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Hierarchical Data

* Any data with some sort of hierarchy
— "Group of objects ranked so that every one but the
topmost is subordinate to one above it."

* Example hierarchy
— Country: United States
— Region:  West
— State:  California
— County: San Francisco County
— City: San Francisco

http://en.wiktionary.org/wiki/hierarchy
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Examples of Hierarchical Data

* Evolutionary Tree
* Dendrograms
* File Directory Structure

* Dewey Decimal System

Family History
* Organization Charts

e Qutlines
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Tree Structures

http://drunkmenworkhere.org/219
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Tree Structures

e Used to model hierarchical data

* Special type of graph
— Must be acyelic, i.e. has no cycles or loops
— Must be undirected, i.c. arrow-less edges
— Usually rooted (a single node at top)
— Each subgraph is also a tree (subtree)

http://xlinux.nist.eov/dads/HTML/tree.html
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Tree Terminology

FIGURE 2.8: TREE TERMINOLOGY AND NOTATION

@ G = (N, E )where
N={a,b,c d, e, f, g}

(b) () (@) E={(ab) (ac) (a,d)
(b,e), (b,f) (d, g)}
(&) O &

Example tree G = ( N, E ). Some observations: Each node has a unique label. Node a is the root
node. Nodes a, b, and d are internal nodes. Nodes ¢, e, f, and g are leaf nodes. Node d is a
parent node to node g, and node g is a child node to d. Nodes e and f share the same parent
node b and are considered siblings.
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Tree Visualization

* Node-Link Diagrams
— Traditional node-link diagram
— Dendograms
— Hyperbolic trees

» Space-Filling Diagrams
— Treemaps
— Sunbursts
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Considerations

* |s the hierarchical structure visible?
« Whatis the level of a specific node?
* Whatis the height of the tree?

* How many nodes on level x?

e Are the labels readable? All nodes visible?

* What type of interaction is supported?
— Focus + Context
— Overview + Detail
— Zoom + Filter
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NODE-LINK DIAGRAMS

Tree Visualization
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Node-Link Diagrams

* Indented Layout
— Child nodes placed below parent and indented
— Compact width
— Height expands and shrinks
— Often used to navigate file systems
— Difficult to see all nodes of a specific level
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Indented Layout

Ogre . » [ ] Archived Resources
S aeter » [ CS 107 App Inventor
@ AgglomerativeCluster 3KB » [ ] CS110IntrotoCS |
© CommunityStructure 3KB >
© HierarchicalCluster 6KB [_j oLz L
@ MergeEdge okB ¥ L] CS 212 Software Development
O graph » (] 2012 Fall
© BetweennessCentrality 3KB » [ 2012 Spri
© LinkDistance 5KB pring
@ MaxFlowMinCut 7KB » (] 2013 Spring
© ShortestPaths 5KB v (& Lectures
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° O AspectRatioBanker 6KB « 00 Eclipse SVN Setup.pdf
animate N .
@ Easing 16KB « 01 Java Basics.pdf
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http://mbostock.github.io/protovis/ex/indent.html
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Indented Layout
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http://bl.ocks.org/mbostock/1093025
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Node-Link Diagrams

* Traditional Layout
— Nodes laid out by level, root at top
— Edges connect adjacent nodes

* Dendrogram
— All leaves at bottom of diagram
— Edges usually drawn with sharp corners
— Often used to show clusters
(sometimes called cluster layout)
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Traditional Layout
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Circular Dendrogram
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Hyperbolic Tree
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Hyperbolic Tree (3D
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SPACE-FILLING DIAGRAMS

Tree Visualization

MSAN 622 Information Visualization Sophie J. Eng{e.gjeng{e@cg‘usfca‘edu N/|\4>UN IVERSITY OF

Spring 2015 « Module Il Department of Computer Science A SAN FRANCISCO




Icicle Diagram
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Icicle Diagram
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Sunburst Diagram
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unburst Diagram

Tastes Sugar

Browning

http://www.jasondavies.com/coffee-wheel/
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Circle Packing

http://mbostock.github.io/d3/talk/20111116/pack-hierarchy.html
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TREEMAPS
Space-Filling Diagrams
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Treemaps

* Rootis entire rectangle
» Recursively divide rectangles to show levels

e TWO common visualization tasks

— Promote comparison
— Visualize hierarchy

» Task affects encoding
— Use of color, outlines, shading, etc.

