LOYITY FORTLOER EEE
—FARFART4 VIO BREREFRAAT L—

RFAFIeE G NN v RT 2— K% FHEMEE - e R
LRI E Leszek T. Lilien PR HRERTE - R

AT KRR - I RIE

1 M=

BRSO, FTEIEMET2ERRV AT AKX ZLNTWD, VAT DN (BRI RBRE) o
ERIT., TNODOV AT AT RREIEEZIRE L T\, AIFJETiL, Failure—accepting AT AIZEIT
H, VOVVZUVRADVAT ARH 22T bA~DFH LWT T —F ER_ETDH, KRVATLATE, —7
POWMFRBREICBWC, PHILARWS AT LBBICHLARETH D Z L2 BieT, AREETIE. LTFD
ZRIZOWTCRIRNT S, Bl BAFEEKE - BIHEEODO, ARFa=RAT 4 v 7 RIERIEH Y A
72 (Oppsys) ZH WLV 2 Mo AT 2D a7 MEEE LT, Oppsys DR KDFEIL., VAT A
DOEFEHEFIEICB N T, VAT AREREERICHNRET O BEN R, DLAZANITEEATERI L
RN LB D, RO VIT, Oppsys LT Ry ZIZED Y AT L) Y —RAEYRENOMEIRT 5, 12, &
AT LG HTTREMEE L LT, MEREHWET VX LT T TEHBICESWT, —EXDFEHER L~
SOV AT AEIRIZOWT, BBEOERILEZIT -T2, ARUEEZMRT 572012, Oppsys (282D U YV —ADE|
W HEE., e HET o700 ) =2 E# T T R AERE L, flER ST 7o RN, K
TNAIY XAOERLREELZHER L, B0, AT L0ORERY —/L & LT, Oppsys ZHERET 542 %
T NELE O FEARE & BT % Oppsys I~ o v 2 #REE L7z,

2 AR BE/

21 LYYIVRRTL

BRSO, HIFOERICHEV, T ETEMETI2ERRERV AT ACXZLNTEY, VAT AD
IR AT AA~OWEIH T HHEFNETETHMLTWD, TR~ ED X DR AT AT L,
B S ~OIEFIRIRL D OFH D b D L e D, L OEMEY AT AT, AT AERICEEL 5 2
L7 EAOEBICHET LTS,

AWETIE, VAT LA~OEBO—2L LT, LK#Eile=) TIZELI VAT LONELF | EEZT L%
R E T RBEKEICER TS, 22Tl "R =T OMEICEY, EFERVAT AL —v g v
2, BEREFIZIDER~OT 7 AZHIR L, BEHOBIREZRET 5, REFEHLREFZLITFIR
T, 200598H29H, NV —r B M) —FET AV IOEBERG ObA o7 FMEI Ty EM)
WCRHIEZ2EEL 720 L, FRZ, 1 34 DKREEER Y NY =27 IZBWTCEBENTRE 2o (2], 1ZE AL
OEREFIFEBIZLEDLOTHY . ZNOLOIFEALIFERICTIORZE L, £/, 201 143H11H,
MRS EAFBICHR N7~ =FT 2 — FIODORBARKEEPEAE L, HEICI-TIEREIENTZH15
A— MV OEGRIZ I Y EHEZ RO, BEE RS FRRAE Lz, HE & HRIE,. BEAES, BRos
PE Ltk PZETREY, BB CIEA R BEE 5 2 T, BEV AT AICBW T, 3 8 5 DREEEIED M
JRil 4 90 0 DR EREO MG AEE L7 [3], EBEZZIT M ON 1 0 %1%, BR XY “#HE#%D 3 A
KTh, WEREEREIETH 73],

