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An Optimal Allocation Mechanism of Location Servers
in A Linear Arrangement of Base Stations

Kyung-Shik Lim'

ABSTRACT

Given a linear arrangement of n base stations which generate multiple types of traffic among themselves, we
consider the problem of finding a set of disjoint clusters to cover n base stations so that a cluster is assigned a location
server. Our goal is to minimize the total communication cost for the entire network where the cost of intra-cluster
communication is usually lower than that of inter-cluster communication for each type of traffic. The optimization
problem is transformed into an equivalent problem using the concept of relative cost, which generates the difference of
communication costs between intra-cluster and inter-cluster communications. Using the relative cost matrix, an efficient
algorithm of O(mn?), where m is the number of clusters in a partition, is designed by dynamic programming. The
algorithm also finds all the valid partitions in the same polynomial time, given the size constraint on a cluster and the
total allowable communication cost for the entire network.
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ok & dojtt vEYIE 4 VAFTE F o= A
o] 1 xE¢ FAE & YEAE dojulop Fr, o
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2 A8 § At F, AIAFELY movest find W
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m (lsm<n) U2EZ kg $ME AN £
s Y FE Mam=("1)eln, 2€ md
W3l n 79 ==& A48 AAA BESHE F 5=
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Mol E2H2HER RS EAE Ao kol s
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tju] 8 3 H(relative cost matrix)& ©]&3k FHul&
8 ¥ (cumulative cost matrix)& 33, o|& 7|ite
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<E I>& n Y =58 &XHE AAN m A9 &
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Qe £5 F27 A3¥e FH%D U] YR,
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2*71ol7] RES, n M == £HE AIAN ¥
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22 Mtiu| gets8 o8B A WY

F4 (DA BRol o] EAE A8 FFHY EdY
& UFHA 1 F # 79 Edge] g o s}
A H&H#5E ARl met FHoE A g olalr] o
Foll, AT AL FHAA E&HY dxs
¢ szl g oy azg FHuEET
& o8¢ Ao HA3 EAE FHuEHTE %
T Nz #HAE EAZ AP Ao wigH )
maA, B =RqdME ZE (4,0 eVx Vi sty
#4 58 v YU EEFT 7 VXV-RTE
=Qigtt

W, v) =f o(u, Ww— wl)+fLu, N wi-w)). &)

AUl 8T Au, ) folu,v) move DAt
fAu,v) find @3 5o disld, § w= ugt v}
Y 22" Wl de 499 dE FgzHd o
< A% o] g FAu L ol AT w
gtM, deel ol sl FHAEd Aul gy A
A # Reostiwa(IDE G Zo] B 4 gtk

Recost iper( ID = Z‘l 2 (Hu, o)+ v, ).

uepP vEP; i<j
(6)
T4 (6)8 & o834, i=1,..., me BE |
of &l 1<|Pj<nol A%EY AN Costpud A
23487 A% 49 HAH3 FAE T A=A
3t A Reost e ® HA337] A8 M2E HAHY

FAZ g, oz wge 4 (N7 @9 Ay
& o]8% Lemma 13 Theorem 19] ¢l3lad F9 @}

Upper ipd(ID = > 2 (eh(u o)+ clu ).

i=1 ueP, veP, i<j
(N

Lowe? juo(ID) = 1: vep 2p i fCm(v W+ v, W),
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LEMMA 1.

C08t constantl I = Cost intra IT) + Uppe? isral D + Lower iype( ID
2 BA8H, CostomulDE WU} Fos
A 4 93 gg 7AAA =™, Cost iD=
C05t comstand D + Rcost e (ID7} BT}
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PROOF. 4] (1), (2), (3), ()& o] &3},

Cast ul 1D =
gl u,ép,(f"'(“' Dwh+fAu, v)w}) +

Zl ueP..gP,.i<i(f”'(u’ v)w?,, +fAu v)wﬁ) +
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A Lower my(IDE WA ThF2 £4E& 48 F Ut
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FAu, (wi—wh)+
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4 5)8 6)2 74 (10 =Mz 434,
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:2: ueP,,éP,-, K)_( r(u, v)+ r(v, w)
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(19 Aa)e wi-wh=2 wi-wl=1A A%,

