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=2 MulA FHE A F7] 918k A4 A ¥ 541 (connection oriented communication) & 3}7] uj
Fol Aol 7k WYSA FAS 08 F2E A AR Folof Brk A= A M Yol Ee A
2 FQE AT ANAE M2 EEHIT B0 flolof Bk o) 2L BHAIE TP
2 HAA A2 A 4% 4 (incremental re-establishment) ©] 2 313t 71 o2 a4 ol A A2
A AE P N E R ARG ANEHT PR 02 FRE A AP FOZA AFAA AN
o g Bl vstel AEHOR FRE A A & Atk 2@ ol Wy PN AT 729 4

W 5L oju] Ab&2F0) F RN A2 F 2o AgHe ZRAeH 29X (crossover switch) S

= G o) Ztolzl AR AN A9 AA Y A EE FRE AP s AR olFoA Q7] wfEel H
Zow A Azte] A A1 d Y 5 (overhead) o] At} & = MEow A A A TS Solal A

24 BES HL56] g8 F AAR ol F oAU FAA A2 A A S AR ddses

IR & At Agtets 7ol s 2 AF S T A2d " wA A 7]Ee] 4

WomM azzon 2949 B3 $8 A2 A A4S DA £ A Beo]

R v Frhg o2, Al Qkels Vo] A Ak AR FEe S-S EATh

JE 2of

At

In wireless ATM networks, the mobility of mobile terminals causes handovers between base stations
or between ATM switches. During a handover, the connection path must be re-established because
ATM switches communicate in the connection-oriented mode. Different approaches have been proposed
to handle handovers but the incremental reestablishment scheme is expected to be fast, efficient, and

transparent among them. Its implementation is (éomposed of two steps - finding a crossover switch



(COS) between the current path and the new path in the first step and setting up a new partial path
in the second step. However this implementation may cause long latency and heavy signaling overhead
in wide area network. In this paper, we propose a new implementation technique of the incremental
reestablishment scheme which finds a crossover switch and sets up a new partial path at one time using
a new signaling message. The proposed technique makes a significant improvement in terms of latency

and signaling overhead.
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A S TR A 9lE A ATM Y E4 2 o5 dat 7[A s o2 743 = 40 41 vl
EYH ATM A9 SR o] F R 7|17 U EY g 45 74 ATM U EH N = o F

Hol7] mEel A =7 H2 A9t et B Y. ATM U EH S A4 AT T4l& st7] 1
ol =owmyt B BAzt FAS AT FRE A AR Folof ot 2 W2 G & Ao v
BAol gl dole g A Aot whE A ZE el s s]ojok &l7] Hiel] A F=2

A A4 710l A wsl o of T,

AG7HA Q78 F&2 A A3 FE IA 7P R o7 (1, 2 A4 A= A A4 49 (Full
Re-establishment) [3]S- A= 9w 7} A 8tA S o) A=90w & 7}= thAr 7] A = (mirror basestation :
BSuyrr) 3 2A 7]A] = (destination basestation : BSppsr)7te] A4 Z2E M2 ZJ 22 A AF 8=
Wiol 7, F 2 4 Wy (Connection Extension) [4]2 &) Al8-392 2o &2 7] A = (source bases-
tation : BSsre) ¥ 7 71A=7ke] ZE2E Q2o+ Wilolth A4 = 2 4% By (Incremental
Re-establishment) [2]2> AA) AF8-59 F 2 A2 A3 = 42 Alolol] A3 = A9 A& AEste A
AW AQ]A (crossover switch : COS)E AR &, A 71X FH A2 AW 292710 2= A
2 ARSI, AR08 29X & B VA F7HY] FEE VNS FEE A AR ot HEIN A
E Ef 4= A4 43 49 (Multicast Tree Establishment) [5]-& 3 (call) 7} A 4 = u} o] % thko] 9] %] 3k
Al (cell) ¢] 2= 7% Al (neighboring cell) 53 52 A 7te] A2 5 AAs] w524 A=on 7t 24

