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Graphene £% FHH4g [E] /8 54 LA force-directed graph drawing JEELE R - BHIFEIELHY ST
A ZRM W AGAERRE A7 & 2 B g 45 5 » (R FMFFH biconnected component » block-cut tree
LEEmsS A E NG RETEA(L - EutHIE Y biconnected component S EAETHR: - EHTE
block-cut tree #EAY block » 323 Kl radial tree AT /&7 =l B (@ block » FFEH force-directed
graph drawing JHEE - BEIGRRAVA RS R - AT LUKV ARIE] block 7 [HIHIACH: » 15-2#:
FEAVEES -

Abstract

In this research, we design a user-friendly graph visualization software based on needs by graph
theory learners called Graphene. It not only assists graph drawing by providing results with high
readability but also allows us to import data from test inputs found in most competitive programming
problems. It also utilizes existing graph algorithms to improve and optimize drawing results of trees
and tree-like graphs. Additionally, we also added timeline feature, appearance customization, the
ability to adjust parameters and image export, etc., to help learners understand the workings of graph

algorithms. It also benefits algorithm educators by allowing them to make teaching material.

The graph visualization algorithm Graphene uses is based on the force-directed graph drawing
algorithm. However, the result heavily depends on the initial position of the vertices. Therefore, we
optimize the graph drawing result with graph structures like biconnected component and block-cut
tree. First, we find the biconnected components and articulations of the graph and construct the block-
cut tree based on the new block definition. Next, we position each block using radial tree layout. Last,
we apply the force-directed graph drawing algorithm to get the final graph drawing result. This way

we can significantly reduce crossovers with different blocks, thus improving the results.
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1. Force-directed Graph Drawing
—1EE A B SHEEEEE - B — R —(EE T W EEEES J fYR
Z ARG £(d) BIBEF T » 6 B —RB 0 R — (8085 - $EHERTENE TR/ N
fa(d)HIR51T] » HER AT A W82 RGN E) - R R -

Algorithm 1 Force-directed Graph Drawing (Kobourov, 2012)
: Input: graph G = (V, E)

: Output: the final position of each vertex

1
2
3: place each vertex randomly
4: fori=1toMdo

5

for all vertex v € V' do

- .
calculate the net force F applied on v

6
7: move v by 04?
8: end for

9

: end for

fr(d) T fa(d) ATLAFIRER B PR E REF CERIER » < f(d) < % :
Ja(d)ocd > WAL EAMHYESR - B4 Eades (1984) FEHHAY
d
fa(d) = c1log ()
C2

ROEE"

FEEMEE c1=2,c2=1,c3=1,¢4=0.1, M= 100 "ljmie KZHEP4EE -



2. Orthogonal layout
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3. Tree layout
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4. Layered graph drawing (hierarchical graph drawing )
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5. Circular layout
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6. Radial tree layout
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Layered Circular Radial tree

(&2, [T e s A A LA

(=) Biconnectivity
Hiy—rREmAmEE G SN AR —(EETR v (B5R v (¢E ERRR - G &5
S~ - ¥if# G K biconnected graph ; QISRFAEEEEAVETRE v o v BUTE R BHETERE
(articulation vertex, cut-vertex or cutpoint ) e
BAE G YR V' BYEH T[E (induced subgraph ) f& biconnected graph » H A~ {F
FEve V' imeE V' U BYEHFEE biconnected graph » 5ifE V' B G iY—1# biconnected

component °
Biconnectivity FHEEHHY—ESEEH AT -

1. P —(ERRETES v > EFAERIEETRS o, b > JWE o B b AVHERRE EMF v e
2. Wi{E biconnected component 2 %t F—¢fiEE - H 3% E1HBE R REETES
3. TFHERFERRLME 2 /DR biconnected component 1 > JERHEELLME TG —{E biconnected
component 1 o

