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This Week

Homework O:

due tomorrow!
NEW: ANNOUNCE REPOSITORY
& tell us if you don’t have a micro account yet
http://goo.gl/HFVEG6h
Readings:
D3: Chapters 5-8
VAD: Chapter 2



http://goo.gl/HFVE6h

Next Week

Lecture 4: The visualization alphabet. Visual Variables.
Basic Tasks and Charts.

Introduction to Homework 2

Lecture 5: SKILLS: Sketching and Prototyping |
Reading: D3, Chapters 9-11; VAD, Chapter 3
HW1 Due!



HW 1

Questions?
Write clean and general code!
Ask yourself: What would a user expect?



Organizational

Textbook on reserve In
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Image credits, sources & more
iInfo on material: see hyperlinks




No Device Policy

No Computers, Tablets, Phones in lecture hall

except when used for exercises
Switch off, mute, flight mode
Why?
It’s better to take notes by hand
Notifications are designed to grab your attention



Survey Results

238 registered students (most ever)

+~40 relative to 2014
+~80 relative to 2013

125 College & other, 87 DCE
175 survey responses (Wednesday)



Demographics

Gender
Male 11121 \ | prefer not to disclose 1 1%
Female 61 35%
Male 113 65%
o | prefer not [1]
Female [61]
Age
25 to 44 [50] | prefer not to disclose 3 2%
Under 17 2 1%
18 to 24 115 66%
. — 45 to 64 [5]
e Over 65 [0 25to 44 50 29%
\- | prefer not [3] 45 to 64 5 3%
~Under 17 [2]
Over 65 0 0%

18 to 24 [115]



Program

What Program are you in?

Harvard College 107 61%
Harvard College _ Harvard Graduate Student 19 11%
Harvard Graduate .. - Harvard Division of Continuing Education (DCE) 53 30%
Harvard Division ... - MIT Undergrad 0 0%
MIT Graduate Student 4 2%
MIT Undergrad-
MIT Graduate Student I

0 21 42 63 84 105 126
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Where you're from




uter / OS

What kind(s) of computer(s) do you own?

Desktop 23 13%
Laptop 170 97%
None 0 0%

0 34 68 102 136 170

What operating system(s) do you run on your computer(s)?

Windows XP 3 2%

Windows XP Windows Vista 0 0%

Windows Vista Windows 7 38 22%

— Windows 8 36 21%

Mac OS 128 73%

Windows 8 Linux / Unix 21  12%

Mac OS Other 1 1%
Linux / Unix
Other

0 26 52 78 104 130



Programming Skills

How long have you been programming?

Less than 6 months 39 22%
{ to 3 years [62] — Over 3 years [41] Between 6 months and oneyear 33 19%
S years b
1to 3 years 62 35%
Over 3 years 41 23%
Less than 6 [39]
Between 6 mo [33]
How often do you write code?
Two or more [43] £ Once per mon [12] Da“y 32 18%
Weekly 63 36%

— Less than on [25 '
Less than on |29] Two or more times per month 43 25%

Once per month 12 7%

Less than once per month 25 14%
Daily [32]
¥VCCKWI63]



Primary Language

What is your primary programming language?

PHP [9] ————a " Python [42] BASIC 1 1%

ey iy - C 50 29%
HTML ,C;'t?f | C++ a4 29
Sl C# 3 2%
Java 24 14%

[ ”_’ JavaScript 15 9%

HTML / CSS 17 10%

LISP 0 0%

Perl 1 1%

PHP 9 5%

Python 42 24%

Ruby 2 1%

SQL 5 3%

VB / VBScript 2 1%



Other Languages

What other languages do you know?

BASIC 6 3%
BASIC C 102 58%
C C++ 30 17%
C# 14 8%
C++
Java 71 41%
C# JavaScript 101 58%
Java HTML / CSS 132 75%
. LISP 1 1%
JavaScript
Perl 4 2%
HTML / CSS PHP 85 49%
LISP Python 79 45%
Ruby 12 7%
Perl
SQL 87 50%
PHP VB/VBScript 11 6%
Python Other 23 13%
Ruby
SQL
VB / VBScript
Other
0 26 52 /8 104 130 156



Overall, how comfortable are you with programming?

