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Abstract

Many infrastructures in real world have been known to be represented by Scale-
free(SF) networks. However, in a SF network, malicious attacks to a few hubs
break down the connectivity easily. Furthermore, these networks are also threat-
ened by frequently occurred natural large disasters. To overcome these problems,
we propose a self-healing method based on enhancing loops for improving robust-
ness. Enhancing loops is adopted because of the following recent works. Network
dismantling and decycling problems are asymptotically equivalent. In addition, for
finding the minimal set of nodes for spreading information to the whole network,
the optimal influencers are defined as the set whose removals cause the fragmenta-
tion into many local clusters. These facts indicate that removing all loops make the
network into tree structure which lead to be easily fragmented by removing artic-
ulation nodes. Therefore, it is important for making robust networks to maintain
as many loops as possible. In fact, enhancing loops is strongly related to make
onion-like structure with the optimal robustness of connectivity. For example,
enhancing loops by intermediate attachments with selecting low degree nodes is
effective to make the onion-like structure. Unlike SF network, onion-like network
with positive degree-degree correlation is robust against malicious attacks as well
as random failures.

In recent years, several healing methods have been proposed. In a distributed
local healing, the most damaged node has new connection with randomly selected
node in the neighbors of attacked nodes. In this healing, the number of healing
links are controllable according to the damage. However, the selection of heal-
ing nodes is heuristic in order of the most damaged ones. Another is the healing
method on interdependent two lattices. When adding healing links, the candi-
date of new connections is expanded beyond nearest neighbors to maintain whole
connectivity except failed components.

Such expanding of connection range is important for our method, in which
healing links are added to the network after removal of high degree nodes. The
neighbors of attacked nodes lose a part of their links, while the unbroken links
of removed nodes can be reused. Therefore, some links emanated from removed
nodes are reused as healing links between the extended neighbors. We consider
that the number of reusable links depends on situations of damage.

To expand the connection range of healing link, each node transfers information
to other nodes in three hops. If a node can communicate within two hops, new
connections are created only between nearest neighbors. However, by communi-
cating other nodes in three hops, candidates of healing links could be extended
over the nearest neighbors in distributed manner.

We emphasize enhancing loops in the following self-healing method. First, a



ring as the simplest loop is created within extended neighbors to maintain the
larger connectivity. In case of incomplete rings without enough healing links, the
order of linking is decreasing order of its connected component size to obtain larger
connectivity after healing. Next, if healing links are residual after making rings,
loops on the rings are enhanced between low degree nodes.

We numerically evaluate our proposed method in comparison with the conven-
tional self-healing method in implementing sequential algorithms. For several in-
frastructure networks, such as flight routes, power grid, and Internet, we consider
the three measures: the connectivity, the robustness of connectivity and efficiency
of paths. In addition, we discuss the number of additional ports as the resource
of healing.

Through numerical simulations, we obtain the following results.

e The reconstructed networks by our proposed method maintains the higher
connectivity than ones by the conventional method.

e In case of sufficiently using healing links, it obtains both higher robustness
and efficiency than the conventional method.

e However, a larger number of additional ports is required than that in the
conventional method.

The sequential algorithm is not always practicable because of time delay for
transferring and cost of communication paths between center and other nodes,
etc. Therefore, we describe a distributed algorithm for applying our self-healing
on real systems. On the asynchronous system, our distributed algorithm consists
of five phases. The outline of algorithm is as follows.

1. After the initiation at a node (healing node) that detect the malfunction
nodes, each healing node sends messages of notification to other healing
nodes in three hops directly. Through interacting with other healing nodes
in three hops by sending the messages, each healing node knows the healing
node’s IDs over the three hops and makes the temporary routing table to
communicate further healing nodes.

2. To make a ring, the order of connecting ring is determined by the size of
the connected components. Therefore, each healing node uses a delivery
tree to know the size of its component. After knowing the size, in order to
reduce the number of required messages such as in floodings, a leader node
is decided. A role of leader is determining the order of ring and requesting
to other healing nodes for new connections to make a ring.



3. Each healing node sends the size of component to a leader. A leader decides
the order of connecting ring by received information of component sizes. For
making a ring, a leader sends requesting message to others healing nodes.
The healing nodes received the message make new connections.
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r:a-iki (3.1)

ZZT, b I3HRREIEIE L7 )  — R i DXRETH B, LOALREDES, ZOWE —
R ot — FEICH 2 ) v 72 ERH L THIARVWEIIGETET 5, ©212,
Sk D~ IERENUZHBEEERT 5, $72, ol 3HZX2) Y7 0EGERT
NI R =& =T, a DHPHIZX (0,1] & T 2,

e, RO AT R LK 2EBEEZ T, SEENRIITFDH3I Ry S
FCHEMELD ZeHRZ 2 LT, £DEMTEIEY > 7 0HFHZ IR T =
X512 5%, WZIZ, BEITZSILR L BEHEZ 2 iov— 2z Tt s
% XD IZRTINZATV, r b REEHFZ L ICHE T 5, © 2 ICZOfEIX. FUE
BHEPEICH D ) — RBA L2, — ROXE DN D, FELWVETEFEIX
DIRRICAN B, BIIEIX 3 AT v TR X, ITD X 512179,

Stepl FEENRIX3 Ty THETHERERILT S X 51U T, BEY > 7idE
M N 2EHEEILRT 2, HIZIER31(E) DLSIC, 2Ry FETHEEE
BTEsr, BIEY Y IMBMEIN2HEDSHEEEIE LT/ — F ORI
MTH2, LLLENS, 3y NI —ZDHFERMIC L > T, ZOHPFHNE
RV e TSNy N — 72 —DIHETERWEEND 5, FH
PR, X 3.1(fk) TRV ¥ 7 3&KAHFIEREI N T, 2y P =70 —
DKLV, WRIZ, 3Ky 7OEERGH 2BE L OEENTE, 52
RREEE 2 Hhfk U CES 3 08 4 BEEABIR Y ¥ 7 odif#EiF 2 LR T & 5, fBilZ
W K31(H) T/ —F4E/ —F2%2@BL T/ —F367EBETE2050,
BT W) — P B TE 2 X951k 5, 25 LTIRBRLZZBIEY ~
7 OHEIFNT, FUILRBEEICH 2 ) — FIZBEWEETE %,



- 2y TOBE « 3Fky7oigE

O ey ronans O BB L 58 > & O%E)

X 3.1: WISPIRERIEREIC X 278, () 2Ky THMEIRY > 7 ofifZ . v b
U — 7% —DIEMTERN, (F) 3Ry IR 6, o/ — KediEs 3
ZETBEY v OHEIMZ T 5, ELIZH DS/ — FiEZERTT 2 Z & T,
mEWVEREE R T X S

Step2 [X]3.2 DIFARD & 512, FLERL7AEE Y > 7 OB MFEH (HRREEHE) O 2 —

RICERZEEN T %, —RIZ, V—FICRERARIHRND 7 — FEHELHET
ZEIENP NE#EERMETH 20, RIDBRVWY Y IBTIEKTE S L—TL
LTCOE#E R 5, WEBIFSILNREE Z 2 1270, vy b7 —271ZI3EK
DJRFTERIES NS,
Bz, K321 2 D DILREED D 5, JHRBHEZ1IX/ —F1~T7TD ./ —
RESTHD., IR 213/ —F8~ 1200/ — FESTH S, [FIUHILE
BEZIcH 2 /) — FREITLIEEWE R L TRETE 3, SILREHEZ ¥ OB1E
VY 7RE. JRRBEEE D ) — FOREHICH 2 ) — R OXRBUTED <,
D% D, EIRMHE 1 CHEXZBEY V2 X, /—F 1 ~ 7TORIHEIC
HBHWE, — R ABCORBHNZEETH2, FlGan1.0k25, BEY ~
TERBROWTEIELBEY Y7 IE IRk 3, £/, ILRBE 2 T2 %
BIEY > 78 r 13HE, — F D.E OXRBHIOEIGETH Y, HE ad¥1.0 4
By rg =612 5, TNEHWTHINEBHE CImEZ(ES, HL. & a2V)
XL CTHEHAMETE2 ) Y 2 r WO WEE. EEBCH 2 2TH ) — R
P CEBIFRWEERHD 5, ZORTE 32 EWVEE 2152 72912,
BB T BIERFZ 7 — K8 LTV B HEER DY A XORKE XS Z kI
35,

Step3 Step2 THiZTER L7212, HAIATZ 2 ¥ 7 8r O D 7% o T&im -
DIEHBMENN 7 — FEIC a— Ay bREMLT, v—7Z25#(bd 2 (K
320D, ZD¥a—bhy bTHRy b= DIEOXRBHEEEZ RO X 5
123 %,

Bl Z12, X 3.2 TEG ad¥ 1.0 DEE, TEEREERE 1 1CHEES 72012 TR [Hio 72
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Mo, BRoBIEY V7 BIZ2ARKTH S, WZIT, TREME 1 oFIicy a—
My b2OREBINT S, T, TRREEHEZ 2 TR EZIES 720125 Ao 7=
DT, B 1AZHWT I a— Ay FZ2EBINT 3,

CEMLEEY v o
Oiﬁﬁbf:ﬂ%@v & DEE LIRS RCBMLBEY
Sa—thy FTEMLIEEY 2

B 3.2: BEETBEL R Y b7 —2 DRERK, Step2 TIIBILREEHED 7 — F
MICERZ RS %5, Step3 TlIFim LI a— vy bEEBINT %, B8
V7 DREENG: F// —F R/ —F: R — K #&fE, —FDV >~
7 R, W AR, S a— My b BERR
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PaE EF—AHIHITIEEEEE
D EER ¥ 5Tl

UTWRRIAY 772y VI =0 DT =R LT, B8R LBIEE L BIF
D HOBIRE 5] 1I2oWVWT, 22HOEEZHWTHERT 5, MRITKRE 41y T —
3R EINTWBHEDA V7572 VI =07 TH b, 41HIEHREAY VU —
7 DFEM, 4.2 BIIE XY P =21 T 2RO BN R 2 RS, 4.3 fXEE
WRHAERR— FUITOWTHERT 5. IRREDOSBEIIEXRN 713V X LT
RELEZDBDTH 5,

4.1 ExXv bT7—0 O

o AirTraffic: 7 XV A#HiZ4)5 (FAA) FiTJ& NFDC(National Flight Data Cen-
ter) DffizEL — MERTIESN =4 v P T =72,
(http://konect.cc/networks/maayan-faa/)

e ASOregon: 7 X ) A4 L 2 ¥ K% (University of Oregon) T 7= 7m Y =«
2 b (Route Views Project) TH® 7z AS(autonomous systems) L X)L TD A
v & —;\T‘ b4 ]\ O)%ﬁo
(http://konect.cc/networks/dimacs10-as-22july06 /)

e OpenFlight: 2R DZEE LY Zh SEOT#EIE%Z B L TW % Openflights.org
oLty P T =7,
(http://konect.cc/networks/opsahl-openflights/)

e PowerGrid: 7 XV APAEOEHEHMD L v bV —7,
(http://konect.cc/networks/opsahl-powergrid/)

e USAirport: 7 XV 1 TIRENEAHAZWIET LA 500 fHDZEED A v b7 —2,
(https://toreopsahl.com/datasets/usairports)

