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=BT 5EBEPBEI—CAREAT —F 77 F v ICETIMERZELDEDTHB.

FE, 2y FT—IOEELITHE, A VEZ—2y F ETHEBRPER R ER2TDRIVF
AF4TTTVr—2a v RREENDDHS. L L, BEDAVE—2y MINXT v R
B X BEREELEOREIT>THEY, SEY—Y A WWW(World Wide Web) ¥—
NEX>TRETINT VS, TDed, Xy bI—I2KTOMENGTY—EAREZITS C
EMTEY, EREPICLZICEEEE T PEROBREIC K 3 EREDHLEBOTVS.

ZT T, Y—ERG@zRy VI— 7 EETITIBENEEZRDDDH B, £z, KEERY
FI—=JlBNTE, AT—S BT+ DERMD, COFEZBUERIE T TIT5 CLHE
BTHs. LML, TNETIC, TINA(Telecommunication Information Network Architecture)
IKREBENBN LK DDDHERY P — 07 —F TV F v HREEINTWBD, EFRLICIEE-
TWEL.

INEDERMNDL, AR TIE, KBEZXY FT7—71KBNWT, SVFATATI—E A%
I—HYDEKRT % QoS(Quality of Service) Bz U DDREMICIREE T AFIE 7 —F 7 7 F v
IZDWT, ZAMNICKRE LTS,

X9, 7T—F7I0F v BXABTI5Yv b TA—LELT, ENXAMNI—I VbR b
T—0ZEAT 5. O, &HE/ — FHASENICI—Y Y FOMNBERERL, TV
Y EPREDY—NICREWEDES T L, fIDIT—Y 2V FLEREBTIRELT B LT, K
BEXY FT— LB RNEHEESZSDH TS, RS, TDTIy b I7+—LETEERY—
CRAFEZTTS e, v P — 7 2E0RBERE T —EAERE —TiCEE T S8
T—EZR—RL LT, Xy NI—IwTREETS. T, KEERXY FT7—7IcBNT
EHOBLUWEREERICIEET A LIEEEL WD, Xy Ty Tro8ECEL, 18
HicERE2ZBLU T2E2IEET 2FER2RETS. B, TOXY Iy TIKEEE
NEEREZEIC UERHEARICDOWVT, Y- ARREFBHEOME T QoS #EE LA
AERRT 3. BRIC, BNSZEELEDINFF¥ A MEEICDVT, BEESTBHIICE
K9 % EeT, BESIMERICHLAUSWLERRE THRAZHEZITS FE2RETS. ¥
e, BET—F 77 F v DUBEEHRICDOWT, HABEI Ial—varvelabzsEY
JRBLUTFHMEL TV 5.
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EE, YOREEMOREBICKZ N\ 7 R—22y hU—JDAEE({LE, ADSL (Asymmetric
Digital Subscriber Line) *® FTTH (Fiber To The Home) DERICE BT I ARy bT—FD
BEICED, AVEZ—2y b ETHEERNEE R EREDRINF AT 4T 7TV r— 3
VHEHENDDHS. LHL, BEDOAVEZ—2y MINT v PREIC K B ERELED
BET->THD, FEY—EAWEFEIC WWW (World Wide Web) H—/Nic K> THREE TV
%, A—THA U EZ—%v b ETREINTVE I —EX2B3BROHBNEFRER, Y—
FLVIVTENLTZT—ECXAZRMETZT 1 F2RERL, ROD oY A MERNCT 7
ERAFTBLNIEDICEBD, OB, EFRRAPT—NOFARAZEREIEEENTY
V. TORe, HEANET—CERF@EEITI CLHTES, BREPICKZICERERTR
ERROEEIC X S BEEREDHLEBOTWS. BATIE, CDN (Contents Delivery Network)
RE, Y—ERK@EZRX Y FT—J EETITHO>HMIVEERZEDDDHBEH, BRTRIS—
P—NIH LTS Fa DNS ZFfA LER2BEIT S BEOBRELMEL, 1—T0D
ZERY ZREZRET E S RAUCTE 1]

DX, ERFROEMAE LICHEBRLT, FEROBERVEBN TS, VoD (Video on
Demand) ¥ —E X% VR (Virtual Reality) EMiZ2fSH LBHRET LESBRI AT LEDER
KRES> TV, BENAILVF AT 7T —ECADERDDHICIE, BRZEFIETIE
L, A—YOERTIZT—EARE®, TORRTOXRY bI—7OFARREZ EZREHN
IKEEB LIz ETOY—ERF@ILEL K S. '

TNEOEEND, AMETE, KEEZRXY FT—2IBNT, IIVFAT4TH—LR
EI—HYDERT S QoS (Quality of Service) ZiE/zL DD, WRMICRHET HHHT—F7
TF X ICDNVTEHMITRETT 5.

KXY FT—=JIBNTIR, AT7r—S¥8 VT2 DB ENS, 2TOHEZBLER
BTTITSCEHEETHD, TNETIC, TINA (Telecommunication Information Network
Architecture) IZRBEETNB VDO DHEERY FT— I T —FF 7 F vy BREIN TV,
ERMICEE> TV 2-4). ZTTET, 7T—FTI7/F¥y2BBXZZ Iy M T7+—LE
LT, ENXAMNI—VxV bRy b I—IZBAT B LZRERET S [5,6).

ENANI—Vz VbR, Xy FPU—T EZBHLENDS, BEXOSNILEZBENICT
SVIEULTDTLETHB. &, DX BT—V Y MHERICEREEL, EWIicH
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HL ALk LTHEEDENZERT A VATLRINVFI—V 2V P AT LEMRIN
3. RNVFI—TVz VI ATFLICBOTE, T—Yxz v MIxy V=7 L 2BET ST
ThL, BDESCTHOI~Y 2 M eBEEL, BRERELENCUEZEDS [7). T—
VY MEIFNFNHEENICENEST 3720, /— FEBETRERZ L 30BN L, 78
MICEL TS 8,9

—%, =Yz M, I—YOREAL UTEEERZT LT, AHiERXY FT—7 LICR
BT ALBSERBEREAZICHATA-ODFELLTEEFETNATVS. TOBE, 21—
PRIV NCBYEAEREZZ T LICED, Xy NIV LICEET BEREZOM
BErMBC i FETESCLICKS.

ZDEIT, T—YV Y M AT LREBEEELI—TONFICE>TERRATLTHS.
FTT, =PV FNI—Vz Vb eENZ TV M2y FU—TICERL,
2y hT—7 LICEETAE -V Y M eBRALENSNERESD B, DED, T—VV
FARESTOMBICOWTERED TS Y b 7 4—LETBEI BRI T7—FT70Fv %
BRI 3 [10-12]. -

LHL, TZT, RFEEZXY FT—Z71KBNTINFI—V 2V M AT LEZRAICHIA
THEDICE, v hT—7 L TOMESEEERERT A EHARERAIRTHS. TITOD
MEEAELR, I—TRUEUI-VzV M, RELTIVY—ARGREFLES I -V
Y FOMBEERT 2HBHRNENS T LTHS [13].

COMEBEEEERERT 38 LT, CORBA (Common Object Request Broker Architec-
ture) HEIT5NB [15,16]. CORBA TEBEN TV AR X —IV/Y—EAZAVLNE, &E&
JY—ZARI—J Vb BA TV b LTERT BT LICKST, ZOMBEEFHETIC
FNoRFIETEEE %D, LHL, BEDEETIE, TNHDERIT1DOTFT—E2R—Xic k>
TEPEBEINZLICE->THEY, KEEXY F—JTORBERRATFT—5 YT+ DRAT
HENTRL.

ZFZ T, MBBEBUERAT—STVICERT S0, &HlE/ — FHS#ENcz—Yz
DHBEIFEL, F8L—V YV bHABFEDT—NCBVWEbER T L4&L, fioz—Yz b
LEETREL T A TS5y I A—LERRETS. ChcXk->T, BESENGY—EXf@%Z
TORDOEBLERRY FT—IHRBERTES.

R, TOL—V2V TS5y I+ —LETOY—EXFEARCOVWTRET 3. BE
Y — Y AFEO=BICIE, Fv FT—JBROEEL ZNEFA LHHENLELZS.

X9, 2v FU—VEREEETED, KRETIR Ry bT—7< v T LIS EEERN
F—ZN—ABBATS [17-19]. TDxv b T—r=<v T &, Zv hT—I2KIEBT 5
BEDWEET, ERRNAZERBICEEL, »DOY—EXTans ZIcET 3 ERLERT
3. LhL, KEEZXY FV—?L:Bb\Tlﬁl%&iﬁR@Jﬂ REFHOE L NMERE, EEND
V7 IVEALICHEIET ST LIXEELL.

FTT, 2V RT—=2BNDOHDOY TRy MCREILTEEL, ZOY T Xy MEATE
BIXNEEEHEEICBELTRY hT—oy TEBRT 3FEERRETS. &xv hT—
Ty TREZT T2y FPADARA v F 5 /—F (SN: Switching Node) BT B 1EHZIE
FEICHMBEL, ZTHhLY TRy b2k LTOERRREREFHL, thoxy FU—I<y
TE DM TRET 5.
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BT, &2y FI—Iy TEEETASI—Y 22 b (NMMA: Network Map Manager
Agent) 34V T2y FADSNICEL TR, IX7 ¥ avhiESNBEICENEEERL, 7T
IRAHBEITS. ZCh5, OV T Xy McBEET 3 SNICDWTDH, FED2DD
SN B EBRIAZ MO NMMA ICBHIT 5. £z, ZOSN &BEEITZMOY TRy FDSN
EDEDOEFRRIC OV T EERICEREXS.

Dk E, @ﬁﬁﬁ%ﬁ&?%tbk@@ﬁ@@ﬁ%%%btﬁ%ém/w:UZAbHE
THs. TORER, EEOMEE QoS HER I RBLER T EEERMEL LTER
(L TEBA [20,21], NPREFETHSZ EAHLNTVS [22]. FDRH, ThETICEL
DEEWTIVIV XLBERENTERD, EANKEE TENREEZ ToEVERTERY
% E DIFTFE LRV [20-26].

FZ TAWEICBVTIE, Dijkstra D7)V IV XL KT Fallback 7))V 3V X LZ2H5E LT,
BEHNORBE DR VEEEIRT VI Y XL Fallback+%1RET 3 [27-30). TOT7/VIVXLIE,
R —EC AZRET 2BOZEBRRICEANLGNS.

T T T, REROMZETIE, BICHABEIEKRT 2EHD QoS 2/ IR Z2REIRTH LD
ANEZEBEXNTEND, Fallback+TiE, FIHBENERT HEHD QoS &2iEZL DD, Xv
J— 2 BEEEMCHIATAIRRERIRTZILHNTES. D0, FIESENERT HIEHD
QoS EFICINZ T, v MUY= BHEEBORED LA EIEELR/MET 2REEZHREL TNV 5.

iz, BEIDOFEFRGY—ERERETZEDICEZ, Xy NIy THRY FI—72
EOY—ERXTuNRAS ZDOMBLZORAREZIEBL T LERELRS. TITE, &fF
EhRERT S0, SEEEERTS. B, RROBESESERINZ LI DL, AEEE
FE LU -mENTEEEEEZHVS [31-34].

Bkmicit, gx v b=y Tic—ECRaryyrYy, v—EAEBHABEER Y —
U R HICREBESAE L 15 QoS E£hEFEFTEZ L L bic, KEMIC, BEfkEhzxy b
J—w TRERL, COLMBICREBEINXY hU—I<y TiciE, HBT—ERICH
LTEDF/ — RIERDPEET A EIhEFESF— T E3BEDEREZERT . TOK
S, HUBICEET 22y NU—Iy TORFTREREEZZLOICLEDB I LITK
b, THEDERY FI—7<y THRETAEROA—aV T YOBREV L X LDICE
HY 5 eHAgeL D, Y—EXERDEM, HIBR, BELHES LABTOT—EZN—XE
FHEEPBERTES. flzE, BCEETR Y —EXaryFrYoBRNMENENEGSE, C
DEMLEBONET, 2O/ —RICaAVFVIDEETEIHESHEVSIBERIZE LAV
B, B/ —PFRESN Xy b=y TORFTIHEREIFF NG, SBOTIVF
AF4 TRy bIT—=7 Tk, —Ric, Xy hT—ohicERORI—aV 7Y ERHET S/ —
ROBEET BT EHATREEINE D, TOARRENTHBLEZSNS. '

KiZ, TOZXRY vT—ry FICEBRINZEREREIC LIEREARICDOWTRET 5.
—fBIC, SNVFAT 4 TEEV—ERICEREINS QoS 1F, EEEBERLELEDENEFDR Y b
T— 7 RCERT % QoS &, BMBREZDT—EXTuNAZICKoTHROENS QoS D 2
DICHETESD. SIVFATA TRy bI—ZICBIF3HFHIETIE, ThED QSZ/ET S
Fz¥, AVTFUVY—NOEREBEBHENIEELBEREXED, ChS3HEEOLNHET
5310, H—HIH/STEEHEETH 5.

J—EZADOFHICEBLT, 12— S—V -V MBIV TF VY EERT S QoS
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ZEZT, v MIT—VIKEHTS. TOI—Ix YV MIETREEVERY NT—=I< v T
BEIL, T TREENTVAT—ECRAEREBREREZANT, 2—VDOERTZIVTV
Wi a—Y OERE - TEHEA TRHETELS ESHh 2T 5. T TORBRERRICBOTE
REFE 2TV —EANRERTELRTNL, iHRORBBEEI > TEMNBDORY FU—I Ty
ngﬁb BREREFETS.

T, BHETHRETEINFAT 4T XY FT—ZEZ—FIcit U TERD QoS %
ﬁii%g&%%&khfw%ﬁ,Ch5®Q£®¢T,Wi&%ﬁ%@%%ﬁ%ﬁﬁﬁ?
% QoSIZDNTIE, Xy MU= HD,/— FRAEBEMEWVZ EZDERNEZEhPTNT L
BNFEINE. LHLEDS, WENICEEL TS/ —FTh-oTh, BEHICHENTARRE
EERFEUERRRTIRER Yy THN -/ — Rk 3ugEEhH 5. DFD, LB QoS %
LTV EHFEINIEE ./ — FOBHBRRIENS LIRS, FTT, AHET
&, VIERRCEEEEED / — FEREBELUIZBRREZITS. ChickD, HEH QoS ZEHmIZ LTV
TERRTFTREINDG /— FEREENRERIT S eAHTEEL D, BT —EXEHREY
T2 5.

M EDFFE LR LTz Fallback+ 7V 3V XA LERHWEZEEERICE > T, BEIc1—Y
DERT S QoS FMzd AT YT —IDUB L, TOY—NDEETZ/ —Fhba1—H
DEET S/ — RETORBIPREEND.

ETAT, SBOXY bT—JBVWTR, 1RNERUSHEOTILVFF+ X MEEICHT
ZEBLEETHS. FIT, A=F+ A MEERERDZ 7NV XL THS Fallback+%, &f
BEEZEDT LA FF+ AMERRICHIGERE T LT, EHIC QoS ZERE L 1 X%
BEEZEET 2HEZRET 5 [35-37).

Em,%ﬁ%ﬁ%m,%~@1%%%%@%%&%mf%ﬁ?%:&%ﬂ%?%%ﬁ,:@

BICEETOI Sy 71 DORR EICEF TR L eRD D, T—JV FOEEN
%ﬂ%bf BEO 1 NERBEXTICERTZ & TEELZRD DD, mﬁk%ﬁbfﬁ
HERERT 5 ARERET S [38,39).

DR, 28T, T—Vz VM MEERERL LIZEESBET—-ERH@ET—FT7F %
PRRL, FOEFAEREHEFERT. £, EFMCELTEEETS. F3ETE, £
B —FTFIF Y ETRY NI— I BBREEET ST —EAN—XTHB Xy b T—IvTD
BEEEL EREHARNICOVWTHBAL, B, FOUERHERI I 2L—YaveTuabig
TEEPBUCTHMULERERT. F4ETR, v  I—r<y TR E UMHES
RICDVT, Y—EARREBFBHFEO/EO SRETT I L LI, BHD QS HEIERERL
FREBSEIR 7 V) XL REET 3. iz, FOMRERNERR L BRo8EOmED, 57 L
TefERERT. EF5ETIE, SWNBBEEEDINFFYy APEEIDODVTHEL, 8D
QoS HEBIEREZEB LIz LTRXY N2 HZERZER - DAL, HDOUEREIEESM
ERCHALOHESRERETS. BRICEETR, SR LT, AEZEREL, 8
BT —F 77 F v 2EOFM L ERAFEEICE L TSRBRIREINTZFER EICDOVTIHENS.
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BESHEY—EXHE T — #TO?V@
AHER

2.1 #S

AKETIE, £9, SIVFRATF4 T2y NI—0OFMEBEDY—EC RGBT —F7 7 F >
KDOWTN, ZORBESZHASHICLEZLET, RIVFAT4 72y hT—2iXBIFBZH—E
AREAT —F7 7 F v DEAERERERT 3.

RNWVFAT AT 2y BT—=TICBNTIE, KEEZRy T — 7 TEEENDFRIICENET 5
Zkl, MEEEDESNS, £T0./— FHABESEMICEHEL ZASEWICHHAL TALER
EDBILHBETHS. FTT, AR TIENNNNI—V 2V " 2HEENETS Yy P T4 —
Lil, ThzERL LB 8#RAGFIEZT S Fuy 7 xy b U—J2RET 5 [10-12).

Xz, TOT7—FTI0FvDIDDI—I 2V b ATLELT, Agent Gateway ZIREY
3% [5,6]. ThiZ, v bI—0B@EETBNCERTRATLTHD, KRERY FU—
JICBITBI—TV v FORIBNEGRIEL ZET 5. .

