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Abstract Topelogy structure is one of the important parameters in a network, Acquiring network topelogy 1s a very
meaningful fundamental problem.especially for the purpose of monitoring and managing a network, The birth of net-
work coding offers new ideas and methods for network topology inference,. There exist close relationships introduced by
network coding operations of network nodes between encoded data and network topelogy . which can be further explor-
ted to acquire network topologies, Compared to network tomography based methods, the network coding based topology

inference cutperforms them in many aspects,such as improving inference accuracy.lowering algorithm complexity . ete.

This paper investigated the state-ofthe-art studies of network coding on topology inference,

Keywords Network topology, Network coding , Network tomography, Topology inference

1 8l&

EREEEMNSRINEHESXTAMEANEREENE
HNEM 2 EMGEE REMNEREESTEENE
BEikiE NMAREMSHICRAMNGEENESHITNE
EMRET THROMBFHIMEFRTEASHAETHIMNS
MUEIFEIMNAR G E BEFEEHREAB T SATHE XE
HH A EE/RET gyvp A EL BT Traceroute BF
BEeMETF pop HBERNFZENF HTFEHLME W
REEFEAFRNEE MEARTANESEE RIS,
BB T MEHIMAMNOER AT EIFi LI M S5 HFH
DEHUMSEEERNREEER AMITBRETHEE 1904
F Vardi® B EFZ PRI HHBE B (Computed Tomo-
graphy,CT) B ESIABMENEFR FERIEHTMEEIN
BB ( Network Tomography, NT) X — R R A
MW MMEEMREBERARTTEEANTENLDE R,
FIHTERMEZETRENEZERNENE

7, FMEBEHARE RS %

TE 17 (0] 2 77 2 T BA 2B SR o=
EERERER 2= F¥x
) & 4 41 BT K 2
oD = & it 24 F¥

W) &% = A IR B IR B T W 4% M = 0 481 gE UE 1 Y
HRE T ERNSRIMNENR LHEAERGI T ZXE
BHEZ O HNETRNEENEEEANRMNEFETEA
REMBE ET T HHRIMEFHSA ;PR X FH
WHEWMEREZRNRIGEMNEHESH R REMES
BHWImNERETEY S ANBEXHE B FAEE
MEXHEEERTANEZELAX HREAINAMEHIME
. BE ETHNEEHAGMAINENREEIZIZGEHE
EZRWEHEZE ppT) LT Fiz ETEHIRN S B
Bi&Erpe) M mur BEFona . ARETF p HANEH
HETHE EHTHRIGANENENASERNEGNEE
EMEmIERF RERAEMNNEEESE NEREE
F EMEEANENR BEIMNNELERNEITHNITE

EAXZERERMFEEME (g1471045,61227001) , WRIME B ER (2014)1005),NSERC,CFl,auto2] HB

# ﬂ(]ggg—}’i_mii_iﬁmﬁﬁﬁﬁﬁﬁﬁﬁ‘ﬁﬁﬁﬂwﬂﬁﬁﬂ‘ﬁﬁ_Eﬂﬂi|=152f5ﬂ5m45@153+ﬂﬂm;ﬁjiﬁflgTE—}‘E_ﬁi‘
BB EERRAMA Ag oo WE MERBMBMBEBE £ il luyantaoen@ 163, com; M (1991 —), B M4 EEF 5 0% P&
2 MERBABEBE, yaser MORGAN B HBE BHE IERRFAHAEANSE NERS EHEAE ARRLNE NERDE

« 47 .



HY REREXYE AW A REEREMENRIMEN

ETHEEMRBHNAIMNERFENAZITFERIT X
EMNFITHERTHANTE KSRV EEZZHES T
HXETHER KITHEBTERESFEELRH TRIE &
i ERT R SR ETHHHRINEHRAZEENTE B
RARBATHERNELEER S EREESMATMNER
Hik MSEESHOHRAMSRIMNEFNE—FERIEHT
AR PERBEE opp0 FRUHN—IFHMNERLER
A BaHHMEHEEBAMRESAEMEBIEMRETNNATRER
Kabsr M5 WP SRBOEIEME TERITTHA
HERMTE Xlrg 10 WESERET MRS N AR
B AXLELKNABTMERDEMSERIMER PR
BEDmMN S EENERBEFTEMEHE AT HSRHI
HEBT B B Rk iE, KX Es#HIEN WaHiERU R
i #E By B9 3 {8 5] #E 5 75 B X B T ) 45 4R 00 A% ) &5 B F HE B i
TTHHANTE BERIEXAT2EFRERKNRAL
&

o HIME R

01 FMBEHUERBR

MEmREAOSESEE 2000 FH Ahlswede Foo) IENR
Wi MERBEREATAFERRT HHE #L-BE T
MESE | PHHENE N ENERBOELDE

(BB

{b}ﬁﬁﬁﬂﬁi
B, SR mg

A PRBNEFENNBNEE cABETR g F
ABPTEETR EETRARETRS c BEPET AEE
Bp pANAEFS M, B ) FHBEBREKEANE
A TR ARITERELZRIE BTHBEMNTENRK
BE FETR cRERE, , v —1 BEFETA ¢
RANS , WEEp ppMpr LEENETSHAA A RE
EE pRENS, , pMREKRE, TUEYH p pkiE
FRMFEWEERs £ENFTS, , BEXEXARKEE
e B, KAMEED BDR SR 875 = 0 8 B2 /Y
ETEEHTHRE LRV ESRE ZELUFRE f
() LHARMRIEAG PETR o BERBFS, , =/ #HIT
AAREHBRIMNER o FEETR p ARELERE
DE.DF RZEHEE g g, p BREABS M g, R, EL
'i"'gﬂ@(ﬂ@mﬂﬁ“ﬂﬁﬁﬂﬁ' . B8 o mESERAERE
B AR SEEBAMELE MAMSREEREAEGRSHE
BEEMENELE