e, B, LRIZBNWT, EHE AT A~O LWHBEICHLT 2 2 R TEETHD Z &1L, A
SFBHENTWD, kD AT Aharv 7 b (reliability, fault tolerance, survivability, security,
dependability or robustness) I%. failure—avoiding A7 A, isolated AT A, THIA[EE/R T AT A
B DONWTNITESND D, H LWL T 572912, A= U oBRRREIcB T, PH LA
W AT BB AL BE T d 5 Failure-accepting ¥ AT AAKRD 5D (K1), THILARWEE LT,
THIL oW ilheE, W, FHTHY | FRCRBIEESCE (MR, Ak, dok, ~U—r | KA. JAHEPAOE
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B L) THDH, A—T VAT ALE, ROV AT A EEXEPITHAEIER L, 200 - BT 2 FTREME
DHHIERY AT LOEENOE D, SIEFFA (Failure acceptance) &, 1HHM T AT AWEIHFREZRE
PN TOMEZFRETELOMHETH D, A TIE. FTHILRWS AT DBBIZHLT HT2DD T AT LD
BAHZBHL, TOLIRIVATLEZLI VDY FURATLALIES, VATLADOLY VU AT TFDO LD
WCERINTWS @ (1) Z{LICEET 2B, ERIEEEIN DS VAT AL 50— e R igfko ke 4],
(2) —ERAO@EFEH~OkA B ECRBEICEE T 58, —EAOFRTHER L-UL 2 14k - HERF
TAEEDDY AT LADORES[1], BT, avCa—TF 407« VAT LADOHEBRLV AT MEBOHETH
L4l £, MEE X, VAT LOWMEERICHELY 52 5V AT LORHR, B, MasstE, XM, =7 —.
ks, WE, FiREThD 1],

Openness Failure Prospect
foreseen/

isolated open avoidance acceptance foreseeable unforeseen

Reliability

Fault tolerance

Survivability

Security g
Dependability

Robustness @

Resiliency ? ? ?—

K1 TATLAFEH=Z BT MO

22 X R T Lxt Oppsys ITHEITHFHLEGVWERIZHTHLOU I RDERAE

PR AT L (P2P VAT AB], ZVy R ATA[6], 7TT R ATA[T], T REy 27Xy MY
— 27« VAT L[B]) IZBWT, HFY AT LERIL, VAT LDV A AREFNIRGT SN R—r FD
MBI > TETHICBEEND, TOLIRVATAIBITEH LYY = ZA0H#MIL, KEB O 2T
LAPNIZILREMORGFHZERT D, < DZDO LI BRIERV AT AR SN TN D,

KL TIL, AARF a2a=2T7 4 v 7 BIZRIER S 27 A (Oppsys: Opportunistic resource utilization
systems) [10]ZHWeL oYY = ADOFERIZEH T 5, Oppsys DR KOFHEIL, ¥ A7 ABHATICES
ICHEBTRE T AMEN L RDOVIZ. T RRy VIV AT AETENOHERTX 5 2 L12H 5, Oppsys 1.
VAT AOBREICBT AR ARER Y Y —RAEBE L, BIRAICTED Y V=X 25T 5 & THERT
Do ZOT KRRy Vv AT AOPEHE « fERIZ L0 | VAT AOFATEMHRTE (RAER7R S AT A A X
I UR—F 2 NOMLERE) 1T TNEL D, LER- T, #ERT AT A EIIFRIC, Oppsys (281
HLUU AT, BEO AT ANICTUEREZRITHZ LR LICRIETE S, Z0kd, ¥4Iy
POTH LAV R (BRAERERS) - HIRIEEN/2 &) (2B T, Oppsys (XEEE2E M 2 ER T 5 7201
HFEETH D,

Oppsys /— RIZLAFD / — R Tk s s (K2) : (1) Seed Oppsys : 1 v b7 —27 OFIHAEME D Be s
THAMNCRFF S, —MERBSND / — FOHES, (2) S, — R : Seed / — FOESES, (3)
WD Helper : DR NT—271ZBIFHMB —F BlziE, a2 Ba—% - xy NU—7 f#EaEiim
BAY 77, M A—2 Xy FU—27 WiMAX Xy NU—27 | FEYHBE AT L70E). (4) HIRM
Helper (21X, Oppsys AIRE/RE W —/ — Ria L),