e, A L PEE o] &8k WRlolth

A B2 A AE B2 A=/ A D rrit AA B 25 thA] A sk bl A=om A
A A zte] oA s Y E4 o] A& Wol ARE-Shh. FR S R 2 Ao AR MEE FJRE Q&
ol 7] W&ol M=o w7t IS wjuir} F o] doj 7k DAL A &2 Aol Aol & (cycle) o] B4 = 3t
QEANLE B2 A2 A A% 392 F ol ©adzte] 45 flal o8 7he) A=2E A Bl of st7]
woll MEY ] A Ful 7k Asteh 34 F2 A A3 39S hd 71 A Fol A A2 259m 29127
FETE NE AB 7] el v ¥R Sl viel A=W A AT Y ES AR 9] o] - Sl A

&AW, AR s0H 291318 Folo} sk o] Ah[L 6,2,
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AR 2N E AT W A VA F2 AR 29X F R Aoy A o] FRE A
g dels Azke] oA mE Amow A A7kl Ao Atk Wl 2 oA 71X F} AR 20w
2917 7ke] A2S BA sy FAS FA AE G2 Aok Aol ¢ Aok webd A A2 A
o A9 AE FE Zlo] TR ANA AR A HF PP ARA0w AAE FE DAY Uy
A A3 AZ29HW A9 A7t R HARE AR5 GAR ol FoA Q7] o] A2H0m A9H
o Al HAA FE A HAY WY Feol T IFES vk ek F2F FE A Aol ZF o

71 Sl M= SR en 290 G4 dagFo] & olofof gt Ag7kA] A7E AR AeH A9
2 G AdyEEFe I 2AY WEY S 93 &8 F [7, 8, 6, 3|3} PNNI (Private Network to Network

Interface) Y| E9 [9]& 913 &g F o & 1y o] 2t} [10].

ZAE Y EYS 93 &318 Z 0 2 Loose Select, Prior Path, Distributed Hunt, Backward Tracking o
aLg] Fo] A Al 3] 31tk Loose Select il &2 th A 71 A =ro] A4l 54 7] 57ke] Atk JRE AL
&L, ol BEE 7150 FEe Al fAT A9AE ARAeH A9(X 2 24 T Prior Path &3
25 A 1A Fo] Al 7 E AR Ao E BE 29700 9 AR E Adtste R g A
g5 ZE A9 AE A2 AN A9 A F A F 3o} Distributed Hunt 432l 52 A 7] A o] a2 A
o 292 G HAAE UESY o] BE A9 X o] BEENAESISL 2F A9 ZHEH S H A Ao
ol Az Aon 2925 2otk Backward Tracking aLe] &2 &2 7| A 5o] 53 7| A 5744 ¢ &
AR 7NE F2E GIH7EA T 20X A A FH A NAFORE AA S AT o 22

EE (port) B AHESHE A B ske] TR20H 2925 A3 Tk

Z A8 U EHY | A= Loose Select &2 Fo| U Prior Path &3 8] &3 Zo] 29 7 71& 2 AR
ot MEH ] 4 HRE stte] AMuvp K93 o A #eletal, I JRE o] &slo] AR08 A9AE
Absls TG AT Aol 7dol el 3 U ESS] A7 7 47] w) Lol Distributed Hunt &322 &
T o] HEEAHNAE HAAE o] &3 AZ A0 A9 G S & ok 2y F YEYA =
ahufe] Auul A9 x o] BE FH7te] FE FHG UEYS 4 FRE A= Zlo] oHi, HEE
NEE vlAl Ao o]k AR A0 A9]x] G2 Al 29" Fao] At weA 278 vMEY] 3
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=93 FES F9 UEY] w2 Fg5hE A DA A

PNNI Y E9 2 ¢]3 478 &0 3= Optimal &8 &3} Minimal ¢37.8] Z0] A A 8] 9 t}. Optimal
dae Fol M= g 71 A o] 7} o]y DR ES Mul A5 QL 29 E9 9] BAGNEY ] AS
FEE o] g3to] ARAeH A9A7F 2H = A ZFE e = Fel I2Fe] el vy
A 71 A =2 AA] 290K el o 3 B RE Y] 918 Al 2d "W Fok. Minimal 937 2] F-& Optimal 937
g Zof 9|5 Zo}x Optimal A ZAQH A9 oA =t} Optimal AZAQH A9 2= AT A
27| A =7 e B RS} AT g A =7 FRE s 7S FA2E AT A ALEE F dE A9