L AXPHERBASTETAENER

REMZHFUEVNEATRSEBEENENEE 8
EEENMEHEREHRRAEN HREARLZAMBRBEEL
RBEEMGE MEETRE TRENSE pp NEFLZNN
FREFVHOURIAHUHRAVEABONNRNE MEHEDE
MEETABPRIEAMEEST ZRENEEZERRZAT
B IMNER R E S Hews 8E S iTen F 300
(og ] TBTHERHEMERITABEPHNEA SETME
F= AT B (% RO SR FD HE BT AR B A% P 4% & 55 R A F O 4% 7R 1 HE BT
REAREHBNERE BRENFEINERESHN S I
FAMSEREER SR MR EREN MERALZESE
g W 5 = BT R IR TR ME ST ARG T RE
o 9 MEREESMERIFEXR

ZEMEHENRNERIMERH NHNERTSEERINE
9 B8 {8 SR o 3R RO B SR RS

HE—TETREFG— TRV RZENEEME—

2y1-by-2 B (BEley- B B—BRTRBAITAE
BTN ZENBEERR X TRAZAZ2EEMN B,
PR pHRARTETR,

3)2-by-1 B ey B ATARAET KB E—
THEETANBEEERELBERTRAZER2EEM B ()
PRTR RALRTR

(& OO
O @
& ® (®)
(a)1-by-2 FH (b 2-by-1 FH
B, HERE

MGEPABEDH , HEEDH | MR AT SEER
HRBEN BHARBTE EHARE | TUEN A%
RBETELLERBEAL DEATENRNERBRES S
W& R 11 B R R E RS BE o BN A0 IS MBI RS
ETERBSTOMERBOELES EFRERDS WS
S 5 0 OSSR S T LU R0 4 4% B SF BT 9D 4 0
BIEINEH B EE )R RETE p BRBRBY
BEMKEN g p REX—EERTUNECESHE
EMRE— LR EAEDEER B TEN—AAEED b
M AT A MWW S E LT SHEIEA Bl
N ORBEEESEERMEENEERN ARG RBER
FMME R

s ETREHBOEIMERTS

B8 ETMERBUFEHESERAETUSY s A FE
MRS GIEEHE BN B E 2 P LR
&, HANIEH R EDF R R B 7 75 4 P 4 R D 18 B o
0 6 4 ) LR SR IMERT RO X B I W L FR A
TS RE  FEMTRAE X T % RS M %
REMAEARRRBERONE

. 243 o



3T M 254

£ 45 A W
|
i i 1
+ sh 44 B AR B A |- HE B & 2] (B 5]
| |
+ + v *
R — R W E WAL,
i g 4} -

By ETREHEEMEHMNER

3.1 & W & 45 55 B0 X SR $h E i iE) /R

TR ENEGE2EF APMEPNASET SEEFN M
FEFEHFNE BUEHRMNOFTARBSNMENHEXE
B OMTMEAMERINEN BETMEREBNENHIE
MRABEIEARETSATHEEEOABRAT WAREM
S 2 B ) 4R AR AR T 00 LR LI B B0 IR T & P F BT R
SN o BRI A
3.1.1 BHRER 3 B0 HE B B &

Fragouli Foo HAENEEENA TR SR ER I
HY _XHRHT—HETRHERBANTERBERE &
HEZNEEREREIERAITHYREATEENS/M %
ERTA REZEUNAERNCHEBEEIH T AMSE 5 4
TENESH REES—ITESPBERENEEANEN
B%EE B AR RSB BB OGN EEE
HXMERNAABAEN T RUSAFTENESS xH
EES—ERPHEESREM S S EEE AR 88 RS
TAHHEBHE s T TEESHAIMEREARN

B, BIE, FRMEE SR AEEI SN BRRE
EHBES B—REREENTA ,  EHRNEM
LER HEMTAEIBEET R MRS E TR RERE
— P HEE AR THELZRE, MRFWEIK BT FE R
FANSAMES WHFTENAAERAREETA 4
JAR Mg EEEES, M, A REERE, 1,
FEEEAAENSES o, BEARETE XHE I
BB, cop W o, WEE | g BEE, B
EREHTRUNENHARBEAFTTUER T RA0H 9 1
FEIMES B =(A,B),L,={C,D},L,={J,K,L), ™
Bls iR ATHE [, =7 K,105 HZEHNERERXRE
FEBEGT—RER EBEE, _ 5 g PRANHS
BIEDBIEE , , MEEE NS E  , HEGETS
[EEBEHAERFEGEBRTR BENTR A BC.D.L
BUE o, SURNE , , EHETERERTH
[EIMA ¢ FIRNAIMNERER RENERERN o BIHE
TREAUGIRENMERIEN