Oppsys £721% Oppsys Z &I AT MK L, BRIV AT AEIRAXL—2 3 U E2LITIZRYT - (1)
s U722 27 LN Seed Oppsys IFEIRAR L —2 g U &2ME0, VAT AEIRO=OICIEERET 5 MLEN D
HIRET D, (2) Seed Oppsys (X3 AT ADBRBEIZI T HITER72 Helper # 38 L L, Helper M % K5 &
3 5. (3)O0ppsys Ol / — RiZ, +4372 Helper I FHMI T 5. (4) 14372 Helper 35 E SN D55
HilfE , — Ridf b L\ Helper #3#I L, Oppsys WIZZFNZHEKFRT 5, (5) Oppsys [FH&F L7 Helper DV
V= AERET D, LLEX Y, 5DV AT ADOTERE L= (Seed Oppsys & 1) & #H7-12HE L7= Helper
2L 5T, BIHLEY AT AMIP—EROHFRAHE R LI AT 5,
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| Helper/—F e

g o> {

.
(¢fz4::§vit—a>§ o |
E’;.Ht/—h .’Eﬁgi MEED
ﬁ)) E@ S i 90
T N

WIMAX o # 58

w22 O
O u O aAvEa—4xukI—4
(KERVET—2)

BERYRI—IVRTL

2 Oppsys

3 MIRAE

Oppsys ZHHWT, LU= ZROMREZRARDEE, W OO LG LORERH 5,

L : LV 2D Y =20 FE, VAT MR RY Y —2 2Rt 5/b v iz,
Oppsys (ZV AT LOEAFOBRBEICBWCRIHMEERY YV —2AZ2EAT52 L TCLY ) 2 2 52HEBT 5,
LWL D, K7 7a—Fik, 2OXI272) Y —REHET 57200 FEE, 2O XD 26l# %2179 729
O ZNE L T2, L LN S 1T E A E DRI, FlEOIEZE 729 720+ e Bl 2 7% S 720,
AFICL2ERRETEIZ OBMEETLZ LD, VAT AEIBANL—v 3 O HEERER SN
5,
M2 : LYV 207D Y Y —ZADFHI 1k, DeMarco X, [FHUTE 202 LITHIEITE 20 &
W72 [9], LYY ZAOMEE EOER TSN T DN, 4], BEEERZRINTWRN, RV AT
LDOFEFa BT MIBWT, a v R—%2 b LUV OIS (S, "M, 74— ks LT
AR E) MW TWHWLEND, VAT ANLDEHEP O T TE RN DIZR DI (FFRrY—,
M, a2 R—F b BB L), FHMEERICB W TEEBETRELHOBIIKRIBICENT 5, BREL
T, EROFAMEANTIEA T T A > (FAEUFOERE) THEHA I, A 74 U TOEMRICHZICHEZTIER
VW[4, 15], #ilz2 03X, Laprie (%, [f€3k, #REEEFHMIZA 7 74 > (CFRilE) Tifrbhbd, TOL 7T~
0 —FITHERT D VAT LAOLGE, WL ETH D, FHIIXETR GEAT) [fTbz itz i
VW) R [4], [FARIC, Al-Kuwaiti (%, [ AT AR L DEHENOSBEROLRNE DI D DTN, 2
BOEIIRBIZHEML, 2R R—3%2 b LV OBLEN LR SN EENRET L OMIZIEERNR S
DEIpote, ] Lik~7z [15], L7eo T, MEROFMEINTERTH2X 4TI v 7 v AT LADET VL
EHENTRE L, TR,

AWFFETIE, LA OMFIEIZE D flTe : (1) Oppsys MABEEROMEEE : Oppsys (L D AT AEIHZ LB T
LoDV AT MMERELGR 2T 5, Helper / — NEGOFH R E O F e ER E . HAET D Helper
= ROBBRT NV TY ZLDOEFHEITH, (2) Oppsys ikBRY —/VOBAFE : 77V Fr—=3 3 o _X— 2Dk
SN PERERHMZAT O 72O ORI &L LT, =2 L— X X T D,

4 HEHER
4-1 SRTLEIBTHEEERBOETIVEE Y Y—RFET7ILT ) A LOBHS
(1) =&

v, M1 (vertex)

e; K i (edge)