Z] 2 Minimal Z 2208 A9 x| &2 44 3t}

PNNI U] E 9]¢ A}-£-3] = Optimal &2 &7} Minimal ¢332 &S 22 AW A9 % & 3H7] 98 A
29 HAAE o] &3k whebA Optimal &322 Fo] v Minimal 37 2] F& o] &3 4 4= A4 A
s A ARAW A9AE 2] AT A 2EYH at7] 913 Al ¥

3 4%
ol astth olsh o] T Al AW AP MEYS) FHE T3 A= A Azte] Aol

N

o 23 Eg g Y EY H ety sl A IE P PR BEeH A AtE Eol7] AT MR

& 71el 7@ 2 st

T e dsen A AR ALY B Eo17] S8 F HAR o] FoAH HXH FE A
AR RS AR GdstelE VIS AStel il A S A Hds Y eE B =S A9y
(Signaling WIth Path Information : SWIPI) X 2 E 23} 73} 29|39 (Enhanced SWIPI) L2 EZ 2 A

Mg

2919 ZREREFE olF Tzt 29 AR E AXsE 42 F X H o]l & (Path Information Table :
PIT) 3 20 2902 G F-8 FJE2 A A& 2o sastr] 913 F = A% w41 21 COSPS
(CrossOver Switch Probe and Setup) ¥l Al A & A o] shrh. A9]9] T2 EFZA H=ou 7t LAy std, o
ool % b AA A9 (source switch : SRCX) 9] & AR glo]E2RH 7| & JRE 7HA
S 7IAFAA BELHE 23 & Sk A 7IAFS AF F2 71 P2 FHE o] 8¢ COSPS
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ook
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299 (routing) ] o] & F<la) =2 29| (destination switch : DESTX)ol| & @3t= 2 =
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AIEY BRee A
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Hh T A AEekA] EFCh o] 9 T W Haty] 98 ¥ =Ekel A E g 71 A Srell A COSPS w Al A &
28 sk7] ol ATM 291219 F4 93 UEL S AF JES o] dsl) A22eH 293 $RE 44
e AF S FEE Aok 2908 ZEEZS AT AstE A909 ZEEZS U VA SN 2
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MNoadsd2Ed3dd 2220 292 FEHE | FFoEN FE AAE &8 U

B ERe T4 ded 2k 2PNAE AR A 4 WS FAT W 4% B F e 2

2o Us) AT, As7HA d7d axsew 2902 G4 Sy ES AP 3Pl A4

A2 A 4% wyel Bdst /W 2909 T2EEn 43k 2909 TRESL ALV 4PIA T
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21 72 A A3 PEe BAtE 22F

FAATM U EHe M F2 A A3 A4 AFHA ATM Y EH S S =7 Dy S wrict
T slolof e}, wety R ow JRE A APk Aol TSt AR A AFS T T
Shubel A7 A2 A A B e ol JAMT Al ZE P FE, WEeH A AT 7S R A

€ & AT AR dol7f are g ofof g [11, 12].

AZEE B PR A A S8 AFEsl = Al 29 ® dAAS] Fog ALY, FS HEY]
Aeoh7] A1 AA A= A AR BReMT A2 em £9% (COS)E 27 #1Sh Al2d F 3 o) &
ZNA= (BSuir) ol 222528 AQX7AA 8] F&E JE2E A6y o1t Al 2d o] dasioh. A2
P HAIA 7 BE S A9 AM 9 th 7] A7 (queueing delay) o] A o)A vl AlA] A 2] AlZte] 7o)t}

Jemg e WAAE ASe 2 A 43S Faes so] Frh

ot

N=ow A A A 7H o] Tgo] =W E QAT & A ZA FA MulAE Ee = YA 3
NIAA A= Alzteloh A4 F2 A A8 Byel ol H=en A A AIE AELH A9XE
e A= AR, A 7R Fol A SRR H A9A A 9] B ARE A AP st=d el Al
7k Folth. sH=en A Azto]l doAd ddo] B2 5 A, A2 F4 (QoS) & RS + 8l

