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Abstract This paper suggests a method of lessening number of a graph's edges population in order to rapidly
obtain the minimum spanning tree. The present minimum spanning tree algorithm works on all the edges of the
graph. However, the suggested algorithm reduces the edges population size by means of applying a method of
deleting maximum weight edges in advance from vertices with more than 2 wvalencies. Next, it applies a
stopping criterion which ideally terminates Borivka, Prim, Kruskal and Reverse-Delete algorithms for reduced
edges population. On applying the suggested algorithm to 9 graphs, it was able to minimize averagely 83% of
the edges that do not become MST. In addition, comparing to the original graph, edges are turned out to be
lessened 38% by Boriivka, 37% by Prim, 39% by Kruskal and 73% by Reverse-Delete algorithm, and thereby
the minimum spanning tree is obtained promptly.

Key Words : Minimum Spanning Tree, Valency, Edges Population, Stopping Criteria

.M 2 © AMES ddske HdEe] FHEA (Undirected)
S Zta = e 8= (Undirected Graph)E 21
AAE G=(V.E)= BAS (Vertices, v)2 M5 gk, 798 28] Zo) M 50] 7H5A (Weight) & 2
(Edges, e)2 745 glon dntyoz =t B 1 e A ol 7te 2 ze st vhe e EeA
‘3%, Y=gty "e o) o] yely}t Received: 18 October, 2013 / Revised: 26 December, 2013
TEAE Y, A aFsta dev|ol gkt Accepted: 7 February, 2014
gzl 20139 109 18, A= 2013 129 269 "Corresponding Author: cmb5859@gmail.com
AR UR} 2014 29 7Y Dept. of Multimedia Eng., Gangneung-Wonju National University,

Korea

- 51 -



Fast Determination of Minimum Spanning Tree Based on Down-—sizing Technique of Edges Population

Axlo] L, Afo]Ee] Ay
o] 7R & (Zw(e))e] HaTt
He EFE HAAFEZ(Minimum Spanning Tree,
MST)et gt 5, MSTolA] Ato]Zo] WAehA] GFes
HEAPES MER 4] Al lel=lvl-1
7} AglE|ojoptt sl MST= 7], M3}, 7hs T 4=
% 5] Hold #guu gop!t
MSTE #= tix4el dueFo® Bortvka™,
Prim”, Kruskal®'#} ¢1-214] (ReverseDelete) <123
o] olt. o5 gmeFe BE 752 715A7} A
2 g2K(Distinct)= 7Hgoll 7]Rkekal ek
AR o w FU 7R gHs 7] P E0]
g 4 9ok md agze] RE b
(Population) 2 & o] Aelgl 7hd [v|-170¢] 7FaA] &
o] a7t == MSTE 3+
MST <agFe S4Ae dagF
2 ghel shite] Ao g dEs

N
o
N
-
2
t
£
2
2
%5
(4
kel
Ac)
X
o
L
ol
olfy
rlo
>

a4s WHEs
Bortivka &u#E*e MSTS 2=

19261l A5 A=l om, AA= 19504
Prim¥} Kruskal 2ate ULt 9
A L38]Fe Kruskal €185 doz 331 W
Aoz el dwrgorn AgHA g gl
Bortivka®} 9-214] dag]Ee A|4Ho s 2T E |
HA MSTE 2t 2838 Wi (Graphical Method)©] 4
&b, Prim¥} Kruskal &alg]&e 2819 W Bos
zgaRown  FHd AxE Wy

(e}

fink
=

2740 A= Bortivka, Prim, Kruskal®} &-2H4] &g
Za|na, A g ze] H-gste
(e}

)

nelZel +4 3 .
FuelFe] B8 71F3} AL Helshs S Aot

EAE)

Lo

0%

L=
o

=

A e

2 ety gz - AFE | v,
2} apat AFEZ = o] 4 AHS Ale
S THHER BT ddshes A§om
[v|— 1702 FA= Ak