(v, v) Wovp & v AR D e AR

P (% H x DffesE

G (W, B L VERSER ENORAD T oA LT T 7 6. F Z ClIeRIEE OB L BT
mEis 1]

¢ COREL LB DHBECI O DS T T 7
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v %Angfﬁ

K féZoML@%m@% YEAG, ThbbEkcV, 2< |k < |V
T Ej/]\/\%%
St i BEER #&b% T DOF/ NS ORFD

(2) &

T 7B FBHRREL, Gaonlz2 iz 8ERT 28 EHOEETHD[16], /IR EFE, Fl—0
2RERRT DM T 775G ERVWNATHL (DA FR—F 2 FOREIFIANA L2572 725)[16],
77 7 OEAEMEEIL, 7T T IZBIT AR D 2 KM E T 5 AN 577 7 Th 5 [16], K 8 (01) & 1%
RESIIBITHESGTHDH[12], K YV =X, [EED K sixtd 5 Fﬁ%ﬁ%#éﬁmﬂx%%o
777 TCThDbHI12],

(3) #lg: KY)—45g7/ILT) XLELEAREE
TNIAYZLNTIX T T 7IZBTLHE2TOKY YV —%FET 572800 Genk—tree 7 V3 A L[12] %R,
ATy T UNFE KV V=70 VEERTS: (D EEOR vE, (2)KY U —IZBRZEENT K e= (4, 2)
@ﬁu®2o%mwéovkﬁﬁﬁ%%$®mfkw ul 3B AKY ) —ICBECE ENTREOEEITRT
LR EKRRTHD, ATy 721, HILWKY U — (W& E) #2HNT56, A7 7313, KAz&ER
VMEBOEFESND Ay R—3 2 VERET D, AT v 7413, BRICBERSNTHEAEEERICT D, A
Ty 75 L61%, BIOKY Y —2RETHOIC, BIRLEIZEY KU —%2HE LT 5,

Algorithm 1. GenK-tree [12] using C-style pseudo code.

Input: G, E, H, v— where G is a graph; E;is a set of edges that have been included in the K-Tree
(Eg will become the set of edges of a K-tree); / is a set of edges already found, used to prevent
enumerating duplicate K-trees; and v is a the vertex being currently searched.

Initial Input: (G e, @, v [1]), where v [1] is one of the K-vertices, and ¢ denotes an empty
set

Output: All K-Trees in &

Algorithm Steps:

void function GenK-tree (G, E, H, v)

1. Vi = {ul| there exists z (u 2) e E};

/% V.will become the set of vertices of a K-tree */

Vo= Vs {v}; // v is the last vertex added to the K-Tree

if ( K e V;) { print V; and E; return; }

Compute the set of connected components after removed Vs from Vin G and removed all edges
connecting to Vs from £1in G Let the components be G, G, ..., G, where the set of components
includes at least one of the K-vertices. Ignore the other components.

4. H, = a;
if (ve )
for ( each edge e= (v, v,) ¢ #,)
/* v, belongs to one of G, G, ..., or G, */
GenK-tree (G E;u {el, HU H, v);
H,= H, U {e};

W N

o

}
}
6. else {
for ( each edge e = (v, v) ¢ H, ) {
/* v, € Vy and v, belongs to one of G, G, ..., or G, */
GenK-tree (G, E;u {el, HU H, v);
H,= H, U {e};
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DIFOR LI, 7ATY XA LICE > THEFESNI K Y U =2 SEEEROMRE FHT 5 720 OARIR
AR T13], T=1{T, T, ..., T}EFIFEINTZKY Y —L L, t ZEG[TOERETH D, WERBEKOMH
Rix, UTOXOZRKELSND

Pr(T,nT, e T) = 2 Pr(T) = 2 Pr(L,nT) + 2 Pr(L,nT,AT) + - + (=) Pr(L,NT,nNT,)
i i< i<k (1)

