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Kind of double parameters topology inference method

WU Chen-wen, LI Zhi-chang, RU Jun-nian
(Institute of Electronic & Information Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: For the problem of the algorithm of network topology with one performance parameter,such as the validity is related
to the network load and most time it needs clock synchronization between nodes when measuring the performance parameter of
the node, this paper proposed a measurement method of adjacent packets sequences which didn’ t need clock synchronization to
measure the end-to-end delay and packet loss correlation, at the same time it designed a topology inference algorithm with end-
to-end delay jitter and packet loss correlation. The algorithm adapted different network load environment. Finally through NS2
simulation it verified the validity and the accuracy of the algorithm.

Key words: network tomography (NT) ; network topology inference; adjacent packets sequences; jitter covariance; Man-

hattan distance

0 3l

il

P 265 I DT Internet (19 MU 2 BE A BROE I LN
I T RIZEPERE Sl AR 2. Gl T AL e ninl i 21
AL TUAE S4BT 1 R T P 45 S AT BAR B (NT) (0t
ABrBLe FET PIAS ST AR T I 9 453 MW 9 25 T2 4T
JRAGBEA (4 EE BN 2 — B AR I 245 9 R A PR RE AR A
SRMEHEN P25 (i #iFh o 5T NT HAR B30 M= o 72 32 25y
AR ) T8 g S 0 SO T R K A O 8 i 1
28 b) R i RES OS85 A AR OG5 ¢ ) AR A Y
A [ PR A G A R0 1 45 (3

FUR, 25T NT £ AR I 19 25 0 4 07 R B0nT L2y S R
Ko —RERTZRRMER), ZORMLE I T4 T RS 2
3 R A PERE S B0 S S0 A 5 i 1 5
IFAEE i )it e e PR, L R 44 T 4 16 e >
AR DA, R R 22 28 R B AN S35 224, O HLIG i A
A PR ZREAR ST 7 HEA 0 T A& 0. 5 — R BRIz
FORYHET BRI 9 NT FOR , IR — Tk (9 I il e
Ty Do) 2 P58 B 5 S B 11 X 24 o b2 09 ity 81 i U

WrRs BE: 2012-10-12; f€E AHA: 2012-11-30

VA B U IR T A AT R TR L B
LE A 75 A i 1) i P o 2 P 8 223 s B A B [ 22 A
SRR JCEE R RIORIE , 25 IS SR A ok iR HF HoR A
BCH IR I o T A AT BT AR RR DGR IR, U 7 R 2% 1 4%
o N S S e L A S DK S St i R |
R I T DL o VR 18] 8 3R G 1 ] i ] [ 2 (R
ATE P28 TR AR I A RE 50 1 S W 3 %) 22 18] L 52 5 % 1
Fitk o ASCH BRI LAETEZ RSk R, B 1l AR i i )
Ut S2E £ I A0 2 A RH SR A S A XS PP B i T 9k 4R
T — Tl R 25 SR USRI 0 MR 20 A i
i AT DG T e U, RIS [ £ 0 26 97 2

1 RESEXFIINETRE

B AU d A 7 LA B, P A 2L 22 [ F s ] ] Fra AR
ZIN S ADRE A 7320 A AR [R] 16 1 e 0T 22 1 14 ) 248 IR B A ], Y
AR/ BCHBATA A B H A3k, A W H ko350
PRI B SR RS RO o S AL E B th A RS
YURTLUSE, I HL I3 A 5 3 0 22 6] RS 8] () B [ - [ 7
I IR B T, 7 W SR O R AT 95, 5 A L T3

EEWH: 20 FAH X E2 83 8 (2009-1-5)

EEE N R RL(1964-) , F ,H ol sh B A, F, ERAT T QA MG B BRGH R FEG(1988-), 7, #F FRA, LR A, £
ST Ty 6 Ay AT P 4 ST A A 8 A SR 2635 2H 7 (jikeyuan@ 163. com) 5 3544 - (1986-) , 3, H WA G A, ML L, XL T @A