TR B TP AR ERES > ATLAFIA Tarjan's algorithm ( Tarjan, 1972) : £[&_E3#E{T DFS >
AR —(EERE v SCERR EEE in(v) 1 low(v) » Bt in(v) ZHFHEEBGET > low(v) AlE v
TE BB DFS AERfl EAVEBE T AERE - FHCE A2 — 1k back edge HYIE T - REF
EEAVETES u T BN in(u) < low(v) BIETEITIAR > 1Y v BV — RS e 0 1F in(v) Al
PN B {E o B ME



1. W5 e EIBECETRE TGS - RIS RS -
2. Y05 e SEHEAE u HY back edge - HIIHL in(u)
3. W05 e BT FEIRL u AURHE - AIEL low(u) »
W —2K - BN ERAEES v - B FEAE (e TE8E v - JwiE low(u) = in(v) °
FEAHTE » ARENRL S 2 T8 Rt & e S (E R - (EARETRZ REETRA FR {24 L
HEH 2V ETETE -

Algorithm 2 Tarjan's Algorithm (Tarjan, 1972)
1: Input: graph G=(V, E)

2:  Qutput: biconnected component
3: index — 0

4. Stack < empty

5: for all vertex v € V' do

6: if in(v) is undefined then
7: BCC(v)

8: end if

9: end for

10: function BCC(v)

11: in(v) < low(v) «<— index
12: index++

13: Stack.push(v)
14: for all (v, u) € E do

15: if u is V's parent then

16: continue

17: end if

18: if u is visited then

19: low(v) <— min (low(v), in(u))
20: continue

21: end if

22: BCC(u)

23: low(v) «— min (low(v), low(u))
24: if low(u) >= in(v) then

25: repeat

26: t = Stack.pop()




27: add ¢ to current biconnected component

28: until 7 =u

29: add v to current biconnected component
30: output the current biconnected component
31: end if

32: end for

33: end function
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- RS | SIS RV EIRA SRR Y T Cul+ C o FEE ] LS T Cul +V (E4g[E] 1%
fh L e S8 B R DIERE LIS ChE RB R H B (EE A R R is =
A 1 AR AR TRE - 408 15 - J5{#5F Graphene sPag B iE (F R AR
WA AR PR AR H CEE A BRIV ] - BB T (5 - (CHARS L
Thee 7Ny TS ABZ R ) -
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[&l14. E FhFslEEER K s
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Command Prompt

Graphene

> MST_count.exe
4 4

o oE > 20h

& 15. IS0 Graphene B IEE <X [E

(=) Btk
EEH e e A ETREEGE - BT E M e B E
1. Bk - AIRCEETRAVALE ~ FRERCCT STV ~ SCF A - BREAE R - HESR
BREURHA - X0 TR E BRI E -
2. B ¢ A[ECEBARESCT TR/ ~ SCF B - BRVBAE ~ BT R AR HIHAD -

ﬂ Properties
¥ Vertex ¥ Edge
+4» Position x: 73.957214 y:-50.669047 T Label

T Label

7T Label size 0.600000

T Label size W +; Auto A Label color Vd

> Selecti
A Label color Vd election

* Selection
* Recents Z Edge color 2

. c
2. Fill color | W Selection

* Recents

> Selection

v
* Recents Recents

@ Radius 0.600000
£ outline color - v
* Selection
" Recents = Thickness 0.080000

= Arrows -

= Outline thickness 0.150000

B Lock

(a) (b)
[E16. (a) BIEEERR (b) B EmER

(H) FZEHER
FRALEE T HAESIZhAE - fIFE
1. zoom to fit * KR EHEI - EREMEE EaFEERL -
2. export : [EHEIE B TikZ picture ~ SVG B PNG &= -

[I‘j Export

Export as TikZ picture

Export as SVG

Export as PNG

[ 17. BN AR
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S SERE R AT E] 1] LASE ) Graphene 551 > FHERHSE TR R AR MRS HYIE - I
HRIEH CHIRRKEETBIP AR > HERE TG TR o INIEER TR g R SRRy 5
HEUNMEGE B MtsEEEP S - (F Rz B - 2L~ /& Graphene S7{%
B HAS L
(1) TikZ picture : TikZ £y LaTeX 1 {483 HYEF - 4E LaTeX 1L TikZ picture fd

