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Graphs
• In computing, a graph is an abstract data 

structure that represents set objects and 
their relationships as vertices and edges/
links, and supports a number of graph-
related operations 

• Objects (nodes): {A,B,C,D} 
• Relationships (edges):  
{(D,B),(D,A),(B,C),(B,A),(C,A)} 

• Operation: shortest path from D to A
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[K. Salama, 2016]
D. Koop, CSCI 640/490, Spring 2024
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https://www.slideshare.net/KhalidSalama2/graph-analytics-67723066


Graphs with Properties
• Each vertex or edge may have properties associated with it 
• May include identifiers or classes
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[neo4j]
D. Koop, CSCI 640/490, Spring 2024

Person

name = 'Tom Hanks'
born = 1956

Movie

title = 'Forrest Gump'
released = 1994

ACTED_IN
roles = ['Forrest']

Person

name = 'Robert Zemeckis'
born = 1951

DIRECTED

https://neo4j.com/docs/developer-manual/current/introduction/graphdb-concepts/


What is a Graph Database?
• A database with an explicit graph structure 
• Each node knows its adjacent nodes 
• As the number of nodes increases, the cost of a local step (or hop) remains 

the same  
• Plus an Index for lookups

4

[M. De Marzi, 2012] 
D. Koop, CSCI 640/490, Spring 2024

https://www.slideshare.net/maxdemarzi/introduction-to-graph-databases-12735789


Compared to Relational Databases

Optimized for aggregation Optimized for connections

Graph Databases Compared to Relational Databases
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[M. De Marzi, 2012] 
D. Koop, CSCI 640/490, Spring 2024

https://www.slideshare.net/maxdemarzi/introduction-to-graph-databases-12735789


Graph Databases Compared to Relational Databases
• Relational Databases (querying is through joins) 
- In effect, the join operation forms a graph that is dynamically constructed 

as one table is linked to another table.  
- Must be inferred through a series of index-intensive operations  

• Graph Databases (querying is through traversal paths) 
- There is no explicit join operation because vertices maintain direct 

references to their adjacent edges  
- Structures are "hard-wired", not computed at query time
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[Rodriguez & Neubauer via Lembo & Rosati]
D. Koop, CSCI 640/490, Spring 2024



Example: Friend of Friends Query
• Relational: 
• SELECT p1.Person AS PERSON, p2.Person AS FRIEND_OF_FRIEND FROM 
PersonFriend pf1 JOIN Person p1 ON  
  pf1.PersonID = p1.ID JOIN PersonFriend pf2 ON 
  pf2.PersonID = pf1.FriendID JOIN Person p2 ON 
  pf2.FriendID = p2.ID  
WHERE p1.Person = 'Alice' AND pf2.FriendID <> p1.ID  

• Graph:
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[Lembo & Rosati]
D. Koop, CSCI 640/490, Spring 2024

Graph DBs vs Relational DBs- Experiment

16

• Starting from a node, we have to scan all outgoing edges to identify
FRIEND_OF edges

• We then have to traverse the edges and repeat the search in all the 
reached nodes.

• If x bounds the number of outgoing edges (assuming x<<n), and k
bounds the number of FRIEND_OF edges outgoing from a node
(k<<m), then the cost here is O(x)+O(kx) (the cost of traversal is
constant)

• Local indexes are normally used to speed up local search

AliceAlice FRIEND_OF



Compared to Key Value Stores

Optimized for simple look-ups Optimized for traversing connected data

Graph Databases Compared to Key-Value Stores
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[M. De Marzi, 2012] 
D. Koop, CSCI 640/490, Spring 2024

https://www.slideshare.net/maxdemarzi/introduction-to-graph-databases-12735789


Storing and Traversing Graphs
• Storage: 
- Adjacency List: nodes store their neighbors 
- Incidence List: nodes store edges and edges store incident nodes 
- Adjacency Matrix: adjacency list in matrix form (rows & cols are nodes) 
- Incidence Matrix: rows are vertices, columns are edges 

• Traversal: 
- Breadth-first Search 
- Depth-first Search

9D. Koop, CSCI 640/490, Spring 2024



Adjacency List

21

V1

V2

V3

V4

(V1,{L2}) (V3,{L3}
)

(V1,{L1})
Properties:

! Storage: O(|V|+|E|+|L|)

! Adjacent(G,x,y): O(|V|)

! Neighbors(G,x): O(|V|)

! AdjacentEdges(G,x,y): O(|V|+|E|)

! Add(G,x,y,l): O(|V|+|E|)

! Delete(G,x,y,l): O(|V|+|E|)

L2 L3

L1

V1V1 V2V2 V3V3

V4V4

From [ABFRV14]

Adjacency List vs. Incidence List
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Incidence List*
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Properties:

! Storage: O(|V|+|E|+|L|)

! Adjacent(G,x,y): O(|E|)

! Neighbors(G,x): O(|E|)

! AdjacentEdges(G,x,y): O(|E|)

! Add(G,x,y,l): O(|E|)

! Delete(G,x,y,l): O(|E|)

(source,L2) (source,L3)

(source,L1
)

(destination,L3)

(V4,V1)

(V2,V1)

(V2,V3)

(destination,L
2)

(destination,L
1)

V1

V2

V3

V4

L1

L2

L3

L2 L3

L1

V1V1 V2V2 V3V3

V4V4

* Simplified version: each

edge has a different label

From [ABFRV14]

[Acosta et al.]  
D. Koop, CSCI 640/490, Spring 2024
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{L2} {L3}

{L1}

V1 V2 V3 V4

V1

V2

V3

V4

Adjacency Matrix
L2 L3

L1

V1V1 V2V2 V3V3

V4V4

Properties:

! Storage: O(|V|2)

! Adjacent(G,x,y): O(1)

! Neighbors(G,x): O(|V|)

! AdjacentEdges(G,x,y): O(|E|)

! Add(G,x,y,l): O(|E|)

! Delete(G,x,y,l): O(|E|)

From [ABFRV14]