FRA1VIBER T 7 LTELRY b T — 7 OREARRFZ R,
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I bT—=2 | K — N R Y 2B | EERE | R | B NREL | ERE
AirTraffic 1226 2408 3.9 34 1 17
ASOregon 6474 12572 3.9 1458 1 9

OpenFlight 2905 15645 10.8 242 1 14
PowerGrid 4941 6594 2.7 19 1 46
USAirport 500 2980 11.9 145 1 7

K AL FEAxy N7 — 7 DHARHE

4.2 REERCLWEFKEZLERT B1-OHDRER

2.2fiDR (2.3~5) ZHWT, BELZAY b7 =7 DRERTANS, K4.1~4.5
T, MEI A Y bV =22 5 REERBETHIFR L 72 7 — REDOIWEER ¢ T, Hitlh
EZ DAy b — 7 BEE U TG S, (7). HEIEEYE R(). RREEIR E(fH) 23
ELDDTH 5,

FTo R BEEY V7 DEEG o DIEZEZRD S, TERE L BIERRE R L
72o FROEUFZ DEIE a(5%: A L P, 10%:F . 20%:#%E, 50%: B, 100%:
B0) 2R LT, IBRREXA THL {EREIIEITR T, BESRIIKERTOITA
DAy bV =27 TE2HETDH 5,

4.11F AirTraffic x v b7 =213 2R TH 5, K4.1(E) iTBVT, &
REFEE 05U ETHZ L, I FL AL DEGEHEEHRFTE 20, BV gET
BAO LB T % (K4.1(k) O, Ei7). L LEMNS, TEREIER. WEER¢20.5
DLET, #EEEARBICED Uz, G a2 02T Th, IBRIRIIERIEL D,
EWVHEREE R R (K 4.1() DR, H. B,

F/z KAL) (F) I2BWT, #18 a b 0.5 BT, IBERRIEEOIEEE & %
MR L7 (K4.1(F)(F) O, £, 02 TOEIETH. @\ ¢ ETIXEE
PE e FERRRNRAIEM L 72 (K 4.1(H)(F) OF. k). 24U, mvgETOBE
L7ty NI —=ODIEAIT S 712205 TH 5, (ERIEITEIED 0.2 LT, H
i PE & RREE IR A 0123 <. 05 L ETHWAL2o0H b, WELHIO X v b T —
70T 2 BUE (BAERR) XD BEWEE RoTWa,

4.2, 4.3, 4.5 D (/£) 2»5. ASOregon,OpenFlight, USAirport v s 7 —21Z
F 5 ZEAEE D AirTraffic DAFREFEIC K, & a3 0.5 L ETREBFEIXIZEAY
DR ZHERFT X 203, CREKRAD § 5 (M4.2,4.3,4.5(/6) D, i), £,
2w M7 =212 X 5 Tid (OpenFlight, USAirport) El& a 2302 THIF & A ¥ DH
fatE 2 MERr S 2 (K 4.3,4.5(/5) DFFAR)o

F7o, K4.2, 4.3, 45D (F) D5, ASOregon,OpenFlight, USAirport v W7 —
2105 2 TR Z LT % b SRRIEFEIG o 23 0.5 AL THERE L D IEREICE
WEEZR U7 (K4.2,4.34.5(F) OB, %#t), 7. OpenFlight,USAirport % v
FY—=2Tldad02ThH, BOLHOBEBELETL D S WEBIEZ RS (4 4.3,4.5(77)
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DFEIR)e ZAUIF R v b7 =7 DMl X D FEIIREDE L T Ay P =T DRE
S LTBIRICHZ 20 Y ZHDBZ b e EZ 515,

4.2, 4.3, 450 (f) BT 2B HHEEECRIC L, ElE& ad? 0.5 E
TRBEOEREIMERIE L D &V (K4.2,4.34.5(F) DFE, L), LrLRd5,
ASOregon % v bV —27TREIE ad 1.0 TH ¢ = 0.6 LT TIXEASIROBEED]
HIOBEZEZ TRV, —F. FEIREDNZIEF U AirTraffic x v sV —27 TR
RO BT L D BB % R L7235, ASOregon v bV —2 TlEZ 5T
IRV HNIBERLIFT D ASOregon EFEI DG 10% % 5D 2 NTDHIFEL T (K
4.1). LR EWERIIRZF > T0Wk e EZ 6N 5,

4.1, 4.2 4.3, 45D (£) TR, AirTraffic,ASOregon,OpenFlight, USAirport
v M7 =203 2 EEEDORERIE. ¢ = 0.8 ~ 0.9 T/MERD T 5, Lo Ligd
5. PowerGrid v b7 —2Tld, 2D LT ARWEREHEZ RS (K 4.4(7)).
W 22, TR & RREERNER S IS T 5 (K 4.4(F) () 24U, PowerGrid
2w N =RD Ry b7 =27 XD EVEREZREOWRIZ, 3Ky TOEET
WFELWCH D — P TE 3, @R TERVW I LICGERT 2 e E 2
bid,

EHE S ()

)| A &
1 02 03 04 05 06 07 08 09 . 05 X
BORE q BORE q BORE q

4.2: ASOregon TDIEIERE R
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0.

o J»/g/ oo

0 0 &

0.1 0.2 03 04 05 06 0.7 0.8 09 0.1 0.2 0.3 04 05 0.6 0.7 08 0.9
A% q W% q

Xl 4.3: OpenFlight TDIEMERER

EHE S ()

86—

07 08 0.

S——
4 05 06

B q

4.4: PowerGrid T DL R

WEHE S ()

9 1 0.2 03 04 0.5 06 0.7 08 0.9 .4
BORE q L BORHE q

4.5: USAirport TODEEREE

4.3 EEICHELENR— ML

AEITIE, BIELE-AY VY —2ORMEEIZB R 5, BIEFRICHERBINR—
MEEHRT 2, V2% —FRITEBMT 2, avter b k5Z, #EHT
BRI TH 2, ZOEHRIIR— b PRI 2, REMEIOLY VT —2T
D)= RN — FPMEZZR—- P ERL, KETY V72 KRoTHZhOD
R—MIFEAHTEZ2EZ2D0HARATH 5, FlZIX, WEDENIXE L = 1
7otz — RiDPBERICKL =51Xkbe, BEICHELZBINR— MMUI4TDH
%o UPITRTERA2~411TlE, 2y VY= TREEIERIETEBEL 25
B DERBINA— MORKME L FEEEZRT (FENHEEE), ROMIZE
b — 7B T HEEK (3.1) 1B B EIE o BN,

421, AirTraffic x v bV —27 ZIEZIE TR S 258, DELEMAR— b
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BORKEE FIETH 2, HEEq 2EEG aDPEWIEY, RAEE FEENE
BN S %, @\ q TOBESRY NV —2IERIZ S 712725 DT, BIIAR—
BOBRKME L FERE, 72, AirTraffic % v 8V — 27 TORKKE Loy D
M THBZex2EZ5 L. BIMK—- MNMORKED LRIX 1.15k,,,, ZHZ 720,

ZAE, KEMEW — REicya— by PEBRDIRLGEMT 222 T, &
Bxy V=R 2 712kb X512, BIEY V7 PEFICHEEINEZ L
WERT 2 EZ 615,

AirTraffic 3 v b7 — 271203 2 EREORER (R 4.3) T, BIMAR— MORK
BV ¢, SV afHETREVWEEEZ R L7z, ZHUIK 4.1 T, 1EREDIEIS o
0.5 ET, IREECoEEE R TR L BRED S, BB, (ERIED
BAEEHFIIATIRD X 5122 Ky T TH 20, ROKEEK ¢ TlE 2 Ky FOEER
FTHZLDBEY V7 2BITERZZLTH2, /2. BTDgL alTHLT,
FIER CEMAR— M DOFEEE RS,

7 4.41%. ASOregon v MU — 27 ZERIETERE LR, DERBEMNAR— MK
DERKEE FHETH 2, ZORTDH AirTraffic IR T2HEREF L L. ¢ & adE
WEE, ARMEE FEEEMNT %, LA LA S, ASOregon *v bV —7 D
KREL kpae = 1458 & LLER L CTHRAMED _EFRIZ 0030 LT TH %, ASOregon 1
AirTraffic ITEERT, 595 5D 7 — FE RO, FEIREILX 3.9 THRLTH 5,
T/, IBRFEOBIETEIE o> 0.5 TIE/ — FHIERD: DA EK 72/ — FIZIESE
BB—D DEFERR T TE TV S (K 4.2(k) DEFR. FEfR). @212, ASOregon &
AirTraffic TOEMAR — MO RKIE & FIEDFMTH 2 A, — F 1EY4 7%
DICEBIMXNZBEY) V7 BPRLCTH 20068 EZ 605, ZZ T, ASOregon
MRS 1458 TH BN T2 FDZ & T, AR LR TEMAR— Moz KE
ERREIEF AN (0.03K00) ZHFD0

ASOregon v b7 — 271203 HERIEDHER (R 4.5) TH. KW g fEE EHWE
B afHETREVENMAR— MORKEZRT D, ZDMED 1.15k., #2720,
72, BTOD g o OFEATEMNA— MO FEHIZ— R EBEZ R,

7 4.61%, ITBREEH W5 OpenFlight v bV — 7 ODEEICHEILBIAR — ML
DIRKE L FEHETHD 5, WEE g LEE a2HINT 5 L L Hic, BINR—- MO
KESHIEMT 5, OpenFlight TOIRAKIEL ko 13242 T, IAMED _FFRIZ 0.45K,,4,
THb, LLEDS, OpenFlight TORAMED ERIE AirTraffic. ASOregon T
DER X D EEEE RS, 24U OpenFlight DFREL ((k) = 10.8) D3+ »
FY—Z DB E DBV L ICERT A EEZ HNS,

OpenFlight 1213 2 fERIEITDE A EBMIAR — MO RKE & FE (£ 4.7) &,
AirTraffic. ASOregon TOFHR (£ 4.3, 45) LR L. &2TD ¢.a OHEHAT—E
IZBMAR— VEROEEEE RS, £, IBEEOMRE (£4.6) T, BAMED LRIX
ity bV —2 X EOWEIEZ TR0, TEREDHER (£ 4.7) T, BAMED LRI
ity vV —27 T 2 EUEE RO,

PowerGrid v bV —2Z 13 fix vy vV —27 X D, BWVER IR EGREL &K
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KD, L LA S, PowerGrid % v bV — 27 BIRRIETBET 356, &
FLBINAR — MO AME & SPIIERERE (4.8) 1%, fiity b7 =27 OFEREFET

(g ad@Enidy, mAEE FIESEMT %, F72. PowerGrid DEARKEL
(Kaz) 1E Ty AMED EBRIZ 121k, 18725, £z, IOX Y bV = FERE 0
F. B2 g =090 =100, BIMR—- MORKEIZEIEL D, AirTraffic
T 1.09f%. ASoregon T 1.02 5. OpenFlight T 1.02 fF K Z W, PowerGrid 7217753
3075 TH 5, M44(k) TRT XD, ¢=09.a=1.0D5A. REETEE
L7z vy b7 —=213550.1 DIRWVEEEZ RO, ZOROBERY by -2k £
BOIRBE L. ZOMEI D ZWINL, — F TN TW 06, BIEY V2
ERi72720WINL  — RONBIIAR — M EOBRWEEEICHFS T 2 Z e AEREE &
A5,

