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A Degree-Constrained Minimum Spanning Tree Algorithm
Using k-opt
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Abstract

The degree-constrained minimum spanning tree (d-MST) problem is considered NP-complete for no
exact solution—yielding polynomial algorithm has been proposed to. One thus has to resort to an heuristic
approximate algorithm to obtain an optimal solution to this problem. This paper therefore presents a
polynomial time algorithm which obtains an intial solution to the d-MST with the help of Kruskal's
algorithm and performs k-opt on the initial solution obtained so as to derive the final optimal solution.

When tested on 4 graphs, the algorithm has successfully obtained the optimal solutions.
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Kruskal €12]%-2 Savelsberg®} Volgenant(17) 2%
B &€ 19 19 ¢ ¥z HEsied A FA
MSTE T3] ®BA G2 67/ FHHel 36/ 1A
(lv]=9, le|=36)22 QAR K~ ez gt 7} 4
AE 2 AYE vez gich

G IUEZE gde& Gen(9), Zhou$t Genlll,16),
Knowles et al.[12) Duan et al.(13) & @A} &a2]Fell
gt ot A7 FEEAT Savelsberg®t
Volgenant(17)& 7P wd Felz" H#iE H43519
3-MST9] Yw(e) =2,2565 AU, Zhou} Gen(11,16)-
d<3% MSTE T3l #l8) 84 ¥aels (genetic
algorithm, GA)< 25,0003] Fast] 3-MSTS Zw(e)©]
2,256 (66.7%), 2.292(23.3%), 2.332(3.3%)3
2,378(3.3%)< 4] 7P B2 a2 I 2,256< 4
gz A4 s

 Aelge

1 2 3 4 5 6 7 8 9

1 224 | 224 | 361 | 671 | 300 | 639 | 800 | 943
2 | 224 200 | 200 | 447 | 283 | 400 | 728 | 762
3 | 224 | 200 400 | 666 | 447 | 600 | 922 | 949
4 | 361 | 200 | 400 400 | 200 | 200 | 539 | 583
5 | 671 | 447 | 566 | 400 600 | 447 | 781 | 510
6 | 300 | 283 | 447 | 200 | 600 283 | 500 | 707
7 | 539 | 400 | 600 | 200 | 447 | 283 361 | 424
8 | 800 | 728 | 922 | 539 | 781 | 500 | 361 500
9 | 943 | 762 | 949 | 583 | 510 | 707 | 424 | 500

I3 1. G, Jai=
Fig. 1. G, Graph
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Fig. 2. Kruskal's MST Algorithm for G, Graph
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/* &-MST Z7| &
EOll thsl 2tM 715%] 28k keo2 M /* O(nlogn)
for |vi=onlsl=1 or B={s}
EOIM 2AVI1ER| 7HM minw v} M p= BN w{u,v).
if du)+1€M < d and d(v)+1€M < d then
if u,we Vthen S« (u,v), V=1\(uw),
Me—w{uw}, du)—du)+1, dv)—dw)+1
else if ue ¥ and vV then ue§«—v, V=1Nw
Me—w{uw}, duw)e—d(u)+1, dv)—dv)+1
else if uve V, ues and vES, i=j then
('Hw{u v}
else if wwe V, u€S and vEsS;, i=j then
S8+ 9 [<—w{u v}, d u)%d(u)#»l
d(v)e—d(v)+1
endif
else if d(u)+1€M>d or dlv)+1EM>d then C—wiu,v}
endif
end

