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Hybrid Minimum Spanning Tree Algorithm
Sang-Un Lee'

ABSTRACT

In this paper, to obtain the Minimum Spanning Tree (MST) from the graph with several nodes having the same weight, I applied both
Bortivka and Kruskal MST algorithms. The result came out to such a way that Kruskal MST algorithm succeeded to obtain MST, but
not did the Prim MST algorithm. It is also found that an algorithm that chooses Inter-MSF MWE in the 2™ stage of Bortvka is quite
complicating. The 1" stage of Bortivka has an advantage of obtaining Minimum Spanning Forest (MSF) with the least number of the
edges, and on the other hand, Kruskal MST algorithm has an advantage of always obtaining MST though it deals with all the edges.
Therefore, this paper suggests an Hybrid MST algorithm which consists of the merits of both Bortivka’s 1% stage and Kruskal MST
algorithm. When applied additionally to 6 graphs, Hybrid MST algorithm has a same effect as that of Kruskal MST algorithm. Also,
comparing the algorithm performance speed and capacity, Hybrid MST algorithm has shown the greatest performance Therefore, the
suggested algorithm can be used as the generalized MST algorithm.
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2.1.1 Bortivka MST ¢xug&
Bortivka MST €xg]&e 3 #A A4 2 g

< Bortivka's MST Algorithm >

G=(V.E)

lvl © Number of Vertices in Graph ¢= (v, B)

lel : Number of Edges in Graph ¢= (v, 5)

MWE : Minimum-Weight Edge {z.y}

MSF Vertices : Minimal Spanning Forest (MSF) Vertices
MSF Edges : Minimal Spanning Forest (MSF) Edges

le.| © Number of Candidate Edges

lew| + Number of Minimum Edges in 1st Stage MSF Edges
Jesna] * Number of Minimum Edges in 2nd Stage MSF Edges
171 * Number of MSF

/« 1st Stage : MSF Vertices 44

v TR Y

For 1tolv| do
AukgE o] 7+ 8 Vertexdl 4 MWE Ael(EL
Candidate Edgesell #%

END
FOR 1 to|e.| do
IF AelE MWEY {z.y} € MSF Verticesell 9 8+ Forestd] 94
THEN Skip /+ AO[2 244
ELSE IF 218§l MWES] {z.y} € MSF Verticesel 3l F Foreste] 94 or
Al MWE 9] {«,y} & MSF Vertices THEN
2delE MWEES MSF Edges (e,.) ol 37}
Aeld MWEY) {2,y} 2 MSF \femoes°] a9 Forestol]l 917 L= A4
ENDIF
F (ewl=lvb-1)and (f1=1) THEN ¢3e% 38
ELSE LOOP
END
IF I71=1 THEN ¥a8F $5
ELSE IF |f1=2 THEN 2nd Stage 43
ENDIF

/+ 2nd Stage : MSF& A5 924471 MWES 2&
Sk MSFE o2 e M % 92 k= Edges 32 24

Inter-MSF MWE(e;) A ( Ef, SUsH 70| Chr ZXHA| SHLPYTE ME
¥ lesb 171-1

Inter-MSF MWEZ 023102 A4

FOR 1 tolsl-1 do

2delE MWEES MSF Edges (e.,.)
Aeld MWEY {«,y} MSF 92
END

o F7k

FLSE IF 1eel MWEE MSF Edges (e, 37k Aeld MWES] {2y} MSF 912

END

S 710 T S| 25 Hel),

(Z2! 1) Bortivka MST 12|

il

dAE ME F i TFEAE 2 e

ZH4 (Minimum

Weight Edge, MWE)S A #&3}o] Alo]Zo] wAstA] &=

HA A% ¥Y2E (Minimum
T8, the
BAsA] ¢k MWEE “MSF
Bortivka MST ¢alel& (29 1)3% 2t

2.1.2 Prim MST €ag&

Spanning Forest, MSF)&
Gl MSFES A4st7] 918 Ato]Zo]
- 108 e wWelth

Prim MST €xglsa 999 AAS Agsta, o o
28 HAE FolHd MWEZE Ad3t ggoez gz A
B Aol A A5 JtFR 9 vEed AdgE A
A AeE A e ke JtEAE T4 MWEE AEs)
= ot} (& o] THAAA Ale]Fo] LAEE HAL
TAgT) o] WS RE HHEo] AdE wrx £33
t} Prim MST ¢ag]&2 (28 2)o AAE o] k.