B, ETFRERBIES-IH

« 244 -

A 5

B, BoRERBHEINEN

MEFHRBEEZETRSIFENT AU HARE N
mFEAIMNER HE ARXE o R ESRERMED
BERNEnffRrnRRANTRNERUS8E B
FITHETAFTEEFREDIBEDT SR FEIFICET =
MEUTS-RBAESXERMNENSHFEERT G XN
THETAMEREE WIMNLEAHTRBEFEIEEHNZ
X AMEE R T BT H NS /2157 LR P E
PTANGEBELEIE st TRBZENEEREZEMMNE
EodlEHTHSEWNEZNRELGREZE MNNEEE
RTHRETRMENEWMESH LFIARITAE BHE
H‘]iﬁﬁ?ﬁ@ﬂ‘ﬁﬂ—ﬁimﬁlﬁ#ﬁ#ﬂ [10] Jithin Fua EHRN
BEHIRIT PETRAMNRERELUERTAXRERATES
NATESETH®E BRETAMAEOIKAIMNERTFEE

AR AP EHIEN SRR ER TSR
P BEEHMHMEEREE _XH |, KHFRIKHINER
TERATHEHEA—BROMRKAIEN
3.1.2 M-by-N P& FETE @

ERMEWR prpy oy NE BEEE yTETR N
THEETSBME (- MERIPT IS HENRH
HEHHRES M hyn2<m<M,2<n<N)RIRE 2-pby
1 I oy FHEES oy HIMMESSE BT o
by2 I EEBRNBERLRTANSXTAANMUERX
ANBAARINER EHI o, 0 RIMARZE S ERIE N
EEMEMEE RESXTKRMLCET S HENAER R
B oby o AHUGARZEAEHNERZIAGHE (WHE
B0 oo G4 ME R XZEXHPEHRT o I+
ETAf: FEE BT ETARFHRMNS T SMIC
Boa NE . R FRXEAGHT (THETEM g F
iR FTRNBEESHAFEL—1THAINICE X7 R &



KB, hBEGR Mo p AEEHE KRR, #gR
B E Ji B an & ?{h)ﬁﬁT Eﬁﬁfg g 12 S Ry Fl
Ssz:ﬁ- i%ﬂ‘ﬁhgl % = quE@SERI = nE
7o) TR EEE PR g Mo, THFRRE WKE
SR, Msp BEAFHRE MNE 7)™

(o BH  fEHER

(R R
7 (WEX,, o B

MNEBE Lif EFEMEHRIIENMABREBRSEZNGS
Wi&ﬁfﬁﬁmﬁ;ﬁﬁﬂﬂgﬁﬂ‘fﬁﬁn Rabbat o) AR
MAETEEMBHRIPETREER HigEREMENHINE
A EEA T AR T BRI SHAPT KRBT R B
FHRISBUBERE \ry-y MEFRITBRAZT 090
it FEL—ENNEFEMEHFTZHRES T 2-hy-2 #h
IR EEY MAINESHIEZEN R SHEIEREX
SHMEHN o ~by-2 wib MATMENRMERIP B2R Rabbat
FARHOAZREBRER —1 oy, -2 hirEBRHE
ABZERERNN MARHE—FES ; HIERXFEAXHMT
AT R ppy-N PSRBT R 8K 37-39 118 £ Rabbat
FXTF M-by-N MR SHMNRE BHTETRSHY
MmN ERERAZ ZHEZEEH A MERED XN 2-by-
o N RENERRK S REEUSHELENSEMS

(HEE o py-2 FAFHRE

THRERRDAF HAMSREEEREING o o 7
hEd RizE, PRETR g o FHUBAERTR R R,
‘H 18 T it _I-ETFFfﬁI%,‘ﬁﬁﬁﬁ'ﬂﬂﬁ {;F(g]iﬁ{]ﬁ'ﬁﬁlﬁgﬁ
B MAE 9o WP g g, WEIMEES. . . MR
BE FHBR = v +eur MR, =1+ copa, 200,
'Eiﬂﬁ'ﬁﬁc#(;!j=1,2)ﬂﬂﬁﬁﬂﬁ GF(3),

HIEEEEERE

ERAHBREZEANBERET BTRLZEHFNEE |
2 AERER o o HIFPILRTRAUENTRESRS
M, BITREASHRETE REEGARE 9y ##
MZEWRTA R R, ﬂﬂﬂ$ﬁlﬂﬂﬂiﬁn RV B )
LEmm R M BKNRBE 5 0 HHHRE

HFERBEEENREE

HTHRREZGAFENE TEAREINR N, &H
Br&dHEE BN EFSEFENER T, 7 H
TRSEPFERREAR 4 W oy RIPKIAE T EEL N
GER XERWMEAUNGH 3 M08EH 78 HELPHE—
THRETRZERIEMENE, 548 ;) AT RS KRN
EERMNEE Mg =R, 78 ;) ATERTRAME R
FIREE B p «g, WAEFRMNERTULZAFWRT KFFU
MBEIRBBE R — v+ MR, =cpz, ooy oz, HH
BERuE, _ SMEAIEEEX | oo NEEE
B o m B o MEEERE KR
HF 78 MANBEE W o RIPFRETEE &
BEgEEHZadE  NEE 29 RWER WERN
BIREBAGE Bl i) PRZERSRE ., — ., <o, WH
EAFKE , MR BB H TE ;) & () PROREEE
W o=, WARANEER , MRANBOUEAHSHE
G B PRORE BBEE ., — ., >0, XF ., —c, <0, WH
EALE , MREY , KNERRAMNE S E ;) WHARENR
K8, HETR 5 gppae FF HEREEIRFFEDEESF
FIBF oo I EMATTEH L BT W 5348 53 R0 40 0 HE 87 {2
BELZEVE H‘]ﬁﬁﬂﬁﬁt?bifﬁﬁﬂﬁlﬂﬂﬂaxﬁﬁﬂﬂ{] by
o I MAMREZHEARZAGHNIERXZNGEH