Adjacency Matrix vs. Incidence Matrix

11

27

destination destination

source source

destination

source

L1 L2 L3

V1

V2

V3

V4

Incidence Matrix
L2 L3

L1

V1V1 V2V2 V3V3

V4V4

Properties:

! Storage: O(|V|x|E|)

! Adjacent(G,x,y): O(|E|)

! Neighbors(G,x): O(|V|x|E|)

! AdjacentEdges(G,x,y): O(|E|)

! Add(G,x,y,l): O(|V|)

! Delete(G,x,y,l): O(|V|)

From [ABFRV14]

[Acosta et al.]  
D. Koop, CSCI 640/490, Spring 2024



Property Graph Model (Cypher in neo4j)
• Directed, labelled, attributed multigraph  
• Properties are key/value pairs that represent metadata for nodes and edges 
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[R. Angles  and C. Gutierrez, 2017] 

D. Koop, CSCI 640/490, Spring 2024
Figure 7: Property graph data model. The main characteristic of this model
is the occurrence of properties in nodes and edges. Each property is repre-
sented as a pair property-name = “property-value”.

(i.e. AND, UNION, OPTIONAL, and FILTER). The latest version of the
language, SPARQL 1.1 [71], includes explicit operators to express negation of
graph patterns, arbitrary length path matching (i.e. reachability), aggregate
operators (e.g. COUNT), subqueries, and query federation.

3.6 Nodes, edges and properties: The Property graph model

A property graph is a directed, labelled, attributed multigraph. That is,
a graph where the edges are directed, both nodes and edges are labeled
and can have any number of properties (or attributes), and there can be
multiple edges between any two vertices [128]. Properties are key/value
pairs that represent metadata for nodes and edges. In practice, each vertex
of a property graph has an identifier (unique within the graph) and zero
or more labels. Node labels could be associated to node typing in order to
provide schema-based restrictions. Additionally, each (directed) edge has a
unique identifier and one or more labels. An example of property graph is
shown in Figure 7.

Property graphs are used extensively in computing as they are more
expressive2 than the simplified mathematical objects studied in theory. In
fact, the property graph model can express other types of graph models by
simply abandoning or adding particular bits and pieces [128].

There is no standard query language for property graphs although some
proposals are available. Blueprints [11] was one of the first libraries created

2Note that the expressiveness of a model is defined by ease of use, not by the limits of
what can be modeled.
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Graph Query Languages: Cypher
• Implemented by neo4j system 
• Expresses reachability queries via path expressions 

- p = (a)-[:knows*]->(b): nodes from a to b following knows edges 
• START x=node:person(name="John")  
MATCH (x)-[:friend]->(y) 
RETURN y.name

13

[R. Angles  and C. Gutierrez, 2017] 
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Graph DBMS Building Blocks

14

[P. Boncz, 2022]
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https://homepages.cwi.nl/~boncz/edbt2022.pdf
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Graph DBMS Problems
• performance  
- Slow loading speeds  
- Query speeds over magnitude 

slower than RDBMS  
• scalability 
- Low datasize limit, typically << RAM 
- Little benefit from parallelism 

• reliability 
- Loads never terminate  
- Query run out of memory or crash 
- Bugs

15

[P. Boncz, 2022]
D. Koop, CSCI 640/490, Spring 2024

Runtime

https://homepages.cwi.nl/~boncz/edbt2022.pdf


Response Monday
• Read Beast paper 
• Response due at the beginning of class

16D. Koop, CSCI 640/490, Spring 2024

https://www.cs.ucr.edu/~eldawy/publications/21-CIKM-Beast.pdf


Assignment 5
• Last assignment, coming soon 
• Graphs, visualization, spatial data, time series

17D. Koop, CSCI 640/490, Spring 2024
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Data Exploration through Visualization

D. Koop, CSCI 640/490, Spring 2024



DYKER
BEACH
PARK

WESTCHESTER 

THE BRONX 

NA
SS

AU
 

Q
UE

EN
S 

NASSAU QUEENS 

QUEENS
BROOKLYN

J a m a i c a
B a y

H
a

r l e
m

 R
i v e r  

E
a s t  R i v e r  

E a s t  R
i v e r

L
o

n
g

 
I

s
l a

n
d

 S
o

u

n
d  

H
u

d
s

o
n

R
i

v
e

r

1
4

AirTrain stops/
terminal numbers

7

5
8

2/3

Q33 (ends Sep 7)

Q72Q47

M60

M60

M60
M60
Q47
Q48
Q70 Ltd
Q72

Q70 Ltd
(starts Sep 8)

Q4
8

Q10

Q10

B15
Q10

AIRTRAIN JFK

AIRTRAIN JFK

Q3

Q3

Q70 Ltd (starts Sep 8)

LIRR 

LIRR

LIR
R

LIR
R

LIRR

M
et

ro
-N

or
th

 

Metro-North 

M
etro-North 

M
et

ro
-N

or
th

 