(4) 2L IBEOERIE

VAT LY =KDV AT MEIHFHEOREIX, VAT LERFICE o TRNED, Fo, BIRANL—
varoHBEIE, FEACOBREFENBEREDT DI+ MZ2ESR2NWI ENLEETHD,
REZDO VAT MMEIHTIEX, Oppsys A Z AREIZT DY —EADFFEAIHE/R L-UL~D v AT LEIH %
T 5, YATLEROZODY V=20 BFRARERIL, ROMETHL, LEer->T, LUz
AFHANZKIT 2ART 7o —Fid, EREHWET VX LT T 7TV EHNTITY, Oppsys KT 7 X A
7T 7 GIZBWT, ML Seed /— K& Helper /— REHEL, HIZZNOLOHMRD D VTEROY 7 2%
T, MEELIZV AT A s 3V R—3 2 baRTEEHIT, 77 700BREIND, FRLIEVAT L - Yy
A—xr MISK ET 5,

UToX2 EX31E, i BFHOR v, OEIHATEENE /P (v)IZXFT DA NY v 7 BERT D,

RP (v,) = A*Capability + BxEnergy + CxAvailability (2)
A+ B+ C=1 (3)

A, B ClZ3 DA M) w7 (85, &, FIAAHEN) T 2EATHD, BEIIX, iFHEO/ — KD
A Ea—7 4 7)) (Bl 21X Oppsys AIREZR B > o v VRES)) OFIH ATREZRFHRE IR (B 21X CPUC A £
V) X THRET D, ML TR L7z / — ROREJNL 1005 TH Y, #E L7z — ROZiL 0%
Thbd, ENE iFBEDO /) —FOBENREIZE > TRET 5, BEMERENC L 22 TOEMET S Seed / — K&
Helper / — RIZB T 2R AROE ML EZ 1000 £XT (R LB MAEEL L ORALD / — FRIOETEO g
ZAREL THIDICESET D), $o. AR ENEZFS/ — NICBITHENEIT % E ERLL TFRT,
&I Bt L7z Seed / — N & Helper / — RIZBITH5—EDEITEIL 100%TH 5,

FIRARENEIX, 1 FH D/ — KD Oppsys %fii (FIF) O L~ L TRET 5, L <Fl S 47z Helper
IHEFNFH D Helper LV @BWHERTH D, L. X2 VT OBLENSEZDH 5 Helper T 5728
DOEMIRFELE 2D AN H 5, MR L TV aWTEft Lz / — ROFIFAATEEM: T 100%, #bEL7- / — Ko
FIT % TH S,

R4ix, i FEOBEBY 7 2E£TH o, OBEIAFTHENE kP (e) IZkIT DA NV v I BEFRT D,

RP (e;) = Link communication metric (4)

WEVYZ - ARY v 2%, 1 FHO@EEMR BEEE, BEEZRE, S, 7y hax, #
FE) IZ X o> TIRET D, TOMEIT, BB 712k 5 100%0 Sk L= Y o 7 12%4 % 0%D#iPH T
b5,

AT AEIHATRENE By G, VAT AEIHORIMERTH D, TUX LT TT GIZBNT, £2TOK A
D1IOLLEDOK YY) — (2TOEHLIT %LV KEWEIHEMELZ D) Lo THERSNDGA, VAT A
WIHATREMEISRTERTRE CTH D, L Z—EROFRMER LV ETH, 22T, VAT AEIBREEY R
ERDHEZ ONT-EBBAREEEZFFOEXONTZT UV H LT T 7 GIl2ONT, B (ODBIE L LY KEnEN
IEMDOTF, W77 7 CEHEFETL) L L, UTFToX 2 IcERLT 5 :

System recoverability problem:

Find ¢’ (5)
Subject to:

R (0) =L (6)

AT MMEIRTTREME Ry (O SEME L LV REWEAIZDOH, VAT MIH—EZRDOFRARER L UL THE
HARETH D, T, ETOKEDOXT DR SNLBEDHTH D,
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Algorithm 2. GenSubgraph using C-style pseudo code.

