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Who Am I

• Desheng Zhang
• Assistant Professor 

• Department of Computer Science

• Rutgers University

• https://www.cs.rutgers.edu/~dz220/

• Office: CoRE 307

• Phone: 848-445-8307 

• Email: d.z@rutgers.edu (including CS671 in your subject!)

https://www.cs.rutgers.edu/~dz220/
mailto:d.z@rutgers.edu


My background 

1. Bachelor & Master in CS at Heilongjiang University

2. Visiting Student at Shenzhen Institute of Advance Technology  

3. Ph.D in Computer Science, University of Minnesota

4. Assistant Professor, Rutgers University
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More about me

So, if I am not answering 
your email during a 
weekend, I am most likely… 



About you

• Talk to you neighbors
• Introduce yourself to him/her for two minutes 

• (maybe you could find your project partner)

• Introduce yourself to the class for 30 seconds
• Undergrad Major

• Degree Seeking

• Research interests



Outline

• Logistics

• Course Structure

• Overview of Smart Cities Research

• Class Schedule



Class Website 

• On Sakai

• https://www.cs.rutgers.edu/~dz220/CS671Spring18.html



About this class
• Lectures:

• Thursdays: 3:20-6:20 pm

• Location: 
• Science and Engineering Resource Center (SEC) 206

• Office Hours
• Mon 2:00-3:00pm by appointments at CoRE 307



About this class

• Advanced Course on Smart Cities: 
• Reading

• Presentations

• Team Project

• Prerequisites: 
• Preliminary math knowledge 

• Calculus, Linear Algebra, & Probability 

• Skills for high-level programing languages are required.
• C++, Java, R, Python or SAS

• No Textbooks are required:
• links are provided



About this class

• Good for students who want to
• Do Data-Driven Research on Data Science, Smart Cities, IoT

• Have hands-on experiences about real data-driven projects

• Improve their writing/presentation skills

• Not so good for students who want to
• Practice Coding Skills

• Do Hardware-related Projects



About this class

• Master Students:
• This class CAN be used to satisfy B requirements 

• But each MSCS student should stop by the MSCS office ( Hill 
355) to make sure that his/her study plan is approved as 
per the graduation requirements. 

• PhD Students: 
• This 67x class CANNOT be used to satisfy B requirements

• Only Core Class CS 5xx can be used

• Details on the CS website. 
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Urban Sustainability

1804 

Urban Population %
U.S. Congestion Delay (Billion Hours)

U.S. Gas Consumption (Billion Gallons) 

©NY Times

Climate Change

Urban Inefficiency3% 

55% 

70% 



Urban Systems

San Fran

Rome Beijing

Shanghai

Shenzhen
D.C.

NYC

Transportation Telecom Finance Geography



Smart Cities Vision

Urban 
Systems

Data-Driven

CPS

Knowledge-Enabled 
Services

Data-Driven
Models

Knowledge



Topics for 14 wks

• Introduction (1 wk)

• Basic Topics (7 wks)
• Urban Sensing (1 wk)

• Data Manage.&Processing (1 wk)

• Data-Drive Modeling (3 wk)

• Data Visualization (1 wk)

• Data Predictive Control (1 wk)

• Project Midterm Presentation 
• 9th wk

• Special Topics (4 wks)
• Novel Services (1 wk)

• Dependency Analyses (1 wk)

• Human-in-the-loop (1 wk)

• Privacy and Security (1 wk)

• Project Final Presentation
• 14th wk



Basic Topics (7 wks) 

Special Topics (4 wks) 

Intro (1 wk)

Project Proposal Presentation (1 wk)

Project Final Presentation (1 wk)



Grades

• No Exams

1. 10% for Class Participation 

2. 20% for Reading Summaries 

3. 20% for Topic Presentation

1. 10% for Project Proposal Report 

2. 20% for Project Final Report 

3. 20% for Proposal or Final Presentation 

Individual
Based
50 %

Team
Based
50%



Individual 1: Class Participation (10%) 

• Coming to all the lectures

• Actively asking questions 

• Participating discussions



Individual 2: Reading Summary (20%) 

• Submitting 10 Reading Summaries

• Choosing 10 papers from assigned papers 
• Covering 10 out of 11 topics 

• 1 paper per topic 

• i.e., skipping one week 

• A suggested format for summaries



Individual 2: Reading Summary: (20%) 

• What is the key scientific question?
• Why it is hard or important to solve this question?

• What are existing approaches?
• Why they are not sufficient?

• What the authors’ idea?
• Why this is new? 
• Better than existing ones?
• How they evaluate it?

• What are the strengths of this paper?

• What are the weaknesses of this paper?

• How you can address these flaws?



