳˈ䈕ᮠᦞ䳶ޜ[151]
ᱟสҾ㖾国ൠ理⸕䇶Ⲵḕ䈒ᮠᦞ䳶10Ǆ䈕ᮠᦞ䳶䱴ᑖᴹањޣҾ㖾国ൠ理⸕䇶Ⲵሿ

ර⸕䇶ᓃˈ⸕䇶ᓃ中ᙫޡᴹ 800 њһᇎ类Ⲵ⸕䇶ˈ⸕䇶Ⲵ㺘⽪䟷⭘ Prolog11Ⲵᖒ

ᔿǄ䈕⸕䇶ᓃѫ㾱वᤜᴹޣ㖾国ൠ理Ⲵྲл⸕䇶：

州（state）- 包括州的首府，人口，面积，人口密度，主要的城市，河流以及与之接壤的州
城市（city）- 包括城市的人口，以及该城市所在的州
河流（river）- 包括河流的长度，以及流经过的州
山（mountain）- 山的高度，以及山所在的州

л䶒ᱟ䈕ሿරᮠᦞᓃ所ሩᓄⲴࠐњᇎֻ：

state('alabama','al','montgomery',3894.0e+3,51.7e+3,22,'birmingham','mobile',
ḿontgomery,́h́untsville)́

city('california','ca','san francisco',678974)
river('colorado',2333,['colorado','utah','arizona','nevada','california'])
mountain('alaska','ak','hunter',4442)

൘к䘠ሿර⸕䇶ᓃⲴส⹰кˈGeo ᮠᦞ䳶वᤜ 880 њḕ䈒ṧֻˈ⇿њṧֻ֯
⭘䙫䗁㺘䗮ᔿ䘋㹼ḷ⌘ 䙫̍䗁㺘䗮ᔿⲴᖒᔿݸਾᴹ FunQL12ǃProlog઼ lambda-㺘
䗮ᔿ13Ǆл䶒ኅ⽪Ҷ䈕ᮠᦞ䳶中Ⲵањ䰞ਕˈԕ৺֯⭘н਼䙫䗁㺘䗮ᔿⲴᖒᔿ䘋㹼

䈝ѹ㺘⽪ⲴֻᆀǄ

ਕᆀ:What is the highest point in Florida?
FunQL:answer(highest(place(loc(stateid('florida')))))
Prolog:answer(A,(highest(A,(place(A),loc(A,B),const(B,stateid(florida)))))
lambda-㺘䗮ᔿ: argmax(�x.place(x)�loc(x,florida),�x.elevation)

Geo ᱟ䈝ѹ䀓᷀亶ฏᒯ⌋֯⭘Ⲵᮠᦞ䳶Ǆ⭊㠣䘈㻛㘫䈁ᡀަᆳ䈝䀰 [85, 130]ˈ
ҏᴹ中᮷㘫䈁⡸ᵜˈਟԕ⭘Ҿ⍻䈅中᮷䈝ѹ䀓᷀ [161, 162]Ǆ䈕ᮠᦞ䳶ᙫޡᴹ 280
њн਼Ⲵ䇽䈝ˈਕᆀⲴᒣ൷䮯ᓖᱟ 8.5Ǆ880 њṧֻ中 600 њṧֻ作Ѫ䇝㓳ᮠᦞˈ
280 њṧֻ作Ѫ⍻䈅ᮠᦞǄ䇴ԧḷ߶ᱟ：ྲ᷌㌫㔏㔉ࠪⲴ䙫䗁㺘䗮ᔿ与㔉ᇊⲴ䙫䗁
㺘䗮ᔿᆼޘ३䝽ࡉѪ↓⺞ˈ੖ࡉѪ䭉䈟Ǆ䈕ᮠᦞ䳶ѫ㾱ᴹྲл⢩⛩：

9ㆰ〠 Geoˈ൘ᵜ᮷Ⲵਾ㔝ㄐ㢲ˈᡁԜ䜭֯⭘ GeoǄ
10http://www.cs.utexas.edu/users/ml/geo.html
11https://en.wikipedia.org/wiki/Prolog
12http://www.cs.utexas.edu/ ml/wasp/geo-funql.html
13https://en.wikipedia.org/wiki/Lambda_calculus
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• ᮠᦞ䳶Ⲵ⸕䇶ᓃᵜփ∄䖳ㆰ单ˈᵜփ中䉃䇽˄ሩᓄࡠᮠᦞᓃ中Ⲵޣ㌫˅Ⲵᮠ
䟿нᱟཚཊǄ

• 䰞ਕⲴ㔃ᶴ⴨ሩᶕ䈤∄䖳༽ᵲˈབྷ䜘࠶䰞ਕ䜭ᆈ൘ࠐњޣ㌫ⲴѢ㚄ˈᒦнᱟ
ӵӵਚवਜ਼ањޣ㌫઼ањᇎփǄ

• 䰞ਕ中Ⲵ䈝䀰⧠䊑∄䖳ѠᇼˈवᤜѢ㚄˄and ᡆ者 or˅ᴰ儈级ǃ∄䖳级ǃ੖
ᇊㅹ˗ਕරҏ∄䖳ཊṧˈᆈ൘Ӿਕǃӻ䇽⸝䈝ᨀࡽㅹǄ

2.3.5.2 Jobs ᮦᦤ䳼

Jobsᮠᦞ䳶ᴰᰙࠪ⧠൘ Tang and Mooney [132] 䈕̍ᮠᦞ䳶ᱟ䐏工作⴨ؑޣ᚟
ḕ䈒Ⲵᮠᦞ䳶Ǆ䈕ᮠᦞ䳶ᙫޡᴹ 388 њ䇽䈝ˈਕᆀⲴᒣ൷䮯ᓖᱟ 9.8Ǆᮠᦞ䳶वᤜ
640њḕ䈒ṧֻˈ⇿њṧֻ֯⭘䙫䗁㺘䗮ᔿ䘋㹼ḷ⌘ˈ䙫䗁㺘䗮ᔿⲴᖒᔿᴹ Prolog
઼ lambda-㺘䗮ᔿǄ640 њṧֻ中 500 њṧֻ作Ѫ䇝㓳ᮠᦞˈ140 њṧֻ作Ѫ⍻䈅
ᮠᦞǄ䇴ԧḷ߶与 Geo ᮠᦞ䳶аṧǄл䶒ኅ⽪Ҷ䈕ᮠᦞ䳶中Ⲵањ䰞ਕˈԕ৺֯
⭘н਼Ⲵ䙫䗁㺘䗮ᔿ䘋㹼䈝ѹ㺘⽪Ⲵֻᆀ：

ਕᆀ:Are there any jobs using Java that are not with IBM?
Prolog:answer(A,(job(A),language(A,java),¬company(A,ibm)))
lambda-㺘䗮ᔿ: �x.job(x)�language(x,java)�¬company(x,ibm)

2.3.5.3 Atis ᮦᦤ䳼

Atis ᮠᦞ䳶ᴰᰙ൘ Dahl et al. [38]中ᨀࠪǄHe and Young [60]൘䈝ѹ䀓᷀ԫ
ḕ䈒Ⲵᮠᦞ䳶Ǆᮠᦞ䳶वᤜޣ中↓ᔿ֯⭘䈕ᮠᦞ䳶Ǆ䈕ᮠᦞ䳶ᱟ䐏㖾国㡚オ⴨࣑

5418 њḕ䈒ṧֻˈ⇿њṧֻ֯⭘ lambda-㺘䗮ᔿ作Ѫ䙫䗁㺘䗮ᔿ䘋㹼ḷ⌘Ǆл䶒
ኅ⽪Ҷ䈕ᮠᦞ䳶中Ⲵањֻᆀ：

ਕᆀ:what flights are there from minneapolis to newark on continental
lambda-㺘䗮ᔿ:(lambda $0 e (and (flight $0)(airline $0 co:al)(from $0

minneapolis:ci)(to $0 newark:ci)))

䈕ᮠᦞ䳶ѫ㾱ᴹྲл⢩⛩：

• ᮠᦞ∄䖳ᓎབྷˈնᱟᮠᦞ㛼ਾⲴ⸕䇶ᓃᵜփ∄䖳ㆰ单ˈ䉃䇽Ⲵᙫᮠ䟿ҏнཊǄ

• ਕᆀ中ᇎփᮠⴞ∄䖳ཊˈањਕᆀ中ਟ㜭ࠪ⧠ཊҾ 3 њᇎփǄ

• ਕරⲴਈॆ∄䖳ቁˈնᱟਕᆀⲴ䮯ᓖ∄䖳བྷˈањਕᆀ中Ⲵ䉃䇽ᮠ䟿∄䖳ཊˈ
ᴹнቁᱟཊҾ 3 њǄ
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2.3.5.4 Free917 ᮦᦤ䳼

Free917 ᮠᦞ䳶ᴰᰙ൘ Cai and Yates [21]中ޜᐳǄ䈕ᮠᦞ䳶ԕ Freebase Ѫ
⸕䇶ᓃᵜփˈ与ࡽ䶒Ⲵᮠᦞ䳶н਼Ⲵᱟ䈕ᮠᦞ䳶㾶ⴆࡠཊњ亶ฏǄᮠᦞ䳶वᤜ 917
њḕ䈒ṧֻˈ䙊ᑨˈ917 њṧֻ中 641 њṧֻ⭘Ҿ䇝㓳ᮠᦞˈ276 њṧֻ⭘Ҿ⍻䈅
ᮠᦞǄ⇿њṧֻ䜭֯⭘ lambda-㺘䗮ᔿ作Ѫ䙫䗁㺘䗮ᔿ䘋㹼Ҷḷ⌘ˈਾᶕ Berant
et al. [16]֯⭘ lambda-DCS ሩ䈕ᮠᦞ䳶䟽ᯠ䘋㹼ḷ⌘Ǆл䶒㔉ࠪⲴᱟ䈕ᮠᦞ䳶中
Ⲵ⽪ֻ：

ਕᆀ:what major events in history happened in africa
lambda-㺘䗮ᔿ:(lambda $0 /common/topic (/location/location@events:t

/en/africa:/location/location $0))
lambda-DCS：(!fb:location.location.events fb:en.africa)

䈕ᮠᦞ䳶ѫ㾱ᴹྲл⢩⛩：

• ᮠᦞ㾶ⴆཊњ亶ฏˈᮠᦞԕ Freebase Ѫ⸕䇶ᓃᵜփˈᵜփ中䉃䇽Ⲵᮠⴞ䶎ᑨ
ཊǄ

• ਕᆀⲴ㔃ᶴнᱟᖸ༽ᵲˈབྷ䜘࠶ਚवਜ਼ањᇎփ઼ањޣ㌫䇽ˈҏᴹवਜ਼᧿
䘠һ件ⲴǄ

2.3.5.5 Webquestions ᮦᦤ䳼

Webquestionsᮠᦞ䳶ᴰᰙ൘ Berant et al. [16]中ޜᐳǄ䈕ᮠᦞ䳶ԕ Freebase
Ѫ⸕䇶ᓃᵜփˈ਼ṧ㾶ⴆཊњ亶ฏǄᮠᦞ䳶वᤜ 5800 њᮠᦞṧֻˈ5800 њṧֻ
中ˈ3778 њṧֻ⭘Ҿ䇝㓳ᮠᦞˈ2023 њṧֻ⭘Ҿ⍻䈅ᮠᦞˈ⇿њṧֻ䜭ḷ⌘Ҷㆄ
ṸǄл䶒㔉ࠪⲴᱟ䈕ᮠᦞ䳶中Ⲵ⽪ֻ：

ਕᆀ:what is the name of justin bieber brother?
ㆄṸ：(list (description "Jazmyn Bieber") (description "Jaxon Bieber"))

Webquestions ᮠᦞ䳶ᱟᖃࡽ研究工作中ᴰᑨ⭘Ⲵᮠᦞ䳶ˈѫ㾱ഐѪᆳᱟⴞ
ਟ⭘Ҿ䈝ѹ䀓᷀ୟаⲴབྷ㿴⁑ǃф䶒ੁᔰ᭮ฏⲴᮠᦞ䳶Ǆ䈕ᮠᦞ䳶ѫ㾱ᴹྲлࡽ

⢩⛩：

• ᮠᦞ㾶ⴆཊњ亶ฏˈᮠᦞԕ Freebase Ѫ⸕䇶ᓃᵜփˈᵜփ中䉃䇽Ⲵᮠⴞ䶎ᑨ
ཊǄ

• ਕᆀⲴ㔃ᶴнᱟᖸ༽ᵲˈབྷ䜘࠶ਚवਜ਼ањᇎփ઼ањޣ㌫䇽ˈҏᴹवਜ਼᧿
䘠һ件ⲴǄ
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• ḷ⌘ᖒᔿᱟㆄṸˈ⋑ᴹḷ⌘ྭⲴ䙫䗁㺘䗮ᔿǄ

• ᮠᦞ㿴⁑䖳བྷǄ

2.3.5.6 Overnight ᮦᦤ䳼

Overnight ᮠᦞ䳶ᴰᰙ൘ Wang et al. [139]中ޜᐳǄ䈕ᮠᦞ䳶वਜ਼ 8 њ亶ฏˈ
⇿њ亶ฏ䜭ᴹᆳ单⤜Ⲵ⸕䇶ᓃᵜփ ф̍⇿њ⸕䇶ᓃᵜփ中䉃䇽Ⲵᮠⴞ∄䖳ቁǄ䈕ᮠ

ᦞ䳶中Ⲵṧֻ䜭֯⭘สҾ lambda-DCS Ⲵ䙫䗁㺘䗮ᔿ䘋㹼ḷ⌘Ǆᮠᦞ䳶中Ⲵ 8 њ
亶ฏԕ৺਴њ亶ฏ中Ⲵᮠᦞᛵߥ㔏计ྲ㺘2.2所⽪：

Domain # example # train # test
Social Network 4419 3535 884

Blocks 1995 1596 399
Basketball 1952 1561 391
Restaurants 1657 1325 332
Calendar 837 669 168
Housing 941 752 189

Publications 801 640 161
Recipes 1080 864 216

㺘 2.2: Overnight ᮠᦞ䳶中਴њ亶ฏⲴᮠᦞ㔏计

2.3.5.7 Ifttt ᮦᦤ䳼

Ifttt ᮠᦞ䳶ᴰᰙ൘ Quirk et al. [121]中ޜᐳǄ䈕ᮠᦞ䳶䜭ᱟสҾĀྲ᷌˄ᶑ
件˅̍ 䛓Ѹ˄ࣘ作 ā˅Ⲵᖒᔿˈᮠᦞ䜭ᱟӾ IFTTT 㖁ㄉ14ᣭਆ㘼ᶕǄᮠᦞ中⇿њṧ

ֻ䜭ᴹє䜘࠶ḷ⌘ˈа䜘࠶ᱟᶑ件Ⲵḷ⌘ˈণ䀖ਁᶑ件˗ਖа䜘࠶ᱟࣘ作Ⲵḷ⌘Ǆ

ᮠᦞ䳶中ᙫޡᴹ 552 њ䀖ਁ࠭ᮠˈԕ৺ 229 њࣘ作࠭ᮠǄ䈕ᮠᦞ䳶中 77495 њṧ
ֻ作Ѫ䇝㓳ᮠᦞˈ5171 њṧֻ作Ѫᔰਁᮠᦞˈ4294 њᮠᦞ⭘Ҿ⍻䈅ᮠᦞǄ䈕ᮠᦞ
䳶ѫ㾱ᴹྲл⢩⛩：

• ᮠᦞ㿴⁑䶎ᑨབྷ 㲭̍❦䜭ᱟสҾ If-This-Then-ThatⲴਕᔿ ն̍ᱟ㾶ⴆࡠⲴ亶

ฏཊ䗮 128 њǄ

• 与ԕᖰⲴสҾ⸕䇶ᓃⲴḕ䈒ᮠᦞн਼ˈ䈕ᮠᦞ䳶ѫ㾱ᱟ઼᫽作指Ԕ⴨ޣⲴǄ
14https://ifttt.com/
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2.3.5.8 WikiTableQuestions ᮦᦤ䳼

WikiTableQuestions ᮠᦞ䳶15ᴰᰙ൘ Pasupat and Liang [115]中ޜᐳǄ䈕
ᮠᦞ䳶ԕ Wikipedia16㖁ㄉ中Ⲵ㺘ṬѪ⸕䇶ᓃᵜփǄ⇿а㺘Ṭᴹ㤕ᒢ䰞仈ˈ⇿њ䰞

仈Ⲵḷ⌘ҶӾ㺘Ṭ中㧧ਆⲴㆄṸǄ䈕ᮠᦞ䳶ޡᴹ 2108 њ㺘Ṭˈ22033 њ䰞仈ˈ⇿
њ㺘Ṭᒣ൷ᴹ 10.45 њ䰞仈Ǆа㡜֯⭘ަ中 20% Ⲵ㺘Ṭ৺ަሩᓄⲴ䰞仈作Ѫ⍻䈅
ᮠᦞˈަ ԆⲴ作Ѫ䇝㓳ᮠᦞǄ⍻䈅ᮠᦞ中Ⲵ㺘Ṭ䜭⋑ᴹ൘䇝㓳ᮠᦞ中ࠪ⧠䗷Ǆ䈕ᮠ

ᦞ䳶Ⲵ⢩⛩ᱟ：

• ᮠᦞ㿴⁑䶎ᑨབྷ ԕ̍㺘ṬѪ⸕䇶ᓃᵜփǄ⸕䇶ᓃᵜփ中ᙫⲴ䉃䇽ᮠ䟿䖳བྷ ޡ̍

ᴹ 3929 њǄ

• 䰞ਕⲴ㔃ᶴ䶎ᑨ༽ᵲˈสᵜ䜭ᱟ༽ਸරⲴਕᆀˈ⇿њ䰞ਕ中वਜ਼Ⲵ䉃䇽ᮠ䟿
สᵜ䜭䎵䗷 2 њǄ

2.4 䈣ѿ䀙᷆ᯯ⌋࠼㊱

⧠䱦⇥བྷ䜘࠶䈝ѹ䀓᷀所㘳㲁Ⲵ䀓᷀ሩ䊑䜭ᱟањਕᆀˈ䘉⿽ᛵຳˈਕᆀᱟ

⤜・Ⲵ单ݳˈн䴰㾱ަԆⲴкл᮷Ǆ䘈ᴹਖཆа⿽ᛵຳˈਕᆀѻ䰤⴨ӂᴹ㚄㌫ˈྲ

สҾӔӂᔿⲴḕ䈒ᛵຳˈ⭘ᡧ䗃ޕањ䰞仈ˈ计算机理䀓䘉њ䰞仈ˈᒦ㔉ࠪањㆄ

༽ˈ⭘ᡧ൘кањ䰞仈Ⲵส⹰к޽␫࣐аӋᶑ件ˈ↔ᰦ计算机理䀓䘉њਕᆀቡ㾱

㘳㲁к᮷ؑ᚟ˈа㡜ᱟ䘉њਕᆀ䟼䶒ᴹ指ԓ䇽ˈྲ “ones”ˈമ2.13ኅ⽪Ҷ䘉ṧањ
ֻᆀˈ䈕ֻᆀᱟ Atis ᮠᦞ䳶中ⲴањֻᆀǄ䪸ሩ䘉⿽ᛵຳⲴ䈝ѹ䀓᷀ˈԓ㺘工作
ᴹ：Zettlemoyer and Collins [153]࡙⭘ CCG ᒦ̍䇮计⢩↺Ⲵ᮷⌅઼机ࡦᶕ༴理指ԓ

Ⲵ䰞仈ǄIyyer et al. [67]䪸ሩ类լⲴ䰞仈ˈ൘ Yih et al. [149]所ᨀࠪⲴ STAGG ᯩ⌅
Ⲵส⹰кᶴᔪҶањࣘᘱⲴสҾ⾎㓿㖁㔌⁑රⲴ䈝ѹ䀓᷀Ṷᷦˈާփ㓶㢲൘䘉䟼

н㓶䘠Ǆ
Example #1:
(a) show me the flights from boston to philly

λx.flight(x) ∧ from(x, bos) ∧ to(x, phi)
(b) show me the ones that leave in the morning

λx.flight(x) ∧ from(x, bos) ∧ to(x, phi)
∧ during(x, morning)

(c) what kind of plane is used on these flights
λy.∃x.flight(x) ∧ from(x, bos) ∧ to(x, phi)

∧ during(x, morning) ∧ aircraft(x) = y

Example #2:
(a) show me flights from milwaukee to orlando

λx.flight(x) ∧ from(x, mil) ∧ to(x, orl)
(b) cheapest

argmin(λx.flight(x) ∧ from(x, mil) ∧ to(x, orl),
λy.fare(y))

(c) departing wednesday after 5 o’clock
argmin(λx.flight(x) ∧ from(x, mil) ∧ to(x, orl)

∧ day(x, wed) ∧ depart(x) > 1700 ,
λy.fare(y))

Example #3:
(a) show me flights from pittsburgh to la thursday evening

λx.flight(x) ∧ from(x, pit) ∧ to(x, la)
∧ day(x, thur) ∧ during(x, evening)

(b) thursday afternoon
λx.flight(x) ∧ from(x, pit) ∧ to(x, la)

∧ day(x, thur) ∧ during(x, afternoon)
(c) thursday after 1700 hours

λx.flight(x) ∧ from(x, pit) ∧ to(x, la)
∧ day(x, thur) ∧ depart(x) > 1700

Figure 1: ATIS interaction excerpts.

pression zi,j specifying the target logical form.
Figure 1 contains example interactions.

The logical forms in the training set are repre-
sentations of each sentence’s underlying meaning.
In most cases, context (the previous utterances and
their interpretations) is required to recover the log-
ical form for a sentence. For instance, in Exam-
ple 1(b) in Figure 1, the sentence “show me the
ones that leave in the morning” is paired with

λx.flight(x) ∧ from(x, bos) ∧ to(x, phi)

∧ during(x, morning)

Some parts of this logical form (from(x, bos) and
to(x, phi)) depend on the context. They have to be
recovered from the previous logical forms.

At step j in interaction i, we define the con-
text 〈zi,1, . . . , zi,j−1〉 to be the j − 1 preceding
logical forms.1 Now, given the training data, we
can create training examples (xi,j , zi,j) for i =
1 . . . n, j = 1 . . . ni. Each xi,j is a sentence and
a context, xi,j = (wi,j , 〈zi,1, . . . , zi,j−1〉). Given
this set up, we have a supervised learning problem
with input xi,j and output zi,j .

1In general, the context could also include the previous
sentences wi,k for k < j. In our data, we never observed any
interactions where the choice of the correct logical form zi,j

depended on the words in the previous sentences.

3 Overview of Approach

In general, the mapping from a sentence and a con-
text to a logical form can be quite complex. In this
section, we present an overview of our learning
approach. We assume the learning algorithm has
access to:

• A training set D, defined in Section 2.

• A CCG lexicon.2 See Section 4 for an
overview of CCG. Each entry in the lexicon
pairs a word (or sequence of words), with
a CCG category specifying both the syntax
and semantics for that word. One example
CCG entry would pair flights with the cate-
gory N : λx.flight(x).

Derivations A derivation for the j’th sentence
in an interaction takes as input a pair x = (wj , C),
where C = 〈z1 . . . zj−1〉 is the current context. It
produces a logical form z. There are two stages:

• First, the sentence wj is parsed using
the CCG lexicon to form an intermediate,
context-independent logical form π.

• Second, in a series of steps, π is mapped to z.
These steps depend on the context C.

As one sketch of a derivation, consider how we
might analyze Example 1(b) in Figure 1. In this
case the sentence is “show me the ones that leave
in the morning.” The CCG parser would produce
the following context-independent logical form:

λx.!〈e, t〉(x) ∧ during(x,morning)

The subexpression !〈e, t〉 results directly from the
referential phrase the ones; we discuss this in more
detail in Section 4.2, but intuitively this subexpres-
sion specifies that a lambda-calculus expression of
type 〈e, t〉 must be recovered from the context and
substituted in its place.

In the second (contextually dependent) stage of
the derivation, the expression

λx.flight(x) ∧ from(x, bos) ∧ to(x, phi)

is recovered from the context, and substituted for
the !〈e, t〉 subexpression, producing the desired fi-
nal logical form, seen in Example 1(b).

2Developing algorithms that learn the CCG lexicon from
the data described in this paper is an important area for future
work. We could possibly extend algorithms that learn from
context-independent data (Zettlemoyer and Collins, 2005).

977

മ 2.13: Atis ᮠᦞ䳶中ᴹкл᮷Ⲵᒦ⭘ lambda-㺘䗮ᔿ䘋㹼䈝ѹ㺘⽪Ⲵֻᆀ

15https://nlp.stanford.edu/software/sempre/wikitable/
16https://www.wikipedia.org/
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ᑖкл᮷Ⲵ䈝ѹ䀓᷀䲔Ҷк䘠ᛵຳཆˈ䘈ᴹสҾཊਕᆀᡆ者ㇷㄐⲴ䈝ѹ䀓᷀ˈ

Lee et al. [88]ᨀࠪҶ࡙⭘䈝ѹ䀓᷀ᯩ⌅ሩㇷㄐ䟼䶒Ⲵᰦ䰤⸝䈝䘋㹼䀓᷀Ⲵ བྷ̍䜘࠶

ᛵߥ䜭䴰㾱࡙⭘кл᮷᡽㜭ሩㇷㄐ中Ⲵᰦ䰤⸝䈝䘋㹼߶⺞Ⲵ䀓᷀ˈ㘼ԆԜ所ᨀࠪ

Ⲵ䈝ѹ䀓᷀ᯩ⌅ҏᱟ㜭ཏ࡙⭘кл᮷ؑ᚟ⲴǄ

൘ᵜ᮷中ˈᡁԜ㘳㲁Ⲵ䀓᷀ሩ䊑ᱟањਕᆀǄ᧕лᶕሩ䈝ѹ䀓᷀ᯩ⌅䘋㹼࠶

类ˈ䘉Ӌᯩ⌅Ⲵ䀓᷀ሩ䊑ҏᱟањਕᆀǄᴰᰙⲴ䈝ѹ䀓᷀㌫㔏สᵜ䜭ᱟสҾ㿴ࡉ

Ⲵˈ䲿⵰机ಘ学Ґ算⌅Ⲵޤ䎧ˈสҾ机ಘ学ҐⲴ䈝ѹ䀓᷀ [73, 55] 䙀↕ᴯԓҶสҾ
㿴ࡉⲴ䈝ѹ䀓᷀ˈสҾ机ಘ学ҐⲴ䈝ѹ䀓᷀ᯩ⌅н޽䴰㾱ᇊѹ㿴ࡉˈ㘼ᱟ䙊䗷Ӿ

䇝㓳䈝ᯉ中学Ґ㿴ᖻǄ䘁年ᶕ ␡̍ᓖ学Ґ⁑ර൘മۿ亶ฏਆᗇҶᡀ࣏ 研̍究Ӫ员ҏ

ᔰ࿻൘㠚❦䈝䀰༴理Ⲵ਴⿽ԫ࣑中ቍ䈅֯⭘␡ᓖ学Ґ⁑රˈ䈝ѹ䀓᷀ԫ࣑ҏнֻ

ཆǄสҾ␡ᓖ学ҐⲴ䈝ѹ䀓᷀ᯩ⌅ᱟㄟࡠㄟⲴ ਟ̍ԕн䴰㾱ᇊѹ䇽≷⢩ᖱǃ᮷⌅⢩

ᖱㅹǄԄ㓶᷀࠶к䘠䈝ѹ䀓᷀Ⲵ਴⿽ᯩ⌅ˈ൘ᵜ᮷中ᡁԜሶަ࠶Ѫ 5 类：สҾ㿴
Ⲵ䈝ѹ䀓᷀ǃสҾ㓴ਸ᮷⌅Ⲵ䈝ѹ䀓᷀ǃสҾ机ಘ㘫䈁Ⲵ䈝ѹ䀓᷀ǃสҾ䈝ѹമࡉ

Ⲵ䈝ѹ䀓઼᷀สҾᒿࡇ亴⍻Ⲵ䈝ѹ䀓᷀Ǆл䶒ᡁԜሶ䙀аሩ⇿а类ᯩ⌅䘋㹼䈤᰾ˈ

ᒦ∄䖳਴类ᯩ⌅ⲴՈ⛩઼н䏣Ǆ

2.4.1 ะӄ㿺ࡏⲺ䈣ѿ䀙᷆

൘机ಘ学Ґᯩ⌅༽ޤѻࡽ བྷ̍䜘࠶㠚❦䈝䀰༴理Ⲵ㌫㔏䜭ᱟสҾ㿴ࡉⲴǄ䈝ѹ

䀓᷀ԫ࣑中ˈM єњ㪇名ⲴสҾ㿴ࡉⲴ㌫㔏ǄᆳԜ䜭ᱟ൘⢩ᇊⲴᛵຳлˈ࡙ ⭘⢩ᇊ

Ⲵ㿴ࡉሩ㠚❦䈝䀰ਕᆀ䘋㹼䀓᷀Ǆањᱟ Bobrow [18]䇮计Ⲵ STUDENT ㌫㔏ˈ䘉ᱟ
ањ࡙⭘㿴ࡉ䀓ߣ算ᵟ䰞仈Ⲵ㌫㔏ˈл䶒ᱟ䈕㌫㔏中Ⲵࠐњֻᆀ：

Example: The sum of two numbers is 111. One of the numbers is consecutive to the other
number. Find the two numbers.
Example: Bill s father s uncle is twice as old as bills father. 2 years from now bill s father
will be 3 times as old as bill. The sum of their ages is 92. Find Bill s age.
Example: The distance between New York to Los Angeles is 3000 miles. If the average
speed of a jet place is 600 miles per hour find the time it takes to travel from New York to
Los Angeles by jet.

ਖањᱟ Woods et al. [142]ᨀࠪⲴ LUNARˈањޣҾ月⨳ዙ⸣Ⲵ䰞ㆄ㌫㔏ˈл䶒
ᱟ䈕㌫㔏中Ⲵࠐњ䰞仈：

Example: What is the average concentration of aluminium in high alkali rocks?
Example: What samples contain P205?
Example: Give me the modal analyses of P205 in those samples.

䘉类㌫㔏Ⲵ⢩⛩ᱟ：ণ֯ᱟ⢩ᇊ亶ฏˈ㿴ࡉⲴ㿴⁑ҏᖸᓎབྷˈ䴰㾱⎸㙇ᖸབྷⲴ

Ӫ࣋⢙࣋ᶕᶴ䙐㾶ⴆ䈕亶ฏ中ਟ㜭ࠪ⧠Ⲵ䈝䀰⧠䊑ˈ⁑ර励ἂᙗҏᖸᐞˈॱ࠶㜶
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ᕡ ҏ̍ᰐ⌅Ӿањ亶ฏ䗱〫ࡠਖањ亶ฏǄ机ಘ学Ґޤ䎧ਾ ส̍Ҿ㿴ࡉⲴ㌫㔏ቡ䗵

䙏㻛สҾ机ಘ学ҐⲴ㌫㔏所ਆԓǄ

2.4.2 ะӄ㓺ਾ文⌋Ⲻ䈣ѿ䀙᷆

สҾ㓴ਸ᮷⌅Ⲵ䈝ѹ䀓᷀ਟԕ䈤ᱟᴰㅖਸ㓴ਸ䈝ѹ学઼⁑ර理论䈝ѹ学Ⲵส

ᵜ߶ࡉⲴˈ䘉类ᯩ⌅а㡜֯⭘䇽ިᶕ㺘⽪ਕᆀ中਴њᡀ࠶Ⲵ᜿ᙍˈᇎ⧠䈝ѹ㩭ൠˈ

⭏Ⲵ᜿ᙍǄ൘ਁኅⲴ䗷〻中ˈᴹй⿽㓴ਸ᮷⌅ӗ࠶ᶕ㓴ਸ਴њᡀࡉ㓴ਸ㿴⭘࡙޽

Ҷᒯ⌋Ⲵᖡ૽ˈᆳԜ࠶别ᱟ：਼↕᮷⌅˄SCFG˅̍ 㓴ਸ㤳⮤᮷⌅˄CCG˅઼สҾ
̍˅ᆈⲴ㓴ਸ䈝ѹ᮷⌅˄DCS׍ ਖཆ䘈ᴹа⿽สҾ␧ਸṁⲴᯩ⌅Ǆ᧕лᶕˈᡁԜሶ

⿽᮷⌅䘋㹼ӻ㓽Ǆࠐ别ሩ䘉࠶

2.4.2.1 ੂ↛文⌋δSCFGε

਼↕᮷⌅˄ synchronous context-free grammar, SCFG˅D ᰙᱟ⭘Ҿ㕆䈁〻ᒿ䈝

䀰 [1]ˈਾᶕ㻛⭘Ҿ机ಘ㘫䈁中 [143]ˈ䈕᮷⌅⢩别䘲ਸสҾ㔃ᶴⲴ机ಘ㘫䈁ˈഐѪ
ᆳнӵ㜭ཏवਜ਼Ⓚਕᆀ઼ⴞḷਕᆀⲴਕ⌅㔃ᶴˈ䘈㜭ཏᔪ⁑Ⓚਕᆀ઼ⴞḷਕᆀ中

⇿ањᆀඇⲴ᱐ሴޣ㌫ˈ䈕᮷⌅Ⲵᴹ᭸ᙗᐢ㓿൘机ಘ㘫䈁中ᗇԕ傼䇱 [27]Ǆ䈝ѹ䀓
᷀与机ಘ㘫䈁类լˈ䜭䴰㾱ᢺа⿽䈝䀰㘫䈁ᡀਖཆа⿽䈝䀰ǄWong and Mooney
[140]ᴰݸሶ䈕᮷⌅⭘Ҿ䈝ѹ䀓᷀中Ǆ类լҾ机ಘ㘫䈁ˈ䈝ѹ䀓᷀中֯⭘਼↕᮷⌅ˈ
ਟԕ਼ᰦ࡙⭘ਕᆀ઼䈝ѹ㺘⽪Ⲵ㔃ᶴˈD 㓸਼ᰦᗇࡠਕᆀ઼ਕᆀⲴ䈝ѹ㺘⽪ˈM ݵ

㌫Ǆਾ㔝䘈ᴹ工作ሩ਼↕᮷⌅䘋ޣ㘳㲁ਕᆀ中䇽䈝઼䈝ѹ㺘⽪中Ⲵ䉃䇽Ⲵ᱐ሴ࠶

㹼ᢙኅᶕ໎ᕪ䈝ѹ䀓᷀ [141, 89]Ǆ

2.4.2.2 㓺ਾ㤹⮪文⌋δCCGε

㓴ਸ㤳⮤᮷⌅˄CCG˅ᴰᰙ⭘Ҿਕ⌅᷀࠶ [30, 63]ˈ⭡Ҿ CCG 中Ⲵ᮷⌅䜭ᱟ
Ӿ䈝䀰ᵜ䓛ᣭ䊑ࠪᶕⲴ 㜭̍ཏ㾶ⴆᖸཊⲴ䈝䀰⧠䊑 䘉̍൘ਕ⌅᷀࠶中ᐢ㓿ᗇԕ傼䇱

[29]Ǆਖཆ C̍CG᮷⌅中Ⲵ㤳⮤˄ category 㲭˅❦ਚवᤜਕ⌅ؑ᚟ ն̍ᱟ与䈝ѹⲴ㙖

ਸᙗ䶎ᑨྭ 䶒ᐢ㓿ӻ㓽䗷̍ࡽ ৺̍⢙ࣘ䇽 “border”Ⲵਕ⌅ᖒᔿᱟ：(S\NP )/NP 䘉̍

㺘⽪䈕ࣘ䇽䘈䴰㾱ᩝ䝽ањᇮ䈝˄ਣח˅઼ањѫ䈝˄ᐖח˅̍ 㘼ᆳⲴ䈝ѹ㺘⽪Ѫ：

��.�y.border(y,x)ˈަ中 y 㺘⽪ᇮ䈝Ⲵ䈝ѹ x̍ 㺘⽪ѫ䈝Ⲵ䈝ѹǄ䘉⿽ሶ CCG ਕ
⌅㔃ᶴѪѫփˈ࣐޽к䈝ѹؑ᚟Ⲵᯩᔿᴰᰙ⭡ Zettlemoyer and Collins [154]ᨀࠪǄ
CCG ѫ㾱ᴹ䇽ި઼㓴ਸ㿴ࡉ㓴ᡀˈ䇽ިᇊѹҶ䇽䈝Ⲵਕ⌅㺘⽪઼䈝ѹ㺘⽪ˈ᮷⌅
ѫ㾱֯⭘ࠐᶑᑨ⭘Ⲵ㓴ਸ᮷⌅˄ࡽ䶒ᐢӻ㓽˅̍ ֯⭘ CCG 䘋㹼䈝ѹ䀓᷀Ⲵᯩ⌅Ⲵ
Ṩᗳᱟ学Ґ CCG中Ⲵ䇽ި ਾ̍㔝ᴹᖸཊ工作䜭䳶中Ҿ֯⭘н਼算⌅学Ґ㾶ⴆᓖᴤ

ᒯǃ䍘䟿ᴤ儈Ⲵ䇽ިǄҏᴹ工作ѪҶ֯䈝ѹ䀓᷀㜭ཏ⭘Ҿ⢩ᇊⲴ䈝䀰⧠䊑ˈྲ ਓཤ
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类Ⲵ᮷ᆇ中ᇩ᱃ࠪ⧠㕪ⴱǃ䇽ᒿн㿴㤳ㅹ⧠䊑 ᨀ̍ࠪ൘৏ᴹ㓴ਸ㿴ࡉⲴส⹰к␫࣐

ྲˈࡉᶑᯠ㿴ࠐ Zettlemoyer and Collins [152]Ǆ

֯⭘ CCG 䘋㹼䈝ѹ䀓᷀ⲴՈ࣯ᱟ：CCG ॱཱྀ࠶ਸ㓴ਸ䈝ѹⲴสᵜ߶ࡉˈ਼
ᰦ CCG ᵜ䓛Ⲵ㺘⽪㜭࣋ᕪˈ㜭ཏ㾶ⴆབྷ䜘࠶䈝䀰⧠䊑ˈ䘈㜭ཏṩᦞ⢩ᇊⲴ䈝䀰⧠
䊑ˈሩ㓴ਸ᮷⌅䘋㹼䈳ᮤǄ㕪⛩ᱟ：㺘⽪䗷Ҿ༽ᵲˈਕᆀ中Ⲵ⇿ањ䇽䜭ާᴹ⴨ᓄ

Ⲵਕ⌅઼䈝ѹ㺘⽪ˈ⢩别ᱟਕᆀ中ਚ൘ਕ⌅中䎧䘎᧕作⭘ˈ㘼⋑ᴹа⛩䈝ѹⲴ䇽

䈝ˈަ㺘⽪䶎ᑨ༽ᵲˈ䘉Ӌ䇽ᵜᶕ൘䈝ѹ䀓᷀中ᱟਟᘭ⮕н㇑Ⲵˈնᱟ⭡Ҿ CCG
中ਕ⌅઼䈝ѹᱟ਼↕Ⲵ 导̍㠤нᗇнѪ⇿ањ䇽䜭䍻Ҹਕ⌅઼䈝ѹ㺘⽪ 䘉̍ҏ֯ᗇ

䀓᷀䗷〻中ᩌ㍒オ䰤ᖸབྷǄ

2.4.2.3 ะӄדᆎⲺ㓺ਾ䈣ѿ文⌋δDCSε

สҾ׍ᆈⲴ㓴ਸ䈝ѹ᮷⌅˄dependency-based compositional semantics, DCS˅
ᴰᰙ⭡ Liang et al. [93]ᨀࠪˈ⴨∄ CCGˈDCS ⲴՈ࣯ᱟ：DCS Ⲵ㺘⽪ᱟṁ㔃ᶴ
Ⲵˈ类լҾ׍ᆈṁˈᴹ࡙Ҿُ⭘׍ᆈ᷀࠶中Ⲵᯩ⌅ᶕ䀓઼᷀学Ґ˗DCS Ⲵᖒᔿ䶎
ᑨㆰ单ˈ਼ᰦҏᴹᖸᕪⲴ㺘⽪㜭࣋˗ਖཆ DCS Ⲵ㺘⽪䶎ᑨᴹ࡙Ҿᢗ㹼˄execute˅̍
⢩别ᱟᆈ൘䟿䇽Ⲵᛵߥ [94]ǄѪҶ䘋а↕໎ᕪ DCS Ⲵ䈝ѹ㺘⽪㜭࣋ˈLiang [91]ᨀ
ࠪҶ λ-DCSˈ⧠൘ᡁԜ䈤 DCSˈа㡜ᱟ指 λ-DCSǄ

DCS中Ⲵ亩㾱ѸᱟаݳⲴ˄ unary ⭘̍ u㺘⽪˅̍ᑨ㺘⽪ањ䳶ਸ 㾱̍ѸᱟҼݳⲴ

˄binary ⭘̍ b㺘⽪˅̍ᑨ㿱Ⲵаݳᖒᔿቡᱟᇎփˈྲ Seattle ᑨ̍㿱ⲴҼݳᖒᔿቡᱟ
Ҽݳ䉃䇽˄ predicate˅̍ྲ PlaceOfBirhtǄDCS中䘈ᴹࠐᶑ㓴ਸ㿴ࡉˈྲ 㔃ਸ˄ join˅
઼⴨Ӕ˄ intersection˅̍㔃ਸ㿴ࡉ⭘Ҿ㓴ਸаݳᖒᔿ઼Ҽݳᖒᔿˈྲ 㓴ਸ Seattle઼
PlaceOfBirht ᗇࡠ PlaceOfBirht.SeattleˈᗇࡠⲴ亩ҏᱟањаݳⲴ亩Ǆ⴨Ӕ
㿴ࡉ⭘Ҿ㓴ਸєњаݳᖒᔿˈྲ Profession.Scientist⊓PlaceOfBirth.SeattleǄ
ᖃ❦䘈ᴹаӋ㿴ࡉ⭘Ҿᔪ⁑䈝䀰中ⲴަԆ⧠䊑ˈྲ count㿴ࡉ 作̍⭘Ҿаݳ亩 ⭘̍

ᶕ㔏计аݳ亩所㺘⽪Ⲵ䳶ਸ中ݳ㍐ⲴњᮠǄ

2.4.2.4 ␭ਾṇδHybrid Treesε

Lu et al. [98]ᴰᰙᨀࠪа⿽สҾ␧ਸṁ˄Hybrid Trees˅Ⲵ䈝ѹ䀓᷀ᯩ⌅ˈԆ
Ԝሶ䈝ѹ䀓᷀䗷〻ⴻᡀᱟ␧ਸṁⲴ⭏ᡀ䗷〻ˈᒦ⭘ањ⭏ᡀ⁑රᶕᔪ⁑䘉њ䗷〻Ǆ

ᴹ⛩类լ਼↕᮷⌅ˈ␧ਸṁⲴ㢲⛩ᰒवਜ਼ਕᆀ中Ⲵ䇽䈝ˈҏवਜ਼䈝ѹ单ݳǄн਼

Ⲵᱟˈ֯⭘਼↕᮷⌅Ⲵᯩ⌅ [140] ࡙⭘㠚ᓅੁкⲴᯩ⌅䘋㹼䀓᷀ˈ䘉᜿ણ⵰䴰㾱学
Ґ䇽≷Ǆ㘼֯⭘␧ਸṁⲴᯩ⌅Ⲵ䀓᷀䗷〻ᱟ㠚亦ੁлⲴˈ䀓᷀Ⲵާփᇎ⧠ُ䢤Ҷ

Collins [34]൘ਕ⌅᷀࠶中Ⲵ֯⭘Ⲵ算⌅Ǆਾ㔝䘈ᴹ工作ሩ␧ਸṁ䘋㹼᭩䘋 [96, 97]Ǆ
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2.4.3 ะӄ㘱䈇Ⲻ䈣ѿ䀙᷆

机ಘ㘫䈁ᱟ⭘计算机ሶа⿽㠚❦䈝䀰˄Ⓚ䈝䀰˅㠚ࣘ㘫䈁ᡀਖа⿽㠚❦䈝䀰

˄ⴞḷ䈝䀰˅̍ 䈝ѹ䀓᷀ᱟᢺ㠚❦䈝䀰ਕᆀ˄Ⓚ䈝䀰˅㠚ࣘ䀓᷀ᡀ计算机ਟ䇶别Ⲵ䈝

ѹ㺘⽪˄ⴞḷㄟ˅̍ ᆳԜ䜭ᱟањ㘫䈁˄ᡆ者᱐ሴ˅Ⲵ䗷〻ˈⓀㄟⲴ䈝䀰઼ⴞḷㄟ

Ⲵ䈝䀰䜭ާᴹ㔃ᶴᙗˈє者ѻ䰤䜭ᆈ൘ሩ喀˄alignment Ǆ˅ᴹ研究者ⴤ᧕ᢺ䈝ѹ䀓
᷀ⴻ作ᱟ机ಘ㘫䈁䰞仈ˈ࡙⭘机ಘ㘫䈁Ⲵᯩ⌅ᶕ䘋㹼䈝ѹ䀓᷀ [140, 2]Ǆ

2.4.4 ะӄ䈣ѿഴⲺ䈣ѿ䀙᷆

䈝ѹ㺘⽪Ⲵᯩ⌅ਟԕ֯⭘Ṷᷦᶕ䘋㹼㺘⽪ˈ䘉⿽㺘⽪ᯩ⌅ⲴՈࡠ䶒ᐢ㓿ᨀࡽ

࣯ᱟ࡙⭘Ҷ㠚❦䈝䀰ਕᆀⲴਕ⌅㔃ᶴ与䈝ѹ㺘⽪Ⲵ㔃ᶴѻ䰤ᆈ൘Ⲵ⴨լᙗǄสҾ

䈝ѹമⲴ䈝ѹ䀓᷀ᯩ⌅ѫ㾱࠶й↕：ㅜа↕ᶴᔪ㔃ᶴമ˄〠Ѫ䈝ѹമ˅̍ ㅜҼ↕䘋

㹼䈝ѹ㩭ൠ ণ̍ሶമ中Ⲵ㢲⛩઼䗩䍻Ҹ䈝ѹؑ᚟ ㅜ̠й↕ሶᐢ㓿ᆼᡀ䈝ѹ㩭ൠⲴ䈝

ѹമ䖜ᦒѪ䙫䗁㺘䗮ᔿǄ

⴨∄สҾ㓴ਸ᮷⌅Ⲵ䈝ѹ䀓᷀ᯩ⌅ ส̍Ҿ䈝ѹമⲴ䈝ѹ䀓᷀ᯩ⌅ⲴՈ࣯ᱟ：н

䴰㾱䇽ި ҏ̍н䴰㾱㓴ਸ᮷⌅ǄสҾ䈝ѹമⲴ䈝ѹ䀓᷀ᯩ⌅Ⲵޣ䭞൘Ҿྲօᴹ᭸Ⲵ

ᶴᔪ䈝ѹമǄ⧠䱦⇥䈝ѹമⲴᶴᔪᴹྲлࠐ⿽：Ӿਕ⌅ṁᶴᔪ䈝ѹമǃӾ׍ᆈṁᶴ

ᔪ䈝ѹമǃӾ⁑ᶯ३䝽ᶴᔪ䈝ѹമǃ઼࡙⭘੟ਁᔿ㿴ࡉᶴᔪ䈝ѹമǄл䶒ᡁԜሶ࠶

别ӻ㓽䘉ࠐ⿽䈝ѹമᶴᔪᯩ⌅Ǆ

2.4.4.1 Ԅਛ⌋ṇᶺᔰ䈣ѿഴ

ਕ⌅᷀࠶Ⲵਁኅᐢᴹᖸ䮯Ⲵশਢˈ൘ਕ⌅᷀࠶Ⲵส⹰к䘋㹼䈝ѹ䀓᷀ᱟ亪理

ᡀㄐⲴቍ䈅 ն̍ҏᆈ൘аᇊⲴ᥁ᡈ ণ̍ྲօᢺਦᆀ㢲⛩Ⲵ䈝ѹ㓴ਸᡀᴰ㓸Ⲵਕᆀ䈝
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m
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m
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Scrabble

Henry Ford

Ellen DeGeneres Finding Nemo

who invented scrabble?

what company did henry ford work for?

what character does ellen play in finding nemo?