* See http://www.cs.umd.edu/hcil/treemap-history/
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Treemaps
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A Year of Heavy Losses

September 15, 2008 = SIGN IN TO E-MAIL OR SAVE THIS FEEDBACK

A Year of Heavy Losses

A year ago, financial companies were flying high. But as problems in the mortgage and credit markets have grown, the stocks of many Wall
Street firms have been hard hit. Some of the biggest companies have been bought out, taken over by the government or gone bankrupt.

$1 86 tr|“|0n Market capitalization of 29 selected financial firms on Oct. 9, 2007

Sept. 12, 2008 American International Group Merrill Lynch
Legg Mason

$15.1 trillion Washington Mutual Keycorp
Fannie Mae

Fins;:cg 16.9% Lehman Bros. State Street 22

Bank of America

Morgan Stanley U.S. Bancorp Freddie Mac

Oct 9, 2007

TOTALS

VALUE
Wachovia Goldman Sachs American Express

$19.1 trillion

Citigroup
Financial 20.4%
secior
JPMorgan Chase Wells Fargo
Investment banks National Large financial Regional Asset managers
and brokerages commercial banks services companies commercial banks and investors
k p
Source: Wilshire Associates Kevin Quealy and Dylan Loeb McClain / The New York Times

http://www.nytimes.com/interactive/2008/09/15/business/20080916-treemap-graphic.html

MSAN 622 Information Visualization Sophie J. Engle « sjengle@cs.usfca.edu

Spring 2015 « Module Il Department of Computer Science

<>|’|\,_>UNIVERSITY OF
A SAN FRANCISCO




How the Giants of Finance Shrank

Published: September 12, 2009

How the Giants of Finance Shrank, Then Grew, Under the Financial Crisis
o5

o | v N | F
- -
Market peak 2007 ‘ 2008 ‘ 2009 Market trough Friday

$1.87 trillion

Goldman : Market Capitalization of 29 of the
Sachs Wachovia

biggest financial firms on Oct. 9, 2007
Citigrou . .
group ALG Since the stock market’s peak in October 2007,
Market value on 10/9/07 $179.8 billion Wall Street’s landscape has been permanently
To prevent a global financial panic, the L altered. Lehman Brothers, gone. Bear Stearns,
90"9;"';"9“' hat: fak;’;gvglrrihe'wppany andn o 1 gone. Merrill Lynch, gone. Main Street’s
ﬂ'ﬁ}'ﬁie"ﬁ:s n:r:.mwi nd :Al,cl).r:sl.?s Lla';:ncmg landscape has also changed. Wachovia, National
investments. City, Washington Mutual and Countrywide, all
gone. These venerable financial giants all
crumbled under the weight of the financial crisis.

Those that were left shrank down to a fraction of
their former market capitalizations by early
2009, but since then, they all have grown. While
most are nowhere near their former size, two —
JPMorgan Chase and Wells Fargo — are slightly
larger than they were at the market’s peak.

