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Abstract: Network monitoring systems are deployed by Internet Service Providers (1SP) and enterprises to obtain
network performance information and enhance the globa network performance. A constant monitoring is also
required to enforce and ensure both connectivity and security of the infrastructure. Designing and developing the
infrastructure and optimization algorithms for network monitoring system have raised a great deal of interest
recently. One of the key issues in this domain is to minimize the overhead in terms of deploying cost, maintenance
cost and additional traffic. Due to different measurement approaches and polling infrastructure, there are many
network measurement deploying models. Unfortunately, the optimization problems of these models are generally
NP-hard. These optimization problems used to be solved by integer programming, designing approximation
algorithms or mapping it to classic optimization problems. In this paper, the chief researches of network
measurement deploying models and optimization algorithms in the world are introduced. Lastly, some open issues
are presented to be further studied in the network measurement deploying models field.
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Fig.1 Vertex cover set vs. weak vertex cover set
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Fig.2 Simple measure vs. locally-flexible measure
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23 MEHE

T i 1 K R B e R R LLR BRATT R L0 Ak 4 i (probe assignment) 7 %€, th A A 1 S i %
WO — AN ¥ 8 3k A 67 T i

EX 6. 4 E ML G=(V,E)F 1Ml &3 55 4 SV ARG i 45 75 PcE. B e Il sl se S ATl 31 (1 T A7 %
WA T R ELEE & Ac{ m(s,u)|se Sue V} il & 23 i, 24 FLAL 2 AT AT — 4532 e(u,v)e P #4745 se SIS ee T
H m(s,u)e Am(s,\v)e A.

= 2 0 e SR (1 B o D 4% 9 S I 4% P AT S ), DU 43 T T BE AT 2 ANk B AR, T 0 28 e 1 B
F f5e /N, BRI 0 PR 5 A /0 3 SO A i RS NP i Py 120290 7 SR B bt P S PR 00 3 00 i ] LA
I 55 1) %6 1t 1] 14 (Facility |ocation problem), Ji- HAEZEIE AL 4 o |P]) AT L 5 k120161,

1SR FH S5 J5 6 A2 08 I AR, Ay T 0 et — 4, R 2 B 1 O A iy et A 36 R A RN 0, rp — AN R A 22
Tk I 4 e X A AR B 1 R A A A R A A 2 R SR /N TR 0 i, mT DA R AL S 2 (I L
A 129 30 A ik e T L] AR 00 i ) 22K
2.4 BIERNEHEE N E HE

R R R P S AN, AT RE S 0 SR B 0 VRS B A T B A 11 0 it S R Sy
B R — B R, S S o SO R AN T S se VI BB Ty

EX 7. W% G=(V,E) P 1l 345 & SV FR A 284 19,24 FLACS I SRAT o] — 4 Bk 4 fe E 2R 2% 5% T oAl AT
i 4 ee E #AFAEM L0 se VAT 4F ee Tsy.

TENX 8. 4y M4t G=(V,E)FI 34 & SV IEAN ML k-1 4 BE 8% R M5 Bl I s 425 S AR BEWS
I 380 100 285 H (AT Ao 5 B, PR PR R R S 4R SR K AN,

W 2% T R K RS K I A S A ) B NP HE (R 3XA ) T LA e S B JR 3 % A 7 o )
(partial multi-set cover), 5% 7 4% 55 AT LA 23U A In|E|H 3 ABL AL LL_E (R IF 9T AR 6 18 ) K 4% B 1% 2%
SRR W (BB RTINS L 4R e 5 2 88, T £ W) 4% i i 2 200 I8+, 22 40 i T T 2 8 1) 1 000 o A /N 1 L
1911390 SCHR[AOYAIF 5% T T LA 0 22 4 B 0% 170 AP 24 A P60 00 ek st 3 280 R0 00 4 20 L ol A g 7 9 2 UL A AR 4 W 25 oK
iff i LT 36 2D 110 099 28 4 00 A R0 3000 2t - v 8 SR AR AR BT V24 22 T ek ) PR 75 380 S 1 0 o 0 L, 28 U R
N LT DA W TR ALL LY A 2 (1 3 AL AR SR A £ 0 A

