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11 SUPPLEMENTARY MATERIALS

In the supplementary materials, we show several experi-
mental results generated from the existing state-of-the-art
approaches and using our approach.

11.1 Comparison with the results generated by Exist-
ing Approaches
We compare results from MapSets, Metabopolis, and our
approach with larger images. Figure 8 shows the results
by MapSets [25]. Although MapSets also allow to move
vertices to make contiguous clusters possible, MapSets is
a bottom-up approach, and thus cannot always guarantee
the generation of contiguous clusters. Figure 9 shows the
results by Metabopolis [64]. As we can see here, some sparse
regions contain less information due to the constraints of
using an octilinear layout, in comparison to the results
produced by the current approach shown in Figure 10.

We also compare the variations of MapSets with our
approach (see Figure 11), including the approach that keeps
the fixed node positions and flexible node positions. The
contiguous results are generated using GMap Web (http:
//gmap.cs.arizona.edu) due to the accessibility of the im-
plementation.
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(a) Small Pathway (b) Metabolic Pathway

(c) KEGG Pathway

Fig. 8. The same data examples from Figure 9 generated using MapSets.
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R00697

R00897

R00575 R00397

R00489

R01287

R00585

R00610

Sarcosine

R01565

DimethylglycineR02821Betaine

R00895

R03973

L-Diiodotyrosine

R03953T3

R06978

R01401

R00774

R01883

R00131

R03652 Gln-tRNA(Gln)

R03651 Glu-tRNA(Gln)

R03905

R08566

R08567

R00258

R01255D-Proline

R01563N-CarbamoylsarcosineR03187N-Methylhydantoin

R01566

R02922Creatinine

R01152 C00436

R01416

R02869 Spermine
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R03178 4-Guanidinobutanal R03177 4-Guanidinobutanoate R01989

R02722

R04859
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R01377

R08965C17938

R03208T4

R02340

IndoleR00674

R01290
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R01364

R05772

C07303

R05773
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R01920

R00179

C01234

R07214

R04371

R09800

C19929 R09801

R04364 C05539

R04467

C04390

R02733
R02755C03871

R07613

R07399

D-Citramalate

R03896

Citraconate

R03898

C06032

R00994

R03012

R02565Betaine_aldehydeR01022

R10181

R00776
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C03366
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L-Hydroxylysine
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R10677 beta-Citrylglutamate
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N-Acetyl-L-aspartate

R10678

NAAG

R10693

NAAG2

R10929 LysW-glutamate R10930 C20949 R10931 C20950 R10932 LysW-L-ornithine R10933

R07245C15532R09107

R00411 C05931 R05049 C05932

R04217

C03415R04189C03296R00832
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4-Aminobutanal R01986

R01914

R09079

Carboxyspermidine

R09081

R01221

R08940

R09660

C19787R09668

R10991

(S)-2-Aminobutanoate

R10993

C21015

R10994

Ophthalmate

R00589 D-Serine

R12085

R03132

S-Sulfo-L-cysteine

R03738

Strictosidine

R03820

C03309

R02255 Cinnamoyl-CoA

R02506

Cinnamaldehyde
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4-Coumarate

4-Coumaroyl-CoA

R01615

p-Coumaraldehyde

R07437

p-Coumaryl_alcohol

R04007

C15804

R07826

Caffeate

R01943Caffeoyl-CoA

R03366 Ferulate

R01942
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Ferulaldehyde
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R07440 C05619 R06572C12204R06583 C12203 R06569

R02379

Sinapate
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Sinapoyl-CoA
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SinapaldehydeR02221 R02220 R03918 Sinapyl_alcohol R03919 Syringyl_lignin
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Isosalipurpol

R02446

Naringenin
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Aromadendrin R03123 C03648 R04276 Pelargonidin

R02445Apigenin
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Taxifolin
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Swartziol

R02160Quercetin

R06537Luteolin

R06538
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(S)-Norcoclaurine

R05123

Coclaurine
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C05176

R05732
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R03832

(+)-Reticuline

R03833

C06167
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(R)-Reticuline

R04696

Sinoacutine

R04697

Salutaridinol

R04723

C05322
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Codeine

Codeinone

R03831

(S)-Scoulerine

R03834

(S)-Cheilanthifoline
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Stylopine

