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ABSTRACT

This study deals with the DMCLP(Delay constrained Minimum Cost Loop Problem)-one of
problems arising in the design of local access computer networks. The problem consists of finding a
set of rings to satisfy the traffic requirements of end user terminals. In the problem, the objective
1s to minimize the total link cost. This paper presents heuristic algorithm which consists of two
phases for this problem, under the constraints that the number of nodes served by a single ring is
limited and network mean delay is dropped within the desired time. The algorithm is derived using
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the clusters obtained by the existing MCLP(Minimum Cost Loop Problem) algorithms and a
trade-off criterion explained in the paper. Actually, simulation results in that the proposed algor-
ithm in this paper produces better solution than the existing MCLP algorithm modified. In ad-
dition, the algorithm has the relatively short running time.
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cdelel

i7} Eatelo} elis Hej e ol
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el
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o] Felzgo Mol rm A3, )9
tradeoff (i=1, ..., n:j=1, ..., n)

S 9 L FE A AL THA AL g )
cqlole) BE Ao EatE el kel it

et A (E)

s A B u) Hl &
83t ol 4] R] Zlo](bits/message)
:?4 o] 2] EEEEJM] E5E 2kl kel 8F

r_%i'xloﬂ F3te kel ko] At
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cqtele] EE el w3hE bl ko] -at
D 5] 85
:DMCLP ¢tz

AT AR THE)
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Al

corele) &R Aotk WA Bl v &
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2. 7|& MCLP ¢ 12|F

vl G 28] ofeh e} ¢t

1A 1 : TSP(Traveling Salesman Problem) tour
o] wtio] thal AlE] oAl BE] A|AEeR ]

A n7hA] HEE g} =0, opt=0% Fil
ol A|(1, n) &2 Oﬂ Z1(0, 1) (0, n)-& XA F},

A 2 set i=i+1; == ol A FE A2t TSP
tourZ |n/MAX 1719 Zel2eg £&3ic) o] o,

#ulAEE Hd MAXA 9 w28 et Z2H &
d*Fi 9] 2% (endpoints) & AE w=o AFH3L,
o} ¥ &< g(MAX)2}il ¥t} set opt =Min{opt,
gi(MAX)}

kA 3:if i=n, stop ;opt¥
of ] # A gholt}.

A3€ n7le) & F

thgo g gag F(2]% ol g @tk

cHA 1: TSP tour o] xioll of & AﬂEﬂ ol A
HEl A ke g 194 n7AR] HEE gt i
=(), opt = w B Fi=t}

CHAl 2:set i=1+1:TSP tourE i+ 104 HE
| (n—1)/MAX IMAX +i7tx) 2z} MAX71Y ==
2 gel B B, o] o, 2788 7191 24
ZE VY AAE S 9l o, AA FeAHe 221

of A i 177}4 ol =x el Aol we} npAg Z
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oy }ﬁxﬂ e} ~E oA 3E [(n—i)/MAX | 29
~E 7R 2] 2HE HE] wrd dddn, == is
w2 L n—1)/MAX IMAX +i+1& A o] A
Agct o] ¥ && FIMAX) 83 ¥t (=2 13
ne olul TSPe 2la)) AE o dAs o] At
set opt = Min{opt, Fi(MAX}};

VAl 3:1f i=MAX, stop;opte
o] &) ZFoll Al #H A gkolrh.

¥ MAXA
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(212 QIOTP ¢aglZez gnalE(8]e IOTP
gGaelZo g HEs72 ol
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T=1/7 Tx=1™ A& Tk (1)

713d ol&) 1ol 29 k= =83 M/M/1 qu-
eue 7+FE F 9o 2§ queueing theory2 FE
ZFel ko] Hi Ad AIZHTYS A ()2 8t

| Te=1/(uCx—Ak) (2)

geba 2] (2)8 A (Dol fYsha 4 3¢ 9&
% o,

T=1/7 Tx=1" A1/ (uCi— 1) ] (3)

goz WEYLe] HA H§L HY 58 7}
R3] 4] (4)2 Hol ek

Deost = Yk =1™ dCx dx (4)

o2 RE 28 dAM 2 AFH VEHNANA B
Ad A7+e 183 DMCLPE siZds7) 9% =4
ge 71E:e Azt ANETE Fgste a9 13
go] 2¥E 5 Uk

A= shtel 320 £ 4= e 2o A7 MAX
o|&H( 2] 7)olojof ki, HEYAS HiF A Azt
(T)o] €& A A 7H Delay) 8.t} #olol & n (4]
6), B4 2129 32+ HF flow(a/p) 7h 11 2k &
SFRo) ke 21(4 5) A A B &-& HA

2 3= o EXg e Y3 vk Rolvh

4. DMCLP ¥112|&

DMCLP &2 && 7|22 MCLP @ite] &80
ols) Adojx e AH Y k= ATE 71EZ st 2
W trade-off criterion®l &3] & WA rte
g Eoez xx w¥ F& 2% (NEH : Node Ex-
change Heuristic) 3} k=% o]% 2] 28/ (NSH : Node
Shift Heuristic) 9} 2-¢Al Fel 202 4™ 2
Mol Fel 8L W A Ao Aok 2g T
a7} 943t atel &2 &9 Fx¥l(Mean Delay())& ¥
2oz o] &g}

