
Sankt Petersburg

Venezia

Dresden

Hamburg

Padova

Napoli

Roma

Bologna

Torino

Weimar

Bonn

Paris

Braunschweig

Wien

Genova

Breslau

Donaueschingen

Osnabrück

Dessau

Praha

Amsterdam

Verona

Valletta

Milano

Ravenna

Frankfurt am Main

Leipzig

Pillnitz

Detmold

Carskoe Selo

Firenze

Graz

Castelnuovo

Salzburg

Regensburg

Vicenza

Hannover

Bad Lauchstädt

Karlsruhe

London

Udine

Potsdam

Faenza

Pa

isiello, G
.

M
et

astasio, P.

Be
rtati, G.

G

old
oni, C.

S

A
N
KT

PETERSBUR

G

Nitteti

1777

Ac
hille in Sciro

1778

Nitteti

1778

I F
ilos

ofi immaginari

1779

I Fi
losofi

immaginari

1779

Alcide al bivio

1780

Il mondo della luna

1782

Il mondo della luna

1783

Pa

isiello, G
.

M
ayr, J.S.

An
fossi, P.

Pi

cci
nni, N

.

C
im

arosa, D
.

Sa
lieri, A.

M
ey

erbeer, G
.

M
ar
tín

y Soler, V
.

Ro
ssini, G.

M
et

astasio, P.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

So

gra
fi, S.A

.

M

azz
olà, C.

VENEZIA

D
id
on

e abbandonata

1775

Il D
emofoonte

1775

L' Avaro

1775

Isa
bella e Rodrigo

1776

Lo s
poso disperato

1777

Ezio

1778

La fo
rza delle donne

1778

La scu
ola de' gelosi

1778

Lo spos
o disperato

1778

Azor re di Kibinga

1779

Nitteti

1780

L'imbroglio delle tre spose

1781

I Filosofi immaginari

1782

L'arbore di Diana

1783

L'Olimpiade

1784

Una cosa rara

1788

Gli Orazi ed i Curiazi

1794

Il matrimonio segreto

1794

Il servo padrone

1794

Saffo

1794

La scuola dei maritati

1795

Gli Orazi ed i Curiazi

1796

Gli Orazi ed i Curiazi

1797

Telemaco nell'isola di Calipso

1797

Adriano in Siria

1798

Che originali

1798

Adelaide di Guesclino

1799

Gli sciti

1800

Elisa

1804

La roccia di Frauenstein

1805

Tancredi

1813

Che originali

1815

Emma di Resburgo

1819

Semiramide

1823

Il crociato in Egitto

1824

M
ayr, J.S.

An
fossi, P.

C
im

arosa, D
.

Sa
lieri, A.

M

oz
art,W.A

.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

DRESDEN

Il
ge

los
o in cimento

1775

Ax
ur r

e d'Ormus

1789

Cos
ì fan tutte

1791

Il m
atrim

onio segreto

1792

Ad
elaid

e di Guesclino

1808

Don Giovanni

1814

Le no
zze di Figaro

1815

Don Giovanni

1821

Le nozze
di Figaro

1829

Così fan tutte

1830

Il matrimonio segreto

1830

Don Giovanni

1832

M
ayr, J.S.

An
fossi, P.

Pi

cci
nni, N

.

Sa
lieri, A.

M

oz
art,W.A

.

M
ey

erbeer, G
.

M
ar
tín

y Soler, V
.

Ro
ssini, G.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

G

old
oni, C.

M

azz
olà, C.

HA
MBURG

La

bu
ona figliuola

1778

Il
ge
loso

in cimento

1781

L'a
rbore

di Diana

1788

Don
Giovanni

1789

La cifra

1793

Il talismano

1794

La sc
uola de' gelosi

1795

Adel
aide di Guesclino

1815

Semiramide

1830

Il crocia
to in Egitto

1832

M
ayr, J.S.

An
fossi, P.

M
et

astasio, P.

Ro
ssi, G.

PADOVA

Ad
ria
no in Siria

1777

Ch
e originali

1805

L' A
mor coniugale

1805

Pa

isiello, G
.

M
ayr, J.S.

An
fossi, P.

Pi

cci
nni, N

.

C
im

arosa, D
.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

M
et

astasio, P.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

C
al

zab
igi, R.d

.

M

azz
olà, C.