#1

#2

#3

Template

characterr3

Example Candidate Question

Figure 1: Query templates and example candidates with corresponding questions. A query template can
consist of entity placeholders e, relation placeholders r, an intermediate object m and the answer node t.

question. These query candidates are then ranked using a
learned model. The top-ranked query is then returned (or
“no answer” in case the set of candidates was empty). The
following subsections describe the candidate generation and
ranking in detail. The previous section explained the process
by an example.

4.1 Entity matching
The goal of the entity matching phase is to identify all

entities from the knowledge base that match a part of the
question. The match can be literal, or via an alias of the
entity name.

POS-tagging We POS-tag the question using the Stanford
tagger [17]. For entity matching (this subsection), we make
use of the tags NN (noun) and NNP (proper noun). For
relation matching (Section 4.3), we also make use of the
tags VB (verb) and JJ (adjective).

Subsequence generation We generate the set S of all
subsequences of words from the question, with the following
two restrictions. First, a subsequence consisting of a sin-
gle word must be tagged NN . Second, a subsequence must
not “split” a sequence of words tagged NNP ; that is, when
it starts (ends) with a word tagged NNP , it must not be
preceded (succeeded) by a word tagged NNP .

Find matching entities For each s ∈ S, we compute the
list of all entities from the knowledge base that have s as
their name or alias. We use a map from phrases (the aliases)
to lists of entities (the entities with the respective alias) ob-
tained from the CrossWikis dataset [20]. CrossWikis was
built by mining the anchor text of links to Wikipedia en-
tities (articles) from various large web-crawls. CrossWikis
covers around 4 million entities from Wikipedia. Almost
all of these entities also exist in Freebase, together with a
link to the respective Wikipedia entity. For the remaining
Freebase entities, we only consider the literal name match.
Overall, we are able to recognize around 44 million entities
with about 60 million aliases.

We have also experimented with the aliases provided by
Freebase, but they tend to be much more noisy (wrong
aliases) and less complete (important aliases missing).

Scores for the entity matches We compute a score for
each match s, e computed in the previous step, where s is
a subsequence of words from the question and e is an en-
tity from Freebase with alias s. Consider a fixed alias s.
CrossWikis also provides us with a probability distribution
pcross(e|s) over the Wikipedia entities e with alias s. Let e′

be a Freebase entity that is not contained in CrossWikis. Let

emax be the CrossWikis entity with the highest pcross(e|s).
That is, emax is the most likely Wikipedia entity for alias
s. Let pfree(e′|s) = p(emax |s) · pop(e′)/pop(emax ), where pop
is the (alias-independent) popularity score of an entity, as
described in the next subsection. Intuitively, pfree(e′|s) es-
timates the probability that e′ has alias s via its relative
popularity to the most likely Wikipedia entity for s. We
merge pcross(e|s) and pfree(e′|s) into one probability distri-
bution by simply normalizing the probabilities to sum 1.

Popularity scores for each entity For each entity, we
also compute a (match-independent) popularity score. We
simply take the number of times the entity is mentioned
in the ClueWeb12 dataset [9], according to the annotations
provided by Google [13]. The popularity scores are used for
the entity match scores above. They also yield two features
used in ranking each candidate; see Section 4.5.

4.2 Candidate generation
Based on the entity matches, we compute a set of query

candidates as follows. We generate the query candidates in
three (disjoint) subsets, one for each of the three templates
shown in Figure 1. Each template stands for a query with
a particular kind of structure. These three templates cover
almost all of the questions in the Free917 and WebQuestions
benchmarks.

Let E be the set of all entities matched to a subsequence
of the question, as described in the previous section.

Template 1 For each e ∈ E, find all relations r such that
there is some triple (e, r, ·) in the knowledge base. We obtain
these via a single SPARQL query for each e.

Template 2 For each e ∈ E, find all r1, r2,m such that
there are two triples (e, r1,m) and (m, r2, ·) in the knowledge
base, where r1 and r2 are relations and m is a mediator
entity. We obtain these as follows. For each e, we use a single
SPARQL query to obtain all matching r1. For each e, r1, we
then use another SPARQL query to obtain all matching r2.
Note that m remains a variable in the query candidate.

Template 3 For all pairs of entities e1, e2 ∈ E such that the
two subsequences matched in the question do not overlap,
find all r1, r2, r3 such that there are three triples (e1, r1,m),
(m, r2, e2), and (m, r3, ·) in the knowledge base, where r1,
r2, r3 are relations and m is a mediator entity. We obtain
these as follows. For each entity e, we precompute the list
of all (r,m) such that m is a mediator entity and the triple
(e, r,m) exists in the knowledge base. The list is sorted
by the ids of the mediator entities. For given e1, e2 like
above, we then intersect the lists for e1 and e2. For each
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Abstract

The context in which language is used pro-
vides a strong signal for learning to recover
its meaning. In this paper, we show it can be
used within a grounded CCG semantic parsing
approach that learns a joint model of mean-
ing and context for interpreting and executing
natural language instructions, using various
types of weak supervision. The joint nature
provides crucial benefits by allowing situated
cues, such as the set of visible objects, to di-
rectly influence learning. It also enables algo-
rithms that learn while executing instructions,
for example by trying to replicate human ac-
tions. Experiments on a benchmark naviga-
tional dataset demonstrate strong performance
under differing forms of supervision, includ-
ing correctly executing 60% more instruction
sets relative to the previous state of the art.

1 Introduction

The context in which natural language is used pro-
vides a strong signal to reason about its meaning.
However, using such a signal to automatically learn
to understand unrestricted natural language remains
a challenging, unsolved problem.

For example, consider the instructions in Figure 1.
Correct interpretation requires us to solve many sub-
problems, such as resolving all referring expres-
sions to specific objects in the environment (includ-
ing, “the corner” or “the third intersection”), disam-
biguating word sense based on context (e.g., “the
chair” could refer to a chair or sofa), and finding
executable action sequences that satisfy stated con-
straints (such as “twice” or “to face the blue hall”).

move forward twice to the chair
λa.move(a) ∧ dir(a, forward) ∧ len(a, 2) ∧
to(a, ιx.chair(x))

at the corner turn left to face the blue hall
λa.pre(a, ιx.corner(x)) ∧ turn(a) ∧ dir(a, left) ∧
post(a, front(you, ιx.blue(x) ∧ hall(x)))

move to the chair in the third intersection
λa.move(a) ∧ to(a, ιx.sofa(x)) ∧
intersect(order(λy.junction(y), frontdist, 3), x)

Figure 1: A sample navigation instruction set, paired
with lambda-calculus meaning representations.

We must also understand implicit requests, for ex-
ample from the phrase “at the corner,” that describe
goals to be achieved without specifying the specific
steps. Finally, to do all of this robustly without pro-
hibitive engineering effort, we need grounded learn-
ing approaches that jointly reason about meaning
and context to learn directly from their interplay,
with as little human intervention as possible.

Although many of these challenges have been
studied separately, as we will review in Section 3,
this paper represents, to the best of our knowledge,
the first attempt at a comprehensive model that ad-
dresses them all. Our approach induces a weighted
Combinatory Categorial Grammar (CCG), includ-
ing both the parameters of the linear model and a
CCG lexicon. To model complex instructional lan-
guage, we introduce a new semantic modeling ap-
proach that can represent a number of key linguistic
constructs that are common in spatial and instruc-
tional language. To learn from indirect supervision,
we define the notion of a validation function, for
example that tests the state of the agent after in-
terpreting an instruction. We then show how this
function can be used to drive online learning. For
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Derivation 1

Word
problem

An amusement park sells 2 kinds of tickets. Tickets for children cost $ 1.50 . Adult
tickets cost $ 4 . On a certain day, 278 people entered the park. On that same day the
admission fees collected totaled $ 792 . How many children were admitted on that
day? How many adults were admitted?

Aligned
template

u1
1 + u1

2 − n1 = 0 n2 × u2
1 + n3 × u2

2 − n4 = 0

Instantiated
equations

x+ y − 278 = 0 1.5x+ 4y − 792 = 0

Answer
x = 128
y = 150

Derivation 2

Word
problem

A motorist drove 2 hours at one speed and then for 3 hours at another speed. He
covered a distance of 252 kilometers. If he had traveled 4 hours at the first speed and
1 hour at the second speed , he would have covered 244 kilometers. Find two speeds?

Aligned
template

n1 × u1
1 + n2 × u1

2 − n3 = 0 n4 × u2
1 + n5 × u2

2 − n6 = 0

Instantiated
equations

2x+ 3y − 252 = 0 4x+ 1y − 244 = 0

Answer
x = 48
y = 52

Figure 2: Two complete derivations for two different word problems. Derivation 1 shows an alignment
where two instances of the same slot are aligned to the same word (e.g., u1

1 and u2
1 both are aligned to

“Tickets”). Derivation 2 includes an alignment where four identical nouns are each aligned to different
slot instances in the template (e.g., the first “speed” in the problem is aligned to u1

1).

3 Mapping Word Problems to Equations

We define a two step process to map word prob-
lems to equations. First, a template is selected
to define the overall structure of the equation sys-
tem. Next, the template is instantiated with num-
bers and nouns from the text. During inference we
consider these two steps jointly.

Figure 2 shows both steps for two derivations.
The template dictates the form of the equations in
the system and the type of slots in each: u slots
represent unknowns and n slots are for numbers
that must be filled from the text. In Derivation 1,
the selected template has two unknown slots, u1

and u2, and four number slots, n1 to n4. Slots
can be shared between equations, for example, the
unknown slots u1 and u2 in the example appear
in both equations. A slot may have different in-
stances, for example u1

1 and u2
1 are the two in-

stances of u1 in the example.
We align each slot instance to a word in the

problem. Each number slot n is aligned to a num-
ber, and each unknown slot u is aligned to a noun.
For example, Derivation 1 aligns the number 278
to n1, 1.50 to n2, 4 to n3, and 792 to n4. It also
aligns both instances of u1 (e.g., u1

1 and u2
1) to

“Tickets”, and both instances of u2 to “tickets”.
In contrast, in Derivation 2, instances of the same
unknown slot (e.g. u1

1 and u2
1) are aligned to two

different words in the problem (different occur-
rences of the word “speed”). This allows for a
tighter mapping between the natural language and
the system template, where the words aligned to
the first equation in the template come from the
first two sentences, and the words aligned to the
second equation come from the third.

Given an alignment, the template can then be
instantiated: each number slot n is replaced with
the aligned number, and each unknown slot u with
a variable. This output system of equations is then
automatically solved to generate the final answer.
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Natural Language Bash Command(s)
find .java files in the current direc-
tory tree that contain the pattern

‘TODO’ and print their names

grep -l "TODO" *.java

find . -name "*.java" -exec grep -il "TODO" {} \;
find . -name "*.java" | xargs -I {} grep -l "TODO" {}

display the 5 largest files in the cur-
rent directory and its sub-directories

find . -type f | sort -nk 5,5 | tail -5

du -a . | sort -rh | head -n5

find . -type f -printf ’%s %p\n’ | sort -rn | head -n5

search for all jpg images on the sys-
tem and archive them to tar ball “im-
ages.tar”

tar -cvf images.tar $(find / -type f -name *.jpg)

tar -rvf images.tar $(find / -type f -name *.jpg)

find / -type f -name "*.jpg" -exec tar -cvf images.tar {} \;

Table 1: Example natural language descriptions and the corresponding shell commands from NL2Bash.

In-scope

1. Single command
2. Logical connectives: &&, ||, parentheses ()
3. Nested commands:

- pipeline |

- command substitution $()

- process substitution <()

Out-of-
scope

1. I/O redirection <, <<
2. Variable assignment =
3. Compound statements:

- if, for, while, util statements
- functions

4. Non-bash program strings nested with
language interpreters such as awk, sed,
python, java

Table 2: In-scope and out-of scope syntax for the Bash
commands in our dataset.

be specified in a single line (one-liners).3 Among them, we
omitted commands that contain syntax structures such as I/O
redirection, variable assignment, and compound statements
because those commands need to be interpreted in context.
Table 2 summarizes the in-scope and out-of-scope syntactic
structures of the shell commands we considered.

3. Corpus Construction
The corpus consists of text–command pairs, where each
pair consists of a Bash command scraped from the web
and an expert-generated natural language description. Our
dataset is publicly available for use by other researchers:
https://github.com/TellinaTool/nl2bash/tree/master/data.
We collected 12,609 text–command pairs in total (§3.1.).
After filtering, 9,305 pairs remained (§3.2.). We split this
data into train, development (dev), and test sets, subject to
the constraint that neither a natural language description nor
a Bash command appears in more than one split (§3.4.).

3.1. Data Collection
We hired 10 Upwork4 freelancers who are familiar with
shell scripting. They collected text–command pairs from

3We decided to investigate this simpler case prior to synthe-
sizing longer shell scripts because one-liner Bash commands are
practically useful and have simpler structure. Our baseline results
and analysis (§6.) show that even this task is challenging.

4http://www.upwork.com/

web pages such as question-answering forums, tutorials,
tech blogs, and course materials. We provided them a web
inferface to assist with searching, page browsing, and data
entry.
The freelancers copied the Bash command from the web-
page, and either copied the text from the webpage or wrote
the text based on their background knowledge and the web-
page context. We restricted the natural language description
to be a single sentence and the Bash command to be a one-
liner. We found that oftentimes one sentence is enough to
accurately describe the function of the command.5

The freelancers provided one natural-language description
for each command on a webpage. A freelancer might anno-
tate the same command multiple times in different webpages,
and multiple freelancers might annotate the same command
(on the same or different webpages). Collecting multiple
different descriptions increases language diversity in the
dataset. On average, each freelancer collected 50 pairs/hour.

3.2. Data Cleaning
We used an automated process to filter and clean the dataset,
as described below. Our released corpus includes the filtered
data, the full data, and the cleaning scripts.

Filtering The cleaning scripts removed the following com-
mands.
• Non-grammatical commands that violate the syntax

specification in the Linux man pages (https://linux.die.
net/man/).

• Commands that contain out-of-scope syntactic struc-
tures shown in Table 2.

• Commands that are mostly used in multi-statement
shell scripts (e.g. alias and set).

• Commands that contain non-bash language interpreters
(e.g. python, c++, brew, emacs). These commands
contain strings in other programming languages.

Cleaning We corrected spelling errors in the natural lan-
guage descriptions using a probabilistic spell checker (http:
//norvig.com/spell-correct.html). We also manually cor-
rected a subset of the spelling errors that bypassed the spell
checker in both the natural language and the shell commands.
For Bash commands, we removed sudo and the shell input

5As discussed in §6.3., in 4 out of 100 examples, a one-sentence
description is difficult to interpret. Future work should investigate
interactive natural language programming approaches in these
scenarios.

മ 2.17: 㠚❦䈝䀰指Ԕ઼ሩᓄⲴ bash 指Ԕ

2.6 ᵢㄖቅ㔉

ᵜㄐ ᡁ̍Ԝ俆ݸӻ㓽Ҷ䈝ѹ䀓᷀ⲴаӋ㛼Ჟ⸕䇶 ԕ̍৺研究䈝ѹ䀓᷀所㾱Ҷ䀓

ⲴаӋᾲᘥˈवᤜ䈝ѹ㺘⽪ᖒᔿˈ䀓᷀算⌅ˈ学Ґ算⌅ˈޜᔰᮠᦞ䳶Ǆ᧕⵰ሩᖃࡽ

䈝ѹ䀓᷀ᯩ⌅䘋㹼࠶类：สҾ㿴ࡉⲴ䈝ѹ䀓᷀ǃสҾ㓴ਸ᮷⌅Ⲵ䈝ѹ䀓᷀ǃสҾ机

ಘ㘫䈁Ⲵ䈝ѹ䀓᷀ǃสҾ䈝ѹമⲴ䈝ѹ䀓઼᷀สҾᒿࡇ亴⍻Ⲵ䈝ѹ䀓᷀ˈᒦӻ㓽

Ҷ⇿类ᯩ⌅中Ⲵԓ㺘ᙗ工作 䘈̍㔉ࠪҶ⇿类ᯩ⌅ⲴՈ㕪⛩ǄD ਾӻ㓽Ҷ䘁ᵏ䈝ѹ䀓

᷀Ⲵᓄ⭘Ѯֻˈྲ䈝䀰指Ԕ᧗ࡦⲴ机ಘӪǃ䀓ԓᮠᓄ⭘仈Ⲵ机ಘӪ઼计算机᫽作

䈝䀰ࣙ᡻Ǆ





ㅢпㄖ ะӄ䈃ޮᢟኋ学ҖⲺ䈣ѿ䀙᷆

3.1 ᵢㄖᕋ论

สҾ㓴ਸ䈝ѹⲴ䈝ѹ䀓᷀ಘа㡜वਜ਼єњṨᗳ㓴件：䇽ި઼᮷⌅Ǆ䇽ިᱟ䇽

≷Ⲵ䳶ਸˈ⇿ањ䇽≷㺘⽪ањ㠚❦䈝䀰中Ⲵ䇽䈝ࡠ⸕䇶ᵜփ中䉃䇽˄predicate˅
Ⲵ᱐ሴˈྲ born ::: Place_of_birthǄ䙊ᑨˈ䇽≷࠶Ѫй类：ᇎփ䇽≷ǃ类别䇽
䇶ᵜփ中⸕ࡠ䇶ᵜփ中Ⲵᇎփ˗类别䇽≷ሩᓄ⸕ࡠ㌫䇽≷Ǆᇎփ䇽≷ሩᓄޣ઼≶

Ⲵаݳ䉃䇽˗ޣ㌫䇽≷ሩᓄࡠ⸕䇶ᵜփ中ⲴҼݳ䉃䇽Ǆ䘉й类䇽≷Ⲵᇎֻ࠶别ሩ

ᓄࡠമ3.1中Ⲵ䇽≷ 2,ǃ䇽≷ 1 ઼䇽≷ 3ǄสҾ䇽ި中Ⲵ䇽≷ˈ䈝ѹ䀓᷀ಘสҾ㓴
ਸ৏理：ĀਕᆀⲴ᜿ᙍᱟਕᆀ中਴њᡀ࠶Ⲵ᜿ᙍⲴ㓴ਸā̍ ֯⭘㓴ਸ᮷⌅ᢺਕᆀ中

ⲴሿⲴ䈝ѹ单ݳ㓴ਸᡀᴰ㓸Ⲵ䈝ѹ㺘䗮ᔿǄ

Which        city         was         barack obama          born    in ?

Type.City Barack_Obama

Type.city∩PlaceOfBirth.Barack_Obama

PlaceOfBirth

PlaceOfBirth.Barack_Obama

词汇1 词汇2 词汇3

规则

规则

മ 3.1: สҾ㓴ਸ䈝ѹⲴ䈝ѹ䀓᷀Ⲵֻᆀ

䇽ިᱟสҾ㓴ਸ䈝ѹⲴ䈝ѹ䀓᷀ᯩ⌅Ⲵส⹰Ǆമ3.1ኅ⽪Ҷањ䈝ѹ䀓᷀Ⲵֻ
ᆀˈӾֻᆀ中ᡁԜਟԕⴻࡠˈ䇽≷作⭘Ҿ䀓᷀䗷〻中Ⲵᴰᓅቲˈਟԕ䈤⋑ᴹ䇽≷ˈ

ቡᰐ⌅㠚ᓅੁкⲴ䀓᷀Ǆⴞࡽབྷ䜘࠶Ⲵ䇽ި䜭䙊䗷䇽ި学ҐⲴᯩᔿᗇࡠǄᴰࡍⲴ

䇽ި学Ґ䴰㾱࡙⭘ᖒᔿѪ˄ਕᆀˈ䙫䗁㺘䗮ᔿ˅ሩⲴ䇝㓳䈝ᯉˈ䘉䟼䇽䈝ࡠ䉃䇽Ⲵ

᱐ሴ类լҾ机ಘ㘫䈁䟼Ⲵሩ喀ˈਟԕ֯⭘类լ EM 算⌅Ⲵᖒᔿ学Ґࡠ䇽≷Ǆ䘉类
ᯩ⌅Ⲵ㕪⛩ᱟ䴰㾱བྷ䟿Ⲵḷ⌘䈝ᯉˈᇩ᱃ࠪ⧠䇽ި㾶ⴆᓖнཏⲴ䰞仈Ǆ

䘁年ᶕ 䎺̍ᶕ䎺ཊⲴ䈝ѹ䀓᷀Ӿਇ䲀亶ฏᢙኅࡠᔰ᭮亶ฏ 䘋̍а↕࣐ࢗҶ䇽ި

学ҐⲴ᥁ᡈǄՐ㔏Ⲵ䈝ѹ䀓᷀䜭ᱟ亶ฏ䲀ᇊⲴˈ䲀ᇊ亶ฏⲴ⸕䇶ᓃᵜփ中䉃䇽Ⲵ

ᮠ䟿ᖸᴹ䲀 [154, 85, 5]ˈ൘䘉⿽ᛵߥлˈᆼޘਟԕ䙊䗷ḷ⌘䈝ᯉ学Ґࡠ䇽䈝ࡠ䉃
䇽Ⲵ᱐ሴޣ㌫Ǆնᱟ䲿⵰䈝ѹ䀓᷀ᢰᵟ䙀⑀䶒ੁᔰ᭮ฏ [22, 21, 16, 79, 87]ˈⴞḷ
⸕䇶ᓃᵜփ中Ⲵ䉃䇽˄predicate˅ᮠⴞҏ䎺ᶕ䎺ཊˈ㘼㠚❦䈝䀰ᵜ䓛㺘䗮ާᴹѠᇼ
ᙗ：⇿ањ᜿ᙍਟԕᴹཊњн਼Ⲵ䇽䈝ᶕ㺘䗮ˈ䘉֯ᗇ䇽ި学Ґ䎺ᶕ䎺ഠ䳮ˈަ中

䇽ި中䇽≷㾶ⴆᓖ䰞仈ቔަᱮ㪇Ǆྲ օ࣐ᕪ䇽ި学Ґ ᨀ̍儈䇽ި中䇽≷㾶ⴆᓖᡀҶ

䈝ѹ䀓᷀亶ฏⲴаབྷ研究䳮⛩઼䟽⛩Ǆ
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䇽ި学Ґ1 аᯩ䶒ᱟ䈝ѹ䀓᷀ԫ࣑中нਟᡆ㕪Ⲵа䜘࠶ˈਖаᯩ䶒ᆳᵜ䓛ҏਟ

作Ѫ㠚❦䈝䀰༴理中а亩ॱ࠶䟽㾱Ⲵԫ࣑ 䇽̍ިਟ⭘Ҿ机ಘ㘫䈁ˈؑ ᚟ᣭਆㅹǄ䘁

年ᶕˈ䈝ѹ䀓᷀亶ฏᔰ࿻ᴹᖸཊ工作⵰᡻Ҿ䇽ި学Ґ C̍ai and Yates [22]ᨀࠪҶส
Ҿ⁑ᶯⲴ䇽ި学Ґᯩ⌅ 䈕̍ᯩ⌅࡙⭘᮷ᵜ䈝ᯉ઼⸕䇶ᓃ中ᇎփሩⲴޡ⧠ ԕ̍৺⢩ᇊ

⁑ᶯⲴ㓖ᶏᶕ学Ґ䇽䈝ࡠ䉃䇽ѻ䰤Ⲵ᱐ሴǄާփൠˈԆԜสҾ⸕䇶ᓃᇊѹ⸕䇶⁑

ᶯ˄knowledge pattern˅̍ Ӿᩌ㍒ᕅ᫾Ⲵ㔃᷌中ᣭਆ᮷ᵜ⁑ᶯ˄text pattern Ǆ˅ԆԜ
Ⲵᯩ⌅สҾྲлٷ䇮：ਕᆀ中єњᇎփѻ䰤Ⲵ䇽䈝ᱟ䘉єњᇎփѻ䰤Ⲵޣ㌫ˈྲ ᷌

䘉єњᇎփᆈ൘Ҿ⸕䇶ᓃ中Ḁњ䉃䇽Ⲵᇎֻ中ˈ䛓Ѹ䈕䇽䈝ᓄ䈕᱐ሴࡠ䘉њ䉃䇽Ǆ

䘉⿽ᯩ⌅֯⭘䘌䐍⿫˄distant˅ⴁⶓ学Ґ算⌅㜭ཏ学ҐࡠᯠⲴ䇽≷ᶕᢙݵ䇽ި а̍

ᇊ〻ᓖкᨀ儈Ҷ䇽ިⲴ㾶ⴆᓖǄն⭡Ҿ䉃䇽ᮠⴞᇎ൘ཚཊˈᴹᖸཊ䉃䇽䜭ᰐ⌅׍

䶐䘉⿽ᯩ⌅ᗇࡠ߶⺞Ⲵ䇽䈝与ѻ३䝽ǄBerant et al. [16]ㅹ൘↔ส⹰кᨀࠪẕ䘎᧕
˄bridge˅Ⲵᯩ⌅ 䈕̍ᯩ⌅൘⋑ᴹ䇽䈝䀖ਁҼݳ䉃䇽Ⲵᛵߥл ҏ̍ቡᱟ䇽ި中Ⲵ䇽≷

⋑ᴹ㾶ⴆࡠⲴᛵߥ 㜭̍ཏ࡙⭘ᖃࡽⲴ䀓᷀㔃᷌ؑ᚟˄ྲᇎփᐢ䇶别˅઼⸕䇶ᓃᵜփ

Ⲵ㓖ᶏ 㠚̍ࣘᕅޕҼݳ䉃䇽Ǆ䈕ᯩ⌅㲭❦⋑ᴹ学ҐᯠⲴ䇽≷ ն̍ᱟẕ䘎᧕ݵᖃҶ䇽

≷Ⲵ࣏㜭 ൘̍аᇊ〻ᓖк㜭ཏ㡂䀓䇽ި㾶ⴆᓖнཏⲴ䰞仈Ǆ❦㘼 ẕ̍䘎᧕ᯩ⌅ᒦ⋑

ᴹ学Ґࡠⵏ↓Ⲵ䇽≷Ǆ

ᵜㄐᡁԜത㔅䇽ިⲴ学Ґ䰞仈 ኅ̍ᔰ䇽ިᢙݵ学ҐⲴ研究Ǆаᯩ䶒⧠ᴹᯩ⌅䘈

ᆈ൘㔗㔝᭩䘋Ⲵൠᯩ ਖ̍аᯩ䶒 䘉̍Ӌᯩ⌅ӵӵ࡙⭘Ҷ᮷ᵜ䈝ᯉ઼⸕䇶ᓃ䈝ᯉ中ᇎ

փሩⲴޡ⧠ᶕ学Ґ䇽ިˈ⭡Ҿ䈝ᯉⲴнᆼ༷ˈ䇽ިⲴ㾶ⴆᓖ䘈ᱟՊᴹ所䲀ࡦˈᇎ䱵

к ᡁ̍Ԝ䘈ਟԕ࡙⭘᮷ᵜ与᮷ᵜѻ䰤Ⲵ㚄㌫ᶕ䖵ࣙᢙݵ䇽ިǄᴥ ㄐⲴ工作Ṩᗳᱟ࡙

⭘䇽ިᢙݵⲴᯩ⌅ᶕ䀓ߣ䈝ѹ䀓᷀中䇽ި㾶ⴆᓖнཏⲴ䰞仈ǄᡁԜӾєњн਼ᯩ

䶒ᔰኅ工作 а̍њᱟሩ⧠ᴹᯩ⌅Ⲵ᭩䘋 ਖ̍ањᱟᨀࠪа⿽ᯠⲴॺⴁⶓⲴ䇽ި学Ґ

ᯩ⌅Ǆ

俆ݸᡁԜ൘⧠ᴹ工作Ⲵส⹰кᨀࠪҶа⿽สҾẕ䘎᧕Ⲵ䇽ި学Ґᯩ⌅Ǆ䈕ᯩ

⌅൘ẕ䘎᧕ᯩ⌅Ⲵส⹰кˈ൘䇝㓳Ⲵ䗷〻中ˈ⇿ᖃ㠚ࣘᕅޕањҼݳ䉃䇽ˈᡁԜቡ

Ӿਕᆀ中ᣭਆ䶎ᇎփᙗⲴ޵ᇩ䇽䈝˄⯁䰞䇽ǃᖒᇩ䇽ǃ名䇽઼ࣘ䇽˅̍ ᒦ与䈕Ҽݳ

䉃䇽䝽ሩ 作̍ѪᯠⲴ䇽≷ࡠޕ࣐⁑ර中Ǆ䲿⵰ᯠ䇽≷Ⲵབྷ䟿ޕ࣐ 䇽̍ި中Պᆈ൘ᖸ

ཊᑖĀ↗ѹāⲴ䇽≷ˈ਼ᰦҏᆈ൘ᖸཊᰐ⭘Ⲵ⭊㠣䭉䈟Ⲵ䇽≷ǄѪҶ䇙⁑ර䘹ᤙᴤ

ྭⲴ䇽≷ˈᡁԜ䇮计ҶᯠⲴ䇽䈝-Ҽݳ䉃䇽⢩ᖱ⁑ᶯˈ䈕⢩ᖱ⁑ᶯ㜭ཏᴤྭⲴᦅ᥹
䇽䈝઼Ҽݳ䉃䇽ѻ䰤Ⲵ᱐ሴޣ㌫ǄѪҶᡚ᷍ᰐ⭘Ⲵǃ䭉䈟Ⲵ䇽≷ ᡁ̍Ԝ䇮计ҶสҾ

ᣅ⾘机ࡦⲴṨᗳ䇽≷㧧ਆᯩ⌅ˈṨᗳ䇽≷㲭❦⢪⢢Ҷа⛩䈝ѹ䀓᷀㌫㔏Ⲵਜഎ⦷ˈ

նᱟ㜭ཏབྷབྷᨀॷ䈝ѹ䀓᷀Ⲵ᭸⦷ˈ䘈㜭ᨀ儈䈝ѹ䀓᷀Ⲵ߶⺞⦷Ǆ

䘉䜘࠶工作Ⲵ䍑⥞ᙫ㔃ྲл：

1൘ᵜ᮷中ˈᡁԜᴹᰦՊ䈤䇽ި学ҐˈᴹᰦҏՊ䈤䇽≷学Ґ˄ᡆ者学Ґ䇽ި઼学Ґ䇽≷˅̍ 䇽ި

䇽≷઼䇽ި䙊⭘Ǆˈߥ᡽㜭ਚ䈤䇽≷ˈަԆᛵىњֻˈਚᴹ൘⢩指њ别᱐ሴⲴᰦٿ≶䳶ਸˈ䇽ٿ
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Currency_usedcurrency

Currency_usedcurrency

moneymone

Mapping score: 2.0

Mapping score: 1.5
Similarity: 0.86

Mapping score: 2.0

Using alignment between Freebase and texts

Word vector: 0.23

Paraphrase alignment: 0.63

PPDB score: 0.92

Using alignment between Freebase and texts, also relatedness among texts

മ 3.2: ሩ∄ᡁԜⲴᯩ⌅઼ѻࡽⲴᯩ⌅

1. 䪸ሩ䈝ѹ䀓᷀ԫ࣑中䇽ި㾶ⴆᓖнཏⲴ䰞仈ˈᡁԜ൘⧠ᴹ工作Ⲵส⹰кᨀࠪ
ҶสҾẕ䘎᧕Ⲵ䇽ި学Ґᯩ⌅Ǆ

2. ᡁԜ䇮计ҶᯠⲴ䇽䈝-Ҽݳ䉃䇽Ⲵ⁑ᶯ⢩ᖱ ᶕ̍⎸䲔ᯠ䇽ި中ᇩ᱃ࠪ⧠↗ѹⲴ

䰞仈Ǆ

3. ᡁԜ䇮计ҶสҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆᯩ⌅ᶕ㡂䀓ᯠ䇽ި中ᆈ൘ᰐ⭘ᡆ者
䭉䈟䇽≷所ᑖᶕⲴᖡ૽Ǆ

ਖཆ ᡁ̍Ԝ䘈ᨀࠪҶа⿽ᯠⲴสҾॺⴁⶓⲴ䇽ި学Ґᯩ⌅Ǆ䈕ᯩ⌅࡙⭘ᇩ᱃㧧

ਆⲴ᮷ᵜ䈝ᯉ઼䇽≷䍴Ⓚ 2ᶕᢙݵ䇽ިǄ䘉⿽ᯩ⌅Ⲵࠪਁ⛩ᱟ：ާᴹ⴨਼ᡆ⴨䘁᜿

ᙍⲴ䇽䈝ᓄ䈕᱐ሴࡠ⴨਼ᡆ⴨䘁Ⲵ䉃䇽ˈ㘼䇽䈝ѻ䰤Ⲵ⴨լᙗਟԕ⭘ᶕᢺᐢ⸕Ⲵ

᱐ሴՐ᫝ࡠᵚ⸕Ⲵ᱐ሴǄ∄ྲˈᡁԜٷ䇮ᐢ㓿ᴹҶ⿽ᆀ˄seed˅᱐ሴ:“currency” ::
currencyˈ㘼ᡁԜ⸕䚃䇽䈝 “money” 与䇽䈝 “currency” 密࠷⴨ޣˈഐ↔ᡁԜਟԕ
᧘ᯝ “money” ҏᓄ䈕᱐ሴࡠ “currency”ǄѪҶ䗮ࡠ䘉њⴞḷˈᡁԜ࡙⭘ањสҾ
മⲴॺⴁⶓ学ҐṶᷦˈ䈕Ṷᷦнӵ࡙⭘ Freebase ઼᮷ᵜѻ䰤Ⲵᇎփሩޡ⧠ᶕ学Ґ
䇽≷ˈ䘈࡙⭘᮷ᵜ与᮷ᵜѻ䰤Ⲵ䈝ѹ⴨ޣᙗᶕӾ⿽ᆀ䇽≷中学ҐᯠⲴ䇽≷ǄᡁԜ

ҏᱟ俆ֻ࡙⭘᮷ᵜѻ䰤Ⲵ⴨ޣᙗᶕ学Ґ儈㾶ⴆᓖ䇽ިⲴǄമ3.2ሩ∄ҶᡁԜⲴᯩ⌅
઼ѻࡽⲴᯩ⌅Ǆമ中к䜘࠶ᱟѻࡽⲴᯩ⌅ˈ䈕ᯩ⌅ӵ࡙⭘ Freebase ઼᮷ᵜѻ䰤Ⲵ
ᇎփሩޡ⧠ᶕ学Ґ䇽≷˗മ中л䜘࠶ᱟᡁԜⲴᯩ⌅ˈ䈕ᯩ⌅нӵ࡙⭘ Freebase ઼
᮷ᵜѻ䰤Ⲵሩ喀ˈ䘈࡙⭘࡙⭘᮷ᵜ与᮷ᵜѻ䰤Ⲵ㚄㌫Ǆ

䘉䜘࠶工作Ⲵ䍑⥞ᙫ㔃ྲл：

1. ᡁԜᨀࠪа⿽ᯠⲴสҾॺⴁⶓ䇽ި学ҐṶᷦˈ䈕Ṷᷦ㜭ཏ学Ґࡠ儈㾶ⴆᓖⲴ
䇽ިǄ与ѻᯩࡽ⌅н਼ˈ䈕Ṷᷦ㜭ཏ࡙࠶ݵ⭘ᇩ᱃㧧ਆⲴབྷ䟿᮷ᵜ䈝ᯉ઼䇽

ި䍴ⓀǄ

2൘ᵜㄐ中 ᡁ̍Ԝ⭘᮷ᵜ䈝ᯉ˄ text corpora ᶕ˅指ԓ㖁㔌кⲴ᮷ᵜ䍴Ⓚˈྲ WikiPedia઼WikiAn-
swers ⭘̠䇽ި䍴Ⓚ˄ lexical resources ᶕ˅指ԓ᭦䳶ᮤ理ྭⲴ䇽ިᴹޣⲴ䍴Ⓚˈྲ WordNet઼ PPDBǄ
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2. ᡁԜ䇮计ҶањสҾമⲴॺⴁⶓ学Ґ算⌅ˈ䈕算⌅㜭ཏ㜭ཏӾቁ䟿Ⲵ⿽ᆀ䇽
≷中学Ґࡠ䈕㾶ⴆᓖⲴ䇽ިǄ

ᡁԜ൘єњޜᔰᮠᦞ䳶˄Webquestions ઼ Free917˅к䘋㹼Ҷᇎ傼ˈᇎ傼
论䇱ҶᡁԜєњн਼ᯩ⌅Ⲵᴹ᭸ᙗ：ᡁԜⲴᯩ⌅䜭䎵䗷Ҷส߶㌫㔏 ⢩̍别ᱟབྷབྷᨀ