R04691

C06163

R04700

Protopine

R04699

6-Hydroxyprotopine

R01153 N-Methylputrescine

R04027

1-Methylpyrrolinium

R02832

Tropinone

Tropine

R03812

Daturine

C03325

R06728

Methyl_ecgonine

Cocaine
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Cadaverine
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5-Aminopentanal

R07917

7-Methylxanthosine

R079197-Methylxanthine Theobromine R07920 Caffeine

R079733-Methylxanthine TheophyllineR07967 R07975

1-Methylxanthine

R07969

R07939

Paraxanthine
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Isopenicillin_N
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Penam
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Adicillin
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Cephalosporin_C
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Paspaline
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3-Oxo-OPC6-CoA
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Dolichol_phosphate
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R05989

G00017

R05990

DS_3

R06722

G10694

R08599

G01813

R05907

G10611

Protein_serine G00023
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R07814

G13037
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G13038
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R07818

G13040

G09660
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R07807
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R05981

R04104

Chondroitin
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R01530

R06016
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G10665

R09319
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G13057
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G13058
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G13059
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G05477
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G10920

R11375
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PX2
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G13081

R07620

G13027
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R07619

G13026
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G13028
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G00032

R11320 G00403 R11321
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G13104
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R01523 R01056

R01641

R01845

C00447
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R01067

Neuberg_ester

R00762

C00354

R01068

R01621

R01529 R00214

R00206 R00345

R00258 R00342

R01142 CH4CH3OHR00602FormalinR00604

R00134 H+

R00529Sulfate

APSR08553SulfiteR00858

R03015Formylmethanofuran MethanofuranR033905-Formyl-H4MPTR03464C04330R04456C04377R04464C01080

5-Methyl-THMPT

Coenzyme_F420

R03025

R04347

Methyl-CoM

R04541

CoB

CoM-S-S-CoB

R00134 R00355

R00341

R00343

R01641

R01056

R01529

R00355

R00253

R00508

PAPSR02021

R04540

R01322

(3S)-Citryl-CoA

R00354

R10151Hyposulfite

R00528

R01278 C05272 R04738 C05258 R04737 3-Oxopalmitoyl-CoA R03991 Myristoyl-CoA R03989 C05273 R04740 C05260 R04739 C05261 R03858 Lauroyl-CoA R03856 (2E)-Dodecenoyl-CoA R04170 C05262 R04741 3-Oxododecanoyl-CoA R04742
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R01624
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R04804 ZymosterolC05439
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Desmosterol

Cholesterol
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R05703

Lathosterol

R07498
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R07215
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R04427 Fecosterol R07497 Episterol R07505 C15778 R07506 C05440 R05641 Ergosterol

R01463

C03594
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C05455 R04817 C05451 R04818 C05452 R04806 C05444 R08758 C05445 R08760 C04554 R08738 C17345 R08739 C17346 R08740 C05447 R04809 C05448

R04826

C17339

R04823

C05453

R04824

C05454

R04807

C05446

R08759

C01301

R08761

C04722

R08733

C15613 R08734 C17343 R08735 C05460 R04813 C05450 R03719C05467 Choloyl-CoA R02794

Cholate

R03718 Glycocholate

R05835R03720

Taurocholate R02797

R01454C05500R04854C05501R03933PregnenoloneR02216Progesterone

R02723C05502R04855

R02211

C01176R03326CortodoxoneR02843CortisolR02834Cortisone

R02213

DOC

R03851

Corticosterone

R03262

C01124

R03263

Aldosterone

R03783C05138

R03720

R08517

DHA

R01837

R01836

Testosterone

R02501

C05294

R04761

19-Oxotestosterone

R03087

EstradiolR02352

EstroneR02351C05297R04759C05290R01840

R07481C08830R07482CycloeucalenolR03775ObtusifoliolR05731Delta8,14-SterolR07483C15776