60
48
36
24
il
1 2 3 4 s

Are you familiar with git for version control?
50

40
30
20

10

g A WN -

g A WN -

17
28
58
49
23

46
50
49
26

4

10%
16%
33%
28%
13%

26%
29%
28%
15%

2%

Your Comfort Zone

How comfortable are you with design?

55

44

33

22

11

0

1 2 3 4 5

g A WN -

34
54
49
20
18

19%
31%
28%
1%
10%



Why take this class?
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What do you want to get out?
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Design Experience
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Last WeekK




Visualization Definition

Visualization is the process that transforms

(abstract) data into

interactive graphical representations for the purpose of
exploration, confirmation, or presentation.



Why Visualize?

To inform humans: Communication

How did the unemployment and labor force develop over the last
years?

When questions are not well defined:
Exploration

Which combination of genes causes cancer?

Which drug can help patient X7

Unemployment rate

EEEEEE

Share of unemployed out of
work for six months or more

EEEEEE NOW
17.4% 34.4%

[New York Times]


http://www.nytimes.com/interactive/2014/06/14/business/this-side-of-the-recession.html?ref=economy

When not to visualize?
When to automate?

Well defined question on well-defined dataset

Which gene is most frequently mutated in this set of patients?

What is the current unemployment rate?

Decisions needed in minimal time
High frequency stock market trading: which stock to buy/sell?

Manufacturing: is bottle broken?
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http://blog.lnsresearch.com/blog/bid/148014/Top-5-Quality-Management-Mistakes-Affecting-Operational-Excellence

The Ability Matrix

Performance of a Computer

Data Storage
Insight is generated by the human

— not the computer!

Numerical
Calculations
Searching/Finding Planning
. Diagnosis
Logic Prediction

Cognition
Common Knowledge
Creativity

Performance of a Human



Why not just use Statistics?
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"Variance x: 11 y:4.122
Correlation x -y: 0.816
Linear regression: y

3.00 + 0.500x

86788974145

08391464275
, — — —




Anscombe’s Quartett

Mean x: 9y: 7.50

Variance x: 11y:4.122

Correlation x -y: 0.816

Linear regression: y = 3.00 + 0.500x




Design Critique



Design Excellence

“Well-designed presentations of interesting data are a
matter of substance, of statistics, and of design.”

E. Tufte




CAUSES OF UNTIMELY DEATH

Malaria—a preventable
and treatable disease—
is one of the biggest killers
of children.

Heart disease and
stroke cause more
than a quarter of
all deaths. But since

they hit mainly older
War casualties account for Natural disasters are by people, the costin
just 0.05 percent of total far the fastest-growing con- years of life lost is
life-years lost annually. tributor to the death toll. relatively small.

ANNUAL % CHANGE (2005 TO 2010)

INFECTIOUS DISEASES/BIRTH PROBLEMS - I
INJURIES . T
NONCOMMUNICABLE DISEASES o e

-3% -2% -1% 0% 1% 2% 3%




Graph of the Year?

"l love this graph because it shows that while the number of
people dying from communicable diseases is still far too high,
those numbers continue to come down. [...] But there remains
much to do to cut down the deaths in that yellow block even
more dramatically. We have the solutions. But we need to
keep up the support where they're being deployed [...]"

-Bill Gates
http://goo.gl/W7ac3m



http://goo.gl/W7ac3m

CAUSES OF UNTIMELY DEATH

Malaria—a preventable
and treatable disease—
is one of the biggest killers
of children.

http://goo.gl/g6iTLb

Heart disease and
stroke cause more
than a quarter of

all deaths. But since

they hit mainly older
War casualties account for Natural disasters are by people, the costin
just 0.05 percent of total far the fastest-growing con- years of life lost is
life-years lost annually. tributor to the death toll. relatively small.

ANNUAL % CHANGE (2005 TO 2010)

INFECTIOUS DISEASES/BIRTH PROBLEMS I
INJURIES . T
NONCOMMUNICABLE DISEASES - I

-3% -2% -1% 0% 1% 2% 3%


http://goo.gl/g6iTLb

Global Causes of

Lost Life

44% m Communicable, maternal, neonatal, and nutritional disorders

43% m Non-communicable diseases
13% m Injuries
100%

Cancer

Heart disease

Other neonatal and matemal disorders

Lower respiratory infections

Other communicable diseases (including meningitis and hepatitis)
Stroke

Accidents (other than transportation accidents)
Diarrheal diseases

Malaria

HIVIAIDS

Preterm birth complications

Transportation accidents

Other non-communicable diseases

Emphysema and chronic bronchitis

Tuberculosis

Self-harm

Injuries other than accidents and self-harm
Nutritional deficiencies

Neurological disorders

Cardio and circulatory diseases other than heart disease and stroke
Cirrhosis of the liver