<Prim’s MST Algorithm >
MST+ MSF Vertices$t MSF Edges# 4
Candidate Edges : STE T43}7] 9l d4e] o] 42 S8 Edges
MWE : Minimum-Weight Edge {z.y}

MSF Vertices : Minimal Spanning Forest (MSF) Vertices
MSF Edges : Minimal Spanning Forest (MSF) Edges
,,,,, * MSF Edges

Ir«,,.~,| Number of MSF Edges =|v|- 1
Candidate Edges = ¢,+¢, ¢,
¢, - MSF Verticesoll A& 715+ Vertexoll 5+4% Edges
¢, ¢ Candidate Edgesol A AFA19A] &1 o} 9+ Edges
;- Candidate Edgeso]l MSF Edges o|n] AeE QAL Alo] 2 WA oz Aas] =
Edges

lob<]o] YL 2y
Step 1. vollAl 4959 Vertex A9, MSF Verticesoll A%, VellAl AEE Vertex A4
Step 2. For [v] to 0 do
MSF Edgesl M2 F71d Vertex (ol 92%® EE Edgessg
Candidate Edgesel F7}e,)
IF  Candidate Edges (e, +e,) & ye& MSF Verties THEN Candidate
Edgesel Al 2Hl(c,) [+ AO|E M = B8 Med
END
Candidate Edgesdl ol 9l EdgesE(e,+e.—e,) % MWE Ael(El S
& 2401 Cl= ZTHAl E-'|=— Me)
Ael¥l MWEE MSF Edgesel %7}, Candidate Edgesoll A A4
Aele MWES (x5} 914 y2 MSF Verticesel A%, vl 4k
END

(38 2) Prim MST &€12|&

2.1.3 Kruskal MST ¢xgl&
Kruskal MST 23252 Iz TE HAES Yy

o Afe]Zo] HAYsA| ‘3%% 3 HNE ()% |vl-10] =
wj74x] Aelsts g olth Kruskal MST %}ia%% (29
3)3} )

<Kruskal's MST Algorithm>

MWE : Minimum-Weight Edge {z,y}
MSF Vertices : Minimal Spanning Forest (MSF) Vertices

MSF Edges  : Minimal Spanning Forest (MSF) Edges
1£1 © Number of MSF

ens - MSF Edges

|€ms:| * Number of MSF Edges =|v|-1

Jul< o] YU 2y
FOR 1to 2|e| » &Ai2}342I0| BE Edges MY
Ausie o] Aaztgdd ok BE EdgesS Candidate Edgesol A%
END
Candidate Edges® Q5302 A
For lel=1t0 |VI-1
Candidate Edgesl/] MWE A1), Candidate EdgeslA] AHA]
hig deE MWE {z,y} € MSFe] 811}¢] Forest THEN Skip /+ Aol 24
ELSE IF Ae¥l MWE {2y} € MSF9| % Forest 44 or {w.y} & MSF THEN
Aelsl MWEE MSF Edgesll 7}
2elEl MWES] 2.y Vertexs MSF] 31 Forestol]l 92 = A& Forest
A

ENDIF
END
(2! 3) Kruskal MST &€112|&
22 L4025 Mg EM™ED AT ufH
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(a) Bortivka MST Algorithm (b) Prim MST Algorithm (c) Kruskal MST Algorithm
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A gerh gy g A Ee] FUd TEAE 2
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otel MST ¢uglfEd 2% dutsld dugfos A&
g 4 98 Flojh B oA o] Aol s (29 4)9

2 g EAldol glex nFE &

gEAel MST <ag]59 Bortvka, Prim¥ Kruskal
MST ¢xudlgS (298 49 6 a2z Hgsle MSTE
T3l FAHL <E >, STE +3 27+ (29 59 A
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A A a-d—g, b—c—e f-he] MSFE A%t} oI5
370 MSFz+& 9143= MWE (Inter-MSF MWE)Z 27
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b AR AR F7HEAY, V1€ FROA
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(a) Borivka MST 2ig]&

Ist Stage 2nd Stage
Chpte | Gue | NBF Vartioes gﬁ;ﬁ Tntr-VSF MWE F“[Ei
{ad)=1 - - {ad)=1
(ho1 x ad | '23 cel fh fh
{ch1 0 ad bec - [lal23-| | |p| o~
{cel=l X ad bc {cel=l g R ? - g é Z g é
{dal=1 O ad bce - {ab}=2
{dg=1 X ad bce [{dg-l|adg?t bce MF : {abl=2|{df)=2
{eck1 6] adg bce - |de=2 T {ab=2 A9
{thi=1 X adg bee |{th=l [adg f-h MSF @ {df=2 {gf=2
{gd=1 [¢] a-dg bce fh| - {gh)=2 % {df}=2 A9
{hi=l 6] adg beefhl - [pbcestfhMSF: {ef)=2%= 74
le.l=10 [le.| lew|=5 171=3, |e]=9, |e|=9 | e2ual=
(b) Prim MST &g+
v M Condte [rkes MBF
Vrtices €a € Cycle (eq) e, te,—e; Fdges
{abcdefght| {2} (2} {2} {2} (o} {2}
tedefaht | | @RS (o) | EAS g
1 (s {ab)=2{ac)=3
tcetan | | BT pnoas) @i | dd2ian= |ieg
g {d.g=1
ga,er((acf)}:S {ah)=2
- . YR d,c}=2{d,f}=|{dc)-2
et | (adg | BPTLEIZ faDEa0S) g 2 |
T e {ofi=2{gh}=|{gf}=2
2 {ghl=2
b bal2fhe)1
febi=1.{cd=2 e e
| (et ich=s A2l s fee=t|,
@ |ledebell)| g | @A | HOBID ) g |
)2 {f.g}=2 )2 (th)=
f.h=1(he3 thf=Lthe)=2
{hfi=1{ha}=2 fad=3
(o) (adgi}xcfhc _ B B B o
lol=8 |e. =33, e, |=33 lemstl=8