Bortivka ¢g]&e 2719 StageE 33}

(1% Stage) J2fzo| 2t && i oM Z20l| B ZA 71E
MeBiC), MetEl 2SS o1l

I

o] A5

fu
e
r)"

O
3
rir

x| g M GRS
2AIEZ| (Partial Spanning Tree, PSP) 1&
2 STt o] FoIM A0IZ2 (RI)0| Lalist=
MIES AFBHH

(2™ stage) 20| 17H0|H Y125 SRiCE JX| 4o
M 0|S IS5SS otHtel ERE BHE7| flsl O8
E2 M5 HZst= AA 7HER| IS MEHSICE

Prim ¢85S th33 Zo] =t

(1) Yolo| ¥™ i & MEHSICE

(2) H™ i off AZE S B0IM A JIBR| 2tM {05} 2

MEHSICE

(3) FH joll AZE ZhdSDt HHE @ oM MEdEtR] oiu ot
[e) 7

= 2 2A| = ¥ U2 o 7tx|
TRBICH

Kruskal @ae]5E that o] =€t

(1) B0l A= BE IIERIE A UHSS 28Rz
AlZIct,

(2) ZlA 7ISXIE = TS MEislo] 22 MFER| Me T
£ Bl

(3) EolM Ct5 2|& 718R] ZHde| & FHol 79| & HEol
ZXlistH AOI20| wlich=s ARE MK ¢, O
X p2 E2 M=)

(4) E0M ©f Ol st Zhx =

rx
=l
EQ
uf

i=
S
=]
@
mjo
re
J

ikl
i



The Journal of IIBC, Vol. 14, No. 1, pp.51-59, Feb. 28, 2014, pISSN 2288-0879, elSSN 2288-2618

selisln Yne|ES S=sict
oAb QElEE Kruskal 22|58 ooz 438
she Ao At AEA B Bl S AA
sl thest o] Sk
(1) T'e 2& FFS SE 7= Tk
(2) Eofl Y= BE 7EERIE He= 2SS Uiklecz JE
Alzict

(3) ZIth 7IBRIE 2= 7S SHAO| S MEHSH siE 7t
ME TolM Mlstis m 72| Yole| FHS T2i=olM
£2| (Disconnect)A|7|X|

(4) oM O of4 MEfS ZHMO| Sl 7R ()2 EtExo=

seisin emz|

o
mjo
OBt
KU
ro
i)

=
© g
MR

>
o &
t e
o R
UL
tlo TN
n\i o
fr 2
~
L
%’E i
(o
o |l
it 0
()
UR N ]

@

AFE ZzaPor Fashs Zlo] nrh 44
918 4= 9lr}. Wkl Bortvkae}t &-AH4] itz
AR TE AZH o g Tejze wEAl 47
2-5 4= 9]t} Bortivka®] 1% Stageoll A ] Aol 2
2 Staged A HEAFEDNS 7S AQstE
A S ) 99 e
Agsjok Axbon a4 ot w3 -
Fag]| o)A s 7S b

T ol BAT]A A Belsls we 7
kA (Depth-First Search, DFS) 2.2 Ao] &S bl

= 3pge] Bash

[N
rlo

ro

)
o do o 2 mo oy K ome 2 wo rlr

N
—_

(2" Stage)
(a) Bortivka &12|&

e |

lo
N
o

2 AoX= MST daglss 28y 2dy A4 =
~ - S R 3 ¥ o o e
22 FFete] 28 19 ¢ 2 ZE Wdes MSTE oA gAE 49| 4d B Ay 24 5
L o e ) 1 1| (®p-18 X (EJ), (F), (FE) 2
A 2w e wdks) Boh @ 219 2= Wikipedia 2| {EJ-10 X EJ), Uy, {LF) 19
o o N 3 En9 X (RD G GE 18
A o T ol al =S Aasly] O B 1| DF)- X DF) (F.C), (€D 17
oA AEHAT MST Lare|F& A& S8l & += 5/ {DE}Y X (DE), {EF), {FC), (CD} 16
5 . 6| 1CGH9 X (CG), {GF), (RO 15
= 7| (BGHY X {BG), {GF), (FC), {CB) 14
8| (AES9 X | (AR, ER, RO, ICD)L DAY | 13
9| {EF=8 0 z 13
10| {CF}=8 0 - 13
1| {FG=7 0 - 13
12| {AB)6 X {AB, (BD}, (DA} 12
13| {Gu=s X (GO, L, (G 1
| (Hp-4 X 1. (.0, (LH) 10
15| {GH}=4 0 - 10
16| {(BD-4 X (BD), (DC), (CB) 9
17| @p=3 0 z 9
18| (AD)<3 0 9
19| {CD)=2 0 - 9
20| {BC)=2 0 - 9
o |  {HD=1 0 - 9