2.2 RINFATFATRY NT—ODER

2.2.1 TIVFATFA4TRY FI—0DEHE

TNETOBEMEIE, BFVERRBEINZITEEERDT — 7V TVHEIC K 3BEHES,
B—X7s TOBHRELETEZLDTHo . £z, EFFBEIIDOAVEZ—%v bE, T—
RBEORZE/RI SV ITNVAT AT Ry VI—DU oz b EASB. LAL, HE, KEEEWN
DREBPBEHADBELICLD, 1 DOBTES -BE - TFA MG EERDOAT 1+ 7 Z2FIA
LTBREENIREL B> T &, TOXIBHRINF AT 4T 2y U —7 LS [40,41).

RIVFRAT AT Ry bI—7B0TIR, BEDEZZ Sy VBNEET S, TO&M
BRANEHEL LS. TIT, TNETREOAENRENTER [42,43]. iz, SEEHK
BRY—CARRHTZLH 5, ZOREICRRENERENS.
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2.2.2 BHEOY—ERFHHUT7—FTIF v
(MoFUSIY bRy bT—=2)

AVFYI 2 by b T—72 (IN: Intelligent Network) RUEEA TV Yz Xy b
7—7% (AIN: Advanced IN) &, v F7— 7 VBN EEEROBREERTILERL
FNCBELRY—ECRXZANT 2EBERD 2 BICEESEIL, ThSEREMIIHNEIET
‘I T—FTIF ¥ TH? [44). TOINT—FT7F v OBEKZK 2.11RY.

Service
management
networks

Information
transport
networks

SSP
switch

SCP:Service Control Point SSP:Service Switching Point
SMS:Service Management System LX:Local Exchanger

SCE:Service Creation Environment

B2 AYFUVz Y bRy b T—S OB&
T TEHOBRENILTOX> BB DICE> TS,
o LX @ M. WIEAVRERSIIETTS.
o SSP: P—UARMA. EEBCBOTY—CRESERAL, BREEICEXT 5.

o SMS: Y —ERXEHEHI AT L. SCPHIRET BT —XRN—ZANDERDEIN & EFZIT
VWoD, WBEREEET 5.

e SCE: ¥ —ERERRE. V-YADABZHET 5.

INRUAIN X ITU-TICK> TEELEN, T4V EGEEDOT—EANERICHEN
T3 [45]. LHL, BE, AVZ—3 v FEOBEBLREEN TSN, BERRTORAR
EEMN\DBERADHTH S [46,47).



2.2 RIVFATA4TFY b7 =0 DR 7

[TINA]

TINAZ, v bT—2/—F EcENICHBULERIEZ R, TOLTRET 77—
vavEEE - BETE7—FT7F v TH5 2. TDTINADBEERZK 2.21TRT.

Management
Application

& N A\\\‘, .‘\\ o
.y \\\\“.\\'\3\_\.\‘3“\\,\\‘
MM

e IR

N

Transport
Network

Processing
Environment
PE)

i (D
g \DPE implementation

L~ V\ Native Computing
and Communication
Environment

K 2.2: TINA OBEZX

% /— FiclZ DPE (Distributed Processing Environment) implementation D&#EE 1, T
NHLke UTDPE 2#Kd 3. TINAMGOT UV r—2 a3k D DPE ETETEN,
FNLHNOT TV r—vavBIhETED, —RIGEHLTREAINS.

D& 3, TINA DABIISEEICENTED, ITU-TICK> TEELEAINTVSY,
ZOREFEDOREFIEHEERIZRL TS 3,4]

" [CDN]

BEDOA VEZ—2w b TR, BIV—233y MBI K 3 ERIGELEBEDO A ZTT>TED,
BEY—C AUIEIC WWW P —NZ K-> THREETN TN, 2O, BT — AR
EITSTEANTET, BHEDICKZNEREETPEROEREIC X 5 BEAEDOHLZHEY
TW5. #CT, 3V EREHTZY—N\EERREL, 12—V DH5D0Y—ERAEK
EENSDY—NCH U TEYNICEIDIRS CDN AWFEEZED TV S [1).

K 2.3/ CDN OZK%Z79. CDN T, 2—YRZETERT 207V VORMMNER
Broker ICEWVVEbHESB. THhEZIT Broker X754 7V FOMES, Y—\DEAFFRAE
EMoBEaY—NI\ZERL, URLZEETS. LT, 7947 MIFDURLN\T 7%
AL, Y—CAERITZLVSFIREICKS.

ZDESIC, CONIREREDIPHEBN TRy hT— 7 FETYH— U AR TZ 2HHEH»
THBH, BRTE, I5—9—NeH LTSV Fu >y DNS 2R LcARIEEIT 58
BEOBEELH L, I—VOERTZHEZRETE 2RAITIT R0V,
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Content Server

Content Server

Client

K 2.3: CDN O

2.3 KROZvORYIDT—2
2.3.1 FRAZYI/XRY NIT—ODHEE

KRAE T, FlRINVFAT4 TR VI—0T7—F 77 F v LTHRRZYy IRy bU—
PERERT . TSN EELHEIEFEEREME L, 3=V FIV - RIVF AT 1 TRE
XS LRy b U—0THB [10-12]. .

FRDOIVF AT 4 TEEY—ECRAOERD=HICIE, BEAEEM L RIS T — EAHH
REAREL 5. B, HEROSHRIEPERINDDOHZHN TR, TOEEREZEZDY
CEERY— AR RHTEIREADERNZHE L E>TWVAS., 2T, dRZV IRV b
T—Z T, B241CRT &SI, BEY—Y AHIEKEE L BRmEEE L 2N EIL,
FICHEE L ETFHEZRZSICTELTWS.

OTN (Optical Transport Network) E2¥DREMTH D, { HN (Holonic optical Node)
BFEEENBBRIAEEI NNy XERICEBRNICAS Yy F U7 2ITS. TDEE, XTI 7
A N\EAVTEBEREERCBO TR, SRBICBOTETHRIENNTAT S L, ZOETH
EXEEFOR MV Ry Z %128, OINTIZO/E - E/OEBREL, £XTOERIEE
Z175 [48]. | |

—7, PNN (Personal Navigation Network) ZBEEDE, T—Y v hb@EZERELIE
FHIEWTH D, I—FICELBY—EAHAEIA AREHT 3 i, 2HERETTO
Y —EREHEEELTVS. DD, &/ — RHPEEMCEELEDS, Xy FT—U 2k



23 *OZvy IRy bT=H 9

ELTREBEBOHNZERT S LD, WHERSAI—5 Y T 1, BEEE, b
SOHEEBRLELTOXY VT —JICNTZERELTHWMIETILDTERET—FTI7F v L
o T3,

Optical Transport Network

Access Node

Agent 1
Execution
Platform

0S
1 .
Virtual L et
Machine '_,.-"'-"-.,'
CPU__ |,.-" K

Personal Navigation Node "
Personal Navigation Network

X 2.4: Fa=w 7 xv hT—7 OB

Fz, RO 7Ry FT—7 TR, v bT—I7ORIEILL VS BEZID ANTWS. it
(D, T—FITH L TREBEHIEHRENIz3y hT—7&, 1—PHDERERZEREIICTE
EVSET, ERY—EROHERETIIEENTH . LhL, BLOBERY—EA%
BAELEIRDIS—V IV - IVF AT 4 TREV-EAZMATZICE, 2—VEED XY
FI—H9—ECRBEHAZIA XL, FENCETTENTERZL, ZORDICRXY FT—7
FEETEZCLOANRKVERICAZLELDNS. ZCT, DXy FI—7 TR, %V
F T — 7 REROERE I— IR U TART 3. CThic&k> T, BADERE XY
RIS U —CAZHBICERL, ERT ST EHARELES.

FEZY TRy FT—F TR, 2—PRERT ST —EAZFAOREFIIGCTHRAZTA
AL, REALBZNR=Y NIV MCERLT, 2y FT—JIKEHT S, /3—=VF
VI—YzY MEPNN ETCHOT—Y 2V FEHRLEDD, Y—NDFER, y—ECARE
DA, REORESRITV, BRI —NA\DE1—YHEKRETDaART ¥ a v ZHIT 5.
TS OHREARICTONTREDOETHL SHBNB.

2.3.2 EXEEHRE

REITIE, 2EEETHS OTNIT DV THAT 5.
BELIVF AT 4T 3y NI—0 P —CRORMEDHICI, Tops ROBEE « KEE
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2w NI—=U BB LEZY, HOEEEZEAREERT 32NE Xy b U — 7 OFIANL
HTH5.

O, HZEARELTIE, ThETRPEIZE (TDM: Time Division Multiplexing)
AREFEEDEZE (WDM: Wave-length Division Multiplexing) ARMNEE L THEINT
&z, LALEDS, MARLLZEEDR LICEERDYHZ T EHEREIN TS [49]. —
%, EREIFTRALEINTOBRHFSSEIZE (CDM: Code Division Multiplexing) A
ZEARELTLEEHZEDTED, INEZFIATAHLICE>TERBERERZENTE
BEBEED B B [50).

Xie, @REXy FI—JIBNT, AERFTERAGELRERETIE, BROKS LEM
TRRERFF DAy F U TR R ERTHDIIRETH 572D, BENV—FVITAKDELT
WHLEZILSNS.

ZTT, Fa=Zv 7Ry bU—U TR, XCODMERHWTEEER LIFDD, FEEINI
ELIETGNIVAALyF U TRAVS [51]. TOR, 2EOFRIEPNNICE>TY—ARV—FV
TEAVWTREEN, BHEINB/7 Y MIERXA Yy FICBI BRI LTSNV TEZE
FELEns.

K 2.51CZ DY CDM ZRWE RS v F 2 TDOHIRRY. V—R/—FTHEABCTEE
fkEnioVry B, FflE/ — FTESINEDS, TOREICKRETHIKICEEETNS.
ZOF, BEFHNEHIERZ2NMALRND, 2ATOERERAAN Y F U IDERENS.

Encoding according to the order
of code A,C,B at Source node 1

Code B| First decoding by code B
Code C Code ciSecond decoding by code C

Node 1 Code A /i/ Code A| r\z/ Code A
' 2 ) 3 ) O
? Node 2 3 Nod:;\l - Node 4
Third decoding

Routin
Tableg Entry of Connection by code A

(Source, Destination , Code Sequence)

X 2.5: X CDM AA wF> 5

Ft, SBOINLNFAFLT Iy FI—=ZIeBNTIE, BEEEICLEZT7EALEETH
3. AR TOEHIERITEZTIH, Ruow vy hI—FTiE, TORICDOWNTEIIG
LT3 [52-55).

233 I—JxzrhBEZEXRELAY—EXFIHLE

KT, BFHEIEETHS PNNICDOWTEIET 5.

EE, A—YOBEREREZTRY b T—09—UCAREHT I DIcI—V v M EHRZD
HAT3HENEEENTNS [8,9. T—TYxzrheid, -y —ERTaNAZOREA



2.4 AGENT GATEWAY 11

LLT, SNt EZEENCIETRY I 27D ETHSB. B, xvhI—7
FO/—FEBHLANSUEEZITI -V Y FREAMNNI—TV 2V FEFEN, 8D
MEEFHDH B [56-59]. AT, g, TT—Y x>V b ERBEBCOENSAAMNNI—T 2V b
EETEDLT .

CDESBRI—TVxY bHRABCEEFEL, BEVCHALZLSS2EAE L THEDEN,
BRTBVATFLRINVFI—V 2V M ARATLERINDG. INVFI—V 2V AT LI
BT, =Yz bRy PU—T EEBEHT AT TERL, KRB LCTHOZI—T
YhEHEEL, BREBLANOUNERED S [7).

—Fh, TOINFIL—V Y N ATFLEREERY hT—7IcB38HIECFIET S L
BEZDBE, I—VxV MEIENTFNHDERNICENET 5720, /— FEBETHEHRAZ L ZLE
hixd, DEEBCELTVWSLERS [10,60,61]. £, THFSLOEFEHF LV I—T
VREREDAB LK TERUETHZ 720, EHARIBERIND LWVSFELH 5.

DX, T—=V 2V AT LRIV EEBEORBICE>TERRI AT LTHA.
ZFOH, Au=v Ry bI—2 TR, =PI S—VFNI—V Vb eEN3Z T -V
VEERY MI—ZICERL, 2y FI—J LCEETARI—Vs VM EHBRALANOUE
EEDD, DFD, TV VI EETOUBIIOWTHED TS Y hI7+—LETEE5K
I RI—=0T7—FFIF v EERATS.

LHhL, TTT, KEEXY hT— 7kkmfv»%z—/1/%/ZTA%w%mkﬂ%
TREHICE, Fv FU— ETOMNBEEEAERT S LARERARTHS. TTTD
MEEZEE L, I—YRUEFI—YzV D, RELTZVV—IARBREEFLEZZ T~V
Y MNOMBEEBRT 2HBEBEHRNENS T ETHS [13,14].

T ONEERERZERT 58T LT, CORBADEIFSNS [15,16). CORBA TEEIN
TWVWABX—IVF/P—EXZHAVNE, EBVYV—ARTI—Tz b XTIV 7 LTE
FIBTELICEKST, ZONBREZRETICENSERAETEELES. LAL, HEDOEET
X, TNSDEFRZ 1 DDOT—EZN—RCE>TEFEEINZ LICK>TED, AFHFEXY
FO— S TORBEAT -5 YT 42 DETHENTEL.

ZFTTHAMETIE, KBEXY FT— 70%”%%%@77/b7z LNOERAZEHN &
L, MNBEEEERT—FTIVIKERT BT~V VAT L Agent Gateway #IRERT 5.

2.4 Agent Gateway

2.4.1 | fIiEE BN

FIRDESIc, KHEXY N T— 71BNV FI—V Y N ATFLEEMCRIAT S
fzoicid, NEZBEDERHINEETHS. AMETE, EAMICLITOLRICET 3 UEEE
HICDODWTERET 5. :
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[UV—RDEEICHET B AEEEN]

WHRDI—V 2V VAT LIEBNTE, 2—VRRICBREL T B Y —AZZOEMN/ —
RONE & HICHRIICEER S 20BN D 5. Ei, BHO/—FCEEYT 3V YV —XZFIA
TEHECE, B/ — FAOBEIRLFFICRELZTNEE STV, KoT, MKRLE3Y
YV —ADEICED, 2—FOREERELES. &8, TTTYV—RLE, ZD/—FT
REINTVET—EXRBHENTVET 2% E, TV V772 RATENR—K
ZIETEDLET 5.

ZTT, VY—AKBELT—BRIEDSNID Z2EEEITNE, TOWEABICDWVTIRY
AFLEITERL, T—Vx Vb EZDYYV—ADEET S/ — FcBH T 2 5EEIRD 5
h3. £fz, BREVY—ADVSRUCEDIHE, ThoZIT VT, TOIN—TRZEE
THILT, BTOVV—RLT VL ATERHEANEREINS T EHEI L.

[1—-¥/I—-2z2 bEBEICRET 3 AEE BN

fiROESic, T—Yx v MExy FU—IARERNICBETS. £k, IFI—Tx
VERUVATFLTR, BEISCTI—Vz Y MHAEEENE L EHB. DD, EEORK
BB TA—YRI—V 2V VOREMBRUKREZIEET A2 LIEELY. XoT, EF
FOI—Y Y ML TA—THEERABDEERHIE R EDMBEES Z L3l THREE
kx5,

FCT, IT—VzY  VOMBRUEZVATLAEEL, 1—YiRI—Yxz v M—EBicE
ZoNiIDRIEETBRITT, FOIT—TV 2V M AV -V BRETEIBENLELZS.

(T2 b/ I—-2x2 MABEICET S MESEN]

INFI—IzV P AFLICBOTIER, T—Y Y MEBEICE > TFOLEMERLED
ZTENTEDZD, FETRNZENS, TV MOV Y FOMBRUEZE
EBITBHTELIZEELL.

FCZT, ABICVAT LA TOI—V sy FOMNEBERUEZEEL, T—Y x> MIMD
I—Vxz DD EBET AL TEETREL TSI LARDLENS.

2.4.2 Agent Gateway DRk

AT TIX, FIEICRLIEEAREZEEB LI —Y 2 Y AT L Agent Gateway Z1RET %
[62-64]. Agent Gateway T, Y AT LWV Y —ARVGI—Y Y FOFEEMNEZEET ST
LIt&ky, —YRUI—VzV MIFhOEEBRTEICLESFATES. £, KFERY
FO— S BFBFEEZNELLT, AF—SEUTFABERBLERE L E>TNS.

Agent Gateway DEARRERZRK 2.6 IC7RT.

AIAFLTE, -z MHEHTELTD./—RIZ, Agent Gateway Core System(AG)
WA VAP—IVEND. AGRR, IT—VxV OERFEHNTHAEK - Fi7 - B& - TR E
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@' AG: Agent Gateway core system
lm )

AG HF: History File

Qas

B 2.6: Agent Gateway DK

BYR—FTBIRNVTTTHA.

AGRICRERIENZY Vo (RIEY V7)) ZREL, 2k L TwmENZRY FU—7 GRHE
xw bT—0) ZEKT . COmERY FT—TE, AGOEHENMERY FU—FLE
HITICRETERZLDTHS. T—TVzV  OBHBIRCORERY -7 EDFEREY V7IC
o> TiIThbNha. £/, COREBRY N —JE3ZBEICHRETHIEHNTES. DED, 1DD
J—FREEBDREXRY NT—JICBT AT eNARETHS. FlzE, 2.7 Tld6eDD/—
RHOSEZYERY b T—7 LIC 2 DDREXY hT—7 A, BHARETNTVSH, AG2iZ
FOmMAICBELTNS.

AGl1 — AG2 AG3
! ya
| v
| 7
i 7
: 7
I s
| 7
AG4 AG5 AG6
physical network
————— logical network A

logical network B

2.7: @Ry U — 7 DFRER

I—TRIOHRERY FT—FID1DREETSBIELT, TORBERY FT—VIKET %2
TO/— R LT, ZOWEMNBRUREZEBRETICZ—YV 2V M 2BHEEE I ENT
5.



