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Abstract

The power of mathematics is often to change one thing into another, to change geometry into language.

Marcus du Sautoy

A k-pages book embedding is a drawing of a graph in a book, placing all the vertices along
the spine of the book and drawing the edges in &k pages of the book so that edges on the same
page do not cross.

The theory of Book Embeddings has a diversity of applications like the fault-tolerant com-
puting VLSI design [CLR87] , where vertices correspond to circuit’s parts and edges to their
connections. Others applications include parallel computing, graph seperators [GKS89], soft-
ware complexity metrics, vehicle traffic engineering ,bio-informatics [HS99], and others.

Despite the wide use of book embeddings there is no available software tool, that is user
friendly and easily expandable in order to support research in this field.

So, the subject of this diploma thesis is the analysis, design and development of such a tool.
Top priority was given to write a well-structured and easily manageable code, which enables
further extension and enrichment. The user can easily add more algorithms or features.

Keywords
graph theory, graph, planarity, book embedding, crossings,page number, Java






Mepianym

The power of mathematics is often to change one thing into another, to change geometry into language.

Marcus du Sautoy

Mua k-0€AdN eputevon o€ BIBALO EVOS YPAENUATOG EVALT) ATELKOVLOT) TOV YPa-
ENuatog o€ éva BifAlo, 0Tov OAEG oL KOPLPES TOV YpaPNUaTos Ba TomoBeTnBovv
TAVW OTNV PAXT KAl oL aKUEG o€ k oeAibeg Tovu BIBALOV £TOL WOTE va unv SnpLovpyov-
VTOL SLHOTAVPWOELS.

H epgitevon oe BiAlo Bplokel TOIKIAEG EQAPUOYES OTIWG O AVEKTIKOG OE CQAA-
nata oxedlaopog VLSI (fault-tolerant computing VLSI design) [CLR87] 6mov ot ko-
PUPEG TOV YPAPNUATOG AVTIOTOLYOUV 0T TUNHATA VOGS KUKAWUATOG KL Ol AKUES
AVTLOTOLYOVV 0TI GUVEETELG LETAEY TOUG. AAAEG TIEPLOXES EPAPUOY WV TWV EUPUTED-
oewv o€ BBAlo mepldauBavovv mapdaiindo mpoypauuatiouo (parallel computing),
graph seperators [GKS89], petpikég moAvmAokdtntag Aoylopikov (software comple-
xity metrics), oxedioon kivnong oxnuatwyv (vehicle traffic engineering), fiomAnpogpo-
ptxn(bioinformatics) [HS99] kat moAAEG GAAES.

[Tap 6AN OUWS TNV XPNOLUOTNTA TNG LEAETNG TWV ERPUTEVCEWV SEV UTIAPYEL AKOUN
Eva EPYOAELD PE PLALKO TIPOG TO XP1OTH YPAPIKO TEPLBAAAOV KATAAANAO YLa Vi SLev-
KOAUVEL TNV €PEVVA GTOV TOUEA QUTO. TKOTIOG, EMOUEVWS, AUTNG TNG SIMTAWUATIKNG
epyactiag elvat n avantuén Aoylopikol o€ java To 0Tolo B KAAUTITEL TO VTTAPXWV
kevo. Exel 800l 18iaitepn Epugpaon €101 woTe TO epyarelo autd va eivatl 660 To Su-
VATOV TILo €0XPTOTO KL AELTOVPYIKO YIVETAL, QALK KOl EVEAIKTO ETOL WOTE VX UTTOPEL
Vo ETTEKTAOEL LE EVOWUATWOT) TIEPLOCOTEPWV AAYOPLOUWY KAl ETIAOYWV.

A€Eelg KAeda
Oewpla Fpa@nudtwy, ypdenua, emmedotnta, epvTeVon o€ BLALo, Slaotavpw-
oelg, oeAldaplopog, Java






Evyaplotieg

H epyaoia autn amotedel amoTéAeopa MITOVIG KAl ETHLOVNG TIPOCTIAOELAG YL
TNV AmMOKTN O™ TOV SIMAWUATOS amd TN oXoAn E@appoopévwv Mabnuatikwyv. Oa
NOeAa AoLmdv va euxapLloTow OA0VUG 060VG CLVEAXBAV GTNV AVATITUEN TNG.

Apxkd, 0EAW va EKQEPAC® TIG BEPES EVYXAPLOTIES LOV GTOV KABNYNTI) HOV K. AVTW-
VL0 ZUUB VN YL TNV EVKALPLA TTIOV OV E8wOE va o X0AN 0w e Eva TO00 eVEL@EPOV
Bépa aAAQ KaL TNV EUTILOTOOVV IOV UE €8EIEE € OAN TN SLAPKELA TIEPATWONG TNG.
Emtiong, Ba 6eda va Tov EUXAPLOTIIOW YLA TNV CUVELGPOPA TOV, OAX QUTA TA XPOVLIA
WG SAoKAA0G , KaBwG pe Ekave va ayamnow v [IAnpo@opikn kal va akoAovOnow
TOV KAGS0 auToVv.

Oa 10eAq, emiong, va evyaplotTiow Waitepa v Adaktopa E@appoopévn Ma-
Onuatiko. Xpvodavon PavtomovAov, yia Thv epuxwTikny KaBodnynon Kot tn cuvexm
vTooTNPLEN NG 0€ OAx Tt 0TASLA Kot eTtimeda Slekmepaiwong g epyactag. Ouxpn-
OlEG CUUPOVAEG KL TIAPATNPNOELS TNG VTN PEAYV TIOAVTIUEG XAAA KAl TEAOG, YA TLG
EVYAPLOTEG WPES TIOV TIEPATAE Hall 0TO YpaPELo.

TéAog, evxapLoTW BEPUA TNV OLKOYEVELX OV VLA TNV UTTOO TN PLEN TOUG OAQ T XPO-
VLA TNG LOONTIKNG KAl POLTNTIKNG LoV (1§ KAL Yl OAQ 00X L0V TIPOCPEPAV OTIWG
KO TO ZTPATO IOV TAVTA PE OTNPLLEL, LE EUPUYWVEL KL [LE EUTIVEEL
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Elocaywywkég 'Evvolec Tng Oeswplag Ipagn-
NATWV

God used beautiful mathematics in creating the world.

Paul Dirac

1.1 Tevikoi Oplopol

Tpa@npa (graph) kadeital éva Swatetaypévo {evyos G = (V, E) 6mov V eivan
Eva TEMEPAOTHEVO GUVOAO Kal F éva 6UVOA0 UTTOOUVOAWYV ToL V' TO Kabéva ek Twv
omolwv €xeL dVo otolyeia Tou V. Ta otoyeia Touv V' kaAovvtatl kopu@Eg Tou G Kal Ta
otolxela Tov E akuég tou G.

'Eotw ypdonua G = (V, E). Av to 6volo tTwv akp®v tov F givat éva ohvolo
amd un Satetaypéva {evyn {u, v} tote To G ovopdletal pn katevBuvVONEVO Ypda-
enua. Ala@opetikd ovopdaletal katevBuvopevo (directed). Le autr) TV TepimTwON
N akpn e = {u, v} elval eloepxOpEVT aKun YL TNV KOPUET v KL EEEPYOEVT] VIO TNV
KOPL@ U.

Mua akoAovBia amo eVAAAACGOUEVEG KOPUPES KAL AKUEG TOV YPAPTUATOS XWPIG
emavalapuBavopeves Kopu@EG ovopdletal povotatt (path). ‘Eva povomdrTt pe tav-
TOON A TEPUATIKA onpeia ovopdletal KUKAOG (cycle).

'Evaypaenua kaAeitat ouvekTiko (connected) (1] amAd ouvekTikd) dtav yia kGOe
(evyog kopu@wv tov x,y € V(G) vmdpyel (x, y)-povomdtt 6to G. AlA@OpPETIKA OVO-
HAZETAL UT) CUVEKTIKO. ZUVEKTIKEG GUVIOTWOEG (connencted components) evog ypa-
@Npatog G ovopddovrtal Ta HEYLOTH CUVEKTIKA UTIOYP AP LATA TOV.

'Eotw éva ouvekTiko ypapnua G kat é6tw éva ouvoro S C V(G). To ovodo S el-
vat StaxwpreTig tou G av to ypaenua G—S Sev elvat cuvekTiko. 'Evag Staxwplotig
AéyeTal EAAXLOTOG av Sev LTIAPYXEL GAAOG SlaxwploThs Tov G pe pkpdTeEPO péyedog.
‘Eva ypaenua G pe |V(G)| > 2 ovopdletal StovvekTiko (2-connected) av 6Aot ot
Sloaxwploteg Tou £xouv puéyebog > 2. ‘Evag 3-k0KA0G TOU ypo@NUATOS, 0 0TTOL0G v
apalpedel amoouvdéel To ypagnua ovopdletal separating Triangle.

'Eva ypdenua to omoio gival cuvekTikd Kot dkukAo ovopdletal 8€vtpo (tree).
‘Eva pn ouvekTikd ypdenua xwpis kikAouvg ovoudletal 8acog (forest). Ot ouvekTi-

13



14 Ke@aiaw 1. Eloaywywkég 'Evvoleg Tng Ozwplag Fpagnpatwv

KEG OLVIOTWOES EVOG SAC0VG lval §EvTpa.

‘Evaypaenpa H kadeitat emayopevo (induced) vroypdonuatov G eav V (H) C
V(G) keuVu,v € V(H), {u,v} € E(H) «= {u,v} € E(G)

Avo ypagnuata eivat oporopop@ka (homeomorphic) 6tav pmopei va tapax0ei
TO €va a0 TO AAAO PE PLa 1] TIEPLOCOTEPEG VTIOSLALPETELG AKIWV KAL CUUTITUEELG KO-
PLUPWV.

Avo ypapruata G, H, kalovvtal tloopop@a av vtdpxet poe 1 — 1 kot emi amel-
kovion o : V(G) — V(H) tétowa wote Vo, y € V(G) pe x # y, woxVet ot {x,y} €
E(G) & {o(z),0(y)} € E(H).Av 800 ypapnuata G kot H elval Loopop@kd xpn-
OlLOTIOLOVE TO oUHPBoAIoNO G ~ H. H oxéon =~ elvat oxéon ooduvvapiag. Apa éva
YPAPNUA PTIOPEL VA ELVAL LOOLOPPO LLE ATIELPA TO TIA)O0G YPAPTUATA TTOV AVI|KOUV
otV 8La kAdom tooduvapliag.

T ke BeTd axépator > 0 opiletantoypdnua K, = ({ug, ..., u, }, {{w;, u;} |
1 <i<j<r}) toomoio ovopdletal kAika (clique) 1 r-kAika. Eva ypdenua G pe r
KOpLQEG KoAeita AN peg av G ~ K, .

T kdBe (eViyog BeTikwy akepaiwv p, ¢ > 0 opiletatto ypagnua K, , = (AUB, E)
etolwote A = {uy,...,up}, B={v1,..., 0.}, E = {{u;,v;} |1 <i<pwarl <j<g}l
Ta A, B eivar avegdptnta obvora kat to K, , ovopaletal mApeg Sipepég (bipartite)
ypagnpa.

'Eotw ypapnua G. 'Evag kOkAog Tou GG 0 0Tolog SIEPXETAL ATLO OAES TIG KOPUPES
Tou GG ovopdletar kOkAog Hamilton. ‘Eva yp&enua to omoio meptéxel évav kOKAo
Hamilton ovopdletat Hamiltonian ypa@npua. ‘Eva ypdenua ovopdletat vtoxopua-
TOVL0 (subhamiltonian graph) av eivat voypd@nua evog emimedou yapAtoviov ypa-
enuatos. ‘Eva kukAiko ypaenua (cycle graph 1 circular graph, C,) elvat éva ypa-
(EMUX TO OTIOLO ATIOTEAELTAL ATIO VOV KUKAO.

1.2 ATMEKOVIOT YPAPUAT®WV GTO EMIMESO

Av éva ypa@nua pUmopel va amelkovioTel 6TO eTIMESO 0VTWG WOTE Ol YPAUUES
IOV AVTLOTOLYOVV OTIG OAKUEG TOU VA TEUVOVTUL HOVO TIAV®W OTLS KOPUPES TIOU ATIO-
TeAoVV Ta dkpa Tovg, TOTE eival éva emimedo (planar) ypdenua. ‘Eva enimedo ypd-
enua G, pali pe v amelkovion Tov oTo emiTeSo KaAsital eTTESN ep@iTevon
(planar embedding) Tov G. Eva emtimedo ypapnua G Aéystat peylotiko ( triangulated
1 maximal planar) av n tpdoBeon omolodnmote akung oto G Snuovpyel Eva un emi-
medo ypaenua (nonplanar graph).

Mia emtinedn epg@Utevon touv G xwpilel to R? o TEPLOXES, 0L 0TTOiEG OVOpdlovTal
oyieig (faces) tou G. Mia amd autég Tig OYPELS eival un @paypévn Kot ovopdletal

14



1.2 ATTELKOVIOT] YPAPNUATWYV 0TO £MiTtESO 15

eCwTeplkn oY (exterior face). Av yia éva emimedo ypapnua G vtapxeL emimedn ep-
@UTEVOT, TETOLX WOTE KABE KOPLUPT) TOL va BploKeTal 0TV EWTEPIKN OY, TOTE TO
G eivau eEweninedo (outerplanar).

Hapatipnon 1.1. Eva ypdpnua mov eivat uuteioio oto emimedo eivat EuQuTey-
oluo Kat o€ pLa opaipa. IoyveL kat To avtioTpopo.

'Eotw ypdonpa G kat F(G) to cvvoro Twv 6Yewv tov G, To ypaenua G* 1o
ototo éxeLtwg V(G*) = {f: f € F(G)} xaw E(G*) = {e={f,g9}: f,9 € F(G)} ovo-
naletal Suko ypagnua (dual) tov G.

Oswpnua 1.2 (Euler-1970). Eotw G oUVEKTIKO £TTimeSO Ypd@nua ue n KopuPEg, m
akués kat f oyeig. Tote toyveL:

n+f=m+2.
Ocwpnua 1.3. Eotw emimedo ypapnua G ue n kopvpés kat m akuég. Tote
m < 3n — 6.
Eika yia ta Sipuepn ypa@nuato .oyVEL:
Ocwpnua 1.4. ‘Eotw Siuepéc emimedo ypapnua G ue n kopvpés kar m akués. Tote
m < 2n — 4.

Hapatipnon 1.5. AmoSeikvietal (eVkola, Ue Xprion Twv TAPATAV®W OewPNUATWY)
ot ta ypapiuata K kat K 5 6ev elvat emimeda.

Oswpnua 1.6 (Wagner-1937, Fary-1948). Kda0Oe emimedo ypapnua umopel va aneiko-
VIO Oel 070 EMITESO £TOL WOTE Ol AKUES TOV VA AVTLOTOLYOUV O€ EVOVYpAUUA TUTUATA.

1.2.1 Kpimpla Emmedotnrag

YTapxouv apKETA KPLTNPLX YIX TNV EMTMESOTNTA TWV Ypa@nuatwy. O [ToAwvog
naBnuatikdg Kazimierz Kuratowski mpoodioploe ta emimeda ypa@nuata xpnouo-
TIOLWVTAG TOV XUAPAKTNPLOUO TWV ATINYOPEVUEVW®V YPAPTUATWY EVW 0 APEPLKAVOG
Hassler Whitney tpooSiopice tnv emmedotnta Baon g VTaping tov aiyeBpikov
Suko.

