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Abstract: A practical pricing mechanism is the foundation for the deploying of IP multicast in the inter-domain
Internet. The IP multicast service model and its pricing mechanism are discussed in this paper, by considering the
motivations of different partners in the process. Three models are proposed for all applications in the real
environments. They are ICP-USER model, ICP-ISP model and ICP-ISP-USER model. In every model, the applied
scenarios, resolving method and the complexity of algorithm are described. Here, the Internet is considered as an
ecosystem. So the work embodies the self-organization property of the Internet based on the game theory, and
respects every role’s right and benefit, which is good at the health and stable development of the Internet. So it has
great practical feature.
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Internet " A77E 2 MR I 28, 2 5 FH R4 VAR 2 RAE B AR TA S8 HoAb 2 538 045 &, Wik
PR EEATIAT 9. 55 A0 B ARATIAS T 78 i = T 28 0 1K) 4 JR) 475 SRR A, i A9 16 92 R o L e ) 4+ 9l o e
A2 5 ME— A R A B CRAT AR Z AT 245 R0 LA R T AN 58 M8 B IS Internet ¥ — AN EEZE )
Bt JE .

I R AL FEF A 3 285 5% ICP(Internet content provider),ISP(Internet service provider) 1 H /3 il
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WEE;2) FH AR ISE 1, ISP s viE;3) R A ISP # 4 Hili;4) F P FT ISP A2 L 1K 58 4 Bl 60 F i vl 2%
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A1 R P B % A o P A Nash T 50— R FH 6 T X8 467 1 9 191 g 98 14k 7o 2 J00 2 1y 45 L.
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VETE B AW 5] 7. 3CHR[15]H 1A b, Strategyproofness 5 2 /& ME——Fh T N T Internet ({1828 77305, I8 o v 16
A& B FAR 2 5 3 6e 15148 2 T8 M HRIRA.
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S-44 Strategyproofness 77 V% [ —F 3= B AT HLHI——A M- 4 ML

1.2 KM-51BHLH
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AR -3 P30 S R 400 i (u) B 65 (u) o s SC 3405 (R RAN - 43 LTI, 52 S R(u)={ieP|ai(u)=1},P &It
FUIRSE A R(U) A ARYE 45 A 2508 u T8 0% HH 1) B 0% 102 52 A% B 10 T P 46 4 280t W (u)=NW (R (u)) A& AR u [7)
BT I 2 AR 25 AR TR -2 LA, 6 50 %5 AT £ 0, A v, wiu) 2wy (ul'vi), BRI B P i s 4 L
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1.3 HIEMEIRE
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A, H T(R)cL. A 4EH TR)MI &5 f i 1 fiow.

Algorithm “Dew Bottom-Up Traversal”
At ISP i belonging to the multicast tree
Begin
After receiving a message A from child geCh(i)
Wi=Bi+2Z<chiyAs—Cispa ()

if Wi>0 then
{
&=1 for all the Usr(i)
Send W; to Pa(i)
}
else
{
=0 for all the Usr(i)
Send 0 to Pa(i)
}
End

Fig.1 Algorithm Dew bottom-up traversal
1 Dew FLyErI“ MW R E ik
S 2R R LA R A
1) TR)THILFF& ISP Z M FI R Lo &R
2) TIPSR A RS T LSS ISP T s AT RE ST 2 A NI EUR T LR RS ISP 43 204 TLEL AR Sy
GEH.

3) A | — 4t ALRR B th 45 M Poe 1 B ICP AR s 1 B TG, BT LU B I A R,
YLFE 53 R h K 26 ] 52 B AR A B AR B T(R)=Uir T ().

TEIILSE 9 268 . FH v A7 A1 A 22 0 2 0 i MRS E LR T LA 8 BUR 4 Figi Ay

(1) ICP-ISP-USER A4 : il 55 B2 i 1) ICP A 2% ICP 5 %2 ) B e B 38 i R B 1) ISP S ASHRIM . v
Pl FE T DA G AP BB E 5 ICP Z AT 3 0 R LA K ICP 5 ISP Z [ A1 3R 28 &.

(2) ICP-ISP f5AL:ICP #2414 3% Ak 45, B ICP nf LI ik | % 5% mli o L Ath SR8 KSR AEL & i AN 75 2 )
ICP %l 3x i LA () S A5l JUAT ICP 1) ISP 324+ B5edl 4 & 9 1.