£, GERBEAN, M, FHOFETEANEE Eh _-ERFUHEENEE,

g 518 A 4 s i 2 5 EL m E 3

R1 Rz R1 Rz R1 Rz Ri Rz
1 {1} e == (1) = — o = = (i) = —
9 — x +x, — x +2x, x, +2x, — — x, +x,
3 — X — X, T, x, Tx, - — X;
4 = Xy = X X = = Xy
B X T xy - = Xy X - X %y -
& % - x, Tx, — - x; T, % —
7 L = X = = X Xy e
f (i} x 1%, X T Xy - - Xy i X TX x tx
g % x (ii) xy T x, X, T x, (i) x, T %, x Tx, X X,
10 Xy Xy X X Xy X Xy Xy
1 Xy *g Xy X, {iii) X, X, T X
12 (1) x Tx x Tix (iii) x, Tix x, Tx, x T% %
13 X, X, tx, x, Tx, X X, Xy
14 X) Xz Xg x Xp X)
15 x; T xp X Ky x T x5 %X T X% X
16 X x 1%,

« 245



(2)M-by-N FIMEFHEIE

5 Rabbar SH0 S FEH G BEHE g, g0 B B
B8 o o BIMEABREH BT AHEEER \pyn
WG R T REER FORNGHEE Mm%, 5
1]

£, FTRHETHENEHEOE

T mira3 ' A ¥a 31 25 1 EiEF-E RS
=1, 1by- N BH 2 N
wH | MERE by WERH (2)
2-by-2 HH = by N EH 2 N
by-2 MERGH ( 7 )
BE; FEBENE |, ~NCH FF o
o-by-2 HH by-2 RS N—1

1B RAIEKE | BRETR g, 5 vy THRETRZIE
B 1, B py-N B g, F—ETRS5EE— R
FAEE 5, FINEH WE,y,, FIHTES AL
T, LHIE MNMESHOMRBE 7, LMARBETR
B & BT & 2 MR |

&R | PHEN ) EEE )y HARANERT,
HRMASHNERBBIRT oy BN MNTEE pry
INECEOS

B 2 Bl 1y BB ERTHNEMNTENMER
METTREZZRNERE BEITHTAEIRET MA
=M ERAR 2-by-2 g Mmool M-by-N R
AR ERMRNXE FiEFERITDM PR E G- 7
BIEF ERTEHH—BEFABTRIEAREUTS

Mk 35,36 | RHNSHEENERELRTAMLEN
AEEEMLCRTRAUEMERTAMTRY R, MET
PlAmENSHEEZEBERDENRLEDTREN TS
RHME HIAZHERMIZRERET T HRFMER
REME oy FHEXFANBSEREAN WET
NC RIRIMESR GBS ERB X S FRIREM oy, B,
Xigte AHIEHLBREAT RIFNERIE
3.2 WENHEFNE 7 B 1K o] &

SEMHIENFRER ETREHEDAWMXHINEN
REBAFEXNAFNMELZEZRNE W2 ERSRES L
WEFNMEREFAMERERES ARH R &S EEE
HmPEEERANFZEIERSMAERIPEHXREHFHE
SRR
321 ZMEHRIRFOHIEN

Fﬁmﬁﬁﬁlﬁﬁﬁ(Rmejim] m=—MaoHhilMBREIEH
R ES-THECENELBSEN—TREBEENIEFER
REEFRIERRERNEERE NTFEMNMSHE
I RENEFREHMNRESRFSMEERETNE R 4,
FOMHRARMAEEBANFGRE L KREEDETLUREER
SARMEHRIRIFSE

EE 0] WTRBFES |y ITTR ES | g RERM
BENG NRAERDEEBEMEBIETRE op (LM
ZREHIMERN BLLEMERIMNERRT T BB ERE
MEZELAH

1— |V (1—Q—1/¢)}'"") (1)

EEH KPS SAFEEREATREEB X £
ElRBERE T URENBEENNTAEMERItGEH &
F Sharma FoeoWEHNLEERMFZRHDFiFZwo PRET

« 46 .

AR ERE AT 7 R | (19 T R A 1T M 45 9F 5 RO 5] Y
HEHHBENEEHAOEEENF B EFAFEMNIER
W& FRAERLT BT 3R BN 2 58 5B R
TREMEAHEINGESE HNEE—-—FRUHNSEPHE—1T
REBATUF AL EEHARECSEXERANE KD
RROMEMERERRL AWMERE LiFmIPRaEIT

3 2.0 FEMSBERMAHEINEN

Mg HAMB AR GTHREINEREMSE RS0
ERFRIMER TR Bl v, Feo ¥ guarma, FIREHE
T rinc FIHEEIEFINE TR R 2532 5 M 45 R At
RTHFEMSBRMAOMSHIEITERE RINEREHRST
FETABMESCEHBMN—RMET S T E KT AR
ATRAEEIE common randomness) H@Iﬁﬁ:-F}E H T
AR RN UM R PRI 77