(b) SG-AtH| LD2|Z
O3 2. G, J2f=°| Borivkall I-AlN| 2025 M
I8 1.6 J= Fig. 2. Application of Boriivka and reverse—delete
Fig. 1. Graph G, algorithm of Graph G,

- 53 -



Fast Determination of Minimum Spanning Tree Based on Down-—sizing Technique of Edges Population

E 1, ¢, 23To| Primat Kruskal Y125 M
Table 1. Application of Prim and Kruskal
algorithm of Graph G

(a) Prim LT2|Z0| AA e

S
14 r Remained Add | Delete st
(Sn) | (80) | &) | kTS5
{ABCD,
EFGHL| {2} {2} {2} (o) (o} (o}
DR, TADIG e
FGHL | (A} (o} (AD3 | (o) | ABESIADIS | apy
: il ‘
(BCEF (DB} (ABJ=6, (AE)=0
B D) | aB6 (B9 | DO | DAKE | DB (DO | (e
AL (DR (D), DF-9
— — {ABJ=6, (AE=9
- (AB)6, (AE)0 = IAL-
BERG | e | DB=L (DE= ooz | DB RS | cBie
(DF=9 oo | L (CH8 100
(AB)6, (AE}=9 | (BAJ6 | jp ~
wron | spc, | BB OES| mE | DR ee 089 | o
W B DR CHS | D (50 | (co, 660
! A R 117
o p | ED o | (A9 DB
(EGHL | (apcp | (B0 RES | FR | PR ] €60 8G9 | g
} [ R e (FQ-T | (Fpig | (RESS (FG=T | T
G5 E0=0 | BP9 | g (11510
i
ey |ADCE, f(QLQZ*E’ 6o | o Rhs (GH
EHLD | Teg) ST oo | e wjro | (GHS
| (GP7 | (GH=4, (G5
(ADCB A
B EGH I | maa | Epg Gos | 1109
{H.D=1, {H]}=4
(ADCR o G | ama e
ED |G THe | LE9 | (EBSS ED=10 | 1]D=3
B |06 | e an=
: {L1)-1
ancs | (Ao pp-o | DEFS [T
® | RGHL | (FES €0 | R | aro | B DR eprs
) (D W | i | BB
S | fin=3
TADCE,
{2} |FGHL], - - - - -
E
(b) Kruskal gTa|E2| A4t S
S 14 T Cmst
(H, D=1 (ABLDEF(:,H 1)) (o) (H, =1
(BCJ=2 {ABCDEF.G.J] (H1) {(BC)=2
{CD}=2 DEFGJ (H]), {B,C} {CD}=2
{AD}=3 (AEFG]) {HI}, (BCD) {AD}=3
{1, 7)=3 (EFGJ) (H1}, (ABCD} I J)=3
{BD}=4 (EFG) {HL]), {ABCD} -
(GH)=4 {EF,G} {HLJ}, (ABCD} (GH)=4
{H, J)=4 (EF) {GHLJ), {ABCD} -
(G 1= {EF) {(GHLJ), {ABCD} -
{AB}=6 (EF) {GHLJ}, {ABCD)} -
{F.G}=7 {EF) (GHLJ}, {ABCD} {FG)=7
{CF)=8 (K} (FGHL]), (ABCD} | {CF)=8
(EF)=8 (E} (ABCDFGHL]) (EF)=8
{AE}=9 {2} {ABCDEFGHLJ} -
{B,G)=9 {2} ABCDEFGHL] -
{CGI=9 (o) {ABCDEFGHL]) -
(DE)=9 (2} {ABCDEFGHL]) -
(DF)=9 (2} (ABCDEFGHL]) -
(F, 1}=9 (2} {ABCDEFGHLJ} -
(F.])=10 (2} (ABCDEFGHIJ} -
{EJ)=18 (2} {ABCDEFGHLJ} -

