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Overview A
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m H(horizontal) V(vertical) tree layout algorithm
m Radial tree layout algorithm

®m Other visualization styles
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Applications A ¢

Karlsruhe Institute of Technology

Cons cell diagram in LISP.
Cons(constructs) are memory objects which
hold two values or pointers to values.

1 3 /
5 10 1] /|
4 ;
9 12| 1
2 6 7 8|/

Figure 3: Diagram of cons cells of the simple tree. http: //gaJ on. org/

Discuss with your neighbour(s) and then 2.|.3 min
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Applications AKIT

Cons cell diagram in LISP.
Cons(constructs) are memory objects which
hold two values or pointers to values.

1 3 /
5 10 1] /|
4 ;
9 12| 1
2 6 7 8|/

Figure 3: Diagram of cons cells of the simple tree. http: //gaJ on. org/

D

. : Di with r neighbour nd then :
o’ ‘e .o Discuss th your neighbour(s) and the 2+3 min
q v ? share

n ® What are the drawing conventions and aesthtetics?
3-2
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HV-Layout A{]]

Drawing Conventions:

m Children are vertically and horizontally aligned with the root
® The bounding boxes of the children do not intersect

Drawing Aesthetics:
® Height, width, area
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HV-Layout

Divide & Conquer Approach:

B!

L1

3)
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HV-Layout

Induction base: &

Induction step: combine layouts
L ®

horizontal combination

6
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vertical combination

EEE Institut flir Theoretische Informatik
Lehrstuhl Algorithmik |
wwv ¢



Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Right-Heavy approach:

®m At every induction step apply horizontal combination
®m Place the larger subtree to the right
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Right-Heavy approach:

®m At every induction step apply horizontal combination
®m Place the larger subtree to the right

Lemma

Let 7" be a binary tree. The hight of the drawing constructed by Right-Heavy
approach is at most logn.

/-2
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Right-Heavy HV-Layout AT
Right-Heavy approach:

®m At every induction step apply horizontal combination
®m Place the larger subtree to the right

Let 7" be a binary tree. The hight of the drawing constructed by Right-Heavy
approach is at most logn.

@ root
g Tvy
Proof: U@ ®
m Each vertical edge has length 1 ue
® Let w be the lowest node in the drawing "
®m Let P be a path from w to the root of T° 5 s
m For every edge (u,v) in P: [T(v)| > 2|T(u)| | T(u)
m = P contains at most logn edges I
B
/-3 :
, We
Mooritmen s Viesong e G -‘-.-.- ; :n;tit-ut- fi]-r '-I'h;o-re:is-ch-e :nf-or-m;ti-k ------
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Right-Heavy HV-Layout AT

oooooooooooooooooooooooooooo

@ At every induction step apply horizontal combination
m Place the larger subtree to the right

horizontal combination

(Y Think:

.qf_L?. ® What are the implementational details of the algorithm?
" How to compute the coordinates? Can we do it in O(n)
8 time?
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

9-1
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
® The width of I is at most

Take a minute to think about the width of 1 min
— | the layout
9-3
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
@ The width of I is at most n-1
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
@ The width of I is at most n-1

®m The height is at most logn
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
@ The width of I is at most n-1

®m The height is at most logn
®m The areais O(nlogn)
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
@ The width of I is at most n-1

®m The height is at most logn
®m The areais O(nlogn)
m Simply and axially isomorphic subtrees have congruent drawings, up to
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Right-Heavy HV-Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let I be a binary tree with n vertices. The Right-Heavy algorithm constructs
in O(n) time a drawing I of T" such that:

m [ is HV-drawing (planar, orthogonal)
@ The width of I is at most n-1

®m The height is at most logn
®m The areais O(nlogn)

m Simply and axially isomorphic subtrees have congruent drawings, up to
translation

General rooted tree:

L
largest
subtree
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HV-Layout AT

Karlsruhe Institute of Technology

Bad news We can not minimize the area by using divide & conquer approach

10 - 1
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HV-Layout AT

Karlsruhe Institute of Technology

Bad news We can not minimize the area by using divide & conquer approach
Good news We can compute minimum area using Dynamic Programming
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HV-Layout A{]]

cccccccccccccccccccccccccccc

Bad news We can not minimize the area by using divide & conquer approach
Good news We can compute minimum area using Dynamic Programming

-V -

HV-Layout for Trees

® Book Di Battista et al: Chapter 3.1.4
m Skript: page 86
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Applications

2+

IX

Rn myr7 S
Ce hum3, S
Mmop HsIXa Dm 95F Hs VI \

chsy

XVI

En csmA

Mm Waltzer

Rn myrV. Ms VIB
Ce HUM7 Ms VIA

Hs XV [ ScMyo2  Ge hum
p— Mm XV Sc Myo4 ;nmm

Mm X
VII Hs Usherlb
Mm shaker
Dm 35B
Ce HUM6
Dd myol (VII?)

