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obtai n easy-to-read 20construction and qisplay of graphs, in particular for
airline routes between cities, nmethod which is not conputation intensive.
BACKGROUND OF THE | NVENTI ON Due to its | arge scope of potenti al
applications the automati on of the drawi ng of two-dinensional graphs has
received a considerable attention over 25 the past decades, resulting in

t he publication of a countless nunber of papers by the engi neering and
academ ¢ conmmunities descri bing nethods and techni ques to draw graphs,
often for a particular context. Neverthel ess, the drawing of graphs in the
general .case remains a very hard problem for which a single best solution
does not exist. Typical of the publications made on this 30subject is a
paper by Gansner and al. from AT&T Bell Laboratories, untitled: 'A

Techni que for Drawi ng Directed Graphs', published in 1993 in |EEE WO
2011/ 012445PCT/ EP2010/ 060067 2 Transacti ons on Software Engi neering, | SSN
0098-5589. The proposed techni que describes a four-pass al gorithmincluding
an iterative heuristic for reducing edge crossing. Indeed, to be able to
obtain good results in this domain, sophisticated iterative nulti-pass

al gorithns conbined with heuristics 5requiring the tuning of paraneters
need t &0be i npl enent ed.

15 Display of travel routes

FIELD OF THE INVENTION
The present invention relates generally to the layout of graphs, and

more specifically, to an automated method adapted to obtain easy-to-read
20 construction and display of graphs, in particular for airline routes between cities,

method which is not computation intensive.

BACKGROUND OF THE INVENTION

Due to its large scope of potential applications the automation of the

drawing of two-dimensional graphs has received a considerable attention over
25 the past decades, resulting in the publication of a countless number of papers
by the engineering and academic communities describing methods and
techniques to draw graphs, often for a particular context. Nevertheless, the
drawing of graphs in the general case remains a very hard problem for which a
single best solution does not exist. Typical of the publications made on this
30 subject is a paper by Gansner and al. from AT&T Bell Laboratories, untitled: ‘A

Technique for Drawing Directed Graphs’, published in 1993 in IEEE



In the airline industry, the visualization of airline routes is a function
whi ch has also a |l ot of applications. Although it is a highly useful

functi on wonopratassi onal s of this industry (e.g., to | eCTiEreommstoabl i sh
fares, to find alternate routes to a destination or just to have a view of
a conplete airline network) it is 10 in practice rather poorly supported.
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association) codes. It is really not that easy though to understand the structure

of a particular graph of city nodes from its list of edges and paths.
The generalization of the use of graphic displays, even in industries
20 where large reliable data centers are implemented from mainframe computers,
potentially allows the display of graphs in graphic mode so as to make them
more easily readable. These large data centers are those put in place, e.g., by
any of a few global distribution systems (GDSs) that provide travel services to
all the professionals of this industry including the traditional travel agencies.
25 Such a GDS is for example AMADEUS, a European travel service provider with
headquarters in Madrid, Spain. Often, monochrome ‘green-screen’ like display
are still however in use, in an emulation mode, on modern personal computers
or terminals that display text-only windows like the one shown in Figure 1 (often,
contrary to what is shown, on a dark background). In text-only mode the control
30 of the software applications run from the above large data centers is then done
by the professionals of this industry in a so-called cryptic mode through the use
of esoteric control codes. This mode of controlling the travel software
applications is however often preferred because it is in practice more efficient



applications is however often preferred because it is in practice nore
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It is a specific object of the invention that the method neither requires
the use of complex iterative algorithms nor the setting of heuristic parameters to
always obtain easy-to-read display of graphs.

15 It is a further object of the invention that computation time of the method
only grows linearly with the number of nodes to display.

Further objects, features and advantages of the present invention will
become apparent to the ones skilled in the art upon examination of the following
description in reference to the accompanying drawings. It is intended that any

20 additional advantages be incorporated herein.