T4 B8 AHgd (¥ DA Foizl Ny R
B e Adivj&gdolt. wetN, m7={{1,2},
{3,4},{5,6}}°] digte] Ao} FA% FUH HH 3
FAE o7 999 BE 2949 ¥ Reost i (1D
Hi3ste A9 YA Heu, H oA
Recost e I1) = 300°1 T},
OlE  Cost comgand ID) = Co8t iura{ D) + Upper inrs{ID)
+ LOWer (1T} =44 + 96 + 97=237 ©122 Cost i I)
= Cost sonstant (1) + Reost ie{ 1) =237+300=537 I
57] wj&olth
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(38 3) FHuI Sy WY

THEOREM 1. 9t IT7} Rcost inee & AL 251 HF
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PROOF. Lemma 19 98] Adsict. [

23 $Hu|BYEE OIBE BH HH

(19 3a)elA Kol BE (u,v)e Vx Vel s}
o A(w,v)=rlu, )& UE8= 27| ng Fdu| £y
d A7 FolAd & ), 9] AT ¥48 A Ug9
AL UFI}e R¥YF A, G j=1,...m22 &
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A7 Aol 1,
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7t 48" 238 UFHe BPE A; G =
L..., moZ B3 EAe A "o odrle4

AyE 3838 Ao e ZE 9489 A,
da FexeolA j WA Fe2H2e Adb &g
yehdt, P,={1,2), P,={3.4}, P;=1{5,6)& %
£ (39 @9 ddA, FH2EH A FA0L
&g 2.

Reosthea(ID=Ah+AptAn+Ay+AL+AL
=51 +52+ 48+ 50+ 45 + 54
=300= Rcost m,(ﬂ).

A3 AjE RE bs@ Bud da wxs
oz Axsolol sz, Uos Bo da F4
3 ai+ans ge 78 4 w989 e

shtel digste YAZRE I F49 #3E Y T
& # glook @k ol& fdte & =EoAME dd
H43E AS o &3t A &YF BE T ¥
g A9 F% A gle A4 A4Fq e d
289 daME 4 Pl dF 2EFAN dFoE
94 #FE FHAIZ & 9S8, 9A Z Foll g 2
oA Sz ¥4 @& FAHANG W, A9 TS U
2l e 949 oA dE 925N A
7t do dis] LelM gz Y4 & FHAI2
g, Al 7 o tiE LEZM dFoz 4
@& FAANNL (2 e o HAYE B
Fx ged, oirf Bl A& Y4E A9 €484
& Aoz ofds} o] ¥E F Uk

£ 2 P o

B(s, )= gsg‘A(k, D if st 12)

B(t,5)= Z‘sg’A(L B if st (13)

LEMMA 2. P9 278 gd,:n% REHE 4,

2 Fd, 1<i<m—19 AF 7 FAHE 9,

) B(s, = j;lllA,; if sqt,
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where S=d1+...+d;_l+l
and t=d1+...+d,'-1+1.
2) &t,s)=i§lA} if <1,

where S=d1+...+d,'_1+l
and t=d1+...+d,'_1+1

PROOF. 54 (12 ©&3 Zol (m-i+1) A9l e
2 Yrod £ ok

S S ARD

ot LB ARD),

B(s, 9

4 ge A, G=itl,...,mdl & ZE 94
of Folnz, 1o HH o go] HEE 5 Urh

wjn

B(s,) =AjirntAiusat.. . tAL
= iglAij
N3 e Yoz )8 F9Y ¢ Utk O

i 44 282 Pl Fo3€ W, Lemma 2= B
T j=it+l,..., moll 3 PelM PR Adohulg
9 & B(s,polx, PAA P7HA gojr| &9 e
B(t, ek AL qn@n, a9, B(s, 09 B(4s)
T FY UA s AFlRE, B(s, 09 Bt
& tsle A3 EAE dS v ¢ 5 . o
A, s¢eoll Al e Bls,0=by > 0 o}, s=¢d
WM B(s,p=00° 8t 2822 4 (1DE o}
#geo go] MEEt