Input: G, L, A, M—where G is a graph with recoverable potential, R#P (v,), of the vertex v,
(representing the i’s system node) and recoverable potential, #P (e;), of the edge e, (representing
the i’s system link); and L is the threshold; A4 is the type of algorithms and # is the metrics
considered in this algorithm

Output: G*—where G’ is a subgraph satisfying Equation 6

Algorithm Steps:

void function GenSubgraph (G, L, A M)

L. ¢’=9; v,=0; ¢,= 05 // o denotes an empty set

2. if ( 4 is resource assignment/replacement algorithm

and M is RP (v) ) {
while ( the number of V’is not greater than the
number of V) {
/% V/V is a vertex set of a subgraph/graph */
for ( each vertex v, ¢ ')
{v,={v, | max #P (v)}; }
/* v, is a vertex with max RP (v,) in V %/
=6¢v {v);
GenK-tree (¢ o, o, v); // Algorithm 1; v, € K
if ( the number of K-trees isn’t smaller than one ) {
Computes £, (¢);
/% by using the inclusion—exclusion principle */
if ( B (&) is not smaller than the threshold L )
{ print ¢4 return; }
/* K, () is recoverability of a subgraph */

}
3. else if ( 4 is resource assignment/replacement algorithm
and M is kP (e;) ) {
while (the number of £’ is not greater than
the number of £) {
/% E/E is a edge set of subgraph/graph */
for ( each edge e; ¢ )
{ e = {e | mx RP (e)}; }
/% e, is a edge with max RP (e,) in E %/
=6 U {e)s
GenK-tree (] o, o, Vv);
if ( the number of K-trees isn’t smaller than one ) {
Computes £ ()
if ( & (6) is not smaller than the threshold Z )
{ print G% return; }

}
4. else { print ¢ return; }
/* A is resource relief algorithm */

(5) MRATZ7ERTIT XL
TAFTY XL 20T Y —AOFY | FEE, BikzHl#ET o700 LY XA (RARR: resource
assignment/replacement/relief) GenSubgraph Z7~x9", A7 /NI U XA, Helper RN 5 Oppsys ~D U
V—2AEBIRT A LIZLE 5T, V—EROHFRARER LNV TYRTAERBIHT A0 W5, 7T
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U X BIZEBWT, Oppsys (TFFEL7=/ — K., Seed / — K. Helper / — KZ&&Te) 1% 6 &FET, Helper / —
REHG2> 6 Oppsys IZE > TIEHEND Y V—2ADERIL CEERT, ATy 7 1L, 97 7 7 L KDOEIH
WEEMEEZ bR EFEOHE L TH D, AT v 721X, 70TV XLDXA TR Y —ZAOEE F - 13 HAE.
MOT NI ZRZBNTEEEINDA M v 7 BROEIHAREMEDRETH D, KRAT v 73Rk KOEIH
AR A FFORZIBIRL T, #0277 72BN+ 2, &Iz, 73V XL 1EHNWT, CITBITH22TOD K
VU —%FFETDH, KV V=N 1L EOSE, FIESNZE2TO K YU —iZxtL, X1 2HNTHY Y
TI7OVAT AMEBFREMEZHE TS, /-, TOEBAREMESEM L M LSS, &AL, A7
URXLEETT D, VOESREN VOBZRELLTORE, KT VA Y ALEIARRAT v I E2#0 KT, 6%
W T D77 7 2 ER TERWGEEIZIE, ML, A7 v 72 Tld, X218 HEA (4, B
O #3452 LT, —ERDOFEARBRLVANNVEELZARETH DL, A7 v 7 31E, TAIAYXLDH A
TNY Y —ADQEYM EFIIFHEE, o7 AT XLIBWTEBIND A M v 7 B OEIHATREM DY
ETHD, RKAT v 1L, AT v 72 LR FIETUREIND, AT v 741X, T3 XLDXA TN
VY —=ZADRDGEThHDH, KAT v 7E, ZHEATHDL ML, KTVITY XLEZKTT D,