A Graphene Y& 5 5 {# ~ PR -

Shortest path from S to T:

\vspace{8pt}

\begin{tikzpicture}[scale=0.600000]
\draw[color={rgb,255:red,212;green,9;blue,9},
\node[align=center, font=\scriptsize, text={rg
\draw[color={rgb,255:red,9;green,0;blue,0},

Shortest path from S to T:

(2) SVG [E R/ - FERAVE R TR BRI -
(3)PNG [El 7 B ~ X - MHREEEnhavE & A -
3. pause updates : F{EEMAMFEEEIL -

T EhsaE— RGBT EE S - SR E M force-directed graph drawing 7fif5
HEEE > GERREE IR A G E - B HEHEEE - Wit > 1=
EHEEE » FFEEARBIIAFRERN IS BERAVESR -

4. recalculate * B IMR{LETRELE -

BRI G I B G B RS R - NIIEHARIEID A RS - S EP AR
Bl > FJBEE recalculate > REE[RE(K Graphene fHEZREEHTHEY > e HOHAML B E
F4gENEFUAET RAGEIER -

(T1) SHEHEER
HIFH S BRI AT DR R SRS B OISR R B R E - IR BB F 4g ]
W o SRR AT A
1. BB © i force-directed graph drawing FYS 8L BB M fmar &€ ~ BiELZEHIPET T
BB S 7] > MR B RE AN TR % -
(D) BNfRFRE - BB EHEBEFEENREEGERSH -
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(2) BiREZ ERIHRT ] © 85 BRI A E — AR = S EEE -
(3) BHYVES(] - MRAFLEESGEER - ESEEEE -
2. HEFE - Force-directed graph drawing J S FH Y S 5
19 ~ [ 20 Bl 21 535 B =(EEASE CENRTRE - SR ZEIEHT - &
A5 177 SREE IR R BRI AR - [ 22 Ry iEfE SRR -

3 Constants + Constants

Basic Advanced Basic Advanced

Repel force betwee
The
cral

Repel force betwe

(@ERR 1 (bHE =R 3
[E19. AR R

3 Constants # Constants

Basic Advanc Basic Advan

(@FEFEFTT (DY IHEFF 18 0.1
[B120. i FEIHE T3

# Constants # Constants

asic Advanced Basic Advanced

Repel force bet

(51778 0.01 (b)Y 5[ 77 B 1
[E21. YK 5 [ FHE
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3 Constants

Basic Advanced

cl 0.100000

c2 1.000000
c3 1.000000
ch 0.800000

(N) fEAE mEik
YnfE 23 (L) ATERAE A GRS BNV EE - R A EEN S - FEREZ05
F H e A AR AiE 1 BT AR o 59580 el ALISC R 3 E Ao =AY
ERHR ELFE(E Graphene 4g[&[l&1% [~ Curl +V j5 F - 40fE 23 (F) -

= Insert graph Graphene
B Clear
@
®
it Graphene
O
Ctrl » Ctrljg Vv '0
®
[}

[&23. S B i AT RE R
() W el

SR EmER AR TR EAHLE TR - RIS R E S F L E
fEA > NILAEER B B RAVBFE T - Graphene & 2IFH AR BN TE < TfFIAIHE
B hREC R — H B B AVE(L - BENERAEE » e EEEAN RS SR -
FE T EEARE AR > AT DEREARS PRI — e < > MRS TR RHE < B &
%5 Graphene ° Graphene EEAFEECH: MK > (HIF 5L ] DAKI A Timeline ThRe & Bl &
b B2 —2BHETT oM - FLTHRE IR BRI REBUA TR (R Em R
EIRFRESFAERY T AHIERE - BB TN RSO R R B CEES RV BTIER - (R
Pret - HEEEREEAARANVEDR) -

24 RIS fEI4hTRE 237 Bellman-Ford f it BEACIHBEUAN A — (205 - AETES 0
FoitCRh o B E A R EshsE — 2 —PBE R - TRERIANIRI TR - B 25 &
AT Graphene 55 DAEHE 24 AURZZ(HE A B2 -
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A Timeline A Timeline
[ ] i <l
3

