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Abstract The development in the mobile computing systems have arisen new and previously
unforeseen problems, such as problems in information management of mobile host, disconnection of
mobile host and low bandwidths of wireless communications. Especially, location information
management strategy of mobile host results in an increased overhead in mobile computing systems.
Due to the mobility of the mobiles host, the changes in the mobile host’s address depends on the
mobile host’s location, and is maintained by mapping physical address on virtual address. Since
previously suggested several strategies for mapping method between physical address and virtual
address did not tackle the increase of mobile host and distribution of location information, it was not
able to support the scalability in mobile computing systems.

Thus, to distribute the location information, we propose an advanced n-depth LiST (Location
information Search Tree) and the parallel location search and update strategy based on the advanced
n—depth LiST. The advanced n-depth LiST is logically a hierarchical structure that clusters the

Jocation information server by ring structure and reduces the location information search and update -

cost by parallel search and updated method. The experiment shows that even though the distance of
two MHs that communicate with each other is large, due to the structural distribution of location
information, advanced n~depth LiST results in good performance. Moreover, despite the reduction in
the location information search cost, there was no increase in the location information update cost.

t S48 . neddm PRESY o Ease . mAusE AFHLS 25
cks@disys.korea.ac.kr hwang@disys.korea.ac.kr

tt g 5] o nEgida AFE LS 25 EERHS 20008 2¢ 259
yuhc@comedukorea.ackr AAstE 0 20009 128 6%

'



AFE A" (mobile computing systems)
2l 719 %‘iﬂ- FRE UHEOR F43) ¥
B RS #78—— °lF
(Mobile Host: MH)9] o|FFdz FHo
(fixed network)e} d4& Tr7q°}‘11 ]é?‘;] ALt
Pg JlestAl Fa, AREXRA I}(transparent)
B4 Al2H BAL AT 740]1—4.[1, 2, 3,
olF FFH AlzHe mH2 olF T ( obile
host)9} T FAE(fixed host), F %%54 FE %
Fog FAHIDI). 1Y IAE F 9Es 1]5?
(base station) HEw MSS(Mobile Support Station)=Z
Eil=d, olEe o]F Z2EEN FA EAS 3%
4 °1EM 1= 71%5& AFs, MSS'8 EAg
shite] 7 < Aeolg} BEe dhte 54 A9e #
g} Z} 015 FXEEL s ZAFZMSS)H F
Aa, 1A% MSS7t #ejshs Ao &% O]E T
EE MH;'S ZA8Th Ax 2864 4§, k

o m rzi o

5
=
ES
q

X
2z 34
X

ol

rn&i

2|
stk A4t 9 39 32EV ge A2 Adse A
< 3= 2Z(hand-off)g} 33, ©]F5F<l olF TAE
= Az 49 14 BrE0 FIRHCR F95Y o
2e A%T Uk
AAFEL A28 BAE JHes BE A%
A, 49 3R HHE B8 G 0% EAES

a4
AA ARE ATR=Th XHE olF T2EV} olF 54
o F2F u) ufH FA(virtual address)E HAul=
% B2E9] fHo #A ]%’4 o] 4t
2 aA=H} 9tk ol ZXEJ}
7 A L 2K E "Hi—°r FAE
7 ‘i‘—}‘—:—t‘r. 01 F42E A FA(physical address)d}
2 ol5% "uitt VAo REH AR
& FhPE Foitsth 91X AR AT ZjA=d o
3 olF TXEQ] 91X HEE AFT X HE A
T °)F Z2ES @A 4 FH5 #HE Y9
%, °lF Z2EV /AL e I T4 A 4

Atole) Al AR(mapping information)E ¥ &T}6,

2
o
N
ﬁ
R
m{u rr
1,
N
lo

7] A3 ¥EL ol% AFH AS AAG9). =

g olF T2E FUhd Oiulgk 93 Fn gl g

Zo“é(scalablhty) Z]-‘(’_ ]% AEY 2 78’94 e T
/\

2 By 71MEL HLS(home location server)@t

B EA4E 9% A9 AF

o]
—_

VLS(visit location server)A}¢]e] £X
FHol Ak &, T FF 2

W, $1A AR A sPHel diE
B AlzEe] g & #AE AT 1A
HE A e] HLS7} o]54E zhe v9 o
E9] 92 AR J’}ﬂ% =% AE FHIE F