Oswpnua 1.7 ( Kuratowski-1930). Eva ypdpnua G ivat emimedo av kat uévo av ka-
VEva voypdnud tov Sev eivat opoloppLko ue to K 1j to K 3.

15



16 Ke@aiaw 1. Eloaywywkég 'Evvoleg Tng Ozwplag Fpagnpatwv

Oplopog. Qg Matroid opiletat éva {evyog (F, I) 6mou E eival éva emepacpévo ov-
VOAO Kal I Pl OKOYEVELX VTTOGUVOAWY TOU F Tou KXAoUVTAL aveEAPTNTA GUVOAN
(independent sets) yla TO 0Tt0{0 LKOVOTIOLOVVTAL OL LELOTNTEG:

) VACACFEFavACItote A CI

ii) Av I xau I aveEaptnta oOvoda kat |I] > |I;|, ToTE Y kamowo x € I, — 1, TO
ovUvolo I; U {z} elvat avegapno.

Oswpnua 1.8 (Whitney-1932). Evaypdonua G eivai emimedo av kat uévo av vapyet
&va ypapnua F tétoto wote M(G) = M*(F).

1.3 To mpofAnua ™G eRPUTEVOTNC Ypa@Nuatog o€ BLBAio -The
Book Embedding Problem

H ep@itevon ypa@npuatog oe oeAlda elvat pa 181K TEPIMTTWOT) ELPUTEVOTG ETIL-
medov ypapnuatog. [To ouykekpilpéva:

H ep@utevon oc oedida (page embedding) evég ypagnpatos G = (V, E) givan
Hia emiTedn ep@UTEVON TOU G TETOLX WOTE OL KOPLPEG TOU G TOTTIOOETOVVTAL TTAV W
otov agova Tou N kat kaBe aku amelkovifeTal wg KUKALKO TOE0 6TO Avw NULETIITESO
{(z,y) € R? : y > 0} extdg am6 Tt dxpa g (endpoints). ‘Eva k-céAdo BiAio eivan
Lo Soun TTov Ao TEAEITAL ATIO [ EVOELQ, ava@epOUEVT) WG paxn (spine) Tou BifAiov,
KAl aTo k NULETITESA, ava@epopeva ws oeAldeg Tov BLBAlov, TTou €xouv T paxn WG
KOLVO TOUG GUVOPO.

M ep@vtevon o€ BpAto (book embedding) evog ypapnuatog G opiletat wg
LI ATEWKOVLOT) TOV G TETOLX WOTE 0L KOPLPEG Tou GG va aTmelkoviovtal Tavw o
paym Tov BLBALO, eV KABE aKT ATIEIKOVIZETAL WG KUKALKO TOEO TAVW O€ PLa GEALSa
Tov BfAlov, kat oL aKUEG TTIOU aviKouv oTNV 181a oeAida Sev TEpvovTal HETagD TOUG.

Ma&xoc (book thickness) 1 ceA8ap1Opog (page number) evdg ypagruatos G opi-
(eTal wG 0 EAAYLOTOG AKEPALOG k £TOL WOTE TO G VA EMSEXETAL LK ERPVTEVOT] OF
k-céAdo BiAio.

Avw @paypata Epgutevoswv

Ka&Be ypapnua emidéxetal epputevon o€ BifAlo. [Tlo ouykekppuéva yla eva ypa-
EMULA LLE LE M KOPUPEG TO TO TAX0G ERPUTEVONG PPACCETAL ATIO TNV TOCOTNTA [1/2].
[ AN pn Ypa@nuata to epaypa sivat avotnpo [BK79] evw yia ta A pn Sipepn
Kopm, pen < m to TaY0G epuTELONG o€ BIBAL0 elvat To TTOAY (00 pe n kat av m >
n(n — 1) eivat akplpws oo pe n [BK79, dKPS14].

16



1.3 To tpoBANpa TG ep@UTEVON G Ypa@ruatog o€ BiBAio -The Book Embedding Problem 17

'Exet amodeiytel 6TL TO TLaX0G EUPUTEVONG 0€ BIBALO EVOS YPAPTLATOG LOOUTAL PE
TO HEYLOTO TIAY0G ELPUTEVONG 0€ BIBALO TWV SIOVVEKTIKWV TOL cuvicTwowv [BK79],
EMOUEVWG UTTOPOVE TIAVTA VX UTIOOETOVE OTL TO YPAPM A ival SLOCUVEKTIKO.

Avw @paypaTa 0TO TAX0G ERPUTEVONG o€ BIBAI0 £xouv eTionG CLUOXETIOTEL pE
Slapopeg avarroiwtes tdtotnteg(invariants) ypapnuatwv. INa mapadetypa ta ypa-
erpata pe m akpég £xovv axos epgUtevong o BAlo O(y/m) [Mal94].

Ep@uteiosig eninedwv ypagnuatwv o€ BLAio

H katnyopla ypa@nudtwyv mov €xel peAetnBel TEPLOCOTEPO 0TO TAPEABOY WG
TPOG TIG ERPLTEVOELS o€ BIBAL0 elvat n kKatnyopla Twv emimedwyv ypa@nuatwy. To
TIAE0V STUOPIAEG KL KEVTPLKO ATIOTEAECUA OYETIKA [LE ELPUTEVOELS ETITMES WV YpaL-
enuatwv ot BAlo opeiletat otov M. lNavvakdkn [Yan89], o omolog amédelée ota
TEAN NG SekaeTiag Tov ‘80 OTL T ETMIMESA YPAPENUATA EXOVV TIAX0G ELPVTEVONG OE
BBAlo To TTOAU TEGTEP. AVOLXTO EPWTNUA TIAPAUEVEL AV TO AVW PPAYUA TWV TECOA-
pwv oeAlBwV elvat auotnpo.

ELS1KEG TTEPITITWOELS EMTES WV YPAPNUATWV PTTOPOVV VA ELPUTEVTOVV o€ BLfSAl0
He Atyotepeg oeAides: yia mapadetypa amodekvietal 0tL Ta emimeda 3-6évépa (3-
trees) eputevovtal o€ BLBAlo pe 3 oedideg ( Heath [Hea84]). Emtiong, ta eéwenineda
(outerplanar) ypa@nuata £xovv éxos ep@VTEVONG o€ BLBAL0 1 evw 1) KAGOM TWV El-
@EUTEVOLUWYV YPAENUATWVY o€ BIBAL0 pe 2 oedibeg TavTIlETAL PLE TNV KAAGCT) TWV UTTO-
XauAtéviwy (subhamiltonian) ypagnudtwv (BA. Ewoéva [L.11, [L.1ii).

H cvoyétion vmoxaATovViwy KOKAWVY Kal ep@utevoewy o€ BLBAlo 600 ceAldwv
TIPOKUTITEL AUECA AV UTIOOEGOVE OTL 1] CELPA TWV KOPUP®WV KATA UNKOG TNG PAXNS
LlOOSLVANEL LE TNV CELPA TIOV ERPAVI{OVTAL TTAVW GTOV VTIOXXMATOVIO KUKAO. O ak-
HES Sltaywpllovtal oe SV0 oeAibeg Baon Tov edv BplokovTal 6TO ECWTEPLKO TOV KU-
KAoU 1] OxL YTTApXOULV OUWG KAl ETTES A YPAPTUATA T OTIOlX SEV VAL UTTOYXUATO-
viat: yio TapdSetypa o yphnua twv Goldner-Harary (BA. Eucova [L.1iii).

LR oD <

M) (i) (i)

Ewdva 1.1: (a) ‘Eva vtoyapidtovio ypdenua G. (b) Epgitevon touv G ot BiBAio 2 oedidwv. (c) To
ypaenua twv Goldner-Harary.
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18 Ke@aiaw 1. Eloaywywkég 'Evvoleg Tng Ozwplag Fpagnpatwv

KAdoeig ypapnuatwy mov eivat yvwoTto 0TL EvVal UTTOXAUIATOVIEG:

K&Be maximal planar ypagnua xwpis separatingTriangles sival yautAtovio (ha-
miltonian) (Whitney [Whi31]). O Tutte [Tut56] €¢5e1&e 0TI KGO 4-0UVEKTIKO eTTiTESO
ypdonua eptExet eva XapiAtov kukAo kat ot Chiba kat Nishizeki [CN89] mepiéypa-
Pav évav adyoplopo ypappkod xpovou yla thv €Upeot) evog XAUATOV KUKAOU O€
éva 4-oVVEKTIKO eTtimedo ypanua. Kabe maximal planar ypa@nua pe TouvAdylotov
TEVTE KOPUPES Kol Ywplg separating Triangles eivat 4-cuvektiko (Chen [Che03]) kot
KABe 4-cuVeKTIKO eTtieSo Ypa@nua exel XapATov kUKo Tov meptéxel SVo avbaipe-
TEG AKWUEG TOL Ypa@nuatos (Sanders [San97]). EmmA£ov, kabe emimedo ypa@mnua (Ot
amapaitnta maximal) xwpig separating Triangles etvat vroxapidtovio ([KO07]). Te-
Aog, edv éva maximal planar epiéxet pdévo Vo TETola Tplywva, TOTE elval XAUATOVLIO
(Helden [Hel07]). T emimeda ypagnpata pikpov péylotov fabpov, o Heath [Hea85]
€8e1€e 0TLkAOE emimedo yph@nua ypapnua péylotov Badbuov 3 elvatl VTTOXAULATOVLO,
Kal apyoTepa oL MTEKOG Kol AAAOL améSel€av OTL Kol T EMITESA YpaA@NUATA HEYL-
otoL Babuov 4 eival VTTOXAATOVIX KOl CUVETIWG ELPUTEVOVTAL O€ 2 0eAISES (e aA-
Yop1Bpo teTpaywvikov xpovov) [BGR14].

TéAog, ot MTékog kat aAAotL amédel€av 0TL kabe 1-emimedo ypagnua (SnAadn éva
YPG@N X TO OTIOL0 ATEIKOVI(ETAL OTO EMITESO MOTE KABE QKU VA SLACTAUPWVETAL
TO TOAV pia opa) emiSéxetal pa ep@VTeVon o€ BLBAL0 pe otaBepd aplOpod ceAldwv
[BBKR15].

IMoAvmAokdTnTX

H e0peon evog vmoxapAtoviov kukAov elvat NP-complete mpofAnua [Wig82]. Zv-
VETIWG, 0 UTIOAOYLOUOG TOV TIA0UG ELPUTEVOTG EVOS Ypa@nuatog o€ BLBAlo eivat NP-
hard. E&v 1 oelpd Twv Kopu@®Vv KaTd pKog s paxms Stvetal, TOTE, Qv UTTAPXEL, Lo
eputevon o€ BIBALo 500 GeEASWVY UTIOPEL VA VTIOAOYLOTEL € YPAUULKO XPOVO, EPO-
ooV To TIPOPANUA avayeTal 6To TPORANUA EAEyxov emimedoTNTAC. ['la TpELG OEALSES,
UTIAPXEL LA TIOAVWVUHLKOU XpOVoU Stadikacio OUwGS Yo TECTEPLS 1) TIEPLOCOTEPES
oeAideg, To mpofAnpa eivat NP-hard [Ung88, GIMP8Q].

Emopévwg 8ev pmopov e va veATIOTOVIE 6TV VTTAPEN amodoTikoV aiyopifuov
Yyl TNV €MiAvoN TOV.
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1.4 TomoAoywko6 book embedding 19

1.4 TomoAoywko book embedding

L& pa TomoAoyikn epg@utevon BLBALOV EVOG YPAENUATOG, TO YPAPNUA {wypa@i-
(etal o€ €va TOTOAOYLIKO BLBAL0 TOTIOBETWVTAG TIG KOPUPEG TTdvw oTn PayM Tov fi-
BAlov KAl TOTTOBETWVTAG TIG AKUESG TIAVW OTLG CEALOES, EMITPETOVTAG OUWG OTLG AKUES
va TEUVOLV T paxT. ‘Exel SeixBel 6TL KABe Ypa@Nua e 1 KOPLQES KL M AKUEG UTTO-
pelva epputevBei oe 3 0edideg [BDGLO8] evw éva emimedo ypa@nua o€ 2 0eAlSeS e
TO TOAV pia Topn pe T pdxn ywx kabe axun [GLMSO07].

Y€ (LK TOTTOAOYLKY] EULPUTEVOT ETILELWKOVUE VO EAATTWOOVE TOV apLBUd TwV To-

H®V HE T pdym.

1.5 Iotopka Xtolyxeia

EvSelkTika Yot AGyous AT pOTITAG AVAQEPOVIE KUL KATIOLX LOTOPLKA oTolxela. H
évvola Tov BiAlov oplotnke amd toug C. A. Persinger kot Gail Atneosen tn Sekaetia
Tov 1960. O Atneosen 1181 amodexdTav TV ELPVTEVOT YPAPNUATWY o€ BLBAla aAA&
n emionun Wéa (concept) pa epvTeVONS o€ PBAlo StatuTtwONke amo tov Paul C.
Kainen kat L. Taylor Ollman otig apyég ) dekaetiog tov 1970, mpoobEéTovtag pept-
KOUG TIEPLOPLOUOVG GTOV TPOTIO LLE TOV OTIOL0 ETLTPEMETAL VX ELPUTEVOVTAL VA YPAPT]-
HOTA. ZTOV S1KO TOUG OXESLAGLO OL KOPLUPES TOV YPUPNUATOG TOTTOOETOUVTAL TIAV®
OTNV PAaxM KAl oL akpéG o€ oeAldeg Tov BLAlov £ToL WOTE va unv dnulovpyovvtal
SLHOTAVPWOELS TP LOVO OL TOHEG TOUG 0T TEPUATIKA OTUELOL. ZNUAVTIKE 0pOoT U
OTNV PETETMELTA avATITUEN TwV book embeddings amoteAein amodeign tov M. lavva-
KAK™N ota TEAN ™G Sekaetiog Tov 1980 yia TV epUTEVON EMMESWV YPAPNUATWV
o€ 4 0eAibeg kat N avakdAvym ota TéAN TG Sekaetiag Tou 1990 yia TN otevn oUV-
Seomn Twv book embeddings pe T flomAnpogopiky.
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Avalvon kat Zyediaopnog

LKOTIOG LTS TNG SUMAWUATIKNG elvat Snplovpyla evOg TPpOYPAUUATOS TO OTIOL0
Ba xelpifetat ypapnpuata ep@utedoipa o BLBALo kal O ekteAel KATIOLEG AELTOVPYLEG
Slaxelplong Toug OTIWG dvolyua, amoBNKEVOT, LETAKIVION AKUWV KAL KOPLUP®WV, EV-
peCT aPLOUOV SLACTAVPWOEWVY KAL ETMITTAEOV B TPEYEL KATIOLOUG aAyopiBoug Ttavw
o€ auTo. Baowkn emSiwén amotédeoe To va umtopolv ot BacikéG AELTOVPYIES Yl TN
SLaXELPLOT) TOV EPPUTEVUEVOL YPAPNHATOG (OTIWG 1 LETAKIVIOT) AKUWV, KOPUQWV,
evpeon aplOuol SLaCTAVPWOEWVY Kol EKTEAEOT AAYOPIOUWVY) va elval aveEaptn
aTo 1o Ypa@ko epBaAiov Kot TiS BBALOONKES TTOU XPNOLUOTIOLOVE, ETGL SULOVLP-
ynénke o Book Embedding Editor (Bee).

