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Abstract: In many P2P applications, nodes can be classified into different types according to their interests or
resources, and the routing for the nodes with a specified type over overlay networks is the key for data distribution
and query in these applications. Unstructured overlays have a low maintenance cost and high robustness, but fail to
ensure the routing efficiency. This paper proposes a gossip-based type sampling approach—TypeSampler, which
samples the nodes of different types with the same probability (called type sampling). The type sampling ensures
the lower bound probability of finding a neighbor node with a specified type at any node, and thus ensures the
routing efficiency over the unstructured overlay. For type sampling, TypeSampler first implements the proportion
estimation of types through peer sampling and anti-entropy aggregation based on gossip. Next, TypeSampler
maintains a type sampling table at each node, periodically, based on the estimated proportion values. Theoretical
analysis and experimental results reveal that TypeSampler can not only achieve precise proportion estimation and
approximately uniform random type sampling, but can also work well even in the dynamic network environment.
Moreover, TypeSampler can support more efficient routing and has better scalability compared to the existing
approaches.
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semantic_view: H1 JGZH(node,types)ZH il [ 77 AR FEE & i T AR AR IR 45 o B
concerned_types: 7 s S R A A

initial_proportions: £ 7c 41(type,value,weighty 2l j& i) 4] 25 LU Al VHE A4 AR 5 201 5 RURFE 4R
proportions: [1 7641 (type,value)yZ1 ji i Lt 4 4 112 46 75

1 for each teconcerned_types

2 frequency«t 7 semantic_view HH 1) H BE k%L

3 e«initial_proportions ' type {4 t 4 H

4 e.value«(e.value*e.weight+frequency)/(e.weight+|semantic_view|)

5 e.weight«e.weight+|semantic_view|

6 end for

7 if (cycle%T==0) then

8  JH initial_proportions 4% H (¥ value {# %5 proportions " type #H[7 ¥4 H 1) value {8
9 4 initial_proportions "1 T fi 4 H I value & weight i %

10 endif

11 g<«getRandomltem(semantic_view)

12 common_types<«—qg.node T <7 2 M4 5 concerned_types #1384k

13 send_buffer<—common_types % i [¥] proportions H (4% H A

14 sendTo(q.node,send_buffer)

15 recvFrom(g.node,recv_buffer)

16 for each verecv_buffer

17 u<«—proportions 1 type 4 v.type f4< H

18 u.value«(u.value+v.value)/2

19 end for

20 cycle«—cycle+1

Fig.1 Proportion estimation algorithm
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TSR (A1 54 3 FREEULALFE TSR /e K 2 11 U TST 215 O TSR IFRAE A0S B 1) 4% H 35 4748, AR
P E R Py=|TSR.types|/Kmax 1 TSR [ A S J5 4% H AR SR A H L1 TST 2 A3 A7 23 A, 45747, W ARG TSR 1)
WA IR BT TST 2% H 5 MRHES Po=(ITSR.types|/Kmax)x (Prin/ TSR.proportion) Hl TSR 1 Py %5 5
TST RAE— 4 F B2 A8 T AL 05 K5, Py R P AN A 05 BRAIE 4 S8 52 LA PR 1 AR TST KR FES
R B T L i A T A0 7 [ 5 5 0635 LA 05 DA I MR th B R e BT A AR TR M) TST
H HR RE AT IL 4.2 45,

REBHEE

Kimax: 28 8 1A /03T 2B 080 H 10 B KE

Pmin: 58 48 TP 25 2R LU 19 B /M

I R BERAE LKA B IR

self_id: A5 s ff) 5 iR

self_types: A<y s it JB KA A

semantic_view: f1 7641 (node,types)ZH Jik ¥ 7 i R AELE A

proportions: i G ZH (type, valuey4 il i) 49l it vt 4 &

TST: H1 7641 (type,node, typesy L B i 45 75 2B R RE %

TSR:JG41(type,proportion,node,types), 2 1 K A i >k

1 t<getRandomType(types)

p<«—proportions.getValueByType(t)

TSR«(t,p,self_id,self_types)

g<—getRandomltem(semantic_view)

sendTo(g.node, TSR)

recvFrom(g.node, TSR)

if (TST.containType(TSR.type) && nextRandomFloat()<|TSR.types|/Kmax) then
FH(TSR.type, TSR.node, TSR.types) ¥ #t TST i type 55 TSR.type AH[Ff¥14& H

9 else if (|TST|<s) then

10  TST«TSTU{(TSR.type,TSR.node, TSR.types)}

11 else if (nextRandomFloat(-)<(|TSR.types|/Kmax)x(Pmin/ TSR.proportion)) then

12 HI(TSR.type,TSR.node, TSR.typesy#% e TST HEEHLL R — 4% H

13 endif

O ~No U~ WwWN

Fig.2 Sample update algorithm
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Table 1  Average of the expectation of the proportion estimation sample deviation (variable N)
F 1 LIl VHEREA T 22 3R ISP AME (N AR 4L)

r=0.1,

Cycle

c=20,
T=100

0

10

20

30

40

50

60

70

80

90

100

N=1000
N=2000
N=3000
N=4000

3.6e-05
3.6e-05
3.6e-05
3.6e-05

1.5e-05
1.5e-05
1.5e-05
1.5e-05

6.1e-06
6.4e—06
6.2e—06
6.1e—06

2.8e-06
2.9e-06
2.8e—06
2.8e-06

1.3e-06
1.3e-06
1.3e-06
1.3e-06

6.1e-07
6.3e-07
6.3e-07
6.4e-07

3.1e-07
3.0e-07
3.0e-07
3.0e-07

1.5e-07
1.5e-07
1.5e-07
1.5e-07

7.9e-08
6.9e-08
7.4e-08
7.5e-08

3.9e-08
3.6e-08
3.8e-08
3.9e-08

2.0e-08
1.8e-08
1.9e-08
2.0e-08

K2R T R AN [ & i HoAh 25O R I 70 2R B2 W B 5 2R Y L) il v AR Ay 22 1) S 2R 1R S 3
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%CLT P(L— p) YeiE J7 25 W EE B S ME AT SR AR B B ), DAL T 7B K, I (E R /N T DGV 26 v 52 M MR R/ 31E
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Table 2 Average of the expectation of the proportion estimation sample deviation (invariable N)
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c=20, 3.6e-05 1.5e-05 6.1e-06 2.8e-06 1.3e-06 6.1e-07 3.1e-07 1.5e-07 7.9e-08 3.9e-08 2.0e-08
T=100
r=0.2,
c=20, 3.6e-05 9.7e-06 2.5e-06 7.0e-07 1.9e-07 5.7e-08 1.7e-08 5.3e-09 1.6e-09 5.1e-10 1.5e-10
T=100
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c=80, 8.9e-06 3.8e-06 1.5e-06 7.0e-07 3.3e-07 1.5e-07 7.6e-08 3.8e-08 2.0e-08 9.7e-09 4.9e-09
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Table 3 Average of the relative error upper bound of the proportion estimation (variable N)
F 3 Bl THE AR R 2 B SFIAME(N AR L)

F N

r=0.1, =20, T=100 1000 2000 3000 4000
BT IR AR Z L RET 21 (%) 31.8 32.0 317 31.9
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Table 4 Average of the relative error upper bound of the proportion estimation (invariable N)
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Fig.4 Proportion estimation in the static network environment
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Fig.5 Proportion estimation in the dynamic network environment
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Fig.10 Average number of routing hops in the dynamic network environment
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