3. MST Zma|E BMat o7 uid

Al MSTell 71oda}k= P54
v #9] MST dalg|Ee By
RS e} ARt FEHO Uk olz 2
o TAN] Aaia
el 2" Stageol]

A FRARE S S sk A kA e
27 98l A= Kruskal €aLe] 5 4&alloF @k uhet
A Borlivka &ate]5 AEER duess Tt
T u agzg AgHos B g W
2z 7k A 7&*&% Aeate A
-2t Gl EE el s 2
Pzl A A 7I=A BR8] 91s)
ARt Aol 2 B o5 B g AlEof sk ol
Atk Z, Bortivkash 9-2HA datg]5e 12 A
Aoz gk W] ARt W oR Fohs R

olal7} 4.

o ANeE , AARE Apo]Ze]
Az R AASEA o[- 1715 ks o) g3
BEe] TRATIE el 2 4 ik 3EelAE o] 7
7 SA S A 8ske] MSTE 47 78hs 71H e

& AollA= MST 2aelse] 738 S8 9547
= Bl 7IRkste] Ate]Zo] WAk (b SS AlASH
T guEEs Wy FEAE N1ES 488 THE
A gty

agzel 2 BRG] A A7 RS
s} Bak MSTE A £4 (Cut Property)®} Alo] &
44 (Cycle Property)& 2+l St dak £ 7341
FEF Tol A A5 2he 1 e o= 3 44
o] 43 9loW ei= MSTo| E3hdth= 4o, Alo]
F %48 9ol Ale]F Co EAs= A VA 3

A e® MSTY 23HA] Fethe 4ot
Bortivka, Prim¥} Kruskal &atg]&olA] Ale]Zo] vt

.54 -



The Journal of IIBC, Vol. 14, No. 1, pp.51-59, Feb. 28, 2014, pISSN 2288-0879, elSSN 2288-2618

A e Hi A s Adess wye A
A& o]t o, -2kA daE|FeA o)
7V 7o)l ARG e mel A FEAFIA ko A
g5l 71 Ay Alo]F &4 BT E A48 )
ok,

A, A oy AlelF 48 H g8l IS
MST+= Z2ejze] Afo] 24 o] 7F53] Hd& MST
2 A8 ereth olYe A A IHAES A
o 7}sak ol Aatr] 93l 2wl Ae gz
A7} (Valency, 0) 7I'dS EQ)eit). A7 o= &t
AR i AZ" A9 FE ARk o2, 17 19
G Az G A= 603), AH D= 605), BH C©
T 6(4)°]th MSTell 314 ¢k deje] Aol #

