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Terms

. noun

+ a simplified drawing showing the
appearance, structure, or workings of
something; a schematic representation

* ORIGIN early 17th cent.:

- from Latin diagramma, from Greek, from
diagraphein ‘mark out by lines,’ from dia
‘through’ + graphein ‘write.’

= Graph ' noun

+ a diagram showing the relation between
variable quantities

I aanrjg Oxford American Dictionary
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INFORMATION VISUALIZATION

OftEng
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Bubbles

Tecnici-Amministrazione
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Ricercatori

Dottorandi
29%

Ordinari
11%

SOftEng

Analysis tasks

= How much larger is the proportion of
PhD (Dottorandi) vs. Full professors
(Ordinari)?

= Which is the fourth largest group of
research related people?

SOftEng
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GRAPHICAL INTEGRITY

SOftEng
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Principles of integrity

* Proportionality

+ Representation as physical quantities
should be proportional to the represented
numbers

= Utility

* Graphical element should convey useful
information

= Clarity

+ Labeling should counter graphical
distortion and ambiguity

http://softang.polito |lg
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Lie Factor

LEF — size of effect shown in graphic
o size of effect in data

= Overstating
¢ Log(LF) > O

= Understating
¢ Log(LF) < O

OftEng
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Lie Factor

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation
Department. In miles per gallon.

18.7 27.5
—— = 8.5 on graphic —— = 1.52 in data
2.2 18

LF = 8.5/ 1.52 =5.59
SOftEng
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Data-ink

data ink
total ink used to print the graphic

Data-ink ratio =

= Proportion of a graphic’s ink devoted
to the non-redundant display of data
information

= 1 - proportion of a graphic that can be
erased without loss of data
information

SOftEng
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Principles of design

= Maximize data-ink ratio
¢ Erase non-data-ink
¢ Erase redundant data-ink

= Within reason

SOftEng
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URL: http://sport.repubblica.it/classifica/A , visited on December 10, 2012



Example (Misplaced LabelsJi

INUMERI DELLA SERIE A

122 PARTITE
vinte GIOCATE 35

GOL MEDIA Non-data ink
TOTALI  GOL PARTITA

w28 & 27

. QO00Y

1.125 - 1.38 Napol Fiorentina  Juventus
Gol fattiin casa

QUANTITATIVE SUMMARIES

SOftEng
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Quantitative relationships

= Quantitative information conveys a
message about relationships

+ Between quantitative and categorical
* Among sets of quantitative

23

Categorical information

= Nominal
= Ordinal
= Range (interval)
+ set of intervals on a ratio scale

» Hierarchical
+ nested nominal categories

OftEng
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Categorical relationships

= Categories relate to each other
through quantitative values associated
with them

+ Ranking
¢ Proportion
+ Correlation

25

Summarizing data

= Central tendency (average)
+ Mean (arithmetic)
+ Median
+ Mode
+ Midrange
= Variation
¢ Range
+ Standard Deviation

OftEng

26



Summarizing data

= Correlation

+ Correlation coefficients
- Does correlation exists?
- How strong/weak is it?
- Is it positive or negative?

+ Scatter plots

» Proportion
+ Fraction
+ Rate

+ Percentage
2ftEng

Money

= Raw values
» Adjusted for inflation

OftEng
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QUANTITATIVE
COMMUNICATION

http://softang.polito |lg

Quantitative message

= Quantitative values
* EXpress measures

_I_

= Categories

+ |dentify what the values refer to
¢+ Entities groups

OftEng
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Quantitative message

Product Pre-release Post-release
Word processor 13,248 1,724
Spreadsheet 9,487 956
Presentation 7,432 1,045
Total 30,167 3,725
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Quantitative message

Product Pre-release Post-release
Word processor 13,248 1,724
Spreadsheet 9,487 956
Presentation 7,432 1,045
Total 30,167 3,725

OftEng

Categorical subdivisions
Category name

Quantitative values

32



Quantitative message

2003 Sales

m Direct Indirect

600,000
500,000 -
400,000
300,000 |-
200,000 |-
100,000

0

Ql Q2 Q3 Q4

SOftEng
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Quantitative message