SUMMARY OF THE INVENTION

The above objects of the invention are fulfilled by providing a method of

constructing a graph of nodes advantageously adapted to the display of travel
routes. The method is for generating a layout of said graph of nodes. The
25 method comprises the steps of finding a node of highest weight among all
nodes of the graph after each node is attributed a weight based on a number of
nodes pertaining to a double-tree structure of nodes of which each node is
assumed to be the root. Then, the double-tree structure of nodes having the
node of highest weight as root is extracted and a layout is computed. If there
30 are remaining nodes left, they are grouped in one or more sub-graphs and a
layout of the one or more sub-graphs is iteratively computed. The one or more
sub-graphs are then merged with the double-tree structure of nodes to form the

constructed graph which is then preferably and/or sent or stored as a file



constructing a graph of nodes advantageously adapted to the display of
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—a node height is recursively computed for each node of the graph by gathering
10  node heights of all attached parent nodes or child nodes;
—the height of the root node is whichever is larger of height of parent nodes or
height of child nodes;
—the height of the root node determines the size of the double-tree structure of
nodes and the referential from which all node coordinates are computed;
15 -—Y-coordinate of each node is recursively computed from node heights of all
attached parent nodes or child nodes;
—the double-tree structure of nodes and the one or more sub-graphs have a
frozen layout of Y and X coordinates of nodes;
—Y and X coordinates include predetermined Y and X spaces;
20 —the merging step consists in a vertical juxtaposition of the double-tree
structure of nodes and of the one or more sub-graphs;
—the merging step includes interconnecting the one or more sub-graphs with
the double-tree structure of nodes;
—the graph nodes designate transportation (such as but not only airlines)
25 companies or locations (such as cities, airports, regions,) served by the airline
companies and wherein graph edges represent scheduled transportation
services (such as airline flights, trains or the like) between locations;
—the graph nodes optionally comprise a plurality of locations or a plurality of
transportation companies;
30 —at least one of the graph nodes is displayed as a scrollable list of cities or of
airline companies.
The invention further discloses a system and a computer program
product adapted to display travel routes.
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Figure 7 shows how the main double-tree structure and the sub-graph are

merged to be displayed.

15  Figure 8 shows another example of a routing graph processed with the method
of the invention.
Figure 9 is a summary of the steps of the method according to the invention to

display a routing graph.

DETAILED DESCRIPTION
20 The following detailed description of the invention refers to the

accompanying drawings. While the description includes exemplary
embodiments, other embodiments are possible, and changes may be made to
the embodiments described without departing from the spirit and scope of the
invention.

25 The instant method and system may be performed using at least one
processor and as a result of execution of computer software, the said software
being advantageously stored in a non-transitory computer-readable memory

medium.

Figure 2 shows a graph of airline routes typical of what the invention is

30 aimed at displaying.
A routing graph is a directed graph, in which nodes are cities, e.g.: 210.
The graph edges, i.e., the lines between the nodes, e.g.: 220, indicate which
cities are actually connected by scheduled airline flights. A path in the graph,
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1 shows an exenplary display of airline routes in text node. Figure 2 shows
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di splaying. S5Figure 3 is an exenpl ary raw graph used to illustrate the

met hod of the invention. Figure 4 shows the main double-tree structure and
mai n hub nedg: @80eimulunas any cotréinatlvove! caweptegpinodes fronfriagyref the entry

iIlustrat t hod_ of ' hej ght Y-. di f 10
oubl o {1 c#OLTSGRDPQ hct B A BNY AL SEHBR DI NS GG ethogid sSUch | -
sub-graph of rdﬂfﬁﬂg?rb@ is bSsUirAuY 96 Hehadfdier i.d Ntheraiis nepadlshié 'Ic%?)iﬁgg beff ur e

has been processed. Figure 7 shows how the main double-tree structure and
t he sub- gr aplit. In® kivdged nasieseargi agitalegonsigeridgior éhe dsawing efnibergnapbxanpl e

of a rogtin ra [ . ] t t hod t he_davention. Fj 9is
2 sommany e EHEPeBR R He, ARV e R RRON OBk Rn o8 B
a routing giragh.aiffRéAtdinPaMeSCHRbETEEMig8 Thetweeh! ity mdéet aiHieds darpget ption
of the invention refers to the o . .
discussed in the following description of the invention.
Because of the way airlines organize their networks of flights the
invention rests on the assumption that there is always at least one city node in
10 the graph which represents a main airline hub 240 through which, most, if not
all, of the possible paths (i.e., the possible travel routes) go through. Thus,
defining a double-tree structure, i.e.: two trees head to foot, sharing the main
hub at their root. The tree on the left is the parent tree 242 and the one to the
right the chid tree 244. The graph is also possibly comprised of secondary hubs
15 250 which have a single incoming route and several outgoing routes, or the

opposite.

