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Communication is multimodal!



Communication is multimodal, especially on the 
internet!

Every classic problem in NLP and information management 
needs to be generalized to handle multimodal datasets. 



Machines are trying to catch up!

Credits: Amazon, GettyImages, AFP, Google



Machines are trying to catch up!

Credits: Amazon, GettyImages, AFP, Google

Interactive systems need to 

‣ Realize multi-modal contributions. 

‣ Communicate with people using a broad range of 
appropriate modalities. 
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Part 1: Commonsense and Coherence 
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Computational Challenges

Integrating space, visual presentations and language requires 
learning commonsense inferences. 
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Computational Challenges
Integrating space, visual presentations and language requires 
learning commonsense inferences. 



Visual and linguistic communication have similar 
intentional, contextual and inferential properties.



Commonsense Inference in Text and Imagery

14

A wide range of background knowledge needs to be integrated with 
visual presentations.

A view from the bridge A man is sitting in front 
of a bunch of fruits.
Photo credit: Carol MitchellPhoto credit: Garden-party Limeui/Alamy
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Surface level models that don’t take into account these 
inferences have systematic problems.



Surface level models that don’t take into account these 
inferences have systematic problems.

A close up of a stuffed 
animal on a plate.
Example from Lu et al. 2018

Model

Content Hallucination



Surface level models that don’t take into account these 
inferences have systematic problems.

A close up of a stuffed 
animal on a plate.
Example from Lu et al. 2018

Model

This is the new 
manager of the team.
Example from Sharma et al. 2019

Content Hallucination

Context Hallucination

Model



Architecture

DescriptionText GenerationImage Understanding Image

Classic Architecture
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DescriptionText GenerationImage Understanding Image

SotA by Zhao et al. 2019
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Generating Descriptions for Images

How can we address these issues? 

‣ Commonsense understanding doesn’t fall out of machine 
learning methods. 

‣ Systems needs to recognize that image descriptions convey 
different kinds of information and fulfill different purposes. 
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Why studying coherence in 
images and text is challenging?

Identifying coherence relations in text mainly relies on textual 
cues. These cues are missing in the image-text presentations. 
 

      I missed my meeting today because my car broke down.
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10,000 image–text pairs annotated by expert annotators with a 
high agreement.

Data Collection: CLUE

ACL 2020



Data Collection: CLUE

10,000 image–text pairs annotated by expert annotators with a 
high agreement. 
‣5,000 from Conceptual Captions (Sharma et al., 2018) 
‣5,000 from machine-authored captions from the state of 

the art models in 2019

29 ACL 2020



Story
The text is understood as providing a free-standing description of 

the circumstances depicted in the image.

Room of a Nobel prize winner, looted 
during the revolution.

30 ACL 2020



Coherence relations predict genre!
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Coherence relations predict genre!
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Can we learn to predict these relations?
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Predicting Relations

Text Encoder

Image Encoder

Relation 
Classifier

Young happy boy swimming 
in the lake.

visible

action

subjective
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Text Encoder

Young happy boy swimming in the lake.

sentence vector

text 
representation
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Image Encoder

Pre-trained 
ResNet

Image 
representation
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Relation Classifier

image representation

text representation

prediction label 
vector
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Predicting Relations

0.74

0.68

0.65

0.63

0.48

Weighted F1 scores: Multi-label
BERT+ResNet

Glove+ResNet

BERT

Glove

BoW + SVM

39

Machine learning models can reliably predict coherence 
relations.
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Data Collection
Instead of starting from a predefined taxonomy, we study the key 
elements of logical, temporal and elaboration-like relations.

Sentence. Sentence.

41 NAACL 2019



Crowdsourcing Experiment

Image shows action in progress. 

Action in image need repetition. 

Image shows tools not in the text. 

Text has quantities, image doesn’t. 

and 6 more.

Highlight the part of the text that is most related to the image.

Top with half the 
spinach half the 
mozzarella and a 
third of the 
remaining sauce.

2,047 Image-text pairs annotated with a high rate of inter-rater 
agreement

42 NAACL 2019



Classifiers can learn textual cues that signal the contributions of each 
mode to discourse.

Top Naive Bayes Features
Text has specifications, image doesn’t

half 
two 

minute 
cup 
one

Image depicts action in progress

add 
mix 

place 
bread 
make

bake
transfer

43

Information Across Modalities

NAACL 2019
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A man is sitting in front 
of a bunch of fruits. 
By Carol Mitchell

What distinguishes captions from other descriptions?



What distinguishes captions from other descriptions?

40% Other
60%

Corpora

Caption Verbs
84%

other
16%

Machine-authored

Captions show a distinctively limited distribution of verbs, with 
strong preferences for specific tense, aspect, and lexical aspect. 

NAACL-SiLV 2019

Caption verbs



What distinguishes captions from other descriptions?

40% Other
60%

Corpora

Caption Verbs
84%

other
16%

Machine-authored

Captions show a distinctively limited distribution of verbs, with 
strong preferences for specific tense, aspect, and lexical aspect. 

Lexical aspect 

‣ A man is running in the park. (Atelic) 

‣ A woman arrived at a party. (Telic)

NAACL-SiLV 2019



What distinguishes captions from other descriptions?

40% Other
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Corpora

Caption Verbs
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other
16%

Machine-authored

Captions show a distinctively limited distribution of verbs, with 
strong preferences for specific tense, aspect, and lexical aspect. 

Captions describe indefinite temporal events.
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What distinguishes captions from other descriptions?

40% Other
60%

Corpora

Caption Verbs
84%

other
16%

Machine-authored

Captions show a distinctively limited distribution of verbs, with 
strong preferences for specific tense, aspect, and lexical aspect. 

Captions describe indefinite temporal events.

NAACL-SiLV 2019



Aspectuality Across Genre: A 
Distributional Semantics Approach

‣ We show that two elementary dimensions of aspectual class, states vs. events, 
and telic vs. atelic events, can be modelled effectively with distributional 
semantics.  

‣ We contribute a dataset of human–human conversations annotated with lexical 
aspect

COLING 2020
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Caption Wikipedia

Biases in Event Types–Beyond English
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Gender across Languages
Arabic

14%

39%
47%

Chinese

78%

15%
8%

feminine
mascuine
neutral

Farsi

50%
35%

15%

German

28%

47%

25%

Russian

73%

11%
16%
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Coherence Modeling for Description Generation

55

Photo credit: Blue Destiny / Alamy Stock Photo

Visible: horse and rider jumping a fence. 

Meta: horse and rider jumping a fence during a race. 

Subjective: the most beautiful horse in the world. 

Story: horse competes in the event.



Coherence Modeling for Description Generation

‣Training data:  3.3 million image-text pairs annotated with our 
model. 
‣Features of the model: 
‣Transformer-based generation model 
‣ Image features: Graph-RISE 
‣Detected objects: Google Cloud Vision API

56

Photo credit: Blue Destiny / Alamy Stock Photo

Visible: horse and rider jumping a fence. 

Meta: horse and rider jumping a fence during a race. 

Subjective: the most beautiful horse in the world. 

Story: horse competes in the event.



Proposed Architecture

57

ResNet-101 network classifies 
images into O(40M) classes. 

Pre-trained 512-dimensional 
vectors trained to predict 
objects.

ACL 2020



Proposed Architecture

58

Changing context 
independent-embeddings to 
context-dependent 
embeddings 



Proposed Architecture
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Changing context 
independent-embeddings to 
context-dependent 
embeddings 

Controlling the input of the 
decoder

ACL 2020



Proposed Architecture

60

Changing context 
independent-embeddings to 
context-dependent 
embeddings 

Controlling the input of the 
decoder 

Generating controlled 
captions

ACL 2020



Results
Overall, the quality of the generated descriptions have improved.

61

irrelevant descritions

17%

10%

coherence-aware 
coherence-agnostic

ACL 2020



Results-Visible
The rate of (non-overlapping) visible descriptions goes up.

62

visible

52%

80%

coherence-aware 
coherence-agnostic

ACL 2020



Coherence-aware Visible: the pizza at restaurant

Coherence-agnostic: The best pizza in the world

63 ACL 2020



Coherence-aware Story: How to spend a day.

Coherence-agnostic: Dogs playing on the beach.

64 ACL 2020



Evaluation-Crowdsourcing

Rates of “Good” visible captions  

‣ Coherence aware: 86%  
‣ Coherence agnostic: 74% 
‣ State of the art models in 2019: 67% 

Preference 

‣ 68.2% prefer captions generated by the coherence-aware 
model versus 31.8% prefer captions generated by the 
coherence-agnostic model

ACL 2020



Evaluation-Crowdsourcing
The average scores of the “Quality” of the visible captions on a 
scale of 0 to 5 

‣ Coherence aware: 3.44 
‣ Coherence agnostic: 2.83 

The average scores of the “Relevance” of the visible captions 
on a scale of 0 to 5 

‣ Coherence aware: 4.43 
‣ Coherence agnostic: 4.40 

ACL 2020



Evaluation-Automatic Metrics

CIDEr scores 
‣ Coherence aware: 0.958 
‣ Coherence agnostic: 0.964 

Reference-driven automatic generation metrics do not 
reflect these differences. 

ACL 2020



Discourse-aware BEURT 

‣ We introduce a discourse-aware learned generation metric. 
‣ Our proposed metric calculates different scores with respect 

to the goal of the task.



Related work

None of previous approaches attempt to characterize information-
level inferences between images and text. They have focused on 
  
‣Th contrasts across style and genre (Guo et al., 2019). 
‣The content of text and imagery as complement (Vempala and 

Preotiuc-Pietro, 2019). 
‣Directing attention and engaging perceptual reasoning (Kruk et al. 

2019). 
‣Eliciting emotion (Shuster et al. 2019).
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Part 2: Grounding 



5RERW�/HDUQLQJ�7KURXJK�/DQJXDJH�&RPPXQLFDWLRQ

�
+5,�/DE�DW�7XIWV��0DWWKLDV�6FKHXW]

http://www.youtube.com/watch?v=t83OovAxcCY


5RERWV�1HHG�WR�6D\�1R�

�
+5,�/DE�DW�7XIWV��0DWWKLDV�6FKHXW]

http://www.youtube.com/watch?v=0tu4H1g3CtE


&KDOOHQJHV�RI�HIIHFWLYH�PXOWLPRGDO�GLDORJXH

&RPSOH[�GRPDLQV��JRDOV�DQG�WDVNV

Ɣ 6XEVWDQWLDO�XQFHUWDLQW\��DQG�SRVVLELOLW\�IRU�HUURU��PRPHQW�E\�PRPHQW

5LFK�ZD\V�WR�LQWHUDFW�ZLWK�XVHUV

Ɣ 6\VWHPV�FDQ�LQWHUDFW�PRUH�HIIHFWLYHO\�E\�GRLQJ�UHDVRQLQJ�DQG�SODQQLQJ

1DWXUDO�FRQYHUVDWLRQ�LV�WKH�PRGHO�IRU�WKH�LQWHUDFWLRQ

Ɣ 6\VWHPV�QHHG�WR�EXLOG�RQ�KRZ�SHRSOH�LQWHUDFW�ZLWK�RQH�DQRWKHU

.H\�TXHVWLRQ��KRZ�FDQ�\RX�EXLOG�V\VWHPV�WKDW�UHDVRQ�XQGHU�XQFHUWDLQW\�WR�LQWHUDFW�QDWXUDOO\�

�



$QVZHU��HQDEOH�V\VWHPV�WR�DFKLHYH�FRPPRQ�JURXQG

*URXQGLQJ�LQ�WKH�VHQVH�RI�+HUE�&ODUN

&RPPRQ�JURXQG��GHĆQHG�DV�PXWXDO�LQIRUPDWLRQ�WKDW�XQGHUZULWHV�FRRUGLQDWLRQ

Ɣ )DPLO\�RI�UHODWHG�QRWLRQV�WKURXJKRXW�FRJQLWLYH�VFLHQFH�RI�ODQJXDJH�XVH�

,QFOXGLQJ�PXWXDO�NQRZOHGJH�DQG�PXWXDO�EHOLHI

.H\�)LJXUHV��+HUE�&ODUN��%DUEDUD�*URV]��'DYLG�/HZLV��&UDLJH�5REHUWV��5REHUW�6WDOQDNHU

�

3�LV�FRPPRQ�JURXQG�LI

Ɣ 7KHUH�LV�HYLGHQFH�(�WKDW�VKRZV��VXIĆFLHQW�IRU�FXUUHQW�SXUSRVHV��WKDW�

3�LV�WUXH

$OO�SDUWLFLSDQWV�LQ�WKH�FRQYHUVDWLRQ�KDYH�HYLGHQFH�(

�



+RZ�SHRSOH�DFKLHYH�FRPPRQ�JURXQG�

$�G\QDPLF��LQWHUDFWLYH�SURFHVV

Ɣ 6HHNLQJ�DQG�SURYLGLQJ�HYLGHQFH�RI�PXWXDO�XQGHUVWDQGLQJ

&ODUN�	�0DUVKDOO���������&ODUN�	�:LONHV�*LEEV���������&ODUN�	�6FKDHIHU���������&ODUN��������

3URFHVV�LQFOXGHV

Ɣ 0DNLQJ�FRQWULEXWLRQV

$FNQRZOHGJLQJ�DQG�DFFHSWLQJ�RWKHUVè�FRQWULEXWLRQV�

$VNLQJ�IRU�DQG�SURYLGLQJ�FODULĆFDWLRQ

'HPRQVWUDWLQJ�XQGHUVWDQGLQJ

'HWHFWLQJ�DQG�UHSDLULQJ�PLVXQGHUVWDQGLQJ�DQG�RWKHU�HUURUV

5HVXOWV�LQ�LQIRUPDWLRQ�EHFRPLQJ�FRPPRQ�JURXQG��VR�LQWHUORFWRUV�FDQ�UHO\�RQ�LW�JRLQJ�IRUZDUG

�



+RZ�SHRSOH�DFKLHYH�FRPPRQ�JURXQG�

8VLQJ�DOO�WKH�FRPPXQLFDWLYH�UHVRXUFHV�DYDLODEOH�LQ�IDFH�WR�IDFH�FRQYHUVDWLRQ

Ɣ 7DNLQJ�D�WXUQ�DQG�RIIHULQJ�D�IROORZ�XS�YHUEDO�XWWHUDQFH

Ɣ /LJKWZHLJKW�VSRNHQ�IHHGEDFN��EDFN�FKDQQHO�XWWHUDQFHV�

Ɣ +HDG�QRGV�DQG�RWKHU�IDFLDO�GLVSOD\V

Ɣ +DQG�JHVWXUHV�DQG�RWKHU�FRPPXQLFDWLYH�ERG\�PRYHPHQWV

Ɣ (\H�JD]H�DQG�DWWHQWLRQ

Ɣ $FWLRQV�LQ�SXUVXLW�RI�WDVN�JRDOV

�



$FKLHYLQJ�FRPPRQ�JURXQG�LQ�GLDORJXH�V\VWHPV

7KUHH�FRPSOHPHQWDU\�DSSURDFKHV�

Ɣ 6KDSLQJ�DQG�FRRUGLQDWLQJ�FRQYHUVDWLRQDO�LQWHUDFWLRQ�

VR�LQWHUORFXWRUV�QDWXUDOO\�JHW�HYLGHQFH�WKDW�PDNHV�FRQYHUVDWLRQDO�VWDWH�FRPPRQ�JURXQG�

Ɣ ([KLELWLQJ�DQG�WUDFNLQJ�WKH�NLQGV�RI�EHKDYLRU�SHRSOH�XVH�LQ�JURXQGLQJ�

VR�XVHUVè�QDWXUDO�JURXQGLQJ�EHKDYLRU�KHOSV�PDNH�WKH�V\VWHP�PRUH�UREXVW�

Ɣ 0DNLQJ�PRPHQW�E\�PRPHQW�GHFLVLRQV�DERXW�VRXUFHV�RI�XQFHUWDLQW\�LQ�FRQYHUVDWLRQ��

LQ�RUGHU�WR�DVVHVV�ZKDW�LV�FRPPRQ�JURXQG�DQG�ZKDW�LV�QRW��DQG�UHDFW�DFFRUGLQJO\�

(DFK�RI�WKHVH�DSSURDFKHV�FDQ�KHOS�D�V\VWHP�FUHDWH�FRPPRQ�JURXQG

Ɣ $SSURDFKHV�DUH�EHVW�XVHG�LQ�FRPELQDWLRQ��EXW�WKLV�LV�VWLOO�UDUH�LQ�PXOWLPRGDO�GLDORJXH�

�



*URXQGLQJ�æ�$Q�RYHUORDGHG�WHUP

1RW�V\PERO�JURXQGLQJ��H�J���+DUQDG������

Ɣ &DSDELOLWLHV��VXFK�DV�OLQNLQJ�V\PEROV�WR�SHUFHSWXDO�FODVVLĆHUV��WKDW�HQVXUH�WKDW�FRPSXWHU�

UHSUHVHQWDWLRQV�KDYH�LQWULQVLF�PHDQLQJ�

Ɣ 6\PERO�JURXQGLQJ�IRU�OLQJXLVWLF�PHDQLQJV�LV�DQ�LPSRUWDQW�UHVHDUFK�DUHD

�êJURXQGLQJ�ZRUGV�SHUFHSWLRQ�DQG�DFWLRQë�'HE�5R\�7,&6������

�



*URXQGLQJ�æ�$Q�RYHUORDGHG�WHUP

&DQ�OHDG�WR�FRQIXVLRQ

Ɣ 0XOWLPRGDO�FRQYHUVDWLRQDO�V\VWHPV�W\SLFDOO\�QHHG�WR�GR�ERWK�

*URXQG�ZRUG�PHDQLQJ�LQ�SHUFHSWLRQ��WR�XQGHUVWDQG�DQG�JHQHUDWH�VLWXDWHG�XWWHUDQFHV

0DNH�PHDQLQJV�FRPPRQ�JURXQG��WR�DFKLHYH�JRRG�RXWFRPHV�ZLWK�KXPDQ�XVHUV

Ɣ 3URFHVVHV�DUH�QRW�LQGHSHQGHQW

/HDUQ�ZRUG�PHDQLQJV�E\�PDNLQJ�LQVWDQFHV�RI�XQIDPLOLDU�FRQFHSWV�FRPPRQ�JURXQG

*LYH�V\PEROV�LQWULQVLF�PHDQLQJV�WKURXJK�VWUDWHJLHV�WKDW�HQVXUH�XQGHUVWDQGLQJ�LV�VKDUHG

5HPHPEHU�WKHUH�DUH�WZR�VHSDUDWH�EXW�UHODWHG�NLQGV�RI�JURXQGLQJ�

�



*URXQGLQJ�æ�1RW�OLPLWHG�WR�GLDORJXH

*URXQGLQJ�LV�D�XVHIXO�SHUVSHFWLYH�IRU�DQDO\]LQJ�DOO�+&,�DUWLIDFWV

Ɣ 'R�V\VWHPV�VKRZ�KRZ�WKH\�LQWHUSUHW�XVHU�LQSXW"

