
 

 !"#$%&'
 !"#$%&'ก)*++ ,)"$-.'/01+2+'234',560'ก

-78!9!:;&&<+5!  =)'*01ก')9>?%'!,$0=@A B$)C$/.'%
D=).EF'/ G7#%H:)HB,$F>18 3?!2'%9!:;&&<+5!21#!@/0
9>?ก5!$/.'%D=).EF'/0'ก21#3<I9!)*++ ,)"$-.'/ ,"$
Open Shortest Path First (OSPF) DB. !"#$%&'กก')21#
 ,)"$-.'/H$ $3=1  $J9>?$5Fก$)@2709!ก'),?!E'
 3?!2'%I?A/B5A $% &7%24'9E?ก')&5I 3?!2'%9E?Dก.ก')
KEF-$%-?$0LFK0.B)%ก5+,A'0B?$%ก')9!ก')9>?%'!
 ,)"$-.'/!58!M  ="#$ =@#0,A'03'0')N-$%)*++9E?01
:)*3@2O@P'=3L%-78! DF*FIB?!2<!-$%)*++HI/)A0
F% &7%:)*/<กBC9>?EF5กก'),A'0QF'ID++กF<.0I?A/A@O1
$'R'!@,00IHI/$'S5/ก')E'$'E')-$%0I9!
O))0>'B@  ="#$2I3$+E',.'!84'E!5ก-$% 3?!2'%9!
 ,)"$-.'/21# E0'*30ก5+ ,)"$-.'/21#B?$%ก') HI/A@O1ก')
Dก?K-:;6E'I?A/A@O1$'R'!@,00I3'0')NE',.'
:)*3@2O@P'=21#I1กA.',.':)*3@2O@P'= )@#0B?!KI?9!>.A%
HE!II1ก)1K0. ก@! 2.0 E)"$ 3?!2'%K0. ก@! 2  2.'-$%
&4'!A!HE!I DF*9E?,.':)*3@2O@P'=21#I1กA.'HI/ QF1#/
7.93  :$)C GT!BC
"()*()"#+:  !"#$%#&'()%*+*#',--. /,01% 2*34%/%56)
/%7

Abstract

Nowadays computer networks have more

important roles than before. Computers are

widely used, so connection between computers is

required in order to increase efficiency of the

system and reduce cost of the system. The widely-

used Routing Protocols in the system is Open

Shortest Path First (OSPF). But the OSPF

routers use Shortest-Path algorithm to find its

routes, therefore routing of traffic flow does not

get together with the traffic requirement of such

system. The Ant Colony Algorithm is applied.

Applying the way that ant forage to determine

weight of link in the appropriate network. The

problem of this experiment is solved by the ant

colony method. With weights set of this method

and Node degree are not more than 2.0 (amount

of links is not more than 2 times of amount of

nodes), the networks utilizations are better than

networks with default weight set with 7.93% in

average of the better utilization.

Keyword: Ant Colony Algorithm, OSPF 

Network 
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EF'/I?'!  >.! ก')21#01$5Fก$)@2709!ก'),?!E' 3?!2'%
I?A/B5A $% ก'))5+)L?N7%,A'0 :F1#/!D:F%9!)L:D++
ก') >"#$0B.$E)"$ก') :F1#/!D:F%-$% 3?!2'%9!)*++
 ,)"$-.'/KI?$/.'%)AI )TA  :U!B?! DB. !"#$%&'กก')21#
 ,)"$-.'/H$ $3=1  $J9>?$5Fก$)@2709!ก'),?!E'
 3?!2'%I?A/B5A $% HI/&*01ก'),4'!AR&'ก 3?!2'%21#
358!21#3<I&'ก&<IE!7#%K:/5%$1ก&<IE!7#%&7%24'9E?ก')&5I
 3?!2'%9E?Dก.ก')KEF-$%-?$0LFK0.B)%ก5+,A'0
B?$%ก')ก')KEF-$%-?$0LF)*EA.'%HE!I (Traffic

