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feb 14-23 : proposal meetings

march 7 : presentation topics due

march 9 : proposals due

march 27-april 3 : project updates

april 5-24 : paper presentations

may 1 : final project presentations

may 3 : process books due
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MULTISCALE SCATTERPLOTS

-blur shows structure at multiple scales
- convolve with Gaussian
- slider to control scale parameter interactively

-easily selectable regions in quantized image

Chiricota 2004



-technique-driven paper
- no problem characterization

-goal: scale up parallel coordinates to large datasets
- challenge: overplotting/occlusion
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HIERARCHICAL PARALLEL 
COORDINATES

Fua 1999
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STREAMGRAPH

-problem-driven paper
- development of new technique to solve a specific 
problem

-challenge
- convey a large amount of data in a way that engages 
mass audiences

Byron 2008



TREES & GRAPHS
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Bonkers World
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12 Paul Butler
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cnn.com boingboing.net

apple.com

wired.com

Webpages as Graphs



TOPIC GRAPH

Hofstadter 1989
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http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
http://books.google.com/books?id=8cgtAAAAYAAJ&source=gbs_book_other_versions_r&cad=1_1&pgis=1
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TOPIC GRAPH



18 Hofstadter 1989



-definitions

-visualizing trees
- indented
- node link
- enclosure
- layered

-visualizing graphs
- node link
- matrix
- network summarizations
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DEFINITIONS



GRAPH

-A graph G consists of a collection of vertices (or 
nodes) V and a set of edges E, consisting of 
vertex pairs.

-An edge exy = (x,y) connects two vertices x and y.
- for example:   V={1,2,3,4},   E={(1,2),(1,3),(2,3),(3,4),(4,1)}

1

2

3

4

1
2

3

4

1
2

3

4



a bunch of definitions

A directed graph An undirected graph

0.1

5 0.3

Weighted Unconnected

A cycle

Node degrees

2 2

3 2

1

A connected acyclic graph, 
a.k.a. a tree

An acyclic graph Node depths

0

11

2 2 2

A rooted tree
 or hierarchy

root

parent

child leaf



GRAPHS & TREES

-graphs
-model relations amount data
-nodes and edges

-trees
-graphs with hierarchical structure
- connected graph with N-1 edges

-nodes as parents and children

23



SPATIAL LAYOUT

-primary concern of graph drawing is 
the spatial layout of nodes and edges

-often (but not always) the goal is to 
effectively depict the graph structure
-connectivity, path-following
-network distance
-clustering
-ordering (e.g., hierarchy level)

24
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VISUALIZING TREES



ROOTED TREES

-recursion makes it elegant and 
fast to draw trees

-approaches:
- indentation
-node link
-enclosure
- layering



INDENTATION

Drawing trees - indentation

- place all items along 
vertically spaced rows

- indentation used to show 
parent/child relationships

- commonly used as a 
component in an interface

- breadth and depth contend 
for space

- often requires a great deal of 
scrolling
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WORD TREE

http://manyeyes.alphaworks.ibm.com/manyeyes/visualizations/89ade5ae1a0122db011a0eb3ee7309fb/comments/ae0a4e14ad9e11ddb3a3000255111976
http://manyeyes.alphaworks.ibm.com/manyeyes/visualizations/89ade5ae1a0122db011a0eb3ee7309fb/comments/ae0a4e14ad9e11ddb3a3000255111976
http://manyeyes.alphaworks.ibm.com/manyeyes/visualizations/89ade5ae1a0122db011a0eb3ee7309fb/comments/ae0a4e14ad9e11ddb3a3000255111976


NODE-LINK DIAGRAMS

-nodes are distributed in space, 
connected by straight or curved lines

-typical approach is to use 2D space to 
break apart breadth and depth

-often space is used to communicate 
hierarchical orientation

29



BASIC APPROACH

-repeatedly divide space for subtrees 
by leaf count
-breadth of tree along one dimension
-depth along the other dimension

-problem: exponential growth of 
breadth

30



REINGOLD-TILFORD type layouts

-goal
- make smarter use of space
- maximize density and symmetry

-design concerns
- clearly encode depth level
- no edge crossings
- isomorphic subtrees drawn identically
- compact

-approach
- bottom up recursive approach
- for each parent make sure every subtree is drawn
- pack subtrees as closely as possible
- center parent over subtrees 
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REINGOLD-TILFORD



RADIAL LAYOUT

-node-link diagram in 
polar coordinates
-radius encodes depth 
with root in center
-angular sectors 
assigned to subtrees
-Reingold-Tilford can 
be applied

35http://seeingcomplexity.wordpress.com/2011/02/05/hierarchical-edge-bundles/

http://seeingcomplexity.wordpress.com/2011/02/05/hierarchical-edge-bundles/
http://seeingcomplexity.wordpress.com/2011/02/05/hierarchical-edge-bundles/


NODE-LINK PROBLEMS

-scale
-tree breadth often grows 
exponentially
-quickly run out of space!