2.1 Xxedwaxopnog

['la Tov oxedlaopd ™ e@appoyng ExeL xpnotpomownOel to potiBo (pattern) tov
Model-View-Controller (MVC) (BA. Ewéva R.1). 0 MVC eivan éva avtikeipevo ap-
XLTEKTOVIKOU OXESLOUOV IOV EPAPUOLETAL OE EQAPUOYES IOV ATIALTOVV XAANAETI-
Spaon pe to xprotn (user interfaces). Alaywpilel To mpoypappa oe 3 Stacuvdede-
HEVH KOUUATIX T oTrola StarxwpilovTal pe Bdom Tov TPOTIO IOV ATTOSEXOVTAL 1] AVa-
TapLoTOVV TNV MANPo@opia TTov SExovTalL amd To XPNoTH.

Ext66 amo to va xwpilet tnv epapuoyn oe 3 €ién cvotatikwv to MVC pocdiopl-
CeLTig aAAnAemidpdoels petagy avtwv. Evag controller pmopel va otelAel eVvTOAEG 0 TO
model yia va avaBabpicel-evnuepwoel TV katdotaon tov. Emiong, otéAvel evToAég
oTNV view pe TV omola eival cuvEESEPEVOG VIO VA EVILEPWOEL TNV AVATIAPACTAON.
‘Eva model amofnkevel SeSopéva Ta 0ol AVAKTA CUUQP®VA LLE TIG EVTOAES IOV AQ-
Bavel amd tov controller kat Tig ekBETel ot view. Mia view Tapdayet kat e€dyel pia
QVATIAPACTAGCT) OTO XPT|OTN CULQ®WVT UE TIG AAAAYEG IOV £x0UV cLKEl 0To model.

210 TPOYPAUUA PG TO pOAO TOV view £xeL To BeeGui, To pdAo Tov model ava-
AapBavel to EmbeddedGraph kat €xovpe SVo controllers, tov MainControler Kot TOV
LVControler.0MainControler eival UTTELOLVOG YL TNV ETKOWVWVIX TOV BeeGui pe
Tov LVControler kot o LVControler emikowvwvel e To EmbeddedGraph .
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22 Ke@alawo 2. Avélvon kat ZxeStaopog

( MODEL

UPDATES MANIPULATES
VIEW CONTROLLER
N
% «f”/
o 06’
N /
USER

Ewkdva 2.1: To MVC pattern

To BeeGui amoteAel To ypa@ko mepBAAAOV e TO 0TIOl0 XAANAETILOPA O XP1|OTNG,
StvelevtoAég kat Adapupavel amotedéopata. KaBe evtoAr amo o xprotn, 0Tws Avolyua,
amobnkevon, emegepyaoia, divetal kat ep@aviletal ekel. ‘0oeg Aertovpyles oxetifo-
VTAL [LE TO YPAPNUX TIOU POPTWVEL 0 XPNoTNG, OTw emegepyaoia (Edit Mode), aA-
Aayn layout, avaAvon Twv 8lottwv tou (planarity, biconnectivity, connectivity), ot
EVTOAEG EKTEAOVUVTAL HEOQ OTO CWUA TNG KAGOTNG. ['la 00€G eVTOAEG oxeTI{OVTAL [IE TO
embeddedGraph (aAAayn 0€ong kKOUBwV Kot GeEASWY, aplBPds SloTAVPWOEWV) TO
BeeGui aAANAemiSpd péow Tov MainControler pe tov LVControler.

H xAdon EmbeddedGraph amoteAel pia oAU amAn Sour cvupfatr pe kaBe BLAto-
O1KN KAl TPOYPAUUN TIOV TPEXEL Java, AVEEAPTNTN ATIO TO YPAPLKO TIEPLBAAAOV Kal
TNV OTTIKOTION 0T TOU. ‘'OAEG OL EVTOAEG OYXETIKA E TO EUPUTEVHUEVO YPAPTUAX EKTE-
AoUVTaL 0€ LTI TNV KAAQoM Kal p€ow Tou LVControler amoKTOUV HOPEN HE XP1|OT
™6 BLBAL0ON KNG TwV Yfiles.

['la TNV 0T TIKOTION O TWV YPAPNUATWY XPTCLUOTIOLOVE KUPLWG TIG KAACELG:
Graph2DView (amo ta yfiles), Tnv eméktaon g MyGraph2DView kot TV Graph2D(amo
ta yfiles). Zta yfiles, o€ avtiotoyia pe to MVC pattern,  Graph2D £xeL To pOAO TOV
model, n Graph2DView Tng view, kat 1 ViewMode To poAo tov controller. Emektdoelg
™G ViewMode eivan EditMode katn MyMoveSelectionMode TTOU XP1OLULOTIOLOVE YLO
TNV UETAKIVNON TwV KOUPBWV KAl TNV emegepyacio Twv OTOLEIWVY TOV Ypa@NUATOG.

H xAdon textbfBEWrapper etvat évag Wrapper omoiog Aapfavel éva avTikelpevo
TUTOV EmbeddedGraph Kat To HETATPETEL 0€ Graph2D TOTOBETWVTAG TIG KOPUPESG GTO

22



2.2 Epyaleia

23

EmbeddedGraph

private void setLvcontroler(LVControler )

Y

LVControler

> MainControler
<

MyGraph2DView

setMainControler ( MainControler )

M)

BeeGui

Main Controler

Y

EmbeddedGraph

(i)

setGui(BeeGui)

Y

Bee Gui

Ewkdva 2.2: Xprjon tov MVC pattern oto Bee

emimedo KaAwvTag Tov KUkALko layouter twv yfiles.

2.2 Epyaleia

Ta epyadeia mov xpnopomomOnkav meptlapfavouv:

H BBAo0nkn twv yfiles Ta yfiles amotedovv pia BiAL0ON KN, 1) oTola TTEPLEXEL AAYO-

plBuoug kal epyaAeia yia TNV avaAvoT), TV AmEKOVIOT KAl TO OXESIHOUO YPAPT LA~

Twv. [TepLlexel éva peydAo e0pog KAGoEWV Kol TTOAAEG SuvaTOTNTES Y emeepyacio

KOl OTEIKOVIOELS YPAPNUATWV. AToTEAEL TN BdoT TNG EQAPUOYNS HAS , KABWG OAES

OL KAQOELG KOl T TTAKETA TOV Bee vAoTolovvTal xpnoLHoToLWVTAS .

23



24 Ke@alawo 2. Avélvon kat ZxeStaopog

> BEWrapper

createGraph2DFromEmbeddedGraph( EmbeddedGraph )

Y

EmbeddedGraph Graph2D

M)

HyAwooaJava EivainyAlwooamou ypnowpomolein yFiles kain e@appoyn pag. Etvat
YAWDGOQ IOV UTIAKOVEL OTIG APYES TOU AVTIKELHLEVOOTPa@OUG [Ipoypappatiopnon Kot
SLaB€TeL TO fACIKO TTAEOVEKT LA TG AVEEXPTNOLAG ATTO TO AELTOVUPYIKO CUOTH LA IOV
TPEYOLV OL EQAPUOYEG.

To tepBdArov Eclipse To eclipse amoteAel Eva TPOypaAUUATIOTIKO TTEPLBAAAOV (Ypap-
LEVO O€ Java) TPOCQEPOVTAG GTO XPNIOTN TN SUVATOTNTA VA TTPOYPAUUATIOEL OE SLA-
©OpeS YAWooeg. AlaBETeL Eva eDXpNOTO TTEPLRBAAAOV KL L TIANO WP ETAOYWV YlA
va §1leVKOAVVEL TO Xp1OTN.

24



YAomoinon

T aQUTO TO KEPAAALO Ba TTAPOVGLACOVUE TIG KAAGELS IOV £X0UV VAOTIOMBEL yia
™v avamtuén tov Bee. Ol kAdoelg mov Bplokovtal oe GAAeS BiAloBnkeg dev Tept-
yp&@ovTal.

Ta makéta mov £€xouv vAoTOBEL Elval Ta TTAPAKATW:
. bee.algo
ii. bee.demo
iil. bee.demo.graphTemplate
iv. bee.io
V. bee.layout
vi. bee.option
vii. bee.option.options
viii. bee.view
iX. wrapper

[To avaAuTIK& TTHpouoLA{oVTAL TAPAKAT® HE TIEPLYPAPT] TWV KAAGEWV TOUGS Kol
EMUEPOVG TIEPLYPAPT] TWV KAGCEWV pE TA TESLA KAL TIG LEBOSOUG TOUG.

3.1 bee.algo
[Mepthapfavel TIG KAAOELS 0L 0TTOLEG VAOTIOLOVV 0AYOopiOOUG.

3.1.1 Crossings

KAdon appédia yia tnv e0peon Twv SLHoTAUPWOOEWV.
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26 Ke@dalawo 3. YAomoinon

Media Color [] col= Utilities. COLORS

public Map checkCrossings(EmbeddedGraph graph) EA¢éyyel tov aplBpo twv Swa-
OTAVPWOEWYV 0TO graph.

3.1.2 public class Heuristic

ATtoteAel pla evpeTIKT PHEBOSO Yl TNV pElwON TWV SLACTAVPWEEWV.

Media Color [] col= Utilities. COLORS
EmbeddedGraph embeddedgraph
int maxValue

M£0080o1

public void setEmbeddedGraph(EmbeddedGraph embeddedgraph) O£tel TV TLuN
embeddedgraph oto medio embeddedgraph g kAdong.

public EmbeddedGraph run() Tpéxet tnv evpetikn péodo.

private void reset(Map<int[], Integer> edgeMap) KoaBapileitovedgeMap amo Tig a-
ALEG TULEG TOV KAL TOV OPXLKOTIOLEL Eava e PN SEVIKEG TLUEG.

private Map checkCrossings(int[] [ embeddedEdges,Map<Integer,Integer>nodelndex
, Map< int [],Integer> edgeMap) EA£yxeL tov aplOud tTwv SLACTAVPWOEWY GTO TOU
embeddedgraph.

3.2 bee.view

[Mephapfavel Tig KAAoELG oL 0TOLES Elval appdSieg yia Tnv tpooAn tov Bee.

3.2.1 public class BeeGui

extends JFrame

Amotelel TV KUpLx kAdon tov BeeProject kabwg dnpovpyel To ypa@iko mept-
BaAAov.

26



3.2 bee.view 27

Media viewOriginal

Eivatl avtikeipevo ¢ kAdong Graph2DView kat elvat to View Ttavw oTo omolo
Ba amElKOVIOTEL TO APYLKO YPA@M QL.

conNodeMap

Avtikeipevo TG kAaong Map<Node, Integer>. Amotelel pia amekdvion 1 amoia
Ba avtioToyilel KABE KOPLPT) TOV YPUPT LATOG ILE TO CUVOETIKO CUCTATIKO GTO OTIOL0
TEPLEXETAL

graphList

Avtikeipevo G kAdong LinkedList<Graph2D>. AmoteAel pia Alota 1) omola £xel
WG OTOLYEl TNG TA CUVSETIKA GUOTATIKA TOV YPAPTLOTOG.

IvPanels

Avtikeipevo TG kAdong ArrayList<]JPanel>. 'Eva Siavuopa amo JPanel mévw ota
omola Ba HTTovV TA View Tov Ba ATEIKOVIGTOUV SLAQOPETIKEG LOPPES TOV ERLPUTEVO-
LEVOV YPOENLATOG.

mainControler

Avtikeipevo ™¢ kAdong MainControler

infoPane

Avtikeipevo ™¢ kAdong JTabbedPane

crossingspanel

Avtikeipevo ™ kAdomng JPanel

M£008oL
public BeeGui() O xatackevaotng Tov Bee.

public void setMainControler(MainControler contr) Mé£6060¢G appddia ylx tnv apyt-
koTmoinomn tov MainControler.

private void initGui() Mé&Bo8og vTELOULYT Yl TNV ap)LKoTIoinoN Tou Gui.

private void buildMainMenu() M£6050¢ OV KATAOKEVALELTO KUPLO LEVOV TNG EQUP-
uoyng.

private void buildToolBars(JPanel container) M&B6080G appoSia ylo TNV KATAOKELT
NG EPYUAELODNKNG.

private void makeVieworiginal(JDesktopPane container) Mé&00860G TTOU KATAGKEVA-
(el To Tavel TAvw oTo omolo Ba TomoBetnBel 1) viewOriginal kat Tnv apyiKoToLEL

27



28 Ke@dalawo 3. YAomoinon

private void makeLayPanels(JDesktopPane container) M£6080¢ TTov kKataokevAleL
T TIAVEA TTAVW 0T ool Bax ToTtoBeTNB0VVY T Views Tov B ATIEIKOVIOTEL TO ELLPL-
TEVOUEVO YPAPN Q.

private void makelnfoTabPane(JDesktopPane container) Mé&B080G TTOU aPYIKOTIOLEL
to infoTab.

private void createCrossingsPanel() Mé¢Bo8og ov apyikomolel To crossingsPanel.
public ArrayList<JPanel> getLVPanels() Mé¢00o80¢ yla va emiotpe@el Ta IVPanels.
public Graph2DView getViewOriginal() Mé£6060o¢ yla va emiotpé@el T viewOriginal.
public void setBarsActiveColors(int[][] activeColors) M£6050¢ apuodia ylax v apyt-
KOTIO(NOT) TWV EVEPYWV XPWHATWYV (Tov Ba elvat opatd) oTig SL@opeTIKEG TTPOLOAES
TOV ELPUTEVOUEVOV YPAPTUATOG.

public void resetColorBars() Emava@opd ota evepyd apyika XpwUATA.

class HelpAction extends AbstractAction Eowtepiki kAdomn yla tnv Snuovpyia Tov
Help Frame.

public void openFile(String name) Avolyel éva KavoUpyLlo YpA@NUQ, TO eR@avifet
kat avavewvel To infoPane kat to crossingsPanel. KaAeital amo tnv OpenAction.

class OpenAction extends AbstractAction Eowtepiki) kAdom opilel v évapén g
EVEPYELAG YLA avOoLypa veou apxelov. KaAet tnv openFile(String name).

class SaveBEAction extends AbstractAction EocwTtepikn kAdomn mov amobnkevel To
ELPUTEVUEVO YPAEN LA

class EditModeAction extends AbstractAction Eowtepiki kAdon mov avolyet eva a-
p&Bupo EditMode.

class RedoAction extends AbstractAction

class UndoAction extends AbstractAction

28



3.2 bee.view 29

private void createLayoutView(Graph2DView graph2dview, int numPages) KaAelitnv
avtiotoln néBodo otov mainControler

private OptionHandler createOptionHandler() Anuwovyetl évav OptionHandler mov
{NTAeL Ao TOV XPN|oTN TOV aplBpud Twv ceAlbwy, exel w¢ default emiroyn 2.

class CreateBEAction extends AbstractAction Eocwtepikn kAdomn mov opiel T On-
HLOUPYELX TOU EUPUTEVOUEVOL YPAPNUATOG KAl KaBOopLleL TIG EVEPYELEG IOV ATTOlL-
TOUVTAL YL TNV TTPOSOAT TOV.

class FitContentAction extends AbstractAction KaAel TnVv avtiotoyn pébodo otov
mainControler

class HeuristicAction extends AbstractAction Anulovpyel éva veo aQvTIKELLEVO TUTIOV
Heuristic.