R i
-
u
w0 o i
o = i
ot e o, ki
G oy o 2
N

IR

BN
o
o o N |y o i

-
o,

M' OE
I
{m
NERS
.

yodo
Mo s o
:’FI
2
)
1o M
2w
Eﬂ
=
T H
o
n
iu)
m[moﬁ
N
r;m{m
o FE
B
o
om%
of 4

of wEE 23914 V) Aol W LA A7 F
Pl Tisl @k 3gNE 9K Au BB 99

B 5N E AHE n-2o)

E9% nom #2) Anel 94, A

A9 A% WS S5 49 2

TE 7)o W) mmah 6o A2E Utk
_—I.l.

2 FAEt 94 AR AL

15 $2E7 %’4541% HASEE W ARG A
2 AR gL oy ol FAEY FAE AFT A
% 3FH ol% T2E @A Fid uf{ Fho A
2g flE dAEnh 4R AR F4-73d0e A PR
galo] AFsta ¢ Fof gAEH TAE g 94X
AR7L BAHRE o A" ook we] 911 A
B gl 9jx AR A, A AR g s
ol }
a9 19 olF FFHE A=Y 2ZEg AEeE olF
EAES X R #IE A9 o 2 #E @



82 HAEABN I =FA A2 2 o] A 28 # A 2 5(2001.2)

TE°] P o] gt AR Auo) Bitddsly) Y8 A8 FERE A9 n-
=& [6l= °olF AFE &HdA 9 ﬂﬂiﬂl o do] 9A HB g4 EE A, AME n-Zdo

el st 2% X & 71%@% l&ﬁ} Atk ol 71 7l S AR ' EdE ez 99X Fne] g Y

Ao deel olF zAE HE BAEE 28 5 A B4 ES Addsla, o2 Agsith 2ge

Stk =4 BYadre o] A4 ARe AZL AL 3F A 47 oF AYE FeE Nz o

AA JEE TE3) Jed AREnh o MHe =83 2 9A ZE #e Ve 4%E WokE) g8 9

Eflagiz o] A%lA 28a) ok Huuck A2 A5 g4 A9 92 Fu 73419
=2 04T deHes fX B8 ANE BR 68 24 SAA74 9w 94 AR 94 ues

Sl WREAT F oF T2E A% Asde  paAAn

3 5 2 == 22F] LAY o

GF TN AT GRSARE REAL AR W 5 o 2z sjme ex mm MMl AS

A A FEA7T #Eske 2d9E B (partition) E # Sx

£t ol2g Aue thkd AR olF AR i -

7L VRIeR dd dojAH, ARt E¥user o] BAE EZE swoz & 9X FR A

partition)?] 7igez BYHTE o JIHPAME oF &  =aF Az Lz Edd 7 F2IZ A0S 4% A

2B 42 AR BHUE A8 A AB(user B Mulel =¥E A2 2zE suoz § 9 AR

profile) & AREsted, #1%] HR A £&E FHEE &y sHy Ase Hludth 9% PR MEe] =y

At AT o] BRIAME olF TAEJL A A2 Tze] A% BAQ 95 o] =EL o]F FTAE
A ARE &F AT golek Bm, ol A olBAldl o 93] Fu Auol WY e gL AHS Fo
HIlAo =z o]EQo}o}; —5].‘:_ e s _7]_;\ 7]q_ w3l [7]_;(04 1] B
AR ARZE W] wel ddEe] 225 WAAA i) o] 3rEE OB oF ZAEY 9x ARz
o alar, o]z A olF A& FIIAT E}. MshA] gr=rh,