(6) #iEH
K3i%, 526N H AT T 7LERARTAIY N> TELNBIHAD T 7%27T, K3 (1)
X, 526NV TN TS5T7THhY . ATAITY XNIEBITS ¢ Thbd, #£11x. HIFAREREZRL, A
TN ZNZEBITD RP (v) & RP (e) TH D,

(1) Sample given graph  (2) Bridge graph (|| = 2) (3) Triangle graph (|&] = 2)
open/filled circle: normal vertices/K-vertices

M3 2ol INrI7eBonsy 7777

F1 A EBOEIARREM

Capability Energy Availability Link communication

v, 1.0 1.0 1.0 e, 0.1
v, 0.9 0.9 0.1 e, 0.1
vy 0.9 0.9 0.1 e, 0.1
v, 1.0 1.0 1.0 e, 0.8
Vs 0.1 0.1 0.1 es 0.1
7 0.1 0.1 0.9 és 0.8
v, 0.1 0.1 0.9 e, 0.8
Vg 0.1 0.1 0.9 eg 0.1

ey 0.1

€10 0.1

e 0.1

TNIAYZLDEA TR I —ADERY o7 NI AACZBWTEBIND A MY v 7 BNEDORES L
BHOEE, RTNVIY XLNIAT v 72523735, Bz, K% v, & vy L% 0.9, X 3128175 A, B,
C# 0.4, 0.4, 0.2 £ 95, ART v 7%, &RRKOEIRFREMELFFOA v, BRL, 12Nz 5, 2T,
RP(v)1X0.74 THDH, WIZ, THVIYALTZHNWT, CITBITDH2E2ETOKY Y —%2F%T5, KV —D
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B 11U EogE, EIHTEEZEETS

K& v, 2B To/NATkT 5V AT LEIHATRENE -
St = T, where 7, = v,
R, (6) = Pr (T) =0.74

THIELEVNENED, KATy FIFRO ) —RFE LT, v, 2R L, AQ2BNT 5, 22T, /P (vl
0.74 THD, WIZ, CITBFHETOK Y —%FZEL, KV —0N 1L EDEE, EIHMREEEZFE
T5

TV w757 (bridge graph) \ZX4 5 AT AEIHATREM: -
St=T, v Tl,uT,uTl, where 7, = v, I,= v,y I,= v, T,= v,
R, (6) = Pr(T,u T,uT)
=T+ L+ L+ T, — (I, + T, T+ 1, T,
+ LN+ LT, +T,nT) + (I, T, T,
+ N, I, +L,nT,nT) —T,n"T,n T, T,

= ot vy T vy b vy = (s vy T ovevy b vy vy o)+ (gt gt vvgt ver) — v
= 0.9324
AT MEHATREMEDSBIE L LA ETH D720, K3 (2) IORTEHIR AL, KT VTY XLZHRT

T %,

TNIYZLDEATNY Y —ZAOHELE, POT/NITY ZALTEBWTEEIND A N v 7 B3 EomE
Vo7 ThdGE. RITNVIAY ANIAT v 7 3%FAT7T 5, BlAX, K% v,b vy LZ0.8 L5, 2T
v 2 LD ITET, K7V T Y AL K3 (3) RTINS TAT I NT T 7 (triangle graph)
AL, TDOU AT LMEIRARENEL 0.896 TH 5,

4-2 Oppsys RIE7 S > DEEE

VAT LORBY —)L L LT, Oppsys ZAERT DK AT LEEHE DO AMEE 2 AB{kd % lOppsys (RIE~
U BREI LI, BRKOT V= a i F U ARE LT, B AT ADNEE S NETIZRIT S
EREREL (K4), "— R =T &, Seed /— KX Helper / — RO#ELUMERE, = =L — a3 VEREED
HRALKSREZFF > Y 7 b = 7 TR T 5 (IX5),

{R#8Seed/Helper/—K
e nE |
_________ | ®t |  #n s
y 5700 EETY T EEEl S
) ; [ wac [ ®mey— |lll|[ 8oy || amsim
(%) I
| TCP/IP Y7k | | TCP/IP Yk |
[ z=Bon—F9z7 | | ®=BON—F9z7 |
X4 77— arFUA 5 Oppsys (i<