The method of the invention is here after illustrated starting from the
exemplary raw graph 300 shown in Figure 3.
This initial version of the graph, which needs not to be actually
20 displayed, is constructed from any convenient representation which can be
manipulated by a computer program. This computer representation of a graph
can take, e.g., the form of a list of paths similar to what is shown in Figure 1.
Other standard representations are possible. The most straightforward
computer representation of a graph is the so-called adjacency matrix
25 representation. The graph is then stored and manipulated as a binary square
matrix in which rows and columns are the nodes. There is a true binary value at
each row/column intersection where an edge exists between the corresponding
two nodes. Binary value is false if there is no edge. If the invention does not
make any assumption on the internal computer representation of the graphs to
30 be displayed it is often convenient to have a computerized representation in
which each node description keeps tracks of all child nodes and parent nodes to
which it is directly connected so that a graph can be easily parsed in both
directions.
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20 rounded rectangle it contains the corresponding two-letter airline code e.g.: YY

304. For sake of clarity, the city nodes that share a same parent or child node
are regrouped and drawn as a single rectangle and are thus connected with a
single edge, e.g.: 306.
Standard conventions are used to draw the exemplary acyclic graph of
25 Figure 3:
— In this two-dimensional X-Y view of a graph, direction of the edges
corresponds to the direction of the X axis 301. For a given node, a parent node
is situated on its left and a child node on its right. As already mentioned, all
paths or travel routes in the graph start from a most-left entry node 305 to end
30 with a most-right exit node, e.g.: 306. The nodes of same ranks are vertically
aligned occupying a discrete position along the X-axis. Hence, most-left entry
nodes 305 occupy rank 0, next ones rank 1 307 and so on. The arrangement of

the nodes along the X-axis of the graph, at discrete equally-distant positions is



25 representation. The graph is then stored and mani pul ated as a binary
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Standard conventions are used to draw the exenplary acyclic graph of 25
Fi gure 3: Figyethplowadneimeigtds ohal fex nodasedrtoin theg@sgsnplagy peatn 8$edbio t he
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next ones rank 1 307 and so~on. e arrangenent of odes al ong the
X-axi s of tcoenmuterphepr@isediationedt theuataph; dicddarmctpalli tvongaluss O each
2011/ 01244?1'3%1e_/l\']:',|:i..2e0.:191/e0r?19r9ge7r gf children nodes C(N), including the node N itself; and
25 the number of parents P(N), including the node N itself. Hence, the weight of a
node is just: C(N) + P(N) — 1. Prior to computation, the table is initialized with
zeroes. Then, each graph node is gone through in order to determine its weight.
The node having the highest weight thus becomes the main hub node of the
current double-tree structure.
30 In some double-tree structures, an example of which is shown 450,
there are possibly more than one node sharing a same highest weight. In fact,
all middle nodes 452 share a same weight in this example. In which case, any

one can be selected to become the main hub, e.g., the first one 451.



not part of the invention. To performthis task, efficient algorithnms exist
which mnimze horizontal distances between ranks of |inked nodes. They are
re-used byotha/dinenti on to produce the exenplary raw graptErediofs@are 3 in
which all nodes are already distributedat discrete positions along the
X-axis. 5 - Finding the best vertical position of the nodes along the
Y-axi s 303 in ordéhen dhebmaim habgnagd hdwdeest determmede ahebeoredsgamidyng

di spl ayed i t wo- di mepsi ona| space is the critical step that generally
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" epr esent alden offitg hedas aaking i Aesietih fenila drigepaRiM rodes df. ke nddee node
as shown in Figure 2 which is at the root 240 of the 15 la