LIRR

PATH 

PATH  

Amtrak

Am
tra

k 

Am
trak

Am
trak

NJTransit • Amtrak

PATH 

weekends

Bowling GreenBowling Green
44••55

Broad St Broad St 
 J J••ZZ

Rector StRector St
RR

World TradeWorld Trade
CenterCenter

E

DeKalb Av
B•Q•R  

Hoyt St
2•3

Clar
k S

t
2• 3

Union St
R    

Carr
oll S

t
F• G 

Berg
en

 St

F• G    

Broad St 
 J•Z

York St

F

City
Hall
R

Rector St
R

Franklin St
1

Canal St
1

Prince St
N•R

Houston St
1

14 St  
    A•C•E

50 St
1

50 St
C•E

59 St
Columbus Circle

A•B•C•D•1

66 St 
Lincoln Center

1

72 St
1•2•3

79 St
1

86 St
1

96 St
1•2•3

103 St
1

Cathedral
Pkwy

(110 St )
1

116 St
 Columbia
University

1

137 St
City

College
1

145 St
1

157 St
1

175 St
A

181 St
A 

190 St
A 

Dyckman St
                 A 

238 St
1

Norwood
205 St
D

Mosholu Pkwy
4

Bedford Pk Blvd
Lehman College

4

Kingsbridge Rd
4

Fordham Rd
4

Allerton Av
2•5

183 St
4

Burnside Av
4

176 St
4

Mt Eden Av
4

170 St
4

174 St
2•5

Bronx Park
East

2•5

Pelham Pkwy
2•5

Freeman St
2•5

Simpson St
2•5

E 180 St
2•5

West Farms Sq

E Tremont Av2 •5  

167 St
4

                161 St  

 Yankee Stadium

                     B •D •4  

Van Cortlandt Park
242 St

1

Lexington 

 Av/63 St     

F              

14
 St–U

nion Sq 

  L
• N• Q

• R• 4• 5• 6

    
   L

• N• Q
• R

3 A
v

   L 1 A
v

   L

8 St-NYU
N•R

Christopher St

Sheridan Sq
1

Canal St
J•N•Q
R•Z•6

Canal St
A•C•E

Spring St
6

Spring St
C•E

W 4 St
 Wash Sq
    A•B•C•D•E•F•M

8 A
v

L

Queens
PlazaE •M

•R

69 St
7

52 St
7 46 St

Bliss St
 740 St

Lowery St

7
33 St-Rawson St

7

61 St
Woodside

7 •Q70 Ltd LGA Airport

            (starts Sep 8)

36 StM
•R

90 St–Elmhurst Av
7

 Junction Blvd
 7•Q72 LGA Airport

103 St–Corona Plaza
7

 111 St
 7•Q48 LGA Airport

Elm
hurst

 Av

   M
• R

Grand Av

   N
ewtown

    
   M

• R Woodhave
n Blvd

    
 M

• R 63
 Dr–R

ego Park

    
 M

• R• Q72 
LG

A Airp
ort

Forest 
Hills

71
 Av

E• F• M
• R

75
 Av

   E
• F Bria

rw
ood

   V
an W

yc
k Blvd

 

    
    