14 $2F HESHBY-—ERGBHT—F T/ F v OEFXER

Fiz, LERORBITE/ —FOEELLTHREXRY PI—IERELTWVSD, ThzYV—
ADESL LTEBETATLETARETHS. ThE-> T, FIRIEayFrYEEY—EY X%
RET BRI, TV Y MRV TAEHSBFBEZITS &S BICAZEZ TGS, B—aY
FUVERRHBTIZT—NDESL LTHRERY N7 BRETHL, TY—N\OBEDEREN
EUEELTOLVATLHAITHERY NT—VDREXREETBREIT, T—Yz > Mibh S
WBBHICY YV —RICT 7 ATREL 5 5.

Fir, FAGRFDO/—RFIBIFBZ3—Y 2V OFEERERBRET 71V (History File:
HF) ICZ8#T 5. BEFEMICE, FO/—RTI—Y Y bBFRICERETNIED, BEER
TLEDLEESICEZFOERIEHRL, BE/ —FHhox—YxV IABELTERD, BE
J—RAI—Yx v b ERBRHEIERED LIZEEIIZ, FO./—FRID 25T 5.

24.3 I—2xrbhOBEEE

Kic, BVAFLEBTRI—Y 2V FOEEKNEBE AERIBRNS.

9, I—YHERNCBELERUZDIEFEZEE LIEESICE, TR TR TI—
TV EREIES. :

—7h, I—YHEE TN mEXy P — I RBET A e TERD ./ —FHH30IEV V—
ALT\DT T ABERUIEEICIZ, ZTOEFEZY AT LAMNREST S. TORICERET
REEEZELLTR, &8/ —F\OBEBNCETRHEEL XY NT—J M3 Sy 7ENE
Zohs. HlZE, BOlcT—Y sy M RERLIZ/—FRT, B8/ — FEICELVWEDTI—
Vv hEEHEL, BRICBHIETNEREELETOY Y —RT7EATESRH, THiC
Ko TRETB ISy Z7EREAAEDELRS. M, /— RFOBHIEZEKEE—ILVAT Y
MEE LTHRE, BoNRERICK->T1IDOI—V sV b EBHETETWVE, Py
BE/NCEBZD, ETDVYV—RICEETZETICET 2REIEELXS.

FCT, TOBRBREFELLTISVYTAVITNIVALER VR LRRETS.
hE, €T/ — RN L TEREDER TI—Y 2V MHEET A EMRREENT WS 728,
BEMENTIRETH D, HD, BREBEULED ISy 7 EEEI TRV EWVSTEDNDH S [65).

FiziE, M28IcHBT, AGL, AG2, AG3, AGAHL LB ENHmERXY FY—J L2
TD/—FRIZ, AGLICWABI—Y 1V MABETRHEEREXS.

WD, AGL TEREINEI—Y 2V MR D/ —RTOUEERZZ L, YATLIEAGI
ICREEL TWVW3 AG2, AG3EBEHIEXDEBEEE L, INSIBICBEH LI LABENE S 12
FNB7=HICT AG2, AG3D HF 28895 (stepl) . AG2, AG3DHF I, ZDI—T YV
FOBESZFRIIFEELEZVDT, AGI TR Z7u—r2ERL, AG2 & AG3DBmAIKT—Vx
YV EBEIEED (step2) . AGILDOHFICIE, TOI—Y YV MPERENTEE, AG2R
U AG3ICBEILIzC L FORZI L HICEITRENS.

iz, AG2RUAG3 TOI—Y v FDIENKD S LRIROFIENMTHONS. I T,
AGRQICHEILIrT—Y sV MY, KO REJEERATZLRET S. TOHFE, AG2IERT—
VIV bR AGANBEIER LI LTS, h¥EL, BV IEERIZAGL L AG4THS
B, AGLIIBE T THDI-DHEBELLEILEVASTHS. AG2IE AG4 D HF 22
U (step3) , BB TV L EMBALTI—V 2V M EBHEES (stepd) .
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- 1.8
. £ 2
/ — N
/ ’E AG2I~ step3 4
pl.
s

[
% Agent B History File

— — —» Agent migration  =--—--=» HF reference

2.8: T—Y v hEEIOH

AG3 TS, ROBELRETHS AG4 D HF 2BHBIT3H, HlcALLz—Y vk
DEELHFEH DD, T—Ixz VP EBHEEBR L3RV (steph) .

Fle, T—Vx VI EA SN AEEZLTRT LEET 3581, AGRFOERHFIC
FPRY B L HICBEIITD./ — RGBT 5. BRHEZITE - AG IZEREIC HF NOEHR LB
gt/ — FADBHEITS.

DX ICaA—YiX, AGHEHFH I HRERY NT—FJROEHK ./ — FERERMIRT T &
BABEITEBTLNTE, £/, BEED/ —FEEKEERIBICELD ./ —F2EHT S
TR MNEBBINCBHEIELET LN TES. :

244 A—-Y¥/I—xr bEAE

Agent Gateway ICBUI 21—V /T—Y x> FMEEEICIE, HF ZFIFAT % [66-70]. RifiT
WBRZE S, HREKIZZFD /—Fh DI~ 2V FOBEIEEHESRIN TV S728, AGH
I—VrVIRTOAYyE—VRRIFHR-EA, HF 28R T, 0/ — P4~V
YRR EEITNWEZFDOI—I 2 M Ay E—UREEL, 5 TRITNIBEIEEIKE-ST
B/ — PIc Ay —IU%2F#HT 5. 12720, ZOXT—TY 2V bABIKEEERZITHNRT &
MEFEINTNE%ELE, AvtE—YI3FITHEINS.

K29i%, AGITEREINEZI—V Y MR 28S TRENEFIRICK>THBEIL, AG3 &
AGUICEEL TV AHRAZRL TS, TTT, I—YHINS5DI—V Y MIHLT, Av
R UREBELERERD. EL, A-PICRZORETOI—Y Y FOEEMBE S,
BRNWT EICERT 5.

OB, I—FRETEFORAvL—VRI—-IzV bDER/ —KTHBAGLICES. AG
BEZEITOEZRTI V2V NDOEEBEZA 7%, HF #8883 % (stepl) . HFIZIZY
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I—Vx VP AG2 L AGIICBEI LT ENEEINTVSEYD, AGLIZTDAYE—V%
AG2 & AG3ICEEET % (step2) . TOAvE—V%ZITE-/2 AG2 Tld, FRRIC HF 258
U (step3), AG4ICERXET D (stepd) . AGAICREZXTL—V 2V FAEETZH, Xvt—
VRN FOI—Y VM NCEEND. ¥z, HF 2SBLTH (steps) Tl EDOBERISRII K
Wied, RT3, —7, AG3 THRERICUZ IV M Ay E—IUDEEN, B
BT T5. '

% Agent 8 History File B Message

- = + Message forwarding ——emeem > HF reference

K29 a—%,/IT—Y v FEBEOH

Zhickh, I—FRERAvE—IVEEZEV VI~V MDIDERIEET BRI T, TOHRE
MERHEPERT S el BETELRS. £, FEiTEN/ZLSIC, HFlididT—Yx
V FOBEAENEREIN TR LHIC, BUSEBZRT LN ESHBEINTV S, &
REXAyE—IBPEEINBZT LA,

245 I—xvbh/I—2xzrvEBE

I—VrzVbh/ IV FEEECBVTY, HF2FHEL T v FOBERERE
WoTAYE—VREET S LT, MEBBNTEENTETSHS. COGEE, TV
FDZESEAvE—JRFD/—Ehb, HF 2SR LA CBERELBEAZ LTk 5.

2.101%, K29 LFEREICAGS L AGAICI—V Y FABEETBRAZRLTVS. TT
T, AAICWVABAT—V Y rAMIOTI—V 2 MWL T A E—UBREBR T EEEZ S.

FT, AGAIAYE—IBEHE LI —Y 2V A ED /— FHhGEELIZMERSTZDIC,
HF 28835 (stepl) . TORE, COI—V1VMIAGHLBELTERILHTHS
128, AGIC X vt —URESET D (step2) . AG2 THEIRRIC HF 8L (step3) , AGL
AV E—VRERT S (stepd) . AGLTHF 2SI B L (steps) , HKT—Y ¥ MACZ
CTEREN, AG2L AGICBEILI-C DB, TTTAGRETDA Yy —I DA
THB18, AGICAYb—IUREET S (stepb) . AGSIIZENDI—V 2V FMAEETY
578, TOAyE—VRET. £z, HF ZSBLTE (step?) ThLLEOBEIREEEL
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Tic®, BEIRETT 3.

AG3

X4
4 /" stepT
% Agent 8 History File B Message

— — + Message forwarding == » HF reference

K 210 I—Y Y/ IT—T Y FNEEEDH

chicky, =T—Vz v/ I—IV 2V FEBEBICBOWTHANESESEENEREINTVS T
oD, T¥, K210 TR, BEOZDICEESRLEDZI—J 2V A1 DUATWIRR
ERUED, WRI—J 2V "PHERTH> TEREEVATLIEIMERSIFET A LIZASL
NTH5.

2.46 HERvY FI—sOHE

FEDO XS, Agent Gateway ICBVWTHERY FT—73V YV —ADBEICHET HAEZSE
EBERPERT B EHI, TV FOBHIRUTAY -V DEEOEREZHET 1R 2R
123, FICBRBOET, HEXY P —JDOERICE>TT—I 2V FOBEREE®, YEXyY
FT—=ZICBEONB NSy VEDRESNS 2D, FORNERIERICEETHS.

WEXY FU—T DR, MEXY PI—T LORED /—FRIZA VA M—IVENTZ AG
PHEBICERET ABEICREEND Y, VFFy A MV U —DEREBREOE X HEER
AJEETH B. : .

7z1FL, TZT, T—Vxz YV MEETO/ - RTEREINZTEEEND S 2D, BEixb<IL
FE+ AP TREL, BREOTINFFr AP EERICEDZTNERSRVRICEETS.
DEE, ED/—FEBEELERICE, D/ — FADFRER Yy TRICKERRO HENT
e, Py IPREORRICETLRNT EAEETHS.

ZTT, AHETE, 97 TRRENTWVWA 3/ —FEREEAL Licxy N —VZFIHT
BZTeBEZD. 3/—-FESR, K211KRTEIK, 2THO/—FRIKDWVWT1HRYy 7D
EERKR L 28y TOZTERBHEET 320, BEEROSHEENELAS. oD, &
J— REDERER Y THODEZENEL L, DSy Z7OEFRBIIZ I ENTES.

Fi, WHERY FT—IORHIDVTR, KXY VIS L TOEREREETSE, o
B EENTRETH BT EAEE LY. TOHETD, KARIZ, BEAMICHZICHREXY b
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B 2.11: 3/ — FEFizEARL LicsBExy bU—7

J—Zichnbd /—FE, BELiEV2DD/—RICBRTAIEITIWEY, RTy—57)LT
HBDLERAD.

BIZ, COESBHERICTBTET, HZACHBELIZESICE, o/ — FETOEE
PARAREICER B T L3RV, MEEEICLENTVWSLEEXS.

2.5 HR{LICEET3ER

ARETRET BRI IRy b T—TRERDIVFAT 4 T2y NT—TICEREN
DIEEE « MEERTER T BT —FT7F ¥ ThHBH, BEDIP Xy FI—J LDEBRENKRENV
¥, EIROBTIIHELY. LHAL, UTOXSIKBERMEZHVWD I EICK> T, #EEORZND
BATHAIREIC R B EEA SN 5.

9, EEHEICOVTIE, MPLS* MPAS, GMPLS DX 5 & F5~NIVAA v F 2 7&Kz R
WBZ K-> T, daZv iy FU—7 LRKRDOBEREZBEAETHS [71,72]. 2
L, SNVCHIST 2REEENCEES SBENDEL TS,

—7%, HERICDONTIE, 77574 7%y bU—7% (AN: Active Network) HEMiDBERANE
MTHDEEZLNS. AN, 7y MNCEBDARENTO TS L2V —2MIETEI L
FABEL TRARERTHD, ChICE-oTTa braNEELRLIKETZIXMREIRKT AT L
EHWELTWS [73,74).

BEDA Y Z—%v FTld45%, GMPLS 2BV -EEEE® AN I X 2 RETRAHIEDZERR
TNBEEZLNDD, IPEEERLTBED, héﬁ&ﬁ@%#ﬂ~f5%tb BEXY—
CAHEZERT S LIFE L.

ZFTT, ANDEAZXNIP XY bT—r%FaZy 732y hT—2I1cBIT % PNNICEAL,
I—V1 Y M EDEIERBEROAERTLIICL, INVFATF2T FSFw 7Iicid GMPLS Z
HOWE-ERASBZOIN . LTRETRC AR THS LEAONS. TOR, AN T GMPLS
E%Hé7«»&%%@ﬁm%ﬁ%kmﬁf%5w—ﬁﬁ%%éhhﬁ BITIBEZTHS.

DES, M212IcFT &3, v NT—2&tkid, MBIICIRT 751 TV — X TR
éh%b,m@mku,mzzkv o REME L UHIE#E (PNN) &, GMPLS Xv h7—7
K&%éﬁﬁ%ﬁ@ﬂmawﬁﬁéhé.%bf,?ﬁ?(?ﬁ#v%ﬁN—V+WI—91
VLT, BIEBLETESEEN, SuZv Xy hT—J L LTOBENMDERREY—E
AHEIAEREINZ L LR B.
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User Terminal

e e e ¢ IP based Personal Navigation Network le)
-I Active Packet as a Personal Agent

GMPLS based Optical Transport Network

K 2.12: IP Ry FT—=I5RBZy TRy b T—I\DBIT

2.6 #EE

FETWR, £9, BEOV—ERFHET7T—F 77 FXICDVWTHEL, TOMBERELT, &
M THBRREFEIENTERNT L E, KEEXY NT—JIEBIBZAr—5 Y T4 DR
WL ‘

R, TNEBEZAT, Filthkxy bI—07—F77F % LT, AUy IRy bT—
IERBRELE. ThidehtmEZ BESBREORENSEIZREE L, EEAY—EYA%ZE
HEHDOFZRICIRHET 2L DTH 5. |

Xz, Y—ERBE7 —FT 7 F ¥ DDDTSy FT+—LELT, T—Vz ¥ MEEY
AT LDERATHBTERERL, LhL, BEDIZI-Y 2V M ATFTLTEATYT—FEY T4
DBEI S, KEERY FT—IAOBEHIZELC L R2IERLE.

FCT, AOZw T2y  I—Z BBV —CRAH@ TSy b I r—LEkxBT—V1V
F AT LE LT, Agent Gateway ZHRELZ. Thik, xv hU—U&EEHEEEEIICER
LEVATFLTHD, KEEXY FI—ZIcBI 5T —Y VP OB IGRENER 8T
5LDTH5.

BRIC, BET—FT77F v EZERLTICHE>TERTINER[UICDVWTEEL, BHiE
DIP X T —Ih5DBITHIEC DV TN,
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F£3E

ivh?—ﬁ%ﬁé%ﬂ?é%ﬁm?—9&—

3.1 ®¥E

IINVFAT4TEY PI—=TJ BT, BERY—E X%, ZORELZHERLDDMRMIC
RETHEHICE, Ry NT—IEROBEIDILEARTARTHS. LHLEHS, KEEXY
FI =B THREMNICEFH T 32 BREFHADO DU TIVEAASLICEETZILIZ#LL, C
NE TIKERAEE N HEME A,

ZFTTAETI, 2v NT—VBBEEET IEENT —2ZX—AL LT, XV bT—I=<y
TERET S [18,19. xv bT7—7< v FIIRBERL Y —EXERE—TTICEEL, Ko
Zwv Xy M= LB IBETERRIEHERCETOY—EXARHOREB LA S.

¥z, E2TOXy NI—JFRIIDEEEIN, FLho—V v A LZEREH
BiIcR#g 32 Lic&ky, HRANICEEEEETS. ChicE->T, Xy b I—I=vy7TikE
WAT—ZBVUT o BZEL, KEEXy FT—J THFIRTREE RS,

ORI LB DIX, HHT 3 BHROBE L EEOY—C AREHEAOFE L OBRR UL
HELDFL—FRATTHB. AETIE, TOHIKDODVTEREL, HEELERAEO™ED, S
BEE P L—FLF 7 RSV b EHSMCT S [17).

3.2 RERBERERAAR

ROZw 72y NI—=2 TR, 2v b I—Iy TeRENETF—EZR—ARZEALTRY
FI— 2 2EOEREPEELTEYD, ThERICRY FT—70BRRUHEERPEEL, B
v MU= OREILER > T 3.

ZOEANDL, v bT—I3v T3 & HN OBFESECHRERR, ERKRICD
WTEIRICIBBET 20BN D 5. KREELRX Y FT—71BVT, KRENICEET 2BHEE
HYARICEL R Z0N, ZOEHROEZHDO RSy JBRENBEHTHS. Zv b T—7
Ry TIKELTY, TORCERELTERT 32BN D S [715-77). LEOBEROHT T, HN
DEFBEOEERUBBEOREIC DV TIE, TOEENSEXT, REDOEICXY FT—2
RYTEZFOERERL->ELTE, FOBEBEELASAV. UL, EERAICELTY
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TIVEA LIC2EREEET 5201, REDERZIZIZEFNGEETHIRENDHSH L
o, EHE#ELVWEEZEIONS.,

ZFTT, ZY M=y TZPNBIIREL, 7HEHETAILZERTS. K3.1iE, <
DEEBEEZ ROy 72y FT—JDBRKTHS. £PNEWDOMDHN THEEN
BY TRy FEREHEHLDD, OPN LRALTREY—EAREMTS. £/, PNREIEH
BREEBRICX> THEIENS. TCTT, Xy =73y TREPNINFETIHETHEEIN,
NMMA IC &> TEHEINS.

o -
.........

-

*a
.
..

