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B height at most
.
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HV-Drawings — Right-Heavy HV-Layout

Right-heavy approach
B Always apply horizontal combination

B Place the larger subtree to the right <~ This can change the embedding!
Size of subtree := number of vertices

at least -2

at least -2

at least -2

‘Lemma. Let T be a binary tree. The drawing
constructed by the right-heavy approach has

B width at most n — 1 and

B height at most log, n.
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HV-Drawings — Right-Heavy HV-Layout

Right-heavy approach
B Always apply horizontal combination

B Place the larger subtree to the right <~ This can change the embedding!
Size of subtree := number of vertices

at least -2

at least -2

at least -2 How to implement this
In linear time?

‘Lemma. Let T be a binary tree. The drawing
constructed by the right-heavy approach has

B width at most n — 1 and

B height at most log, n.
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HV-Drawings — Result

‘Theorem.
Let 1" be a binary tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, orthogonal, strictly right-/downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent
drawings up to translation

\.
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‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, orthogonal, strictly right-/downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent
drawings up to translation
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‘Theorem. et
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, orthogonal, strictly right-/downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent
drawings up to translation

.

OGeneral rooted tree
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HV-Drawings — Result

‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, orthogonal, strictly right-/downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

CGeneral rooted tree ~
T largest

subtree
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HV-Drawings — Result

‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, orthogonal, strictly right-/downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

General rooted tree

)

T largest
subtree
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HV-Drawings — Result

‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, ortitegenal _strictly right- /downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

General rooted tree

)

T largest
subtree
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HV-Drawings — Result

‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, ortitegenal _strictly right- /downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

General rooted tree

)

T largest
subtree

2nd largest
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HV-Drawings — Result

‘Theorem. et
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, ortitegenal _strictly right- /downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

General rooted tree Optimal area?

)

T largest
subtree

2nd largest
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HV-Drawings — Result

‘Theorem. e
Let 7' be a Bimacy tree with n vertices. The right-heavy
algorithm constructs in O(n) time a drawing [ of T s.t.:

m [ is an HV-drawing
(planar, ortitegenal _strictly right- /downward)

® Width is at most n — 1
B Height is at most log, n
B Areais in O(nlogn) <4——— worst-case optimal [exercise]

® Simply and axially isomorphic subtrees have congruent

drawings up to translation
. J

General rooted tree Optimal area?

)

T largest
subtree

Not with divide & conquer approach, but can
be computed with Dynamic Programming.

2nd largest
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Radial Layouts — Applications
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Phylogenetic tree
by Colicelli, ScienceSignaling, 2004
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Radial Layouts — Applications

Flare Visualization Toolkit code structure
by Heer, Bostock and Ogievetsky, 2010

& Greek ‘I\/Iyt.h Family
by Ribecca, 2011
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Radial Layouts — Drawing Style

Drawing conventions

Drawing aesthetics to optimize
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Radial Layouts — Drawing Style

Drawing conventions

B Vertices lie on circular layers
according to their depth

B Drawing is planar

Drawing aesthetics to optimize
B Balanced distribution of the vertices

How can an algorithm optimize the
distribution of the vertices?

16 -



Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u):
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Idea
B Reserve area corresponding to size ¢(u) of T'(u):

tu)
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Radial Layouts — Algorithm Attempt

Idea

B Reserve area corresponding to size ¢(u) of T'(u): K(U) \

_ H(u)
- l(v) -1

Tu




17 - 11

Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u): E(u) g U
4
)
l(v) —1

B Place u in the middle of its area




17 - 12

Radial Layouts — Algorithm Attempt

Idea
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Radial Layouts — Algorithm Attempt

Idea
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u): E(u) g U
4
)
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B Place u in the middle of its area
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u):

)
- l(v) -1

Ty

B Place u in the middle of its area
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u): E(u) g U
4
)
l(v) —1

B Place u in the middle of its area
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u): E(u) f &
/
ot
l(v) —1
9 1
B Place u in the middle of its area , 10 8
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u):