4.1 == g fFeAE

o] Halage v|&2] MCLP dug)Ee ofsf &
o]z Zel2E o xE AL 7IxR 3o, trade-off
criterionel] &) Mz vt Fel2Hd U =28
st e QA Urte GAR w5 0% k2]
7b 22U Fel e dE Afde =2E i
T 5% A ¥ 8-S dovue sfof A wiHe}7] 9
8] trade-off(ks;) ¢ @& —w& Feth

wr @3S 93 trade-off criteriong] 71¥ 7y
e e go] HuEE 5 Ut Yoo BEEE A
# ienode(subl), j€node(sub2), subl#sub2o] il
node(subl)& TSP tour ¢ =Mz {11, 4,
i+1, ...}, 9#7bAE node(sub2) & 1., i—L j,
i+1, ... bolgkar 3tk

Given ; traffic requirement at node i(q;), distance matrix, D

Objective

Minimize D(A,C) = Deoee = £ dCi

where the set of arcs A specifies the ring topology

Design Var, Ring topology

Constraints w /4 s G

T= 1/7 zm‘ Ml 7{uCk - )l s Delay

number(R;) < MAX

where R; specifies single ring

2] 1.DMCLP¢ =9 ¥
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T8l 2, w1 W Ee| o

19 20lA KBl k¥ 9 kT j&E wEEhe 4
4 dee e 2ol diog, diisr, dien g, dig+iol 2
Zr71e) = 2kl e diey, diier, dij+r, digoreleh
2}A] o] A% ks, = Huhu] & —FI7PE- = (d,-1+dii+1
+d -1 tdie)— (dxqvj+d1.,+1+d]'1+1+di,1—1)°]
Huh o714 ks > 09) vl m2 i9h )8 wEsd
ot AHNES JERT B8 w9 k227 &
3w FHghyel 9ol e} o] 7]EL kA A
b 2 (8) ~ 4 (20)2 HA 153 trade-off cri-
terion® & A}-8-%l H]% Mo AE wrmE vjFo

2 3t 3] 7]g)(traversal distance) o]t}

4.1.1 22{AFE{ sub10| == 20t TAH
DO F# A~ sub27) w2 2T FAE T

kSU = (Zdol + de )— (Zd(n + 2d01) = (8)

@ Fe] 2~ sub29] = A5vE 2 o] Aol il hoxt
b A =]l e

ksu - (Zd()l +d0] +d),)+1) - (Zd()] +dm+du+1) (9)

B Ee) 2~ sub29] wx Ag7E 2 o] Aol il NIT ]
7 vk ep ]l 49

ks, = (2do +do; +dij-1) — (2dg, +do+di, -1) (10)

4.1.2 2E{AE| subl1Q == HETL 2 O0|A0|T &
E7AHN =0l B

—

@] 2~E sub27F kI j2 vy AR A
ksy = (dy +di,i+1 +2dg) — (doj + dy, 141+ 2dai) (11)

@ 28 2E sub29] = Agrl 2 ol de]l ke
1394

7F A A w9l A

kSU (do.+d1 .+1+do, ‘Jf'd; ,+1 d01+d) |+1+d0+du+l)

(12)

@ ZAE sub29] wE ZA57} 2 o] Ao I X j
7} vpAlel el A9

ksij=(dgi+d;i+1+doy+di-1;) — (dg+d;.i1Fda+dij-1)
13)

4.1.3 BHAE sublQ] L= 2471 2 olAto| &
=7t ORRIg mEQl AR
O EFHAE sub27t 2= j29% FHE H$

ks = (doi +di,i-1 + 2dg) — (do,‘ +di-1,; +2dg) (14)

@ E2 2E sub29| & AF7} 2 o] Aol kX j
7 AHA =9l S

kS” d(y.""d] |- 1+doj+dj J+1 (d01+d. 1J+do.+d. J+1)
(15)

@28 2H sub29] == AF7) 2 o]0l k2
7F et w2l Ae

ks, =(dgi+d; i-1+des+dj-1.) — (dg+di-1j+de+dij-1)
(16)

4.1.4 B2{AE sublQ == HFT 30|01 &
Ei7t &2 ol HY

DO 2 sub27}t =& 2T TARE A4S

kS” = (dl*l,l +di,1+1 +2d0;) - (d1 -Lj +d1,1+1 +2d01)
(17)

@ Fe1 2 sub29] == 47} 2 o] ol kX j
7RI el AE

ksy = (di-1,i +dii+1+dg +djj+1)
—(di-1;+d;i+1+de+dij+1) (18)

@8] 2H sub29] = A7) 2 o) ol wE
7 whR o} el S
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HEE UEY Ao o Ex 22 44

ks = (dii-1 +dii+1+dg +di-13)
—(di—1,j+dji+1 +do+dij-1) (19)

@ FY 2E sub29] = AFIE 3 ol de)la k2
7t e eEd S

ksi = (dii-1+dii+1 +di-1; +di+1)
= (di-y;+dji+1+dij+ +dii-1) (20)

e 2 FelAge d4A 7|Ee MCLP ¢ita)
FA d& 4 g2 == g ) TSP
(Traveling Salesman Problem) ¢i1g]&& 2 &3}
o 27) EEZAE Fatn XFE 4 FelLEHY =
= Aol 3] 87EH & A A4 Delay) & 3}
EE HAH g 8F g9 7Y F 27 vl &
(NEWcost) & 7 3be},

B =80 AH8-8 TSP gxe &0 ofeh ot 2
ot 9, S& R g3 e Y =8 A
93 = £7} ndl A%, S9 cardinalityy n(n+
1)/201t} k222 T towrE #FA38ke S9} n-subset
olty, ¥ |x|= B #H x9 Heloln}h, ¢ F
9] zt dA = b3 @}

step1: Yole 278 TE ¥4

step2:(a)seti=1;