Ɣ 'R�V\VWHPV�PDNH�VXUH�XVHUV�UHFRJQL]H�DQG�XQGHUVWDQG�V\VWHP�FRQWULEXWLRQV"

Ɣ ,Q�VKRUW��GR�V\VWHPV�GLVSOD\�VXIĆFLHQW�LQIRUPDWLRQ�DQG�IHHGEDFN�WR�XVHUV

6R�WKDW�V\VWHP�PHHWV�LWV�REOLJDWLRQV�ZLWK�UHVSHFW�WR�FROODERUDWLRQ�DQG�FRPPRQ�JURXQG"

%UHQQDQ���������*URXQGLQJ�ZLWK�DQG�WKURXJK�FRPSXWHUV�

Ɣ 5HPDLQV�VLJQLĆFDQW�GHVLJQ�SHUVSHFWLYH��H�J���&RDFWLYH�GHVLJQ��-RKQVRQ�DQG�FROOHDJXHV��-RXUQDO�RI�

+XPDQ�5RERW�,QWHUDFWLRQ�������

Ɣ :RQèW�FRQVLGHU�LW�IXUWKHU�KHUH

��



7KLV�7XWRULDO

5HYLHZV�UHVHDUFK�UHODWHG�WR�JURXQGLQJ�LQ�GLDORJXH�V\VWHPV

7KUHH�NH\�WDNHDZD\V

Ɣ *URXQGLQJ�LV�NH\�WR�XQGHUVWDQGLQJ�KXPDQ�KXPDQ�FRQYHUVDWLRQ

ż +HOSV�WR�RUJDQL]H�DQG�H[SODLQ�GLYHUVH�DQG�IUHTXHQW�SKHQRPHQD

Ɣ *URXQGLQJ�LV�NH\�WR�HIIHFWLYH�V\VWHP�GHVLJQ�DQG�LPSOHPHQWDWLRQ

ż /HDUQLQJ�WR�PRQLWRU�XVHU�XQGHUVWDQGLQJ

ż 8VLQJ�KXPDQ�OLNH�EHKDYLRUV�WR�GHPRQVWUDWH�XQGHUVWDQGLQJ

ż 8VLQJ��KXPDQ�OLNH�EHKDYLRUV�WR�GHPRQVWUDWH�QRQ�XQGHUVWDQGLQJ�DQG�REWDLQ�FODULĆFDWLRQ

ż (OLFLWLQJ�QDWXUDO�IHHGEDFN�IURP�XVHUV

ż %RRWVWUDSSLQJ�LPSURYHG�V\VWHP�FDSDELOLWLHV

Ɣ 8QGHUVWDQGLQJ�JURXQGLQJ�JLYHV�NH\�LQVLJKWV�LQWR�GLDORJXH�WDVNV�DQG�DUFKLWHFWXUHV

ż :KDW�UHVHDUFK�DGYDQFHV�JURXQGLQJ�FDSDELOLWLHV��DQG�ZK\"
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)RU�$&/�DXGLHQFH

*URXQGLQJ�VHSDUDWHV�WUXH�FRQYHUVDWLRQDO�DJHQWV�IURP�FRPPDQG�DQG�FRQWURO�DQG�FKDW�V\VWHPV

Ɣ *URXQGLQJ�LV�D�NH\�PHFKDQLVP�IRU�UREXVW�DQG�ćH[LEOH�LQWHUDFWLRQ

Ɣ *URXQGLQJ�LV�D�NH\�WHVW�RI�V\VWHPVè�FRPSHWHQFH�LQ�GLDORJXH�DV�DQ�LQWHUDFWLRQ�PRGDOLW\

Ɣ *URXQGLQJ�GHPDQGV�GHHS�HQJDJHPHQW�ZLWK�KXPDQ�FHQWHUHG�DSSURDFKHV�WR�FRPPXQLFDWLRQ�

DQG�FROODERUDWLRQ
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)RU�$&/�DXGLHQFH�

5HYLHZ�RI�ODQGPDUN�WHFKQLTXHV��V\VWHPV�DQG�UHVXOWV�IURP�OHDGHUV�LQ�1/3��
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Ɣ 9HUHQD�5LHVHU��+HULRW�:DWW

Ɣ 'DYLG�6FKODQJHQ��3RWVGDP

Ɣ &DQG\�6LGQHU��:3,

Ɣ 'DYLG�7UDXP��86&
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)RU�$&/�DXGLHQFH

&RQWH[WXDOL]HG�ZLWK�IXQGDPHQWDOV�DQG�UHFHQW�DGYDQFHV�IURP�DFURVV�GLVFLSOLQHV

Ɣ &RJQLWLYH�VFLHQFH

(PSLULFDO�DFFRXQWV�DQG�FRPSXWDWLRQDO�PRGHOV�RI�KXPDQ�KXPDQ�FRQYHUVDWLRQ

Ɣ +XPDQ�&RPSXWHU�,QWHUDFWLRQ

'HVLJQ�SULQFLSOHV�DQG�HYDOXDWLRQ�PHWKRGV�IRU�FUHDWLQJ�XVDEOH�V\VWHPV

Ɣ $,

7HFKQLTXHV�IRU�SHUFHSWLRQ��GLDJQRVLV��SODQQLQJ�DQG�OHDUQLQJ

0DQ\�H[FLWLQJ�1/3�UHVHDUFK�RSSRUWXQLWLHV�RQ�WKH�KRUL]RQ�WKDQNV�WR�SURJUHVV�LQ�WKHVH�DUHDV�
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$FKLHYLQJ�FRPPRQ�JURXQG�LQ�GLDORJXH�V\VWHPV

6KDSLQJ�DQG�FRRUGLQDWLQJ�FRQYHUVDWLRQDO�LQWHUDFWLRQ��2UFKHVWUDWLQJ�HQJDJHPHQW�

Ɣ 6LGQHU��/HH��.LGG��/HVK�DQG�5LFK��$,-�������+ROUR\G��5LFK��6LGQHU�DQG�3RQVOHU��520$1������

%RKXV�DQG�+RUYLW]��6LJGLDO�������%RKXV��6DZ�DQG�+RUYLW]��$$0$6������

0DNH�WKLQJV�FRPPRQ�JURXQG�GLUHFWO\��E\�HQVXULQJ�WKDW�V\VWHP�DQG�XVHUV�PDLQWDLQ�MRLQW�DWWHQWLRQ
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(QJDJHPHQW�ZLWK�0HOYLQ��IURP�+ROUR\G�HW�DO��������



$FKLHYLQJ�FRPPRQ�JURXQG�LQ�GLDORJXH�V\VWHPV

([KLELWLQJ�DQG�WUDFNLQJ�QDWXUDO�EHKDYLRU�LQ�JURXQGLQJ��,QIRUPDWLRQ�VWDWH�XSGDWH�DSSURDFKHV�

Ɣ 5LFNHO�DQG�7UDXP��$$0$6������

1DNDQR��5HLQVWHLQ��6WRFN\�DQG�&DVVHOO��$&/������

0HKOPDQQ��-DQRZVNL��+¦ULQJ��%DXU��*HEKDUG�DQG�$QGU«��,&0,������
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$FKLHYLQJ�FRPPRQ�JURXQG�LQ�GLDORJXH�V\VWHPV

0DNLQJ�PRPHQW�E\�PRPHQW�GHFLVLRQV�DERXW�VRXUFHV�RI�XQFHUWDLQW\�LQ�FRQYHUVDWLRQ�

Ɣ +RXJK�DQG�6FKODQJHQ��+5,�����
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+RXJK�DQG�6FKODQJHQèV�
�������5RERW�XVHV�
LQFUHPHQWDO�SURFHVVLQJ�WR�
GHFLGH�RQ�DFWLRQV�HDUO\�
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$�GLVWLQFWLYH�PXOWL�PRGDO�FKDOOHQJH��-RLQW�DWWHQWLRQ

7KH�DELOLW\�WR�LQWHQWLRQDOO\�FRRUGLQDWH�DWWHQWLRQ�ZLWK�DQRWKHU�DJHQW

Ɣ '\DGLF�MRLQW�DWWHQWLRQ���LQWHUORFXWRUV�FRRUGLQDWH�DWWHQWLRQ�WRZDUGV�RQH�DQRWKHU

Ɣ 7ULDGLF�MRLQW�DWWHQWLRQ���LQWHUORFXWRUV�FRRUGLQDWH�DWWHQWLRQ�WRZDUGV�D�FRPPRQ�REMHFW

&DUSHQWHU��1DJHOO��7RPDVHOOR��%XWWHUZRUWK�DQG�0RRUH���������6RFLDO�&RJQLWLRQ��-RLQW�$WWHQWLRQ��DQG�
&RPPXQLFDWLYH�&RPSHWHQFH�IURP���WR����0RQWKV�RI�$JH�
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-RLQW�DWWHQWLRQ�DV�D�FRPSOH[�VNLOO

'LUHFW�RWKHUVè�DWWHQWLRQ

Ɣ 3RLQWLQJ��PDQLSXODWLRQ�DQG�RWKHU�HPERGLHG�DFWLRQV

Ɣ 5HIHUULQJ�H[SUHVVLRQV�DQG�RWKHU�OLQJXLVWLF�DFWLRQV

)ROORZ�RWKHUVè�DWWHQWLRQ

Ɣ 7UDFN�RWKHUVè�JD]H�DQG�SRLQWLQJ

Ɣ 6HHN�RXW�DQG�DWWHQG�WR�UHIHUHQWV�RI�UHIHUULQJ�H[SUHVVLRQV

0DLQWDLQ�VSOLW�DWWHQWLRQ

Ɣ $WWHQG�WR�REMHFW�DQG�UHJLVWHU�YLVXDO�LQIRUPDWLRQ�DERXW�LW

Ɣ $WWHQG�WR�LQWHUORFXWRU�DQG�WUDFN�WKHLU�JD]H

��



-RLQW�DWWHQWLRQ�DQG�FRPPRQ�JURXQG

-RLQW�DWWHQWLRQ�LQWULQVLFDOO\�JLYHV�DFFHVV�WR�PXWXDO�LQIRUPDWLRQ

Ɣ ,I�LQWHUORFXWRUV�MRLQWO\�DWWHQG�WR�YLVXDO�LQIRUPDWLRQ�3�

WKLV�VLWXDWLRQ�PDNHV�3�FRPPRQ�JURXQG�

7KLV�LV�WKH�FDQRQLFDO�UHDO�ZRUOG�EDVLV�IRU�FRPPRQ�JURXQG�LQ�FRQYHUVDWLRQ

Ɣ &RPSDUH�WKH�SK\VLFDO�FRSUHVHQFH�KHXULVWLF�RI�&ODUN�DQG�0DUVKDOO�������

Ɣ 1RWH�WKDW�HYHQ�WKLV�LV�WKH�UHVXOW�RI�DFWLYH�FRRUGLQDWLRQ�DPRQJ�LQWHUORFXWRUV�

��



2UFKHVWUDWLQJ�(QJDJHPHQW

��



2UFKHVWUDWLQJ�MRLQW�DWWHQWLRQ�

1HHG�WR�GLVWLQJXLVK�IXQFWLRQ��MRLQW�DWWHQWLRQ��IURP�EHKDYLRU��JD]H�

+XPDQ�XVHU�PD\�XVH�JD]H�IRU��

Ɣ 7XUQ�WDNLQJ

Ɣ +DQG�H\H�FRRUGLQDWLRQ

Ɣ 6FDQQLQJ�WKH�YLVXDO�HQYLURQPHQW

Ɣ $FNQRZOHGJLQJ�WKRVH�ZKR�DUH�QRW�LQ�WKH�FRQYHUVDWLRQ

6HH�&DVVHOO���������+XPDQ�FRQYHUVDWLRQ�DV�D�V\VWHP�IUDPHZRUN�

��



2UFKHVWUDWLQJ�MRLQW�DWWHQWLRQ

1HHG�WR�GLVWLQJXLVK�IXQFWLRQ��MRLQW�DWWHQWLRQ��IURP�EHKDYLRU��JD]H�

,Q�JHQHUDWLQJ�DSSURSULDWH�V\VWHP�JD]H�EHKDYLRU

Ɣ 6\VWHP�PD\�KDYH�PXOWLSOH�OD\HUV�RI�FRQWURO�SURSRVLQJ�JD]H�EHKDYLRU

Ɣ :KDW�EHKDYLRU�VKRXOG�WDNH�SUHFHGHQFH"

Ɣ :KDW�ZLOO�XVHU�LQIHU�DERXW�V\VWHP�DWWHQWLRQ�DQG�JURXQGLQJ�IURP�VHOHFWHG�EHKDYLRU"