Individual 3: Topic Presentation (20%) 

• Every student will be assigned with a topic
• A paper (a set of papers) from Assigned Reading List
• Your own project is related to this topic

• Time 40 mins: 35 mins Talk & 5 mins Q&A

• Max 3 Presentations for Every Basic and Advanced Lecture

• Will send a poll to get five preferences of all students

• Coming to office hours before topic presentations



Team-based Project (50%)

• 10 Teams
• 2-3 students per team

• Assign based on topic interests (poll)

• Form your own group if you really prefer 

• A new team project related to smart cities
• Common interests for all team members

• Suitable scope for one semester 

• Be able to find data about it

• Be able to evaluate it



Team-based Project (50%)
• Proposal Presentation (9th wk)

• 18 mins per team

• Presented by first 1or 2 team members 

• Proposal Report (9th wk)
• 4 page-long double-column by ALL members

• Final Presentation (14th wk)
• 18 mins per team

• Presented by the rest of team members 

• Final Report (15th wk)
• 8 page-long double-column by ALL teams

10%

20%

20%



Before Any Presentation

• Any Presentation
• Topic, Proposal, or Final

• Go to office hours: 
• Mon: 2-3pm: Desheng: CoRE 307

• Discussions 
• Background
• Scopes
• Technical contents 



Bonus! 

• Data-Driven Visualization 

• Data-Driven Evaluation 

• Demo: Animation or Video

• Present a set of Papers in Topic Presentation

• Present Your Own Work in Topic Presentation



Project Contest

• Vote by all students based on 
• Proposal Presentation

• Final Presentation

• Three Teams will win prizes

• Announce after the final presentation  



Suggestions about the class

• Suggestions are welcome 

• Reading List

• Topics Interested

• Team Formation 



Summary

• Come to all topic presentations (10%) 

• Submit 20 summaries (20%) 

• A Topic Presentation  (20%)

• A team-based project proposal report (10%)

• A team-based project final report (20%)

• A team-based project presentation (20%)

Individual
Based
50 %

Team
Based
50%



Useful References

• My website

• https://www.cs.rutgers.edu/~dz220/

• Mining of Massive Datasets - Stanford InfoLab

• http://infolab.stanford.edu/~ullman/mmds/book.pdf

• Urban Computing at Microsoft Research

• https://www.microsoft.com/en-
us/research/project/urban-computing/

https://www.cs.rutgers.edu/~dz220/
http://infolab.stanford.edu/~ullman/mmds/book.pdf
https://www.microsoft.com/en-us/research/project/urban-computing/


Questions?
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Cross-Domain

Cyber-Physical Systems 

for Smart Cities

Desheng Zhang 

Downtown

New York City 

Taxi  System
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Why Urban?

▪ $35M for Smart Cities Grants by NSF

▪ $10M for CPS in 2016

▪ $70M for Transportation and Energy, by

▪ DoT, DoE, NIST…

Traffic Congestion

2014

Urbanization



Urban Systems

San Fran

Rome Beijing

Shanghai

Shenzhen
D.C.

NYC

Transportation Telecom Finance Geography



Smart Cities Vision

Urban 
Systems

Data-Driven 

Closed-Loop

CPS

Knowledge-Enabled 
Applications

Data-Driven
Models

Cross-Domain
Knowledge

Research Goals:

(1) Understand urban physical phenomena
by data-driven models

(2) Manage urban physical systems 
by knowledge-enabled services



An Overview

Data-Driven

Models

Urban 

Systems

Knowledge-Enabled

Services
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Human Mobility MobiCom’14/SigSpatial’16

Travel Pattern SIGSPATIAL’15

Traffic Speed ICCPS’15

Passenger Demand BIGDATA’14

Transit Supply BIGDATA’13

Ridesharing SenSys13/IPSN’15

Parking Recommendation UbiComp’17

Last-Mile Transit IPSN’15

Centralized Dispatching ICCPS’15

Distributed Navigation RTSS’12

Data Collection Acceleration SenSys’12

Data Collection Efficiency ICDCS’12

Cross-Domain Data

Cross-Domain Knowledge

Improving

Urban Phenomena

Understanding

Urban Phenomena

Intellectual Core: 

Cross-Domain Philosophy



Goal

Various Applications 

Urban Scale & Real Time

Modeling Human Mobility 

©UMN



State of the Art

MobiCom’07

Zhang et al.

KDD’11

Cho et al.
UbiComp’11 

Lathia et al.

UbiComp’13

Ganti et al.

Biased Sampling & Overfitting

Offline Small Sample

Small Data Driven

Single Domain Driven

oror or



Cellphone CDR (Call Detail Records)

©UMN©UMN

Opportunity: Cross-Domain Urban System Data 
Shenzhem

Modeling Human Mobility 
From a Cross-Domain Perspective



Contribution: Multi-view Bounding
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Human Mobility 

Data-Driven Model-Integration Technique 
• Considering Domains as Views

• Quantifying Biases of Individual Views

• Bounding Range of Unknown Phenomena by Interdependent Views 

VelocityVolume Variety

OnlineUrban Scale Cross Domain

[MobiCom’14]



Technique: Context-Aware Multi-View Bounding

High Penalty if a more-complete view deviates from the truth;

Low Penalty if a less-complete view deviates from the truth;

?