A Aok meby Feew A A A FEo] gropof g

NEAZANE &2 V=W ] A dolR HF FE FolA 7129 F27h A 5H= 6l gol .
PAATM Y EQ A F2E A AFahe ol 4 AEe 2 98] 7120 JRRE A5 A4S 5§71

Folth 84 9 Adol 7] AAAE N2 JRE FAT A N2 FE AFT F, 7129 4
22 W o Bk 7ol AFES YEAS AN A& HRo] A7 27t FHE = F3re] 2
AU5E Ae] duls L, T AT AR E A 277 RolEAAA & 5 ATk WA s =e] 7

22 AT A A= Aol whga sk

HF AR dols AE=on o A3 BeoA = Ad 9t 2] Aojojtt. AF FE/F AW o

T7ke] FAle 21T A Al kol AojA L, Y E ] A gH = Wobxlth. mEkA HF FEe dol=
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el 53, shikel 291X
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A&

& 4= dth. Loose Select, Prior Path, Backward Tracking &312] & [7, 8, 6]°] o] 3o &3t} 3k

9 Fxo ZAY YEYAAME 2929 7} &4 7] w) &l Distributed Hunt &322 & [7, 8, 6]} o]

HR2 2] AE (broadcast) W] A] A £ o] &3 AR A Qu A9 % ©Alo] 7tssitt. 1Y 1S 278 UEY

oMl AZAQH A9 &M 3 S BolFE) ol £1x A M (Location Server : LS)+ o] % &

dE9 A E FH5 55 FEE Aests 9 s, 94 AW (Connection Server : CS) = o] &
%

BE AR Aelets 9d& o

ad Path Before HO

0= - o, =
> DESTX z [ DESTX
-
'

= R A, - Sy .
] L ATM backbone ATM backbone
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————— -

(a) Loose Sel ect (b) Pri or Pat h Know edge

=2
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P
=) < <] DESTX <] DESTX
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ATM backbone ATM backbone
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/’ R /’ = = =
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~ S y Net wor k ~ S ) Net wor k
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Loose Select &38| & (29 1—a)oll M=t 71A F(BSumrr) ©l 78 2912 (MIRX) e A &3] of Q)
S UEYS 4 FEE R 53 294 (DESTX) 74A] 9] A A EE AALsaL, 712 =o] A 4k=
BEE A4 AH (CS)ell AR3|o] A= 71T FRe Hudfi N FFTOE XTI &= A9AE AZAQ
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TERE ARG UE]S 8 BRE A A, 7= B 2ol 23 o] = 291X 3 AL Abel 9
A A& Arteta, 2 oghol 7MY B2 K9IAE ARLeH A9AR AF Y. olE F UL
QA Arel A FE Ao dAT F i, g 29 AT UEY ] 744 FEE A G of 8] W ol F

q HEH FE37] dst

Distributed Hunt 478 & (2@ 1 —c)oll A= BE X9 A7 A4S §8te] 9442 93 YFE BE 9
Eage 9448 dEE A44 3 E H o] E (Connectivity Table) &) 2 @] 3hch. Sl =0 W 7} WAl &1
P 7N AFS YEY e BE Ao 2208 293 @A HAAE HFZ =) AE (broadeast)
oL, YEY o] BE A9AES A4l A48 FE HolEE dAste] Aol A2 20m 2947
2 7 A= AE WG 7IAFANA SHEoh GA AT (timeout period) o] AW o, th A 7] A =2 & H
AAA 7L AA S 2 BRE vtF R ZF AQA A o] At AL 7 7B 2 A9AE AN 22
oH 2912 A3 o] dEFE AR AN A9 FY HAAE HEEANAESH] o ol #

g U EH] HE3517] F&

Backward Tracking &322]& (ZH 1 — d)dlAd = 94 A= 7& A2 ZEE AR A 2o
o, 2A8 A UEY 8 ARE AF 7HAL Joh H=en 7 S e Ak 7] A] o] Ak A9
2| oF FA 29X 7k 71E HRAYY A9 A 5ol ARAH 297 E ¢ A= AE SAH R G