Pg csmi

X I T cevuma

i |

Hs MysPDZ N\
1 N

Lp i

Dm NinaC

ank

XVI Rn XVI

Tg myoC
Tg myoB
Tg myoE
XIV Pf PIMA
Tg myoA
Tg myoD

Pf PIMB - \ =

Gg p190
° Mm Dilute
Rn myosa

KIT
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Abbreviation Full Terms
Ac Acanthamoeba castellanii

TtMYO1

Dd myoM

Sc MYO5

Gg B

Hs IC

Rn Myr3

Dd 1B

AclB

Subclass 1
(amoeboid)

Eh 1B

Dd myok

Dm IA
n Myrd
1 Celhpg g Acli
Subclass 4 Bf Adren
Mm Ibeta_Hs Ib
BnMyr2  pmiB
RelB  Rn Myrl Mm (A DdIA
Subclass 3 w Ac HMWMI

Subclass 2

Radial layout

Ce NMY1 Ce NMY2

m nmil
Smooth &

Acl Acetabularia cliftonii
Al Aequipecten irradians (scallop)
At Arabidopsis thaliana (thale cress)
s Bm Brugia malayi
= P Bt Bos taurus (cow)
Cc Chara corallina
Ce Caenorhabditis elegans
cr Chlamydomonas reinhardtii
Dd Dictyostelium discoidium
Dm Drosophila melanogaster
En Emiricella nidulans (Aspergillus)
Eh Entamoeba histolytica
Gg Gallus gallus (chicken)
) Ha Helianthus annus (sunflower)
x I Soecoc Hs Homo sapiens (human)
Lp Limulus polyphemus (horseshoe crab)
Ma Mesocricetus auratus (hamster)
Zm MYO1 Mm Mus musculus (mouse)
Ha hamys gs I\éloron’e saxatilis (sl{ipe(d t:;sg)
Ha hamy2 i c ryctolagus cuniculus (rabbi
Pl Plant Myosins ov Ohchooarta volukis (& Namatods)
¥ Pi Plasmodium falciparum (malaria)
A'/ﬁ')?;.g VI, X1, XIIT Pg Pyricularia grisea (rice blast fungus)
AtXI-H Re Rana catesbeiana (bullfrog)
Ha hamy4 2 Rn Rattus norvegicus (rat)
. ’ Sc Saccharomyces cerevisiae (yeast)
AtMYA2 sm Schistosoma mansoni
At XI-B Ss Sus scrofa domestica (domestic pig)
At XI-D Acl myot Tg Toxoplasma gondii
-/ Tt Tetrahymena thermophila
AR, Acl myo2 X Xenop:{s laevis (clawed toad)
Ha hamy3 Zm Zea mays (maize)
Zm ZMM3
Ha hamy1
™ VIII g
: AtVIIA
AtATM2
AtVIIB
B BIMC Adren Bovine Adrenal (myosin |)
ank Ankyrin like repeats
Ce Y11D7A.14 Bb Brush Border Myosin |
Sc Myol lIA CaA Cardiac alpha (myosin Il)
Dm II CaB Cardiac beta (myosin 1)
HGS Pgé'k chs Chitin synthase type V homology
) FOKE csm Chitin synthase-myosin
Herske  Skeletal FSk Fast Skeletal (myosin Il) = striated
Rn FSKE FSKE Embryonic Fast Skeletal (myosin Il)
HCah A HMWMI  High Molecular Weight Myosin |
R HL.CRA Kin Kinase domain
HeCan . neur Neuronal (myosin Il)
Rncap  Cardiac nm Non-muscle (myosin Il)
Ma CaB PDZ Myosin like protein with a PDZ domain.
Al Peri Perinatal (myosin )
smil sm Smooth muscle (myosin Il)
cpne oge2 ® Node found in >90% Bootstrap trials
ey — — Partial Sequence
ool 1I Class uncertain by matrix analysis
Ce F58G4.1
CellA

5% Divergence

non-muscle

An Unrooted Phylogenetic Tree
_ of the Myosin Superfamily
Myoame T Tony Hodge, MRC-LMB
Jamie Cope, UC Berkeley
July 2000

An unrooted phylogenetic tree for myosin, a superfamily of proteins.
"Amyosin family tree Journal of Cell Science
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Abbreviation Full Terms
Ac Acanthamoeba castellanii

TtMYO1

Dd myoM

Sc MYO5

Gg B

Hs IC

Rn Myr3

Dd 1B
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Radial layout
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Applications AT

Karlsruhe Institute of Technology

(W8] 7 *’TK s, N o o . F * ST coR . »"““ty-\j;
oz
=
s Cartesian Node-link Diagram of the Flare Package Hierarchy g
s % ‘——l—( | / / n
. / /

k)
%
b
I
e
R

CREEK MYTH
FAMILY SPIRAL

Flare Visualization Toolkit:: =z | Greek Myth Family by Ribecca, 4
structure by Heer, Bostock and 22011 ==
13  Ogievetsky, 2010
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Radial Layout AN{]]