E• F

Sutphin Blvd
F

  Parsons Blvd
  F

169 St
F

Ja
maica  

Van W
yc

k
E

Kew Gardens 

   U
nion Tpke

    
   E

• F67
 Av

    
 M

• R

21 St
Queens-

bridge
F

39 AvN •Q

Steinway StM
•R

46 St
 M

•R         

Northern Blvd

                    M
•R                

     65 St

     M
•R      

74 St–Broadway

Q70 Ltd LGA Airport     •       7 

82 St–Jackson Hts
7

36 AvN •Q

30 Av
N•Q

Astoria Blvd
N•Q

Astoria
Ditmars Blvd

N•Q

Court Sq-23 St
E•M

    6 Av  L         14 St
1•2•3

18 St
1 

14 St
 F•M

23 St
F•M

23 St
1

23 St
C•E

23 St
N•R

33 St
6

Hunters Point Av
7•LIRR

Vernon Blvd
Jackson Av

7

21 St
G

Queensboro
        Plaza

           N•Q•7  

Court Sq
G•7

68 St
Hunter College
6

77 St
6

86 St
4•5•6

96 St
6

103 St
6

110 St
6

Central Park
North (110 St)   
2•3

116 St
6

72 St
B•C

81 St–Museum 
of Natural 
History 
B•C

86 St 
B•C

96 St
B•C

103 St
B•C

Cathedral Pkwy
(110 St)
B•C

116 St
B•C

125 St
A•B•C•D

125 St
2•3 • M60 
LaGuardia 
Airport

125 St
4•5•6

135 St
B•C

135 St
2•3

116 St
2•3

3 Av
138 St
6

Brook Av

6

Cypress Av

6

E 143 St
St Mary’s St

 6145 St
A•B•C•D

191 St
1

Bedford Pk Blvd
B•D

Kingsbridge Rd
B•D

Fordham Rd
B•D

182–183 Sts
B•D

Tremont Av
  B•D

174–175 Sts
B•D

170 St
B•D

Morris Park
5

Pelham Pkwy
5

Burke Av
2•5

Gun Hill Rd
  2•5

219 St
 2•5

225 St
2•5

233 St
2•5

Nereid Av
2•5

Wakefield 
241 St
2

Gun Hill Rd
5

Baychester 
Av
5

Eastchester
Dyre Av
5

167 St
B•D

E 149 St
6

Longwood Av
6

Hunts Point Av
6

Whitlock Av
6

Elder Av
6

   Morrison Av
   Soundview
    6

St Lawrence Av
6

Castle Hill Av
6

Zerega Av
6

Middletown Rd
6 

Buhre Av
6

Pelham Bay Park
6

Parkchester
6

181 St
1

15
5 S

t

    
  B

• D
15

5 S
t 

C

163 St–Amsterdam Av
   C

145 St
3

14
9 S

t–G
rand

Concourse

2• 4• 5

Harlem
148 St
3

57 St
F

57 St-7 Av
N•Q•R

49 St
N•Q•R

7 Av
B •D

•E     

28 St
1

28 St
    N•R

28 St
6

23 St
6

Astor Pl 
   6

BoweryJ• Z
East

Broadway
F

2 A
v 

    
F

Bleecker S
t

6 B’w
ay–L

afaye
tte

 St 

   B
• D• F• M

Ess
ex

 St

    
   F

• J• M
• Z

Dela
nce

y S
t

Grand St
 B•D

Prospect Av
R

25 St
R

36 St
D•N•R

45 St
R

53 St
R

59 St
N•R

8 A
v

N

Fort H
amilto

n

Pkwy
N

New Utre
cht A

v
N 18

 Av
N

20
 Av

N

Bay P
kwy

N

Kings
Hwy

N

Avenue U 
N
86 St

N

62
 St

D 

71
 St

D 

79
 St

D 

18
 Av D

20
 Av D

Bay P
kwy

D 25 Av
D

Bay 50 St
D

Coney Island
Stillwell Av

D•F•N•Q

55
 St

D

50
 St

DFort H
amilto

n

Pkwy
D

9 A
v

D
Ditm

as A
v

F

18
 Av

F

Ave
nue I

F

Bay

Pkwy
F

Bay Ridge Av
R

77 St
R

86 St
R

Bay Ridge
95 St

R

Jay St    Jay St    
MetroTechMetroTech
AA••CC••FF••RR

Jay St    
MetroTech
A•C•F•R

Lafayette Av
C

Park
Pl
S  

   Fulton StG

Smith
  

9 S
ts 
F• G  

4 A
v–9

 St

F• G• R 7 A
v
F• G

15
 St

Prosp
ect P

ark
F• G

Fort Hamilton
Pkwy

F•G  

Church Av
F• G

Ave
nue N

F Ave
nue P

F
Kings H

wy

F

Ave
nue U

F

Ave
nue X

F
Neptune Av

F

West 8 St
NY Aquarium
F•Q

Ocean Pkwy
Q

Brighton Beach
B•Q

Sheepsh
ead Bay

B• Q

Neck Rd

Q

Ave
nue U

Q

Kings H
wy

B• Q

Ave
nue M

Q

Ave
nue J

Q

Ave
nue H

Q

Newkirk
 Plaza

B• Q

Corte
lyo

u Rd

Q

Beve
rle

y R
d

Q

Church Av

B• Q
Flatbush

 Av

Brooklyn
 Colle

ge

2• 5

Newkirk
 Av

2• 5

Beve
rly

 Rd

2• 5

Church Av

2• 5

Winthrop St

2• 5

Sterling St
    2•5

President St
   2•5

Canarsie
Rockaway Pkwy
L

East 105 St
L

Aqueduct   
North Conduit Av 

A

Aqueduct   
Racetrack
A

Van Siclen Av
CLiberty

Av
C

Ozone Park
Lefferts Blvd
A

111 St
A

104 St
A

Rockaway Blvd   
                A       

  88 St
  A

80 St
A

Grant Av
A

Euclid Av
A•C

Shepherd Av
C Howard Beach  

JFK Airport 
AAtlantic Av

L

Alabama Av
J

New Lots Av
  L B15 JFK Airport

Crescent St
J•Z

    Norwood Av
  Z rush hrs, J other times      

 Cleveland St
 J

Bush
wick Av

Aberdeen St

 L

Wils
on Av

L

DeKalb Av

   L
Je

ffe
rso

n St

    
L

Flush
ing Av

  J
• MLorim

er S
t

   J
• MBroadway

G

Nass
au Av

G

Greenpoint A
v

G

Lorim
er S

t

    
L Graham

    
Av

    
    

L Grand St

  L Montro
se

 Av

    
L Morgan Av

    
    

    
    

  L

Livonia Av
   L

Sutte
r

Av
L

Nostrand Av

A •CFranklin Av

   C •S

Kingston

Throop Avs

C

Utica Av
A •C

Ralph Av

C

Chauncey St

Z rush hours,   

    J other times       

 Myrtle
Wyckoff Avs
L•M

 Halsey St

J
     Gates Av

   Z rush hours,

J other times

Kosciuszko St

JMyrtle Av

J •M
•Z

Central Av
       M   

Seneca Av
M

Myrtle
Willoughby Avs
    G

Flush
ing Av

GMarcy A
v

J• M
• Z

Metropolitan Av
     G

Bedford Av

           L  

Fresh Pond Rd
M

Hals
ey

 St

 L

Rockaway

AvC

Bro
ad

way

Ju
nc

tio
n

    
   A

• C
• J• L

• Z

Parkside Av
Q

Prospect
 Park
  B•Q•S

Botanic
 Garden
  S

Clinton

Washington AvsG

Classon AvG

Hew
es

 St   
J• M

Bedford

Nostrand Avs
G

Clin
ton

Wash
ington Avs

    
    

 C

  Hoyt
Schermerhorn

A•C•G

Kingston Av
3

Franklin
 Av

2• 3• 4• 5

Broadway
N•Q

Knickerbocker Av
                      M   

Middle Village
Metropolitan Av
M

Forest Av
M

High St
A•C   

Atlantic Av–Barclays Ctr
     B•Q•2•3•4•5•LIRR

Whitehall St
South Ferry
R

Bowling Green
4•5

Wall St
4•5 Wall St

     2•3 

Fulton St

Chambers St
1•2•3

Park 
Place 
   2•3    

Chambers St
J•Z
Brooklyn Bridge
City Hall 4•5•6

Chambers St
  A•C

Atla
ntic

 Av–B
arc

lay
s C

tr

D• N• R• LIRR    
 

Berg
en

 St
2• 3

7 A
v

B• Q

Nevins St
2•3•4•5 

Borough H
all

    
    

2• 3• 4• 5

Court St
R

Gran
d Arm

y
Plaz

a
2• 3

Eas
ter

n Pkw
y

Brookly
n M

use
um

2• 3

34 St
Penn

Station
 A•C•E•LIRR

 42 St
Port Authority
Bus Terminal

 A•C•E
 Times Sq-42 St

N•Q•R•S•1•2•3•7
Grand Central
42 St
S•4•5•6•7•Metro-North 

47–50 Sts
Rockefeller Ctr
B•D•F•M

34 St
Penn

Station
1•2•3•LIRR

34 St
Herald Sq

B•D•F
M•N•Q•R

42 St
Bryant Pk
B•D•F•M

5 Av
    7

Lexington Av/53 St E•M

59 St   
4•5•6

51 St   
6

Lexington Av/59 St
N•Q•R

5 Av/53 St
E•M

 5 Av/
59 St
N•Q•R

125 St
1

168 St
 A•C•1 A•C

Dyckman St
1

Inwood
207 St

A

215 St
1

3 Av–149 St
2•5

Woodlawn
4

Marble Hill
225 St
1

231 St
1

      75 St–Elderts Ln   
   Z rush hours, 
   J other times

Cypress Hills
 J

85 St–Forest Pkwy
                          J   

Woodhaven Blvd
                   J•Z

   104 St
  Z rush hours,
  J other times

111 St
J

     121 St
   Z rush hours, 
   J other times

Sutphin Blvd
Archer Av
JFK Airport
E•J•Z•LIRR

Jamaica
179 St
F

Jamaica Center 
Parsons/Archer
E•J•Z   

  Jackson Hts

Roosevelt Av

E •F •M
•R •Q70 Ltd LGA Airport (starts Sep 8)