KT &0 509 M4 FeAh AR



- 1818 -

WA N R A R

% 30 %

T IR R A A6 R 2 4L R /NBETE g S0 Byte,
AN L5 P BRI X A 4 5

P L iR o e il H RS s (i) 09 S8 45 0 X 1 31, o3
IR PSR 25 N 1 BN S o G 3 B4 70 40 7 51 A]
DA 1 i 280 A 9 S 281 i 149 28 43 8y 0 s 381 3 1) 25 4
i PSS R R i S E N a KR K K RPN i R e
filiid o

%5n T T

|<—>|‘—' ||

AR VAR Glilljlil i)/t

50 Byte %5 n-1 G5kl HWEE gig o PO Byle
HROMAE 7 1% e 5 41 %4 1551 P

1 RS AT Y 5

2 TEHEXHTESHIMENEE

BT, 78 NT $ AR il Sk FH ZXUR T = (V, L) K3 iR M
BRI, b VARER Y S LACKREE RS — K8
IREE I B — R AR B I AR U 0 FR
BMARCV HRR, WRIARAY &0 B S &5, T
M7 SRR SO . Ve VARU {0 R £ P9
T BRTIRWELSMYBA T S ke V{0 HE — A ME—
HIACET 05, A A(R) 3R 6

SR A AU P 3 I S T AT RS R 245 AT
S B AR SEARE X o S 025 PR R R A T 0 o, SRS AR A
2 A A AR BB 5 4 Ml B84 0T =2 [ A e S 31 sl Py 2 A
Manhattan B 251" | 5 J5 % I 0 4E 4} 3 ) 7 2% F1 Manhattan Jf
BNLEG S HUE N W 253 M ERT AR
2.1 HBERHhAE

24P 4% B 2 /INER B 868 H B SR R R A AL R A1
LR G REFRR N E R 5 K2 R TR S
YU B AT I 28500 e B S B Bl (R AR B 3%

P2 e Bl RO

BT AN Z2 (6] RS 8] [ R 36 5 A 4 MACYT ST B 2R
ZH [] R IR [ 22 A S N S B 3l [ 1 AR o 1 1) H A A5
XF(7,8) Ak B A X P8, A A P HI AT (A, B,) %
s, Hor i ARG S B AURHE T SN (7,8) L R R
WAL A, P FIMAREIE T 50T, B, S PSR AR R K1Y
W80 T A A B, R/INGE A — B, BT AR I S AR Y 5 0
A FNA G O B, M B Z 18] B 1] 1] B — 2, [
Tyo AE 0T A8 O M o 2 A (], S8 i T3

AT B 55 T, B4 22 TR N S 4 3y, Al vp iy o,
Yo%y, BIOIESEREE) PR AT LAGRE G5 A5 1] i ] [ 20
Y LA Ao R ISR Bl ip T 2 oA A A e A A
] AR R , R A R
Cov(E{™ ,E(™) ) = Cov(Df™ +
DD DED 4+ DI ) = Var(DF) (1)
o (i) o ER A G800 5 £ (i) JE 19 i, 7 3G ) 4099 455
D D D Sy RIFREE R (0—f (i) ) HERK (f(i,)) —0)
FIHEH (i o) —) BOR AE Rl o) ks 1 B SRR AL 715
S 1R A B P s 8 P SR S ek, A0 3 B
BEHERE (0—f (i) ) B Ly Ly oo L, AL, 2516 3 2 TR AT
FMSE, DY DY e DY Ry 25 A B 0 B0 ) e AE ) 5 1)
L A
Var(D{") ) =Var(D{* +D{") 4.+ D{M)) =
Var(D{"? ) + Var(D{" ) + - + Var(D{) ) (2)
AR LT AR 28 3T, EAREAR 0 28 4 £ rh I SE 34 30 By D7
ZES RO I H 17w X e S b ik 2E 32430 7 22 AN
SRR, G5 i o 2 | DA O 199 (L it A, ] LA
TR A S
1 T HERK Z AR S . O T A, 1R G ) L3R,
PARR A i S LAY A 2 [ Y I S B 3l By O 22 T A (3) ik
FrAdim .
Cov(E{M (B ) =
Max( Cov(E{™P [ E(P ) Cov(EVH [ EJH ) (3)
2.2 Manhattan BEES
45 DRI, 5 5 A I 1Y i 18 P S AH S PO A
FRUEIN, I HLh T 24 T SO B A I R AR S )T S £
ST ZE A M AN A5 R AL 22 o M Zf A fh 1] T B bk
TR AR . FBERLIE AR X, = 1 X, (k) | Xy = { X, ()
TR LR AR ST B, o b R AR xR R
YL PSR 2 5, AR A 4 B T B X, (k) =
L0 X, (k) =00 RBEHENHEXSFHIH N, 21 HE IR
A, Ik Ny, AR A A, WA TN, (B) 1 =
IX;(k) 1 =N, xN,, Manhattan }5 2552 D, ;N
D,y = BN X (B =X, () (4)