(3) ICP-USER #%Y: i £ o A~ ISP 2 [ i ik A3 H a3 [ s iy 5 10 77 2ok vl 2, i DA, B 22 /b i il 3
AR ol 7 P D R 5 L1, U ICP [ B2 R 45 %%

(4) ARV FE B ICP $2 6t S B 55, AN ISP 2 R AN 42 i B Ak ot 12 - 9%

FE T TR0 3 45 7 B AR 20 AT 0 v BT 3 AR 55 2 Y SR A0 B 3 op 1 1 T 3% 5 ISP AT LA K S ik s
19, T F2 MO VT BB R AN TR SE 1. 28 3 W IR (MBI 28 2 v A0 2 O S 11D, 1T 4% ISP 2 IR) mJ BB A7 70 45 1R 0l LA SR EX
HRFIRE. 4 R BT A 1 5 00 B ok 2 2% 1SP R T RS2 4 ot 0 O 70 3 JL A v, 3R AT H
B A& £ HELAR IR 50025 FEAS S M 2 3R AR AL 2 I A48 N AR B — MG B, A, & H A2 N AR YT 4.

2 ICP-USER ###!

7E ICP-USER #2241, ISP Bl 1A by A2 5 m 5 1), 4R FRAZTE T H 7 A ICP 2 [R]LICP 1 H b2 18 SR AR (1)
o KA, T A B Re i 49 21 e K 1 IR 45 MR LG

ICP [ Internet b /)BT A 15 USRS AR B 5 A0S IR 5%, 5 ) ) P S 648632 IR 55 T 45 21 (R AN AEL AT 7
il A B2 8 — A 8 T LB 52 1) B BRAF By, i S 7 AR AR KT By 7 B & IO 32 52 IR 4% AL 3R 04T 70 A F
AR R T F5 2 ) ISP S2A 2 A MR T — SR BEER 103 R AR - Cij, Ciyj IR 4 0% 422 70 1 W o (1) 1SP;
ISP; T 4252 B0 T+ ISP & IS 1, 6 4 G S b 308 45 e % 1) 512 9l FH O R ICP ] AR 5 9 AR AN R - b 15
Ff B LA B Sl LASRAR R

ICP-USER # A8 )\ NPT,VP F1 CS KLU, B LA e 2 — i B 24 p) AQ - 2 FEABE B B AT 17 10 2 280, A XA - 23 4R A
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R P SR LIl ——SH Al MC WL AE & AT AR DL S N o A 46 J0 325 50 IR AR R B . SH. HIL T 2 45 I 2% 1 oK
IR KR A B IF45, 10 MC HLHIAS BEAE 1CP (1) 2 75 2 ik T LA, FRATT A7 6 B4t — Tl 1) o5t Ty 8 KAt e o )
A RLRE A 1ICP A P Z IR o 2 i) AL

TP K Dew Fik H AT MC AU AR BT L& SH AL DRAE 99 2% 1E A R 45 5. Dew 54 ¥ 4k
B FEIEALT MC B AEAEARE A 520 rh A O 100 208 R 1) SEAR P S92 2R (KR SCHO 2xm,m D 414844 o
FRBE R SR 1 T A1 H 2 Dew ST T U &N (0 B X

Table 1  Symbol definition in ICP-USER model
# 1 ICP-USER KAV FT 55 X

Symbol Definition
Bi The bid announced by user i
P; The actually payment of user i

Whether user i can get the service,

4 If & =1, user i receives the transmission, and & =0 otherwise
Cisj The link cost between ISP i and j
Wi The welfare of the tree rooted at ISP i
Ps The profit got by the ICP
U(T(i)) The whole utility of the tree rooted at ISP i
Ch(i) The set of children of ISP i
Pa(i) The parent of ISP i
Usr(i) The set of users in Ch(i)
T(i) The threshold of prize the ISP i can accept

Dew S5 70 PSP BREE 1 DA IS L84 A% L A RIL 2] 1CP P2l i B B A0 B AN R 10 1 P LBk 26 2
DS TR P B0 B A DR AL DAL ICP R e 4 A I 1 D8 SVA ISR 18 BN RE S MC BLAT T 2
b RS AR A B A Bl BE AN E R T B 4R, R AR R A R B R TG S A
T BRI AR 03K AS 7 B 23 0 4t A3 1) P P 8 TE 054 B R 55

FELBR T IR AT O 22 )5, 565 2 25 T BT S e & P T2 1 9, Wi B 2 J 7. Dew 59 (1) Jit
W2 — s e AVEAR Y ICP {55 PR 25, F HLasJih F P 45 B m R S, LLAE I 26 REAS ik e sth . RPEMB S T
LT ABATTTIN B AL, of F8 £ 45 v 5 A 0 P ADE S AR A B Py<By, RAR ST 2 o,