儈Ҷส߶㌫㔏Ⲵਜഎ⦷ˈ䘉ᗇ⳺ҾᢙݵਾⲴ䇽ި㾶ⴆᓖᴤ儈Ǆ

3.2 ะӄẛ䘔᧛Ⲻ䈃ޮ学ҖⲺ䈣ѿ䀙᷆

สҾẕ䘎᧕Ⲵ䇽ި学Ґᱟሩ⧠ᴹ工作Ⲵањ᭩䘋ˈ䈕ᯩ⌅൘ẕ䘎᧕Ⲵส⹰к

学ҐᯠⲴ䇽≷ ᢙ̍ݵᗇࡠᯠⲴ䇽ިˈ਼ ᰦ࡙⭘ㆆ⮕ᨀॷ䇽≷Ⲵ߶⺞⦷Ǆᯠ䇽ިՊ䘀

⭘Ҿ䈝ѹ䀓᷀中Ǆ䘉䜘࠶ⲴṶᷦമྲമ3.3所⽪Ǆ᧕лᶕˈᡁԜሶӻ㓽ᡁԜ֯⭘Ⲵ
ส߶䈝ѹ䀓᷀ಘˈᒦӻ㓽䈕䀓᷀ಘ所䘀⭘Ⲵẕ䘎᧕ᯩ⌅઼䪸ሩẕ䘎᧕Ⲵ䇽䈝-䉃䇽
⢩ᖱ⁑ᶯˈ❦ਾӻ㓽ᡁԜ൘䘉њส⹰кᨀࠪҶสҾẕ䘎᧕Ⲵ䇽ި学ҐⲴ䈝ѹ䀓᷀

ᯩ⌅ǄާփवᤜสҾẕ䘎᧕Ⲵ䇽ި学Ґᯩ⌅ˈ઼єњ⭘Ҿᨀॷ䇽≷߶⺞⦷Ⲵㆆ⮕：

䙊⭘Ⲵ䇽䈝-䉃䇽⢩ᖱ⁑ᶯ઼สҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆǄ

知识库

初始词典

文本语料实体对共现

最终词典训练

语义解析器

基于桥连接
的词典学习

测试核心词典

基于投票机制的核心
词典获取

词语-二元谓词特征模板

മ 3.3: สҾẕ䘎᧕Ⲵ䇽ި学ҐⲴ䈝ѹ䀓᷀ᯩ⌅Ṷᷦമ

3.2.1 ะ߼䈣ѿ䀙᷆ಞ

䘉а㢲ӻ㓽ᡁԜ⭘Ҿሩ∄㌫㔏Ⲵส߶㌫㔏ˈᡁԜ䟷⭘สҾՐ㔏㓴ਸ䈝ѹⲴ䈝

ѹ䀓᷀㌫㔏作ѪᡁԜⲴส߶㌫㔏ǄާփⲴˈᡁԜⲴ㌫㔏䜭สҾ SEMPRE ㌫㔏3㘼

ᩝᔪǄ䈕㌫㔏ᙫޡ⭡ 5 њ⁑ඇ [92] 㓴ᡀ：᮷⌅ǃ⁑රǃ䀓᷀ಘǃ学Ґಘ઼ᢗ㹼ಘ
˄ྲമ3.4所⽪ Ǆ˅ަ中᮷⌅ᱟ䈕㌫㔏Ⲵส⹰ˈҏᱟṨᗳˈ䈕⁑ඇवᤜ䇽ި઼㓴ਸ᮷

⌅ 䀓̠᷀ಘ䍏䍓࡙⭘᮷⌅ሩਕᆀ䘋㹼䀓᷀ ⁑̠ර⁑ඇ䍏䍓ሩ䀓᷀ಘ所ᗇࡠⲴى䘹䀓

᷀㔃᷌䘋㹼ᢃ࠶ᧂᒿ˗学Ґ⁑ඇ䍏䍓࡙⭘䇝㓳ᮠᦞሩ⁑ර⁑ඇ中Ⲵ⁑ර৲ᮠ䘋㹼

3https://nlp.stanford.edu/software/sempre/
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执行器

解析器学习器

模型

文法x

D

θ

z

c

句子

模型参数

候选解
析结果

逻辑表达式

知识库

y 答案

മ 3.4: สҾ㓴ਸ䈝ѹⲴ䈝ѹ䀓᷀ᯩ⌅ⲴสᵜṶᷦമ

学Ґ ᢗ̠㹼⁑ඇ䍏䍓࡙⭘⸕䇶ᓃሩᗇࡠⲴ䙫䗁㺘䗮ᔿ䘋㹼≲٬ ᗇ̍ࡠਕᆀ所ሩᓄⲴ

ㆄṸǄ

3.2.1.1 ẛ䘔᧛

Berant et al. [16]ᨀࠪҶẕ䘎᧕ᯩ⌅ᶕݵᖃ䇽≷Ⲵ࣏㜭ǄާփⲴˈᖃਕᆀ中Ⲵ
䇽䈝⋑ᴹ䀖ਁԫօ䉃䇽Ⲵᰦىˈ䈕ᯩ⌅ਟԕṩᦞᖃࡽⲴ䀓᷀㔃᷌㠚ࣘᕅޕҼݳ䉃

䇽ˈྲമ3.5ֻᆀ所⽪ˈҼݳ䉃䇽 currency˄䙊⭘䍗ᐱ˅ᒦнᱟ⭡ޣ㌫䇽≷䀖ਁ㘼
ᶕ 㘼̍ᱟ࡙⭘ᖃࡽ所ᗇࡠⲴᇎփ SriLanka˄ ᯟ䟼ޠ঑ а̍њ国ᇦ 㠚˅ࣘᕅޕⲴ˄ 所

ᴹ与䘉њᇎփޣ㚄ⲴҼݳ䉃䇽䜭Պᕅޕˈ⁑ර࡙޽⭘⢩ᖱᶕ䘹ᤙᴰਸ䘲Ⲵ Ǆ˅䈕ᯩ

⌅ҏᱟ⭘ᶕ䀓ߣ䇽≷㾶ⴆᓖнཏⲴ䰞仈Ǆնᱟᆳᒦ⋑ᴹ学Ґࡠⵏ↓Ⲵᯠ䇽≷Ǆ

3.2.1.2 䪾ሯẛ䘔᧛Ⲻ䈃䈣-䉉䈃⢯ᖷ⁗ᶵ

Berant and Liang [15]䪸ሩẕ䘎᧕䇮计Ҷањ䇽䈝-Ҽݳ䉃䇽Ⲵ⢩ᖱ⁑ᶯ˄lem-
maAndBridge˅̍ 䈕⢩ᖱ⁑ᶯ൘֯⭘ẕ䘎᧕Ⲵᰦى◰⍫ˈ䈕⢩ᖱ⁑ᶯ⭘ᶕ᧿䘠ਕᆀ

中䶎ᇎփᙗ޵ᇩ䇽˄⯁䰞䇽ǃࣘ䇽ǃᖒᇩ䇽઼名䇽˅与ẕ䘎᧕所ᕅޕⲴҼݳ䉃䇽

ѻ䰤Ⲵ᱐ሴޣ㌫Ǆྲമ3.5ֻᆀ所⽪ˈᕅޕⲴҼݳ䉃䇽ᱟ currencyˈਕᆀ中Ⲵ޵ᇩ
䇽ᱟ “what”ǃ“money” ઼ “take”ˈ䘉ṧቡՊ䀖ਁйњ⢩ᖱ：“what” üücurrencyǃ
“money” üücurrency ઼ “take üücurrency”Ǆẕ䘎᧕与䈕⢩ᖱ⁑ᶯⲴ㚄ਸ֯⭘
ਟԕ䈤ᱟݵᖃҶ䳀ᔿ䇽≷Ⲵ࣏㜭Ǆ
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What  money  to  take  to  sri  lanka?

SriLanka

词汇

Currency

SriLanka.Currency

桥连接

引入的二元谓词：

句子中的内容词：what, money, take

词语-二元谓词特征：

     what —— 

     money ——

     take ——

Currency

Currency

Currency

Currency

മ 3.5: ẕ䘎᧕ᯩ⌅⽪ֻ

3.2.2 ะӄẛ䘔᧛Ⲻ䈃ޮ学ҖⲺ䈣ѿ䀙᷆

䘉а㢲ӻ㓽ᡁԜᨀࠪⲴสҾẕ䘎᧕Ⲵ䇽ި学ҐⲴ䈝ѹ䀓᷀ᯩ⌅ˈ俆ݸᡁԜӻ

㓽สҾẕ䘎᧕Ⲵ䇽ި学Ґᯩ⌅ˈ޽ӻ㓽ᡁԜ所䟷⭘Ⲵ⭘Ҿᨀ儈䇽ި߶⺞ᓖⲴєњ

ㆆ⮕：ᯠⲴ䇽䈝-Ҽݳ䉃䇽Ⲵ⢩ᖱ⁑ᶯ઼สҾᣅ⾘机ࡦⲴṨᗳ䇽≷㧧ਆǄ

3.2.2.1 ะӄẛ䘔᧛Ⲻ䈃ޮ学Җᯯ⌋

ѪҶ䀓ߣ䇽≷㾶ⴆᓖнཏⲴ䰞仈 ᡁ̍Ԝ൘⧠ᴹ工作Ⲵส⹰к ᨀ̍ࠪสҾẕ䘎᧕

Ⲵ䇽ި学Ґᯩ⌅ǄBerant et al. [16]ᨀࠪⲴẕ䘎᧕ᯩ⌅ˈ㜭㠚ࣘᕅޕҼݳ䉃䇽ˈն
ԆԜⲴᯩ⌅ᒦ⋑ᴹ学ҐࡠᯠⲴ䇽≷ ਚ̍ᱟ࡙⭘ẕ䘎᧕ᶕݵᖃ䇽≷Ⲵ䀂㢢ǄᡁԜⲴᯩ

⌅൘ԆԜᯩ⌅Ⲵส⹰к࣐ԕ᭩䘋ˈਟԕᕅޕᯠⲴ䇽≷ˈᒦ࣐ԕ学ҐǄާփⲴˈ൘䀓

᷀Ⲵ䗷〻中ˈᖃẕ䘎᧕㻛◰⍫ⲴᰦىˈՊᴹањҼݳ䉃䇽㠚ࣘᕅޕˈ㘼䘉њҼݳ䉃

䇽ᒦнᱟ⭡ਕᆀ中ⲴḀњ䇽䈝䀖ਁⲴǄ㘼ᇎ䱵кˈ䘉њҼݳ䉃䇽ᵜᓄ䈕⭡ਕᆀ中

ⲴḀњ䇽䈝䀖ਁ ҏ̍ቡ᜿ણ⵰ᓄ䈕ᆈ൘ањ类别䇽≷ 䘉̍њ䇽≷ᱟਕᆀ中Ḁњ䇽䈝

䉃䇽Ⲵ᱐ሴ˄മ3.5中Ⲵֻᆀˈᵜᓄ䈕ᆈ൘ݳ䘉њҼࡠ “money” :: currency 䘉њ
䇽≷˅̍ 㘼↓ഐѪ䇽ިⲴ㾶ⴆᓖнཏˈ䇽ި㕪ཡҶᖸཊ䇽≷ˈ֯ᗇ൘䀓᷀Ⲵ䗷〻中ˈ

н㜭ཏ࡙⭘䇽≷䀖ਁᶕᕅޕ䉃䇽ˈѪ↔ˈᡁԜ൘䘉њ䗷〻中ᕅޕᯠⲴ䇽≷ˈᒦᢺᯠ

Ⲵ䇽≷ࡠޕ࣐ᖃࡽⲴ䇽ި中Ǆᖃањẕ䘎᧕◰⍫ⲴᰦىˈᡁԜӾਕᆀ中ᣭਆ䶎ᇎ

փᙗⲴ޵ᇩ䇽䈝˄⯁䰞䇽ǃࣘ䇽ǃ名䇽઼ᖒᇩ䇽˅̍ ᢺ䘉Ӌ䇽䈝࠶别与ᕅޕⲴҼݳ

䉃䇽䝽ሩˈᖒᡀ㤕ᒢᯠⲴ䇽≷ˈമ3.5Ⲵֻᆀ中Պޕ࣐ 3 њᯠ䇽≷ˈ࠶别ᱟ：

䘉Ӌ䇽≷中㛟ᇊवਜ਼Ҷᵜᓄ䈕ᆈ൘Ⲵ㜭ཏ䀖ਁ䈕Ҽݳ䉃䇽Ⲵ䇽≷ǄᡁԜᢺ䘉Ӌ䇽

ᴹ䇽≷中⧠ࡠ࣐≶ 䙊̍䗷аᇊⲴṧֻ䇝㓳ԕਾ ᯠ̍ޕ࣐Ⲵ䇽≷中䛓Ӌᴹ᭸Ⲵ䇽≷ቡ
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what :: currency
money :: currency
take :: currency

Պ㻛⁑ර䙊䗷⢩ᖱ᥁䘹ࠪᶕˈᒦਟ⭘Ҿਾ䶒ⲴሩަᆳֻᆀⲴ䀓᷀Ǆ

䇽ި中ޕ࣐ҶᯠⲴ䇽≷ˈᒦфสҾẕ䘎᧕ޕ࣐Ⲵ䇽≷中ਚᴹа䜘࠶ᱟ߶⺞Ⲵˈ

㘼ਖཆа䜘࠶䜭ᱟн߶⺞Ⲵˈ䘉䜘࠶н߶⺞Ⲵ䇽≷нӵᖡ૽䈝ѹ䀓᷀㌫㔏Ⲵ߶⺞

ᙗˈ䘈ᖡ૽ަ᭸⦷ǄѪ↔ˈᡁԜ䇮计ҶᯠⲴ䇽䈝-Ҽݳ䉃䇽Ⲵ⢩ᖱ⁑ᶯˈ䘈䇮计Ҷ
สҾᣅ⾘机ࡦⲴṨᗳ䇽≷㧧ਆᯩ⌅ˈ⭘ᶕᨀ儈䇽ިⲴ߶⺞⦷઼䀓᷀㌫㔏Ⲵ᭸⦷Ǆ

3.2.2.2 䙐⭞Ⲻ䈃䈣-䉉䈃⢯ᖷ⁗ᶵ

Berant and Liang [15]䇮计Ⲵ䇽䈝-Ҽݳ䉃䇽Ⲵ⢩ᖱ⁑ᶯӵ൘䙊䗷ẕ䘎᧕ᕅޕҼ
ˈᴹ᭸Ⲵ࠶䉃䇽䜭ᱟॱݳл◰⍫ˈᇎ䱵кˈ䘉њ⢩ᖱ⁑ᶯሩ所ᴹⲴҼߥ䉃䇽Ⲵᛵݳ

н㇑䘉њҼݳ䉃䇽ᱟ䙊䗷ޣ㌫䇽≷ᕅޕⲴ 䘈̍ᱟ䙊䗷ẕ䘎᧕ᯩ⌅ᕅޕⲴǄᒦфᡁԜ

Ⲵᯩ⌅䙊䗷ẕ䘎᧕ᯩ⌅学Ґࡠᯠ䇽≷ԕਾˈᡁԜ൘䀓᷀Ⲵᰦىሶн֯޽⭘ẕ䘎᧕

ᯩ⌅ˈާփⲴˈㅜа䖞䇝㓳Ⲵᰦى੟⭘ẕ䘎᧕ᯩ⌅ˈ⭘Ҿᕅޕᯠ䇽≷ˈѻਾⲴ䇝㓳

઼⍻䈅 䜭̍н޽੟⭘ẕ䘎᧕ᯩ⌅ 䘉̍ṧቡᱟᜣ⍻䈅ᡁԜᯠ学ࡠⲴ䇽≷Ⲵ᭸᷌ǄѪҶ

䇙䘉њ⢩ᖱ⁑ᶯਁᥕᴤབྷⲴ࣏᭸ˈᡁԜ䇮计Ҷਟ⭘Ҿ所ᴹҼݳ䉃䇽Ⲵ䇽䈝-Ҽݳ䉃
䇽Ⲵ⢩ᖱ⁑ᶯ˄lemmaAndBinary˅̍ 䈕⁑ᶯਚ㾱ᴹҼݳ䉃䇽ᕅޕቡՊ◰⍫Ǆ

3.2.2.3 ะӄᣋ⾞ᵰ࡬ⲺṮᗹ䈃ޮ㧭਌

⭡ҾᡁԜ⧠൘֯⭘Ⲵ䇽ިᖸབྷˈ⢩别ᱟ䟷⭘ҶสҾẕ䘎᧕Ⲵ䇽≷ᕅᯩޕ⌅ѻ

ਾˈᒦф䇽ި中Ⲵᖸཊ䇽≷䜭ᱟ䭉䈟Ⲵˈ䘉㔉䈝ѹ䀓᷀ᑖᶕᖸབྷⲴഠᢠˈнӵབྷབྷ

ᖡ૽䀓᷀Ⲵ᭸⦷ˈҏᖡ૽Ҷ䀓᷀Ⲵᙗ㜭ǄѪ↔ˈᡁԜᨀࠪҶสҾᣅ⾘机ࡦⲴṨᗳ

䇽≷㧧ਆᯩ⌅ˈ䈕ᯩ⌅ᰘ൘㧧ਆᖃࡽ䇽ި中ᴹ⭘Ⲵǃ߶⺞ᓖ儈ⲴṨᗳ䇽≷ǄArtzi
et al. [5]ҏᨀࠪҶ类լⲴᯩ⌅ˈ⭘ᶕ঻㕙䇽ިǄ

ާփⲴˈ൘䇝㓳ⲴᰦىˈሩҾ⇿ањṧֻˈ⁑ර࡙⭘ᖃࡽⲴ䇽ިሩ↔ṧֻ䘋㹼

䀓᷀ˈ൘↓⺞Ⲵ䀓᷀中所֯⭘ࡠⲴ类别䇽≷઼ޣ㌫䇽≷ˈᡁԜሩ䘉Ӌ䇽≷ڊ䇠а

⾘༴理ˈ⭡Ҿ⁑රਟԕ࡙⭘䘉Ӌ䇽≷ᗇࡠ߶⺞Ⲵ䀓᷀㔃᷌ˈᡁԜ䇔Ѫ䘉Ӌ䇽≷ᱟ

䟽㾱Ⲵф߶⺞Ⲵ䇽≷Ǆ㓿䗷㤕ᒢ䖞Ⲵ䇝㓳 ⾘̍ᮠ䎺ཊⲴ䇽≷ԓ㺘䎺䟽㾱䎺߶⺞ǄѪ

ҶᣭਆࠪṨᗳ䇽≷ˈ৸ѪҶ؍䳌⇿ањ䉃䇽䜭ᆈ൘ᆳⲴṨᗳ䇽≷ˈ俆ݸᡁԜӾ䇽

ި中ᣭਆ⾘ᮠ䎵䗷 1 Ⲵ䇽≷ˈ❦ਾሩ䘉Ӌ䇽≷ԕ䉃䇽Ѫส߶䘋㹼࠶㓴ᒦ᤹➗ᣅ⾘
ᮠ䘋㹼ᧂᒿˈᴰਾᡁԜሩ⇿ањ䉃䇽䜭ᣭਆᣅ⾘ᮠ top K Ⲵ䇽≷⭘ᶕ㓴ᡀᡁԜⲴ
Ṩᗳ䇽ިǄ൘䘉䟼ᡁԜ⋑ᴹ֯⭘ᾲ⦷Ⲵഐ㍐ˈ㘼ᱟⴤ᧕࡙⭘⺜ᙗᶑ件ᶕ䘋㹼ࡧ䘹Ǆ

ᡁԜ䇔Ѫањ䇽≷Ⲵᣅ⾘ᮠ䎵䗷 1 ቡ㺘᰾䈕䇽≷൘ḀњֻᆀⲴ䀓᷀中ݵᖃҶ↓⺞
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Ⲵ䀂㢢ˈᓄ䈕㓣ࡠޕṨᗳ䇽ިⲴ㘳㲁㤳ത˗ѻ所ԕѪ⇿ањ䉃䇽䘹ᤙ top K˄ᇎ傼
中 K=5˅Ⲵ䇽≷ˈᱟഐѪᡁԜ䇔Ѫᴹ K˄K=5˅њн਼Ⲵ䇽䈝ᶕ㺘䗮ањ䉃䇽Ⲵ
᜿ᙍ ቡ̍算㠚❦䈝䀰㺘䗮ާᴹѠᇼᙗⲴ⢩⛩ ҏ̍ᐢ㓿ާᴹаᇊⲴ㾶ⴆᓖҶǄ⍻䈅Ⲵ

ᰦىˈ⁑රቡ֯⭘Ṩᗳ䇽ިᶕሩ⍻䈅ṧֻ䘋㹼䀓᷀Ǆ

3.3 ะӄঀⴇ⶙Ⲻ䈃ޮ学ҖⲺ䈣ѿ䀙᷆

䘉а㢲ሶӻ㓽ᡁԜᨀࠪⲴสҾॺⴁⶓⲴ䇽ި学ҐⲴ䈝ѹ䀓᷀ᯩ⌅Ǆ䈕ᯩ⌅൘

ањสҾമⲴॺⴁⶓ学ҐṶᷦкˈ࡙࠶ݵ⭘ᇩ᱃㧧ਆⲴ᮷ᵜ䈝ᯉ઼䇽ި䍴Ⓚ学Ґ

䇽䈝与䇽䈝ѻ䰤Ⲵ⴨լᙗ Ӿ̍ቁ䟿⿽ᆀ䇽≷中学Ґ学ҐᯠⲴ䇽≷ ਾⲴ䇽ݵᢺᢙ̍޽

ި䘀⭘Ҿ䈝ѹ䀓᷀ಘ中Ǆമ3.6ኅ⽪ҶᡁԜ䘉⿽ᯩ⌅ⲴṶᷦമǄ

3.3.1 ะӄঀⴇ⶙Ⲻ䈃ޮ学Җ

൘䶒ੁᔰ᭮ฏⲴᛵᖒлˈᖸ䳮Ӿḷ߶䈝ᯉ中学Ґࡠ㾶ⴆᓖ䏣ཏⲴ䇽ިǄ൘䘉

㢲Ⲵ工作中ˈᡁԜ࡙⭘㤕ᒢ˄䇽䈝ˈ䉃䇽˅Ⲵ᱐ሴ作Ѫ⿽ᆀ䇽≷ˈ❦ਾ࡙⭘䇽䈝ѻ

䰤ⲴᖒլᓖӾᐢ⸕᱐ሴⲴ䇽䈝Ր᫝ؑ᚟㔉ᯱ䗩ᵚ⸕᱐ሴⲴ䇽䈝ˈӾ㘼学ҐࡠᯠⲴ

˄䇽䈝ˈ䉃䇽˅Ⲵ᱐ሴǄާփⲴˈᡁԜᨀࠪањสҾമⲴॺⴁⶓ学Ґᯩ⌅ᶕᇎ⧠䘉

њⴞḷǄᡁԜⲴᯩ⌅㜭ཏ࡙⭘བྷ䟿ᇩ᱃㧧ਆⲴ᮷ᵜ䈝ᯉ઼䇽ި䍴Ⓚᶕ学Ґ䇽䈝与

䇽䈝ѻ䰤Ⲵ⴨լᓖˈ❦ਾ࡙⭘สҾമⲴॺⴁⶓ学Ґ算⌅൘䇽≷മ中䘋㹼Ր᫝ᒣ━Ǆ

䘉ṧаᶕˈᡁԜਟԕӾቁ䟿⿽ᆀ䇽≷中ˈ学ҐࡠᯠⲴ䇽≷Ǆ

สҾമⲴॺⴁⶓ学Ґᯩ⌅ᒯ⌋ᓄ⭘Ҿ㠚❦䈝䀰༴理ⲴަԆ亶ฏˈ൘机ಘ㘫䈁

亶ฏѫ㾱㻛⭘ᶕ䀓ߣ OOV 䰞仈 [122, 126, 157, 101]ˈ䘈㻛ᓄ⭘ҾṶᷦ䈝ѹ䀓᷀
[39]ˈᛵᝏ䇽ި学Ґ [57]ˈԕ৺สҾ䇽රਈॆⲴ䇽ި学Ґ [49]Ǆ

ᡁԜ࡙⭘สҾമⲴॺⴁⶓ学Ґᯩ⌅ᶕᢙݵᡁԜⲴ䇽ިˈᡁԜⲴᯩ⌅ѫ㾱࠶Ѫ

ྲлйњ↕僔：

1. ⿽ᆀ䇽ިᶴᔪ：俆࡙ݸ⭘ Freebase઼᮷ᵜ䈝ᯉѻ䰤Ⲵᇎփሩޡ⧠ᶕ学Ґањ
৏࿻⿽ᆀ䇽ި ᒦ࡙̍⭘ᢃ࠶机ࡦሩ䈕৏࿻⿽ᆀ䇽ި中Ⲵ⇿ањ䇽≷䘋㹼ᢃ࠶ˈ

Freebase

初始词典

语义解析器高覆盖度词典

种子词典

Clueweb

Paraphrase 
corpus

PPDB打分对齐

基于图的半监督学习算法

മ 3.6: สҾॺⴁⶓⲴ䇽ި学ҐⲴ䈝ѹ䀓᷀Ṷᷦമ
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Ӿ中䘹ᤙᢃ࠶儈Ⲵ作ѪᡁԜᴰ㓸Ⲵ⿽ᆀ䇽ިǄ

2. മᶴᔪ：࡙⭘᮷ᵜ䈝ᯉ઼䇽ި䍴Ⓚ学Ґ䇽䈝ѻ䰤Ⲵ⴨լᙗˈᒦᶴᔪ⭘ҾമՐ
᫝ⲴമǄ

3. മՐ᫝：࡙⭘⿽ᆀ䇽ި઼䇽䈝与䇽䈝ѻ䰤Ⲵ⴨լᙗ൘മՐ᫝算⌅ⲴṶᷦк䘋
㹼ᯠ䇽ިⲴ学ҐǄ

᧕лᶕˈᡁԜሶ׍⅑ӻ㓽䘉йњ↕僔Ǆ

3.3.1.1 〃ᆆ䈃ޮᶺᔰ

ᡁԜ䴰㾱⿽ᆀ䇽≷ᶕՐ᫝ؑ᚟ࡠᯠⲴᵚ⸕Ⲵ䇽≷Ǆ❦㘼ᡁԜ⋑ᴹ䏣ཏཊⲴḷ

⌘ྭⲴ䙫䗁㺘䗮ᔿᶕ学Ґ⿽ᆀ䇽ިˈਖཆˈⴞḷ⸕䇶ᓃᵜփ中䉃䇽Ⲵᮠ䟿ཚཊˈᡁ

Ԝҏн㜭Ӫ工ᶴᔪањ⿽ᆀ䇽ިǄѪҶᶴᔪ儈䍘䟿Ⲵ⿽ᆀ䇽ި˄⇿њ䉃䇽䜭ᓄ䈕

㠣ቁᆈ൘нቁҾањ⿽ᆀ䇽≷中˅̍ ᡁԜ࠶є↕ᶕᆼᡀ：

俆ݸˈᡁԜ࡙⭘ Freebase ઼᮷ᵜ䈝ᯉѻ䰤ᇎփሩⲴޡ⧠ᶕᶴᔪањ㋇㌉Ⲵ⿽
ᆀ䇽ިˈᯩ⌅与 Berant et al. [16]Ⲵ类լˈн਼Ⲵᱟˈ൘䇽䈝ㄟᡁԜਚ֯⭘单䇽
˄unigram Ǆ˅䘉ṧڊⲴ৏ഐᴹєњ：ањᱟྲ᷌ањ䇽䈝˄䎵䗷ањ䇽˅㜭ཏ䀖ਁ
Ḁњ䉃䇽 䛓̍Ѹ⭡䘉њ䇽䈝ࠪ࠶ᶕⲴ单䇽ҏ㜭ཏ䀖ਁ䘉њ䉃䇽 Ӿ̍㘼нՊ⢪⢢䇽ި

Ⲵ㾶ⴆᓖ˗ਖањᱟഐѪਚ֯⭘单䇽ˈᴹ࡙Ҿ᧗ࡦ䇽䈝4Ⲵᮠ䟿ˈᒦфҏᯩׯ计算

䇽䈝与䇽䈝ѻ䰤Ⲵ⴨լᓖǄᖃ❦ 䘉̍ṧਚ֯⭘单䇽˄Պᴹањሶ䇽䈝᣶ᔰᗇࡠ㤕ᒢ

单䇽Ⲵ䗷〻˅̍ ՊᑖᶕаᇊⲴ↗ѹˈ൘ਾ䶒ᡁԜՊ࡙⭘ањ⢩ᖱ⁑ᶯᶕ䀓ߣ䘉њ䰞

仈Ǆ

❦ਾ ᡁ̍Ԝ⭘ᢃ࠭࠶ᮠሩ䇽ި中Ⲵ⇿ањ䇽≷䜭䘋㹼ᢃ࠶ ᒦ̍Ӿ中䘹ᤙᢃ࠶儈

Ⲵ㓴ᡀᡁԜᴰ㓸Ⲵ⿽ᆀ䇽ިǄާփⲴˈᡁԜᢺк䘠⿽ᆀ䇽ި᭮ࡠส߶䈝ѹ䀓᷀ಘ

中 ᒦ̍ᇊѹ㤕ᒢ⢩ᖱᶕ㺑䟿䇽ި中䇽≷Ⲵ䍘䟿 ⁑̍ර中Ḁњ䇽≷Ⲵ䇽≷䍘䟿⢩ᖱ所

ሩᓄⲴ৲ᮠ٬ቡᱟ䈕䇽≷Ⲵ䍘䟿ᓖ䟿ˈ৲ᮠ٬䎺儈ˈ㺘⽪䈕䇽≷䎺߶⺞ˈ䎺ᴹ⭘ˈ

⴨৽ ৲̍ᮠ٬䎺վ 㺘̍⽪䈕䇽≷䎺н߶⺞Ǆ䘉ᱟഐѪᡁԜ֯⭘ሩᮠ㓯ᙗ˄ log-linear˅
⁑රᶕᔪ⁑䈝ѹ䀓᷀䗷〻ˈሩҾ䀓᷀䗷〻中Ḁњ䇽≷Ⲵ֯⭘㜭ཏ导㠤ᴰਾ⭏ᡀ߶

⺞Ⲵ䙫䗁㺘䗮ᔿ 䛓̍Ѹ䈕䇽≷Ⲵ䇽≷䍘䟿⢩ᖱ所ሩᓄⲴ৲ᮠ٬ቡՊᴤᯠ˄٬ਈབྷ Ǆ˅

䘉ṧаᶕ ส̍߶䈝ѹ䀓᷀ಘ䇝㓳ᆼѻਾ 䇽̍ި中⇿ањ䇽≷䜭Պᴹ⴨ᓄⲴᢃ࠶˄䇽

≷䍘䟿⢩ᖱ所ሩᓄⲴ৲ᮠ٬˅̍ ᢃ࠶䎺儈ˈ䇽≷Ⲵ䍘䟿䎺ྭǄሩҾ⇿ањ䉃䇽ˈᡁ

Ԝ䘹ᤙ top K˄K=5˅Ⲵ䇽≷㓴ᡀᡁԜⲴᴰ㓸⿽ᆀ䇽ިǄᇎ䱵кˈѪ⇿њ䇽≷䜭ᢃ
к࠶ᮠᱟᖸᴹᗵ㾱Ⲵˈമ3.7ኅ⽪Ҷ࡙⭘ᢃ࠶Ⲵ⿽ᆀ䇽≷઼н࡙⭘ᢃ࠶Ⲵ⿽ᆀ䇽≷
ˈ别䘋㹼മՐ᫝Ⲵֻᆀˈമ中ᯩṶⲴ㢲⛩ᱟ䉃䇽ˈശസⲴ㢲⛩ᱟᐢ㓿᱐ሴⲴ䇽䈝࠶

4൘ਾ䶒ᡁԜ਼ṧՊ֯⭘䇽䈝ˈ㘼нᱟ单䇽ˈ⭡ҾᡁԜᐢ㓿༠᰾ਚ֯⭘单䇽˄unigram˅̍ 所ԕ൘
䘉䟼䇽䈝ቡᱟ单䇽Ǆ
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Label propagation

PlaceOfBirth

PlaceOfBirth

PlaceOfBirth

PlaceOfBirth

born

birth

die

death

born

birth

die

death

born

birth

die

death

born

birth

die

death

100

100

0.9

0.9

0.1

0.2

100

-10

0.9

0.1

0.2

0.9

0.9

0.9

0.1
0.2

0.9

0.9

0.1

0.2

95

94

82

81

95

-8

85

-5

Label propagation

മ 3.7: ሩ∄ᴹ࡙⭘ᢃ࠶Ⲵ⿽ᆀ䇽≷઼⋑ᴹᢃ࠶Ⲵ⿽ᆀ䇽≷࠶别䘋㹼മՐ᫝Ⲵֻᆀ

й䀂ᖒⲴ㢲⛩ᱟᵚ⸕᱐ሴⲴ䇽䈝ˈ䇽䈝与䇽䈝ѻ䰤Ⲵ䗩㺘⽪⴨լᙗᓖ䟿ˈ䇽䈝与

䉃䇽ѻ䰤Ⲵᇎ㓯㺘⽪ᐢ㓿Ⲵ᱐ሴˈ㲊㓯㺘⽪മՐ᫝算⌅ԕਾ学ҐࡠⲴ᱐ሴǄӾֻ

ᆀ中ᡁԜਟԕⴻࡠˈྲ᷌ᡁԜн࡙⭘ᢃ࠭࠶ᮠˈ㘼ᱟሩ⿽ᆀ䇽ި中Ⲵ⇿ањ䇽≷

൷रሩᖵˈ⭡Ҿ৏⿽ᆀ䇽ި中䇽≷Ⲵ䍘䟿৲ᐞн喀ˈᖸཊ䇽≷ᱟ䭉䈟Ⲵˈ䘉ṧⴤ

᧕䘋㹼ਾ䶒ⲴമՐ᫝ˈՊ学Ґࡠ䍘䟿ᴤ࣐ᰐ⌅ᗇ؍ࡠ䇱Ⲵ䇽≷ˈྲ䇽䈝 “death” ࡠ
PlaceOfBirth Ⲵ᱐ሴˈк䜘࠶Ⲵֻᆀ中н࡙⭘ᢃ࠶Ⲵˈᴰਾ䈕䇽≷Ⲵᗇ࠶ᴹ 81ˈ
л䜘࠶Ⲵֻᆀ中࡙⭘Ҷᢃ࠭࠶ᮠˈ䈕䇽≷Ⲵᴰ㓸ᗇ࠶ᱟ-5ˈᱮ❦ਾ者ᱟᡁԜ所ᐼᵋ
ⲴǄ

3.3.1.2 ഴᶺᔰ

䘉а㢲ᡁԜ㾱ᶴᔪањ⭘ҾമՐ᫝Ⲵമ 䈕̍മ㾱वᤜᐢ⸕Ⲵ⿽ᆀ䇽ިˈަ 中⇿

њ䇽≷Ⲵ䇽䈝ㄟሩᓄࡠањ㢲⛩ˈ䉃䇽ㄟሩᓄࡠањḷㆮ˄label˅̍ ⿽ᆀ䇽ި所ሩ

ᓄⲴ㢲⛩ˈᡁԜ〠Ѫḷ⌘ྭⲴ㢲⛩˄labeled nodes˅̠ മ中䘈वᤜࠪ⧠൘䈝ᯉ中Ⲵ

䴰㾱Ѫѻ学Ґᯠ᱐ሴⲴ䇽䈝 䘉̍䜘࠶䇽䈝所ሩᓄⲴ㢲⛩ ᡁ̍Ԝ〠Ѫᵚḷ⌘ྭⲴ㢲⛩

˄unlabeled nodes˅̠ ਖཆᡁԜ൘മ中䘈䱴࣐Ⲵẕ᧕㢲⛩˄bridge5 nodes˅̍ 䘉䜘࠶

㢲⛩਼ᰦ与ḷ⌘ྭⲴ㢲⛩઼Ѫḷ⌘ྭⲴ㢲⛩⴨䘎ˈݵᖃҶӾḷ⌘ྭⲴ㢲⛩Ր᫝ࡠ

ᵚḷ⌘ྭⲴ㢲⛩ⲴẕằǄമ3.8ኅ⽪ҶᡁԜ所㾱ᶴᔪⲴമⲴབྷᾲṧᔿǄമ中Ⲵ䇽≷
ᒦнᱟᱮᔿⲴˈ㘼ᱟԕ䘉ṧа⿽ᖒᔿ：⇿ањ㢲⛩˄䇽䈝˅൘⇿ањḷㆮ˄䉃䇽˅

к䜭ᴹањᾲ⦷٬˄ሩᓄ䇽䈝ࡠ䉃䇽᱐ሴⲴ࠶ᮠ˅̍ 䛓Ѹ⧠൘ᡁԜᐢ⸕Ҷḷ⌘ྭⲴ

5䘉䟼Ⲵ bridge 与ࡽ䶒ӻ㓽Ⲵ⭘ᶕݵᖃ䇽≷࣏㜭Ⲵ bridge ᯩ⌅нᱟањь㾯ˈਚᱟ൘࣏㜭к䜭
㜭ˈ所ԕ䜭〠Ѫ࣏ᖃҶẕ䘎᧕Ⲵݵ bridgeǄ
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U: unlabeled nodes L: labeled nodes

B: bridge nodes

currency

profession

zone

money

who

professional

currency_used: 0.75

profession: 0.8

time_zone: 0.85

timezone

മ 3.8: ⭘ҾമՐ᫝Ⲵമ

㢲⛩൘ḷㆮкⲴ࠶ᐳˈᡁԜ䴰㾱ᶴᔪ䇽䈝与䇽䈝ѻ䰤Ⲵ⴨լᙗᓖ䟿ᶕ学Ґᵚḷ⌘

ྭⲴ㢲⛩൘ḷㆮкⲴ࠶ᐳǄ

ᡁԜᴹ࡙⭘й⿽䍴Ⓚᶕᶴᔪ䇽䈝与䇽䈝ѻ䰤Ⲵ⴨լᙗᓖ䟿Ǆ

ᡁԜ֯⭘Ⲵㅜа⿽䍴Ⓚᱟ䇽䈝Ⲵ䇽ੁ䟿㺘⽪˄word embedding Ǆ˅䘁年ᶕˈ䇽
ੁ䟿㺘⽪ [103, 104, 102] ൘㠚❦䈝䀰༴理亶ฏ䘀⭘䶎ᑨᒯ⌋ˈቔަᱟ൘䐏䈝ѹ⴨լ
ᓖ⴨ޣⲴԫ࣑中 [36]ˈ䇽ੁ䟿㺘⽪䜭䎧ࡠҶᖸཊⲴ作⭘ǄᡁԜ䘉䟼ⲴⴞⲴᱟˈ൘ᵚ
ḷ⌘ྭⲴ䇽䈝中᢮ࡠ᜿ᙍ⴨䘁Ⲵḷ⌘ྭⲴ䇽䈝ˈᒦᢺḷ⌘ྭⲴ䇽䈝Ⲵḷㆮ䍻㔉ᵚ

ḷ⌘ྭⲴ䇽䈝ǄᡁԜ࡙⭘ޜᔰⲴ䇽ੁ䟿㺘⽪ Huang et al. [65]ˈᒦ֯⭘։ᕖ⴨լᓖ
ᶕ计算єњ䇽䈝ѻ䰤Ⲵ⴨լᓖǄ

ㅜҼ⿽䍴Ⓚᱟ༽䘠㺘中ᣭਆࠪᶕⲴ༽䘠䇽䈝ሩǄ䘉䜘࠶ᡁԜᜣ࡙⭘༽䘠䇽䈝

ሩˈྲ “money” ઼ “currency”ǄᡁԜӾ Paralex 䈝ᯉ [47] 中ᶴᔪ䘉⿽༽䘠䇽䈝ሩǄ
Paralex 䈝ᯉᱟањབྷරⲴवਜ਼༽䘠䰞ਕⲴ䈝ᯉˈ䈕䈝ᯉᱟӾ WikiAnswers6к᭦

䳶ᶕⲴˈ䈝ᯉ中वਜ਼䰞ਕ-㈷ˈ⇿њ㈷中Ⲵ䰞ਕ䜭㺘䗮⴨਼Ⲵ᜿ᙍ˄⭡⭘ᡧ㠚ѫḷ
⌘ Ǆ˅ᡁԜ֯⭘ḷ߶Ⲵ机ಘ㘫䈁䟼䶒Ⲵሩ喀算⌅Ӿ Paralex 䈝ᯉ中ᣭਆࠪ䇽䈝ሩ喀ˈ
ᡁԜ޽Ӿ䘉Ӌሩ喀中ᣭਆࠪ单䇽˄unigram˅ᶕᶴᡀ༽䘠䇽䈝ሩⲴ㺘ˈ㺘中⇿ањ
༽䘠䇽䈝ሩ䜭ਟԕ࡙⭘ሩ喀Ⲵ࠶ᮠ作Ѫ䈕䇽䈝ሩ⴨լᙗⲴᓖ䟿Ǆ䘉њ༽䘠䇽䈝ሩ

Ⲵ㺘ҏᱟᡁԜᜣ㾱࡙⭘ⲴˈഐѪᆳⲴᶕⓀᱟ༽䘠䰞ਕ䳶ਸǄ

ㅜй⿽䍴Ⓚᱟ PPDB中Ⲵ䇽䈝㺘Ǆާ փⲴ ᡁ̍Ԝ֯⭘Ⲵᱟ PPDB-2.0[117]ᶕ计
算䇽䈝ѻ䰤Ⲵ⴨լᙗǄ⭡ҾᡁԜਚ֯⭘单䇽˄unigram˅̍ 所ԕᡁԜ࡙⭘ PPDB-2.0
中Ⲵ䇽ި˄lexical˅䜘࠶ˈᒦⴤ᧕࡙⭘ᆳԜⲴ࠶ᮠᶕ作Ѫ䇽䈝ѻ䰤Ⲵ⴨լᙗ٬Ǆਖ
ཆᡁԜሩ PPDB-2.0 中䇽ި䜘࠶中Ⲵ䇽䈝䜭作ਆ䇽ᒢ༴理ǄPPDB-2.0 中ሩҾ䇽䈝
ѻ䰤Ⲵ⴨լᙗᓖ䟿ᱟ㔬ਸ㘳㲁Ҷᖸཊഐ㍐Ⲵ㔃᷌ 㺘̍3.1ኅ⽪ҶᡁԜ࡙⭘ PPDB-2.0
中䇽䈝ѻ䰤Ⲵ⴨լᙗᓖ䟿ᗇࡠⲴ与䇽䈝 “currency” ᴰ⴨լⲴ㤕ᒢ䇽䈝Ǆ