A )
!
-

E

HN: Holonic optical Node
PN: Personal navigation Node
CCSN: Common Channel Signaling Network
‘NMMA:Network Map Manager Agent

3.1: ka=w 73w FT—T DERX

Bxy  T—o<y FIFLUEZY T2y FHO HN ICET 3 BHELERICIEREL, Z22h56Y
T 2w ke LTOERRABEREMEL, foXxy bU—I<y T OMTNMMA IZK
Z3T—Y Y MEEERPAOVTREETS. TOFERAVEZ—%y MZBIF S OSPF (Open
Shortest Path Fast) 7m bV [78] FICEL ESN3H, Fumvixy b T7—7 LTOEE
DEAMICOZ 7 a igEaThsT e, FuovyZxy b I—20arvv7wvh s, KhEE
MRS REL N3 —A T, HERESHICI> TRy M7=y TRTORRR
BERAEHEICITZA B LR EDETER?S.

BT, &2y b=y FRRYUZY TRy FAOHENICBEL TR, axrs¥yarvhH
EONBEICFNETLRL, Z2REELRITS. ZThb, oY 7 Xy MCIBEHES % HN
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IZDWT DR, FED 2 DD HN MORREREMOX Y FT—I3y el T7a—F+y
A+T 5B Fl-, FOHN LBEETRMOYT 2y MO HN & OROFRBERICOWVT R
IKEMT 3. FlIZIER32ICBVT, A-B,B-C, C-ABD/SRAL A, B, COLK/— Fh oD
Y72y MNEBEGELTVLARY VIICET 2 EHMERET 3. '

TZT, TOXWEINZBERONBL ZTORBHEEICOVWTRET2LELNDHS. RADFH
MTHNE, FRCHBILTERBBLLRZT NS, ZOFFHELE THILENEL,
ZFORRECCSNIZBIFB FSewI7BE, EPN TOUEEDEAEZBIC LILAS. £oT,
CCTREINZBRIEIFEY MEEDT ST L L, MOLBICHELZEATVKIICT S.
3.3 T, TP O—<HETRENTV3S.

X7z, ROV FAT4 TRy FT—=ZIZBVTIE, BED QS TEELEET 2 L0ELND
BT LICERT S [43. ZORk, TITORBERIIETD QoS FBFICx L TEFNICEH
5. ‘

B, TOLERHN ORAL»SERICIH-> HERZEJBORMEEERR, HN OEZn
ELZEEICOM?) TETTESRTLAHONTED, ERLOMBERIER W [79].

3.2: RPN B 1EH

K 3.3 TNy FT—o<w TR 2EROEEFIZRT. TORITIE, QoSTHEEE q,
BEL, olcET 388 LT, o BERR) OFER, BERROBREZENTNELL
TW3. HOELROE—BRY o, E_EEZRFLTS. M33DY TRy FTIEA, B, CH
oY T2y MUY ZLTWBHN THB. alcDWTiE, A-BREDEBKIZIA—-E—-BT
fEid (18,9) &% %. EMIC, A-CHAIZA—>D—G—C T(39,38), B-Cid B—~C T (32,22)
B, R, BIRDVWTEAS L, A-BREIZA—~E— B Tf#ik (18,9), A-CHIZA—->D—
F—CT(52,23), B-CREIEB—>F—>CT@41,14) k3.

LA L, TOEE TIEBERET 5 2 D0 HN BICHEBOERZRNEFET 52 Lic& 5. Dijkstra
D7 NTY XLEERE UEBRFEET VIV XLE, TOX5BESICEERBCHELLL
7=, xv b I—Iy TOEREFOEEEAT A EHNTERL 8] 2T T, Xy hU—
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(x,y) means (metric o, metric f§)

(18,12)
. n wn e —'

aog 7 AT
, ass), (11,9)

’ ’
—arz—F 3
AY

\
83) \ @l&b’\Qgﬁ} (10,17
4 \

4
5 |-

- a

iocal Subnetwork

Optimal patl} Optimal path
for QoS metric O for QoS metric B
A NC v

VLI
'S

LIage) — (3938) ILI (189) (52,23)
] ~
(32,22) 41,14y =| C
22 o

Broadcasted Information

X 3.3: DXy k7= FIEET BERONE

7y THER T, QﬁF@ﬁkHN%ﬁﬁmkémb ZFN 5D HN EEL2TD QoS EiED
ED 0 DEFRTHERT 5.

K34l DEEZEELIET—2BEDHIZRT. TITIE, 2DDQSHEZEa, DI B,
GEHEEDHN ZRDX 3RO HN LA L, REMNICZFOHNER o, S LLED0DRKT
BHELTWVWS. M34TiE, oBEBOHENEZFDEEA, B, CkL, SEFSLROHNZ A,
B, C2LTA-A, BB, CCHl%Za, BLEEINODETHEETS. TOBRICEDEZR
RBERET NIV XALZEAT R LI VBBRERETES.

3.3 ARV 3 EHAN

RiC, MEICHRNIRERERER VW OX T Y a VOBILEFDEBRAEICDVWTHAT 5.
8, Y—EARRMT T —\DFRESP, BEERTIL IV XLEEDZEHELEE
DOWTIERETHRICERNB L EL, TTTR, 2y b= T2RHNWaX7V 3
VEEMFEBICOWTODAS KT S.

HIEI TN ST, 2y b T—=I<w T3V TRy MEICOREESH, ThFhoxy b+

— 3w A, YT Xy BN TORBE NGRS, SRT 72y FAIKET 55#%
EHASEEINTWS., FCT, aAxryavRHEITBHIRICE, 397Xy FEMTOR
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~ Optimal path

~ for QoS metric f§

S
[ap = =[c~
Optimal path

Optimal path

for QoS metric & for QoS metric

H3¢ﬁ%&%?»ﬁUXA%ﬁ%?%kb@?—&%ﬁ

BEREL, KCET TRy NATHEMARREPEES % LV 5 BRENZHIEZTS. Thid,
ATM (Asynchronous Transfer Mode) % k77— 1Z351F % PNNI (Private Network-Network
Interface) 82 ICEROENBANTHEIH, RINCLHOREERELZET, =—IzF
BEEEZHANTEY 7Ry MBI 3R BERERARETNCITS 2 LT, BRELTTAEZR
LT3,

FZIE, M35IKBNT, /—FA-EME2DDQoSHEE o, Il LTa<V,8<VIIZ
WMlzdaxrva v RENLTIEERELS.

9, BEO QS EEELIEEREERT VIV XLICE > T, B A-A-B-B-D-E MEIR
Ehb. T, 7%y FEMNTORETHS. R, BIRTNEEREDY T2y Mo
LT, =Yz MHESN, FOY TRy FATOFMGREREIRE IX T2 3 VLT
bhs. TORCBWTE, ¥ 7%y b YHNT./— K D-EMDOREIREE NEEFHIRE
nTVa.

iz, B ENZaAXRT T a VBT RBRIEY A/ —ROFBT 39 7%y MIREZX
Nizxy FI—Iv 7L &> TEEI N, FHT T Xy MeBOWTREZEDOY 7T Xy D
TODREZE/—RiCEoTHERLN, Ju— LTHbNS. ThcE>T, axry¥aviE
D EDHENN QoS BEERHEEREEH L DD, BEEIANXBHERHIFT 5 (0]

CDEIIC, BEANGEEHRIERZIT I CLICKD, EEORLEBRIEEZERLTWAS.

34 Y—ERFHEREEAR

£E5 1DDEELRRy FY—UERELT, Y—EREHNDHS. Thicik, F—NDOAE
R, TITRBENZ VTV YD QoS RUFD Y —NOERRRK ENETSNS. LT,
INSZTaNAE QoS LS. I—FhoDY—ERAERNRE LRI, BERE2RMIT
T—EAREMBEZERICRRT 270D, 2y FT—Iy TRy hT—I 20—
CARBHMEZIEE TS LHNEEL LS. 2T, FEHTE, 2y bI—IvT2AVEY—
CARREEARZRETS. CIT, Y—EABRER, 23070 VT—1\DVREHETS
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User’s Request: A-E(V,VII)

Subnetwork X Subnetwork Y

K 3.5: 2w FT—2w TRANRZEREIHE

aVFUVDOY—ERARAEL, [HnEnizT a1 X QoSENSERENZERTHS. £3.1
IZ, VoD ¥ —ERZREELIBEDOI—ERERDOEAKFIZERT.

¥z, LE@ENOROEXR S, wENEZREEEELZTS. AAXRTIE, BEEELLT
2 BREARZRATS. K363 ORERBEDERFITHS.

KIRT &SI, PNEBICREEN Xy VNI—IyvTRBETREEL, 2D0OPNE (FlX
X, /—FA, B)IZE/—FK (/—FE) 28R&L, ¥5I, 22008 /—FE BIAE, /—
FE, F) KFDOHE/ —F (/—FQG) 2FEITS. T, ITNHDH/— FidwENGE ./ —
FThh, ERCIETEDOPNACHEFRELTWS. L, BHETREMT S, &
PNZ&41DDH/ — FDHZFRIET 5. |

&S EEBEERRVEES, HBoxy b I—IyTIEE, KOLREEHOY—E
AEBEFFETHLICEDD, FRFRICOVWTHAZERZFFET AL, BHREBX

% 3.1: Y— ¥ ZEROF]
Service Contents Title title
Category romance

Provider QoSs | Movie Quality | 640x 400
Frame Rate 30fps




3.5 MEEESEE o7

, PN
) Network Map O Logical Node
8 Logical Network Map —— Link
--- Logical Link

X 3.6: WMENZEEEE

CIEHREFEEOEAKOREN, S, WENTRRV. FT T, AFARTIR, EBOXRY F7—
oy TORETZEHE, TOF/— R, H3V—ERaVTUVERRHT IV —I\HTE
FETHEHLEIDLN BB RLDICEEDTNS.

FziE, K3.61cBWVWT, /—FA, B, —DY—ERaVF7TUY a ZRHT BT —
hHzLd3. TOHEE H3TIRTESIC, /—FA, BORXRY  I—I3v X, ¥—E
AAVTFVY a IKBET37anAZ QoS ZEL, ETDERZHFERLTVS. LHrLEAEDDS,
J—REDXYy + T—o=3v &, /—FRA BOXy = THarsya @Y
BEREFOTVAREVISEEOERULMEELERL. BFKIC, /—FGODRY MNI—F<w
TE, /—RFEDORXY FT—I=yTHRaVToY o KT REREF >TVB LN EED
BEHRUNMRELRY. ThICE-> T, HBOXY FU—I<y TORET ZERELHET
5 EHIC, BROFEFHEL T T B EHAIgEL LS.

3.5 TEsesEM |

AT, 2w hT—o<y FOEHEL SR P IHET 372, BERENZDESE
BREENCEE L, £, EEEEL EEOBEEHEOMCT SHERKS I 2 L—a U ET
fz. RETRINSOERICOWVWTIHARNS.
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a]
Q
O

Service content E a
__________ demmm o
Movie quality | 640 %400

Service content

TR -

Network ' Network

Map Map

X 3.7: Y—VU XI5

3.5.1 EIERE=E

9, KEBBEBICOVWTERS. X9, SZY TRy FAOEROLESE LI, EZYT
Zv FADHN % h, EFRRROFMTEROKE SR d, QSHEERE LTS L

L=h’xdxq

TEINS. £z, O T Xy FOBROGEEBSEEX M LT5E, MIZPNEEp, DY
Txy MUY LTS HNE®E |, oY T2y MEXT 3BR{ESNI-EROKET R
s&g B

M={@Px)?xsxq

TH5.

4, EROZHETHNKIC PN Z—DED YBT3 LREL, PN OBREEFN1000@ET 3.
7z, FEPNOY 73Xy FRIC 1000 D HN BEETEEDETS. OIS QoS EiELI5 &
L, ZhZh, YUEZY TRy FHOERRRFEOERIC 10byte, PN ETHEXEE NS ERIC 1byte
EETZE0ELTE. MOV TRy MUY LTWAHENEETE 10338, L, MEE
¥ 5Mbyte 2D, —DDXRy FT—I<y THEET ZEREIIHK 10Mbyte 25728, +
HREFEETH 5.

3.5.2 EHHEE DR

FICHANTe & DI, Ry FU—I<y FIZEZY T2y McET 3ZBER2MOX Y FT—
Iy TICEICEEL, ThREICRY NI -7 2f0BR2EEL TV, 07D, £
DEFHEDERICRESTET 5.

EFHENSINE, KOBEORVWERZERTESD, TORLOUEBEHRKRT RS LY
JENEMT 3. —7, BEFEERZTUS L, BRASFOKRZRBRUR KD, REREHE
DREZFERTT.
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ZFTTAMETIE, TOEFHEEENRTAZL LT, 2y bT—7<y TOMaER 2 7
Lz, 9, 1024/ —FTEBREINZ I Txy b6 @BRLIzxy FU—JRHAELRE. C
N50/— REBFRICERESN, 8V IDBEIL6[Gbps] & LTz, BHE, &Y TxY T
EHLUT1IHIR 2.0 x 104 BORT Y VBRICHE> TREL, 6Mbps) DFEE 1 FREKT 5
LD L. BELIEZIHLT, 2y M=oy T EOBHRERIC, &V I DEEFE
D RIS & U T Dijkstra D7)V I Y XL EETL, BEERELE. 2T, Xv b
=<y T EOERIE, FORRTORXY NY—JRAZERICRBLTHS LIZESEND
Teth, BIRENTEBRAERICEIFATERVATGEENDS. 2T, BELZMIIXHLT,
CDESBESHIR PHERZIMERZEL Uiz, LT, ThEeREmEARBELES.

DIEDZRET, 1.0x108(sec) DI 2 Lb—arBToEREZK38ITRT. K3.81F, #
BC Ry NU—o<y TOEHEROEZ 10 & LIz, MR FEIREr L o775
TTH5.

Misrouting Rate [%]
W

0 e 3 3 apanl PEEPErERTIT | PRI | PSS A TYT
1 10 100 1000 10000

Update Interval [sec]
K38 YIXal—IzaUvER

COEMSHELMELIIC, Ry NT—Iy TOEFHEER 102 BWEEEICTAT LTt
PCERNEREREZBR T LN TES.

3.6 #EE

AETIE, 2V hI—JEREPEETIEENT—EN—XL LT, XYy NI—Iv 7%
BELE. Xy bI—<v TREERERLY—CXEHRE—TTNICEEL, SETEZHRLHE
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FEOEMRLEET—EN—ATH5.

AKETE, TOXY MNI—=IyTEEZY T2y MCOBECBL, SE&xy FT—7WICHE
TRHEMBEREDHEE L DD, FIhbI—Vz v A UBHREHEELIC#ETSC
LIicky, BRENCLEREPEETBZFEERER L. ChicE->T, Xy M=oy TRE
WAT—=S VT2 ZEBL, KFEXRY NU—JTLERIHAAIREL &K 5.

i, TOBMELES, MBT3RROBELEROY—EARHEANDZELD L —F
FTICDWTRETL, HRENE I 2 L—Ya vEROERLS, BEXFL—FAT7RA
v rEHELSMCLT.
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F4AE
Y—EAREZEZZEELALFHEAR

4.1 ®¥E

FETE, MBEEFTCIKERELEY —F77F v L TORH@EARIC DOV THENS. <ILF X
TAT 2y FI—=JICBIFAEHEICEL TE, V—EXAREEZER LT —/ R L RRE
ROVEETHSH, ThET, INSOEBERIIMTICHEDLONTE . D7D, BRI N —
NI4TV MEAD RS ey ZRRICE > TR, I—YDEZTEIH—LERADFENELL
HILTBHFELDS. _ :

iz, BEERCOVTIE, ThETESHOMEEHFINS 2D, BRENIZROREEL
EITEEDOR TEANGAREEEL R

Z T TARHAETIE, BREEREFMBLENVF AT 2 TEEDHDT—EAEHBRERA N
&, @ﬁ@QﬁEﬁ%ﬁt?LOOﬁﬁﬁ@mm?%%mﬁkiﬁ?%Jw:UxA%kﬁﬁ
% [27,28,31,32).

4.2 Y—NREAK

4.2.1 BHEOY—N\RFTAHK

BIE, SVFATAT7RBET-CACHETIHRIRERLETHD, DD, ThHDOY—
EX%:L—#(DE‘JZL;?{:Otﬁ/ﬁ%ﬁi’é‘%71&?50)"5‘*—1\@%0;%53‘%E?nbi&é’hfb\t:b\@
PBRTHBH, UTDOEKS ZEFEORRAANZERIETHS.

SRFICE I —NBREFFR 2BRICE K ERRRIRLEMEARTH D, WWWIC
B3 KEORY M EBAREBFICHWLSNTWVS. TOARTE, 2y bT—THOE
J— RBFRTREEITI I8, 2TOT—EREROFHSEBRIEREMEKT 512
DT, BITETD/—FHoEHRENET ZLENLIFAEICENTHS.

REERCLY—/ \REFR BEEECK B ERREE, T FEALDDELEDTY
V=TT BT LIcE D, BARERD SREOERENENITHMET 5T L BT
TB. FIRIE Xy U= EEOHOT TRy b U2 ICHE LBBEET T LT,
SRy b U= B0 RN ERRRD TR L 5 5.
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LAL, TOXSBEY—WMERAREINF AT 14 TEEDDHOY—/\RRICER L5
&, UTOXS> BREENEL .

¥, SERICESERRREBA LSS, fidlizi S/ —FroEREZNET
BRENDBEECRENEFRTHZLEAS. LAL, &/ — F2iHa% b ONERH
BERELDERED, EERy FT—2 BV TEERIGEREVERENSHEICIEELT
Ay~ 4N

ki, BEEHCXZEERREEA LGS, 2FRICED I ERRRTHEL XS LE
v FI—ZIC BT BEERRROHREOMEIBAEINS. LHL, WIDHDTFTXv |k
T—IHOBRENS XY NI R RENCRBEE LIRS, RRICLER/— FHOB
;id, &/ —FOYWENLT/— RUBEZEELTOARVWBEILRS. AARTHRLTSZTIV
FAF 4 TBEDDDY— RRICBNTIE, BRT BTV —EABROFGEILTITEL, ¥—
YR — REERPELE/— FEDORBICI—FD QoS BRZHI-ITRBENFEI ST L
LEELRS. INLORBRIUCEET % QoS &, WHENE/ — FMIBEOHEZZIPITV
T, BEBEHICX Y- \BRLNBNZLEDTHSLEEAR.