By KARL RUSSELL and SHAN CARTER | Send Feedback
Source: Bloomberg

Correction: September 20, 2009: The Metrics chart last Sunday, showing the changing market capitalization of financial companies,
misstated actions taken by Citigroup. It has reorganized into two segments: Citicorp (core businesses) and Citi Holdings (other businesses).
It has not set aside those plans.

http://www.nvtimes.com/interactive/2009/09/12/business/financial-markets-graphic.html
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Billion-Dollar-O-Gram

US defence budget To lift 1 billion people $227 African debt Iraq & Wars total cost
out of extreme poverty (estimated)

$780 OPEC revenue

Bill Gates Save
net worth Amazon
$147 To help developing
nations combat climate
change
$206 Big tobacco
settlement
Saudi
China UK Iraq War
predicted
cost 2003
India
Walmart revenue Apple Market Value Medi &M id per year
$239 BP revenue market value
OPEC climate change fund
$199 Interest per year on $31
US Gov deficit
Oil spill
cleanup
Google Market Value
$31
$13 - Ebay goods $50M|adoﬂ Oil spill $13
id sch
Walmart profits pyramid scheme il profit
Donated to charity by Wall St Revenue 2009 $352 lllegal drugs profits US fund for drug abuse Cost of Global pharmaceutical market
Americans 2008 (alcohol, narcotics & smoking) obesity related
2005 diseases
$114
Bonuses
$31
i Erectile dysfunction
UN Eradicat Video At
ra e
games  medicine
Beling  AIDS worldwide War On Drugs
Camen Foreign aid payments World-wide
2008 _ porn industry Anti-depressants Gifts to doctors

http://www.informationisbeautiful.net/visualizations/the-billion-dollar-o-gram-2009/
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Billion-Dollar-O-Gram

$11,900 Worldwide cost of financial crisis

http://www.informationisbeautiful.net/visualizations/the-billion-dollar-o-gram-2009/
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Map of the Market

CIeET UTLTIES R U
59.98 t +0.48% +0.35%
14673.46 15.61 1t 5541
3237.86 1568.61

MarketWatch News Viewer
8:29p  Asia markets mostly up, as resource

stocks gain ! MARKETWATCH
] ouac wn’
™ ca (BB ) Pox (HGH)

2:209p  Health Management outlook hits
hospitals 7 MARKETWATCH

N
[ HCA
INDUSTRIALS
2:07p  Energy stocks gain; First Solar up
46% [ MARKETWATCH
l CVX XOM COP RRC

CONSUMER GOODS TECHNOLOGY .l:| 1:51p  Tuesday's movers: Herbalife sinks on

KPMG woes 7 MARKETWATCH
u i GID| Bx AA AsrL [GRY) [BZ8)

ELECOMMUNICATION CONSUMER SERVICES

12:46p  Google in Texas shows bigger Fiber
dream 7 MARKETWATCH

[ GOOG

12:13p  Tuesday's movers: First Solar soars
on upbeat view & MARKETWATCH

GIlD| Bx AA aarL [GRLY) [RZ6)

11:05a  Dow industrials, S&P 500 hit intraday
records [ MARKETWATCH

INTC MSFT AA

10:28a  Tuesday's movers: Herbalife pays for

Since Close = Patent No.: US 6,583,794 B1
Ehongg [ — Click Here to License the Map

-6.0% 0 +6.0% Applet

http://www.smartmoney.com/map-of-the-market/
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News Map

PEORTER WO CLstonze - SEECTAL i AUSTRALR AUsTHR coon FrACE GERAY o [0 HeRGo HETHERLANDS HEW ZERLAD L

Drama drips in Dortmund Miami Heat ties
M aSte rS 201 3 e a'dvance il s i Student charged after 14
»  Champions League with win over wounded in mass stabbing at

Milwaukee Bucks

Rory Mcllroy oo, s, e RORBOOTB0CCEREEEE
Albrecht tweets at  Ratinas for off o a slow start, i avy's aerobatic
Kate Upton after Men'g College Sg%hge;gtrj%%%;s GOP Senators Slgnal team Blue Angels

p rl me d for loss toLouisville - Bagketpall Final Possible Breakthrough cancelling air

4 search all...