He:N =N, xN,,D; AULBET 53 X AEREEE (F(,7) —i) T
FERE (F(i)—)) i EmER

[FIRE, mT DU (5) R A2 1 (L)) SR R AT DL kAT
D

X (k) =X, (k) V X (k) (5)

F T S AR, A N BT L e AT
1852 SUHT S0 =2 (8] Y Manhattan JEES R ECEA ZEI X R .
2.3 WSHITEMEXHE

5 1) (2) A1, 35 06 2 IS5 B 2 L ¢t
(1] P I SEE 3} By lp 268, 757 %o 2 (] P I S Sl Uy 25 B
FMMSCHR . Tl =0 (4) BB, ¥ 5% Z [A] #Y Manhattan fE
B EAT BRI ER T RS ASOR S R R AT A ) Pk
P, FIHZ(6) X2 (4) #4748 46, 7T LA Manhattan J5 2 % 4t
BMPESE R, Horf M g Manhattan B 85 797 TBRAE .



% 6 M

Z

S oI Em 7 ik

- 1819 -

Ti,/ :M—Dl,j (6)
S A E , RO ZE B EEEEA TN X R, &
Ly, (1) (4) (6) AT LA 133 A8 2035 ARt (i k) |
(i) 9B &} Bl Ph 7 22 F e 4 J5 1 Manhatan BEES . fB15 31
BEERAT Cov(E™D (B ) < Cov (B E) | T i
5 BN TR Bl P 7 22 FIEE 455 ) Manhattan #5285 5 B9 )2
] — =24 i FLELA AR s | Jir AT H s SR A SR 1l 2
T, <T,,, TRATLMELLT 53047
Cov(E(™P JE(P ) < Cov(ES (BN ) T, < T =
Cov(ENM JEfM ) + T, <Cov(ESD JEND ) + T, (7)
F LA A3 0T L 4 s ) A Bk ) Bl B 2 R U 1
Manhattan P57 AR I 28 53 %19 05t () A 2 22 B A R 1k LA
R IEH
P A RS AR, AU SRR S EAE I A
& AT AR EAL 5. 4 L, = Cov(E JEM ) R
A BRI B
= _Ly—min(l) o T, -min(L) 8)
Y saqrt(D(L)) T T sqrt(D(T))

Horbromin () Sy de/ M BREG sqre () AR IR BREG D (L) |
D(T) 533 LT (5 2%

IR SEEEGAE— R RTH S0, WA
BRI, A

0 =al,;+BT, 9)