3

ol 7HeA AAES TheR ol ARl A7k v

o] WS 1 B (Population)®] th/d-S

A2 ¥4 (Preprocessing)e] 2t d1Ak

(1) 715X ZHNE Mol 2876 (i) = 320 & HA i of
e 7

o
cho 2| 7HSR| ZHY €, {i.5} S MEHBICE (2

71E9] 21004 13702 4414 5 Sith o]E 13719
e BRdoR sto] MST daudsss 2

|v|—1=971¢ H& AesiA 4709 7HAE 244
e v AaelFE FRANE Pl AR FrA

o] A,

2. SAE DEIck CjA MST ZA
B A HEEE HEE F vE 2z RE A
AE, §& HE, 75 Alo]F A o oS 94
VA

(1) Fx2|2 HOjT 2R 2SS Yoz FHUlH 2 |

O sl A TESX| 2 ey, 2 MESICE

MENSH =1 AA?CDEF(,HII
Bils 25 MEiSiC)) B 6 > 2 2 .
alBlc|Dp|lE[F]aG]u] 1] 1]66G) D 3 1412
A 6 3 3 <
B 6 2 4 & 8 8
C 2 Y. 4 H
D | 3 42 I
E 9 9 1
. 9 3 S 7 ! 3
G A{EH
G = (2) e
I 5[ 1 3
10 413 4
(2) 6(i) = | emax |= 201 €, 1 E|TH 7HER| ZHNE {45} 2
AF|Stt,
Al B| ¢| p| B| P| 6| H| 1| 1]6G)|60) —] |
A 6 3 3 =1 =
B[ 6 2] 4 =1 =
C 2 y. =1 =
D 3] 4] 2 9 =2 =
E[ O 9 =1 =
F 8 9] 8 7 =1 =
G 99 7 3 =2 =
H - =
L] 5 1 5 3 =1= Q) F B& MHEIE HASk= 2A JKEX| 7S MEiSIT
o - o m s {ary=8
(@) {47} ={j.i}0l22 {j.i} 2 Mt 2tk 0] 2FoA
EX &AM 9 §(i) =00] EP ®A i o A J1EX| ZHMS
= o oo = oo T _
#1 2 Bortivka 228]5S A Rd 2 7351
O 7l 7+
alslc|p]E|lFr]c]Hu]I1]] =t 2
A 5 6 - (1) BE HH40] 7|22 A™sict
B
CH—— S={a}, euu=10}, T={0}, |enu|=0
: 3 3 7 (2) HatsiEo| Myatzisid| Qle ZE ZMIEE Sof| MEstn @
& a5ty Exleoz M
i R I A (3) ol 2

olsh o] HAF AL AW LY FHAY Fi

i
=2
pes
=IOI=I
o
2
Bl
0
=
R
o
B
+
—
9'2
[l
"
=2
x
1z



Fast Determination of Minimum Spanning Tree Based on Down-—sizing Technique of Edges Population

Higtct, (1) TAE|2 20j7l DEEH HHSS (YO HAZIU ZIMS
(4) e,.,0 MEE 4SS To| BEHsios st ooz JajmE Pl
Blo}, 70| HBEBI| 47k 1HOIBIA |, [=] v |- 10]
™ ATEIES SRk Blof HEHBI| 47} 29} ol
(512 +asict
(5) SOfl QU= 2SS HA JHER| ZHIRE Mekict
(7h Brek, 7k i 9t j7k T'of 5t REHsI0| BF EXH5IE Al
243ict,
(L BHo}, 2HM i 9 j7} 70| & 2 Estol 22l=lof Zxfstet

e stz oFEstn, {Lj}E enadl ME,
| enot =] €ne |+ 12 HHEHSICH

(6) T'o| EEE| 47t 17H0IHA | e, [= | v ] — 10] E w7t

4n
I
I
I

o]7]14, (37} (4 1% Stage, 9 (5)& 2™ Stageo] ™,
o] A4 AtolEre] WA et 7HdS Kruskal ¥ale]