Categorical
2003 Sales subdivisions

m Direct = Indirect Quantitative values

600,000
500,000
400,000
300,000
200,000
100,000

0

Ql Q2 Q3 Q4
SOftEng
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Tables

= Main features

+ Data arranged in rows and columns
+ Data encoded as

= Strengths

+ Easy of values
* Precise values
- Allow selected comparisons
+ Several units of measure are possible

tp://softang. polito |lg
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Graphs

= Main features

+ One or more delineate the display
area where values are shown

+ Values encoded as objects in
relation to axes

+ Axes provide
- Assign values and labels to visual objects
- Both categorical and quantitative

= Strengths
* Overall shape of data (holistic)
OftEng
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Graphs

= Show
* Trend
- Pattern of change over time

+ Comparison of subsets

- Overall
- Spot similarities and differences

+ Highlight exceptions

» Display relationships among multiple
guantitative values by giving them

shape

SOftEng
In general
Use tables to Use graphs to
Look up individual Focus on the shape of
values values
Compare individual Reveal relationships
values among multiple values

Precise values are
required

There is more than one
unit of measure

38



TABLES

SOftEng

Data encoding

39

= Categories and values are encoded in
textual form

SOftEng
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Relationships

» Categorical-to-Quantitative (look up)
+ Single set of C levels and Single set of Q
values

* Intersection of multiple C and Single set of Q
values

= Quantitative-to-Quantitative
(comparison)
* Single set of Q values associated with
different C levels
+ Distinct set of Q values associated with the
same C level
oftEng
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Look up: 1C-1Q

Product Defects
Word processor 13,248
Spreadsheet 9,487
Presentation 7,432
Total 30,167

OftEng
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Look up: TC-1Q

Product Defects

Word processor 13,248

Spreadsheet _

Presentation 7,432

Total 30,167
SOftEng

Look up: nC-1Q

Product Pre-release Post-release
Word processor 13,248 1,724
Spreadsheet 9,487 956
Presentation 7,432 1,045
Total 30,167 3,725

SOftEng




Look up: nC-1Q

Product Pre-release Post-release

Word processor 13,248 1,724

Spreadsheet 9,487 956

Presentation 7,432 1,045

Total 30,167 3,725
Eng

Comparison: 1Q

45

Product Pre-release Post-release
Word processor 13,248 1,724
Spreadsheet 9,487 956
Presentation 7,432 1,045
Total 30,167 3,725

OftEng
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Comparison: 1Q

Product Pre-release Post-release
Word processor 1,724
Spreadsheet 956
Presentation 7,432 1,045
Total 30,167 3,725
SOftEng
47

Comparison: nQ

Product Defects Test Effort
Word processor 13,248 300
Spreadsheet 9,487 600
Presentation 7,432 500
Total 30,167 1,400

SOftEng
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Comparison: nQ

Product Defects Test Effort

Word processor 13,248 300

Spreadsheet 19,487 600

Presentation 7,432 500

Total 30,167 1,400
SOftEng
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Design variation

= Unidirectional

+ Categorical levels are laid out in one
direction only
- Across columns or rows

+ Possibly in hierarchical arrangement

= Bidirectional

+ Categorical levels are laid out in both
directions

SOftEng
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Suitable designs

Unidirectional Bidirectional

1C-1Q (4 NA
nC-1Q ~ 4
1Q (4 v
Q-to-Q
Comparison nQ v ~
SOftEng
GRAPHS

SQItEng
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Data encoding

* Encoding of quantitative values
+ Points (position of)
¢ Lines
+ Bars
+ Shapes with 2D areas

Eng
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Points and Lines

4000 -
3500 -
3000 - .
2500 - .
2000 - e
1500 -
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0
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SOftEng

Aug Sep Oct Nov Dec

Lines
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SOftEng

Aug Sep Oct Nov Dec
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Lines
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4 Trend line
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SOftEng
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Number of companies
0 10 20 30 40 50 60 70 80 90
Large
Medium
Small
Micro
SOftEng
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Bars - Warning

= Quantitative values are encoded only
as length of the bars
+ Width of bars plays no role
+ Bars a just very thick lines

+ Bars require a zero-based scale
- Lie factor!