��



(QJDJHPHQW�IRU�RUFKHVWUDWLQJ�MRLQW�DWWHQWLRQ

'HĆQLWLRQ�RI�HQJDJHPHQW�

Ɣ 7KH�SURFHVV�VXEVXPLQJ�WKH�MRLQW��FRRUGLQDWHG�DFWLYLWLHV�E\�ZKLFK�SDUWLFLSDQWV�LQLWLDWH��PDLQWDLQ��

MRLQ��DEDQGRQ��VXVSHQG��UHVXPH�RU�WHUPLQDWH�DQ�LQWHUDFWLRQ���

'HĆQLWLRQ�IURP�%RKXV�DQG�+RUYLW]�������

Ɣ 7\SLFDOO\�FRQFHLYHG�DV�D�ORQJHU�WHUP�VWDWH�WKDWèV�UREXVW�WR�WHPSRUDU\�VKLIWV�LQ�DWWHQWLRQ

�IRU�WXUQ�WDNLQJ��PXOWL�SDUW\�LQWHUDFWLRQ��DQG�YLVXDO�VHDUFK�

6HH�DOVR�*ODV�DQG�3HODFKDXG�$&,,�����

Ɣ 1RWH�WKDW�VRPH�RWKHU�GHĆQLWLRQV�DQG�DFFRXQWV�RI�HQJDJHPHQW�DUH�RQH�VLGHG

Ɣ 1RWH�WKDW�VRPH�RWKHU�GHĆQLWLRQV�RI�HQJDJHPHQW�DOVR�FDSWXUH�LQWHUHVW�DQG�SRVLWLYH�DIIHFW

��



3URFHVV�EDVHG�LPSOHPHQWDWLRQV�RI�HQJDJHPHQW

6LGQHU��/HH��.LGG��/HVK�DQG�5LFK��$,-�������+ROUR\G��5LFK��6LGQHU�DQG�3RQVOHU��520$1������

Ɣ 0RGHOV�G\QDPLFV�RI�HQJDJHPHQW�LQ�WHUPV�RI�FRQQHFWLRQ�HYHQWV

ż 'LUHFWHG�JD]H��WULDGLF�MRLQW�DWWHQWLRQ�

ż 0XWXDO�IDFLDO�JD]H��G\DGLF�MRLQW�DWWHQWLRQ�

ż $GMDFHQF\�SDLU��FRQWLQJHQW�DFWLRQ�DFURVV�SDUWLHV��DFURVV�WXUQV�

ż %DFNFKDQQHO��FRQWLQJHQW�DFWLRQ�DFURVV�SDUWLHV��ZLWKLQ�WXUQV�

Ɣ 5HFRJQL]HV�FRQQHFWLRQ�HYHQWV�IURP�XVHU

Ɣ *HQHUDWHV�FRQQHFWLRQ�HYHQWV�RQ�URERW

(QJDJHPHQW�DFKLHYHV�JURXQGLQJ�EHFDXVH�V\VWHP�VLJQDOV�DQG�DGDSWV�WR�DFKLHYH�MRLQW�DWWHQWLRQ

��



3URFHVV�EDVHG�PRGHOV�RI�HQJDJHPHQW

*HQHUDWRU�QHHGV�WR�LQLWLDWH�FRQQHFWLRQV��UHVSRQG�WR�WKHP��DQG�PDLQWDLQ�FRQWDFW

Ɣ 0XOWLSOH�IXQFWLRQV�IRU�WKH�VDPH�EHKDYLRUV

Ɣ 5HDOL]HG�LQ�D�W\SLFDO�URERWLF�OD\HUHG�FRQWURO�DUFKLWHFWXUH

��
,QWHJUDWLQJ�FRQQHFWLRQ�EHKDYLRUV�LQ�+ROUR\G�HW�DO�������



&RQWULEXWLRQ�RI�HQJDJHPHQW�WR�VXFFHVVIXO�GLDORJXH

(YDOXDWLRQV�VXJJHVW�WKDW�HQJDJHPHQW�VXFFHHGV�LQ�PDNLQJ�LQWHUDFWLRQ�VWDWH�FRPPRQ�JURXQG

1RWH�FRPPRQ�PHWKRGRORJ\��LQWHUDFWLRQV�ZLWK�V\VWHP��DVVHVVHG�IRU

Ɣ 6XEMHFWLYH�PHDVXUHV��XVHU�MXGJPHQW�RI�XQGHUVWDQGLQJ��EHOLHYDELOLW\��ćXHQF\�

Ɣ 2YHUDOO�GLDORJXH�IHDWXUHV��WDVN�VXFFHVV��QXPEHU�RI�WXUQV�

Ɣ 'LVWULEXWLRQ�RI�WDUJHW�EHKDYLRUV��WDVN�DFWLRQV��JD]H��XWWHUDQFHV��QRQYHUEDO�IHHGEDFN�

��



&RQWULEXWLRQ�RI�HQJDJHPHQW�WR�VXFFHVVIXO�GLDORJXH

)LQGLQJV

Ɣ 1RQYHUEDO�VLJQDOV�RI�FRQYHUVDWLRQ�VWDWH�PDNH�GLDORJXH�PRUH�HIĆFLHQW��PDNH�XVHUV�MXGJH�

FRQYHUVDWLRQ�PRUH�VPRRWK�DQG�OLIHOLNH��H�J���&DVVHOO�DQG�7KRULVVRQ��$SSOLHG�$,�������

Ɣ 6\VWHP�HOLFLWV�PRUH�QRQYHUEDO�EDFN�FKDQQHOV��QRGV��LI�V\VWHP�UHFRJQL]HV�DQG�UHFLSURFDWHV�

�H�J���6LGQHU��/HH��0RUHQF\�DQG�)RUOLQHV��+5,�������

Ɣ 5HYHDOLQJ�XQFHUWDLQW\�DERXW�HQJDJHPHQW��WKURXJK�KHVLWDWLRQ�DQG�SDXVHV��PDNHV�

GLVHQJDJHPHQW�VPRRWKHU��H�J���%RKXV�DQG�+RUYLW]��,&0,������

Ɣ 1RQYHUEDO�FXHV�WR�WXUQ�WDNLQJ�HOLFLW�DSSURSULDWH�UHVSRQVHV�IURP�XVHUV��

3URYLGHG�V\VWHP�SURGXFHV�DQG�WUDFNV�WKHP�LQFUHPHQWDOO\�

�H�J���6NDQW]H��+MDOPDUVVRQ��2HUWHO��6SHHFK�&RPPXQLFDWLRQ�������

��



/LPLWDWLRQV�RI�HQJDJHPHQW�VWUDWHJLHV

,WèV�HDV\�WR�EXLOG�D�V\VWHP�WKDW�NHHSV�WKH�XVHU�WDONLQJ

Ɣ *LYH�YHUEDO�DQG�QRQYHUEDO�IHHGEDFN�D�KXPDQ�ZRXOG�XVH�WR�VKRZ�WKH\�KDYH�XQGHUVWRRG�DQG�DUH�

UHDG\�IRU�WKH�QH[W�LQVWDOOPHQW�

Ɣ 6XFK�V\VWHPV�FDQ�EH�TXLWH�VXFFHVVIXO�DQG�HIIHFWLYH

�H�J���'H9DXOW�HW�DO��$$0$6�������

,WèV�KDUGHU�WR�JLYH�DQG�XQGHUVWDQG�IHHGEDFN�DV�PHDQLQJIXO

Ɣ 8VH�LW�DV�HYLGHQFH�DERXW�XQGHUVWDQGLQJ�RU�QRQ�XQGHUVWDQGLQJ

7KLV�UHTXLUHV�D�GLIIHUHQW�DSSURDFK��ZKLFK�ZH�WXUQ�WR�QH[W�

��



,QIRUPDWLRQ�VWDWH�XSGDWH�IRU
�PXOWL�PRGDO�JURXQGLQJ

��



0XOWL�PRGDO�JURXQGLQJ�LQ�D�GLUHFWLRQV�NLRVN

��



$WWHQWLRQ�DV�HYLGHQFH�RI�XQGHUVWDQGLQJ

��



$WWHQWLRQ�DV�HYLGHQFH�RI�JURXQGLQJ

��

7DVN�VSHFLĆF�PHDQLQJ�IRU�MRLQW�DWWHQWLRQ�EDVHG�RQ�KXPDQ�KXPDQ�GDWD

Ɣ :KHQ�GLUHFWLRQ�IROORZHU�JD]HV�DW�HQG�RI�WXUQ�LQ�GLUHFWLRQV�

+XPDQ�GLUHFWLRQ�JLYHUèV�QH[W�WXUQ�LV�W\SLFDOO\�DQ�HODERUDWLRQ������RI�WKH�WLPH��

Ɣ :KHQ�GLUHFWLRQ�IROORZHU�JD]HV�DW�WKH�PDS�DW�HQG�RI�WXUQ�LQ�GLUHFWLRQV�

+XPDQ�GLUHFWLRQ�JLYHUèV�QH[W�WXUQ�LV�W\SLFDOO\�QH[W�LQVWUXFWLRQ�VWHS������RI�WKH�WLPH�

6\VWHP�LPSOHPHQWV�WKLV�LQWHUSUHWDWLRQ�IRU�XVHU�JD]H�

Ɣ ,I�XVHU�JD]HV�DW�PDS�DW�HQG�RI�GLUHFWLRQ�WXUQ��

6\VWHP�LQWHUSUHWV�WKH�XVHU�DV�DFNQRZOHGJLQJ�DQG�FRQĆUPLQJ�V\VWHP�LQVWUXFWLRQV�

,QVWUXFWLRQV�DUH�JURXQGHG�DQG�V\VWHP�PRYHV�RQ

Ɣ ,I�XVHU�JD]HV�DW�V\VWHP�DW�HQG�RI�GLUHFWLRQ�WXUQ

6\VWHP�LQWHUSUHWV�XVHU�DV�VLJQDOLQJ�D�SUREOHP�

6\VWHP�HODERUDWHV��ZLWK�JRDO�WKDW�XVHU�FDQ�FRQĆUP�DIWHU�DGGLWLRQDO�LQIRUPDWLRQ�



,PSOHPHQWDWLRQ�DQG�HYDOXDWLRQ

*URXQGLQJ�LV�WUDFNHG�XVLQJ�LQIRUPDWLRQ�VWDWH�XSGDWH��,68��DSSURDFK

Ɣ 5HYLHZHG�LQ�GHWDLO�LQ�6HVVLRQ���RI�WKLV�WXWRULDO

Ɣ 6DPH�PRGHO�KDQGOHV�YHUEDO�FRQĆUPDWLRQV��\HV��RN��DQG�QRQYHUEDO�FRQĆUPDWLRQV��JD]H��QRG�

Ɣ 0RGHO�KDQGOHV�V\VWHP�XWWHUDQFHV�DQG�EHKDYLRU

(YDOXDWLRQ��:R=�VWXG\�RI�JURXQGLQJ�ZLWK�KXPDQ�OLNH�PXOWLPRGDO�FXHV�YV�QR�PXOWLPRGDO�FXHV

Ɣ +XPDQ�OLNH�FRQGLWLRQ�HOLFLWV�KXPDQ�OLNH�EHKDYLRU�IURP�XVHUV��EDVHOLQH�GRHV�QRW

5HVXOW�KDV�QRZ�EHHQ�EURDGO\�UHSOLFDWHG�ZLWK�HQG�WR�HQG�V\VWHPV

Ɣ 6NDQW]H��+MDOPDUVVRQ��2HUWHO��6SHHFK�&RPPXQLFDWLRQ�������

0HKOPDQQ��-DQRZVNL��+¦ULQJ��%DXU��*HEKDUG�DQG�$QGU«�,&0,������

��



0RPHQW�E\�PRPHQW�GHFLVLRQV
DERXW�XQFHUWDLQW\�LQ�FRQYHUVDWLRQ

��



6LJQLĆFDQFH�RI�EHKDYLRUV�LQ�WLPH

+XPDQ�LQWHUORFXWRUV�PRQLWRU�DQG�GLVSOD\�XQGHUVWDQGLQJ�LQ�UHDO�WLPH�

Ɣ 6SHDNHUV�SURGXFH�XWWHUDQFHV�LQ�VKRUW�LQVWDOOPHQWV

Ɣ $XGLHQFHV�JLYH�IHHGEDFN�DERXW�XQGHUVWDQGLQJ�RU�QRQ�XQGHUVWDQGLQJ�LQFUHPHQWDOO\

Ɣ 6SHDNHUV�DGDSW�WKHLU�FRPPXQLFDWLRQ�EDVHG�RQ�DXGLHQFH�IHHGEDFN

�'HPRQVWUDWHG�HOHJDQWO\�E\�&ODUN�	�.U\FK�������

Ɣ $VNHG�SDLUV�WR�LQVWUXFW�DQG�IROORZ�OHJR�DVVHPEO\

Ɣ 7UDFNHG�FRRUGLQDWHG�EHKDYLRUV�IURP�ORJV�PRPHQW�E\�PRPHQW

��



,QFUHPHQWDO�JURXQGLQJ�LQ�KXPDQ�FRQYHUVDWLRQ

��

'LUHFWRU�6DP�LQVWUXFWV�
IROORZHU�7HG�LQ�OHJR�
DVVHPEO\�IURP�&ODUN�	�
.U\FK���������6DP�EUHDNV�
XS�LQVWUXFWLRQV��SDFHV�
WKHP�EDVHG��RQ�7HGèV�
UHVSRQVH��DQG�FRQĆUP�
7HGèV�GLVSOD\�RI�
XQGHUVWDQGLQJ�



5HTXLUHV�LQFUHPHQWDO�DUFKLWHFWXUH

5HFRJQL]H�DQG�LQWHUSUHW�IUDJPHQWV

8QGHUVWDQG�ZKHWKHU�LQWHUSUHWDWLRQV�DUH�SURYLVLRQDO

7UDFN�FRQWH[W�LQFUHPHQWDOO\

$FW�RQ�OLNHO\�LQWHUSUHWDWLRQV

$GYDQWDJHRXV�LQ�VSRNHQ�GLDORJXH�V\VWHPV�EXW�FUXFLDO�LQ�PXOWL�PRGDO�LQWHUDFWLRQ

��



*URXQGLQJ�8QFHUWDLQW\�IRU�6LPSOH�5RERWV

+RXJK�DQG�6FKODQJHQ������

8QFHUWDLQW\�FDQ�EH�FRPPXQLFDWHG�WR�XVHUV�E\�SULQFLSOHV�RI�JURXQGLQJ�LQ�GLDORJXH�LQWHUDFWLRQ�HYHQ�ZLWKRXW�

QDWXUDO�ODQJXDJH�JHQHUDWLRQ�
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,PSOHPHQWDWLRQ�DQG�HYDOXDWLRQ

*URXQGLQJ�LV�WUDFNHG�YLD�LQFUHPHQWDO�,68�GLDORJXH�DUFKLWHFWXUH

Ɣ 5HYLHZHG�LQ�GHWDLO�LQ�6HVVLRQ���RI�WKLV�WXWRULDO

.H\�HYDOXDWLRQ��URERW�WKDW�PRYHV�IDVWHU�ZKHQ�LWèV�FRQĆGHQW�RI�LWV�LQWHUSUHWDWLRQ

Ɣ 8VHUV�LQ�LQWHUDFWLRQ�DFFXUDWHO\�UHFRJQL]H�FRQĆGHQFH�URERW�GHVLJQHG�WR�GLVSOD\

��



,QWHULP�VXPPDU\

0XOWL�PRGDO�V\VWHPV�ZLWK�GLYHUVH�JURXQGLQJ�EHKDYLRUV

Ɣ 6SHHFK��JD]H��JHVWXUH��SK\VLFDO�DFWLRQ

&RQVLVWHQW�HPSKDVLV�RQ�FKDUDFWHUL]LQJ��PRGHOLQJ�DQG�UHSOLFDWLQJ�KXPDQ�JURXQGLQJ�VWUDWHJLHV

'LYHUVH�DUFKLWHFWXUHV��HPSKDVL]LQJ

Ɣ 5HDFWLYH�FRQWURO��FROODERUDWLYH�DJHQF\�DQG�RQ�OLQH�LQIHUHQFH

Ɣ 6RPHWLPHV�FORVHO\�PRGHOHG�RQ�VSRNHQ�GLDORJXH�DUFKLWHFWXUH��VRPHWLPHV�QRW

1HHG�WR�WDNH�PRUH�FDUHIXO�VWRFN�RI�VWDQGDUG�JURXQGLQJ�PRGHOV�

Ɣ 7R�XQGHUVWDQG�ZKHQ�DQG�KRZ�WKH\�FDQ��DQG�FDQèW��H[WHQG�WR�PXOWL�PRGDO�GLDORJXH

��



+RZ�SHRSOH�DFKLHYH�FRPPRQ�JURXQG�

$�G\QDPLF��LQWHUDFWLYH�SURFHVV

Ɣ 6SHDNHUV�DQG�DXGLHQFH�FROODERUDWH

Ɣ 6HHN�DQG�SURYLGH�HYLGHQFH�RI�PXWXDO�XQGHUVWDQGLQJ

��



+RZ�SHRSOH�DFKLHYH�FRPPRQ�JURXQG

&ODUN�DQG�6FKDHIHU�������

Ɣ 6SHDNHU�SUHVHQWV�D�FRQWULEXWLRQ��PDNLQJ�VSHDNHUèV�DWWLWXGH�FRPPRQ�JURXQG�

Ɣ $XGLHQFH�DFFHSWV�D�FRQWULEXWLRQ��PDNLQJ�DXGLHQFHèV�DWWLWXGH�FRPPRQ�JURXQG�

Ɣ $V�D�UHVXOW��FRQWULEXWLRQ�LWVHOI�LV�FRPPRQ�JURXQG�

([SHUW��$QG�DWWDFK�WKH�SLQN�WKLQJ�VR�LW�FRYHUV�WKH�KROH�LQ�WKH�PLGGOH��

$SSUHQWLFH���SDXVH��*RW�LW��2QH�ZD\�YDOYH��:H
UH�DOO�VHW�

�H[DPSOH�IURP�&RKHQ�	�/HYHVTXH�,-&$,������

��



,QIRUPDWLRQ�VWDWH�XSGDWH��,68��PRGHO

$FFHSWDQFH�FDQ�EH�UHFRJQL]HG�IURP�PDQ\�GLIIHUHQW�EHKDYLRUV��RU�HYHQ�QRQH�DW�DOO�

7UDXP��3K'�7KHVLV���������7UDXP�DQG�/DUVVRQ�-�/DQJXDJH�(QJLQHHULQJ�������

��

� � �
6�SUHVHQWV�& $�DFFHSWV�&

&�LV�SHQGLQJ &�LV�JURXQGHG



$FFHSWDQFH�UHTXLUHV�SRVLWLYH�HYLGHQFH

&ODUN�DQG�6FKDHIHU�������

Ɣ &RQĆUPDWLRQ

Ɣ 3DUDSKUDVH�DQG�UHSHWLWLRQ

Ɣ &RQWLQXHG�DWWHQWLRQ��FRPSDUH�1DNDQR�HW�DO������

Ɣ ,QLWLDWLRQ�RI�UHOHYDQW�QH[W�FRQWULEXWLRQ

6���KRZ�IDU�LV�LW�IURP�+XGGHUVWRQ�WR�&RYHQWU\

6���XP��DERXW�XP�D�KXQGUHG�PLOHV

�H[DPSOH�IURP�&ODUN�DQG�6FKDHIHU�

��



,QIRUPDWLRQ�VWDWH�XSGDWH��,68��PRGHO

$QVZHU�4�RQO\�LQ�VWDWH��

Ɣ 7DFLWO\�LQIHU�WKH�WUDQVLWLRQ�IURP���WR���YLD�LQWHQWLRQ�UHFRJQLWLRQ�RU�FRKHUHQFH

�7KRPDVRQ��6WRQH�	�'HYDXOW�������/DVFDULGHV�DQG�$VKHU��-�6HPDQWLFV������

��

� � �
6�SUHVHQWV�4 $�DFFHSWV�4

4�LV�SHQGLQJ 4�LV�JURXQGHG



$XGLHQFH�FDQ�DOVR�JLYH�QHJDWLYH�HYLGHQFH

&ODUN�DQG�6FKDHIHU�������

Ɣ 5HTXHVWV�IRU�UHSHWLWLRQ�RU�FODULĆFDWLRQ

6���ZH�ZR�XK�ZKDW�VKDOO�ZH�GR�DERXW�XK�WKLV�ER\�WKHQ
6���'XYHHQ"