Requirement) P'/9! ,)"$-.'/!58!M
 ="#$9E?ก')&5I 3?!2'%-?$0LF-$% ,)"$-.'/3'0')N

24'%'!KI?$/.'%01:)*3@2O@P'= VL? &5I24'&7%=5W!'
G$JBCDA)C21#:)*/<กBC9>?EF5กก')A@O1$'R'!@,00I (Ant

Colony Algorithm) 9!ก')B58%,.'!84'E!5ก9E?Dก. ,)"$-.'/
21#B?$%ก') DF* !4',. '!84 'E !5ก!58 !K:2 I3$ + >@ %
30))N!* A@ ,)'*ECก')KEF-$%-?$0LFP'/9! ,)"$-.'/
 ="#$E' GB-$%,4'B$+21#01,.'!84'E!5ก E0'*30

2. -.#กก)0123,4),
8#ก*0&':!3/01;%<ก*08=>&'()%*+*#',--.8#ก*0$!"<,2*

#"?*@#!ก8@>Aก2/,01% 2*34%/%56)/%7 BC>6!D#*E.>FGกH*
@I!กก*0 %<JKHL)AIM/J,4#4I3)$2*<N J);/ก);3& >%<
ก!Oก*06!D#*0MOOJ);5*-*0P#?*-*Q0M3Rก$S8=>ก!O<*#
E.>4.3AO2<%%ก/QT#@!& >%$2*<N .!<$2%EQ#)"

2.1 Open Shortest Path First

H$ $3=1 $J :U!H:)HB,$F>18 3?!2'%B5AE!7#%!@/0
9>?ก5!$/.'%D=).EF'/0'ก21#3<I9!)*++ ,)"$-.'/
 !"#$ %&' ก01&< I  I.!9 !EF '/I? '!  >. ! ก ')21#  :U !
H:)HB,$F21#  3?!2'%D++H:)HB,$Fก'),?!E'
 3?!2'%3N'!*DB.F*$@! B$)C J3 (Link State) ก')21#01
$5Fก$)@2709!ก'),?!E' 3?!2'%KI?I?A/B5A $% 9!ก')
,4'!AR 3?!2'%-$%H$ $3=1 $J&*9>?$5Fก$)@270-$%
Dijkstra [5] 9!ก'),4'!AR 3?!2'%21#358!21#3<I [1] HI/
:กB@DF?A )' B$)C&*9>?,.'!84'E!5ก-$% 3?!2'% (Cost)

 :U!3.A!กF5+D+!ICA@O-$% 3?!2'%I5%30ก')

 !"# $ % &'(
)*+,%-.+/0*/#1

2.2 "@AA./
6K$'ก00-4.3(00-=*$' %<-. -.:M63*3*-@*

/5>#J*<J);5!"#J);5R.:*ก0!<EQ3!<A@I2< %<%*@*0 .!<
U*6J); 1

B!>C)D 1: ก')&4'F$%ก') I@!E'$'E')-$%0I

0I EF.'!18&*24'ก'):F.$/JXH)H0! (Pheromone) KA?
B'0 3?!2'%21# I@!HI/01&<I:)*3%,C ="#$24' ,)"#$%E0'/
 3?!2'%21#NLก F"$ก 0IB5A$"#!M 9!$'R'!@,0&* I@!2'%
B'0 3?!2'%21#01JXH)H0!I5%กF.'A =)?$0258%:F.$/JXH)
H0!9E?3*30)*EA.'% 3?!2'%0'ก/@#%-78! G7#%0I&* F"$ก
 3?!2'%HI/$'S5/-?$0LF:)@0'R-$%JXH)H0!21#NLก2@8%
KA?+! 3?!2'%&'ก0IB5A$"#!21# F"$ก 3?!2'%!58!0'ก.$!
[2]