SOftEng
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Vertical Bars (Columns)

Medium Small Micro

60



Area of 2D Shapes

Micr.

Small

Large

Medium

SOftEng

Data encoding

61

» Encoding of categorical levels
+ Position (along an axis)
+ Color
+ Shape
+ Fill pattern
¢ Line style

SOftEng
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Quantitative message

2003 Sales

m Direct Indirect

600,000
500,000 -
400,000
300,000 -
200,000 -
100,000
0
QI
SOftEng

Q
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Point shape
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850,000 - -e-Booking
& Billing

800,000 -

750,000 -

700,000 -

650,000 -

600,000

Q1 Q2 Q3 Q4

SOftEng
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Point shape

850,000 - + Booking .
m Billing
800,000 - m . .
750,000 - . n
700,000 - . i
650.000 Much more difficult
>0, to evaluate the trend
without lines
600,000
Ql Q2 Q3 Q4
SOftEng
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Point shape + Color

900,000 - -e-Direct Booking -+-Indirect Booking

850,000 - -m-Direct Billing -=Indirect Billing

800,000 -
750,000 -
700,000 -

650,000 -

600,000
Ql Q2 Q3 Q4

SOftEng
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Fill Pattern

600.000 America Europe [l Asia

500.000

400.000

300.000

200.000

100.000

Q1 Q2 Q3 Q4

SOftEng
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Line style

850,000 - — -Booking

—Billing -

800,000 -

750,000 -

700,000 -

650,000 -

600,000
Ql Q2 Q3 Q4

SOftEng
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Relationships in graphs

= Nominal comparison
* Time series

Ranking
Part-to-whole
Deviation
Distribution
Correlation

SOftEng

Quantitative encoding

69

SOftEng
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Nominal comparison

= Compare quantitative values
corresponding to categorical levels
+ Small differences are difficult to see
- Non zero-based scale can emphasize

* Dot plots can be used for small
differences
- They do not require zero based scale

|
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Time series

= Series of relationships between
quantitative values that are associated
with categorical subdivisions of time

= Communicate

* Change + Grow

+ Rise + Decline
¢ |Increase ¢ Decrease
* Fluctuate + Trend

OftEng
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Time series

= Time grows horizontally from left to
right
¢ Cultural convention

+ Vertical bars highlight individual points in
time and hide overall

ey 111

SOftEng
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Ranking

Purpose Sort order Bar position

Highlight the : H: highest on top

highest value DeseEielg V: highest on left

Highlight the : H: lowest on top

lowest value Ascending V: lowest on left

= il |

SOftEng
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Part-to-whole

= Best unit: percentage
= Stacked bar graph

+ Difficult to read individual values

=_ i

SOftEng

Stacked bar graph

75

3000 -
2500 - <7
2000 -
South
1500 - West

5 m East
1000 - - m North
500 -
0 4
Q1 Q2 Q3 Q4

SOftEng
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Deviation

= To what degree one or more sets of
values differ in relation to primary
values.

¢ Often linked to time series

Bullet graph

77

Background fill colors that encode qualitative ranges like bad, satisfactory, and good
(U.S. $ in thousands) | |
0 50 100 150 200 250 300

Quantitative Scale
Text Label Symbol marker that encodes the comparative measure

Bar that encodes the performance measure

SOftEng
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Distribution

= Two main types
+ Show distribution of single set of values

+ Show and compare two or more
distributions

79

Single distribution

» Histogram
+ Vertical bar graph

* Frequency for subdivision
- Quantitative ranges
- Categories
» Emphasis on number of occurrences in
each subdivision

OftEng
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Single distribution

* Frequency polygon

¢+ Line graphs

* Frequency density function

= Emphasis on th
distribution

Box plot

O G

e shape of the

= Qulier

15
|

10
!