4.2.2 BBRERZIRALEY—NBRETAK

g TRz L ST, F—EXEH ) — Rea—HFDERHEU T/ — F L DI QoS Zfx
HURBRAFET AT EHBELRBINVF AT« TBEDTDDOY—/MRRICBNT,
EOBEBRRARNEBEAT S LBIBNTHH EREARL.

ZFTCAETR, NMEEEFIALZRBERLITS CLIc&D, LREMICHISHRERY—E
AEHEESRPREL, FRUCKVEEINZY—ERERE, Xy M-Iy TORRE
WERET AT LICED, QoSHFIRERLIZY—/ WMRARNEIRET . BAEMICE, 9,
W ) — FBEEET A LIk b, 2—YDERT 3 QoS ZHi/z§ HREHEDOEHV ./ —
ROBEREZBETZV— 1 \BREAXNEERTS. B, ZREREZFATSCLICKD, 21—
FOEREZHEZ LICS WV EEHETE NS/ — FAOBEIZELE, REDROMLZKS Y —/N
REAREIEZTS. COARR, BiZ, 2—VD QSERMNELL, BREHLII—ER
FIREETRER /) — RA Ry P — 7 HIC @ EELAVEEI, TLOERRRZABICHET
BUMRDDS.

(KiBEEHALERBEERICLS Y- ERFHREEA]

FHBTRNZEL S, BRORNVFATF 4 TEEF—LEADERDZHITIE, EEMDER
Y- RBMHETS CLAEEL LS. TORD, Xy TRy TRy FT—I 2
@%ﬁ%ﬁ%bf%<:&ﬁ%§tté.Lbb,ﬁﬁﬁ&ivh?—bi%mfiv%?—
ERDEERPERESETEC LI, T2 \—AEFEEERKOER LD, ZTRICHES H
e 7 ERTILEGROEMASEEEL X 5.

Z T TEMETIE, PNERBEhERXY FI—oy TORFTHIT—EAEHR, DX
YTy NT— S B0V — P AEREETE L L AEEEAA L-RENGREEE 2T
3z rIC&D, F—AR—AEHEEZERL, LER\OBELERS. K413 20KZ2HAN
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EEOREEDERE THS. TORITTEIIE, WOHLDPNIIXNLT1DDH./—
REDZEBEL, BICWDOHOE/ —RIEHLTEFOHE / —RE2RET 3. /-, PNEIYE
Bz > 7T, BEENRU EAEBNIIHRENZTY V7 TERTS. 2T, mBENEY Y7
X, BERROBORBRRUREBAOBEICHNONS. 2/2L, METAENZELSIC, PN
FEOHIDHN TERENZ T T2y hT—J7DEREZEEL TW5.

BH, B/ —RFRUE/ —RICREBEEN XY NT—7/y TRHEANZLDTH D, EE
ICIE PN RUPNICREBE N2 FI—y THChEREET 3. KIFL, BESBRON:
», EPNIZE—DR/ —FE2FEITIEDLT 5.

$/—F

PN

Iy hT—=o=<vS
E/—F)

Xy hI=I3w T
#E/—F, yENESE)
E A WA S
(PN)
FEREEORENY >

- BEERAORENY VY
PN DY > 7

B 4.1: REEEZFIA LU mENZREEHE

ETEBICRBINXY FT—IR v T, YEY T2y NT—FHOZY—E AT 3
H— U RBETEBEHR O — C RABRICRERIEL &5 QoS KA REET 5. Chid, ¥—
CRaVFUVECERZHEATEE TS, Y—E ABROBREDRICIE, I—FOKER
BIFEI—Y VMY, ThLEDBREBRERZHAVT, I—YOERT 3T —EREEM
AR E S hEHMT S, DED, I—FOERPELKE / —REI—TFDERTZH—E R
BT 2 ) — RO/, I—FOERRUY— U RBEHICRERIEL 55 QoS &2
TRENEET 2D E S RAN, BEHMEETNIY—E RELTETH S LHKT 3.

LAL, BBOLMBICRBEN XY FT—r3y TICBOT LR EREFRESE
2L, TRBICRBENEXY FT—7<y TORET 2HEHOLSH LIBNGIET 57120,
B TOTF—AN—RAEFREOEMAIEEL 5. 22T, HuBcRBE -2y FT—
7=y 7T, F/—REBIZBROEREFEFIEIEEICLEDS. DED, 2—Fh
SNOERICHLT, EOF/— FANTHIENET B — AN EET 2DHhEFES -+
ARELTS. FBICRBEN 22y " I—xv TORETHERECDREICEEDS
TrickD, F/—RIBEIN2Y NT—I3y TORET BZEHOR—I>F VI
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TREERE 1DOBERE LTHRS T ehalREL D, Y—C AIEHDEM, HikR BECHES L
MEBTDT—EAR—ABFHEELBRBTES. SBOIINFAT TEEF—ECIA@TR, —
R, A—arvsFrUERMT S/ —FHAEREETAILAFEEINS D, TOXRIE
MTHBIELEZLNS.

M4.2ZRNTEELZFIZRS. £, 2DOOPNICHLTH/ —FE2REL, &/ —FICER
B3Nz v b=y I/ — FETCHE LY —EREREFFIES. T T, PN
ICBRBENZRy FT—7<y TRERO HN BT 3 EHR2HFEFL T3, PN OBRIE, O
VTV B, TEREME] TY—ECARHRINTED, BHICRERIELLES QoS &EHH
TEHRIE, SBIE, ) THBRTEERLTWVSD. iz, H/—FROERE, Tavsry) A/ —
K1, /—R2TRHEINTVBIHDEIHLERLTVS.

COXITRIAT, /—F1lLICFRICayTY 1 OBEMEMENZHE, BE/—F1ic
BEICaAVF UV IDREFEELTWS RS, B/ — FIBI3BREIEFEINETN. X, /—
Fi1hsarysry 1 0ERVEREINGEEE, HRRLEETE /—Flickkarysrryih
FET 3D, B/ — FcBI3BRIIEFINEZN. FHiZ, BROEEE PN DAHDEET
HBH, ARICE ./ — RCBI3EREIEFINEN. 2DXSIE, B/ — FTOERZE
GlET R LICED, T—EAN—XEFHELZBERTES. X)) LMOBICBVLTEREKEOL
EEEDERTE, HBICABEEA—Da VT IYMNEEAENEL BB D, T—ER—
AEFHE I REBICERENS.

ayyryy H5/—F
/—F1 PN
/—F2
HN
(avF>w « 1 1 2+« -+ .1 3 3 -)
REHE . 203010 - - - Y= ' 10 20 30 ¢ ¢ -
HIEE - 1020 20 ¢ - - . 2015 10 - + -
BT ‘1520 15 - - - = 10 20 10 - - -
hd : . . Y : . . J
Ud -~ \\ o~ -~ \s
£ Y N 0N 0\
\\/, \\,, esecee \~’) \\,’ \\,, sscere \\/’

X 4.2: /—FOEFEFET 39— XIEH
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(MEBG/ — RUBEBE LY —/N\RFAR]

I—YRRINVF AT 4 TEEF—ERABRBICEZTBEHIIE, Zy FT—T7HEED QoS
PIREET B ELHEELLS. bbb, Y—EABHROBRRICBVTE, HBY—EAH XY
FI— S HICFEETEIHDEIHENS EDORTHEL, BEROELKE/— RV —EXRRET
%/ —FDRIC QoS BEXREFEZITREHVEET A EI VI AEREL LS.

TTT, X MT—hMEEET RNEEED QoS DH TRERRIMICHRIEST % QoS &, LUF, Xv
F7—7% QoS EMER. Efkfaxy FT7—2 QoS & LTIZ, FEHEDBIESHEITSNS. T
N5DxY F7—7 QoSIcDWVTiE, I—YFDOERNIELZ/—REaA—HFDERTZHV—¥
ABEMET S /) — FDRy T —ZEEINENOIE EFDERNE ENDTAREENENT EH
FHEEhB. LHL, siRTHENEX S BRREEICh > B ERRER T, YWEIckERE
LTW3/—FThHoTh, REMICERY TEN:Z/ —RekoTLESIREEADS. D
0, HEH QoS ERFPHI-TAREENE N T EHAFTEEINIEERE / — FOBERRRNMENS
T ki, chit, A—arrrUEEHRTIERD ./ — Fhoa—FDEREHZT Y —
CARENTRER / — FERR T AEEICEMENTH S LITEA .

FlzIX, B/ — FOBEBRROFNCHRENSRLES /— RIcBWT, —Y D QoS EXK%
BT RBRREELEVDNI—TFOERTZIAVFUVERBL TS/ — FRERD - 7215
&, ThHD/— RT3 RRELBE R TERRRVEAL, BRREELNSLT I LI
5.

FTTHERETIE, 10D/ —FIcH U TRENICERDOE/ — FEZRETHILICKD, ¥
Hr /— RAUBEZE L-BEREEITS CLERETS. BARRIKE, 1 D0/ —FRicx
LT, BHZAEBETOR/ — oz, 70/ —RicHd 2HEmxBEE / — Ko/ —F
LREAEE/ —FELTHS. Thick D, REBEICIH- RIAERIC I 2R IEHR
RE QoS R EEE LI EBRREERICITI TEAAREL K& 5.

K4.3 (a) &, 816 (4x4) D PN EZRFRICERLUIzXy M T =719 3 {RENRE
BEEZRLTED, K43 (b) BThEARBEZHAWTRELZLDTHS. ThoDRE
HWTHIERYT. T, RFDOBSRESEPNO ./ —FESETHS. &, K43 () KBV
TH/ —RFIREINZXY PI—=Iy TR FOBBAOF / — FICREBEN-X Y hT—
Iy TDORFT BV —EREREFERZFLTVREDET 5.

PN TERDELZE T3 E, £F, TO/—RICBIBBHEREBENMTONS. TORKRRKRIC
BWT, 2—VOERZFKE T —EAHNRBRETERITNIL, PN5, 6 DFE/—F (EHIH
DEHREZHRFE) ~BEFL, BEREREZTS. BHICREEERICRAS NS AEEICID > 2Bk
BRDOFE, TO/—FTORRICBWTLERRZH/T V- EXARZRAETERTNE, &5
ICPN1, 2, 5, 6D/ —F\OBEIZITS. LI, COEHERLEKES. LHL, TODHE,
PN6 DERUTDV V7 ICERENTVWAEE /—F, DX b PN7 XU PN10 \OBEHHE
N3. FFC PN1IO \OBENIIFEEIGEL 2D, PNIONDOBE L HEANT, HEH QoS EXRER
T AREEDMEN T EHFREINZES D/ — F, BlZIEPN4ADH ./ — EANOBEHNLICITH
N3 Licizsd. TOE, RICPNAICI—YOERTZIAVFUVIYNEELTNB LT B L,
PN4 \DOBEHTHNB. TIT, PN4 EERDAEU PN6 & DRFIC, QoSERZIEZTHE
BHAEFEELERINE, PN10 DFNCRENSHE L -2 PNANDBENIITHELRED XS,
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ZCTT, B/ —FOF/—F (FRHOBHRZHFERD ZRENGR/—FLLTHKSC
&b, HEH QoS EXRZHE-THREENENC EHAFTEINS /— REELENICRET 5.
DED, B/ — FTOBHIRRICBNT, BEREFE T I—ECRORENTERINE, KE
HEE/ — E\BEIL, BHRRZ2ITS. Lig, R, #H/— FERCRENGHR/ — F\D
BERUEBRRELZEVIRY. COREOBRHFIEZK 43 (b) ICKRAITRLEE. TTT, ER
EHEMEAREEEZFA L ZRRDSEEOBE), BFRIEIREARNICEDAMENIBEHEZRLT
W5, IziEL, I, PN1, 2, 5, 6 DERERFIAE/ —F\E, BLUCLTDF/—
RICBET 2 EREANTV B 120, BHFETDORV. Chid, T—Yxr FOBERGEEAE
EOBEGREELS, &/ —RTEBIHETES.

[BREFEBROFAICLIREDEDNFH L]

FIETRA Y — SR T, BER/— R RENAE/ — FORIC QoS B §HRERA
FHELEVES, RENEE — FAOBHIC X D ERTRBENE AD D, REKTET
ICETBEE, DX ISESEERBIETS. FTT, QoSEHONEEEERL, RENTE
J— RADBENC O VRREFICBINE N3 PN BEOHRTERICZNE TORRE & Y
BESD PN & I—FOERDE Ui/ — RORIC QoS BT RBEHNEET B0 E S Hh ¥
WL, QoSE¥E/ R LR WRENEE — PN, COBRTEBSHEERLT L
ck D, BREDHEORLZEZ LEREET 3.

Eie, FAREONEEE/ — FAOBRENCLEBAT 3 LATRTHS. ThHDOMUER, 12—
FOERMNEKLL, 2y FT—ZHONWTIhD /) — Rh5E1—FOEREETH— Y X8
WARTEETH B L DERPRAHETREL TS,

BE&MICIE, 5%/ — REZORE ./ — FAWEMICREREL TV AEYD, DEVETETRE
BLTWVWS /—RICRLT, EBROELE/— REDBIC QoS R T REBNEETEHE S
HEFEND. TOBECXD, BERMELEITIUTZORE ./ — RIcHiSd 2 RENTE . —
RADOBENL, COBRETRITbREV. —F, EFETHEELTVS /—RICHLT1DTE
RESEET N, BERUBRREITS. 5/ — FAOBHL, B/ — FeRE/ — RioHs
I ARENGE/ —ReAETT LIcED, BROUBLHTREL 55, £z, EOBE/—F
ICE QoS i TREMEE LA AhuE, TALLORBRIEBR THZT LHDH B,
BERRTTS. ChODOFREEICK-T, BRRBRODEEA LERBIEHTES.

5B, B/ —RFAOBEIESIC HIBORERITOIBICRELEEDT, REBNZEH —
RADBEMTONBEEIIE, B/ — R ADOBELITS. TTT, BE/— R EDRMIC QoS
EEETRESEET 20 E S RENBERIC, ZRICHH 2 NERESEEE RS, LHL,
ARETHVAREER7 VI XL 1 S OBRBBERISHTE, TOMERMHE /—F
BDBER T — 2 \— AR L HANEEICERETH 3728, ThCEYT 3EITESR
TE2LDLEZLNS.

K44ZRAOTHERYT. &6, K44 (2) OFEMAOEFE, 8V Z7HEORy FT—2
QoS DETHB. TIT T, BHEDZH QoS 1 L L, RERHT QoS DERED
BERVEDETB.

PN6ICBNWTERE LT IQoSIESUTTOY—EREMH HECRETB L, X7, 2O
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/— R B BERBRENMTDODNS. TORBRRICBWT, 2—YDEREZRBZTIH—EANER
TEXFNIZ, PN5-6RICIE QoS EREIEZITHEE (PN6-5) DEETBIDT, B/ —F B
BiL, BEBREEITS. R, BE/ — FOHRTPN7, 10l QoS EXREM-TER (PN6-7,
PN6-10) DEET ADT, RKIEMEEH/ — FA\BE L, BHHREERITS. TT T, PN2kZiZ
QoS BXREMHI: T REINMEELZVDOTEBEITOARL.

REEWEH . — FORRICBWTE, I—YOEREZ‘ZTIH—EANRRETELITINIE,
Hic FAIDB/ — R\BE1T 3. £3, PN1, 2, 5, 6DF/ —F\BELLS LT3N, #F
FICBIENBHSOHRTPNS, 6 D8/ — RIcBET 557, 355 PN1, 2 & PN6 DS
IZ QoS BRZH I RESEFEELEVOTEHIIfTORL.

Kic, B/ — FOHRTPNT, 8DH./— K& PN9, 1008/ — RIZHBWOTPN5, 6 DH./ —
RicBsEEd 3884, 975 PN7 &£ PN9, 10 & PN6 DRFICIZ QoS ERF G- 388 (PN6-7,
PN6-5-9, PN6-10) DEET B DT, RENGE / — F\BHL, BHRRIRLITS. T T,
R RER ) — FAOBEFNfToN -8, FffThbikh>78/ — FNOBEL1T.

L%, ABROBEEZZRDIRT. K44 (b) I, ThOSDOBFEARBELICRLIZLOELR
TR,

4.3 HHEDQoSEFIBEBERTINIYXA

4.3.1 BHEOTZIITUXA

INFATFATZY b T—T BN THREDHRE T 2EEV —CARERZRET 572D
&, FHESOEBEL EERD QoS ZER U IEREERDLERAIRTHS.

FIFEHERT 5 QoSid, UTFDOX3ICHETES [21). BEDEED QoS IcHd 35,
(i) ZDREEEHT 2LV 27D QoS DEDHI L X BIMENE QoS(TA L, BER L), (i) £
DEBEEKTEE2V VT D QoS DEDHEL A ZFENE QoSEEVFZLE), HLTNC (i) £
DREBEERTBE) V7D QoS DIEDHDER/IMER & B8/IME QoS (A L) THS.

y—fRic, FIBAERINOSBEDRZS QoS ZAMRICERT LD EEZSND, &IV QoS
ICEL T, SBBERPITSIMCHESH, U QoS HIER STV ¥ BREGEIROXT R
EhiE&l, i, BEEQSIKEL TR, 8T D QoS DEEZNBBEICEEEAS T
ET, EE QS IKERTES. o T, ZOMERX, EHROMENE QoS flKZHE 228
PRETAEEEREL LTERNMETESD [20,21], NPELMEETHZ I LHHSNATY
% 22 2O, ThETIKEORENT NI XLIBREENTER 2026 ThbiE,
WINCFIEEDERT 2D QoS Bz I ¥R EERE THERT 2MZENE LTS,

FT% FallBack (FB) 7/ 3V X L&, BED QoS flfZikl- I REREZERT 2REELR
fE7 VI XALTHS [24]. FBTI TV XL TR, FREEDRVRIEERITIE 2 SRR THE
{ T EHTE S DijkstraD 7 VIV XLEZENT, 100D QoS EEICH L TRBEXFEREZERK
L, ZOBRBRHPLTD QoS FHEHET 20 E3 M EHRAN, BELAVGZEICIIMMD QoS &
ExENBERE LU TERL, AROBRERITI LV S FREEBINICEVIETLDOTDS.