2.3 ก!"6!-4!86.!@C)D=E//%&;"@AA*!+!,'-../
ก')E',.' E0'*21#3<II?A/)*++$'R'!@,00I

3'0')ND+.% :U! 2 -58!B$!
2.3.1 กFก!"8GH)D;,=I!,@ (Static Transition

Rule)

0I&*01ก') F"$ก 3?!2'%E)"$ :F1#/!3N'!*
&'กHE!IE!7#%K:/5%$1กHE!IE!7#% HI/$'S5/กYก')
 :F1#/!3N'!* กY!18:)*ก$+K:I?A/2'% F"$ก3$%2'%
21# :U!K:KI?!5#!,"$ ก') F"$ก34')A& ="#$E'VF QF/21#
 :U!K:KI?9E0. (Exploration) E)"$ก') F"$กVF QF/
HI/$'S5/,A'0)L? I@021#01$/L.ก.$!DF?A (Exploitation) 9E?
0I , $/L.21#HE!I 2  F"$ก21#&* :F1#/!3N'!*K:$/L.21#
HE!I " HI/
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(1) (1)

 0"#$ K  :U!B5A F-3<.021#01ก')ก)*&'/D++30#4' 30$
9!>.A%SL!/CN7%E!7#% DF* :U!,A'0!.'&* :U!21#&* F"$ก
&'ก,A'0)L? I@021#01$/L. (' L KM L &) O  :U! F-/กก4'F5%
34'E)5+,4'!ARVF,LR)*EA.'%JXH)H0!ก5+,A'09กF?
B>2C D@ D3I%N7%:)@0'RJXH)H0!+! 3?!2'% I@!
)*EA.'%HE!I 2 DF* D =&!C G>2C D@ $ &PQ>2C D@
 :U!3.A!กF5+-$%)*/*2'%)*EA.'%HE!I 2 DF* D
3.A! RS>2@  :U! GB-$%HE!I21#0I , /5%K0. ,/
 I@!2'%K: HI/:;&&<+5!0I$/L.21#HE!I 2 DF* 3 ,"$
HE!I21#&*NLก F"$กN?'0I , B5I3@!9&21#&*34')A& ,A'0
!.'&* :U!21#0I , G7#%$/L.21#HE!I 2 &* F"$ก I@!2'%K:
/5%HE!I 3TUS>2C 3@V NLกก4'E!IHI/

US>2C 3@ $
%W% FX>?CY@HEFZ>?CY@H[

\ FX>?CY@HEFZ>?CY@H[];^=>_@ %%N?'%3 ; RS>2@
%%%%%%%%%%%%'%%%%%%%%%%%%%%%%%%9!ก)R1$"#!

% (2)

&'ก30ก')21# (1) N?'0IB5A21# ,  F"$ก21#&*9>?,A'0)L?
 I@021#KI?)5+0'&'ก0IB5A$"#!M 0I , &* F"$ก I@!2'%
&'กHE!I 2 K:/5%HI/ s G7#%ก4'E!IKI?&'ก 3?!2'%21#
9E?VF,LR)*EA.'%JXH)H0!ก5+)*/*2'%21#0'ก21#3<I 9!
ก)R121#0I ,  F"$ก21#&*34')A& 3?!2'%9E0.&'ก30ก')21#
(2)  3?!2'%21#01VF,LR)*EA.'%JXH)H0!ก5+)*/*2'%
0'ก 2.'KE).กT01H$ก'321#&*NLก F"$ก0'ก-78! 2.'!58! [3]

2.3.2 ก!"8>'D."4*3"*;?J<"<.,
9!)*++0I!58!&*ก4'E!I9E?0IDB.F*B5A01ก')

 =@#0:)@0'RJXH)H0!+! 3?!2'%-$%0I2<กM B5A
EF5%&'ก21#KI? I@!2'%V.'! 3?!2'%!58!M 0' =)?$0ก5+01
ก'))* E/-$%JXH)H0!9!2<กM  3?!2'%I?A/ G7#%
30ก')ก'))* E/-$%JXH)H0! I5%30ก')21# (3)