.
|

/
—
/

-

R

—

= Max value
/ ]
= 75t percentile

— « Median

— ¢ 50t percentile
= 25" percentile
= Min value

OftEng



Box plot

Income

op------[ J}----- ¢
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sortang.polito

SOftEng
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Boxplot
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Method:
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softeng. polito.i

SOftEng
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Correlation

= Relationships between two paired sets
of quantitative values

+ Scatter plot w/possible trend line
- Ok for educated audience

+ Correlation bar graph
+ Paired bar graph

85

VISUAL PERCEPTION

OftEng
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Visual perception

Sensation Perception
(physical process) (Cognitive process)
Stimulus Sensory Organ Perceptual Organ>
e

Iconic || ShortTerm || LongTerm
SOftEng
87
Memories

= Jconic memory (visual sensory register)
+ Pre-attentive processing
* Detects a limited number of attributes

= Short-term memory (working memory)
+ Store visual chunks
¢ Limited number

= Long-term memory

OftEng
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Pre-Attentive Attributes
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Pre-Attentive Attributes

OftEng
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Pre-Attentive attributes

Category Attribute

Form Orientation
Line length
Line width
Size
Shape
Curvature
Added marks
Enclosure

Color Hue
Intensity

Spatial position 2-D position

Motion Flicker
Direction -

Attributes of form

] ]

Orientation : { : : Shape : . : :
) ) ) )

Line Length Curvature ) ! )
) ) ) )

L]

Line Width Added mark : T : :
e @ o o | | | |

Size |°° @ Enclosure : @ : :

SOftEng
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Size

SOftEng
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Pre-Attentive attributes

Attribute Quantitative

Form Orientation No
Line length Yes
Line width Limited
Size Limited
Shape No
Curvature No
Added marks No
Enclosure No
Color Hue No
Intensity Limited
Spatial position 2-D position Yes
Motion Flicker No

Direction No 0



Effect of Context

SOftEng

Effect of context

/ AN

<>

SOftEng




Distinct perceptions

* The immediacy of any pre-attentive
cue declines as the variety of
alternative patterns increases

+ Even if all the distracting patterns are
individually distinct from the target

¢ For each attribute not more than four
distinctions are discernible

SOftEng
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Colors

= Red
= Green
= Yellow

= Blue

= Black
= White
= Pink

= Cyan
= Gray

= QOrange
= Brown
= Purple

SOftEng
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Use of contrast

* Include differences corresponding to
actual differences

» Effective when one item is different in
a context of other items that are the
same

100

Gestalt principles

= Visual attributes that lead us to group

the objects

¢ Proximity

* Similarity

* Enclosure

¢+ Closure

+ Continuity

+ Connection

OftEng
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Cultural conventions

» Reading proceed from left to right and
from top to bottom

+ At least in western culture

= What is at the top (on the left)
precedes what is at the bottom (on the
right)
¢ Importance
* Ordering

* Time
SOftEng
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Example

Number of student per year for two degrees

m 2010
2009
2008

m 2007

= 2006

W 2005

w2004

INGEGNERIA LOGISTICA E DELLA PRODUZIONE

INGEGNERIA DELL'ORGANIZZAZIONE D'IMPRESA

SoftEOg 0 100 200 300
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Prioritization

Attribute Tables Graphs

Line width Boldface text Thicker lines

Bigger tables Bigger graphs

Size Wider bars
Larger fonts :
Bigger symbols
Color intensity Darker or brighter colors

Positioned at the top
2-D position Positioned at the left
Positioned in the center

SOftEng
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TABLE DESIGN

SOftEng
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Table design

= Data components

+ Categorical level

* Quantitative value

+ Complementary text
= Support components

+ White spaces
+ Rules and grids
+ Fill color

http://softang.polito |lg
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Delineate rows and cols

= Use white spaces whenever possible
¢ Continuity and Proximity
+ Row space to row height < 1:1

= Then use subtle fill colors
= Then use subtle rules
= Avoid grids!