£ 4.91%. EREE WS PowerGrid 4 v + 7 — 27 OBEICHEBINAR —
DEKXEL FEETH 3, RAMEIFMED ¢ H, BV aHTREVEEZRL. 2
TD q.a DHEHIFT—ERFIEEZ RS,

m&IZ USAirport v N7 —27 TOfERE LT, K410 IIERETEERT 2%
By BEZBENR— MIORKEL FEHETH 2, HAEIE gL aEWIZEHE
MU, WAMED ERIE 0.41K 00 (kpae = 145) TH 3. ¢ = 0.9, = 1.0 TOHRKMHE
CIEEIZg=08.a=1.0 TOFMHEL D/NXV, ZAUIRRIETEELZA Y b
=213 q=09.a=100%5, RKEMIIRKEZOFEIEIZIOTHS, Z
DIRFERERTNITEET 7 7 THEH, ¢=08.a=1.0DEEXY bV —-213%
DHEEZFF TRV, Hib, J—FRELLEXE 7/ — FEuT LT, X
BB VBB ENZ T, KEEFEEED ¢ =09 TRAPT 2 Zid i
o vEZLN5,

F 4.111%, USAirport v bV — 27 ZHERIETEBIR T 2 RIS EIRENMAR — M
DAL SFEETH %, ity T —27 TORERIERER (£ 4.3, 4.5, 4.7, 4.9)
LRI L. B g, BV afETREVWRAMEERL, FEHHEIZETD ¢ o DH
FCT—EREZ R,
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a\g| 01 [ 02 ] 03[ 04]05]06] 07 | 08 | 09
0.05 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1
2 10) | (1.0) | (1.0) | (1.0) | (1.0) | (1.0) | (1.0) | (1.0) | (1.0)
0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.2 3.0
T 0) | (10) | (10) | (1.0) | (1.0) | (1.0) | (10) | (1.0) | (1.9)
0.9 1.0 1.0 1.0 1.0 1.0 1.0 2.0 3.0 7.0
C1(10) | (10) | (1.0) | (1.0) | (1.0) | (1.0) | (1.1) | (20) | (5.4)
os | LT[ 30 18080 30 [ 40| 60 | 90 | 190
21 (10) | (13) | (1.5) | (1.6) | (1.9) | (2.8) | (4.3) | (7.4) | (16.7)
Lo | 20 [ 40 [ 50 [ 60 [ 70|90 180 [ 190 | 300
Tl 24) | (26) | (35) | (4.3) | (5.5) | (7.5) | (10.8) | (17.2) | (35.8)

3 4.2: AirTraffic TIERIEICHELIBIR — MO ERKE L FEE

a\g| 01 ] 02 ] 03] 04] 05]06] 07] 08] 09
05| WA 12 [ L0 [ 1o [ 1o [ 10 [ 14 [ 14| L5
| @y | @o) | (o) | o) | @o) | (1) | @) ] (1)
0.1 2.3 2.1 1.9 1.7 1.3 2.1 2.6 2.5 1.5
Sl @y @y | @y | @y @] )| @] @
0.2 2.3 2.8 3.4 3.0 2.8 3.6 3.2 2.8 1.7
a2 @) @2 | 12| @) @3] 13| @3] 12
0.5 4.4 4.8 3.7 3.6 3.5 3.2 2.7 2.5 1.8
Pl sy | e | @3) | (13) | w3) | @3) ] (12) | (12) | 1)
10 5.5 4.0 4.7 3.9 3.6 3.3 2.9 2.5 1.6
) | (14 | (13) | (13) | (13) | (1.2) | (12) | (1.2) | (1)

# 4.3: AirTraffic TIERIKITDEZBNIR — MO RKME & FfE
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a\g| 01 [ 02 ] 03[ 04]05]06] 07 | 08 | 09
0.05 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2oy | (o) | (o) | (o) | (ro) | 1oy | (1o) | (10) | (1.0)
0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 3.0
T @o) | (o) | o) | (1o) | (o) | (1o) | (10) | (1.0) | (2.3)
0.9 1.0 1.0 1.0 1.0 1.0 1.0 2.0 3.0 7.0
“@o) | (o) | 10y | (1o) | (1o) | (10) | (14) | (2.3) | (6.0)
0.5 2.0 2.0 2.0 3.0 3.0 4.0 6.0 9.0 19.0
Pl | @) | @s) | 1) | @3) | 61| @ | 79 | 1)
Lo | 20 [ 40 [ 50 [ 60 [ 70|00 120 [ 190 | 380
TR7)(3.2) | (3.8) | (4.7) | (6.0) | (7.9) | (11.1) | (17.6) | (37.1)

7 4.4: ASOregon TIRFBEIWCHELLIENMAR — MO RAME L FEE

a\g | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1.4 1.5 1.8 1.9 2.1 2.5 2.5 2.9 4.2
(1.0) | (1.0) | (1.0) | (1.1) | (L.1) | (1.1) | (1.1) | (1.2) | (1.4)
2.6 2.1 2.6 2.8 2.8 3.6 3.5 4.6 4.2
(1.1) | (L) | (L1 | (11) | (L1) | (1.2) | (1.3) | (1.4) | (1.4)
3.6 3.8 4.0 4.0 4.3 5.3 5.0 4.9 4.2
(1.2) | (1.2) | (1.2) | (12) | (1.3) | (1.4) | (14) | (1.4) | (1.4)
5.8 6.0 5.7 5.5 5.7 5.3 5.0 5.1 5.0
(1.4) | (14) | (1.4) | (14) | (14) | (1.4) | (14) | (1.4) | (1.4)
5.8 5.8 5.4 5.3 5.1 5.6 4.9 4.6 4.2
(14) | (1.4) | (1.4) | (14) | (1.4) | (1.4) | (14) | (1.4) | (1.4)

0.05

0.1

0.2

0.5

1.0

7 4.5: ASOregon THERIEICHERIENAR — MO RAME & FHE
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a\q

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.05

1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 5.0
(1.0) | (1.0) | (1.0) | (1.0) | (LO) | (LO) | (1.O) | (1.5) | (3.5)

0.1

1.6 1.0 1.0 1.0 2.0 2.0 3.0 5.0 10.0
(1.0) | (1.0) | (1.0) | (LO) | (1L1) | (15) | (21) | (3.6) | (8.3)

0.2

30 | 30 | 30 | 30 | 40 | 50 | 7.0 | 100 | 210
(1.6) | (7)) | (18) | @1 | @7 | 35) | 5.1) | (83) | (18.7)

0.5

6.0 7.0 7.0 8.0 10.0 13.0 17.0 26.0 53.0
43) | (5.0) | (55) | (6.6) | (8:2) | (10.8) | (15.0) | (23.7) | (51.0)

1.0

11.0 | 130 | 150 | 17.0 | 210 | 26.0 | 350 | 53.0 | 107.0
(8.5) | (10.9) | (12.7) | (15.0) | (18.5) | (23.7) | (32.6) | (50.4) | (104.4)

# 4.6: OpenFlight TIREEICHEREMA — MO RAME L FHE

a\g | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

27 | 24 2.3 24 3.1 3.2 3.5 3.5 2.8

005 oy | oy | @ | ao) | o) | @ | w3 | o

3.3 3.5 3.8 4.3 3.9 4.0 3.6 3.4 2.8

"Lhan ey lanlay | an | a2 | a2l as) | ey

6.3 5.1 5.0 4.4 4.3 3.7 3.9 3.2 2.6

"2 sy o lan lay a2 | @ | a3 a2 | o

5.7 4.6 4.5 4.4 3.9 4.1 3.4 3.1 3.0

05 sy syl asy | as) | s | a2 a2 | a1

5.8 4.8 4.4 5.0 4.2 4.1 3.6 3.5 2.8

MV asy law s | o las) | as) | 1) | 12 | 12

# 4.7: OpenFlight THERIEICHELZIBINR — MO RAME & FEHE
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a\qg | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1.2 1.5 2.0 2.0 1.8 1.9 1.9 1.6 1.4

0051 a0y | o) | Loy | Loy | 0y | 10y | 1oy | (1oy | (1.0)

1.9 2.0 2.1 2.0 2.0 2.1 2.2 2.0 2.0

O o | oy | oy | aoy | o) | oy | oy | o) | (1.2)
0.2 2.0 2.2 2.5 2.2 2.3 2.3 2.5 2.0 5.0
(1.0) | (1.0) | (1.0) | (1.0) | (1.0) | (1.0) | (1.1) | (1.3) | (2.2)
0.5 2.3 2.7 2.4 2.6 2.5 3.0 4.0 6.0 12.7
(1.0) | (1.0) | (1.1) | (1.2) | (1.4) | (1.9) | (2.6) | (3.8) | (4.9)
Lo | 28 8080 [ 40 [ 50 [ 60 [ 80 [130]230

(1.2) | (1.8) | (2.0) | (2.8) | (3.5) | (4.5) | (6.1) | (85) | (7.5)

3% 4.8: PowerGrid TIRRIEICHEIBIIAR — M O R KME & E35E

a\g | 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1.3 1.4 1.2 1.4 1.2 1.1 1.6 1.9 1.9

005 a0y oy | Loy | oy | (o) | (o) | Loy | (1) | (1)

2.1 1.6 2.0 1.8 1.8 1.9 2.5 2.7 1.4

Oy ol ao | @y | o) | @y | @@ | @o)

3.0 24 2.3 2.5 2.8 2.9 3.3 2.2 1.4

2 an | anlanlay oy | wn | an ey | o)

4.2 4.0 4.3 4.2 3.9 3.4 3.0 2.7 1.6

O T aoao lagla a2 | a2 anlay | e

5.3 5.2 4.7 4.3 3.8 3.6 3.1 2.6 1.5

Ml asy las) a2 a2 a2 a2 | @y | @y | e

32 4.9: PowerGrid TIERIEICHETBIR — M O I KME & SEEE
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a\¢g| 01 | 02 | 03 | 04 | 05 | 06 | 07 | 08 | 09
0.05 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 5.0
T2 o) | (o) | (10) | (1.0) | (1.0) | (1.0) | (1.0) | (1.5) | (3.7)
0.1 1.4 1.1 1.0 1.0 2.0 2.0 3.0 5.0 11.0
Tl o) | (Lo) | (10) | (1.0) | (1.3) | (L5) | (22) | (3.7) | (8.9)
0y | 30 |30 [ 80 [ 30 [ 40 [ 50 [ 70 [ 110 | 230
Tl e | 8 | (19) | 22) | 28 | 3.8) | (5.3) | (8.7) | (19.7)
o5 | TO [ T0 |80 | 90 [ 100 | 140 | 190 | 200 | 465
P @) | 5.) | (5.9) | (7.0) | (8.8) | (11.6) | (16.0) | (25.4) | (42.7)
Lo | 130 [ 140 [ 170 [ 190 [ 230 | 200 | 390 [ 500 | 464
1 (10.2) | (11.4) | (13.4) | (15.9) | (19.7) | (25.6) | (35.4) | (55.0) | (43.0)