B`a $ >& b c@B`a %%%C d>`Ca@; ) (3)

 0"#$$5B)'ก'))* E/-$%JXH)H0! (c) 01,.')*EA.'%
0<c<1  ="#$9E? :U!ก')EF1ก F1#/%ก')3*30-$%JXH)H0!
+! 3?!2'%21#010'ก ก@!K:  0"#$01ก'))* E/-$%JXH)
H0!DF?AกTB?$%01ก'):)5+:)<%:)@0'RJXH)H0!+!
 3?!2'%-$%0IDB.F*B5A I5%30ก')21# (4)

efg $ efg h ijklm efgj %%C d>fCg@; n (4)

 0"#$ efgj ,"$ :)@0'R-$%JXH)H0!21#0IB5A21# j &*
 =@#09E?ก5+ 3?!2'%21#KI? I@!V.'!0'DF?A HI/21#:)@0'R
-$%JXH)H0!21#0IB5A
21# j 21#&* =@#09E?ก5+ 3?!2'%3'0')NE'KI?&'ก30ก')21#
(5)

iB`aS $ 4 o
p= %% C *q%.2 >*C r@stu!+v%#!%wS
'%%%C !#1t20xyt%%%%%%%%%%%%%%%%%%%%%%%%% %

(5)

 0"#$ zS  :U!VF QF/E)"$)*/*2'%258%E0I-$%0I
B5A21# , KI? I@!V.'!2'% 3?!2'%!58!M G7#%,4'!ARKI?&'ก
)*/*2'%)*EA.'% 0"$%E)"$HE!IK:&!N7%DEF.%
$'E')E)"$ :Z'E0'/ G7#%กT,"$ wS E'ก 0"$%E)"$HE!I
9I21#0IK0.V.'!9E?01,.' :U! 0 B'030ก')21# (5)[4]

2.4 ก!"&'8-"!@6Kก!"L6H:*3:%*.MH
ก')A@ ,)'*ECก')KEF-$%-?$0LF :U!ก')!4',A'0

B?$%ก') >@%30))N!*-$%ก'):)*/<กBC9>? ,)"$-.'/ 0'
A@  ,)'*EC).A0ก5 +-?$0LFB4 'DE!. %-$%$<:ก)RC9 !
 ,)"$-.'/ $<:ก)RCD0.-.'/DF*3N'!1:F'/2'% ก')KEF
-$%-?$0LFN"$ :U!-?$0LF21#01,A'034',560'ก9!ก')
$$กD++)*++ ,)"$-.'/  =)'*ก')KEF-$%-?$0LF9>?
D3I%N7%P')*21# ,)"$-.'/&*B?$%)$%)5+ ก')KEF-$%
-?$0LFN"$ :U!-?$0LF34',5621#)*+<2@S2'%-$%-?$0LF
=)?$0ก5+,<R30+5B@ >@%30))N!*-$%ก')KEF 9!ก')
A@ ,)'*EC)*++ ="#$ก')$$กD++ ,)"$-.'/&*9>?ก')
KEF :U!B5AD2!,A'0B?$%ก')9!ก')9>?%'! ,)"$-.'/
-$%H:)Dก)0E)"$ก')3.%V.'!-?$0LFDB.F*>!@I [5]
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ก')2I3$+E',.'=')'0@ B$)C21# E0'*30&'กA@O1
$'R'!@,00I01=')'0@ B$)C21# ก1#/A-?$%:)*ก$+I?A/ ,.'
N.A%!84'E!5ก (O), KM, c, ,.'HE!II1ก)1 ก')2IF$%&*24'
HI/ก'):)5+,.',A'0!.'&* :U!21#&* F"$ก&'ก,A'0)L? I@0
21#01$/L. (' L KM L &) DF* $5B)'ก'))* E/-$%JXH)
H0! (' L c L &) HI/24'ก')2I3$+ก5+ ,)"$-.'/
-!'I 10 HE!I I?A/:)@0'R-?$0LF-!'I 500 Mbps,

