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Super group peer selection algorithm in hybrid layered P2P
streaming system based on evolutionary game
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Abstract: Due to high efficiency and good scalability, hybrid layered P2P architecture receives more and more impor-
tance in P2P research and P2P streaming application fields recently. The  blems about super peers selection are highly
challenging because super peers must be selected from huge and dynamically changing network. A distributed super
group peer(SGP) selection algorithm based on evolutionary game is proposed in this paper, in  hich the SGP selection
procedure is modeled based on evolutionary game framework firstly and its evolutionarily strategies are analyzed.
Moreover, a distributed Q-Learning algorithm (ESS-SGP) according to the mixed strategies by analysis is proposed for
the peers to converge to the ESSs based on their own payoff history. Compared to the traditional random selected SGP
P2P schemes, experiments results show that the proposed ESS-SGP algorithm achieves much better performance in terms
of social welfare, average upload rate of SGPs, and keeps the upload capecity of the P2P streaming system increasing
steadily with the number of peers increasing.

Key words: P2P streaming system; super group peer selection; evolutionary game; evolutionarily stable strategy

1 P2P
P2P
(tree-push)
(mesh-pull) 3 (4 P2P
2012-12-13 2013-05-25
61379079

Foundation Item: The National Natural Science Foundation of China (61379079)



12 P2P

[ P2P
(QoE quality of experience)
P2P

(2=5) CPU

[2] pP2P
H,O (hierarchical 2-level overlay)

JinY [6]
[2]
YuC 7N
IP
P2P k
Gao ZW [8]
Wolf S P2P
Hub
[9] NP-hard
[10]
Kratica J
[11] 2
P2P
P2P
P2P
P2P Wang S L

[12] (AHP, ana-

lytic hierarchy process)

RTT
2
[13~16]
[14]
ad-hoc DDoS
P2P
Chisci L [15]
P2P 13 ”
Bioglio V
[16] P2P
(I1SP)
ISP
pP2pP
[16]
ISP-tracker  super-tracker
P2P
ESS
evolutionarily stable strategy
Q-leaning
P2P
LStream!*’!
SGP
ESS-SGP
P2P



34

2
2.1
1 P2P
(18]
(peer group) N u,,u,,L,u,
(SGP, super 5 SGP
group peer) (OP, ordinary
peer) SGP SGP
s SGPs
rllrzlLlrS
d=ar 1)
i=1
SGP S <P,
fi
[19] CDF
PDF r
dg r
SGP .
am=an 0 ds r
BT 3F B U
HOP) % %‘ [F (S GP) SGP |
‘ ; Ugp (8)=Pr(d,2 r)G-C,, "sl [LN] (2
e C U
Sors AR SGP Pr(d, 2 1)
= S L
o O 1
St 1 L, [re.r’]
! P2p Pr(d. > r)
5 @ o
- Pr(d, 2 1)=& ()" ¢ d(s- m)' -
2s! . é

P2P

m g



12 P2P

sgn(f - m) (F- m)’] ©)
S Pr(d,= r)
& 50
¢f- =+
Pr(d,=z r)»Q Q—S: 4
8 12 o
coT-osr o1
oo O Jzp
exp%dx 1
. -1 . R
= i, L, T,
' -r
[0,1] f
Fy="a"¢) 5)
j.=&% . (16)
F 0=l e)0 (6)
e )
95
LS (1- €)6
f =F -
R0 =R g ﬂa( y)
2(5 1)Ilao( 1)’ & _sgn(y- Dy-D ()
WMZGZWiZ% @)
Pr(y,> 1) =Pr(§,> )= fs (y)dy
=%§ (D' ds- 1) - (- (F- 1] (8)
s! % él g
S §s
& SO
MR
e, SO
¢f- =+
Pr(y,= r)=Pr(§,= 7)» QQ—' 9)

s -
812@

(10)

SGP
OoP
iPr(d,= G si[LN-1
UOPi =i
’ 10 s=0
3
ESS [20,21]
1 X
"xlxLx
1) U, (x,x)< U,(X,Xx)
2) U, x,x)=U,x,x")
U, (x,x) <U, (X', x) U (b,,b,)
bl b2
i
P2P
(replicator dynamics)
SGP X,
bl 2 ? ={sGP,0P}
SGP “
SGP” OoP
1] OP”
Xp



