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Information Overload

Information overload is a scenario where the consumers are unable
to make decision on a product due to too much of available
information.
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Recommender Systems

Recommender systems help people cope with information overload
problem in this digital era.
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Applications of Recommender Systems

Movies, series and music in Over The Top (OTT) platforms

e-learning courses

Electronic products, furniture and apparel

Books

Tours and hotels

Crops for cultivation

A few applications which use recommender systems:
Netflix, Amazon, Youtube, Spotify, Bookcrossing, Yahoo! Music
and Movies, Disney, TripAdvisor, Expedia
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Types of Recommender Systems - Overview

Rating/ Review/ Profile Datasets
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Neighborhood based approaches - User based and Item
based Collaborative Filtering

https://medium.com/@cfpinela/

recommender-systems-user-based-and-item-based-collaborative-filtering-5d5f375a127f
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User-based Collaborative Filtering

1 Find similar users of the active
user (u4) who rated target item
(i4): u1, u2, u3, u5

2 Rating prediction:

r̂ui = r̄u+

∑
v∈N(u) sim(u, v) ∗ (rvi − r̄v )∑

v∈N(u) |sim(u, v)|

3 Item i4 is recommeneded to the
user u4, if the predicted rating
value is greater than a
threshold.
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Item-based Collaborative Filtering

1 Find similar items of the target
item which are also rated by
active user.

2 Rating prediction:

r̂ui = r̄i+

∑
j∈N(i) sim(i , j) ∗ (ruj − r̄u)∑

j∈N(i) |sim(i , j)|

3 Item i4 is recommeneded to the
user u4, if the predicted rating
value is greater than a
threshold.
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Traditional Similarity Measures in Neighborhood based CF

Pearson
Correlation (PC)

simPC (u, v) =
∑

j∈I (u,v)(ruj−r̄u)∗(rvj−r̄v )√∑
j∈I (u,v)(ruj−r̄u)2∗

√∑
j∈I (u,v)(rvj−r̄v )2

I (u, v) is the set of co-rated items by users u and v
r̄u is the average rating of user u, respectively

Jaccard (Jac)

simjac(u, v) = |I (u)∩I (v)|
I (u)∪I (v)|

I (u) is the set of items rated by user u
I (v) is the set of items rated by user v

Cosine
Similarity (CS)

simCS(i , j) =
∑

u∈U(i,j) rui∗ruj√∑
j∈U(i,j) r

2
ui∗
√∑

j∈U(i,j) r
2
uj

U(i , j) is the set of users who rated items i and j

Adjusted Cosine
Similarity (ACS)

simACS(i , j) =
∑

u∈U(i,j)(rui−r̄u)∗(ruj−r̄u)√∑
j∈U(i,j)(rui−r̄u)2∗

√∑
j∈U(i,j)(ruj−r̄u)2
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Model based approach - Slope one predictors [1]

1 Basic slope one: Deviation between items i and j

devij =
∑
u∈U

rui − ruj
|Uij |

r̂ui = r̄u +

∑
j∈Iu devij

|Iu|
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Model based approach - Slope one predictors [1]

1 Weighted slope one predictor:

r̂ui =

∑
j∈Iu (ruj + devij)× |Uij |∑

|Uij |

2 Bipolar approach:

I likeu = {i ∈ Iu|rui ≥ r̄u} I dislikeu = {i ∈ Iu|rui < r̄u}

U like
ij = {u ∈ U|i , j ∈ I likeu } Udislike

ij = {u ∈ U|i , j ∈ I dislikeu }

r̂ui =

∑
i∈I likeu

r̂ likeui × |U like
ij |+

∑
i∈I dislikeu

r̂dislikeui × |Udislike
ij |∑

i∈I likeu
|U like

ij |+
∑

i∈I dislikeu
|Udislike

ij |
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Model based approach - Matrix Factorization

r̂ui = puqi
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Model based approach (contd.)