A Timeline

§:

24, FF[EfH — DL Bellman-Ford 5 50 ES (S FOA Ry {5l
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for (int i =9; 1 < v - 1; i++) {
for (int a = @; a < v; ++a) {
for (int b = @; b < v; ++b) {
if (dist[a] != 1e9 &% adj[all[b] != 1e9 && dist[a] + adjlal[b] < dist[b]) {
dist[b] = dist[a] + adj[a][b];
std::cout << "setedgeprops -name=" << min(parent[b], b) << "," << max(parent[b], b}
<< " -key=edgeColor -value=rgbh(©,0,0)\n";
std::cout << "setedgeprops -name=" << min(parent[b]J b) <<
<< " -key=thickness -value=8.86\n"
// FEFERBEESES . HARERe.06
parent[b] = a;

"," << max(parent[b], b)

std::cout << "setedgeprops -name=" << min(a, b) << "," << max(a, b)
<< " -key=edgeColor -value=rgh(255,8,0)\n";

std::cout << "setedgeprops -name=" << min(a, b) << "," << max(a, b)
<< " -key=thickness -value=8.2\n";

// BREEREEESIE  HASMmEe. 2

std::cout << "timeline -new\n";

// EREEESGmA—E

[E25. Bellman-Ford AYF2=CHE H B

(V) &ttt
Graphene [ T [BE /11251 > HER AR MR > HEFR(E A & rIRE 5 CAYRR K
X ImIE T MES - SR GRIGEIRN @ E - 400 26 -
AU T A Ve B ARl Ad ¥ Graphene HE{THE(F - IEH
RO L R > FoR M > th T BRI DNRESS & > 4ok BT R IT IR
o St A ST R AR LRS- W DI G EHUt EE AR RAVE - fR LR AT
AE © W 26 > /238 Ryt I - SRR R TRTHEENES - A Ry 1 TN ETES 2
Fo2 TS BTN | B 2 AVERRE TR TR | VETREH A B R R E
18 R RIS T45 R -

EX Windows PowerShell - Graphen 4 ’ = u] bt

C:\Users\jerry\repos\Graphene\cnake-build-release-clang=Graphene.exe
Saved preferences.json (Output size: 66576 bytes)

mkvertex -name=1
mkvertex -name=1
—uuidsource=gen -successful=true -uuid=c2f567be-3Bad-ul65-boau-f
aBd2@edecuf
mkvertex -name=2
mkvertex -name=32
=uuidsource=gen -successful=true -uuid=abGacal3-8f2e-ubed-8389-5
1a5830890963
mkedge —uname=1 -vname=2
mkedge —-uname=1 -vname=2
-uuidsource=gen -uuid=a3fdéede-bB64-Uces-b5bl-97501498089F -u=c2
£567be-38al-4165-baei-fads2eelectf -v=absacal3-Bf2e-dbel-8389-51a58389U9
63 =successful=true
setvertexprops -name=1 -key=fillColor -value=rgb(8,255,255)
setvertexprops -name=1 -key=fillColor -value=rgb(8,255,6255)
-successful=true -parse-mode=rgb -value=(&,6 255,255, 255)

[E126. &t
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— ~ Graphene E A48 E45 R
(—) = [

e E ST — (BRI A B A TR - Rt R Y ik 2 R )
iy o Graphene THzsZE A4 fitt[m] & - FIAE4gE] A Ctrl $8 Koom Bl E g Rk k% - ]
T E T i A& AE R DAE A E - BB AR TR K ERRE LT ~ K/ ~ BHERAE
GUtdll - BT lscEBa e ~ M4 - WEHRESERANIWE - WA E 2 EECE &R
RS RAERJIHIRIN -

27 48[ e

(=) AlHE
A FEEFEE T BA T RMERE - LR AREHAEARFRE TS - EaaBe mE
AEMASEFEIZR - BEHEAIRE > B REESIRE - RNEMEsCe & SCE R ITH
[EfRHY > AT DISCE B A ~ B -