34
P [0(x.x,) - Ukl (1) ESS
dt 2
X, bT 2 3 4
Toex.) " 1) Pr(d,> r)G-C< 0 X =0
X_b b ESS
— 2) Pr(d,= r)G- Pr(d,.,=2 rG= C
U (%) -
X =1 ESS
(11) b 3) X USGP(X) = UOP(X)
" " x1 01 X ESS
1 g(X)=Ussw(X)- Uor(X) 9'(x) <0,
" x1 [0,1]
(12) (13)
4 e - 16
@ @ 9(x) "dg X @- x)"*'p,-C (16)
SGP (12)
P =[Pr(di+12 r)' Pr(di2 r)]G
i
U ser(X) = a ?d ~ 18, @- x)" ' [Pr(d,,2 G- C] SGP
i=o el %)
12) " xT [0,1] g(x) x
X -16 i N-1-i
a - 16 ; N-1 i g(x) = ag X(1-x)7"p - C
SGP C. =X (1- %) N-1 2}
el g N-
i =égl 9[|x' HL- x)" - (N - 1- - )" p,
SGP 'N_O
:agl 9[x' L )Y %) - X(N - 1- )P,
SGP (13) IN:»OIam 1
i - 18 | =A¢ X7V x(N - Dlp, (17
Uop(X) = a ¢ X x)V" T Pr(d. = )G (13) €l g
oo i i< (N - Dx
(12) (13) i,+1> (N - 1)x
U (%) = XU sep (X) + (L= X)U op (X) (14) 16
g (X)‘a ¢ X L- )" i - x(N - D)p, +
(14) (12) ~é g
—x(1- WU (- Uor(¥]  (15) &5 0t XN - Db, (19
i=i,+1 ! 7]
X P, i "ig i,
%lx*:o X =0,x =1 p; 2 P, > P <Dp
X U ser (X) - Uop(X) 0 (18)
& al - 1¢
%X* -0 x Ess g(x)<a c - %)+ i x(N - Dp, +

|Oe ,@



12 P2P . 99.
51? - 1(._;)-)("1(1- X)" [ - x(N - 1)]pil B 2) _Pr(dN =2r)G-Pr(d,,=z2 r)G>C
i=i, 1 el 2 Uor()>Ussr () x=1
‘o talN - 10 | irs _SGP _OP
=, Aq X0 i- x(N- D) User (1) Uor () -
el o 3)  Pd,= nG-Pd,,=nNG=C, Uc(l)=
é5tal - 15, U U U U -0 )
ded G % - X)ﬂ li sor) U1 =U,Q g() UASGp(l)
=p, == g U_g (19) Uor(@)=0 1 g'(x)<0," x1 [0,1]
x g(x) :USGP(X) - UOP(X)>g(1)=O," x1 [0,9
2 X =SS 000 =000 (0 +1" (@ser () - Uor () >
Pr(d,> r)G- C< 0 B UL =Uoe () +17 ((User (x) - Uor (x)
(12~ (19 U (x, X)*z U or (X) + X(Usce (X) - Uor (X)) 1
X < =0 X =1 ESS
Pr(d, = r)G- Pr(d,,= r)G= C X =0
_ _ _ _ ESS
U (x,0)=U o (0) +x[User (0) - U or (O)] 4 X1 0,1 User (X) = Uop (X)
User(0) =Pr(d,> r)G - C,Uor(0) =0 X ESS
1) Pr(d,> 1)G-C>0  Uwe(0)>Uor(0) Ui (x,x) i
x=1 X X i
U ser (0) U or (0)
2) Pr(d,z r)G- C<0 USGP(O) <UOP(O) Ui(x.x*) = XUSGP(X*)'F @a- X)UOP(X*) (20)
= C Uw=0
Uor (0) Ueer (0) ¢ Uelel
3) Pr(d,> r)G- C =0 Usep(0)=ljop(0) User(X ) =Uor(X') (20)
9(0) =U ser(0) - Uop(0) =0 1 Ui(%X ) =U s (X)) =U (X, X) (21)
g'()<0," x1 [0,1] 9(x) =U'ser (X) - Uor(x)< g L
g(0)=0 " xi [0,1] U (0,x) = (14)
Uor(X) > U (X,X) =Uop (X) + X(U ser (X) - Uop(x)), _ B B B
1 X =0 ESS Ui(X,X) =Uop(X) + X(Usse (X) - Uor (X))  (22)
Pr(d,= NG-C<0 X =0 T.(x X) =000 () 4 X Teor () - Tor (X)) (23)
ESS
3 x =1 ESS
Prldz G- Prid.. = me= ¢ U1 x 1) = 0106, = (- X)(sen (%) Uon () (24)
(12~ (14) _ B
X X =1 1 g(X) =Uscp(X) - Uor(X)
USGP(X*) = UOP (X) X<X
U (x,2) = U op (1) + X[U sor (1) - U or (1)] U (0= Uor(x)>0 x>x User(x)-
Uor(x) <0 "xt X (X -x)(Uscr(X) -
Usee@) =PX(d, = 1)G- C,Ucr(®) = Pr(d, .= 1)G Uor(X)) >0
) Prdy=r)G-Pr(d,,= r)G<C . _ ) )
Gor) > User (D) Ui x) > Ui (x.x))," x 2 x (29
X=0 U or (1) U ser (1) X 1