3 AHAWEESR

3000 2 U %A ) 1 D) 20 A B S ) 4% M A o 0 T N T A Ik R AR S A R, e B — B I A T A
PRAAE A T AT AL G S v SR SR HE 2 v A0 5 PR 3 (central manager) ok 3 9 % 422 il 1 .0y (network operations
center) 5 ST LA « S8 v R 23 AT A X 28 (VPR 2 A 2 1T 20 BECFE 190 9% o 11 4% A I 22t ol 5 1A 28 74 0 (moniitoring node)
S8 A b 19X 2% A S T M U RE A A T ik — D PR AR S e Rt Y % i D R A s (1 5 K 2R ) % )
WRG A LRl A aU 3 B &M, W 3 Fros . 78 0 5 B 5 M 3 1 o0 2 R i B — e A
(aggregating node), i N A 1 s 6 7 0 T RITSC AR — 4 AL A5 A0 4 B E AR 20 45 L R 3% 3 oo e s 4,
WCAETT A A SR AR AT Y A IR A S, AT ] B 952 3k 8 FNVHE 8 Y R PO B B LT A BERCAR T A R i ok
(15 5t R D P B B2 Y 4% A R A B, L 7 o R 2 B S 43 WA A 4 S e R R X 4 D D M e R
1,3 RCAEME AL BAT AR A7 IR ml ™ k.

Sh T WA ST (1 I 45 1 Rl 5 MG A T R e AR T T I A AR B AR A B CER T UR EE
il o B 2 RS W N i 1 i 1) A 40 TR R 2 SRR T e R B S 240 R 1 i ) i M e 4 R
FEEIR . B kA, A IR B 3l 6 20 A X S F ) I 45 P e FR bR AR 2 BT 3 )2 S5 1) 32 AR IR

g M 28 1 G=(V,E) 7~ 1 p(u,v)SR 7R 4 u v Z (A PR RS FE 4R T 58 EDULH AR AR 7R FRAT I ANty
AT B AL 190 29 41 i 5 (10 M 42 OB O B iy SRR T R 4 P BT A R R T I R IR O &R ¢ =1



426 Journal of Software 3k#F%3& Vol.19, No.2, February 2008

BTN R v AR AT R AR ST B IR A vy PR P A R 7 I =058 SRR TR AR By, R R v AT
R yi= 1575 )y =0. 4% B 240 BRI A 3K 100 2% A A 28 (1 0 A i) T BA SRR D 4 S8 B M 2% G=(V,E),
SEAE G HIITRIRIC R X A2 AR 451

o AT IS YRR AT TR PR LA T

o WA KU B e,

o BHE IR P AR s 1) PR P RE R AR AN REEE 1L R REZT AR Ku,v).

Central manager ?

-

e | N S T

Network node

Fig.3 Distributed aggregating infrastructure
3 A AR HESE
I B 2 3 DA A4 1r) i, DLAL 1 H o 2

Minimizeia),yi (1)
TR RS A
VI
2% =1Uvv V) @
Xiiji(VVi,VjEV) (3)
PV Vi) XS &V, V) (Wi, Vi€ V) 4
;€ {0,1} (VV;,vie V) 6)
yie{0,1}(Vvie V) (6)

5 LA LZIRGAFORUE TR Bl Iy HACH 1B i 0 s el 55 2 NS ORAIE 1 ot 5 10 Bicdls
AT B DT B 3 AN SR ORAIE T et YR BT I WA Y TR A T RE 2R 2 7% 8 i 3 i 1 RE 200K
I, & u,v) AT BE A — AN ] 7 1) 4 85 24 7% BB R P RELU RN Ku V)t 55 u A1 v Z AR R AR AT G, HE I8 22 2 51 %
A L FC A AL AR S

A 53 A IR HE SR A AHCe 80 W8 4 AT MG 1 i 8 v B ) B A b 2 7 AR AN/ PRI B O
Ol T E G TR B 255 R0, 5 R LR 11 e S WO AL e A I o e A b R B 0, O L Ly B A B T
BEAG AN B3 K DR 0, B0 ol 4 2% B i P WA SR AT 52 8 Bl 5 ) 240 TR 5 240 SRCFR) A OO AE SRR DI A 170 e
NP HE), SCHR[42] 5 T SRARDEAGAR 11— 26 J5 R SR mT LAY 320 SR e ) mT gD (RSB 19 1) G RAT AR A7
S50 PR B AT 32 2 WA Y R B T R P B A SR e R Y 5 2) B AR T A LA A R BE L) I
PETR o FCAS IR T BE 22 0 s U, 3) S ol YORISC B 3 22 8] R IR % AR JEAT ST 20 E, AR b Al 9 7 A A
PRARAT DL R 2 T AT B 58 10 e A R Wi e v 2 IOHCAR Y i P S AR SR W] UL T3 R 3 st i
e B B R R 7 o B Y5 e 22 N B AL 32k L. SCR[42] Hh (RS HDL077 B0 45 SR 3R WA 3k B Wi B % T 5 B IR I 2
INREFERIEPATLE SR Pl s NI LI RFS