ᇎ䱵кˈᡁԜ䘈ਟԕ࡙⭘ަᆳⲴ䇽ި䍴Ⓚˈྲ࡙⭘ WordNet7中Ⲵ਼ѹ䇽䳶ˈ

ᒦф? ]ᐢ㓿࡙⭘ VerbNet ᶕ学Ґ儈㾶ⴆᓖⲴ䇽≷Ǆ❦㘼ᡁԜਁ⧠࡙⭘਼ѹ䇽䳶ᗇ
ˈⲴ䇽䈝所㾶ⴆᦹˈ所ԕ䘉䟼ࡠ䶒й⿽䍴Ⓚ所ᗇࡽ⭘Ⲵ⴨լ䇽䈝สᵜ䜭㻛ᡁԜ࡙ࡠ

6http://www.answers.com/Q/
7https://wordnet.princeton.edu/
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neighbor words scores
guilder 3.05

coin 3.03
taxa 3.00
les 2.89

exchange 2.85
monetary 2.76

money 2.63

㺘 3.1: PPDB-2.0 中与䇽䈝 “currency” ᴰ⴨լⲴࠐњ䇽䈝

ᡁԜᒦн࡙⭘WordNetǄWang et al. ˅䇽රਈॆ˄ྲࣘ䇽Ⲵн਼ᖒᘱ⭘࡙࠶ݵ[135]
ᶕᔪ⁑䇽ިǄԆԜⲴ䇽ިᱟสҾ CCG ⲴˈԆԜѪањ䇽䈝Ⲵн਼ᖒᘱ䇮计ਕ⌅䜘
⴨਼Ⲵ䇽≷⁑ᶯ˗㘼ሩҾ਼ањᰦᘱⲴн਼䇽䈝ˈቡՊާᴹ⴨࠶н਼ˈ㘼䈝ѹ䜘࠶

਼Ⲵਕ⌅䜘઼࠶н਼Ⲵ䈝ѹ䜘࠶ǄสҾ䘉⿽ᖒᔿ Ԇ̍ԜᗇࡠҶ䍘䟿ᴤ儈Ⲵ䇽ިǄᡁ

Ԝ䘉䟼֯⭘Ⲵᱟ䇽䈝Ⲵ䇽ṩˈ所ԕਟԕн㘳㲁䇽රⲴਈॆǄ

ѪҶ䘋а↕䲀ࡦമⲴབྷሿ˄㢲⛩Ⲵᮠⴞ˅̍ ᡁԜѪ⇿ањᵚḷ⌘Ⲵ㢲⛩䘹ᤙ

top 10 ᴰ⴨լⲴḷ⌘ྭⲴ㢲⛩ˈᒦ䘹ᤙ top 5 ᴰ⴨լⲴẕ㢲⛩˗ሩҾ⇿ањẕ㢲
⛩ˈᡁԜ䘹ᤙ top 5 Ⲵᴰ⴨լⲴḷ⌘ྭⲴ㢲⛩ǄਖཆˈᡁԜ䘈㘳㲁ḷ⌘ྭⲴ㢲⛩ѻ
䰤Ⲵ䘎᧕Ǆ

ᴰਾˈєњ䇽䈝 w1 ઼ w2 ѻ䰤ⲴᙫⲴ⴨լᙗᱟ㔬ਸ࡙⭘й类⴨լᙗᓖ䟿ᯩ⌅

计算㘼ᶕˈ计算ޜᔿྲл：

sim(w1, w2) =αsim1(w1, w2) + βsim2(w1, w2)

+ (1− α− β)sim3(w1, w2)
(3.1)

к䘠ޜᔿ中 s̍im1 ᱟ࡙⭘䇽ੁ䟿㺘⽪ᗇࡠⲴ⴨լᓖ s̍im2 ᱟ࡙⭘༽䘠䇽䈝ሩ

ᗇࡠⲴ⴨լᓖ s̍im3 ᱟ࡙⭘ PPDB中Ⲵ䇽䈝㺘ᗇࡠⲴ⴨լᓖǄ൘ᴰ㓸Ⲵ计算ѻࡽˈ
⇿а䜘࠶ⲴⲴ⴨լᙗᓖ䟿䜭㓿䗷Ҷᖂаॆ༴理Ǆк䘠ޜᔿ中Ⲵ䎵৲ᮠ䜭൘ᔰਁ䳶

к䘋㹼䈳䈅所ᗇǄ

3.3.1.3 ഴՖ᫣

ᡁԜ࡙⭘മՐ᫝算⌅ᶕᢺḷ⌘ྭⲴ㢲⛩Ⲵḷㆮؑ᚟׍ᗚമ㔃ᶴՐ᫝㔉ᵚḷ⌘

Ⲵ㢲⛩Ǆ䘉⿽ḷㆮՐ᫝算⌅สҾྲлٷ䇮：മ中⴨լⲴ㢲⛩ᓄ䈕ާᴹ⴨լⲴḷㆮǄ

䇽䈝ˈѪ㢲⛩䍻Ҹḷࡠ䶒ᐢ㓿ӻ㓽䗷ˈḷㆮሩᓄ⸕䇶ᓃᵜփ中Ⲵ䉃䇽ˈ㢲⛩ሩᓄࡽ

ㆮ ቡ̍ᱟᗇࡠањ䇽≷ 䍻̍ҸḷㆮⲴᾲ⦷٬ਟԕ作Ѫ䈕䇽≷Ⲵањᢃ࠶Ǆ൘䘉㢲Ⲵ

工作中ˈᡁԜ࡙⭘ modified Adsorption algorithm[131]Ǆ䈕算⌅㾱ᗇࡠᵚḷ⌘㢲⛩
൘ḷㆮкⲴ࠶ᐳ Ŷvˈ䈕࠶ᐳ┑䏣ྲл㓖ᶏ：
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min
Ŷ

µ1

∑
v∈VL

p1 ||Yv − Ŷv||22 + (3.2)

µ2

∑
v,u

p2Wv,u ||Ŷv − Ŷu||22 + (3.3)

µ3

∑
v

p3 ||Ŷv −Ru||22 (3.4)

к䘠ⴞḷ࠭ᮠ中वᤜйњ䜘࠶：ㅜа䜘࠶ᱟѪҶ֯ᗇ⿽ᆀ㢲⛩Ⲵḷㆮ࠶ᐳ Yv

ቭ䟿؍ᤱнਈ˗ㅜҼ䜘࠶ᱟѪҶ؍䇱ᒣ━ᓖˈҏቡᱟ⴨լⲴ㢲⛩ާᴹ⴨լⲴḷㆮ˗

ㅜй䜘࠶ᱟѪҶ؍䇱ᵚḷ⌘㢲⛩Ⲵḷㆮ࠶ᐳㅖਸањ൷र࠶ᐳ RuǄµ1ǃµ2 ઼ µ3

ᱟ䎵৲ᮠ ᱟ̍ሩҾ਴䜘࠶Ⲵח䟽〻ᓖⲴањ䈳㢲 ᡁ̍Ԝ਼ṧ൘ᔰਁ䳶кሩ䈕䎵৲ᮠ

䘋㹼䈳䈅ǄᡁԜ֯⭘ Junto ḷㆮՐ᫝算⌅工ާव8ᶕ䘋㹼ḷㆮՐ᫝Ǆ

3.3.2 ะӄᢟݻ䈃ޮⲺ䈣ѿ䀙᷆

മՐ᫝算⌅㔃ᶏԕਾˈ⇿ањᵚḷ⌘Ⲵ䇽䈝䜭൘ḷㆮкᴹањᾲ⦷࠶ᐳǄ⇿

а㓴˄䇽䈝ˈḷㆮ˅ቡᱟањ䇽≷Ǆ䘉Ӌ䇽≷与⿽ᆀ䇽≷а䎧ᶴᡀᡁԜⲴᯠ䇽ިǄ

ᡁԜ֯⭘ SEMPRE[16, 15]㌫㔏作ѪᡁԜⲴส߶䈝ѹ䀓᷀ಘǄᡁԜᢺᯠ䇽ި作Ѫ䈝
ѹ䀓᷀ಘⲴࡍ࿻䇽ިˈᒦ൘䈝ᯉк䘋㹼䈝ѹ䀓᷀Ⲵ䇝㓳઼⍻䈅Ǆ൘䘉䟼ᡁԜ਼ṧ

࡙⭘ lemmaAndBinary ⢩ᖱˈࡽ䶒ᐢ㓿䇱᰾䈕⢩ᖱॱ࠶ᴹ᭸Ǆ

3.4 ᇔ僂

ᡁԜѪє⿽䇽ިᢙᯩݵ⌅䜭࠶别䇮计Ҷᇎ傼ᶕ论䇱ᯩ⌅Ⲵᴹ᭸ᙗǄєњᯩ⌅

Ⲵᇎ傼䜭൘єњޜᔰᮠᦞ䳶к䜭䘋㹼Ҷሩ∄ᇎ傼：WebQuestions ઼ Free917Ǆ

WebQuestionsᮠᦞ䳶ᱟ⭡ Berant et al. [16]᭦䳶㘼ᶕǄ䈕ᮠᦞ䳶ᙫޡᴹ 5800
њṧֻˈ⇿њṧֻ⭡䰞ਕ৺ަㆄṸ㓴ᡀǄ᤹➗ḷ߶ˈ3778 њṧֻ⭘Ҿ䇝㓳ˈ2032
њṧֻ⭘Ҿ⍻䈅Ǆ

Free917ᮠᦞ䳶ᴹ Cai and Yates [22]᭦䳶㘼ᶕǄ䈕ᮠᦞ䳶ᙫޡᴹ 917њṧֻˈ
⇿њṧֻ⭡䰞ਕ৺ަ䙫䗁㺘䗮ᔿ㓴ᡀǄ᤹➗ḷ߶ˈ641 њṧֻ⭘Ҿ䇝㓳ˈ276 њṧ
ֻ⭘Ҿ⍻䈅Ǆ

єњᮠᦞ䳶䜭֯⭘ Freebase 作Ѫ⸕䇶ᵜփǄ
8https://github.com/parthatalukdar/junto
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System Prec. Rec. F1 (avg)
䜭н֯⭘ FT1ǃFT2 41.6 45.4 39.5
֯⭘ FT1ˈн֯⭘ FT2 48.0 51.3 44.7
֯⭘ FT2ˈн֯⭘ FT1 46.3 52.4 45.5

㺘 3.2: ൘ WebQuestions ᮠᦞ䳶кⲴ A 㓴ᇎ傼

System Prec. Rec. F1 (avg)
䜭н֯⭘ FT1ǃFT2 61.9 61.9 61.3
֯⭘ FT1ˈн֯⭘ FT2 65.1 66.0 65.1
֯⭘ FT2ˈн֯⭘ FT1 66.6 66.0 65.9

㺘 3.3: ൘ Free917 ᮠᦞ䳶кⲴ A 㓴ᇎ傼

3.4.1 ะӄẛ䘔᧛Ⲻ䈃ޮ学ҖⲺ䈣ѿ䀙᷆Ⲻᇔ僂

3.4.1.1 ᇔ僂䇴㖤

൘єњᮠᦞ䳶к ᡁ̍Ԝ䜭䟷⭘ḷ߶Ⲵ䇝㓳/⍻䈅ᮠᦞࢢ࠶ 㤕̍䘋㹼ᔰਁ⍻䈅 ࡉ̍

ሶ䇝㓳ᮠᦞ᤹ 0.8/0.2 Ⲵ∄ֻ࠶࠷ˈަ中 80% Ⲵᮠᦞ⭘ᶕ䇝㓳ˈ࢙л 20% Ⲵᮠᦞ
⭘ᶕ⍻䈅Ǆ㌫㔏䇴ԧ指ḷ਼ṧ䟷⭘ޜ䇔Ⲵḷ߶ [16]：ᒣ൷߶⺞⦷ǄᡁԜⲴᇎ傼䜭ᱟ
สҾ SEMPRE ㌫㔏ᆼᡀǄᡁԜ所֯⭘Ⲵ䀓᷀算⌅˄䲔Ҷẕ䘎᧕䜘࠶ ǃ˅⁑රⲴަ

ᆳ৲ᮠ઼学Ґ算⌅䜭与ส߶㌫㔏⴨਼Ǆ䇝㓳Ⲵ䘝ԓ⅑ᮠ࠶别ᱟ 3઼ 6Ǆ൘ㅜа⅑䘝
ԓ䇝㓳Ⲵᰦىᔰ੟ẕ䘎᧕࣏㜭 ൘̍ަᆳ䇝㓳䖞⅑઼⍻䈅⧟㢲ޣ䰝ẕ䘎᧕࣏㜭Ǆ⭘Ҿ

㧧ਆṨᗳ䇽≷Ⲵ䰸٬ K 䜭䇮㖞Ѫ 5Ǆ

3.4.1.2 ᇔ僂㔉᷒ф᷆࠼

ሯ∊уੂⲺ⢯ᖷ⁗ᶵδA 㓺ᇔ僂ε 俆ݸˈᡁԜᶕሩ∄ᡁԜᨀࠪⲴᯠⲴ⢩ᖱ⁑ᶯ-
lemmaAndBinary˄ 䇠Ѫ FT2˅઼ Berant and Liang [15]ᨀࠪⲴ⢩ᖱ⁑ᶯ-lemmaAndBridge
˄䇠Ѫ FT1 Ǆ˅⭡Ҿ lemmaAndBridge ӵ൘֯⭘ẕ䘎᧕Ⲵᛵߥл⭏᭸ˈ所ԕᡁԜ൘
ส߶㌫㔏к䶒傼䇱єњ⢩ᖱ⁑ᶯⲴ᭸᷌˄䜭ᔰ੟ẕ䘎᧕࣏㜭 Ǆ˅ᡁԜ䜭൘ᔰਁ䳶к

䘋㹼⍻䈅 ൘̍єњᮠᦞ䳶кⲴ㔃᷌ྲ㺘3.9઼㺘3.10所⽪ǄӾ㔃᷌ᡁԜਟԕⴻࡠ ⢩̍

ᖱ⁑ᶯ FT1 ઼ FT2 䜭䶎ᑨᴹ᭸ˈF1 ٬䜭ᨀॷҶ 4%-5%ˈFT2 ∄ FT1 ᴤ࣐ᴹ᭸Ǆ
ᇎ䱵кˈFT2 ⢩ᖱ⁑ᶯᱟवਜ਼ FT1 ⢩ᖱ⁑ᶯⲴǄ൘ਾ䶒Ⲵᇎ傼中ᡁԜ䜭൘ᡁԜⲴ

㌫㔏к֯⭘ lemmaAndBinary ⢩ᖱ⁑ᶯǄ

Ỷ僂㧭਌Ṯᗹ䈃ޮⲺ֒⭞δB 㓺ᇔ僂ε ѪҶ傼䇱㧧ਆṨᗳ䇽ިⲴ作⭘ ᡁ̍Ԝሩ∄

Ҷн㧧ਆṨᗳ䇽ި㘼ⴤ᧕֯⭘ᮤњᯠ䇽ިⲴ㌫㔏઼֯⭘㧧ਆࡠⲴṨᗳ䇽ިⲴ㌫㔏Ǆ
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System Prec. Rec. F1 (avg)
৏࿻䇽ި˄Lo˅ 48.6 57.5 48.6

สҾ Lo ⲴṨᗳ䇽ި 49.2 54.8 48.5

ᯠ䇽ި˄Ln˅ 50.1 58.0 49.7
สҾ Ln ⲴṨᗳ䇽ި 51.5 56.8 50.4

㺘 3.4: ൘ WebQuestions ᮠᦞ䳶кⲴ B 㓴ᇎ傼

System Prec. Rec. F1 (avg)
৏࿻䇽ި˄Lo˅ 63.9 63.9 63.3

สҾ Lo ⲴṨᗳ䇽ި 64.5 62.8 64.1

ᯠ䇽ި˄Ln˅ 66.9 69.2 66.4
สҾ Ln ⲴṨᗳ䇽ި 67.5 68.3 67.0

㺘 3.5: ൘ Free917 ᮠᦞ䳶кⲴ B 㓴ᇎ傼

ᡁԜ䜭൘ᔰਁ䳶к䘋㹼⍻䈅ˈᇎ傼中䜭֯⭘ lemmaAndBinary ⢩ᖱ⁑ᶯˈޣ䰝ẕ
䘎᧕࣏㜭ˈ↔ཆᡁԜ䘈൘৏࿻䇽ިⲴส⹰к⍻䈅Ҷ㧧ਆṨᗳ䇽ިⲴ᭸᷌ˈ൘єњ

ᮠᦞ䳶кⲴ㔃᷌ྲ㺘3.4઼㺘3.5所⽪ǄӾ㔃᷌ᡁԜਟԕⴻࡠˈสҾᣅ⾘机ࡦⲴṨᗳ
䇽ި㧧ਆᯩ⌅ਟԕᨀ儈㌫㔏Ⲵ߶⺞⦷ˈ㲭❦Պ⢪⢢а⛩ਜഎ⦷ˈնᱟሩ㌫㔏ᮤփ

ᙗ㜭ᱟ䎧ࡠᨀ儈作⭘ⲴǄਖཆᡁԜ䘈ਁ⧠㧧ਆṨᗳ䇽ިⲴᯩ⌅㜭ཏབྷབྷ঻㕙䇽ި

ⲴབྷሿǄ㌫㔏所࡙⭘ⲴṨᗳ䇽≷ᱟᖸቁⲴˈਚঐ⭘Ҷ৏࿻䇽≷Ⲵ 1/500 нࡠ˄൘
WebQuestions ᮠᦞ䳶ˈ৏࿻䇽≷中类别䇽≷઼ޣ㌫䇽≷Ⲵᮠ䟿࠶别ᱟ：282005
઼ 132111ˈ㘼Ṩᗳ䇽≷Ⲵᮠ䟿࠶别ᱟ：66 ઼ 335 Ǆ˅൘ਾ䶒Ⲵᇎ傼中ˈᡁԜ䜭൘ᡁ
ԜⲴ㌫㔏к֯⭘สҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆᯩ⌅Ǆ

ѱ㾷㔉 δ᷒C㓺ᇔ僂ε ᡁԜ൘ᡁԜᴰ㓸Ⲵ㌫㔏中֯⭘ҶᯠⲴ⢩ᖱ⁑ᶯ-lemmaAndBinary
઼㧧ਆṨᗳ䇽≷Ⲵㆆ⮕ˈᒦ与ส߶㌫㔏൘⍻䈅䳶к䘋㹼ሩ∄ᇎ傼ˈ൘ส߶㌫㔏кˈ

ᡁԜᔰ੟Ҷẕ䘎᧕࣏㜭ˈᒦ䘹ᤙ֯⭘Ҷ lemmaAndBridge ⢩ᖱ⁑ᶯˈ൘ᡁԜⲴ㌫
㔏кˈᡁԜ֯⭘Ҷ lemmaAndBinary ⢩ᖱˈᒦ਼ᰦ֯⭘สҾᣅ⾘机ࡦⲴṨᗳ䇽ި
㧧ਆᯩ⌅ ᒦ̍䇮㖞ᇎ傼޽⅑⍻䈅䘉є⿽ㆆ⮕ᑖᶕⲴ᭸᷌Ǆ൘єњᮠᦞ䳶кⲴ㔃᷌ྲ

㺘3.6઼㺘3.7所⽪ǄӾ㔃᷌ᡁԜਟԕⴻࡠˈสҾẕ䘎᧕Ⲵ䇽ި学Ґᯩ⌅൘֯⭘ lem-
maAndBinary ⢩ᖱ⁑ᶯ઼สҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆⲴᛵߥлˈ∄ẕ䘎᧕ᯩ⌅
ᴤᴹ᭸Ǆᴤ䟽㾱ⲴᱟˈᡁԜⲴᯩ⌅㜭ཏ学ҐࡠᯠⲴ䇽≷ˈਟᨀ׋ਾ㔝઼֯᷀࠶⭘Ǆ

㺘3.8ኅ⽪ҶࠐњᡁԜᯠ学ҐࡠⲴ䇽≷Ǆ䘉Ӌ䇽≷䜭ᱟ৏࿻䇽ި中нᆈ൘Ⲵ䇽≷ 㘼̍

ᱟ൘䇝㓳䗷〻中ˈสҾẕ䘎᧕ᯩ⌅ˈ㠚ࣘᕅޕⲴ䇽≷ˈᒦ࣐ԕ学Ґ㘼ᗇᶕⲴˈᡁԜ

ਟԕⴻࡠ䘉Ӌ䇽≷ҏㅖਸᡁԜⲴⴤ㿹ˈᱟᡁԜ所䴰㾱ⲴˈᴹҶ䘉Ӌᯠ䇽≷ˈ㜭ཏᴹ



50 สҾ䇽ި学Ґ઼㔃ᶴ᱐ሴⲴ䈝ѹ䀓᷀ᢰᵟ研究

System Prec. Rec. F1 (avg)
ส߶㌫㔏 49.7 58.2 49.6
ᡁԜⲴ㌫㔏 51.3 59.3 50.9

ᡁԜⲴ㌫㔏 - FT2 48.9 55.5 46.7
ᡁԜⲴ㌫㔏 - Ṩᗳ䇽ި 50.2 59.8 50.0

㺘 3.6: ൘ WebQuestions ᮠᦞ䳶кⲴ C 㓴ᇎ傼

System Prec. Rec. F1 (avg)
ส߶㌫㔏 65.1 66.0 65.1
ᡁԜⲴ㌫㔏 68.3 69.0 67.6

ᡁԜⲴ㌫㔏 - FT2 65.4 63.3 64.6
ᡁԜⲴ㌫㔏 - Ṩᗳ䇽ި 66.8 70.3 66.0

㺘 3.7: ൘ Free917 ᮠᦞ䳶кⲴ C 㓴ᇎ傼

᭸ᨀ儈䈝ѹ䀓᷀ಘⲴᙗ㜭Ǆ

3.4.2 ะӄঀⴇ⶙Ⲻ䈃ޮ学ҖⲺ䈣ѿ䀙᷆Ⲻᇔ僂

3.4.2.1 ᇔ僂䇴㖤

൘ᮠᦞ䳶❦׍ WebQuestions ઼ Free917 䘋㹼⍻䈅ˈ䇝㓳/⍻䈅ᮠᦞࢢ࠶
䘈ᱟ䟷⭘ḷ߶ᖒᔿǄ䇝㓳䘝ԓ⅑ᮠ׍❦䇮㖞Ѫ 3 ⅑઼ 6 ⅑ˈḡᩌ㍒Ⲵᩌ㍒オ䰤䇮
㖞Ѫ 200 ઼ 500Ǆ൘⴨լᙗ计算中ˈᡁԜ䇮㖞 α = 0.05ˈβ = 0.85Ǆ൘ Junto 工ާ
व中ᡁԜ䇮㖞：µ1 = 0.55ˈµ2 = 0.44ˈµ3 = 0.01ˈβ = 2Ǆ

ѪҶ傼䇱ᡁԜᯩ⌅Ⲵᴹ᭸ᙗ ᡁ̍ԜڊҶྲлй⿽䇮㖞：൘ส߶䈝ѹ䀓᷀㌫㔏中

㜭ˈ֯⭘৏࿻䇽ިˈ䈕㌫㔏䇠Ѫ࣏䰝ẕ䘎᧕ޣ Base˗൘ส߶䈝ѹ䀓᷀㌫㔏中ᔰ੟
ẕ䘎᧕࣏㜭ˈ֯⭘৏࿻䇽ިˈ䈕㌫㔏䇠Ѫ Base+bridge˗൘ส߶䈝ѹ䀓᷀㌫㔏中ޣ
䰝ẕ䘎᧕࣏㜭ˈ֯⭘ᡁԜᯠⲴ䇽ިˈ䈕㌫㔏䇠Ѫ Our approachǄਖཆᡁԜ䘈઼ަ
Ԇ㌫㔏䘋㹼Ҷሩ∄Ǆ

䈃䈣 䉉䈃

college Education
wife Spouse
kill cause_of_Death
win champion

㺘 3.8: 㤕ᒢ༽䘠⁑ᶯሩⲴֻᆀ
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System Prec. Rec. F1 (avg)
Berant et al. [16] 48.0 41.3 35.7

Yao and Van Durme [148] 51.7 45.8 33.0
Berant and Liang [14] 40.5 46.6 39.9

Bao et al. [11] – – 37.5
Bordes et al. [19] – – 39.2
Yang et al. [146] – – 41.3

Bast and Haussmann [12] 49.8 60.4 49.4
Yao [147] 52.6 54.5 44.3

Berant and Liang [15] 50.5 55.7 49.7
Yih et al. [149] 52.8 60.7 52.5

Base 51.0 47.6 40.5
Base + bridge 50.0 58.5 50.0
Our approach 51.6 59.7 51.2

㺘 3.9: ൘ Webquestions ᮠᦞ䳶кⲴ㔃᷌ሩ∄

System Prec. Rec. F1
Cai and Yates [22] 67.0 59.0 63.0

Kwiatkowski et al. [87] 76.7 68.0 72.1
Bast and Haussmann [12] 72.0 67.8 69.8

Base 71.2 59.5 64.8
Base + bridge 69.4 64.4 66.8
Our approach 71.5 67.9 69.6

㺘 3.10: ൘ Free917 ᮠᦞ䳶кⲴ㔃᷌ሩ∄

3.4.2.2 ᇔ僂㔉᷒ф᷆࠼

㺘3.9઼㺘3.10࠶别ኅ⽪Ҷ൘єњᮠᦞ䳶кˈᡁԜⲴᯩ⌅与ަԆ㌫㔏ᯩ⌅Ⲵ㔃
᷌ሩ∄ǄӾ㺘中ᡁԜਟԕⴻࡠ：

1. ᡁԜⲴᯩ⌅ਆᗇҶ⴨ᖃਟ㿲Ⲵ㔃᷌：ᡁԜⲴ㌫㔏䘌䘌䎵䗷Ҷส߶㌫㔏˄ Base˅̍
൘ Webquestionsᮠᦞ䳶кᨀ儈Ҷ 9.7њ⛩ ൘̍ Webquestionsᮠᦞ䳶к
ᨀ儈Ҷ 4.8 њ⛩˗⴨∄Ҿ࣐ẕ䘎᧕ᯩ⌅Ⲵส߶㌫㔏ˈᡁԜⲴ㌫㔏਼ṧ䎵䗷Ҷ
ᆳ˄Base+bridge Ǆ˅

2. ᡁԜ学ҐࡠⲴᯠ䇽ިⲴ㾶ⴆᓖ䘌䘌䎵䗷Ҷ৏䇽ިⲴ㾶ⴆᓖˈ䘉⛩Ӿ㌫㔏Ⲵਜ
എ⦷кਟԕⴻࠪањབྷᾲˈਜഎ⦷儈Ⲵ㌫㔏ˈа㡜䇽ިⲴ㾶ⴆᓖᴤབྷǄ䙊䗷

࡙⭘བྷ䟿ᇩ᱃㧧ਆⲴ᮷ᵜ䈝ᯉ઼䇽ި䍴ⓀˈᡁԜⲴᯩ⌅㜭ཏᨀ儈䇽ިⲴ㾶ⴆ
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ᓖˈӾ㘼ᨀॷ䈝ѹ䀓᷀ಘⲴᙗ㜭Ǆ൘ Webquestions ᮠᦞ䳶кˈᡁԜⲴᯩ
⌅ਆᗇҶࠐѾᴰ儈Ⲵਜഎ⦷˄67.9 VS 68.0˅̍ ൘ Webquestions ᮠᦞ䳶к
㺘⧠ҏᖸн䭉ˈᧂ名ㅜйǄ൘єњᮠᦞ机кˈ⴨∄ส߶㌫㔏ˈਜഎ⦷䜭ᨀॷ

䶎ᑨབྷǄ

3. Berant et al. [16]所ᨀࠪⲴẕ䘎᧕ᯩ⌅˄bridge˅ॱ࠶ᴹ᭸ˈࡽ䶒ᐢ㓿᷀࠶䗷ˈ
ẕ䘎᧕ᯩ⌅ݵᖃҶ䇽≷Ⲵ࣏㜭ˈնᱟᆳᒦ⋑ᴹ学ҐࡠᯠⲴ䇽≷ǄᡁԜⲴᯩ⌅

нӵ学ҐࡠҶᯠⲴ䇽≷ ф̍ᯠ䇽≷Ⲵ㾶ⴆᓖҏ䎵䗷Ҷ֯⭘ẕ䘎᧕ᯩ⌅Ⲵ㌫㔏Ǆ

ሯ∊ᡇԢⲺᯯ⌋фᖉࢃᴶླⲺᯯ⌋ ᡁԜⲴ㌫㔏㲭❦∄ส߶㌫㔏ᨀॷᖸབྷˈն

ᱟ∄ᖃࡽᴰྭⲴ㌫㔏Ⲵ᭸᷌䘈ᱟ㾱ᐞаӋⲴǄ൘ Webquestions ᮠᦞ䳶кˈYih
et al. [149]൘ F1 ٬кਆᗇҶ 52.5 Ⲵ㔃᷌ˈᡁԜⲴᯩ⌅ᱟ 51.2ǄԆԜⲴᯩ⌅൘߶⺞
ᓖк઼ਜഎ⦷к᭸᷌䜭н䭉ǄԆԜⲴᯩ⌅ᒦнᱟสҾՐ㔏㓴ਸ䈝ѹⲴˈԆԜᒦн

䴰㾱䇽ި઼᮷⌅ˈԆԜҏнᱟ㠚ᓅੁкⲴ䘋㹼䈝ѹ䀓᷀ⲴˈԆԜᢺ䈝ѹ䀓᷀࠶Ѫ 3
↕：ㅜа↕䘋㹼ᇎփ䬮᧕˗ㅜҼ↕䘋㹼ޣ㌫३䝽˗ㅜй↕࡙⭘㿴ࡉ␫࣐䱴኎ᶑ件Ǆ

ᡁԜᱟݸᴹ䇽ި޽䘋㹼䀓᷀ˈҏቡᱟ䈝ѹ㩭ൠⲴ↕僔ݸᆼᡀ˄䇽ިᶴᔪ˅̍ 䘋㹼޽

㔃ᶴⲴ亴⍻˄⭘᮷⌅䘋㹼㓴ਸ Ǆ˅㘼ԆԜᱟ൘䀓᷀Ⲵ↕僔中䘋㹼䈝ѹ㩭ൠˈ䘉ṧа

ᶕԆԜᒦнਇ䲀与䇽ި ᒦ̍ф൘䈝ѹ㩭ൠⲴᰦىਟԕ࡙⭘ࡔ别ᔿⲴᯩ⌅ 㲭̍❦ᩌ㍒

オ䰤Պᴹ⛩བྷˈնᱟ൘࡙⭘аӋ੟ਁᔿ㿴ࡉⲴࡽᨀлˈਟԕᴹ᭸ᨀॷ㌫㔏Ⲵᙗ㜭Ǆ

㲭❦ˈᡁԜᨀࠪᶕⲴสҾ䇽ިⲴ䈝ѹ䀓᷀ᯩ⌅⧠൘㺘⧠∄н䗷н֯⭘䇽ިⲴ䈝ѹ

䀓᷀ᯩ⌅ˈնᱟᡁԜ䇔ѪสҾ䇽ިⲴ䈝ѹ䀓᷀ᯩ⌅׍❦ᴹᆳⲴՈ࣯ˈаᯩ䶒ˈᆳ所

学ҐࡠⲴ䇽≷ᓄ⭘ҏ䶎ᑨᒯ⌋˗ਖаᯩ䶒ˈสҾ䇽ިⲴ䈝ѹ䀓᷀ᯩ⌅൘䀓᷀Ⲵᰦ

ى ᩌ̍㍒オ䰤ᆼޘਟԕ⭡䇽ިབྷሿ઼᮷⌅㿴⁑ᶕ⺞ᇊ 㘼̍н֯⭘䇽ިⲴᯩ⌅Ⲵᩌ㍒

オ䰤ᖰᖰ⭡⸕䇶ᓃⲴ㿴⁑ߣᇊǄ

ֵ⭞ঋ䈃֒Ѱ䈃ޮⲺ᭾᷒ ൘ࡽ䶒ᐢ㓿ӻ㓽䗷ˈ䇽≷中ᡁԜਚ֯⭘单䇽ˈн֯⭘

ཊ䇽Ǆаᯩ䶒ᱟѪҶ᧗ࡦമⲴབྷሿˈਖаᯩ䶒ᱟѪҶᯩׯ计算单䇽ѻ䰤Ⲵ⴨լᓖǄ

ѪҶ论䇱⴨∄৏ᶕⲴ䇽ިˈᡁԜ䘉⿽ਚ⭘࠶࠷ਾⲴ单䇽作Ѫ䇽≷Ⲵᯩ⌅ᒦнՊᖡ

૽䈝ѹ䀓᷀Ⲵᙗ㜭ǄᡁԜ൘єњᮠᦞ৺к䘋㹼Ҷሩ∄ᇎ傼ˈа⿽ᱟ֯⭘৏ᶕⲴ䇽

ިˈа⿽ᱟ֯⭘࠶࠷৏ᶕ䇽ި中Ⲵཊ䇽ˈਚ֯⭘单䇽Ⲵ䇽ިˈ䘉䟼䜭ᱟ৏࿻䇽ިˈ

⋑ᴹ࡙⭘മՐ᫝算⌅学Ґᯠ䇽ިǄሩ∄㔃᷌ྲ㺘3.11઼㺘3.12所⽪ˈӾ㺘中ˈᡁԜ
ਟԕⴻࡠ䘉є中䇽ިⲴ᭸᷌ᐞнཊ ⭊̍㠣ਚ֯⭘单䇽Ⲵ䇽ިⲴ᭸᷌䘈ྭа⛩⛩ 䘉̍

ҏ㺘᰾ˈᡁԜਟԕѪҶਾ䶒Ⲵᯩׯˈ᭮ᗳⲴ֯⭘ਚᴹ单䇽Ⲵ䇽ިǄ

уੂ䍺Ⓠሯӄ䈃ޮ学ҖⲺ᭾᷒ ᡁԜ൘计算䇽䈝Ⲵ䈝ѹ⴨լᙗⲴᰦىˈᴹ֯⭘ࡠ

й⿽䈝ᯉ䍴ⓀˈѪҶ∄䖳䘉й⿽䍴ⓀⲴ᭸᷌ˈᡁԜ䇮㖞Ҷሩ∄ᇎ傼 4̍ њሩ∄㌫㔏
䇮㖞ྲл：ਚ֯⭘䇽ੁ䟿㺘⽪˗ਚ֯⭘༽䘠䇽䈝ሩ˗ਚ֯⭘ PPDB-2.0˗਼ᰦ֯⭘
3 中䍴ⓀǄᡁԜ֯⭘к䘠䇮㖞࠶别计算䇽䈝ѻ䰤Ⲵ⴨լᓖˈ࠶޽别学Ґ䇽ިˈᒦ⭘
Ҿ䈝ѹ䀓᷀中Ǆᴰ㓸䈝ѹ䀓᷀Ⲵ㔃᷌ྲ㺘3.13所⽪ˈӾ㺘中ᡁԜਟԕⴻࡠ：
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System Prec. Rec. F1 (avg)
Original seed 40.6 47.5 40.6
New seed 51.0 47.6 40.5

㺘 3.11: ൘ Webquestions к֯⭘н਼䇽ިⲴ㔃᷌ሩ∄

System Prec. Rec. F1 (avg)
Original seed 69.8 59.0 63.9
New seed 71.2 59.5 64.8

㺘 3.12: ൘ Free917 к֯⭘н਼䇽ިⲴ㔃᷌ሩ∄

1. ӵӵ֯⭘䇽ੁ䟿作Ѫ䈝ѹ⴨լᙗⲴᓖ䟿所ᗇࡠⲴᯠ䇽ިⲴ᭸᷌ᒦн理ᜣǄᡁ
Ԝ䇔Ѫ䇽ੁ䟿中䈝ѹ⴨լᙗ中Ⲵ䈝ѹަᇎ㘳㲁ҶᖸཊⲴᯩ䶒ˈ㘼ᡁԜ䴰㾱Ⲵ

ᱟާᴹ⴨਼᜿ᙍᡆ⴨լ᜿ᙍⲴᯩ䶒Ǆ∄ྲˈ࡙⭘䇽ੁ䟿ᶕ计算䈝ѹ⴨լᓖˈ

“apple” ઼ “orange” 㛟ᇊާᴹ⴨ᖃ儈Ⲵ⴨լᓖˈնᡁԜнཚᜣ㾱䘉⿽⴨լᓖǄ

2. ӵӵ֯⭘༽䘠䇽䈝ሩⲴ᭸᷌ҏнᱟᖸ᰾ᱮˈ⴨∄ส߶㌫㔏ˈ䈕䈕ᯩ⌅Ⲵᨀॷ
ҏਚᴹа⛩⛩ǄᡁԜ䇔Ѫ䘉ᱟ⭡Ҿ൘计算༽䘠䇽䈝ሩѻ䰤Ⲵ⴨լᙗⲴᰦىˈ

ᡁԜਚᱟ࡙⭘Ҷ机ಘ㘫䈁䟼䶒Ⲵሩ喀算⌅Ǆ䘉⿽ሩ喀䟼䶒ᆈ൘⴨ᖃཊⲴಚ丣Ǆ

3. ӵӵ֯⭘ PPDB-2.0 Ⲵ᭸᷌ॱ࠶ⲴྭǄᡁԜ䇔Ѫѫ㾱ᱟഐѪ PPDB-2.0 䟼䶒
Ⲵ਼ѹ䇽䇽䈝䳶ਸ䜭ᱟӾ༽䘠䈝ᯉ中ᣭਆࠪᶕⲴˈ⴨∄ӵ֯⭘ሩ喀Ⲵᯩ⌅ˈ

PPDB-2.0 䟼䶒䘈㘳㲁ҶᖸཊަԆഐ㍐ˈ֯ᗇᗇࡠⲴ䇽䈝བྷփㅖਸ༽䘠Ⲵ㾱
≲Ǆ

4. ਼ᰦ֯⭘й⿽䈝ᯉ䘋㹼䈝ѹ⴨լᙗᓖ䟿计算Ⲵ᭸᷌ᴰྭˈᡁԜ䇔Ѫ䘉й⿽䈝
ᯉ䍴ⓀⲴ作⭘ਟԕ⴨ӂ㺕ݵǄ

学ҖࡦⲺ᯦䈃≽ ᡁԜⲴⴞⲴᱟѪ䈝ѹ䀓᷀学Ґࡠ㾶ⴆᓖ䏣ཏⲴ䇽ިǄᡁԜⲴ

ᯩ⌅࡙⭘ᇩ᱃㧧ਆⲴ᮷ᵜ઼䇽ި䍴ⓀᶕӾ⿽ᆀ䇽ި中学Ґࡠ㾶ⴆᓖᴤᒯⲴᯠ䇽ިǄ

㺘3.14ኅ⽪Ҷ൘Webquestionsᮠᦞ䳶к ᡁ̍Ԝᯩ⌅所学ࡠⲴࠐњᯠⲴ䇽≷Ǆ㺘中

predicate 㺘⽪䇽≷中Ⲵ䉃䇽ˈseed phrase 㺘⽪⿽ᆀ䇽≷中Ⲵ䇽䈝 l̍earned phrase
㺘⽪ᯠ学ҐⲴⲴ䇽≷中Ⲵ䇽䈝ˈscore 㺘⽪䈕䇽≷Ⲵ䇽≷䍘䟿ᢃ࠶ǄӾ㺘中ᡁԜਟ
ԕⴻࡠˈᡁԜⲴᯩ⌅ਟԕ࡙⭘⿽ᆀ䇽≷઼䇽䈝ѻ䰤Ⲵ⴨լᙗ学ҐࡠҶᯠⲴ䇽≷Ǆ

ㆶঋⲺ䭏䈥᷆࠼ ᡁԜሩᇎ傼㔃᷌中䭉䈟Ⲵṧֻ䘋㹼Ҷㆰ单Ⲵ᷀࠶ˈᡁԜਁ⧠䇽

ި㾶ⴆᓖнཏⲴ䰞仈สᵜ䀓࢙ˈߣлаӋ༽ᵲⲴ䳮༴理Ⲵ䰞仈 ∄̍ྲཊݳ䉃䇽ǃӾ

ਕǃᴰ儈级ㅹˈ䘉Ӌ䈝䀰⧠䊑ަᇎᖸᑨ㿱 ն̍⧠䱦⇥䶒ੁᔰ᭮ฏⲴⲴ䈝ѹ䀓᷀䘈ᖸ

䳮༴理䘉类༽ᵲⲴᛵᖒˈ䘉䴰㾱䇮计䏣ཏ߶⺞઼䏣ཏ㾶ⴆᓖⲴ᮷⌅ᶕ㺘⽪䘉⿽䈝

䀰⧠䊑Ǆ
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System Prec. Rec. F1 (avg)
Base 40.6 47.5 40.6

Only word vector 41.8 45.9 39.7
Only paraphrase table 50.0 46.3 39.4

Only PPDB-2.0 51.2 58.7 50.6
All 51.6 59.7 51.2

㺘 3.13: ൘ Webquestions ᮠᦞ䳶кˈ֯⭘н਼䍴Ⓚ䘋㹼⴨լᙗᓖ䟿ਾ޽䘋㹼䇽ި学Ґ
Ⲵ᭸᷌

Predicate Seed phrase Learned phrase score
currency currency money 4.91
Education education school 4.75
Religion religion believe 2.30

Profession professional who 2.30

㺘 3.14: ൘ Webquestions ᮠᦞ䳶кˈᡁԜᯩ⌅所学ࡠⲴࠐњᯠⲴ䇽≷ˈԕ৺䈕䇽≷Ⲵ
䇽≷䍘䟿ᢃ࠶

3.5 ᵢㄖቅ㔉

ᵜㄐᱟӾ䈝ѹ㩭ൠⲴ䀂ᓖ研究䈝ѹ䀓᷀Ǆ䇽ިᱟสҾ㓴ਸ䈝ѹⲴՐ㔏䈝ѹ䀓

᷀ᯩ⌅ⲴṨᗳ 䮯̍ᵏԕᶕ ഠ̍ᢠ研究者Ⲵቡᱟ䇽ި㾶ⴆᓖнཏⲴ䰞仈ǄѪҶ䀓ߣ䘉

њ䰞仈 ᡁ̍Ԝ൘⧠ᴹ工作Ⲵส⹰к ᨀ̍ࠪҶа⿽สҾẕ䘎᧕Ⲵ䇽ި学ҐⲴ䈝ѹ䀓᷀

ᯩ⌅Ǆ䈕ᯩ⌅൘䇝㓳ⲴᰦىˈਟԕᕅޕᯠⲴ䇽≷ˈᒦ࣐ԕ学ҐǄѪҶ䘋а↕ᨀ儈䇽

ިⲴ䍘䟿ˈѪҶᨀ儈䇽≷Ⲵ߶⺞ᓖˈᡁԜ䘈䇮计ҶᯠⲴ䇽䈝-Ҽݳ䉃䇽Ⲵ⁑ᶯǄѪ
Ҷ঻㕙䇽ިⲴབྷሿ 㧧̍ਆࡠṨᗳ䇽ިˈᴥ ᮷䘈ᨀࠪҶสҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆ

ᯩ⌅Ǆᇎ傼㔃᷌㺘᰾ˈᡁԜⲴᯩ⌅⴨∄ส߶㌫㔏ᴹᖸབྷⲴᨀॷǄ

ѪҶ䘋а↕䀓ߣ䈝ѹ䀓᷀中䇽ި㾶ⴆᓖнཏⲴ䰞仈ˈᡁԜᨀࠪҶสҾॺⴁⶓ

䇽ި学ҐⲴ䈝ѹ䀓᷀ᯩ⌅Ǆ与⧠ᴹᯩ⌅ሩ∄ˈ䈕ᯩ⌅нӵӵ࡙⭘⸕䇶ᓃ与᮷ᵜѻ

䰤ⲴᇎփሩⲴޡ⧠ᶕ学Ґ䇽≷ˈ䘈࡙࠶ݵ⭘᮷ᵜ与᮷ᵜѻ䰤Ⲵ䈝ѹ㚄㌫ᶕ䘋а↕

ᢙݵ䇽≷ǄާփⲴˈᡁԜ俆࡙ݸ⭘⸕䇶ᓃ与᮷ᵜѻ䰤Ⲵᇎփሩޡ⧠ᶕ学Ґ৏࿻䇽

ިˈ䘈࡙⭘ᐢᴹ䈝ѹ䀓᷀ಘሩ⇿ањ䇽≷䘋㹼ᢃ࠶ˈᒦӾ中䘹ਆᢃ࠶儈Ⲵ䇽≷ˈ㓴

ᡀᡁԜⲴ৏࿻䇽ި˗᧕⵰ᡁԜ࡙⭘᮷ᵜ䈝ᯉ઼䇽≷䍴Ⓚ学Ґ䇽与䇽ѻ䰤Ⲵ⴨լᙗ˗

ᴰਾˈᡁԜ࡙⭘മՐ᫝算⌅ˈԕ৺䇽与䇽ѻ䰤Ⲵ⴨լᙗˈӾ⿽ᆀ䇽≷中学ҐࠪᯠⲴ

䇽≷ǄᡁԜᢺᯠⲴ䇽ި᭮ࡠᐢᴹ䈝ѹ䀓᷀ಘ中ˈᒦ൘єњޜᔰᮠᦞ䳶к䘋㹼傼䇱ˈ

ᇎ傼㔃᷌傼䇱ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗ：ᢙݵԕਾⲴ䇽ިⲴ㾶ⴆᓖᱮ㪇ᨀ儈Ǆ

ᵜㄐⲴ⴨ޣ研究ᡀ᷌ᴹєњ：“ะӄẛ䘔᧛Ⲻ䈃ޮ学Җᯯ⌋Ⲻ䈣ѿ䀙᷆” ᐢ㻛
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ǉ中᮷ؑ᚟学ᣕǊᖅ⭘ “̠Semi-supervised Lexicon Learning from Unlabeled
Corpora for Wide-Coverage Semantic Parsing” ᐢᣅは Coling-2018˄䮯᮷ Ǆ˅





ㅢ഑ㄖ ะӄਛᆆ䠃ߏⲺ䈣ѿ䀙᷆

4.1 ᵢㄖᕋ论

䈝ѹ䀓᷀俆ݸҏᱟањ㔃ᶴ亴⍻Ⲵ䰞仈ǄሩҾањㆰ单Ⲵਜ਼ᴹѫ䉃ᇮⲴਕᆀˈ

䈝ѹ䀓᷀㾱䇶别ਕᆀ䟼䶒Ⲵѫ䈝ǃ䉃䈝઼ᇮ䈝ˈᒦ与⢙理ц⭼中ᇎփ઼ޣ㌫ሩᓄ

˄ѫ䈝઼ᇮ䈝䜭ሩᓄࡠᇎփ 䉃̍䈝ሩᓄޣࡠ㌫˅̍ ਼ᰦ䘈㾱亴⍻ࠪѫ䈝与ᇮ䈝ѻ䰤Ⲵ

㔃ᶴޣ㌫：ଚњᱟᯭһ⵰ˈଚњᱟਇһ⵰ˈᯭһ⵰ሩਇһ⵰ڊҶӰѸˈᡆ者ᆈ൘Ӱ

Ѹޣ㌫Ǆࡽ者኎Ҿ䈝ѹ㩭ൠˈਾ者኎Ҿ㔃ᶴ亴⍻Ǆമ4.1中ኅ⽪Ҷањ䈝ѹ䀓᷀Ⲵ
ֻᆀˈֻᆀ中 “German” ᱟањᇎփˈ“what” ሩᓄࡠањਈ䟿ᇎփˈᆳԜѻ䰤Ⲵ
㌫ᱟޣ “the capital of ”Ǆ

句子:     What is the capital of Germany? 