(1) T 7E BE AL 35 1% B B # $1 HE B (o) &3

P ERULEIRA AR IMER R yg 4 RRETE
FTHENAEENERE o) WEIAREEE T REE
&1 FIND-IRV ¥ FIND-TOPO B TZ#

1) FIND—IR?:E # EE&IJ]HHETEHEFF,RTH:%—’P
ie[llﬂlﬁlﬁdﬁﬁrﬂmﬁﬂﬂﬂ Y{ﬁjﬁﬁ]ﬁﬂ%ﬁﬁ'ﬁ
HBREE ) UBRERERE (), =Y (D), —Y ()M, 3
oy, By cPBR y), By ME ¢ 8
B MFER; je1,0],i%5, BR yank(EG), NEG),) =
LE!IJFIﬁ E), NEG), A0 A B i 3 e R | 2 5 I:RVI:FE

2)FIND-TOPO, P AR B E p— (g ,ev)HE HF
FEA EITRERI

(o) TF TE W 48 T 5 35 iR B B9 35 1 HE B (5] AR

R 4o 3 W 45 7 A BE B S T A9 P 4% 45 $1 1R 31 j8) i it
TT—ZEMNE HEHAEMEREERMERYE ER
EFSER TR LIF ML 5560 e 5 R IEfR R 3
EH BRXE  RUNTEFETAEERIBHE
PEM—EMRRES My, FeuodXMBRERIR
TRIFEFIMERERMIBNH T—MWNIEHREE BESFEMN
FWEHERNENMENBFU T IANB OB ELEA
iEHBEETAAURBEEEMNBRESHFERIS 1. &
?Ei&mﬁﬁiﬁﬁ]"(g;,ﬁﬂ%ﬁﬁﬁ T(TE,_TH;;)*J\:FEiﬁ
TRERNIEHRIREE | BARE 1) T RAIRM R
g FIR ABN W GRS
3.2 3 T RLNC FEEMEREMAHINEN

EEEZENSHEET RUOEICRERAFERH
?EEETE‘I'E,Iﬁ[45,45]?ﬁﬂiﬁ‘i‘ﬁl?ﬁ*ﬁﬁiﬂﬂlﬂmﬁﬂﬁﬂi
TN FERSMERIPENTERROTERR

B ol (S EERS p ORI, ERBHEER
D.B—FRBOMEFENRA FEBLEHN , HPETIE
WEIMEERANFEEMNERS , WA MFHETIHELE
B2, ((D—1Dmin/c) TREHRBREEZBRE B, 2
TARWMNEIREE T = (8] ME— 52 fR W E IR SN S
B{RE

ct+1<som (2)

BB gus] (FEAH— BRI, MEHRBTRIRTHE
MEEMERSRIE 5 REXT | B EBLUERSAOHKE
E—IR MR ERNTESs RGN TE ML, §,

]:I(:)#];I(r),‘ql’i,jEV,i?ﬁj (3)



Hep ph ¥R, E%, ANBGFEE EF T
T T A AT A R T B B F 5 (8 R LTSRN

I, IEE AW TV ARNE M TFEESMEHH
HHZEAMER MATAMNFEEAURSNEENEF R
60 ) 45 4R 1 4 LU T BUF) B A B B F 5 )
W &R RIMEM  Koerrer T 1R H 8 F 5 8 55D 7R 4
MESAERE LNEMFEERT BEAMMEH L
BEMMEMFEEAMBEEE FEE BB W HFH A
RINC MFEERBBUHTNEUE Bl A HIRIME
IMENBEEHERTRATFESARBIME
g 3 HREMHEET EO X B o) A

W) &5 8 I B i Bl 3 o BE L i B R 6 1) 5 4R AR O P 4% 3R
$hHE BT B 3B 5 B R B R

MEEMAGOBHEPEN  TUBL I EEER
o Ax B HEDE T AL UAB NS ENELR
HEBER EHERHBENMENEINGD, A58 E
£ TEHSHEMEONSSH NTYHE HUNHES
WFRXSHEME D5 A8 B IE T W& P&
B ENEFE T SEMEABERRSNS HNERET
AN EE R SRNERRS MARBERNSE
IMEM R A IR E M ARRNTHIAN SREANE
ETREARBHTES REEOEMRCZNRBIREFES
MGENTTHEYL MESMEMTIERSEE MEH
MAEE N EaEREZE S EE T S NN 2| /%S m = )
BEQEATANEM EFX—B8 Tk o KHd
MR ARG RBE ARG SRR SE g, Soo i HiE
S 7 3 M 45 A A ) L D 4% 4 D 1 4 9D 1) B T AL IR 43 D 4%
PREMERER B eESEMERMNEE AT
I P ) 5 45 0 0 0L 450 P 6 B T 060 00 S C00) O I £ 1
PlFmEMRE T AR ENERET I RABMHEESH
EU EEHTEESEMERBA R EEERT SEBIR
BEONEMBBECAREG R ESENEE ., 58
1 ) £ 4 1 AR 8 1L Bl 85 3 Y & B B GREE 7E A (5] 5 B AL
BTEKEH AN RRMMEES Nl o Fix