R07491 5-Dehydroepisterol R07492 C15781

R07493 Campesterol

R00742

R03611

Calciol

Calcidiol

R03610

Calcitriol

R04812

R04810 C05449 R04811 C05337 R03974 Chenodiol

R07490 24-Methylenelophenol R07484

R03327

R02215

C05479

R04845

Pregnanolone

R04847

Diol

R03089 Estriol

R02356 C05300 R04681

R0945116-Hydroxypalmitate

R09515

Calcitetrol

R09516

Secalciferol

R10700

R10707

R08157 Octylic_acid

R08158Decanoate

R04014Lauric_acid

R08159Myristic_acid

R11096 24-epi-Campesterol R11097 Brassicasterol

R10825

C20877

R10826

C20878

R10827

C20879

R10828

C20876

R05850

C01101

R02439 L-Ribulose R01761 L-Arabinose

R01758 L-Lyxitol

R01904

Xylitol

L-Lyxulose

R01896

D-Lyxulose

R01639

R01431

D-Xylose R01432 R01526

D-Ribulose

R01895 Ribitol

R00287

UDPglucose

R00286

UDPglucuronate

R01383

Glucuronide

R01478 Glucuronate R01481 Gulonate

R02640 3-Dehydro-L-gulonate

R01482

D-FructuronateR02454D-MannonateR05606

R01540 D-Altronate R02555 D-Tagaturonate

R01983

D-Galacturonate

R07413

DigalacturonateR02360PectateR02362Pectin

R00955

C00446

UDP-galactose

R01092

alpha-D-Galactose

R00502

R00948ADP-glucose

R02421AmyloseR02110StarchR02112DextrinR01791

R01790

R00766 Sucrose_6F-phosphate

R00291

R01385UDPgalacturonate

R01384

R03928 1,4-beta-D-Xylan R01433

R00768

C00352R02060C06156R05332C04501

R00416

R00418C00203

R00420

C01170

R00660

C04631

R03191

R02705C00645 C04257 R04435

C06241

R01805Neu5AcR01117C00128

R00867

Levulose

R00866 C01094 R02568

R01326

Mannose

C00275

R01819

R01818

C00636

R00883

R00888 C01222 R05692 GDP-L-fucose

R01951

L-Fucose_1-phosphateR03161L-Fucose

R01187

Inositol_3-phosphate

R04372

C04063

R03430

C01272

C01243

R03433

Ins(1,4,5)P3

R03394

C01220

R03393

Inositol_4-phosphate

R03435

C04637

R03469

C01277

R03361R03429

C04477

R03478

C01284

R05202

PhytateR01183 2-Inosose R02782 C04287

R08503

C16737

DKHR05661DKHP

R05378

R00472

R00479

R01388

R01514

R03140

2-Phosphoglycolate

R01334

R00465

R00341

R00196 L-Lactate

R00207

Acetyl_phosphateR00315

R00217

R00705

R03158 C05668

R00233

R03045

Acrylyl-CoA

R02963

Lactoyl-CoAR01449

R00919

R00925

Propionate

R01859

D-Methylmalonyl-CoA

R02765

L-Methylmalonyl-CoA

R00833

R01176

Butyrate

R01688

Butanoylphosphate

R01174

R02933 L-Gulonolactone R03184 C03289

R00095

Vitamin_C

Ascorbate_radical

R00068 Dehydroascorbate

R00228

R01655

R00237

L-Citramalyl-CoA

R03696

Mesaconate

C03618

R00262

R00740

R01381

C05385

R01476

R00806 Sucrose

R00640 C01115 R07675 L-Galactose R07674 C15926 R07678 GDP-L-galactose R00889

R05140

R08603

R02957

Glucurone

Glucarate

R00013

C01146

R01745

R05378

R00414

R03427 R01186

R00522 Oxalate

R01908Formyl-CoA Oxalyl-CoA

R01558

R00943

R01655

R01220

R01982

R01394

R07324

Robison_ester

R03077C03906 UDP-L-arabinoseR01754

R07299

C11554

C04549

R03362

R05795

R01473

R00956

CDP-glucose

R00875 Sorbitol

R00878

R00028

Maltose

R00230

R01678 Lactose

R02752

C00679

R02279

2,5-Dioxopentanoate

R02278

C00684

R02522

L-Arabinonate

R02526

L-Arabonolactone

R02889 Cellulose R02886 Cellobiose

R02737

C00689

R02778Trehalose

R00010

R08946

R01557

R00647

R01093 Dulcose R05570 C06311 R05571

C01097

R01069 C03785

R01064

C01286

R03387

C01216

R03033

D-Galactonate

R01094

C03383

R03236

R04393 Lactose_6'-phosphate R03256 C01113

R03240

R02111

R07671 C16186 R07677 C14899 R07125 C03291 R03244

R07134D-LyxitolR05604

R10343

R09280

R01644

4-Hydroxybutanoate