£ 4.10: USAirport TIRFIEICHEREIR — MO HEKE L FHE

a\g| 01 ] 02 ] 03] 04] 05]06] 07] 08] 09
o5 | WA LT[ L5 [ 16 |18 [ 23 [ 26 [ 24 | L5
Plao ey |y ey a2 @] @) | a2 12
0.1 2.8 2.7 2.3 2.5 2.9 2.8 2.4 2.2 1.8
Tls) |2 @2) | 12| @) | @) ] (12| (13) ] 1.2
0.2 5.0 3.5 3.1 2.6 2.7 2.3 2.7 2.1 14
Tl | @) @3) | 13| 12 @2 ] 13| 12| 12
0.5 4.7 3.8 2.7 3.1 2.8 2.9 2.4 2.3 1.9
2@y | w3) | @2) | (13| 12| @3) ] (12) | 13) ] 1.2
10 4.8 3.9 3.0 3.4 2.9 3.0 2.2 2.4 2.0
Uy | @3 | 13) | (13) | (13) | (13) | (12) | (1.2) | (1.3)

# 4.11: USAirport THERIRICAEIZIBIA — MO RAME & P fE
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E58 REEREEZROBERSHEIILI
) XL LTOHE

A2FiY A3HOMERITZ, B Ra Y Pa—&K—YIalL—Yarosaurs
LELT, 2y V=7 2KDBHREZHHRE LT, V> o7 2Kolz/ — FITBERY ~
OB ZTW5, L2LRHG, 2D KD BRHAREEOUHIZ, EEDOS T 4
LoFEEEZ 2, BREED ZRE R O mS T 2REENLS, INES
LIEEE DTS N B AJREME R EDETCHE S, WRIT, VY I BKRoTK ) — FH
BN — FEBAIT2 20 BEMCEHBLT, BEVLWD/ —FR) 270
JRFTESRZ T 2RO LB SIUEEZED 207 VT X6 %2EX 5, 2D
T XLE, BEREREES T2 =V —2ay2R0WT, 52007 = —
A THRINTWS, £3F. o2 EBEL, Zo7 13 X LD
WHITRIC L TV ASEHZFIHT 2, 20%, /A =2 —>a 28D T, 72—
BT 3 HIEPUHOMEZHIAL T, 71TV XLDEEICONTIHBN S,

5.1 ZFRIZHEIE

2w =27 EDK 7 — KX, D 5 OB N T OMIE CTHEEDME LT

LGEDND D, BiE ) — FHOKEEEIE L TINED L. Zh OfEEN BRI 2T
RRX=I%Z 7=/ — RIBIERY > 7 DFEENRE D, 2T RHNEIET
X ZHEAIITTDO A Y b —27 ET3 Ry THEN TV AIEERRETE EIRET %,
BERS, BEBTHRARNZXIIZ, 2Fhy FTRELD/ — FeEETET. &
WHEHFEEZ R TER VWAL TH 5, SFANGFITV A ARTHIEERE X vt —
DTEXLHPENTROEWD 35 2T, #HEMNMCH 2 /7 — FOfliERE RS
%o Fv bV — 7 EEERHEENEZE R L TBIEEZIT I,

5.2 HitEEHY

PERDILE [12][13] 2SR LT, RETTHIIE T 2 IEFIAS 2 7 205672 350 %
TR, BT 307 LI ZLE. 2O AT A ETITbils,

o HIEME S DR DD 238D 2 T, BMWZR — FY 27 DIV
DT 5, bL. BHIREIHEED DI 5D THET %,

22



o &/ — FTONFLHE L EZBEICLE XA LT 7 3MHATEZZ2bDL T 5,
e X7 =Tk, ZD7 = —ALIHNOEEIZL LW,

o IEIFFAFICENWZX v =17 v X AIECE S 3,

o FEHINC Ao X vt —ZRIEEICAEE L, MUPIEIZERE U 72 S % (FIFO),

e XV Y- DK —RiFZa—rOLhEEXEY) 2> 783, BN
BIFMEZITTA v b=V T 22 DAT, itlhXI 7Tt ITHE
WRDFHEZRTT

o FIDITHIEZRAIL 7/ — FIMEENRICE D, BH 5 3k y THEL T
%5/ — NETHIEE SO DM BEZTEZ DD T 5,

o %= R TOMBZLTERIRIMITDN, B OIS S BT 5.

o /— FRIT DR ORZNIE > TWTIDLEDLRV, BERS, &/ —
RIZBITFAX v =V DREIEOARERT A0 TH S,

53 AZ_vI—>3Yy

HEZBAI L7z, — F (B1EY > 27 OFENR) FEAENIC => 2 —>a vk
FITT 5, SRENRIITTAD IRy THICHZ2L2TO/ — FETHEEBAETE
2ERELTWS, 2D/ — FEE% ECN;(Emergency Contactable Nodes) & 5
% (K5.1D117), £/ 2/ — FOFREE 7 — FID &E % neighbors; £3 %,
3 MU —=2IZHELETD/ — RE—BRINEECWERE R & ONEEIT S 8
WE— NMIZBWTHHICHZT D ECN; & neighbors; & TOH > TW3dDE T 5,

FEANR i lX EON; N Alert X vt —2% 78— FXv XA M35 (X510 3~4
1T)o Alert X v £ —I% 3 6 o RIENRIFIEXEIEID % DC;i(Direct Contacts) 12
t—7F25Z8 T, &/ —REHZD ECN; DT, DEEY > 7 DiEET5R
TH%/—FDID %23 (51D 61T). BEY > 7 3HERNREIEME N2
DT, RELFEZME->T ECN; DFTHRTIERW — F EIBE LRV,
WZIZ. ECON; 2R\ X v =Y ZEWME S, DC, ZRELT7 = — X2 H#ITL
T, 79974 7DEI R X v — I ERG <, X 5.1 X2 B L
7o/ —Rif=>T—=2aryThd, EE5T5200EHIkATE72—-X10
55 FTCHATZ2OTTHIEET b, T, BIEDPET T 2 F TEIMVAZHREX
BOWEARES 2, H L. BIIREEED HAIUIHERKD 52 D ET,
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Initiation

1 Declare the variable ECN; which is the set of NodelDs within 3hops
2 DC<9 % the initial set
3 Forallk € ECN,

4 Send Alert (i) to k

5 Process of Receive Alert (j) fromjtoi
6 DC, « DC, U {j}

X 5.1: EE2ZMAIL2 —FiDf=>2—>a v

54 T7xr—X1: BEU>VIDERZIEET S

5.4.1 7x—X1D:HRA

J—RiDA =y —2aviZ&h ECN;, DEEGHRIZ. 3Ky FI2H 51
DIEENR (DC;) D ID #H1 %, BEY > 7 OHEFAERIERT 272912, 35Ky FDL
FicH2 /) —FOIDBRET, ZDIDZ2H 2 & DC; D/ — REHL TEET
2, DO, ZAHDID BHIZ =012, FEEMNRIZEDDH > TW3 ID
% Gathering X v £ —JIZANT DC; D/ — RIZiK 5,

. BEY 7SS * Gathering X v £ — 2 Di%f§

52: 7x—X1DOMEK, 7=z—X1T., /— K2t 4DEEFT % Gathering
Ayt—=Y, J—F41F/—F2%Z@BEULT/—F367TLHHETXE, W
&) —F: R/ —F

HlziX, K52T/—K41k/ — K2 Gathering X vt —Y%%5%, /—K4
PRYNCH > TVWEIDIE DCy D/ — FERZITITH %, MOFEENRDFEUEH)
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23 2DT, /—F25»5 Gathering X v —I%d 507/ — R 41X D0y IZ
Hol=/)—F367%2M3, T5LEXvE—S2NA0THMNT 2 —FIDES
% Expanded_ DC ¥ 3§ 5%, ZDK;, /—F413E51D XS IZHEROV—T 4 > 7
KEEDLZNTED, RERS, J—FADPEHZEBEETEZZ2DIE/ —K2TH
LM, 26/ —F367DIDEILH>ZICELD, /J—F2ENLT/—F
36,7 LIETE LD, /—F2&BL—T 4 Y IROELHELL THIZRWV, ZO
%, /— F 413U 7= 1D #£4 % Gathering X v £ —J W ANT DC, DETD
J— R NiES, ZOBBIEEZTD DC; 205K % Gathering X v —J12, #iL <
HiLd / —RFIDDBRWETHEDIEL, ZOMREL D/ —FDID ZHl %,

R[S | ZfE5E | #xikit
4 3 2
4 6 2
4 7 2

£ 5.1 J— FADPROMEERF DN —T 4 V7R, 7 — FAGEEIL) 23/ — K 3,6,7(%
BR)ICX v —YU%ED DI, / — N 2(HREE) 2T 3

5.4.2 7r—X107)IN3YVXLOEE
DT, 72— 1B 2ZBOE®REHHAL-DDTH 5,

e ECN,;,: /—Fino 3Ry THICHB ) — FOREHES, EBCHB /) —
R I3EE DOEELIEVL., HMOFREAVTCHEET %, v b7 —21C
HHETD/ — FRIFETD ECN, Zi@ELOH>TWE3HDE T 5,

o DC; - WEEMA Lz — Fi(lB1RY > 7 DFEENR) 25 3Ky TR H
%, MOEENRD ID OREEE, BENR I DC,ICHB /) —REe Xy
btV T AT, 3Ry TITHICHB ) —FDID 2HI S,

o Expanded_DC; : FEEMNR i H3Hlo T\ 3, MOFEENRID OAEHEES, &K
#INE DC; 720 = H1 %05, DC; @/ — R & Gathering X vt —Y %% DED
TEHZLT. TOEEGERIHET 3,

ZD7xz—XDHEX, BEY > 7 DHENRBIE DS 3Ry THH HMhd
EENRDID ZNET 228 TH b, 72— L DR E>TREEXR X DC; W]
Do T, BODHI> TWAREAENRD ID £E5% % $ Fxpanded_DC; % Gathering
A=W ANTES (X5.3 D 2,31T),

Gathering X v £ =Y Z2Z(ET 258, X vt —IIW2H % FErxpanded DC; & BI7
@ Expanded DC; & OB TEH T2 (K53 D51T), BEH L7z Expanded _DC;
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WLRENZIE R o727 — RID 23H % &, Gathering X vt — I DIX(ETT % A
WLUTHIR L7 —T 4 Y I REZMES (M5.3 D 6~81T),

2TD DC; 5 Gathering X v —I %2535 L72KF (K 5.3 D 917). LU DC;
IZi#E o 72 Expanded_DC; KD H LW/ — RIDAH 3 2, £/ DC; 1T Gathering
Xyt —=I%K5 (K53D10~121T)e LOLADSH, BTDDC; B X vt—
DD HoTH, Expanded_DO; \H LWER (FEEWRD ID) 23706 (IK5.3
D1347), 2D/ —FTO7xz—X1EFKTLT, 7=—X2%m® % (KX53D
141T)e ZODWE. Expanded DC; 1Z® % / — FiZBA WO ARG %2 ik L CTid
B35 Z2 D TE, Erpanded DC; 1I2H % /) — RIFETHE U Expanded_DC; = FF
DI D, TD Expanded_DC; % LR & FEL,