Shot. o] AP EFS HF F RV AofA AL, G Azl o A

2.3 PNNIVEY S 93 g

B FHo| A= PNNI 7] 9ke] ATM Ul E o) tf 3t 7)) @ 9} gt-¢-" o tha] LolXr I, PNNI Y ELo|M T 224

Q¥ 29125 2t Optimal &522] S35 Minimal &51e] Foll thal 47 g}

PNNI Y EL & o8] F & & (peer group) & & o] F o3 AZF F+2 & 7Fth ZH3HS] A Z (level n)

o $8 2F A ATM 294 52 7436 o, AZn—14 AZ 17AA 2] 45 AZE a9l A
S Y E}E =0 HY =5 (node) 52 P30 Atk 4 FE THFS AN ) E5HE U E =5 (Peer
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Level

@ Peer G oup Leader
O ATM Swi tch

Level

———» Exi sting Connection DESTX : A. 1.3
. SRCX B.1.2
New connecti on MRX : B. 2. 4

Group Leader : PGL) & A %3}, o] tj

NA 7 REES UEYS] 4 FR P T A RES AS 8%t o & == (PGL) = A4
$2 2goA Aol EekT A 18 Ao ANE AT FE 2§ 4o G2 wEED w B, o]
WA LA 2oF YRE O G5 ZFOE NEEIAE Bk o)sh e WUOE 7} LEEE A
3 T8 25l e QA F Rl Aqlo] £33 BE AR Al Tl e 8 AR E ZHA ® ot PNNI v
E 9o M = DTL (Designated Transit List) & ©]-§-3+ A 54 A2 219-% (hierarchical source routing) [9]-&

Aot DTILAREZF 2502 S0 0= A WA =0 AAsd, 482 A% v A A L33 o] AHr)

Optimal 318 &2 A2 2912 o th 4 291 A 22|50 53 290X 9] 9 A #A| o wpet 259

H
AAE gk 29X BEeu 7 B st B foll = A A9 A 9 FH A9, Ak A9 Ao A

L3t Lij & A9 19} 2917 j7F 502 435 A9 58 252 d4 (level), Pij & 2917 19 29

A FEOR &3k 49 B2 OF AN ES, A 20 E M, B3 29142 Depa 27

9
P>
l>

2 2 Lsp < Lsm Q1 Aol = 22s A91A e th 8 29121 9] AR 7F 22 293 9F 54 H913] 9] A
g2tk 7] W Eell, Psy &8 Eol ot A WA =58 Optimal A2 208 2928 4t Lsp
> Lsm ol A Lsp = Lsu Q) B-Foll= A2 Ztoll 50% T3] = 277 w2l 54 29 E
ArioH A9AR AF Y. o5 5o, 29 204 B ups} o] 291X AL30AM MuAE Wil
A olF T A9 B.l2o| A MulAE AL Q= ol F T Abolol] Aol A3 o kit A9

2] B.1.2o| A AuAE 23 9 o] % whdo] A9x B24XHFoz =onE vty 71864, Lep

DO
N

)
ok,
2

= 10] 8|3 Loy Lsp < Lsu 9] 73*‘?—7}1? t}. w2tA Optimal 222 W A9 2= Poy (5



B)O% Sol 2= A WA 29]%2 Bllo] fAeh,

Optimal 478 &2 29257k 49 B8 1§ FRE ol gate] A 222w 2925 43
T Aok AN o] G F 2 29 Ao HRol V] E A2 AU AHET £ A 291