. 100-

34
(20)~ (25) X ESS Q-leaning Q Q(t)
5 ESS-SGP cp
(11) !
Ess SGP ESS-SGP
t=0
Q-leani ng[zz] [0,1] x (0)
Xj Xi (t) = Xi (O)
ESS 2 Q
(11) Q) =0
3 loop //
X (t+1) = x (t) +[U (B, x_, (1)) - Ui (x ()] (t) (26) ¢ k=1:M
t X, (t) [ if x ()< g then
t SGP [ SGP
M SGP r(t,k)
oP SGP
SGP OP
Ui(B,x, (1) Ui(x(1) else
o, (t,k) b =arg mbaxQ(k)
2 i t k end if
SGP i o,(t,k) (27)
0;(t,k) 1 0 U, (t,k)
t k [ 4 [ (28) (29
Ui(B,x, (1) Ui(x ()
U (t,k) = 5 (26) SGP X, (t)
1G-C, [ SGP r'sr 6 Q Q (k+1)=(-1)Q (k) +
| —
i-C; i SGP r<r I (Ui(x ®)+ b maxQ(k))
1 b
G ! OP rzor 7 endloop
to i oP r<r ESS SGP
(27) g | Q
o SGP r Q(k)
Ui(B,x, (1) (28) Ui(x ) Q Qk+1
B 5 U, (t,k)o, (t,k)
Ui(B,x () =" 25— (28) 6
a o,(t,k)
K= ESS-SGP
Ui (% @) P2p
LStream(*®
- 1y G=Lr" r*
Ui (X (1) —Mgui(t,k) (29) 5 1000 20



12 p2p . 101
C [0,0.2]
ESS-SGP P2P 3 ESS-SGP Random-
SGP SGP SGP SGP
SGP Random-SGP
P2P PPLive®  Cool- SGP
Streaming!** 4
ESS-SGP SGP
1 ESS-SGP Random-
SGP (
2 ESS-SGP Bl v,
—g - N=30
H - - 3 H—
SGP ESS-SGP
i3 = = = E—
Random-SGP
- ? 0 200 300 40 S0 60 700
| qlﬁl—*—*—*—*—m——*—*_i ST
16 F 3
{
e A0
. —¥— [S5-SGP
E 2 350 E | —e— Random-SUP
o} = 4y
e = A0 E
81 S50
= 350
o =
) 3
4 | [—rss-sGre 1 200
[ | —e— Random-SGP 9 e
5 . ) R ) . ) ) ) *: 150k
150 200 250 300 350 400 450 500 350 600 ¥ /_’/\*‘/'_‘
PSR e kbt s E—j 104
2 Random-SGP ESS-SGP = 50¢
2  ESS-SGP ! | S i 6
. FRE S TRN) M
r = 500 bit/s
4 ESSSGP  Random-SGP SGP
SGP 3 4 ESS-SGP Random-
3 SGP P2P
SGP P2P 5
P2P
SGP OoP 2000
SGP ESS-SGP
SGP SGP PP



- 102

34

2 500y

—— PR5-80P

—&— Random-5GP

2000

(il y

(v utiy

4 U AR HE T kit

506

=
F

JOiE S0 2 3RG0 F 0000 3 S0 A0

EORRR s ¥
Random-SGP

00

5 ESS-SGP P2P

P2P

P2P

ESS

B

(2

ESS-SGP
P2P
ESS-SGP

P2P

P2P

RAMZAR N, PARK H, IZQUIERDO E. Video streaming over P2P
networks: challenges and opportunities[J]. Signal Processing: | mage
Communication, 2012, 27(5): 401-411.

LO V, ZHOU D, LIU Y, et al. Scalable supernode selection in

(3

(4

(5]

(el

(1

(8l

[

(10

[11]

[12]

[13]

[14]

[19]

peer-to-peer overlay networks[ A]. Proceedings of Second | nternational
Workshop on Hot Topics in Peer-to-Peer Systems 2005[C]. San Diego,
CA, 2005.18-25.

MIN S, CHO D. Super-peer selection based framework using dynamic
capacity and similarity[A]. Proceedings of 21th International Symposium
on Computer and Information Sciences-ISCIS 2006[C]. Springer
Berlin Heidelberg, 2006.803-812.

