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

Output: the final position of each vertex
place each vertex randomly
fori=1toMdo
for all vertex v € V' do
calculate the net force ? applied on v
ﬁ
move vby c F 4

end for

N A A

end for

Fd) Aefold) 7O BIE P R G TRl R R & L £(d)

oC

1
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d
fa(d) = cilog (E)
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3 11 3 B (induced subgraph) &_ biconnected
graph> * % 5 &

ve V' BE VU {v, &h# 3 B E_biconnected graph - f'r*u
# V' % G- 1§ biconnected component e

Biconnectivity #p B ifi— & |2 B 4o

Lo s - SRy 30523 BEgab B adbajj Eaaist 2
£
Fve

2. % ¥ biconnected component 3 % £ * — & 8L ¥ 27 & 8L L R & 2L o

& PR A g A3 53 B biconnected component ¥ ZLRE & EES BjA -
i# biconnected component ¥

£ R NE P OB &8> v 024 Tarjan's algorithm (Tarjan, 1972) ¢ 2R
+ {7 DFS» ¥ 4% - B &8y ekkd BEcE in(v) o low(v)
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AR 32 Rty ahE - iEARE e fin(v) fot TEGE Y B B
1. 4% e B0 LR & BRerpfl > Bl ARSI o

2. 40% e H_il jL u “hback edge © B P~ in(u) -
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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) 1s 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 1 =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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2 * Selection
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* Selection
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v
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* Selection
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* Selection
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Export as SVG

Export as PNG

~ Done

B116. 3£ # %= 0 450

¥ HA R IER T U % Graphene X3 o d TP E X EHTF L
g R X FAPpp e nF Kp RIS S ?Qf%;ﬁ?ﬁ??iﬁ o ¥]
s % THRBERETELAE T AART AP AP BRSSP HE
ZAPHRIE o @ 11T §_Graphene & # eh% 150

(1) TikZ picture : TikZ % LaTeX ® * »t g W HA)eh% i+ o & LaTeX *
TikZ picture ¥ » Graphene «7[@]7; { = { ~ i o
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Shortest path from S to T:

\wspace{8pt}

\begin{tikzpicture}[scale=0.600008]
\draw[color={rgb,255:red,212;green,9;blue,9},
\node[align=center, font=\scriptsize, text={rg
\draw[color={rgb,255:red,®;green,®;blue,0},
\node[align=center, font=\scriptsize, text={rg

Shortest path from S to T:

\draw[color={rgb,255:red,212;green,9;blue,9},
\node[align=center, font=\scriptsize, text={rg|

\draw[col rgb,255:red,212;green,9;blue,9} ,"
enter, font=\scriptsize, text={rg|
rgb,ZSS:Ped,llZ;green,Q;blue,Q};

\node[ali enter, font=\scriptsize, text={rg|

\draw[color={rgb, 255:red,®;green,®;blue,8}, 1i]

\node[ali enter, font=\scriptsize, text={rg|

B®17. TikZ ﬁ%l AR

Q) SVG B ¥ 2255 nBl ¥ 158 VAL HFRA L o
(Q)PNG Bl % © i &35 ~ = &+ 405 4o ] ¥ Ho 20 o
3. pausc updates : iR E * T HFH I o

B Bl - BAsde » B eniAz? > B pF R+ force-directed graph
drawing # b i 5% 0 § (& B LE IR CPEIE BB R 0 BERE T X
ST F)Y > T AR High2 o B A At L 2 F 0E T
F ot R % o

4. recalculate : & 74741 S BE- B o

G gk TR ERA SRR R R 0 AL
B2;% 7B 8 > ¥iE#& recalculate » ¥4 BLix Graphene # h % H & AT
MRS E R RRAE 2R AR -

ERS S8 TRV S P S VRS T 1E o TN R
BA W% o ARG Arfrlrdo 22

1. 3L # 1 % force-directed graph drawing en %8 i i* 2 FenipEF £ R ~ &8
LR R4 B sl 4 0 P fodein it T A o

WP i EER A ARFERREREDE R gk -
S B2 BenPh T4 L RF o FRFH - ARIRF EBEKE -
e gl ek L PREEL > RFEBEE -

2. ¢ ' Force-directed graph drawing /& /2 i@ * ey #cd & o
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## Constants