Drawing Conventions:

m Vertices lie on circular layers according to their depth
@ Drawing is planar

Drawing Aesthetics:
@ Distribution of the vertices

Algorithmen zur Visualisierung von Graphen EEE Institut fiir Theoretische Informatik
Tamara Mchedlidze Lehrstuhl Algorithmik |
. ww 9



Radial Layout AT

oooooooooooooooooooooooooooo

Drawing Conventions:

m Vertices lie on circular layers according to their depth
@ Drawing is planar

Drawing Aesthetics:
@ Distribution of the vertices

Take a minute to think about a possible al- _
— | gorithm to optimize the distribution of the 1 MIN

— | vertices

1T [ 48
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = 7525

15 - 1
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = 7525

@
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = 7525

(]
@
(]
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = 7525
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = e(‘i(;‘_)l

[ ]
Q@
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = e(‘i(;‘_)l
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = e(‘i(;‘_)l

9 .7 1
10 8 6 9 .1
10 8
L
1
10
@
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Radial Layout A[{

Karlsruhe Institute of Technology

Example: ® Angle corresponding to the subtree

rooted at u: 7, = e(‘i(;‘_)l

15-8
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings:
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings:
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings:
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings:
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings:
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Radial Layout AN{]]

®m 7, - angle of the wedge
corresponding to vertex u

How to avoid crossings:

® p, - raduis of layer ;

® /(v)-number of nodes in
the subtree rooted at v

_Pi_

® cos 3 = -+t
Pi+1
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Radial Layout AT

Karlsruhe Institute of Technology

How to avoid crossings: ®m 7, - angle of the wedge
corresponding to vertex u

® p, - raduis of layer ;

® /(v)-number of nodes in
the subtree rooted at v

W cos T = £
2 Pi+1
|
1
1
1
1
1
1
1
1
1
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Radial Layout AN{]]

®m 7, - angle of the wedge
corresponding to vertex u

How to avoid crossings:

® p, - raduis of layer ;

® /(v)-number of nodes in
the subtree rooted at v

_Pi_

® cos 3 = -+t
Pi+1

o7, = min{eéj(—“_)lﬂarccos =}

, . 141
~ (correction)

S~
~ -
———————
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Radial Layout AN{]]

®m 7, - angle of the wedge
corresponding to vertex u

How to avoid crossings:

® p, - raduis of layer ;

® /(v)-number of nodes in
the subtree rooted at v

T, = min{eéj(—“_)lﬂarccos =}

141
 (correction)
.~ @ Alternatively use number of leaves in

the subtree to subdivide the angles
[book Di Battista et al.]

S~
~ -
———————
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Radial Layout AT

Karlsruhe Institute of Technology

Discuss with your neighbour(s) and then .
CD  share 5 min
o -0

Q_La @ Why the produced drawing is planar?
|

AY

® /(v)-number of nodes in
the subtree rooted at v

: W cos 3t =
I Pi+1
' _ mind Hu) pi
\ a7, = mm{e(v—_l,2arccos =}

~ (correction)
.~ @ Alternatively use number of leaves in

; Sl the subtree to subdivide the angles
el [book Di Battista et al.]
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Radial Layout AT

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Let 7" be a rooted tree with n vertices. The radial algorithm constructs in
O(n) time a drawing I of T such that:

m [ is planar
m Each vertex lies on the radial layer equal to its height

m The area of the drawing is at most O(h?d3,), h-height, d,;-max number
of children

Assuming that the radii of consecutive layers
differ by the same number and the distance
between the vertices on the layer is a con-
stant
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Radial Layout AT
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Let 7" be a rooted tree with n vertices. The radial algorithm constructs in
O(n) time a drawing I of T such that:

m [ is planar
m Each vertex lies on the radial layer equal to its height

m The area of the drawing is at most O(h?d3,), h-height, d,;-max number
of children

Assuming that the radii of consecutive layers
differ by the same number and the distance
between the vertices on the layer is a con-
stant
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Radial Layout AT
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Let 7" be a rooted tree with n vertices. The radial algorithm constructs in
O(n) time a drawing I of T such that:

m [ is planar
m Each vertex lies on the radial layer equal to its height

m The area of the drawing is at most O(h?d3,), h-height, d,;-max number
of children

Assuming that the radii of consecutive layers
differ by the same number and the distance
between the vertices on the layer is a con-

stant
radius is at least ds
radius is at least hd s
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Reading T
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Radial Layout for Trees

® Book Di Battista et al: Chapter 3.1.3
m Skript: Chapter 6.1.2
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Other Visualization Styles

Writing Without Words:
the project explores
methods of visually-
representing text and
visualises the differ-
ences in writing styles
when comparing differ-
ent authors.
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Other Visualization Styles
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similar to Ballon layout
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Other Visualization Styles Q(IT
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for more applications and layouts...
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