Reost %, (I = Eb,,, (14)

Aq7]14 BE ol o s= }i}d, \+1, dy=0, 282

t= X d,+ 1015 (28 3OS AN, Reast S =
b+ b= 198+102=2300= Rcost & (D7} ALt o],



432 St=ZyIEXERE =2 M7 M23(2000.2)

bz Fe2H (1, 2)94 {3, 4,5, 6} Abo] 9] H] G0, by
£ 222 {3,418 {5, 6} 0] 9 vl Relth B by
+ byt EH2H {1, 2), {3, 4), {5 6} Atol9] & v|&o]
"t

3 HHs YF

31 Y 23x gl 5 HEH

23804 7&gulel o], o)A fae EAle w3
4838 B=(b,;) (I<ijsmA (m-1) 7N €2
2 THE 749 FoA o] A2t He £¥E 2E
TAZ ASHAD F A dA it b,E FolA
Adstn, #d p7h r HA Q42 HAgagdy, od
Hed YA jtl<k<sn—(m—1-9+19 bE F
A surt ddgd. o A S£dd dF EAE
LPART(, n, m2 /L, by by ..., b &
LPART(, n, mol di& (m-D7) 9482 749 3
A Fdolgt 3k W, (by,..., bs>E LPARTY,
n, m-1)9 A3 Fgo| Holof dr} W 8= ¢
o, ol (by,..., b BT FE (m-2) M LrE
2 7449 928 F4E<y..., b7t EXEA 3,
<by by ..., by o AL @& 7HE (m-1D) A9
FA2EZ FHE 9o Hed, ol Zfolt wg
Al, LPART(l, n, m) A= A3 32 A 4 (optimal
substructure property)® F8 & A|(overlapping
subproblem)&& 7FAth p<m—19 BF, 1<p<md
pol Wi3ted LPART(, n, p)& 7=1,2,...,i—1% §
o tidte LPART(’, n, p+1)& AALsE Fo N(-1,
m-p) A FZx3A Bt dE £, n=9 9 m=54
= 1A R E 288 A kA e (1 2
3} {44, {1, 2}, (3, 4}, {1}, {2 3, 4¢t 47 g
= LPART(, 9, 4, LPART(@, 9, 4), LPART(Z, 9, 4)
& AXse §Uol  LPARTG, 9, 32 N4,2)=

(3) =39 2=zdch gea teo A4 reEAs
AY 27z 447 32 REAE NEE, $7
2adYE A4St HH3 ¢ndEe TESHE
o] uigHa s,

XK

32 g ™o
o] HolNe T3 T2 7iYg AMEsts] 8
HAD & #8¥Ho2 A (recursive definition)Fc}.

== {jj+1,..., niol p 749 ZFH2EEZ H¥A
o2 FEHUE 9o A 6 8e 0(pE P&y,
HA & o0(mo B X3, HH €& o (pE
&3 go] BHojA = sl B p=109, x
= joll A n7A 7L dhte] E3AE7L ol FyaEt
FAHEE nE¥ gart gt wd p=204,
Jt1<k<n—p+29 kol WEtd Z4 puE k= kol
A nA 2 FAY UHA (p-1) Jle Feiage o
3 A AA Fe2H {(j,i+1,..., k=13 A& vl &
¢ ueide A WA d42 Fddo maA,
Ui+, n& p 7Y F2HzZ ¥ HF
H & BE kd W 5% 0,(0-1Y #E F
A H2e go] 8ok 1<j<n—p+1o T B =
2o A& oed g
w’(”)'_'( min f+lsxn_p?£{bj:f4rp&(lp~ 1), if pzz) :
(15)

