
Part V
Deep Reinforcement 
Learning for NLP
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• Deep RL background 

Deep reinforcement learning for NLP
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Reinforcement learning model:

Sutton, Richard S.; Barto, Andrew G. (1998). 

Reinforcement Learning: An Introduction. MIT Press.
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Policy: a rule that the agent should follow to select actions 
given the current state

Q-Learning: find optimal policy for Markov decision process 
(MDP). 

Approach: learning an action-value function, a.k.a. Q-function, 
that computes the expected utility of taking an action in a state 
– after training converges. 

Watkins and Dayan, (1992), 'Q-learning.’ Machine Learning.
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Mnih, Kavukcuoglu, Silver, Graves, Antonoglou, Wierstra, Riedmiller, 

“Playing Atari with Deep Reinforcement Learning”, 2013
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Silver et al, “Mastering the game of Go with deep neural networks and 

tree search”, 2016
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[Narasimhan, Kulkarni, Barzilay. EMNLP 2015]

[He, Chen, He, Gao, Li, Deng, Ostendorf, ACL 2016]

[He, Ostendorf, He, Chen, Gao, Li, Deng, EMNLP 2016]
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State text

Action texts
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Max-action DQN Per-action DQN

 max over 𝑎𝑡
𝑖
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• Deep Reinforcement Relevance Network (DRRN)

Motivation:

- Language is 

different in these 

two contexts.

- Text similarity does 

NOT always lead to 

the best action.

[He, Chen, He, Gao, Li, Deng, 

Ostendorf, ACL2016]
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[He, Chen, He, Gao, Li, Deng, Ostendorf, “Deep Reinforcement 

Learning with a Natural Language Action Space,” ACL2016]
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https://github.com/jvking/text-games

https://github.com/jvking/text-games


178Microsoft Research Xiaodong He



179Microsoft Research Xiaodong He



180Microsoft Research Xiaodong He



Experiments: Final Performance
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Game 1: “Saving John” Game 2: “Machine of Death”

The DRRN performs consistently better than all baselines, and 
often with a lower variance.
Big gain from having separate state & action embedding spaces 
(DQN vs. DRRN).
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Experiments: Generalization

• In the testing stage, use unseen paraphrased actions
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Text (with predicted Q-values) 

State As you move forward, the people surrounding you suddenly look 
up with terror in their faces, and flee the street.

Actions in the 
original game

Ignore the alarm of others and continue moving forward. (-21.5) 
Look up. (16.6)

Paraphrased actions 
(not original)

Disregard the caution of others and keep pushing ahead. (-11.9) 
Turn up and look. (17.5)

Fake actions (not 
original)

Stay there. (2.8) Stay calmly. (2.0)
Screw it. I’m going carefully. (-17.4) Yell at everyone. (-13.5)
Insert a coin. (-1.4) Throw a coin to the ground. (-3.6)
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https://arxiv.org/abs/1606.03667

https://www.reddit.com/

https://arxiv.org/abs/1606.03667
https://www.reddit.com/
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Part VI
Image-language multimodal 
learning and inference
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• Image Captioning

Image-language Joint learning and 
inference



Knowledge

VisionText

Barack Obama is an American politician 

serving as the 44th President of the 

United States. Born in Honolulu, Hawaii, 

… in 2008, he defeated Republican 

nominee and was inaugurated as president 

on January 20, 2009.
(Wikipedia.org) 

http://s122.photobucket.com/user/b

meuppls/media/stampede.jpg.html 

Freebase
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a man holding a tennis racquet 
on a tennis court

the man is on the tennis court 
playing a game

Image Captioning (one step from perception to cognition)

describe objects, attributes, and relationship in an image, in a 

natural language form
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a bicycle is parked next to a 
river

a bike sits parked next to a 
body of water

Image Captioning: Understanding complex 

scenes



Two entries tied at the 1st place at COCO 2015 Caption Challenge

Adopted encoder-decoder framework from 
machine translation, Popular: Google, Montreal, 
Stanford, Berkeley

Visual concept detection => caption candidates generation => 
Deep semantic ranking