K (9) FHISEL o B N REE F, v IR P25 1 SE By £
GRS REA R AT E ) AT
2.4 mIMENEE

B A 3 B I LS O 4 A I B 1k )
A S AEUEARYEAE 2t 2519 5 I 275 3 1 B 8 ) 3l fn & )
FL R (4) (6) fliTt s & 4y s L2 2542 R4 i i
SERLBh R 25 FIAS e 5 1Y Manhattan 855, K 95 22 40 5 ] K7
W28 7 3, G B RE o B H, RIS (9) THE 0, (6. ok 2,
XoF IV 83 AR LR S T R, ARG S 0 A v ] B 51
KRR MU o DITT S8 A AT ER A D2 39 R 39 A
I3 (3) F(S) PR 5 HA TS R 18] 9 I A B} 3l 3 Ty
ZERNALT AR SCE RSO o A FIACT S IX SE 71T 5, A
—AH A RS . W — RIS, DD A
BTN, TR T RS MEN 5

a) XY ST el R s (L ) L e Ry

b)) F& R0 U AT 5 e A A6 B T i D ] e 38
TR I N AT LA TR AR 5

o) for each(i, j) HHF L, T, JORIFH 2,5

DA R =R,L =0,

e)while IRl >1 do

VAETTRE S R h A 4k QS R AR, IR s 0 7 A 35 A5
PORNE
P (i) T s

IRFEFR(3) FN(5) AT L F X, (k) 5
AR =R-1{ijl Ulfij}h;

L' =L'U{f(ig) it UlfGg) gts)
D T=(V,L),

3 NS-2 (fE

It NS-2 BRI 705 B, (5 350 500k R A8 538 1) — XL

PEARFEFN S, I 4 7w .
®
(2)
(3) (4)

® © O ©®
B3 WERE GRS AR K4 TR SR MR

B LA TCP Jy £ [FA 41 &5 X4 UDP, UDP i &%
TG Pareto 43 A 1 T G RURL Y TCP 37 5 1) 5 B 38 2 4 57
TCP B, BT #2034 & TCP SINK, UDP i & (9 SE 3 HH
UDP {83 A 2 A EE Null it 5 S2 3, SR ) & 25 15 1) 52 8 4 AT
AR AR CBR U A SR AR 4D I 265 £ 15 100, M5 I 4% P B 1
FFABEHRI (RED) Z AR, NFETT s 2 b X K/NH 20, 4
T4 HE T B oA 1 Mbps , % BEES A8 Ry 15 ms 3 FoASE B 191 9838
2y 500 kbps, I SE 10 ms, B4 55 2 X 7 41 th 4> B 42 4 21
Xof 22 ) R T ] kg 10 ms , BE 4 43 2H 0T P4 4 26 22 () 11 I ] ]
R 0.1 ms, BHEATIX 5 i 50 B4 X H . 4331
AR 25 61 20T 84T 2R (B SE 5

LI PARYE ZALRAEX [0 ~0.01] (X [H][0.01 ~0. 1],
XE[0.1~0.2143 31 a8 X (0.9,0.1) .(0.5,0.5) Fl
(0.2,0.8) P {E, S P T 0 24 4B B 87 A R HE IR D B A
RS, FARCRIEMTR 5 [RAR MR Z Rl 4 iy B N F 8 . T
BEARPRFRIR T B, YA BR RN A S B E BT, 40 1) SR T I AE
MBS RATE S 256 I TR 3l P Jr 26 F0 2 A AH DG R
SRTENAT OB, (A5 AN 5.6 PR .

packet loss with dual-parameter contrast

delay with dual-parameter contrast

6 —+—delay 6 ——packet loss
—*—lwo-parameler —w—two-parameter
’§ 4 / TZ 4
Z3 < =3
7 e Z , m>
5 2 | * 3 e S 2 * N ———
E g1
0 200 400 600 800 1000 0 200 400 600 800 1000