oz gole 4= it} A3 Bortivkat Kruskal
B FL S Aeshe W) 2ol 1S WA}
Z

p S =
oRE Felsts duF £ AP FAYL
o

32

¥ 2. ¢, J21=9| SAF DEICH (A Borivka Y1E|E

pIr=
o
Table 2. Application of Boriivka algorithm with & 3, ¢, J2§Z0o| ZAE DEICH AN G-Aby| AD2|E T
the reduced population of Graph & Table 3. Application of reverse—delete algorithm
s %]5:7}7}1‘%21 102 Check - e | with the reduced population of Graph G,
(0, D=1 | {H D=1 (HD) {H, D=1 1 s Cycle s |5
{B,C)=2 {B,C}=2 {1}, {BC) {B,C}=2 2 3 _ (EF)=8 13
{CD)=2 {C,D}=2 {H,I}, {B,CD) {C,D}=2 3 $ _ (cip):g 13
{AD)<3 | {AD}=3 (HI), {ABCD) {AD}=3 1 G - (F.G)=7 13
((]IS, ]%)):jl {1, J}=3 {HL]}, {ABCD} {1, J}=3 5 : (AB}=6, {(BD}=4, {D,A}=3 z 2
D)= - : ;15 -5, {LH)-1, {H.G}=4 - 11
(GH)=4 {GH}=4 {GHLJ}), {ABCD} | {GH}=4 6 {H, J)}:Z {(Gl-l});)zly((jyl}):g {(Li'?}:l . 10
(M, J=4 - - H)=4 - (GH)=4 10
(G, I}=5 - - D=4 (BD)=4, {DC}=2, {CB)=2 - 9
{AB)-6 . . =3 BSEEES) {1 1)=3
glg(}i;f; {F,G}=7 (FGHL]}, {ABCD} | {F,G}=7 7 D)=3 (AD}=3
[EF)=8 | {EF}=8 |(BFGHL]), (ABCD}| {EF)=8 8 0N 5o
(BD)=4 - E E 8 =1 {H, =1
(H, J}=4 - - - 8
(G 15 - - - 8
(AB)=6 - - - 8
(CF)=8 | {(CF)}=8 | (ABCDEFGHL]) | (CF)=8 9
L, AAH " MST 22|E
Prim 22238 023} ol TH 4 9lr}
S dmelns g wmen TN et () e wee) 2ol M,
A} Ao g-AA daglFo] (HS WHAELRE VOl 2E MEE MY, T=1{2),5={0 }, =1}
AEANA A 7heA dRE AY )5S dAehs (2) HahlolN Yoo M i 5 Melstol Tofl X&stm, V
WS sl 9o B =RoAs dgsHA Aol &S OlA AFM[StCE,
et WS =g, (7b BHE i off AZE ZHHES Sof MIBICL

- 56 -



The Journal of IIBC, Vol. 14, No. 1, pp.51-59, Feb. 28, 2014, pISSN 2288-0879, elSSN 2288-2618

H AJO|20| LAISIZL} 7|Z0]| 0]0] EA THESR| ZHA
0 FZ=l0f Qoo AFSC)
(Ch Soll MEE ZIME T 2|4 71BR| 70 {7, 7} S Med
5101 e, Ol M&BID, B 0,5 & Vol Exfist= &H
off thall VoA Atmistz 7ol MEStCE,
(3 V={2 }7t 2 WX To M2 M= = joil Chsh
(2)2 ur=xoz 48ysict
AAE FALS AW 4 2R g8 Prim ¢are]
&5 A43 A= F 49 2k
¥ 4. ¢, Jdj=o| EAE mEc tiA Prim €12|E HE

Table 4. Application of Prim algorithm with the
reduced population of Graph G,

S
4 T Remaine | Add | Delete | | Cmat
(Sy) | () | () |
{ABCDEFGHL]} {2} {2} {g} | {2} | {2} | {2}
CORRG oy ARG |, | 1ABS -
(BCDERGHL I (A) (o) | BB o | GBS aps
(AB)6
(BCERGHL) (AD) DA)-3| DB [DC)=2
{D,C}=2
i
(BEFGHL]) (ADC) cor2| 8B B2
CR=8
5
=4
(EFGHL) (ADCB) 6| (CP=s | (CF-s
-2
4
(EGHL]) (ADCBF) B wa
) (FE)S
{EHL]} (ADCBF.G} (G, (((:;:Ji[}}f‘l {GH)=4
a 311=0
o (FE18
T {HG)=4 770
(EL]) (ADCBEGH) | B8 | i [arai| (G122 | mn
(Gl (D=1
Lp=4 (HJ=1
BB | 1G5 | (G5 | (REFS
EJ) (ADCBFGHI | (GI<5 | TI-1 | 0G5 | (ip-4 | ap=3
{HJ)=4 | {L])=3 |{LI=1 | {L]}=3
® ancrciny | FES | = | I eag | s
CBRGHLI | rigi-g | Go=s | | FE8 |
(o} (ADCBFGHIIE| - B - - B
o o 1 E s 2
Kruskal €125 o 2ol #+8% & Qlrh
(1) 2E Hp0f| 73 M-St
Vol 2E s ME, 7'={2}, e, ={F}, | enu [F 0.
(2) Hutsizdo| Mozl = 2E 2SS SOl MFslz,
Ex=o2 JBAZIC
(3) SOIM Z|& TIBXIZ 2= ZMM {i, 7} 2 MEi5I0] AfO|2
LY FE SISt