14
()
l(v) —1
9 .1
B Place u in the middle of its area , 10 8
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u):

/(u
SOR
(v) - 9 7.1
, , , 10 8 6 9 .1
B Place v in the middle of its area — 10 8
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Radial Layouts — Algorithm Attempt

Idea
B Reserve area corresponding to size ¢(u) of T'(u):

)
- l(v) -1

Ty

ol
OO;\I
@;I—*
O
QO =

B Place u in the middle of its area
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Radial Layouts — How To Avoid Crossings
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Radial Layouts — How To Avoid Crossings
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Radial Layouts — How To Avoid Crossings

B 7, — angle of the wedge
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Radial Layouts — How To Avoid Crossings

B 7, — angle of the wedge
corresponding to vertex u

B /(u) — number of nodes in the
subtree rooted at u
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Radial Layouts — How To Avoid Crossings

B 7, — angle of the wedge
corresponding to vertex u

B /(u) — number of nodes in the
subtree rooted at u

B p; — radius of layer ¢

W cos(7y/2) = pi/pit1




Radial Layouts — How To Avoid Crossings

B 7, — angle of the wedge
corresponding to vertex u

B /(u) — number of nodes in the
subtree rooted at u

B p; — radius of layer ¢

W cos(7y/2) = pi/pit1

_ ' f(u) Pi
B 7, = min {e(v)—1 Tv, 2 arccos P

|

18 -
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Radial Layouts — How To Avoid Crossings

7., — angle of the wedge
corresponding to vertex u

¢(u) — number of nodes in the
subtree rooted at u

p; — radius of layer ¢
W cos(7y/2) = pi/pit1

— mi f(u) Pi
7, =min {e(v)—1 Tv, 2arccos pm}

B Alternative:

Vrpin = (1, — arccos ﬁ
Vrax = (v, + arccos ﬁ
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Radial Layouts — Pseudocode

____________________________________________________________________________

postorder(r)

preorder(r, 0, 0, 27)

return (dv, 0w )vev ()

' | // vertex positions in polar coordinates

‘postorder(vertex v)

| 4(v) + 1 .

foreach child w of v do
compute the size of
Lthe subtree recursively..
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Radial Layouts — Pseudocode

____________________________________________________________________________

postorder(r)

preorder(r, 0, 0, 27)

| return (dv, aw)vev(m)

' | // vertex positions in polar coordinates

‘postorder(vertex v)
| (v) + 1 .
foreach child w of v do

L postorder(w)
l(v) + £(v) + £(w)

19 -
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Radial Layouts — Pseudocode

RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}
preorder(r, 0, 0, 27) Qy 4 (Qmin + Otmax) /2
return (do, av)vev(r) if t > 0 then

L QUmin $— Max{ Qmin, Q. —arccos pf_il}

Qlmax <— Mind o o, +arccos 2t
postorder(vertex v) max {Otmar; Ot Pt—l—l}

l(v) + 1
foreach child w of v do

L postorder(w)
l(v) + £(v) + £(w)




Radial Layouts — Pseudocode

RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)
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return (do, av)vev(r) if t > 0 then

L QUmin $— Max{ Qmin, Q. —arccos pf_il}

Qlmax <— Mind o o, +arccos 2t
postorder(vertex v) max {Otmar; Ot Pt—l—l}

6(’0) +—1 left < Omin
foreach child w of v do

L postorder(w)
l(v) + £(v) + £(w)
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}
preorder(r, 0, 0, 27) Qy 4 (Qmin + Otmax) /2
return (do, av)vev(r) if t > 0 then

L QUmin $— Max{ Qmin, Q. —arccos pf_il}

Qlmax <— Mind o o, +arccos 2t
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6(’0) +—1 left < Omin
foreach child w of v do foreach child w of v do

L postorder(w)
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}
preorder(r, 0, 0, 27) Qy 4 (Qmin + Otmax) /2
return (do, av)vev(r) if t > 0 then