Compositional framework can potentially exploit non paired image-

caption data more effectively

[Fang, Gupta, Iandola, Srivastava, Deng, Dollar, Gao, He, Mitchell, Platt, Zitnick, 

Zweig, “From Captions to Visual Concepts and Back,” CVPR, June 2015]

Vinyals, Toshev, Bengio, Erhan, "Show and Tell: A Neural 

Image Caption Generator,“ CVPR, June 2015
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sitting







cabinets

wooden
kitchen

sink cabinets Repeat to generate 500 candidates
floor

room

stove

[Fang, et al., CVPR 2015]
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Max pooling layer: v

Semantic layer: y

     <s>             w1              w2                     wT             <s>Word sequence: xt

Word hashing matrix: Wf

Convolution matrix: Wc
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Semantic projection matrix: Ws
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Turing Test Results at the MS COCO Image Captioning Challenge 2015

Official 

Rank

%  of  captions 

that pass the 

Turing Test

%  of  captions 

that are better or 

equal to human’s

MSR 1st 32.2% 26.8%

Google 1st 31.7% 27.3%

MSR Captivator    3rd 30.1% 25.0%

Montreal/Toronto 3rd 27.2% 26.2%

Berkeley LRCN 5th 26.8% 24.6%

Other groups: Baidu/UCLA, Stanford, Tsinghua, etc.

Nearest neighbor -- 25.5% 21.6%

MSR won the 1st prize!

Human -- 67.5% 63.8%
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System BLEU % Better or 

Equal to 

Human

Model 1: MELM + DMSM 25.7 34.0%

Model 2: MRNN 25.7 29.0%

Devlin, Cheng, Fang, Gupta, Deng, He, Zweig, and Mitchell “Language 

Models for Image Captioning: The Quirks and What Works,” ACL 2015

Human judgers shown generated caption and human caption, choose which is “better”, or equal.
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Example:    MELM+DMSM:  “A plate with a sandwich and a cup of coffee”

MRNN:              “A close up of a plate of food”  (more generic)



•

•

•

•

•



Word tagging

Celebrity

Landmark

Language Model

Confidence 
Model

DSSMFeatures vector

A small boat in Ha Long Bay

This image contains: water, 
boat, lake, mountain, etc.

low

high

[Kenneth Tran, Xiaodong He, Lei Zhang, Jian Sun, Cornelia 

Carapcea, Chris Thrasher, Chris Buehler, Chris Sienkiewicz, 

“Rich Image Captioning in the Wild,” Deep Vision, CVPR, 2016]

Caption engine
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Sasha Obama, Malia Obama, Michelle Obama, Peng Liyuan et al. 
posing for a picture with Forbidden City in the background.

(note the system missed Marian Robinson)



[He, Zhang, Ren, Sun, 2015]

ImageNet 2015 Winner !



•

•

[Guo, Zhang, Hu, He, Gao, 
2016]
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The multimodal deep structured semantic model 
semantic space: 

• The overall semantics of a caption will also be 
represented by a vector in this space.

• Rerank captions by the semantic matching

Image feature

H1

H2

H3

W1

W2

W3

W4

Input s

H3

Text: a man holding a tennis 

racquet on a tennis court

H1

H2

H3

W1

W2

W3

Input t1

H3
W4

Raw Image pixels

Convolution/pooling

Fully connected

[He, Gao, Deng et al., 2013, 2014, 2015]



Image
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Input s

H3

caption: a man holding a 

tennis racquet on a tennis 

court
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Input t1
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System Excellent Good Bad Embarrassing 

Fang et al., 

2015

40.6% 26.8% 28.8% 3.8%

New 

system 

51.8% 23.4% 22.5% 2.4%

Human evaluation on 1000 random samples of the COCO test set.



System Excellent Good Bad Embarrassing 

Fang et al., 

2015

12.0% 13.4% 63.0% 11.6%

New 

system 

25.4% 24.1% 45.3% 5.2%

Human evaluation on Instagram test set, which contains 1380 random images that 

we scraped from Instagram.



Conf. score Excellent Good Bad Embarrassing 

mean 0.59 0.51 0.26 0.20

Std dev 0.21 0.23 0.21 0.19
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This feature returns information about visual content found in an image. Use tagging, 

descriptions and domain-specific models to identify content and label it with confidence. 