 

 

逻辑表达式: λx.capital(Germany,x) 

 

 

结果:               {Berlin} 

 

(语义解析) 

KB

ss 

(执行) 

മ 4.1: 䈝ѹ䀓᷀Ⲵањֻᆀ

䈝ѹ䀓᷀中Ⲵ㔃ᶴ᱐ሴᱟ指ⓀㄟਕᆀⲴ㔃ᶴࡠⴞḷ䈝ѹ㺘⽪㔃ᶴⲴ᱐ሴǄ䙊

ᑨˈⴞḷㄟ䈝ѹ㺘⽪Ⲵ㔃ᶴᱟ⭡⸕䇶ᓃᵜփߣᇊⲴˈ⭡Ҿ⸕䇶ᓃᵜփа㡜ᱟപᇊ

Ⲵˈҏ᜿ણ⵰ⴞḷㄟሩҾ⇿ањ䈝ѹⲴ㺘⽪䜭ᱟപᇊⲴǄ❦㘼㠚❦䈝䀰㺘䗮ᶱާ

Ѡᇼᙗ઼ཊṧᙗˈањ᜿ᙍ˄䈝ѹ˅䙊ᑨਟԕᴹཊ⿽㺘䗮ˈྲ䈒䰞姚明的年龄ˈਟ

ԕᴹл䶒ཊ⿽㺘䗮：“姚明多大了？”ǃ“姚明什么年纪了？”ǃ“姚明的年龄是多少？
”ǃ“姚明多大岁数？” ㅹǄሩҾਕ⌅㔃ᶴᐞᔲнབྷˈਚᱟ֯⭘Ҷн਼Ⲵ䇽≷ˈਟԕ
Ǆնᱟᖃਕ⌅㔃ᶴਁ⭏ਈॆˈ⧠ᴹ䈝ѹ䀓᷀䳮ԕ༴ߣ䘠䇽ި学Ґᯩ⌅ᶕ䀓ࡽ⭘֯

理䘉⿽ᛵߥǄྲл䶒䘉њֻᆀ：

s1 What is the population of Berlin?
s2 How many people live in Berlin?
lf1 λx.population(Berlin,x)
lf2 count(λx.person(x)∧live(x,Berlin))

ֻᆀ中єњਕᆀ s1 ઼ s2 ާᴹањ᜿ᙍ 䜭̍ᱟ䈒䰞柏林的人口 ᱮ̍❦䘉єњਕᆀⲴ

ਕ⌅㔃ᶴᡚ❦н਼Ǆֻᆀ中䙫䗁㺘䗮ᔿ lf1 ઼ lf2 ᱟสҾє⿽н਼⸕䇶ᓃᵜփሩ柏

林的人口䘉њ䈝ѹⲴ㺘⽪Ǆࡽ䶒ᐢ㓿ᨀࡠⴞḷㄟ⸕䇶ᓃᵜփа㡜ᱟപᇊⲴ ҏ̍ቡᱟ
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(a) 之前方法的语义解析例子 

 

 

 

(b) 我们方法的语义解析例子 

 

 

 

 

 

s0: What is the name of Sonia Gandhi’s daughter? 

l0: λx.child(Sonia Gandhi,x) 

r0: {Rahul Gandhi (Wrong answer), Priyanka Vadra} 

s0: What is the name of Sonia Gandhi’s daughter? 

s1: What is the name of Sonia Gandhi’s female child? 

l1: λx.child(Sonia Gandhi,x) gender(x,female)  

r1:{Priyanka Vadra} 

 
മ 4.2: ሩ∄ѻࡽⲴ䈝ѹ䀓᷀ᯩ⌅઼ᡁԜⲴ֯⭘ਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅

䈤ᇎ䱵᫽作中ˈᡁԜਚᴹ lf1 ᡆ者 lf2ˈ㘼൘㠚❦䈝䀰ㄟ s̍1 ઼ s2 ᱟਟԕ਼ᰦᆈ൘

Ⲵ ᒦ̍ф䘉⿽⧠䊑ᱟᖸᲞ䙽ⲴǄ䘉ṧаᶕ ቡ̍ᇩ᱃䙐ᡀⓀㄟ㠚❦䈝䀰ਕᆀⲴ㔃ᶴ与

ⴞḷㄟ⸕䇶ᓃᵜփⲴ㔃ᶴн३䝽Ǆ䘉⿽㔃ᶴн३䝽䰞仈 ҏ̍ᱟ䈝ѹ䀓᷀所䶒ѤⲴа

བྷ᥁ᡈǄ޽ⴻк䶒Ⲵֻᆀˈ㤕ᱟᢺ s1 ᱐ሴࡠ lf1ˈᡆᢺ s2 ᱐ሴࡠ lf2ˈሩҾ䘉⿽㔃

ᶴᱟа㠤Ⲵᛵߥ ⧠̍ᴹ䈝ѹ䀓᷀ਟԕਆᗇਟ㿲Ⲵ߶⺞⦷ ն̍㾱ᱟⴞḷ䈝ѹ㺘⽪与ਕ

ᆀⲴ㔃ᶴна㠤ˈྲ䈝ѹ㺘⽪ᱟ lf1ˈਕᆀᱟ s2ˈᡆ者䈝ѹ㺘⽪ᱟ lf2ˈਕᆀᱟ s1ˈ

䘉ṧаᶕቡՊ㔉䈝ѹ䀓᷀䙐ᡀᖸབྷⲴഠ䳮Ǆ

ѪҶ䀓ߣк䘠Ⲵ㠚❦䈝䀰ਕᆀⲴ㔃ᶴ与⸕䇶ᓃᵜփⲴ㔃ᶴна㠤Ⲵ䰞仈ˈᵜ

ㄐᡁԜᨀࠪҶสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅ ሩ̍Ҿ䘉⿽㔃ᶴн३䝽䰞仈 ᡁ̍Ԝ䙊䗷

᢮ࡠਕᆀⲴਖཆа⿽㺘䘠˄䘈ᱟਕᆀ˅̍ 䈕㺘䘠与৏ਕᆀާᴹ⴨਼Ⲵ᜿ᙍˈ㘼䈕㺘

䘠Ⲵ㔃ᶴ与ⴞḷ⸕䇶ᓃᵜփⲴ㔃ᶴᱟа㠤ⲴǄമ4.2中ኅ⽪ҶᡁԜ֯⭘ਕᆀ䟽߉Ⲵ
䈝ѹ䀓᷀ᯩ⌅Ⲵֻᆀˈԕ৺与ѻࡽⲴᯩ⌅䘋㹼ሩ∄Ǆ㺘Ṭ中 s0 ᱟਕᆀ˗l0 ᱟѻࡽ

䈝ѹ䀓᷀ᯩ⌅ᗇࡠⲴ与ਕᆀ s0 ሩᓄⲴ䙫䗁㺘䗮ᔿ˄֯⭘ lambda-㺘䗮ᔿⲴᯩᔿ˅̠
r_0 ᱟ࡙⭘ l0 Ӿ⸕䇶ᓃ中ᗇࡠⲴ㔃᷌˗s1 ᱟᡁԜ࡙⭘ਕᆀ䟽ᯩ߉⌅Ӿ s0 ᗇࡠⲴ

ᯠਕᆀ˗l1 ᱟᡁԜᗇࡠⲴ与ਕᆀ s1 所ሩᓄⲴ䙫䗁㺘䗮ᔿ˗r1 ᱟ࡙⭘ l1 Ӿ⸕䇶ᓃ

中ᗇࡠⲴ㔃᷌Ǆ㔃᷌ r0 中 “Rahul Gandhi” ᱟањ䭉䈟ⲴㆄṸˈഐѪԆᱟ “Sonia
Gandhi” Ⲵ儿子Ǆֻᆀ中ˈᡁԜ䴰㾱ᢺਕᆀ s0:“What is the name of Sonia Gandhi’
s daughter?” 䀓᷀ᡀ l1:λx.child(S.G.,x)∧gender(x,female)ˈѻࡽⲴᯩ⌅ⴤ᧕
ሩ s0 䘋㹼䀓᷀ˈᖰᖰᗇࡠⲴᱟ l0:λx.child(S.G.,x)ˈ䘉↓ᱟഐѪⴞḷ䈝ѹ㺘⽪
l1 与Ⓚㄟ㠚❦䈝䀰ਕᆀѻ䰤ᆈ൘㔃ᶴн३䝽Ⲵ䰞仈：䇽䈝 “daughter” ሩᓄࡠⴞḷ
䈝ѹ㺘⽪ child∧femaleǄᡁԜⲴᯩ⌅䙊䗷ਕᆀ䟽߉Ⲵᯩ⌅ˈ⭡ s0 ᗇࡠᯠਕᆀ s1ˈ

ާփⲴˈᢺਕᆀ中 “daughter” 䟽ࡠ߉ “female child”ˈ޽ሩ s1 䘋㹼䀓᷀ˈ⭡Ҿ s1

Ⲵ㔃ᶴ与ⴞḷ䈝ѹ㺘⽪ l1 Ⲵ㔃ᶴᱟа㠤Ⲵˈഐ↔ s1 ࡠ l1 Ⲵ䀓᷀䗷〻Պ∄Ӿ s0 ࡠ
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l1 Ⲵ䀓᷀䗷〻ᴤᇩ᱃Ǆ

ާփⲴˈᡁԜሩ㔃ᶴн३䝽䰞仈䘋㹼Ҷᖂ㓣઼ᙫ㔃ˈᴹྲлє类н३䝽䰞仈：

1. 1-Nරн३䝽：ਕᆀ中ањㆰ单Ⲵ䇽䈝ሩᓄࡠ⸕䇶ᓃᵜփ中ཊњ亩Ǆྲ “daugh-
ter” а䇽ሩᓄࡠ⸕䇶ᓃᵜփ中Ⲵ亩Ѫ child∧female 1Ǆ

2. N-1 රн३䝽：⸕䇶ᓃᵜփ中Ⲵањ亩ሩᓄࡠਕᆀ中Ⲵཊњ䇽䈝ˈྲ⸕䇶ᓃ
ᵜփ中Ⲵ亩 population ᱟ⭡㠚❦䈝䀰中 “how many people” ઼ “live in” ޡ
਼㺘䗮ⲴǄ

ѪҶ䀓ߣк䘠є类н३䝽䰞仈ˈᴥ ㄐᡁԜ࠶别ᨀࠪҶє⿽ਕᆀ䟽߉Ⲵᯩ⌅：а

⿽ᱟสҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅ˈ⭘ᶕ䀓ߣ 1-N රн३䝽䰞仈ˈާփⲴˈᡁԜ
⭘ᆇި中ሩ名䇽Ⲵ䀓䟺ᶕᴯᦒ䈕䇽 ᗇ̍ࡠᯠⲴਕᆀ ਖ̠а⿽ᱟสҾ⁑ᶯᴯᦒⲴਕᆀ

䟽ᯩ߉⌅ˈ⭘ᶕ䀓ߣ N-1 රн३䝽䰞仈ˈާփⲴˈᡁԜ࡙⭘༽䘠⁑ᶯሩਕᆀ䘋㹼
䟽߉Ǆ

ሩҾ㔉ᇊⲴਕᆀ ᡁ̍Ԝ࡙⭘ਕᆀ䟽߉Պ⭏ᡀᖸཊᯠⲴਕᆀ ᒦ࡙̍⭘䈝ѹ䀓᷀ಘ

ሩ⇿ањᯠਕᆀ䜭䘋㹼䀓᷀ ᗇ̍ࡠሩᓄⲴ䙫䗁㺘䗮ᔿǄਖཆ ᡁ̍ԜᨀࠪҶањᢃ࠶

ᧂᒿ࠭ᮠˈ䈕ᢃ࠭࠶ᮠ਼ᰦ㘳㲁Ҷਕᆀ䟽߉䜘࠶Ⲵ⢩ᖱˈ઼䈝ѹ䀓᷀䜘࠶Ⲵ⢩ᖱˈ

㔬ਸ䘹ᤙᗇࡠᴰՈⲴ䙫䗁㺘䗮ᔿǄ

⧠䱦⇥ᐢ㓿ᴹаӋ工作ᔰ࿻ޣ⌘䈝ѹ䀓᷀中㔃ᶴн३䝽Ⲵ䰞仈ǄKwiatkowski
et al. [87]䙊䗷ᵜփ३䝽Ⲵᯩ⌅ᶕ䀓ߣ㔃ᶴн३䝽䰞仈ˈާ փⲴ Ԇ̍Ԝݸ⭏ᡀਕᆀⲴ

亶ฏᰐޣⲴᆇ䶒᜿ᙍ㺘⽪ˈ❦ਾ࡙⭘ᵜփ३䝽ᢺк䘠ᆇ䶒᜿ᙍ㺘⽪᱐ሴࡠⴞḷᵜ

փ㺘⽪Ǆ❦㘼 Ԇ̍ԜⲴᯩ⌅䘈ᱟᖸ䳮༴理䘉⿽ 1-Nර઼ N-1රн३䝽䰞仈ǄBerant
and Liang 䘹䙫ىӾਕᆀ⭏ᡀࡉ㿴⭘࡙ݸᱟ࡙⭘༽䘠Ⲵᯩ⌅ˈާփⲴˈԆԜࡉ[14]
䗁㺘䗮ᔿ 䘹䙫䗁㺘䗮ᔿ⭏ᡀᯠਕᆀˈDىӾࡉ㿴⭘࡙̍޽ ਾᢺ৏ਕᆀ与ᯠਕᆀᶴᡀ

ањ༽䘠ሩ 䘹䙫䗁ىᯝǄնᱟԆԜⲴᯩ⌅൘⭏ᡀࡔањ༽䘠⁑රᶕ䘋㹼༽䘠⭘̍޽

㺘䗮ᔿⲴᰦى ᒦ̍⋑ᴹ৫䀓ߣк䘠㔃ᶴн३䝽Ⲵ䰞仈Ǆ⴨∄к䘠є⿽ᯩ⌅ ᡁ̍ԜⲴ

ᯩ⌅൘䀓᷀ࡽቡቭ䟿৫⎸䲔䘉⿽㔃ᶴн३䝽ˈӾ㘼བྷབྷ߿䖫Ҷਾ䶒䈝ѹ䀓᷀Ⲵ䍏

ᣵǄമ4.3ᱟሩ䘉Ӌᯩ⌅Ⲵㆰ单ሩ∄Ǆ

֯⭘ਕᆀ䟽߉ᢰᵟᶕ䀓ߣн३䝽䰞仈Ⲵ䘉⿽ᙍ䐟ᐢ㓿൘ަԆԫ࣑кᗇࡠҶ傼

䇱ǄѪҶ䀓ߣ机ಘ㘫䈁中Ⓚ䈝䀰与ⴞḷ䈝䀰ѻ䰤䇽ᒿн३䝽Ⲵ䰞仈 ⢩̍别ᱟḀӋ䈝

⿽ѻ䰤Ⲵ㘫䈁ˈྲᗧ䈝ࡠ㤡䈝Ⲵ㤡䈝ˈ䇽ᒿⲴਈॆ䶎ᑨབྷˈCollins et al. [35]ᨀࠪ
Ҷа⿽䟽ᯠᶴᔪਕᆀ㔃ᶴ˄restructuring˅Ⲵᯩ⌅ˈާփⲴˈሩҾⓀ䈝䀰ㄟⲴਕᆀˈ
൘ਕ⌅ṁⲴส⹰кˈ࡙⭘㤕ᒢᶑ㿴ࡉሩਕᆀⲴ㔃ᶴ䘋㹼䈳ᮤˈӾ㘼ᗇࡠᯠⲴਕᆀˈ

ަⴞⲴᱟѪҶᯠⲴਕᆀⲴ䇽ᒿ与ⴞḷㄟⲴਕᆀⲴ䇽ᒿቭ䟿३䝽ǄѪҶ䀓਼ߣ༠㘫

䈁中⭡Ⓚ䈝䀰与ⴞḷ䈝䀰Ⲵ䇽ᒿн਼所ᑖᶕⲴ㘫䈁ᔦ䘏䰞仈ˈHe et al. [58]䟷⭘⴨
1൘ᵜㄐ中 ᡁ̍ԜՊѪҶᯩׯ理䀓㘼ㆰॆ䙫䗁㺘䗮ᔿˈֻ ྲ֯⭘ female ᶕ㺘⽪ gender.female
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句子
逻辑

表达式
候选句子

候选句子

没有语义落地

的逻辑表达式

(我们的方法)

直接解析

(Kwiakowski et al., 2013)

(Berant and Liang, 2014)

传统方法

本体

匹配

复述

重写

മ 4.3: 䪸ሩ㔃ᶴн३䝽䰞仈ˈᡁԜⲴᯩ⌅与ަԆᯩ⌅Ⲵሩ∄

਼Ⲵᙍ䐟ˈ൘Ⓚ䈝䀰ㄟਕᆀⲴ׍ᆈṁкˈ࡙⭘㿴ࡉሩਕᆀ䘋㹼䈳ᮤˈⴞⲴҏᱟѪҶ

ᯠⲴਕᆀቭ䟿᧕䘁ⴞḷㄟⲴਕᆀⲴ䇽ᒿǄ

ਕᆀ䟽߉与༽䘠⭏ᡀᱟ⴨਼Ⲵԫ࣑ˈ䜭ᱟ㔉ᇊањਕᆀˈ⭏ᡀᯠⲴਕᆀˈަ

᜿ᙍ与৏ਕᆀ⴨਼ǄNarayan et al. [111]൘਼а年⤜・ൠᨀࠪҶสҾ༽䘠⭏ᡀⲴ䈝
ѹ䀓᷀ᯩ⌅Ǆ⋯⵰ᵜ᮷Ⲵ研究ᙍ䐟 D̍ong et al. [45]ᨀࠪสҾ༽䘠Ⲵ㠚ࣘ䰞ㆄᯩ⌅˗
Iyer et al. [66]൘䈝ѹ䀓᷀中࡙⭘༽䘠Ⲵᖒᔿᶕᢙݵ䈝ᯉˈᨀ儈䈝ѹ䀓᷀ಘⲴ⌋ॆ
ᙗ઼励ἂᙗǄ

ᡁԜ൘ޜᔰᮠᦞ䳶 Webquestionsк䘋㹼Ҷᇎ傼：ᇎ傼㔃᷌㺘᰾ᡁԜⲴᯩ⌅
㜭ཏᴹ᭸䀓ߣ㔃ᶴн३䝽Ⲵ䰞仈ˈ㜭ཏᴹ᭸ᨀ儈䈝ѹ䀓᷀ಘⲴᙗ㜭Ǆ

ᵜㄐ工作Ⲵѫ㾱䍑⥞ਟԕᙫ㔃Ѫԕлє⛩：

1. 䪸ሩ䈝ѹ䀓᷀中㠚❦䈝䀰ਕᆀ与ⴞḷ⸕䇶ᓃᵜփѻ䰤㔃ᶴн३䝽Ⲵ䰞仈ˈᡁ
ԜᨀࠪҶสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅ǄᡁԜᯩ⌅Ⲵࠪਁ⛩ᱟᖃਕᆀ与⸕䇶

ᓃᵜփ㔃ᶴн३䝽Ⲵᰦىˈਕᆀᙫᆈ൘ਖཆа⿽㺘䗮ˈ䈕㺘䗮与৏ਕᆀᴹ⴨

਼Ⲵ᜿ᙍˈնᱟᯠ㺘䗮Ⲵ㔃ᶴ与ⴞḷᵜփѻ䰤Ⲵ㔃ᶴᱟа㠤ⲴǄ

2. ᡁԜᙫ㔃Ҷє类㔃ᶴн३䝽Ⲵ䰞仈ˈᒦ࠶别ᨀࠪҶє⿽ਕᆀ䟽߉Ⲵᯩ⌅ˈ䪸
ሩ 1-N රн३䝽䰞仈ˈᡁԜᨀࠪҶสҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅˗䪸ሩ N-1
රн३䝽䰞仈ˈᡁԜᨀࠪҶสҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅Ǆᇎ傼㔃᷌ҏ论䇱

ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗǄ
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Word Logical Form Wiktionary Explanation
son child∧male male child

actress actor∧female female actor
father parent∧male male parent

grandaprent parent∧parent parent of one’s parent
brother sibling∧male male sibling

㺘 4.1: 㤕ᒢṧֻˈ⇿њṧֻवᤜањ䇽䈝ˈᆳⲴⴞḷ䈝ѹ㺘⽪ԕ৺䈕䇽䈝൘ Wiktionary
中Ⲵ䀓䟺

4.2 ਛᆆ䠃ߏ

䘉а㢲ˈᡁԜሶӻ㓽ᡁԜᨀࠪⲴਕᆀ䟽߉Ⲵᯩ⌅ˈ࠶别ᱟ䪸ሩ 1-N රн३䝽
䰞仈ⲴสҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅ˈ઼䪸ሩ N-1 රн३䝽䰞仈ⲴสҾ⁑ᶯᴯᦒ
Ⲵਕᆀ䟽ᯩ߉⌅Ǆ

4.2.1 ะӄᆍޮᴵᦘⲺਛᆆ䠃ߏ

൘ 1-Nරн३䝽Ⲵᛵᖒ中 а̍њ䇽䈝Պሩᓄࡠањ༽ਸⲴ䈝ѹ㺘⽪ ∄̍ྲ 䇽̍

䈝 “daughter” Ⲵⴞḷ䈝ѹ㺘⽪ᱟ child∧female˄㺘4.1中ᴹᴤཊⲴֻᆀ Ǆ˅

ѪҶ䀓ߣ䘉类 1-N රн३䝽䰞仈ˈᡁԜᢺ৏䇽䈝˄“daughter”˅䟽߉ᡀᯠⲴ㺘
䗮˄“female child”˅̍ 䈕㺘䗮与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴᱟа㠤ⲴǄ൘ᵜㄐ工作中ˈᡁ
Ԝ࡙⭘䇽䈝൘ᆇި中Ⲵ䀓䟺ሩ䇽䈝䘋㹼䟽߉Ǆ䘉ᱟഐѪ⇿ањ䇽䈝൘ᆇި中Ⲵᇊ

ѹ䜭Պ֯⭘䈖㓶㘼ㆰ单Ⲵ䀓䟺ˈ㘼䘉Ӌ䀓䟺Ⲵ㔃ᶴᚠྭ与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴᱟ

਼ᶴⲴǄ㺘4.1中ኅ⽪Ⲵֻᆀ中䇽䈝与ⴞḷ䈝ѹ㺘⽪ѻ䰤䜭ᆈ൘н३䝽䰞仈ˈ㘼䘉
类н३䝽䰞仈 䜭̍ਟԕ࡙⭘䇽䈝൘ᆇި中Ⲵ䀓䟺ᶕ䀓ߣǄ∄ྲ 䇽̍䈝 “daughter”൘
Wiktionary2中Ⲵ䀓䟺ᱟ “female child”ˈᚠྭ与ⴞḷ䈝ѹ㺘⽪ child∧female ާᴹ
⴨਼Ⲵ㔃ᶴǄ

བྷ䜘࠶ᛵߥлˈ䘉类 1-N රн३䝽䰞仈ˈ䜭ᱟ⭡ਕᆀ中ⲴᲞ䙊名䇽˄common
nouns˅ᕅ䎧ⲴǄഐ↔ˈᡁԜѪҶ〽ᗞ䲀ࡦал䟽߉ᗇࡠⲴᯠਕᆀⲴ㿴⁑ˈᡁԜਚ
ሩ৏ਕᆀ中ࠪ⧠ⲴᲞ䙊名䇽⭘ᆳԜ൘ᆇި中Ⲵ䀓䟺ᶕᴯԓǄ㘼䙊ᑨањਕᆀ中Პ

䙊名䇽Ⲵᮠ䟿нՊཚཊ ഐ̍↔ᡁԜᗇࡠⲴᯠਕᆀⲴ㿴⁑ᱟਟ᧗ⲴǄሩҾ⭡สҾᆇި

ᴯᦒⲴ䟽ᯩ߉⌅ᗇࡠⲴᯠਕᆀˈᡁԜՊᇊѹањᢃ࠭࠶ᮠˈ࡙⭘㤕ᒢ⢩ᖱ⁑ᶯˈᶕ

ሩᆳԜ䘋㹼ᢃ࠶ᧂᒿˈ䈖ᛵ䈧㿱ㅜ4.3㢲Ǆ

㺘4.2中ኅ⽪ҶањสҾᆇިᴯᦒⲴਕᆀ䟽߉ṧֻǄֻᆀ中ˈ৏ਕᆀ s ᴹєњ

Პ䙊名䇽˄“name” ઼ “daughter”˅̍ ഐ↔ᡁԜՊᗇࡠ 3 њᯠⲴਕᆀˈ࠶别ᱟ r1ǃ

2https://www.wiktionary.org/
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s: What is the name of Sonia Gandhi’s daughter?
r1: What is the reputation of Sonia Gandhi’s daughter?
r2: What is the name of Sonia Gandhi’s female child?

r3: What is the reputation of Sonia Gandhi’s female child?

㺘 4.2: สҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅Ⲵṧֻ

r2 ઼ r3Ǆ൘䘉йњى䘹Ⲵᯠਕᆀ中ˈㅜҼњى䘹Ⲵਕᆀ r2 ֯ᡁԜᜣ㾱ⲴˈഐѪᆳ

Ⲵ㔃ᶴ与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴᱟа㠤ⲴˈᒦфнՊഐѪ֯⭘ҶަԆ䇽䈝˄ྲˈ⭘

“reputation” ᶕᴯԓ “name”˅Ⲵᴯᦒ㘼ᑖᶕ仍ཆⲴಚ丣Ǆ

൘ᵜㄐ中ˈᡁԜ֯⭘ Wiktionary 作ѪᡁԜⲴᆇިᶕሩਕᆀ中ⲴᲞ䙊名ᆇ䘋
㹼䟽߉ǄާփⲴˈ㔉ᇊањᲞ䙊名䇽ˈᡁԜ֯⭘൘ Wiktionary 中䈕䇽䈝Ⲵ䀓䟺中
“Translations” аḿⲴ䀓䟺Ǆ⭡Ҿབྷ䜘࠶Ⲵ 1-N රн३䝽䰞仈䜭ᱟ⭡Პ䙊名䇽ᕅ䎧
Ⲵ ഐ̍↔ᡁԜਚ᭦䳶Პ䙊名䇽Ⲵ䀓䟺Ǆ㤕ањ䇽䈝൘ᆇި中ᆈ൘ཊњ䀓䟺 ᡁ̍Ԝ֯

⭘ᑨ㿱Ⲵ䀓䟺˄ㅜањ Ǆ˅ਖཆˈᡁԜਚ֯⭘䀓䟺中䇽䈝䮯ᓖн䎵䗷 5 Ⲵ䀓䟺Ǆ

4.2.2 ะӄ⁗ᶵᴵᦘⲺਛᆆ䠃ߏ

൘ N-1 රн३䝽䰞仈Ⲵᛵᖒ中ˈањ༽ᵲⲴ㠚❦䈝䀰㺘䗮ሩᓄࡠањㆰ单Ⲵ
ⴞḷ䈝ѹ㺘⽪Ǆ∄ྲˈ㘳㲁л䶒䘉њֻᆀˈᡁԜ䴰㾱ᢺਕᆀ s ᱐ሴࡠ䈝ѹ㺘⽪˄䙫

䗁㺘䗮ᔿ˅lfˈ䈕䈝ѹ㺘⽪ᱟԕ Freebase 作Ѫ⸕䇶ᵜփǄ

s: How many people live in Berlin?
lf : λx.population(Berlin,x)

ֻᆀ中ᴹйњ䇽䈝：“how many” (count)ǃ“people” (people)઼ “live in” (live)Պ
а䎧᱐ሴࡠҼݳ䉃䇽 populationǄ㺘4.3中ኅ⽪ҶᴤཊⲴ类լⲴֻᆀǄ

Expression Logical constant
how many, people, live in population

how many, people, visit, annually annual-visit
what money, use currency
what school, go to education

what language, speak, officially official-language

㺘 4.3: 㤕ᒢ N-1 රн३䝽Ⲵֻᆀ

ѪҶ䀓ߣ䘉⿽ N-1 රн३䝽䰞仈ˈᡁԜᨀࠪа⿽สҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉
⌅ 䈕̍ᯩ⌅㜭ཏᢺ䘉⿽ާᴹ༽ᵲ㔃ᶴⲴਕᆀ䖜ᦒᡀㆰ单㔃ᶴⲴਕᆀǄާփⲴ ᡁ̍Ԝ
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⁗ᶵ 1 ⁗ᶵ 2
How many people live in $y What is the population of $y
What money in $y is used What is the currency of $y
What school did $y go to What is the education of $y

What language does $y speak officially What is the official language of $y

㺘 4.4: 㤕ᒢ༽䘠⁑ᶯሩⲴֻᆀ

࡙⭘༽䘠⁑ᶯሩⲴ䳶ਸ P = {(ti1, ti2)|i = 1, 2, ..., n} ᶕ䟽߉ਕᆀˈަ中 t ᱟањਕ

ᆀⲴ⁑ᶯˈ䈕⁑ᶯᴹањ৲ᮠ‭ $yˈ৲ᮠ‭ሩᓄањᇎփˈti1 ઼ ti2 㓴ᡀањ༽

䘠ሩǄ൘ᵜㄐⲴ工作中ˈᡁԜਚ֯⭘ਚᴹањ৲ᮠ‭Ⲵ⁑ᶯˈ㺘4.4中ኅ⽪Ҷ㤕ᒢ
༽䘠⁑ᶯሩǄ

㔉ᇊ༽䘠⁑ᶯሩᮠᦞᓃ઼ањਕᆀ s1ˈᡁԜสҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅ሶ

᤹➗ྲлࠐњ↕僔ሩਕᆀ䘋㹼䟽߉Ǆ

1. 俆ݸᡁԜӾਕᆀ s1 ⭏ᡀа㓴ى䘹Ⲵ⁑ᶯ ST = {st1, st2, ..., stn}ˈާփⲴˈᡁ
Ԝሩਕᆀ中Ⲵᇎփ⭘‭ “$y”䘋㹼ᴯԓǄ∄ྲ Ӿ̍ਕᆀ “How many people live
in Berlin”ˈᡁԜਟԕᗇࡠ⁑ᶯ “How many people live in $y”Ǆ

2. ᧕⵰ˈᡁԜӾ༽䘠⁑ᶯሩᮠᦞᓃ中Ự㍒ࠪ所ᴹⲴ༽䘠⁑ᶯሩ (t1, t2)ˈަ中

t1 ∈ STǄ∄ྲˈᡁԜ࡙⭘ㅜа↕中Ⲵ⁑ᶯ “How many people live in $y”ˈਟ
ԕỰ㍒ᗇࡠ䘉ṧⲴ༽䘠⁑ᶯሩ (“How many people live there in $y”, “What is
the population of $y”)ˈަ中ㅜҼ䜘࠶ቡᱟ t2Ǆ

3. ᴰਾˈᡁԜᢺ⁑ᶯ t2 中Ⲵ‭ “$y” ⭘ㅜа↕中ⲴᇎփᴯᦒˈᗇࡠᯠⲴਕᆀ
s2ˈ䘉њᯠਕᆀቡᱟᡁԜ࡙⭘สҾ⁑ᶯᴯᦒⲴᯩ⌅ᗇࡠⲴањ䟽߉ⲴਕᆀǄ

∄ྲˈᡁԜ൘ t2 ⭘ “Berlin” ᴯᦒ “$y”ˈਟԕᗇࡠ “What is the population
of Berlin”Ǆ䙊䗷䘉⿽ᯩ⌅ˈᡁԜਟԕᗇࡠ㔃ᶴㆰ单Ⲵˈ਼ᰦ与ⴞḷ䈝ѹ㺘⽪
˄population(Berlin)˅Ⲵ㔃ᶴᱟа㠤ⲴᯠਕᆀǄ

ѪҶ᧗ࡦ䙊䗷สҾ⁑ᶯᴯᦒᯩ⌅ᗇࡠⲴ䟽߉ⲴᯠਕᆀⲴᮠ䟿ˈ਼ᰦѪҶ㺑䟿

֯⭘ањ༽䘠⁑ᶯሩ䘋㹼ਕᆀ䟽߉Ⲵ䍘䟿ˈᡁԜᇊѹҶ㤕ᒢ⢩ᖱᶕሩ䘉⿽䟽߉䘋

㹼ᢃ࠶ᧂᒿ˄䈖ᛵ䈧㿱ㅜ4.3㢲 Ǆ˅

ѪҶᶴᔪ༽䘠⁑ᶯሩᮠᦞᓃˈᡁԜ֯⭘类լҾ Fader et al. [48]Ⲵᯩ⌅ᶕ㠚ࣘ
᭦䳶༽䘠⁑ᶯሩǄާփⲴˈᡁԜ֯⭘ WikiAnswers ༽䘠䈝ᯉᓃ [47]ˈ䈕༽䘠䈝ᯉ
ᓃवਜ਼ 2 ॳ 3 Ⲯз䰞ਕ-㈷˄question-cluters˅̍ ᒦф⇿њ㈷中Ⲵ䰞仈䜭㺘䗮Ҷ਼

ṧⲴ᜿ᙍ˄䜭ᱟ⭘ᡧ㠚ਁḷ䇠ⲴਟਸᒦⲴ䰞仈 Ǆ˅㺘4.5中ኅ⽪Ҷ䈕༽䘠䈝ᯉᓃ中Ⲵ
єњ䰞ਕ-㈷ǄѪҶᶴᔪ༽䘠⁑ᶯሩˈሩҾ⇿ањ㈷ˈᡁԜ俆ݸሩҾ䈕㈷中Ⲵ䰞ਕ
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How many people live in chembakolli?
How many people is in chembakolli?
How many people live in chembakolli india?
How many people live there chembakolli?
How many people live there in chembakolli?
What is the population of Chembakolli india?
What currency is used on St Lucia?
What is st lucia money?
What is the money used in st lucia?
What kind of money did st lucia have?
What money do st Lucia use?
Which money is used in St Lucia?