Algorithm “Dew Up-Bottom Traversal”
At ISP i belonging to the multicast tree
Begin
After receiving a message Az from parent e Pa(i)
if 5=0 or As<0 then
{
Pi=0 and &=0 for all the Usr(i)
Send -1 to all the Ch(i)
}

else

{
For each ceCh(i)

{
Ac=Ayx Be
ZjEUSr(i) (BJ)

Send Acto ¢
For each ueUser(i)
Pu=Bu-A
}

}
End

Fig.2 Algorithm Dew up-bottom traversal

Kl 2 Dew AN _EAET "L
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Dew SLI5F= L IROCE AR 2xn,n A ZLRR A AP AR R TTT RBR S AN 4 8 A I 5% i of A BRI Ay b ) 3
FATULE 3 A (i ALAR A A ), T 2 AL IR W 10 AN A 15,10 FE P R0 A 3% ol 17, B ALICP 45 2 AN SRy R 28 ).

Dew LB A LUTF LA

(1) BT 452 10 2 () R [R) 52 0 DL R R (w9 e 1k ;

(2)  FINKIEHLEI R S P 12 5 DL s s, A R T2 3% N i R

(3) ICP A7 159 R {R 3.

PATTAR 1 Dew 2 2 SRS R AN - 43 HRUBE AL () — Fofo i FH g ol U7 6, 29 2 NPT, VP F0 CS #LI, 9 BB
MC Fi1 SH HLHIE sz « A3 2. (0I5 18] 52 2% 2 O(n), /2 3 1) 20 4% 152 H v ICP-USER 22 18] 5 —Fh iz I 16 -4
Bl

W;=5 T3=2.67 W4=7

User set={1,2,3,4,5}
Total (P)=17
Total (C)=15
Total (Ws)=2

B3=8 B4=6 B5=5

P2=227  p3=6.06 P4=3.97 P5=3.30

Fig.3 Anexample of Dew mechanism
K3 — Dew Hk sz

3 ICP-ISP {#&%!

FR4E 5 199 2 21, 1CP-1SP B & H T 25U T Internet 4 27 P 543 &
1) 20 75 . FH PR 058 ICP AN 2 A P 3R AS RN, e w] LU o /i b 45 B %
B 77 SRR T L ICP R P Z AR R 26 L7 R 2, ICP i 2
)5 B B R UL 1K) ISP A 9% JIT LA ICP-1SP #6478 Hh (¥ 2 47 72 T ICP 1 ISP
2 [H].

7 Internet ‘i W b B0 (108 A7 388 1Y ISP 2 (0] i)t 9k 5 X 32 A 4
PLR JLFP:

(1) [HE A T 5

(2) HETREMITE;

(3) IFImIAHIGTE 2,

4) FETFHEER%. Fig.4 Data flow in multicast

XFT 1P 4145, 1SP 2 (8] FA) T 9 ) R0 it 75 B A e 1) B A G AR e AR - th B4 AR R
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i R A 1) 15, A ISP 387 1 AN 23 AU M0 AT A1 25 (903 S Rk an ) 4 9o A7 — AN AL 3 B v ik N
ISPa,fH ISPa T 2 4% K 21| P> HAth ISP A AR F AR e 1) i 21 i1 v 3% 07 2K, 1SPa BN 11 L3 45 214 e — 1 4
I PR, 24 22 1) &I i A S 1SP AT H 9 6 50 H0 P T 7 AR 23 9K 3D 1) Internet |, AT ISP 23 (UK FE (1 17
JIT LA T3 044 I v ISP ] 7 o 9t 7 2 AT T 200688 HH — i ify S 6 200 77 ZE SR AR ISP 1 & B R 1
£ B A S KA L ICP-ISP 1 25 v |SP 3T EE e 48 70 4 i P v SRAG S0 4 i A, Ol T8 B AN H i HE 2R
$c 3w 1) 7 2T DA S PR B AT Ay 406 20045 80 1) 11 R 531, 4 B A 3 1) A8 I o A R R S 1) T ) R

ICP-ISP A7 i i LA JL A& R

o FH B AL (US): T LA R RN N AR 2L 1 0 % A 2 2 % MR 55

o ISP & FEA 5 4 ORI (1S):1SP Ut S B A HUTE, 8 4, el N 1245 1 T o B2 1 R 25

o ICP [JJCAAME(SS):ICP AN LLIH ik 2H # Mk 45 >R 28 ) JIT LLB AN 7 L.