OftEng
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Tables (exam

ntep://

soreta

Totale
Squadre Punti G V N P| F S
Juventus 3& li 12 2] 2] 33 10
Inter 34 16 11 1 4 29 17
Napoli 33 16 10 3 3 29 14
Lazio 30 16 9 3 4 24 18
Roma 29 16 9 2 5 38 26|
Fiorentina 29 16 8 5 3 29 18
Milan 24 16 7 3 6 28 21
Catania 22| 16 6 4 6 22, 24
Udinese 22| 16 5 7 4 24 24
Atalanta ** 21 16 7 2 7 17, 23]
Parma 20 16 5 5 6 19 22,
Chievo 18 16 5 3 8 19 27|
Sampdoria * 17 16 5 3 8 19 23
Cagliari 16 16 4 4 8 14 26|
Bologna 15 16 4 3 9 17, 20
Torino * 15 16 3 7 6) 17 21
Palermo 14 16 3 5 8 14 23
Pescara 14 16 4 2 10 12 30
Genoa 12| 16 3 3 10 16| 28
|Siena *****x 11 16 4 5 7 15 20
Totale
Squadre Punti G Vv N P F S
Juventus 38 16 12 2 2 33 g
Inter 34 16 11 1 4 29 17
Napoli 33 16 10 3 3 29 14
Lazio 30 16 9 3 4 24 18
Roma 29 16 9 2 5 38 26
Fiorentina 29 16 8 5 3 29 18
Milan 24 16 7 3 6 28 21
Catania 22 16 6 4 6 22 24
Udinese 22 16 5 7 4 24 24
Atalanta ** 21 16 7 2 7 17 23
Parma 20 16 5 5 6 19 22
Chievo 18 16 5 3 8 19 27
Sampdoria * 17 16 5 3 8 19 23
Cagliari 16 16 4 4 8 14 26
Bologna 15 16 4 3 9 17 20
Torino * 15 16 3 7 6 17 21
Palermo 14 16 3 5 8 14 23
Pescara 14 16 4 2 10 12 30
Genoa 12 16 3 3 10 16 28
Siena ¥***** 11 16 4 5 7 15 20

108
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Tables (example)

Totale
Squadre Punti G \' N P F S
Juventus 38 16 12 2 2 33 10
Inter 34 16 11 1 7 79 7
Napoli 33 16 10 3 3 29 14
Lazio 30 16 9 3 4 24 18
Roma 29 16 9 2 5 38 26
Fiorentina 29 16 8 5 3 29 18
Milan 24 16 7 3 6 28 21
Catania 22 16 6 4 6 22 24
Udinese 22 16 5 7 4 24 24
Atalanta ** 21 16 7 2 7 17 23
Parma 20 16 5 5 6 19 22
Chievo 18 16 5 3 8 19 27
Sampdoria * 17 16 5 3 8 19 23
Cagliari 16 16 4 4 8 14 26
Bologna 15 16 4 3 9 17 20
Torino * 15 16 3 7 6 17 21
Palermo 14 16 3 5 8 14 23
Pescara 14 16 4 2 10 12 30
Genoa 12 16 3 3 10 16 28
SOft
nete//oranSiang ¥ **EK 11 16 4 5 7 15 20
Totale

Squadre Punti G \' N P F S
Juventus 38 16 12 2 2 33 ]9
Inter 34 16 11 1 4 29 17
Napoli 33 16 10 3 3 29 14
Lazio 30 16 9 3 4 24 18
Roma 29 16 9 2 5 38 26
Fiorentina 29 16 8 5 3 29 18
Milan 24 16 7 3 6 28 21
Catania 22 16 6 4 6 22 24
Udinese 22 16 5 7 4 24 24
Atalanta ** 21 16 7 2 7 17 23
_Ft Pa.irmf_‘ g 20 16 5 5 6 19 22

SO

http://softeng.polito.it
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Tables (example)