t
doubl o- t r U CONEITETes) deanronede R 416 dadblertrre seRCti (tibiervaie N gi ven
a_uei ght whicgip ics Pl SHIALSGIBRIH f pSAURTHRE drdFe hkiFhyBYBRE! of nodes

bel onging to the e-tree structure of whi is assuned to be the
root. Figure 4 skhswshdwe imefigbtes5oforaedahwnoddds: KA bn2tdrel exHinG1dr gregr aph

finds The rEsERBYIBSaRIGN aid Rissbicia ! Hashin HOUR turiamesisrergn e8! a0
inthis ex g%thﬂ meighh@ﬁhe%ésm@rré)%ﬁ%w 48N and in&udtnh@eﬁﬁ&%fsto

carry out an Iclent conputation process a table, p conput er
r epr esent atchddrenf nades @ lips a ¢holddsodes otitiel yatrwbuly alodey, drdts parehtnoodes,

i.e.: the er _of children,nodes N), including the node Nitself; and
25 the nurrgglrjq)'&fa Bgrtegﬁpggg r]e &t ﬁép H&d?Ee node N itself. Hence, the

wei ght of a nodeTihgré Uste &AIY) two PpBlamettrs, Padfely0 X SPANERIGOB30 hihd abl e
isinitialized with zeroes. Then, each graph node i s gone through in order

to det #pmi e SRACING gh40, Whichoteeddoi hg seate indigidesty wei ghiust nhe Mistiehes

dounl ot r o3 SaPEG 87 48 UFHE] Hikp RAT GilseRS, FeltEhHES 2 SPASTRE s, the
possi bl y negheséhaprigoatanaiftasdebetveeh ABHEs bf gbasécumwiedanks! v SRACING |

m ddl e nodes 452 share a same wei %ht in this exanple. In which case, any
one can be IS Heehesen wriied shetaner bayeemeyldren gr pagaqd boxes of samesgnk. \Wo

2011/ 012445PCT/ ERROKY 000GE: Sor o noce, | SNAIN], RcHbclidl RAdgghas beer

determ ned, the correspon g double-tree s al so determ ned and
its | agout —caifinbde ¢oapedfdde., amddeatethamariphefy & thergragh thdtehdsma tlyilchodes

bel onging to the double-tree ctur ose . .root is MSY 440 are shown with
a dark bacK@rRRIRA! T‘Q‘E%Sp%fﬂlﬁﬁﬁ%’_bgﬂhﬁ% |'F(gl\s\/_nrﬂ?(ﬁl)doubI e-tree structure is
conput ed by 1 ©MHrHiSEe e fQaPHEGREof Brﬁchrrdrfahtndbfese@%u%nf ﬁé?é‘ﬂﬁt?.%.,_t@iﬁ ng

into account the child and paré&nt nodes of the node currently considered.
Each node af thibexdoube gptusethesturabeuotvémical thervats hetwdemobligdrienswddes i s

ith hi | t.h ' . As.sh '
Figure o, P fialeR e bty SEIaRlous Rpaadted: B8y eCBLlIE JRG  ne
nei ght 287 veligs wheltd? 1AN)b eaRdeh iRABSEHTSSME M(9PDBILERoRtnE HdrrdiiModes t he

hei ght of the box 520 surrounding the node N and including either its
chil dren n&@esidergd.N is a child node of the main hub node), or its parents

nodes (if Nis a,pgrent c'aprﬁ)%t:%or1t Eepé}%r%e%“gn %ﬂ%@rent nodes so that a single

H(N) value is computed for each node of the graph from the main hub node.
Only the main hub node 560 has two values associated with: a parent
30 node height (Hp) 562 and a child node height (Hc) 564. The height of
surrounding box 570 of the complete double-tree structure (Htree) is set to
whichever is higher of above Hp or Hc values. The upper left corner 572 of the
surrounding box is used as the referential point for the nodes coordinates.