public boolean planarityChecker(JPanel panel) Anplovpyel éva eEAEYKTI) KAl XTTOQ -
olleL av To ypagnua sival emimedo 1 Oxt. Av eival epavilel éva véo frame pe tnv
eTimedT TPOBOAT] TOU KAL ETILOTPEPEL TO ATIOTEAEGUA TOV EAEYYOV.

public boolean graphBiconnected(JPanel panel) EA¢yxeL av to ypa@nua ivatl 2- ov-
VEKTIKO (2-connected) KoL ETOTPEPEL TO ATOTEAECUA TOV EAEYXOU.

public boolean graphConnected(JPanel panel) EAfyxeL av To ypdenua elval cuve-
KTIKO (connected) KoL ETILOTPEPEL TO ATIOTEAEGUA TOV EAEYXOU.

public void functionality() Alvel AettoupyKOTNTA 6TV TIPOSOAN TOVL YPAPTLATOG.

class AnalysisAction extends AbstractAction EcwTtepikn) kAdon mov kaAsital 6tav
emAé€ovpe Vv Analyze Graph emiAoyn, ep@avifel oto infoPane ta amoteAéopata
TWV TIAPATIAVW EAEYXWV KABWGS KAL TOV aplOO TWV KOPUP®V KAL TWV AKHWOV TOV

Ypa@npatos.

class CircularLayoutAction extends AbstractAction EocwTepikr kKAdomn Tov kaAeltat
otav emAggovpe Vv Circular Layout emiAoyn kat aAAGeL TNV LOPQPOTIOINGOT) TOV Ypa-
ENHATOG KAVOVTAG TNV KUKALKT).
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30 Ke@dalawo 3. YAomoinon

class OrganicLayoutAction extends AbstractAction EcwTtepikn kAdom Tov KaAeltat
otav emAggovpe Tnv Organic Layout emAoyr] kat aAAGLEL TNV HOPQOTIOINOT) TOV YpX-
ENUATOG KAVOVTAG TNV 0pYaVIKY, SnAadt| ot kopBol Bewpolvtal wg QUOIKE avTiKel-
Heva (Trx NAEKTPOVLA) KAL 0L GUVEECELG TOUG aKoAOVOOVV PUOIKY avaAoyia Kol Oew-
POVVTUL WG TINYES TIPOOKOAANUEVES oTa {evydpla Twv kOUBwv.The layout algorithm
simulates these physical forces and rearranges the positions of the nodes in such a
way that the sum of the forces emitted by the nodes and the edges reaches a (local)
minimum.

class OrthogonalLayoutAction extends AbstractAction EocwTtepikn kKAdon Tov KaAEl-
Tl 0tav emAéEovpe v Orthogonal Layout emiAoyn Kot aAAG{eL TV pHop@OTIOinoN
TOV YPA@NUATOS KAVoVTag TNV opBoywvia, 0 adydplBpog tng opboywviag pLop@o-
Toinong eivat Baclopévog o€ i TOTTOAOYLIKN-HETPLKN TTpocéyyLon (topology-shape-
metrics approach).

class ToolBarsPanel extends JPanel Eocwtepikr kAdon apuodia yia tnv Snpovpyia
TV "XPWUOYPAUU®Y” , TIG EpYAALOONKES TTOV BPLOKOVTAL TAV®W OTA TIAVEAG TOU El-
(PUTEVUEVOV YPAENHATOG Kat KaBopilouvv Trola xpwuata Oa eival opatd Kol o€ ola
HEPLA TOV TIAVEA (Tavw -KaTtw). (MTapaAeimetal n mepLypa@n te.)

public void upadateCrossingInfoPane(Map<Color, Integer> crossingsMap) Mé¢Bo80g
TIOU QVAVEWVEL TIG TIAT|POPOPLEG OYXETIKA HE TOV APLOUO TWV SLACTAVPWOEWY GTO
crossingsPane.

public void disableUndo() Amevepyomolel v Aertovpyia Tov Undo.

public void disableRedo() AmevepyoTolel TV Aettovpyia Tov Redo.

public void enableUndo() Evepyomotel tnv Aettoupyla tov Undo.

public void enableRedo() Evepyomolel tnv Aettovpyia touv Redo.

3.2.2 public class EditView

extends JFrame
Anpovpyet éva véo mapaBupo To 0Tolo TTEPLEXEL TO APYLKO YPAP U KAL JLOG ETIL-
TPETEL VA TO ETMECEPYACTOVE KAL VX TO ATTOBNKEVGOUVLE .
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3.2 bee.view 31

Media protected GraphZ2DView editgraphview
BeeGui gui

M£008ot

public EditView(Graph2DView inputGraph, BeeGui gui) Anuiovpyet éva véo mapd-
Bupo, (wypa@ilel Tavw Tov To inputGraph kat apyikomolel To Tedio gui.

public void close() KAeivel to mapdBupo.

protected void colorizeNodes() Bd@el 6Aoug ToUG KOUBOUG TOV YPAPNUATOG LE TO
1810 xpwua(okovpo KitpLvo).

protected JToolBar createToolBar() Anuiovpyel tnv ypapun epyareiwy yla To Tapd-
Bupo.

class SaveAction extends AbstractAction Xw{eL TO eMELEPYATUEVO YPAPNUA KAL GTO
TEAOG HOG pwTdeL av BéAovpe va avoiéel oto TapdBupo tov Bee.

class FitContent extends AbstractAction Ilpocappolel To ypa@nua péoa 0To Tapd-
Bupo.

class DeleteSelection extends AbstractAction AlQypAa@EeLTO EMAEYUEVO AVTIKEILEVO.

3.2.3 public class HelpFrame

extends JFrame
Anpovpyet éva véo tapdBupo to omolo TEpLEXEL 08N YLEG XP1IONG.

M£008ot

public HelpFrame() O KataoKeLAOTNG.

3.2.4 public class MyGraph2DView

extends Graph2DView
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32 Ke@dalawo 3. YAomoinon

Nedta LinkedList<Node> list
int [] activePages
private double offset
private double nodeDist

M£008ot

public MyGraph2DView() Anplovpyel éva VEO aVTIKEILEVO TNG KAGOTG KOL 0P LKO-
ToLel TN Alota Sivovtag TG ws otolyeia Touv kopuBoug Tov Graph2D.

public void setGraph2D(Graph2D graph, double offset, double nodeDist) OpileL T0
véo Graph2D kot tig petaffAntég offset kat nodeDist .

public LinkedList<Node> getNodeList() Emiotpépel  list.
public void setActiveColors(int [JactiveColors) Evnuepwvel to edio activePages.

public void updateNodeView() Evnuepwvel tnv pofoAn ToU ypa@NUATOG LETA TNV
aAdayn TG B€ong kamotlov Kopou.

public void updateEdgeView() Evnpuepwvel tnv mpofBoAr] ToL Ypa@NUATOG LETA TNV
aAAayn BE0NG-XPWUATOG KATIOLOG AKUNG .

public void moveNodes(List<Integer> nodelndex, intdistindex) AAAaleLtn B€on piog
kopv@nNG.H Alota nodelndex mepiéxel Ta index Twv Kopu@®V Tov Ba petakivnBovv
kat to distindex etvail 1 Staopd ¢ petatomnong (BeTikn 1 apvnTIKNY avAAOYd PE
N Qopa TG kivnong).

public void moveEdges(List<int []> edgelndex, int toPage) AAAGleL ) B€om piag Al-
oTAG AKUWV Kat TNV Balel o€ pua aAAn oedida omov toPage givat o aplBpog g véag

oeAidag.

public void reverseEdges(Node node) Kavel 0Aec TI¢ akuég Tov mpoomintouy 1) &e-
KLVOUV aTI0 TOV node TPog T UTTPOG AKUEG.

public void print() EktuTvel ta otolyeia TG AloTag.

public void showPage(int index, int page) Ep@avilel mv oeAida pe to 506€v index.
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public void hidePage(int index) KpufelL tnv oeAida pe to §00€v index.

3.2.5 public class MyMoveSelectionMode

extends MoveSelectionMode

Media  double offset
double ycoord
double minDist
LVControler lvcontroler

public MyMoveSelectionMode(double offset, double ycoord, double minDist) Kata-
okevalel éva veéo avtikelpevo g MyMoveSelectionMode pe tig §00€v apyIkeS TLUES.

public void setLVControler(LVControler lvcontroler) TomoOetel évav LVControler.

public void selectionOnMove(double dx, double dy, double x, doubley) Tlapakdumtet
(override) tnv MyMoveSelectionMode.selectionOnMove

public void selectionMovedAction(double dx, double dy, double x, double y) Ilapa-
kaumtel (override) v MyMoveSelectionMode.selectionMovedAction.

3.2.6 public class MyPopupMode

extends PopupMode

Nedia  EdgePropertyHandler edgeHandler
Graph2D graph

M£0080L
public MyPopupMode() Kataokevalel éva véo popupmenu.

public JPopupMenu getNodePopup(Node v) EToTpé@EeL TO popupmenu IOV ava@é-
peTaL oTNV Kopuen V. (override amo v PopupMode)

public JPopupMenu getEdgePopup(Edge e) Emiotpé@el To popupmenu Tov ava@é-
petaL otV akun e. (override amo tmv PopupMode)
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34 Ke@dalawo 3. YAomoinon

class ShowNodelnfo extends AbstractAction EowTtepikn kAdom Tov ep@avilel eva
TapaBLPO PE TTANPOPOPLES Yla Pict KOPLET.

class ShowEdgeOptions extends AbstractAction Eocwtepikr) kAdomn mov epgavilel eva
TapdOUPO PE ETIIAOYEG XPWHATOG-OEALS G YLor o o).

class ShowSelectedEdgesOptions extends AbstractAction EocwTtepikn kAdon mov ep-
@avilel eva TTapabLPo UE ETIAOYES XPWUATOG-CEALSAG Yot £V GVUVOAO ETIAEYUEVWV

AKUWV.

public void setEdgePropertyHandler(EdgePropertyHandler eph) ©£tel éva Siaxelpt-
ot akpwv EdgePropertyHandler oto popupmenu.

public EdgePropertyHandler getEdgePropertyHandler() Emiotpéel Tov Tpéxwv
EdgePropertyHandler.

public void setGraph2D(Graph2D graph2d) O£tel éva ypA@nua 6To popupmenu.

3.2.7 public class MyPopUpMode2 extends PopupMode

extends PopupMode

M£0080o1

public MyPopUpMode2() Kataokevalel éva véo pop up menu.

public JPopupMenu getNodePopup(Node v) Kataokevalel Kol EMIOTPEPEL EVa VEO
pOp up menu ywx TV Kopuem v.

public JPopupMenu getEdgePopup(Edge €) Kataokevdlel kat eMOTPEPEL Eva VEO
pOp Up menu yLa TNV oK e.

class ShowNodelnfo extends AbstractAction Eocwtepikn kAdon mov ep@avifel eva
TapaBLPO PE TTANPOPOPLES Yla piat KOpu @Y.

class ShowEdgeOptions extends AbstractAction EcwTtepiki) kAdon ov ep@avileleva
TApPABLPO PE ETIAOYEG XPWHUATOG-GEALSAG Yo Pl akp).
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3.2.8 public class MyZoomWheelListener
extends Graph2DViewMouseWheelZoomListener
KAdom mov eme€epydletal To zoom.

Media LVControler lvcontroler

M£00d8oL

public void setLVControler(LVControler lvcontroler) 0O¢tel évav LVControler.

public void mouseWheelMoved(MouseWheelEvent e)
(override amo v Graph2DViewMouseWheelZoomListener)

3.3 bee.option.options

3.3.1 public class Utilities

KAdon movu mepiéyel Ta T 0TaBEPEG TOU TPOYPAUUATOG.

Nedia public static final int PAGE _ UP =1
public static final int PAGE _ DOWN = —1
public static final int PAGE _ HIDE = ()
public static final int TOTAL _ PAGES = 10
public static final Color[] COLORS = { Color.cyan, Color.pink, Color.green, Color.black,
Color.lightGray, Color.magenta, Color.red, Color.orange, Color.gray,Color.darkGray }
public static final String[] COLOR _ NAMES = { "Cyan’,"Pink’,"Green’,"Black’,
“Light Gray’,’"Magenta’,’Red’,"Orange’,"Gray’,"Dark Gray” }
public static final Font CUSTOM_FONT = new Font("Serif’, Font.PLAIN, 15)
public static final int INSTANCES = 3

M£008oL

public staticint getColorIndex(Colorc) Emiotpé@elTov SelKTn TOL XPWUATOG C HEGA
oto COLORSJ].
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36 Ke@dalawo 3. YAomoinon

public static int getColorIndex(Color ¢) Emiotpé@el To SelkTn TOL XPWUATOG C GTO
Stavuoua COLORS.

public static int[][] createActiveColors() Opilel Toleg oeAldeg O elval opaTESG KaL av
Ba amekovifovTal TAvw 1) KATW a1o T payMm.
3.4 bee.option

[Mepthapfavel TIG KAGOELS 0L OTIOLEG lval APUOSLES YA TIG AELTOVPYIES ETLAOY WV
(option operations).

3.4.1 public class EdgePropertyHandler

extends OptionHandler

Media  Color preColor
Color newColor
static Color [] col = Utilities.COLORS
LVControler lvcontroler
int pages

M£00o8oL

public EdgePropertyHandler(LVControler controler) Anpiovpyel éva oTIypOTUTIO TNG
KAdong pe évav ouykekpipévo LVControler.

public void updateValuesFromSelection(Graph2D graph) [Iépvel TI§ apyikég emAo-
vés Tov EdgePropertyHandler

public void commitEdgeProperties(Graph2D graph)

class MyListCellRenderer implements ListCellRenderer KAd&om mov emeyepydletat
™ HOPYOTIO(N oM TOL KEALOL KABO oTolyelov TG AloTag,

public void setPages(int numPages) O£Tel TOV AplOUO TWV XPNCLUOTIOMUEVWV GEAL-
dwv.

public int getPages() Emiotpépel Tig oeAibeg.
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3.4.2 public class MyEditModeConstraint

extends EditMode
Mé£00odot

public MyEditModeConstraint() Kataokevalel pla EditMode 1 omola emitpémel ov-
YKEKPLUEVEG EVEPYELEG, CUYKEKPLUEVA BEV ETILTPETEL TNV AAAQYT] HEYEBOUG TWV KO-
Bwv, ™ dnuovpyia akpwyv, bends, KOPBwV KAl TNV KLV 0T QVTIKEIPLEVWV TOV YPOEN-
HQTOG.

3.4.3 public class MyEditModeFree

extends EditMode
Mé£00odot

public MyEditModeFree() Kataokevalel pia EditMode 1 omola emitpémel cuykekpl-
UEVEG EVEPYELEG, CUYKEKPLUEVA SEV ETILTPETEL TNV XAAXYT] HEYEDOLG TWV KOUPWV, TN
Snuovpyla akpwyv, bends kat kKOpBwv.

3.4.4 public class MyEditModeLooseConstraint

extends EditMode
Mé£060odot

MyEditModeLooseConstraint() Koataokevadlel pia EditMode 1 ool emitpémel ov-
YKEKPLUEVEG EVEPYELEG, CUYKEKPLUEVA BEV ETILTPETEL TNV AAAQYT] HEYEDOUG TWV KO-
Bwv, T dnpovpyla akpwyv, bends Kot KOPPBWV KoL EMITPETEL TIG KIVI|OELG.