6���P

6���ZHOO�,�SURSRVH�WR�ZULWH��XK�VD\LQJ�ð�

��



,QIRUPDWLRQ�VWDWH�XSGDWH��,68��PRGHO

6WDWH���DOORZV�LQWHUORFXWRUV�WR�LQLWLDWH�VLGH�VHTXHQFHV

Ɣ )RU�H[DPSOH�ZLWK�FODULĆFDWLRQ�TXHVWLRQV��RWKHU�PRYHV�WKDW�JLYH�QHJDWLYH�HYLGHQFH

Ɣ (QVXLQJ�H[FKDQJHV�DUH�VXERUGLQDWH�

$WWDFKHG�E\�VXERUGLQDWLQJ�UHODWLRQV��&ODUN�DQG�6FKDHIHU��������/DVFDULGHV�DQG�$VKHU�������

1HVWHG�VXEGLDORJXHV�LQ�48'�PRGHO��*LQ]EXUJ������
��

� � �
6�SUHVHQWV�& $�DFFHSWV�&

&�LV�SHQGLQJ

&�LV�JURXQGHG

&ODULĆFDWLRQ��UHIUDPLQJ�RU�UHSDLU



,QIRUPDWLRQ�VWDWH�XSGDWH��,68��PRGHO

&RPSOHWH�PRGHO�DOVR�

Ɣ /HWV�SUHVHQWDWLRQ�DQG�DFFHSWDQFH�GLIIHU��HQDEOLQJ��UG�WXUQ�UHSDLU

Ɣ /HWV�FRQWULEXWLRQV�EH�UHMHFWHG�LQ�VWDWH���DQG�UHPDLQ�XQJURXQGHG

Ɣ /HWV�FRQWULEXWLRQV�EH�DEDQGRQHG�DQG�UHPDLQ�XQJURXQGHG

��

� � �
6�SUHVHQWV�& $�DFFHSWV�&

&�LV�SHQGLQJ

&�LV�JURXQGHG

&ODULĆFDWLRQ��UHIUDPLQJ�RU�UHSDLU



,QIRUPDWLRQ�VWDWH�XSGDWH��,68��PRGHO

*URXQGLQJ�LV�MXVW�RQH�RI�PDQ\�OD\HUV�LQ�DQ�LQIRUPDWLRQ�VWDWH�PRGHO��5LFNHO�DQG�7UDXP�������

Ɣ )RU�H[DPSOH��KDQGOH�WXUQ�WDNLQJ�LQ�SDUDOOHO

:LWK�IXQFWLRQV�WKDW�WDNH�WKH�WXUQ��\LHOG�WKH�WXUQ��HWF�

5HDOL]HG�E\�DQG�LQIHUUHG�IURP�DSSURSULDWH�EHKDYLRUV�LQ�FRQWH[W

��

� � �
6�SUHVHQWV�& $�DFFHSWV�&

&�LV�SHQGLQJ

&�LV�JURXQGHG

&ODULĆFDWLRQ��UHIUDPLQJ�RU�UHSDLU



+RZ�,68�V\VWHPV�DFKLHYH�JURXQGLQJ

(QDEOLQJ�XVHUV�WR�XVH�QDWXUDO�JURXQGLQJ�VWUDWHJLHV

Ɣ 8VHUV�MXGJH�ZKHWKHU�WKH\�XQGHUVWDQG�DQG�DFFHSW

Ɣ 8VHUV�VLJQDO�WKHLU�VWDWH�DQG�V\VWHP�WUDFNV�LW

Ɣ 8VHUV�DUH�XVXDOO\�ULJKW

Ɣ 6\VWHP�FDQ�UHVSRQG�WR�SUREOHPV

6\VWHPV�DOVR�GR�WKHLU�SDUW

Ɣ 6\VWHP�PXVW�FKRRVH�JURXQGLQJ�DFWLRQ�ZKHQ�XVHU�FRQWULEXWLRQ�&�LV�SHQGLQJ

Ɣ 6\VWHP�FKRRVHV�FODULĆFDWLRQ�ZKHQ�XQGHUVWDQGLQJ�LV�SUREOHPDWLF

Ɣ 6\VWHP�SURYLGHV�SRVLWLYH�HYLGHQFH�RI�XQGHUVWDQGLQJ�RWKHUZLVH

��



,68�DSSURDFKHV��VXPPDU\�

3OXVHV�

Ɣ $SSURDFK�KDQGOHV�FRPPRQ�FDVHV�QDWXUDOO\�DQG�UREXVWO\

Ɣ 7UHDWV�GLIIHUHQW�UROHV�LQ�GLDORJXH�V\PPHWULFDOO\

Ɣ (DV\�WR�H[WHQG�WR�PXOWLPRGDO�GLDORJXH

0LQXVHV�

Ɣ 1RW�JRRG�DW�KDQGOLQJ�DPELJXLW\�DQG�SDUWLDO�LQIRUPDWLRQ

(VSHFLDOO\�ZKHQ�UHVROYHG�DFURVV�PXOWLSOH�WXUQV

Ɣ 1RW�JRRG�DW�PDNLQJ�TXDQWLWDWLYH�WUDGHRIIV�

)RU�H[DPSOH�ZKHQ�XQGHUVWDQGLQJ�LV�OLNHO\�EXW�QRW�NQRZQ

��



0RGHOLQJ�JURXQGLQJ�SUREDELOLVWLFDOO\

)RU�HQJLQHHULQJ�VLPSOH�VSRNHQ�GLDORJXH�V\VWHPV��320'3V�DUH�WKH�JR�WR�WHFKQLTXH

Ɣ 6HH�VXUYH\�LQ�<RXQJ��*DÒLÅ��7KRPVRQ�DQG�:LOOLDPV�3URF�,(((�����

'HFLVLRQ�WKHRUHWLF�PRGHO

Ɣ $FWLRQV�XSGDWH�VWDWH�VWRFKDVWLFDOO\

3�V
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_�V

W����
��D

W��
�

Ɣ 6WDWHV�DUH�KLGGHQ��VR�DJHQW�PXVW�UHDVRQ�ZLWK�QRLV\�REVHUYDWLRQV

3�R
W�
_�V

W
��D

W��
�

Ɣ 5HZDUGV�TXDQWLI\�WKH�DJHQWèV�WDVN�RXWFRPHV

U�V
W
��D

W
�

/HDUQ�PRGHO�SDUDPHWHUV�DQG�ĆQG�VWUDWHJ\�WR�RSWLPL]H�H[SHFWHG�UHZDUG

��



7KH�ORJLF�RI�320'3V

320'3V�VHOHFW�DFWLRQV�DV�D�IXQFWLRQ�RI�EHOLHI�æ�GLVWULEXWLRQ�E
W
�V
W
��RYHU�VWDWHV

'HFLVLRQ�WKHRU\�OHWV�FKRLFH�UHćHFW�XQFHUWDLQW\

Ɣ YDOXH�RI�LQIRUPDWLRQ��VHQVLQJ�WR�LPSURYH�ODWHU�GHFLVLRQV�

Ɣ ORQJ�WHUP�FRQVHTXHQFHV��HVWDEOLVKLQJ�SUHFRQGLWLRQV�WR�LPSURYH�ODWHU�DFWLRQV�

%D\HVLDQ�ĆOWHULQJ�IRU�EHOLHI�XSGDWH�æ�PDLQWDLQV�HYLGHQFH�RSWLPDOO\

Ɣ E
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��



320'3V�DQG�SUREDELOLVWLF�JURXQGLQJ

&DSWXUH�PDQ\�JURXQGLQJ�SKHQRPHQD

Ɣ .QRZV�KRZ�WR�SXUVXH�DQ�H[WHQGHG�OLQH�RI�TXHVWLRQLQJ

�H�J���LQFUHPHQWDO�VORW�E\�VORW�FRQĆUPDWLRQ�YV�VLQJOH�ĆQDO�VXPPDU\�FRQĆUPDWLRQ��

$V�D�IXQFWLRQ�RI�V\VWHPèV�FXUUHQW�XQFHUWDLQW\�DQG�OLNHOLKRRG�VWUDWHJ\�ZLOO�UHVROYH�LW

Ɣ .QRZV�ZKHQ�WR�VWRS

YDOXH�RI�LQIRUPDWLRQ�ĆQGV�SRLQW�RI�GLPLQLVKLQJ�UHWXUQV

Ɣ ,QWHJUDWHV�XQFHUWDLQ�LQIRUPDWLRQ�DFURVV�XWWHUDQFHV

,QFOXGLQJ�PXOWLSOH�QRLV\�$65�UHVXOWV

��



320'3V�æ�NH\�OLPLWDWLRQV

3UDFWLFDO�OLPLWV�RQ�GDWD�DQG�FRPSXWDWLRQ�KDYH�VR�IDU�EHHQ�VLPSOH

Ɣ 6LPSOH�GLDORJXH�UHSUHVHQWDWLRQV

'LVFUHWH�ćDW��DWWULEXWHV�RI�XVHU�LQWHQW��OLPLWHG�GLDORJXH�KLVWRU\��VLPSOH�DFWLRQV

Ɣ 2QH�VLGHG�UHDVRQLQJ

1R�WUDFNLQJ�XVHU�XQFHUWDLQW\�RU�DQWLFLSDWLQJ�XVHU�FRRUGLQDWLRQ

Ɣ 5HVWULFWHG�PRGHOV�RI�LQWHUDFWLRQ

'LVFUHWH�WLPH�ZKROH�WXUQ�FKRLFHV

��



0RGHOLQJ�JURXQGLQJ�SUREDELOLVWLFDOO\

$OWHUQDWLYH�DSSURDFK�æ�IRFXV�RQ�WUDFNLQJ�H[SUHVVLYH�GLDORJXH�VWDWH�UHSUHVHQWDWLRQ

Ɣ ,OOXVWUDWHG�E\�3DHN�DQG�+RUYLW]�8$,�������

6HPLQDO�ZRUN�OLQNLQJ�FRJQLWLYH�VFLHQFH�RI�JURXQGLQJ�DQG�$,�PHWKRGV

7KH\�GHVFULEH�GLDORJXH�LQ�WHUPV�RI�D�%D\HVLDQ�EHOLHI�QHWZRUN

Ɣ )RUPDOL]H�KLGGHQ�YDULDEOHV�OHDGLQJ�WR�REVHUYHG�XVHU�EHKDYLRU�

Ɣ 8VH�SUREDELOLVWLF�LQIHUHQFH�WR�UHDVRQ�DERXW�OHYHOV�RI�V\VWHP�XQGHUVWDQGLQJ

Ɣ 0DNH�SUHGLFWLRQV�DERXW�LPPHGLDWH�HIIHFWV�RI�V\VWHP�VWUDWHJLHV

Ɣ &KRRVH�VWUDWHJ\�ZLWK�EHVW�LPPHGLDWH�HIIHFW

��



0RGHOLQJ�JURXQGLQJ�SUREDELOLVWLFDOO\

'H9DXOW�3K'�������ê&RQWULEXWLRQ�7UDFNLQJë

Ɣ +LHUDUFKLFDO�WDVN�EDVHG�PRGHO�RI�GLDORJXH�VWDWH��DV�LQ�,68�PRGHOV

Ɣ 6LPSOH�SDUWLFOH�ĆOWHU�IRU�VWDWH�WUDFNLQJ�ZLWK�GDWD�GULYHQ�SUREDELOLWLHV

Ɣ 3ODQ�XWWHUDQFHV�XVLQJ�êFRQIRUPDQW�SODQQLQJë��

V\PEROLF�$,�WHFKQLTXHV�IRU�FRPSOH[�SODQQLQJ�XQGHU�XQFHUWDLQW\

Ɣ 6\PPHWULF�JURXQGLQJ�IDFLOLWLHV�UHJDUGOHVV�RI�V\VWHP�UROH�LQ�LQWHUDFWLRQ

�6HH�'H9DXOW�	�6WRQH�($&/�������6WRQH�	�/DVFDULGHV�6HPGLDO�������0F0DKDQ�	�6WRQH�6LJGLDO������

��



/RRNLQJ�DKHDG

,QFUHDVLQJ�DELOLWLHV�WR�OHDUQ�SUREDELOLVWLF�FRJQLWLYH�PRGHOV�RI�XWWHUDQFH�FKRLFH�LQ�GLDORJXH

Ɣ )RU�H[DPSOH�

$QGUHDV�DQG�.OHLQ��(01/3������

0RQURH��+DZNLQV��*RRGPDQ�DQG�3RWWV��7$&/������

0F'RZHOO�DQG�*RRGPDQ��$&/������

0F0DKDQ�DQG�6WRQH��6,*,',$/������

7KHVH�PRGHOV�FDQ�EH�UHXVHG�LQ�%D\HVLDQ�EHOLHI�QHWZRUN�PRGHOV�RI�GLDORJXH

��



/RRNLQJ�DKHDG

,QFUHDVLQJ�UDQJH�RI�SUREDELOLVWLF�PRGHOV�RI�QRQYHUEDO�EHKDYLRU

Ɣ )RU�H[DPSOH�

:DQJ��HW�DO��3UREDELOLVWLF�PRGHOV�RI�SK\VLFDO�DFWLRQV�LQ�+5,��566������

6KHLNKL�DQG�2GREH]��*D]H�DQG�DWWHQWLRQ�LQ�KXPDQ�URERW�FRQYHUVDWLRQ��35/������

/HH�DQG�0DUVHOOD��+HDG�QRGV�DQG�H\HEURZ�UDLVHV�LQ�PXOWLSDUW\�FRQYHUVDWLRQ��,9$������

7KHVH�PRGHOV�FDQ�DOVR�EH�UHXVHG�LQ�%D\HVLDQ�EHOLHI�QHWZRUN�PRGHOV�RI�GLDORJXH

��



0RGHOLQJ�JURXQGLQJ�LQFUHPHQWDOO\

7ZR�NH\V�WR�LQFUHPHQWDOLW\�

Ɣ *HWWLQJ�LQIRUPDWLRQ�LQ�UHDO�WLPH

Ɣ 'HFLGLQJ�UHDO�WLPH�UHVSRQVHV

+RXJK�DQG�6FKODQJHQ�+5,�����

Ɣ 5HSRUW�DQG�LQWHUSUHW�SDUWLDO�UHFRJQLWLRQ�UHVXOWV

Ɣ )ROORZ�SROLF\�VHW�RXW�LQ�LQIRUPDWLRQ�VWDWH�JURXQGLQJ�PRGHO�

3DHW]HO��0DQXYLQDNXULNH�DQG�'DYLG�'H9DXOW�6,*',$/�����

Ɣ 3UHGLFW�DQG�DQWLFLSDWH�FRPSOHWH�UHFRJQLWLRQ�UHVXOWV��EHIRUH�XVHU�ĆQLVKHV

Ɣ )ROORZ�SROLF\�EDVHG�RQ�GDWD�GULYHQ�RSWLPL]DWLRQ

��



,QFUHPHQWDO�,68�

�+RXJK�DQG�6FKODQJHQ�+5,������

3DUDOOHO�VWDWHV�IRU�XVHU�DQG�URERW

Ɣ 3HQGLQJ�FRQWULEXWLRQ�

Ɣ *URXQGHG�FRQWULEXWLRQ�

Ɣ 1R�FRQWULEXWLRQ��LQFUHPHQWDO�LQIRUPDWLRQ�QRW�\HW�DYDLODEOH

Ɣ 5HSDLU�LQ�SURJUHVV��SHQGLQJ�FRQWULEXWLRQV�IURP�LQWHUORFXWRUV�GLG�QRW�PDWFK

,QFUHPHQWDO�FODVVLĆFDWLRQ�RI�XVHU�XWWHUDQFHV�DV�SDUWV�RI�FRQWULEXWLRQV�RU�UHSDLUV

��



2SWLPL]LQJ�IRU�LQFUHPHQWDO�UHVSRQVH

3DHW]HO��0DQXYLQDNXULNH�DQG�'DYLG�'H9DXOW�6,*',$/�����

6HW�XS�D�VSDFH�RI�SRVVLEOH�SROLFLHV�IRU�UHVSRQVHV�

Ɣ 7KUHVKROG�IRU�FRQĆGHQFH�LQ�FRUUHFW�LQWHUSUHWDWLRQ�WR�DFW�HDUO\

Ɣ 7KUHVKROG�IRU�WLPHRXW�WR�DFW�ODWH

8VH�JULG�VHDUFK�DQG�VLPXODWLRQ�RI�UHDO�DOJRULWKPV�RQ�LQ�GRPDLQ�GDWD�WR�WXQH�SDUDPHWHUV

��



,QWHULP�VXPPDU\

*URXQGLQJ�PRGHOV�GLIIHU�LQ�VFRSH�

Ɣ 7UDFN�XQFHUWDLQW\�WR�UHDVRQ�DERXW�PHDQLQJV�RI�V\VWHP�DQG�XVHU�XWWHUDQFHV

Ɣ 7UDFN�FRPPLWPHQWV�WR�UHDVRQ�DERXW�DOLJQPHQW�RI�V\VWHP�DQG�XVHU�EHOLHI

Ɣ 7UDFN�LQ�UHDO�WLPH�WR�VHOHFW�UHDO�WLPH�UHVSRQVHV

7KH\�GLIIHU�LQ�KRZ�WKH\�OHDG�WR�V\VWHP�EHKDYLRU

Ɣ 3URYLGH�JXDUGUDLOV�IRU�ZHOO�GHVLJQHG�LQWHUDFWLRQV

Ɣ 0DNH�H[SOLFLW�EXW�KHXULVWLF�FKRLFHV

Ɣ 0DNH�RSWLPDO��ORQJ�WHUP�SODQV

6RPH�PRGHOV�H[WHQG�QDWXUDOO\�WR�PXOWL�PRGDO�GDWD��RWKHUV�GR�QRW

��



+DQGOLQJ�GLYHUVH�DFWLRQV�LQ�GLDORJXH

)RU�PRGHOLQJ�JURXQGLQJ

Ɣ 6RPH�DSSURDFKHV�H[WHQG�HDVLO\�WR�PXOWL�PRGDO�FRPPXQLFDWLRQ

Ɣ 2WKHUV�GR�QRW

6LPLODUO\��IRU�XQGHUVWDQGLQJ�DQG�JHQHUDWLRQ

Ɣ 6RPH�1/3�FRQFHSWV�DQG�DSSURDFKHV�ĆW�PXOWL�PRGDO�FRPPXQLFDWLRQ

Ɣ 2WKHUV�GR�QRW

��



+DQGOLQJ�GLYHUVH�DFWLRQV�LQ�GLDORJXH

$�EULHI�WRXU�RI�XQGHUVWDQGLQJ�DFURVV�PRGDOLWLHV

Ɣ :KDW�GR�GLIIHUHQW�PRGDOLWLHV�KDYH�LQ�FRPPRQ"