(b) 1A stepoll Al BA x4, ..., Xi& w1,
L V2 X EE AL HE HAZ )
A 4 Qe 8 T—{x, ..., -1} 9
A, vi& S-T-{y1, ..., yi-11oA 9
(c)if Li—*gi= Ixl—Iyil<0, for all k,
goto step 3
else, set i =141 ; goto step 2(b) :
step 3:for i=k, ¥+ At Ti*g > 07} doix
Hx, o, B YL, B AET R
+ TE HA3% ¥ gotostep 2
if Yi1*g; < 0, gotostep 4 ;
step 4 :step 17§ wie

9 FagFe At B3rEe O(n?)oln k= F
7H11070 742 HHsg A 3@t ez M2 o
€ 2828y xE Fl 248 == 40 )G
Dol A3, 4 (8)~2] (20)& ©| &8t ks, & T3tz
(3Y3 F22HY e PPl 258 =%, j)
o &A= ksj=—c02 ¥eth) 1 gto] ¥l Hj

e =E G ) RE A e g R T
gatd A2 Fel2EY == s dA ®
] Waltg 5 e el 2ol w= Fdto) o sy
P ¢18&8 Agste TSP tourE 73t} o
= Ze 1AEH wr F o) ek TSP ¢arel

iy B

° FJNIO

5%%1

2]
7 ¢}
€ AL olfe Unx F2E Y
olu] TSP ﬁi’b‘"ﬂ EA317] wiolrt
EF 5 Re EEaEHY wx Ul &5 TSP
tour’9) 2FA &l th3) fixed routing' 18 2 -&351od
7} eilde] Ht RAME (4) & 78 & 2 2klol oy sk
SFC)E M/pE NESE HAGos AN Y
gt} ol & 71Z2E 4 (3)° o] &3t YE L9 3
T AE AT & Aatgdc) ez 4 (4)5 o
&3t A v 8- ﬂlﬂsh_ ALt Ha | Az
(T)& ol &3t &2 §3(C) S H7F TZH(optimal
allocation) 3} 71 21.& t}& 3} o] oyl

7] &

—

g

Ce=n/u [1+1/(r- T Vad / Vade ] (21)

EF 72 kol Q) oS e oz P
sy,

linky = A /Ck (22)

Arke Ha A AIZHT) o] Y3le A Al 7HDe-
lay) Bttt & Zgoll+= gl ¥} 7b4 & afele] &
T8 3 Gy FUAA T g2 d2aA L, Fe

Folle 22l ¥&rh AY AL @ g% I
Y FAAA T 38 FAA0 BE o] A%
ZPel g gl P flow(n/p) Bl A" £
Aok v ZAATIEHE 2ol §%0] HE flowEd)
2ol = Aol = gel ®&hrp 1 nhgog 28 2
? &S A olH Aeg AL T
Delaydl]l 22HE wh2] 8] &(Deos) S P8 4= AH

202 Dot NEVVCost—a H 3} Dot 7F NEW,oy
Brh e Aol Doy NEWeoy 2 U 218} &
e ksy — —0E ¥ ks NEH XS ThA] A4
3 9o A AL whEED, g X g 75l
£ #3HE ksje-—0E L2 F o]FH ] NEWw

of thg51E ks, Fol4 Fo} A @t L =u 4
(i, ol thal 1ol N =g wEFoh = A
£o] AMMEH FHFole= MEL EE2 20 &l ks,
fEYAE oA} Alatsln 18X g2 Aol ks

f
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¥ 2] £ €): Node Exchange Heuristic({NEH)
input: 718 MCLP ¢ 2lgodM @2 lcnt, kent(p) node(p)
output: NEHOflA @i= NEVWeea:. lcnt, kent(p),node(p),cost(p)
variable: flag /% flag = 1:(27]), flag = 0:(X7]7} o}d wh) unit: Iy 2pQA-LE »/
temp: TSP tour4t9] 212l H%H(path(p))& YA MASI7] N vector
process:
step 1: /¢ X7|% ¢/
QO flag = 1:
for node{p)} {(p=1,2,..,lent),
TSP @3ejE& M-8l path(p) 74
@ path(p)(p=1,2....1cnt) @& o] &8}
Mean_delay(): /¢ 2183 T R u|-§A Felog o] o)A &/
@ NEWoost “ Deoet: /% X7 My uj§ &/

step 2: /% trade-off criterion(ks;;) A4t &/
D = i, )G, V(L)) of o,
if(ienode(p)) subl « p: if(jenode(p)) sub2 « p:
@ if(subl != sub2)
21(8)~2(20) & o]&381o ksy; AL
else ksij + -00;

@ if (ks < 0) ¥(i,j), ¢E 28

step 3: /9 AEE FHULEY A4 (= 28) ¥/
while( ksj; > 0){
O 718 2 ks A& U= = (i j)o oA, /4 S AW ¥/
if(ienode(p)) subl « p: if{jenode(p)) sub2 « p;

node(subl )« node{subl)uj: node(subl)«node(subl)-i:
node(sub2) <« node(sub2)ui: node(sub2)enode(sub2)-j:

@ for node(subl), node{sub2),
TSP ¢azlE& L8t path(subl), path(sub?) ¢

@ path(subl)2} path(sub2)@ ©]&8lof

flag = 0:
Mean_Delay(): /v BRI €9 R U SAL £Ricg v
@ /¢ AA v ui e/
if (Demt 2 NEWeoed)d /¢ = BY %/

node(subl }«-node(subl Jui: node(subl )+« node(subl)-j:
node(sub2)+—node(sub2)uj: node(sub2)+node(sub2)-i:
ksijj; « -00; repeat step 3:)
else {
NEVcoer <= Domei /% ALY H]E-F AR AM v 828 i ¢/
ksi; +« -0 go to step 2: }
I8
/¢ 2l 2% U9 B xd A A uE AN FY v
function: Mean_Delay()