NAPOLI

A
le
ss

an
dro nell'Indie

1775

La
fin
ta giardiniera

1775

Di
don

e abbandonata

1780

Ipermestra

1780

Elfrida

1782

L'eroe cinese

1782

Antigono

1784

Artaserse

1784

Antigono

1785

Olimpiade

1786

Didone
abbandonata

1788

Il geloso in cimento

1788

Catone in Utica

1789

Una cosa rara

1789

Elfrida

1792

La locanda

1792

Elfrida

1793

Elvira

1793

Il matrimonio segreto

1793

Didone abbandonata

1794

Elfrida

1794

Elvira

1794

Antigono

1795

Olimpiade

1796

Ginevra di Scozia

1801

La clemenza di Tito

1809

M
ayr, J.S.

An
fossi, P.

C
im

arosa, D
.

M
ar
tín

y Soler, V
.

M
et

astasio, P.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

So

gra
fi, S.A

.

ROMA

Il
cu

rio
so indiscreto

1777

Olim
piade

1778

CaioMario

1780

Ale
ssan

dro nell'Indie

1781

Artaserse

1788

Una cosa rara

1788

Gli O
razi ed i Curiazi

1797

I cherusci

1808

Pa

isiello, G
.

An
fossi, P.

M
ar
tín

y Soler, V
.

M
et

astasio, P.

D

aP
onte, L.

Be
rtati, G.

C
al

zab
igi, R.d

.

BOLOGNA

L
o

sp
oso disperato

1777

Antigono

1782

Una
cosa rara

1788

Elfrida

1796

An
fossi, P.

C
im

arosa, D
.

M
et

astasio, P.

Be
rtati, G.

TORINO

L
a
fo

rza
delle donne

1780

Artaserse

1784

Artaserse

1785

Pa

isiello, G
.

M
ayr, J.S.

An
fossi, P.

C
im

arosa, D
.

Sa
lieri, A.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

Ro
ssini, G.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

G

old
oni, C.

M

azz
olà, C.

WEIMAR

I
Fi
lo

sof
i immaginari

1791

Il
ge
loso

in cimento

1791

Una
cosa rara

1791

Don
Giovanni

1792

L'ar
bore di Diana

1793

La cifra

1793

Le no
zze di Figaro

1793

La cifra

1795

Il matrimonio segreto

1796

Così fan tutte

1797

La clemenza di Tito

1799

La scuo
la dei maritati

1799

Axur re d'Ormus

1800

Ginevra di Scozia

1811

Tancredi

1817

Semiramide

1825

Sa
lieri, A.

D

aP
onte, L.

BONN

A
xu

r re
d'Orm

us

1788

Pa

isiello, G
.

An
fossi, P.

C
im

arosa, D
.

Sa
lieri, A.

D

aP
onte, L.

Be
rtati, G.

C
al

zab
igi, R.d

.

G

old
oni, C.

PARIS

L’
in
co

gn
ita perseguitata

1776

La
fin
ta giardiniera

1778

Il g
elos

o in cimento

1779

I F
ilos

ofi immaginari

1780

Axur
re d'Ormus

1786

Axur
re d'Ormus

1787

L' Avaro

1787

Il matrimonio segreto

1801

Axur re d'Ormus

1803

An
fossi, P.

Sa
lieri, A.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

D

aP
onte, L.

Be
rtati, G.

M

azz
olà, C.

B
RA
UNSCHWEIG

Il
ge

los
o in cimento

1781

La
for

za delle donne

1781

L' Avaro

1782

Una c
osa rara

1788

L'ar
bore di Diana

1789

Axur
re d'Ormus

1794

Una cosa rara

1795

La cle
menza di Tito

1799

M
ayr, J.S.

C
im

arosa, D
.

Sa
lieri, A.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

WIEN

Il
b
ur

be
ro di buon

cuore

1786

Le
noz

ze di Figaro

1786

Una
cosa rara

1786

Axu
r re d'Ormus

1787

L'ar
bore di Diana

1787

L'arb
ore di Diana

1787

Una cosa rara

1787

Axur re d'Ormus

1788

Don Giovanni

1788

Il talismano

1788

La cifra

1789

Così fan tutte

1790

Il matrimonio segreto

1792

La scuola dei maritati

1796

Che originali

1803

M
ayr, J.S.Ro

ssi, G.

GENOVA

Ch
e originali

1802

Gi
nev

ra di Scozia

1803

L' A
mor coniugale

1807

M

oz
art,W.A

.D

aP
onte, L.

BR
ESLAU

Co
sì fan tutte

1811

Co
sì fan tutte

1814

Cos
ì fan tutte

1821

Così f
an tutte

1824

Così fan tutte

1829

Così fan tutte

1832

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

D

aP
onte, L.

D
O
NA
UESCHINGEN

Un
a cosa rara

1788

L'a
rbo

re di Diana

1789

Cos
ì fan tutte

1791

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

D
aP
onte, L.