Fireworks by Nabokov backstops  Mctemaremaytave ) GUIN Debate ?gé’gl\!gl %T(ljdget

left KU after one

Knicks, Followed  Istanders to win but his
AUQ usta and e gy e oo ot
Rhode Island seeks to

Rockets' James Harden hits  Motte Not Cleared  Smith Leaving | Nets Cruise: lllinois black ministers ~ Democrats pressure  Fioes CECERCO

u game-winner thanks to to Throw, Might  for NBA Toward Playoffs : Republ f t
Itend by Suns' Jermaine.. ! ! Facing a Fut - publicans for a Vote  jarge clips
shot at third =5 = oo S imence, ™ 0t
Judge breaks down The Utimate Seahawks sign Brady Marc Staal skates for lag gl I sandy Hook famiis — [SHPBHSEIGEESSANY NewGidlnesCal

arguments in Fighter 17— Quinn, per report f'n’f',;’"e SRy push f?f votesongun | EZERRE in Sience Education
control

" . T
concussion-related suit  Episode 12 Recap
foasukreumsFon =2 sesuene | HEAVY SNOW EXpected R
Injury to Practice Sficatig oiew  Casatianca aitemping f fy while inimicated ummg:ﬂm

Westbrook, Durantlead jimmie & chandra g e from Colorado to B ol GO st g hekicael

Thunder over Jazz 90-  Johnson Baby On  Jazz: Kanter il und e o iy CrET
0 The Way J Sirgery,ceasm S o B = Minnesota = S A ingpysion Tt g

Brad Pais| n Mat  Deathtollinlran's Topadmiral: US 'Scott London: Gorman 0
ad Paisley Goes 0 Damon's 6.1-magnitude can intercepta  Tipping Began at {gz“;u?”:a’a’;?!;n

TWltter tO Defend E%?gﬁml quake rises to 32 Nor’[h Korean Golf Club economy

| H H |
Accidental Racist Watch Now! missile o s e syl Pot) 2
- - - 0, . . to lay
ancing With tre Strs G foreign Cubatoturn over  Mali: French &R searades, - wade Deficit

'g  Chris Brown Goes to g .'  FSLR Soars 45%
Ben & Jerry S Rihanna's Concert Elimination: A Cut Weeks F|Or|da Coup|e Who Forces Begm X}:g(\]nAmemia;rrgelsNewam g‘ﬁg%es;elr\‘n;encznsmr

Teams Up Amid Breakup Reports " the Making ministers to allegedly kidnapped New Scant Relief in ol s 01t s | e [E
With PBHA meet to children Offensive Foreclosure Payouts  seadsanissaes iy e

Justin Timberlake, Mavis ~ Lauder donates ~ AMC Actually address Syria . _ Aple'siMessage  YudurovelsMarch - Chigkrrolsout6 - \larilyn Tavenner
Staples and more bring bilion-dollar Considering a Saul- bl Japan readies defenses for ~North Korea closes China agglfﬁge;gre\re R %E;‘E\mg gl soars through

. N based Breaking Bad i it s
Lindsay Lohan a%ll?gs of soul to the collection to Met - g5y Margaret ﬁl%?tsﬁb&% ;2;33”6 testby borderto tourists Fue-Hotr Oage pit SEieETancs
Finds Herself In i Paming S nopmnnmien  zommemsre= Thatcher funeral Sy Pl Skl | SR R hearing

Avril Is Planning Surprises  Lineup? ‘There Have Been A H entence IS False ner St — e
The Hot Seat On gy i ranipd suiprses susmree, N SECUrity Bulying blamed in deathof TIPS EE fweery R
s B Lo Dunha Tom o eanponay b salan v e Barmes & Noble s

U L i f 2 i prescription
Letterman Wedding Day s mesis T ClAMPAOWN A St R R By ., Meiconse
From Third Wife . publishing platform el H]

e April 9, 2013 21:46:56
3 e hekeml HORE THAN 1 HOUR GO

http://newsma
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Treemap

Make Yourself It All Makes Sense Now Elija Y Gane Paralos  Thirteenth Step Mer De Noms Tiny Music...
Arboles Songs From the

Cushion TreeMaps Vatisc::pcift

In this example a static JSON
tree is loaded into a Cushion
Treemap.