                 Q47 LGA Airport (Marine Air Term only) 

  Flushing
Main St  

            7      
 

Nostrand Av
3

   Crown Hts
Utica Av
3•4              

Saratoga Av
  3   

Rockaway Av
              3   

Junius St
       3   

Pennsylvania Av
3

Van Siclen Av
3

New Lots Av
3

Sutter Av–Rutland Rd
3

A•C•J•Z
2•3•4•5

  Westchester Sq
  East Tremont Av
   6

Intervale Av
             2•5  

Prospect Av
         2•5   

Jackson Av
      2•5       

  Mets–Willets Point
7•Q48 LGA Airport

     Van Siclen Av
    Z rush hrs,
    J other times

138 St–Grand
Concourse
4•5

M60 LaGuardia Airport

M60 LGA
Airport

M60 LaGuardia Airport

M60 LGA Airport  

Rector St
1

Cortlandt St
1

Cortlandt St
        R

South Ferry
1

World Trade
Center

E

  207 St
 1

rush
hours

rush
hours

S

Roose
ve

lt

    
Isl

and

    
    

F

Beach
44 St
A

Beach 36 St
A  

Beach 25 St
A 

  Far Rockaway
Mott Av

A  

Broad 
Channel

A•S

Beach 
67 St
A

Beach 
60 St
A

Beach 90 St
A•S

Beach 98 St
A•S

Beach 105 St
A•S

Rockaway Park
Beach 116 St

A•S

St
at

en
 Is

la
nd

 F
er

ry
 

     summer only 

QUEENS
MIDTOWN
TUNNEL

MARINE PARKWAY-
GIL HODGES
MEMORIALBRIDGE

C
R

O
S

S
 B

A
Y

VE
TE

R
A

N
S

’

M
E

M
O

R
IA

L

B
R

ID
G

E

HENRY H
UDSON 

BRID
GE 

HUGH L. CAREY TUNNEL 

BRIDGE 

VERRAZANO-NARROWS

 B
R

ID
G

E
 

R
O

B
E

R
T

 F K
E

N
N

E
D

Y
 

THROGS
  NECK
    BRIDGE

GEO. WASHINGTON
BRIDGE

LINCOLN TUNNEL 

HOLLAND TUNNEL 

         MANHATTAN BRIDGE 

BROOKLYN BRIDGE 

QUEENSBORO BRIDGE 

BRONX-W
HITESTONE

BRIDGE

M
A

L
C

O
L

M
 X

 B
LV

D
 (LE

N
O

X
 A

V
) 

NOSTRAND AV 

B
R

O
A

D
W

A
Y

 

BROADWAY BRIDGE 

S
T

 N
IC

H
O

LA
S

 A
V

 

B
R

O
A

D
W

A
Y

 

B
R

O
A

D
W

A
Y

 

BROADW
AY 

S
E

V
E

N
T

H
 A

V
 

VA
R

IC
K

 S
T 

L IV
ONIA

 A
V 

W
EST

CH
ES

TE
R

 A
V 

E 138 ST 

LE
X

IN
G

T
O

N
 A

V
 

P
A

R
K

 A
V

 S
 

LA
FA

Y
E

T
T

E
 S

T
 

EASTERN PARKWAY 

S
O

U
TH

E
R

N
 B

LV
D

 

W
ESTC

H
E

S
T

E
R

 A
V

 
S

O
U

T
H

E
R

N
 B

LV
D

 

E
S

P
LA

N
A

D
E

 W
H

ITE PLAIN
S R

D
 

JE
R

O
M

E
 A

V
 

MANHATTAN AV 

UNION AV 

LAFAYETTE A
V 

WEST END LINE 

DELANCEY ST 

BROADWAY 

FULTON S
T 

JAM
AIC

A
AV 

MYRTLE A
V 

VAN SINDEREN AV 

WYCKOFF AV 

BUSHWICK AV 

N 7 ST 

HOUSTON  ST 

R U TGERS ST 

JA
Y

 S
T 

S
M

ITH
        S

T
 

NINTH ST 

M
CDONALD AV 

CULVER LINE 

M
CDONALD AV 

FO
U

R
T

H
 A

V
 

86 ST 

N
EW

 U
TR

EC
H

T AV 

FO
U

R
T

H
 A

V
 

53 ST 

HIL
LSID

E A
V 

41 AV 63 ST 

S
IX

T
H

 A
V

 

FLATBUSH AV 

E 15 ST 

BRIGHTON LINE 

E 16 ST 

G
R

A
N

D
 C

O
N

C
O

U
R

S
E

 

QUEENS BLVD 

QUEENS BLVD 

ARCHER A
V 

LIB
ERTY A

V 

PITKIN AV 

FULTON ST 

FULTON ST 

C
H

U
R

C
H

 S
T 

S
IX

T
H

 A
V

 

GREENWICH     AV 

E
IG

H
T

H
 A

V
 

C
E

N
T

R
A

L P
A

R
K

 W
E

S
T

 
S

T
 N

IC
H

O
LA

S
 A

V
 

FO
R

T
 W

A
S

H
IN

G
TO

N
 AV 

  B
ROADW

AY
 

FO
U

R
TH

 A
V

 

61 ST SEA         BEACH LINE 63 ST 

W
EST 8 ST 

BROADWAY 

31 S
T

 

60 ST 

BROAD
W

A
Y

 

B
R

O
A

D
W

A
Y

 

B
R

O
A

D
W

A
Y

 