㺘 4.5: ᶕ㠚 WikiAnswers ༽䘠䈝ᯉᓃ中Ⲵєњ䰞ਕ-㈷

所ޡᴹⲴᇎփˈ⭘‭ “$y” 䘋㹼ᴯԓˈ䘉ṧаᶕ䈕㈷中ਜ਼ᴹ‭ “$y” Ⲵ⁑ᶯєєѻ
䰤ᶴᡀањ༽䘠⁑ᶯሩǄ༽䘠⁑ᶯሩ中位㖞ᱟᴹ亪ᒿⲴˈҏቡᱟ䈤ˈ༽䘠⁑ᶯሩ

(t1, t2) ઼༽䘠⁑ᶯሩ (t2, t1) ᱟєњн਼Ⲵ༽䘠⁑ᶯሩǄѪҶ؍䳌༽䘠⁑ᶯሩⲴᴹ

᭸ᙗˈᡁԜਚ؍⮉ࠪ⧠⅑ᮠ䎵䗷 3 Ⲵ༽䘠⁑ᶯሩǄ

4.3 ะӄਛᆆ䠃ߏⲺ䈣ѿ䀙᷆

൘䘉а㢲ˈᡁԜሶӻ㓽ᡁԜⲴสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀㌫㔏Ǆമ4.4ᱟᡁԜส
Ҿਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅ⲴṶᷦമǄ㔉ᇊањਕᆀˈᡁԜ֯ݸ⭘ਕᆀ䟽߉Ⲵᯩ

⌅ሩ৏ਕᆀ䘋㹼䟽߉ ᗇ̍ࡠ㤕ᒢᯠⲴਕᆀ ᧕̠⵰ᡁԜ࡙⭘ส߶䈝ѹ䀓᷀ಘሩ⇿ањ

ᯠⲴਕᆀ䘋㹼䈝ѹ䀓᷀ᗇࡠ਴㠚Ⲵى䘹䙫䗁㺘䗮ᔿ˗ᴰਾᡁԜሩ⇿ањ䙫䗁㺘䗮

ᔿ䘋㹼ᢃ࠶ᒦᧂᒿ 䘹̍ᤙᢃ࠶ᴰ儈Ⲵ作ѪᡁԜⲴᴰ㓸㔃᷌Ǆ᧕лᶕ ᡁ̍Ԝሶӻ㓽ᡁ

Ԝ所֯⭘Ⲵส߶䈝ѹ䀓᷀ಘˈԕ৺ᡁԜ所֯⭘Ⲵᢃ࠭࠶ᮠǄ

4.3.1 ะ߼䈣ѿ䀙᷆ಞ

൘ᵜㄐⲴ工作中ˈᡁԜ֯⭘สҾ䇞〻˄agenda-based˅Ⲵ䈝ѹ䀓᷀ಘ [15] 作Ѫ
ᡁԜⲴส߶䈝ѹ䀓᷀ಘˈᒦ⭘ᆳᶕ⭏ᡀਕᆀⲴ䙫䗁㺘䗮ᔿǄ䈕䈝ѹ䀓᷀ಘҏᱟส

Ҿ lambda-DCS ᮷⌅ [91] ⲴǄ䀓᷀ⲴᰦىˈᡁԜ֯⭘ Berant et al. [16]所ޜᐳⲴ䇽
ި઼᮷⌅ˈަ 中䇽ި⭘ᶕ䀖ਁ⭏ᡀаݳ䉃䇽઼Ҽݳ䉃䇽 ᮷̍⌅⭘ᶕ㓴ਸ䉃䇽⭏ᡀᴰ

㓸Ⲵ䙫䗁㺘䗮ᔿǄᴹ⛩н਼Ⲵൠᯩᱟ ᡁ̍Ԝᯠ࣐Ҷаᶑ㓴ਸ㿴ࡉ ⭘̍ᶕ⭏ᡀ〽ᗞ༽

ᵲа⛩Ⲵ䙫䗁㺘䗮ᔿ˄वਜ਼єњҼݳ䉃䇽˅̍ ྲ child.obama∧gender.femaleǄ
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原句子

新句子

逻辑表达式

结果

（句子重写）

（语义分析）

（执行）

മ 4.4: ᡁԜᨀࠪⲴสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅ⲴṶᷦമ

ሩҾ䈝ѹ䀓᷀䜘࠶Ⲵ⁑ර学Ґˈส߶䈝ѹ䀓᷀ಘ学Ґྲлㆆ⮕࠭ᮠ：

pθ(a|s) =
exp{ϕ(a)T θ)}∑

a′∈A exp{ϕ(a′)T θ)} (4.1)

ަ中 a ᱟањㆆ⮕ s̍ ᱟ䀓᷀䗷〻中Ⲵ⣦ᘱ˄state Ǆ˅ㆆ⮕࠭ᮠⲴ৲ᮠ θ ᴤᯠྲл：

θ ← θ + ηR(htarget)
∑T

t=1
δ(htarget) (4.2)

δt(h) = ∇θ log pθ(at|st)

= ϕ(at)− Epθ(a
′
t|st)[ϕ(a

′
t)]

(4.3)

ᔿ中ԧ٬࠭ᮠޜ R(h) ⭘ᶕ㺑䟿ᗇࡠⲴ᧘导˄h˅Ⲵԧ٬ˈԧ٬䎺བྷˈ㺘᰾䈕᧘导

䎺߶⺞Ǆη ᱟ学Ґ⦷ˈᡁԜ࡙⭘ AdaGrad[46] 䘋㹼䇮㖞Ǆ

4.3.2 ᢉ࠳࠼ᮦ

ѪҶ䘹ᤙᴰྭⲴ䀓᷀㔃᷌ˈᡁԜ䇮计Ҷањ㜭ཏ㔬ਸ㘳㲁ਕᆀ䟽߉䜘઼࠶䈝

ѹ䀓᷀䜘࠶Ⲵᢃ࠭࠶ᮠǄ㔉ᇊањਕᆀ xˈᡁԜ࡙⭘ਕᆀ䟽߉ᗇࡠⲴᯠਕᆀ x′ˈ࡙

⭘䈝ѹ䀓᷀ಘሩ x′ 䘋㹼䀓᷀ ᗇ̍ࡠ᧘导˄derivation d˅,ᡁԜⲴᢃ࠭࠶ᮠᇊѹྲл：

score(x, x′, d) = θ · ϕ(x, x′, d)

= θ1 · ϕ(x, x′) + θ2 · ϕ(x′, d)

ᢃ࠭࠶ᮠ࠶Ѫє䜘࠶ˈа䜘࠶ᱟਕᆀ䟽߉䜘࠶üüθ1 · ϕ(x, x′)˗ਖа䜘࠶ᱟ䈝

ѹ䀓᷀䜘࠶üüθ2 · ϕ(x′, d)Ǆ类լҾ Berant and Liang [15]Ⲵᯩ⌅ˈᢃ࠭࠶ᮠ中䈝
ѹ䀓᷀䜘࠶Ⲵ৲ᮠ θ2 ৲Ⲵ࠶䜘߉ᮠ中ਕᆀ䟽࠭࠶ᔿ4.2䘋㹼ᴤᯠǄ਼理ˈᢃޜ⭘࡙
ᮠ θ1 ࡙⭘ྲлޜᔿ䘋㹼ᴤᯠ：
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θ1 ← θ1 + ηR(h∗
target)δ(x, x

′∗)

δ(x, x′∗) = ∇ log pθ1(x′∗|x)

= ϕ(x, x′∗)− Epθ1 (x
′|x)[ϕ(x, x

′)]

4.3.3 ৸ᮦ学Җ㇍⌋

ѪҶ学Ґ৲ᮠ θ1 ઼ θ2ˈᡁԜ䙊䗷䰞仈-ㆄṸሩ (xi, yi) ᶕሩ⁑ර䘋㹼䇝㓳Ǆ类

լҾ Berant and Liang [15]ˈᡁԜ䙊䗷ᴰབྷॆԧ٬˄reward˅࠭ᮠˈ㘼нᱟᴰབྷ
ॆլ❦ՠ计ᶕ学Ґ৲ᮠǄᖃ❦ԧ٬࠭ᮠҏᨀ׋Ҷ৲ᮠᴤᯠⲴᯩੁǄᇎ䱵кˈ⇿ᴤ

ᯠа⅑৲ᮠˈᡁԜⲴ⁑රቡՊ֯ᗇࡠᴰ儈ԧ٬Ⲵ᧘导˄derivation˅Պᴹᴰ儈Ⲵᢃ
Ⲵˈԧ٬࠭ᮠ٬䎺儈ˈ㺘ޣᮠᱟ↓⴨࠭࠶ㆰ单ᶕ䈤ˈቡᱟԧ٬࠭ᮠ与ᡁԜⲴᢃˈ࠶

⽪ᢃ࠭࠶ᮠ٬ҏ儈˗ԧ٬࠭ᮠ٬䎺վˈ㺘⽪ᢃ࠭࠶ᮠ٬ҏվǄ㺘4.6ᱮ⽪ҶᡁԜⲴ
䇝㓳算⌅Ǆ算⌅中࠭ᮠ REWRITING(xi) 㺘⽪࡙⭘є⿽ਕᆀ䟽ᯩ߉⌅ᗇࡠᒦ䘄

എᯠⲴਕᆀ䳶ਸ˗࠭ᮠ PARSE(pθ, x) 㺘⽪࡙⭘ᖃࡽⲴ৲ᮠሩਕᆀ䘋㹼䀓᷀˗࠭

ᮠ CHOOSEORACLE(h0) 㺘⽪Ӿ h0 Ⲵṩ㢲⛩中䘹ᤙԧ٬࠭ᮠ٬ᴰ儈Ⲵ᧘导

˄derivation˅̠ ࠭ᮠ CHOOSEORACLE(Htarget) 㺘⽪൘ى䘹䳶ਸ中䘹ᤙԧ٬࠭ᮠ

٬ᴰ儈Ⲵ᧘导˗࠭ᮠ CHOOSEORACLE(h∗
target) 㺘⽪൘ᤕᴹᴰ儈ԧ٬࠭ᮠⲴ᧘

导中所֯⭘Ⲵ࡙⭘ਕᆀ䟽߉ᗇࡠⲴᯠਕᆀǄ

4.3.4 ⢯ᖷ

к㢲ᐢ㓿ᨀࡠˈᡁԜᴹ֯⭘є类⢩ᖱˈа类ᱟ䈝ѹ䀓᷀䜘࠶Ⲵ⢩ᖱˈ䘉䟼ᡁ

Ԝ֯⭘Ҷส߶䈝ѹ䀓᷀ಘ所֯⭘Ⲵޘ䜘⢩ᖱˈ䈖㓶᧿䘠ˈ䈧৲㿱 [15]Ǆਖа类ᱟ
ਕᆀ䟽߉䜘࠶Ⲵ⢩ᖱˈ䘉䜘࠶⢩ᖱⲴᇊѹᱟสҾ৏ਕᆀˈᯠਕᆀԕ৺ᴰਾⲴ䀓᷀

˄derivations˅̍ ާփⲴᇊѹྲл：

ะӄᆍޮᴵᦘⲺ⢯ᖷ 㔉ᇊањਕᆀ s0ˈᖃᡁԜ⭘ਕᆀ中Ḁњ䇽䈝Ⲵ䀓䟺 ex ᴯ

ᦒ䈕䇽 wˈᗇࡠᯠⲴਕᆀ s1 ⲴᰦىˈᡁԜᇊѹྲл 4 њ⢩ᖱ⁑ᶯ：ㅜањ⢩ᖱᱟ
所ᴯᦒⲴ䇽䈝˗ㅜҼњ⢩ᖱᱟᡁԜ所֯⭘Ⲵᴯᦒ w → ex˗ᴰਾєњ⢩ᖱ⁑ᶯᱟ㻛

ᴯᦒⲴ䇽䈝 w ൘৏ਕᆀ s0 中ᐖ䗩䇽䈝઼ਣ䗩䇽䈝Ⲵ䇽ᙗ˄POS Ǆ˅
ะӄ⁗ᶵᴵᦘⲺ⢯ᖷ 㔉ᇊањਕᆀ s0ˈᖃᡁԜ֯⭘༽䘠⁑ᶯሩ t1 → t2ˈ䟽߉

ਕᆀᗇࡠᯠਕᆀ s1 ⲴᰦىˈᡁԜҏᇊѹҶྲл 4 њ⢩ᖱ⁑ᶯ：ㅜањ⢩ᖱᱟᡁԜ
所֯⭘Ⲵ⁑ᶯሩ (t1, t2)˗ㅜҼњ⢩ᖱᱟਕᆀ s0 ઼⁑ᶯ t1 ѻ䰤Ⲵ⴨լᓖˈާփⲴ

ᡁԜ֯⭘ s0 ઼ t1 中䇽䈝Ⲵ䟽ਐ〻ᓖᶕᇊѹ⴨լᓖ˗ㅜйњ⢩ᖱᱟ༽䘠⁑ᶯሩ (t1,
t2) ⲴਟؑᓖˈާփⲴˈᡁԜ䙊䗷计算 WikiAnswers 䈝ᯉ中⁑ᶯ t1 ઼ t2 Ⲵ⛩ӂؑ

᚟˄PMI˅̠ ㅜഋњ⢩ᖱ⁑ᶯᱟⴞḷ䈝ѹ㺘⽪中ࠪ⧠ⲴҼݳ䉃䇽 p઼⁑ᶯ t2 ѻ䰤Ⲵ

䝽ሩˈ䘉њ⢩ᖱᱟѪҶᦅ᥹⁑ᶯ t2 䉃䇽ࡠ p Ⲵ᱐ሴǄ
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Input: Q/A ሩ {(xi, yi) : i = 1...n}; ⸕䇶ᓃ K; ਕᆀ
ᮠⴞ N ; 䘝ԓ⅑ᮠ T .

Definitions: ࠭ᮠ REWRITING(xi) ࡙⭘ਕᆀ

䟽ᯩ߉⌅⭡৏ਕᆀ x ᗇࡠ㤕ᒢى䘹Ⲵᯠਕᆀ˗࠭

ᮠ PARSE(pθ, x) ֯⭘ agenda-parsing ᯩ⌅สҾ
ᖃࡽⲴ⁑ර৲ᮠ θ ሩਕᆀ x 䘋㹼䀓᷀˗࠭ᮠ

CHOOSEORACLE(h0) Ӿṩ㢲⛩ h0 ༴䘹ᤙԧ

٬ᴰ儈Ⲵ᧘导˗࠭ᮠ CHOOSEORACLE(Htarget)

Ӿ㤕ᒢى䘹᧘导中䘹ᤙԧ٬ᴰ儈Ⲵ᧘导˗࠭ᮠ

CHOOSEORACLE(h∗target) 䘹ᤙᗇࡠᴰ儈ԧ٬᧘

导ⲴᯠਕᆀǄ

Algorithm:
θ1 ← 0, θ2 ← 0
for t = 1...T , i = 1...N :

X = REWRITING(xi)

for each x′i ∈ X :

h0 ← PARSE(pθ, x
′
i)

d∗ ← CHOOSEORACLE(h0)

htarget ← PARSE(p+cw
θ , x′i)

h∗target ← CHOOSEORACLE(Htarget)

x′∗i ← CHOOSEORACLE(h∗target)

θ2 ← θ2 + ηR(h∗target)
∑T

t=1 δ(h
∗
target)

θ1 ← θ1 + ηR(h∗target)δ(xi, x
′∗
i )

Output: Estimated parameters θ1 and θ2.

㺘 4.6: ᡁԜⲴ৲ᮠᴤᯠ算⌅
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4.4 ᇔ僂

䘉а㢲ˈᡁԜӻ㓽ᡁԜⲴᇎ傼ˈᒦҾѻࡽⲴᯩ⌅䘋㹼ሩ∄ˈԕ৺ሩᇎ傼㔃᷌䘋

㹼᷀࠶Ǆ

4.4.1 ᇔ僂䇴㖤

ᇔ僂ᮦᦤ ᡁԜ൘ޜᔰᮠᦞ䳶 Webquestions к䘋㹼ᇎ傼Ǆ䈕ᮠᦞ䳶㾶ⴆཊњ
亶ฏˈԕ Freebase Ѫ⸕䇶ᓃᵜփǄYao [147]指ࠪ䈕ᮠᦞ䳶 85% Ⲵṧֻ䜭ᱟㆰ单䰞
ਕ：ਕᆀ中वਜ਼ањޣ㌫䇽઼ањᇎփˈ࠶别ሩᓄࡠ⸕䇶ᓃ中ⲴањҼݳ䉃䇽઼

ањᇎփˈ䰞ਕⲴㆄṸቡᱟ⸕䇶ᓃ中䈕Ҽݳ䉃䇽䲔Ҷᐢ⸕ᇎփཆⲴਖཆањᇎփ

˄ҏਟԕᱟཊњ Ǆ˅ᡁԜ֯⭘ḷ߶Ⲵ䇝㓳/⍻䈅ᮠᦞࢢ࠶Ǆ

ਖཆˈѪҶ⍻䈅ᡁԜⲴᯩ⌅൘㔃ᶴн३䝽䰞仈кⲴ᭸᷌ˈᡁԜ൘ Webques-
tions ᮠᦞ䳶кӪ工᭦䳶Ҷ 50 њᆈ൘㔃ᶴн३䝽Ⲵ䰞仈ˈྲ “Who is keyshia cole
dad?” ઼ “What countries have german as the official language?”ˈᒦ൘䈕ᮠᦞ䳶к
䘋㹼Ҷ⍻䈅Ǆ

㌱㔕䇴㖤 ᇎ傼中ˈᡁԜ࡙⭘ Freebase Ⲵᩌ㍒ API ᶕ䖵ࣙᇎփ䬮᧕ǄᡁԜᢺ
Freebase导ޕ Virtuoso3ᮠᦞᓃ ᒦ̍ሶ䙫䗁㺘䗮ᔿ䖜ᦒѪ SPARQL4ḕ䈒䈝ਕ ൘̍޽

Virtuoso к䘋㹼ḕ䈒ˈᗇࡠ䙫䗁㺘䗮ᔿ所ሩᓄⲴㆄṸǄ䇝㓳⁑රᰦˈ䇝㓳䘝ԓ⅑ᮠ
ᡁԜ䇮㖞Ѫ 3 ⅑˗䀓⸱Ⲵᰦى所֯⭘Ⲵḡᩌ㍒ⲴབྷሿˈᡁԜ䇮㖞Ѫ 200˗ਕᆀ䟽߉
䜘࠶ˈ⇿ањਕᆀ࡙⭘สҾ䇽ިᴯᦒⲴ䟽ᯩ߉⌅ᗇࡠⲴᯠਕᆀᴰཊн䎵䗷 100 њˈ
࡙⭘สҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅ᗇࡠⲴᯠਕᆀ਼ṧᴰཊн䎵䗷 100 њǄ

ะ߼㌱㔕 ᡁԜ与ᖃᰦ൘䈕ᮠᦞ䳶кਆᗇ㔃᷌ᴰྭⲴࠐњ㌫㔏䘋㹼Ҷሩ∄：䘉Ӌ

㌫㔏वᤜสҾ䈝ѹ䀓᷀Ⲵ㌫㔏 [16, 14, 15, 149]˗สҾؑ᚟ᣭਆⲴ㌫㔏 [148, 147]˗
สҾ机ಘ㘫䈁Ⲵ䰞ㆄ㌫㔏 [11]˗สҾ䇽ੁ䟿㺘⽪Ⲵ䰞ㆄ㌫㔏 [19, 146]Ǆ所ᴹ䘉Ӌ㌫
㔏Ⲵ㔃᷌䜭ਆ㠚ԆԜⲴ论᮷ᡆ者ḷ߶㖁ㄉ5Ǆ

䇺զδevaluationε 与 Berant et al. [16]Ⲵ䇴ՠḷ߶аṧˈᡁԜ֯⭘䰞仈ㆄṸⲴ
߶⺞⦷作Ѫ䇴ՠḷ߶Ǆ⭡Ҿḷ߶ㆄṸ中ਟ㜭н→ањᇎփˈՊᴹཊњᇎփⲴᛵߥˈ

ഐ↔ᡁԜ䟷⭘ᒣ൷ F1 作ѪᡁԜⲴѫ㾱䇴ՠḷ߶Ǆ䈕䇴ՠḷ߶ҏᱟޜ䇔Ⲵˈ所ᴹ㌫
㔏䜭䟷⭘䘉њ䇴ՠḷ߶Ǆ

4.4.2 ᇔ僂㔉᷒ф᷆࠼

㺘4.7ኅ⽪ҶᡁԜⲴᯩ⌅઼ѻࡽⲴᯩ⌅Ⲵ㔃᷌ሩ∄ˈӾ㺘中ᡁԜਟԕⴻࡠ：
3https://www.virtuoso.com/
4https://www.w3.org/TR/rdf-sparql-query/
5https://worksheets.codalab.org/worksheets/0xba659fe363cb46e7a505c5b6a774dc8a/
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System Prec. Rec. F1 (avg)
Berant et al. [16] 48.0 41.3 35.7

Yao and Van Durme [148] 51.7 45.8 33.0
Berant and Liang [14] 40.5 46.6 39.9

Bao et al. [11] – – 37.5
Bordes et al. [19] – – 39.2
Yang et al. [146] – – 41.3

Bast and Haussmann [12] 49.8 60.4 49.4
Yao [147] 52.6 54.5 44.3

Berant and Liang [15] 50.5 55.7 49.7
Yih et al. [149] 52.8 60.7 52.5
ᡁԜⲴᯩ⌅ 53.7 60.0 53.1

㺘 4.7: ᡁԜⲴᯩ⌅与ѻࡽⲴᯩ⌅൘ Webquestions ᮠᦞ䳶кⲴᇎ傼㔃᷌

1. ᡁԜᯩ⌅Ⲵ㔃᷌⴨ᖃྭ：ᡁԜⲴᯩ⌅䎵䗷Ҷᖃᰦ所ᴹⲴ㌫㔏ˈ൘ Webques-
tions ᮠᦞ䳶кਆᗇҶᴰ儈Ⲵ F1 ٬ 53.1Ǆ

2. ਕᆀ䟽߉ᢰᵟ㜭ᴹ᭸ᨀ儈䈝ѹ䀓᷀Ⲵᙗ㜭：䙊䗷࡙⭘ਕᆀ䟽߉ˈᡁԜⲴᯩ⌅
∄ส߶䈝ѹ䀓᷀ಘ˄Berant et al. [16]˅൘ F1 ٬кᨀ儈Ҷ 3.4 њ⛩˄53.1 VS
49.7 Ǆ˅

3. 与所ᴹ㌫㔏ሩ∄ˈᡁԜⲴᯩ⌅ਆᗇҶᴰ儈Ⲵ߶⺞⦷˄P ٬ Ǆ˅䘉њ㔃᷌ҏ㺘᰾
࡙⭘ਕᆀ䟽߉ˈᡁԜ㜭ཏᗇࡠᴤ࣐߶⺞Ⲵ䙫䗁㺘䗮ᔿǄਖཆˈᡁԜᯩ⌅൘ਜ

എ⦷кҏ㺘⧠ॱࠪ࠶⧠ˈᧂ൘ᖃᰦ所ᴹ㌫㔏中Ⲵㅜй名ˈ㘼єњᧂ名൘ᡁԜ

ѻࡽⲴ㌫㔏䜭ᴹ֯⭘仍ཆⲴᢰᵟ˄ᇎփ䬮᧕઼ޣ㌫३䝽 Ǆ˅

൞㔉ᶺу९䞃䰤从рⲺ᭾᷒᷆࠼ ѪҶ᷀࠶㔃ᶴн३䝽䰞仈ⲴᲞ䙽ᙗˈᡁԜ൘

Webquestions ᮠᦞ䳶Ⲵ䇝㓳䳶к䲿机ᣭਆҶ 500 њਕᆀˈᒦ䘋㹼Ӫ工᷀࠶Ǆᡁ
Ԝਁ⧠ṧᵜᮠᦞ中ᙫ⭘ᴹ 12.2%Ⲵਕᆀᆈ൘㔃ᶴн३䝽䰞仈：ަ 中 3.8%Ⲵਕᆀ኎
Ҿ 1-N රн३䝽䰞仈˗8.4% Ⲵਕᆀ኎Ҿ N-1 රн३䝽䰞仈Ǆ

ѪҶ䘋а↕傼䇱ᡁԜᯩ⌅ሩҾ㔃ᶴн३䝽䰞仈Ⲵᴹ᭸ᙗˈᡁԜ൘ 50 њᆈ൘㔃
᷌н३䝽䰞仈Ⲵሿ⍻䈅䳶к䘋㹼Ҷᇎ傼ˈ㺘4.8ኅ⽪Ҷ൘䈕ሿ⍻䈅䳶кⲴ⍻䈅㔃᷌Ǆ
Ӿ㔃᷌中ᡁԜਟԕⴻࡠ ᡁ̍ԜⲴᯩ⌅㜭ཏॱ࠶ᴹ᭸Ⲵ䀓ߣ㔃ᶴн३䝽䰞仈：ݸ∄ส

߶䈝ѹ䀓᷀ಘˈᡁԜสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ಘ൘ F1 ٬кˈᮤᮤᨀ儈Ҷ 54.5 њ
⛩Ǆ

њ〃ਛᆆ䠃ᯯߏ⌋Ⲻ᭾᷒᷆࠼ ѪҶሩ∄є⿽ਕᆀ䟽ᯩ߉⌅Ⲵ᭸᷌ˈᡁԜ䘋㹼ྲ

лሩ∄ᇎ傼䇮㖞：н֯⭘ਕᆀ䟽߉˗ӵ֯⭘สҾᆇިᴯᦒⲴਕᆀ䟽߉˗ӵ֯⭘สҾ
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System Prec. Rec. F1 (avg)
Base system 31.4 43.9 29.4
Our system 83.3 92.3 83.9

㺘 4.8: ൘ 50 њᆈ൘㔃ᶴн३䝽䰞仈Ⲵ⍻䈅䳶кⲴ⍻䈅㔃᷌ሩ∄

Method Prec. Rec. F1 (avg)
н֯⭘ਕᆀ䟽߉ 49.8 55.3 49.1

ӵ֯⭘สҾᆇިᴯᦒⲴਕᆀ䟽߉ 51.6 57.5 50.9
ӵ֯⭘สҾ⁑ᶯᴯᦒⲴਕᆀ䟽߉ 52.9 59.0 52.3

਼ᰦ֯⭘є⿽ਕᆀ䟽߉ 53.7 60.0 53.1

㺘 4.9: ሩ∄є⿽ਕᆀ䟽ᯩ߉⌅Ⲵ᭸᷌

⁑ᶯᴯᦒⲴਕᆀ䟽߉˗਼ᰦ֯⭘є⿽ਕᆀ䟽߉Ǆᇎ傼㔃᷌ྲ㺘4.9所⽪ˈӾ㔃᷌中
ᡁԜਟԕⴻࡠ：

1. є⿽ਕᆀ䟽ᯩ߉⌅䜭㜭ᨀ儈䈝ѹ䀓᷀Ⲵᙗ㜭ˈ⴨∄Ҿส߶㌫㔏˄н֯⭘ਕᆀ
䟽ᯩ߉⌅˅̍ ࡙⭘สҾᆇިᴯᦒⲴਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ಘ઼สҾ⁑ᶯᴯᦒⲴ

ਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ಘ൘ F1 ٬к㜭ཏ࠶别ᨀ儈 1.8 ઼ 3.2 њ⛩Ǆ

2. ⴨∄ҾสҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅ˈสҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅ሩ䈝
ѹ䀓᷀Ⲵᨀ儈ᴤཊǄᡁԜ䇔Ѫѫ㾱ᱟഐѪ N-1 රн३䝽䰞仈ᴤ࣐ᑨ㿱˄൘
Webquestions ᮠᦞ䳶к Ǆ˅

3. є⿽ਕᆀ䟽ᯩ߉⌅㜭ཏެᇩᒦ⴨ӂ㺕ݵˈ਼ᰦ֯⭘є⿽ਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀
ಘਆᗇҶᴰྭⲴ㔃᷌Ǆ

ᡁԜ䘈ሩਕᆀ䟽ᯩ߉⌅Ⲵ᭸᷌䘈䘋㹼Ҷᴤ䘁а↕Ⲵ᷀࠶ˈᡁԜਁ⧠ਕᆀ䟽߉

ᯩ⌅㜭ཏᑖᶕаӋ仍ཆⲴ᭦⳺ˈ᧕лᶕᡁԜሶ䈖㓶ӻ㓽ˈ਼ᰦ㺘4.10ኅ⽪Ҷࠐњֻ
ᆀˈ㺘Ṭ中 O 㺘⽪৏ᶕⲴਕᆀ˗R 㺘⽪࡙⭘ਕᆀ䟽߉ᗇࡠⲴᯠਕᆀ˄⁑ර䘹ᤙࠪ
ᶕⲴᴰྭⲴ˅̠ LF 㺘⽪䙫䗁㺘䗮ᔿǄ

ᨆ儎㌱㔕劷ἈᙝⲺ᭾᷒᷆࠼ ᡁԜਁ⧠：สҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅㜭ཏᴹ᭸

ᨀ儈ส߶䈝ѹ䀓᷀ಘⲴ励ἂᙗǄާփൠˈสҾ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅Պᢺ⴨լ

Ⲵਕᆀ᭩߉ᡀ㔏а⁑ᶯˈ਼ᰦᡁԜ䘈ᇊѹҶ˄⁑ᶯˈ䉃䇽˅Ⲵ⢩ᖱˈ䘉ṧаᶕˈ㜭

ཏ⎸䲔䀓᷀䗷〻中ⲴаӋн⺞ᇊᙗǄֻྲˈሩҾਕᆀ：“What does jamaican people
speak?”ˈަ߶⺞Ⲵ䙫䗁㺘䗮ᔿѪ：language_spoken.jamaicanǄ㤕ӵӵ࡙⭘䇽䈝
“people” ઼ “speak” 䉃䇽ࡠ official_language ઼ language_spoken ѻ䰤Ⲵн
⺞ᇊ᱐ሴޣ㌫ˈส߶䈝ѹ䀓᷀ಘՊᢺਕᆀ᱐ሴࡠ official_language.jamaican
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O Who is willow smith mom name?
R Who is willow smith female parent name?
LF parentOf.willow_smith∧gender.female

O Who was king henry viii son?
R Who was king henry viii male child?
LF childOf.king_henry∧gender.male

O What are some of the traditions of islam?
R What is of the religion of islam?
LF religionOf.islam

O What does jamaican people speak?
R What language does jamaican people speak?
LF language_spoken.jamaica

㺘 4.10: 㤕ᒢสҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ಘ∄ส߶䈝ѹ䀓᷀ಘ㺘⧠ᴤྭⲴֻᆀ

˄䈖㓶Ⲵֻᆀ䈧ḕⴻ㺘4.10中ᴰਾањֻᆀ Ǆ˅㘼ᡁԜⲴ㌫㔏ˈ䙊䗷࡙⭘⁑ᶯ “what
language does $y people speak”与䉃䇽 language_spokenѻ䰤Ⲵ᱐ሴޣ㌫˄ᇊѹⲴ
⢩ᖱ˅̍ ᡁԜⲴ㌫㔏㜭ཏ߶⺞Ⲵ䀓᷀䘉⿽ֻᆀǄ

䀙ߩᵠⲱᖋ䈃δOOVεⲺ᭾᷒᷆࠼ ᡁԜਁ⧠࡙⭘ਕᆀ䟽߉Ⲵᯩ⌅㜭ཏ൘Ḁ⿽〻

ᓖкѪ䀓ߣᵚⲫᖅ䇽˄OOV˅䰞仈ᨀ׋а⛩ᑞࣙǄՐ㔏Ⲵᯩ⌅中ˈྲ᷌ਕᆀ中ᴹ
Ⲵ䇽䈝⋑ᴹ㻛䇽ި˄lexicon˅㾶ⴆᦹˈ䛓Ѹ䘉њֻᆀᖸ䳮㻛䀓᷀↓⺞Ǆնᱟˈ䙊䗷
ਕᆀ䟽߉ˈᡁԜਟ㜭Պᢺᵚⲫᖅ䇽ᴯᦒᡀҶ㻛䇽ި㾶ⴆⲴ䇽ˈӾ㘼ਟԕ࡙⭘䇽ި

ሩ䟽߉Ⲵਕᆀ䘋㹼䀓᷀Ǆֻྲˈ㺘4.10中Ⲵㅜ 3 њֻᆀˈਕᆀ “What are some of
the traditions of islam?” 中ᴹᵚⲫᖅ䇽 “tradition”ˈӾ㘼н㜭㻛ส߶䈝ѹ䀓᷀ಘ↓
⺞Ⲵ䀓᷀Ǆ㘼ᡁԜ࡙⭘ਕᆀ䟽߉Ⲵᯩ⌅ˈᗇࡠᯠⲴਕᆀ “What is of the religion of
islam?” ᯠ̍ਕᆀ中ⲴṨᗳ޵ᇩ䇽 “religion”ᱟ㻛䇽ި所㾶ⴆⲴ Ӿ̍㘼䘉њֻᆀਟԕ

㻛ᡁԜⲴᯩ⌅↓⺞䀓᷀Ǆ

4.4.3 䭏䈥᷆࠼

ѪҶ䘋а↕Ҷ䀓ᡁԜⲴ㌫㔏ˈᡁԜሩᡁԜ㌫㔏Ⲵ㔃᷌䘋㹼Ҷ䭉䈟᷀࠶Ǆާփ

ൠˈᡁԜӾ䭉䈟ṧֻ中䲿机䘹ᤙҶ 100 њṧֻ䘋㹼㔏计઼᷀࠶ǄᡁԜਁ⧠ᡁԜ㌫
㔏Ⲵ䭉䈟Ⲵ৏ഐѫ㾱ᴹྲл䘉 4 ⿽˄㺘4.11 ：˅

ㅜаབྷ৏ഐᱟḷ⌘䰞仈˄label issue Ǆ˅ѫ㾱Ⲵḷ⌘䰞仈ᱟḷ⌘нᆼޘˈቡᱟ䈤
ḷ⌘ⲴㆄṸнᆼޘˈਚᱟ߶⺞ㆄṸⲴа䜘࠶ǄྲˈሩҾ䰞ਕ “Who does nolan ryan
play for?”ˈᡁԜ㌫㔏㔉ࠪⲴㆄṸᱟ 4 њ䱏˄↓⺞Ⲵҏᱟ䘉 4 њ䱏˅̍ 㘼ḷ⌘ⲴㆄṸ
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Reason #(Ratio) Sample Example
Label issue 38 What band was george clinton in?

N-ary predicate(n > 2) 31 What year did the seahawks win the superbowl?
Temporal clause 15 Who was the leader of the us during wwii?

Superlative 8 Who was the first governor of colonial south carolina?
Others 8 What is arkansas state capitol?

㺘 4.11: ㌫㔏ࠪ⧠䭉䈟Ⲵѫ㾱৏ഐԕ৺ࠪ⧠Ⲵ∄઼ֻṧֻ

ਚᴹ 2њ䱏ǄਖཆⲴḷ⌘䰞仈ᱟ䭉䈟 ∄̍ྲ ሩ̍Ҿ䰞ਕ “What state is barack obama
from?”ˈḷ⌘ⲴㆄṸᱟ “Illinois”ˈ㘼߶⺞ⲴㆄṸᱟ “Hawaii”Ǆ

ㅜҼབྷ৏ഐᱟཊݳ䉃䇽˄n-ary predicateˈn > 2˅䰞仈Ǆⴞࡽˈ䘈ᖸ䳮䇙ањ

䈝ѹ䀓᷀ಘ߶⺞⭏ᡀањवਜ਼ཊݳ䉃䇽Ⲵ䙫䗁㺘䗮ᔿˈྲ䰞ਕ “What year did the
seahawks win the superbowl?” ᧿䘠Ⲵᱟањवਜ਼ཊњݳ㍐ⲴᴹߋߐޣⲴһ件ˈ㔉
ࠪ䘉њߋߐһ件Ⲵᖃһ者ˈ઼ 䘉њߋߐⲴ名ⴞ ራ̍≲䘉њߋߐһ件ਁ⭏Ⲵ年ԭǄ䘉

ᱟањ∄䖳༽ᵲⲴṧֻ ն̍ᱟ⧠ᇎ中ᖸཊᨀࠪⲴ䰞仈䜭ᱟޣҾһ件Ⲵ 㘼̍⸕䇶ᓃᵜ

փ中ሩҾһ件Ⲵ㺘⽪ቡᱟ֯⭘ཊݳ䉃䇽ˈ所ԕᡁԜબ਱学者ᢺ⌘᜿ࡠ᭮࣋䘉类༽

ᵲ䰞仈кǄ

ㅜйབྷ৏ഐᱟᰦ䰤Ӿਕ˄temporal clause Ǆ˅ቡᱟ䰞仈中ࠪ⧠Ҷᰦ䰤Ӿਕˈ∄
ྲ䰞ਕ “Who did nasri play for before arsenal?” 中Ⲵ “before arsenal”Ǆ䘉类䰞仈
ሩҾᖃࡽⲴ䈝ѹ䀓᷀ಘᱟᖸ䳮༴理Ⲵˈѫ㾱ᱟഐѪ⋑ᴹањ⢩别ਸ䘲Ⲵ机ࡦᶕᔪ

⁑઼༴理䘉类䰞仈ˈ䘉ҏᱟԕਾ䴰㾱⌘᜿ⲴൠᯩǄ

ㅜഋབྷ৏ഐᱟᴰ儈级˄superlative˅䰞仈ˈ䘉ሩҾ䈝ѹ䀓᷀ᶕ䈤ˈ਼ṧᱟᖸഠ
䳮Ⲵ䰞仈Ǆ∄ྲ䰞ਕ “What was the name of henry viii first wife?”ˈᡁԜ䴰㾱ݸㅖ
ਸ㾱≲Ⲵࡇ㺘中᤹➗ᰦ䰤亪ᒿ䘹ᤙㅜањǄ䘉ሩҾ䈝ѹ䀓᷀ಘᶕ䈤ॱ࠶ഠ䳮 а̍ᱟ

㾱ᔴ␵ᾊᧂᒿⲴሩ䊑ᱟӰѸ Ҽ̍ᱟ㾱ᔴ␵ᾊᧂᒿⲴḷ߶ᱟӰѸ ᱟ̍ṩᦞӰѸᶕᧂᒿ

ⲴǄ

䘈ᴹаӋ৏ഐᱟᖸ䳮ᙫ㔃Ⲵˈ∄ྲ᤬߉䭉䈟ˈ䈝ᯉ中᤬߉Ⲵֻᆀᴹᢺ “capital”
᤬ᡀ “capitol”ˈᢺ “marry” ᤬ᡀ “mary”Ǆ

4.5 ᵢㄖቅ㔉

ᵜㄐӾ㔃ᶴ亴⍻Ⲵ䀂ᓖ研究䈝ѹ䀓᷀Ǆ䪸ሩ䈝ѹ䀓᷀中㔃ᶴ亴⍻䜘࠶ᆈ൘Ⲵ

㠚❦䈝䀰ਕᆀ与ⴞḷ䈝ѹ㺘⽪ѻ䰤㔃ᶴн३䝽Ⲵ䰞仈ˈᡁԜᨀࠪҶа⿽สҾਕᆀ

䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅Ǆ䈕ᯩ⌅Ⲵࠪਁ⛩ᱟ：ањਕᆀᙫᆈ൘а⿽㺘䗮 䈕̍㺘䗮؍⮉

Ҷ৏ਕᆀⲴ᜿ᙍ ᒦ̍ф与ⴞḷ䈝ѹ㺘⽪ѻ䰤Ⲵ㔃ᶴᱟ३䝽ⲴǄᡁԜሩ㔃ᶴн३䝽䰞

仈䘋㹼Ҷᖂ㓣ᒦ࠶类Ѫ：1-N ර઼ N-1 රǄ䪸ሩ 1-N රн३䝽䰞仈ˈᡁԜᨀࠪҶ
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а⿽สҾᆇިᴯᦒⲴਕᆀ䟽ᯩ߉⌅˗䪸ሩ N-1 රн३䝽䰞仈ˈᡁԜᨀࠪҶа⿽ส
Ҿ⁑ᶯᴯᦒⲴਕᆀ䟽ᯩ߉⌅ǄᡁԜሶਕᆀ䟽ᯩ߉⌅ᓄ⭘Ҿ䈝ѹ䀓᷀中Ǆ൘ޜᔰᮠ

ᦞ䳶к䘋㹼Ҷᇎ傼 ᇎ̍傼㔃᷌傼䇱ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗ：ਕᆀ䟽߉Ⲵᯩ⌅㜭ཏ䀓ߣ

䈝ѹ䀓᷀中ਕᆀ与ⴞḷ䈝ѹ㺘⽪ѻ䰤㔃ᶴн३䝽Ⲵ䰞仈Ǆ

ᵜㄐⲴ⴨ޣ研究ᡀ᷌ “Sentence Rewriting for Semantic Parsing”ԕ䮯᮷
Ⲵᖒᔿਁ㺘Ҿ ACL-2016δCCF-A ㊱εǄ





ㅢӊㄖ ะӄㄥࡦㄥ䈣ѿഴ⭕ᡆⲺ䈣ѿ䀙᷆

5.1 ᵢㄖᕋ论

䶒ᐢ㓿ӻ㓽ࡽ а̍њᆼᮤⲴ䈝ѹ䀓᷀ಘа㡜䴰㾱єњ࣏㜭：㔃ᶴ亴⍻઼䈝ѹ㩭

ൠǄՐ㔏Ⲵ䈝ѹ䀓᷀ಘབྷ䜘࠶䜭สҾ㓴ਸ᮷⌅ˈྲ 㓴ਸ㤳⮤᮷⌅˄ CCG [˅154, 152]ǃ
สҾ׍ᆈⲴ㓴ਸ䈝ѹ᮷⌅˄ DCS [˅93]Ǆ䘉Ӌ䈝ѹ䀓᷀ಘ䜭࡙⭘᮷⌅ᶕ㓴ਸ㔃ᶴˈ࡙
⭘䇽ިᶕ䘋㹼䈝ѹ㩭ൠ ᧂᒿǄ❦㘼࠶䘹䀓᷀㔃᷌ᢃى⢩ᖱሩ⭘࡙̍޽ ൘̍䶒ੁᔰ᭮

ฏⲴᛵߥлˈа㡜ᖸ䳮䇮计᮷⌅ˈᴤ䳮学Ґࡠ儈䍘䟿ǃ儈㾶ⴆᓖⲴ䇽ިˈ↔ཆˈ㾱

ᜣ䇮计ࠪᴹ᭸Ⲵ⢩ᖱ䙊ᑨҏᖸഠ䳮 ᒦ̍ф⁑රⲴ学ҐҏнᱟㄟࡠㄟⲴǄѪҶ䀓ߣк

䘠䰞仈 䘁̍年ᶕ䈝ѹ䀓᷀亶ฏ޵ᴹєњ༷ਇޣ⌘Ⲵᢰᵟਁኅ䐟㓯：สҾ䈝ѹമⲴᯩ

⌅ˈ઼สҾᒿࡇ-ᒿࡇⲴᯩ⌅Ǆ

สҾ䈝ѹമⲴᯩ⌅ [123, 124, 12, 149] ࡙⭘䈝ѹമᶕ㺘⽪㠚❦䈝䀰ਕᆀⲴ䈝ѹ
˄ֻྲ⸕䇶ᓃ中Ⲵањᆀമˈྲമ5.1所⽪˅̍ 䘋㘼ᢺ䈝ѹ䀓᷀䖜ॆѪ䈝ѹമ३䝽/⭏
ᡀⲴ䰞仈Ǆ⴨∄Ҿ䙫䗁㺘䗮ᔿˈ䈝ѹമ与⸕䇶ᓃᴤ࣐㍗密⴨䘎 [149]ˈᒦф䈝ѹമ
Ⲵ㔃ᶴ与ਕᆀⲴਕ⌅㔃ᶴާᴹᖸཊⲴ਼ޡ⛩ [123]Ǆ਼ᰦˈᶕ㠚⸕䇶ᓃⲴ㔃ᶴ㓖ᶏ
઼䈝ѹ㓖ᶏ㜭ཏᖸྭⲴ൘䀓᷀Ⲵ䗷〻中࣐ԕ࡙⭘ [149]ǄสҾ䈝ѹമⲴᯩ⌅Ⲵᴰབྷ
᥁ᡈ൘Ҿྲօ৫ᶴᔪањਕᆀⲴ䈝ѹമǄ⧠䱦⇥ˈ䈝ѹമ㾱Ѹᱟ࡙⭘⢩ᇊⲴ⁑ᶯˈ

к⁑ᶯ३䝽㘼ᶕ࣐޽ [12], 㾱ѸӾ׍ᆈṁᡆ者ਕ⌅ṁ䖜ॆ㘼ᶕ [123, 124] ᡆ̍者䙊䗷
੟ਁᔿⲴ算⌅ [149]Ǆ䘉Ӌᯩ⌅䜭ᱟสҾӪ工䇮计Ⲵˈᡆ者੟ਁᔿⲴᶴᔪ䗷〻ˈ䘉
֯ᗇ䘉Ӌᯩ⌅ᖸ䳮༴理ᔰ᭮ฏᶑ件лⲴ༽ᵲਕᆀǄ

䘁年ᶕ ᗚ̍⧟⾎㓿㖁㔌˄ RNN ⁑˅ර൘ᒿࡇ-ᒿࡇⲴ䰞仈кᐢ㓿ਆᗇҶᖸབྷⲴᡀ
ྲˈ࣏ 机ಘ㘫䈁 [7]ǃAMR᷀࠶ [76] 䘉̍ᗇ⳺Ҿ䘉类⁑රᤕᴹᕪབྷⲴ㺘⽪㜭઼࣋亴⍻
㜭࣋Ǆҏᴹнቁ工作ᢺᒿࡇ-ᒿࡇⲴ⁑රᓄ⭘ࡠ䈝ѹ䀓᷀ԫ࣑кᶕ [144, 43, 68, 61]ˈ
䘉Ӌ工作࡙⭘ᗚ⧟⾎㓿㖁㔌⁑රᢺਕᆀ㻛䀓᷀ᡀᒿॆࡇⲴ䙫䗁㺘䗮ᔿǄ䘉ṧаᶕ

н޽䴰㾱⢩ᇊⲴ᮷⌅ˈҏн䴰㾱学Ґ儈䍘䟿Ⲵ䇽ިˈᴤн䴰㾱ᇊѹᴹ᭸Ⲵ⢩ᖱˈᒦ

ф⁑රⲴ学ҐᱟㄟࡠㄟⲴˈ↔ཆˈ⌘᜿࣋机ࡦ [7, 99] ਟԕ⭘ᶕ学Ґਕᆀ中Ⲵ䇽䈝
与䙫䗁㺘䗮ᔿ中Ⲵ䉃䇽ѻ䰤Ⲵ软˄soft˅ሩ喀Ǆ

൘ᵜㄐˈᡁԜᨀࠪҶа⿽ᯠⲴ䈝ѹ䀓᷀ṶᷦüüSequence-to-Actionˈ䈕Ṷᷦ
㜭ཏ਼ᰦ࡙⭘ࡠ䈝ѹമⲴᕪ䈝ѹ㺘⽪㜭࣋ˈԕ৺ᗚ⧟⾎㓿㖁㔌⁑රⲴᕪ㺘⽪学Ґ

㜭઼࣋ᒿࡇ亴⍻㜭࣋ǄާփൠˈᡁԜᢺ䈝ѹ䀓᷀䰞仈ᔪ⁑ᡀањㄟࡠㄟⲴ䈝ѹമ

⭏ᡀⲴ䗷〻Ǆྲമ5.1中Ⲵֻᆀ所⽪ ሩ̍Ҿ㔉ᇊⲴਕᆀ “Which states border Texas”ˈ
ᡁԜⲴ⁑රՊᢺᆳ䀓᷀ᡀањࣘ作ᒿࡇ：[add_variable:A, add_type:state, ...]Ǆ
ѪҶ䗮ࡠк䘠ⴞḷˈ俆ݸᡁԜ䴰㾱䇮计ањࣘ作䳶ਸˈवᤜ␫࣐㢲⛩ࣘ作ˈ∄ྲ：