Digestive diseases (except cirrhosis)

Diabetes

Endocrine, urogenital, and blood disorders

Other chronic respiratory diseases (including asthma)

Kidney diseases

Years of life lost per 100,000 in 2010
0 500

10.7% .
8.5% I

7.8% I

6.6% NN

6.6% NG

5.7% I

5.5% |

4.8% NG

4.6% NG

4.5% [N

4.3% NN

3.8% |
3.1%
2.8%
2.5% N

21% |

2.1% | R

21% |
1.8% D
1.8% N
1.8% N
1.6%
1.5% N
1.3% I
1.2%
1.0% N

100.0%

Some causes of death contribute disproportionately to
years of life lost because of their effect on the young.
For example, malaria, while not huge in the number of
deaths, is much more signficant in the number of years
that are lost.

Two interesting changes reside in “Injuries other
than accidents and self-harm."” War, which
accounted for only 0.05% of years of life lost, de-
creased since 2005 by 31.5% in years of life lost
per 100,000 people. Natural disasters, which
accounted for 0.65% of years of life lost, increased
by 217% in years of life lost per 100,000.

1,000 1,500 2,000 2500 3,000 -30%  -20% -10% 0

Comparing the number of deaths alone, as shown in the right-
most graph below, doesn't tell the entire story. Some causes of
death have a greater effect on the young, which can be seen
when comparing years of life lost in the leftmost graph.

% change in years of life lost 2005-2010
% 10%  20%  30%
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The five forms of cancer that cause the most
deaths are trachea/bronchus/lung (2.9%), stomach
(1.4%), liver (1.4%), colon/rectum (1.4%), and
breast (0.8%).

Communicable, maternal, neonatal, and nutritional dis-
orders (the gray bars) are often easier to prevent through
healthcare than other causes of death. This reveals itself
in the graph above by the fact that all of these disorders
have decreased during this five year period.
All cardiovascular and circulatory diseases com-
bined account for 30% of deaths.

Redesign by
Perceptual Edge


http://www.perceptualedge.com/blog/?p=1829
http://www.perceptualedge.com/blog/?p=1829

Data



Terms

- Tables > Networks - Fields (Continuous ) 2> Geometry (Spatial)
Attrib (columns) rid of positions
Itemsl Link cell 4 % B
rows) | BB & /S Ne A e Y 19%C— Position
T Node g
Dataset Types |
Cell conta ining value Attributes (columns) R
- o
Value in cell
h t b . I' d f? 2> Multidimensional Table > Trees
what can be visualized" s
eyZJ/
.4—Va|ueince|l
Attribm

Data Types

fundamental units

@ Data Types
> [tems = Attributes = Links - Positions > Grids

combinations make up Dataset Types



Structure

Structured Data Unstructured Data
Known data types, semantics no predefined data model
text-heavy, interspersed with facts
@ [_))a_T_aSthTypes > Net k > Fields (Conti ) > G try (Spatial) (dates, times, IOcationS)

..... video, images

=G Ao (L .
““““““““““““““““““““““ s Translate into structured data
J/ AN Natural Language Processing
-~ Text mining (sentiment, keywords,

concepts, categories)



Text Example: Phrase Net

Network Structure derived
from pattern “X begat Y”
) Source: King James Bible

raml

Jawi]

eleaiar

nelez-@2ar1aN

fathiel

1800k

[van Ham, InfoVis 2009]



Example: Phrase Net

Pattern: “X's Y~ o
18th & 19th century — e
novels - i
[ather
Danker

More Iin Lecture 13: e g
Text & Document Vis okt o officer

[van Ham, InfoVis 2009]



-
O

Name Age

Shirt Size

Favorite Fruit

@ Amy
Data Semantics @ -
Clara
Desmond
Ernest
Fanny
George
Hector
Ida

0 Amy

Basil, 7, S, Pear
What does it mean?