Basic Advanced

R o Bl 21

.
& 3B
4 Constants

P -dic

-~

Basic Advanced

dge length

(D)3 e £ 5 3
BI18. i chify 4 £ B 33 A

# Constants
Basic Advanced

eferred edge length

3 Constants

Basic Advanced

®19. & 82

(b3 4c 2 5 4

B et 1 4

-l

VE

# Constants

Basic Advanced

3 Constants

Basic Advanced

(a)%31 4 5 0.01

B120. 1§ crmx 31 4

g

19



3 Constants

Basic Advanced

cl 0.100000

”

c2 1.000000
c3 1.000000
c4 0.800000

BI21. i FF S &

(=) > B0 4

Bl 22 (1) 7 B b i S Eeif ol 0 R FW O F gy
%’wﬁ*ﬁﬁasﬂ#Qm%%ﬁb’%ﬂl’%ﬁ@»ﬁWOFﬂ’4
U FAFE P RN AT A E 4% & Graphene BRI R4 T ctrl + v BE
doode® 22 (7 )

= Insert graph Graphene

@

D

©,
Input Graphene
2 4] >
-»> | o
©
[}

B22. % 5 2558 BA)H ~ 5 i T & B

(- )PFF#h

%‘?“?Ipmﬁﬁ’;éﬁﬁim)fﬂdfbﬁfmﬂ"%’wﬂ“f AR - R R
BE TR IE f2ens F &8 Y BldR 5 2 i 42 ¢ > Graphene € £25% 1§
BrenI Boo N ) B hen i K dr- R BRI E R gy
B-E BxE 2 ﬁ?ﬁ;‘??’*f'fi?’l’%ﬁi c R ITIH B AR VL AENEY 7 e
- l,tﬁﬁi%lﬂ'.:f% Loy A {f—rﬂ‘#ﬁ&—:}‘ﬂ 4 & #7% v % Graphene - Graphene € I i

o™ ko i * —‘ﬂk;fu? 4] * Timeline # & bﬁg Bl - H— Hie
ﬁ»ﬁo&ﬂ“?%%wﬁfﬁﬁé%ﬁﬁﬁ’%ﬁ*ﬁ” ERC R SE LT
R e RE A S F ST B B p ERORSNEHA
i MR Y Bl iR 2 i F”%TEI’ °

B 23 5 1 * pF R dh#t it & IR Bellman-Ford S ®EL S IF 8 2 chF — B
Fro e 20 %ﬁmfﬂ?}?ﬁ??'ﬁ* PR bt i - - R R 0 R
B2 (7147 B 24 5 4c ~ 7 Graphene dp % R IR 23 ehfRst AR Y e
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- Timeline - Timeline

2 Timeline

®:

A Timeline

7 Timeline

B)23. FF & fih— 12 Bellman-Ford # &8 /5% 5 2 & &)
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for (int i =0; 1 < v - 1; i++) {
for (int a = @; a < v; ++a) {
for (int b = @; b < v; ++b) {
if (dist[a] != 1e9 &% adj[al[b] != 1e9 && dist[a] + adj[a][b] < dist[b]) {
dist[b] = dist[a] + adj[a]l[b];
std::cout << "setedgeprops -name=" << min(parent[b], b) << "," << max(parent[b], b)
<< " -key=edgeColor -value=rgh(@,@,0)\n";
std::cout << "setedgeprops -name=" << min(parent[b], b) << "," << max(parent[b], b)
" -key=thickness -value=0.@8\n";

[/ BE

parent[b]

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

std::cout << "setedgeprops -name=" << min(a, b) << "," << max(a, b)

<< " -key=thickness -value=0.2\n";
GERA e HAlAMEe. 2
std::cout << "timeline -new\n";

SELSIA

®]24. Bellman-Ford 4% ;% 78 % X

(™) s ficss

Graphene ",f TR A w2t s RSB EIN B —“Ff? % B
e R RHBBEGYY T SR ETHHETERE 0 AoR 25 -

BB LR R Y F gt B @R i~ 5 10 $F Graphene 32 7 4k
Fo TBMFE2ANARE L] TR, (BY > PEETMS L k&
f%’*’f‘*ﬁ%i;“ﬁﬂ:—ﬁf—?iﬁﬁiﬁﬂﬁ—ﬁ “%t&%&;\* AEFMREFH TN ,Z‘i..“w.
bt A 2 E ORI RIEASIT A o B 250 2 ;i;\xxﬂ%&i
LB i TATE &R L3 5] —T‘rifg'ﬁ:_wh’i?
F 5 11&?2%%‘%%@J~r%?3:ﬁ 1 e BLeE o
PFendy 7 % %