M

azz
olà, C.

OS
NABRÜCK

L
a
cl

em
enza di Tito

1825

Co
sì fan tutte

1828

Una
cosa rara

1829

La
clemenza di Tito

1830

C
im

arosa, D
.

M

oz
art,W.A

.

D

aP
onte, L.

Be
rtati, G.

DESSAU

Il
m
at

rim
onio segreto

1796

Co
sì fan tutte

1805

An
fossi, P.

M

oz
art,W.A

.

D

aP
onte, L.

G

old
oni, C.

M

azz
olà, C.

PRAHA

Il
ge

los
o in cimento

1775

Do
nGiovanni

1787

Le
nozz

e di Figaro

1787

La
clemenza di Tito

1791

M

oz
art,W.A

.D

aP
onte, L.

AM
STERDAM

Do
nGiovanni

1794

Pa

isiello, G
.

C
al

zab
igi, R.d

.

VE
RONA

Elfrida

1796

M
ayr, J.S.Ro

ssi, G.

VA
LLETTA
Elisa

1801

M
ayr, J.S.

C
im

arosa, D
.

Sa
lieri, A.

Ro
ssi, G.

So

gra
fi, S.A

.

G

old
oni, C.

MILANO

Il t
alismano

1779

G

li
Or
azi ed i Curiazi

1798

Era
ldo ed Emma

1805

M
ayr, J.S.Ro

ssi, G.

RA
VENNA

Er

ald
o ed Emm

a

1809

M
ayr, J.S.

An
fossi, P.

Ro
ssi, G.

C
al

zab
igi, R.d

.

F
R
A

NK
FURT AMM

A
IN

L
a
fin

ta giardiniera

1782

Gi
nev

ra di Scozia

1802

C
im

arosa, D
.So

gra
fi, S.A

.

LEI
PZIG

G
li
O

raz
i ed i Curiazi

1786

Pa

isiello, G
.

Sa
lieri, A.

D

aP
onte, L.

Be
rtati, G.

PIL
LNITZ

La cifra

1790

I F
ilo
sofi

immaginari

1793

M

oz
art,W.A

.

M
ey

erbeer, G
.

M
ar
tín

y Soler, V
.

Ro
ssi, G.

D

aP
onte, L.

DET
MOLD

Un
a cosa rara

1827

Le
noz

ze di Figaro

1829

Il c
roci

ato in Egitto

1833

Pa

isiello, G
.

M
et

astasio, P.

C

AR
SKOE SELO
IlD

emetrio

1779

Pa

isiello, G
.

An
fossi, P.

C
im

arosa, D
.

Be
rtati, G.

G

old
oni, C.

FIRENZE

Il

fin
to principe

1775

L' Avaro

1777

Il

m
atr
imo

nio per inganno

1779

L'i
mb

rogl
io delle tre spose

1781

La va
nità delusa

1784

An
fossi, P.Be

rtati, G.

GRAZ

Il
ge

los
o in cimento

1779

An
fossi, P.Be

rtati, G.

C

AS
TELNUOVO

Il
ge

los
o in cimento

1785

M

oz
art,W.A

.M
et

astasio, P.

SA
LZBURG

Il
re pastore

1775

An
fossi, P.

Pi

cci
nni, N

.

Be
rtati, G.

G

old
oni, C.

RE
GENSBURG

L' Avaro

1775

La
buo

na figliuola

1778

La
buon

a figliuola

1782

Isa
bella e Rodrigo

1785

La f
orza delle donne

1785

C
im

arosa, D
.M

et
astasio, P.

VIC
ENZA

L'O
limpiade

1784

Olim
piade

1784

Pi

cci
nni, N

.G

old
oni, C.

H
AN
NOVER

La

bu
ona figliuola

1777

Sa
lieri, A.

D

aP
onte, L.

B
A

D
LA
UCHSTÄD

TLa cifra

1793

M

oz
art,W.A

.M

azz
olà, C.

K
AR
LSRUHE

L
a
cl

em
enza di Tito

1812

Pa

isiello, G
.

An
fossi, P.

M
ar
tín

y Soler, V
.

D

aP
onte, L.

Be
rtati, G.

C
al

zab
igi, R.d

.

LONDON

L
a
fin

ta giardiniera

1775

La lo
canda

1791

La
scu

ola dei maritati

1795

M
ar
tín

y Soler, V
.

D

aP
onte, L.

UDINE

L
a
sc

uo
la deimaritati

1800

M

oz
art,W.A

.D

aP
onte, L.