600 Mbps, 700 Mbps  ,)"$-.'/-!'I 25 HE!I I?A/
:)@0'R-?$0LF-!'I 50 Mbps, 100 Mbps, 150 Mbps

DF* ,)"$-.'/-!'I 50 HE!I I?A/:)@0'R-?$0LF-!'I
25 Mbps, 50 Mbps, 75 Mbps 21#HE!II1ก)1B.'%M

ก*0J.5%Oก*08=>&'()ก*0&'()%*+*#',--. 4.3J?*
ก*05R2-,2*#"?*@#!ก %</5>#J*<8#/,01% 2*3:?*#&# 1000
=R. AI>&#?*-*&' /,0*M@Sก*0E@I %< >%-CI AIM
&'/,0*M@SQ0M5'J('U*6/='<5-00P#M  !"#$%#$2%-*:M
J?*ก*0J.5%O,2*#"?*@#!ก.>&3&'()%*+*#',--.4.3:M
J?*ก*0J.5%O 10 ,0!"<$2%0%Oก*0J?*<*# VG;<8#ก*0
J.5%OA$2IM,0!"<-.:MJ?*ก*05M5-7W404-#O#=R.
 %<,2*#"?*@#!กJ);J?*8@>,2*Q0M5'J('U*6/='<5-00P#MJ);
.) VG;<8#ก*0J.5%O:MJ?*ก*0J.5%O:?*#&# 500 0%O
ก*0J?*<*# VG;<:MJ?*ก*0/I1%ก=R. %<,2*#"?*@#!กJ);-)ก*0
5M5- %<,2*7W404-#-*กJ);5R. .!<U*6J); (2)

B!>C)D 2: V5%%'!)*++
 

0!"!3C)D 1: ><I-$%ก'):)5+,.'=')'0@ B$)C

><I21# KM U ><I21# KM U
1 0.2 0.2 9 0.6 0.2

2 0.2 0.4 10 0.6 0.4

3 0.2 0.6 11 0.6 0.6

4 0.2 0.8 12 0.6 0.8

5 0.4 0.2 13 0.8 0.2

6 0.4 0.4 14 0.8 0.4

7 0.4 0.6 15 0.8 0.6

8 0.4 0.8 16 0.8 0.8

EF5%&'ก:)5+=')'0@ B$)CB'0B')'%21# 1 DF?A&*!4'
VFF5=OC21#KI?258%E0I0'24'ก')A@ ,)'*EC ="#$E',.'-$%
=')'0@ B$)C21# E0'*309!ก')Dก?:;6E'

4. OHก!"/5!8,',3!,
ก')2IF$%A5I:)*3@2O@P'=-$% ,)"$-.'/HI/IL&'ก

:)@0'R-?$0LF3L%3<I21#KEFV.'! 3?!2'%9! ,)"$-.'/
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4.1 ก!"&'8-"!@6KG"'.!+:%*.MH
Q0'-*+ %< >%-CIJ);A$ก$2*<ก!#E-2-)BIก!Oก*0BI

5%O,2*Q0M5'J('U*6.>&3&'()%*+*#',--.  !"#$%&'ก
ก'),4'!AR 3?!2'%21#358!21#3<I-$% ,)"$-.'/H$ $3=1
 $J&*9>?$5Fก$)@270-$% Dijkstra's 21#,4'!AR 3?!2'%
&'ก,.'!84'E!5ก I5%!58!-!'I-$%-?$0LF&7%K0.01VFก5+ก')
ก4'E!I 3?!2'%ก')KEF-$%-?$0LF9! ,)"$-.'/