QUmin $— Max{ Qmin, Q,, —arccos -2}

— Pt+1
Qlmax <— Mind o o, +arccos 2t
postorder(vertex v) L me {0tmax, o Pt—l—l}

6(’0) +—1 left < Omin

foreach child w of v do foreach child w of v do

L postorder(w) right < left + efé;”_)l -(Qmax — Qtmin)
l(v) + £(v) + £(w)
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}
preorder(r, 0, 0, 27) Qy 4 (Qmin + Otmax) /2
return (do, av)vev(r) if t > 0 then

QUmin $— Max{ Qmin, Q,, —arccos -2}

— Pt+1
Qlmax <— Mind o o, +arccos 2t
postorder(vertex v) L me {0tmax, o Pt—l—l}

6(’0) +—1 left < Omin

foreach child w of v do foreach child w of v do

L postorder(w) right < left + efé;”_)l -(Qmax — Qtmin)
l(v) + £(v) + £(w)

preorder(w, t + 1, left, right)
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}
preorder(r, 0, 0, 27) Qy 4 (Qmin + Otmax) /2
return (do, av)vev(r) if t > 0 then

QUmin $— Max{ Qmin, Q,, —arccos -2}

— Pt+1
Qlmax <— Mind o o, +arccos 2t
postorder(vertex v) L me {0tmax, o Pt—l—l}

6(’0) +—1 left < Omin

foreach child w of v do foreach child w of v do
postorder(w) right <— left + e(qu;u_)l - (Qtmax — Qmin)
l(v) + £(v) + £(w)

preorder(w, t + 1, left, right)
| left < right
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}

preorder(r, 0, 0, 27) Qy 4 (Qmin + max) /2

return (do, av)vev(r) if t > 0 then

QUmin $— Max{ Qmin, Q,, —arccos -2}

. Pt+1
postorder(vertex v) L Qmax ¢ MiN{ Amax; vy -arccos ﬁ}

6(’0) +—1 left < Omin

foreach child w of v do foreach child w of v do

L postorder(w) right < left + efé;”_)l -(Qmax — Qtmin)

(v) < £(v) + £(w) preorder(w, t + 1, left, right)

= left < right

Runtime?
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RadialTreeLayout(tree T, root r € T, radii p1 < --- < pi) ' preorder(vertex v, t, Qmin, Ctmax)

postorder(7) d, < max{0, p;}

preorder(r, 0, 0, 27) Qy 4 (Qmin + max) /2

return (do, av)vev(r) if t > 0 then

QUmin $— Max{ Qmin, Q,, —arccos -2}

. Pt+1
postorder(vertex v) L Qmax ¢ MiN{ Amax; vy -arccos ﬁ}

6(’0) +—1 left < Omin

foreach child w of v do foreach child w of v do

L postorder(w) right < left + efé;”_)l -(Qmax — Qtmin)

(v) < £(v) + £(w) preorder(w, t + 1, left, right)

= left < right

Runtime? O(n)

Correctness? \/
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Radial Layouts — Result

‘Theorem.
Let 1" be a rooted tree with n vertices. The algorithm
RadialTreeLayout constructs in O(n) time a drawing [ of T s.t.:

®m [ is a radial, crossing-free drawing,
W vertices lie on circles according to their depth, and

B the area of [ is quadratic in max-degree(T") x height(7T)
(see [GD Ch. 3.1.3] for the details).

\.
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Other Tree Visualization Styles
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Writing Without Words:

The project explores methods to
visualize the differences in writing
styles of different authors.

Similar to balloon layout
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Other Tree Visualization Styles
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| iterature

B [GD, Chapter 3] divide and conquer methods for rooted trees and series-parallel graphs

B [Reingold, Tilford '81] “Tidier Drawings of Trees”
— original paper for level-based layout algo

B [Reingold, Supowit '83] “The complexity of drawing trees nicely”
— linear program and NP-hardness proof for area minimization

B treevis.net — compendium of drawing methods for trees
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