Ɣ :KDW�PDNHV�HDFK�PRGDOLW\�XQLTXH"

Ɣ :KDW�GR�\RX�QHHG�WR�LQIHU�DERXW�D�FRPPXQLFDWLYH�DFWLRQ�

7R�SUHGLFW�LWV�LPSOLFDWLRQV�IRU�JURXQGLQJ"

/RRNLQJ�DW�D�IHZ�NH\�FDVH�VWXGLHV

Ɣ $Q�LQYLWDWLRQ�WR�H[SORUH�ORWV�RI�JUHDW�GHVFULSWLYH�ZRUN

Ɣ (NPDQ�������$UJ\OH�������*RRGZLQ�������0F1HLOO�������.HQGRQ�������HWF�

��



6RPH�LPSRUWDQW�FDVHV

3K\VLFDO�DFWLRQV

&RYHUEDO�JHVWXUHV

)DFLDO�GLVSOD\V

%DFN�FKDQQHO�YRFDOL]DWLRQV

'HPRQVWUDWLRQV

��



3K\VLFDO�DFWLRQV

��

'LUHFWRU�6DP�LQVWUXFWV�
IROORZHU�7HG�LQ�OHJR�
DVVHPEO\�IURP�&ODUN�	�
.U\FK���������6DP�EUHDNV�
XS�LQVWUXFWLRQV��SDFHV�
WKHP�EDVHG��RQ�7HGèV�
UHVSRQVH��DQG�FRQĆUP�
7HGèV�GLVSOD\�RI�
XQGHUVWDQGLQJ�



$FWLRQV��LQIHUHQFH�DQG�JURXQGLQJ

��

'LUHFWRU�6XVDQ�LQVWUXFWV�
IROORZHU�7HVV�LQ�OHJR�
DVVHPEO\�IURP�&ODUN�	�
.U\FK���������6XVDQ�
UHFRJQL]HV�WKDW�7HVVèV�
SRLVH�LV�LQWHQGHG�WR�
PDWFK�KHU�LQVWUXFWLRQ�
EXW�GRHV�QRW�



$FWLRQV��LQIHUHQFH�DQG�JURXQGLQJ

7R�WUDFN�WKH�JURXQGLQJ�HIIHFW�RI�RWKHUVè�DFWLRQV��V\VWHPV�QHHG�WR�GR�LQWHQWLRQ�UHFRJQLWLRQ�

Ɣ ,Q�WKH�VHQVH�RI�3ROODFN�������

Ɣ ([SODLQ�ZK\�WKH�DJHQW�WKRXJKW�WKH�DFWLRQ�ZDV�JRRG

Ɣ /LQN�DFWLRQV�WR�LQIHUUHG�EDFNJURXQG�EHOLHIV�DQG�JRDOV�RI�WKH�DJHQW

(YHQ�LI�WKRVH�EHOLHIV�DUH�IDOVH�RU�WKH�JRDOV�DUHQèW�VKDUHG

7R�WUDFN�WKH�JURXQGLQJ�HIIHFW�RI�RWKHUVè�DFWLRQV��V\VWHPV�QHHG�WR�DVVXPH�FRKHUHQFH

Ɣ ,Q�WKH�VHQVH�RI�+REEV�������

Ɣ :K\�DWWULEXWH�D�IDOVH�EHOLHI�YV�DQ�XQH[SODLQHG�JRDO"

Ɣ $VVXPH�WKDW�FRQWULEXWLRQV�WR�LQWHUDFWLRQ�IDYRU�VSHFLĆF�NLQGV�RI�UHODWLRQVKLSV

��



$FWLRQV��LQIHUHQFH�DQG�JURXQGLQJ

,Q�VXP�

Ɣ :H�FDQ�LQIHU�7HVVèV�UHSRLVLQJ�DW�WLPH���LV�HYLGHQFH�RI�QRQ�XQGHUVWDQGLQJ�RQO\�LI

:H�UHFRJQL]H�WKDW�7HVV�LQWHQGV�WKH�UHSRLVLQJ�WR�VKRZ�XQGHUVWDQGLQJ

:H�UHFRJQL]H�VKH�IDOVHO\�EHOLHYHV�WKH�EORFNèV�QHZ�SRLVH�LV�WKH�LQVWUXFWLRQ�WDUJHW

*URXQGLQJ�GHSHQGV�RQ�DFWLRQ�XQGHUVWDQGLQJ��QRW�DFWLRQ�UHFRJQLWLRQ

�

��



&RYHUEDO�JHVWXUH

&KULVWPDV�FDNH�H[DPSOH�IURP�.HQGRQ��������

��,QVSLUHG�DQDO\VHV�LQ�/DVFDULGHV�	�6WRQH��*HVWXUH������DQG�-RXUQDO�RI�6HPDQWLFV�����



*HVWXUH�DQG�GHSLFWLRQ

&KULVWPDV�FDNH�H[DPSOH�IURP�.HQGRQ������

��

6SHDNHUèV�KDQG�GHSLFWV�NQLIH�E\�
VKDSH���DQG�ORFDWHV�NQLIH�LQ�FDNH�
E\�UHODWLRQ�WR�SUHYLRXV�JHVWXUH��
6SHDNHUèV�DUP�DQG�ERG\�GHSLFW�
DFWLRQ�RI�DJHQW�



*HVWXUH�DQG�GHSLFWLRQ

&KULVWPDV�FDNH�H[DPSOH�IURP�.HQGRQ������

��

6SHDNHUèV�KDQG�GHSLFWV�NQLIH�E\�
VKDSH���DQG�ORFDWHV�NQLIH�LQ�FDNH�
E\�UHODWLRQ�WR�SUHYLRXV�JHVWXUH��
6SHDNHUèV�DUP�DQG�ERG\�GHSLFW�
DFWLRQ�RI�DJHQW�

*HVWXUH�FRPELQHV�PXOWLSOH�
LQGHSHQGHQW�HOHPHQWV��ZLWK�
LFRQLF�DQG�GHLFWLF�
LQWHUSUHWDWLRQV�

*HVWXUH�QHHGV�WR�EH�
XQGHUVWRRG�QRW�MXVW�UHFRJQL]HG
�OLNH�ODQJXDJH�DQG�DFWLRQ��



)DFLDO�GLVSOD\V

4��:KDW�\HDU�ZDV�5XWJHUV�IRXQGHG"

��� �VLOHQFH� VHYHQWHHQ IRUW\�WZR PD\EH"

��� ([DPSOH�IURP�6WRQH�	�2K������

��



&RQYHUVDWLRQDO�IDFLDO�GLVSOD\V

)DFLDO�GLVSOD\V�FDQ�H[SUHVV�HPRWLRQ

%XW�LQ�FRQYHUVDWLRQ�WKH\�PRUH�RIWHQ�GHSLFW�HPRWLRQ�WR�FRPPHQW�RQ�V\QFKURQRXV�VSHHFK

Ɣ 7R�JLYH�LQIRUPDWLRQ�DERXW�ZKDW�VSHDNHU�LV�GRLQJ�DQG�KRZ�WKH\�DSSUDLVH�LW

Ɣ &RPELQLQJ�HOHPHQWV�RI�PXOWLSOH�HPRWLRQDO�GLVSOD\V�LQ�FUHDWLYH�ZD\V

(PSKDVL]HG�LQ�UHVHDUFK�E\�%DYHODV�DQG�&KRYLO��*HVWXUH��������DPRQJ�RWKHUV�

��



%DFN�FKDQQHO�YRFDOL]DWLRQV

6RPHWLPHV�PRUH�OLNH�JHVWXUH�DQG�IDFLDO�H[SUHVVLRQV�æ�QRW�OH[LFDO

Ɣ êK�QPP��KK�DDDDK��KQ�KQ��XQND\��Q\HDK��XPPXP��XXK��XP�KP�XKKP��XP�DQG�XK�KXKë�

Ɣ 3URGXFWLYHO\�JHQHUDWHG�UDWKHU�WKDQ�ĆQLWH�LQ�QXPEHU

Ɣ 6RXQG�PHDQLQJ�PDSSLQJ�LV�UXOH�JRYHUQHG�UDWKHU�WKDQ�DUELWUDU\

:DUG��3UDJPDWLFV�DQG�&RJQLWLRQ������æ�VHH�DOVR�3URVRGLF�3DWWHUQV�������

��



'HPRQVWUDWLRQ

9L�+DUW��KWWS���ZZZ�\RXWXEH�FRP�ZDWFK"Y ]�O/��ZO��(�

Ɣ <RX�GRQèW�QHHG�QXPEHUV�RU�IDQF\�HTXDWLRQV�WR�SURYH�WKH�3\WKDJRUHDQ�WKHRUHP��$OO�\RX�QHHG�LV�D�

SLHFH�RI�SDSHU��7KHUHèV�D�WRQ�RI�ZD\V�WR�SURYH�LW��DQG�SHRSOH�DUH�LQYHQWLQJ�QHZ�RQHV�DOO�WKH�WLPH��

EXW�,èP�JRLQJ�WR�VKRZ�\RX�P\�IDYRULWHæH[FHSW�LQVWHDG�RI�ORRNLQJ�DW�GLDJUDPV�ZHèUH�JRQQD�IROG�LW�

9LGHR�DQDO\]HG�LQ�GHWDLO�E\�6WRQH�DQG�6WRMQLÅ�533���������ZLWK�VLPLODU�FRQFOXVLRQV

Ɣ 7UDFN�UHDO�ZRUOG�HIIHFWV�RI�DFWLRQV

Ɣ %XW�FRQQHFW�WKHP�WR�VSHDNHU�LQWHQWLRQV�E\�EHOLHI�GHVLUH�UHDVRQLQJ

Ɣ $QG�SULQFLSOHV�RI�GLVFRXUVH�FRKHUHQFH

��

http://www.youtube.com/watch?v=z6lL83wl31E


,QWHULP�VXPPDU\

'HDOLQJ�ZLWK�PXOWL�PRGDO�GLDORJXH�PHDQV�DFFHSWLQJ�WKH�GLIIHUHQFHV�DFURVV�PRGDOLWLHV

Ɣ 1RW�MXVW�FRPPXQLFDWLYH�FRQWHQW��EXW�DOVR�SUDFWLFDO�DFWLRQ�DQG�QDWXUDO�UHDFWLRQV

Ɣ &RQWULEXWLRQV�KDYH�GLIIHUHQW�EDVLV�IURP�ODQJXDJH�DQG�UHTXLUH�GLIIHUHQW�UHDVRQLQJ

Ɣ &RKHUHQFH�DQG�LQWHQWLRQ�UHFRJQLWLRQ�DUH�WKH�ULJKW�OHYHOV�WR�EULGJH�WKH�GLIIHUHQFHV

5HFHLYHG�ZLVGRP�æ�IRON�WKHRULHV��VFLHQWLĆF�GHVFULSWLRQV��HQJLQHHULQJ�EHQFKPDUNV�æ�RIWHQ�WRR�VLPSOH

Ɣ )UDPHZRUNV�OLNH�HPRWLRQDO�H[SUHVVLRQ�RU�JHVWXUH�UHFRJQLWLRQ�MXVW�VFUDWFK�WKH�VXUIDFH

Ɣ ,GHD�RI�PXOWL�PRGDO�IXVLRQ�RU�ĆVVLRQ�LV�LQKHUHQWO\�OLPLWHG

$FWLRQV�FUHDWH�FRPPRQ�JURXQG�EHFDXVH�WKH\�UHYHDO�DQG�FRRUGLQDWH�DJHQWVè�PHQWDO�VWDWHV

Ɣ (QGXULQJ�SUREOHP�IRU�GLDORJXH�V\VWHPV

��



*URXQGLQJ�LQ�'LDORJXH�ZLWK�$QLPDWHG�$JHQWV�DQG�
5RERWV



7KLV�VHVVLRQ

:H�ZLOO�GLVFXVV�

Ɣ :K\�+5,�QHHGV�WR�EULGJH�UHSUHVHQWDWLRQV"

Ɣ +RZ�WR�GR�LW"

ż 7KH�UROH�RI�PXOWLPRGDOLW\�LQ�JURXQGLQJ�

ż /HDUQLQJ�DFWLRQV�DQG�ZRUG�PHDQLQJV�LQ�KXPDQ�PDFKLQH�GLDORJXH�

ż :D\V�WKDW�ZH�FDQ�VLJQDO�DQG�UHSUHVHQW�XQFHUWDLQW\�LQ�GLDORJXH�

Ɣ %RWWOHQHFNV�RI�JHQHUDWLQJ�FR�RUGLQDWHG�PXOWLPRGDO�SUHVHQWDWLRQV�

��



&RPPRQ�*URXQG�LQ�+XPDQ�5RERW�'LDORJXH

$JHQWV�FDQ�HQJDJH�LQ�MRLQW�WDVNV�LI�

Ɣ KXPDQV�DQG�DJHQWV�ERWK�PDNH�H[WUD�HIIRUWV�WR�EULGJH�WKH�JDS�DQG�VWULYH�IRU�D�FRPPRQ�JURXQG�RI�

WKH�VKDUHG�ZRUOG��

Ɣ FRPSXWDWLRQDO�PRGHOV�IRU�ODQJXDJH�JURXQGLQJ�WDNH�FROODERUDWLRQ�LQWR�FRQVLGHUDWLRQ��

Ɣ WKH\�LQFRUSRUDWH�FROODERUDWLYH�HIIRUW�IURP�KXPDQ�SDUWQHUV�WR�EHWWHU�FRQQHFW�KXPDQ�ODQJXDJH�

WR�LWV�RZQ�UHSUHVHQWDWLRQ�DQG�PDNH�H[WUD�FROODERUDWLYH�HIIRUW�WR�FRPPXQLFDWH�LWV�

UHSUHVHQWDWLRQ�

��



0XOWLPRGDO�&ROODERUDWLRQ�LQ�5HIHUHQWLDO�&RPPXQLFDWLRQ

+RZ�FRQYHUVDWLRQ�SDUWQHUV�FROODERUDWH�DQG�PHGLDWH�VKDUHG�EDVLV�ZKHQ�WKH\�KDYH�PLVPDWFKHG�YLVXDO�
SHUFHSWXDO�FDSDELOLWLHV"�

��/LX�HW�DO�������

https://www.aclweb.org/anthology/W12-1621.pdf


6LWXDWHG�+XPDQ�5RERW�&RPPXQLFDWLRQ

&KDL�HW�DO���������/LX�HW�DO�������

%HWWHU�VKDUHG�UHSUHVHQWDWLRQV�DUH�SRVVLEOH�E\�HPSOR\LQJ�RSWLPL]DWLRQ�DSSURDFKHV�EDVHG�RQ�OLQHDU�

SURJUDPPLQJ�WR�DXWRPDWLFDOO\�OHDUQ�WKH�ZHLJKWV�WR�PDWFK�WKH�UHIHUHQW�GXULQJ�GLDORJXH�

��

https://www.aaai.org/ojs/index.php/aimagazine/article/view/2684


0XOWLPRGDO�&ROODERUDWLRQ�LQ�5HIHUHQWLDO�&RPPXQLFDWLRQ

��)DQJ�HW�DO�������

,QVWHDG�RI�D�VLQJOH�PLQLPXP�GHVFULSWLRQ�WR�GHVFULEH�D�WDUJHW�REMHFW��HSLVRGHV�RI�H[SUHVVLRQV�DUH�

JHQHUDWHG�EDVHG�RQ�KXPDQ�IHHGEDFN�GXULQJ�KXPDQ�URERW�LQWHUDFWLRQ�

https://www.aaai.org/ojs/index.php/aimagazine/article/view/2684


0XOWLPRGDO�&ROODERUDWLRQ�LQ�5HIHUHQWLDO�&RPPXQLFDWLRQ

$Q�H[DPSOH�RI�WKH�URERWèV�LQWHUQDO�UHSUHVHQWDWLRQ�RI�WKH�VKDUHG�HQYLURQPHQW���,QFRUSRUDWLQJ�WKH�

URERW�SRLQWLQJ�JHVWXUH�FRQVLVWHQWO\�RXWSHUIRUPHG�WKH�PRGHOV�WKDW�GRQèW�LQFRUSRUDWH�WKH�SRLQWLQJ�

JHVWXUH�

��)DQJ�HW�DO�������

https://www.aaai.org/ojs/index.php/aimagazine/article/view/2684


0XOWLPRGDO�&ROODERUDWLRQ�LQ�5HIHUHQWLDO�&RPPXQLFDWLRQ

�� -$67��>SLFNV�XS�DQG�KROGV�RXW�JUHHQ�FXEH@�)LUVW��IDVWHQ�WKLV�
JUHHQ�FXEH�WR�WKH�HQG�RI�D�VKRUW�VODW�XVLQJ�WKH�UHG�EROW��

�� 86(5��6KRXOG�,�XVH�WKLV�VODW"�>SRLQWLQJ�WR�D�ĆYH�KROH�VODW@�
�� -$67��1R��XVH�D�WKUHH�KROH�VODW��>SLFNLQJ�XS�DQG�KROGLQJ�

RXW�D�WKUHH�KROH�VODW@�
�� 86(5��>WDNHV�VODW��SLFNV�XS�EROW@

��)RVWHU�HW�DO�������

:KHQ�UHIHUULQJ�WR�REMHFWV�LQ�WKH�FRQWH[W�RI�D�WDVN�EDVHG�LQWHUDFWLRQ�LQYROYLQJ�MRLQWO\�PDQLSXODWLQJ�

REMHFWV��D�PXFK�ULFKHU�QRWLRQ�RI�FRQWH[W�LV�DYDLODEOH��ZKLFK�SHUPLWV�D�ZLGHU�UDQJH�RI�UHIHUULQJ�RSWLRQV�

H�J��PDQLSXODWLQJ�REMHFWV�DV�SDUW�RI�WKH�WDVN�

https://dl.acm.org/doi/pdf/10.1145/1349822.1349861


&ROODERUDWLYH�(IIRUW�7RZDUG�&RPPRQ�*URXQG

$��7KH�JUHHQ�FXS�LV�FDOOHG�%LOO��

%��2N��WKH�JUHHQ�FXS�LV�%LOO��
>SRLQW�WR�WKH�LQIHUUHG�REMHFW@�

&KDL�HW�DO���������)UDJ�HW�DO������� ��

Ɣ &ROODERUDWLYH�HIIRUW

ż /RZ��DFFHSWDQFH

ż +LJK��DFFHSWDQFH���GHVFULSWLRQ

Ɣ 7DVN�LQFRPSOHWLRQ��,I�WKH�URERW�IDLOV�WR�DFTXLUH�QHZ�NQRZOHGJH�

LW�ZLOO�VWRS�

6KDUHG�EDVLV /RZ�PLVPDWFK +LJK�PLVPDWFK

&ROODERUDWLYH�HIIRUW ORZ KLJK ORZ KLJK

3HUFHLYHG�&RPPRQ�*URXQG ���� ���� ���� ����

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8542553&casa_token=CiiMvJ4ximIAAAAA:lfzWeT2u8xgOQA9s7fnu0poRTXUtnf-0O3QPD_DsGktsq9jaq6JBfC5UsbLVI2s4K5nzy6AL7Yo&tag=1


0RGHOLQJ�*URXQGLQJ�IRU�,QWHUDFWLYH�6RFLDO�&RPSDQLRQV

Ɣ 1DWXUDO�JURXQGLQJ�EHKDYLRU�UHTXLUHV�WKH�SUHFLVH�V\QFKURQL]DWLRQ�RI�QXPHURXV�SDUDOOHO�DQG�

ELGLUHFWLRQDO�EHKDYLRUDO�DVSHFWV�

Ɣ 0DLQWDLQLQJ�WKH�FRPPRQ�JURXQG�UHTXLUHV�GRPDLQ�NQRZOHGJH�EXW�KDV�DOVR�QXPHURXV�VRFLDO�

DVSHFWV��VXFK�DV�DWWHQWLRQ��HQJDJHPHQW�DQG�HPSDWK\��

��
0HKOPDQQ�HW�DO�������

$�VFHQH�ZLWK�VSRNHQ�WH[W�DQG�QRQYHUEDO�EHKDYLRU

https://link.springer.com/content/pdf/10.1007/s13218-015-0397-5.pdf


Ɣ )RU�URERWV�WR�IROORZ�KXPDQ�ODQJXDJH�LQVWUXFWLRQV�DQG�SHUIRUP�DFWLRQV�LQ�WKH�SK\VLFDO�ZRUOG��

JURXQGLQJ�ODQJXDJH�WR�SHUFHSWLRQ�DORQH�LV�QRW�VXIĆFLHQW�

Ɣ +RZ�FDQ�ZH�FRQQHFW�ODQJXDJH�FRPPDQGV�ZLWK�WKH�FRUUHVSRQGLQJ�VHTXHQFH�RI�SULPLWLYH�

URERWLF�RSHUDWLRQV"

ż 7KH�KXPDQ�RSHUDWRU�FDQ�WHDFK�WKH�URERW�KLJK�OHYHO�DFWLRQV��IRU�H[DPSOH��VWDFN��LQ�D�

VWHS�E\�VWHS�PDQQHU�

ż *LYHQ�WKLV�WHDFKLQJ�DQG�OHDUQLQJ�LQVWDQFH��KRZ�VKRXOG�WKH�URERW�LQWHUQDOO\�UHSUHVHQW�

NQRZOHGJH�RU�JURXQGHG�VHPDQWLFV�IRU�WKH�YHUE�IUDPH�VWDFN"�

ż $�PRUH�GHVLUDEOH�UHSUHVHQWDWLRQ�IRU�JURXQGHG�VHPDQWLFV�RI�WKH�YHUE�IUDPH�VWDFN�$��%��

VKRXOG�FDSWXUH�WKH�GHVLUHG�JRDO�VWDWH�

&ROODERUDWLYH�6WHS�E\�6WHS�,QVWUXFWLRQV

6KH�HW�DO��������0LVUD�HW�DO������ ��



+XPDQ��6WDFN�WKH�JUHHQ�EORFN�RQ�WKH�OHIW�WR�WKH�

JUHHQ�EORFN�RQ�WKH�ULJKW�

5RERW��,�GRQèW�NQRZ�KRZ�WR�SHUIRUP�WKLV�VWDFN��

SOHDVH�JLYH�VWHS�E\��VWHS�LQVWUXFWLRQV��

+XPDQ��0RYH�WKH�JUHHQ�EORFN�RQ�WKH�OHIW�WR�WKH�

WRS�RI�WKH�JUHHQ�EORFN�RQ�WKH�ULJKW��

5RERW��>SHUIRUPLQJ�WKH�PRYH�DFWLRQ@

+XPDQ��2SHQ�JULSSHU��

5RERW��2.��

&ROODERUDWLYH�6WHS�E\�6WHS�,QVWUXFWLRQV

6KH�HW�DO��������0LVUD�HW�DO������ ��



/HDUQLQJ�*URXQGHG�9HUE�+\SRWKHVLV�6SDFH

7KH�JRDO�VWDWH��ZKLFK�LV�UHSUHVHQWHG�E\�D�FRQMXQFWLRQ�RI�ORJLFDO�SUHGLFDWHV�FDQ�EH�DFTXLUHG�E\�WKH�
URERW�DIWHU�SHUIRUPLQJ�WKH�ORZ�OHYHO�RSHUDWLRQV�

6KH�DQG�&KDL����� ��
$Q�H[DPSOH�RI�JURXQGHG�K\SRWKHVLV�VSDFH�IRU�YHUE�IUDPH�ĆOO�[��\��



$�0XOWLPRGDO��/HDUQLQJ�,QWHUIDFH�IRU�:RUG�$FTXLVLWLRQ

6ROHO\�VWDWLVWLFDO�OHDUQLQJ�RI�FR�RFFXUULQJ�GDWD�LV�OHVV�OLNHO\�WR�H[SODLQ�WKH�ZKROH�VWRU\�RI�ODQJXDJH�

DFTXLVLWLRQ��7KH�LQIHUHQFH�RI�VSHDNHUèV�UHIHUHQWLDO�LQWHQWLRQV�IURP�WKHLU�ERG\�PRYHPHQWV�SURYLGHV�

FRQVWUDLQWV�WR�DYRLG�WKH�ODUJH�DPRXQW�RI�LUUHOHYDQW�FRPSXWDWLRQV�

��<X�HW�DO������

https://dl.acm.org/doi/pdf/10.1145/1008722.1008727


*D]H�SROLFLHV�LQ�+5,

Ɣ 5RERW�PDNHV�VDFFDGHV�FRQWLQJHQW�RQ�KXPDQ�ORRNLQJ

Ɣ 3ROLFLHV�WUDFN�WDUJHW�REMHFW��ORRN�DW�SDUWQHU

Ɣ /RRNV�DW�SDUWQHU�HOLFLW�PXWXDO�JD]H

Ɣ 0XWXDO�JD]H�LPSURYHV�PXOWLPRGDO�FRRUGLQDWLRQ�DQG�V\QFKURQ\

��;X�HW��DO��������<X�HW�DO�������

https://link.springer.com/content/pdf/10.1007/s13218-015-0397-5.pdf
https://dl.acm.org/doi/pdf/10.1145/2070719.2070726


0RGHOLQJ�3K\VLFDO�&DXVDOLW\�RI�9HUEV�IRU�*URXQGHG�/DQJXDJH�8QGHUVWDQGLQJ

Ɣ &URZGVRXUFLQJ�DQG�DXWRPDWLF�VHJPHQWDWLRQ�
PHWKRGV�FDQ�VXFFHVVIXOO\�VFDOH�XS�WKH�
SUHYLRXV�DWWHPSWV�IRU�VWXG\LQJ�JURXQGHG�
YHUE�PHDQLQJV�DQG�FUHDWLQJ�PXOWLPRGDO�
FRUSRUD�

Ɣ 7KLV�ZRUN�DSSOLHV�FDXVDOLW\�PRGHOLQJ�WR�WKH�
WDVN�RI�JURXQGLQJ�VHPDQWLF�UROHV�WR�WKH�
HQYLURQPHQW��XVLQJ�WZR�DSSURDFKHV��
ż D�NQRZOHGJH�EDVHG�DSSURDFK�DQG�
ż D�OHDUQLQJ�EDVHG�DSSURDFK�

��*DR�DQG�&KDL�������

7KH�PDQ�JHWV�D�NQLIH�IURP�GUDZHU�

https://pdfs.semanticscholar.org/46c7/14a1ab88936cc3f3be5076a916d9e6ac1298.pdf


*URXQGLQJ�8QFHUWDLQW\�IRU�6LPSOH�5RERWV

��+RXJK�DQG�6FKODQJHQ������

)RU�HIIHFWLYH�+5,�

Ɣ 5RERWV�PXVW�JR�EH\RQG�KDYLQJ�JRRG�OHJLELOLW\�RI�WKHLU�LQWHQWLRQV�VKRZQ�E\�WKHLU�DFWLRQV�

Ɣ 5RERWV��VKRXOG�JURXQG�WKH�GHJUHH�RI�XQFHUWDLQW\�WKH\�KDYH�

Ɣ $�URERW�QRW�RQO\�QHHGV�WR�PRQLWRU�ZKHQ�LWV�LQWHUQDO�JRDO�LV�EHFRPLQJ�OHJLEOH��EXW�WKH�URERW�

VKRXOG�DOVR�EH�DEOH�WR�JURXQG�WKH�GHJUHH�RI�FRPPLWPHQW�WR�LWV�JRDO�

Ɣ ,WèV�LPSRUWDQW�WR�DFKLHYH�WKH�WUDGHRII�EHWZHHQ�çVDIHW\è�DQG�VSHHG�RI�PRYHPHQW�VLPLODU�WR�

V\VWHP�

https://www.researchgate.net/publication/314165056_It's_Not_What_You_Do_It's_How_You_Do_It_Grounding_Uncertainty_for_a_Simple_Robot


*URXQGLQJ�8QFHUWDLQW\�IRU�6LPSOH�5RERWV

+RXJK�DQG�6FKODQJHQ������

8QFHUWDLQW\�FDQ�EH�FRPPXQLFDWHG�WR�XVHUV�E\�SULQFLSOHV�RI�JURXQGLQJ�LQ�GLDORJXH�LQWHUDFWLRQ�HYHQ�ZLWKRXW�

QDWXUDO�ODQJXDJH�JHQHUDWLRQ�

https://www.researchgate.net/publication/314165056_It's_Not_What_You_Do_It's_How_You_Do_It_Grounding_Uncertainty_for_a_Simple_Robot


*URXQGLQJ�8QFHUWDLQW\�IRU�6LPSOH�5RERWV

���

,QIHUULQJ�XQFHUWDLQW\��

Ɣ 8QFHUWDLQW\�WKURXJK�UHSDLU�RQO\��RQO\�JURXQGV�XQFHUWDLQW\�E\�DOORZLQJ�UHSDLUV�WR�FKDQJH�LWV�JRDO�

DQG�WKHUHIRUH�FKDQJH�LWV�DFWLRQ�

Ɣ 8QFHUWDLQW\�WKURXJK�PRYHPHQW��DOVR�DOORZV�UHSDLUV�WR�FKDQJH�LWV�JRDO�EXW�DOVR�H[KLELWV�LWV�RZQ�OHYHO�

RI�FRQĆGHQFH�DERXW�LWV�JRDO�WKURXJK�LWV�VSHHG�RI�PRYHPHQW�DQG�ZDLWLQJ�WLPH�EHIRUH�DFWLQJ��

(YDOXDWLRQ��

Ɣ 8QGHUVWDQGLQJ��WR�ZKDW�GHJUHH�GLG�\RX�IHHO�WKH�URERW�XQGHUVWRRG�ZKDW�LW�KDG�WR�GR"������

Ɣ &RQĆGHQFH��WR�ZKDW�GHJUHH�GLG�\RX�IHHO�WKH�URERW�KDG�FRQĆGHQFH�LQ�LWV�GHFLVLRQV�WR�DFW"�����



&RPPXQLFDWLQJ�8QFHUWDLQWLHV�LQ�6LWXDWHG�,QWHUDFWLRQV

Ɣ 7KLV�DSSURDFK�KDUQHVVHV�D�UHSUHVHQWDWLRQ�WKDW�FDSWXUHV�ERWK�WKH�PDJQLWXGH�DQG�WKH�VRXUFHV�RI�

XQFHUWDLQW\��DQG�D�VHW�RI�SROLFLHV�WKDW�VHOHFW�DQG�FRRUGLQDWH�WKH�SURGXFWLRQ�RI�QRQYHUEDO�DQG�

YHUEDO�EHKDYLRUV�

Ɣ 7KH�PHWKRGV�DUH�GHVLJQHG�WR�HQOLVW�SDUWLFLSDQWVè�KHOS�LQ�D�QDWXUDO�PDQQHU�WR�UHVROYH�

XQFHUWDLQWLHV�DULVLQJ�GXULQJ�LQWHUDFWLRQV��

���3HMVD�HW�DO�����

https://dl.acm.org/doi/pdf/10.1145/2663204.2663249


,GHQWLI\LQJ�2SSRUWXQLWLHV�IRU�(PSDWKHWLF�5HVSRQVHV

�� $��+RZ�KDYH�\RX�EHHQ�IHHOLQJ�ODWHO\"�
�� +��8P�NLQG�RI�XK�,�JXHVV�VRUWD�VRUWD�

GHSUHVVHG�JHQHUDOO\�
�� $��7HOO�PH�PRUH�DERXW�WKDW�
�� +��8K�MXVW�XK�IHHOLQJ�WLUHG�DQG�VOXJJLVK�

DQG�XP�OHVV�OHVV�PRWLYDWHG�DQG�OHVV�
LQWHUHVWHG�LQ�WKLQJV�

�� $��,¶P�VRUU\�WR�KHDU�WKDW

���7DYDEL�HW�DO���������VHH�DOVR�1RRUDHL�HW�DO�������

Ɣ 0XOWLPRGDO�HPSDWK\�DQDO\VLV�IRU�LQIRUPHG�

WXUQ�WDNLQJ�VWUDWHJLHV�

Ɣ $XWRPDWLF�UHFRJQLWLRQ�RI�RSSRUWXQLWLHV�IRU�

SURYLGLQJ�HPSDWKHWLF�UHVSRQVHV�

Ɣ )XWXUH�GLUHFWLRQV��OHDUQLQJ�WR�FKRRVH�DQ�

DGDSWLYH�WKUHVKROG�IRU�SURYLGLQJ�

SHUVRQDOL]HG�HPSDWKHWLF�UHVSRQVHV�

https://dl.acm.org/doi/pdf/10.1145/3340555.3353750
http://candysidner.com/NooraeiRichSidner2014_ACHIfinal.pdf


8VH�RI�0XOWLPRGDO�)HDWXUHV

Ɣ 'LDORJXH�IHDWXUHV�FRUUHODWH�ZLWK�WKH�XVHUèV�SHUFHSWLRQ�RI�D�URERW��DV�ZHOO�DV�FRUUHODWLRQV�
EHWZHHQ�HPRWLRQDO�IHDWXUHV�DQG�URERW�OLNHDELOLW\�

Ɣ 7KHVH�FKDUDFWHULVWLFV�PD\�LQ�IXWXUH�EH�XVHG�DV�DQ�RQOLQH�UHZDUG�VLJQDO�IRU�LQ�VLWX�5HLQIRUFHPHQW�
/HDUQLQJ�EDVHG�DGDSWLYH�KXPDQ�URERW�GLDORJXH�V\VWHPV�

���1RYLNRYD�HW�DO�������

https://www.aclweb.org/anthology/W17-2811.pdf


%RWWOHQHFN��0XOWLPRGDO�*HQHUDWLRQ

���

Ɣ *HQHUDWLQJ�PXOWLPRGDO�FRPPXQLFDWLYH�DFWLRQV�HYHQ�ZKHQ�ZRUNLQJ�ZLWK�KXPDQRLG�URERWV�LV�

FKDOOHQJLQJ��$FFXUDF\��&RPPRQVHQVH�NQRZOHGJH��%LDVHV�RI�KXPDQ�FROODERUDWRUV

Ɣ +RZ�WKH�FRQWHQW�RI�SUHVHQWDWLRQV�LQ�GLIIHUHQW�PRGHV�UHODWHG�WR�HDFK�RWKHU"