R05336

4-Hydroxybutyryl-CoA

R10782

R10619

R07676 L-Galactonate R10532 C20680 R10550 L-Glycerose R10563

R10616

R10848

R01961

Chitosamine

R01966

D-Glucosaminide

R02833

ChitosanR02333ChitinR02334ChitobioseR00022

GlcNAc

R01201

C00357

R08193

R11025

C21027

R11024

N-Acetylmuramate

R08555MurNAc_6-phosphate

R01353

Propionyl_phosphate

R00921

R11307

Cellodextrin R02887

R00306

R00952

R11262Maltodextrin

R11261

R01824

C06400 R11256

R00292

R09945

C20237

R09994

R01524

Ribitol_5-phosphate

R02921

CDP-ribitol

R00801

R11530

R11624

R07658UDP-L-Ara4OR07659UDP-L-Ara4NR07660UDP-L-Ara4FNR07661C16156R07662C16157

R01801CDP-diacylglycerol C03892

R02029PtdGroR02030

Cardiolipin

R01799Phosphatidate

R02241Lysophosphatidate

R00851

C00093

R01800Phosphatidylserine

R02055CephalinR02057CDP-ethanolamine

1,2-DiacylglycerolR01321Citicoline

Lecithin

R01310

R02038Phosphoethanolamine

R01468Aminoethanol

R01890PhosphocholineR01021

R01320

C04308

R03424 C01241

R02056

R07377

R02239

R02051

R02757Glyceride

R02687

R06867SQDG

R02689Glcbeta1->3acyl2Gro

R05081

C06040C06041

R02691MGDGR04469DGDG

R02756

C03372

R04311

C03715

R04360

C03968

R04321

C03820

PAF

R03437

C04317

R03438

C05212

R04162

C05977

C03201

R06364

C04475

R04413C04635

C04756

R07381C03454

R029783-Dehydrosphinganine Sphinganine

R06517 Dihydroceramide

R06519

R01891

Sphingomyelin

R01500 Cerebroside

R04017

Sulfatide

R01494 Sphingoid R01926 S1P R06516

R01281

R01596

Arachidonate

12(S)-HPETE

R07038

12(R)-HPETE

R07053
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(c) KEGG Pathway

Fig. 9. Example results generated by using Metabopolis [64].
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(a) Small Pathway (b) Metabolic Pathway

(c) KEGG Pathway

Fig. 10. The same data examples from Figure 9 generated using the present system.
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Fig. 11. Results generated using MapSets [25] with its (1) fixed position, (2) contiguous map, and (3) our area balancing
algorithms. The layout of (1) was computed using the graphviz library (version 2.40.1) on the local machine described in

the main paper (Section 7), and (2) were generated using GMap Web (http://gmap.cs.arizona.edu). As described
previously in the main paper, each color in the diagrams indicates a single cluster, even if it is non-contiguous in some

cases.
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11.2 The Effect of Parameters and the Resulting Over-
laps in the Maps

In this section, we present several images that show the
effect of different parameters that contributed to our ap-
proach, as well as the corresponding overlaps in the images.
Figures 12–16 show the results in category-level, Figures 17–
21 depict the results in component-level, Figures 22–26
present the results in topology-level, and Figures 27–32 are
the results in detail-level. The test begins from the default
setting, and each page shows three different scales of a
parameter when it is altered in our force-based approach.
The left column contains the normal visualization results,
while in the right column, we highlight the overlapped
pixels of the vertexts and the intersected edges. In the
caption, we show the values of the parameters, as well as
the overlapped pixels and the number of edge crossings. The
forces in this level do not explicitly influence the overlaps or
edge crossings shown in the final results, but they provide
a good estimation to achieve this goal.