[&[28. 75 [ e
(=) Tl
BN A - AQERRIRLZ FEIHRE (4 - B4 © BEEE ~ IR oSy - B REERYEEH]
FEARZ ElEmERAT Wi/ NERRS ~ BRI EAFEH MR - /£ Graphene th# A
Z B > HEBEIRRE - RNEMEESCE EsCe A ERIA] -
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[&29. BAHEEHYA A lE]

(U) BB EHIEE
{E[Bl3 > 238 (multiple edges ) 2 i (554 2 16 B [F— ST RTIBEAH L2138 » B8 (loop)
Rl 2 {FRAARGEE 5 B2 (938 - Graphene [ T FISCAGSURIEAEIS] - th T4 HA BBt
FIERE - RS R > (LA EE > ERPNE - REN TR T

AR - 508 Bt R ARER AR R[5 — (B RES - AR a 3R > BIRER T LIEOE
THYE: -

[E30. BAEHE K H R
(F1) &Rk
Graphene RESE A I B AGHERGHYSAE » SRR TRETE AL EHY T BCas 2 (E#id T
& > {# Graphene FEHEFRIE(TAAIAVIE - ] 31 JZ Sierpiniski triangle FUREREER - (7 &

1095 {FEEREL > 2187 &)
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e T e ]

[E31. Sierpinski triangle 48 #I45H

= ~ Graphene HY75 /5

R4 Graphene HYEAZLRE - 5L biconnected component FIFFETHS » 5T EH(E block
HYELFE - L block-cut tree YR K radial tree FYARE /T3 - ZHHHEEI B OGN E > FHE
JH force-directed drawing algorithm Jjii /7722 B » 2 | - % B2 AR e 4@ B 45 2R - [ 32(a)
(c) £ Graphene FIHAHETRLC E R BHIR@BEESR - &l block {RIET1I 3 ECHY radial tree i
8 | o [& 32(b) ~ (d) FslEl 32(a) ~ (c)EH force-directed drawing & HE&AT &t & » 77 IR
A

32(a) ~ (b) Ry—HRASf (tree ) » 4T ELEfRE R BAENES » FEIREARAVED 73 K block » i 0° #EH -
FREAREAY 3 (BT R oA Ry 1:2:2 BRIt oAl Ry 72° » 144° > 144° > HAEE 537 Ky
[0°,72°]~[72°,216°] ~ [216°,360°] » DA/E 5 RAIGHSEG Feffil > iLhA 72° F1 216° hEh 144°
AyEhiE B BRI T R 1 D REE [72°,216° ] f gy B — 55071 [ 72°,144° ][ 144°,
216°] » 5% R AIERS 108° BL 180° FYHLIEAIE I » WIE 32(a) © [& 32(c) ~ (d)R—Hifs
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(tree-like graph ) » [EIERHY > AL ELE[IRE R BEETRS - FEELAHTHI /> /& block - fiE 0° HEH » R
ERGAY 3 (E TR o nl R 1o 1 1 [NE e B &y 120° > BIESECEANE 32(c) - STHER
EAT Ay TEIARTT (18 9 ~ (8 10) - Heri @M By 9 4n S RalC B B a8 AT fm Y B IR T
SERFSFI8k -

(a) FIAGEIRACE (Tree) (b) FEXEER (Tree)

(c) WIHAEAREACE (Tree-Like Graph) (d) FAREER (Tree-Like
Graph)

[E]32. Graphene 7 f545 5

g~ BEEER
TEfsf (tree) RHFifIE] (tree-like graph) Hysg#drh » 4IIRE[HH force-directed drawing
algorithm » I &2 A SCERAVIE N - A1 33 (a) ~ (o) FFEHATIE 2R » T IFIFHESUR
block-cut tree FEE: » FAHC radial tree FYAR/5 77 2L TREER » ATLAGEACSEATIE I - AE 33
(b) ~ (d) Fi7R < 7E[E 33 (c) ~ () - 4L EEETEEF REAETRS - &7 [E—(E block iYELELIUAHIEIER
BT -
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(c) {2 Force-directed (Tree-Like Graph) (d) Graphene {81k (Tree-Like Graph)