(Phasel)

1 Start()
2 Forallk € DC,;
3 Send Gat hering (Expanded _DC, ) to k

4 Process of Receive Gathering (Expanded _DC;) from j to i
5 Expanded _DC; « Expanded _DC; U Expanded _DC; % updating the node ID info
6 if Expanded _DC; has a new info then

7 Make the temporary routing table

8 end if

9 if i has been received all of Gathering from DC, then
10 if Expanded _DC; has a new info then

11 Forall k € DC;

12 Send Gat hering (Expanded _DC;) to k

13 else

14 Terminate the phase 1 and start the phase 2
15 end if

16 end if

X 53 /—FiTD7z—X1D7LITV XL

5.5 7I—X2: EEMDPOKRISZMB-0HEEARE
E3
5.5.1 7x—X20D5RAE

72— X1 DF%, FaMRIIR ) — FIZZR o> TRERZED. BOAEL T
LHEFEN T DOREZZHT]NL, UTDXSITL T, #EEENTICDH B/ — FHTHL
M LTHRaltE ) — FeXA vy =Y 2R DD T 5T R — NidH
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FERR T DR ZZZHD, WEEEZF CEMRTICH M0 ) — FIZHIsE 5 Z
ZiP“C X5, MEERHILZ — M ) — RICHIEHEEZ IR 217ERD 7
NIV X4 [14] TR ] — FOIREBIRRICK 2ARHEZIES, L LAD S,
ZO7NTY XALTE/ — Fidxy b7 =27 2RoME R GEMEATR) 28> T
Wb, TD7x—RATIE/ — FPEERIRERLZTH, B/ —FEBEET 2
R I TAEEZERAIDD 5,

Tat R EH X M54(KE) TR —FTH2 /7 —F 1 3HbEH (/ —
2,3) "\ Mode_change X v £ —%iX %, Mode change X vt —Y %2%2F L7/ —
F2313HTOE— FZ@EENLHBEICEZT, /—F1Z2H/ — N33, ¥
72. Mode_change X v —Y %%ET 5L, ZDAX vt —IWZHHR/ —FID %
=75 255, TLOMHTRAT 5,

BfEAKEE=11

Mode_change * v & — < D%{5
. (+5)
(+2)
3
!r\ — (+5) fr\ 7 (+1)

(+1)&
Backx v &— Y DiE(E

5.4: 7 = — X2 CHMEARZEZIBIEOMEL, F 3133/ — F % T Mode_change
Xot—U%FED, RIFEDILS Back A vtk —I% K5 B/ —F: F/—
B, FE/—F: &/ —F, BEERCEEFhZVWY v 7 B BRERN B
FERR

ZD%., /—F 23138 — FEBRWIzH 7 DRl Mode_change X v+t —
PhiED, ZDEGEE. /—F613/—F 2355 Mode_change X v £ —I K35,
Z DR, Sk % Mode_change X v 2 — Y R LU TH  — RT3 %, ZDIRIC
K % Mode_change X vt —Z8 L Ti&, No_children X v £ —Y TRET %, X
54@QT@/—F3#6%KMMemm@X/% UMK LT, /—F61Z

—R3ZH/ —FITT 5, WwRIT, BRFRITEERD TIEERED > TV 505,
W%m%mhﬁfmﬁﬂofm&m LEEKT S, 2o at R — KR
BT 2GR RIS 2 FTHRDIBRIND, EELL// —FE#HEe L, 20
Mﬂ@%%/—b%?kﬁék\_®ﬁﬁ®K%L@\¥/—Fﬁtm%/—F
DEOMD | HEER ST —DODOAREE (BEAR) ISk 5,

BT — NI hRo/ = F8910,11IFFOHEDE /) — FL2RWwa s, K5.4(4H)
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DL, BHFDOH /) — FAKRZZDERE AT Back X v =Y %K b, &
J — R ORE XIEROUIAMIZ 1 T2, B/ — FEROWE2TORIED
5 No_children X vt —I% Back X vt —I %2507/ —FiEb oo kEX
BMEETOER LT, $LETOH ) — £S5, HlZX Rb54(FH) D/ —F
41F— R85 1DKREXEREDLH->T. HIDODKREXZELT, B/ —FT
H3)—F2IC2DKREXEHRID 2 Back A vt —I%%S, £/2. /—F21F
B —FTRABWEHED T/ — RT3/, —F45 02513 Back X v —I% % 5
W, PLET No_children X vt —S %8 50572/ — 61+ /— FTlERWV, TAT
J—R2RBETORIHEE OB FEBREHSO2ICLZDT, BOOH  — RIZk
XXBFREED DN TED, TDESIZ, &/ —FIZHTOE — FOAEHK
THELT, 7/ —F2#EIT2008EEZ2FLTIC. 355X vE—Y DO
PO THRIT 2, ZOBEEREDIRT R — FIZESDPET 2 EEHR O K E
XEH D,

BifEA 2 EfEA3

L

5

R/—F1 R/—F2 R/ —F3 EEfEA1

== Mode_change X v £ — DEfE

—_———— e

5.5: R DEUEARDLA U 2i8H2E, () #AERTICEBOR ) — Kb d e, / —
R45D &1, BRBEUEARD S Mode_change X vt —% b 5 2 5,
() BANTHKIzX v =Y DEETLEBIUCL T, BROX v =% W5 2
LT, BEEAMGIIEE NS

EEITANRNEZ X, —fE Modechange X v =% b 5o TH ./ — F 2D S
. ZJE Mode_change X v =Y %2 b 5o TdH/  — FZEZRNVWIETH 5,
5.4 TIXEM D IR ) — R —D7 o 7p3, K55 X 5 ITHEAGK T ICEED
R—F¥2Hsrr, EERIIR, —FIIZELDS, ZOR., /—F4513%H?2
DO/ —F 1252k 35056 Modechange X vt —I%3d 595 (K5.5(/)),
Mode_change X v =% b 55702, B/ —FE2EZ 3 K2 XFHREZER
W23k o THEBARIRAELDYAE T 5 DT, K55(6) D& o2, B/ — FZEEL TEE
RenBT 2, HL/—F4AD/—F2%2B/—FIZLT, Z0®%/ —F 125
Mode_change X vt —=%d 655 &, /—F41%/ — F 1\ No_children X v t—
%1% 5, Nochildren X vt —I%3%K5 28T, BHWE/  —F1DF/— RTlIR
WZ e ZHIHE 5 ERIFICEEAR 2 DEEDHOELNS, 2D XHIZ, RIS
825 Mode_change X vt —= %28 55/ — Nid, B2 E LRWEEARIZH
DB SERDFEZHOE S, TR EART L7 —X30D%DT, 7x—
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X 3 TREROREARE EHLE TEMN T BEDORE S Z2EZH T,

5.5.2 7r—X207)IN3VXLOEE
DT, 72—R21BII2ZBOE®EFHHAL-DDTH 5,

o Parent; : / — RiDH/ — FD 1D, HANTD & o TUH L 7z Mode_change
Xy =Y DRETLHHR/ —F (R — NEBETEHEDBL, — F)

o Root;: 7 — RiHpHloTWBEMEARDK, — F ID ORIEE S, Bz 2E{EA
25 Mode_change X vt =% % 6595 / — FIZEHOR  — FID 2H %,

e Num_of _candidates; : / — ¥ i BB TBIRZH O 2T 2 B0 D 5 Falids
J — RO BANIEooEE 7 — D 68/ — R Z25[W{E7223, No_children
X vt =% Back X vt —I %2 THFBEREIHSPITT 2 7-READ
ISR

o Size;: /— RiD o TWAHEARKZIDER, IR/ —F2EDHTETOD
J — RDPEOWEMEIZ 1 TH D, F/ — Fh 6K Size; ZREET Z & T
BERETHDDLHHE ) — FETOEBRTOKRZXZH S,

72— R 1D o TAEE MR i X LR OEBEEE LT (K 5.6 D 2~51T). &
it (neighbors;) \ Mode_change X vt —Y %% % (K 5.6 D 6,717).

Mode_change X v £ —I 2D TRE LT/ — FIX (K5.6 D 1017). @ED T
Rt 2%k T, BRLEOMEREZ T2, £ LT, ZfEmLj 28/ —FicL, R
J—RID%Z3IFH5 (K56 D11,121T), £72. Size; & Num_of candidates; 2
BOIEET 3 (K5.6 D 13,1417)0 Size; I RKZXDIEMT, FIHAEIZ 1 TH D,
Num_of _candidates; &/ — F i« DBSBFBARDIZL T B D / — FECT, I
fHIEH ) — R ZBROWI OB DERTH 5, DR, B/ — F 2RV BaliEA
Mode_change X v £ — %K 2% (X 5.6 D 18,1917),

Bl — FZ48E L TH 5 Mode_change X vt —I %3535 & (X5.6 D 171T).
ZDXyt—=IIHBHM/ — FNID LT %E3ITH - T, No_children X v £—3T
EETTSRET % (K5.6 D 22,2317), 24Uk, METHEN X 512, Bz 3HE
AR 6K7z Mode_change X vt —I12id, BADF > TWAI/ —FID &IdED
R—=FIDDBH3, @RI, TNEXIFE -7, Back X v £ —JICTANTH
TOWR/ —FIZiXBZ T, R/ — FEEDDET 28D B MMDR / —
FOFEER B, ZOEEEXT 2= X3 D7D THD, 7 x2—X 3OV TIEERA
EIAE

5/ — R TlEMode_change X vt —I% b Lo TIEET 5 Num_of _candidates;
B0 ZeDH3 (K5.6D151T), 2D/ — FIFEERLOE ) — FTH %,
HE — N3B — PP OBREESFEL RV, 21T, Back X v —Y 2 7y
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W/ — F~N£E2 (K5.6D161T), Back X vt —IIERKE X DEM (Size;) LR
J — RNID&E (Root;)) B3 H, ZHDR /) —FIDEEZHDTDR ) — FANE 5,

No_children X v £ =Y %%(EF % &. Num_of_Candidates; 7»5 1 Z5[< (X
5.6 D 261T)e HEETTIE T/ — FIZESRVD S, KEXDIFHRIZER W,

Back X v =Y %%2(ET 2. Num_of _Candidates; 2»5 1 %25 < (X 5.6 D
3017)e F72s X vt —=JIZH B Root; Z BT D Root; 1A % (K5.6 D 311T).
ZHT, fthd ) — FHOPER L7 ERZ SEHEARDIR — N ID ZHZ DR/ — FIZiR
ZBo Xy —JITHB Size; b HITD Size; £ BT (X5.6 D 3217),

B — FEBRW2ToREHED 5 No_children X v —Y% Back X vt —3
ZH 595 e, Numof_candidates; 1301275 (K56 D 331T)e 25T 5k, #l
J — RIZHDDH 2 TW5 Root; & Size; AMUT Back X v £ —I %382 (K 5.6 D
3517) B/ — R OO TBack X vt —Y % B/ — FITEET 22 2#DIR
TZET, B/ = FIZEHDDOBEUERIZH 22 TDIEMR (Root;. Size;)) b B R 5,
W =R — FPBETEBTH 2056, Back X vt —Y%ENS /) — K2k
WV, W ZIZ. Same_comp; & Size list; L FHIN 2B EEHEER LT, 72 —X
2%bBHE S (X5.6D37~391T)s Same_comp; DYIHHEIX Root;. Size list; D
PIHMELZ Size; Ty ZHMSDERITOWVWTIZT = — X 312 THRBRT 3,
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(Phase2)