/* d-MST =3}
if naw{uwtEM, deg(v) =10l i8] wi{v.i}e C then
Fm3l Iy =2
endif
if |a|=1 then /* Spannmg Tree (ST)7F AAE AeY,
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it deg(i) > d,deg(j) > d LM then wii,j} A
if Spanning TreeZ} —rEI then PST13} PST2 Zte|
Inter-PSTQl &4 k5% 2 . wikl}EC, (deg
(k) =1€ PST}, deg(l) = 1€ PST,) MZ&.
endif
if Sw(e)” > Twle)™ then k-opt2 ZHd
else  d-MST £7| s 28 sz 2%
endif
else if |M|=2 then
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Fig. 3. k-opt &-MST Algorithm
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deg(4) = 30] ‘A 200(2,4) 7} AHA|ET). o] = <lg) O-
@20 6-D-D-8-99 Rel¥l PST/} wAsH, 270
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3-opt7}  FAERe™, (510+2834+200)-(447+200+ E___ 2-MST Z7] 3
o] Mg EXE HY C M E
300) =462] v]go] A7FE) 1,21=224 | (2,3)=200 - (2.3)=200 B
{1,3}=224 | {2.4}=200 (2,4}=200 -
{1.4}=361 | {4,6}=200 - {4,6}=200 -
F 3-MST =7]| 3 {1,5}=671 {4,7}=200 | {4,7}=200 - -
e o=AE N c I I3 {1,6)=300 | {1,2}=224 | {1,2)=224 - -
(1,2V=224 | {2,31=200 - {2,3/=200 - (1,7}=5639 | (1,3}=224 - (1,3)=224 -
{1,3}=224 {2,4}=200 - (2,4} =200 - {1,8}=800 {2,6}i283 (2,6} =283 - -
U By e 7 .81 =200 7 g g; ggg i?'gilggg (1,61=300 6717288 -
187671 | 14.7)=200 . .71=200 : (2.4}=200 | {1.4)=361 | {1.4}=361 - -
(162300 | (1.21=224 (121 =224 {2,5}=447 | {7.8}=361 - (7,8/=361 -
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(191943 ) 16,7)=283 | (6.7) =283 ’ B (2:8)=728 | (4,5/=400 | (4,6)=400 - -
12,3)=200 | {1,6)=300 | {1,6)=300 ) ) (2.9}=762 | (7.9)=424 | {7.9)=424 - -
(2,4)=200 | {1,41=361 | {1,4] =361 B} i} (3.4)=400 | (2,5)=447 |{2,5)=447 - -
(2,6}=447 | {7,8/=361 (7,8/ =361 - (38)=566 | {3.61=447 | (36)-447 B -
{2,6}=283 {2,7}=400 (2, 7’ 400 - - (3.6} =447 (5,7)=447 | {5,7)=447 - _
12,71=400 | (3,4)=400 | (3,4} =400 - - (3,7)=600 | {6.8/=500 | (6.8) =500 - -
{2,81=728 | {4,6)=400 | {4,6}=400 - (3.8)=922 | {8,9}=500 - (8.9} =500 -
(2,9)=762 | {7,9)=424 - {7, 9) 424 - (3,9)=949 | (5,9}=510 - {(5,9}=510 _
(3,4} =400 {2,6)=447 | {2,6}=447 - - (4,6)=400 | {1,7}=539 - - -
{3,6}=566 | {3,6}=447 | {3.6}=447 - - {4,6}=200 | {4,8}=539 - - -
(3,6)=447 | {5,7)=447 | {5,7}=447 - - {4,7}=200 | {3.5}=566 - - -
{3,7}=600 | {6,8/=500 | {6,8}=500 - - {4,8}=539 | {4,9}=583 - - -
{3,8}=922 | {8,9}=500 | {8,9}=500 - - {4,9}=583 | {3,7}=600 - - -
(3,9}=949 | {5,91=510 - {5,9}=510 - {5,6)=600 | {5,6)=600 - - -
{4,5}=400 | {1,7)=539 - {6,7}=447 | {1,56}=671 - - (1,5)
{4,6}=200 | {4,8/=539 - {5.8}=781 | {6.9}=707 - - -
{4,7}=200 | {3,6)=566 - (3,6} =566 (5,9)=510 | {2,8)=728 - - -
(4, 8):539 {4,9)=583 - {6,7}=283 | {2.9}=762 - - -
ioees | s | e R I
(5,6} = -600 15,6)=600 - (5,6} =600 ral=361 | (a8i=922 i} i} B
(6,7}=447 | {1,6)=671 {1,6}=671 oloasa | (1'9) =043 i} i} B
8 -18l | .9-T01 . . 18.91=500 | (3.9}=949 - - -
(6,9}=510 | {2,81=728 - - -
(6,7}=283 | {2,91=762 - -
(6,8} =500 {6,8}=781 - (6,8} =781
{6 9):707 {1'8):800 - (1 8} 800 224 200200 200283 361500 Q 510 6
(7,8}=361 | {3,81=922 - (3, 8) 922 i
Bt | oo | -
{8,9) =500 {3,9} =949 - - 224 200200 zofv)ze?C}slsoo (uflvglg
u 224 (5 2007 200y 4”@ 510 @ 202G c 200 0 200 . 424 E ﬂn@ —
200 200 361 "00 200 e WL VI EM
= e W‘l k) & Coele 447(5,2) AD0{5,4} 44F{57 e O
e WL Crcle fm )5 2<2;1 zi_;)
o o o 9 700 700 474 9 @_@—é 200 é
e 0 200] 361 224"</200 mo;oo. a3:51 .<oo.
447(5,2) 400(5,4) 447(57} € C “4
0 447(5,2) € Chude Porticus 6 6 200{2,3} = 200{2,4}

deg(2) =3, deg(®=3>d 9

447
200
300

PST;=1-3-2-5. PST,=6-4-7-8-95 T Z 5= 1.526.92]
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T2 8. G, 32HEel 3-optE XB% 2-MST
Fig. 8. 2-MST Using 3-opt for G; Graph
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