PO
TSDAM

Le

no
zze di Figaro

1790

M
ar
tín

y Soler, V
.

D

aP
onte, L.

FAE
NZA

Un
a cosa rara

1790

Hamburg Wien

Pi

cci
nni, N

.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

D

aP
onte, L.

G

old
oni, C.

HA
MBURG

La

bu
ona figliuola

1778

L'a
rbo

re di Diana

1788

Don
Giovanni

1789

M
ayr, J.S.

C
im

arosa, D
.

Sa
lieri, A.

M

oz
art,W.A

.

M
ar
tín

y Soler, V
.

Ro
ssi, G.

D

aP
onte, L.

Be
rtati, G.

WIEN

Un
a cosa rara

1787

Ax
ur r

e d'Ormus

1788

Don
Giovanni

1788

Il m
atrim

onio segreto

1792

La
scuo

la dei maritati

1796

Che originali

1803

Find out more! Visit https://opera-network.netlify.app.

“Ah, by tomorrow morning a dozen names must be added to my list!”
says
Don Giovanni in the eponymous opera written by Lorenzo da Ponte (left) and
composed by Wolfgang Amadeus Mozart (right). We are interested in the
journey of the opera of Don Giovanni and start our exploration in Vienna,
where the opera performed in 1788. While Don Giovanni was always
performed in the version by da Ponte and Mozart, we can see that it was at
that time not uncommon that multiple composers based their work on a
common libretto.
Therefore, the Opera Network interprets an opera as the triple
title, composer, and librettist.
 But Don Giovanni was not the only opera
performed in Vienna. We can see that before Don Giovanni Una cosa rara,
composed by Vicente Martín y Soler and based again on a libretto by

Lorenzo da Ponte, performed in Vienna. Our feeling that that among the three
librettists present in Vienna in the datase, Lorenzo da Ponte seems to be the
most prominent gets confirmed.
 Following the performances of Don
Giovanni in the direction of the arrow symbols, we find the next one in
Hamburg.
We notice that Hamburg has a gray dot next to it, which indicates
that it is not placed on its actual position.
Again, we can see which librettists
(left) and composers (right) were active in that city.
We are interested in their
further collaborations and check them out in the Collaboration Network.
With this
new information, we end our exploration phase – but don't worry, this is only
one of many stories that can be found by exploring the Opera Network.
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1 Introduction

Our poster visualizes how operas, including their composers and librettists, travelled across
Europe between 1775 and 1833. To do so, we use the provided dataset and group the
performances by the triple title, composer, and librettist. This stems from the fact that
an opera is not uniquely identified by its title, as it was not uncommon to have multiple
composers for the same opera whom all based their work on a common libretto. In the
following, unless otherwise specified, we use Opera as a synonym for the mentioned triple.

2 Components of the Poster

Since the dataset has an inherent geographical component, we want to emphasize the traveling
aspect of operas, composers, and librettists at that time. To put that into more context, we
use a map as the background of our poster. As the country borders we are used to today
did not exist back then, we omit them and just highlight topographic features like lakes and
seas on the map. Apart from minor adjustments such as the QR codes, the poster is created
programmatically using the library d3.js.

Positioning the Cities and Creating the Rings: Our visualization-process starts with the
positioning of the cities, which is achieved through a force-based layout. The size of the
city is linearly dependent on the number of performances in that city, and we assign to it
attracting forces, pushing it towards its geographical location on the map, as well as colliding
forces to avoid overlaps with other cities. For space constraints, we place the cities lying
outside the main map cutout, namely Carskoe Selo, London, and Valetta, at the border of
the map. Whenever the force-computed position deviates from the geographical location,
we mark the true position of the city with a dashed line. Once the cities are placed, we
create a ring in the corresponding city for each performance, where the rings at each city
are ordered chronologically, with the innermost ring representing the first opera from the
dataset performed in that city. In addition to the title and year of the performance, each
ring contains a reference to the librettist and the composer. The composers and librettists
are evenly distributed on the right and left side, respectively.

Connecting Cities with Paths: While the temporal relationship within a city is covered by
the order of the rings, the temporal relationship between the cities is not yet established. To
do that, we connect performances of the same opera in different cities in their chronological
order by a directed path. The paths follow a routing graph based on the Voronoi graph of the
approximation of each city-circle with an octagon. This means that we inscribe the outermost
ring of each city in an octagon and use the endpoints of the octagons, in combination with
evenly spaced points along the boundaries of the map, as input points for a Voronoi diagram.

mailto:thomas.depian@tuwien.ac.at
mailto:michael.huber@tuwien.ac.at
mailto:wilhelm@wanecek.com


2 Opera Network: Performances across Europe between 1775 and 1833

The Voronoi edges serve as the base for the routing graph. To prevent the paths from
going through a city, non-adjacent helper vertices are created for each Voronoi vertex that
represents a city. These helper vertices are then connected to different Voronoi vertices
outside of the city. Once we have established this naive version of the routing graph we use
the Floyd Warshall algorithm to compute the shortest path through the routing graph for
all sequences of performances.