3.5 bee.demo.graphTemplate

3.5.1 public class EmbeddedGraph

Media private int [ nodeOrder
private int [] [ embeddedEdges

M£0o8oL
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38 Ke@dalawo 3. YAomoinon

publicEmbeddedGraph() Kataokevaleléva adelo ypagnua tuomov EmbeddedGraph.

public EmbeddedGraph(Graph2D graph) Kataockevaleléva EmbeddedGraph to omoio
mépvel Ta Sedopéva Tou amd to graph kadwvtag tnv load(graph, colored).

public void clear() Adeldlel - kaBapilel Ta otoyela Tov EmbeddedGraph.

public void load(Graph2D graph, boolean colored) Apyikomolel to EmbeddedGraph
ue Tt Sedopeva tov graph , n boolean tiun colored pag mAnpo@opet av eivat gpgu-
TeLPEVO 1 OXL

public int[] getNodeOrder() Emiotpégpel To Siavuopa nodeOrder Tov TepLEXEL TN
OELPA TWV KOUPBWV TTAVW GT1 pAaxM.

public void setNodeOrder(int[] nodeOrder) 0¢tel To Stavuopa Tov Sivel o Xp1oTng
oto nodeOrder Stdkvuopa tov EmbeddedGraph.

public int [][] getEmbeddedEdges() Emiotpépel To Sidvuopua embeddedEdges mov
TEPLEXEL TIG aKpEG Tov EmbeddedGraph.

public void setEmbeddedEdges(int [][] embeddedEdges) Oé¢tel to Stdvuoua mov 6i-
vel o xpnotng oto embeddedEdges Sitdvuopa tov EmbeddedGraph.

public void colorEdge(Edge e, int colorindex) XpwUATI(EL TNV OKUT € PE TO XPWUA
Tov €xeL Stk tov colorindex.

public void colorEdge(int source, int target, int colorIndex) Xpwpatilel ™V akun
(source,target) pe to ypwpa mov €xet Stk tov colorindex.

public void colorEdge(Edge e, Color ¢) XpwpaTilel TNV aKun e 1e To XPWHA C.

public void colorEdge(int source, int target, Color ¢) Xpwpatilel v akun (source,
target) pe To Xpwua C.

public boolean isEmbedded() Emiotpépel false 1} true avaioya pe tov av to ypd-
ENUA ElVAL ELPUTEVUEVO 1] OXL.

public void moveEdges(List<int[]> edgelndex, int toPage) Metakivel pia Alota ox-
Hwv , Vv edgelndex otnv oeAida pe deiktn toPage.
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public void moveEdge(int[] e, int toPage) Metakivel TV akun e otnv oeAida toPage.

public void moveNodes(List<Integer>nodelndex, intdistindex) AAAG&leLtn Oéom TV
KOUBwV Tov avikovv ot Alota nodelndex, o aképaiog distindex SnAwvel kata TOCO
gxouv petakivnOel ot kopfol

public void reverseEdges(int node) AVTIOTPEPEL TIG TTPOG TA TIOW AKUES TTOV TIPO-
OTILTITOV 1] £X0VV a@eTnpia Tov node.
3.6 bee.layout

[Mephapfavel TIG KAGOELS OL OTIOLEG €lval APUOSLEG Yl TIG LOPQOTION|OELS TWV
ypaenudtwv. [To cuykekplpéva tepléxel v kAdomn MyLayouter.
3.6.1 public class MySimpleLayouter

extends HierarchicLayouter
Media int pages

double minimalNodeDistance

double offset

double width

double height
double size

public MySimpleLayouter(double offset, double width, double height) Kateokevalet
évav MySimpleLayouter kat apyikototel Ta media Tou pe TIg SwhEV TS,

public MySimpleLayouter() Kateokevalel evav MySimpleLayouter kot 6tel Tig a-
papetpoug offset=100, width=1250 kat height=250.

public int getNumberOfPages() Emiotpépel Tig pages.
public double getOffset() Emiotpé@el To offset.
public double getHeight() Emiotpépel Tnv minimalNodeDistance.

public boolean canLayoutCore(LayoutGraph graph) Emiotpégelmavtatrue (override
ato tnv HierarchicLayouter) .
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40 Ke@dalawo 3. YAomoinon

public void setOrientationLayouterEnabled(boolean enabled) Emiotpépeitmavta false
(override amo v HierarchicLayouter).

public Graph2D doLayoutCore(Graph2D graph) E@appdlel tn pop@omoinomn tov ep-
(PUTEVUEVOV YPAENLXTOG 0TO graph.

public void setArcEdge(Graph2D graph) Xpwpartilel Ti¢ akuég Tuxaio KAveL TIG akK-
Hég Toga (av xperaletal) kot kabopilel v aktiva Tovug.

3.7 bee.io

[Makéto mov meplAapufdvel KAAOELS 0L OTIOLEG lval apUOSLIES Yl TIG AELTOVPYLES
€0060v-eE080v (input-output operations).

3.7.1 public class BEIOhandler

public static void writeToFile(String filleName,EmbeddedGraph emG) Aéystatéva ep-
@vutevpévo ypaenua (EmbeddedGraph ) kat ypd@el ta otolyela Tov o€ Eva apyeio
ue ovopa fileName.

public static EmbeddedGraph readFromFile(String fileName) Awafa&leL éva epuTeL-
uévo ypaenua (EmbeddedGraph ) amo eva apyeio pe dvopa fileName.

3.8 bee.demo

3.8.1 public class Main

public static void main(String[] args) KAdomn vmevbuvn yla Vv ekkivion g e@ap-
noyns.

3.8.2 public interface Changeable

M£60801
void undo() Avaipet TNV aAAayn.
voidredo() Emava@épet v aAdayn).

3.8.3 public class NodeMoveChange

implements Changeable
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Media String actionCommand
List<Integer> nodelndex
List<Integer> endNodelndex
int distIndex
LVControler controler

public NodeMoveChange(List<Integer> nodelndex, int distindex,
List<Integer> endNodelndex,LVControler controler) Kataokevdlelévav NodeMoveChange
KOl TO QPXLKOTIOLEL

public void undo() EkteAel To undo.

public void redo() ExteAel to redo.

public String toString() Ep@avilel To amotéAeopa ¢ ekTéAeong Tov undo, redo -
Aadn "Moving Nodes” .

3.8.4 public class EdgeMoveChange
implements Changeable

Media  String actionCommand
List<Integer> edgelndex
int toPage

int[] fromPage
LVControler controler

public EdgeMoveChange(List<int []> edgelndex, int toPage, int[] fromPage, LVControler
controler) Kataokevdalel évav EdgeMoveChange kat to apyikoTolet.

public void undo() ExteAel To undo.

public void redo() EkteAel to redo.

public String toString() Eu@avilel To amotéAeopa g ektéAeons Tov undo, redo 61-
Aadn) "Coloring edges” .
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3.8.5 public class ChangeManager

Media private Node currentindex
private Node parentNode O Ttatépag TOL aploTEPOL KOUBOV.

public void clear() Mé60do¢ mov kabBapilel 6Aa Ta avtikeipeva TuTouv Changable
tov ChangeManager.

public void addChangeable(Changeable changeable) IIpocBétel éva avtikelpevo TU-
1tov Changable otov ChangeManager.

public boolean canUndo() Amo@aocilel av umopel va ekteAeatel 1 evtoAn undo.
public boolean canRedo() Amo@acilel av umopel va ekteAeotel  evtoAn redo.
public void undo() ExteAel To undo kaAwvtag v moveLeft().

private void moveLeft() MaTtakivel Tov Selkn ™G AloTag pia O€om aplotepd.
private void moveRight() Moatakivel Tov deiktn TG Alotag pia 6€omn Se€ia.

public void redo() EkteAel to redo otov TpEYwV Selk.

publicvoid print() EXTUTWOVELTO ETOUEVO GTOLXELO TTOV PUTTOPOVUE VA K&vou e undo.

private class Node EowTtepikn kAdon mov e@appolel v SIMAG ocuvdedepévn Alota
N omola gtvatn ovpd ov amoBnkevovtal ta Changeables avtikeipeva.

3.8.6 public class MainControler

KAdon appédia yia tov cuvtoviopd petadv tov Gui kot touv LVControler.
Media private BeeGui gui

private LVControler lvcontroler

private ChangeManager changeManager

public MainControler() Kataokevalel évav véo MainControler pe keva media.

public ChangeManager getChangeManager() Emotpé@el tov ChangeManager.
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public void setGui(BeeGui gui) Apyikotmolel Tnv ovvdeon tov Gui pe tov LVControler.

private void createLVControler(List<JPanel> guiPanels, Graph2D intGraph) Anpiovp-
yet évav LVControler kat tov apyikomotel pe ta media guiPanels kat intGraph.

private void setLvcontroler(LVControler lvcontroler) ©&tel tnv Tiun lvcontroler oto
medlo lvcontroler touv MainControler.

public void open(Graph2D inputGraph) EkteAel TG amapaitnTeg evéPYELEG ETOLWOTE
va pmopet va avoigel éva katvouplo apxeio pe katdAnén “.gml” oto BeeGui.

public void openEmbedded(String name) EkTeAel TI§ amapaitnTeS EVEPYELEG £TOL
WOoTE va umopel va avoiel éva katvouplo apxelo pe katdAnén “be” oto BeeGui.

public void openEmbedded(EmbeddedGraph embeddedGraph) Extelel Tig amapal-
TNTEG EVEPYELEG £TOL WOTE Vo PTtopel va avoiéel éva to embeddedGraph kot va epgpa-
VIOTEL 6TNV KEVTPLKT] 0006V.

public Graph2D getBEGraph() Emiotpé@elto epputevpévo ypagnua tomov Graph2D.

public void saveEmbeddedGraph(String fileName) AmoOnKeVELTO ELPUTEVUEVO YPA-
@Nua pe to ovopa fileName.

public void createLayoutView(Graph2DView graph2dview, int numPages) KaAel
uébodo createLayoutView tov lvcontroler pe opiopata graph2dview, numPages.

public void fitContent() KoAel T pebodo fitContent tov lvcontroler.

public void showPage(JPanel panel, int index, int page) KoAel ™) nébodo showPage
Tov lvcontroler.

public void hidePage(JPanel panel, intindex) KoaAeit pébodo hidePage tov lvcontroler.

public void updateCrossings() Zntdel amo tov lvcontroler va pdBet tov aptbuod twv
Crossings Kol EVILEPWVEL TO gui [e Ta vEx Sedopéva.

public void heuristic() KaAet T pé6odo heuristic tov lvcontroler.
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public void redo() Evnuepwvel Tov changeManager va redo kat evijuepwVEL To gui
av 8ev pmopel va Eavakavel redo.

public void undo() Evnpuepwvel tov changeManager va undo kat evnpuepwvel To gui
av 8ev umopel va {avakavel undo.

public void enableUndo() KoaAei ™ pébodo enableUndo oto gui.

3.8.7 public class LVControler

KAdon vmevbuvn yla v cwoth AetTovpyla Kol eMKOWV®WVIK Twv 3 TTAVEL 01N
Sella mAevpd TG 000V G IOV EPPAVIETUL 0€ SLAPOPETIKEG OYELG TO ELPUTEVHEVO
Ypapnpa.

Media EmbeddedGraph embeddedGraph
List<MyGraph2DView> layviewlist
int pages
MainControler mainControler
Crossings crossinghecker

M£008oL

public LVControler(List<JPanel> panels, Graph2D intGraph) Kataokevdalet Evav véo
IVControler pe opiopata ta panels Tavw ota omola B UTIEL TO EPPUTEVUEVO YPQ-
EMUO KAL TO YPAPMUA oTT0 TO oTolo TpokVTTEL intGraph.

public void open(Graph2D intGraph) Kd&Be @opd mov avolyel éva katvouplo ypa-
enua kabapilel Ta panels

public void createLayoutView(Graph2DView graph2dview, int numPages) Anuiovp-
yel v pop@omoinor tov graph2dview £€toL wote va eivat ep@utevpévo oe numPages
oeAideg.

public void fitContent() Kevtpdpel 1o ep@uTELUEVO YPAEN UK OE KAOE TTAVEA.

public void moveEdges(List<int []> edgelndex, int toPage) EiSomolel kaBe otolxelo
™¢ layviewlist kat Tov embeddedGraph va aAAGEouv ceAlda OTIG AKUEG TIOU TIEPLE-
xovtal otn Alota edgelndex.
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public void moveNodes(List<Integer> nodelndex, intdistindex) EiSomolei kdbe otol-
xeto ¢ layviewlist kat tov embeddedGraph va aAAd&ouv ) B€om Tavw ot paxn
0TOUG KOpBovug TTov TteplExovtal ot Alota nodelndex.

public void hidePage(JPanel panel, int index) KpUBel v akun pe Seiktn index amo
TO TAveEA panel.

public void showPage(JPanel panel, int index, int page) Ep@oavilel tn oeAida pe Sel-
KT index oto maveA panel.

public List<MyGraph2DView> getLayviewlist() Emiotpé@el T AloTta TTOL TEPLEXEL
TIG OPELg TwV 3 TAVEA.

publicvoid createCrossings() Anpovpyet éva avtikeipevo g kAdong Crossings mov
Ba voAoyileL Tov aplOUO TWV SLAKCTAVPWOEWV.

public Map updateCrossings() Emiotpé@el éva Map mou avtiotolyilel TiG 6eAISeG pe
TOV apLOUd TWV SLACTAVPWOEWY TIOV VTTAPYOVV GE QUTH.

public void setZoom(double zoom, Point2D p) [Ipocappolel To zoom Aapfavovtag
VTIOYLV TO ZOOM TOV TIOVTIKLOU KL TO OTIELO p 6TO 0Ttolo BEAOVIE VA KEVTPAPLOTOVV
T QVTIKELpEVA TOU KapPa.

public void informMainControler() KaAeitn uébodo updateCrossings() mov mapéyet
o MainControler.

public void setMainControler(MainControler mainControler) Ilpocaptd tov
mainControler.

public void addChangeable(Changeable change) IIpocBétel éva avtikelpevo TOTOL
Changeable otov ChangeManager péow tov mainControler.

public Graph2D getBEGraph() Emiotpé@el To gppuTeLPEVO Ypa@N Q.

public void load(EmbeddedGraph embeddedGraph, Graph2D graphView) Aaufdavel
éva avtikeipevo Tumov EmbeddedGraph, to kdvel TOmov Graph2D kot to epgavilel
oTtnv 066vn Tov xpnot.
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46 Ke@dalawo 3. YAomoinon

3.9 wrapper

3.9.1 public class BEWrapper

public static Graph2D createGraph2DFromEmbeddedGraph(EmbeddedGraph graph)
Agyetal o avtikeipevo Tumov EmbeddedGraph graph kat to petatpémnel o€ avtikel-
nevo Tumov Graph2D.
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H E@appoyn Bee

ZT0 TTapwVv KEQAAALO Bt KAVOULE [l TIapovsiaot Twv SuvatoTTwy Tov Bee.

4.1 Avowypa lFpa@nuatog EmAoyég kat Enegepyaoia

EmiAéyovtag Siadoyika File — Open (1) pe xpnion touv koptmiov Open otnyv gpya-
ALoONKN pag) Umopovpe va avolouvpe éva véo ypa@nua pe katainén ".gml” 1 "be”
(oto €816 B To amokaAoVpE apxkd Ypapnua). To apxiko ypaenua Ba ep@aviotel
o€ éva JPanel oty mavw aploteptn) Ywvia Touv Tapabvpou pe TV TPEXOVCA LOPPN
TOV, XWPIG VX VTTOOTEL TNV TTAPAULKPT) TPOTIOTIOMOT).