Left click to set a'noc!e as Light Grenades ~ Morning View Mama's Gun One Hot Minute Echoes, Silence, Patience On And On
root for the visualization. & Grace

Right click to set the parent Mamagubida Grain de

node as root for the sable g
visualization. In Your Honor (disc 2)  Brushfire Fairytales
You can choose a different
tiling algorithm below:

Reggae a Coup de Cirque Chinese Use Your  Comfort y Miisica Para Mother Love Bone Temple Of The Dog
Democracy lllusion 11 Volar

Squarified (o)

Strip

SliceAndDice ) Classic Masters Blind Melon 10,000 Days

And All That Could Audiosl Tales of th:
Go to Parent 2006-09-07: O-  Lost and rlllave Bee: (St?ll;) g }?oe;';:ttene
Bar, Stockholm, Found Melodies
Sweden

See the Example Code

Music Bank Music Bank (disc
1)

Down On The  Superunknown The Sickness Crash
Upside

Best Of Robbin' The Clearing the Channel

Hood
Music Bank (disc 2) Music Bank

(disc 3) In Rainbows
The Science of Things
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Voronoi Treemaps
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Voronoi Treemaps

http://graphics.uni-konstanz.de/~deussen/php/voronoitreemaps.php
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KEGG-Orthology Treemap
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Transcriptome

Germination
Metabolism of Cell
other amino division
acids Li iq.
# metago ism
m
Glyoxylate; C5- Sporulation
dicgrnglyte branched P e
met. dibasic ]
acid
3 Propanoate met.
o/ Pyr met. . Fructose,
met. mannose

: b
G " lys |Pent°5e' met. “Metabolism of Flagellar
Phe r¥th NI Cofactors and ={ assembly
met S conversions Amino's garButantoate Vitamins Bacterial
ming su met: » .
& nucleotide chemotaxis
sugar.met.

é(y?r?t?\t.’,l%té?. Inositol

phosphate Electron

met..  Glycolysis/... TCA transfer

Gluconeogenesis PTS “carriers

cycle
Starch and Polyketide; ; :
Ascorbate .Pentose ('sucrose nonribosomal Protein
Wmet. phosphate: met: pepti esyntﬁ. export

Purin pataway Nitrogen . Other
met. Galactose met. transporters’ YABC
met. ™ transporters

Glycan Methane Oxidatjve Secretion
sy¥1t ; met.  phosph:
v met: Synth. of
b secondary ATpases
Replication'& g - S e B Sulfur. Pores

repair, Ribosome Other. " met: paah.lon -
)- transcription oS channel Otherion"

related \ couple
Other, @ ' « proteins °°'J{,§?e"n‘“2“t transp%rters

translation & A ninoacvl®
ﬁglgA Protein Proteins tRNAy

Pyrimidine
met.

RNA
folding biosynthesis polymerase

http://www.nature.com/ncomms/journal/vl/n9/full/ncomms1137.html
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All of Inflation's Little Parts

Z, ZooMIN 24, zoom ouT

Food and beverages 15%

The high price of oil is a factor that
has made food prices rise quickly.

Transportation 18%

Gas is 5.2 percent of spending
nationwide, but only 3.8
percent in the New York area.

Used cars
and trucks

Full-service
restaurant

Miscellaneous 3%

Recreation 6%

— Health care 6%

As a group, the elderly spend
about twice as much of their
budget on medical care.

Education/Communication 6% |

Cellphones were added to the index
in 1997. Because the Consumer
Price Index can be slow to add new
goods, which are often cheaper, it
may overstate parts of inflation.

\ Hotels, \ ‘
vacation ’
homes
Rent I ’\\

"Owner's equivalent rent"
(what homeowners would pay
if they were renting their
homes)

Apparel 4%

The ratio of spending on
women’s clothes to that on
men’s clothes is about 2 to1.