In the category-level (Figures 12–16), the approach aims
to partition the canvas in a balanced fashion based on the
proportional size of the canvas prepared for the category
information. In Figures 12–13, we show the effect of the
conventional attractive and repulsive forces. In Figures 14–
15, we show the effect of the angular forces, which have less
influence on the achieving area balancing. Figure 16 presents
the influence of Voronoi centroid forces. In the category-
level, Voronoi centroid forces show their significance to
allocate balanced space, in order to avoid vertext overlaps.

Figures 17–21 show the results in the component-level.
In this level, the adjustment of the parameter influences the
relative positioning of the component centers to give an ap-
propriate initial position to begin with. In Figures 12–13, we
show the effect of the conventional attractive and repulsive
forces. In Figures 14–15, we show the effect of the angular
forces. Figure 21 presents the influence of Voronoi centroid
forces. In the component-level, attractive forces show their
significance to keep similar components as neighbors as well
as providing a good initial positioning for the vertices in the
next level.

Figures 22–26 show the results in the topology-level. In
this level, the approach aims to distribute each component
in a balanced fashion. In Figures 22–23, we show the ef-
fect of the conventional attractive and repulsive forces. In
Figures 24–25, we show the effect of the angular forces. Fig-
ure 26 presents the influence of Voronoi centroid forces. In
the topology-level, Voronoi centroid forces again show their
significance of our balancing strategy to allocate balanced
space. Figure 26 (a-1) shows a bad example if the Voronoi
centroid forces have been removed. The vertexts become
densely packed together.

In detail-level (Figures 27–32), our approach successfully
finds a balanced vertext distribution. In Figures 27–28, we
show the effect of the conventional attractive and repulsive
forces. In Figures 29–30, we show the effect of the angular
forces. Figure 31 presents the influence of Voronoi centroid
forces. In Figure 32, we present the effect of forces to avoid
vertext overlaps. In the detail-level, the angular forces and
overlap removal forces show their importance to reduce
overlaps (Figure 32 (a-2)–(c-2)), and Voronoi centroid forces

is still essential for achieving area balancing.
The below Figures 12–32 show a sequence of images,

which demonstrate the influence of the proposed parame-
ters to the final visualization.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 78. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 78.

(b-1) (b-2)
ka = 0.2, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.2, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 49. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 49.

(c-1) (c-2)
ka = 0.3, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.3, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 70. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 70.

Fig. 12. The effect of parameters and the resulting overlaps in the category-level step. The increase of ka brings the vertices in the skeleton graph
close to each other. The adjustment of the parameter at this stage influences the area and the structure of the category contours.
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(a-1) (a-2)
ka = 0.1, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 55. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 55.

(b-1) (b-2)
ka = 0.1, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 42. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 42.

(c-1) (c-2)
ka = 0.1, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 53. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 53.

Fig. 13. The effect of parameters and the resulting overlaps in the category-level step. The increase of kr preserves the minimum distance between
vertices in the skeleton graph. The adjustment of the parameter at this stage influences the area and the structure of the category contours.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 152, total pixels = 1103350, edge crossings = 54. overlapped pixels = 152, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 54.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 57. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 57.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 59. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 59.

Fig. 14. The effect of parameters and the resulting overlaps in the category-level step. The increase of kc preserves the minimum distance between
a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the area and the structure of
the category contours. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 161. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 161.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 52. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 52.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 50. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 50.

Fig. 15. The effect of parameters and the resulting overlaps in the category-level step. The increase of ke preserves the minimum angular resolution
between a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the area and the
structure of the category contours. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0

overlapped pixels = 241, total pixels = 1103350, edge crossings = 62. overlapped pixels = 241, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 62.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 90. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 90.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0 ka = 0.1, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 164. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 164.

Fig. 16. The effect of parameters and the resulting overlaps in the category-level step. The increase of kv preserves the minimum area assigned
to each vertex in the skeleton graph. The adjustment of the parameter at this stage influences the area and the structure of the category contours.
This parameter is especially important for area balancing and avoid vertext overlaps.