There are only two paranmeters, nanely: X SPACING 530 and 15 Y_SPACI NG 540,
whi ch need to be set individually to adjust the visual rendering of the

di spl ay awoandingi4so user's preferences. X SPACI NG i s tireT@PO®ION6H¥6T | zONt al
di stance between nodes of consecutive ranks. Y _SPACING is the chosen
vertical distance between children or parent boxes of same rank. Hence, the
hei ght of a node,Thieneta olbi(arrd) thel lmyoongiuthedyraph f lndrizonsal X281 ahﬂ veotitzl iyéNp | eaf
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children “%‘F@Ssﬁéﬁphﬁéfw&my rb%‘?'ﬁe&' fron®- the5iLzShH rbft Behexaa®! g3 Br‘el\'/ﬁ)dshﬁ
nunmber of vertical intervals between children nodes nmultiplied by the

chosen Y_SRistuseed s Gunputatian it evasticalf y(M) eoorginaies 2Bviduatrated with h( N)

wsim B SSAPLTGRRS OFs S ot SfernBle. YRk SRBTbANBBR FIERE TS
H(N) val ue Hesght @TRHE @UirdePt neae (H) @$a 9ds bben gfr@nbuélymmﬁedramemherpde
Only the nmain hub node 560 has two val ues associ ated w parent 30

node hei ghtCOPFinates0fdng twocenildgem sgeenidgnand REP. 664. y1TWéd w&ajﬁtSI@ply
surroundin e 31 t et to
whi chever Q: t%?%n%&v %3(}% ﬁt% H‘i’ %/‘rgc# ues 0?‘?“3 rreggébﬁ\}% %Fﬁégfgﬁgrﬁﬁz of
t he surrouwdluigcf’nm;enlfsr U&aavbrasaltlhtervaf\émcmGpm nt for the nodes

coor di nates. 20}_&%01& 5PCT/ EP2010/ 060067 10 Then, to obtain

t he Ia§/ ut ofylh i, HWgri zont al Xx(N) and vertical y(N) coordi nat es of

e e roreclary SO PN e (o ey
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Once the nodes of the main double-tree structure have all been

processed the method according to the invention assumes that above

15 processing steps are reapplied on the remaining nodes. In the example used to
illustrate the invention those remaining nodes are those shown in Figure 6 with
a dark background. They form in this example a single independent sub-graph
on which the method is reapplied first by determining, in the same way as
previously explained, a main hub node which is node DL 650 in this case. Then,

20 the height and Y-coordinate of each node of the sub-graph are computed as
above to obtain what is shown in 660.

The same processing steps are applied as long as there are nodes left
and sub-graphs to process. The end result is what is shown in Figure 7 where
there is a main double-tree 710 and only one sub-graph 720 in this particular

25 example. In the general case there are potentially several, often smaller,
double-trees interconnected with the main double-tree. Each double-tree is
considered as a box whose layout is frozen: 710, 720. The last processing step
consists in positioning each smaller double-tree in the layout of the main
double-tree where there is some free space left and interconnecting them 730 if

30 applicable. Indeed, depending on the structure of the initial graph, there may be
no sub-graph to process and sub-graphs may be possibly disjoint in which case

there is no interconnection between them.



5 exanple 580 of Figure 5. In this exanple, y value 582 is known since the
total height of the current node (H) 584 has been previously conputed.
Then, thewg onariei4ssat es of the two children nodes 586 amrdTE®2010i06®67 Yyl and
y2 are sinply conputed knowing the heights HL and H2 of the respective
nodes and the val ue chosen for the vertical interval Y_SPACING 10 - yl =y
- H2 + Hl/2 - yFigure 8 shih@s -anHixamie SPACOMIhG g camprised af tivppmaof

conputation {s done on gl I children and parent nodes. Once the podes, of the
i - doubl Subrar@PBE. (e 4o Aty el WL SRR BReSBRS iR e M D StPng o
the i nventiRaoRs SHEES b5 PeeAMtiRied By RO FRISHAN BT HeLPFeRich (GOl BSH@N t he
remai ni ng nodes. In the exanple used to illustrate the invention those

remai ni ng tloefed arrodendxdudgrodwo imamy glestéinatiansoraidimes ibisRgiasoaticalthey