W =1 o v B W =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

29
30
31
32
33
34
35
36
37
38
39
40
41

% Only the root node finished the phase 1 %
Parent; « i
Root, « {i} % Initial set
Size; « 1
Num_of_Candidates; « |neighbors;| — 1;
Forall k € neighbors,
Send Mode_change (i, Root,) to k
% End %

Process of Receive Mode_change(j, Root;) from jto i

if Parent; =1 then % L means nul at the normal mode.
Parent; « j
Root, « Root, % Initial set
Size; «+ 1

Num_of _Candidates; + |neighbors;| — 1;

if Num_of _Candidates; = 0 then % if anode becomes leaf
Send Back (i, Root,, Size,) to j % send Back message
else

forall k € neighbors \ j
Send Mode_change (i, Root,) to k
end if
else
Root, « Root; U Root, % updating the root 1D info
Send No_children (i) toj
end if

Process of Receive No_children (j) from j to i
Num_of _Candidates; «+ Num_of_Candidates; — 1
if Num_of_Candidates, = 0 then

Send Back(i, Root, Size,) to Parent;

Process of Receive Back [,' Root; ,.S'l'zej) fromijtoi
Num_of _Candidates, « Num_of _Candidates; — 1
Root; « Root, U Root,
Size; « Size; + Size
if Num_of _Candidates; = 0 then
if parent, + i then
Send Back (i, Root,, Size,) to Parent;
else % Only root node permits this condition
Same_comp; « Same_comp, U Root,;
Size_list; « Size_list, U {Size}
Terminate phase 2 and caculate the component size(Comp_size_info,)
end if
end if

56: /—RKiTD7z—X2D7)L3Y XA
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5.6 7I—X3: EHERTEEDKETETEZKDD
5.6.1 7x—X3DiHAE
(- ) ®

ey ™ ™S

awny § 3
L 7 S e

=) zLcosnErng @) v -k

R/ — FRoH#ER

B 5.7 72 —X3OMER, (f) #HEER DD 2 ZHDEER, 8 DDIR/ — K
BHH, SODEBADEET %, (F) FEEADBEE T 2 8%

Tz —=RX2P%bsr, R57(K) DX, EHERDNTERDEFAIET 2
WD D, BENTERDOREZ 2 E7-DI121F, ZHHDRTORERDKE
IPRETH B, ZDEDIZ, 72— 2 TR/ — FICOR ) — K ID 252 T
Wb, R — KD Root; ZRICEZHOBR /= FIDHH, 72— 1TlE»>
TRV —T 4 Y O REZHWT, BOR — Fe@ETZ 5, LOLARDL,
5.7(H) D&, BB — NIFBEET 2EERDOR ) — R 2H 5, D% D
72 —R2%#EDHTH, K57 TOR/ — F2I3E LS DR — F7ZH S0, @
ZAZ, WANCHI > TV BMDIR 2 — F (Root;) £ X v —I %L T, R/ —F
IDEEZHEMEE 5, ZOWK, #EERD LT, K5.7(/K) D & 5 IKEERPER
NTnde, R —FEHDX v - HHBERIIN 5.7(6) DX 512k 5,

72— RX3IXHED AR — Fid, Hlo T AHDIE / — FiZ Disseminate X vt —
Y%k %, Disseminate X vt —IIZIFMR 2 — N ID S (Same_comp;) L BAEARD
REEZEE (Sizelist,)) 3D %, BIZE5.7D /7 — F 213/ — F 325 Disseminate
Ayt —Y%H55T/—F5D0IDZHD, /—F31&/ — F 525 Disseminate
Ay —=I%b56-oT/—F6DIDZHIS, BT 2R — F & @ Disseminate
X=X RiEDIRT ., FR — FMi3EER T ICH 22 TOR . —FID %
HBZENTES, L2PLEPD, /—RTHPELET7z—X2%2#EDTVE LTS
. BTOR — RFIDIEHI > TWB 5, /— F 72 Disseminate X vt — %%
HRWVWE, = RTIDBDIEERORKRZXEIDNLLRV, £Z T, OIR — FiX
Tz —X3EKOLETIHET 2, ZO7LTY LT, %/ — R TOMHIIH
SHRRRAIZTV, LHEOXRE S BT DO ERELTVWEDT, / —
RTEMBT 7225 boE5, ©ZIZ, /—RTH7x2—X3%ZMHEHTHT

32



DEEAKRZ S Z2EitT2 2T, O — B ZRZHD, 72 —X3 2K
T35, 7x—RX3TETCOR/ — FIZEZDET 2 ER-EN T DRE S (Sizelist;
D) & ZNIZET B/ — F ID(Same_comp;) ZH %,

5.6.2 7r—X307I)L3JUXLOEE
PR, 72—R3 BT 3LHOEREHALEZBDTH 3,

o Same_comp; : / — R iDHloTWa, FUEKKTICET 2MOE, —F
ID OR[EES, FHAIE ST Root;, TH %, Disseminate X vt — T, oD
W/ — D2 IDEEERITIS Z T, ZORFEWEINT 5,

o Sizelist;: / — RiDHlo TWAEMEARK X X DA LRSS, AL EIX Size;
TdH %, Disseminate X vt —I T, DR/ — K315 ID EEEZITHS
ZE&T. ZOEBIIHEMT 5,

7 2 —X3%MHD 5/ — FNild Root; IZ Disseminate X v £ —Y %155 (X 5.8 D
1~41T7), Disseminate X vt —IIZIEE5H > TV AR — FID LS (Samp_comp;)
CEUEARY A REE (Size list;) 3D 5,

Disseminate X v =Y ZZF LR, X vt —IJIZH2HHREBDTOER L E
DETEHT S (K5.8D6,717). BH LIZEIC. DETOZEBITIZ R o728 L
WEHDID 5 &, F7z Root; IZ Disseminate X v £ —I%3X% (X5.8 D 8~1117),
ZOBEREBDIBETE, T2 —X2THHR/ — FIDEHIZH, ZhHES
HEERDRKZ ZIIH S0, R D REDORE S 25 701213, HFER 7
WKCHHETORBROREIVURETH S, %/ — FTOUHIILNSTHIRFERFN
ATV, R DEE D AIEEIATS D REL TVWE DT, IR/ —FD7 2 —X
21XV TS, ®RIT, IR/ — FIZEZTD Samp_comp; & Size_list; D
RKEIDE T BZETHET S (K5.8D121T), BB, HloTWBR — R
CEEROREZZDEDBELZ DD, FLHIDET7 2 —X2Z2EDTVWEI L%
DB, BEERDPICHEIZETOR ) — PR 72— 2%boEs L, HR/ —
RIREAER T 2RO R XX ZEHETE 2 L5122 D (K58 D 1317). FHHE L%
Tz —RX4%ED 5,
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(Phase3)

1 % Only the root node finished the phase 2 %

2 Forallk € Root; \i

3 Send Disseminate (Same_comp;, Size_list;) to k
4 %End %

5 Process of Receive Disseminate (Same_compy,Size list;) from jto i

6 Same _comp; < Same_comp, U Same_comp; % updating the info
7 Size_list, « Size list, U Size list; % updating the info
8 if Same _comp, or Size_list; has a new info then

9 Forall k € Root, \ i

10 Send Disseminate (Same_comp,,Size list;) to k

11 end if

12 if Same _comp; has the same set size of Size_list; then

13 Calculate the component size(Comp _size_info;)

14 Terminate the phase 3 and start the phase 4

15 end if

K58 /—FRiTODZ7z—X3071L31) XA

5.7 7x—X4: I5RL7-BEY) VU DEHBEDIBHREZE
53

571 7x—X4D:HA

7 2 — R4 TlE4& Expanded_DC; D) — RHIZEzE > a— by bEREBINT 5
72DDEREED B, FZETHBRZXS1Z. Expanded_DC; D THaZES

BIEFIZ. 7 — K2E T 2T DOREZ XN, a— bbby MIDHIWVRX
BoD/ — FENCBMXh 3, iz, HH5EEY > 783X (3.1) TER I, HEE
ZIE L7/ — KRB HEBY ¥ VROV BIETH %, wZIZ, U TD4D
DIEREZED 2 B HIET,

1. Expanded_DC; D%/ — KDE L TV BHEFER DT DY A X (D7)
2. Ezpanded DC; D&/ — FOXE (P a— Ay P D7)

3. Expanded_DC; D%/ — L 72iifdE ) — RO ID & 3 (BAH T %
VY OBEHES 57290)

V—X— ) —RERDTE/ — DB LEELD40DE#RE Y — X —1E->THED S
D, B/ =BT 7T T LTERERDZZ X DRBERIERE L X v
X —=IBBVI v, BilB, Expanded_DC; D — RBBNAEAIZ . 79 v T4 7
TOX 91— IR O(N?) TH 2D, Y —K— %23 L EHEE O(N) 1
Kb, £z, BT 2572 — 5Tl > a— by M EEGET 2R, FED71EH
ZHICLTY =X —=23% /) — FITHFEZ KT 5 Z 25, raUH & U CEfsiKkiE
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‘ BEY v DREETR O Same_comp; My_infoX v £— S D%(E

‘ Y —s—

BY-—%

5.9: 72— X4 DWER, Expanded_DC; D4/ — RV — X —IZ My_info X »
Y —I%ED, BlV—KX—TIIRWV/ — FIX0D Comp_size_info; %5,
V—=K—: J—=F1, Bl)V—&—: J—=F2, g/ —TF: KR/ —F, —%
J—F: K/ — 1

22T — R0 E LB OUEREZ o> TIRKEZ WS 2 Z 8 T7 2 — B
HEDLEMPD 5, V=X =2 BIPFOT7 LY XL [13)1E, 2y bV =214
MARZIER LT, &/ — EDRZOERARERZRIFT 22T, Xvb—IHuc
IV X —Z2RDEZENTES, LOLEDXRS, 2D7 2 —XTH/ — NIBE
W) =X —IZRBHEEE (gD DEX) ZH > TWVWBD T, HHTD Expanded_DC;
D/—FRIDEHZDIDZHURZZETYV—X—/—FDIDZHIZZ LT, Xv
L—=IPEDLTIC) —K—%2RD B, V—X—DEEIZT7 = —X 1 TfEo7L—
TAVIREAVWTA v —U %KD,