=E [11]dME EFE 08T —‘Hﬂ AR A = i) 72t 21X AR MHE o)F mAE 93] YRS
24 AlE FXE 7R 3 94X AHHY G8FHA e ek},
A&4 & 7S ALk li HE Mg = i) 7SR 9% AR e shie] o]E 3
g4 AZ FEE AF] AR 2 #yst o)F AF ~E7L #2489t b, 2t dde o shio
B 839 gy 2AE ‘Héﬁ}ﬂ ﬁﬁﬂ AeE At & o)% FAES ZAET
AR AA olF AFH EFNAY A 79L mEEA v) A4 92 RR Aue Zel= Oo]r/].
e =28 A 77 i, 48E A B4l v) B g ox] AH ABle] EAEs 95 A
AME 97 AR AMEY =83 As T g B B olehH] o] Ao 4] B AlZke® T A7k
og 771 =4 Aze] fag A4t 2k ¢ 12 71330
e 7HAT Sl ol Ao A7 A Ysel= 3.1 OIFl E2IE J|Htoz 3 Qx| ME MBQ| AlE

l

BTk, 93 AR AW =8d AF 7R oE
A=A AR Fo]l HA 914 FR AWeMAA 53 old Egld ¥ 7T A& 9% AR Mue =
= ﬁ%oﬂ WA AT 34 A% T2E dolEth =F [11]dAM AgA =5
=& ol AltE FHeA MR QFE dEo) ko g $)x) Hr Mule] A= FzE 2¥ |

(UG

[:1

Eg Zie o] g8 =TF AF TER= I #FA ¥ Tz Of 194 AR AR Mule] AZTRE o)A
folut FA-782] ¥lo] ARe A47F A= o)y EFE 7He g ¢t a% 2% o] Egd] o] 3¢
& 2AE A A o] meeNE 2 Aol nEsd s @ 7zE 4842 Ao 3-Zo] 9N
AAEE X AR AWE Abeld =218 ¥E 71A AR g 2zl du n-Qo] 99X AR g Ef
= Ef 39 =94 AF 72E AN 9% A 9] Hol= vheml 7t}

B AW ¥ FRE 4oz N9y Edw Wy (el 1] n-Zo] 997 AR 2 =2 (n-depth Lo
A gAag 7eEA HAdok 99X AR Awe =3 cation information Search Tree: n—depth LiST)
A% Fz2d o) AHE BLad g4 vES o (1) AT AY dhtel A9 w9 dz=n o

I olFAE JHAE olF ZAEY 99X ARE 99X Zo] AMZ T2 MBEYE FASE oEo -F’r'?}@



o zamel WaAH 91 Fu B4 A% Aud AF 7= 83

a9 1 EgE 7INe R § AAAHEAHL ASTE

L
Bl s

a9 2 3 727 2% ANPEANS ASTE

) ESE TAshe 4ol ndl BE === 419 ¥
25 zieth 249 Has F e A4 =Z(child
node)o| ¥ FA=2 AHoz FAsta, vwA 2749
BIe A Ar w4 Ha su 22 ol <l
B e oo g gag gHoe= A (F
A9 mrel gole 02 )

(3) o] n]l k==Ee] 92 AR g4 YA oF
dde ¥ T8 YU

1-zle] 9

= 4] 2 HA AE A ‘47H°ﬂ 8 T

= AE3 pxolth 3-Zo] §A AR g4 Ego]
T R AR A¥e 87l 4-

Zo] 9% AR g EfeAE ZHelrt 421 16709 9
AAA Bek 1-2o] 93]
Z4  1-8-(SCNRSB; Search
Cost of No Ring Structure in Binary tree), 2-Z°]

o

Iz
7

1
m

)

=2

>

o,
T

A= AR gy EfeAe] g4 HE(SCRSB-Z;
Search Cost of Ring Structure in 2-depth Binary
tree), 3-Zo] #X PR A B]E(SCRSB-3; Search
Cost of Ring Structure in 3-depth Binary tree)s}
4-zle] 92 AR g Edfeld 42 AR FY ug
(SCRSB-4; Search Cost of Ring Structure .in
4~depth Binary tree)o] @ 32] Zd]=oA] ulwHT)