roappl 1 20 FITETEY 5 & R o PO TRORE B Res BERe BB BBl o HSuiREG, ' 2
mai N hub nege: yhbs o facinawehbloversll displalgi s case. Then, 20 the height and
Y-coordi nate of each node of the sub-graph are conputed as above to obtain

what is shown inFfte 9 is a sumhitly SHEPERERSST Bk %&Hédaé&o?&ﬂpi%dt@ I ong
as there are nodes | eft and sub-graphs to process. The end result is what
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frozen: 710, 0. The last processing step consists in positioning each
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ndeed, depuRiPG on e BRFLAIBE IR R frpri, of WETRMVERRR o 1,

sub- gr aph texeputinge s stathdard-cpngrimgnasd bstofag sebbyrces sjapgitg fronwithede case

there is no interconnection between them WD 2011/ 012445PCT/ EP2010/ 060067
11 ”lt%%?éagar@ﬁgws'aéﬂeéﬁ’m%t@go?e@e%tﬂ i Ogea st 2 sisie ytivigrat wo
mai n Sﬁ'g'grc%ﬁb%terj.-e-: 810 and 820, with some interconnections between the
sub-graphs arter it has been handl ed by the nethod of the invention. One
wi Il notice that Tihe aeftumk firstAttribetes aoweghy tdestchnaddeof the graphitode it is

t ti | . 5 di | ) | | abl | ist 830 i t it
hol on ber sinievadodB! N MRS 48 edongiad Bhsiinenbadub et afug, ©
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to display a routing ¢ As al ready nmentioned the method does not assune

any parti cdiigure 2. Then, the weight is just the number of nodes pertaining to the current
20 tree structure, i.e., the node itself, the parent nodes (if any) and the child nodes

(if any) that are linked directly to the current node.
Once node weights have all been calculated the node having the
highest weight becomes the current main hub node 920. If several nodes share
a same highest weight only one is selected as previously discussed. This also
25 defines a current double-tree structure of nodes on which the steps of the
method for computing the layout of a double-tree graph structure as described

in previous figure are applied 930.

When the nodes of the current double-tree structure have all been
processed the algorithm checks if there are remaining nodes 940. If there are
30 indeed nodes left 942 that do not pertain to the double-tree structure just
processed, they are grouped in one or more independent sub-graphs on which
the layout computation algorithm is reapplied 960 as many times as necessary



10 conputer representation 900 of the graph to be displayed. The nethod
wor ks from any appropriate graph representation provided it can be stored
and mani pybavadibkpsa program i npl enenting the net hod of pcla&Peewventos®n and
executing on standard conputing and stoghng resources ranging fromthose
made avail able by | arge conputing centers to the ones of a single

i ndi vi dual 968. cltvepalgerithm first manﬁlgesntet &itribLfte ras tunaiuter indbegersindexdogéactt o

each node of t di spl de weights are cal cul ated
cesun ng. t nareniat R tite BeighgDadd deraie subabBalbl o he v oot of a
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node it sel fsubsegueririsdeperaind sUbFgraphy posgiblheraticed aredesrgaed 9aayc9> hehat

boen cop culdiaded oddne Bs Sl el BREimels. inclareSrealft Mnbradhddl® ol

hub node 92@se| th@r@vsr@hem&bérﬁmt@r@w@namgm)wwmomW 88¢crab

sel ected as BreV|ousI di scussed. This also 25 defines a current

doubl e- t r e®UStGrapbs i@ bermargrssanth dighlayed B0 sthgysalbhavaa swroiging box.
t
oD und By (R bofls RedPuBLe drsRreany SIS 088 ASREARERL,
doubl e- tre@rstsrmplwuﬁabased & thdodemblprtmbegdmtﬁnaoad\@deppimrgl@‘hbelboxeé t here

are re |n|n nodes 940. t her 30 i ndeed node Ieft 942 t hat do not
o SR e

pert ai h g€ dbsiBT %chrfdé?ea@?rﬂéﬁﬁrsél -GAPNS R BeaN &licddy5mpH

one or mD”E F%?@Ff@f&igfr%uﬁgfés%ﬁgh%uB- ‘é@h%%e@eaﬂeab(r%ikn COBRLE, aéééH“sub-
algorithmi's reapplie as nman as necessar