A E 2o BANA Yolw jot k& of Aol
A Foid A% ge WAd &g Hdn AP

33 XU AN

o] AilXE #2] (15)9 &# A& 7oz J
A Hg-g Adsle e EE rledd e gAlEE
(pseudocode)=  1<i<j<nQl F3I&WE B=(5,)%
2 AFA mE Y¥o8 werl 1<p<md &
poll B FHsE ¢, JAI=E HAYE 0(p)
g 3¢ gz de 949 bl AREx, o
e k QH2EE T HAAL dE 449 o
Zo A& UAA byl AAFT

LPART(, n, m)

for j—1ton
b,»,~<—0
for p—2tom
for j < n—p+1 downto 1
begin
b}.}.(——OO
for k—j+1ton—p+2
begin

O 000G bW

sum <« b,‘k+ b ke



10 if sum< by

11 begin

12 b; < sum

13 bin-prai— k
14 end

15 end
16 end

LPART(, n, m) ¢18FL $4 & 1-244
i=1,.... nQl jol el by, —0& AMa=d, oe
(j,....m& &) FHAHE BE 299 Jru g
A @] Ect o}F, 9l 3-169 YE ZE=E F
PaA F4 (158 7Pz {(,....2ne F A9
ZH2HE 28 A9 H2vEA 0,28 AN
1, #e Yoz 9 3-167Ae IF=E wE
TRHAA @ (m7AN e @& ANFL olw), 29
289 77t Aok 190 HeZ A} 1< <
n—p+ 19 @ H2u 4L AL psd jE ol F
A sttt mel 2l 5-1600A AREE b
P 3-169] old A4 oln] AL 549 byl
FollA FHATE ol Uk k7t AAHY AL
b(n—p+2)i°“ Z']"J'%E}

(3% 49+ 1<p<6% n=6Y AS$ g1naZ9 57
A4 & BolEth BAY pol F PPN FA 2
g dEZEY Fe (p-Dol NE HdojN F4 g
Aol dE 949 3 94 U YLESEH A
Ao dA ARE sy L AHEHA o] R
Ak, (28 PANE p7t Fo18EA o) WBEE
9AE BAFY] 93t tE AL AR 27
3 FANA =] FHuLL 7l 34 g
4 A% Y45L ¥BSA BT olAZe) dage
07 %713k p=19 W EE djzt Y94 0c2
A3t d&e p=#19 H$, p=3ol W3y b, ¥
2 A $PAd, ol 0,(3) 9 FYai.

(D1(3)= mill{b12+0z(2), b13+
D3(2), b+ @,(2), bs+ ®5(2)}.

k=29 o, p=2¢] ¥ PP R H

0, =min{b,+ by, by+by, by+ by, bis+ bss)
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= min{118+98, 198 +71, 220 +49, 199+ 27} =216.
E}-E}-k], bu=216°]-—L’-, b51=2°]‘3}.

34 HHBY AN

LPART(, n, m€ 93 HAHE 0 (m)E& A4tsl
L=K-3 ‘%‘-"J g Y4 otdlodl UAw Yie AZH &
4E o83 m e FAEZ FAHE HH Y
E Tk BTk (kiky, .k, > m R RS
HE 74¢€ #3 g2 A% k9 Fdelgdn &9,
bin-mrm® BBE FIA, b monron T ke FE,
3D byem-nron T ks & FL T du
ki ky,..., ko-pol AAEY, Fol3 REEL m
A 22" (L, ...,k -1, (A, ..., ky—1}, ...,
{kpots..., n} 22 oA o] I 9rlzmc=
CLUSTERING(1, n, m)2 th&3 )

CLUSTERING(1, n, m)

1 LPARTQ, n, m)

2 CLUSTER« @

3 ko‘_l ’
4 te—n—m+2

5 j<1

6 for I<—1 to m—1
7
8
9

begin
ki— b,
CLUSTER «
CLUSTER U {ki1,....ki—1)
10 i—i—1
11 je—k

12 end
13 CLUSTER —
CLUSTER U (k,, ..., n}

(29 499 dolAM, ¥+ CLUSTERING(, 6, 3)&
HEl k=28 ZE by & F2Y o, k9 O
#Y k=38 deh deA, 4 e Fe2HE 7
AE AL ({1}, {2}, 3, 4, 5, 6}l @Th

e O(nY) Aol FHulEYPPL A,
LPART ¢38&& O(mn?) Aol HHuj g8 AN
¥k & 6-12¢1 e o HAlE Oom)E 273
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Bg, ¢ndgdF AA ARAIE O(mn®e] Bt