Clearly, for the plethora of performances in the dataset, many edges of the Voronoi graph
will be used by multiple paths. To distinguish different paths from each other, the paths are
offset along the edges. This introduces many unnecessary crossings, which can be avoided
by ordering the paths on each edge accordingly. We employ the bundle ordering approach
proposed by Pupyrev et al. in [3]. Because our paths satisfy the terminal property, i.e.,
there exist no vertices in which some paths end while others continue, the ordering algorithm
computes a crossing-optimal ordering. In general, Voronoi graphs look very angular and
artificial, and so does our naive routing graph. As we have multiple points in a relatively small
proximity, this results in multiple Voronoi vertices being very close to each other, yielding a
zig-zag routing. Pupyrev et al. introduce circular hubs, which allow for a seamless transition
between different orderings on two edges incident to the same vertex. In our setting, some
vertices are so close to each other that the corresponding circular hubs overlap, making the
proposed concept hard to realize. We tackle this challenge in two ways: First, we implement
a hub-merging mechanism that merges vertices having overlapping hubs, thus eliminating
the overlap. This mechanism is refined to not merge large chains of overlapping hubs into a
single “mega”-hub, but instead to distribute them into multiple smaller, non-overlapping
hubs. Secondly, we employ a mechanism detecting zig-zag paths that can be straightened.
This helps in decluttering the visual appearance, giving the routing graph a more natural
and (arguably) appealing look. The curves inside the circular hubs are defined using bi-arcs,
as also done in [3], and described in [2]. Finally, we mark the direction of a path with small,
equidistantly placed arrows.

Colors and the Collaboration Network: We want to aid the user with the way we color
the paths and rings. To do this meaningfully, we assign each composer a base color and
each librettist a shade. The color of an opera, and so of its paths and rings, is defined
by the combination of base color and shade. The Collaboration Network above the legend
serves as a lookup table for the used colors in the drawing. It is a modification of a classical
chord diagram, where the central cutout is established with dummy entries that serve as a
placeholder. Again, we place the librettists on the left side, now ordered by the number of
operas they have written, and on the right side the composers. To minimize overlaps, we
order the composers manually in an appealing way. The size of a chord is defined by the
number of unique opera (titles) with this composer-librettist combination.

3 Interactive Version

As already mentioned at the beginning of Section 2, we created the poster programmatically
using the library d3.js. Therefore, we create in addition to the poster also an interactive
online-version to enhance the exploration of the data version. While the poster should give
an overview over the dataset, the interactivity should serve as the main tool for exploring
it. The online-version can be accessed via opera-network.netlify.app [1] and offers the
following interaction possibilities.
Hovering over a Performance or Path: By hovering over the path or the ring of a perform-

opera-network.netlify.app
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ance, the hovered opera will be highlighted in the poster. This allows the user to see the
cities in which the opera performed and the path it took.

Hovering over a Composer or Librettist: By hovering over a composer or a librettist, all
operas, i.e., rings and paths, of the composer or librettist will be highlighted in the
visualization. This allows the user to see in which cities or regions a composer or librettist
was active.

4 Answered Research Questions

Finally, we want to emphasize which research questions from the contest page can be answered
in our visualization and to what extent. The question of how certain operas have traveled
through Europe can be answered by the directions of the paths and colors of the rings. By
identifying the color of an opera, we can start at any city where it was performed and follow
its path through Europe. Using the performance years indicated in the city rings, we can
also get a feeling for the temporal aspect and development of that performance. Furthermore,
based on the dominance of a shaded color in a city or region, it can be seen whether the
opera stayed at that place or went through Europe. Moreover, the dominance of a base color
in a city can also be an indication of the popularity of that composer in that city. Lastly,
the question of patterns in collaborations can be answered with the help of the collaboration
network. Ultimately, it should not go unmentioned that we can use the visualization to
answer other research questions. The size of a city, for example, is an indication of the
popularity of that place in the opera scene at that time. Or the period of time during which a
composer or librettist can be considered active in a city could be estimated from the position
and frequency of performances of operas by that librettist or composer. These are shown
with the points on the composer’s or librettist’s trajectory line.
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