Totale
Squadre Punti G Vv N P F S
Juventus 38 16 12 2 2 33 19
Inter 34 16 11 1 4 29 17
Napoli 33 16 10 3 3 29 14
Lazio 30 16 9 3 4 24 18
Roma 29 16 9 2 5 38 26
Fiorentina 29 16 8 5 3 29 18
Milan 24 16 7 3 6 28 21
Catania 22 16 6 4 6 22 24
Udinese 22 16 5 7 4 24 24
Atalanta ** 21 16 7 2 7 17 23
Parma 20 16 5 5 6 19 22
Chievo 18 16 5 3 8 19 27
Sampdoria * 17 16 5 3 8 19 23
Cagliari 16 16 4 4 8 14 26
Bologna 15 16 4 3 9 17 20
Torino * 15 16 3 7 6 17 21
Palermo 14 16 3 5 8 14 23
Pescara 14 16 4 2 10 12 30
Genoa 12 16 3 3 10 16 28
Sieng ****** 11 16 4 5 7 15 20

Arrange Data

= Columns vs. Rows

+ Categorical across columns if few
+ Time-series horizontally across columns
+ Ranked subdivisions down the rows

= Groups and break

+ Use just enough vertical space at the
beginning of each group

112

+ Consistent structure from group to group

OftEng

113



Arrange Data

= Column sequence

+ Categorical level on the left
- Hierarchies from left to right

¢ Derived values should be close to the
source values

+ Set of quantitative values intended to be
compared should be as close as possible

= Sorting
+ Alphabetic order is useful for lookup only

+ Sort according to some inherent order
OftEng
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Formatting text

» Horizontal left to right is the natural
orientation

= Alignment

+ Numbers to the right with aligned decimal
+ Dates to the left using same width format
* Text to the left

+ Center when header is significantly larger

OftEng
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Formatting text

= Date and number formats

¢ Include no unnecessary information

- The level of precision should not exceed the
level needed for you communication goal

¢ Use data format most familiar to the
intended readers

L 4

+ Use thousands separators

* Whenever possible truncate to multiple of
thousands

ttp:/ /softeng. polito |lg
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Formatting text

»= Font should be legible
+ Use the same font throughout
* Avoid fonks wczz poor legibility

= Emphasis and color

+ Highlight values
* Group related items

OftEng
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Summarize values

= Summary values
* Sum

+ Average
- Mean
- Median

¢+ Occurrence

¢ Distribution
- Range
- Std Deviation

ttp:/ /softeng. polito |lg
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GRAPH DESIGN

OftEng
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Graph design principles

» Encode quantities to correspond
accurately to the visual scale

+ Distance between tick marks must
correspond to the values they represent

¢ Include the zero value in quantitative
scales
- Warn when its not

= Avoid 3D display of quantitative data
+ Data-ink ratio!

http://softang.polito |lg
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Graph components

= Data components
= Support components

OftEng
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Points

= Points must be clearly distinguished
+ Enlarge points
+ Select distinct shapes

= Avoid overlapping points

+ Balance size of points and graph
+ Use only outlined shapes
+ Select radically distinct shapes (4 O)

* Lines must not obscure points

http://softang.polito |lg
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Bars

= Use horizontal bars when
+ A descending order ranking
+ Categorical label don’t fit
* Proximity
+ Use a 1:1 bar:spacing ratio +50%

+ No spacing between bars that are not
labeled on the axis (legend categories)

+ No overlapping bars

OftEng
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Bars

= Fill
+ Avoid fill patterns
+ Colors must be clearly distinct
+ Balanced colors for similar importance data
+ Intense colors to highlight important values

= Borders when

+ Fill colors not clearly distinct from background
- Light gray may work
+ Highlight a single bar
= Bars must start at zero

+ Except when representing ranges
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Log scale

= Reduce visual difference between
quantitative data sets with
significantly different ranges

» Differences are proportional to
percentages

OftEng
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Log scale
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Tick marks

= Must not obscure data objects
= Qutside the data region
= Avoid for categorical scales

= Balanced number

+ Too many clutter the graph

+ Too few make difficult to discern
reference for data objects

+ [ntervals must be equally spaced

http://softang.polito |lg
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Legends