AkpIB®OG KATW ATTO TO APXLKO YPAPNUA VTIAPXEL LLA EPYAAELOON KT ATIOKAELOTIKA
vy TV enegepyacia tov. H epyaietobnxn meptdapfavet:

i. To pevov Edit
ii. To pevov Tools
iii. To pevov Layout

To pevov Edit mepilappavetl v emroyn Edit Mode, ) omola avoiyet otnv 0006vn
HOG Eva SEVTEPO TTAPABLPO, IOV TIEPLEXEL TO APXLKO YPAPT LA KL Lot EPYUAELOONKN
(BA. Ewcéva . 1)). H epyaetodrikn mapéxet ta koupmid Save , Fit Content kat Delete.
MTmopoUpe va SNULOVPYT)COVE VEEG KOPUPES KAl AKUES, va Staypdoupe TIg 6N
UTIAPYOVOES, Va KevTpapoupe To Ypaenua (Fit Content) kot va amobnkeVoovpe Tig
aAday€g. OL vEEG KOPLPES Ba £X0UV SLAPOPETIKO OXNHAX £TOL WOTE VA avTIAAuBavo-
HOOTE TIG AAQYEG IOV EXOVE KAVEL TEAOG, pmopove va eTAEEOVE av BEAOVE VO
OWOOVE TIG AAAAYEG TIOU EXOVUE KAVEL 0TO YpA@NUA. META TNV amodnkevomn ep@a-
viletal éva pnvupa otnv 000V Tou Xp1oTH IOV TOV PWTAEL AV EMOVUEL va avoiEel
TO EMEEEPYATUEVO YPAPNUA GTNV BE€0T TOVL ApXLIKOV YPAPTLATOG.

To pevov Tools ephapfdvel v emidoyn Analyze. EmiAéyovtag ty, o€ éva ma-
VEA KATW amd TV epyaAreloBKn Ba ep@avioTel plo kapTteAa pe TitAo Graph Analysis
N ool TEPAAUPBAVEL Evay TIVAKA LE TIG TIANPO@OPLEG TOV apYLKOU YPAPTLATOG, ZU-
YKEKPLUEVQ, B ELPaVITELTOV APLOUO TWV KOPLQ®V KALTWV AKIOV TOVU YPAPTLATOG,

47



48 Ke@alawo 4. H E@appoyn Bee

Cyanl | |k [T reen) it cray [ ool rea] | | orange [T crav I Toark ]

B _0C 8 Lol iles B |

Ewova 4.1: lTapdBupo enetepyaoiog (Edit Mode) Tou apytkov ypa@nuatog.

av elval ouvdedepévo, SLoVVEKTIKO Kal emimedo. EMmA£oy, av To apyikd ypaenua
Hag Sev elvatl ouVSESENEVO, KABE GUVEKTIKI) CUVIOTWON XPWHATI(ETAL HE Slapope-
TKO xpwpa (BA. Exkéva ).

To pevou Layout mepilapfavet tig emdoyég Circular, Organic kat Orthogonal.
Mmopovpe va aAAAEOVE TN LOPYOTIOMOT TOU apXLkoU YPAPNUATOG SLIAAEYOoVTAG
Kdmola atd TiS Tpets emroyé (BA. Ewcova f.3).

Noa onuelwBel 6TL §ev pmopoVE Vo TELPAEOVE TITIOTA GTO APXLKO YPA@NUA: oV
EMOVUOVLE, UTIOPOVE VO TO eMEEEPYATTOVE €lte TTatwvTAG To Kovumi Edit View
OTNV KEVIPLIKY epyaielobnkn eite emAéyovtag Edit — Edit Mode.

4.2 Anuovpyia tov Ep@utevpévov pagnuatog kat Ens€epya-
ola

MmopoUpe va Snoupynoov e pila epgutevom tov ypagnuatos (book embedding
of the graph) emiAéyovtag View — Create Book Embedding site katevBeiav and
TNV EPYAAELOONKN ETMAEYOVTAG TV AVTIOTOLXT) GLVTOUEVOT. Oa avoiel oty 006V
évav TapaBupo SLlaAdyov INTwvTag amod To XpNo va eMAEEEL Tov aeAidaptBuo : 6¢-
xetal pexpt 10 oeAideg kat exel wg default emAoyn to 2 (BA. Ekova ). Epboov
EMAEEOVE TIG 0eAiBeg otV Se€Ld TAELP A Tou TTapaBUpov Ba avoiouvv Tpla TTaveA
Ta ool O TiepLExoLV To epuTELHEVO Ypdnpa (BA. Ewcdva f.4ii).

Kd&Be maved Stabétel 2 pmdpeg e KOUUTILA TTAVW KAl KATW, TA 0TIola SnAwvouy
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4.2 Anpuovpyia tov Epg@urevpévou Fpagnpatog kat Ens€spyacia 49
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Ewova 4.2: AvédAuon Tou apytkol Ypa@NUaTog.

TIG evepYEG 0eAiSeg o KABE pia atmd Tig Tpelg TPpofoAEG (Views): otV TAvw TpoBoAn
OAeG 0L 0EALSEG ElVaL TIAVTA EVEPYEG, EVW OTIG AAAEG §U0 TTPOLOAES apy LKA lval evep-
Y£G uévo n mpwTn kat 1 §euTePN oeAlSa avtioTolya. Ol UTTAPES PG EMITPETOVV VU
emAEEoupe Toleg BéAovpe va BAEToVE o€ KABE TTpofOAT) EMIAEYOVTAG T arvTioTOLXA
kovpmia. H avw paBdog mepldapfavel ta xpwpata-ceAideg mov BEAovE va e avi-
oTOVV TIAVW ATO TN PdyN, KAL AvTIoTOLXa 1] KATW pABSog Ta XpOUATA-GEAISES TTOV
BéAovE va ELPAVIOTOVV KATW OO TN PAXT.

ETiAéyovtag pia axpn Hmopoupe, Kavovtag Se&l KALK TTavw G, v aAAGEOVUE TO
XPWHA TNG EVW OL TPOBOAEG EVIIULEPWVOVTAL AVTOHATA YL TIG XAAYEG. ‘OpoLa pumo-
POUUE VX 0AAGEOVE TO XPWHA TIEPLOCOTEPWY TWV MO AKUWV ETUAEYOVTAG TESG Kol
KAvovTag Se&l KALK 0€ o oaTtd AU TES.

2116 TPoB0AEG IOV ATIELKOVI{OUV TO EUPUTEVUEVO YPAPT LA, 1) KIVIOT) TWV AKUOV
Sev emITPEMETAL EVW 1 Kivnon TwVv kKOpBwv elvat TpokaBoplopévn: ol kool kata-
AapBdavouv Slakpltég BEoelg Tavw ot paxm. Kabe @opd mov petakivoue KATOLOV
TO MPOYPAUPa O TOV TOTOOETIOEL GTNV KOVTIVOTEPN Suvath Stakpltn B€om evw pe
TO TEPAG TNG EVEPYELAG 1] AAAQYT] B TIEPATEL KL OTLG UTIOAOLTIEG TIPOBOAEC.

ZT0 KATW aplotepd TaveA ep@avietal o aplOpds Twv SIHOTAVPWOEWY TWV oK-
LWV, OL OTIOLEG AVAVEWVOVTUL 0€ KABE peTAKIVION VOGS KOUBOL 1] 08 aAAayn Xpwua-
106 K&Towag akpic (BA. Ewcdva f.5).

Me tnv emidoyn File — Save Book Embeddings amoBnkevovpe to epputevpévo
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50 Ke@aiawo 4. H E@appoyn Bee
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Ewova 4.3: AAayn tov layout tou apytkoV ypa@nuatog o€ circular.
YPA@N X IOV EXOVE EMECEPYATTEL

4.3 Evpetikoi M€0oSoL

EvSektikd exovpe pa evpetikn pEBodo, tnv Heuristics n omola pewwvet tov aptbpod
TWV SLAoTAVPWOEWY XAAGLOVTAG OEALSO O AKUEG TIOV £XOVV TIG TIEPLOCOTEPES Sla-
OTAVPWOELS. APOoV VTTOAOYIOEL TO VEO YPA@PN LA TO ELPVIleEL TNV 000VN TOL XPN|OTN

(BA. Eucova B.6).
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Ewova 4.4:

(i)

Anpovpyla piag epgitevong Tou apykol ypagnuatos (a) KaBopiopndg manboug oeii-
Swv kat (b) Anpovpyia Kat eL@AvVIOT TNG ELPVTEVGNG TOV APXLKOV YPAPNUATOG.
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52 Ke@aiawo 4. H E@appoyn] Bee
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Ewkova 4.5: Amieikovion evog apxkol ypa@niuatos (Tavw aplotepd), TPl TTpoPorés TG ep@UTeL-
ongoe BipAlo (8€€Ld) kot TANpoopies yla Tov aplBpd Stactavp®oewy ava oeAida (kdTw
apLoTEPA).
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Ewkova 4.6: Epgavion Tou ypag@ipatog Kot TG ELQUTEVOTG LETE TNV EKTEAEOT] TNG EVPETIKNG PeBO-
Sov.
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Tuunepaocpata kat MeAdovtikég Emekta-
AT

Science never solves a problem without creating ten more.

George Bernard Shaw

Tupunepdopata  ZUUTEPACUATIKA 1) EQAPUOYT MG EKTEAEL TIG fAOIKEG AeLTOUPYiES
Yl TIG OTIOLEG OXESLAOTNKE KAL LKAVOTIOLEL TNV GUVOTKN TNG avesapTnolag TV omola
BaAape. MTapdAAnAa SlaBETeL Eva eXpNOTO Kol OIALKO TIEPLBAAAOV pE SuVATOTNTES
EMEKTAOTG TNG AELTOVPYIKOTNTAG TNG UE TNV TPOOONKN aAyopiBuwy, aAA& KoL TV
SuVaATOTNTA TAN|POVG EVIHEPWONG KAl avaaBuLong Tov ypa@ikov meplBdAAovTog,
av oTé BewpnBel emBLUNTO, XWPIG va aAAGEoVY Ta BACIKE CUCTATIKA TNG.

QG HELOVEKTNUA, B XPEWVALE TNV ATIOVCLO ATTOSOTIKWV EVPETIKWV AAyopiBpwv.

MeAdovtikég Enektdoeig Ol Suvatotnteg o poo@EpeL To Bee pmopovv va eme-
KTaBolv yla va §teuplvouv TN XpNOLLOTTA TOV.

Apxka, Ba mpémel va tpooteBovv adyoplBpol, oL oTolol, 6TV MEPITTWON OV TO
ypdoenua etval emtimedo, Ba To {wypa@ilovv xwpls StaoTavpwoelg kat B VAoToLOVV
ToV aAyopLOpo tov I'avvakakn yio v epgutevon o€ BIBAL, evw, 0TV TepimTwon
Tov Sev elval emimedo, Ba VAOTIOLOUV €VPETIKEG HEBOBOUG Yl TNV EAXXLOTOTIOM O
TOU apLlOOV TWV SLACTAVPWOEWV.
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Ke@alawo 5. Tvpnepacpata kat MeAlovtikég Emektdoseig
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Mapaptnua: Kodikac t™c E@appoyi)c Bee

package bee.view;

import java.awt.BorderLayout;

import java.awt. Color;

import java.awt.Component;

import java.awt.ComponentOrientation;
import java.awt.Dimension;

import java.awt.Font;

import java.awt. Graphics;

import java.awt.Graphics2D;

import java.awt.GridBagConstraints;
import java.awt.GridBagLayout;
import java.awt.GridBagLayoutlnfo;
import java.awt.Insets;

import java.awt.SystemColor;

import java.awt. ToolKkit;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.KeyEvent;
import java.io.lIOException;

import java.util.ArraylList;

import java.util.Arrays;

import java.util .HashMap;

import java.util.LinkedList;

import java.util .Map;

import javax.swing.AbstractAction;
import javax.swing.BorderFactory;
import javax.swing.BoxLayout;
import javax.swing.CellRendererPane;
import javax.swing.GroupLayout. Alignment;
import javax.swing.Imagelcon;
import javax.swing.]Button;

import javax.swing.]CheckBox;
import javax.swing.]DesktopPane;
import javax.swing.]JFileChooser;
import javax.swing.]JFrame;

import javax.swing.]JLabel;
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56 Ke@diawo 6. Mapaptnpa: Kodwkag tng E@appoyng Bee

import javax.swing.]Menu;

import javax.swing.]MenuBar;

import javax.swing.]Menultem;

import javax.swing.]OptionPane;

import javax.swing.]Panel;

import javax.swing.]JScrollPane;

import javax.swing.]TabbedPane;

import javax.swing.]Table;

import javax.swing.]ToolBar;

import javax.swing.KeyStroke;

import javax.swing.ScrollPaneConstants;
import javax.swing.SwingConstants;
import javax.swing.SwingUtilities;
import javax.swing.UIManager;

import javax.swing.border.BevelBorder;
import javax.swing.border.CompoundBorder;
import javax.swing.border.EmptyBorder;
import javax.swing.border.LineBorder;
import javax.swing.table.DefaultTableCellRenderer;
import javax.swing.table.DefaultTableModel;
import javax.swing.table.TableColumn;
import y.algo.GraphChecker;

import y.algo.GraphConnectivity;

import y.view.LineType;

import y.base.EdgeCursor;
import y.base.Graph;
import y.base.Node;
import y.base.NodeCursor;
import y.base.NodelList;
import y.base.YList;
import y.io.GMLIOHandler;
import y.layout.circular. CircularLayouter;
import y.layout.organic.OrganicLayouter;
import y.layout.orthogonal.OrthogonalLayouter;
import y.layout.planar.DrawingEmbedder;
import y.layout.planar.Face;
import y.layout.planar.PlanarInformation;
import y.option.OptionHandler;
import y. util .D;
import y.view.EdgeRealizer;
import y.view.EditMode;
import y.view.Graph2D;
import y.view.Graph2DSelectionEvent;
import y.view.Graph2DSelectionListener;
import y.view.Graph2DView;
import y.view.Graph2DViewMouseWheelZoomListener;
y
y

import y.view.NodeRealizer;
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import y.view.PolyLineEdgeRealizer;

import bee.demo.MainControler;

import bee.option.EdgePropertyHandler;
import bee.option.MyEditModeConstraint;
import bee.option.MyEditModeLooseConstraint;
import bee.option.options. Utilities;

public class BeeGui extends ]Frame {

private static final long serialVersionUID = 1L;

protected Graph2DView viewOriginal;

private Map<Node, Integer >conNodeMap =new HashMap<Node, Integer >();
private LinkedList<Graph2D> graphList= new LinkedList<Graph2D> ();
private ArraylList<]JPanel> lvPanels;

private MainControler mainControler;

private JTabbedPane infoPane;

private JPanel crossingspanel;

private JMenultem undo;

private JMenultem redo;

/**

* Create the frame.
*/

public BeeGui() {
initGui ();

Y//constr

/**

* SETUP CONTROLER

*/

public void setMainControler(MainControler contr)