Ezxzpanded _DC; D47 — R LELDEHRE—D2D ) =& — /) — FiZiE b, X5.9
Tl&. Ezpanded_DC; = 1,2,3,4 T/ — K 234 3R CE#ERIICH 2, Z 2T,
J—=FK1PBV)—=H—=)—=FRThHb, KR TY) —X—DRMEZ/ —FIDD/—F
DIKRX & L7y, DR (eg. / —FDF v R 74 —F)IIRX BT
5, 72 —X4%MED 3/ — FIEEDD Expanded_DC; T—HFENID D/ — R
BYV—X—I1CF %, WZIT, /—K2341F/7—F1ICLELD40DER (BRDH
JB LT\ A5 0 4 X1EH (Comp_size_info;)s BT DX (Deginfo;). H
ORI L T=88F& 7 — B ID(Err_info;) & XE (Res-info;)) & AT My _info X v
t—I%%ED, TNT/ — K 1 Expanded_DC; 125 3 2 TDEREFO, T
HEHWTY =X =3B DIEFZRD %, L/ — F 2 OEHEKTH / — F 1
DEDREWVE, WEKOIAX[2,3,4,1] 12725, LrLENS, FX2EBHEY >~
IWIARLDPIZVEEIZ ) —F22328IEDd, /—F28 /—FN128H
M, B Z2EERDE—DOT 2B TES, FUEERTICHD /) — FEZE
Qe kb, BR2EEROHEZBSEPEETHIEEZ D, DD, [
CHERRTICH 5 7 — B (Same_comp;) DHFHT—D (RIlV — & —) 721 H3EERG K 77
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DREXEED, ZHLAD ) —FIZ0DKEXEY —X—I123E %, Bl —&X—1Z
Same_comp; TID P—FE N/ — NIZT 5, ©RIT, 7=z—RX4%ZED2 /) —F
ZE7EHTD Same_comp; T—FBENWID D/ — FZE|) —X =255, )—X—
DAKEST, Bl —&X—%% 2 2R 580G 0 M oSS P BT
6t®f%%o;hf/—FMU R —) DR DR D NEFF 1L, B %8G
SHEOEREE T 27201, —BFBREVERBRDCH ORI —X—TH2 /) —
R 2 DIMEDSEITR T, RicioEiER T IcH s/ — R 123k5, 2L T, 0OKE
TxKEole/ —RN34DK2 Z e THRIERDIERFIZ[2,1,3,4] DX S22 5,
)—X— ) — R3HE, — NOXEZ 2R T, ZOEIHLERY ¥ 7 8%E
SIS ENH B, WE ) — FECH2 Y 7 2EH) VIV TEHET S, BEHY V7
PRI TDII, V—F—I13HTD Expanded_DC; DETD J — FHKRHN L 7=k
J — ROIEH (ID) ZIEH T2 0EDH %, LUAT. BIEY > 7 OFEERNSRIE 3 K v
TECTEFRBETE2 e Lo, MAENRIIEDD»S 3Ky TETOX Y b
V= BEEHo TV, L2LARMNS, IERLZBIEY > 7 O#if» 3 Ky 7
EDEVwE, V—R—Z3Ky THCHBER) VI EHERTDE N TERL,
WZIZ, V=X —ZBETLND Expanded_ DC; D 7 — K12, D) — KD
1H# % A4L T Multiple_searching X v £ —Y %% %,

- /—=F20B4S

e« ? o % o

\ /

L T R

ks | ® . “ ®

Multiple_searching X v £—Y D% —-—- EEY VS

X 5.10: EHY ¥ 7 HROBE, (f£) / — F 2 BRHINH - TV 2 IFEIEHR &
AHEDOMIEIZ S 2R L7006, oMEZH SRV, () V=KX=
5 Multiple_searching X vyt =% 6574/ —F2, HHD3kvy IA
WZH BMOMREEREZH S 2T, BEY VI RERTES

Bz 12, X 5.10(4) D/ — R 2 1ERANCELIECH % 7 — K EN, IR T %
M2, V—&—7»5 Multiple_searching X vt —2% 3 55 2, EN, & ENs D
[EHHIBZ N TEDS, &/ —FRIEXEDH»S 3Ky TETORFNEAY bV —
WIS (% / — RO ID, X & ERERIR) 1399205 LARE L Tze BIZIE. 2 —F 2
WEEN; DID &EXE. ENy D ID & XEM T, ENy & ENy DB > T0BZ &
bHIoTW5B, EN, DEZHIZ Z 025, EN, & EN,BICEBRY VI 3H 5k
HIWr 3 2, WE, — RECH 2V > 71%, #8E 7 — FOXREE Bl E L7z
HETHAONE YV I THEH00, /—R21EZFDY > 27D ID % Multiple_info
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Xyt —=IIWANTY =X =125, V7DD XMHICH S/ — R ID DR
TRT, WZIT, /—F20EZEERY 27 DI (ENy, ENy) & (EN,y, EN3) TH
%, BEEY 7 OIERE ID TEZEEIX, K5.10D&K512, /— F53HERT S
HEY O IH, /= R2HPERRLUIERY > 7 ((ENy, ENs). (EN,y, EN)) E[AT
WKRB5E1RH5, ZOK, V—X—1ZFALV>27ID%2b55Z82 T, EEIT S
B EHH T2, BOUND Expanded_DC; D 7 — ¥ 54T D% Multiple_info
Xy —I%BB o) —X—13ME ) — FOXEBHD» S, FoTWREEY ~
JIDBESIK CE THAHTZ2 ) Y 7k RkD 5, EBRIHEZ B8 > 78
. ZOBUEICAHERER D & D E L RTEHEG o(X3.1) 2T DTH % 25,
AlZZDO7NTY) ZLATIRED LNV TIA—R—TH2, O T7x—R4%@
CTCY—XR = B TV, BIEIEZ 2 Y > 28 Y Degreeinfo; i@ L
TREDMEN ) — FDID 2H15,

572 7I—X407IINIVXLOEE

MR, 72—X412BI2ZHOE®RZHALZHDTH 5,

e Comp_size_info; : / — R i DKo T3 Expanded_DC; D/ — KHBEL
TVWSHEFER D KRE S DA ERS, /—Fild7 = —X3 TR ZGT
Wb,

e Degiinfo;: / — R iDFioTWB Expanded_DC; D/ — R REDAIEES,
J =R i DXk BERTH 5,

o Erriinfo;: / — RiDFFoTW5b, Expanded_DC; @D/ — K 23K U 7= 1 F&
J—FRID OAEES, &) — FIDBERTH 3, 5/ — FNi ZRLHED
RS 2 AT = 5,

e Res.info; : 7 — RiD¥fo T3, Expanded_DC; D7 — R DHEHI L 7= if&
J — B DAIZERG ., WIE ) — R kpy, DEZRTDH 5, FD7 Res_info;
ZHEAATEZ Y ¥ 7ROFEICHW 5,

e Same_comp; : / — F i LR CEFERTICH 5, MOBEY > 7 DRGNS
IDDES, 72—X3 T, ZOEED/—FeRXvtb—U2fisiL
T, BODET 28N RKE I ZEHE L, Bl —&X =138 Same_comp;
HCID A —FE ) — FICEET .

e Ring_seq; : YV —&X =7 Comp_size_info; Z AWT, EDERDIEF,
Expanded_DC; ® 7 — R ID THR SN TWEIESTDH 5,

o Multiple_edge_info; : / — R i DWEEY Y7 ER LY ¥ 7 ID ORIEESE,
J—RilZV)—X—mbdb 557 Errsinfo, T3 Ky 7HNTEEY > 27D ID
M5, HEY V7D ID EMimcd 2 HkE ) — F ID THT,
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o Reusable,esource B THAHTE 2V > 78, Res_info; \2® HfE 7 —
R X% 2R U 72ED & Multiple_edge_info; \2H 3 EMEY > 7 O %5]
WEDEIG afETH b, ZOEIXY) — X —05E T 5,

Tx—RX4%HDD ) — FildHDD Expanded_DC; TID B—FE W/ — F %
V—X—IZEHKEL T (X511 D 21T). BFD Same_comp; TID B—FE N/ — F
ZREIV —X—IZEFT S (K511 D 31T)s HRDID AV —X =TI/ — Fid
) =K —IZ7 2 —RX 3 TRDz Comp_size_info;,. BITDIXEL (Deg_info;) HHIL
7efE ) — FDID(Erranfo;) & X8 (Res_info;) % My_info X v £ —J 12 AL T
X5 (K5.11 D 4~6,101T), ZDHAE. VY —X—=LISND /7 — Rid Comp_size_in fo
2012 LTS (10511 D 7~917),

) =X —=1ZHPD 7 = —XIZHDT, Mylinfo X vt —I%%2(ET 5702, Lk
FD4DODinfo, ZED S (K511 D 13~161T)e HDD Expanded_DC; 7> B 4T
D My_info X vt =% 50T, 72—X3dKboEEL, V—K—-13ED
Comp_size_info; & AV THEIEMDNEF (Ring-seq;) 2R % (X15.11 D 17,18 1T),
ERIE R DIEF X Comp_size_info; DR EZEZIWZHEWV, ATH A XD/ — FIZOWT
X7 VR LIRD B, ZAT Ring_seq \EEH|V — X —d ID 23F1IZ, SR DK =
EE0TEL/MD /) —FDOIDHESIED 7 — N IDEEITR D, ZDE. B
YA D Expanded_DC; D 7 — RiZ, 7z Err_info; % A4 T Multiple_searching
Ayt —=Y%E5 (K5.11 D 19,2017),

Multiple_searching X vy —Y %3517/ — BB 3Ry TETD /) —
}wnDtmﬁ%ﬁ%%mbf\%eotﬁﬁ/~bﬂxm0ﬁkﬁéu/7%$
BY I TERT S (K511 D 2317), HEEV > 27D ID EikiDifE » — K ID
R7 (EN;, EN;) I U T. ZDZERA % Multiple_edge_info; £ B < (K 5.11 D 24
1T)o Z41% Multiple_info X v £ —IIZ AN T LN N3 (K5.11 D 2517)s

H D Expanded_DC; 7> & Multiple_info X v £ =Y Z22#d 55 & (K5.11 D
281T). 87z Multiple_edge_info; & Res_info; ZFIA L THAHATZ21) > 7%
(Reusable_resource) ZitH T %, ZNOBUEITIHIE ) — F DRI (Res_info;) 4
EBEL T, £ TOEKEY > 7 (Multiple_edge_in fo;) BZEG\NebDIZa(0 < a < 1)
EHIMETH S (K511 D291T)0 o lFHEER (e.g. V > 27 DWEE, BIIYZ Y
YIOBAN) D ODEERRTHIDT, 7TV ALTERD LR, DT = —
XAPED o T, V=K —IIRDERZH 5,

o HAIFTE 2V > 7% (Reusable_resource)

o fiZAE 5 EfF (Ring-seq;)

e Ja—bthy FEREIMT S, XBHB/NE W/ — FDID(Deg_info;)
INT, ey a— Ay P EEETE ZERIE- 72,
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(Phased)

1 % Only the node finished the phase 3 %

2 Determine the leader node ID in Expanded_DC,
3 Determine the subleader node ID in Same_comp;
4 Deg_info; « {k;}

5 Err_info, « {EN,}

6  Res.info, « {kgy}

7  if i is not subleader then

8 Comp_size_info, = 0

9 endif

10 Send My_info (Comp_size_info;, Deg_info,, Err_info,, Res_info;) to LN
11 % End %

12 Process of Receive My_info (Comp_size_info;, Deg_info,, Err_info;, Res_info;) fromjtoi

13 Comp size_info; « Comp_size_info; U Comp_size_info; % updating the info

14 Deg_info; « Deg_info, U Deg_info; % updating the info

15 Err_info; « Err_info, U Err_info, % updating the info

16 Res_info; « Res_info; U Res_info; % updating the info

17 if i has been received all of My _info from Expanded DC; then

18 Determine the sequence of connecting ring (Ring_seq;) by decreasing order of component size
19 For all k € Expaned_DC, \ i