FBOEASTERIZ, R% QoSHFE, V 23y hUy—rdDe/—FEE Lz &, O(RV?)
THBH, R<V ThHB72% Dijkstra D7 NI XLOBAFEE O(V?) LAETHH LE
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AbhaT ehb, EHNZEEEELE X 5.

AHETIE, REOMETRIATEINTEE, BIa—FHERT ZEHRD QoS Zi/-7#
BEERTZ LV RRETTERL, I—THERTIEHD QS ZHizLDD, xvy rI—7
BE2EMCHET ARBEERTIMELZEZS. Thid, FIFAEHNERT HEED QoS
KA T, 2y VI—SBEEDHEEILAIIE (X)) ZEAL, BHD QoS K%
L DA MER/NORERRBT HHEHEREL LTERLENSD, HONICNPRLTH
B, FTTAWRETIE, B QoS HIHNEZFITREEERT S FB7NIY X LEZHELE
Fallback+7 )V dY X LZRET 5.

4.3.2 Fallback+7JaAUXA
(7)) XADEE]

BEOD Dijkstra D7)V TV XL TIE, IR MR/IMERRER 4.5-(A) ITRT X D1T, BRFERIC
X0 BHEEOENNE S RERBEHERL, BBROFEHARZIT). TOREEZEVRLE
7L, BRACOX MRINEBERET S. D0, 7TNVIVIXLEETTERIIBNT, =
E/—FHOZE/— R AEIRBRIEERE LTERIN, KO BVEBIERENSER
FEINTWS.

—%, BHFETIRET % Fallback+7/)VTU XL T, K4.5-(B) IZ/R9 &5, Dijkstra D
TdV X LEERA L TRIMEREZERT DBRBRICEVTER S NI UERFBZEELT, —
BRRIC R Ry ZICRET . Thick b, FROERRM L R A XREBROEMZRKS.

(n) l (B) 1 .
EXBNREE/ ~Fib 5XbNIEE/— KAb
ZE ) - FOBREER 2IE ) — RORBRER
E‘CQOSODﬁ?ﬁQ RAE U2 E
INE 72%%% gﬁ% l I
BEICQosDER
NE TR i QosDIEN
Yt NEREEREER
H i gosDIEN
INE T AR
EFELEZV

K 4.5: EEAERT LT X LOHE
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[Fallback+®DF#E]
X1 4.6 IC Fallback+DFF %2 70 —F v+ — MIRT.
------ l -
CT T axrmiEEmEER
‘ (QoSEBIREES ) I, | Qos®E |
1 ' 1DFER
1 <Dijkstra® 7)Y XLZMEM>

LT DQosHIKIE No , BRELTHE !
WELTWAD 2~ T BEZ1DER |

ves | LTOEEN
BrE

RE LR
®EYT3

| o
Yes 27T
B2

Tol=h?

4.6: Fallback+D 7 Ha—F ¥ —h

¥9, £TD QoS HFIHIZEAL, RIETRE LK S ICHEEE Nz Dijkstra D7)V TV X L%
BRALTIAMEIMEREZERTS. OB, JX /MR EEIRT 2@RBICBWVTERE
N2EEZRE, FEHEE UTREBOERIEICRZ Yy ZIFELTBL.

BAZHINC Dijkstra D7 VT Y XA LIC K> TEIRE NS 2 X FRIMEBEDET D QoS Fl# 7% %
ELTVWNIE, BNORRE LTRAT . X SRR QoS HlEE- TR VEAR,
AZy JIRELTWIRERZ 1 DIMOIEL, 2TD QoSHIZ‘EITHhES M EFANS. £
DFER, QoSHKIZHZL TOVNIERNDERE LTEAL, 25 TAVESR, FELTY
T RDBEBIC DOV TRIROUNEZITS.

T T, ARAMRIERREFEIRT 2B THEONTZEERKIL, AZyITIBFRELTHS:
», HFNICAXAMIDWTHIBIZY—FENTWVWB T EIKEETS. £oT, £TD QoS
KT I REDR DD - REIE, TORBEHIER L QoS FlEiEi-dEMotrTax b
BINORE LS.

IR ME/EERZEIRT 2BE TR O NI EERRRDOPRICETD QoS #lIHEZIEI- I REBMNE
FELRVWEEE, @EDFB7IIVIY XALERKKIC, 1 DD QoS HHiER HHEEHRE U TERL,
SEIR UL D QoS $IZEE LT, B|IRUT- QoS f8iBIC T 2 R P ERT 3. LA
U, Fallback+7 V3V XLICBVTIE, IR MEEZEEREREIRT ZHEEAKEIC, & QoS
BICH T 35/MEREBIRT 28R TERINIEERREZHREL THE, ERLTBERE
QoS FHIZE - S VBER, FE L TWERBROF T QoS fll A TREBN D 5 HhE
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L, QoSHKEKIITRENONEZTORBERATS. CORMEETIC LT, HHNORE
BHBONIHEENE XS,

LL, WTFNOBREREELE QoS ez airnid, LIBRERRICL T, BID QoS EEx 1
DFORRL, 2TD QoS I EMITRELZHERTS. LIRICEAFIZAVTHAT 5.

[Fallback-+®DE A H]

RiC, Fallback+ZEBKIEA LIEREZRYT. K47DT T 7ICDWTEEEED 4 LITD
Hi#zwizgEE/—F (S) 5 RE/—F (D) ETORBOFERNZITS.

P X M EEEE
@n t S-1H/ 2 1
/ w1 3 S-2f 4 5
——@ 8,3 |S-DREI| 8 3
\ (2,*5) 1-2 F;Z 1 1
¥ 1-DFE | 4 2
@ 2“@ 2-DF | 2 5

X 4.7: RESEIRFEEDH

( MERBAER ) EE/—F (S) 5 1 Ky I THEEARELR / — FICESRBEIPERINS.
ZHZED, ZE/— R (D) ICE3 1Ky TORE (S—D) MEREND. T ORBEEE
e LTHRET S (K48).

/® |
®g>> =

“[em oz /||

4.8: FIHARRES A RK

({EQAR MERICEH ) EE/—F S) o OBEHVERENTNBEDDHFT, HIA b
DEBICEEL, TOBRBEOKE/—Fh5 1Ry TTEEMRET, TORRZEHEISIL
TEICER SN L D BEIX PORBOERAIRER/ — FIVEEY 558, TD/—F
NORBHIEHFEND. T, 2TO/— FEIEBEHNC—ERIERTETHS I LICEER
95.
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BE/—F (D) &, BUCERENIEBEOHEDR/NT X k ORES (S—1) DI/ — F (1)
B 1y TTERETAET, COREPEET S L CHICEREN T3 (S—D) & D &
BT X F34EE (S — 1— D) MERARETH B DT, BEAEFENS. £, EHENBH
ORI, BNSBROBRELE LTRAZy ZIcETS (K49). COBET, /— K 1AERE

BEiLB.

///»C;D\E
L O]

B 4.9: BT X FMEERAERL

FRRIC, ZE/—F (D) CEET3 &, BHCERI NILRROD TR/ — RARRERERIC
REAZE DDFTRANERZE (S—1—-D) DRI/ — R (2) BRAT BT E TRICERENT
WBRE(S > 1- D) XDBEIEIXA MR (S— 1 — 2 - D) BERALETHS. £oT
RERISEF TN, EFRORRIIEME LTHEEEINS (K 4.10).

BLET, KVEIRAMEEBRZERTAIGEL RS, R, 3DDOREREBNRDOh- T
I %.

/ L DG

'.'..’®‘.. u

X 4.10: REBEERRET

( ERRFHEE) 9, aIRXTMRIMEES (S—1-2—-D) BREEZXZ vy 7HSEOHL, QoS #l
2RI L TOBDNESIDRFAND. TOFER, TORBROEEELEN 7 THYD, FEHET
HB 4TS, BEEUTERALR, (K4.11). .

Ric, EBERELTVBRAZ Y IHERORZE (S—1-D) ZEROHL, QoSHliEE:T
DE I ZFND., TORRIECEBES 3 THD, HKEHBZLTVWSS, BHEREL
THAT % (K4.12).
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T

—

CODCODDD[6]3]
CSO>(DD|[8]3] OSSOSO 7]

e 1 ax FEMNEK
Stack

WL TWENDT

LIEEBEDFIZ
TERF,

/

X 4.11: FEEBETH

= o ey
ol W5DT
l O[3 T OBBERA.
Stack S O>C1 Oe>(D (63

X 4.12: BEBRERT

4.4 TEEEFHM
AETIE, BB — SREAREREERT LTV X LOMREETHET 5.

4.4.1 BRFEREDOFHE

AEHTIE, BELEY— 7 SBRAROERER C++52BIc kDY I al—a vy EHVTHEHE
T35, ¥9, HREFHMEDZD DFHIiSRE LIS EICDWVTHRN, F0%, FHiEREBLN
FFHIRICN T 3ERZRY.

(PR SRAF & K]

¥4, B51024 (32x32) O/ —FEBRFRIcERE L2y F -7 %2HEL, &/—FH
DY VZIEFy FT—7 QoSE (mEEiE) ZmLTiz. Bi{bD/z8, Himd sy FU—
7 QoSTEZEIZ1DE L, FOMEIZ1~10 D—FOMICHKS SV A LEBEEE L.

Flh, BELERXYFI—ID&/— R, SEEOY—ERaVFUoUES VA LKEER
Liz. 212U, ¥—E¥RI1F32% (G =1,2,3,---,8) BADO./— FICEBENTED, 8F—EXR
LT, FREFNERIOTT/NA X QoS (MEHE) M s Lz, Bk
B, FME 270815 QoS Ei8IZ 1 DL L, FOMIZ 1~10 D—BDTRIHES 5V X LTE
BUEE L. ‘ ‘

EHic, Y—ERABEROBBEHRICFIE T IAEEICIE 2 7 BERARZFAL, BEM{Loy,
2y T—=oy TORFTBIERIELLEZVEDE L.
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10 :
.+
o+
8¢t +
L
‘s o
3 v i +
= ? +
§ T 4} Proposed method —x |
g 2 + Traditional method -+
C -~
2t
g UO) R 3¢ % H———H——X
= O
0 " : L N L
0 0.05. 0.1 0.15 0.2 0.25

Distributed rate of
the requested service content

K 4.13: ¥ al—2 3 VHER (QoSNV—F > TETEED

CDEIBEHTT, =R 1I~M0D—BROWICRED TV X LEEEZRANT, 1DDXYy
FT7—2 QoSfEL 1 DDTTNA X QoS fERIEEL, V—EXZERT 3.

9, ZARD, RO TTNA K QoS Zill=3 AV T VI —N\EBERLBICRY FT—
7 QoS il TR ETENKT 2 ARK D &R —E RIBEFRETH B L 2R T 2%, B
BRERTEXTOD QoS NV—F 2V JETERZFHEEZEE LB EfTo . BB, ¥Ial—rs
>~ DERITEIENL 50,000 TH 5.

VIalb—raVEREHA413ITRT. ERIIBERESR, ARRERSROERERLTE
D, BEIY—ECRaVTFUURHE, DX, 2/ —FICHLTERLEY—EXarvTFY
VERBESTEZTaNA EEED /- RFRALEBSEEERLTNS.

CNEDRERMNS, ERFREHERL T, REREREZFAT2EA5ROENELSEZRETES.

HiC, CORREFMCOWT 2201, BoNERBREER Loy Ty Y BRET 39—
NNWEELIEGEEEFI TRVWESICPELE. &, SEOVI2L—Y3arTR, &4T
BYU—N\HDEELEERIIEEETH -

K4.141F, BRL7Z2aV TV UERRERT I —N\DEELESS, K415, EXRLiEaY
TV ERET AV — I \DEELAEL - HEEOERER LTS,

CNEDERNDL, BERTHIVTFUVERETIY—NOEEICEHLST, AFREHV
BT LICE>T, PREZBEBEROEEDEHBEINTNE I AT, S.

Ric, RERTETIRFN Xy hU—I< v TOBEZIEEEL U, BEHiciERAZILS
AR (BRD &, x5XNTEE/ —FOR/ — RIcBEIT30b0ic, BicBE/ —RickE
B9 aAX (AKX LomETok. &, ¥Ial—v 3 yORTEZ 50,000 THS.

VXial—YavERENA416IRT. EREEREAR, SBEARL, BREAR Ik
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10
L.+
81 o+
k=) e
S o 61 +
Q2 80 A
g 'g 4t +
é 3 K Proposed method —
c & + Traditional method -+
S 2t
Qo
E O ~ % e ¥ 3¢ 3¢ ¢ X
oL , . , . .
0 0.05 0.1 0.15 0.2 0.25

Distributed rate of
the requested service content

(@) The requested service content
with requested QoSs exists

K 4.14: I 2 L—vavEBERODH (QoS/NV—F 7 ETEED

BEEEZRLTED, BEIIYV—CRaVTF YV YRHERERLTNS.

INEDEEMNS, AR, AR2EHELT, AARDORBEEHNBNTNE T LHTHB.

BT, TORRERELERIC2DICORLE.

K417, BRLIaVTFYVERREBRTZ—N\HBEELEZEE, K4181&, EXRLzaY
FUVRBHT BV —N\DEELED > ZBEEDOERERL TV 5.

CTHhODERNIDS, R, BRLIZaVFYVYRRBHTZT—N\HBxy bI—IHicEFEEL
TWNES, AR EHELT, BRAROEESBNTVSZ EATHB. Chid, BREKREH
FEEDIEOEEICX D, TREZRRVEIBENTNE 2R LTNS.

¥, BRUZaAVFVYERRBT IV —N\DEETZHEEE, AR2LHELT, #RA
ROUENBN TR EHASHB. Chid, 5/ — RTOBEHRRROBRL LU TKDZE
WHELNGED S EIEEIC, BE/ — FOB/ — FA\BE#TAUHIC K-> T, EHNERED
TN TNB T EERLTVA. :
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100 , : : :
Proposed method —« L+
8o} Traditional method -+- o
e
S #
— 60} T
L 0 #°
o o .
g 5 +
5 D 40}
g 2 +
c St
© ¢y 20} +
L S .-
= O N e
0 e emramCa . ~ . - R
0 0.05 0.1 0.15 0.2 0.25

Distributed rate of
the requested service content

(b) The requested service content
with requested QoSs does not exist

B 4.15: ¥ al—a VEERODH (QoSI—F > JRITEERD

70 .
T
& 60} gt
© e
o = 501 +
° x
[
o © 40¢
2 2
£ ® 3ol
g =
o 3 20} Proposed method -
g = . Method 1 -+
S5 Ul Method 2 -*-
0 . . . . .
0 0.05 0.1 0.15 0.2 0.25

Distributed rate of
the requested service content

416; ¥Ial—vavER (kv NU—=r<y THREIED
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30
0 *..
S 25
% E
S X 204
L QO
= % 15
'é‘ =
= 2 1% Proposed method —«
S5 Method 1 -+
=5 Method 2 -*-
0 . . . . .
0 0.05 0. 0.15 02 025

Distributed rate of
the requested service content

(@) The requested service content
with requested QoSs exists

417 VI a2 l—vaVEROSH (kv bTU—o< v THEEED

4.4.2 BBRERZ7INIYXAOFEM

AETIE, BEL7 Fallback+ 7 /LT VU XLDMEEER, SHER L BNEEERERTRINE
Ni-BBEOEEED b L I-EETRT.

[RXFRETHEE]

PERODFB 7 IVIY XLTIE, v N I—02KD /) — FE%E V & UTRRZRRERKIC Dijkstra
D7 NIV XLEZEATB7H, &QSICDVT O(V?) DEIEERETS. &oT, 2TD
QoS IC DWW T BB ERT D158, QoS D R & L7zk, Dijkstra D7 )LIY X L%
ERREEHATADTORV? DHEELES.

—7, Fallback+7/)VdY XL TIREIC, 5 1DD QoS I DV T Dijkstra D7V TY XLIC
& D ER US| DT LMK ERT EAWEE, BID QoSICDWT Dijkstra D77 )V
JY ZLEZBVTEERREERT S, ARy 7L 2RERROEFBEOBFICENT
ERENTZGERROPT, £T0 QoS HHNEHITRENMFET 2L E D RIBRFERT 5
FHEENEET S, 2TD/—FECY Y IDBEFEELERE, BAV -1 OBERBIER SN
3-8, TOFEEICIZOWV?) DHEBRET 3. &oT, & QoSHEREICDVTRERIRDLERK
%, BEC DBERITS EBATORV?) DFIEELEYD, R O(RV?)+0(RV?) = O(RV?)
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1000 : : : : :
0 Proposed method — L+
% 800 | Method 1 -+~ LA
. E Method 2 -*-- .+~
o % 00 o
o O i +
o = o
= 7
5 & 400}
S '
2 |
3 G 200}
=5
0 . . . . .
0 0.05 0.1 0.15 0.2 0.25

Distributed rate of
the requested service content

(b) The requested service content
with requested QoSs does not exist

X 4.18: 2 al—YavEROSH (xvy NU—F<y TEHREEED

£ 4.1: RXEEE
LAlgorithr_n | Time Complexity | Space Complexity |
FB O(RVlogV) O(RV?)
FB+ O(RV?) O(RV?)