Housing 42%

In the C.P.I., home ownership costs track
rent prices more closely than housing
prices. This means inflation may have
been understated when home prices
were rising faster than rents.

http://www.nytimes.com/interactive/2008/05/03/business/20080403 SPENDING GRAPHIC.html
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TREE OF LIFE
Case Study
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Tree of Life

* Specifically phylogenetic tree of life
— Evolutionary tree, showing where species branch

 Can bethousands to tens of thousands of nodes

» Many tools for the ToL exist using different
visualization techniques

* See http://tolweb.org/tree/phylogeny.htm|
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Paloverde

Eupcbonu

Chromele

Achilea

Omearphet
Byre
Frotinia

Frine

http://loco.biosci.arizona.edu/paloverde/paloverde.html
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Teachable ToL
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http://www.rebeccashapley.com/cipres/telescoping.htm
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Hyperbolic ToL (Plants Only)

Mosses ;
Hornworts >

Lycopsida
-~
Tracheophytes %
Liverworts / \é

Micromonadophyceae

Green plants——

/

—7 /’*\ Coleochaetales
Ulvophyceae

Charales

http://ucjeps.berkeley.edu/TreeofLife/hyperbolic.php
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Subset of 3,000 Species

Animals
Plants

http://www.zo.utexas.edu/faculty/antisense/DownloadfilesToL.html
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PhyloWidget

Tetraselmis aff. maculata
Botrychium lineare
Phascolosoma granulatum

Corethrella sp.
Botrychium campestre
Botrychium acuminatum
Anthoceros agrestis,
Chaoborus crystallinus
Tribolium madens.
Babyrousa babyrussa
Human echovirus 30
Lathraea L.
Anthoceros agrestis
Echovirus type 30
Botrychium echo

Bathycoccus
Chaoborus
citrus viroid group Ill CVdIllA
Echovirus 30
Botrychium montanum

Homo Sapiens

Scapania nemorea
Mortierella polycephala
Botrychium multifidum

Lathraea
Martyniaceae

Botrychium pseudopinnatum
Hepatitis C virus genotype 1
Tipuloidea

Group IIl citrus viroid CVd-llla
Bathycoccus prasinos
Lathraea clandestina

Conocephalaceae
Phascolosomatidae

stalked moonwort
dixid midges Botrychium lineare
' Stauntonia
Sinofranchetia chinensis
daisy-leaved grape fern
Botrychium spathulatum

Scapania nemorea
Botrychium montanum
Botrychium simplex
Botrychium ascendens
Calypogeia arguta Nees & Mont. ex Nees

Desulfovibrio acrylicoreducens

Botrychium lanceolatum (S.G.Gmel.) Angstr.
Helminthostachys
Sinofranchetia
Conocephalaceae
Mamiella Leptobryum
Lineus sp.
Cornales

leathery grape fern
Botrychium spathulatum

Calypogeia arguta Nees & Mont. ex Nees
Saccharomyces diastaticus

http://www.phylowidget.org/
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PhyloWidget

Ncotana

guddea
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hunberg
it a

Senecio
Tragopogo
Vilarsia

Hetwinga

Alangum
Diplopana
Cavga
Mandcara
Duospyros
Enca
Pentachon
Enfcanthu
Hellamaho
mpatens
Sandrag
Hamamels
Dlena
Nelumbo
Mahona

Qsy
Mascagna
Passifor

Drypetes
Qchna

Rhamaus

Mallugo
Stegonosp
Plumbago

Doonaea

Amborelia
Canolia-A
Tasmanna
Manghet
Galbum
Asimina
Hodyosmum
Persea

Hernanda
Chamaador

Xantharrh
Hemerocal
Knphota
Vellazia
Maranta

Hodychum

Ginkgol
Codrus

Tsuga
Cephalota
Caltris
Ephadra

http://www.phylowidget.org/
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Interative TolL

http://itoL.embl.de/
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Interative TolL

http://itoL.embl.de/
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