-
/i
/

—0—SORSE2|
—— SORSB]
/ —— SORSEA

g

8

]

BB
5§ 8 B
N

N

Edl

EEER SR EERE

2 o] EAske shiel oF E2EZL A4le] &8
4 AT BE Lo TARE RE o)F ZAES
N7 AR AX AR BY N8 FEge 7

2 @ o
)
s
T
I

%, A Atole] Ayete BAglo] Z4 Ao &
Ak e olF ZAEVF shte] deA olFglol
A Ao REH BE °)F Z2EE $EI9E AL
AT A 9 AR g wge] A Fo jE A
HE B2 o] Ag B3 2 <) EHE 7
gres g olF BAES X HE B4 HE

(SCNRSB)S 2] (D)elth ne Ef 7oA, 94 A
B oA AFG B 93 AR AWt sk 2
oleltk. [7}9 1] wi} ol% ZAEL VA= tE
olF F2ES YA ARE AASA gormE FT
71 e A BR g8 4
EfoA 319 9A AR AEEEE A9 9A HE
AHz gassl Bed B4 vge] ol
SCNRSB = 3, hx2*™ 68
A AR g Egle] =uF AF FRE
Ax] AR AMB9 AF TR e B4
AL ol 19 7 pEolA 9] By
7 EgpzeA A9 #Ax] HR A
727) wjEolch, olA 2-Zeo] HX AR
AR AW =23 AF xR

-Zlo

-
|

fm !
k!
Lo
B

= 9

B o odo oy
o
o

5

23
(4

o 2 of
o
1mi§;

4, o

R e
B, 8

=2
2
)
>



84 CEELE S

g v-go dis] golEh 4 (2)w o] 204 ¥

Ze 4t 20 221 HE 4 A8 B4 98
(SCRSB-2)o|t}. Zo] 2 AR AW 47l
9 7z 48y 7ol
92 A gao] AFEE
Askz Zeloleh
SCRSB-2= (k= 1)#2"% + (n=D#2" " 42" (n23) (2)

o = H %]
9 A (D9 HARAZ 0l
G Y= AR Aey) =

3-zZlo] 9% X BN Eo)AM X FR @4 b
4(SCRSB-3)3} 4-Z°] 942 AR =24 =N 9
AH g H)4(SCRSB-4)-& ztzh 2] (3)3} 2](4)o]t},

SCRSB—3= gk*z"*”*”*z"'+(3*n—3)*2"*3 (n=4) (3)

-4 4 3
SCRSB—4= Z:lk*Z”H%—Z”"‘* kﬁ_azﬁzw* kgiak (n25)

—
o
~

2% 39 agzE BY 4-Zo] 92 AHH g =37
7P 7 e HEE T ol 4 oo ZeloA

g T8 e 3, ® TR HEA 24 vg
01 YE A7) 2otk 2-2o] ¢x AH 24 =g
2 Ve g 91X AR g4 vl HE g4 ug
ol 71g F& ASS FeETh wEpa o7 EfFE W
o= F A4 AR AW =gd AF 729 AT, 2
ol 2914 & FxB FAYse Ao /M FL HATE
B}

3.2 JiME n-Zo| fIX| H2 EM EZ|(Advanced
n-level Location information Search Tree)

of Aot o)1 EE swoz # 2-20] U4
AR S Ea@d ol& AUH 2-Zo] 9X An Bl
Edjo] e golich AR 2-2e] 91 AR B4
EdE 2-2lo] 92 AR B g0 w5 U Fe
R e (39 21E n-Ze] 914 A ¥4 =

(e}

o el A%E PN A0S el 91 A
j=3

=

AAE n-2o] 94X AR g4 Eg
1) n-Zo] 91 Hx B4 Eglo|d}
)

2) Zol7l nNQl ==& 2 shte] meE ZE=Z &
= 89 mEEFA Ao n(N+DY =E=52 g ¢
ZE o]Eth( n, N2 1Rt 3} Ze Aol )