H W 0 J o Or.bH W

Semantics: real world meaning
Name? City? Fruit? Height? Age? Day of Month?
Metadata

3
]
9
13
12
10
9
8
10
12

N

S 2 HEHERnHH XX W,

Apple

Pear
Durian
Elderberry
Peach
Lychee
Orange
Loquat
Pear
Orange



Data lypes

structural or mathematical interpretation of data
Iltem, Link, Attribute, Position, Grid
Different from data types in programming?!



ltems & Attributes

ltem: individual entity, discrete

e.g., Patient, Car, Stock, City
Attribute: measured, 1 [y T SI[ 5 TAeele T
observed, logged property

Zldezberry
e.g., Patient: height, blood
pressure; Car: horsepower, make

ltem: Person  Attributes

Peach

Lychee
Orange
Hector Logquat
Ida
0 |Amy

Pear

H O 0 J o O b W N

=

Orange




Other Data Types

Links

Express relationship between two items
Friendship on Facebook, Interaction between proteins
Positions

Spatial data -> location in 2D or 3D
Pixels in photo, Voxels in MRI scan, latitude/longitude

Grids

Sampling strategy for continuous data
How many Voxels in MRI scan, positions of weather stations in the US



Dataset Types

@ Dataset Types

2> Tables > Networks 2 Fields (Continuous) 2> Geometry (Spatial)
Attributes (columns) Grid of positions
>
ltems Link
(rows) T Cell 4 g Position
Node
v r(item)
Cell containing value Attributes (columns)
N
Value in cell
> Multidimensional Table > Trees
2 A/Xl\
Key 2

.4— Value in cell

Attribm



Attributes

Ta b I e S Keys Values

Name Age Shlrt Size Favorite Fruit
1 Amy Apple
Basil Pear
Flat Table

ltem I-II

_ Desmond Elderberry
one |tem per rTOw Ernest Peach
. . Fanny Lychee
each column is attribute George Orange
Hector Loquat
unique (implicit) key Ida Pear

Amy Orange

no duplicates

Multidimensional Table

iIndexing based on multiple keys



Multidimensional Tables

Keys: Genes

kDm\lmm-bWNi—lL

pd
o

NN N | | et | ok | ok | od | ok | od | o | el
N H=O O RN WVEHI WIN -

POSTN
TMSL8

HLA-DQA1
RP11-35N6.

STMN2
DCX
AGXT2L1
IL13RA2
SLN
MEOX2
COL11A1
NNMT

F13A1
CXCL14
MBP
TF
KCND2
GABRB1

529
DESCRIPTION TCGA-02-0001-01C-01R-0177-01 TCGA-02-0003-01A-01R-0177-01 TCGA-02-0004-01A-01R-0298-01 TKeyS Pat|ents

LTF
POSTN
TMSL8

HLA-DQA1
RP11-35N6.1

STMN?2
DCX
AGXT2L1
IL13RA2
SLN
MEOX2
COL11A1
NNMT
F13A1
CXCL14
MBP

TF
KCND2
GABRB1

-1.265728057
2.662411805
-3.082217838
-1.739664398
-3.346352968
-2.578511106
-2.26078976
-2.639493611
-2.93596915
-2.466718221
-2.395054066
1.211934832
0.703745164
-0.224094042
-3.1309694
-1.906390566
-4.334123292
-1.777692395
-2.214760175

2.377012066

3.932400324
-2.243148513

4.577962344
-2.895400157
-3.051605144
-2.529795801
-3.113204863
-1.873600916
-2.208406749
-1.062676046
-0.399392588

0.664082419

2.222197544
-1.395056071
-2.037626447
-4.680680246
-2.100362021
-3.022654105

4.123979585
5.031585377
-0.02313681
3.127744964
-3.473035067
-1.729892888
-2.844966278
-0.403975027
2.976256911
1.025827904
1.783235317
4.733608974
3.069030715
1.171354775
2.569540659
-2.935744906
-2.975788866
-1.996306032
-3.185499425



Visualizing Tables

economy (mpg)

45

25

15+

10

More in Lecture 8: High-Dimensional Data

8.0 4

cylinders

displacement (cc)
450

power (hp)

220 —

200

180

160 -

140 -

120 ~

weight (Ib)

L

71

70 <

Optogenetic

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

The Journal of neuroscience ....

Nature neuroscience

Neuron

Proceedings of the National...

Science (New York, N.Y.)
Current biology : CB

Brain research

Frontiers in molecular...