JOURNAL OF LATEX CLASS FILES, VOL. 14, NO. 8, AUGUST 2015 27

(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 150. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 150.

(b-1) (b-2)
ka = 2.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 2.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 104. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 104.

(c-1) (c-2)
ka = 3.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 3.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 59. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 59.

Fig. 17. The effect of parameters and the resulting overlaps in the component-level step. The increase of ka brings the vertices in the skeleton
graph close to each other. The adjustment of the parameter at this stage influences the relative positioning of the component centers.
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(a-1) (a-2)
ka = 1.0, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 127. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 127.

(b-1) (b-2)
ka = 1.0, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 146. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 146.

(c-1) (c-2)
ka = 1.0, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 66. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 66.

Fig. 18. The effect of parameters and the resulting overlaps in the component-level step. The increase of kr preserves the minimum distance
between vertices in the skeleton graph. The adjustment of the parameter at this stage influences the relative positioning of the component centers.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 75. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 75.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 79. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 79.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 79. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 79.

Fig. 19. The effect of parameters and the resulting overlaps in the component-level step. The increase of kc preserves the minimum distance
between a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the relative
positioning of the component centers. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 44. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 44.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 167. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 167.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 114. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 114.

Fig. 20. The effect of parameters and the resulting overlaps in the component-level step. The increase of ke preserves the minimum angular
resolution between a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the
relative positioning of the component centers. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 155. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 155.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 65. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 65.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 41. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 41.

Fig. 21. The effect of parameters and the resulting overlaps in the component-level step. The increase of kv preserves the minimum area assigned
to each vertex in the skeleton graph. The adjustment of the parameter at this stage influences the relative positioning of the component centers,
which will be used as initial position of vertices in the next level.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 78. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 78.

(b-1) (b-2)
ka = 2.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 2.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 56. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 56.

(c-1) (c-2)
ka = 3.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 3.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 54. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 54.

Fig. 22. The effect of parameters and the resulting overlaps in the topology-level step. The increase of ka brings the vertices in the skeleton graph
close to each other. The adjustment of the parameter at this stage influences the relative positioning of the component distribution.
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(a-1) (a-2)
ka = 1.0, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 0.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 51. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 51.

(b-1) (b-2)
ka = 1.0, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 2000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 106, total pixels = 1103350, edge crossings = 83. overlapped pixels = 106, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 83.

(c-1) (c-2)
ka = 1.0, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 4000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 26, total pixels = 1103350, edge crossings = 66. overlapped pixels = 26, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 66.

Fig. 23. The effect of parameters and the resulting overlaps in the topology-level step. The increase of kr preserves the minimum distance between
vertices in the skeleton graph. The adjustment of the parameter at this stage influences the relative positioning of the component distribution.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 52. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 52.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 1.0, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 63. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 63.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 1.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 50. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 50.

Fig. 24. The effect of parameters and the resulting overlaps in the topology-level step. The increase of kc preserves the minimum distance between
a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the relative positioning of the
component distribution. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 80. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 80.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.0, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 68. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 68.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 1.5, kv = 1.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 101. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 101.

Fig. 25. The effect of parameters and the resulting overlaps in the topology-level step. The increase of ke preserves the minimum angular resolution
between a pair of edges spanned from a vertex in the skeleton graph. The adjustment of the parameter at this stage influences the relative
positioning of the component distribution. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 0.0, ko = 0.0

overlapped pixels = 425, total pixels = 1103350, edge crossings = 143. overlapped pixels = 425, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 143.

(b-1) (b-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 1.0, ko = 0.0

overlapped pixels = 6, total pixels = 1103350, edge crossings = 77. overlapped pixels = 6, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 77.

(c-1) (c-2)
ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0 ka = 1.0, kr = 1000.0, kc = 0.5, ke = 0.5, kv = 2.0, ko = 0.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 59. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 59.

Fig. 26. The effect of parameters and the resulting overlaps in the topology-level step. The increase of kv preserves the minimum area assigned to
each vertex in the skeleton graph. The adjustment of the parameter at this stage influences the relative positioning of the component distribution.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 131. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 131.

(b-1) (b-2)
ka = 0.2, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.2, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 150. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 150.