T WU S TN 18 10 2% P i i dim WA Ao R 2 AN R T R 5 (10 U S 3 B B A 8 it ey 8 0 ) PR 7



%

BT F PR E I EAER B F A 427

YURE T AR R G ST A RSO 10 Y R R AT IR FRATTBIE T T A 8 24 A1 73 A S R R 2 B
DA I BB NP (T S 3 249 5 1) 3 A1 SO HEAR 2R T LA I 380 4 5 78 o 1) 0, O R Y S0 88 5009 B oA L
N THNVRBI AL R FRATE R 7 A8 Tk BUE IR L AR (1 Lo e i 45 1.

4 REERE

41 B %5

JESE — A4 JR) IR T 45 W ) 28 0 ) | SP T A M St 1 A2 4 114 IR 5% S A R 9 i R T e /b
(10700 2 s R AR 2, AR IR TT 6 25 1) 199 45 2 BB 09T . Do 28 00 2 30 28 B 2 11 = AR Ak AR LA (1) FBER
] HE /D DB T S BE AR 55(2) SRBUS AT 8 2 16 W9 48 1k BE i (3) X 4% 1K 5% i JL n B s ) 5 Al 2
H 18 (1) W AR T R AL B PR RE LI (2) IR SR A MM MR AR RE ).

oA 255 0 0 2 AR Y ) A ) R R T NP () A, AN 8 A 22 TN DR 8 SR A e 00 A 1 R — R
W 3

(1) WIS 21 28 SRR Ak il 8, ) T 426 A0 A0, Il D M e 1 5 v R DL RV T A I A 1 TR G 1 o
A IR AT LI T 0 0 AR 2R ) A ) A A T L S 2 S B A ) A a0 R A% B B 4 AR
ALY I T i A8 T 5 3 1 i B 190 4 A R D 0 A % T e 2 5 1 TC 38 AR VR 2 A A In) B T LR
BB O 780 5 100 50 AT T LA R T A A il S S NP 6 1 R A TR AT LA B L+ nn (35 AU 48 R )
22 AR Ak i 50 A 4 T 7 5 ) A, K P e 3R ) BRI R 4% A e R S SCHR[ 12, 16,22, 3] (H A 5 Hh s A
T IX AR RV

(2) R Y A 500 K 5 3 R0 it e A0 0 1) . D 2 00 ) o] LA Bt 8 38 e A7 40 SR ) DA e R, L 1 4 0 2 35
BRI Ak ) S B 0-1 SRR ) S, SRR [4,12,42,43) #R A P 2RO R Sk i 3k i R 2 B Kl 1 SR i
D7 AR EE AL . REE . 20 3008 SRR SR A Sk e T DUER B ) R S A AR B Pl T AR RO R
W A G 5 NP SE A (¥, 245 1 0 Kl 1) R8T (%) Joe A0 Ak, 3K 6 B39 5 75 2 DA ) R K /N (R0 48 00 e B808 R 09 o
SRS D), AT A 509 140 S O K O BRI A e 5 2 4 0 ) A B )R P 3 > b 8 0K 1) R 1 4 TR 4%
R DA SR A Ay BRI 45 S A5 4, ST [4] SR R A K SR A5 10 A B2 A T D0 A A0 SR A IR 3 AR (H R L AL
S5 T Y 0% RS /0 5 224 T 4t R AIR DA I 3 5K R (1 K e 25 75 B A 2 AR AC I T H IR (8] 5 Ah— Rt S Aot R
FHZE T RE NI 22 14 8 B S50 10 SRECAH 5 DA 1) B 42 ) e AL A AU A X S0 8 e VR B8 N TR 4% | JgtfE 5
e BRI BIRUE K. SRR MY REIEN - RAYIE SR ERENLIE R i 2] LR AT T
PRI 1t A ] R JR) iR D A M AME AT o7 H AR B B I 2L . B0 5 5505 B AR AL

