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Multi-modal NLP: to solve language-centric multi-modal tasks

Multi-modal



Our Work on Multi-modal NLP (Today’s Agenda)

(1) Cross-modal Pre-training

(2) Image Reasoning and QA



Pre-training
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(1) Unicoder-VL: A Universal Encoder for Vision and Language 
by Cross-modal Pre-training

Gen Li, Nan Duan, Yuejian Fang, Daxin Jiang, Ming Zhou. Unicoder-VL: A Universal Encoder for Vision and Language by Cross-modal Pre-training. arXiv, 2019.
Haoyang Huang, Yaobo Liang, Nan Duan, Ming Gong, Linjun Shou, Daxin Jiang, Ming Zhou. Unicoder: A Universal Language Encoder by Pre-training with Multiple Cross-lingual Tasks. EMNLP, 2019.



State-of-the-Art on Image Retrieval !

MSCOCO
Text-to-Image Retrieval Image-to-Text Retrieval

R@1 R@5 R@10 R@1 R@5 R@10

Two Branch Network
(Wang et al., 2018) 43.3 76.8 87.6 54.0 84.0 91.2

SCAN
(Lee et al., 2018) 58.8 88.4 94.8 72.7 94.8 98.4

Scene Concept Graph
(Shi et al., 2019) 61.4 88.9 95.1 76.6 96.3 99.2

Unicoder-VL
(Ours)

69.1
(+7.7)

93.4 97.2
85.4

(+8.8)
97.5 99.0

Flickr30K
Text-to-Image Retrieval Image-to-Text Retrieval

R@1 R@5 R@10 R@1 R@5 R@10

Two Branch Network
(Wang et al., 2018) 28.4 56.3 67.4 37.5 64.7 75.0

SCAN
(Lee et al., 2018) 48.6 77.7 85.2 67.4 90.3 95.8

Scene Concept Graph
(Shi et al., 2019) 49.3 76.4 85.6 71.8 90.8 94.8

Unicoder-VL 
(Ours)

68.5
(+19.2)

90.5 94.9
83.0

(+11.2)
95.9 98.0

1. Transformer

2. Faster R-CNN

3. Adding mono-modality tasks 
non-trivial

4. Image encoder 



(2) Image Reasoning and QA

Hudson and Manning. GQA: a New Dataset for Compositional Question Answering over Real-World Images. 2019.



Inference Engine

Output

Input

Context

retrieve related context from 
memory, which memorizes 

interaction history and other 
types of knowledge, such as 
knowledge graphs, common 
sense, images, videos, texts, 
question-answer pairs, etc.

• explicit representation by semantic 
parsing/graph generation

• implicit representation by existing 
pre-trained models



Daya Guo, Duyu Tang, Nan Duan, Jian Yin, Ming Zhou. Dialog-to-Action: Conversational Question Answering over a Large-Scale Knowledge Base. NeurIPS, 2018.

LF Exact Match
Seq2Seq 77.4%

Seq2Action 85.6%
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knowledge extension 
by common sense

girl 0.91; table 0.87; salad
0.73; fries 0.95; 
hamburger 0.74; 
beverage 0.69; …

table is wood
fries is yellow
hamburger contains vegetables
napkin is white
beverage can drink
…

• what color are the chips?
• what is located to the left of the fries?
• where is the tray located in?
• what color is the thing under the food left of the little 

girl with the yellow shirt?
• …

detected objects1

extended triples2

Co-click queries of the same image3



Unicoder-VL
(Cross-modal Pre-trained Model)

Cross-modality Interaction Layer
(self-attention)

Input 
Question

Input 
Image

Question 
Program

Program 
Encoder

Context

Context 
Encoder

Answer Prediction Layer
(concatenation + FFN + softmax)

Chenfei Wu, Gen Li, Yanzhao Zhou, Duyu Tang, Nan Duan. DREAM: Dynamic REAsoning Machine for GQA. Will submit to AAAI, 2020.

symbolic 
reasoning later!



State-of-the-Art on Visual QA !

GQA Leaderboard on 
2019-07-13

https://evalai.cloudcv.org/web/challenges/challenge-page/225/leaderboard/733

https://evalai.cloudcv.org/web/challenges/challenge-page/225/leaderboard/733


https://ai.google.com/research/NaturalQuestions/

https://ai.google.com/research/NaturalQuestions/


https://competitions.codalab.org/competitions/18814#resultshttps://www.tau-nlp.org/csqa-leaderboard

(Contributor: Duyu TANG from MSRA-NLC)

https://competitions.codalab.org/competitions/18814
https://www.tau-nlp.org/csqa-leaderboard


readable

searchable

How to cook Spaghetti Carbonara?
Summarize the video content into short sentences.

How to make Spaghetti sauce?
Answer the query by returning the most related video clip.

Beyond Image: Video Summarization and QA

https://www.youtube.com/watch?v=dEBUJ6MZ6e0

Botian Shi, Lei Ji, Yaobo Liang, Zhendong Niu, Nan Duan, Ming Zhou. Dense Procedure 
Captioning in Narrated Instructional Videos. ACL, 2019.

Kyungjae Lee, Nan Duan, lei ji, Jason Li, Seung-won Hwang, Ming Zhou. Segment-then-Rank: 
Non-factoid Question Answering on Video Contents. To appear in arXiv, 2019

https://www.youtube.com/watch?v=dEBUJ6MZ6e0


Future Work: Multi-modal Fundamentals

TO enable NLP systems to look, listen, comprehend and reply!