-solutions
-hyperbolic layout
-filtering
-scrolling or panning
-zooming

36

http://www.caida.org/tools/visualization/walrus/

http://vis.stanford.edu/papers/doitrees-revisited

http://www.caida.org/tools/visualization/walrus/
http://www.caida.org/tools/visualization/walrus/
http://vis.stanford.edu/papers/doitrees-revisited
http://vis.stanford.edu/papers/doitrees-revisited


ENCLOSURE DIAGRAMS
-encode structure using spatial enclosure
-often referred to as treemaps

-benefits
-provides single view of entire tree
-easier to spot small / large nodes

-problems
-difficult to accurately read depth

=
A

C

D E

A
C

B

B
D

E



TREEMAPS!
-recursively fill space based 
on a size metric for nodes

-enclosure indicates hierarchy

-additional measures can 
control aspect ratio of cells

-most often use rectangles, 
but other shapes possible
- square, circle, voronoi tessellation

A:10

C:3

D:3

B:7

E:1 F:3

G:1 H:2

BC D

E

F

G H
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http://www.smartmoney.com/map-of-the-market/
http://www.smartmoney.com/map-of-the-market/
http://www.smartmoney.com/map-of-the-market/


40 http://hci.stanford.edu/jheer/files/zoo/

http://hci.stanford.edu/jheer/files/zoo/
http://hci.stanford.edu/jheer/files/zoo/


41http://www.flickr.com/photos/arenamontanus/2037614308/sizes/o/in/photostream/

TREE OF LIFE 
mammals

http://hci.stanford.edu/jheer/files/zoo/
http://hci.stanford.edu/jheer/files/zoo/


LAYERED DIAGRAMS
-similar to node-link layouts 
without edges
-structured encoded using:
- layering
-adjacency
-alignment

-recursive subdivision of space

-apply same set of approaches as 
in node-link layout



ICICLE & SUNBURST TREES

43
http://hci.stanford.edu/jheer/files/zoo/http://ivtk.sourceforge.net/

http://hci.stanford.edu/jheer/files/zoo/
http://hci.stanford.edu/jheer/files/zoo/
http://hci.stanford.edu/jheer/files/zoo/
http://hci.stanford.edu/jheer/files/zoo/
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http://www.randelshofer.ch/treeviz/index.html
http://www.randelshofer.ch/treeviz/index.html
http://www.randelshofer.ch/treeviz/index.html
http://www.randelshofer.ch/treeviz/index.html
http://www.randelshofer.ch/treeviz/index.html
http://www.randelshofer.ch/treeviz/index.html
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http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
http://www.informatik.uni-rostock.de/~hs162/treeposter/poster.html%23detailview
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exercise



NEWICK FORMAT

47

-representation of trees using 
parentheses and commas

A B C

D E

F



NEWICK FORMAT
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-representation of trees using 
parentheses and commas

A B C

D E

F

( ( A, B, C ) D, E ) F



NEWICK FORMAT
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-representation of trees using 
parentheses and commas

A B C

D E

F

( ( A, B, C ) D, E ) F



NEWICK FORMAT
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-representation of trees using 
parentheses and commas

A B C

D E

F

( ( A, B, C ) D, E ) F



NEWICK FORMAT
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-representation of trees using 
parentheses and commas

A B C

D E

F

( ( A, B, C ) D, E ) F

parentheses : child
         comma : sibling
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TREE DRAWING EXERCISE

newick format

( ( ( ( ( A, B ) C ) D ) E, ( ( ( H, ( L, M ) N ) I ) J, ( O, ( ( ( Q ) R, ( U, V ) W ) S, X ) T ) P ) K ) F, ( Y ) Z ) G

REINGOLD-TILFORD
- bottom up recursive approach
- for each parent make sure every subtree is drawn
- pack subtrees as closely as possible
- center parent over subtrees



L15: Trees & Graphs

REQUIRED READING
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