␫࣐-ਈ䟿㢲⛩˄add_variable ǃ˅␫࣐ᇎփ㢲⛩˄add_entity˅઼␫࣐类别㢲⛩
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Sequence-to-Action 

循环神经网络模型

句子

动作序列

语义图

生成

构建

约束条件

KB

 Which states border Texas?

add_variable:     A
add_type:           state
arg_node:           A
add_entity:        texas:st
add_edge:          next_to
arg_node:           A
arg_node:           texas:st

return:                 A

A
next_to

type
statereturn

texas:st

മ 5.1: ᡁԜᯩ⌅Ⲵᾲ㿸ˈަਣחᱟањ⽪ֻ

˄add_type˅̍ ઼␫࣐䗩ࣘ作ˈྲ：␫࣐-䗩˄add_edge˅̍ 䘈ᴹ␫࣐᫽作ㅖࣘ作ˈྲ：
␫࣐-ᴰབྷ᫽作ㅖ˄add_argmax ǃ˅␫࣐-ᴰሿ᫽作ㅖ˄add_argmin ǃ˅␫࣐-计ᮠ᫽
作ㅖ˄add_count˅ㅹˈ䈕ࣘ作䳶ਸ㜭ཏ㕆⸱䈝ѹമⲴᶴᔪǄ❦ਾˈᡁԜ䇮计ањ
ᗚ⧟⾎㓿㖁㔌⁑රᶕ⭏ᡀࣘ作ᒿࡇ 䈕̍ࣘ作ᒿࡇ⭘Ҿᶴᔪਕᆀ所ሩᓄⲴ䈝ѹമǄD

ਾ ᡁ̍Ԝ䘈᧒究Ҷ൘䀓⸱Ⲵ䗷〻中ޕ࣐ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件 ⭘̍ᶕ৺ᰦ䗷

└䀓⸱䗷〻中Ⲵ䭉䈟ࣘ作ˈ䘋а↕ᨀ儈䀓᷀Ⲵ߶⺞ᓖǄ

ѻࡽสҾ䈝ѹമⲴᯩ⌅䜭֯⭘Ӫ工䇮ᇊⲴǃᡆ者੟ਁᔿⲴ⭏ᡀ算⌅ᶕᶴᔪ䈝

ѹമˈ⴨∄ྲԆԜⲴᯩ⌅ˈᡁԜⲴ sequence-to-action ⁑ර㜭ཏ࡙⭘ᗚ⧟⾎㓿㖁㔌
⁑රᶕ⭏ᡀࣘ作ᒿࡇˈ㘼ࣘ作ᒿࡇਟԕ⭘ᶕᶴᔪ䈝ѹമˈ⁑රⲴ䇝㓳ᱟㄟࡠㄟⲴ

˄end-to-end Ǆ˅䘉ṧањਟԕ䘋㹼ㄟࡠㄟ学ҐⲴ⭏ᡀᖒᔿ֯ᗇᡁԜⲴᯩ⌅ᴤᴹᴹ᭸ˈ
਼ᰦ㜭ཏ䘲ᓄࡠᴤཊⲴн਼ⲴᛵᖒǄ

㘼⴨∄ྲѻࡽⲴสҾᒿࡇ-ᒿࡇ˄Seq2Seq˅Ⲵ䈝ѹ䀓᷀ᯩ⌅ˈᡁԜⲴᯩ⌅֯⭘
ᗚ⧟⾎㓿㖁㔌⁑රᶕ⭏ᡀࣘ作ᒿࡇ 㘼̍нᱟᒿॆࡇⲴ䙫䗁㺘䗮ᔿǄᡁԜਁ⧠ ᡁ̍Ԝ

所䟷⭘Ⲵࣘ作㕆⸱ᖒᔿ㜭ཏᦅ᥹ࡠᴤཊⲴਕ⌅ؑ᚟઼䈝ѹؑ᚟ˈ਼ᰦᡁԜⲴ㕆⸱

ᯩᔿᴤ࣐Ⲵ㍗ࠁǄ↔ཆ ᡁ̍Ԝਟԕޕ࣐ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件ᶕ䘋а↕໎ᕪ

䈝ѹ䀓᷀Ǆֻྲ ൘̍ Geoᮠᦞ䳶中ˈࣘ 作 add_edge:next_to˄ ㌫：᧕༔˅ᗵ享ޣ

┑䏣ྲл䈝ѹ㓖ᶏᶑ件：䘉ᶑ䗩所ሩᓄⲴєњ㢲⛩Ⲵ类别ਚ㜭࠶别ᱟ state˄类
别：ᐎ˅઼ stateˈ䘈ᗵ享┑䏣ྲлਕ⌅㓖ᶏᶑ件：䗩 next_to ᗵ享䘎᧕єњ㢲
⛩ˈԕᶴᡀањᴹ᭸ⲴമǄ

ᡁԜ൘йњޜᔰᮠᦞ䳶к䘋㹼Ҷሩ∄ᇎ傼ˈ䘉йњᮠᦞ䳶࠶别Ѫ：Geo [151]ˈ
Atis [60] ઼ Overnight [139]Ǆᇎ傼㔃᷌论䇱ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗ：ᡁԜⲴᯩ⌅
൘ Atis ઼ Overnight 䘉єњᮠᦞ䳶к䜭ਆᗇҶ⧠䱦⇥ᴰྭⲴ㔃᷌ˈ൘ Geo ᮠ
ᦞ䳶кҏਆᗇҶᖸᴹㄎҹ࣋Ⲵ㔃᷌Ǆ
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ᵜㄐ工作Ⲵѫ㾱䍑⥞ਟԕᙫ㔃Ѫԕлє⛩：

1. ᡁԜᨀࠪҶањᯠⲴ䈝ѹ䀓᷀ṶᷦüüSequence-to-Actionˈ䈕Ṷᷦᢺ䈝ѹ䀓
᷀䰞仈ᔪ⁑ᡀㄟࡠㄟⲴ䈝ѹമ⭏ᡀ䗷〻Ǆ䘉њᯠⲴṶᷦ㜭ཏ਼ᰦ࡙⭘䈝ѹമ

Ⲵ䈝ѹ㺘⽪㜭઼࣋ᗚ⧟⾎㓿㖁㔌⁑රⲴᕪᒿࡇ亴⍻㜭࣋Ǆ

2. ᡁԜ䇮计Ҷањ sequence-to-action Ⲵ⭏ᡀ⁑රˈ઼ањࣘ作䳶ਸ⭘ᶕ㕆⸱
䈝ѹമⲴᶴᔪˈ䘈ᴹањᗚ⧟⾎㓿㖁㔌⁑ර⭘ᶕ⭏ᡀࣘ作ᒿࡇǄ↔ཆˈᡁԜ

䘈࡙⭘ਕ⌅઼䈝ѹᶑ件㓖ᶏᶕ䘋а↕໎ᕪ䈝ѹ䀓᷀Ǆᇎ傼㔃᷌ҏ论䇱ҶᡁԜ

ᯩ⌅Ⲵᴹ᭸ᙗǄ

5.2 ㄥࡦㄥⲺ䈣ѿഴ⭕ᡆᯯ⌋

㔉ᇊањਕᆀ X = x1, ..., x|X|ˈᡁԜⲴ sequence-to-action ⁑රሶ⭏ᡀањࣘ
作ᒿࡇ Y = y1, ..., y|Y |ˈ䈕ࣘ作ᒿࡇሶ⭘Ҿᶴᔪਕᆀ所ሩᓄⲴ䈝ѹമǄമ5.2ኅ⽪Ҷ
ањֻᆀǄᡁԜⲴ⁑ර中ˈ⭡ X ⭏ᡀ Y Ⲵᶑ件ᾲ⦷ P (Y |X) ࡙⭘䬮ᔿ⌅ࡉਟԕ

：䀓Ѫྲлᖒᔿ࠶

P (Y |X) =

|Y |∏
t=1

P (yt|y<t, X) (5.1)

ަ中 y<t = y1, ..., yt−1Ǆ

ѪҶ䗮ࡠк䘠ⴞḷˈᡁԜ䴰㾱：1˅ањࣘ作䳶ਸˈ䈕䳶ਸ㜭ཏ㕆⸱䈝ѹമⲴ
ᶴᔪ˗2˅ањ㕆⸱ಘ˄encoder˅̍ 䈕㕆⸱ಘᢺ㠚❦䈝䀰ਕᆀ X 䖜ॆѪањੁ䟿㺘

⽪ˈ઼ањ䀓⸱ಘ˄decoder˅̍ 䈕䀓⸱ಘṩᦞ㕆⸱ಘՐ䗷ᶕⲴੁ䟿㺘⽪ᶕ⭏ᡀࣘ作
ᒿࡇ y1, ..., y|Y |Ǆ᧕⵰ˈᡁԜሶ࠶别ӻ㓽䘉є䜘࠶Ǆ

5.2.1 ⭞ӄ䈣ѿഴᶺᔰⲺࣞ֒䳼

䙊ᑨˈањ䈝ѹമᴹྲлࠐњᡀ࠶㓴ᡀ：㢲⛩˄वᤜਈ䟿㢲⛩ˈᇎփ㢲⛩઼类

别㢲⛩ ǃ˅䗩˄ሩᓄࡠ䈝ѹޣ㌫˅઼аӋ䙊⭘Ⲵ᫽作ㅖ˄ྲˈᴰབྷ᫽作ㅖǃᴰሿ᫽

作ㅖǃ计ᮠ᫽作ㅖǃ≲઼᫽作ㅖㅹ Ǆ˅ѪҶᶴᔪањ䈝ѹമˈᡁԜ䇮计Ҷޝ⿽类ර

Ⲵࣘ作ˈᆳԜ࠶别ᱟ：

␱ࣖ-਎䠅㢸⛯δAdd Variable Node:ε䘉类ࣘ作㺘⽪ᖰ䈝ѹമк␫࣐ањ
ਈ䟿㢲⛩Ǆа㡜ᛵߥлˈਈ䟿㢲⛩਼ᰦҏᱟ䘄എⲴ㢲⛩˄ሩᓄࡠ⯁䰞䇽：which,
what˅ˈնҏᴹਟ㜭ᱟањ中䰤ਈ䟿㢲⛩ǄᡁԜ֯⭘ྲлᖒᔿᶕ㺘⽪䘉类ࣘ作：
add_variable:Aˈަ中 A ᱟਈ䟿㢲⛩Ⲵḷ䇶 IDǄ
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Sentence: Which river runs through the most states?
Semantic Graph:

Action Sequence:
      

most

arg_for_1 arg_for_2

A B

state

traverse 

typetype

river

return

Structure Semantic Arg 

add_operation most  

add_variable A  

add_type river A 

add_variable B  

add_type state B 

add_edge traverse A, B 

end_operation most A, B 

return A  

 
മ 5.2: ֻᆀኅ⽪：ањਕᆀ ԕ̍৺䈕ਕᆀ所ሩᓄⲴ䈝ѹമ઼⭘ᶕᶴᔪ䈕䈝ѹമⲴࣘ作ᒿࡇ

␱ࣖ-ᇔ։㢸⛯δAdd Entity Node:ε䘉类ࣘ作㺘⽪ᖰ䈝ѹമк␫࣐ањᇎ
փ㢲⛩Ǆањᇎփ㢲⛩ሩᓄࡠ⸕䇶ᓃ中ⲴањᇎփǄᡁԜ֯⭘ྲлᖒᔿᶕ㺘⽪䘉

类ࣘ作：add_entity_node:texasǄ

␱ࣖ-㊱ࡡ㢸⛯δAdd Type Node:ε䘉类ࣘ作㺘⽪ᖰ䈝ѹമк␫࣐ањ类别
㢲⛩ˈྲ˄state c̍ity) Ǆ˅ᡁԜ֯⭘ྲлᖒᔿᶕ㺘⽪䘉类ࣘ作：add_type_node:stateǄ
ᇎ䱵кˈ类别㢲⛩ᵜᶕ与ਈ䟿㢲⛩઼ᇎփ㢲⛩ᱟн਼Ⲵˈањ类别㢲⛩ަᇎᱟव

ᤜањ㺘⽪类别Ⲵ㢲⛩ˈ઼аᶑ䗩ˈਚᱟ䘉ᶑ䗩Ⲵ٬䜭ᱟаṧⲴˈ䜭ᱟ类别 Typeˈ
ѪҶㆰॆањ类别㢲⛩ˈᡁԜ᡽䇮计ᡀк䶒Ⲵ䛓ṧᆀǄ

␱ࣖ-䗯δAdd Edge:ε䘉类ࣘ作㺘⽪ᖰ䈝ѹമкⲴєњ㢲⛩ѻ䰤␫࣐аᶑ
䗩Ǆаᶑ䗩ሩᓄࡠ⸕䇶ᓃ中ⲴањҼޣݳ㌫ǄᡁԜ֯⭘ྲлᖒᔿᶕ㺘⽪䘉类ࣘ作：

add_edge:next_toǄ

ᬃ֒ㅜࣞ֒δOperation Action:ε䘉类ࣘ作㺘⽪ᖰ䈝ѹമк࣐ањ᫽作ㅖǄ
ањ᫽作ㅖਟԕᱟ：D བྷ˄argmax ǃ˅ᴰሿ˄argmin ǃ˅计ᮠ˄count ǃ˅≲઼˄sum ǃ˅
੖ᇊ˄not˅ㅹ˄༽ᵲⲴᛵߥ䘈ᴹ∄䖳˄compare˅̍ 䘉䟼ᡁԜݸн㘳㲁 Ǆ˅⭡Ҿ⇿а
њ᫽作ㅖ䜭ᴹᆳⲴ䗆ฏ Ѫ̍Ҷ㺘⽪ањ᫽作ㅖⲴ䗆ฏ ᡁ̍ԜᇊѹѪ⇿ањ᫽作ㅖᇊ

ѹєњࣘ作：ањᔰ࿻᫽作ㅖ 㺘̍⽪ྲ：start_operation:most а̍њ㔃ᶏ᫽作ㅖˈ
㺘⽪ྲ：end_operation:mostǄ䘉єњ᫽作ㅖѻ䰤Ⲵࣘ作ᒿࡇ所ᶴᡀⲴ䈝ѹᆀമ
ቡᱟ䈕᫽作ㅖⲴ䗆ฏǄ൘ᱮ⽪Ⲵ䈝ѹമкˈᡁԜ⭘ањസᶕ㺘⽪䈕᫽作ㅖⲴ䗆ฏǄ

৸ᮦࣞ δ֒Argument Action:ε⭡Ҿк䘠Ⲵࣘ作中ᴹӋ类别Ⲵࣘ作䴰㾱仍ཆ
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b1 b2 bm

x1 x2 xm

attention

s1 s2 sn

y1 yn-1

softmax controller

y1 y2 yn

...

...

...

മ 5.3: สҾ⌘᜿࣋机ࡦⲴ⭘Ҿ⭏ᡀࣘ作ᒿࡇⲴᗚ⧟⾎㓿㖁㔌⁑රˈ䱴ᑖањ␫࣐㓖ᶏᶑ
件Ⲵ᧗ࡦಘ

Ⲵ৲ᮠؑ᚟ˈྲˈаᶑ䗩 add_edge:next_to ᱟ䘎᧕Ⲵଚєњ㢲⛩Ǆഐ↔ˈᡁԜ࠶
别Ѫ␫࣐-类别㢲⛩˄add_type ǃ˅␫࣐䗩˄add_edge˅઼᫽作ㅖ˄operation˅䇮
计Ҷ৲ᮠࣘ作ˈᒦф৲ᮠࣘ作ᙫᱟ䐏൘ᆳⲴѫࣘ作Ⲵਾ䶒Ǆ

ሩҾ␫࣐-类别㢲⛩˄add_type˅ࣘ作ˈᡁԜ␫࣐ањ৲ᮠࣘ作ˈ䘉њ৲ᮠࣘ
作⭘ᶕ㺘᰾䈕类别ᱟ⭘ᶕ㓖ᶏଚњ㢲⛩Ⲵ䘉њ৲ᮠਟԕᱟਈ䟿㢲⛩ˈਟԕᱟᇎփ

㢲⛩Ǆ䘉类ࣘ作ਟԕ㺘⽪Ѫ：arg:AǄ

ሩҾ␫࣐䗩˄ add_edge˅ࣘ 作 ᡁ̍Ԝ␫࣐єњ৲ᮠࣘ作：arg1_node઼ arg2_nodeˈ
⭘ᶕ㺘⽪䈕䗩䘎᧕ଚєњ㢲⛩Ǆ䘉类ࣘ作ਟԕ㺘⽪Ѫ：arg1_node:A઼ arg2_node:BǄ

ሩҾн਼Ⲵ᫽作ㅖ˄operation˅̍ ᡁԜ৸䇮计Ҷн਼Ⲵ৲ᮠˈሩҾ求和操作

˄operation:sum˅̍ ᡁԜ␫࣐ 3њ৲ᮠࣘ作：arg-forǃarg-in઼ arg-return ࠶̍

别⭘ᶕ㺘᰾求和操作所作⭘Ⲵ㢲⛩ˈ所㔏计Ⲵഐ㍐઼䘄എⲴ㔃᷌˄а㡜Ѫањਈ

䟿㢲⛩˅̠ ሩҾ计数操作˄operation:count˅̍ ᡁԜ␫࣐єњ৲ᮠࣘ作：arg-for
઼ arg-returnˈ࠶别⭘ᶕ㺘᰾所㾱计ᮠⲴ㢲⛩઼䘄എⲴ㔃᷌˗ሩҾ最高级操作
˄operation:most˅̍ ᡁԜ␫࣐ 2 єњ৲ᮠࣘ作：൷Ѫ arg-forˈ⭘ᶕ㺘᰾所作⭘
Ⲵєњ㢲⛩ѻ䰤Ⲵ䗩ˈᒦф䘉єњ㢲⛩ᴹݸਾ亪ᒿǄ

ᡁԜਟԕⴻࡠ⇿ањࣘ作䜭਼ᰦᔪ⁑Ҷਕ⌅઼䈝ѹؑ᚟ˈ䘉֯ᗇ⁑ර൘֯⭘

䘉⿽㕆⸱ᖒᔿⲴᰦى㜭ཏᦅ᥹ࡠᴤཊⲴؑ᚟ˈ਼ᰦ䘉Ӌؑ᚟与⸕䇶ᓃ؍ᤱ⵰㍗密

Ⲵ㚄㌫ǄਖཆˈᡁԜ䘈ਁ⧠֯⭘ࣘ作ᒿࡇⲴ㕆⸱ᖒᔿ∄ⴤ᧕ᒿॆࡇ䙫䗁㺘䗮ᔿⲴ

ᖒᔿᴤ࣐Ⲵ㍗ࠁ˄䈖ᛵ৲5.4.3࣐㢲 Ǆ˅

5.2.2 䈃䈣ᓅࡍ-ࣞ֒ᓅࡍⲺ⾔㔅㖇㔒⁗ශ

สҾк㢲ӻ㓽Ⲵࣘ作㕆⸱ˈ䘉а㢲ᡁԜӻ㓽ᡁԜ⭘Ҿᢺਕᆀ䀓᷀ᡀࣘ作ᒿࡇ

Ⲵ㕆⸱-䀓⸱˄encoder-decoder˅⁑රǄާփൠˈ类լҾ Jia and Liang [68]所֯⭘
Ⲵᗚ⧟⾎㓿㖁㔌⁑රˈᡁԜ䘉䟼ҏ࡙⭘สҾ⌘᜿࣋机ࡦⲴᒿࡇ-ᒿࡇⲴᗚ⧟⾎㓿㖁
㔌⁑රǄമ5.3ኅ⽪Ҷ䈕⁑රⲴ⽪ֻമǄ

㕌⸷ಞδencoderεφ㕆⸱ಘ䍏䍓֯⭘ৼੁᗚ⧟⾎㓿㖁㔌 [7]ᢺ䗃ޕⲴਕᆀ x1, ..., xm
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䖜ॆѪवਜ਼кл᮷ؑ᚟Ⲵੁ䟿㺘⽪ᒿࡇ b1, ..., bmǄ俆ݸˈ⇿ањ䇽 xi 㻛᱐ሴᡀᆳ

Ⲵੁ䟿ॆ㺘⽪ ❦̍ਾ䘉Ӌੁ䟿㺘⽪㻛䗃ࡠޕєњᗚ⧟⾎㓿㖁㔌：ањੁࡽᗚ⧟⾎㓿

㖁㔌˄forward RNN˅઼ањਾੁᗚ⧟⾎㓿㖁㔌 (backward RNN)ǄᴰਾᡁԜ䙂ᖂ
֯⭘ྲл计算ᯩᔿᶕ⭏ᡀ䳀㯿⣦ᘱⲴᒿࡇ h1, ..., hm：

hi = LSTM(ϕ(x)(xi), hi−1) (5.2)

ަ中ᡁԜ䟷⭘䮯⸝䇠ᗶᰦ䇠ᗶ㖁㔌˄ LSTM [˅62]Ⲵᖒᔿᶕ䘋㹼计算ǄD ਾ ሩ̍Ҿ䗃

ਕᆀⲴ⇿њ位㖞ޕ i ᡁ̍ԜᇊѹᆳⲴᑖᴹкл᮷ؑ᚟Ⲵੁ䟿ॆ㺘⽪Ѫ：bi = [hF
i , h

B
i ]Ǆ

䀙⸷ಞδdecoderεφᡁԜ֯⭘㓿ިⲴสҾ⌘᜿࣋机ࡦⲴ䀓⸱ಘ [7]ˈ䈕㕆䈁ಘ׍⅑
⭏ᡀањࣘ作ˈᶴᡀࣘ作ᒿࡇ y1, ..., ynǄ൘ᰦ䰤㢲⛩ jˈ㕆䈁ಘสҾᖃࡽⲴ䳀㯿⣦

ᘱ sj ⭏ᡀࣘ作 yjˈ᧕⵰สҾ sj ઼ yj ᴤᯠ䳀㯿⣦ᘱˈᗇࡠ sj+1Ǆ䘉њ㕆䈁ಘᱟ⭡

ྲл计算ޜᔿᖒᔿॆᇊѹⲴ：

s1 = tanh(W (s)[hF
m, h

B
1 ]) (5.3)

eji = sTj W
(a)bi (5.4)

aji =
exp(eji)∑m

i′=1 exp(eji′ )
(5.5)

cj =
m∑
i=1

ajibi (5.6)

P (yj = w|x, y1:j−1) ∝ exp(Uw[sj, cj]) (5.7)

sj+1 = LSTM([ϕ(y)(yj), cj], sj) (5.8)

ަ中ᖂаॆਾⲴ⌘᜿࠶࣋ᮠ aji ᇊѹҶ൘䗃ޕⲴ䇽кⲴᾲ⦷࠶ᐳ 䇽̍к䶒Ⲵ⇿ањ

ᾲ⦷٬㺘⽪൘ᰦ࡫ j ൘䈕䇽кⲴ⌘᜿࣋䳶中〻ᓖˈᾲ⦷٬䎺བྷˈ㺘᰾⌘᜿࣋䎺䳶

中൘䈕䇽к䶒Ǆਖཆˈeji ᱟᵚᖂаॆⲴ⌘᜿࠶࣋ᮠǄ

ѪҶ㜭ཏ൘䀓⸱Ⲵ䗷〻中ޕ࣐㓖ᶏᶑ件ˈᡁԜ൘⁑ර中ޕ࣐Ҷањ᧗ࡦಘ

˄controller˅̍ ᡁԜሶ൘ㅜ5.3.3㢲䈖㓶ӻ㓽䈕᧗ࡦಘǄ

ࣞ֒Ⲻੇ䠅㺞⽰φ൘к䘠䀓⸱ಘ中䴰㾱⇿ањࣘ作Ⲵੁ䟿ॆ㺘⽪˄yj Ǆ˅ྲࡽ䶒ӻ

㓽Ⲵ ⇿̍ањࣘ作䜭वਜ਼є䜘࠶：а䜘࠶ᱟਕ⌅䜘˄࠶ ྲ a̍dd_edge˅̍ ਖа䜘࠶ᱟ
䈝ѹ䜘࠶˄ྲ n̍ext_to Ǆ˅䘉ṧаᶕˈࣘ作与ࣘ作ਟ㜭Պޡӛਕ⌅䜘࠶ᡆ者䈝ѹ䜘
Ǆྲ࠶ ࣘ作 add_edge:next_to઼ࣘ作 add_edge:locቡޡӛҶਕ⌅䜘࠶ 㘼̍ࣘ作

add_node:A ઼ࣘ作 arg_node:A ቡޡӛҶਕ⌅䜘࠶ǄѪҶ߿ቁ৲ᮠⲴᮠ䟿ˈቭ䟿
ᱟ৲ᮠн〰⮿ˈᡁԜݸ䇙⇿њਕ⌅䜘઼࠶⇿њ䈝ѹ䜘࠶䜭单⤜ާᴹᆳⲴੁ䟿ॆ㺘

⽪ ሩ̍Ҿањࣘ作 ᡁ̍ԜᢺᆳⲴਕ⌅䜘઼࠶䈝ѹ䜘࠶Ⲵੁ䟿Ѣ㚄䎧ᶕ˄ concatenate˅
, 㓴ᡀ䈕ࣘ作Ⲵੁ䟿ॆ㺘⽪ˈ∄ྲ ϕ(y)(add_edge:next_to ) = [ ϕ

(y)
strut( add_edge

), ϕ
(y)
sem( next_to )]Ǆަ中ࣘ作Ⲵੁ䟿᱐ሴ࠭ᮠ ϕ(y) 䙊䗷䇝㓳学Ґ㘼ᶕǄ
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编译器 生成器

编译器生成器

动作序列语义图逻辑表达式

മ 5.4: 䙫䗁㺘䗮ᔿ与ࣘ作ᒿࡇѻ䰤⴨ӂ䖜ᦒⲴ⍱〻ㆰӻമ

5.3 ᑜ㓜ᶕᶗԬⲺ⾔㔅䈣ѿ䀙᷆⁗ශ

൘䘉а㢲ˈᡁԜሶ᧿䘠ᡁԜᱟྲօ࡙⭘ sequence-to-action ⁑රᶕᔪ・ањ䈝
ѹ䀓᷀ಘⲴǄᡁԜ俆ݸӻ㓽ᡁԜྲօ䇝㓳ᡁԜⲴ⁑රˈԕ৺ྲօ䘋㹼᧘理˄infer-
ence˅̍ ᧕⵰ӻ㓽ྲօ൘䀓⸱Ⲵ䗷〻中ޕ࣐ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件Ǆ

5.3.1 䇣㓹

৸ᮦ学Җ ᡁԜ⁑රⲴ৲ᮠवᤜ：ᗚ⧟⾎㓿㖁㔌⁑රⲴ৲ᮠ W (s)ǃW (a) ઼ Uw 䇽̍

ੁ䟿᱐ሴ࠭ᮠ ϕ(x)ˈ઼ ࣘ作ੁ䟿᱐ሴ࠭ᮠ ϕ(y)ǄᡁԜ䙊䗷䇝㓳䈝ᯉᶕ学Ґ䘉Ӌ৲ᮠǄ

㔉ᇊањ䇝㓳ṧֻ˄ਕᆀ X ઼ᆳ所ሩᓄⲴࣘ作ᒿࡇ Y ˅̍ ᡁԜᴰབྷॆ X ⭡⭏ᡀ Y

Ⲵլ❦ՠ计ǄᡁԜⲴⴞḷ࠭ᮠྲл˄ሩަᴰབྷॆ ：˅

n∑
i=1

logP (Yi|Xi) (5.9)

ᡁԜ֯⭘ḷ߶Ⲵ䲿机ởᓖл䱽算⌅ᶕᴤᯠ৲ᮠǄ

䙱䗇㺞䗴ᕅ֒ࣞࡦᓅࡍⲺ䖢ᦘ ⧠䱦⇥⭘Ҿ䈝ѹ䀓᷀Ⲵ䈝ᯉབྷཊ䜭ᱟԕ䙫䗁㺘䗮

ᔿᶕḷ⌘ⲴǄѪҶ䇝㓳ᡁԜⲴ⁑රˈᡁԜ䴰㾱ᗇࡠਕᆀⲴ䈝ѹമ所ሩᓄⲴࣘ作ᒿ

മ5.4ኅ⽪Ҷ䖜ᦒ˄ࡇǄᡁԜԕ䈝ѹമ作Ѫ中䰤㺘⽪ᢺ䙫䗁㺘䗮ᔿ䖜ᦒѪࣘ作ᒿࡇ
Ⲵањㆰ单⍱〻മ Ǆ˅ާփൠˈ俆ݸᡁԜ࡙⭘␡ᓖՈݸⲴ算⌅ᢺ䙫䗁㺘䗮ᔿ䖜ᦒᡀ

䈝ѹമ Ǆަ中ᇎփࡇ⴨਼Ⲵ亪ᒿӾ䈝ѹമ⭏ᡀࣘ作ᒿ⭘֯̍޽ ਈ̍䟿઼类别䜭ᱟ㢲

⛩ ㌫ᱟ䗩Ǆަ中作Ѫ中䰤㺘⽪Ⲵ䈝ѹമޣ̍ ᡁ̍Ԝᱟ֯⭘专䰘Ⲵᮠᦞ㔃ᶴᶕ䘋㹼㺘

⽪Ⲵ 类̍լҾ࠭ᮠ-৲ᮠⲴᖒᔿ 䗩̍ᱟ࠭ᮠ名 㢲̍⛩ᱟ࠭ᮠⲴ৲ᮠ 䈝̍ѹമкⲴаᶑ

䗩઼єњ㢲⛩ሩᓄࡠа㓴࠭ᮠ-৲ᮠⲴᆈۘ㔃ᶴˈᮤњ䈝ѹമቡሩᓄ࠭ࡠᮠ-৲ᮠⲴ
ᆈۘ㔃ᶴⲴањᒿࡇ ᒦ̍фᱟ㾱㘳㲁䈕ᒿࡇⲴ亪ᒿⲴǄаᯩ䶒 ᡁ̍Ԝਟ㜭䴰㾱ਕᆀ

࡙⭘ਕᆀⲴ䈝ѹ㺘⽪൘⸕䇶ᓃкᢗ㹼计算 ᗇ̍ؑࡠ᚟ᶕ䖵ࣙ䇝㓳 ਖ̍аᯩ䶒⭡Ҿ䈝

ѹമⲴᖒᔿˈ઼ࣘ作ᒿࡇⲴᖒᔿ䜭нᇩ᱃ⴤ᧕理䀓ˈѪҶᯩ᷀࠶ׯˈᡁԜҏ䴰㾱ਕ

ᆀ所ሩᓄⲴ䙫䗁㺘䗮ᔿˈᡁԜ֯⭘⴨਼Ⲵㆆ⮕ˈ޽Ӿࣘ作ᒿࡇ䖜ᦒࡠ䙫䗁㺘䗮ᔿǄ

ሯӄᇔ։Ⲻ༺⨼ᵰ࡬ ᇎփ൘䈝ѹ䀓᷀中ݵᖃҶॱ࠶䟽㾱Ⲵ䀂㢢 [149]ˈѻࡽⲴᖸ
ཊ工作䜭ⴤ᧕֯⭘᡻工ᇎփ䇽≷ˈᖃ❦ҏᴹ֯⭘ᇎփ䬮᧕ᢰᵟᶕᇎ⧠ਕᆀ中ᇎփ

Ⲵ䈝ѹ㩭ൠⲴ [83]Ǆ൘ Dong and Lapata [43]Ⲵ工作中ˈԆԜ֯⭘亴༴理Ⲵᯩᔿˈ
ᆇㅖѢ३䝽Ⲵᯩ⌅ᢺᇎփ䜭䇶别ࠪᶕˈ⭡Ҿᇎփᇩ᱃ᑖᶕᮠᦞ〰⮿Ⲵ䰞仈⭘࡙ݸ
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˄а㡜ањᇎփ൘䈝ᯉ中ࠪ⧠Ⲵ⅑ᮠՊᖸቁ˅̍ ԆԜ⭘ᇎփⲴ类别઼⤜ᴹ ID ᶕ㺘⽪
ᇎփǄྲ Texas Պ㺘⽪Ѫ State0Ǆ൘ Jia and Liang [68]Ⲵ工作中ˈԆԜ֯⭘⾎㓿
机ಘ㘫䈁䟼䶒㓿ᑨ֯⭘Ⲵ༽ࡦ˄Copying˅机ࡦᶕ༴理ᇎփ˄ԆԜ䘈䴰㾱ањᇎփ
䇽ި Ǆ˅൘ᵜㄐⲴ᮷ㄐˈᡁԜ䜭ቍ䈅ᒦᇎ⧠є⿽ᇎփ༴理Ⲵ机ࡦˈᒦ൘ਾ䶒Ⲵᇎ傼

中∄䖳Ҷ䘉є⿽ᇎփ༴理机ࡦǄ

5.3.2 ᧞ሲ

൘⍻䈅Ⲵᰦىˈ㔉ањᯠⲴਕᆀ XˈᡁԜ䙊䗷ྲлޜᔿᶕᗇࡠᆳ所ሩᓄⲴࣘ

作ᒿࡇ Y :
Y ∗ = argmax

Y
P (Y |X) (5.10)

ަ中 P (Y |X) Ⲵ计算ᱟ࡙⭘(5.1)计算㘼ᶕǄ൘䀓⸱ⲴᰦىˈᡁԜ֯⭘Ҷḡᩌ㍒
˄beam search Ǆ˅ᡁԜਟԕӾᴰՈࣘ作ᒿࡇ Y ∗ ᗇࡠ⴨ᓄⲴ䈝ѹമ઼䙫䗁㺘䗮ᔿǄ

5.3.3 ൞䀙⸷ѣࣖޛ㓜ᶕᶗԬ

൘䀓⸱Ⲵᰦى ᡁ̍Ԝ׍⅑⭏ᡀањࣘ作Ǆᱮ❦ˈࣘ 作与ࣘ作ѻ䰤ᱟᴹᖸᕪⲴޣ

㚄Ⲵˈҏቡᱟ䈤лањࣘ作与ᖃࡽ⭏ᡀⲴ䈝ѹᆀമᱟᴹޣ㚄ⲴˈᴹаӋࣘ作᰾ᱮ

ᱟ䭉䈟Ⲵˈਟԕ࡙⭘ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件ᶕ䘋㹼ࡧ䘹Ǆᐢ㓿ᴹ工作䇱᰾

Ҷਕ⌅઼䈝ѹ㓖ᶏᶑ件ਟԕ⭘ᶕ໎ᕪ䈝ѹ䀓᷀ǄKrishnamurthy et al. [83]઼ Iyyer
et al. [67]䜭࡙⭘类别㓖ᶏᶑ件ᶕ䗷└䭉䈟Ⲵㅖਧ˄token˅̠ Liang et al. [90]࡙⭘а
њ Lisp 䀓䟺ಘ઼亴ᇊѹⲴ࠭ᮠᶕ⭏ᡀਸ⌅Ⲵㅖਧ˄token Ǆ˅൘ᵜㄐᡁԜҏ࡙⭘ਕ
⌅઼䈝ѹ㓖ᶏᶑ件ˈާփⲴˈᡁԜ䇮计Ҷањ᧗ࡦಘˈ䈕᧗ࡦಘ䈫ޕᐢ㓿⭏ᡀⲴࣘ

作ᒿࡇ ᒦ̍ᶴᔪ䈝ѹᆀമ ❦̍ਾ࡙⭘ྲлⲴਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件ᶕሩࣘ作

䘋㹼䗷└ˈᢺ䘍㛼㓖ᶏᶑ件Ⲵࣘ作└ᦹǄ

ਛ⌋㓜ᶕᶗԬ ਕ⌅㓖ᶏᶑ件ᱟѪҶ؍䇱⭏ᡀⲴࣘ作ᒿࡇਟԕᶴᡀањ䘎䙊Ⲵᰐ

⧟മˈ䘉ᱟഐѪ䈝ѹമа㡜ᱟ䘎䙊Ⲵˈҏᱟᰐ⧟ⲴǄ∄ྲˈ⋑⭏ᡀањ␫࣐䗩Ⲵࣘ

作ˈ䈕䗩䜭ᗵ享ᴹєњн਼Ⲵ㢲⛩作ѪᆳⲴ৲ᮠˈമ5.5中ˈ作Ѫлњࣘ作Ⲵى䘹
ࣘ作中ㅜйњࣘ作ቡᱟ䘍㛼Ҷ䘉ᶑ㓖ᶏ㿴ࡉ ᆳ̍Ⲵєњ৲ᮠ㢲⛩ᱟаṧⲴ Պ̍导㠤

⭏ᡀⲴമᴹ⧟ н̍ㅖਸ䈝ѹമⲴ㾱≲Ǆ䘉⿽类රⲴ㓖ᶏᶑ件ᱟ亶ฏᰐޣⲴ ᒦ̍фᱟ

䙊⭘ⲴǄᡁԜ൘᧗ࡦಘ中䙊䗷㤕ᒢᶑ㿴ࡉᶕᔪ⁑ਕ⌅㓖ᶏᶑ件Ǆ

䈣ѿ㓜ᶕᶗԬ 䈝ѹ㓖ᶏᶑ件ᱟѪҶ؍䇱⭏ᡀⲴ䈝ѹമㅖਸ⸕䇶ᓃᵜփ⁑ᶯṶ

ᷦ˄schema˅Ⲵ㓖ᶏǄާփⲴˈᡁԜᔪ⁑Ҷє类䈝ѹ㓖ᶏᶑ件ˈа类ᱟ䘹ᤙ㓖ᶏ
˄selectional preference˅̍ 䘉⿽㓖ᶏᶑ件ᱟ⺞؍⭏ᡀⲴ䈝ѹമ中䗩Ⲵєњ৲ᮠ˄㢲

⛩˅Ⲵ类රᗵ享ㅖਸ⸕䇶ᓃ中ᵜփ⁑ᶯṶᷦ˄schema˅中类රⲴ㓖ᶏǄ∄ྲˈ൘
Geo ᮠᦞ䳶中ˈ䗩 next_to˄ޣ㌫：᧕༔˅Ⲵєњ㢲⛩৲ᮠⲴ类ර൷ᱟ state
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句子: Which states border Texas?