AdE n-dol A B g4 Efe d¥ ===
LiSTel A s} Zo] 9% AR H‘ﬂi/ﬂ z+ AolA olF
FAEEZY BAS wEehe /AT APHL
X ARE AFgct st @011 &3 e ol% T

2ESE e JAFE Fo) B, 49 F& 5
AR oI o 2she A AR AWPH e o

EA A2 R o]E A 8 A A 2 520012

T B2ES A HEE dEr shie 93 FAH A
Ho)) &l ol TAEEY HRE B4 93 AR
AHES] o3 #EjETh 91X AR AWt 7AFE
LISTE 7jske g sl =24 A% 728 o|grh 1
o1zl A g EF —7—13

AR LiSTeolA 2% 21
LiSTiolA 1% AR
iSTE LiST.S =%
FEE= YA AR A
A re fx A

Zi

A &9 LiSTE 7FAA "ok
A LSi% Aoz sk Al L
st B% 4rfolek AZHY o 7
& Aggoz 2UPOEA @
B o) ga) ulge E9ck

9 4 2-40] 92 AR g B 9

AR g4 EfoMe 94 HH
Al Aol ¥)g ALk ¥ T &3 99X Aw
| AR g 95 HEAMMZE
AR EAs}
o= TAEn,
4] (5)—t— i 49% z2e 7Hﬁ5d 2-zlo] #1A AR g
A Efdae A H8(ASCRSB-2; Advanced
Search Cost of Ring Structure in 2-depth Binary
tree)= AR Aol

I
ASCRSB—2= 2, (2%3+ k-t s 0"0

FI
>
I
2
>,
L
ot
iz
R
o
[
r>~ i

+ ﬁ(/e—n*zk*z + (=287 4 gpahT? (B)

(&, k= n2 28 UYE U¥A +2 ke = ns
-1, n>=4)

2 (602 JiAE 3-Zo] 94X AR FAEF A9

A B|&(ASCRSB-3; Advanced Search Cost of

Ring Structure in 3-depth Binary tree)< AAFsE A

22 i



olE FTAEL]

otk

b
ASCRSB—3 = ;1(3*7*k+ 16)%2 30— 1)y

+ (3xp—-3*2"7 (6)
(P, kl= n& 32 & YA 43, k2=ng 32 YiE H-L,
n>=5

MAE n-Ze] §X AR 24 EgdMg 94 A
oA A4k 89 Aghe B 324 &3le A A
B AueMe] g v)g A ol 93] JEABE
WE Bz 93 AR AW ozt Aze] £
s SR An AuelNe g4 g Agos 74
ok 29 59 =z o)X EFE FFIE 94X AR
Aol =94 FZ(SCNRSB), 2-do] 9x AR =4
EZ|(SCRSB-2), /A" 2-Ze] $5 AR g4 Egf
(ASCRSB-2), 3-Zo] 9% A® w4 =2|(SCRSB-

MAE 3-Zo] YA AR g E)(ASCRSB-3)°l
A9l 95 AR FA w0 HlwE vtephdic)

fy =2
W Ll ISR

ES

80 5

™ /

&0 —o— SOvEE
W o —C1— 507882
& / —— ASCRSE-2
T o —x— 50688
i / —o—rscrsBs

N

100 s
g "
1 2 3 4 &

ol

@

a9 5 /A" N-Ze] 91 AR g4 EgdAe $3]
BE g4 E

a7 52 a#=eN BRol, AR 2-Zo] 94 A
B gl EgE 2-7e], 3-Fo] HX AR =4 Efe
HE T Aee zerh AAE 2-Fo] 9A BR '
4 Efle I¥ 304 2-zlo] 9F] AR g4 =
e etk wEA zlo] 2649 #
&l 1A AR g At JPg AH
e & F vk g 2-Ze] X AR 24 Ef
£ 7oz 3 A AR g dda X AH 74l
ﬁ

ofr 1’[

2ol g %

2 37 A8 ARFL AAE &
Pt

=7 B¢ 54T 49 oF

Ba 90X AR AL 98 v A% 72 &

AR MW7 #E)Es 93 AR delEid o] #1X
ARE @9,]5—}.—‘: _?,};‘(] AR F’J—/\ﬂ ojAlg fsg \q. o]
il

= 1}\}57} A o]EO —5]_ 5 TAEY WA FA
= 9x AE dolel 1&01*1 A= elo} B, o
& 94X AR A Aoz} H.