—\

EX Windows PowerShell - Graphen

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-38au-ul65-boou-Ff
agBZBelecuf
mkvertex -name=2
mkvertex -name=2
-uuidsource=gen -successful=true -uuid=ab6acal3-8fZe-ubeuy-8389-5
1a583890963
mkedge -uname=1 -vname=
mkedge -uname=1 -vname=
-uuidsource=gen -uuid=a3fdoefe-bB64-Uces-b5b1l-97501490089F -u=c2
f567be-38aU-U165-beaU-fane2elecuf -v=absacal3l-gf2e-ubel-8389-51a58309u9
63 -successful=true
setvertexprops -name=1 -key=fillColor -value=rgb(e,255,255)
setvertexprops -name=1 -key=fillColor -value= 55,255)
-successful=true -parse-mode=rgb -value , 255,255, 255)

2
2

B25. 4% =5 50
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WIPATH G B2 2 7 A F WA a W T
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FeRALRY B ea o s RSP RATE S o R
Wt e B 7 At r Bl EBEE A - XEE S EE N EE
UTFRIAGFI oo s d PR TS w7 s £ o

(2)F R
Whe PEE 0 N EA B2 R o Bldo (RS PERF R AE o
BEARET LS BmAEZY o dobo ] 2 S RRREFRF L
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(2) 535 €8 p kPR

AB#HY 0 £ (multipleedges) .5 iF 8 % 8 k- {5 4pid
# > f 3% (loop) AR~ ¥ & B8 i &g i - Graphene 4 7 % i B
HE o "EHUEF EHEA P RIBl- PR ASLRFEHE S (T LA
4 EF £V ohE - ﬁ;f—;%;,glz"’f T &G i B RS e g ok
Bil- BEEATEAIER pREET LR LT DHE -

R129. & § £:# 2 p TOF

(1) 47 Fecn]

Graphene it % B 1| * 2 Pom f i > L4 H#3 8 58 1%_ 1 {E A
feis 5 B3 7% 0 @ Graphene it #££% Al 0| - B 30 &_ Sierpinski
triangle g W& % o (71 > 1095 B &2k > 2187 i%:8 )
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®130. Sierpinski triangle 3§ % % %

= ~ Graphene 7% &

1345 Graphene 3k * 78 4§ » L4} I biconnected component frif & B » 3+
¥ & B block 0% A& » 2 block-cut tree “h¥%£ 4 % radial tree % B > % 5 & Bt
& B o g4z ¥ o £ 2 * force-directed drawing algorithm *& 4 + % &2k »
FPTEFS T AL RS GBS % - B 31(a)~ (c) 5 Graphene 4= 45 & Zhfe B 057
i EE % o & B block & B+ i+ & & et radial tree #uiE F oo B 31(b) ~ (d) 5
B 31(a) ~ (c)& * force-directed drawing & erd 3 # B 2 5% o & WP 4T @

Bl 31(a)~(b) 5 — 4t (tree ) = d & B2 M & 8L B4z k03R4 5 blocke
042 E RS 83 B3 AR R A B 5 1:2:2 FIp 3 HEE & w5 7200 144°
144° > # %Jﬁ]é} B 5 [0°, 72°], [72°, 216°], [216°,360°] o 12 % + = B & BE S B »
3 7209w 216°% BL 144°chiig b o> v ans B3 AR R 5 11 F)p[72°,216°]
RARA 5 2 A 1[72°,144°],[144°,216°] » 3% = F A B B 35 108°% 180°i
FimE b oo del® 31(a) o B 31(c) ~ (d) 5 - #EaE (tree-like graph ) > e ke &=
§ &8L5 B &2 B4k hItA L block o 0042 E > 9SG 3 B3 T A
Auls Ll Fpt 3 e F 5 1200 &8 B 4oB 31(c) - H AR R E A P h
FH ARG (R 8~ B 9)e ARG 2R v 4o § B B 8 B B F e R
(R ok SR
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(a) #~4sa8hpe ¥ (Tree) (b) &% 2% (Tree)
(c) #4-a-8hAe ¥ (Tree-Like Graph) (d) B %% (Tree-Like Graph)

B)31. Graphene # k& %% %

-~ BitEE

tfit(tree) 2 #5118 (tree-like graph ) enig @ > 4o % @i * force-directed
drawing algorithm > 5 ¥ ¢ & 2 = 2 45 hii% > 4o Bl 32 (a) ~ (0) # FF #74p 2
Jeu e 2] * 13 224K block-cut tree s 4 452 radial tree hF B 2 3N L (7
T Ui d 2R 4ol 32(b) ~ (d) T o BB 32(c)~ (d)F v k2 d &
24 m B & 8L o B3N — B block snghI AR BE S HRde o
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(@) ®* Force-direct (Tree) (b) Graphene & it (Tree)

(c) & * Force-direct (Tree-Like (d) Graphene it (Tree-Like
Graph) Graph)

W32, it %
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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¢5e¢96caff9cfeaf3e67dc7cb7d686ac74 (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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