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Abstract This paper suggests an algorithm that obtains the Minimum Spanning Tree for directed graph (DMST).
The existing Chu-Liu/Edmonds DMST algorithm has chances of the algorithm not being able to find DMST or
of the sum of ST not being the least. The suggested algorithm is made in such a way that it always finds
DMST, rectifying the disadvantage of Chu-Liu/Edmonds DMST algorithm. Firstly, it chooses the Minimum-
Weight Arc (MWA) from all the nodes including a root node, and gets rid of the nodes in which cycle occurs
after sorting them in an ascending order. In this process, Minimum Spanning Forest (MST) is obtained. If there
is only one MSF, DMST is obtained. And if there are more than 2 MSFs, to determine MWA among all MST
nodes, it chooses a method of directly calculating the sum of all the weights, and hence simplifies the
emendation process for solving a cycle problem of Chu-Liv/Edmonds DMST algorithm. The suggested Sulee
DMST algorithm can always obtain DMST that minimizes the weight of the arcs no matter if the root node is
set or not, and it is also capable to find the root node of a graph with minimized weight.

Key Words : Directed Graph, Minimum Spanning Tree, Directed Graph Minimum Spanning Tree Cycle, Minimum
Spanning Forest
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ELSETF z%y € MSFO ¥ n, 92
3 ArcE MSF Arcsell 7k 319 Arc 3l MSFoll 42
ELSEIF x9 y & n; THEN
3 ArcE MSF Arcsoll 371 313 Arc2 M2 MSF 44

ENDIF

END

IF |ny|=1 THEN %ol &5
ELSE IF |n/|= 2 THEN 2" Stage 5%
ENDIF

/+ 2™ Stage : MSFE S125H= MWA (MSF 32| MWA) Mei, MSTE &2
2-1.FOR 1 to |ng| do /+ MSFe| ) & 19}

ol oma

22 FOR 110 @, = 2 do /» 530 371 ) ol MSFS] MFT 3] MWA 419
MSFel %3 55 % MSF 9 59} Head7h 59
2o 7HA 3 AR
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Fig. 4. Sulee DMST Algorithm
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Table 4. Sulee DMST Algorithm Application

(@) ¢, 2=
EE f9 MWA MSF
Node Cyel
el Q2] ycle Indec
ALL ] = Check Nodes Arcs
1 B - _ -
2 a : 12=1 X 12-1
3 (4, C (26)=2 X 1-2 (26)=2
4 6} 5, 6:4=3 X 1-2-6 (G4)=3
5 3 3, 43)=4 x 126,45 (43)=4
6 262 | 262 | 85=6 | O 1-2-6,3-45 -
1-2-6, 3-45
- MEF 14 MWA MSF | DVST
49E | o | g 7R A Arcs | Arcs
Fi26) | 20427 | o | .
(1,2)=1,26)=2| 165262 2= 1,2)=1} (1,2)=1
©26)-2| 26)-2
B | 090098 | 1310 13410 |(13)635)+64=10:6:3-19 | GA=3 | G543
b @463 | 29- 8| 23~ 8 | (2,3)+(3,5)+(5,0)=8+6+3=17 | (43)-4| (298
GA=3434| 60856 | G4=9| 6= 9 |(64)+(43)+(35)-9+4+6=19 (356
(356 6511 |65-11| 6511 |(65)+(54)+(43)=11+3+4=18
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i G2 | GD=2|G@=3| x | beethiddegk |Ge-3 ab-e-d-efgh
j (£j)=1 (£j)=1 | (ha)=4 X b-c-d-e-f-g-h-i-j-k [ (ha)=4
k| (dk)=1(gk)=1 |(dk)=1]| (hD)=9 [0} a-b-c-d-ef-ghijk -
a-b-c-d-e-f-g-h-i-j-k _ o o e
I 5ol MWAE BEAZNA &2 39, 6, 1 Ze
3
(© 6 L2k Swle)=26, G IHZE sw(e)=222 ST= oéo* ] wt
e Y MWA MSF MST sh=d| Ashstsiet. whebA Sulee DMST ¢are]
Node
ALL Ae ) éﬁii Nodes Arcs MWAE v._t,x}—.— (7 ]’TX] Head == Z‘f)g_ Xé
a (e,)=2 (ea)=2 [(@b)=1| x - (ab)=1 ‘:’37\17]% Ho]'%’a— ;':HE'H?:SJ—E}
b (ab)=1 (ab)=1 [(e@)=2| x a-b (e,a)=2
c (g,0)=3 (g0)=3 [(ge)=3| x a-b-e (g,c)=3
d (a,d)=3 (ad)=3 [(ad)=3| x a-b-e cg (a,d)=3
e (he)=3 (he)=3 [(he)=3| x a-b-d-e, c—g (h,e)=3
f (e,H=7 (eD=7 [(fg)=3| x a-b-d-e-h, c-g (f,g)=3 o > —_
g | G5 | Go=3 |[@w8| x | abdeh cig |(@h=3 IV. Sulee MST & 112|5 MM m™I}
h (gh)=3 (gh)=3 |(eH=7| O a-b-c-d-e-f-g-h =
a-b-c-d-e-f-g-h
1. &goll MEE 2=
I HoME 19 63 o] 1= Jo & vt
WaE o 4 gl 1) e 2 wEE Yae o
T 8 I 2HZE S E Sulee DMST iz
1% (7]
o] AN 7)) i\:} Gg} G, Z1¥Z3= Chen' o]