Service APIs shipped 
in March 2016

“a man swimming in a 
pool of water”

https://www.microsoft.com/cognitive-services/en-us/computer-vision-api

https://www.microsoft.com/cognitive-services/en-us/computer-vision-api
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“Microsoft's newest bot offered a spot-on 

caption to this photo of Satya Nadella” 

– Business Insider (Julie Bort)

"Microsoft created Captionbot.ai, which is a 

tremendously addictive (and science-fiction-

grade awesome)." -- TechCrunch

• Microsoft researchers tie for best image 

captioning technology TechNet

• Microsoft reveals 'CaptionBot' you can try out 

online - Dailymail

• Microsoft's Spooky New Bot Can Automatically 

Caption Your Photos - Forbes

• Microsoft's latest AI party trick is a CaptionBot 

for photos – PCWorld

• …

http://captionbot.ai/
https://www.microsoft.com/en-us/research/microsoft-researchers-tie-for-best-image-captioning-technology/
http://www.dailymail.co.uk/sciencetech/article-3517592/Would-trust-Microsoft-s-AI-caption-selfies-Firm-reveals-CaptionBot-try-online.html
http://www.forbes.com/sites/paulmonckton/2016/03/31/captionbot-describes-your-images/#63df6ccc5670
http://www.pcworld.com/article/3056029/data-center-cloud/microsofts-latest-ai-party-trick-is-a-captionbot-for-photos.html


when Jen-Hsun Huang (NVidia CEO) was giving a 

keynote at GTC16 showing off a GPU-powered VR 

visiting of Mt. Everest -- here is what our CaptionBot 

has to say.
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works with any phone/browser

http://CaptionBot.ai

http://captiobot.ai/
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https://bots.botframework.com/

https://bots.botframework.com/
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WTF Is That 

http://www.wired.com/2016/05/wtf-is-that-computer-vision-bot/

http://www.wtfitbot.com/
http://www.wired.com/2016/05/wtf-is-that-computer-vision-bot/
http://www.wired.com/2016/05/wtf-is-that-computer-vision-bot/
http://www.wired.com/2016/05/wtf-is-that-computer-vision-bot/
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PicCollage

calls MCS API to get an auto-
caption and then touch up 
with funny faces. 

http://pic-collage.com/


•

http://blogs.microsoft.com/next/2016/03/30/decades-of-computer-vision-research-one-swiss-army-knife

http://www.iqiyi.com/w_19rsyqc41h.html

http://blogs.microsoft.com/next/2016/03/30/decades-of-computer-vision-research-one-swiss-army-knife
http://www.iqiyi.com/w_19rsyqc41h.html
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(Beautiful butterfly, how cute, pretty)

Google Vision API – has tagging and landmark, 

no captioning yet
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Facebook 

https://www.yahoo.com/tech/facebook-uses-ai-help-blind-130239329.html
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E.g., as a warning system for bicyclists, the system would 

interact with the cyclist, who might ask questions such as 

“Are any other bikes going to pass me from the left?” or 

“Are there any runners close to me?”
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reasoning
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Big improvement DAQUAR
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umbrella
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http://captionBot.ai

Caption 

QA

http://captionbot.ai/
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a herd of elephants standing next to a man

a herd of elephants standing next to Obama

Obama is chased by his republican competitors 
Image credit: 

http://s122.photobucket.com/user/bmeup

pls/media/stampede.jpg.html

Republican 
Party

Obama the president from Democratic party

whose competitor is Republican party

mascot is Elephant

Who is that person?

What are behind that man?

Why these elephants are chasing him?

http://s122.photobucket.com/user/bmeuppls/media/stampede.jpg.html
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http://CaptionBot.ai

http://captionbot.ai/
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http://aka.ms/sent2vec

http://aka.ms/sent2vec
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• Tran, K., He, X., Zhang, L., Sun, J., Carapcea, C., Thrasher, C., Buehler, C., Sienkiewicz, C., “Rich Image Captioning in the Wild,” DeepVision, CVPR 2016
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