(3) Vet J X A vk SR BT AL AR 70 0 8 B B PR TF 9 v A R TR AN o e S ) 48 AR A, i) B B T
1) AT AR AR AN M B AEL BT 5 3 8 i g 425 4 O 28 W) S S R A B R e vl T v 2KRH T A A 1R AR B ST
#R[16,19-21,27,42) 4542 H T A S i3 & 2ok g 15 2 7 30 B0 L SEAR I AR Ak AR AE S R SR s R 1R I 2 (R o
% SR T A % 25 IR R B 2 [ B R U S, RO S 1 R U R e v 0 ) R A, L B0 B A
1 DA SRS EUW L A 2 0 S I AR AR O ) B (AR AR 2 A D0 T AN B SRAF ALK 45 L. 190 29 ) 2 35 28 A 24 1)
A Ak 1) R A 4l 1 V] i el A TP % R A SRR R A KR R R s O A B T 2 e N s 4
SCHR[16) ) 7 < 10 0 e vl 2 02 4% 5% 1) S50 ST ik [ 32] ) D IR 0% L 2 4 342 308 38 K 0 o A S e T o
TREUE 25 B v B AR I SO S O P 4% ) S B AR ) U T AR AL T AR L ) LS 4 P 4 R i e A R
RIS P A Ay S A R I R AR g 1)

T, P 28 00 £ 350 2 A 28 RO A S R T S AT AR A TE LA R LA T T 2 :(1) 2 HON SR E st T
52 48 2 AR 2R T 5 AR /D T DN D0 A D A S 25 2% LB R A TR B 2 A H Y 1 B B (2) M SRR A R
A B T 2RI AR 2> 2 RE i 1 38 R AT 1R I R T, IR Ak SR R R G AR (3) LA R SR v, S
ZE1(4) BEI A UM K 2 1 AU TR DA, 78 DRSS ) 6% s R0 SIZ [ D90 26 v (14 280 24 R 51 FH i 0 7 fp B



428 Journal of Software 3k#F%3& Vol.19, No.2, February 2008

42 B 2

PO 28 )Xo T A B A RS, IR S5 R AR R L U TR R A AR AT R B
2 RGN T SR TR 0 4 I RS T SIGCOMM INFOCOM SIGMETRICS 0145 [ 5 T 9 2 R
2 WU AE T2 3 T 244 I 8 7 1) () 58 B S DA 46,2000 4F DL J5 A 4 3 4 TF P A i 7K T 1) L B ) 4% 00 ot ol 4
W:IMC(Internet Measurement Conference)!*”) il PAM (Passive and Active Measurement Conference)!*®!.

VR 2 ) 0 2 A TR R SEC D0 A B e D 244 0 e T 9 PR R o 1) A8 2 — . B T PRI S SR 2R B XS AN [
J7 2RI SEAE 42 T DA THAR g A B D 0 3 28 A 2R A A B9 A 080 A AR 0 2 AR 0 A AT 9 2> 00 %o W) % 1
BE T 22 1 19X 245 0 30 A AR LA A RV A A DL JLAN 5 TR AT A5 1 — 2B 0T 5K
4.2.1 PR A R o A

BRAT P 285 D0 308 S B AR PR AT B4 ol e S ) DN 190 R B S0 2 ) 4% )t E 30 % A 2 R R AR
A, BR1 kb, o] 800 P A 4D ) A 4 A T R 00 e A ke SR T 2 A I 8 P e e, LA 2 2 P R SR
S AHAFHFFE— A )

B4, SCHR[A9-51] I8 T 4 & = 3 AR Bl (130 8 5 2,580 A6 U v T B0 S v IR 4% P R AN B 3
R (1 ) R T L 0 s ) S 38 R 2% B 2 U T ¥ R A B S 0 00 e T A MR ) 4 SR OB B I T AR
V5 R BT I 0 B A DR AT LS 18 7 R I A TRE S R B T AR I AT R R A 0 A T
DU E D% 24 S, SCHR[52] 4 H 78T AR TR e T AT AR B E B2 5 8 1 I R R ARSI
422 M%ELL

1 25 T2 55 X 285 0 b R AR AR AR I ] B8 B 39— 2 4 5% 0 R B %, AT — 50 40 S A 11 T 4 R A 2 T
REM R Bk, 1K B aglt 0 B2 18 2 WS 000 2R 9 190 65 A, S0 A R 97 T A OO 79 A DUPR I R I R e 1 4% n) LA 55 31 B
B R BT 5 T I R 445 I 0T T PP 0% T T, O 0 4 B R G ) 2l FH R AR e Al (AR O
FEhR A AT S B AT B /N AR AR A S X 4% A R 6 SCHR[53] RN AN 13 T i 1 3 iy T (R A 3R e T s
RAFVE AT — 8 AT S0 80 AR A, o] B 22 1 oF 9 24 Y6k A0 (19 A 3500 AT S RS A0 23 AT A2 BF 9 1D 4 Rt YR
T AT ) S P R P e 3 18 T % S AR TR 22 A E bt R R AR T S i)