(= S B N
(=TS T U

=<, NG FURY -
S U1 B LS b

1 2 3 45 6 1 2 3 45 6
1 1181198(220{199{129 1 1181198(220(199§129
2 98 (139]142]107 2 45| 981139]142 1107
3 147171 (102] 87 3021347171 1102|87
412144176 |49|9 4121414761490
51236145 |27 |2 51213452017
6(213]14]5]6](0 6123415610

p=5 p=6
(38! 4) 1<p<69! poll ChEko{ LPART(1, 6, ;)2
HAH 24

35 828128 37{9 HY

olAl ZAE A7 I AGzHol A A
g @Y. mxsznd NEIEE B FHd
A g @ 28 AYQIAsE s2 FA o
#e) ojalm= MLPART(, n, m, s)& LPART(, n,
m) gnaFe #G2 99 A& k F& 79 2R3
M de F gtk F AgzAE FIde FEH &
&e AAEY 99, A e bk F& (GHDAA
max(G+1, n—(p— Ds+ 174 @8, 74 & k
e (n—p+2)9H min(n—p+2, j+9)7tA ¥H
Lias

MLPART(], n, m, s)

1 if msin

2 return

3 forj—1ton

4 b,;‘—()

5 for p—2tom

6 for j < n—p+1 downto 1
7 begin

8 b

9

low+— max(G+1,n—(p—1)s+1)

10 high — min(n—p+2,j+s)

11 if low<high

12 for k< low to high

13 begin

14 sum «— b+ by

15 if sum <b

16 begin

17 b+ sum
18 bn-prmi k
19 end

2 end

21 end

(29 5)& 1<p<6°) Wisl MLPART(, 6, p, 3)
duzFe B2 AH& HAEch EFP pol g
oA Moz AP FALEL of" Fo2HY
271 384 FAAY 2 ASFxAE TFAYE
FES k &E JdehdEd, ol A p+D BEE
Asbsted ALEED dE S0, p=1° W@ AH
o A A & p=29 oig PP 5,4 AHFH
E 028 Adsr A8 Agdd (2¥ 48e
gd, sl 0,(2)8 Asr] A8 ALE F Y
td, olE & Y9488 AH4EE 3uy & AV E
77 g 2EHE g7 dEelt & ¥F lwE
n—(p—Ds+1=6—-(2-1)x3I+1=42 AL, A
F high® j+s=1+3=42 AAYE ou|3d. we
N, 0,(2)=by,+by=220+0=2200122 p=20] o
F HHREEL ({1, 2 3}, {4, 5 6ol Hrh p=242 7
pol daiXE, Adzde] k o] HAE AR @&
7] Wi HFu L 0, (pt HHEY 1= (29 4
o d¢ Zr) AL a—(p-1)ss UL VEY
o, &4 dg@ct
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e guM g HHss) wEol, 4 P g
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2<p<n pdl i o (pE AL 0,(2)=220
% 0,(3)=257° K’'BHr} 37| Wi, 7158 HHE
& p=2ol thalME ({1, 2 3}, {4, 5, 6}}ol 2, p=3q]
gAAE (1), {2 3}, {4, 5, 6}elch

1 23456
118]198] 20| 199129
By 107
7 he| s
1E
7
0

W DD e

D U B W DD e
ole|leolo

o Ot

118]198(20 (199 (120
0 B 139142 (107
1 ERE
B
7
0

[ TS ) B S L S
S U o W D3 e
-
=3

118

45| 98 1139{142|107
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AE oo} Fe2Eziel BAY do EANE FHo|B
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21249 ¢nEe ANSYD BF o dnIdEe
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