{

this . mainControler=contr;

private void initGui (){
this.setlconlmage (Toolkit. getDefaultToolkit (). getlmage (BeeGui.class.getResource(
"/javaguiresources /250px—Petersen_double_cover.svg.png”)));
this.setForeground (Color.PINK);
this.setTitle ("Bee,1.0”);
this.setFont(Utilities .CUSTOM_FONT);
this .setBounds (0, 0, 1300, 602);
this . buildMainMenu ();
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Ke@diawo 6. Mapaptnpa: Kodwkag tng E@appoyng Bee

JPanel contentPane = new JPanel ();
contentPane.setBorder (new EmptyBorder(5, 5, 5, 5));
this.setContentPane (contentPane);

GridBagLayout gbl_contentPane = new GridBagLayout();
gbl_contentPane.columnWidths = new int[]{0, 0, 0};
gbl_contentPane.rowHeights = new int[]{0, 0, 0};

gbl_contentPane.columnWeights = new double[]{1.0, 0.0, Double.MIN_VALUE};

gbl_contentPane.rowWeights = new double[]{0.0, 1.0,

contentPane.setLayout(gbl_contentPane);

this.buildToolBars (contentPane);

JScrollPane scrollPane = new JScrollPane ();

scrollPane.setVerticalScrollBarPolicy (
ScrollPaneConstants . VERTICAL_SCROLLBAR_ALWAYS);

scrollPane.setHorizontalScrollBarPolicy (

Double . MIN_VALUE };

ScrollPaneConstants . HORIZONTAL_SCROLLBAR_AS_NEEDED );
GridBagConstraints gbc_scrollPane = new GridBagConstraints ();

gbc_scrollPane.insets = new Insets (0, 0, 0, 5);
gbc_scrollPane. fill = GridBagConstraints.BOTH;
0;

1;

getContentPane ().add(scrollPane, gbc_scrollPane);

gbc_scrollPane . gridx

gbc_scrollPane. gridy

final Dimension d= new Dimension (2000,1150);
scrollPane.setPreferredSize( d );

scrollPane. setMinimumSize (new Dimension(1200,500));
scrollPane .setMaximumSize (new Dimension(2000,1150));
JDesktopPane desktopPane = new JDesktopPane ();
desktopPane.setBackground (new Color (245, 245, 220));
desktopPane.setSize (new Dimension(1250,300));
desktopPane.setVisible (true);
desktopPane.setPreferredSize( d );

desktopPane. setMinimumSize (new Dimension(1200,500));

desktopPane.setMaximumSize (new Dimension(2000,1150));

GridBagConstraints gbc_desktopPane = new GridBagConstraints ();

gbc_desktopPane.insets = new Insets (0, 0, 0, 5);
gbc_desktopPane. fill = GridBagConstraints.BOTH;
0;

1;

scrollPane .add(desktopPane, gbc_desktopPane);

gbc_desktopPane. gridx

gbc_desktopPane. gridy

scrollPane .setViewportView (desktopPane);
this . makeVieworiginal (desktopPane);

this . makeLayPanels (desktopPane);

this . makelnfoTabPane (desktopPane);
scrollPane.revalidate ();

scrollPane .updateUI ();

private void buildMainMenu (){
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JMenuBar menuBar = new JMenuBar ();
menuBar. setFont(Utilities . CUSTOM_FONT);
menuBar. setBackground (UlManager. getColor (”MenuBar. background”));
setJMenuBar (menuBar);
JMenu mnFile = new JMenu(”File”);
mnFile.setMnemonic(KeyEvent.VK_F);
mnFile.setFont(Utilities .CUSTOM_FONT);
menuBar.add (mnFile);
JMenultem mntmOpen_1 = new ]JMenultem(”Open”);
mntmOpen_1.addActionListener (new OpenAction ());
mntmOpen_1. setlcon (new Imagelcon(BeeGui.class.getResource(
”/javaguiresources/11949984141591900034 fileopen .svg.med.png”)));
mnFile.add (mntmOpen_1);
mnFile.addSeparator ();
JMenultem mntmSaveBE = new JMenultem (”Save_ book_embedding”);
mntmSaveBE. addActionListener (new SaveBEAction () );
mntmSaveBE . setlcon (new Imagelcon(BeeGui.class.getResource(
"/javaguiresources/save.png”)));
mnFile.add (mntmSaveBE );
JMenultem mntmExit = new JMenultem(” Exit”);
mntmExit.addActionListener (new ActionListener () {
public void actionPerformed(ActionEvent e) {
System. exit (0);
}
1)
mnFile .add (mntmExit);
JMenu mnEditMenu = new JMenu(”Edit”);
mnEditMenu. setFont(Utilities .CUSTOM_FONT);
mnEditMenu . setMnemonic (KeyEvent.VK_ E); //alt +E
menuBar. add (mnEditMenu );
undo = new JMenultem (”Undo”);
undo. setlcon (new Imagelcon(BeeGui. class.getResource(
"/javaguiresources/Undo—icon.png”)));
disableUndo ();
undo.setAccelerator( KeyStroke.getKeyStroke( KeyEvent.VK_Z,
ActionEvent.CTRL_MASK));
undo.addActionListener (new UndoAction ());
mnEditMenu . add (undo);
redo = new JMenultem(”Redo”);
redo.setlcon (new Imagelcon(BeeGui.class.getResource(”/javaguiresources/redoo.png”)));
disableRedo ();
redo.addActionListener (new RedoAction() );
mnEditMenu.add (redo);
mnEditMenu. addSeparator ();
JMenu mnView = new |Menu(”View”);
mnView. setMnemonic (KeyEvent.VK_V);
mnView. setFont(Utilities .CUSTOM_FONT);
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menuBar.add (mnView ) ;

JMenultem mntmLaunchLayout = new JMenultem (” Create Book Embedding”);

mntmLaunchLayout.addActionListener (new CreateBEAction() );

mntmLaunchLayout. setlcon (new Imagelcon(BeeGui.class.getResource(
”/javaguiresources/layout. gif”)));

mnView.add (mntmLaunchLayout);

mnView.addSeparator ();

JMenultem mntmFitContent = new JMenultem (” Fit, Content”);

mntmFitContent. setlcon (new Imagelcon(BeeGui.class.getResource(
”/javaguiresources/FitContent. gif”)));

mntmFitContent.addActionListener (new FitContentAction ());

mnView.add (mntmFitContent);

JMenu mnTools = new JMenu(”Tools”);

mnTools.setMnemonic(KeyEvent.VK_T);

mnTools. setFont(Utilities .CUSTOM_FONT);

menuBar.add (mnTools);

JMenu mnAlgorithms= new |JMenu(”Algorithms”);

mnTools.add (mnAlgorithms);

JMenultem mntmHeuristics = new JMenultem(” Heuristics”);

mnAlgorithms.add (mntmHeuristics );

mntmHeuristics.addActionListener (new HeuristicAction ());

JMenu mnHelp = new JMenu(”Help”);

mnHelp. setFont( Utilities .CUSTOM_FONT);

JMenultem mntmHelp = new JMenultem (”Help”);

mnHelp . add (mntmHelp );

mntmHelp.addActionListener (new HelpAction ());

menuBar. add (mnHelp);

JMenu mnAbout = new JMenu(”About”);

mnAbout. setFont(Utilities .CUSTOM_FONT);

menuBar. add (mnAbout);

private void buildToolBars(JPanel container){
JToolBar toolBar = new JToolBar ();
toolBar.setBackground (SystemColor.menu);
GridBagConstraints gbc_toolBar = new GridBagConstraints ();
gbc_toolBar.insets = new Insets (0, 0, 5, 5);
gbc_toolBar. fill = GridBagConstraints.HORIZONTAL;

0;

0;

container.add(toolBar, gbc_toolBar);

gbc_toolBar. gridx

gbc_toolBar. gridy

JButton openButton = new ]JButton(new OpenAction ());

openButton.setToolTipText(”Open”);

openButton.setlcon (new Imagelcon(BeeGui. class.getResource (
”/javaguiresources/11949984141591900034 fileopen .svg.med.png”)));

toolBar.add (openButton);

JButton saveButton = new ]JButton(new SaveBEAction ());
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saveButton.setBackground (SystemColor.menu);
saveButton.setToolTipText(”Save_book_ embedding”);
saveButton.setlcon (new Imagelcon(BeeGui. class.getResource
"/javaguiresources/save.png”)));
toolBar.add(saveButton);
JButton layoutB = new JButton(””);
layoutB .setBackground (SystemColor.menu);
layoutB.setlcon (new Imagelcon(BeeGui.class.getResource(
"/javaguiresources/layout. gif”)));
layoutB.addActionListener (new CreateBEAction ());
toolBar.add(layoutB);
Y//toolbars

private void makeVieworiginal (JDesktopPane container){
JPanel mainViewPanel= new JPanel ();
mainViewPanel.setBounds (5, 5, 310, 310);
viewOriginal = new Graph2DView ();
viewOriginal . getCanvasComponent (). setBackground (new Color (253, 245, 230));
viewOriginal .setBounds (10, 10, 300, 300);
viewOriginal.setPreferredSize (new Dimension(300,300));
mainViewPanel.add(viewOriginal);
container .add(mainViewPanel);
viewOriginal.setVisible (true);
mainViewPanel.setVisible (true);
JMenuBar menuBar = new JMenuBar ();
menuBar. setBounds (5, 318, 130, 19);
container .add (menuBar);
JMenu mnEdit2 = new JMenu(”Edit”);
mnEdit2.setFont(Utilities .CUSTOM_FONT);
menuBar. add (mnEdit2);
JMenultem mnEditOpen2 = new JMenultem (”Edit Mode”);
mnEditOpen2.setFont( Utilities .CUSTOM_FONT);
mnEditOpen2.addActionListener (new EditModeAction ());
mnEdit2 .add (mnEditOpen2);
JMenu mnTools2 = new JMenu(”Tools”);
mnTools2.setFont( Utilities .CUSTOM_FONT);
menuBar.add (mnTools2);
JMenultem mntmAnalyze= new JMenultem (”Analyze”);
mntmAnalyze.addActionListener (new AnalysisAction ());
mnTools2.add (mntmAnalyze);
JMenu mnLayout = new JMenu(”Layout”);
mnLayout. setFont( Utilities .CUSTOM_FONT);
menuBar. add (mnLayout);
JMenultem mntmCircular= new JMenultem(” Circular”);
mntmCircular. setlcon (new Imagelcon(BeeGui.class.getResource(

”/javaguiresources/circular—layout. gif”)));

mntmCircular.addActionListener (new CircularLayoutAction ());
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mnLayout.add (mntmCircular);

JMenultem mntmOrganic= new JMenultem(” Organic”);

mntmOrganic. setlcon (new Imagelcon(BeeGui.class.getResource(
"/javaguiresources/organicLayout.png”)));

mntmOrganic.addActionListener (new OrganicLayoutAction ());

mnLayout.add (mntmOrganic);

JMenultem mntmOrthogonal= new ]JMenultem (”Orthogonal”);

mntmOrthogonal. setlcon (new Imagelcon(BeeGui. class.getResource(
"/javaguiresources/layout_orthogonal.jpg”)));

mntmOrthogonal . addActionListener (new OrthogonalLayoutAction ());

mnLayout.add (mntmOrthogonal );

private void makeLayPanels(]JDesktopPane container){

lvPanels=new ArrayList<]JPanel >();

int x=340;

int y=6;

int width=1250;

int height=350;

for(int i= 0; i<Utilities .INSTANCES;i++){

ToolBarsPanel laypanel= new ToolBarsPanel (i==0);

, height);
laypanel.setBorder( BorderFactory.createEtchedBorder ());
laypanel .setName(”laypanel—"+i);

laypanel.setBounds(x, y + height*i , width

lvPanels.add(laypanel);
container.add(laypanel);

private void makelnfoTabPane(]JDesktopPane container){
infoPane= new ]JTabbedPane(]JTabbedPane.TOP);
infoPane .setBounds (5, 348, 310, 310);
infoPane.setFont( Utilities .CUSTOM_FONT);
infoPane .setBackground (new Color(224,224,224));
container.add(infoPane);

private void createCrossingsPanel (){
crossingspanel = new JPanel ();
crossingspanel.setLayout(new BoxLayout(crossingspanel, BoxLayout.Y_AXIS));
crossingspanel.setBackground (Color.WHITE);
infoPane.addTab(” Crossings,Panel”,crossingspanel);
crossingspanel.setFont(Utilities .CUSTOM_FONT);
crossingspanel.setVisible (true);
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public ArrayList<]Panel> getLVPanels (){
return this.lvPanels;

public Graph2DView getViewOriginal () {
return viewOriginal;

public void setBarsActiveColors(int[][] activeColors)
{
for(int i=0;i<lvPanels.size ();i++)

{

((ToolBarsPanel)lvPanels.get(i)).setBarsActiveColors(activeColors[i]);

public void resetColorBars (){
for(int i=0;i<lvPanels.size ();i++){
((ToolBarsPanel)lvPanels.get(i)).resetToolBars ();

class HelpAction extends AbstractAction{
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent arg0) {
new HelpFrame ();
}
}//help

//OPEN ACTION
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public void load (Graph2D graph){
viewOriginal . getGraph2D (). clear ();
viewOriginal .setGraph2D (graph);
viewOriginal . fitContent ();
viewOriginal .updateView ();
}
public void openFile(String name){
if (name.endsWith(”.be”)){
this.mainControler.openEmbedded (name);
}
if (name.endsWith(”.gml”)){
GMLIOHandler ioh = new GMLIOHandler ();
try{
viewOriginal . getGraph2D (). clear ();
ioh.read(viewOriginal.getGraph2D () ,name);
viewOriginal.setVisible (true);
this. mainControler.open(viewOriginal.getGraph2D ());
} catch (IOException ioe){
D.show(ioe);

}

viewOriginal . fitContent ();
viewOriginal . getGraph2D (). updateViews ();
if (infoPane!=null)

infoPane.removeAll ();
createCrossingsPanel ();

class OpenAction extends AbstractAction{
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent arg0) {
JFileChooser chooser = new JFileChooser ();
if (chooser.showOpenDialog(BeeGui. this) == JFileChooser .APPROVE_OPTION ){
String name = chooser.getSelectedFile ().toString ();
openFile (name);

}
}//open

class SaveBEAction extends AbstractAction {
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent e) {
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JFileChooser chooser = new JFileChooser ();
if (chooser.showSaveDialog(BeeGui. this) == JFileChooser .APPROVE_OPTION ){
String name = chooser.getSelectedFile ().toString ();
if (name.endsWith(”.be”)){
try{
mainControler.saveEmbeddedGraph (name);
}catch (Exception exc){
exc.printStackTrace ();

}
if (name.endsWith(”.gml”)){
GMLIOHandler ioh = new GMLIOHandler ();
try{
Graph2D embeddedGraph = mainControler.getBEGraph ();
ioh.write (embeddedGraph,name);// Writes the contents of the
//given graph in GML format to a stream
}catch (IOException ioe){
D.show(ioe);
}
Y//end if

Y//end if
}Y//actionPerformed

Y//AbstractAction

class EditModeAction extends AbstractAction {
private static final long serialVersionUID = 1L;
public void actionPerformed(ActionEvent arg0) {
new EditView (viewOriginal ,(BeeGui)SwingUtilities.getWindowAncestor (

getContentPane ()));

class RedoAction extends AbstractAction {
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent e) {
mainControler.redo ();

}
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class UndoAction extends AbstractAction{
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent e) {
mainControler.undo ();

private void createLayoutView (Graph2DView graph2dview, int numPages){
mainControler.createLayoutView (graph2dview ,numPages);
}Y//createLayoutView

private OptionHandler createOptionHandler (){
OptionHandler op = new OptionHandler(”Options”);
op.addInt(”number,of pages”,2 );
return op;