423 REEIRMS

DAl 2k 75 v % B (OC-48,0C-192,0C-255) H H s A0, it & A 5 R, R e A o0 TR/ SR AE M (R B it R A e
(19 R BF B 7 5 00 b B LU SR B8 D0 B 4 1 0 8 1A % R B, TR b sk 2 SRS 50 1) B e 408 ik 2 Ak RN A £ SR
FESCHE BT I A 1Y) 2R 40 TR, 0 RE Bl 2D SR e % (R 3 E AR

RFE U 2% (1SR B8 ) 55 A AN TR AN SR e 2% SR A AN B0 I A At 3 A [ IR b, vy A L0 4% 5% ) 2
AN FURAEREA G AN £55 75 18, B0 28 00 2 12 4% N 12 58 SR P AT . SCHR[12,55,56] 35 % SR AT e B AT 7 0F
SU AR, AT DX AR 7 22 25 5 WA SR 5 PR M 26, 0 SR RETE S0 2R« I AN FH I e M A R 55 2 ML H AR 2
[R)FRAF A A, Wb 2 R A T L.

424 AZIRMEAE R

AW P 2515 JEL B8 0 DR 8 B v W) 3 8 A 200 R0 A B0 0 14D 288 2 R 52 ) vk SC R (16, 32] R TF 5 gl A2 AR U 1Y)
IR S0 A 3 EEAR A AN T 1R 1) I 0 28645 S5 DA 0 8 2B A TR b 2 (1) 240 o 4 A DI AR SR AR 5 S
BR[L6] AT 5T ;2) R 0 2045 JEL RN 4 3 25 L 4 /0N o6 B 2 5 (R Y 1), 2 SC R [32] IR ATT 7. S k[ 12, 16,32, 571 IR ATT 5T
FRFH T 0 I = AR AT S A R R AT AR D B 2 I Y S C A RN A BRI = v
B DAL 5 0 D 651 IR A9 4 vy DN 8 2B A TR AR A % 1) 28 3 N S M 1) A RO A AR N I 2545 T IR 2
HE AT R kT X6 4o a2 1Y 285 37 3t R0 N FH S 3t DR AN 20 BT
4.25 ZNAA I

DR P ) 08 S ASE TR TF 5 R A B 0T 2 00011 190 4 s T B304 300 5 (0 B AR e DA 1 ) 24 ) AT 4 AHL S 5K
FE BRI AL &5 5L WA TSR B0, 05755 s RS T 500 28 58 IS AN S BUR D FRAE AT 6 T3 28 1R BN
g oy dee SEAR IR R Y 77 S8 I A W T R AR S AR B R Y SR AR A B A T LR B B e AT )



2%

REF 5 RMENZ3EARAR B AMACT % 429

EHIEZVAE

IR e SO Y I % IS 2B A e B A7 L, L9 2 A 48 D RS A R o [ i) RSP A7 o B ) R
& NP S B LA 2 75 SR A SR AN R W 24 b 0 HLJC T DR AIE RE 5 75 1 52 I 18] A SRAF D06 A, PRk
KT 9 23% e A8 S PR G S AN v SCHR[58,59] R T AL 3l Agent 1A AR SR phedx A~ il L 7 5l Agent i i Fn vfE
(1 190 2 7 BB ORI et £ 6L, B RS 3 Agent S Dl s 0 45 1) — P8 23 DXk, 24 1 20 R 28 b 7 R AR I B
AT AT 55 1B 3l Agent BB AL 75 22 5e [ BT 1Y) Agent, - HLES 8l 1 5 A0 1) 0 25 7 ' B 2 Agent AR 1 fi#
PAL Bl sl ) 25 WA PR BT I PS8 B [ AT AR T BAHGE B8 Agent A3 AT HE SR IUEIAS 3l 1
HHUE B, TSR B Agent 5 BILAT I 44 e (R o AR 2 — iR E ) FL 2, B 5 Agent T REATY
Ok A M R AT S 5 DAY 10 8L IR 4G # ) Agent e A S HTRIHET 5 R IR ABEAR.