VOlIlM AHISICE

=
=]

]

MM, {6,518 €00l HEL | € |5 | st [+ 1,

[ et =] € | +1, BH 1

2
=

VOl ARISHTY

(Bh 2tef, 4,5 2% Voils Q= 4<%

i.J7b T2 o= & Zeoll 25 ZxlistH At0|20] &

Yot FR0|22 MESHR| pb=C.
i, 574 T2 M2 THE Ztoll EXtcHH (4.5} & e, 0l
M, |ens Flen |+1, TQ F TS sl ZE
oz Hgslct
(4) 58 2E Zhdofl thal (3)2 +&st Yn2lES =Bl
1 Zite,, 7t MSTZ HOIXIH, |e, [=|v[—10] ECh

WA B4 AL 74 230 vla) Kruskal 23
9% 488 vt E 59 2ok

H 5. G, J12iZo| ZAE REIC A} Kruskal YT2|E X
Table 5. Application of Kruskal algorithm with
the reduced population of Graph G

ISk v a Cmst |emit|
{H, D=1 {2} {H, D=1 1
{B,C}=2 {H,I} {BC}=2 2
{CD}=2 {H), {B,C} {CD}=2 3
{AD}=3 {H]}, {BLD} {AD}=3 4
{I, J}=3 {H1}, {ABCD} {L, J}=3 5
{BD}=4 {HLJ}, {ABCD} - 5
{GH}=4 {HL]}, {ABCD) {GH)}=4 6
{H, J}=4 {GHIJ}, {ABCD} - 6
{G, I}<5 {GH,LJ), {ABCD} - 6
{AB)=6 {GHLJ}, {ABCD} - 6
’ {GH]LJ}, (ABCD} 7
{FGHLJ}, {ABCD} 8
{ABCDFG } 9
ale
3. ¢un2|E ds 24
w A= AAY IS AAA F2 A S
gaew she wT A AL AH RATE &
g AAElell A MSTE 4 W] AsS vlaste] &
R REEE!
6. ¢, 22zl REEH I7|0f ME An2|E o R Hw

Table 6. Running time comparison of the algorithms
with population size of Graph G

daEF A 2 ol ShE myd olg
Bortivka |17 Stage : 2170% 87] A 1 Stage @ 1370% 87} A9
obia)2= (29 Stage : 671%F 170 Ag) |2 Stage : 1% 17 A1)
o-2HA] | 213] 3, AfelF WAl A (48] ), Abe]F A 1Al 47
e F 1271 2HA AHA
Prim | 7H4 F7} 3870, kA AbAl 2671, | 3 F7F 2670, 7k AbA) 1671,
G |5770 2HA F O el (12100) | 2370 ZHA F 970 el (6571)
Kruskal | 7HA 2170 8 Aol 1270 |14 137) 280, Abol & 47) A,
dEF AL 90 A e 97f Zbd A
Bortivka €185 277 18 147)) 1M 02 Fof
18% =, 18] 52 46%, Kruskal Eilg]5-2 34%,
A-2HA] darE]ES 81%4] FA3T s BAE A%tk
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Table 7. Comparison of edge comparison number
of MST algorithm

(a) Bortivka ¥12|&

HlaL 7 g7/ 701 /A0 P Z2 A
Sz | o el A 2R S 2R 7k WAl
=0
1¥ Stage |2° Stage |1 Stage |2° Stage | 20200
G| 10| 21| 21/ 80 6/ 1/0