(b) G, 1=

| MST
Fig. 5. MST of the Sulee DMST

(@) G 18z
12! 5. Sulee DMST Z112|&9

¥ 5. MBS 5IX| U2 Sulee DMST L12|E HE

Table 5. Sulee DMST Algorithm Application
without sorting

(@) G 2=
In-degree MWA MSF
Node .

ALL A= ((::liecclf( Nodes Arcs
a (ha)=4 (h,a)=4 X - (ha)=4
b (e,b)=1 (e,b)=1 X a-h (e,b)=1
c (b,o)=1 (b,c)=1 X a-h, b-e (b,c)=1
d (g,d)=2 (g,d)=2 X a-h, b-c-e (g,d)=2
e (he)=1 (he)=1 X a-h, b-c-e, d-g (h,e)=1
f | (h1=9,i,)=9 | (h,)=9 X a-b-c-e-h, d-g (h,)=9
g (G,2)=3 (j,2)=3 X a-b-c-e-f-h, d-g (],g)=3
h (1,h)=2 (1,h)=2 X a-b-c-e-f-h, d-g-j (i,h)=2
i (G,)=2 (G,0=2 X a-b-c-e-f-h-i, d-g-j (G,0=2
j (£)=1 (£)=1 (0] a-b-c-d-e-f-g-h-i-j -
k [(dk=1(gk)=1| (dk)=1 X a-b-c-d-e-f-g-h-i-j | (dk)=1

a-b-c-d-e-f-g-h-i-j-k

A, G, 1B Z= Wenger ™ ¢, 13 Z = Liewellyn™o]
A, G, == Forbes 19]01]/‘1, Gy Gy G, Gy, L=
Tkeda "ol A, Gy, Gy, G A ZE List™oll A, 61y, Gig
agE= Boydmoﬂj‘i &= Ak

(Gy, 1)

C
(G, 1)