4.1 9% MR =Y 7|y

o)% BAET} &3] Qi AT 9 AR AHo]
A BAsEE A ol 52EY dA JXNE $1H
AR AwelA Fejgth 99X AR MWSS Adw
n-Zo] 94X AR w4 BE sPMow E¥dom 7

BEm, Y ool 9X AR $4 EdE olgst
o g qte] A,

AR AR By Qae 5Y 2o st
BE AEelA Sues WP g a8 A9 ol

o 9AEE A AR AWl FAHE
9k,

399 51 %0 9 dte Sade g sos
7 &8 RS 94 A .
3 An A Aa
e nm wq A Al ol
wuith 99 9% FREA F
e »ohzn ol BAEY A zg
zagR 49 94 %

o
o
Lo
=
_u

Sl AR HHMW A
9 7z2 3 PEHoz sy
2 T}

B gA
s 4
oA P fso o g
TFZ

[

23 4904 MH°o] MH,, MHs% B8k 71338
o WA MHE #ale] 7|xFo] MH:9 MHze| e
91X ARE MSSwrb AR YEA Al 9
MSSw/t 91X ARE 7R3 A B3, MSSaus
LSzpllAl 92 Fr AE st} LSy MH:8 MH;
A g 91X ARE Aqs] A Foer2Z 994 AR
£ 7HAS JA eh, A A9 X AR AHCA 9
A AR AolE ndrh XY ¥ TR &3 @
AR AR Aol Wil xpale] A HR FH A
el LSsoll Al 91X AR Ao Hiith LSsole M
o MHzo tigh 92 AR7E gleEz & Fxo Sl=
AR AR MueA 94X AR DE @tk 4 LS
I LSeol Al 91X AR AYF g} o) M2 A
Fa7l LSeoll A &olAx Ao dist 2HF MSSudl
A ek Ak Mz 92 AR Zojd] tigh st



86 ARAEGI =X A 2" 2 o] E A 28 8 Al 2 Z(20012)

o] wol glow, $X FR Hely LSy RulZch
LSyol= MHzel wigh 9% Hur) glemz MHzel of
3 93 AR Fo= LSelA Buigch LSelAM 91X
AR AeolEs LS9 LSeol BuUiAH, LSsole MHso)
g 92 FR7F 93, MHze @A F2E MSSudl
Al B

HAA AE ALY X FH Ao a¥ 69 9
A AR g @3a)Ee] ¥4 Location_Information_
Search()0& T3t o] g 71A=2 A9 A A
B AHA 7159 o] Location Informationg
21, /A" n-Ze] $1X AR w4 Eg ke
2 X AR 25 34 "Hoh 9% HRe] gao] A
Fotd Fs HFA, ZIAFAA A 94A HRE &

HET

Location_Information {
MH_logical_address[];
MH_physical_address![];
}

Location_Information_Search{ MSS, Location_Information )

{
if(have_the_location_information())
then {
send Location_Information to MSS;
return;
)
else {
if(have_location_information_search_link())
then {
query Location_Information to next LSs:
if(success_search_link())
then {
receive Location_Information;
send Location_Information to MSS;
return;

else
Location_Information_Search(upper_LS,
Location_ Information);

else {
query Location_Information to upper LS;
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%ocation_Infonnation,Update,upper,LS(MSS, Location_Information )

if(is_Root_LS( ))
then {
update Location_Information;
)1"eru:m()§

else {
update Location_Information;
update Location_Information on upper LS;
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