background traffic
BRI IE 5L G Ko MEMEMRSLE
SR SR

B S5 TR TR I SE B S 500 I S ) 3l Iy 2 0 B A AR
RAELE B SEAEWT ST 22 57 . AHER H, P45 61 4%
/T 400 kbps (51 BB ) I, I SE B2 85 HE I 1Y 45 SR HE
o 428 512K T 400 kbps (6728058 H ) I, I 9 45 R IT 46
A, ML BT 600 kbps (1 ZFF1RARE ) B, HED 24
R Rk, B 6 B T RASGHICH RS E S &
BEah Py 220 E A I LR 5 B S E5CE I X 45 46 F st 22 B] 1
25, HUA R4 58K T 600 kbps (1T 4575 8 ) , R %
FLAHICMEPEBES B 7 V5 HE I A 45 R 847 o TR R B A2 2 3
P8I 22 N EAAH DGR LR B S B0HE M J5 i 7 A ] B I 24 97 2801
0T D 4 45 SEAR A A HE R L RE A8 35 I AN [7] 17 80 1 IO 28 B 358
LU SR FH B — S 500 Hh NI 7 V0 P 28 46 F S R AT
(F4#% 1823 )

background traffic

A 5



%68 &

# % WSN BRI 5 %5 538 R ERAFR

- 1823 -

BB M b, =0.10 KB, T, =0.10 s,r, Fil R, A28, W& H Bl
15 3 SRAFH Dy o AR I DL (PR T i, AR SRS A 56
Bdhs) o XULIITTIE 3 57 2 SR Dy KD R RATR
i, WSN WECESHCR WM. hTIrik 1l 57k 2 %M
TR AR R 55 BCHL WO i 1 TS A R BRIk 2
fugs.

4 HRIE

ASCRAGIT T TFA 1 5 SFA ELER I IR 55 43 Be AL 1
AFTER 220 4R X B RN 7 iR R A A AR AT o, IR AR
AT SFA 0 T WSN FETE SR R B . A SCH s i el
#E SFA vk & —FP 5 BUA TRA JE5005 I 1 55 43 e AL i A D i
18 B It e 2 o AR FOR AR . AT SEUE A
SERIFIT ARSI SOHE SFA 3R i 45 AR A5 Bl TRA 3K iR
SERAL FFE YR SR . B S T e
B 07 SR R R 3 AR IR AT S R FST, LA 56 E A FH I 28 T AR
J37E WSN HSRAFGER A AR

SE Lk

[1] YICKJ,MUKHERJEE B,GHOSAL D. Wireless sensor network survey
[J]. Computer Networks,2008 ,52( 12) :2292-2330.

[2] HAJELA R,GARIMELLA R,SABNANI D. LCSD:leveling clustering
and sectoring with dissemination nodes to perform energy efficient rou-
ting in mobile cognitive wireless sensor networks [ C]//Proc of Inter-
national Conference on Computational Intelligence and Communication
Networks. Washington DC;IEEE Computer Society,2010:177-182.

[3] TAKYILDIZ I,MELODIA T,CHOWDHURY K. A survey on wireless
multimedia sensor networks [ J ]. Computer Networks, 2007, 51
(4):921-960.

[4] CHANG C S,CRUZ R,BOUDEC J L,et al. A min, + system theory
for constrained traffic regulation and dynamic service guarantees [ ] ].
IEEE/ACM Trans on Networking,2002,10(6) : 805-817.

[5] LeBOUDEC J L, THIRAN P. A theory of deterministic queuing sys-
tems for the Internet[ C]// LNCS,vol 2050. Berlin ; Springer-Verlag,

2001.

[6] SCHMITT J B,ROEDIG U. Sensor network calculus:a framework for
worst case analysis [ C]//Proc of International Conference on Distri-
buted Computing in Sensor Systems. 2005 :141-154.

[7] SCHMITT J B,ROEDIG U. Worst case dimensioning of wireless sensor
networks under uncertain topologies [ C]// Proc of the 3rd IEEE In-
ternational Symposium on Modeling and Optimization in Mobile, Ad
hoc, and Wireless Networks, Workshop on Resource Allocation in
Wireless Networks. 2005.

[8] SCHMITT J B,ZDARSKY F A,ROEDIG U. Sensor network calculus
with multiple sinks [ C]//Proc of the IFIP Networking 2006 , Work-
shop on Performance Control in Wireless Sensor Networks. 2006 6-
13.