Progress in brain research

Journal of neuroscience...

Cell
Biological psychiatry

Behavioural brain research

Experimental physiology

Nature communications

Neurosurgery


http://neuralengr.com/asifr/journals/
http://bl.ocks.org/jasondavies/1341281

Graphs/Networks

A graph G(V,E) consists of a set of
vertices (nodes) V and a set of edges
(links) E connecting these vertices.




Graphs/Networks

A simple graph Is a graph which
contains
No multi-edges

No loops




Special Graphs

A tree IS a graph with no cycles

A directed graph (digraph) is a
graph that distinguishes between
edges A->B and A<-B

A hypergraph |1s a graph with edges
connecting any number of vertices

Hypergraph Example




Special Graphs

A bipartite graph has vertices

that can be partitioned into two
iIndependent sets

An articulation point IS a Vertex,

which if deleted from the graph
would break up a connected

graph into multiple graphs,or
an unconnected graph

Articulation Point (red)




zing

Graphs
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Node-Link Diagram Matrix Treemap (Implicit Tree Visualization)

More in Lecture 10: Trees & Networks


http://atlas.cid.harvard.edu/explore/tree_map/import/show/all/0901/2012/
http://bl.ocks.org/mbostock/4062045
http://bost.ocks.org/mike/miserables/

Fields

Attribute values associated with cells
Cell contains data from continuous domain

Temperature, pressure, wind velocity % <o
Measured or simulated " 4G
Sampling & Interpolation il e o e

Signal processing & stats s '



http://earthobservatory.nasa.gov/Features/GISSTemperature//giss_temperature3.php

Fields: Grid Types
Uniform Grid

Geometry & topology can be computed
Rectilinear Grid

Nonuniform sampling
[Wikipedia]

Structured Grid
allows curvilinear grids

Unstructured Grid
full flexibility, store position and connection




Visualizing Fields

-
-

Los Angeles
\

San Diego

® v
SanlA tonioous’mn

[Bruckner 2007]

More Iin Lecture 12: Maps & Lecture 15: Visualizing spatial data: Volumes and Flows


http://hint.fm/wind/

Geometry

Shape of items

Explicit spatial positions

Points, lines, curves, surfaces, regions, volumes
Important in Computer Graphics, CAD, ...

Not a core Vis topic



Information Vis Visual Analytics

“Abstract Data” InfoVis + Stats +
Tables, Graphs Machine learning

Free to choose Applied Work

spatial layout Funding buzzword

[Alex, Hendrik,
Romain, Sam]

Side Note: Academic Trenches

Scientific Vis

“Spatial
Data” (Fields)

Not free to choose
spatial layout

Find best way to
depict reality

[Johanna, Daniel]
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Other Collections

Rank

Sets

Unique items, unordered

Lists

Ordered, duplicates allowed

Clusters

Groups of similar items

©® N o U B EEEN -

School Name rAcademic repu E

Filter:
<None>
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Attribute Types

Which classes of values & measurements are there?

Categorical (nominal)
Compare equality
Fruit, Gender, Movie Genres, File Types

Ordered
rdinal
Ord | =>» Categorical =>» Ordered
Great/Less than defined + O W A s o s oventiative
Shirt size, Rankings —
Quantitative » B ' —

Arithmetic possible
Length, Weight, Count



Quantitative Data Types

Interval (arbitrary zero)
Dates: Jan 19; Location: (Lat, Long)
Cannot compare directly. Temp in C & F
Only differences (i.e., intervals) can be compared

Ratio (true zero)
zero: there is nothing of the measured entity observed
Measurements: Length, Mass
Can measure ratios & proportions



SCIENCE

Vol 103..No. 2684

Friday, June 7, 1946

On the Theory of Scales of Measurement

S. S. Stevens
Director, Psycho-Acoustic Laboratory, Harvard University

British Association for the Advancement of

Science debated the problem of measurement.
Appointed in 1932 to represent Section A (Mathe-
matical and Physical Sciences) and Seetion J (Psy-
chology), the committee was instructed to consider
and report upon the possibility of “quantitative esti-
mates of sensory events”—meaning simply: Is it pos-
sible to measure human sensation? Deliberation led
only to disagreement, mainly about what is meant by
the term measurement. An interim report in 1938
found one member complaining that his ecolleagues

FOR SEVEN YEARS A COMMITTEE of the

by the formal (mathematical) properties of the scales.
Furthermore—and this is of great concern to several
of the sciences—the statistical manipulations that ean
legitimately be applied to empirical data depend upon
the type of scale against which the data are ordered.