Matrix factorization techniques for recommender
systems - Koren, Bell & Volinsky [2]

min
q,p

∑
rui 6=φ

(rui − puqi )
2 + λ1(||qi ||2 + ||pu||2)

r̂ui = µ+ bi + bu + puqi

bi =

∑
u∈U(i)(rui − µ)

λ2 + |U(i)|

bu =

∑
i∈I (u)(rui − µ− bi )

λ3 + |I (u)|
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Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.

Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.

Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.

Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..

Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.

Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.

Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Important Areas in Recommender Systems

Long tail item recommendations - items which received very
few ratings.
Cold-start user/ item recommendations - users or items
recently added into the system.
Diversity - recommending diversified item list to the users to
maximize liquidation.
Group recommendations - Providing recommendations to a
group of users - example tour, movie, etc..
Streaming recommender systems - computing user preferences
on the fly.
Session-based recommender systems - capturing short-term
transactional patterns of the users.
Community based recommender systems - utilizing trust and
social media information to recommend friends, new
connections, etc..

15/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Cold-start Item Recommender Systems

User cold-start recommendations: Users who recently joined
the system.

Item cold-start recommendations: New items which do not
have any ratings in the system.

Trust networks are exploited to understand cold-start users’
preferences over the items [3].

Deep learning based approaches are proposed to learn the user
and item features using user profile information and
meta-data about the items [4], [5].

16/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Cold-start Item Recommender Systems

User cold-start recommendations: Users who recently joined
the system.

Item cold-start recommendations: New items which do not
have any ratings in the system.

Trust networks are exploited to understand cold-start users’
preferences over the items [3].

Deep learning based approaches are proposed to learn the user
and item features using user profile information and
meta-data about the items [4], [5].

16/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Cold-start Item Recommender Systems

User cold-start recommendations: Users who recently joined
the system.

Item cold-start recommendations: New items which do not
have any ratings in the system.

Trust networks are exploited to understand cold-start users’
preferences over the items [3].

Deep learning based approaches are proposed to learn the user
and item features using user profile information and
meta-data about the items [4], [5].

16/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Cold-start Item Recommender Systems

User cold-start recommendations: Users who recently joined
the system.

Item cold-start recommendations: New items which do not
have any ratings in the system.

Trust networks are exploited to understand cold-start users’
preferences over the items [3].

Deep learning based approaches are proposed to learn the user
and item features using user profile information and
meta-data about the items [4], [5].

16/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Session-based Recommender Systems

Long-term user models are often not available for a larger
fraction of the users.

Users could be first-time on the platform, i.e., cold start users.

Session based recommender systems rely solely on user’s
actions in an ongoing session.

Deep learning based approaches are proposed to predict the
next item to be recommended in a session [6], [7].
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Mobility - Social networks - Recommender system

Mobility is a basic need for a human being

It has a very high degree of freedom and variation

Analysis of the data extracted from movement of individuals
over a period of time

Various spatio-temporal components involved in human
mobility analysis are: locations visited, distance travelled,
number of locations, frequency of visits, time of visit, etc.

Requires a large volume of spatio-temporal mobility data

One important source is the Online social networks
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Online Social Networks

Internet usage has grown rapidly since last three decades

Users of internet share enormous volume of information
through blogs, forums, digital images/videos and various
social media

Social networks have the largest user generated content

Sharing real-time experiences on social network is the current
trend

Smart devices have enabled sharing information ubiquitously

Analysis of this data has many folds advantages
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Social Networks + Locations

1 Adds a new dimension to the social networks
Geo-tagged user generated media: texts, photos, and videos

2 Bridges the gap between the virtual world and physical world
Sharing real-world experience.
Consume online information in physical world.