LU G MIN P. Optimal superpeer selection based on load balance for
P2P file-sharing system[A]. Proceedings of International Joint
Conference on Artificial Intelligence, 2009[C]. Los Angeles, USA,
2009. 92-95.

MIN S H, HOLLIDAY J, CHO D S. Optimal super-peer selection for
large-scale P2P system[A] Proceedings of |EEE International Conference
on Hybrid Information Technology, 2006[C]. Cheju Island, Korea
2006.588-593.

JN Y, ZHAO H. Trust-based supernode selection in peer-to-peer
systems[A]. Proceedings of 2nd International Conference on Future
Computer and Communication (ICFCC 2010)[C]. Wuhan, Chi ~ 2010.
285-289.

YU C, GOU X, ZHANG C, et al. Supernode election algorithm in P2P
network based upon district partition[J]. Internationa Journal of
Digital Content Technology and Its Applications, 2011, 5(1): 186.
GAO Z, GU Z, WANG Z, et al. SPSI: A hybrid super-node election
method based on information theory[A]. Proceedings of IEEE 14th
International Conference on Advanced Communication Tec nology
(ICACT 2012)[C]. Seoul, K orea, 2012.1076-1081.

WOLF S. On the Complexity of the Incapacitated Single Allocation
p-hub Median Problem with Equal Weights[R]. University of
K aiserslautern, 2007.

WOLF S, MERZ P. Evolutionary local search for the super-peer selection
problem and the p-hub median problem[J]. Hybrid Metaheuristics Lecture
Notes in Computer Science, 2007, 4771: 15.

KRATICA J, KOJIC J, TOSIC D, et al. Two hybrid genetic algorithms
for solving the super-peer selection problem[J]. Advances in
Intelligent and Soft Computing, 2009, 58: 337-346.

WANG S L, YANG S, SHEN K, et al. A super node selecting
mechanism based on AHP[A]. Proceedings of IEEE Seventh
International Conference on Grid and Cooperative Computing, 2008.
(GCC'08)[C]. Shenzhen, China, 2008. 403-406.

SHOHAM Y. Computer science and game theory[J]. Communication
of theACM, 2008, 51(8): 74-79.

ROY S, ELLISC, SHIVA S, et al. A survey of game theory as applied
to network security[A]. Proceedings of 43rd Hawaii International
Conference on System Sciences[C]. Poipu, Hawaii, 2010.1-10.
CHISCI L, PAPI F, PECORELLA T, et al. An evolutionary game



12 P2P

- 103

[16]

(17
(18]

[19]

[20]

[21]

[22)

[23]

[24]

approach to P2P video streaming[A]. Proceedings of |EEE Global
Telecommunications Conference ( GLOBECOM 2009)[C]. Hawaii,
USA, 2009.1-5.

BIOGLIO V, GAETA R, GRANGETTO M, et al. A game theory
framework for ISP streaming traffic management[J]. Performance
Evaluation, 2011, 68(11): 1162-1174.

L Stream P2P live streaming system[ EB/OL]. http://Istream.ha.edu.crv.
LV X, WU Q, LI R, et al. On tree construction of super peers for
hybrid P2P live media streaming[A]. Proceedings of 19th | nternational
Conference on Computer Communications and Networks (ICCCN
2010)[C]. ETH Zurich, Switzerland, 2010. 1-6.

HUANG Y, FU T, CHIU D M, et al. Challenges, design and analysis
of a large-scale P2P-vod system[J]. ACM SIGCOMM Computer
Communication Review, 2008, 38(4): 375-388.

SMITH J. Evolutionary and the Theory of Games[M]. Cambridege
University Press, 1982.

WANG B, LIU K, CLANCY T. Evolutionary cooperative spectrum
sensing game: how to collaborate[J]. IEEE Trans Commun, 2010,
58(3): 890-900.

FUDENBERG D, LEVINE D. The Theory of Learning in Games[M].
Cambridge: MIT Press, 1998.

SPOTO S, GAETA R, GRANGETTO M, et al. Analysis of PPLive
through active and passive measurements[A]. Proceedings of IEEE
International Symposium on Parallel and Distributed Processing
2009(IPDPS 2009)[C]. 2009. 1-7.

LI B, XIE S, QU Y, et al. Inside the new coolstreaming: principles,
measurements and performance implications]A]. Proceedi gs of 27th
IEEE Conference on Computer Communications (INFOCOM 2008)[C].
Phoenix, AZ, USA, 2008. 1031-1039.

1977-

P2P

1964-

1991-

1963-



	201312_è�14