QUEENS BLVD 

ROOSEVELT A
V 

FLATBUSH           AV

WILLIAMSBURG BRIDGE

14 ST 

42 ST 

PA
LIS

A
D

E
 A

V
 

IN
D

E
P

E
N

D
E

N
C

E
 A

V
 

H
E

N
R

Y
 H

U
D

S
O

N
 P

K
W

Y
 

BRO
ADW

AY 

231 ST 

IRWIN AV 

VAN CORTLANDT         
     P

ARK SO 

M
O

SH
O

LU
            PKW

Y 

FORDHAM RD 

PELHAM PKWY 

C
R

O
T

O
N

A
         A

V
 

P
R

O
S

P
E

C
T

 A
V

 

E 169 ST 

180 ST 

TREMONT AV 

E TREMONT AV 

W
E

B
S

T
E

R
 A

V
 

B
A

IN
BR

ID
GE 

T
H

IR
D

 A
V

 

225 ST 

BRUCKNER EXPWY 

BRUCKNER    
    

    
    

 E
XPWY 

ELDER          AV 
ST LAW

RENCE AV 

W
HITE PLAINS RD 

W
HITE PLAINS RD 

SOUNDVIEW AV 

CASTLE HILL AV 

ZEREGA AV 
HUTCHINSON                  PKW

Y 

ALLERTON AV BURKE A
V 

222 ST 

233 ST 

MID
DLETOWN RD 

B
R

O
A

D
W

A
Y

 

A
M

S
T

E
R

D
A

M
 A

V
  

FT W
A

S
H

 A
V

 

R
IV

E
R

S
ID

E
D

R
 

R
IV

E
R

S
ID

E
 D

R
 

145 ST 

135 ST 

ST NICHOLAS AV 

A
M

S
T

E
R

D
A

M
       A

V
 FIFT

H
 A

V
 

5 A
V

 

M
A

D
IS

O
N

 A
V

 
M

A
D

IS
O

N
 A

V
 

P
A

R
K

 A
V

 

T
H

IR
D

 A
V

 
3 A

V
 

S
E

C
O

N
D

 A
V

 
 2 A

V
 

 2 A
V

 

1 A
V

 

FIR
S

T
 A

V
 

1 A
V

 

A
LLE

N
      S

T
 

Y
O

R
K

 A
V

 

W
E

S
T

            E
N

D
              A

V
 

72 ST 

C
O

LU
M

B
U

S
 A

V
 

66 ST 66 ST 

12 A
V

 

W
E

S
T ST 

W
EST ST 

53 ST 

E 8 ST 

FD
R

 D
R

 

GRAND ST 

E BWAY 

SOUTH S
T 

W
ATE

R S
T 

ASTORIA BLVD 

NORTHERN BLVD 

DITMARS BLVD 

111 ST 

112 ST 

S
T

E
IN

W
A

Y
 S

T
 

48 S
T 

LONG ISLAND EXPWY 

HORACE H
ARDIN

G EXPWY 

LONG  ISLAND       
       

       
       

       
       

        
        

        
        

  EXPWY 

36 S
T

 

30 AV 

G
R

EE
N

PO
IN

T 
AV

 

21 S
T

 

JUNCTION BLVD 

JEW
EL A

V 

UTOPIA PKW
Y 

PARSONS BLVD 

KISSENA BLVD 

MAIN ST 

HILLSIDE AV 

JAMAIC
A A

V 

SUTPHIN BLVD 

111 ST 

LIN
DEN B

LVD LEFFERTS BLVD 

M
ERRICK BLVD 

METROPOLITAN AV 

METROPOLITAN AV 

NASSAU AV 

BEDFORD AV 

FLUSHING AV 

FOREST AV 

WOODHAVEN BLVD 

MYRTLE AV 

JA
C

K
IE

 R
O

B
IN

S
O

N
 P

A
R

K
W

A
Y

 

WILSON AV 

BUSHWICK AV 

MYRTLE AV 

BERGEN ST 

BERGEN ST 

LIB
ERTY A

V 

H
IC

K
S

 S
T

 

H
E

N
R

Y
 S

T 

9 ST 

UNION ST 
CHURCH A

V 

PROSPECT AV 

OCEAN PKW
Y

CONEY ISLAND AV 

9 A
V

 

FO
R

T 
H

AM
IL

TO
N P

KW
Y 

PARKSID
E A

V 

W
IN

THROP S
T 

NOSTRAND        AV 

AV Z
 

EMMONS A
V 

AV U
 

FLATBUSH AV 

W
ASHINGTON 

U
TIC

A AV 

UTICA AV 

86 ST 

K
IN

G
S

 H
W

Y
 

FIFT
H

 A
V

 

39 ST 

REMSEN AV 

AV M
 

FL
A

TL
A

N
D

S 
A

V 

AV H
 

OCEAN AV 

B
E

D
FO

R
D

 A
V 

BEDFORD AV 

NOSTRAND AV 

VAN SICLEN AV 

PENNSYLVANIA              AV 

PO
RT W

ASH
IN

G
TO

N
 B

LVD
 

C
R

O
SS B

A
Y B

LVD

C
R

O
S

S
 B

A
Y

 B
LV

D

PARSO
NS BLVD

 

W
H

ITESTO
N

E EX
P

W
Y

 

M
ID

D
LE N

EC
K

 R
D

 

NORTHERN BLVD 

CANAL ST 

CANAL ST 
SPRING ST 

T R A M W A Y

HOUSTON ST 

  3 A
V

 

BOW
ERY W 4 ST 

E 4 ST 

BLEECKER ST 

BLEECKER     ST 

23 ST 

12 A
V 23 ST 

50 ST 50 ST 

59 ST CENTRAL                 PARK             SOUTH 

79 ST 

125 ST 

116 ST 

96 ST 

86 ST 

UNIVERSITY HTS BR 

UNIO
N TURNPIK

E 

CLEARVIEW EXPWY 

163 ST  

FR
E

D
E

R
IC

K
 

D
O

U
G

LA
S

S
 B

LV
D

 

A
D

A
M

 C
LA

Y
T

O
N

P
O

W
E

LL B
LV

D
 (7A

V
)