B.147} A et e A9 % B.l1LS IgA o A2 A48 7= F 22 A 3 A A2aHA

>}n

o},

Minimal &322 &2 7 9ol = Optimal &gl Fo] 712 F25 AW ARE-eHA Fetdd 98 S B
23l7] 918 A A Al 3F] A th. Minimal €378 Foll Al = Optimal I 2298 29 % E &2 S0, Optimal
A2L0H 290X A 72 FEE AT A S F U= ARLH 29X 5 AT Y. Optimal
ARLH ASA =Y IFOE 50105 A WA A9 O] B o] ALX M LA A9 A =
214 F=7F 34" DTL ZR7F A%3| o] vy webA, Minimal ¢are] Fo A= o] DTL g B9} H
aste] 71 ARE AT A AT 7 s AAAE ARLH AR A A FE 5o Y
20| A Optimal &31g] Zoll o)a) TEAew A& 2% 29 % B.l.loE Optimal 2298 A
912 B.1.1ol A 22 29129 B.1.274A 2] DTL 3 B 7} A &3] o] glt}. o|u], Minimal %378 &2 Opti-
mal 2250 W 2912 BLIoA th 3 291291 B.247kA41 8] DTLS 78 4+ loBg, o] 7 FEE H]

a3le] 7|20 ARE A3 A) AL 85 Y= A9 %2 B.14E Minimal I 2 A9 A9 % 2 A% dho)

Minimal &38| &2 71 &8 F 22 S A AHSS = A= el A

AFAA ANE AR2om 2907 G4 Fael g el SHT W EGS T Be] F3A
Aol Yk T B =R AL SA UEY T B0 FRHA SoBA FHe| 1B},
Bge] Hom, WE NS WS WASE N A A Y Py HAF 7Y A A,
Aste B8 AN e AR Ag AR 7 E AR Lot FH o TRsow 2940 g4
»

HREAZ Q) A4S dd3sitt. o] 9d3) 71y & B =82 299 (Signaling WIth Path Information :

30

SWIPI) Z2 E Zo]g} F-Er}. 3 PNNI Y| E9] 7} o] AZFH UEY B} &40 7 343 &

55 2909 ZEEFS BT 43tE 299 (Enhanced SWIPI) Z2EZ & A St} o] Z2EF
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NENS AF FRE o] oke] ARAoHW 29K FRI AN IS 2AFORA 295 ZRE
FugAIYY FEF A= A A FolE Wl

3.1 X293 ZT2EZF

2919 ZREZE fl8 4 A9 = Aol MuAsks o] 5 THE T Aol A slo U= o]F T
o 3 A4 A2 AEE F = FH © o] & (Path Information Table : PIT)¢] 2] 3tc}. =9 w7} wt
At o] % Thre AA A9 (SRCX) Q] ZF &2 AR Elo] B A AAle 7&E F2 ARE 7hA A o
A ANA = (BSuir) ol AECh W 71 A F2 2 =8 BoatE AR 4R WAIAe I FRE XF
AA G 29AE Btk F2 AR AAE &2 292 = A2 AR wAI Ao £330 = 71
AR AR A A9 2 MEE AT} oju] A9 ME7) X838 0] 9o T AYAARA
oW Af(AolBg £y FA G, T3] o] A dod e HlolES &elsl 54 A0 T
st oS AEE AYS AR E AT 2900 ZEEZS AT A ZEL dAIA G 2 Z R H ol

B2 gt gol 3o R

2919 ZREZAME 7S AR RS Ho B F A= MER d8 44 HAA < COSPS
(CrossOver Switch Probe and Setup) #|AlA] & 2] gheh. o] wWlAIA = 9 39 (a) 9} o] wlAIA] W
o <hZolF 9 NI, A olT HE NI, VEAFERAENEL FZE ZRE>S TS ol 7]
T AR AR A= o F Tdzte] dAs]o] AW FEol e R, MEE FE FRE
COSPS vl AJ A o] A 2] oA 2z 292 oJal] F743] = th A L9 A o A5 ew A9IA]3te] B3
d 2o th gt FRolth. ATM Y ES 2] Al 29 % 259 Q.2931 [13]& o] &8 COSPS wW A A ¢ 2Fo] v}

F ARE T AU AAAES 3T 5 Aok

—_

ZEZREE (PIT) o5 Td7te] A4 A2 FHE ALty S H ol BER 7t 294 Yol &
A ek ZF 2912 = ARl o] Mu|Asks BE ol F T F Aol Aol = ol HEEe] e A
2 AEE o] Holaol ARSI F2 FEHol=2 19 39 (b) 9 Zol <hholF T WF, th4 o
THENE, PR AES>E PG, BETte] AAd A Al 2713543 5, = e u 7p A ek F =

3
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