2011/ 01244@@.@ EP[ZIm:ed @8006se a8 p@S&lbIeTtoetml daurbl ¢-tireef baosttalnagargesadoount

attribute a un ue | r ea rent d.child nod beI nging to
2 Shnre. sub VA Sraphs T hayBSaen AreabedRidics dpe PR PRE theaddes
processed qlhﬁln@Bﬂh@ doltbl s eeerueR! clhrislpasigRiphsisbcdHsiddred n@%échthe'mr&ﬂuced
are nerged 970 to be 5 displayed together as shown, for exanple, in figures

7 and 89 | subtgragemesiioncigest .t Hidv-graghsoean e weed akevesoF bebw@e(malrh
graph) and S ral sub-graphs to be nmerged and di spl ayed 980.
They al | §$@B&BQ§%¥8H§§¥§Q box. Only those boxes need to be considered for
the | ayout. Then, sub-graph boxes are sinply juxtaposed to the double-tree
box, with no overlapping of the boxes. 10 Since the x-coordinates of the
sub- graphs have been already conputed the (discrete) x coordi nates of al
sub- graph boxes are known. Hence, each sub-graph is placed as close as
possi ble to the doubl e-tree box, taking into account any sub-graphs that
have been already positioned. The total |ength of the edges |inking the
double-tree to the current sub-graph is considered to decide which 15
sub-graph position is best. Sub-graphs can be placed above or bel ow t he
mai n doubl e-tree structure.



WO 2011/ 012445PCT/ EP2010/ 060067 13 WHAT IS CLAIMED | S: 1. A nethod of
generating a layout of a graph of nodes adapted to the display of graphs,

t he met howocompresisng the steps of: finding a node of hipghaEpRores@st anong
all nodes of the graph after each 5 no is attributed a wei ght based on a
nunber of nodes pertaining to a double-tree structure of nodes of which

each node is ass neot (910); extracting the double-tree
structure of nodwjq Ttlgd?EA EDIS of highest weight as root (920);
10conputing a |l ayout of the double-tree structure of nodes (930); if there
are remai niing\ metrex dejanergting pilagputiod argraph wif ngdes deapied torthe aispiay of
sub-graphs (950); iteratively conputing a |ayout of the one or nore
sub-graphsgé ,-the method copprigNggt ?r?ég%%‘l-or more sub-graphs with the
doubl e-tree structure of nodes 15(970); generati ncgq a representation of a

| ayout of t he figdifgha notle Rkhigbasbveidhd ainere @il Mpdasapimheosimhsalig) ea@ut i ng
a file wth defiyniiti : - he
pr ecedi ﬁﬁg cl a?]fr?gec%n%@i@ﬁ%g agltN(ﬁi @% ﬂé@é’%‘ﬁ)p hae qué?/%%ioﬁﬁég%ﬁjﬁgPtS@%%% at4 The
met hod of any dolUblerteprstuetliregofchedess oivinich eathenadizuldl assureed $6 rbecthe e of
nodes i s conpri stteétg_ parent nodes (242) and/or of child nodes (244)
respectively $PPURI8H on Ieft side and right side of the root node (240).

extracting the double-tree structure of nodes having the node of highest
weight as root (920);

10 computing a layout of the double-tree structure of nodes (930);

if there are remaining nodes left, grouping the remaining nodes in one or

more sub-graphs (950);
iteratively computing a layout of the one or more sub-graphs (960);

merging the one or more sub-graphs with the double-tree structure of nodes
15 (970);

generating a representation of a layout of the graph.

2. Method of the preceding claim comprising creating a file with definition data
of the layout.

3. Method of any of the preceding claims comprising a display of the layout of
20 the graph.

4. The method of any of the preceding claims wherein the double-tree structure
of nodes is comprised of parent nodes (242) and/or of child nodes (244)

respectively situated on left side and right side of the root node (240).