6. TV — a3 ANk T 5 —4 0 AR ZE 3T, Seed Oppsys 23ER Sv7-%. Oppsys
1XiEH O Helper (Helper) &ifilfRf} Helper (Lite) Z#AFRT DI & THLKT D, Seed Oppsys 1. Helper
J— FNfEH T Lite / — P LIEFHREZIET D, KEBKEIZBN T, —2OEEFHIIFRICRY Sl
EFEEEHRIT L THD, BlxiE, Lite /— FiL, Bluetooth #éfE a2 7=E— a3 ETH 5,
F21X, VT U AKIIBILEA v E—VIHT DT I T4 TR T, K7V IT 4 TSR L THIEL =
— RO EIT TN, ZAX—20#E L, 25K 5,
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Control
Center

Seed Oppsys Helper Lite

1 SFFD_scan @ 2
CTRL_start > SEED discover | L
3 HLPR_joinOppsys
SEED_evalAdmit 4
e |ILPR_scan &
SEED_sendTask 5= HLPR discover 6
7 LTE_joinOppsys
CTRL_end 11 -

* HLPR_evalAdmit 8

10 HLPR_repurl 9 LTk _report

‘SEED_rnIcas.c 12

%

HLPR_release 13

X6 TFUhr—Tar i) AEckd s —4r 0 AKX

#2 Oppsys 7VIT47

1 CTRL_start Initiate oppsys
11 CTRL_end Terminate oppsys

Scan communication spectrum to detect devices that could become candidate
2 SEED_scan

helpers
2 SEED_discover Discover candidate helpers with a specific communication mechanism

. Evaluate a device and admit it into the oppsys if the device meets criteria

4 | SEED evalAdmit | .. cadev bpsy v

for admittance
5 SEED_sendTask Send a task to another oppnet device
12 SEED_release Release a helper when no longer needed
3 HLPR_joinOppsys | Tell joining oppsys

Scan communication spectrum to detect devices that could become candidate
6 HLPR_scan

helpers
6 HLPR_discover Discover candidate helpers with a specific communication mechanism

. Evaluate a device and admit it into the oppsys if the device meets criteria

8 | HLPR_evalAdmit | v adev bpsy v

for admittance
10 HLPR_report Report information to the control center/coordinator
13 HLPR_release Release a lite when no longer needed
7 LITE_joinOppsys | Tell joining oppsys
9 LITE_report Report information to the control center/coordinator
5 £&H

R EHEETIT, BT - EIREEIO-0® Oppsys ZAVWEZ LV o MR T AERERE LT, B
VAT ANIZ Oppsys @5 2 LT, VAT AIZEIHEES) (self-healing) &5 %, /NS 7pigles & KA 72
Wk % 43\ DI IR ABE R 2B & £ DRI, Oppsys (ZEIHA XV —2 a U &2IEdD D, F£7-. Oppsys Di=HD
AT MEHTFELRRR LT, RN T A LT T 78GR W 2T MEIRMEEZ EX b Lz, £7-.
Oppsys 12X DY VY —2DEY « HEUE - @ik 7 V3V AL LT-, £7-. Oppsys (RE~ > 2T S
DI, BERET 7 ) r—ya vy DA @E— 7 v A T I T 4 7 a— FORHEITo 72,

Oppsys O A[REMEIE, Helper / — FB3ZENL LI L6 TEERY V—XEHHTHZ L TEEIND,
DU 2 — FIEBEBROV AT AONR—RA, TN T T Y R’ FER EITB O TN SO R,
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Helper A OFIEITXBIMICHEM UEE T D B2 5, £/, LV AQBEORH WY 7T, L0 %< OFTE
#)72 Helper / — RAXHIFCTE 5,

LSHBOMELE LT, ROV Y —2HHT LT X L% Java _X—AD 7 Y —0 JGraphT library [14]1Z
FAEL ., B R a2 b —a VT EIT O, Elo. RAREHIE ST Oppsys (R~ v &EEL, 77
g—a v Al ERCERMEETT O,

(&% XHk]
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