A CLASSIFICATION OF SCALES OF MEASUREMENT

Paraphrasing N. R. Campbell (Final Report, p.
340), we may say that measurement, in the broadest
sense, is defined as the assignment of numerals to ob-
Jeets or events according to rules. The fact that

'\‘1'“&'&‘6 nam™ ‘\A ﬂﬂo:l’l‘iﬂt‘ ﬂ'\l‘” A;“nrnnf rn'nn ‘ﬂﬂl‘ﬂ



Scale

Basic Empirical

———————

Mathematical

Permissible Statistics

Operations Group Structure (invariantive)
NOMINAL Determination of Permutation group Number of cases
equality o’ = [(@) Mode
g,‘,ﬁtﬁﬁ:’%: ARy one-to-one Contingency correlation
ORDINAL Determination of Isotonic group Median
greater or less @’ = f(@) Percentiles
. (#) means any monotonic
ncreasing function
INTERVAL Determination of General linear grou Mean
equality of intervals @/ = a® + Standard deviation
or differences Rank-order correlation
Product-moment correlation
RATIO Determination of Similarity group Coeflicient of variation

equality of ratios

@/ =a®

———

On the theory of scales and measurements [S. Stevens, 46]



Data lypes

Nominal (labels)
Operations: =, #
Ordinal (ordered)
Operations: =, #, >, <
Interval (location of zero arbitrary)
Operations: =, #, >, <, +, — (distance)
Ratio (zero fixed)
Operations: =, #, >, <, +, —, %, = (proportions)

On the theory of scales and measurements [S. Stevens, 46]



Sequential & Diverging Data

Sequential:
homogeneous from min to max
# people Iin countries
Diverging:

two or multiple sequences that
meet

Elevation dataset: above sea level
& below sea level



http://www.research.ibm.com/people/l/lloydt/color/color.HTM
http://www.research.ibm.com/people/l/lloydt/color/color.HTM

® Sessions

Other Structure

Cyclic data
time (hours, week, month, year)
Aggregation

might be patterns on multiple levels

(a)

(b)

A

Respiratory disease cases.
Left: 25 day pattern

Right: 28 day pattern
[Tominski 2008]

5.000
Weekly use of CS 171 website.
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SRR D i N PN, Cah e e 5 Rl
1 Order ID Order Date Order Priori Product Container Product Base Margin Ship Date
e 3 10/14/06 5-Low Large Box 0.8 10/21/06
e 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
4 | 32 7/16/07 2-High Small Pack 0.79 7/17/07
B¢ 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 32 7/16/07 2-High Medium Box 0.6 7/18/07
o 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 | ! 07 4-Not Specifiec Wrap Bag 0/24/C
9 | 35 10/23/07 4-Not Specified Small Box 10/25/07
10 36 11/3/07 1-Urgent Small Box | /EI t/ 11/3/07
11| 65 3/18/07 1-Urgent Small Pack tem/Elemen 3/19/07
12 | 66 1/20/05 5-Low Wrap Bag 1/720/05
13 69 6/4/05 4-Not Specified Small Pack (Independent) ¢/
14 69 6/4/05 4-Not Specified Wrap Bag : 6/6/05
1s_§ 70 12/18/06 5-Low Small Box Variable 12/23/06
16 70 12/18/06 5-Low Wrap Bag 12/23/06
5 s 96 4/17/05 2-High Small Box V.o 4/19/05
18 97 1/29/06 3-Medium Small Box 0.38 1/30/06
19| 129 11/19/08 5-Low Small Box 0.37 11/28/08
20 | 130 5/8/08 2-High Small Box 0.37 5/9/08
21 130 5/8/08 2-High Medium Box 0.38 5/10/08
22 | 130 5/8/08 2-High Small Box 0.6 5/11/08
23 | 132 6/11/06 3-Medium Medium Box 0.6 6/12/06
24 | 132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
25 | 134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
26 135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
27 | 166 9/12/07 2-High Small Box 0.55 9/14/07
28 ] 193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
29 | 194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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18 |
19 |
20 |
21
22
23 |
24
25 |
26
27
28
29