{
step 11 /¢ EWo] w2 Al 2lQ) 4% YAl YH(E718) &/
if(flag==1) temp < VYk € path(p),(p=1,2..,1lcnt)
else temp < Yk € path(p), (p=subl,sub?2)

for temp, {
G « Yqi[for ienode(p) corresponding to temp]:

fixed routingel 28 A %}
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2 2 A2 HFE UER A 3 EE2 R A7

step 2: /¢ WF A Q AIZHT) AL &
for temp,
T« 1/r B N 7(8G - N TS
step 3: for temp, {
G« » /8 [1+ 17 TIE" ad; /ndh): /¢ A 2l 89 g9 &/
linke « M /7 G } /v 21 ¥-E AL &/
if(flag == 1){ /s A Hl g AL e/
for{p=l:p{=lentip++)
cost(p) + X dGde (Vk € path(p)):
Docat = Zp1'™ cost(p): }
elsel
for(p=subl, p=sub2)
cost(p) < % dCdk (k € path(p)):
Docet I,:,,m_.a"’“ cost(p)+cost(subl)+cost(sub2): }
step 4: if (T = Delay ) return: /% NEH(ZE 3= NSH)E o] olM w/
else if (T > Delay}{
for temp, {
imsi <« Maximum{link,}: indexl « ki }
Cindext *~ Cinde *+ unit: go to step 2: }
else{

@ for temp, {

imsi « Min{link,}: index2 « ki }
Cindm2 — Cindez - unit:
if( Cimaxz=Mnde/li) g0 to step 2:

else ( linKinde2 = @i

go to O }

123 == u$ Fal 29 (NEH)

EY2E oA AtEA] gedh 2= 2@ F &
e a9 33 @t

42 = 0| E Ho|AE

ol Ful2HL s w{ dAloA LAojd E2
Heol Jng ojgsle £ Fej2E = IJHl
EFH e g o|Fsle FAAHoZ, trade-off
criterion(ks’y) °] FF2] HRYE e == Bl
g3 #F == F 08 Fe2HY = FJFoz 9
FAA AE AL Yt F AR e 82
ol e == %(, j)2] trade-off criterionS A 43k
Ay, k= j7} o)F 7Hsattkn 1A node(sub2) el

2&4E = j8 w2 7} 42459 node(subl) 22 o}
535}31, node(sub2)ollM = j& Abx|sld 2
Fe2H ku YL Fch o] 0, == i =
Zt vz JHEe) g A% mE g ne g
Jolfe mEE olFste A% 4 == AR &
@ xugo] olFE o, el MM 7ol vl
Fojth o] A%, RE == I kT F7F MAX
21 3% ks’ 7t HAE SR Bl FI2ES
SR et 184 R Ftole Fod Ad
Wzt ks R E A E G 18 E S A L3

o] Fa) A8 o)A ALE3l= trade-off criterion(ks’;)
S gg A8t A At} = 7t e F

E=3
=
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Y 2E subl® X2 7} e Fd2FH sub27} 347 422 Se{AEH,sub22| == 2457t 2 0|01 j7t
oke Z73tl node(subl)d] k= ZAol 1§ ¢f3t Hm =0l B2
gtol MAXH T & A%ddle =28 olFAlE 5 ¢l
ov g kso ghe —0R ¥, 2¥A ¥ H 9ol ks’y = (do+djj+1) — (dy +doj+1) (24)
2 (23)~2 (25) 00 &) ks'y S At

v o] %2 $1% trade-off criterion®} 71& /N 423 B{AE sub29| == 2457} 2 ojAt0| 2 j7}
& &3 o] dd¥ & gluh i€node(subl), j€ opx|at Lol AP
node(sub2), (subl#sub2)°] il node(subl) ={i—2,
i—1, i}o]l 2 node(sub2) ={j, j +1, j + 212}t 8}=}, ks’ = (dg +d, ;-1) — (diy + do, 1) (25)

O 4o == jE olEste AS HuHE gl
€ doi, djjnr0ln F7FEE B dij, doj+i0lth
et o] ¢ ks = ]G —F7M) & = (doi +
dij+1) —(di;+do;+i) 0l Brh ol 3 H¢E e
ks 4 (23)~2] (25)¢ gom v & HEd ==
olF FzgdMe HvtAR 3 Ag(tra-
versal distance) ] c}.

4.2.1 2{AF sub28| == U710l AR

ks’ =doi+do —dy (23) 2 4 = o5 o (MAX —4)

Re]A%: Node Shift Heuristic{NSH)

input: NEHO}A] -2 NEW.oa:. lont, kent(p),cost{p), node{p). path(p)
output: NSHojAM A= NEVWcoe:, ring topology
variable: flag,unit, temp
process:
step 1: /% T o]%2] 7He ot xA} v/
for p.{p=1.2...lent),
if (kent(p) == MAX) <n2E F8:
else flag = 0:

step 2: /% trade-off criterion(ks’y;) 74t %/
O = (i, ) (V(i.§))ed «hsl,
if(ienode{p)) subl « pi if(jenode(p)) sub2 « p;

@ if(subl 1= sub2 &% Z.smdg(nm)q.*qj < MAX)
2)(25)~A(28)F ©)-&3ted ks'i; AL
else
ks'u « -00;

@ if (ks'y; < 0) V(i,j), dnzNE $8

step 3: /¢ 1= o5 BU AL BEEHEA] B v
while{ ks’i; > 0){
@ P8 2 ks’ & e = 8L 5 i3 1+ X5 o5 &/
if(ienode(p)) subl « p: if(jenode(p)) sub2 + p:
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kent(subl) «— kent(subl)+l: node(subl) < node(subl)uj:
kent(sub2) « kent{sub2)-1: node(sub2) + node(sub2)-j:

@ NEHY step 32 @2 54
@ NeHE step 39 Ozt #4
@ /5 AN n)-& vl s/

if (Doost 2 NEWeose){

/8 = BY v

kent(subl) « kent(subl)-1: node(subl) « node(subl)-j:
kent(sub2) « kcnt(sub2)+1: node(sub2) < node{sub2)uj:

kgu -— 00
else {

NEWeosr +— Docet?
ks'u « -00;

repeat step 8:}

/% H33E vl 8-F VM ¥ BT B s/
go to step 2: }

2 5 == olF F22H(NSH)

kT olF Fel2gL 19 59 g

o|A]l, DMCLP ¢i12]59] A2t E-F % (time com-
plexity) & #4137 98 w4, 71¥E MCLP &1
Zo] Nzt Exxg 1 I0TP LnaFhel
3% 0(n?), QOTP 2 &l 39 O(MAX-n)
o}, o] 73;?—@]% 27182 Y4H = A TSP tour
o gt Alat A1k EjhE o] gx) gt B =RoA
A} TSP g 0o A7t B e me £7)
ndd O(n?)ol= g [IOTP ¢uaZe AA A7 2
A& O(m?), QIOTP ¢nalZe] Al A7t B35
Al O(n?) o]}, oA IOTP ®& QIOTP ¢xdF
o 2826 E o] 83id 2 H HF Ad A e 17
3 E Tl7] YA DMCLP ¢id] &9 Mean
_Delay( )€t A g5 @ due St

v 28289 Fd Aae In/MAX], 3l &
2o &4 7153 A =& v MAXo| 1,
MAXHAY =28 A xxo dFT 4+ e tour
Aol 21l & MAX +10]2 8 Mean_Delay( ) $¢€
A Aol ste akel = [n/MAXT(MAX +
1ejtk Mean Delay() F€olA 2zt =219 AlME
A7 A BaAEE 0()o]a, o XA A ZHT) ol
3l Al (Delay)oll -7 18 Ao ¥y 3
Fv MAXIn/MAXT(MAX +1)old 2l 139
HA L ¢d7) 9% 2x=s O[In/MAX T(MAX
+D]=0m)eluz AHAx Hd3 A7=I0TP(EE&
QIOTP) ¢ xa] &2 48 A1+ Mean_ Delay() #
Bl o] A8 Al7F=Maximum[O(n?), MAX[n/MAX]
(MAX +1)Maximum{O(1), O(n)}]=0(MAXn?)
ojt}, t}& o2 DMCLP ¢12]&9 NEHE &3

B WA, step 12 71848 7317] H&lA 7lE
MCLP <¢aelZFol o3 F2He $£uF Hu
MAX7 ==o TSP ¢ielElg Aesieg o
g 9% A B3Iz e [n/MAX]O(MAX?) =0
(MAX-n)olth o] upe] Al 29! ¥ [n/MAX]
(MAX +1)ola o} Fde wgoezn F3id
A7 B35 = O(MAXn?) ol o} step 291 A ks V
(i, j)(i€node(subl), j€node(sub2) :subl#sub2)
of &l Al4te]l w1 A F& [n/MAXIMAXe| 2
& step 29| A1t B &% O(n)ojch. step 3& Ho}
o] A9, ks; > 09 399 v Mean_Delay( )+
€l step 28 WHE 23 s)o} Fu}t F ks;o] Hoh wHE
35 In/MAXTMAXt}h, AA, @ ALt A
& O([n/MAXTMAX) =0(n)oltt. @A 2789
Walg Fel2e e v n JYow TSP ¢ Ee
Hgslnz TSP tour® 7] 91 A1 Bi:=
O(MAX?) o]t} @4 Mean Delay() 8 9] step
1~39 A7+ BF=E 2(MAX+1)0(1)=0(MAX)
o]t} Mean_Delay() #¥ 9] step 4= Hd 2MAX
(MAX +1)70 % step 2~step 47} ¥HEE 4= 9]
I, AY e Hix 3 yas 4l A9 At B
¥ O(MAX)ol2& Mean_Delay() 28] AA| A]
7t 2xeE 2MAX(MAX 4+ 1)Maximum[ O(MAX),
O(MAX)]=0(MAX3)o|t}, we}rx] NEH 9] step 3
o AA A7 BFEE MAX[n/MAX IMaximum
[0(n), O(MAX?), O(MAX3)]=0(MAX?n)o]t},
ol Y& NEHS AA A EFJrEv Maximum
[O(MAXn?), O(MAX®n) ]J=0(MAXn?) o] }("" MAX
<n). BYg wy oz NSH Azt 285 H9A] O

1399

www.dbpia.co.kr



HEAESAR LI "9 -7 Vol.19 No.7

(MAX?n)e] €& =9 3ic} utebs DMCLP ¢atg
Zo] HA A A7t=I10TP(%:+ QIOTP) &g
Fo] A3 A t+NEH A8 A|7H+NSH 43 Ajzt
=Maximum[ O(n?), O(MAXn?)]=0(MAXn?)°]
ot} 2=, 7]E MCLP &¢xe)Fol Ha Ad 229
Aef 248 Friet B9 Al BF= 9 DMCLP
A Fe A B e FY3t

5. Al4h off

DMCLP ¢a2l&9 23 A& ®olr] $3] 20
Mo xEz FAHE FAE g AE =9
AMele gol i AbER wx o] Mele [ ~]90|th AE-
2 oo EdHEL q=1, (i=1, .., 19)°]2
shttel el & 4 e A =25 (MAX) & 69]
o} WA A e] HgF Zol 800 bitol L 8 75+ Ho)
P A A HDelay) & 0.8xclth &9 22l Bl
£(d)2 1°]2 AHel WMEH 2~ De Aoz § 13
[i=3