(c-1) (c-2)
ka = 0.3, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.3, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 39. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 39.

Fig. 27. The effect of parameters and the resulting overlaps in the detail-level step. The increase of ka brings the vertices in the final subgraphs
close to each other. The adjustment of the parameter at this stage influences the final vertext distribution.
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(a-1) (a-2)
ka = 0.1, kr = 0.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 0.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 105. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 105.

(b-1) (b-2)
ka = 0.1, kr = 2000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 2000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 45. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 45.

(c-1) (c-2)
ka = 0.1, kr = 4000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 4000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 41. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 41.

Fig. 28. The effect of parameters and the resulting overlaps in the detail-level step. The increase of kr preserves the minimum distance between
vertices in the final subgraphs. The adjustment of the parameter at this stage influences the final vertext distribution.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 76. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 76.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 2.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 2.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 7, total pixels = 1103350, edge crossings = 115. overlapped pixels = 7, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 115.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 3.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 3.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 88. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 88.

Fig. 29. The effect of parameters and the resulting overlaps in the detail-level step. The increase of kc preserves the minimum distance between a
pair of edges spanned from a vertex in the final subgraphs. The adjustment of the parameter at this stage influences the final vertext distribution.
The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 79. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 79.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 8.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 8.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 55. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 55.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 12.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 12.0, kv = 1.0, ko = 10.0

overlapped pixels = 18, total pixels = 1103350, edge crossings = 280. overlapped pixels = 18, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 280.

Fig. 30. The effect of parameters and the resulting overlaps in the detail-level step. The increase of ke preserves the minimum angular resolution
between a pair of edges spanned from a vertex in the final subgraphs. The adjustment of the parameter at this stage influences the final vertext
distribution. The influence of the parameters at this stage should be small.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 0.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 0.0, ko = 10.0

overlapped pixels = 41, total pixels = 1103350, edge crossings = 96. overlapped pixels = 41, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 96.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 65. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 65.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 2.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 2.0, ko = 10.0

overlapped pixels = 0, total pixels = 1103350, edge crossings = 67. overlapped pixels = 0, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 67.

Fig. 31. The effect of parameters and the resulting overlaps in the detail-level step. The increase of kv preserves the minimum area assigned to
each vertex in the final subgraphs. The adjustment of the parameter at this stage influences the final vertext distribution.
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(a-1) (a-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 10.0

overlapped pixels = 28, total pixels = 1103350, edge crossings = 131. overlapped pixels = 28, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 131.

(b-1) (b-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 20.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 20.0

overlapped pixels = 26, total pixels = 1103350, edge crossings = 156. overlapped pixels = 26, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 156.

(c-1) (c-2)
ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 30.0 ka = 0.1, kr = 1000.0, kc = 1.0, ke = 4.0, kv = 1.0, ko = 30.0

overlapped pixels = 25, total pixels = 1103350, edge crossings = 120. overlapped pixels = 25, total pixels = 1103350, overlapped ratio = 0.0, edge crossings = 120.

Fig. 32. The effect of parameters and the resulting overlaps in the detail-level step. The increase of ko aims to remove the overlaps between each
pair of vertexts in the final subgraphs. The adjustment of the parameter at this stage influences the final vertext distribution, especially avoiding the
overlaps of vertexts.
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11.3 User Study with Domain Experts and Discussion
Here we have included the questions that we asked and
discussed with the domain experts. The findings have been
summarized in Section 9.2.
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This is a survey to evaluate the layout of clustered graphs generated using our new
algorithm. During the survey, you will be asked several questions regarding layout quality.
Please answer the questions as completely as possible. Scientific questions are on this page
and personal info is on the second page. The survey takes about 15 minutes.
 
From now on, we will show several pathway diagrams, which describe biological interactions
of molecules in a cell. There are two types of vertices: metabolites (labels with rounded
corners) and reactions (labels with sharp corners). The edges indicate relationships between
metabolites and reactions. The underlying background color represents the functional groups
where metabolites and reactions belong to (e.g. “glutamate metabolism”, “citric acid cycle”,
“urea cycle”, …)

Our design goal is to untangle a scale-free network and create a readable visual
representation of a pathway diagram. This is achieved by incorporating three strategies,

including
(1) balanced vertex placement over the screen space,
(2) nice space partitioning with simplified boundaries, and
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(3) vertex duplication scheme coupled with visual integration.
 