&%,

(BRAHRTRE]

EEDFB T3, Dijkstra D7 NIV XL TERTEFSTDY Y ILTICDVTIARN, B
LT QoS EDEZEDOREL S 3 725 O(RV?) DEESMEA TN 5. Fallback+Tld, BicH
EEBERT ZBRICBVTEARENITESER BAVHE 22 THRELTHEL D O(V)
DEBASLEL 55, EHHERIE ORV?) L33,
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[ERERMENE L RITEE]

Ric, BELUET7 NIV AL T 3 EENEEEEFHE D20, LIRS &AE, ﬁ&f@
HE#Y I L—YarvEfToTz.

VR2al—YaVicERTARRY NT—JETINELT, SVELTS TERE 83 RV,
120D/ —FRICEGLED) V7 %FEL /— REHN 100 DTS 7% 10BER LTz, £iERKL
7S TDR) U 7IIFER4DD QoS (TRXAMEEYL) BERMMLUE. TOB, 4 D0
BiE1~10D5 VA LEBBEE L.

REFIROERTH B, EE/— FRE/— FRU3DD QoS HHFITDWTIE, BEH D Dijkstra
OF7NVIY XLEIRMCDOWTER LESEEICIGEIRAAET, D, &9 1 DO
NEETIEDEZNFNOTS7ICDE 1000 BOHEELZ. TOEE, QoSHFNE 1M E
50 RFGD—RRIFIHE D BEYEE LTz,

UEDEHEDIIaL—avB CERICKDEEL, BERERKINE, REREERE,
SLEEESR (CPU Time) % Sun Ultra Sparcl0 ETEBIL7Z. T TERERE LIE, QoS Flfy
ERETARBOFTIAA N RINOBERRZIETEDLETS. ZL, TR MBE—DREERD
BIETBEER) VIEIVPRVEDET 5. BERRIE, FACSERICK> TR2TORE
BHEELC L TEH L.

STORTH SELN-REEIRR, JEREOFSE L 5% EREXKMEEZHELIZERER
421TRY. TOREND, BEBEIRKINE, RERERERENIRIHRDOFB7 N IY XLE
DEBMELTWVWAZ A DH B, BIZ, 3.1L1EITRLIZKSIC, EEMCIZNEENBML T
WAICEBED 5T, Fallback+dZFDFEHNUEREERMEL TWE I EHKETES.

TS DEEER EOEREZHOMCT B8, FRINIZRED, BFQoSHEE (AX M EE
) KETIRBEETHIEEL, RERLERTIBETHUERRL LTAZ Y IILREX
NTWRERTHZEELZBH L. ZOBRZRK 419179, TORIKBWT (A) X FB
IKEBER, B)BFBHICKABRERLTVWS. TTT, TO¥YIal—yavid, aXt
BEEL LEEBERRPENOREREEERVEVIEETIT T LICEET 5.

ZORED, FB+TIX, BIRENEBZERDS B 24% ORFEEDERD FB TIFFERTE RV
AMCHETIEEREPERT IBIEEL THZEERRTH D, EIZ 33% ORENEERRES
ELTHREINEZER T2 H0h 5.

DX D, Fallback+ic k- Tﬂi*ﬂkmfiéh% JXRMCEETIREREZERKT HBETAR
2y JICFEREFEENERBICENETA2RENZFTENTV S8, ERD FB &N THLHE
EENRETET ENERTES.

£42: VIal—YaER
Algorithm FallBack FallBack+
Success Rate(%) | 92.84 £ 0.91 | 95.95 + 0.66
Optimal Rate(%) || 55.58 £ 3.07 | 61.78 &+ 2.25
CPU Time (ms) || 0.344 £+ 0.026 | 0.297 £ 0.026
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TN5DT EH 5, Fallback+id, BERZHEELTNSE BRHERONMGEL U THKIZTEZ
THEIDOKREEITS T LT, BEROFERER LRI ETENTELLHHRETER. £
fo, HIOUTEEIC K> TIERD FB & D £ 2 DIIBERRI R NE L T 5 KD ICRZA 5D, EE
IZiE, BIEEE TORBEREEH D QoS FlHZTE 2 kW zdic, FIDIEERIC DUV T Dijkstra
OT7 NIV XLZBECEHALTRBEERTSLDE, BERRICHTAREEITS> L TH
IR ZFR LI BEONERRERIES A E L, FENICIR KL D EFEICHRORR 2%
RAEJGETH B hoh oI '

13%

(A) FB 63% 24% | *

\  / \
Cost QoS1 QoS2 QoS3
| ) \ l\

1%
4
(B) FB+ 24% 43% 5% ~99%

|
6% 2%
- Tentative routes in stack

Optimal routes

B 4.19: FEEEIHTHRER

4.5 #EE

ABTE, MEBEETKRELET—F77F ¥ L TOMEEARIC DOV TRz,

9, INFAT4 T H—E ZEBHEICBNT, Y—N\TREINS QoS L ZFDT—13h 5
72547V ifd)@&ﬁ%k%b‘% QoS ZRIBHICERT BT & T, MRKFENEY—N\E
MET BAREREEL:.

BEEAERL, HETERLERY NT—23 v TIRBIIZABECR > RRIC, BKES
BRICUTBABRREMA TR, /ERICHRITHERTES U T3 EL EEETBRREZERL
V5.

R, BED QoS EREZZE LU I-BEERZITS 20, TOMEREBEEHEN T ORIERME
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LLTEREL, $ERDFB 7V IV XL TREEIRICH VS Dijkstra D7)V IV XLZHIE
& ¥ 7 Fallback+%#REL 7= ‘

VIal—Ya Vit kB EEEMEOBEN D, BELEY—1 BERAXIIERFRBIIR,
EBRERIRE, NEREEOLSTOHRREICENT, Fallback+DREKROFB7IVIUXLELDE
BNTVWBZLREREL, FOoEMERZRLT.
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F5E
SRETIVFF v X MEREHES

5.1 8

FEEDBERY FT—7IKBNTIE, 1M1 DA=F+ X MEEYV—-EAIKIMXT, TVEE
RBEEEDLIBEANBTHEITIINVF AT T 7 TV r— 3 VORBMAFE AT
% [86,87. TDXI Y- R, Xv NI—JDOMEHNFAOBERNS, “IVFF+ A B
BRREXoTEHEINBZZEHNEEF LY. IV FF+r A MEBETE, B—DEREZEHD./—F
ICEET BRI, BEAEICTHZEOIZ1DDERE LTEEL, BBRHIDIKT S/ —RT
BEHREEHEL, ThThORE/ —FICEXT 520, LEDORELEFNS Sy /ER
HIT 2T LA TES 88]. TT T, LERDOBEREEIAMEEZLD, IVFFrALVY—
EREEING. TOXIBEREEEELZET S/ —FTEKEN XYy VT—JILBVT, <
VFF ¥ X MBEETTS BORBEHEIC DV TIREZ OMFELZRENT NS [7,87,90].

—7%, BEBEELZELEDINVFAT 4 TH—CARRMHT B, BERLEOIXNETT
BT TRRL, BFE/ — FADRBENEERY Y XEOEHD QoS EREHIZT T EHEE
£ix3 21,23 TNETIC, BHO QoS ZERLIz1oF+ X FOREERT VIV XLIC
BLTREFETRLEK S ICZEROWMFEERDHS. LML, IFF+ XA MEEICEL TE,
BIERHEERZ L 1 D0 QoS HEPEZLDODIX NOEBERE S 7V IV X LWL DhiE
RENTVBLDD, HED QoS, DXV AR MEFHTIDULDEEZEEL DR
W [91-96)].

ZTTAMFETIE, 2 DL EOEEDOED QoS #ZmE L DD, BREBEARDIX FZHIRB
TBHIIVFF vy A MEEHEANICOWTREIL, 1BRUBHEZEOINVFFr ALY U—
ERFEZIRET % [35,36,38).

5.2 1XZBEREKRHIHEHAI

5.2.1 RBEOERIt

AR TRETST 2D QoS EEEB LIV FF+ A MY U—ERER, UTOXSIKE
MeEhs.
¥9, Ay b= RaY—-e LT, RIS T7G=(V,E)2EXB. T, Vidxvt



54 58 SEBTNFEv R MERSIEER

T—HHD ) — ROES, BERVVIDESEL, 2TDY Y 7ICiE QoSTaiBE wi (1), wa(l), -, wa(l) (L €
E)2axbc(l) (le By MIMENTVAED LTS, L, nldEET 3\E QoS EIEHK
ThHb. '

KT, IVFFXAMNBEICBIIZREE/—Fs(seV)eZE/—FEED (D CV—{s}),
RUOI—FHEERENE QoS EHfI ri,ra, - -, ra BEZDNIZLT B, 272L, TNHD QoS
HEIZLTOI—FICH L TE—THBLDERETS. THREIL, NearVoD PERE(EF
DT TV — a VICERTEETHS. TR, AR TRETT BB, sZBELTDICE
ENE/—Rd,B2ETEEL, hD, FEDi=1,2,---,|D| k=1,2,---,niH LT, QoS
albsy

> wi(l) <y

lep;
BWERTROS BTRIND Viep, CN) BEDRT = (Vr, BEr) ZRRTHHELRES. f2
L, p; 3KREr TOWRsHERE/— Rd, "OREEERTLDETS. TTT, {s}uD)C
VrCV, ErCETH5%.

LHL, BETERNELS I, B (INEH)QoS FfEHE/z 9 1= ¥ A MRERERM
HIINPEETHBI LIHONTVS [22]. F/z, QoS FDENTIVFF+ X FEEER
BB R 2 A F—ABEICREENSED, ThEEENPRELETHS [89. £oT, AWET
WOSEEL EHLMIC NP RETH S0, SEARMTRENCHEI LR TERY. £
T, BRENETNVIYXLEEZS.

5.2.2 A=-F v XA PMRERICLDEIR

BB X DT, BHEO QoS B#EE LA =F v A MEEEIR7 NV IU ALESHREE
NTVEH, ILFF+ AMCELTIE, 22U EDQoSHEE (IXAMEEDH T3 DU LD
B PEELZLEDIREN. FOY, BEFECE > TERD QoS fiNEZmIc TV F+y
Z MEBREERT B, RE/ —RFH52%2E/—FADI=F v A MEREZMEFICE
KL, ZTNoEESLTRIET R LI S.

T OB, BREEERMCERTNE, 2 D0EUBOREBEERT SBICENE TICREL
FREOEREFHETAI LT, BREkDOaX M2z 6N%. AT, ThEEFARN
CES.

BlziE, B510%xy FI—ZIcBNT, EE/—FSHERE/—F M1, M2, M3 D%
BEREEZZD. /—Ra~fl3H#/ —KTH%. CTTYVIIMHEENEERZ (TR
b, GBI BETLEDEL, I—THEDQSERE LT, BESE SUT2HIFRAE LT 5.
BB, CTTREEDRD, 72120 QoS EEELTVAY, EEHD QoSfEFEIcHLTH
BOAERBERAREETHS. i, AVBZI=FYyAMV—F U IT7NVIAVALILEST, B
RENE QoS =L, HDOIARA RN EEZREHNBTRONZLEDEHREL TS,

BBEEROWR L EESE/— RIZEBEACHREINSGD, TOFITIEML,M2M3DIEET
3. ¥F, MI\DZ=_F+ A MEBRERICKD, BES—-b—-MIHELNS. TTT, 2DH
LIBEDZE /) — RICHT 3RBRERTTOBRB EOY V7 ERAVTEINFF v A MEBEE
DARXMELIZEVED, VT S—bE&b-oMIDIAMZ0 LTS (K5.2).
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5.1: Xy b T—2Zf

I, M2 DR S—b—Ml— c—=M2HESEND. BEIZFEKICY VT Ml—e, c—M2D
ArZ0LT B (K5.3).

X 5.2: EFIARDEITHI (step 1)

HEIC, M3NDOEBMESN, ILVFF+ A MYV U—DERT S (K5.4).

DXL TESNEINFFYy A VY —REZoNEFENEERERZL, BaX R
10&7%5%. LAL, TOARIETORE/— RN L TERNICI=Fv A MEEREERKT
7%, ZOBICHH L TNEREIERTS. > T, ZIE/ — FEHBNE EICIERAY
FRETSLVFF+r A MEBEZERTERVEVWSHEENDH 5.

TTT, BEDQSBEEBLIEA=F Yy AMNV—F T 7NITYAXLDS BT, Dijkstra D
TIWAV XLZFATE7 I3 X [20,24,26,27) T, 111 OBRBEEHRTZLT, &
RHNCREE /) — FHSMOLTD ./ — FAOEBISRBICRES. 22T, ChHOBREZ
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@n

5.3: EFIAXDETH (step 2)

@n

5.4: BFIAKDOZEITH (step 3)
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DEZFIATNE, NEBEOMEIE#ENS. LHLIDEE, BIAROL S ICE82(E
J—RADBBOERDEFFTEC LM TERNC LICEET 3. COHREARETIRLF
AREER. ,

K51 AUEHET, HHARERAOTRERER LIZFIZR 5.5I10RT.

X 5.5: WHIARDEITH

AN/ — RIS U TREEZERKT % &, FNFNHIZET- R S—b—MI1, S—a—M2,
S—d—e—f-M3BELSND. BHARTRRIDIMNI1BZEBEZOEEFFIBLTIINFF¥ X
MY —BRERTHD, FaAXPT16EKE5.

TDESI, MHARTIREZZE/—F\ORBOELXOEZFHATZILHTERZNVD,
BoNB3INVFFY A MY —DaXA MIEFAREDEKEL LS.

5.2.3 ‘EEAR

AMFETEREIT 5 ANL, DikstraD7 VIV XLEHEREL, F%E/ — FA\OREZKRD
BRI, AAMRPD 1 DT TEL, QoSEXRZHmIZLTWVBEDIE 2 DL EORERZER
LLTRLTBE, INoEZMENICHAEDLESD LTIV FFY ALY ')k—ﬁﬁw):zx b
ZHRL LS T58DTHS.

[Dijkstra D7 )L 5 U X ADHLE)

Dijkstra D7)V TV XLk, ZEE/— FHSIRICHNBEROED/NE OEREZULY ZEHLER
ERBEERDSB. DX, Dijkstra D7 )LV ALTIE, EITT 5 BETHENZRREIRAL
ICEREH, FEREICDVWTI D BOBRMRRINS I OYENTRENERIN
5. ThE, Dijkstra D7)V TV XLHDE—DBEICOWTRELRZERZEL TS L 2EHN
ELETINVIYRXLENSTHS. LKL, AR THS BEICEL T, BERENZQoSZ
WllTtohid, pFLEZ0BEICEL TRESRE TR TRV T LICEET 5.
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FZT, BEREBPERTIBRICBVTELNIEERRYEEETIC, —RHNICAZ Y
ZVARE X ¥ BHE% Dijkstra O 7NV IV XLIHNT 5. £z, BENEROEIELVEE
ICE, FORBEAZY ZIFETS. THICE->T, 2ETO/— R L THAHERICET
ZEERBBIUEERENELNS. CORER, FIETRELZERD QSEXRZERL
feazF v A M V—F 2 F 7)Y X L Fallback+ [29] THAVSNTVAH, TORHE, 13t
1 DRBERPENE LTVWSED, REZy I \DFEZBN./— FTOHMToT\5. A
FTTIE, ThEINVFFYAMNVI—ERICEBERT S, 2/ — FTIOEERREREFEZ

- =

172.

Fle LT, R56D*%y FT7—5T, BE/—FZS L LIGEORBENKBEZ Y. V
VI RAAMENEFY, BENERE TS Qo SEFEERTLDLET S, Eie, ZAv hTU—=TD
HRICIZET/ — RF—7VANREN, #E/ — ]~L;’éﬂéﬁ‘%if@ﬁ%ﬁ%ﬁ@ﬁt’gﬁud)/—
RHRREINTVS.

1. 7, BE/ —FSKEFEEINTWVSE/—Fa, blkk2WT, ®i/—RF—7NVICSHE
EAEND. TTT, HNEREHET S L, B THETES/—FRIbTHED
b \DEBRHEET B (FUUTEXFTEY).

2. RICBRBOEELE/ —RbZRALTCEETES /—Fa, DICEFEET AL, DIZIZ
CNETH/ — REBEHROS TS, §i/—RF—T7NWC b HEXIAEND. —7A, ald
ZELIC S WS T/ — RIERAH A, BEES—a llET 2 EMERE4LICHLT, &g
S—b—alilET BE3DAFINNE WD, §i/— FEREZEEH#AS. T I T, Dijkstra
DO7NVIYXLTRINETOR/ — REREEEINDD, HERENLTIVIV XL
TRINEARZY ZICEKY. TTT, BES—>b—->DICX2EMERED 4D, &
S—>b—alc X 2ENEREI RBZ 570, /—FRall DWW TLREEIHEET 5.

3. BolcAkMEE/—RFDIKNLT, #/—F7F—7)V LEIcH B4 S—b—D LEICHEEL
72/ —FaZREHT IR S—boa—D MBI NS, TR, BRIFLWVEEES
1z, ThEE/ —F7—7 )i sns.

LI EDXSICLT, Dijkstra®7)VITVU XL TRESNah - 72REE S—a®, EL50—F
ULHVESEh - 28ZK S—b—D, S—b—a—sD ZEMREERE LTRSS TLATES. &8, C
OIEZINZ TLEMFAERREDLS RN LICTEET 5.