AA TSP 2z &g 2838 towrs 2¥ 67
2o, dgog QIOTP ¢4id&s HE3 Axne
a3 73 g}

EF 19 79 EZZ X9 Mean Delay() $8&
g3 A ¥ 29 gk

S22 DMCLP ¢xgl&e NEHE &34

oS3 g} W3 NEHS 91382 18 79 lent =4,

1. 72l EEA(d)

3 7. MCLP ¢ &9 EEE7]

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0/ 0 4 11 57 68 26 93 27 35 62 97 81 34 109 87 108 110 8 106 10
1] 46 0 35 11 22 22 48 34 48 56 88 48 48 82 41 8 % 87 83 46
2] 11 3% 0 4 57 15 82 20 32 55 91 71 31 100 76 100 103 82 98 11
31 57 11 46 0 11 32 37 42 55 59 8 42 56 76 30 84 94 90 78 57
4] 68 22 57 11 0 43 26 52 63 63 8 39 65 72 19 8 93 94 76 68
5/ 26 2 15 32 43 0 68 14 29 47 8 56 29 8 62 8 93 76 8 26
6] 93 48 82 37 26 68 0 75 8 76 92 39 8 65 6 79 93 14 72 93
7,27 34 20 42 52 14 7 0 14 3 71 5 15 8 69 8 8 63 78 27
8 35 48 32 55 63 29 & 14 0 27 62 58 2 79 79 75 7 5 74 35
9] 62 56 55 59 63 47 76 35 27 0 35 41 29 53 73 48 47 31 47 62
10 97 8 91 8 8 8 92 71 62 3 0 53 64 39 91 25 14 23 30 97
11| 8 48 71 42 39 5 39 55 58 41 53 0 61 34 38 43 55 65 37 81
120 34 48 31 5 65 29 8 15 2 29 64 61l O 8 8 77 77 51 76 34
13109 8 100 76 72 87 65 8 79 53 39 34 8l 0 67 16 32 61 9 109
14} 87 41 7 30 19 62 6 69 79 73 91 38 81 67 0 8 93 100 73 8
15/ 108 88 100 84 82 8 79 81 75 48 25 43 77 16 80 0 16 48 7 108
161110 96 103 94 93 93 93 8 75 47 14 5 77 32 93 16 0 37 23 110
17| 8 8 8 90 94 76 104 63 50 31 23 6 51 61 100 48 37 0 52 8
18106 83 98 78 76 8 72 78 74 47 30 37 76 9 73 7 23 52 0 106
19| 10 46 11 57 68 26 93 27 35 62 97 81 34 109 87 108 110 8 106 0
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¥ 2 712 MCLP 418159 EZEA it AAE 2§ 8

cluster line dist. lambda line capacity waiting cost(p)
(p) (msgs/s) cost (kbps) time(ms)
0-19 10.00 2.00 30.21 3.02 563.04
1 19- 2 11.00 1.00 19.85 1.80 796.25 83.29
2-0 11.00 2.00 33.23 3.02 563.04
0-7 27.00 6.00 196.05 7.26 325.07
7- 8 14.00 5.00 87.45 6.25 356.10
8-12 2.00 4.00 10.42 5.21 398.13
2 12- 5 29.00 3.00 120.07 4.14 459.72 1011.19
5-1 22.00 4.00 114.61 5.21 398.13
1- 3 11.00 5.00 68.71 6.25 356.10
3-0 57.00 6.00 413.88 7.26 325.07
0- 4 68.00 6.00 493.75 7.26 325.07
4- 6 26.00 5.00 162.41 6.25 356.10
6-14 6.00 4.00 31.26 5.21 398.13
3 14-11 38.00 3.00 157.33 4.14 459,72 1869.17
11- 9 41.00 4.00 213.59 5.21 398.13
9-17 31.00 5.00 193.64 6.25 356.10
17- 0 85.00 6.00 617.19 7.26 325.07
0-10 97.00 5.00 605.92 6.25 356.10
10-16 14.00 4.00 72.93 5.21 398.13
16-15 16.00 3.00 66.24 4.14 459.72
4 15-18 7.00 3.00 28.98 4.14 459.72 1501.83
18-13 9,00 4.00 46.88 5.21 398.13
13- 0 109.00 5.00 680.88 6.25 356.10
Mean Delay Time : 0.78(sec)
Total line Cost : 4465.47

kent(1) =2, node(1) =1{2, 19}, kent(2) =6, node
(2)={1, 3, 5, 7, 8 12}, kent(3) =6, node(3) =
{4, 6, 9, 11, 14, 17}, kent(4) =5, node(4) ={10,
13, 15, 16, 18}olt}, t}go 2 NEHSQ Z ¢+ o}
# e g},
stepl: D474 281 2H9 == F§o) TSP 41
IEE H 88l 27| EZ2XNE I ole 19
87 o} path(1l) =1{0-2, 2-19, 19-0}, path(2)=
{05, 51, 1-3, 37, 7-8, 8-12, 12-0}, path(3) ={0-4,
4-6, 6-14, 14-11, 11-9, 9-17, 17-0}, path(4) ={0-13,
13-18, 18-15, 15-16, 16-10, 10-0}°lt}. @path(p)(p
=1, 2, 3, 4)& °]83}9 Mean Delay() €& 3
|31 F 33 gl @ NEWeost < 4343.99( Deost)
step 2: DA E e A 2E Y xE o) £33
= (34, Dol dsl @21(8)~4(20) & AH&3to
27] trade-off(ks; ;) "MEY2E A4sT. @ks; <
0(Vi, j)el22 NEH g, uatry 73le EZEER
© 19 83 Bt