Joint Optimization for 𝒙∗& 𝒘
Loss 

Function

min

𝒙∗:
Mobility 

From A to B 
during t

𝐅 𝒙∗,𝑾 =

𝒘𝒌: 
Completeness 

Degree of a View 𝒌

𝑲:
Number of 

Views

𝒙𝒌:
Normalized

Mobility 
Observed 

by a View 𝒌

𝒙∗,𝑾
s.t. 𝜹(𝑾) = 𝟏

Regularization 
Function 

𝑨

𝑩

?

𝑾 = (𝒘𝟏, … ,𝒘𝑲)

𝒘𝒌 ∙ 𝐃 𝒙∗, 𝒙𝒌σ𝒌=𝟏
𝑲 ,

View
Completeness

Overall Weighted Deviation

Spatiotemporal Context: 𝐴 → 𝐵 during t

Bounding Range of Unknown Phenomena 

by Multi-Views with Quantified Biases



Implementation: Region Level

Vertex: Urban Region; Edge: Mobility Volume; Color: Urban Districts

Shenzhen

5-6 PM

Radiation

57%



Implementation: Street Level



Broader Impact: Open Data
20 GB Cross-Domain Data

Taxi; Bus; Truck; Subway; Cellphone; Smartcards;



Big Picture: Understanding Real-time Urban Phenomena   
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Human 

Mobility
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Travel 

Pattern

Multi-View Bounding with Cross-Domain Data
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[ICCPS’15] [IPSN’15] [BigData’13] [SIGSPATIAL’15][Mobicom’14]

Last-Mile 

Transit

Distributed 

Navigation

Ride-
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Parking 

Suggestion

Centralized 

Dispatching
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Interdependent Urban Phenomena 

5PM-6PM

Mobility Demand

Transit Supply
𝛒 =

High Demand

Low Supply

Ridesharing



State of the Art & Limitations

70%
Wasted 

1.3 Passenger Per Trip in NYC
T-Share (TKDE’14)

• Single-Domain Knowledge

• No Overall Urban Mobility Info 

UberPool (2014.12)

Sharing Capacity
Similar Patterns



Opportunity: Cross-Domain Knowledge

Traffic Speed

Mobility Demand
Telecom & Finance & Transportation

Transit Supply

coRide

Minimizing 

Ridesharing Cost

Transportation: Mileage

Environment: Energy

Finance: Fare

Fare Model

Transportation & Geography

Transportation & Geography 
Finance & Telecom

Transportation & Finance 



Contribution: coRide

• Cross-Domain Knowledge-Enabled Resource sharing Framework

• Bounded Online Approximation

• Real-world Implementation

• Multi-Scale Multi-Site Evaluation

• Potential Commercialization



Technique: 2 Approximation Algorithm
(1) Passenger Assignment with Minimum Spanning Tree (MST) 

a

dc

b e

a

cd

b e

Request Graph MST

cd
b

e

Passenger Assignment 

Vehicle 1 Vehicle 2

a a
Subtree 1 Subtree 2

a

cd

e

Doubling Edges

cd

e

Assignment 

Vehicle2a a

cd

e

Traversal

a

dc

b e

Delivery Graph

Vehicle 2Vehicle 1

(2) Order Calculation with Depth First Traversal (DFT) 

Mileage obtained by our Online Approximation is 

at most two times of the Optimal Mileage



Ridesharing Evaluation (1/4): Region

coRide

Server

Passenger

Client Onboard Device

Station Exit 
Overpass

Carpooling Vehicles

Taxibox 
Device

Subway Station 

0

20

40

60

80

1 5 9 13 17 21 25 29

Reduced Mileage (%)

(Gas and Congestion) 

49%



Ridesharing Evaluation (2/4): Urban

Taxi

Private Car

Truck

©UMN

Beijing

24% 

37% 

31% 



China Expressway Map

Beijing

Shanghai

Shenzhen

Ridesharing Evaluation (3/4): National

50K Commercial 
Vehicle 

Coverage

Shanghai

Shenzhen

Beijing

300K Private
Vehicle 

Coverage

Shanghai

Shenzhen

Beijing

19% 29%



Ridesharing Evaluation (4/4): Worldwide
-- A Tale of Six Cities

New York City

San Francisco

Beijing

Shanghai

©UMN

Rome

Shenzhen

43% 

41% 

37% 

19% 31% 

21% 

Video

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


NYC

LGA

JFK

43% 
©UMN



San Francisco

Downtown

SFO

OAK

19% 

©UMN



Vatican City

Rome

FCO 

21% 

©UMN



PEK

Tian An Men 

Square

Beijing

37% 

©UMN



Shanghai

PVG

Oriental 

Pearl 

Tower

31% 

©UMN



Downtown

SZX

Shenzhen

41% 

©UMN

Urban Electric Suburban 



Real World Impact 1: Dallas Taxi System

• Working with Mr. Vigil in Pchomes. Inc

• Practical Ridesharing in Dallas

Nearby Taxis Rate Checking Trip Booking



Real World Impact 2: London Food Takeaway
A Ridesharing Problem for Food Takeout with Unique Challenges