Bl , EEgHRMUASE ;D BHA, BERTE,
BMER 3R TP =(e,e0), Po=1er,e5,5) \Ps=

g
1 €2

o). DRAT gpey) LHREMBRMDRE SFRERL
MBFRREE grpeon) LHNRBREBRE BEHL @, &
EGFon LHEEE | , BLAE g  BERINEESR

y=a (1 X1+1X2X2)+a;(3X2)=2a, +as

B o Fl A £ 0 % R 50 B 0 A IS BR
WEFFIRS FLRESA T8, MMBEEHT
Bl BELMS RN E0, b BRES— B
EE&1=1+HE=2:E%E ﬁkﬂ#ﬁ?aﬁﬁ =3 H‘-j'"l:-l.f

ay = 3ids

m%ﬂﬂﬁﬁﬂAmF 12]ma§m%¢ﬁﬁ%ﬁﬂ
3 & 3
AERR U 8RS

1
Yiq 1 1 2 _ 0
RN
U, 1
B o) RIS — T % T o R B A SR 0 D
FEMRRAMHTFRE p, 5 (6)—1xox2—3), HHH
ey REWER 5 (6)=p56)=0,p(G)=3x2=1, 0L I
5 4 4048 3

N HHN|l{EA

A
i 4

G, )

I WS MAh S EEEAEE NN
MBIE M, HP E B, R LR E A
HENFHRELMERBAETRE ki BRI, o)
MESLET LA S, I

F4 ERMERHISEMNEET S0 B 6

ﬁ& Eﬁ EE' E!]_ EE E-'a_ E-'I Eﬁ
E 1 T~ A PR 0 2 2 3 1 1
HorHE 3 1 0 1 3

B BHEMMEEBNFEEASRNEFRIENZE
MM MXREEBHNATHNSRAFIZNNFIENTEN
%ﬁﬂmﬁ'}ﬁqﬂ:ﬁ.m,m.m] .

| WRRE

BRI R A RMAE R A ES N LR/ HHE T
TTEANME FOFT—ENRERR ER2MEREEE
MIME PR AMRERREEATHFHEW

Do-by-2 IR EANFRAEAGHEST T XENM
BHIMES FEOEEIFME oy BMRMOAIMEE X
TREZEMEEMABHNAMAEAFTEE RTER
HOETHNEREORMERBELRIN W oy A
IMEAEXEH MARFTF R[5y RH S5 FAHA E A
2 by-2 I B o o HIPEBEDBRZE—TEFSFTOF
BPEEE o\ SN EEMEENAREEMBEHNSHEE
EREBRELETAANTFAXTANNMNE BINEFE
—EREESNTILERT AN SHEZTEMEZIELCRY
RNERNVE BRNATEREFNOESTE )5t TM
FRASNTSMARBEHERMEHRIP N TELX—ER X
Moy RTEEMERRBNDTMNERIETAE X—
FEHNHEIENAETHE—PHRR ) FIHAMSEE K
DEBgELN EAMMSEALZAZ—THANRNE
B7AME 5 kKERET 7 WHIER E2ET c B
IMEBTCHAZZEMINEMRIER KIEBLIESEY
HAHEHETHNAENAZESESHER

ERE FA-NHPERLEHEAR MEREREET
FREHAEANTARITANRS FAHNREHAESSMER
FhEEf 2z (B B I HE R AG AL T W &5 i RO 7E ] &% $R b HE BT A AY
MAEM FXWRTETHNHEEAIMER BEe X
EF NcHENRIEN ET e MBINHRIETURA
MEBTHMNEREX ; THEREITTNE SETHMHEN
RSB FRFMERELE BT S RENRIMNEHESF A M
EMOALE BRTAENRKITE RSN EHEFERE

« 247




REEEERESTEDERANRYE BE AU EH
A B R R S BT T R

[1]

[2]

[3]

[4]

[5]

L6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

5 % X @

Lowekamp B,0O'Hallaron D R,Gross T, Topology discovery for
large Ethernet networks[ ]|, ACM SIGCOMM Computer Com-
munication Review, 2001 ,31043:237-248

Breithart Y, Garofalakis M, Martin C, Topology discovery in
heterogeneous networks [ C] 4 Proceedings of 1EEE, INFO-
COM? 00, 2000265274

Cheswick B, Burch H, Branigan S, Mapping and visualizing the
Internet C| # Proc of the USENIX Annual Technical Confe-
rence, San Diego, CA, 2000

Donnet B, Raoult P, Friedman T, et al, Deployment of an Algo-
rithm for Large-Scale Topology Discovery [ 1. IEEE Journal on
Selected Areas in Communications, 2006,24C123:2210-2220
Huffaker B Plummer Dy Moore [y et al, Topology discovery by
active probing [ C | // Proceedings. Symposium on Applications
and the Internet (SAINT) Workshops, 2002, IEEE,2002,90-96
Spring N, Mahajan R, Wetherall D, et al, Measuring ISP topolo-
gies with rocketfuel[ ] ]. IEEE/ACM Transactions on Networ-
king,2004,12(1);2-16

Andersen D) Gy Feamster Ny Bauer Syet al, Topology inference
from BGP routing dynamies[ C] // Proceeding of the 2nd ACM
SIGCOMM Workshop on Internet Measurement ACM, 2002,
234248

Vardi Y. Network tomography; estimating source-destination tr-
affic intensities from link data [ ], Journal of the American sta-
tistical association.1996,910433):365-377

Castro R, Coates M, Liang G.et al, Network tomography :recent
developments [ ] ], Statistical Science,2004,19(3) ;499-517

B RIS E T 4 EHT AIRER B0 B K
#,2010,21(1):133-146

Duffield N, Horowitz |, Presti F L, et al, Multicast wopology in-
ference from end-to-end measurements| C | // Proc. of the ITC
Seminar on IP Traffic, Measurement and Modeling, Monterey,
2000:1-10