20 Send Multiple _searching (Err_info,) to k

21 end if

22 Process of Receive Multiple searching (Err_info,) from j toi

23 Within 3hops, finding the edges between error nodes(EN) in Err_info;
24 Multiple edge info, « {{EN;, EN;}}

25 Send Multiple _info (Multiple _edge_info;) to LN

26 Process of Receive Multiple info(Multiple _edge_info;) from jtoi

27 Multiple _edge_info, « Multiple _edge_info, U Multiple_ed ge_info; % updating the info

28 if i has been received all of Multiple info from Expanded DC; then

29 Reusable resource « a - (adding all kgy, in Err_info, and subtract the number of multiple edges)
30 Terminate the phase 4 and start the phase 5

31  endif

X 511: /J—FiTDIZ7z—X4D7)L3) XL

58 T7r—X5: B a—brhAyvbZEEKTS
5.8.1 7 xI—X5D3HA

7x—=X5TE, e a— 1ty b 2elffd, DERIERIZT7 = —X4THEDT
WBDT, 7z—A5 TRV =X =0PM1D / — RITX v —I %K - CHAEZ MK
¥HT 5, V—K—/—FilZATD Expanded_DC; D5/ — FiZ Ringmaking X v
+—Y%3%%, Ringmaking X vt —I121%,. ZETHELEITRNE ) —RFIDA1
D55, FIZIER5.12TlX, BIRICEEZ 21 > Z7#HEBUXIART (K 5.12 DIREHR).
Expanded_DC; ® 7 — FEUEX 7T (K 5.12DF/ — K) TH 3, WK DIZDHI2IE

Slﬁlé

39



7 ARDINET, W DIERE [1,4,5,6,7,3,2] £ T %, £3. V—K—IZ Ring_seq;
ZRAWT, /—F5IGHE{EITRE—F6DID %, /— F3ZIFEEITRE ) —
K 2®ID # AN T Ringmaking X v+t — %% %, Ringmaking X vt — 3 %523
L2/ —FH, BoXyt—JWZhH2b/— FHPEIEGEEZ T2, b LEGIEC
Xy —V%KEEGE L B SE@EES L. X vt —Y DU RTIIIRN —
RIZIEBK 2R 2 § 2 X 51k %, LELAEDES, ZOT7x2—XTRY —X—»
B — FPOEEITRE ) — P2 Xy —JICANTES Z LT, o/ — Fol
MZRF272 K TIPS TE 5,

Y

%o

[
.K “_——ﬂ.

Ringmaking X v £ — Y DX(E = %K T D700, ERETS/—F

512: 72— 5 OMERK 1, HBAHTZ 2V Y 78% 9. WEKDIERFH
[1,4,5,6,7,3,2] DFE. 2TD/ — R THETE 5

LU, AREKRTHEZ 29 > 283V inwe. Expanded_DC; 25
NesmEE2 Lk, BlZIEXK 513 Tk, X2V v 2/ 4 K358,
BERIE /) — R6 FTIETE S, WXIZ, V=& =13/ — F 45OV TIEX 5.12
AU < Ringmaking X vt —I %K 205, /— K 63w EAL 572012/ —F
1DID % ANTiES,

Ringmaking X v £ — Y DX(E G H{EFKT 2700, EFET S/ —F

(513 7x—X 5 OMERX 2, BAHTZ 2V V27 8% 4. WIEKDIEF D
[1,4,5,6,7,3,2] D¥FH. / — K6 TTRWT, LNIKRS Z & TlzEK
95
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) — & — Reusable_resource Z# ¥ Expanded_DC; @ J — N¥% g LT,
gz EEER L THMZ 2EBRY) ¥ 7 BITRD DD 5 & Hllrg iU, KEDERW
J—FHEic¥a—rhy PEEIEMNT 2, REDMRW 2 — N OREHEE % 3
MLT, 3y bV = PEOTBHEZROLSICT 2, V—F—1d7=2—X4T
Expanded_DC; ® 7 — R DXXE (Deg_info;) bEHIE L2 T, ZhEHNT
KBDINEWIEIZ 7 — R 7% 2D (Pairy « Pairy) ZikD 5, V—X—I3F ) (Pairsy)
\Z Pairy D ID %= A7z Adding SC X v —I %% %, Adding SCXvytE—I%%
Bolz/ — K& Pairy £ LWEREZES, ZD%,. ) —&X =X Reusable_resource
ERE Deg info, REZEH L, R BBEY > 7537 < 725 £ T Adding SC X v
Y DEEZHDIRT,

5.8.2 7rx—X50D7IN3VXLOEE
PR, 72—R5 0B 3ZHOEREHALEZBDTH 3,

e Reusable_resource : 7 = —RX 4 CatB& L7, % Expanded_DC; DIEIRIZ(E
2BV VIR e a— by b LTY Y7 21ES &, B8 Reusable_resource
DfEZ —3 D5 T,

o Nextup: WiZJERT 572012, 7 — RiDHETRE ) — FDID, #Hil 21X,
Ring seq; 731,2,....4,7,.nThHdt, /—RiDEhidT s/ —FjITTH5,
T, BED/ —FnEllss/ —REEVID, — R 1Th b,

e Pairy, Pairy : > a— by FBIENAMEENRDID, V—X =% Deg_info;
% H\WT Pairy, Pairy, Z21RkD 5,

)—X—/—VFilZ, 7 =—X47T Reusable_resource, Ring_seq;w Deg_info;
ZHETWVW5B, V—=Z—13F 3. Reusable_resource & B9 D Expanded_DC; DK X
S &2, Reusable_resource ZHDS Expanded_ DC; D RE S XD REFWVE (¥
5.14 D 717). Ezpanded_DC; D/ — FZ 2R CTHFETEZ 2V /08D 2T %
BT 5, 212, V—&—IX Ring_seq; ® F\WT. Expanded_DC; @D/ — FIiZH
IR T 57 DITEAT TR E / — FD ID % Ringmaking X v 22— IZ AN TES
(K5.14 D 101T)e 2% D, &/ — N Ring_seq REFHTHDORIZH S/ — FD
ID(Nextup) b 55 £512% D (K5.14 D 99T). Ringmaking X vt —I % %(3
L7/ = Db 6o Nextup / — FEHEET 52 e ThzEKTE % (K514
21~221T7)e L2 LRDIS. Reusable_resource 3 Expanded_DC; DK ZE X X D /)
XV (K5.14 D 217). Expanded DC; DETD / — R 2 THEAi T 220, R
2, TERRIERF OB TYINTER TR R Z1E 5. Reusable_resource ZE D 7372 0F
e EAUXR <. Y — X =13 THEAS T X220/ — FIZid Ringmaking X vt —3
RELZ, DF D, ) —&—IX Ring_seq; BEH T Reusable_resource ZHF H
D/ — K% T Next_up % Ringmaking X v £ —JIWCANTIES (K5.14 D 3~51T),
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) — X —HHBIXH7I21E Ringmaking X v 2 —Y %353, Neat_up / — K ¥k
T2 (K514 D 6,1117), #ElEZ 72012, MBEDIEIZH 5/ — KD Ringmaking
RXyt—=ITH 5D Nextup / — PV —K—TH 3, V—&—7» Expanded_DC;
D/ — FELE Reusable_resource Bz LTV Y 7 BRIV D 5 & W5
2E. KEHPNE W — P a =t Ay FZEBNT %,

) — & —1X Deg_info; ZFIWT, Expanded_DC; FHTREND—F/ NI W/ — K
(Pairy) 12 Adding SC X vt —I%E->Toa— by bOEREMKET 3 (X5.14
D 14,1547)o Adding. SC X vt =% b 507/ — RIZZHHITKED/ NI W —
RO ID(Pair,) #H L @GS 2 (K5.14 D 241T)e TN T—DDa— by b %
Eo7=D T, V=X =X Reusable_resource Z¥T 1 %51 Z . JELNEM (Deg_info;)
T Pairy. Pair, DBYEIC 1 223 (X 5.14 D 16,171T), ZOWEZHEHMHATE 3
VYO0 725 £ THRYIRT (M5.14 D 13~1817),

(Phase 5)

1 % Only the leader node finished the phase 4 %

2 if Reusable resource is smaller than |Expanded DC;| then

3 Forall k € Ring_seq;{1: Reusable _resource }

4 Next_up « thenext node ID of k in order of Ring _seq;
5 Send Ringmaking (Next_up) to k except LN

6 Making anew connection with node Next_up

7 else

8 For allk € Ring_seq;,

9 Next_up « the next node ID of k in order of Ring_seq;
10 Send Ringmaking (Next_up) to k except LN

(N Making a new connection with node Next up

12 Subtract |Expanded _DC;| from Reusable _resource

13 Do

14 Pair,, Pair, « the node having the smallest and the 2nd smallest degrees
15 Send Adding _SC(Pair,) to Pair,

16 Add 1 to degrees of Pair; and Pair, in Degree_info,
17 Subtract 1 from Reusable resource

18 Until Reusable _resource =0

19  endif

20 % End %

21 Process of Receive Ringmaking (Next_up) from jto i

22 Making a new connection with node Next_up

23 Process of Receive Adding_SC(Pair;) from j to i

24 Make a new connection with Pair,
514: /= FiTOD7z—=A5D7 VT XL
CNHR5.3, 5.6, 5.8, 511, 514 TR L7z, SEPED T LT Y X645/ —

RTHEFTTBIL T, BTN TY XLARHWTELE 4 BOBR L E UG
EnfgEonz e TRELTWS,
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Fe6E IbHDIC

AR TIE, WEZZT 7/ — NIZWwERL T, 20 LELTLr—72iEb3 %
HOBEEZIRRE L2, R LEBEERE. BEELELEZ— R0y > 7 2HF|
AT 2BIEEREZ NI X = ) v 7IEZT, HFESAY PT—=7DF7—&RIIHL
T, 1RO HABIEFE L LR E L TICE e D 5,

o TBIERB 22T 7% v bV — 7 IRRT 2 BEEZEN T 5 &, 1ERDE
BELD, mVWEREtE R TZ 5,

o BIHICHZ 2V ¥ 7 HD. KEEIL L ) — FREHIDEIG a 2305 A LD
% &, RERFEETENEL B0 U T & R 2 H:o %y b7 —
7 e MR TE S,

o ERIETHBIET 2, WEBR(RBIEY V781G o OBE L &0 BAfRR L,
FIE—ERIBINR— NN ETH 5, IRRIFZEBEY > 7 053+57% 5 1EH
T BE5BETENG. ZLDEMAR—- NIDHETH B,

o BREXHEDWM I NI XL T 5 28T, HREMN LT LITY X
LMELHEOREEZ K - T2,

T BEBELEZEEDHI LY XL EZHMHALT, BRI 7 LT X L TEE
LR FEICHEREZEONLZ EFHETE, R LT LT Y X L0
PRMES I 21— a Y THIET 2 Z XS HBoOFELY 2 5,
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