VAN      W
YCK EXPW

Y 

SEAGIRT  BLVD 

B
EA

C
H

 C
HANNEL D

R 

R
O

C
K

A
W

A
Y

 B
EA

C
H

 B
LV

D
 

KIN
G

S 
H

IG
H

W
A

Y
 

82 ST

V
E

R
N

O
N

 B
LV

D

B
E

A
C

H
 C

H
A

N
N

EL
 D

R
 

RO
CKAW

AY  P
T 

 B
LV

D
 

HAMILTON BRIDGE 

WASHINGTON BRIDGE 

CROSS BRONX EXPWY

BAYCHESTER AV

9 A
V

10 A
V

11 A
V

G
R

A
N

D
 A

V

Spuyten
Duyvil

Riverdale

University
Heights

Morris
Heights

Harlem
125 St

Melrose

Yankees-
E153 St

Tremont

Fordham

Botanical Garden

Williams
Bridge

Woodlawn

Wakefield

Long
Island
City

9 St

14 St

23 St

33 St

Christopher St

Hunterspoint Av

Woodside

Mets–Willets Point

Flushing

Forest
Hills

JamaicaKew
Gardens

Hollis

Auburndale Bayside Douglaston

Manhasset

Plandome

Port
Washington

Great
Neck

Little
Neck

Murray
Hill

Broadway

Queens
Village

Laurelton Rosedale

Woodmere

Cedar-
hurst

Lawrence

Inwood

Locust
Manor

Far
Rockaway

East NY

Nostrand Av

Marble
Hill   

WTC

VAN
CORTLANDT

PARK

BRONX
ZOO

PELHAM
BAY

PARK

ORCHARD
BEACH

CENTRAL
PARK

WASHINGTON
SQUARE PARK

METROPOLITAN
MUSEUM
OF ART

RANDALLS
ISLAND

JAVITS
CENTER

RIVERBANK
STATE PARK

INWOOD
HILL PARK

FORT TRYON
PARK

UNITED
NATIONS

WTC Site
9/11 Memorial

FLUSHING
MEADOWS
CORONA

PARK

PROSPECT
PARK

BROOKLYN
BOTANIC
GARDEN

FORT GREENE
PARK

GREEN-WOOD
CEMETERY

LAGUARDIA
AIRPORT

JFK
INTERNATIONAL

AIRPORT

JAMAICA
BAY

WILDLIFE
REFUGE

GATEWAY
NATIONAL

RECREATION
AREA–

JAMAICA BAY

EAST
RIVER
PARK

BROOKLYN
BRIDGE
PARK

KISSENA
PARK

CUNNINGHAM
PARK

MARINE
PARK

FLOYD
BENNETT

FIELD

JUNIPER
VALLEY

PARK
FOREST

PARK

RIVERSIDE PARK

HUDSON RIVER PARK

HIGHBRIDGE
PARK

JACOB
RIIS

PARK

LIBERTY
ISLAND

ELLIS
ISLAND

NEW YORK
TRANSIT MUSEUM

southbound only

except

n-bound

so
uthbound

6

Sexcept

south-
bound

4•5

7

2•3 and north-
bound 4•5

BROOKLYN

MANHATTAN

QUEENS

THE
BRONX

FINANCIAL
DISTRICT

BATTERY 
PARK CITY

CHINATOWN

LITTLE ITALYSOHO

TRIBECA

GREENWICH
VILLAGE

CHELSEA

WEST
SIDE

UPPER
EAST
SIDE

UPPER
WEST
SIDE

EAST
HARLEM

HARLEM

WASHINGTON
HEIGHTS

EAST
VILLAGE

LOWER
EAST SIDE

NOHO

RIVERDALE

KINGSBRIDGE

HIGH-
BRIDGE

FORDHAM

TREMONT

MORRISANIA

THE HUB

HUNTS 
POINT

RIKERS
ISLAND

MOTT HAVEN

SOUNDVIEW

PARKCHESTER

CITY
ISLAND

BAYCHESTER

CO-OP
CITY

EASTCHESTER

ASTORIA

LONG
ISLAND

CITY

ROOSEVELT
ISLAND

JACKSON
HEIGHTS

CORONA

FLUSHING

HILLCREST

FRESH
MEADOWS

JAMAICA
ESTATES

JAMAICA

HOLLIS

QUEENS
VILLAGE

KEW
GARDENS

KEW
GARDENS

HILLS

RICHMOND
HILL

FOREST
HILLS

REGO PARK

MIDDLE
VILLAGE

GLENDALE
WOODHAVEN

OZONE
PARK

HOWARD BEACHEAST
NEW
YORK

OCEAN HILL-
BROWNSVILLE

CANARSIE

EAST
FLATBUSH

MIDWOOD

BENSONHURST

FLATBUSH

PARK
SLOPE

RED
HOOK

GOVERNORS
ISLAND

CARROLL
GARDENS

FLATLANDS

ROCKAWAY
PARK

BREEZY
POINT

SHEEPSHEAD
BAY

BRIGHTON
BEACH

CONEY ISLAND

BAY RIDGE

BOROUGH
PARK

SUNSET
PARK

BROOKLYN
HEIGHTS

WILLIAMSBURG

FORT GREENE

GREENPOINT

BEDFORD-
STUYVESANT

CROWN
HEIGHTS

BUSHWICK

RIDGEWOOD

MASPETH

DUMBO

NAVY
YARD

M
TA

 S
ta

te
n 

Is
la

nd
 R

ai
lw

ay
 

Grasmere

St. George

Tompkinsville

Stapleton

Clifton
  S51

Old Town

Dongan Hills

Jefferson Av
Grant City

          S51/81  

New Dorp
 

Oakwood Heights
                          S57     

Bay Terrace

      Great Kills
S54 X7 X8   

Eltingville

Annadale
      S55  

     Huguenot   
S55 X17 X19   

Prince's Bay
           S56  

Pleasant Plains

Richmond ValleyNassau
S74/84

Atlantic
S74/84

Tottenville
      S74/84

RICHMOND TERRACE 

VICTORY BLVD 

V
A

N
D

E
R

B
IL

T
 A

V
 

ARTHUR KILL RD 

STATEN IS
LAND EXPRESSWAY              VERRAZANO-NARROWS BRIDGE

FOREST AV 

H
Y

LA
N

   
   