olAl, DMCLP ¢12]&2] NSHE 3 &34 oS

¥} e}, HA NSHe| 482 19 89 lent =4, kent
(1) =2, node(1)=1{2, 19}, kcnt(2) =6, node(2)
={1, 3,5, 7, 8 12}, kent(3) =6, node(3) = {4, 6,
9, 11, 14, 17}, kent(4) =5, node(4) =110, 13, 15,
16, 18}, cost(1) =83.29, cost(2) = 889.69, cost(3)
=1869.17, cost(4)=1501.83°]32 NEW, e =4343.
99°]t}, t}-22 % NSHe| 7+ @il & olel &} gt
step 1: 2€ F&2€ poll tisl, kent(p) #MAXo]
o2 gotostep 2

step 2:trade-off(ks’;) NEH2F ALEIA ks'y, 17
=43, ks'37=17, ks';72=7, ks'32=10, °]¢9
ks’, < 0ol e}

step 3: Dks'io.17=43°] 713 & 3ol 2 & subl =4,
sub2 =3°|t}. node(3)ell U == 178 node(4) 2
o)Fte M2 == AYS 7ok @node(3),
node(4)o &, TSP ¢ na&2 H 83y tourE
&8 path(3) ={0-4, 4-14, 14-6, 6-11, 11-9, 9-0},
path(4) ={0-17, 17-10, 10-16, 16-15, 15-18, 18-13,
13-0}eltt. @] %709l path(3), path(4)o] tha3j
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E 3. NEH?9| z7]3¢

cluster line dist. lambda line capacity waiting cost(p)
(p) (msgs/s) cost (kbps) time(ms)
0-2 11.00 2.00 33.23 3.02 563.04
1 2-19 11.00 1.00 19.85 1.80 796.25 83.29
19- 0 10.00 2.00 30.21 3.02 563.04
0-5 26.00 6.00 188.79 7.26 325.07
5-1 22.00 5.00 137.42 6.25 356.10
1- 3 11.00 4,00 57.30 5.21 398.13
2 3-7 42.00 3.00 173.89 4.14 459.72 889.69
7-8 14.00 4.00 72.93 5.21 398.13
8-12 2.00 5.00 12.49 6.25 356.10
12- 0 34.00 6.00 246.87 7.26 325.07
0-4 68.00 6.00 493.75 7.26 325.07
4- 6 26.00 5.00 162.41 6.25 356.10
6-14 6.00 4.00 31.26 5.21 398.13
3 14-11 38.00 3.00 157.33 4,14 459.72 1869.17
11- 9 41.00 4.00 213.59 5.21 398.13
9-17 31.00 5.00 193.64 6.25 356.10
17- 0 85.00 6.00 617.19 7.26 325.07
0-13 109.00 5.00 680.88 6.25 356.10
13-18 9.00 4.00 46,88 5.21 398.13
18-15 7.00 3.00 28.98 4.14 459.72
4 15-16 16.00 3.00 66.24 414 459.72 1501.83
16-10 14.00 4.00 72.93 5.21 398.13
10- 0 97.00 500 60592 6.25 356.10
Mean Delay Time : 0.78(sec)
Total hine Cost 1 4343.99
19
19\2 \2
12 12
s | '
16 7—8

1
9< 4

14
1 \s/
T8l 8 NEHe| EZ2 %)

Mean_Delay() €& #8349, cost(3)=1310.94,
cost(4) =1784.17& 93 node(l), node(2)+ H3}
A eggko B2 cost(1)=183.29, cost(2) =889.69%
a2 ARg-aE A A U & (Deos )& 4068.097F €k
@ Deost = 4068.09 < NEWoosr = 4343.990] 2. 2, NEWoost
«— 4068.09, ks'10, 17 — 2 ;

1402

4
—
14
\u g

713 9. DMCLP ¢t 8l & ¢ §F EE2%)(NSH)

step 2:trade-off(ks’ ;) MEZH 2E AL3IE ks’
<0(Vi, j)elug& NSH7 259t}

et aleE A HE EEEXe 4% 19
99} i,
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¥ 4. DMCLP 2112]& 9 3

cluster line dist, lambda line capacity waiting cost(p)
(p) (msgs/s) cost (kbps) time(ms)
0-19 11.00 2.00 33.23 3.02 563.04
1 19- 2 11.00 1.00 19.85 1.80 796.25 83.29
2-0 10.00 2.00 30.21 3.02 563.04
0-5 26.00 6.00 188.79 7.26 325.07
5-1 22.00 5.00 137.42 6.25 356.10
1- 3 11.00 4.00 57.30 5.21 398.13
2 3-7 42.00 3.00 173.89 4.14 459.72 889.69
7- 8 14.00 4.00 72.93 5.21 398.13
8-12 2.00 5.00 12.49 6.25 356.10
12- 0 34.00 6.00 246.87 7.26 325.07
0- 4 68.00 5.00 424.77 6.25 356.10
4-14 19.00 4.00 98.98 5.21 398.13
14- 6 6.00 3.00 24.84 4.14 459.72
3 611 39.00 3.00 161.47 4.14 459.72 1310.94
11- 9 41.00 4.00 213.59 5.21 398.13
9- 0 62.00 5.00 387.29 6.25 356.10
0-17 85.00 6.00 617.19 7.26 325.07
17-10 23.00 5.00 143.67 6.25 356.10
10-16 14.00 4.00 72.93 5.21 398.13
4 16-15 16.00 3.00 66.24 4.14 459.72 1784.17
15-18 7.00 4.00 36.47 5.21 398.13
18-13 9.00 5.00 56.22 6.25 356.10
13- 0 109.00 6.00 791.45 7.26 325.07
Mean Delay Time : 0.78(sec)
Total line Cost : 4068.09
I 84s " EY Z MEYA] o] d3f, =9 F(n)E 20,