[RILFF+ R YU —4R]

KRR TRRTBINVFFr A MV U—ERARNE, §IETRLUZE ST, HIRL T Dijkstra
O7NIVXLEFETS. £, CO7NVIVIXLEZRANVT, JXRBIUTETD QoS EE
KL TEBRREEEERL, TOBRBONIEERBESDEETOREDS L, BEXRETN
72 QoS B2 T T L DRIRHRER LT 5. %LT N5 DRERERENENCHEAGDYE
BZLICKDORX M EIZB.
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pre-node table

Sla|b|{D
pre-
node ) . .
(FIHIREE)
pre-node table
?."" 1 S{a|b|D
2 -
. rode | X[ 84|68 -
|
(1)
pre-node table
‘f*.o" l S|a|b|D
2 -
o ORI (EISIEE
1 o3 S,4
C)
pre-node table
‘f‘.o" l Sla|b|D
2 -
(a) {(v) [ X6
1 o3 S4| |b4

(3)

& 5.6: #5E & N7z Dijkstra D7)V I U X LOEEH]
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BHEMIZE, UTOFETIILFFYy ARV —RERKTS. TTT, EEREOIAMEC,
BEOCETNBIZE/ —RDI3BT, EEILVFFY ARV —IKEENTWVERNWY O
m &9 B.

1. BBRE/—RICHLT, 20/ — REECEENS 1 DULIMEVERR, ZOREERA
T5. COXSREBHIEE LAV, ASThTICFIE (2) NE.

2. BHERBROTIS C/mHBBRINDEDORTEATS. 1L, BUCERATNIEERICEEN
TWVWBZE/— FIZTOEICEDITU.

3. FIE(2) TEIRLEBE LDV /DaX+20ELT, &Y 0)@?&%%%@32 [ e :tqs
B9 5.

4. FIE(2),3) ZLTDRE/—FHFINFFYy A VY —IKEENBE X THIT 5.

5.7 ZRAVWTEZAROETFHERT. KFOSEEE/ —FK, MI~M5%2%{E/—F, %
O/ —REGfk /) —REd5. £, Uy rimEnzEE: (aX s, BE) L, &

HEHFZILT LT 5.
}:F~ﬁ®-jj:{
Q

2.3) @) 2.3)

(22)/3/ @
(5 4) (2 4)
(4.3)

(3.2

@, 2)\®/(4 1 )

5.7 2w FT—27 4

%9, HE L Dijkstra D7)V IV XLEZRANT, BMBERETREE2IX FBLUEE
LT, BSE/—RICHLTEREEERT . ChICE>TEENBERICHLTELNS,
L1 ETRAIE ) — RF—T VB X GZCHIST B (IR P, ) OERZZNENR 58D
X9’z B.

Ik, R59ICHBRTRLELS 732 8 DD EIEFRIFI & % 1= IR EE routel ~routed HEH
N3, £z, ThoDBREROIAMIES1DKSICKS.
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For cost optimal routes.

Slaib|{c]|di{MIM2|M3|M4|{M5
pre-node Slcila|Sia|MI/Mdlc | ¢
(cost,delay) 2,2%8,7X3,3X4,1X5.4X7.,7X8,8X6,5X7.6

Ml d
7.6 6,2

For delay optimal routes.

Sfalb|c|d|MIM2{M3/M4/M5
pre-node SlclaiS|a{MI|M4/M5|d
(costdelay) | X (2,208, 7X3,3X4,1X5.4X7,7X8,8X8,6X6.2

M1 blc
7.6 (9,7X6,5

X 5.8 8./ —F7—7NEMIET S (TR, BIE) DfE

route5 ;

Rt

c"“.

(4

PR (B!

X 5.9: BERAXNTHV B EMHERE

%= 5.1: B DI X s OFJERE

(route# [ 1] 2 [ 3[4]5]6]7]8]
C 507 19]6|8[7]|6]38
m 12212112
C/m |5|35/45|6 4764
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ZTT, BE/—FMI~M5D5 5, M2EELREEIL route2 DA TH B8, £z
RAEL, CORBEDYYIDIAME0 L LTEFHERBEOIX MEEELEY (B5.10, &
5.2).

e @2y

routeS ¢ @ route8
g 'Y

3.2
routed (24) %

5.10: #EARDEITHI (step 1

Xic, £52&D, C/m DENREINE W routes ZIRAT 3. Fiz, ARIC C & mZH
B9 3 (K5.11, +5.3).

% 5.2: BHEEROIZX L (step 1
route# || 1] 2]3]4]|5]6]7]8]
C *1*la/4]|6]5]|6]8
m *T*xl1l1l2(1]1]2
C/m | *|*|4|4|3|5|6/|4

Bi%1c, £53&0D, O/m DEDS/ID routed ZRAT B L, £TDORE/— FADEED
EEL, SLFF¥ AV —DERT B (K5.12).

5.3 ZXMZBEZEHHEHAI
5.3.1 B&EAR

-&m%ﬁzwvw%#%wa—%yﬁd,ﬁﬁ?ﬁ&k1ﬁ§®VW?$wx%vv—
PRIALTEEINS. COB, 120XV FFY AV Y—RELTOSM/ —FTHET S
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route2

X 5.11: BEARDETHI (step 2)

# 5.3: BFAEZEOI X+ (step 2)
lroutet [ 1 |2 [3]4]5]6]7]8]
C * * * * * 4 6 *
m >k *k % *k %k 1 1 E 3
C'/m PR * * * 4 6 *
2,4

route2

5.12: REAANDEITHI (step 3)
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B@Esm/ -k O M/ —F <= FIevIORF

B 5.13: ZNHEEOEHE

Shared-Tree 528, &/ — FHAHED 1 /BN FF ¥y A MV VU—%EKT % Private-Tree /5
RO 2DDAENEZLNS [97,98].

Shared-Tree HERTIE, 77 1DDVV—BERT 510, MEHEMTHBH, A2/ EHD
B> TV Y —HRDY VI b Sy VHEFTE L VS HENDH S (K5.13(a)) .

Private-Tree A3ti, Fid, &/ — R L TIEBIC LV FFT A MY UKD B HEL,
BEICE/ — RICHT 3L FF vy ARV Y —RDBFELICHETES. @MIEDOHETH,
FSbw DS EEEZE LYY —BRIETFIRETH BH, 8/ — FEIIECTY V—IcER
XNBYYIEHEML, FOLEVY—ERICEZ ODNEREEZET S (K5.13(b) . —A,
BEOHETIX, NEREEYETESZD, RO/ — RTELUT 3 YV —2BRT 5 ARl
RNEL. FDLw s OEREERT ST EATERNT LAMSNTVS (@5.13() -

FCTERFETIE, AV/NBICHBILEOERT RS by 7 BHRBIWICHET 5 S0 SREK
REHEAXZRET 5.

5.3.2 #EAFRX

9, EEAROFIFOVTHET S (F5.14) . TORCBNT, &M/ —RE<LVF
FYAMIBMLTWBI—YERNELTWE /—F2IETLOLT S.
1. 8/ — BH, BEEV—X/— R33NV FFT+ A MY U—EBKTS. O, #l
HTRELFARXPRAVTYY—BRTEILICED, 2—FHhEDOEED QoS EXRZIKZT
LRICEHERREFRETS (”5.15-1). TOR, IRENT Dijkstra D7 VTV XLZHANT
W) —EREITS T L TRELNIEERRIE, BOV Y —BEBROBRCHATS.
2. BE LYY —EELPEEICRBLTETOY Y 7OERRNZEEYT 5 (K5.15-2). D
1%, BBV UZICONT, FOVVIERERLTVS ./ — REEHRSM/ — FETE > IED
REL-RERBZ IR, YVI—OBBRZTD.
3. VU —BERSDELLE LIRS, %55/ - RREERBRERAVT M by 720
TEBES VI —ZEIET S (K5.16).



5.3 ZxZBEKRESHAR

65

@ Source Node
6 Other Node

X 5.14: FIE 1

Tree information

@b Tnformation
exchange

(2)

5.16: VU —FEHER
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LUTF, 8FIEOZFROWVT, FHEFZRWTEET 5.

[RIFF+ XYY —1EBR]

TIVFEXY AV —BERT BRI, FSey700BEZERELEYY —EBEEKT S
BRCERREREBS -0, FIFTRELZAXEFRT 5.

BEARTR, TOARCBNT, #HEX N Dijkstra D7)V TV X LEKy TREIEEL
LEAT 3, A—Ry THOBRBENMELSRDI - BETLYEERE LTHRREFT 5.
Thick, BB DYERBREFRTZS.

M5172HWT, /J—RSHE/—FR1,2DA\DINVFFr A VI —BERT BHEIC
DWTHHET 3. TTTES541E, ERINEBEREZE/ —FhBY—R/—F#ILTES
BRICEBHNCEINS /— FER (LITF, 5/ —FER) ZERFTHLDTHH, #1IEFEKKRDHD
51/ — FIEREH#2 13BHSRDOH B/ — FEREZERT.

O
o
(2)

B 517 V) —#E 1

% 5.4: §1./— FIEHR1HE
J—EK|S|1/2|D
#1 [X{-1-1-1

FFTR DR EIBICRIIEFTY—RA/—F SHhHE 1Ry TTEEAREL/—F1, 28
BIREND. FOBRV VI T—TIVER55DESICEFHEINS.

%55 B/ — FE#R?2
J—FR\{S|1|2|D
#1 [ X|S|-]-

4
J—F|S|1|2]|D
#1 | X|S5|§5] -
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®

®

AN

X 5.18: WU —#EK 2

Ric, BHCBRBMEREINTNWS /— FOHRT—FRY TRHODEN/— 5 1Ky 7T
FIEATRE R NERENS. 519K EIICET /—F 105/ —F D ETORENE
REN, VVIERT—TIVEERS.6DXIICEFRENS.

)

®

g

X 5.19: WU —#Emk 3

7% 5.6: g1/ — F{g® 3
J—=F{S|1{2|D
#1 X|IS|S|1

BETREY—X/—FSHEL2TD/— RETOREBIPEREINT VB -DUBENKTIT S
A, BIC/—F 225 1Ry T TEREARERELNS D ESDKREL, TOER, /—FD
WKHUTRRY T2 L AZBRBEHARDHIS. /— R DANGEICERR Ry THo2x3/—F1
HEDRBEHEREINTVED, B—Fry T TH3 ./ —R2Hh5DOBRIIDODVTLIERLEEF
5. TOEDHYVIERT—TNVIE, ‘5. TDXSIKEHFEINS.

BRENEVFIFY AN VU X, R5.708HOR1/ — FERERAWVWT, K521IKRT X
SICEBRENS.



F55 HBERIFFr X PEREIEEN

X 5.20: WU —HERK 4

£ 5.7 51/ — PR 4
J—FK|S|1|2|D

#1 | X|S|S|1

#2 |- [-]-12

®

K 5.21: WU —®KS5
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[ﬁf?ﬁﬁf*‘]i]
W —DBEEREITSHESIHhOHEIX, UFTICRETRs1 CBEth ZHVTITS.

f(m) =22 (5.1)

K5.1IEBVT, M, m, BENTIRILVFF¥ A MBMLTWS ./ — FERY, 3V
YORERLTVWS /— FEZRY.

9 f <th LBBHER, BEREITDRL.

f>thOBE, ZEY VI 2ERTS/— FORTRIEZEAT (m - M x th) BICELL
/—FTEERZITS. COR, E0/—FVE@ERZITI ML, EFcRITZEBRIRMIC K-
THRET 5. BRARTE, &80/ — FICEBEOESE2EV (Y, BENREVEONSIE
CEEERBATRO/ — FTEBBREITS X5l Ch&h /— RETREBEITDOI LY
BEMCERBRZITAS.

G5 109

&/ —FiZ, 3ZUBIC Fallback+ic & O YU —BZIT> ZRIC, REFSNIEERBZH
WTEEKT 3. UTICY—RA/—F28 L LGS DBRBROEFFZRT.

5.22: WU —IEH

| Node [[0|1]2]3]4][5]6]7]8]
#1 [1]2|5]4]5]8|7]8]|X
#2 [[3[4al-l6]7]-]-]-|X

& 5.8: #i./ — FfE#&

/J—F8IZBWVT, Fallback+ZETT5LE58DEK S BEREEHERT T —TILHELN
5. W52 7—TNVERKRLIZEDTHS. RICBWTERIE, TICERENRY V2R
BEIBHLSEIRENZY VI BET.

J—=ROMPRNFFX AN TNV—TIZBMLTWBIES, £580D57—7)L&D, K5.231C
TR EXIERERE -7 —-6—>3—>0DEREINS.
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® O @
® O 6

X 5.23: & UDHIEIRE NT-RREE

T, D/ — ROV —IEHRETHULER, K524 TRENBEIICVVT6-5
KBWTERDPREEN, Bl V—0OBBRNRETHS LY LUIE, R58%25RL
VU—DEEKTBEE, 8HhS0NEANSIBRECHB /—F3ICFEETHE, /—F6d
BORBIBRUSMNMC /—F4, /—F3LBETIBREERIDLHEHTHSB (K524 D
SHRICRENB Y V7). TOBREZECEREERBRT L, EEAAY V7281 %8
8 > 7—4—3—0NRINTES.

X 5.24: EERH

BRI, 5250K5 %V Y—H5ERT B.

5.4 (e
5.4.1 13WZBEFRKEHEAXICET S
(ERIETEE]

AETIE, BEAROEMENLIETIML LT REREEErEHT 5. $eE3ETA
NEWFIS R L CEFSROBE ERLEH L, BESR BT 5. UFTE, 2w
T— oD ) — REE V|, AVN—FE D], IR FBEUEET B QoS IEENKEE n
¥ L. #3EL7= Dijkstra D7 VTV X LI & o> TELN B RERESE j LT 5.



5.4 PEREFTM@ 71

® ©-O
i-@ ©
® ©

X 5.25: BRI DRZE

9, FEZEHD QoS 2ER L IREEEIRT LIV ALOBBEREFEEZ OV B L
IFOM|VP) THBT LHARENTNS [21,23,26]. £oT, ThHD7NIYXLEZE
/= PO BRRNCETY 2EFARORMEFERIZ O(|1D||V]?)  LIIEOM|D||V]?) &k 5.

RS, WIAADFHEEZENT . WHAHRTIE, FZE/— FICHT 2RZEKIT 1 ED
Dijkstra D7)V AV ALIC Ko TITbN 5728, 25/ — FERICEFRERHEEERIZ OV
& LIZOomV]R) k3.

REICREARNORMABEELRT. ZUDICHEMEREE R ZUHEDEEHEE I LTS
NEMELO(VH) B LLIEOM|V]?) THS. RIEHRREEASDEIBOMNEIERS
Y. Y, C/mBRDOBBZESEORMIEEI—7YV—ME2AV3 & O(logj) TH
%. TLUTHRY DEGREBRICDOVWTIAMZHELETY, CLOORRICEENZ VU7
BAT|V|-1E(TO/—F IV Y IDRBZ5E) THsz0, aX MNEEONHEDE
BER

O((G =1 x(IVI-1)) = 0@IV])

THD. THEBKTRE/— REHF50T, BB OUGID|V) k%, T, REHFRS
EBXRE/—FIIHLTaRX FBET QoS FBIEDE T2 HEE E iz Dijkstra D7V IV X LE2E
T9%5DTjxn|D| THB. £>T—HAH,

O(m|VI®) + O(IDIIV]) = O(n|VI*) + O(| D|*V)

Eixs.
UEDRERED, BREAXDRBHERRIITARXLDREKENLDD, |D|<|V|THB
b, BEFARLDIZNHENT EATHB.

(& ErYET(E]

FETE, YIalb—rarvEBRETY, SARERAVTELNEILFFL A MY Y—0D
JAMZHETS. /o, FHETRBICOVWTEFET 5.

Y, XY T—=TETIVELT, /—FEN400D5 Y E LTS T% Waxman DF5i [83]
KE>TEKL, BYVIICAXA MBIV QoS BB EZ—HEABICIDREEENSE 1HE6ET
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DEMEL LTRIMLIZEDRZENFNI0EOEELE. TTT, /—FREEDDUVIE
BEH4AL U, EE/—FRUZE/— FREERIGEINSLDEL, ZE/— FEIZ
10~50 & L7z.

¥iz, EET5 QoSEERI2 (AR MEEDHTI) Ll 2TOEE/—FEE—D QoS
FPERTZEDOEL, FOMIE, ZE/—FER200DLE, FNEEZTREREZELONSEHESH
WRBEICE D K5 REERDTTRERZIT,, 28L& L.

LLEo&EET, BHAR, BEAR, BEFARZThTNCK>TETOERF/ —FiZDW0T
B Y 1 TR AR T AUER 1 DDXy N I—ZEFMICDE 100, F 10000 EIFRIT
L.

CDVIAL—YaviBNT, FARICE> TELNREBEEED X M DFEEERIF]
ARICEBERETEEIELELORR5.26 IR, 12120, BEIZE/ —FRTDHD, #R
WCIREHEID t HEERVWTER L7z 5% FZEXEZMNINL TWa.

98 T

Féropos:ed alg';orithr% ——
~ Serial algorithm ------

total cost relative to Parallel algorithm (%)

88 A S A U N S A N
5 10 15 20 25 30 35 40 45 50 55
the number of receiver nodes

K52 YIal—rarvEgR

COERNS, BEARIEHD QSEREZHEZLDDIARXMZMATIIVFFX ALY
J—EFERLTWBTZ EHTHh 5.
Ko, FHHETREER (CPU B [sec) 2 5.91TRT, ¥, FEITHRIRE Sun Ultra80 TH 5.

% 5.9: FHEETRA
2E/—F&| 10 20 30 0 | 50 |
#2= AR | 0.1388 | 0.1451 | 0.1500 | 0.1553 | 0.1612
EHIAN | 1.6121 | 2.9179 | 4.1440 | 5.3876 | 6.5521
WHARX | 0.1372 | 0.1422 | 0.1449 | 0.1475 | 0.1498
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CORRNL, BEANRNE 5.1 H TRERXRERERMEITERIC OV TRIEFIARE D KENVD
DO, FEHMIIITFARE ZIZAEONEREZZER L TVWEEEX 5.

BEDEKSic, BBEARIIERD QoS EXRE/ZLODIARX M EMA N FFY A MY
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