   
 B

L
V
D

 

HYLAN B
LVD 

A
R

T
H

U
R

 K
IL

L R
D 

W
E

S
T

 S
H

O
R

E
 E

X
P

W
Y

 

R
IC

H
M

O
N

D
 A

V
 

SILVER
LAKE
PARK

SNUG HARBOR
CULTURAL CENTER

COLLEGE OF
STATEN ISLAND

SEA
VIEW

HOSPITALSTATEN
ISLAND
MALL

NEW
SPRINGVILLE

PARK

LA TOURETTE
PARK

GREAT
KILLS
PARK

CLOVE
LAKES
PARK

STATEN
ISLAND

PORT
RICHMOND

WEST NEW
BRIGHTON

MARINERS
HARBOR

FOX
HILLS ROSEBANK

CASTLETON
CORNERS

BULLS
HEAD

CHELSEA

WESTERLEIGH

TODT
HILL

NEW
DORP
BEACH

WOODROWROSSVILLE

CHARLESTON

ARDEN
HEIGHTS

FRESH
KILLS

RICHMONDTOWN

TOTTENVILLE
BEACH

   tunnel closed
until fall 2014

 runs weekends via Manhattan Br 

The subway operates 24 hours a 
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Travel Information Center at 511 for 
more information in English or 
Spanish (24 hours) or ask an agent 
for help in all other languages (6AM 
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on this map has been modified. 
© 2013 Metropolitan Transportation Authority
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The subway map depicts weekday service. Service differs by time of day and is sometimes affected by 
construction. Overhead directional signs on platforms show weekend, evening, and late night service. 
Visit mta.info for detailed guides to subway service: click on Maps, then “Individual Subway Line 
Maps,” “Service Guide,” or “Late Night Service Map.” For construction-related service changes, click 
on “Planned Service Changes” in the top menu bar. 
On weekends, the Weekender website and app show construction-related scheduled service changes. 
This information is also posted at station entrances and on platform columns of affected lines.

Transportation Data - NYC MTA

19D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

20D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

21D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

22D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

22D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

23D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

24D. Koop, CSCI 640/490, Spring 2024



MTA Fare Data Exploration

24D. Koop, CSCI 640/490, Spring 2024

A U G U S T
S U N M O N T U E W E D T H U F R I S A T

2 3

10

17

24

31

9

16

23

30

SD SDHOU DETDETT OR DET

DET DETCHW COLCHWSD CHW

BOS BOSLAA LAALAADET LAA

TB TBTOR TORTORBOS TOR

BAL BALTOR TORTORTB TOR

1

8

15

22

29

1

7

14

21

28

3

6

13

20

27

2

5

12

19

26

1

4

11

18

25

1:10 1:10 10:10 8:40

8:104:10 8:10 8:10 1:10 7:05 1:05

7:05TBA 7:05

7:071:40 7:07 7:077:07 7:05 1:05

7:05 1:05 7:10 4:05

1:10TBA 7:05 7:05 1:05 7:10 7:10

YES YES YES

YES YES MY9 YES YES YES YES

TBA YES YES YES YES MY9 FOX

TBA YES MY9 YES YES MY9 YES

YES YES YES YES YES YES YES

S E P T E M B E R
S U N M O N T U E W E D T H U F R I S A T

6 7

14

21

28

30

13

20

27

29

BOS BOSCHW BOSCHWBAL CHW

BOS BOSBAL BALBALBOS BAL

SF SFTORTOR TOR TORBOS

HOU HOUTB TBTBSF TB

T OR T ORCHW CHWHOUHOU HOU

5

12

19

26

28

4

11

18

25

27

3

10

17

24

30

2

9

16

23

30

1

8

15

22

29
ALL GAMES ARE EASTERN TIME.

1:051:05 7:05 7:05 7:05 7:05 1:05

7:05TBA 7:05 7:05 7:05 7:10 1:05

1:10TBA 7:07

1:102:10 1:10

7:07 7:07 7:05 TBA

1:101:05 7:05 7:05 7:05 8:10 TBA

TBA YES MY9 YES YES MY9 FOX

YES YES YES YES YES YES FOX

TBA YES MY9 YES YES YES TBA

YES YES

YES YES

MY9 YES YES YES TBA
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Definition of Visualization
“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively” — T. Munzner

25D. Koop, CSCI 640/490, Spring 2024



Why Graphics?
Figures are richer; provide more 
information with less clutter and in less 
space.
Figures provide the gestalt effect: they give 
an overview; make structure more visible.
Figures are more accessible, easier to 
understand, faster to grasp, more 
comprehensible, more memorable, more 
fun, and less formal.
          list adapted from: [Stasko et al. 1998]

Why do we visualize data?

26

[T. Nørretranders]
D. Koop, CSCI 640/490, Spring 2024

[via A. Lex]



Why Visual?
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[F. J. Anscombe]
D. Koop, CSCI 640/490, Spring 2024

I II III IV
x y x y x y x y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89
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I II III IV
x y x y x y x y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816
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Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816



Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 640/490, Spring 2024

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 640/490, Spring 2024

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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[C. G. Healey]
D. Koop, CSCI 640/490, Spring 2024

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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[C. G. Healey]
D. Koop, CSCI 640/490, Spring 2024

http://www.csc.ncsu.edu/faculty/healey/PP/
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Databases and Visualization?

D. Koop, CSCI 640/490, Spring 2024



Scalable Visualization

J. Heer

D. Koop, CSCI 640/490, Spring 2024

https://courses.cs.washington.edu/courses/cse512/23sp/lectures/CSE512-Scalability.pdf


Mosaic: An Architecture for Scalable and 
Interoperable Data Views

J. Heer & D. Mortiz

D. Koop, CSCI 640/490, Spring 2024

http://idl.cs.washington.edu/papers/mosaic/
http://idl.cs.washington.edu/papers/mosaic/