ż 6\VWHP�EXLOGLQJ�DSSURDFK��NHHSLQJ�WUDFN�RI�WKH�FRKHUHQFH�DQG�V\QFKURQ\�LV�D�FKDOOHQJH�

ż 'DWD�GULYHQ�DSSURDFKHV�IDLO�WR�WDNH�LQWR�DFFRXQW�WKH�LQIRUPDWLRQ�JRDO�

$OLNKDQL�HW�DO������ %ROOLQL�HW�DO������ =KDR�HW�DO������



$GDSWLQJ�*URXQGLQJ�WR�0RGDOLW\�DQG�&XOWXUH



7KLV�VHVVLRQ

Ɣ &KRLFH�RI�PRGDOLW\�DQG�JURXQGLQJ

Ɣ 1RQ�YHUEDO�JURXQGLQJ�LQ�ODQJXHV�EH\RQG�(QJOLVK

ż *HUPDQ

ż -DSDQHVH

ż )UHQFK

ż 6LJQ�ODQJXDJHV

���



$GDSWLQJ�WR�8VHUèV�&KRLFH�RI�&RPPXQLFDWLRQ

'LDORJXH�SROLF\�VHOHFWV�LQGLYLGXDO�DFWLRQV�DQG�SODQQHG�

PXOWLSDUW\�VHTXHQFHV�EDVHG�RQ�SHUFHSWXDO�LQSXWV�DERXW�

WKH�EDE\èV�LQWHUQDO�FKDQJLQJ�VWDWHV�RI�HPRWLRQDO�

HQJDJHPHQW�

7RROV��(\H�WUDFNHU��:HEFDP��7KHUPDO�&DPHUD�����

���1DVLKDWL�HW�DO�������

7KH�URERW�DQG�WKH�DYDWDU�WHDFKLQJ�LQIDQWV�
VLJQ�ODQJXDJH�

https://arxiv.org/pdf/1809.01581.pdf


$GDSWLQJ�WR�8VHUèV�(QJDJHPHQW

Ɣ *URXQGLQJ�VWUDWHJ\�WR�XVHU�HQJDJHPHQW
Ɣ )RU�HQJDJLQJ�PXOWLPRGDO�LQWHUDFWLRQV�ZLWK�VWXGHQWV��&U\VWDO�,VODQG�FRPELQHV

ż FRPPHUFLDO�JDPH�WHFKQRORJLHV
ż LQWHOOLJHQW�WXWRULQJ�V\VWHPV
ż ULFK�QDUUDWLYH�VWUXFWXUHV

5RZH�HW�DO���������)RU�PRUH�H[DPSOHV�FKHFN�RXW�SDSHUV�E\�.ULVW\�%R\HU��-DPHV�/HVWHU��'LDQH�/LWPDQ��(ULQ�:DONHU� ���

$�VQDSVKRW�RI�WKH�&U\VWDO�,VODQG�LQWHUIDFH��

http://cs.engr.uky.edu/~sgware/reading/papers/rowe2011integrating.pdf


$GDSWLQJ�WR�XVHUèV�SUHIHUHQFH�RI�FRPPXQLFDWLRQ�PRGH

Ɣ 0RELOH�LQWHUIDFHV�FDQ�DOORZ�WKH�XVHU�DQG�V\VWHP�WR�DGDSW�WKHLU�FKRLFH�RI�FRPPXQLFDWLRQ�PRGHV�

Ɣ 0$7&+�FRPELQHV�ĆQLWH�VWDWH�PXOWLPRGDO�ODQJXDJH�SURFHVVLQJ��D�VSHHFK�DFW�EDVHG�PXOWLPRGDO�

GLDORJXH�PDQDJHU��G\QDPLF�PXOWLPRGDO�RXWSXW�JHQHUDWLRQ��DQG�XVHU�WDLORUHG�WH[W�SODQQLQJ�DQG�

SURYLGHV�D�PRELOH�PXOWLPRGDO�VSHHFK�SHQ�LQWHUIDFH�WR�UHVWDXUDQW�DQG�VXEZD\�LQIRUPDWLRQ�IRU�

1HZ�<RUN�&LW\�

���-RKQVWRQ�HW�DO�������

�0$7&+�UXQQLQJ�RQ�)XMLWVX�3'$ 8QLPRGDO�SHQ�FRPPDQG�

https://dl.acm.org/doi/pdf/10.3115/1073083.1073146


�,QIRUPDWLRQ�$FURVV�0RGDOLWLHV

���

:KDW�LQIRUPDWLRQ�LV�LQ�WH[W�YV�LPDJHV"
$OLNKDQL�HW�DO��VKRZ�WKH�SRWHQWLDO�RI�FURZGVRXUFLQJ�DQG�PDFKLQH�OHDUQLQJ�PRGHOV�IRU�OHDUQLQJ�LQIHUHQFHV�
LQ�WH[W�DQG�LPDJHU\�

$OLNKDQL�HW�DO�������

https://www.aclweb.org/anthology/N19-1056.pdf


�&URZG�VRXUFLQJ�1/*�'DWD��3LFWXUHV�(OLFLW�%HWWHU�'DWD

$�IDPLO\�IULHQGO\��6XVKL�-DSDQHVH�
UHVWDXUDQW��FKHDS��QHLWKHU�QHDU�WKH�
FHQWUH�RI�WRZQ�QRU�QHDU�WKH�ULYHU��

Ɣ 7KLV�ZRUN�SUHVHQWV�D�IUDPHZRUN�IRU�FURZGVRXUFLQJ�1/*�GDWD�
Ɣ 8WWHUDQFHV�HOLFLWHG�E\�SLFWRULDO�PHDQLQJ�UHSUHVHQWDWLRQV�DUH�MXGJHG�DV�VLJQLĆFDQWO\�PRUH�

QDWXUDO��PRUH�LQIRUPDWLYH��DQG�EHWWHU�SKUDVHG��ZLWK�D�VLJQLĆFDQW�LQFUHDVH�LQ�DYHUDJH�TXDOLW\�
UDWLQJV�

���-HNDWULQD�HW�DO�������

$�UHVWDXUDQW�E\�WKH�ULYHU��VHUYLQJ�
SDVWD�,WDOLDQ�IRRG��KLJKO\�UDWHG�DQG�
H[SHQVLYH��QRW�FKLOG�IULHQGO\��ORFDWHG�
QHDU�&DIH�$GULDWLF��

([DPSOHV�RI�SLFWRULDO�PHDQLQJ�UHSUHVHQWDWLRQV�

https://www.aclweb.org/anthology/W16-6644.pdf


1RQ�YHUEDO�JURXQGLQJ�LQ�ODQJXDJHV�EH\RQG�(QJOLVK�

Ɣ &XOWXUDO�GLIIHUHQFHV
ż 6KRZLQJ�XQGHUVWDQGLQJ��GLIIHUHQW�QRGGLQJ�JHVWXUHV
ż *HVWXUHV�WKDW�FDQ�EH�FRQVLGHUHG�UXGH�

Ŷ 3RLQWLQJ�ZLWK�WKH�LQGH[�ĆQJHU

Ŷ 7KXPEV�XS

Ŷ 2.�

Ŷ 7KDQN�\RX�

Ŷ êVWRSë�RU�êWDON�WR�WKH�KDQGë

���



1RQ�YHUEDO�JURXQGLQJ�LQ�ODQJXDJHV�EH\RQG�(QJOLVK�

Ɣ &RUSRUD�DQG�V\VWHPV�GHVLJQHG�IRU�VWXG\LQJ�JURXQGLQJ�LQ�RWKHU�ODQJXDJHV
ż *HUPDQ���

Ŷ $�FRUSXV�RI�QDWXUDO�PXOWLPRGDO�VSDWLDO�VFHQH�GHVFULSWLRQV

Ɣ 7KH\�VWXG\�VKDSH��VL]H��GLVWDQFH�DQG�ODQJXDJH�GHSHQGHQW�SURSHUWLHV�RI�
SRLQWLQJ�DFWLRQ�

���
+DQ�DQG��6FKODQJHQ������



1RQ�YHUEDO�JURXQGLQJ�LQ�ODQJXDJHV�EH\RQG�(QJOLVK�

Ɣ &RUSRUD�DQG�V\VWHPV�GHVLJQHG�IRU�VWXG\LQJ�JURXQGLQJ�LQ�RWKHU�ODQJXDJHV
ż -DSDQHVH���

Ŷ $�URERW�WKDW�FDQ�DFTXLUH�QHZ�ZRUGV�DQG�WKHLU�PHDQLQJV�ZKLOH�HQJDJLQJ�LQ�

PXOWL�GRPDLQ�GLDORJXHV�

ż 6SDQLVK���

Ŷ 3K\VLFDOO\�JURXQGHG�ODQJXDJH�DFTXLVLWLRQ�V\VWHP�WR�VSDQLVK�

���1DNDQR�HW�DO��������/HPDLJQDQ�HW�DO���������6WHHOV������



1RQ�YHUEDO�JURXQGLQJ�LQ�ODQJXDJHV�EH\RQG�(QJOLVK�

Ɣ &RUSRUD�DQG�V\VWHPV�GHVLJQHG�IRU�VWXG\LQJ�JURXQGLQJ�LQ�RWKHU�ODQJXDJHV
ż )UHQFK��

Ŷ $�WRRONLW�IRU�ODQJXDJH�JURXSLQJ�IRU�GLDORJXH�SURFHVVLQJ�

Ŷ $�FRUSXV�RI�ODQJXDJH�JDPHV�WKDW�ERWK�LQWHJUDWH�WKH�YDULRXV�DFWLYLWLHV�UHTXLUHG�IRU�
GLDORJXH�DQG�JURXQG�XQNQRZQ�ZRUGV�RU�SKUDVHV�LQ�D�VSHFLILF�FRQWH[W��ZKLFK�KHOSV�
FRQVWUDLQ�SRVVLEOH�PHDQLQJV�

ż 6LJQ�ODQJXDJH��

Ŷ 6WXGLHV�LQ�GLIIHUHQFHV�RI�VSDWLDO�ODQJXDJH�XVH�LQ�DPHULFDQ�VLJQ�ODQJXDJH�DQG�
(QJOLVK��(�J��(PPRUH\�DQG�&DV\ � � �

���.HU\�HW�DO���������(PPRUH\��DQG�&DVH\������



,QWHULP�VXPPDU\

Ɣ 7KH�FKRLFH�RI�PRGDOLW\�H[SORLWV�JURXQGLQJ�

Ɣ 6\VWHPV�QHHG�WR�DGDSW�WKHLU�FKRLFH�RI�FRPPXQLFDWLRQ�PRGH�WR�WKH�XVHUèV�

ż 3UHIHUHQFHV

ż /DQJXDJH

ż &XOWXUH

���



([SORLWLQJ�/DQJXDJH�*URXQGLQJ�IRU�*URXQGLQJ�LQ�
0XOWLPRGDO�&RQWH[WV



*URXQGLQJ�LQ�'LDORJXH�YV�/DQJXDJH�*URXQGLQJ

Ɣ *URXQGLQJ�LQ�WKH�GLDORJXH�FRPPXQLW\��WKH�FROOHFWLRQ�RI��PXWXDO�NQRZOHGJH��PXWXDO�EHOLHIV��DQG�

PXWXDO�DVVXPSWLRQV��WKDW�LV�HVVHQWLDO�IRU�FRPPXQLFDWLRQ�EHWZHHQ�WZR�SHRSOH�

Ɣ /DQJXDJH�JURXQGLQJ��FRQQHFWLQJ�OLQJXLVWLF�V\PEROV�WR�SHUFHSWXDO�H[SHULHQFHV�DQG�DFWLRQV��

([DPSOHV�

'RJ�UHDGLQJ�QHZVSDSHU��13� 6ZLP��9�

���

https://en.wikipedia.org/wiki/Grounding_in_communication


'RHV�WKLV�DOZD\V�ZRUN"

0DQ\�SRSXODU�PRGHOV�H[KLELW�SRRU�YLVXDO�JURXQGLQJ��

���
([DPSOHV�RI�UHODWHG�WUDLQLQJ�GDWD



*HQHUDWLQJ�*URXQGHG�'HVFULSWLRQV

���

1DWXUDO�ODQJXDJH�IRU�YLVXDO�UHDVRQLQJ

7KH�OHIW�LPDJH�FRQWDLQV�WZLFH�WKH�QXPEHU�

RI�GRJV�DW�WKH�ULJKW�LPDJH��DQG�DW�OHDVW�WZR�

GRJV�LQ�WRWDO�DUH�VWDQGLQJ�

9LVXDO�TXHVWLRQ�DQVZHULQJ

:KDW�LV�WKH�GRJ�FDUU\LQJ"

6XKU�HW�DO���������$JUDZDO�HW�DO��������&KHQ�HW�DO���������5DMSXNDU�HW�DO�������

http://alanesuhr.com/acl2017.pdf


*HQHUDWLQJ�*URXQGHG�'HVFULSWLRQV

9LVXDO�VHPDQWLF�UROH�ODEHOLQJ

���<DWVNDU�HW�DO��������3DUN�HW�DO�������

9LVXDO�FRPPRQVHQVH�JUDSK

http://markyatskar.com//publications/situations.pdf
https://arxiv.org/pdf/2004.10796.pdf


*URXQGHG�6LWXDWHG�1DWXUDO�/DQJXDJH�8QGHUVWDQGLQJ

���

³���:DON�VWUDLJKW��ULJKW�EHIRUH�
\RX�UHDFK�WKH�EHG�´

8SYGLHS[R�MRWXVYGXMSRW��
ƈ3VMIRX�]SYVWIPJ�WS�XLEX�XLI�
YQFVIPPEW�EVI�XS�XLI�VMKLX��+S�
WXVEMKLX����Ɖ

&KL�HW�DO���������0HKWD�HW�DO���������2K�HW�DO��������6XKU�HW�DO�������
5HODWHG�SUHYLRXV�$&/�WXWRULDO�
KWWS���PXOWLPRGDOQOS�JLWKXE�LR�POUBWXWRULDO�SGI

https://arxiv.org/pdf/1912.00915.pdf
https://ai.googleblog.com/2020/02/enhancing-research-communitys-access-to.html
https://arxiv.org/pdf/1905.12096.pdf
https://arxiv.org/pdf/1910.03655.pdf
http://multimodalnlp.github.io/mlr_tutorial.pdf


*HQHUDWLQJ�FRKHUHQFH�DZDUH�GHVFULSWLRQV�IRU�LPDJHV�
� � �

���

7KLV�ZRUN�GHVFULEHV

Ɣ $�FRKHUHQW�DSSURDFK�IRU�FKDUDFWHUL]LQJ�LQIRUPDWLRQ�OHYHO�LQIHUHQFHV�EHWZHHQ�LPDJHV�
DQG�WH[W�

Ɣ $�FRQWUROODEOH�JHQHUDWLRQ�PRGHO�WKDW�FDQ�SURYLGH�GHVFULSWLRQV�IRU�LPDJHV�ZLWK�UHVSHFW�WR�

WKH�LQIRUPDWLRQ�JRDO�

$OLNKDQL�HW�DO�������

https://21657eba-2675-42cc-84ee-19db7f463e40.filesusr.com/ugd/28d0b7_413740a53b5549e89ea0e8d7dde2f2c4.pdf


0XOWLPRGDO�6HDUFK�%DVHG�'LDORJXH

0XOWLPRGDO�VHDUFK�EDVHG�GLDORJXH�H[WHQGV�YLVXDOO\�

JURXQGHG�TXHVWLRQ�DQVZHULQJ�V\VWHPV�LQWR�PXOWL�WXUQ�

FRQYHUVDWLRQV�ZLWK�DFFHVV�WR�DQ�H[WHUQDO�GDWDEDVH�

Ɣ 'DWDVHW��0XOWLPRGDO�'LDORJXH��6DVKD�HW�DO��������

Ɣ *HQHUDWLQJ�UHVSRQVHV�LQ�VXFK�V\VWHPV�UHTXLUHV�

GDWD�GULYHQ�PRGHOV�JURXQGHG�LQ�FRQYHUVDWLRQDO�WH[W�

KLVWRU\��YLVLRQ�DQG�NQRZOHGJH�EDVH�LQSXWV�

���$JUDZDO�HW�DO�������

([DPSOH�FKDWORJ�GHSLFWLQJ�PXOWLPRGDO�XVHU�DJHQW�
LQWHUDFWLRQ

https://arxiv.org/pdf/1704.00200.pdf
https://arxiv.org/pdf/1810.11954.pdf


,QWHUDFWLYHO\�,GHQWLI\LQJ�DQ�2EMHFW

���

+RZ�WR�LQWHJUDWH�YLVXDO�JURXQGLQJ�ZLWK�GLDORJXH�V\VWHP�FRPSRQHQWV�"�

Ɣ 7KLV�ZRUN�SURSRVHV�D�JURXQGHG�GLDORJXH�VWDWH�HQFRGHU�

ż �$�GHFLVLRQ�PDNLQJ�PRGXOH�GHFLGHV�ZKLFK�DFWLRQ�QHHGV�WR�EH�SHUIRUPHG�QH[W�JLYHQ�WKH�

FXUUHQW�GLDORJXH�VWDWH��L�H��ZKHWKHU�WR�DVN�D�IROORZ�XS�TXHVWLRQ�RU�VWRS�WKH�GLDORJXH�

5DYL�HW�DO�������

http://ceur-ws.org/Vol-2481/paper66.pdf


,QWHUDFWLYHO\�,GHQWLI\LQJ�DQ�2EMHFW

:KLOH�FKDOOHQJLQJ�IRU�PDFKLQHV��KXPDQV�DUH�JRRG�DW�DVNLQJ�HIIHFWLYH�TXHVWLRQV�DQG��SURYLGLQJ�FRQWH[W�

GHSHQGHQW�DQVZHUV��7KLV�ZRUNèV�IRFXV�LV�RQ�DXWRPDWLFDOO\�JHQHUDWLQJ�D�VHULHV�RI�TXHVWLRQV�DERXW�DQ�

LPDJH�ZLWK�D�VLQJOH�REMHFWLYH�ZKLOH�UHGXFLQJ�WKH�VHDUFK�VSDFH�IRU�WKH�DJHQW�

���6KXNODU�HW�DO�������

$FFXUDF\��������
+XPDQ�OHYHO�SHUIRUPDQFH�������

https://www.aclweb.org/anthology/P19-1646.pdf


,QWHUDFWLYHO\�/HDUQLQJ�9LVXDOO\�*URXQGHG�:RUG�0HDQLQJ�

Ɣ 'DWDVHW��%85&+$.