[E33. (e
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B~ diamEfER]

Kigest B B EEEANFR K sGat— BB L Z1748 E[#ES Graphene - Graphene
(@EfRE PR 1 REME A T4E 0 GRE - PRIt S AlEEME AV RIGE R - (E REENG B T B4 - Wil
AW - 250 - HETIMEIEDIEE - AR EE R U B2 S E g e R B H B05 - B
TR E s EBUARRE B R B Ry [ SFRTTEREERCE - Graphene $H¥IERIASREE K
BEBUHFUAEET  SETE TR - 7T E R AR H 0 A SO E B E A 48 ]
AL S GBUAMEDERE - I - (BLERVEREE R - AR EK © [ » Graphene
AR HLE R E R BIThEE - R B RRAER I EAIRIES - EBIZEETEEER - BB
Bl E R AR -

Graphene £ FHV4GEH A LL force-directed graph drawing JE A Ry - B EEIHRLAY 77
M = SRMAIAGHYERBE AT & 2 24g B 45 R - It - FeFIFI A biconnected component ~ block-cut
tree ZF[EEmAS T EIY 4@HUETTIB(L - HSIHIE Y biconnected component JEAERS » BT
JEF% block-cut tree #2f block » & H block HYE[E KT Fs - FH radial tree (Y45 5 =0k
T block {REGH T/ - P ARAEELLEIHIE [ - #35 FHEH force-directed graph drawing J5
BE - BRI EEER o LA PUKDAR[E] block = FEIHYACEE » 15 FIMEEAYAE R -

#EZR Graphene (27 {5 — LI A NGBS — 1% - IRELZTEERHTR - BEUDIREBGET A
[ERAT R = BRI E B A I - seat iRt 1 B E i R A A R Y & AE T
fE - MEREEIEEIANWEEEHARER » EE S NINASZEHEIRNTY]  SE
5%

A/
iy

&
e

o

- 2530

[1] Cormen, T., Leiserson, C., Rivest, R., & Stein, C. (2009). Introduction to Algorithms, third
edition. Massachusetts: MIT Press.

[2] Eades, P. (1984). A heuristic for graph drawing. Congressus numerantium, 42, 149-160.

[3] Kobourov, S. G. (2012). Spring Embedders and Force Directed Graph Drawing Algorithms.
Retrieved from https://arxiv.org/pdf/1201.3011.pdf

[4] Kulli, V. R., & Biradar, M. S. (2014). The Point Block Graph of A Graph. International
Journal of Mathematics and Computer Science, 5 (5), 476-481.

[5] Pavlo, A. (2006). Interactive, tree-based graph visualization.

[6] Tarjan, R. (1972). Depth-First Search and Linear Graph Algorithms. SIAM Journal on
Computing, 1 (2), 146-160.

27
28


https://arxiv.org/pdf/1201.3011.pdf

[7] Block forest, https://oi-wiki.org/graph/block-forest/

Dependencies

liteserver/binn: Binary Serialization (github.com)

mapbox/earcut.hpp: Fast, header-only polygon triangulation (github.com)

Davldde/glad: Multi-Language Vulkan/GL/GLES/EGL/GLX/WGL Loader-Generator based on the official specs.
(github.com)

glfw/glfw: A multi-platform library for OpenGL, OpenGL ES, Vulkan, window and input (github.com)
ocornut/imgui: Dear ImGui: Bloat-free Graphical User interface for C++ with minimal dependencies (github.com)
aiekick/ImGuiFileDialog at 7b696209¢5e96caffOcfeaf3e67dc7cb7d686ac74 (github.com)

nlohmann/json: JSON for Modern C++ (github.com)

sammycage/lunasvg: lunasvg is a standalone SVG rendering library in C++ (github.com)

adishavit/simple-svg: Easy to use SVG library for C++ (fork of legacy Google code project archive) (github.com)
nothings/stb: stb single-file public domain libraries for C/C++ (github.com)

mariusbancila/stduuid: A C++17 cross-platform implementation for UUIDs (github.com)

progschj/ThreadPool: A simple C++11 Thread Pool implementation (github.com)
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