HEAE AR A DL B0, 341142 - AV (alternately validation)HL 4], B 32 AR 56 1F 15 3% & — 0 A XLk 1 g ep
(9 ISP A B R EAT) T R R Dk T 8 T (5, FRAT AR 4 B 100 ) P A o 9, RIS JH — 2% e gt 5 2 S A —
SE 3R,

AV LIt 3 R § 4R SC——I01F 4R 3 (validation message). i 75 % 32 (announcement message) Flfi A
i 3¢ (confirmation message).

BAF RSO ISP 3% 2 (R AH A5 A A 2 R

| Source ID | Destination ID [ Children ID list | Children cost list | Parent ID |

K 5 IS TFHR SC M ISPy K36 BIAH AL 55 ISPy fRSCN B N
[ ISPy [ ISPy [ ISPy | 0 [ ISPy, |

ISP O ISP,

- Validation »  Announcement Confirmation
message \ message message

Fig.5 The message flow in AV mechansim
K5 AV HLH A R
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T A5 R SCN ISP 3% 1B ¥ 521 A A xU R
| Source ID | Destination ID | Children ID list | Children cost list | Total cost |

M ISP, F ISP, 138 15 3

| ISPs; | ISPy [ {ISPam,ISP,} | {0,03 [ 2 |
BNIR SCRIE S 175 ORI EH 2 A 45 715 i A ks X

| Source ID | Destination ID | Total payment | Children payment list |

M ISP, 3% 51| 1SP, HOTHIAIR LA

| ISPy [ ISPy [ 2 |  {(ISPu,1),(ISPs2,1)} |

1A ISP HED RO R I 15 AR ARRE 5 T Tt 1 PR R S
A3 A, W 6 .

(Great-grandchild 1,Cost)
(Great-grandchild 2,Cost)

(Grandchild1, Cost)

(Child 1,Cost) (Great-grandchild t,Cost)

(Grandchild 2,Cost)...

(Grandchild m,Cost)...

(Child 2,Cos0)...

((ihild n,Cost)...
Fig.6 The structure of the cost table
K6 AUMRMALR L
AV L] R A0 BE AR A0 45 AT 21 A B BR A E AE ACR BB e R R B R SR T BRI
BN AR ALY 5, B ISP vH S A A 1) 7 PSR 0 T AR, SE I 7 PR AE EBR A R
TSRS KR 2 I T S R Y R 2 T LLRAS O 2, S0 BT R I AN A

Algorithm “AV Mechanism Bottom-Up Traversal”
At ISP i belonging the multicast tree
Begin
If receiving a message A from a child then
{
Create an item with the ChildID in cost table and fill its cost with the TotalCost in A
Create a List with the GrandchildID in it and fill its cost with the corresponding ChildrenCost List in A

}
If receiving a message V from a grandchild then
{
Search the item that the childID consistents with the ParentID in V and the GrandchildID consistents with the SourcelD
Fill the List of (Great-grandchildID,Cost) with the ChildrenlD List and ChildrenCost List in V
}
After the cost table built
{
Check the GrandchildCost with the sum of the corresponding Great-grandchildCost
Check ChildCost with the sum of the GrandchildCost
Compute the sum of the ChildCost as his own cost
}

Create the Announcement Message A and send to its Parent
Create the Validation Message V and send to its Grandparent
End

Fig.7 The algorithm of AV mechanism bottom-up traversal
K7 AV LB AT 1) Rt R
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A9 23 A1 AR AV KL G T 55 53 2 75 B2 22 A 5 T 3264 T 15 5. Feigenbaum 25 A\ WL — 3w ] 14
28 ST DR BN BAF 4 AU TR 2% 18 4 A XU 45 A T M 4% T 1R 5

o NifET LAEEI AN EEH;

o NpfE T ERACHERS FARRRIN S B

o Syl RIHE M

o C.f Agent E ¥ KA T IT4Y.

LAy A AR B AT A — PR br b 0 BEASAE, B 1 W 288 52 e M AN ) B2 32 T B AT AV HL AR 1
o3 A IR BEREAT 44T

EIR 1 AV 5L A MTE S BN R (3n-L-M=2),n SZ4LIER - ISP [ S 5, 46 ICP BT ER) ISP.L AT M 43
SRR ICP [t 4h mUR R 45 i3 H

IE AR T AR B &5 R ISP BT ICP IR IR ISP DL R 715 s 2 A0 A — A ISP 75 2 433l i — /N B8 AiE
WS BRSO AR S 45 i ISP AR ZERE AR SC, 1T ICP 7MY ISP R FF R B AR 3, L ICP
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Fig.8 An instance of ICP-ISP-USER model
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