We borrowed the idea from a manually crafted pathway diagram where metabolites
participate in many reactions are duplicated, creating disjoint clustered graphs and
eliminating high-degree vertices. Due to this criterion, the metabolites in the above diagram
are classified into 3 categories based on their frequency in the network: common=blue (e.g.
H2O), special=pink (e.g. adp), and singular=white (e.g. gly). We also incorporate a
spanning tree metaphor (coke[r] = red) to connect identical metabolites to accentuate
corresponding adjacent neighbors.

In the following, we will show two examples.

The first diagram represents a collection of pathways in human metabolism. Each connected
component is enclosed with a contour.
 
Please investigate the following larger diagrams and answer the upcoming questions. 
You can also open or download the images through the following links:
http://7zgbnh.myvserver.online/download/small-ours.png
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This is another example. 
The diagram represents a collection of pathways in human metabolism, including "Alanine
and aspartate metabolism" (green) , "Citric acid cycle" (yellow), "CoA catabolism" (purple),
"CoA synthesis" (red), "Glutamate metabolism" (blue), "Glycolysis-gluconeogenesis"
(orange), "Glyoxylate and dicarboxylate metabolism" (grass green), "Oxidative
phosphorylation" (pink), "Pentose phosphate pathway" (gray), "Transport, mitochondrial"

(deep purple), and "Urea cycle" (light green ). Each connected component is enclosed with a
contour.

 
Please investigate the following larger diagrams and answer the upcoming questions. 
You can also open or download the images through the following links:
http://7zgbnh.myvserver.online/download/metabolic-ours.png

Do you prefer to arrange textual labels to be:
(1) evenly distributed over the screen space,
(2) avoid textual label overlaps,
(3) retain strongly connected structures?
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Please order these three criteria from most important to least important and explain why one
is more important than the other. If you consider any criteria is not necessary, please
mention it explicitly and explain why.

Do you think 
having arbitrary boundaries to enclose each functional group helps clarify the types of
metabolites and reactions? Do you prefer the boundary having a simplified or a complex
contour shape? Please explain why.
 

Please write down your comments for the above question.

Based on your previous experience, is it permissible to duplicate unimportant/common
vertices(e.g.,h2o) to reduce the visual clutter in a pathway diagram? Please explain why. If
you think duplicating those vertices is a clear no go, could you also suggest other solutions?

 

Does connecting duplicated vertices with a spanning tree (red thick line) helps point out
these duplicated vertices and their corresponding neighbors? Please explain why do you
think yes or no.
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Report Abuse A

Powered by Qualtrics A

One advantage of this approach is to fully lay out the graph based on the input aspect-ratio
(width/height ratio of an image), do you think this is a useful function for you? For example,
during the network analysis or when putting the image in a report.
 

Would you try the technique to lay out your graph if it is publicly available? Please explain
why.

Please elaborate on the unsatisfactory portion of the layout. Why do you think these are
critical for you?

Please enter any additional feedback regarding the layout. It would be great if can
incorporate your wishes to improve our technique.

→
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Please fill in your basic personal information. Please note that we will keep the following
information confidential and you can request to remove the personal information at any
moment. We may put your personal information on scientific publication, so please let us
know if you would like to appear anonymously. 

Please enter your name and affiliation. e.g., Hsiang-Yun WU, TU Wien, Austria. 

The years you have been working with pathway datasets. e.g., 10 years.

What is your education status? 

What is your major expertise?

Thank you very much for your cooperation.
If you have any question, feel free to contact the following address.
 
 

Ph.D.

Senior researcher

Professor

Other

Biology

Bioinformatics

Chemistry

Other
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Contact:
Hsiang-Yun Wu
e-mail: wu (at) cg.tuwien.ac.at
phone: +43-1-58801-18602 ext. 186206
fax: +43-1-58801-18698
URL: https://www.cg.tuwien.ac.at/staff/HsiangYunWu.html
URL2: http://yun-vis.net/

→