部分语义图:

 

A

next_to

type
state

texas:st

 Structure Semantic Arg Validity 

Generated 

Actions 

add_variable A   

add_type state A  

add_entity texas:st   

Candidate 

Next 

Action 

add_type city texas:st  

add_edge loc A, texas:st  

add_edge next_to A, A  

add_edge next_to A, texas:st  

…
 

…
 

…
 

…
 

 
മ 5.5: ֯⭘㓖ᶏᶑ件ᶕ䗷└䭉䈟ࣘ作Ⲵ⽪ֻ

˄ᐎ Ǆ˅മ5.5中ˈ作Ѫлњࣘ作Ⲵى䘹ࣘ作中ㅜҼњࣘ作䘍㛼Ҷ䘉ᶑ㓖ᶏ㿴ࡉˈ⭡
Ҿ䗩 loc˄ޣ㌫：位Ҿ˅Ⲵєњ৲ᮠ㢲⛩类රਟԕ࠶别ᱟ city˄类别：෾ᐲ˅઼
state˄类别：ᐎ˅̍ 㘼ֻᆀ中ˈㅜањ৲ᮠ㢲⛩˄ਈ䟿㢲⛩ A˅Ⲵ类රᱟ state
˄类别：ᐎ˅̍ 㘼ㅜҼњ৲ᮠ㢲⛩˄ᇎփ㢲⛩ texas:st˅Ⲵ类රҏᱟ state˄类别：
ᐎ˅̍ 䘉ቡ䘍㛼Ҷ䘹ᤙ㓖ᶏǄㅜҼ类㓖ᶏᱟ类别нߢケ㓖ᶏᶑ件ˈ䘉⿽㓖ᶏᶑ件؍

䇱⇿њ㢲⛩˄ਟԕᱟਈ䟿㢲⛩ˈҏਟԕᱟᇎփ㢲⛩˅Ⲵ类别нߢケˈ∄ྲ䈤ањ

㢲⛩Ⲵ类රн㜭਼ᰦᱟ city˄类别：෾ᐲ˅઼ state˄类别：ᐎ Ǆ˅മ5.5中ˈ作
Ѫлњࣘ作Ⲵى䘹ࣘ作中ㅜањࣘ作䘍㛼Ҷ䘉ᶑ㓖ᶏ㿴ࡉˈ⭡Ҿ䘉њࣘ作ᱟ൘ᇎ

փ㢲⛩ texas:st ̍˅ањ类别㢲⛩˄city࣐ 㘼ᇎփ㢲⛩ texas:st Ⲵ类රᐢ㓿ᱟ
state˄类别：ᐎ˅Ҷˈ䘉ቡ䘍㛼Ҷ㢲⛩Ⲵ类රнߢケ㓖ᶏᶑ件Ǆ䈝ѹ㓖ᶏᶑ件ᱟ
亶ฏ⴨ޣⲴ н̍䗷ᡁԜਟԕӾ⸕䇶ᓃ中㠚ࣘᣭਆࠪ䘉类㓖ᶏᶑ件Ǆ൘᧗ࡦಘ中 ᡁ̍

Ԝ਼ṧ֯⭘㤕ᒢᶑ㿴ࡉᶕ㕆⸱䈝ѹ㓖ᶏᶑ件Ǆ

5.4 ᇔ僂

䘉а㢲ˈᡁԜሶ൘ޜᔰᮠᦞ䳶к䘋㹼ᇎ傼ˈᒦ与ѻࡽⲴᯩ⌅䘋㹼ሩ∄ˈᶕ傼

䇱ᡁԜⲴᯩ⌅ᱟ੖ᴹ᭸ǄᡁԜ൘йњޜᔰᮠᦞ䳶к䘋㹼Ҷᇎ傼：GeoǃAtis ઼
OvernightǄ
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5.4.1 ᇔ僂䇴㖤

ᡁԜ所֯⭘Ⲵᗚ⧟⾎㓿㖁㔌⁑ර中ˈ䳀㯿⣦ᘱ㔤ᓖѪ 200ˈ䗃ޕਕᆀ中Ⲵ䇽Ⲵ
ੁ䟿㔤ᓖᱟ 100Ǆࡽ䶒ᐢ㓿ӻ㓽䗷ˈ⇿ањࣘ作Ⲵੁ䟿㺘⽪ᱟ䈕ࣘ作中ਕ⌅䜘࠶Ⲵ
ੁ䟿㺘⽪઼䈝ѹ䜘࠶Ⲵੁ䟿㺘⽪ⲴѢ㚄Ǆ㘼ਕ⌅䜘࠶Ⲵੁ䟿㔤ᓖ઼䈝ѹ䜘࠶Ⲵੁ

䟿㔤ᓖᡁԜᱟ䙊䗷㔏计䈝ᯉ中ࣘ作ᒿࡇⲴਕ⌅䜘࠶与䈝ѹ䜘࠶Ⲵњᮠ∄ֻᶕ䘋㹼

亴䇮㖞ˈާ փⲴ є̍者Ⲵ㔤ᓖᙫ઼ҏᱟ 100㔤ᐖਣ 㘼̍㔤ᓖⲴ∄ֻ与ᆳԜ൘䈝ᯉ中

њᮠⲴ∄ֻᱟаṧⲴˈᴰਾᡁԜ൘ᔰਁ䳶к䘋㹼ቍ䈅ˈ䘹ᤙᴰྭⲴੁ䟿㔤ᓖ䇮㖞Ǆ

ᴰ㓸ˈ൘ Geo ᮠᦞ䳶кˈਕ⌅䜘࠶Ⲵ㔤ᓖᱟ 20ˈ䈝ѹ䜘࠶Ⲵ㔤ᓖᱟ 80˗൘ Atis
ᮠᦞ䳶кˈਕ⌅䜘࠶Ⲵ㔤ᓖᱟ 10ˈ与а䜘࠶Ⲵ㔤ᓖᱟ 90˗൘ Overnight ᮠᦞ䳶
к ࿻ॆⲴᖒᔿࡍ⭘别ᴹሩᓄⲴ䇮㖞Ǆ所ᴹ৲ᮠ䜭֯࠶њ亶ฏޛ൘ࡉ̍ ᒦ̍⋑ᴹ࡙⭘

亴䇝㓳Ⲵ䇽ੁ䟿ㅹˈާփⲴ⇿њ৲ᮠ䜭ᱟ൘४䰤 [-0.1, 0.1] к䘋㹼൷र䟷ṧᗇᶕǄ
ᡁԜᙫޡ䘝ԓ䇝㓳 30 ࿻学Ґ⦷䇮㖞Ѫࡍˈ⅑ 0.1ˈ❦ਾㅜа㓴䘝ԓ 15 ⅑ˈ学Ґ⦷
㺠߿аॺˈਾ䶒⇿䘝ԓ 5 ⅑ˈ学Ґ⦷׍⅑㺠߿аॺǄሩҾ䈝ᯉ中䇽䈝ࠪ⧠⅑ᮠਚ
ᴹа⅑ⲴᡁԜ⭘⢩↺ㅖਧ˄<unk>˅䘋㹼ԓᴯˈ䈕⢩↺ㅖਧҏᴹᆳⲴࡍ࿻ॆੁ䟿
㺘⽪Ǆ൘䀓⸱ⲴᰦىˈᡁԜ֯⭘Ҷḡᩌ㍒˄beam search˅̍ ḡᩌ㍒ⲴབྷሿᡁԜ䇮㖞
Ѫ 5ǄᡁԜⲴ⁑රᱟสҾ Theano[17] ᇎ⧠ⲴǄ

䇴⍻ⲴᰦىˈᡁԜ所䟷⭘Ⲵ䇴⍻指ḷ઼ㆆ⮕䜭ᱟสҾḷ߶Ⲵ指ḷ઼ㆆ⮕ˈྲ

Jia and Liang [68]аṧˈᡁԜ൘ Geo ᮠᦞ䳶઼ Overnight ᮠᦞ䳶кˈᡁԜ൘ى
䘹Ⲵࣘ作ᒿࡇ中ˈᡁԜ䘹ᤙ㜭ཏ൘⸕䇶ᓃ中ḕ䈒ᗇࡠㆄṸⲴᧂ名ᴰ䶐ࡽⲴࣘ作ᒿ

࡙޽ˈ䙫䗁㺘䗮ᔿࡠ䖜ᦒࡇӾࣘ作ᒿࡠ⭘作ѪᡁԜⲴ亴⍻㔃᷌Ǆ䘉䟼ᡁԜቡՊࡇ

⭘䙫䗁㺘䗮ᔿ൘⸕䇶ᓃ中䘋㹼ḕ䈒Ǆ

5.4.2 ᇔ僂㔉᷒ф᷆࠼

ᡁԜ൘йњᮠᦞ䳶к与ᖃࡽᴰྭⲴаӋ㌫㔏䘋㹼ሩ∄ˈഐѪ所ᴹⲴ㌫㔏൘й

њᮠᦞ䳶кⲴ䇝㓳/⍻䈅䈝ᯉࢢ࠶䜭䟷⭘Ⲵ਼ṧⲴḷ߶ˈ所ԕ所ᴹⲴ㔃᷌䜭ᱟਟ∄
ⲴǄ↔ཆˈM Ӌ㌫㔏൘ањᮠᦞ䳶кਟ㜭ᴹн਼Ⲵᇎ傼䇮㖞 ᡁ̍Ԝਚ䘹ᤙԆԜᴰྭ

Ⲵ㔃᷌ˈ所ᴹ㌫㔏Ⲵ㔃᷌䜭ᶕ㠚ԆԜਁ㺘Ⲵ论᮷Ǆ

ሩҾᡁԜⲴ⁑ර ᡁ̍Ԝᴹй⿽н਼Ⲵ䇮㖞 а̍⿽ᱟᴰสᵜⲴ sequence-to-action
⁑රˈ⋑ᴹ֯⭘ԫօ㓖ᶏᶑ件ⲴüüSeq2Act˗ㅜҼ⿽ᱟ࣐к䈝⌅㓖ᶏᶑ件Ⲵü
üSeq2Act (+C1)˗ㅜй⿽ᱟ਼ᰦ࣐к䈝⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件Ⲵ Seq2Act
(+C1+C2)ǄᡁԜ⋑ᴹ䇮㖞单⤜࣐䈝ѹ㓖ᶏᶑ件Ⲵˈ䘉ᱟഐѪᡁԜ所֯⭘Ⲵ䈝ѹ㓖
ᶏᶑ件ᱟ൘ㅖਸਕ⌅㓖ᶏᶑ件Ⲵส⹰к␫࣐Ⲵˈྲ᷌ањ䈝ѹമнㅖਸਕ⌅㓖ᶏ

ᶑ件ˈ޽ᶕ䈸䈝ѹ㓖ᶏᶑ件ᱟ⋑ᴹ᜿ѹⲴǄ൘йњᮠᦞ机кⲴ㔃᷌࠶别൘㺘5.1઼
㺘5.2中ኅ⽪ˈєњ㺘Ṭ中ᑖ * ਧⲴ㌫㔏㺘⽪䈕㌫㔏ᴹ֯⭘仍ཆⲴ䈝ᯉᡆ䍴ⓀǄӾ
㔃᷌ᡁԜਟԕⴻࡠ：
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Geo Atis
Previous Work
Zettlemoyer and Collins [154] 79.3 –
Zettlemoyer and Collins [152] 86.1 84.6
Kwiatkowksi et al. [85] 88.9 –
Kwiatkowski et al. [86] 88.6 82.8
Liang et al. [93]* (+lexicon) 91.1 –
Poon [118] – 83.5
Zhao et al. [157] 88.9 84.2
Seq2Seq Models
Jia and Liang [68] 85.0 76.3
Jia and Liang [68]* (+data) 89.3 83.3
Dong and Lapata [43]: 2Seq 84.6 84.2
Dong and Lapata [43]: 2Tree 87.1 84.6
Our Models
Seq2Act 87.5 84.6
Seq2Act (+C1) 88.2 85.0
Seq2Act (+C1+C2) 88.9 85.5

㺘 5.1: Geo ᮠᦞ䳶઼ Atis ᮠᦞ䳶кⲴ⍻䈅㔃᷌

1˅䙊䗷਼ᰦ࡙⭘䈝ѹമⲴ䈝ѹ㺘⽪㜭઼࣋ᗚ⧟⾎㓿㖁㔌⁑රⲴ㺘⽪学Ґ㜭࣋
ԕ৺ሩᒿࡇ䰞仈Ⲵᕪ亴⍻㜭࣋ˈᡁԜⲴᯩ⌅˄Seq2Act (+C1+C2)˅൘ Atis ᮠᦞ
䳶઼ Overnight ᮠᦞ䳶к䜭ਆᗇҶᖃࡽᴰྭⲴ㔃᷌ˈ਼ᰦ൘ Geo ᮠᦞ䳶кҏ
ਆᗇҶ与ᴰྭᡀ㔙н⴨клⲴ㔃᷌ǄާփⲴˈ൘ Geo ᮠᦞ䳶кˈᡁԜᆼᮤⲴ⁑ර
Seq2Act (+C1+C2) ൘⴨਼Ⲵ䇮㖞ᶑ件лਆᗇⲴ㔃᷌˄88.9 Ⲵ߶⺞⦷˅ҏᱟᴰྭ
Ⲵ ਚ̍㩭ਾҾєњ㌫㔏 а̍њᱟ Liang et al. [93]* 䈕̍㌫㔏ᴹ֯⭘仍ཆⲴӪ工ᇊѹⲴ
䇽≷˗ਖањᱟ Jia and Liang [68]* ˈ䈕㌫㔏֯⭘ᮠᦞ䟽㓴˄data recombination˅
Ⲵᯩᔿሩ䇝㓳䈝ᯉ䘋㹼ҶᢙݵǄ൘ Atis ᮠᦞ䳶઼ Overnight ᮠᦞ䳶кˈᡁԜᆼ
ᮤⲴ⁑ර࠶别ਆᗇҶ 85.5 ઼ ࡽњ亶ฏⲴᒣ൷߶⺞⦷˅Ⲵ߶⺞⦷ˈ䜭ᱟᖃޛ˄79.0
ᴰྭⲴ㔃᷌ˈ⭊㠣∄ᴹ࡙⭘仍ཆ䇝㓳䈝ᯉⲴ Jia and Liang [68]* 㔃᷌㾱ྭǄ

2 ⴨˅∄ѻࡽⲴᒿࡇ-ᒿ˄ࡇ Seq2Seq Ⲵ˅⁑ර中所֯⭘Ⲵᒿॆࡇ䙫䗁㺘䗮ᔿ ᡁ̍

Ԝ所֯⭘Ⲵࣘ作ᒿࡇ㕆⸱ᴤ࣐ᴹ᭸Ǆ൘йњᮠᦞ䳶кˈᡁԜᴰสᵜⲴ㌫㔏 Seq2Act
Ⲵ㔃᷌∄ Seq2Seq ⁑ර䜭㾱ྭǄ൘ Geo ᮠᦞ䳶кˈSeq2Act Ⲵ߶⺞⦷ᱟ 87.5ˈ㘼
Seq2Seq⁑ර中ᴰྭⲴ㔃᷌ᱟ 87.2 ൘̠ Atisᮠᦞ䳶 S̍eq2ActⲴ߶⺞⦷ᱟ 84.6 与̍
Seq2Seq ⁑ර中ᴰྭⲴ㔃᷌аṧ˗൘ Overnight ᮠᦞ䳶кˈSeq2Act Ⲵ߶⺞⦷ᱟ
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Soc. Blo. Bas. Res. Cal. Hou. Pub. Rec. Avg.
Previous Work
Wang et al. [139] 48.2 41.9 46.3 75.9 74.4 54.0 59.0 70.8 58.8
Seq2Seq Models
Xiao et al. [144] 80.0 55.6 80.5 80.1 75.0 61.9 75.8 – 72.7
Jia and Liang [68] 81.4 58.1 85.2 76.2 78.0 71.4 76.4 79.6 75.8
Jia and Liang [68]* (+data) 79.6 60.2 87.5 79.5 81.0 72.5 78.3 81.0 77.5
Our Models
Seq2Act 81.4 60.4 87.5 79.8 81.0 73.0 79.5 81.5 78.0
Seq2Act (+C1) 81.8 60.9 88.0 80.1 81.0 73.5 80.1 82.0 78.4
Seq2Act (+C1+C2) 82.1 61.4 88.2 80.7 81.5 74.1 80.7 82.9 79.0

㺘 5.2: Overnight ᮠᦞ䳶кⲴ⍻䈅㔃᷌

78.0ˈ㘼 Seq2Seq⁑ර中ᴰྭⲴ㔃᷌ᱟ 77.5ǄᡁԜ䇔Ѫ䘉ᱟഐѪᡁԜ所䟷⭘Ⲵࣘ作
ᒿࡇ㕆⸱ᴤ㍗ࠁ ਖ̍ཆ㜭ཏ㕆⸱ᴤཊⲴؑ᚟ ⢩̍别ᱟ਼ᰦ㕆⸱ਕ⌅ؑ᚟઼䈝ѹؑ᚟

˄䘉⛩与 Zettlemoyer and Collins [154]所֯⭘ⲴสҾ CCG Ⲵ䇽≷ᴹ⛩类լ Ǆ˅

3˅ਕ⌅㓖ᶏᶑ件㜭ཏสҾ؍䇱䈝ѹമ㔃ᶴᴹ᭸৏ࡉሩى䘹ࣘ作䘋㹼ࡧ䘹ˈ৺
ᰦ䗷└䘍㛼䈕㓖ᶏⲴࣘ作ˈ䘉ṧаᶕ㜭ཏᴹ᭸ᨀ儈䈝ѹ䀓᷀Ⲵᙗ㜭Ǆ൘йњᮠᦞ

䳶кˈᴹ֯⭘ਕ⌅㓖ᶏᶑ件Ⲵ㌫㔏 Seq2Act (+C1) ∄ᴰสᵜⲴ㌫㔏 Seq2Act 䜭ᴹ
所ᨀ儈Ǆ

4˅䈝ѹ㓖ᶏᶑ件㜭ཏ䘋а↕Ⲵᨀ儈䈝ѹ䀓᷀Ⲵᙗ㜭Ǆ൘йњᮠᦞ䳶кˈᡁԜ
ᆼᮤⲴ⁑ර Seq2Act (+C1+C2) Ⲵ㔃᷌䜭䎵䗷Ҷ Seq2Act ઼ Seq2Act (+C1) Ⲵ㔃
᷌ǄᡁԜ䇔Ѫ䘉ᱟഐѪᡁԜ࡙⭘䘹ᤙ㓖ᶏ઼类别нߢケ㓖ᶏˈ㜭ཏ൘䀓⸱Ⲵᰦىˈ

৺ᰦ䗷└ᦹ䘍㛼䘉Ӌ㓖ᶏᶑ件Ⲵ䭉䈟Ⲵࣘ作ى䘹ˈӾ㘼ᨀ儈Ҷᴰ㓸㔃᷌ᱟ߶⺞Ⲵ

ਟ㜭ᙗǄ

5.4.3 䈜㓼᷆࠼

ሯ∊њ〃ᇔ։༺⨼ᵰ࡬ ൘ࡽ䶒ㄐ㢲ᐢ㓿ᨀࡠ ᡁ̍Ԝᇎ⧠Ҷє⿽ᇎփ༴理机ࡦ а̍

⿽ᱟสҾᴯԓ˄Replacing˅Ⲵ机ࡦ [43]：ᢺᇎփᴯᦒᡀᇎփⲴ类别࣐к⤜ᴹⲴ ID˗
ਖа⿽ᱟสҾ༽˄ࡦ Copying Ⲵ˅机ࡦ [68]ǄѪҶሩ∄є⿽ᇎփ༴理机ࡦ ᡁ̍Ԝ⭘ᡁ

ԜⲴᆼᮤ⁑ර࠶别࡙⭘є⿽ᇎփ༴理机ࡦ䘋㹼Ҷሩ∄ᇎ傼ˈᇎ傼㔃᷌ྲ㺘5.3所⽪Ǆ
ᡁԜਟԕⴻࡠ൘йњᮠᦞ䳶к ส̍Ҿ Replacing Ⲵᇎփ༴理机ࡦ∄สҾ Copying Ⲵ
ᇎփ༴理机ࡦⲴ᭸᷌䜭ྭǄᡁԜ䇔Ѫ䘉ᱟഐѪ Replacing ᱟ൘亴༴理中༴理Ⲵˈ㜭
ཏᴹ᭸⎸䲔⭡ᇎփᑖᶕⲴ〰⮿䰞仈˗㘼 Copying ᱟᆈ൘Ҿ䇝㓳઼⍻䈅中Ⲵˈᒦф
䴰㾱仍ཆⲴ Copying 机ࡦˈ䈖ᛵ৲㿱 [68]Ǆ
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Replacing Copying
Geo 88.9 88.2
Atis 85.5 84.0

Overnight 79.0 77.9

㺘 5.3: ൘йњᮠᦞ䳶кሩ∄є⿽ᇎփ༴理机ࡦⲴ㔃᷌

Logical Form Action Sequence
Geo 28.2 18.2
Atis 28.4 25.8

Overnight 46.6 33.3

㺘 5.4: ൘йњᮠᦞ䳶к㓯ᙗॆ䙫䗁㺘䗮ᔿ઼ࣘ作ᒿࡇⲴᒣ൷䮯ᓖ

ሯ∊㓵ᙝौⲺ䙱䗇㺞䗴ᕅૂࣞ֒ᓅࡍ ѻࡽⲴ Seq2Seq ⁑රⴤ᧕֯⭘㓯ᙗॆⲴ䙫
䗁㺘䗮ᔿ作ѪⴞḷㄟⲴᒿࡇ ᡁ̍Ԝ֯⭘ࣘ作ᒿࡇ作ѪⴞḷㄟⲴᒿࡇ 㺘̍5.4中ᱮ⽪Ҷ
є者Ⲵᒣ൷䮯ᓖǄᡁԜਟԕⴻࡠˈࣘ 作ᒿࡇ∄㓯ᙗॆⲴ䙫䗁㺘䗮ᔿᴤ࣐Ⲵ㍗ࠁ：⴨

∄㓯ᙗॆⲴ䙫䗁㺘䗮ᔿˈࣘ 作ᒿࡇᴤ⸝ ൘̍йњᮠᦞ䳶к 䮯̍ᓖ࠶别߿ቁҶ 35.5%ǃ
9.2% ઼ 28.5%Ǆ൘ Overnight ᮠᦞ䳶кˈᡁԜሩ 8 њ亶ฏ࠶别㔏计ˈ൘䘋㹼ᒣ
൷Ǆ䘉⿽ᴤ⸝/ᴤ㍗ࠁⲴ㕆⸱ᯩᔿ㜭ཏ〽ᗞ߿㕃алⴞḷㄟ䮯䐍⿫׍䎆Ⲵ䰞仈ˈᒦ
фҏᴹ࡙Ҿ学Ґ㠚❦䈝䀰ਕᆀ与ⴞḷㄟⲴ䈝ѹ㺘⽪ѻ䰤Ⲵሩ喀Ǆ

5.4.4 䭏䈥᷆࠼

ᡁԜ൘䭉䈟Ⲵṧֻк䘋㹼Ҷ䭉䈟᷀࠶ˈᡁԜਁ⧠ᴹє类䭉䈟∄䖳ᱮ㪇ˈҏᓄ

䈕ᕅ䎧ᡁԜⲴ⌘᜿ǄᡁԜ൘㺘5.5中ኅ⽪Ҷࠐњ䭉䈟ṧֻˈ⇿њֻᆀ⭡й䜘࠶㓴ᡀ：
ਕᆀǃ↓⺞Ⲵ䙫䗁㺘䗮ᔿ઼ᡁԜ⁑ර亴⍻Ⲵ䙫䗁㺘䗮ᔿ ਖ̍ཆᡁԜ⭘㓒仌㢢ḷ䇠Ҷ

䭉䈟ⲴൠᯩǄ䘉є类䭉䈟ྲл：

ᵠ࠰⧦/у↙ᕅⲺਛ⌋㔉ᶺ ᴹӋ⍻䈅ṧֻᴹ⋑ᴹ൘䈝ᯉ中ࠪ⧠䗷Ⲵਕ⌅㔃ᶴǄ

㺘Ⲵㅜањֻᆀ中 ਕ̍ᆀⲴ䘉⿽ਕ⌅㔃ᶴᒦнᑨ㿱 ᇎ̍փ䇽 “Iowa”઼ޣ㌫䇽 “bor-
ders” 䜭ࠪ⧠൘⯁䰞䇽 “how many” ѻࡽˈ↓ᑨⲴᖒᔿᓄ䈕ᱟ：“How many states
does Iowa border?”ǄሩҾ䘉⿽䰞仈ˈᡁԜਟԕቍ䈅࡙⭘ਕᆀ䟽߉ᡆ者༽䘠 [24, 45]
Ⲵᯩ⌅ᢺᴹнᑨ㿱ਕ⌅㔃ᶴⲴਕᆀ䖜ᦒᡀᴹᑨ㿱ਕ⌅㔃ᶴⲴਕᆀǄ

९䞃䚍╅δUnder-Mappingε ྲ Dong and Lapata [43]䇘论ⲴˈۿᡁԜ所֯⭘
ⲴสҾ⌘᜿࣋机ࡦⲴᗚ⧟⾎㓿㖁㔌⁑රᒦ⋑ᴹ㘳㲁ሩ喀ⲴশਢˈᖃࡽⲴ⌘᜿࠶࣋

ᐳᒦ⋑ᴹᢺѻࡽⲴ⌘᜿࠶࣋ᐳ㘳㲁䘋㹼ˈ䘉ṧᇩ᱃䙐ᡀⓀㄟⲴᴹӋ䇽䈝ᒦ⋑ᴹ㻛

⌘᜿࣋䳶中ࡠˈӾ㘼导㠤ḀӋ䇽䈝⋑ᴹ३䝽ࡠˈࠪ⧠३䝽䚇┿Ⲵᛵߥˈྲ㺘中Ⲵㅜ
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Error Types Examples

Un-covered
Sentence
Structure

Sentence: Iowa borders how many states? (Formal Form: How many
states does Iowa border?)
Gold Parse: answer(A, count(B, (const (C, stateid(iowa)),
next_to(C, B), state (B)), A))
Predicted Parse: answer (A, count(B, state(B), A))

Under-
Mapping

Sentence: Please show me first class flights from indianapolis to mem-
phis one way leaving before 10am
Gold Parse: (lambda x (and (flight x) (oneway x) (class_type
x first:cl) (< (departure_time x) 1000:ti) (from x
indianapolis:ci) (to x memphis:ci)))
Predicted Parse: (lambda x (and (flight x) (oneway x) (<
(departure_time x) 1000:ti) (from x indianapolis:ci) (to x
memphis:ci)))

㺘 5.5: ⭘Ҿ䭉䈟᷀࠶Ⲵࠐњṧֻ

Ҽњֻᆀ “̍first class”ቡ㻛ᘭ⮕Ҷˈᴥ ᶕᆳᱟ㾱᱐ሴࡠ (class_type x first:cl)
ⲴǄ䘉类䰞仈൘⾎㓿机ಘ㘫䈁中ҏᖸᑨ㿱 类̍լⲴ ᡁ̍Ԝਟԕ࡙⭘⌘᜿࣋㾶ⴆᓖⲴ

机ࡦ [134, 33] ᶕ༴理䘉⿽䰞仈Ǆ

5.5 ᵢㄖቅ㔉

ᵜㄐ਼ᰦӾ䈝ѹ㩭ൠ઼㔃ᶴ亴⍻єњᯩ䶒ᶕ研究䈝ѹ䀓᷀Ǆ䪸ሩ⧠ᴹ䈝ѹ䀓

᷀ᯩ⌅䗷Ҿ׍䎆Ҿ儈䍘䟿䇽ިǃ⢩ᇊ᮷⌅઼Ӫ工ᇊѹ⢩ᖱⲴ䰞仈 ᡁ̍ԜᨀࠪҶа⿽

ㄟࡠㄟ䈝ѹമ⭏ᡀⲴ䈝ѹ䀓᷀ᯩ⌅Ǆ䈕ᯩ⌅਼ᰦ࡙⭘Ҷ䈝ѹമⲴ㺘⽪Ո࣯ˈ઼ ᗚ⧟

⾎㓿㖁㔌⁑රⲴᕪᒿࡇ亴⍻㜭࣋ǄާփⲴˈᡁԜሶ䈝ѹ䀓᷀䰞仈䖜ᦒѪ㠚❦䈝䀰

ਕᆀᒿࡠࡇ䈝ѹമᶴᔪⲴࣘ作ᒿࡇⲴ㘫䈁䰞仈ˈᡁԜ֯⭘ᗚ⧟⾎㓿㖁㔌⁑රᶕᔪ

⁑ࣘ作ᒿࡇⲴ⭏ᡀǄ⴨∄ҾՐ㔏䈝ѹ䀓᷀ᯩ⌅ˈ䈕ᯩ⌅֯⭘䈝ѹമᶕ㺘⽪ਕᆀⲴ

䈝ѹˈн޽䴰㾱⢩ᇊ᮷⌅˗⴨∄ҾᯠޤⲴ䈝ѹ䀓᷀ᯩ⌅ˈ䈕ᯩ⌅֯⭘ࣘ作ᒿࡇᶕ㕆

⸱䈝ѹമⲴᶴᔪˈᗚ⧟⾎㓿㖁㔌⁑රᶕᔪ⁑ࣘ作ᒿࡇⲴ⭏ᡀˈ䈕䗷〻н޽ᱟ੟ਁ

ᔿˈᱟㄟࡠㄟⲴˈ਼ᰦ൘䀓᷀Ⲵ䗷〻中㜭ཏ㘳㲁ࣘࡠ作与ࣘ作ѻ䰤Ⲵ⴨ӂ㚄㌫ˈ㜭

ཏᯩׯൠޕ࣐ਕ⌅઼䈝ѹ㓖ᶏᶑ件 䘋̍а↕ᨀॷ䈝ѹ䀓᷀Ⲵ߶⺞ᓖǄᴰਾ ᡁ̍Ԝ൘

йњޜᔰᮠᦞ䳶к䘋㹼Ҷᇎ傼 ᇎ̍傼㔃᷌论䇱ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗ：ᡁԜⲴᯩ⌅൘

ަ中єњᮠᦞ䳶к䜭ਆᗇҶᖃࡽᴰྭⲴ᭸᷌ˈ൘ަ中ањᮠᦞ䳶кҏਆᗇҶާᴹ

ㄎҹ࣋Ⲵ㔃᷌Ǆ

ᵜㄐⲴ⴨ޣ研究ᡀ᷌ “Sequence-to-Action: End-to-End Semantic Graph
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Generation for Semantic Parsing” ᐢ㻛 ACL-2018 ᖅ⭘˄䮯᮷ Ǆ˅





ㅢޣㄖ ᙱ㔉фኋᵑ

6.1 ᐛ֒ᙱ㔉

䲿⵰Ӫ工Ც㜭Ⲵ✝▞ 㠚̍❦䈝䀰༴理亶ฏਇࡠҶӪԜᴤཊⲴޣ⌘Ǆ⧠൘㠚❦䈝

䀰༴理Ⲵ਴њԫ࣑ˈሿ࠶ࡠ䇽ˈབྷࡠਕ⌅᷀࠶ˈ机ಘ㘫䈁䜭൘ቍ䈅࡙⭘ᴤཊᴤ߶⺞

Ⲵ䈝ѹؑ᚟Ǆӗ业⭼ሩӪ机ӔӂⲴ䴰≲ҏ൘ᤱ㔝໎䮯ˈ䘛࠷䴰㾱㠚❦䈝䀰理䀓ᢰ

ᵟˈ㘼㠚❦䈝䀰理䀓ⲴṨᗳѻаቡᱟ䈝ѹ䀓᷀Ǆ

䈝ѹ䀓᷀ᱟа亩ᇼᴹ᥁ᡈⲴ研究ԫ࣑Ǆ䈝ѹ䀓᷀䴰㾱ᢺ㠚❦䈝䀰ਕᆀ䀓᷀ᡀ

计算机ਟ䇶别Ⲵ䈝ѹ㺘⽪ ⴨̍ᖃҾᢺ㠚❦䈝䀰᱐ሴᡀ计算机䈝䀰 㘼̍计算机䈝䀰ᱟ

а䰘ѕṬⲴᖒᔿॆ䈝䀰ˈӪ类Ⲵ㠚❦䈝䀰ᖒᔿࡉਈॆཊㄟˈ㺘䗮ҏѠᇼཊᖙˈањ

᜿ᙍਟԕᴹཊ⿽㺘䗮 Ӿ̍䇽≷级别Ⲵਈॆࡠ޽ਕ⌅㔃ᶴкⲴਈॆ 䘈̍ᴹਓཤ䈝઼Җ

䶒䈝Ⲵн਼ˈԕ৺н਼⽮ӔჂփкⲴн਼仾ṬⲴ䈝䀰Ǆ䘉䜭֯ᗇк䘠᱐ሴ䗷〻ॱ

ഠ䳮Ǆ࠶

䈝ѹ䀓᷀Ⲵਁኅ䗷〻中ˈ研究者ᨀࠪҶєњ理论：㓴ਸ䈝ѹ学˄compositional
semantics˅઼⁑ර理论䈝ѹ学˄model-theoretic semantics˅̍ 䘉ҏᡀҶ⧠䱦⇥䈝ѹ
䀓᷀Ⲵ理论ส⹰ˈ਼ ᰦҏѪ䈝ѹ䀓᷀指ࠪҶਁኅ䐟㓯：䈝ѹ䀓᷀䴰㾱䘋㹼㔃ᶴ亴⍻

઼䈝ѹ㩭ൠǄާփⲴˈ㓴ਸ䈝ѹ学指ࠪਕᆀⲴ᜿ᙍᱟਕᆀ中਴ᡀ࠶Ⲵ᜿ᙍⲴ㓴ਸˈ

㺘᰾ਕᆀᴰ㓸Ⲵ䈝ѹ㺘⽪ᱟާᴹ㔃ᶴⲴˈ㔃ᶴ亴⍻指Ⲵቡᱟ亴⍻ਕᆀ所ሩᓄⲴ䈝

ѹ㺘⽪Ⲵ㔃ᶴǄ⁑ර理论䈝ѹ学指ࠪ㾱⭘ц⭼中Ⲵ⣦ᘱᶕ䀓䟺ਕᆀ 㺘̍᰾䴰㾱ሶਕ

ᆀ中ⲴާփⲴ亩ሩᓄࡠц⭼中ᇎ䱵Ⲵ亩˄ᇎփ઼ޣ㌫˅̍ 䘉ቡᱟ䈝ѹ㩭ൠ䗷〻Ǆ

ᵜ᮷Ӿ䈝ѹ䀓᷀ⲴєњṨᗳ䜘࠶：㔃ᶴ亴⍻઼䈝ѹ㩭ൠࠪਁ ሩ̍䈝ѹ䀓᷀ᢰᵟ

ኅᔰ研究Ǆ䪸ሩк䘠єњṨᗳ䜘࠶所ᆈ൘Ⲵ᥁ᡈ ԕ̍৺⧠ᴹᯩ⌅ᆈ൘Ⲵ㕪䲧ˈᴥ ᮷

ቍ䈅ᨀࠪਟ㹼Ⲵ䀓ߣᙍ䐟Ǆ⧠ሶᵜ论᮷Ⲵѫ㾱工作઼ᡀ᷌ᙫ㔃ྲл：

• 䪸ሩ䈝ѹ䀓᷀中䇽ި㾶ⴆᓖнཏⲴ䰞仈ˈᨀࠪҶє⿽สҾ䇽ިᢙݵ学ҐⲴ䈝
ѹ䀓᷀ᯩ⌅ˈа⿽ᱟ൘⧠ᴹ工作Ⲵส⹰кˈ൘䇝㓳ⲴᰦىᕅޕᯠⲴ䇽≷ˈ਼

ᰦ࣐ԕ学ҐˈѪҶᗇࡠ߶⺞ᓖᴤ儈Ⲵ䇽≷ˈ൘䇽ިᢙݵ学ҐⲴส⹰к䇮计Ҷ

䙊⭘Ⲵ䇽䈝-䉃䇽⢩ᖱ⁑ᶯˈ䘈ᨀࠪҶสҾᣅ⾘机ࡦⲴṨᗳ䇽ި㧧ਆᯩ⌅Ǆਖ
а⿽࡙⭘བྷ䟿᮷ᵜ䈝ᯉ઼䇽ި䍴Ⓚ学Ґ䇽䈝ѻ䰤Ⲵ⴨լᓖˈ޽Ӿቁ䟿⿽ᆀ䇽

≷ࠪਁˈ࡙⭘ḷㆮՐ᫝算⌅ˈᢺḷ⌘㢲⛩Ⲵ䉃䇽᱐ሴؑ᚟Ր᫝㔉ᵚḷ⌘Ⲵ㢲

⛩ˈӾ㘼学ҐࠪᴤཊⲴᯠ䇽≷ˈ⴨∄ҾѻࡽⲴᯩ⌅ˈ䘉⿽ᯩ⌅нӵ࡙⭘⸕䇶

ᓃ与᮷ᵜѻ䰤Ⲵᇎփሩޡ⧠ᶕ学Ґࡍ࿻䇽≷ˈ䘈࡙࠶ݵ⭘Ҷབྷ䟿㠚⭡᮷ᵜ઼

᭦䳶ྭⲴ䇽ި䍴Ⓚᶕ学Ґ䇽䈝与䇽䈝ѻ䰤Ⲵ䈝ѹޣ㚄ˈᒦ֯⭘สҾമⲴॺⴁ

ⶓ学ҐṶᷦᶕ䘋㹼䇽ިᢙݵ学ҐǄᇎ傼㔃᷌傼䇱ҶᡁԜ䇽ިᢙݵ学Ґᯩ⌅Ⲵ
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ᴹ᭸ᙗˈ䙊䗷䇽ިⲴᢙݵ学Ґˈ䇽ިⲴ㾶ⴆᓖᗇԕᨀॷˈާփփ⧠൘สҾᢙ

䇽ިⲴਜഎ⦷ᱮ㪇ᨀॷǄݵ

• 䪸ሩ䈝ѹ䀓᷀中ਕᆀⲴ㔃ᶴ与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴна㠤Ⲵ䰞仈ˈᨀࠪҶа
⿽สҾਕᆀ䟽߉Ⲵ䈝ѹ䀓᷀ᯩ⌅Ǆ䙊䗷ሩਕᆀна㠤䰞仈Ⲵ઼᷀࠶ᖂ㓣ˈᙫ

㔃ࠪҶє⿽㔃ᶴна㠤Ⲵ䰞仈：1-N රн३䝽઼ N-1 රн३䝽ˈ䘋㘼ሩᓄൠ
ᨀࠪҶє⿽ਕᆀ䟽࠶ˈ⌅ᯩ߉别ᱟสҾ䇽ިᴯᦒⲴਕᆀ䟽઼߉สҾ⁑ᶯᴯᦒ

Ⲵਕᆀ䟽߉Ǆ䘉њᯩ⌅Ⲵࠪਁ⛩ᱟањਕᆀᙫՊᆈ൘ਖཆа⿽㺘䘠ᖒᔿˈ䈕

ᖒᔿ؍ᤱ与৏ਕᆀⲴ᜿ᙍ⴨਼ˈᒦф㔃ᶴ与ⴞḷ䈝ѹ㺘⽪Ⲵ㔃ᶴа㠤ǄᡁԜ

ሶਕᆀ䟽߉䘀⭘Ҿ䈝ѹ䀓᷀中ˈާփⲴˈሩҾ㔉ᇊⲴਕᆀˈݸ䙊䗷ਕᆀ䟽߉ˈ

ᗇࡠ㤕ᒢᯠⲴਕᆀˈ࡙޽⭘ส߶䈝ѹ䀓᷀ಘሩ⇿ањᯠਕᆀ䘋㹼䀓᷀ˈᗇࡠ

ᮠ㔬ਸ㘳㲁࠭࠶ᮠᶕ䘋㹼䀓⸱ˈ䈕ᢃ࠭࠶䘹䙫䗁㺘䗮ᔿˈᡁԜᇊѹ㚄ਸᢃى

ਕᆀ䟽߉䜘࠶Ⲵ⢩ᖱ઼䈝ѹ䀓᷀䜘࠶Ⲵ⢩ᖱǄᇎ傼㔃᷌傼䇱ҶᡁԜਕᆀ䟽߉

ᯩ⌅Ⲵᴹ᭸ᙗˈ䙊䗷ਕᆀ䟽߉ˈ֯ᗇ䈝ѹ䀓᷀ಘ㜭ཏ䀓᷀ᆈ൘㔃ᶴн३䝽Ⲵ

ਕᆀǄ

• 䪸ሩՐ㔏䈝ѹ䀓᷀ᯩ⌅䗷Ҿ׍䎆䇽ި઼⢩ᇊ᮷⌅ǃ⁑ᶯǃ׍ᆈṁᡆ者੟ਁᔿ
㿴ࡉⲴ䰞仈ˈᨀࠪҶа⿽สҾㄟࡠㄟ䈝ѹമ⭏ᡀⲴ䈝ѹ䀓᷀ᯩ⌅Ǆ䈕ᯩ⌅㔬

ਸ࡙⭘Ҷ䈝ѹമⲴ䈝ѹ㺘⽪㜭࣋ˈԕ৺ᗚ⧟⾎㓿㖁㔌⁑රⲴᕪ亴⍻㜭࣋Ǆާ

փⲴˈᡁԜ⭘䈝ѹമᶕ㺘⽪ਕᆀⲴ䈝ѹˈᢺ䈝ѹ䀓᷀䗷〻ⴻ作ᱟ䈝ѹമᶴᔪ

Ⲵ䗷〻ˈ਼ᰦ֯⭘ࣘ作ᒿࡇᶕ㕆⸱䈝ѹമⲴᶴᔪˈ䘉ṧаᶕ䈝ѹ䀓᷀ቡ䖜ᦒ

Ѫਕᆀࣘࡠ作ᒿࡇⲴ᱐ሴˈᡁԜ࡙޽⭘ᗚ⧟⾎㓿㖁㔌⁑රᶕᔪ⁑䘉њ䗷〻ˈ

ф൘䀓⸱Ⲵ䗷〻中ˈᡁԜਟԕޕ࣐ਕ⌅㓖ᶏᶑ件઼䈝ѹ㓖ᶏᶑ件ᶕ䗷└䭉䈟

Ⲵࣘ作ˈӾ㘼ᨀ儈䈝ѹ䀓᷀Ⲵ߶⺞ᓖǄ⴨∄ѻࡽⲴสҾ䈝ѹമⲴᯩ⌅ˈ䈕ᯩ

⌅н׍䎆᮷⌅ǃ⁑ᶯǃ׍ᆈṁ઼੟ਁᔿ㿴ࡉˈᮤ њ⁑රⲴ学ҐᱟㄟࡠㄟⲴ 䘲̍

⭘ᙗᴤᕪǄ⴨∄ѻࡽⲴᒿࡠ-ࡇ-ᒿࡇⲴᯩ⌅ˈ䈕ᯩ⌅֯⭘䈝ѹമᶕ㺘⽪䈝ѹˈ
ࣘ作ᒿࡇⲴ㕆⸱ᯩᔿ㜭ཏᔪ⁑ᴤཊⲴਕ⌅ؑ᚟ˈ਼ᰦ䘈ਟԕ㘳㲁䀓⸱ᰦˈᖃ

作与ᐢ⭏ᡀࣘ作ѻ䰤ᆈ൘㚄㌫ˈਟԕ࡙⭘ਕ⌅㓖ᶏ઼䈝ѹ㓖ᶏᶕᨀ儈䀓ࣘࡽ

⸱Ⲵ߶⺞ᙗǄᇎ傼㔃᷌傼䇱ҶᡁԜᯩ⌅Ⲵᴹ᭸ᙗǄ

6.2 ᐛ֒ኋᵑ

䈝ѹ䀓᷀൘㠚❦䈝䀰༴理中ᴹ⵰䟽㾱Ⲵൠ位ˈᡀ⟏Ⲵ䈝ѹ䀓᷀ᢰᵟ㜭ሩ㠚❦

䈝䀰༴理亶ฏ中ⲴަԆԫ࣑ӗ⭏〟ᶱⲴ᧘䘋作⭘ˈྲ 机ಘ㘫䈁ˈؑ ᚟ᣭਆㅹǄ൘ӗ

业⭼ˈ䈝ѹ䀓᷀ᢰᵟҏᴹ⵰ᖸ儈Ⲵᓄ⭘ԧ٬ˈ㜭ཏᓄ⭘ҾᲪ㜭机ಘӪˈᲪ㜭ᩌ㍒ᕅ

᫾ㅹǄ㲭❦䘁年ᶕ䈝ѹ䀓᷀ᢰᵟᴹҶっᇊⲴਁኅˈᴥ ᮷൘䈝ѹ䀓᷀ᯩ䶒ҏਆᗇҶа

ᇊⲴ研究ᡀ᷌ ն̍䈝ѹ䀓᷀⿫ᢰᵟᒯ⌋䘀⭘઼᧘ᒯ䘈ᴹа⇥䐍⿫Ǆᴥ ᮷ሩᵚᶕⲴ䈝
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ѹ䀓᷀工作ᨀࠪԕлй⛩ᔪ䇞઼ኅᵋ：

• ᡁԜਟԕቍ䈅㔬ਸ࡙⭘สҾ䇽ިⲴ䈝ѹ䀓᷀ᯩ⌅ⲴՈ઼࣯สҾ䈝ѹമⲴ䈝ѹ
䀓᷀ᯩ⌅ⲴՈ࣯ǄสҾ䇽ިⲴ䈝ѹ䀓᷀ᯩ⌅ԕ䇽ިѪส⹰ˈ֯⭘㠚ᓅੁкⲴ

ᯩᔿ䘋㹼䀓᷀Ǆਚ㾱䇽ިⲴ䍘䟿儈˄वᤜ߶⺞ᓖ઼㾶ⴆᓖ˅̍ ቡ㜭ᘛ䙏߶⺞Ⲵ

ᆼᡀሩਕᆀⲴ䀓᷀ǄสҾ䈝ѹമⲴᯩ⌅ਟԕ࡙⭘ަᆳᡀ⟏Ⲵ᡻⇥˄ྲਕ⌅࠶

䘋Ⲵᢰᵟݸ⭘࡙޽ˈᇊਕᆀⲴ㔃ᶴˈণ䈝ѹ㺘⽪ⲴṶᷦ⺞ݸ˅᷀࠶ᆈ׍ˈ᷀
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