(c) Kruskal MST &a18]%

Candidate Edges
MSF Vertices MSF Edges
All Edges | Ascent Sorted Edges | Cycle Check
{ab}=2 {ad)=1 X - {ad}=1
{ac)=3 {bc)=1 X a-d {bc)=1
{ad)=1 {ce}=1 X a-d, b-¢ {ce}=1
{b,c}=1 {dg}=1 X a-d, b-ce {dg}=1
{be}=4 {f)h}=1 X a-d-g, b-c-e {fh}=1
{cd)=2 {ab}=2 X a-d-g, b-ce f-h {ab}=2
{ce}=1 {c,d)=2 (0] a-b-c-d-e-g, f-h -
{c,f)=3 {d,f}=2 X a-b-c-d-e-g, f-h {d,f}=2
{d,f}=2 {ef)=2 - a-b-c-d-e-f-g-h (£8)
{dg)=1 {fg}=2 - -
{ef}=2 {g,h}=2 - -
{eh}=3 {ac}=3 - -
{fg)}=2 {cf)=3 - -
{fh}=1 {eh)=3 - -
{gh}=2 {be}=4 - -
15 lef-s o7
= [ [ T
B AE T ¥aE e Edges 7 (e )T <3 2> AAH
o] Sitt.
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S
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MSFE &A% o=24 Candidate Edges &5 %9 & 9=
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5o Wy 48]

2) 1%, 2M¢} 3¢ Candidate EdgesE QEatwoz A4
3o} [Kruskal MST €xd& #-4]

(3) Candidate Edges®] 1%, 2M¢} 3¢ o2 Alo]Z AZ
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o Bortivka MST Kruskal MST slolHgl= MST
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P2 Auya ke Rk
. / S MWE
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AR}, ij=1.2,n A4
/% 1st Stage : 2+ 3 Vertexell tal] 1st MWE 41€), MSF 434
n" . Candidate MWE Group (n=1.2.3)

FOR [en| = 1o |vl-1 /MSF 44

For 1to|v] do /* n" Candidate MWE 44
7} & Vertexel tis) " MWE 41¢] (Eh, St 210| Cl EXHAl 2F MEY)
IF 2%y € n" (n=1,2,3) Candidate Edges THEN Skip /E5 MEH
ELSE 4#l® MWEE »" Candidate Edgesell A7

END

n" Candidate Edges& 54 4

FOR 1 to|e.| do /* Candidate Edges=4€] 3 ¥ Edget&] MSF Edges A4
IF {z.y} € MSF Vertices] & MSF 14 THEN Skip /* Cycle ¥4
ELSE IF {z.y} € MSF Vertices®] ¥ MSF ¥4 or {z,y} € MSF Vertices

THEN
el EdgeS MSF Edgesoll 57} (e = o + 1)
218l Edges MSF Vertices®] g MSFell 92 B= A28 MSF A4
ENDIF
IF lews |=lvI-1 THEN ¢ig]E $5
ELSE LOOP
ENDIF
END

IF |fl=1 THEN Qus $8
ELSE n=n+1 THEN LOOP
END

MST Algorithm > —————

(12l 6) sto|=22|= MST 212|E

32 K-I_.?_ I:iH:H
G Z#fxe] fisf stelHEEl= MST ¥uds
AveE <H& 49 2o Kruskal MST €3es
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I* MWE 7% MWE FIMWE | IF MAE |2 M| 3 M | Candidate Fges
* MWE
_ v S . . o | fadFLibeL
fad=1 {ab}=2 {ac)=3 fad=1 | {ab}=2 | {ac)=3
hel-1 thal=2 hed | {herl | - | (hod et
{eb}=1{ce)-1 {ea=8ich=3 | {eel | {ed2 | (o0=3 |\ -
{da}=1{dg)~1 (d.c}'z{df - {dgh=1 | {df=2 - ( b)ZZ( d):2
fe.ci=1 fef2 {eh)=3 | el | el | G5
{fh)=1 {f, d}'%)(f e}'z{fg {f,c}=3 {thi=1 | {fg}=2 - {fg=2{gh)2
{od}= - - | feh2 | - |
hi=t =) hes | - 1 | T o
ehlbe)4
Candidate Edges Cycle MSF Vertices MSF Fdges
{ad=l X {ad)=1
{her=l X a-d {bel=1
((é‘:z)}:} X add,bb c ({a,c})ﬂl
ERY =] , =
1 AME {thi=1 i aad g, bcccc (f,l%)il
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le|=5 le=5 171=3 lemst|=5
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71 NWE {ef)=2 a-b-c-d-efgh (el T5)
{fg)=2
{ghi=2
le.|=6 le.f=3 171=1 |enal=2
{ack=3
e | B
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3 MWE thel1
le|=4
lo-1=7 le.l=11 le.|=8 lew =7
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4.2.1 ¢, 2=

G, =0 &l Bortivka, Prim, KruskalZ} sleolH =
MST ¢85S A83te] & MSTE (18 8)ol #AH
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