References:
[1] Asgari A, Trimintzios P, Irons M, Pavlou G, Egan R, den Berghe SV. A scalable real-time monitoring system for supporting traffic
engineering. In: Proc. of the IEEE Workshop on |P Operations and Management. |EEE Communication Society, 2002. 202—-207.
[2] Zhang HL, Fang BX, Hu MZ, Jiang Y, Zhan CY, Zhang SF. A survey of Internet measurement and analysis. Journal of Software,
2003,14(1):110-116 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/110.htm
[3] LinY, Cheng SD, Wu HY, Jin YH, Wang WD. The achievement of end-to-end performance measurement technology in IP
networks. Acta Electronica Sinica, 2003,31(8):1227-1233 (in Chinese with English abstract).
[4] Chaudet C, Fleury E, Guérin Lassous I, Rivano H, Voge ME. Optimal positioning of active and passive monitoring devices. In:
Proc. of the CONEXT 2005. New York: ACM Press, 2005. 71-82.
[5] Moore D, Shannon C, Brown D, Voelker GM, Savage S. Inferring Internet denial-of-service activity. ACM Trans. on Computer
System, 2006,24(2):115-139.
[6] Paxson V, Mahdavi J, Adams A, Mathis M. An architecture for large-scale Internet measurement. IEEE Communications, 1998,
36(8):48-54.
[71 Claffy K, Monk TE, McRobb D. Internet tomography. Nature, 1999. http://www.nature.com/nature/webmatters/tomog/tomog.html
[8] Kalidindi S, Zekauskas MJ. Surveyor: An infrastructure for Internet performance measurements. In: Proc. of the INET’99. |EEE
Communication Society, 1999.
[9] Stalings W. SNMP, SNMPv2, SNMPv3, and RMON 1 and 2. 3rd ed., Boston: Addison-Wesley Professional, 1998.
[10] Cisco System. NetFlow services and application. Cisco System White Paper, 1999.
[11] Hochbaum DS. Approximation Algorithm for NP-Hard Problems. Boston: PWS Publishing Company, 1997.
[12] Suh K, Guo Y, Kurose J, Towsley D. Locating network monitors: Complexity, heuristics and coverage. In: Proc. of the |[EEE
INFOCOM 2005. |EEE Communication Society, 2005. 351-361.
[13] Khuller S, Moss A, Naor J. The budgeted maximum coverage problem. Information Processing L etters, 1999,7(1):39-45.
[14] Slavik P. Improved performance of the greedy agorithm for the minimum set cover and minimum partial cover problems.
Electronic Colloguium on Computational Complexity, 1995,2(53).
[15] Chudak F, Shmoys D. Improved approximation algorithms for the uncapacitated facility location problems. ACM SIAM Journal on
Computing, 2003,33(1):1-25.
[16] Breitbart Y, Chan CY, Garofalakis M, Rastogi R, Silberschatz A. Efficiently monitoring bandwidth and latency in IP networks. In:
Proc. of the IEEE INFOCOM 2001. | EEE Communication Society, 2001. 933-942.
[17] LiuXH, YinJP, Tang LL, Zhao JM. Analysis of efficient monitoring method for the network flow. Journal of Software, 2003,14(2):
300-304 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/300.htm
[18] LiuXH, YinJP, LuXC, Zhao JM. A monitoring model for link bandwidth usage of network based on weak vertex cover. Journal of
Software, 2004,15(4):545-549 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/545.htm
[19] Zhang Y, Zhu H. Approximation algorithm for weighted weak vertex cover. Journal of Computer Science and Technology, 2004,
19(6):782-786.
[20] Zhang Y, Zhu H. An approximation algorithm for weighted weak vertex cover problem in undirected graphs. In: Chwa KY, Munro
JI, eds. Proc. of the COCOON 2004. LNCS 3106, Berlin: Springer-Verlag, 2004. 143-150.
[21] Cai ZP, Yin JP, Liu XH, Liu F, LU SH. Efficiently monitoring link bandwidth in IP networks. In: Proc. of the IEEE GLOBECOM
2005. |[EEE Communication Society, 2005. 354—358.



430 Journal of Software 3k#F%3& Vol.19, No.2, February 2008

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
(34
[395]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]

[49]

[50]

Liu XH, Yin JP, Cai ZP. The analysis of algorithm for efficient network flow monitoring. In: Proc. of the IEEE Workshop on IP
Operations and Management. |EEE Communication Society, 2004. 29-33.

Cooperative association for Internet data analysis (CAIDA). http://www.caida.org/

Active measurement project (AMP). http://amp.nlanr.net/

IP Performance Metrics Working Group. http://www.ietf.org/html.charters/ ippm-charter.html

Cohen R, Raz D. The Internet dark matter—On the missing links in the AS connectivity map. In: Proc. of the IEEE INFOCOM
2006. | EEE Communication Society, 2006.