3

6
32
32
32
32
35
35
36
65
66
69
69
70
70
96
97
129
130
130
130
132
132
134
135
166
193
194

10/14/06 5-Low
2/21/08 4-Not Specified
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High
7/16/07 2-High

10/23/07 4-Not Specified

10/23/07 4-Not Specified
11/3/07 1-Urgent
3/18/07 1-Urgent
1/20/05 5-Low

6/4/05 4-Not Specified
6/4/05 4-Not Specified

12/18/06 5-Low

12/18/06 5-Low
4/17/05 2-High
1/29/06 3-Medium

11/19/08 5-Low

5/8/08 2-High

5/8/08 2-High

5/8/08 2-High
6/11/06 3-Medium
6/11/06 3-Medium

5/1/08 4-Not Specified

10/21/07 4-Not Specified
9/12/07 2-High

8/8/06 1-Urgent
4/5/08 3-Medium

Large Box
Small Pack
Small Pack
Jumbo Box
Medium Box
Medium Box
Wrap Bag
Small Box
Small Box
Small Pack
Wrap Bag
Small Pack
Wrap Bag
Small Box
Wrap Bag
Small Box
Small Box
Small Box
Small Box
Medium Box
Small Box
Medium Box
Jumbo Box
Large Box
Small Pack
Small Box
Medium Box
Wrap Bag