}Y//createOptionHandler

class CreateBEAction extends AbstractAction {
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent e){
OptionHandler op = createOptionHandler ();
if( op != null) {
if( !op.showEditor () ){
return;
}
if ((op.getlint(”number,of pages”)<1)]||
(op.getlnt(”"number,of pages”)>Utilities .TOTAL_PAGES)){
JOptionPane.showMessageDialog(lvPanels.get(0),
"The number,of,pages,should belong, toyrange, ,[1,”+
Utilities .TOTAL_PAGES+"]",
"Forbidden!”,
JOptionPane . ERROR_MESSAGE ) ;
return;

}
int pages=op.getlnt(”number,of pages”);
createLayoutView (viewOriginal , pages);
}Y//action performed
}Y//launch
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//FIT CONTENT ACTION

class FitContentAction extends AbstractAction {
private static final long serialVersionUID = 1L;
public void actionPerformed(ActionEvent arg0) {
mainControler. fitContent ();

class HeuristicAction extends AbstractAction{
private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent arg0) {
mainControler. heuristic ();

public boolean planarityChecker(JPanel panel){
boolean planar= GraphChecker.isPlanar(viewOriginal.getGraph2D ());
return planar;

Y//graphchecker

public boolean graphBiconnected(JPanel panel){
boolean biconnected=GraphConnectivity.isBiconnected (viewOriginal.getGraph2D ());
return biconnected;

Y//graphBiconnected

public boolean graphConnected(JPanel panel){
boolean connected = GraphConnectivity.isConnected (viewOriginal.getGraph2D ());
if (! connected){
Graph2D g= (Graph2D)viewOriginal.getGraph2D ();
NodeList[] nodelist= GraphConnectivity.connectedComponents (
viewOriginal . getGraph2D ());
if (graphList!=null){
graphList.clear ();
}
for(int i=0;i<nodelist.length;i++){
NodeCursor nc= nodelist[i].nodes();
Graph2D graph= new Graph2D(g, nc);
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graphList.add(graph);
int k=Utilities .TOTAL_PAGES;
for(nc.toFirst ();nc.ok();nc.next()){
NodeRealizer nr =g.getRealizer (nc.node());
if (i<Utilities.TOTAL_PAGES){
nr.setFillColor (Utilities .COLORS[i]);
nr.setLineType (LineType.LINE_2);
nr.getLabel ().setFont(new Font(”Serif”, Font.BOLD, 18));
conNodeMap . put(nc.node (), i);
}
else{
Color randomColor= new Color ((int)(Math.random() * 0x1000000));
nr.setFillColor (randomColor.darker () );
nr.getLabel ().setTextColor (Color .WHITE); //???
conNodeMap. put(nc.node (), k);

k++;

}

viewOriginal .updateView ();
Y//isnt connected
return connected;
Y//graphconnected

public void functionality (){
EditMode editMode=new MyEditModeConstraint ();
viewOriginal .addViewMode (editMode );
viewOriginal . getCanvasComponent ().addMouseWheelListener (
new Graph2DViewMouseWheelZoomListener ());
final boolean firstTime =true;
viewOriginal . getGraph2D ().addGraph2DSelectionListener (
new Graph2DSelectionListener (){
@Override
public void onGraph2DSelectionEvent(Graph2DSelectionEvent event) {
if (event.isNodeSelection ()){
Node node=(Node)event.getSubject ();
if (conNodeMap!=null){
int i=conNodeMap. get(node);
Graph2D graph2d= graphList.get(i);
mainControler.openInGraph2DViews(graphList, firstTime );
Y/if
}//addGraph2DSelectionListener
}
1)
Y//functionality

class AnalysisAction extends AbstractAction{
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private static final long serialVersionUID = 1L;
public void actionPerformed (ActionEvent e){

}

Graph graph = viewOriginal.getGraph2D ();

int nodeCount = graph.nodeCount();

int edgeCount = graph.edgeCount();

JPanel panel = new JPanel ();

panel.setLayout(new BoxLayout(panel, BoxLayout.Y_AXIS));

panel.setBackground (Color .WHITE);

infoPane .addTab(”Graph,Analysis” ,panel);

infoPane.setFont(Utilities .CUSTOM_FONT);

JLabel label= new JLabel("Luu”);

panel.add(label);

boolean connected=graphConnected (panel);

boolean biconnected=graphBiconnected(panel);

boolean planar=planarityChecker (panel);

String[] columnProperties={"",""};

Object [][] data={{”Number, Of Nodes”,Integer.toString(nodeCount)},
{”Number,0f_ Edges” ,Integer.toString (edgeCount)},
{”"Connected” ,connected},{"”Biconnected” ,biconnected},
{”Planar” ,planar}};

JTable table = new ]JTable(data, columnProperties);

table.setShowVerticalLines (false);

table.setShowHorizontalLines (false );

LineBorder line= new LineBorder(new Color(153,153,255),1,true);

table.setBorder (BorderFactory.createTitledBorder(line));

table.setDefaultRenderer (Object.class, new ColorRenderer ());
table.setRowHeight(25);

TableColumn column = null;

for (int i = 0; i < 2; i++) {

column = table.getColumnModel ().getColumn(i);
column. setPreferredWidth (150);
column.setMinWidth (150);

column.setMaxWidth (150);

}

panel.add(table);

table.setVisible (true);

panel.updateUI ();

functionality ();

Y//AnalysisAction

class CircularLayoutAction extends AbstractAction{
private static final long serialVersionUID = 1L;
@Override
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public void actionPerformed(ActionEvent arg0) {
CircularLayouter cl = new CircularLayouter ();
if(viewOriginal.getGraph2D ()!=null){
cl.doLayout(viewOriginal.getGraph2D ());
viewOriginal . fitContent ();
viewOriginal .updateView ();

class OrganicLayoutAction extends AbstractAction {
private static final long serialVersionUID = 1L;
@Override
public void actionPerformed (ActionEvent e) {
OrganicLayouter ol = new OrganicLayouter ();
ol.setPreferredEdgeLength (40);
if (viewOriginal.getGraph2D ()!=null){
ol.doLayout(viewOriginal.getGraph2D ());
viewOriginal . fitContent ();
viewOriginal .updateView ();

class OrthogonalLayoutAction extends AbstractAction{
private static final long serialVersionUID = 1L;
@Override
public void actionPerformed (ActionEvent arg0) {
OrthogonalLayouter rl = new OrthogonalLayouter ();
if (viewOriginal.getGraph2D ()!=null){
rl.doLayout(viewOriginal.getGraph2D ());
viewOriginal . fitContent ();

viewOriginal . updateView ();

class ToolBarsPanel extends JPanel {
private static final long serialVersionUID = 1L;
private JToolBar upToolBar;
private JToolBar downToolBar;

boolean showAll;
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public ToolBarsPanel(boolean showAll) {
super (new BorderLayout ());
createToolBars ();
this.showAll=showAll;

public boolean isShowAll() {
return showAll;

public void setBarsActiveColors(int[] pagelndex){
for(int i=0;i<pagelndex.length;i++){

if (pagelndex[i]==Utilities .PAGE_UP){
((JCheckBox)this.upToolBar.getComponentAtindex(i)).setSelected (true);
((JCheckBox)this.downToolBar.getComponentAtindex(i)).setSelected (false);

}

else if(pagelndex[i]==Utilities .PAGE_ DOWN){
((JCheckBox)this.upToolBar.getComponentAtindex(i)).setSelected (false);
((JCheckBox)this.downToolBar. getComponentAtindex(i)).setSelected (true);

}

else{
((JCheckBox)this.upToolBar.getComponentAtindex(i)).setSelected (false);
((JCheckBox)this.downToolBar.getComponentAtindex(i)).setSelected (false);

public int[] getBarsActiveColors ()
{
int[] pagelndex=new int[Utilities.COLORS.length];
for(int i=0;i<pagelndex.length;i++){
if (((JCheckBox)this.upToolBar.getComponentAtindex(i)).isSelected ()){
pagelndex[i]=Utilities .PAGE_UP;
}
else if (((JCheckBox)this.downToolBar.getComponentAtindex(i)).isSelected ()){
pagelndex[i]=Utilities .PAGE_DOWN;
}
else{
pagelndex[i]=Utilities .PAGE_HIDE;

}

return pagelndex;

public void createToolBars (){
upToolBar= new ]JToolBar ();
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upToolBar.setComponentOrientation (ComponentOrientation . LEFT_TO_RIGHT);
upToolBar.setAlignmentX (Component. LEFT_ALIGNMENT );
this.add(upToolBar, BorderLayout.NORTH);
for(int j=0;j<Utilities .COLORS.length;j++){
final JCheckBox chckbxCol = new JCheckBox(Utilities.COLORNAMES[]j]);
chckbxCol.setName ("up—"+Utilities .COLOR_NAMES[j]);
upToolBar.add(chckbxCol);
chckbxCol.addActionListener (new ColorSelectionAction ());
chckbxCol.setSelected (false);
chckbxCol.setBorderPainted (true);
chckbxCol.setBorder (BorderFactory.createMatteBorder (
5,5, 5,5, Utilities.COLORS[j]));
}
downToolBar= new ]JToolBar ();
downToolBar.setComponentOrientation (ComponentOrientation.LEFT_TO_RIGHT);
downToolBar.setAlignmentX (Component. LEFT_ALIGNMENT);
this .add(downToolBar, BorderLayout.SOUTH);
for(int j=0;j<Utilities.COLORS.length;j++){
final JCheckBox chckbxCol = new JCheckBox(Utilities.COLOR_NAMES[]j]);
chckbxCol.setName (”"down—"+Utilities .COLOR NAMES[j]);
downToolBar.add (chckbxCol);
chckbxCol.addActionListener (new ColorSelectionAction ());
chckbxCol.setSelected (false);
chckbxCol.setBorderPainted (true);
chckbxCol.setBorder (BorderFactory.createMatteBorder (
5,5, 5,5, Utilities.COLORS[j]));

public void resetToolBars (){
int[] zeros=new int[Utilities .COLORS.length];
for(int i=0;i<zeros.length;i++)
zeros[i]=Utilities .PAGE_HIDE;
this.setBarsActiveColors(zeros);

class ColorSelectionAction implements ActionListener{
@Override
public void actionPerformed(ActionEvent e) {
JCheckBox checkbox=(JCheckBox) e.getSource();
JPanel panel=(JPanel) upToolBar.getParent();
int index;
int page=Utilities .PAGE_HIDE;
String colorname=checkbox.getName ();
if (checkbox.isSelected ()){
if (colorname.startsWith ("up”)){
index=upToolBar.getComponentindex(checkbox);
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((JCheckBox)downToolBar.getComponentAtindex(index)).setSelected (false);
page=Utilities .PAGE_UP;

}

else{
index=downToolBar. getComponentIndex (checkbox);
((JCheckBox)upToolBar.getComponentAtindex (index)).setSelected (false);
page=Utilities .PAGE_LDOWN;

}
mainControler.showPage(panel,index, page);
}
else{
if (showAll){
if (colorname. startsWith ("up”)){
index=upToolBar.getComponentindex(checkbox);
((JCheckBox)downToolBar. getComponentAtindex(index)).setSelected (true);
page=Utilities .PAGE_DOWN;
}
else{
index=downToolBar. getComponentindex(checkbox);
((JCheckBox)upToolBar.getComponentAtindex (index)).setSelected (true);
page=Utilities .PAGE_UP;
}
mainControler.showPage(panel ,index, page);
}
else{
if (colorname.startsWith ("up”)){
index=upToolBar.getComponentindex (checkbox);
}
else{
index=downToolBar. getComponentIndex (checkbox);
}
mainControler.hidePage (panel,index);
}
}
mainControler.updateCrossings ();
}
}
Y//class

public void upadateCrossinglnfoPane (Map<Color, Integer> crossingsMap) {
crossingspanel.removeAll ();
BorderLayout bl= new BorderLayout();
JLabel label = new JLabel (".u");
label.setFont(Utilities .CUSTOM_FONT);
label.setVerticalAlignment (SwingConstants.CENTER);
crossingspanel.add(label , bl .NORTH);
crossingspanel.setBackground (new Color(255,250,240));
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String[] columnProperties={",Color,”, "u#,Crossings”};
Object [][] data= new Object [ crossingsMap.size ()] [];
for(int i=0;i<crossingsMap.size ();i++){
Object [] dataltem = { Utilities .COLOR NAMES[i],
Integer.toString (crossingsMap.get(Utilities.COLORS[i]))};
data[i]=dataltem;
}
DefaultTableModel model = new DefaultTableModel(data, columnProperties);
JTable table = new ]JTable (model);
table.setShowVerticalLines (false);
table.setShowHorizontalLines (false );
table.setRowHeight(25);
table.setFont(Utilities .CUSTOM_FONT);
TableColumn column = null;
for (int i = 0; i < 2; i++) {
column = table.getColumnModel ().getColumn(i);
column. setPreferredWidth (100);
column.setMinWidth (100);
column.setMaxWidth (100);
}
table.setDefaultRenderer (Object.class, new ColorRenderer ());
crossingspanel.add(table , bl.LINE_START);
table.setVisible (true);
crossingspanel.updateUl ();
}Y//upadateCrossingInfoPane

public class ColorRenderer extends DefaultTableCellRenderer {
public Component getTableCellRendererComponent( JTable table, Object color,
boolean isSelected , boolean hasFocus, int row, int column) {
Component ¢ = super.getTableCellRendererComponent(
table, color, isSelected, hasFocus, row, column);
Object valueAt = table.getModel (). getValueAt(row, column);
String s = "”;
if (valueAt != null) {
s = valueAt.toString ();

}
Color colorBack = new Color(255,255,240);
if (s.equalslgnoreCase(”Cyan”)) {

c.setForeground (Color.cyan.darker ());
c.setBackground (colorBack);

}

else if(s.equalslignoreCase(”Pink”)) {
c.setForeground (Color.pink.darker ());
c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Green”)){
c.setForeground (Color.green.darker ());
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c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Black”)){
c.setForeground (Color.black.darker ());
c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Light,Gray”)){
c.setForeground (Color.lightGray.darker ());
c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Magenta”)){
c.setForeground (Color.magenta.darker ());
c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Red”)){
c.setForeground (Color.red.darker ());
c.setBackground (colorBack);

}

else if (s.equalsignoreCase(”Orange”)){
c.setForeground (Color.orange.darker ());
c.setBackground (colorBack);

}

else if(s.equalsignoreCase(”Gray”)){
Color col=Color.gray.darker ();
c.setForeground (Color.gray.darker ());
c.setBackground (colorBack);

}

else if(s.equalsignoreCase(”Dark,Gray”)){
c.setForeground (Color.darkGray.darker ());
c.setBackground (colorBack);

telse{
c.setForeground(Color.black);

c.setBackground (colorBack);

}

c.setFont(Utilities .CUSTOM_FONT);

return c;

}

}
//=======z===s=szs=ss==ss=sss=ssssss=sss=ssssss=ssssss=ss
// UNDO —REDO
//=======s=ssssssssssssmsmssssssssosssssossoosoooees

public void disableUndo () {
undo.setEnabled (false );
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public

redo.

public
undo

public
redo

Y//class

void disableRedo () {
setEnabled (false );

void enableUndo () {

.setEnabled (true);

void enableRedo () {

.setEnabled (true);
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