13/8/0 | 1/1/0 48%

G, 70 11| 11100 - 8/ 6/0

Gy | 12| 23| 23101 13/20 | 14/ 91 | 5/ 2/0 47%

G, 8| 15| 15/ 50 | 12/ 20 9/ 5/0 | 4/ 2/0 52%

G; 9| 16| 16/102 - 11/10/2 - 31%

@ 10 ©® 2 0 2 @ G; | 10] 19] 1970 9/20 | 12/7/0 | 4/ 2/0 43%

2 8 3 § 1 2 9 G| 11| 22| 22/90 510 | 14/ 9/0 | 2/ 1/0 44%

@ & ©® 3 @ 10 ® [ 16| 33| 33194 - 23/14/1 6/ 2/0 12%

T3 % 9 3 Gy 6| 12| 12/ 40 6/ 1/0 8/ 4/0 | 3/1/0 39%

O 3+ @O 2 ® + O 38%

(G, 27%) =
(b) Prim €12|&

o+ 0 P9 - 371 28 27/ AP S/ TR [ S| I
71 1 72 1 8 | fo| | el AR 2 EpgET H]m%;z)\;/}z"

LN @ 2 @ 2 G, | 10 | 21 | 382/ 57 (121) | 25/16/23 ( 65) 46%

! ; : ; * | A 4 G | 7| 11| 20032 (5 | 14/ 83 ( 35) 2%

; Gy | 12| 23| 4330/ 61 (134) | 29/17/30 ( 76) 43%

Gy 8 | 15 | 2718/ 36 (81) | 16/ 8/18 ( 42) 48%

G; 9] 16 [ 2920/ 27 (76 | 21/13/17 ( 51) 33%

G | 10 | 19 | 3524/ 46 (106) | 23/14/27 ( 64) 39%

G| 11| 22| 4027/ 5 12) | 27/17/32 ( 76) 37%

Gy | 16 | 33 | 64/45/109 (218) | 45/30/84 (159) 27%

Gy | 6] 12| 2012/ 2 (53) | 13/ 6/16 (35) 40%

o 37%

O]
(G, 1932)

J2 3. YuE|E oo AEE Tz
Fig. 3. Graph used for algorithm evaluation
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(c) Kruskal €12|&

P P S/ P | 2 mate) 7hk
s | ol | el e o | s aae 6o

G 10 21 21/21 13/13 38%
Gy 7 11 11/11 8/ 8 27%
Gy 12 23 23/23 14/14 39%
Gy 8 15 15/15 9/ 7 53%
Gy 9 16 16/16 11/11 31%
< 10 19 19/19 12/12 37%
< 11 22 2/22 14/13 1%
Gy 16 33 33/33 23/22 33%
Gy 6 12 12/12 8/ 6 50%

o= 39%

(d) G-AH 2o2|E

o A AR G4 R | ag A9 715 214 Hls
o= | o] | el A 2y ENEETE - S )

Lol s 15} 2250 | gy ey | 100 (1ol
G| 10| 21 | 21/8%21 | 21/ 816 | 13/4/4 | 81% 75%
G, 71| 1/31 | 11/3/6 | 8/2/2 | 82% 67%
Gy | 12| 23|23/ 923 | 23/ 916 | 14/4/4 | 83% 75%
[ 8|15 | 15/6/15 | 15/6/8 | 9/2[2 | 87% 75%
G; 9| 16| 16/ 516 | 16/ 513 | 11/3/3 | 81% 77%
Go | 10 | 19 | 19/ 819 | 19/ /15 | 12/3/3 | 84% 80%
G| 11| 22| 2/ &2 | 22/ 815 | 14/4/4 | 82% 73%
Gy | 16 | 33 | 33/10/33 | 331027 | 23/8/8 | 76% 70%
Gy 6| 12 | 12/412 | 12/48 | 8/3/3 | 75% 63%
o 81% 73%
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