[9] KOUBAA A,ALVES M,TOVAR E. Modeling and worst-case dimen-
sioning of cluster-tree wireless sensor networks [ C]//Proc of the 27th
IEEE Real-time Systems Symposium. 2006 :412-421.

[10] 22, Exk% A TRERRL WSN BURBA L[] &S

5 % %,2012,31(10) :34-37.

LENZINI L, MINGOZZI E,STEA G. Delay bounds for FIFO aggre-

gates: a case study [ C]//LNCS, vol 2811. Berlin; Springer-Verlag,

2003 :31-40.

[12] LENZINI L,MARTORINI L.,STEA G. A methodology for deriving per-

flow end-to-end delay bounds in sink-tree DiffServ domains with FIFO

multiplexing[ C ]//LNCS, vol 3280. Berlin; Springer-Verlag, 2004 ;

604-614.

SCHMITT J B,ZDARSKY F A,FIDLER M. Delay bounds under arbi-

(11

[

[13

[

trary multiplexing: when network calculus leaves you in the lurch
[ C]//Proc of the 27th IEEE International Conference on Computer
Communications. 2008 ; 1669-1677.

KIEFER A, GOLLAN N, SCHMITT B ]. Searching for tight perfor-
mance bounds in feed-forward networks [ C]//LNCS, Vol 5987. Ber-
lin; Springer-Verlag,2010:227-241.

ZHANG Lian-ming, YU Jian-ping, DENG Xiao-heng. Modelling the

(14

—

[15

[

guaranteed QoS for wireless sensor networks: a network calculus ap-
proach [ J]. EURASIP Journal on Wireless Communications and
Networking,2011,2011(1) :82-95.

(EH% 1819 ®)
4 HRIE

455 ZFVERES AT M 28 4h M EIY , A0 3 o i35

AN B P 238 MU AR 38 T A2 2k S R K, BID T S AN ] 1 2%

FERAIFRFMAEN . B NS-2 7 LR E 1 %5 kI 2 4

AN IERPE AR . T — 2B TS E A A

R PR B A AR B MAS

SE Lk

[1] CASTRO R,COATES M,LIANG G et al. Network tomography : recent
developments| J] . Statistical Science,2004,52(3) :499-508.

[2] ARt o KT WM& ENRGEH ARG IR [T]. SR FHR,
2010,21(1) :133-146.

[3] ZF3 KAk — R Mgy &[] HEnT s
2R ,2008 ,44(20) :11-12.

[4] CACERS R,DUFFIELD N,HOROWITZ J,et al. Loss based inference
of multicast network topology[ EB/OL]. [2007-01-20]. http://www.
kiskeya. net/ramon/work/pubs/cdc99. pdf.

[5] Rk, iRaEd,Ram A TEERG 54EMLIEI RNk
[J]. 3 AT 42,2010,36(1) :124-126.

[6] LAWRENCE E, MICHAILIDIS G, NAIR V. Network delay tomo-
graphy using flexi cast experiment [ J]. Journal of the Royal Statis-
tical Society Series B,2006,68(3) ;785-813.

[7] FF%F A, 24,5 A T2 H Mo M&IEI LN
FEmal)]. %Ay £ 5H),2006,18(2) :837-843.

[8] SHIH M,HERO A O. Hierarchical inference of unicast network topo-
logies based on end-to-end measurement[ J]. |[EEE Trans on Signal
Processing,2007,55(5) :1708-1718.

[9] CASTRO R,COATES M,GADHIOK M. Maximum likelihood network
topology identification from edge-based unicast measurements[ C]//
Proc of ACM SIGMETRICS International Conference on Measurement
and Modeling of Computer Systems. New York: ACM Press,2002;11-
20.

[10] 3 % ,3/62 K, 245, 4. & T Manhattan 35 % #9 M %46 4030 5
sEHF )], 3 LA ,2006,33(11) :31-33.

[11] A stde, Mol 4o 4, 5. Tomography 3 K 49 $ S W % 35 4+
Hedr[J]. AL TIR K 4R ,2008,31(4) :24-28.