5. The method of previous claim wherein a node height (516) is recursively
25 computed for each node of the graph by gathering node heights of all attached
parent nodes or child nodes (550).



5. The nmet hod of previous claimwherein a node height (516) is recursively
25 conmputed for each node of the graph by gathering node heights of all
att ached weanentoizades or child nodes (550). WO PCT/EP2010/060067

2011/ 012445PCT/ EP2010/ 060067 14 6. The, pethod of previous clai mwherein
hei ght of the root node (560) is whichever is |arger of height of parent
nodes (562).ofhénanethodobf phévidusiatEes (B@4¢in height Tietheetdoddnade [{bed) mus

cl ai m wher ei,n hei ght of the root, node determn he 5si f the

Goubl et r eienet U dotgerig bt PEyPausia Toies L3eh)esk PBIShE IR poRehi ch
all node cqgggh nates are conputed. 8. The nethod of previous claimwherein
Y-coordi nate of each node is recursively conputed from node heights of all
attached parent nodes or child nodes (580%.. 10 9. The nethod of any one of
previ ous clfailie MAkOE of Araviods ¢haie- wheris eight of thepfoohpaes dgtrrmines Bige or

o e sub- OLERNSY Y Bodn EREL R BV br QXS 380K REGR T RL R AT snoRS( 710,

720). 1 he ne préevious cl ai mwaierein rncl ude

predet er m netictY ahndd¥ coprdinstec=#8 cohFUed.1511. The nethod of previous claim
wherein the nmerging step consists in a vertical juxtaposition (980) of the

double-tre s%_ ucture of nodes and of h@ﬁ one \gr nof.e sub-graphs. 12
The net hod “of é‘?e(ﬂe&h QfaPHRVIPHS &I3M HEGFEYi -509rt0@rpatpnef node is

i nt erconneching: M - | ddee -tree
20st r uct urgég@glr\l/%c?}gg&??tll%&%rlrghoT eh%r@t{ﬁo(g %Eaiﬁf/ﬂ%?b?ngeﬁtm eced(lg((r)lgm!:cfai ns

wher ei n t heogleafb8®odes desi gnate transportati on conpanies or |ocations
served by the transportation conpani es and wherei n graph edges represent

o evi ol ol EREN e OF A B G Protbls ElmR e M merdtyg e STRAGR: ©
of nodes and the one or more sub-graphs have a frozen layout of Y and X
coordinates of nodes (710, 720).

10. The method of previous claim wherein Y and X coordinates include
predetermined Y and X spaces (540, 530).

15 11. The method of previous claim wherein the merging step consists in a
vertical juxtaposition (980) of the double-tree structure of nodes and of the one
or more sub-graphs.

12. The method of previous claim wherein the merging step includes
interconnecting (730) the one or more sub-graphs (720) with the double-tree
20  structure of nodes (710).

13. The method of any of the preceding claims wherein the graph nodes
designate transportation companies or locations served by the transportation
companies and wherein graph edges represent scheduled transportation

services between locations.

25 14. The method of previous claim wherein the graph nodes comprise a plurality
of locations or a plurality of transportation companies (306).

15. The method of previous claim wherein at least one of the graph nodes is
displayed as a scrollable list of locations or of transportation companies (830).



of locations or a plurality of transportation conpanies (306). WO

2011/ 012445PCT/ EP2010/ 060067 15 16. A systemto display travel routes
(310) compoizsimg24eeans adapted for carrying out each stepraPilopcovet hod
according to any one of the clains 1 to,45. 17. A conputer program
product stored on a conputer readable storage nmedi um (312), conprising
conput er r dé&dab| systerdetondmptayf inavehusuteg Bt10) aa:snpr*&;imgnemeamwdapted) foper at e

the method c%?rg/%rgdélﬂgee}c% s%]g o?ﬂm metr;[ohdeagco%lrﬁg to any on5e of the claims 1 to 15.

17. A computer program product stored on a computer readable storage
medium (312), comprising computer readable code means for causing at least
5 one computer to operate the method according to any one of the claims 1 to 15.