Castro R, Coates M, Nowak R, et al, Likelihood based hierarchi-
cal clustering [ ] ], IEEE Transactions on Signal Processing,
2004,52(8):2308-2321

Shih M F,Hero A O. Hierarchical inference of unicast network
topologies based on end to end measurements [] ], IEEE Tran
sactions on Signal Processing,2007,55(5):1708-1718

Coates M ,Castro R, Nowak R, Maximum likelihood network to-
pology identification from edge based unicast measurements
(1], SIGMETRICS Performance Evaluation Review, 2002, 30
(13:11-20

Yeung R W, Li 8 Y R, Cai N, et al. Network Coding Theory
| M. Foundations and Trends in Communications and Informa—
tion Theory.Now Publishers Ine, 2008

Ho T, Lun D 8, Network Coding: An Introduction [ M ], Cam-
bridge, UK ; Cambridge University Press, 2008

Yeung B W, Information Theory and Network Coding [ M ],
New York,Springer Science & Business Media, 2008

Fragouli C,Soljianin E. Network Coding Applications [ ] |, Foun-
dations and Trends in Networking,2007,202) : 136-269

Z48 -

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Dimakis A G, Ramchandram K, Wu Y, et al. A survey on net-
work codes for distributed storage [ ] ]. Proceedings of the
IEEE,2011,99(3):476—489

Ahlswede R,Cai N, Li 5 Y R, et al. Network information flow
[J]. IEEE Transactions on Information Theory, 2000, 46(4),
1204-1216

Fragouli C, Markopoulou A, A network coding approach to
overlay network monitoring [ C]// Proceedings of the 43rd Alle-
rton Conference of Communication, Control and Computing,
2005 ,;774-783

Fragouli C, Markopoulou A, Srinivasan R, et al, Network moni-
toring ; It depends on vour points of view[ C] /4 Proceedings of
the I'TA Workshop., San Diego.CA» USA, January 2007

Gioka M, Fragouli C,Sattari Py et al, Loss tomography in gener—
al topologies with network coding| CJ // Proceedings of the IEEE
Global Telecommunications Conference ( GLOBECOM 20073,
Washington DC,USA, Nov 2007 ;381-386

Lin Y, Liang B, Li B, Passive loss inference in wireless sensor
networks based on network coding [ C] / INFOCOM 2009,
IEEE,Z2009;1809-1817

Shah-Mansouri V, Wong V W, Link loss inference in wireless
sensor networks with randomized network coding [ C | // Global
Telecommunications Conference (GLOBECOM 20103, IEEE,
Dec 2010, 1-5

Gui J, Shah-Mansouri V, Wong V W, A linear algebraic ap-
proach for loss tomography in mesh topologies using network
coding[ C] // Proceedings of the IEEE International Conference
on Communications (1CC 2010}, South Africa, May 2010;1-6
Qin P, Dai B, Wu K, et al. Dce: A novel delay correlation mea—
surement for tomography with passive realization OL], htep.//
arxiv. org/abs/1307. 5085, July 2013;1-5

Qin P, Dai B, Huang B, et al. A Survey on Network Tomography
with Network Coding [17]. Communications Surveyst Tutorials,
IEEE,2014,160(4):1981-1995

Eabbat M, Coates M, Nowak R, Multiple source Internet tomo-
graphy [ ] |. IEEE Journal on Selected Areas in Communica—
tions, 2006,24(12) ;2221-2234

Fragouli C, Markopoulou A,Diggavi S N, Topology inference u-
sing network coding[ C] //Proceedings of the 44th Alerton Con-
ference on Communication,Control and Computing, 2008

Tang Dong-ming, Lu Xianliang, Li Ju-guang. An Improved To-
pology Inference Algorithm via Network Coding [J]. Journal of

Information and Computational Science,2012,80173:5111-5118
EXAR SRR Wk MERBEHRIMERDOERHR

)], BTFMESKER® 2012,26011),960-965
BRW BARBERAERR ) RB AFHEXE 50

Jithin R, Dey B K. Exact topology inference for DAGs using
network coding [ C] /2012 International Symposium on Net—
work Coding (NetCod), 2012,73-78

Rabbat M, Nowak R,Coates M, Multiple source multiple desti-
nation network tomography[ C] // Proceedings of IEEE INFO-
COM. Hong Kong, 2004 ; 1628-1638

Coates M, Rabbat M, Nowak R, Merging logical topologies using
end-to-end measurements [C] / Proceedings of the 3rd ACM

SIGCOMM Conference on Internet Measurement, 2003, 192-203
(¥ 964 B



M EERARNMBEBERYE WE ; FHo

3 FEHEOPNERNBEFERNRIIMNEHIERYE
ET MauxMin BEMA ET Mip RE M
B 1 L 2 B il
CEETF R
BHEREE A, il 164

}Aﬁgﬁﬂﬁﬂiﬁﬁlﬁiﬁmmlﬁ:}: MﬂMin&ﬂm
BB B EREEMEETFET \p, B
B B ETF v, BEOEEBLERTET
Min 1 24 89 B B8

BORIE A AT E M vy BERLER B BRI R B
B RN ET SR E I g, S 0 6

[2]

[3]

[4]

[5]