OliveiraR, Lad M, Zhang B, Pei D, Massey D, Zhang L. Placing BGP monitors in the Internet. Technical Report, TR 060017, CS
Department, UCLA, 2006.

Walz J, Levine B. A hierarchical multicast monitoring scheme. In: Proc. of the NGC on Networked Group Communication. ACM
Press, 2000. 105-116.

Bejerano Y, Rastogi R. Robust monitoring of link delays and faults in IP networks. In: Proc. of the IEEE INFOCOM 2003. |[EEE
Communication Society, 2003. 134-144.

Kumar R, Kaur J. Efficient beacon placement for network tomography. In: Proc. of the ACM SIGCOMM IMC. ACM Press, 2004.
181-186.

Jamin S, Jin C, Jin Y, Raz D, Shavitt Y, Zhang L. On the placement of Internet instrumentation. In: Proc. of the IEEE INFOCOM
2000. | EEE Communication Society, 2000. 295-304.

Horton J, Lopez-Ortiz A. On the number of distributed measurement points for network tomography. In: Proc. of the ACM
SIGCOMM IMC. ACM Press, 2003. 204—-209.

Breitbart Y, Dragan F, Gobjuka H. Effective network monitoring. In: Proc. of the IEEE ICCCN 2004. IEEE Communication
Society, 2004. 394-399.

Francis P, Jamin S, Paxson V, Zhang L, Raz D, Jin Y. An architecture for a global Internet host distance estimation service. In:
Proc. of the IEEE INFOCOM’99. |EEE Communication Society, 1999. 210-217.

Francis P, Jamin S, Jin C, Jin Y, Paxson V, Raz D, Shavitt Y, Zhang L. IDMaps: A global Internet host distance estimation service.
IEEE/ACM Trans. on Networking, 2001,9(5):525-540.

Bartal Y. Probabilistic approximation of metric space and its algorithmic applications. In: Proc. of the 37th Annual IEEE Symp. on
Foundations of Computer Science. IEEE Communication Society, 1996. 184—-193.

Adler M, Bu T, Sitaraman B, Towsley D. Tree layout for Internet network characterizations in multicast networks. In: Proc. of the
NGC 2001. Springer-Verlag, 2001. 189-204.

Reddy A, Govindan R, Estrin D. Fault isolation in multicast trees. In: Proc. of the ACM SIGCOMM 2000. ACM Press, 2000.
29-40.

Markopoulou A, lannaccone G, Bhattacharyya S, Chuah C, Diot C. Characterization of failuresin an IP backbone. In: Proc. of the
|EEE INFOCOM 2004. | EEE Communication Society, 2004. 7-11.

Nguyen H, Thiran P. Active measurement for multiple link failures diagnosis in IP networks. In: Proc. of the Passive and Active
Measurement Workshop (PAM 2004). Springer-Verlag, 2004. 185-194.

Lin YJ, Chan MC. A scalable monitoring approach based on aggregation and refinement. IEEE Journal on Selected Areas in
Communications, 2002,20(4):677-690.

Li L, Thottan M, Yao B, Paul S. Distributed network monitoring with bounded link utilization in IP networks. In: Proc. of the IEEE
INFOCOM 2003. | EEE Communication Society, 2003. 1189-1198.

Cai ZP, Yin JP, Liu XH, Liu F, LU SH. Distributed network monitoring model with link constraints. Journal of Computer Research
and Development, 2006,43(4):601-606 (in Chinese with English abstract).

SIGCOMM. http://www.sigcomm.org/

INFOCOM. http://www.ieee-infocom.org/

SIGMETRICS (Int’I Conf. on measurement and modeling of computer systems). http://www.sigmetrics.org/

IMC (Internet measurement Conf.). http://www.imconf.net/

PAM (passive and active measurement Conf.). http://www.pamconf.org/

Aida M, Miyoshi N, Ishibashi K. A scalable and lightweight QoS monitoring technique combining passive and active approaches.
In: Proc. of the IEEE INFOCOM 2003. |EEE Communication Society, 2003. 125-133.

Ishibashi K, Kanazawa T, Aida M. Active/Passive combination-type performance measurement method using change-of-measure
framework. Computer Communications, 2004,E87-B(1):132-141.