(@) 2 =27 AAE ag=
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ol Aol 11719 . Sulee DMST ¢118]5L yw(e ) =5 0%
In — degree = 0 Out — degree = 3 3-7-© 7 1 _ B
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o B B B 6. G, J2=o| DMST
FLE MSTE deth o3/ 42 DMSTE 28 79 Taple 6. DMST of Graph Gi
sl B}
AA18ks (a) Chu-Liv/Edmonds DMST &18]& (& == m)
= Y MWA|
e A s MSF 443 MWA DAST
® ® ® ® ALL A
©® & O->® a |(ma)=2| (ma)=2 | (ma)=2 (m,a)=2
' @/E b | db=1| (db)=1 | (d&b)=1 (a,b)=12
® ® o ¢ | (be)=3| (be)=3 | (be)=3 (b)=3
— ot | (cd)=2| (cd)=2 | (cd)=2 (c,d)=2
(0‘ 2A=) (G =) ¢ (;e) 2 (;,e) 2 (;,e)=2 (:,e)=4
] @eh=3|(eh=3] (e0H=3 (e,N=3
(fg)=1| (fg)=1 | (fg)=1 (fg)=1
@ ® O o b [ dhes| @b | dhes s
l I i Gi=2 | G=2 | Gji)=2 (f)=5
O ( il k=3 ] kj=3 | (kj)=3 (k,j)=3
[0 6] ® k| GR=1| Gk=1 | (k=1 (1k)=1
® o B rln (mD=2| (mD=2 | (mD=2 (m)=2
(G, 1)) (G, 7)) (G a8
(b) Sulee DMST ¥¢arels
® & A>® ©
% . . wE §9 MWA MSF
? © J@ ° ALL | A= [ A" | Cycle Nodes Arcs
® © =0 ® - ~ - -
B CE (G, Tel=) a [(ma)=2|(ma)=2| (db)=1| x (d,b)=1
(G -18) i A b |@b=1|@b=1| Eg=l| x b-d (tg)=1
(G, 29 ¢ | be=3|be=3| Gk=1]| x b-d, f-g (ik)=1
® d | (cd)=2]| (cd)=2|(cm)=1| x b-d, f-g, i-k (c,m)=1
2 T K’\® e |(ge)=2](ge)=2|(ma)=2| x b-d, f-g, i-k, cm (m,a)=2
f [ (eD=3](h=3](cd=2| x b-d, f-g, i-k, a-¢-m (cd)=2
® o g |G-l | Gg=1| (ge)=2| x abcdmfgik |(ge=2
h [(dh)=5|(dh=5] (D=2 | x a-b-c-d-m, e-f-g, i-k (G,1)=2
(. 2= ozl i GD=2| GD=2 | mD=2| x | ab-cdm etlgijk |mh=2
1 - (G, 232) i | &D=3| kD=3|MBe=3| O | ab-c-dlm, efg ijk -

k | Go=1]Gk=1| (D=3 | O | abcdlmefgijk| -
al =1 = X5 o 1 [(mD=2]|mD=2| kj=3| O a-b-c-d-I-m, e-f-g, i-j-k =
j.": 7.2 h:_7|- xlo‘—l JEH#—l DMST m |(cm)=1|(cm)=1| (dh)=5| x a-b-c-d-1-m, e-f-g, i-j-k | (dh)=H

Fig. 7. DMST of Graph with Root Node a-b-c-d-h-l-m, e-f-g, i-j-k
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m |(c;m)=1| (c,m)=1 (c;m)=1
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5 (15)= 2 @\J@
6 A6)-18 < )
7 @n-4 L
(b) Sulee DMST &a1e]&
=S 49 MWA MSF
Node e
ALL A Ag éﬁii Nodes Arcs
1| @D=3 | @D-3 [ap=2| «x - 15=2
2 | G2-5| 32-5 |@D-3| «x 5 @1=13
3| 3-8 | W3-8 |Un-4| x 125 @n=4
1| @15 | eo-15 | @2=5] «x 125,47 |32=5
5 | U5=2| (I5-2 |43-8| x 1-2-3°5 47 |@3=8
6 | @o-18 | 4e-18 |@d=15| O 1-2-3-4-5-7 z
7| Wn-4 | @n-4 |@P-18| x 123457 |(46)=18
1-2-3-4-5-6-7
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DMST
Node ‘Arcs
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4 )
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6 (46)-18
7 =4
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Table 8. DMST of Graph G
(a) Chu-Liw/Edmonds DMST ¢18& (2 =X=1)
=5 AYMWA | R ) DMST
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1 j , _ j
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6| G4 | 64| 664 56)=4
71 an=s | an=3 | 4n=3 =3
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ALL de | ogE | Qe Nodes Arcs
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2 =3 | @5=1| x
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6 = | @o=a| x
7 =3 | GO=4| x
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