DMCLP ¢xn8l&& #7157 g8 ==9] g
x=[0, 100], y ==[0, 100]AFe] | A} Y U+ ¥ (uniform
distribution) & ¢4 24 (random number gener-
ation) st fEHE FECL Age thE A&
ARgslg Tk glole 2709 k=9 HAE (x1, V1),
(%2, y2) &b 2 319, 5 FE Alo] 9] Aele

dij=L1(V(x1—x)?+ (y1—y2)2 +0.5) | %100 (26)

o2 Aot Ay AAME 24 v &(dy) ez XF
3o 1 gre g o= sy o

9oz, AH xxo fAd we} 59 F 7
2 Bejo] NEHAE 13§t

TC: A¥ ==71 &F (0, 0)oll 91
TE: Ag =71 #HF (50, 50) 9 9=}

40, 60, 802.2 &t Htj == (MAX)E 2004 15
7AE AHgatch AH Aol FORTRAN-77 %
C dojojz H3 #$7& MS-DOS3}9] IBM-486 7]
Zolth, 2oz 7]& MCLP ¥ua =28l g
DMCLP ¢u2%&¢ 7482 4 (27)2 J¢ch

Savings Rate = ((A—B)/A) * 100 (27

39 102 A (27) & AH83td I Ha dgol
t}. 23 10014 IOTP + DMCLPE guelZBle &
Z 2 x)o] Mean_Delay() #H2 %88 )& A=,
dne)&ldle] 2EZzAGE 2| AL AL
DMCLP ¢xalZ9 #& B2 ¥i ¢ FP§9)
1, QIOTP +DMCLPE @12 &l2le] EEg x4
Mean Delay() #¥1& HL3 & A=z, dndF
2lg x718)2 A}gsted ¥ DMCLP ¢itel &9
E BRE ¥ 4 Ao}
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AUERAGE SAVINGS RATE
- 8Y DMCLP ALGORITH

8

———
"\ TCCIOTP+OHCLP )

——

\ /\ TC¢QIOTP+DHCLPY
AN TECIOTP+DHCLP)
i

xR

=)

TEQIOTP+OHCLP >

o
w

AUERAGE SAUINBS RATE ()
S

o
"

o

) 40 &0 0
NODES 0>

212] 10. DMCLP s} & d748(%)

219 10914 TC TEST % TE TESTAte] ¢} 43}
A= AT AV glem Ao A uat &
2 &le) 8 272 ALSEtE Aol gl
e Ao dugEitly g x2vdR Agsle
o] M7kl & A7t MR chanh 8 AlE
ol Az Hl ==5(MAX) S} g Ateldlx
dutz ol AAS WAL = YA

Sog B vAR Aol(1/p) 9} Mg Ato] o
BAE 19 11, 128 T8 Pof 2oh 219 11, 129
M XZ2o @i mAlA golelx YEHE dAutgoln
YA RSo] HiF Uil*ilxl Zolo] Walvt 47hg
of Z1thx] &g FX ¥ UASE Y F AUt

oo Axz RE 2 HA A HHFH Lﬂgﬁqﬁ
Aol Hi ug & HA FAlE FolE v Ao
o] A, & w=2o] o ute} 7} FFS v
& 4 Qo

thSo g Hi A8 AZHCPU time)oll o 8 1431
3t Ao] #F 5olr}, & 5004 IOTP+DELAY & €3
g)Z8le] B Z 2 2o Mean Delay() FE& &1%@
vﬂ& A8 xj7bo] it QIOTP +DELAY & 2ite] &

(21o] 2 %2 «Jo] Mean Delay() &€& # &3 43
48] A]ztoln DMCLP& # ‘51101]’\1 A etgh etm
&9 Hat 3 A {el)

B 5ol ®io] Al Alzkel TEST £& Aol
v dAE aAv ik #Ha A8 A7 QIOTP +
DELAY <DMCLP<IQOTP +DELAY 9] &#eojt} &
591 19 10& wwshd DM(,LP dae} & PCY
ofX Hg CPU M7+ 62 A% 1 Frlste Ha
10%9 2488 428 ¢ 4 AUrk DMCLP 9 %%

tjo

1404

SAVINGS RATE
(NODES = 40, MAX = 10

TC{10TP,OMCLP)

-
] 8 TC @IOTP,DICLP >
TE(10TP,/DMCLP)
&8

TEQIOTPDMCLP)

SAUINGS RATE (X2

700 750 600 B850 900
MEAN MESSAGE SIZE Bits)

a3 N Ha AR Foled MU (eX =40)

SAVINGS RATE
QOOES = 80, MAX = 20)

TCC10TP-OMCLP )

: ﬂ E TCQIOTP,IFCLP)
TECIOTPOMCLP)
lama]

222 L ELLL)

TECQIOTPDMCLP)

G I I I SIS ST I T

SAUINGS RATE (2>

800 8BS0 800 950 1000
MEAN MESSAGE SIZEGBits)

a7 12, F vl AL A Hole} B3 (== =80)
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IOTP+DELAY | 4.78 6.90 9.51 12.46

TC TEST | QIOTP +DELAY| 1.00 2.92 558 8.71

DMCLP 1.46 3.74 8.51 10.66

IOTP+ DELAY | 3.93 9.70 14.09 10.34

TE TEST | QIOTP + DELAY| 0.97 2.61 550 6.07

DMCLP 1.43 3.82 10.13 8.52
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