0.42

T ; U
ontainer Product Base Margin Ship Date

0.8 10721706

- 2/22/08

Attribute/ 7/17/07

. . 7/17/07

Dlmen5|on/ 7/18/07

7/18/07

(Dependent) /24707

: 10/25/07

Variable/ Al

Feature 3/19/07

i 1/20/05

0.44 6/6/05

0.6 6/6/05

0.59 12/23/06

0.82 12/23/06

0.55 4/19/05

0.38 1/30/06

0.37 11/28/08

0.37 5/9/08

0.38 5/10/08

0.6 5/11/08

0.6 6/12/06

0.69 6/14/06

0.82 5/3/08

0.64 10/23/07

0.55 9/14/07

0.57 8/10/06

4/7/08
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Order ID Order Date  Order Priority  Product Container Product Base Margin Ship Date
0/14/06 5-Low arge Box : J ofs
6 2/21/08 4-Not Specified Small Pack - 5 2/22/08
32 7/16/07 2-High Small Pack Semantlcs ) 7/17/07
32 7/16/07 2-High Jumbo Box 0.72 7/17/07
32 7/16/07 2-High Medium Box 0.6 7/18/07
32 7/16/07 2-High Medium Box 0.65 7/18/07
35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/720/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
130 5/8/08 2-High Small Box 0.6 5/11/08
132 6/11/06 3-Medium Medium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
135 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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A 3 10/14/06 5-Low Large Box 0.8 10/21/06
e 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
& 32 7/16/07 2-High Small Pack 0.79 7/17/07
B 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 32 7/16/07 2-High Medium Box 06 7/18/07
T 32 7/16/07 2-High Medium Box K ? 7/18/07
8 35 10/23/07 4-Not Specified Wrap Bag €ys: 10/24/07
i I 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
36 11/3/07 1-Urgent Small Box 0.55 11/3/07
65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
70 12/18/06 5-Low Small Box 0.59 12/23/06
70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
96 4/17/05 2-High Small Box 0.55 4/19/05
97 1/29/06 3-Medium Small Box 0.38 1/30/06
_______ 129 11/19/08 5-Low Small Box 0.37 11/28/08
130 5/8/08 2-High Small Box 0.37 5/9/08
130 5/8/08 2-High Medium Box 0.38 5/10/08
_________ 130 5/8/08 2-High Small Box 0.6 5/11/08
132 6/11/06 3-Medium Medium Box 0.6 6/12/06
132 6/11/06 3-Medium Jumbo Box 0.69 6/14/06
134 5/1/08 4-Not Specified Large Box 0.82 5/3/08
S 10/21/07 4-Not Specified Small Pack 0.64 10/23/07
166 9/12/07 2-High Small Box 0.55 9/14/07
193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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o S 3 10/14/06 5-Low Large Box 0.8 10/21/06
3 6 2/21/08 4-Not Specified Small Pack 0.55 2/22/08
4 | 32 7/16/07 2-High Small Pack 0.79 7/17/07
a8 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 S 7/16/07 2-High Medium Box 0.6 7/18/07
T 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 | 35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
9 | 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
10 36 11/3/07 1-Urgent Small Box 0.55 11/3/07
11 65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
12 66 1/20/05 S5-Low Wrap Bag 0.56 1/20/05
13 | 69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
14 69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
15 | 70 12/18/06 5-Low Small Box 0.59 12/23/06
16 | 70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
T 96 4/17/05 2-High Small Box 0.55 4/19/05
18 97 1/29/06 3-Medium Small Box 0.38 1/30/06
19 | 129 11/19/08 5-Low Small Box 0.37 11/28/08
20 130 5/8/08 2-High Small Box 0.37 5/9/08
21 | 130 5/8/08 2-High Medium Box 0.38 5/10/08
22 | 130 5/8/08 2-High Small Box . 5/11/08
23| 132 6/11/06 3-Medium Medium Box Attribute 6/12/06
24 | 132 6/11/06 3-Medium Jumbo Box 6/14/06
25 134 5/1/08 4-Not Specified Large Box T)’PGS’ 5/3/08
26 | 135 10/21/07 4-Not Specified Small Pack V.o 10/23/07
27 | 166 9/12/07 2-High Small Box 0.55 9/14/07
28 | 193 8/8/06 1-Urgent Medium Box 0.57 8/10/06
29 194 4/5/08 3-Medium Wrap Bag 0.42 4/7/08
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-1 |Order ID Order Date  Order Priority Product Container Product Base Magm Ship Date |
B 4G 3 10/14/06 5-Low 'Large Box 10/21/06
b S 6 2/21/08 4-Not Specified Small Pack O.SS 2/22/08
4 32 7/16/07 2-High Small Pack 0.79 7/17/07
8 32 7/16/07 2-High Jumbo Box 0.72 7/17/07
6 | 32 7/16/07 2-High Medium Box 0.6 7/18/07
i s 32 7/16/07 2-High Medium Box 0.65 7/18/07
8 35 10/23/07 4-Not Specified Wrap Bag 0.52 10/24/07
9 35 10/23/07 4-Not Specified Small Box 0.58 10/25/07
10 | 36 11/3/07 1-Urgent Small Box 0.55 11/3/07
AL 65 3/18/07 1-Urgent Small Pack 0.49 3/19/07
& g 66 1/20/05 5-Low Wrap Bag 0.56 1/20/05
e 69 6/4/05 4-Not Specified Small Pack 0.44 6/6/05
14 69 6/4/05 4-Not Specified Wrap Bag 0.6 6/6/05
15 | 70 12/18/06 5-Low Small Box 0.59 12/23/06
16 70 12/18/06 5-Low Wrap Bag 0.82 12/23/06
17 | 96 4/17/05 2-High Small Box 0.55 4/19/05
18 | 97 1/29/06 3-Medium Small Box 0.38 1/30/06
129 11/19/08 S-Low Small Box 0.37 11/28/08
20 130 5/8/08 2-High Small Box 0.37 5/9/08
21 130 5/8/08 2-High Medium Box 0.38 5/10/08
7 130 5/8/08 2-High Small Box 0.6 5/11/08
23 | 132 6/11/06 3-Medium Medium Box )
24| 132 6/11/06 3-Medium Jumbo Box Categorlcal
25 | 134 5/1/08 4-Not Specified Large Box
26 135 10/21/07 4-Not Specified Small Pack i
i 166 9/12/07 2-High Small Box Ordlnal
28 | 193 8/8/06 1-Urgent Medium Box
29

194 4/5/08 3-Medium Wrap Bag Q Uantitative

1T 0 A PR ® .. RE- B ¥V PR SN VAR Do



Data vs. Conceptual Model

Data Model: Low-level description of the data
Set with operations, e.g., floats with +, -, /, *

Conceptual Model: Mental construction

Includes semantics, supports reasoning Data

1D floats

3D vector of
floats

Conceptual

temperature

space



Data vs. Conceptual Model

From data model...
32.5, 54.0, -17.3, ... (floats)

using conceptual model...
Temperature

to data type
Continuous to 4 significant digits (Q)

Hot, warm, cold (O)
Burned vs. Not burned (N)



Combinations, Derived Data

Networks can have attributes
Attributes have hierarchies
Data types can be transformed

Real life is complicated...