Point location and Trajectory.
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Virtual world and physical world correlation.
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Location-based Social Networks (LBSN)

Share location-embedded content

Connect with friends and nearby users

Share multimedia content such as images and videos

Perform review and rating at the checked-in POIs

Check-in: A facility to share time and location publicly
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Popular LBSNs

Foursquare (Swarm: dedicated mobile app for check-in)
Gowalla (acquired by Facebook in 2011)
Google Map (mobile application, formerly Google Latitude)
Microsoft Geolife
Yelp

Examples of various Location-based Social Networks.
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LBSN Information layout

Information layout of a Location-based Social Network.
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Research in LBSNs

POI or Location recommendation

Friend recommendation

Event recommendation

Content recommendation
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Item vs POI recommendation

Personalization is the primary factor in any recommendation

Following are explored in both item and POI recommendations
i. Collaborative filtering

ii. Liking of similar users

iii. Implicit rating at features

iv. Popularity, etc.
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New in POI Recommendation

Geographical influence

Proximal locations

Selecting the expert users is challenging

Friend-based collaborative filtering
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General approaches

Memory-based approaches:
i. POI-based collaborative filtering

ii. User-based collaborative filtering

Model-based approaches:
i. Matrix factorization

Hybrid approaches:
i. Reviews

ii. Social influences

iii. Geographical influences
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M. Ye et. al.[8]: Location Recommendation for Location-based Social Networks:

Friend-based Collaborative Filtering (FCF)

Compute social friends by applying Jaccard similarity between a
pair of users.

Apply User based CF for finding rating on non-visited location.

r̂ij =

∑
uk∈Ui

rkj × wik∑
uk

U ′
i =Set of friends of user i ; wik =similarity between friend uk and

ui

29/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

M. Ye et. al.[8]: Location Recommendation for Location-based Social Networks:

Friend-based Collaborative Filtering (FCF)

Compute social friends by applying Jaccard similarity between a
pair of users.

Apply User based CF for finding rating on non-visited location.

r̂ij =

∑
uk∈Ui

rkj × wik∑
uk

U ′
i =Set of friends of user i ; wik =similarity between friend uk and

ui

29/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Geo-measured friend-based collaborative filtering [8]

1212 Nearby friends tend to share common visited locations

Similarity between friends can be weighted by distance

It uses linear regression method upon power-law distribution
of distances between friends to learn a friend similarity model

y = αxβ; log10y = w0 + w1log10x

wi ,k =
y (x = d (ui , uk) , α, β)∑

uk∈Ui
y (x = d (ui , uk) , α, β)

wi ,k = similarity between users ui and uk
y = variable of common location ratio
x = variable of distance between friends
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Friend-based collaborative filtering [9]

Various platforms provide option to make friendship among its
fellow users

Preferences of such virtual friends can be exploited for POI
recommendation

In user-based CF, rating similarity of friends are considered

Friend-based CF exploits how the active user is influenced by
the mobility of its virtual friends
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Social influence [9]

SIui ,uz = σ ∗
∣∣∣∣Fi ∩ Fz
Fi ∪ Fz

∣∣∣∣+ (1− σ) ∗
∣∣∣∣Li ∩ Lz
Li ∪ Lz

∣∣∣∣
SIui ,uz = social influence of ui over uz

Fi ,Fz = friends of ui and uz

Li , Lz = checked-in locations for ui and uz

σ = turning factor in the range [0,1]
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Friend-based collaborative filtering [9]

FBCFui ,lj =

∑
z∈U

(
SIui ,uz ∗ Tuz ,lj

)∑
z∈U SIui ,uz

SIui ,uz = cosine similarity between users ui and uz

Tuz ,lj = 1 if uz has checked-in at lj , else 0
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Location-based collaborative filtering [10]

Assumes that users visit similar locations

Location profiles of users are exploited

score(u, `) =

∑
`′∈L cos (p`,p`′) · wu,`′∑

`′∈L cos (p`,p`′)

p` =
(
wu1,`,wu2,`, · · · ,wu|U|,`

)
wui ,` = freq(i , `)/

∑
j

freq(j , `)

34/60 Dr. Bidyut Kumar Patra



Introduction

Information Overload Definition
Recommender Systems
Types of Recommender Systems
POI Recommendation

Cold-start problem

Personalization depends upon historical data

A new user does not poses historical data

Such scenarios are called Cold starts

Types of cold-starts
i. User cold-start

ii. POI cold-start
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Problems in POI recommendation