» Used for categorical attributes not
associated to any axis

= As close as possible to the objects
= Less prominent than data objects

= Borders are used only when necessary
to separate from other elements

OftEng
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Graph area

= Aspect ratio should not distort
perception
+ Typically wider than taller
+ Scatter plot may be squared

= Grid lines must be thin and light

+ Useful to look-up values
+ Enhance comparison of values
* Enhance perception of localized patterns
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Other

» Text should be as close as possible to
the object it complements

= Number of categorical subdivisions

* Perceptual limit is between 5 and 8
* Limit is independent of the visual
attribute used to encode it

= Number of axis should be 2

¢ 1 is fine for horizontal bars

- continuity gestalt principle
OftEng
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Multiple variable graph

= Multiple unit of measure
* Double quantitative (y) axis

= Multiple graphs in a series

133

Multiple variable graph

= Example
¢ Defects and LOCs for each month
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Double scale
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Series of graphs

= Sequence

¢+ Intrinsic order

* Order of relevance

+ Order by some quantitative attribute
= Rules and grids

+ Use when spacing is not enough

+ Can direct the reader to scan graphs
horizontally or vertically
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License (1)

. THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS PUBLIC LICENSE ("CCPL"
OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER
THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED.

. BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF
THIS LICENSE. THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF
SUCH TERMS AND CONDITIONS.

. 1. Definitions

- "Collective Work" means a work, such as a periodical issue, anthology or encyclopedia, in which the Work in its entirety in
unmodified form, along with a number of other contributions, constituting separate and independent works in
themselves, are assembled into a collective whole. A work that constitutes a Collective Work will not be considered a
Derivative Work (as defined below) for the purposes of this License.

- "Derivative Work" means a work based upon the Work or upon the Work and other pre-existing works, such as a
translation, musical arrangement, dramatization, fictionalization, motion picture version, sound recording, art
reproduction, abridgment, condensation, or any other form in which the Work may be recast, transformed, or adapted,
except that a work that constitutes a Collective Work will not be considered a Derivative Work for the purpose of this
License. For the avoidance of doubt, where the Work is a musical composition or sound recordinﬁ;, the synchronizatjon of
the Work in timed-relation with a moving image ("synching") will be considered a Derivative Work for the purpose of this
License.

- "Licensor" means the individual or entity that offers the Work under the terms of this License.

- "Original Author" means the individual or entity who created the Work.

- "Work" means the copyrightable work of authorship offered under the terms of this License.

- "You" means an individual or entity exercising rights under this License who has not previously violated the terms of this
License with respect to the Work, or who has received express permission from the Licensor to exercise rights under this
License despite a previous violation.

2. Fair Use Rights. NothingLin this license is intended to reduce, limit, or restrict any rights arising from fair use, first sale or
other limitations on the exclusive rights of the copyright owner under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free,
non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated

below:
a. to reproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work
as incorporated in the Collective Works;
b. to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a

digital audio transmission the Work including as incorporated in Collective Works;
The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights
include the right to make such modifications as are technicallmnecessary to exercise the ri?hts in other media and
formats, but otherwise you have no rights to make Derivative Works. All rights not expressly granted by Licensor are
hereby reserved, including but not limited to the rights set forth in Sections 4(d) and 4(e).
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License (2)

L] 4. Restrictions.The license granted in Section 3 above is expressly made subject to and limited by the following
restrictions:

a. You may distribute, publicly display, publicly perform, or publicly d(ijgitally perform the Work only under the terms of this
License, and You must include a copy of, or the Uniform Resource Identifier for, this License with every copy or phonorecord of
the Work You distribute, Fublicly display, publicly perform, or publicly digitally perform. You may not offer or impose any
terms on the Work that alter or restrict the terms of this License or the recipients' exercise of the rights granted hereunder.
You may not sublicense the Work. You must keep intact all notices that refer to this License and to the disclaimer of
warranties. You may not distribute, publicly display, publicly f(aerform, or publicly digitally perform the Work with any
technological measures that control access or use of the Work in a manner inconsistent with the terms of this License
Agreement. The above a‘oplies to the Work as incorporated in a Collective Work, but this does not require the Collective Work
apart from the Work itself to be made subject to the terms of this License. If You create a Collective Work, upon notice from
any Licendsor You must, to the extent practicable, remove from the Collective Work any credit as required by clause 4(c), as
requested.