• Traffic, Weather, Capacity, Timing, Food Types, Uncertain Origins 



Big Picture: Improve Urban Efficiency with Sharing Economy 

Contributions 

• Resource Sharing Optimization Framework

• Cross-Domain Knowledge from Various Data-Driven Models

• Groundwork for Broader Logistics & Commercialization

Times



Future Urban CPS Vision

Cross-Domain CPS as a 
utility with millions of apps

3-5 Years

• Cross-Domain Modeling
& Apps for Mobility

• Smart Cities Initiative

• Real-world Deployment
for Research Impact

Research Goals 

• Reasoning about system behaviors to 

understand physical phenomenon 

• Managing billions of CPS devices to 
improve system efficiency

5-10 Years

• Data-Driven Physical Phenomenon 
Modeling & Apps

• Domains: Energy, Pollution, 
Safety, Privacy 

• Homes, Buildings, and Cities,  i.e., 
a Connected Smart World

NYC Bus Network Shenzhen TransitD.C Bike Network



Summary: Cross-Domain CPS for Smart Cities

Computation

Models Systems

Applications

Cross-Domain Data

Multi-View Bounding

Real-world Implementation

Imperfect-Data Inference by Tensor Decomposition

Heterogeneous Knowledge Fusion by Multi-view Learning

Feedback-based Intervention by Model Predictive Control

Intellectual Core: 

Cross-Domain Cyber-Physical Systems

Generalization: 

Autonomous Driving;

Energy, Pollution, Safety; 

Healthcare, Manufacturing 



Bike Systems



Taxi Systems



















Thanks

Data and More Work @ https://www.cs.rutgers.edu/~dz220/
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1. Overview





2. Urban Sensing





3. Data Management & Processing





4. Data-Driven Modeling: Human Mobility





5. Data-Driven Modeling: Urban 
Phenomena





6. Data-Driven Modeling: Data Fusion





7.Data Visualization





8.Data Predictive Control





9. Project Proposal Presentation

• After Spring Break

• No New Topics



10. Novel Services





11. Conflict and Dependency Analyses





12. Human-in-the-loop





13. Privacy and Security





14. Final Presentation

• No New Topics



Questions?



Details about Grades
• individual-based component 50% in total:

• Class Participation 10%: Please show up at all presentations and actively 
participate in the discussion after the presentation.

• Reading Summary 20%: For 11 regular lectures (2nd-8th week and 10th-
13th week), please read the introduction sections of all 4 papers in this 
lecture, and then select 2 papers from them to read all sections and 
write 2 summaries for each paper in the format given in the lecture slide. 
You can skip two summaries without hurting your grade, i.e., submit 20 
summaries in total. Summaries are due in the beginning of class. 

• Topic Presentation 20%: Present a paper related to a topic in smart cities 
from the paper list. A topic presentation consists of 35 min talk plus 5 
min Q&A. 

• Team-based component 50% in total:
• Proposal Report 10%: 4-page report describing the background, the 

problem, the existing solutions, and the proposed solution.
• Final Report 20%: 8-page report: including 4 proposal report plus your 

implementation, evaluation, and conclusion.
• Proposal or Final Presentation 20%: A student will present either in the 

proposal presentation or final presentation from 15 to 20 mins based on 
overall team size.



Details about Topic Selection
• Every student submits 5 of their preferred topics in 

the descending order among the following 10 
topics. 

• We will assign papers to you based on the topics 
you picked. Please send me by Jan 25.

Data Management and Processing, Data Predictive Control 

Data-Driven Modeling: Human Mobility Novel Services 

Data-Driven Modeling: Urban Phenomena Dependency Analyses 

Data-Driven Modeling: Data Fusion Human-in-the-loop 

Data Visualization Privacy and Security 



Team Formation:

• You are encouraged to find your own team 
members and let us know by Jan 30. 

• If you cannot find anyone from the class, we will 
form teams by Feb 2 based on your interests in 
topic selection sent to us previously. 

• It is preferred that we have a mix-and-match for 
PhD students, master students, and undergrads in 
every team. In general, no more than one Ph.D is in 
the same team.