%

[51]
[52]
[53]
(54
[55]
[56]
[57]
[58]
[59]

B e
(2

(3]
[17]

[18]
[43]

[51]
[54]

BT F PR E I EAER B F A 431

Cai ZP, Yin JP, Liu XH, LU SH, Liu F. Passive calibration of active measuring latency method. Acta Electronica Sinica, 2005,
33(11):9-12 (in Chinese with English abstract).

Hu NN, Li L, Mao ZMM, Steenkiste P, Wang J. A measurement study of Internet bottlenecks. In: Proc. of the IEEE INFOCOM
2005. |EEE Communication Society, 2005. 1689-1700.

Thottan M, Li L, Yao B, Mirrokni VS, Paul S. Distributed network monitoring for evolving IP networks. In: Proc. of the 24th Int’|
Conf. on Distributed Computing Systems. |EEE Communication Society, 2004. 712—-719.

Cai ZP, Yin JP, Liu F., Liu XH. Distributed monitoring model with bounded delay. Journal of Software, 2006,17(1):117-123 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/17/117.htm

Duffield N, Lund C, Thorup M. Learn more, sample less: Control of volume and variance in network measurement. |EEE Trans. on
Information Theory, 2005,51(5):1756—-1775.

Choi B, Park J, Zhang ZL. Adaptive random sampling for traffic load measurement. In: Proc. of the IEEE ICC 2003. |EEE
Communication Society, 2003. 1552—1556.

Bar-Ford P, Bestavros A, Byers J, Crovella M. On the marginal utility of network topology measurements. In: Proc. of the ACM
SIGCOMM Internet Measurement Workshop. ACM Press, 2001. 291-302.

Liotta A, Pavlou G, Knight G. Active distributed monitoring for dynamic large-scale networks. In: Proc. of the IEEE Int’'l Conf. on
Communications (ICC 2001). |EEE Communication Society, 2001. 1544—1550.

Liotta A, Pavliou G, Knight G. Exploiting agent mobility for large scale network monitoring. IEEE Network, 2002,16(3):7-15.

X 5% 3k

TR EF, T I I N 22 TR I Internet I 5 3 BT 404 R A 24 4R, 2003,14(1):110-116.  http://www.jos.org.cn/1000-9825/
14/110.htm

R RN ity SISV %5 , G M. SC AR P g it 381 i i 0 5 B AR F 9T 4 2k g o, T 2% 41, 2003,31(8): 12271233,

SR FBOEE T R 2 O 08 2t TG TP 4% S 1 A 20800 == 5 ¥ 4 AT 3R 2% 41k, 2003,14(2):300-304. - http://www.jos.org.cn/1000-9825/
14/300.htm

SR R B S 8 ik, X RS T 55 O a7 5 0 IO 0% A B A D ot o M A 289 40 2% 41,2004, 15(4):545-549.  http://www.jos.
org.cn/1000-9825/15/545.htm

BEREOT B T KR 0 55, 55 2H R 5 40 BRI 40 A1 2K ) 4 M A5 0 ST SR LIE 9T 5 K R, 2006,43(4):601-606.

B RS IR, 5 240 0155 19 4% 4 18 2 3 W0 s A0 1) 4 3 0 A M Uy v L T2 41, 2005,33(11):9-12.

BERE T BT X 5 SR S 28 24 SR 43 A 2T A 199 205 M A 2R 311 2 4%, 2006,17(1):117-123. http://www.jos.org.cn/1000-
9825/17/117.htm

EAET(1975—), 53,91 F o BH N 1EE L i
Ui, = T 5 AT A VS ) 2 A
B G B A

XU A AE (1973 —), 53 1 L, = BT S AT
oLk W 4 W 45 22 4

X (1976 — ), %, 1 -+, P Jili, 32 BB 52 40
WO E R w4

BREE (1963 —), U5, 1 & Bz W Lk g
Jili,CCF 5 i 2x b3, 2 BRI 5 U A S0 8
T2 Hr N DR e R CRA A B 24

B (1973—), 5 Rl A7, 1 L0 TR
W 2 A



	1   被动测量部署模型
	1.1   被动测量设备部署在网络链路
	1.2   代价约束的被动监测问题
	1.3   被动测量设备部署在网络节点

	2   主动测量部署模型
	2.1   有约束的测量站部署
	2.2   一般的测量站部署
	2.3   测量分配
	2.4   容错的测量站部署和测量分配

	3   分布式收集框架
	4   总结与展望
	4.1   总  结
	4.2   展  望
	4.2.1   测量部署模型的通用性和扩展性
	4.2.2   网络演化
	4.2.3   采样策略
	4.2.4   挖掘网络信息
	4.2.5   动态可移动测量