Latr'e B,Braem B,Moerman 1,et al, A Survey on Wireless Body

Area Networks[ ]|, Wireless Network , 2010
EA ETHRUHEN wsy SEMBEENR o) Xk X7

R¥F 2013

Culpepper ], Dung L, Moh M, Hybrid Indirect Transmission
(HIT} for data gathering in wireless micro sensor networks
with biomedical applications [ C | 4/ Proe, IEEE 18th Annu,
Workshop on Computer Communications, 2003

Kim K, Lee I 8, Yoon M, et al. An efficient routing protocol
based on position information in mobile wireless body area sen—
sor networks C] /#/ Proce. 1st Int. Conf, on Networks and Com-

munications, 2009

o . ] 6] BRI FWk TXREBENZSEHBANNRR )| Z8R
I 2 L B 4 0 D 4 ch 5 A BT T D 4 5 7 B e N
A ARARE ERETRRE R ERIERERE BE oz egae e e TH A
B MATLAB WIZBEBEMETHRE HF5ET v, BE T T
MEBEBLETHE ARRE, BT Max-Min WEMBEE £ 0000 H, Tousti N, Salem O, et al. A Min-Max multi-con
hETFEF Min ﬁﬂmﬁﬁmﬂﬁﬁ!ﬁﬁﬁﬁﬁﬂﬂﬂﬁ modity flow model for Wireless Body Area Networks routing
P &% 5 77 B (8] (1. IEEE CCNC,2012(1) ;424-428
5 2 % & rg] NNEF XNE BEZ & BTG T5 R Y 72 R S 075
BWEEE ) RERR 201006, 15
(1] Ullah S, Higgins H, Braem B,et al. A Comprehensive Survey of ~ [10] FIMR BHE M—RBXESMLEENRERAUTE ),
Wireless Body Area Networks: On PHY, MAC, and Network EMBEZRE® 1997,16(3) .83-86
Layers Solutions [ ] |, Journal of Medical Systems, IN PRESS, [11] ERE BFE BRI F —HETIFMXBFNERNE
2010,36 B EE ) WENER 2013,36(7).1500-1508
(EEE 243 W) 1-5
[37] Sattari P,Markopoulou A, Fragouli C. Multiple source multiple [46] Siavoshani M ], Fragouli C, Diggavi S, Subspace Properties of
destination topology inference using network coding[ C] // Net- Network Coding and their Applications [] ], IEEE Transactions
Cod” 09 Workshop on Network Coding, Theory and Applica- on Information Theory,2012,58(5),2595-2619
tions, 2000, 36-41 [47] Koetter R,Kschischang F, Coding for errors and erasures in ran-
[ 38] Sattari P,Fragouli C, Markopoulou A. Active topology inference dom network coding []]. IEEE Transactions Information Theo-
using network coding [ ]|, Physical Communication,2012,6(5) ; ry, 2008,54(8):3578-3501
142-163 [ 48] Ho T,Leong B,Chang Y ,et al, Network monitoring in multicast
[35] Sattari P, Network coding for network tomography[ D], Univer- networks using network coding [ C] /4 Proce, of IEEE ISIT, 2005 .
sity of California, 2012 1977-1481
[40] Ho T,Koetter R,M edard M, et al. The Benefits of Coding over [49] Firooz M H, Roy S, Bai L, et al, Link status monitoring using
Routing in a Randomized Setting [ C] #ISIT, 2003 network coding[ R |, UW Technical Report, Sept 2009
[41] Ho T,Medard M, Koetter R, et al. A Random Linear Network [50] Firooz M H, Roy S, Bai L, et al. Link Failure Monitoring via

Coding Approach to Multicast [ ] |, IEEE Transactions on Infor-
mation Theory, 2003,52(10) ;44134430

[42] Sharma G, Jaggi 5,Dey B K, Network tomography via network
coding[ C] // Proceedings of the Information Theory and Appli-
cations Workshop 2008. San Diego, CA, USA, February 2008;
151-157

[43] Yao H,Jaggi S,Chen M. Network coding tomography for net

work failures[ C // INFOCOM, 2010 Proceedings IEEE. San Die

0,CA, USA , March 2010,1-5

[44] Yao H,Jaggi S,Chen M, Passive network tomography for erro-

neous networks: A network coding approach [ ] |, IEEE Transac-

tions on Information Theory,2012, 58093 ,5922-5040

[ 45] Siavoshani M ], Fragouli C, Diggavi 5 Subspace properties of
randomized network coding[ C] /2007 IEEE Information Theo-
ry Workshop Information Theory for Wireless Networks, 2007,

« Zhd .

[51]

[52]

[53]

[54]

Network Coding[ C| /2010 IEEE 35th IEEE Conference on Lo-
cal Computer Networks, 2010, 1068-1075

Siavoshani M ], Fragouli C,Diggavi S, et al. Bottleneck discovery
and overlay management in network coded peer-topeer systems
[C] 4 Proceedings of the 2007 SIGCOMM Workshop on Inter-
net Network Management ACM, Aug, 2007 .293-298

Siavoshani M ], Fragouli C,Diggavi S, On locating byzantine at-
tackers| C| // Fourth Workshop onNetwork Coding Theory and
Applications, 2008 ( NetCod 2008). 2008 ; 1-6

Duan Q, Cai W, Tian G, A simple grapb-structure network to-
mography topology identification method[ C ] /# Proceedings of
the International Joint Conference on Artificial Intelligence
(JCAI 2009}, Hainan Island, China, April 2009, 337-340

Bk 5§ ETRERBNEDRDEREHENRFHE

CN201110254234, 5[ P]