User cold-start:
i. Users having no historical data

ii. Difficult to find their preferences

iii. Personalized recommendation is difficult

POI cold-start:
i. POI having no historical data

ii. Difficult to find the good features

iii. Never selected for personalized recommendation
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Problems in POI recommendation

New city problem:
i. Users having no historical data

ii. Difficult to find their preferences

iii. Personalized recommendation is difficult
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Problems in POI recommendation

POI long tail:
i. Less number of categories among POIs

ii. More number of POIs for each category

iii. Unpopular POIs are never recommended

Selecting experts:
i. Influence within a geographical area

ii. Rating at implicit features and number of friends

iii. Both these two factors are not considered during item
recommendation

iv. POI Recommendation to an expert
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POI recommendation scenarios

Different scenarios for POI Recommendations.
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Exploring reviews [12]

Language detection component filters out non-English tips

Reviews are split into sentences and the part-of-speech

Adjectives, nouns, verbs, etc. are identified

Sentiment score for each word is obtained from SentiWordNet
[11]

Noun phase chunking technique is used to extract phrases

Overall sentiment score for each word is computed by sum of
all the sentiment scores of each word in a review

Positive and negative phrases are identified based on the
sentiment scores
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Exploring reviews [12]

Sentiment analysis from reviews [12].
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Modelling User Preferences [13, 14]

Matrix factorization is the standard approach

User (U) x POI (I ) rating matrix Q

Unobserved ratings are denoted in green
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Modelling User Preferences [13, 14]

User (U) x Feature (F ) rating matrix M

Features are extracted from reviews given by a user at all POIs

Aggregate rating is used at each entry

Unobserved ratings are denoted in green.
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Modelling User Preferences [13, 14]

Matrix factorization in performed on M

Features with high ratings are considered

Top-W features for each user are identified

User preferences over features are identified
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Modelling User Preferences [14]

Feature (F ) x POI (I ) rating matrix N

Features are extracted from reviews given by all users at a POI

Aggregate rating is used at each entry

Top-V features are identified for each POI.
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Recommendation to cold-start users

ERu
p =

1

|E |
∑
e∈E

rep

ERu
p = estimated rating ER on POI p of region g by new user u

E = all experts of a region g

rep = rating of an expert e of region g on POI p
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Recommendation to user in new city

Select top-I influential users (experts)

Rank the top-I users based on similarity

Estimated rating is computed as,

ERu
p =

1

|I |

ri1p +
d∑

j=2

rijp

log2(j)


where,
I = socially influential users
ri1p = rating given to POI p by users i1
d = number of users in I
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Recommendation to expert user

ERu
p = r̄p +

∑
x∈X sim (p, px) ∗ (rux − r̄x)∑

x∈X |sim (p, px)|

r̄p = average rating at POI p

X = set of all POIs rated by target user u

sim(p1, px) = similarity score between POIs p and px

rux = rating at POI px by user u
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Recommending top-K POIs

Distance of user from POIs is considered

Score is computed using rating and distance

Scoreu1
p1

=
ERu1

p1

dist (u1, p1)

Haversine formula is used to compute distance between user
u1 and POI p1

POIs with high scores are selected for recommendation
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Recommending top-K POIs

1. Google Local Reviews [15]

2. YFCC100m multimedia dataset [16]

3. Gowalla social network [17]

4. Foursquare social network [18]

5. Brightkite social network [17]

6. Mobile Data Challenge GPS data [19]

7. T-drive GPS data [20]

8. Geolife trajectory dataset [21]

9. Yelp social network [22]

10. Tripadvisor dataset [23]
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Recommending top-K POIs

Recommender system
1. Precision

2. Recall

3. F-measure

Ranking recommended POIs
1. Mean reciprocal rank

2. Discounted cumulative gain

3. Normalized discounted cumulative gain
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Conclusion and Future directions

Time factor can be incorporated in POI recommendations

Perform a subjective analysis on how the cold-start POIs of a
city are perceived by the cold-start users of the city

Utilize the neighboring non cold-start point-of-interests for
estimating the probability of the target user to visit the
cold-start point-of-interest

Recommending nearby events based on user interests
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