b. You may not exercise any of the rights granted to You in Section 3 above in any manner that is primarily intended for or
directed toward commercial advantage or private monetary compensation. The exchange of the Work for other copyrighted
works by means of digital file-sharing or otherwise shall not be considered to be intended for or directed toward commercial
advantage or private monetary compensation, provided there is no payment of any monetary compensation in connection with
the exchange of copyrighted works.

c. If you distribute, publicly display, publicly perform, or publicly digitally perform the Work, You must keep intact all copyright
notices for the Work and provide, reasonable to the medium or means You are utilizing: (i) the name of the Original Author (or
pseudonym, if applicable) if supplied, and/or (ii) if the Original Author and/or Licensor designate another party or parties (e.g.
a sponsor institute, publishing entity, journal) for attribution in Licensor's copyright notice, terms of service or by other
reasonable means, the name of such party or parties; the title of the Work if supplied; and to the extent reasonably practicable,
the Uniform Resource Identifier, if any, that Licensor specifies to be associated with the Work, unless such URI does not refer to
the copyri%ht notice or licensing information for the Work. Such credit may be implemented in any reasonable manner;
provided, however, that in the case of a Collective Work, at a minimum such credit will appear where any other comparable
authorship credit appears and in a manner at least as prominent as such other comparable authorship credit.

d. For the avoidance of doubt, where the Work is a musical composition:

i. Performance Royalties Under Blanket Licenses. Licensor reserves the exclusive right to collect, whether
individually or via a performance rights society (e.g. ASCAP, BMI, SESAC), royalties for the public performance
or public digital performance (e.g. webcast) of the Work if that performance is primarily intended for or
directed toward commercial advantage or private monetary compensation.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the exclusive right to collect, whether
individually or via a music rights agency or designated agent (e.g. Harry Fox Agency), royalties for any
phonorecord You create from the Work ("cover version") and distribute, subject to the compulsory license
created by 17 USC Section 115 of the US Copyright Act (or the equivalent in other jurisdictions), if Your
distribution of such cover version is primarily intended for or directed toward commercial advantage or
private monetary compensation.

- Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording, Licensor reserves
the exclusive right to collect, whether individually or via a performance-rights society (e.g. SoundExchange), royalties for the
Bublic digital performance (e.g. webcast) of the Work, subject to the compulsory license created by 17 USC Section 114 of the

S Copyright Act (or the equivalent in other jurisdictions), if Your public digital performance is primarily intended for or
directed toward commercial advantage or private monetary compensation.



License (3)

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED BY THE PARTIES IN WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR
OTHERWISE, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF
ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF
IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE
TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES
ARISING OUT OF THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

7. Termination

a. This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms
of this License. Individuals or entities who have received Collective Works from You under this License, however,
will not have their licenses terminated provided such individuals or entities remain in full compliance with those
licenses. Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.

b. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable
copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under different
license terms or to stop distributing the Work at any time; provided, however that any such election will not serve
to withdraw this License (or any other license that has been, or is required to be, granted under the terms of this
License), and this License will continue in full force and effect unless terminated as stated above.

. Miscellaneous

a. Each time You distribute or publicly digitally perform the Work or a Collective Work, the Licensor offers to the
recipient a license to the Work on the same terms and conditions as the license granted to You under this License.

b. If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or
enforceability of the remainder of the terms of this License, and without further action by the parties to this
agreement, such provision shall be reformed to the minimum extent necessary to make such provision valid and
enforceable.

c¢.  No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or
consent shall be in writing and signed by the party to be charged with such waiver or consent.

d. This License constitutes the entire agreement between the parties with respect to the Work licensed here. There
are no understandings, agreements or representations with respect to the Work not specified here. Licensor shall
not be bound by any additional provisions that may appear in any communication from You. This License may not
be modified without the mutual written agreement of the Licensor and You.