4.2 ก!"&'8-"!@6K-4!I4&3,25!6,1ก O
O  :U ! ,. ' 21# 9 >? 34 ' E )5 + N. A % !84 ' E !5 ก 9 E? ก5 +

=')'0@ B$)C:)@0'RJXH)H0! G7# %K0.3.%VFก5+ก')
2I3$+ !"#$%&'ก,.':)*3@2O@P'=21#!4'0'2I3$+ ก@I
&'กก')3<.0,.'!84'E!5ก-$% 3?!2'%9! ,)"$-.'/ &7%K0.01
,.'21#D!.!$!24'9E?,.' O 21#DBกB.'%ก5!K0.D3I%
D!AH!?0ก')2I3$+21#>5I &!
4.3 ก)0567"0)8-9"&)1)0):67;'09 KM <.8 c

B!>C)D 3: DV!PL0@:)*3@2O@P'=21#I1กA.'&'กก'):)5+

,.'=')'0@ B$)C KM AIM c &'ก ,)"$-.'/-!'I 10 HE!I 21#HE!I
I1ก)1 1.2

B!>C)D 4: DV!PL0@:)*3@2O@P'=21#I1กA.'&'กก'):)5+

,.'=')'0@ B$)C KM AIMc &'ก ,)"$-.'/-!'I 10 HE!I 21#HE!I
I1ก)1 1.4

B!>C)D 5: DV!PL0@:)*3@2O@P'=21#I1กA.'&'กก'):)5+

,.'=')'0@ B$)C KM AIM c &'ก ,)"$-.'/-!'I 10 HE!I 21#HE!I
I1ก)1 1.6

B!>C)D 6: DV!PL0@:)*3@2O@P'=21#I1กA.'&'กก'):)5+

,.'=')'0@ B$)C KM AIM c &'ก ,)"$-.'/-!'I 10 HE!I 21#HE!I
I1ก)1 1.8
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B!>C)D 7: DV!PL0@:)*3@2O@P'=21#I1กA.'&'กก'):)5+

,.'=')'0@ B$)C KM AIM c &'ก ,)"$-.'/-!'I 10 HE!I 21#HE!I
I1ก)1 2.0

 

,.':)*3@2O@P'=21#I1กA.'  QF1#/&'กก')2I3$+01
,.'  QF1# /$/L.9!>.A%,.')*EA.'% -4.7379 N7% 14.3364

 :$)C GT!BC ,.'=')'0@ B$)C21# KM= 0.8 DF* c = 0.2 9E?
,.':)*3@2O@P'=21#I121#3<I9!ก')2I3$+ HI/21# ,)"$-.'/
-!'I 25 HE!IDF* 50 HE!I01D!AH!?021#9กF? ,1/%
ก5!

4.4 ก!"&'8-"!@6K-4!<6,//)ก")
&'กP'=21# 8-10  :U!ก')D3I%D!AH!?0,. '

:)*3@2O@P'=&'กก')2I3$+21#HE!II1ก)1B.'%M I?A/
 ,)"$-.'/-!'I 10 HE!I 25 HE!I DF* 50 HE!I

B!>C)D 8: D!AH!?0,.':)*3@2O@P'=&'ก ,)"$-.'/-!'I 10

HE!I 

B!>C)D 9: D!AH!?0,.':)*3@2O@P'=&'ก ,)"$-.'/-!'I 25

HE!I

B!>C)D 10: D!AH!?0,.':)*3@2O@P'=&'ก ,)"$-.'/-!'I 50

HE!I 

&* ET!KI?A.'A@O1ก')Dก?K-:;6E'I?A/A@O1$'R'!@,0
0I3'0')NE',.':)*3@2O@P'=21#I1กA.',.':)*3@2O@P'=
 )@#0B?!KI?9!>.A%HE!II1ก)1K0. ก@! 2.0 E)"$ 3?!2'%K0.
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