Ɣ 7KH�EHVW�SHUIRUPLQJ�PRGHO�LQWHJUDWHV�DQ�LQFUHPHQWDO��VHPDQWLF�SDUVLQJ�JHQHUDWLRQ�IUDPHZRUN��

'\QDPLF�6\QWD[�DQG�7\SH�7KHRU\�ZLWK�5HFRUGV���ZLWK�D�VHW�RI�YLVXDO�FODVVLĆHUV�WKDW�DUH�OHDUQHG�

WKURXJKRXW�WKH�LQWHUDFWLRQ�DQG�ZKLFK�JURXQG�WKH�PHDQLQJ�UHSUHVHQWDWLRQV�WKDW�LW�SURGXFHV�

���<DQFKDR�HW�DO�������

https://www.aclweb.org/anthology/W17-2001.pdf
https://www.aclweb.org/anthology/W16-3206.pdf


,QWHULP�VXPPDU\

:H�KDYH�GLVFXVVHG�

Ɣ UHFHQW�DGYDQFHV�LQ�ODQJXDJH�JURXQGLQJ�WKDW�FDQ�SRWHQWLDOO\�KHOS�LQ�GHVLJQLQJ�EHWWHU�PXOWLPRGDO�

GLDORJXH�V\VWHPV�

ż *URXQGHG�QDWXUDO�ODQJXDJH�XQGHUVWDQGLQJ

ż &RQWUROODEOH�DQG�LQIRUPHG�JHQHUDWLRQ

Ɣ 6XFFHVVIXO�H[DPSOHV�RI�V\VWHPV�WKDW�FDQ�OHDUQ�SHUFHSWXDOO\�JURXQGHG�ZRUG�PHDQLQJ�IURP�

KXPDQ�

���



/HDUQLQJ�0XOWLPRGDO�*URXQGLQJ��9LVXDO�'LDORJXH�
DQG�2WKHU�'DWDVHWV



)URP�94$�WR�9LVXDO�'LDORJXH

9LVXDO�'LDORJXH�UHTXLUHV�DQ�$,�DJHQW�WR�KROG�D�PHDQLQJIXO�GLDORJXH�ZLWK�KXPDQV�LQ�QDWXUDO��

FRQYHUVDWLRQDO�ODQJXDJH�DERXW�YLVXDO�FRQWHQW��:H�ZLOO�FRQFHQWUDWH�RQ�LGHQWLI\LQJ�GLIIHUHQW�JURXQGLQJ�

SKHQRPHQD�DV�LGHQWLĆHG�LQ�WKH�ĆUVW�SDUW�RI�WKLV�WXWRULDO��

�� :KDW�FDQ�FXUUHQW�HQG�WR�HQG�V\VWHPV�GR"

�� +RZ�FDQ�ZH�H[WHQG�WKHVH�ZRUNV�WR�YLVXDO�GLDORJXH"

�� :K\�YLVXDO�GLDORJXH"�+RZ�FDQ�LW�FRQWULEXWH�WR�VWXG\LQJ�JURXQGLQJ�LQ�FRQYHUVDWLRQ"�

���



+LVWRU\�IRU�9LVXDO�'LDORJ��'R�ZH�UHDOO\�QHHG�LW"

&RPSHWLWLYH�UHVXOWV�RQ�YLVXDO�GLDORJXH�FDQ�EH�DFKLHYHG�E\�UHSOLFDWLQJ�WKH�WRS�SHUIRUPLQJ�PRGHO�IRU�

94$�DQG�HIIHFWLYHO\�WUHDWLQJ�YLVXDO�GLDORJ�DV�PXOWLSOH�URXQGV�RI�TXHVWLRQ�DQVZHULQJ��ZLWKRXW�WDNLQJ�

KLVWRU\�LQWR�DFFRXQW�

���$JUDZDO�HW�DO�������

https://arxiv.org/pdf/2005.07493.pdf


,QFRUSRUDWLQJ�'LDORJXH�+LVWRU\

$�FRPSDULVRQ�RI�GLIIHUHQW�DUFKLWHFWXUHV�

���$JUDZDO�HW�DO�������

https://arxiv.org/pdf/2005.07493.pdf


0RGDOLW\�%DODQFHG�0RGHOV�IRU�9LVXDO�'LDORJXH

Ɣ �.LP�HW�DO���SURSRVH�WR�PDLQWDLQ�WZR�PRGHOV�DQG�

FRPELQH�WKHLU�FRPSOHPHQWDU\�DELOLWLHV�IRU�D�PRUH�

EDODQFHG�PXOWLPRGDO�PRGHO��

ż $�ODUJH�QXPEHU�RI�FRQYHUVDWLRQDO�TXHVWLRQV�FDQ�

EH�DQVZHUHG�E\�RQO\�ORRNLQJ�DW�WKH�LPDJH�ZLWKRXW�

DQ\�DFFHVV�WR�WKH�FRQWH[W�KLVWRU\�

ż 3UHYLRXV�MRLQW�PRGDOLW\�PRGHOV�DUH�PRUH�SURQH�WR�

PHPRUL]LQJ�WKH�GLDORJXH�KLVWRU\�

ż ,PDJH�RQO\�PRGHOV�DUH�PRUH�JHQHUDOL]DEOH�DQG�

SHUIRUP�VXEVWDQWLDOO\�EHWWHU�

���.LP�HW�DO�������

https://arxiv.org/pdf/2001.06354.pdf


0RGDOLW\�%DODQFHG�0RGHOV�IRU�9LVXDO�'LDORJXH

Ɣ 6LQFH�HDFK�RI��WKH�SURSRVHG�PRGHOV�KDV�GLIIHUHQW�

DELOLWLHV���WKHLU�FRPSOHPHQWDU\�DELOLWLHV�DUH�H[SORLWHG�

WRJHWKHU��

Ɣ +XPDQ�(YDOXDWLRQ��,V�LPDJH�DORQH�HQRXJK"

ż ����LPDJHV�a������TXHVWLRQV

ż DURXQG�����RI�WKH�TXHVWLRQV�FDQ�EH�DQVZHUHG�

RQO\�IURP�LPDJHV�

ż XVLQJ�RQO\�KLVWRU\�LV�QRW�HQRXJK�RQO\����RI�WKH�

TXHVWLRQV�FDQ�EH�DQVZHUHG��

���.LP�HW�DO�������

&RQVHQVXV�'URSRXW�)XVLRQ�

https://arxiv.org/pdf/2001.06354.pdf


2SWLPL]DWLRQ�%HWZHHQ�'LDORJ�3ROLF\�DQG�/DQJXDJH�*HQHUDWLRQ

Ɣ 7R�LPSURYH�GLDORJXH�JHQHUDWLRQ��WKLV�ZRUN�SURSRVHV�WR�DOWHUQDWLYHO\�WUDLQ�DQ�5/�SROLF\�IRU�LPDJH�

JXHVVLQJ�DQG�D�VXSHUYLVHG�VHT�VHT�PRGHO�WR�LPSURYH�GLDORJ�JHQHUDWLRQ�TXDOLW\��

Ɣ 7KH�HYDOXDWLRQ�LV�RQ�WKH�*XHVV:KLFK�WDVN�

���=KRX�HW�DO������

https://arxiv.org/pdf/1909.05365.pdf


1HXUDO�0XOWLPRGDO�%HOLHI�7UDFNHU

�'DWDVHW��0XOWLPRGDO�'LDORJXH���0XOWLPRGDO�HYLGHQFH�FDQ�IDFLOLWDWH�VHPDQWLF�XQGHUVWDQGLQJ�DQG�

GLDORJXH�VWDWH�WUDFNLQJ��7KLV�ZRUN�GHVFULEHV�D��EHOLHI�WUDFNHU�HVWLPDWHV�WKH�XVHUèV�JRDO�DW�HDFK�VWHS�RI�

WKH�GLDORJXH�DQG�SURYLGHV�D�GLUHFW�ZD\�WR�YDOLGDWH�WKH�DELOLW\�RI�GLDORJXH�XQGHUVWDQGLQJ��

���=KDQJ�HW�DO������

https://dl.acm.org/doi/pdf/10.1145/3308558.3313598


/LPLWDWLRQV�RI�'DWDVHWV

���

Ɣ 9LV'LDO�GDWDVHW�RQO\�FRQWDLQV�YHU\�OLPLWHG�H[DPSOHV�ZKLFK�

UHTXLUH�GLDORJ�KLVWRU\�

Ɣ 2WKHU�JRDO�RULHQWHG�YLVXDO�GLDORJ�WDVNV��VXFK�DV�*XHVV:KLFK"��

DQG�*XHVV:KDW"��LQFOXGH�PRUH�FRQYHUVDWLRQV�WKDW�UHSOLFDWH�

QDWXUDO�GLDORJ�SKHQRPHQD�

Ɣ +RZHYHU��WKHUH�LV�YHU\�OLPLWHG�HYLGHQFH�WKDW�GLDORJ�KLVWRU\�

LQGHHG�PDWWHUV�IRU�WKHVH�WDVNV�

Ɣ 0RVW�RI�WKH�FXUUHQW�YLVXDO�GLDORJXH�VHWWLQJV�ODFN�URRP�IRU�WKH�

RFFXUHQFH�RI�FRRUGLQDWLRQ�SKHQRPHQD�SUHYDOHQW�LQ�QDWXUDO�

GLDORJXH�

$JUDZDO�HW�DO���������6KODQJHQ��������<DQJ�HW�DO�������

+XPDQ��$UH�WKHVH�ELUGV"
%RW��,�GRQèW�VHH�DQ\
+XPDQ��$UH�WKHUH�SLJHRQV"
%RW��<HV
+XPDQ��%XW�SLJHRQV�DUH�ELUGV�
%RW��<HV
+XPDQ���$UH�WKHUH�ELUGV"
%RW��1R

https://www.semanticscholar.org/paper/Evaluating-Visual-Conversational-Agents-via-Games-Chattopadhyay-Yadav/60f432331abc0976cf236c738844f9427277b0de
https://arxiv.org/abs/1611.08481
https://arxiv.org/pdf/2005.07493.pdf
https://arxiv.org/abs/1908.11279


0HHW8S��$�&RUSXV�RI�-RLQW�$FWLYLW\�'LDORJXHV

Ɣ 0HHW8S�UHTXLUHV�ERWK�YLVXDO�DQG�FRQYHUVDWLRQDO�JURXQGLQJ��DQG�WKDW�PDNHV�VWURQJHU�GHPDQGV�RQ�

UHSUHVHQWDWLRQV�RI�WKH�GLVFRXUVH��

Ɣ ,W�LV�D�WZR�SOD\HU�FRRUGLQDWLRQ�JDPH�ZKHUH�SOD\HUV�PRYH�LQ�D�YLVXDO�HQYLURQPHQW��ZLWK�WKH�REMHFWLYH�RI�

ĆQGLQJ�HDFK�RWKHU��7KH\�PXVW�WDON�DERXW�ZKDW�WKH\�VHH��DQG�DFKLHYH�PXWXDO�XQGHUVWDQGLQJ

���

�+LVWRJUDP�RI�QXPEHU�RI�WXUQV�SHU�GLDORJXH,QWHUIDFH

,OLQ\NK�HW�DO������

https://arxiv.org/pdf/1907.05084.pdf


7KH�3KRWR�%RRN�'DWDVHW

Ɣ 3KRWR�ERRN�LV�D�ODUJH�VFDOH�FROOHFWLRQ�RI�YLVXDOO\�JURXQGHG��WDVN�RULHQWHG�GLDORJXHV�LQ�(QJOLVK�

Ɣ ,W�LV�GHVLJQHG�WR�LQYHVWLJDWH�VKDUHG�GLDORJXH�KLVWRU\�DFFXPXODWLQJ�GXULQJ�FRQYHUVDWLRQ�

ż 3DUWLFLSDQWV�UHSHDWHGO\�UHIHU�WR�D�FRQWUROOHG�VHW�RI�WDUJHW�LPDJHV�

ż 7KLV�DOORZV�WKHP�WR�LPSURYH�WDVN�HIĆFLHQF\�LI�WKH\�XWLOLVH�WKHLU�GHYHORSLQJ�FRPPRQ�JURXQG�

DQG�HVWDEOLVK�FRQFHSWXDO�SDFWV�RQ�UHIHUULQJ�H[SUHVVLRQV�

���+DEHU�HW�DO�������
�$YHUDJH�FRPSOHWLRQ�WLPHV��VROLG�EOXH��DQG�VFRUHV�
�GDVKHG�UHG��SHU�JDPH�URXQG�

5DWLR�RI�QHZ�FRQWHQW�WRNHQV�RYHU�WRWDO�FRQWHQW�WRNHQ�
FRXQW�SHU�URXQG�

https://arxiv.org/pdf/1906.01530.pdf


7KH�3KRWR�%RRN�'DWDVHW

Ɣ 8WWHUDQFHV�WKURXJKRXW�D�JDPH��ZLWK�ĆQDO�UHIHUULQJ�H[SUHVVLRQV�DUH�VWDUNO\�GLIIHUHQW�IURP�ERWK�

VWDQGDUG�LPDJH�FDSWLRQV�DQG�LQLWLDO�GHVFULSWLRQV�

Ɣ 0RUH�VRSKLVWLFDWHG�PRGHOV�DUH�QHHGHG�WR�IXOO\�H[SORLW�VKDUHG�OLQJXLVWLF�KLVWRU\�

���+DEHU�HW�DO�������

https://arxiv.org/pdf/1906.01530.pdf


6XPPDU\��$GDSWLQJ�JURXQGLQJ�WR�PRGDOLW\�DQG�FXOWXUH

Ɣ &KRLFH�RI�WKH�PRGH�RI�FRPPXQLFDWLRQV�H[SORLWV�JURXQGLQJ�

ż *HVWXUHV

ż 0RELOH�LQWHUIDFHV

ż ,PDJHV�DQG�WH[W

Ɣ 6\VWHPV�QHHG�WR�DGDSW�WR�XVHUèV�JRDOV��DELOLWLHV�DQG�SUHIHUHQFHV�

ż 7XWRULQJ�V\VWHPV

ż 6\VWHPV�WKDW�FDQ�ZRUN�ZLWK�LQIDQWV

Ɣ :H�QHHG�WR�FRQVLGHU�FURVV�FXOWXUDO�GLIIHUHQFHV�DQG�ODQJXDJH�GHSHQGHQW�SURSHUWLHV�

���



6XPPDU\��/DQJXDJH�*URXQGLQJ�DQG�9LVXDO�'LDORJXH

Ɣ 6WDWH�RI�WKH�DUW�PRGHOV�WKDW�FDQ�SRWHQWLDOO\�LPSURYH�GLDORJXH�V\VWHPV�

ż *URXQGHG�VLWXDWHG�QDWXUDO�ODQJXDJH�XQGHUVWDQGLQJ�

ż *HQHUDWLQJ�LQIRUPHG�DQG�FRQWH[WXDOO\�JURXQGHG�GHVFULSWLRQV��

Ɣ &XUUHQW�GDWDVHWV�DQG�PRGHOV�DUH�OLPLWHG

ż 7KH\�GRQèW�PDNH�XVH�RI�FRQWH[W�

ż 7KH\�DUH�QRW�OLQJXLVWLFDOO\�ULFK�

ż 7KH\�ODFN�H[DPSOHV�IRU�PRGHOLQJ�FRRUGLQDWLRQ�LQ�GLDORJXH�

���



)XWXUH�'LUHFWLRQV

Ɣ 6WXG\LQJ�ZD\V�WKDW�ZH�FDQ�LQFRUSRUDWH�XQFHUWDLQW\�LQ�V\VWHPV�GHFLVLRQ�PDNLQJ�

Ɣ 6FDOLQJ�XS�H[LVWLQJ�DSSURDFKHV�ZLWK�PDFKLQH�OHDUQLQJ�PRGHOV�

Ɣ ,PSURYLQJ�WXUQ�WDNLQJ�VWUDWHJLHV�LQ�PXOWLPRGDO�GLDORJXH�

Ɣ $GYDQFLQJ�PXOWLPRGDO�JHQHUDWLRQ�WHFKQLTXHV�

Ɣ /HDUQLQJ�HIĆFLHQW�GLVFRXUVH�DSSURDFKHV�IRU�GLVDPELJXDWLRQ�DQG�FODULĆFDWLRQ�LQ�PXOWLPRGDO�

GLDORJXH�

Ɣ 'HVLJQLQJ�OHDUQLQJ�PRGHOV�IRU�PHGLDWLQJ�FRPPRQ�JURXQG�LQ�FRQYHUVDWLRQ�

���


