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Abstract: Internet with dynamic nature and limited resource for group command transmission produces path invalidation and
path competition. This paper firstly proposes EPSN (Effective Path Statistics Network) based on Internet, and defines GMCMOOP
(Group Multi-Constraints Multi-Objective Optimization Problem) based on the EPSN. Aiming at the problem, this paper puts for-
ward to the model GCTM (Group Command Transmission Model based on EPSN) . In view of avoiding path invalidation, GCTM
defines group incentive algorithm based on dynamic environment according to chasing solution thought. In view of avoiding path
competition, the model defines two tactics, one is competition selected tactic and the other is avoiding selected tactic. Finally, this
paper proves the convergence and effectiveness of the model GCTM. The experiment verifies the reasonableness of the model from
response delay rate and transmission success rate.
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Max f(x) = {fi(x),foa(x), -, f,(x)} (1)
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Lo, Ran S BEHLEEC d(x,) St x EBS S x, (0IEHS

AAERAE R S x S A AE BN AR R, B
BRI R BN AFTE 2 AR A2 AL, WK Py
B A
Xy, = Max () elp) (d ) ) (dCx, ), )}

Xp 5if F(Xp )=F(S(Py))
sy - [T EC8)
S( P,y) ; otherwise
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GYWE pi B py, o3 — D EEFEFE Y W RGO, 2 o

KT Q,CST(r;, 1) RO vy 8r 200 p; Bp;, 75— D EEHF

2 H A A, CSTCry, 1) R vy vy 53T pi ;-

3.2.3 EHEIEIEREE (Avoid Selected Tactic, AST)
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IAST(r,;, 1) =
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MIFEAR, 2y AR B SR A PR AR . pi . p; 43 B 3R W
Kri ry ZYSRIAEE TR PSDp, , py) F ST AITAEE , 0 (1) |
QCr) 73 MR X FARAE, f(pi) «f(py) 73 3 R B AR
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CCCM B 52 BE WA 2.

Hik2 CCCM Eix

Stepl HILGIL—RIBEIRERAE p, B pj, A Re—HFE SR TF i1y, [
B E TS 0 TR RS A (1) ] rfF 555 A Step2;

(10)
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Step2 FI = (9) HHTEF X FTE4EE CD(ry, 1) s 75 A Step3;
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Step4 (A7 HTZERIFIR H 5

3.3 GCTM &8It
GCTM A=A S B DL 3.
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Stepl 43+ GMCMOOP [n] 35 fy — £ 45 2 R #5172 Com = | comy,
comy ,**+ , comyuy | » NUM HFELL SIS, I 45 5 AR I B 20 4% 1,
A Step2;

Step2 XF FAT35 j = 1->NUM, com; F| FH GIADE 53 (53% 1) 3K
com; X 9 —ZHAR LA Semy, AR j = NUM %% A Step3; 75 M6 A
Step2;
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A StepS;

Step5 i A&7 i R A, WISRSE, FE A Step6; T WIFE A Stepd s
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GCTM BE# 1 GIADE 5.3 /& GCTM 40>, GIADE U¥
SOPEIFIR E B GCTM WSk, PR it 2 55 B iE B
GIADE WS Bpa .

UEBA < %4 MCMOOP [R]85, 76 B — kAR
R X FRADAE Py, BOURTELL Ry AR R AR
NIRRT B F(P)TTE Ry 5 F(Py) UL,
BIRE G FOP )AL, Ry BN, BBAFLE €, e >
0,9 & Ly> VI, I F(Py) - X | <e, IR,
He, x* e R, v o BBIME, Ly FiERK
B A PR T kAR Bk s 2 1), X TR R BB
XA REWIE, F(P,y) LRI F2Rtm X,
I Ry LT 0, BIRE R A2 0, Bt it il 51X
SEB MR RAERIREL Gp (L) TTH , Rp 5 Gp (Ly) B
IEHERE Gp (Ly) /N, Ry B/ T Gp (Ly) N
FEAR A U PR, H Ly—= VI, I F(Py) - X' I <e,
Wi B AR AR R B2 IR v e,
Gp (Ly) =0, TRFE Ry BIET 0, a2 ek 58 AL
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M AE MCMOOP [R]85, W] GMCMOOP [] 2 4, W
GIADE B3 U581 ) GCTM BEFR I 8. TIE5E
3.4.2 BHERW

T GCTM B AU i &, GIADE 3 % fi# tk GMCMOOP
) 5 3 2548 & A A2 W B CCCM = g e GMCMOOP
[i) R A T ek AR PR UL, TR AR O T 0 A H A K
.

WEHL: B FAISHE T, FRHA D MK Py, 1E
R B EB I A R . R ARYE GIADE 53k, Xt
FEATFREAK Subg, HoA g0t H7 X8 &, 2 H AL
UEL Ly BRI B, i X 300 SR 18 56 4 38 21 HL
AEAS 20 R AR . DR AE Je 30 3% AR 58 iU, HEFP
FARREAAME PR BN AL, B2 4[5 1 X
W R E . Y miE AR e s, A IS TR
PRI JR 38 B ARG e, REAS 21 4 % B A f . R L, GCTM X
GMCMOOP [7] #5 A] LA 2 A7 850 f% . o5 — 7 T, X T
i~ MCMOOP [A] 8 (X ) , T8 He 4 i, A SR A 58
Grol e g/ AR AST SRS, 0 SR T LATE o BB 45 A 75
SIS T FHREN—HIELHE, FHREWELEA TS
WA R T LA, GCTM Wh3RAE 855 AN SR A7 7E 32 4 K sk
SEATE A ARG CST SR, 38 1 3k 5 A 08 I8t % 1)
sl P AR EL B 5 Y A, SRS A TE S ST T4k
S —23E 4 ff, W 58T J5 B A b SR S A SRR T LA
GCTM SRR UEHE .

4 KWEHH

SRR BE L E 15 B BB OGMRS & (CSA 19 0.
B M55 AL E - CPUs 24 AMD 5 4122, INA¥ 4GB,
i 5% 300GB, ¥4E 24~ SUSE Linux Enterprise Server 11.

ZHE: 6E€ (20,100), Subg € (5,20), V, Ly €
(70,200) , Ty€ (100,500), Q€ (0.7,1),x€(0.5,0.7),
GPM(LN) = P( V- LN) ,Pe (0,1).

W25 445 4 - F ] Waximam 455 751180 B BL 2R i 190
BIRFNEEHY . BEALIM S FFDEE A BAT 15 9 p DA & 22 4%
BEd IFIE R ARBERE 17 A n, n=2 MERSE, HE
g F R S EUEREAL A, R A R SR
WAHREAL A S0 SR T 2 /N T 7.

EPSN [ 25 #4) 2 - 22 W)k P 32 %5 v o0 T 6 S 1) Inter-
net Jmy 7 DX A - TR A0 R B AR, 43 )
F 150> CSA T L (IR 5 4% ) , 72 BRI 28 4 F 45 F M U 3
i, NTIZH A EPSN W48 BR 55, 3T 7E EPSN o 25 $1 5% T i
H GCTM.

EP 8 SR 2H A4 WA : A S 583145 2R PRI
SECHS B 5] P Y S 560 B0 11 O BP A TR I AR 5 e i
R AR i RS- 24 /N R R 7331 5 90 A 190.

A RE -

(1) B3 HE EPSN M8 FUBEAWT 240 1817 GCTM J¢
WAIBAT GCTM X 22 ¢ £ 1 17 4E 38 %< (Response Delay
Rate, RDR) Fb#5¢, 7+ H RDR i iA 24 : RDR = ZiE 3R Wi i iy
(i) /18 W 7 B[] 5

(2) B 1F EPSN M 28 BN BT 48 {6, GCTM 5 24 Hif
— S 2 MU 2 ] B 2 i A A% B A D) 2% (Transmission
Success, TS) P HE EL 48« TS = &4 LTI 8/ 1% i B4

ISHE 1 FESc/D R 90 Md K 190 16 45 T RDR
(%)

& 1 BEAR bR F 7R EPSN B EL, 90 A48 #5 7R RDR.
EPSN_GCTM 327~ EPSN 1247 GCTM, EPSN %7~ EPSN %
HisfT GCTM. M HFECH 4 ~ 8 B, EPSN 3217 GCTM 1)
MRl JE 3R SR 42 50T 20% , WA 32 1T GCTM FY Mg [ J2E 3R 2%
LI 29.7% WA N HE R 2D T 32.6% 5 LA 12
~ 15 i}, EPSN 3217 GCTM [ j SE 3R 425 10.5% , %
HIBAT GCTM 110 W GE IR F84%2 3 17.7% , Wi o S2E 3R 32
BT 40.7% , SRR 36.65% .
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| I I
4 8 12 15

RDR/%
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o

0.1

0
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1 B/ME90E S T Internetss #4 P RDR ELEE
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A GCTIM. YA E Ay 4 ~ 8 IF, EPSN 3B 1T GCTM F Wil J3f
FERFE T 31% , WA B 1T GCTM [ i [ ZE 3R 8 322 5
42.1% W FER RIS/ T 26.3% 5 4 HBEC R 12 ~ 15
ff, PMCS 3247 GCTM [ i JE 3R R4 16.7% i ia
1T GCTM F MR ] FE 3R SR FEHT 29, 1% , Wi 1 ZE 3R Ry /> 1

0.5

0.4
x
2 0.3
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0.1

Il | 1
0 4 8 12 15
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DL E M a] LAFE Y, GCTM I 25 % 20 i 2> BUASE 1 R
HERESSFRAR, [FIIN % EPSN [ 48 MU R 25 7 3
Jn GCTM PERE.

WIE 2 fEde/ME 90 M R d 190 15 0L T TS(% )

&l 3 fi Ak bR EPSN AR5, A Ak 5 26 7 A% i i 2]
YR 4 ~ 8 I, GCTM 1% iy Ji o) 8 24 45 3
84.95% ,KMCSP %1 . KWABP 45 1% . M_ MKPPA %5 1%
gy B B RO 1 4 B 0T 81.65% . 82.75% . 81.05% ,
GCTM -5 (&40 1 D R AR T Ho Ay = R B 4 3 =
T 4.04% .2.65% 4.81% ; SHUEECH 12 ~ 15 B, GCTM
Pt T Sy RS- B HE I 94.4% , KMCSP 441 . KWABP 4.
2% \M _ MKPPA 553 A4 B 2y 26571 43 | 4% 305 88.85%
89.95% .90.5% , GCTM ~F- 34 ££ i i 2 AR X T H A =
FhEVE RS T 6.24% 4.94% 4.3% .

12
il ’/ﬂ‘%
08 S
N
@ 06f
04t ¢ GCIM
—B— KMCSP
ol —A— KWABP
2 M_MKPPA
1 | |
e 4 8 12 15
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B3 Internet¥ 3% T /M B ORI R M AR EL B

&l 4 B AL BRF~ EPSN RLASEL, DA A b 267 4% Hi 1
TR UK 4 ~ 8 B, GCTM 1% iy i ) R - 2y 3323
66.3% ,KMCSP &% [ KWABP %1 \M_ MKPPA 22 1: {44
FNIH FSE 1Y 43 4% T 58.9% 58.3% .58.1% , GCTM ~F
PG W ) AR FH R =M E RS T
12.5% 13% .13.6% ; M RBECH 12 ~ 15 B, GCTM 1%
oy IR RO Y4523 82.85% , KMCSP 2.1 . KWABP & |
M_ MKPPA 52 2 1% %y i 2y 228 34 43 51 452 38 77.3%
77.1% 17% , GCTM V- B i il D 2 AE % T H Ay = Fh &
B RE T 7.17% 7.2% 7.3% .

—- GCTM
—=— KMCSP
02 —A— KWABP
M_MKPPA
| 1
. 3 8 12 15
EPSN#EY/ A

El4 Internet i3 FHAE 190/ B R LR

UL EA i mT DA, T Interet B &2 224501
PR 28 MR A FR O H 3l A8 A P, [R) B A% i S
e . PRI T2 i 4 1 i BB 383 3 AN 1

X EAE Ty, TR A A i o Al E
—NIE RN IR A B, KRR GCTM 7E 3 #F
GCT &t A% vh i LR 43 i & B 2, WU IR GCT 1%
B ML, e R L X A E A AT GCTM 583U ) %
i LI ARUE B, O B AL S AL A S A SO S
K, ZEFEAFEHIE.

5 H#RIE

ASCHE EPSN 2%, I3 T EPSN M 4% 5 3L GMC-
MOOP [a] 8 , i — 25 43 #1 B% 42 To R 10 DA B i 4% 5 4
FEE AT AR AR AR (] R Y GCTM B R | 32455 75 43 1) it
P T SIS B R A WU AR DL A S R T A S )
AR AT IR IE GCTM A8 80k LA B et AR SC 2 22
FHBIET Internet HELL i 2 (&5 i B, I 84 5 TEHEL
A A A R WL S AR BEML , o A BLAAR 5 BT EPSN
KIFNIBLS GCT A& Z8 DA BRI, 12 R — 4 TAE.

S Sk

(1] Tl AR A BRI I K Jo B v [y 6 o) A 804 1
B [I]. T3] ,2010,38(11) :2590 - 2599.

NING Huan-sheng, XU Qun-yu.Research on global internet of
things’ developments and it’ s construction in china[J]. Acta
Electronica Sinica,2010,38(11) :2590 - 2599. (in Chinese) .

(2] ARULIE, et , T4 Ik 0 4 B A REAEL 55 107 SR mis

g (] {5 24%,2010,31(11) :2 - 11.
ZHU Hong-bo, YANG Long-xiang, YU Quan. Investigation of
technical thought and application strategy for the internet of
things[ J] . Journal on Communications, 2010,31(11):2 - 11.
(in Chinese) .

[3] ATZORI L,IERA A, GIACOMO M. The internet of things: A-
survey[ J] . Computer Networks,2010,54(15) : 2787 — 2805.

(4] Bz, FSCH . Pk R EOR 50 HBEFE L] AL 52741,
2012,40(5) : 1023 - 1029.

QIAN Zhi-hong, WANG Yi-jun. IOT technology and applica-
tion[ J] . Acta Electronica Sinica,2012,40(5):1023 — 1029. (in
Chinese) .

[5] Jia X L, et al. An efficient anti-collision protocol for RFID tag
identification[ J] . IEEE Communications Letters,2010,14(11):
1014 - 1016.

[6] Welbourne E, et al.Building the internet of things using RFID:
The RFID ecosystem experience[ J] . IEEE Internet Computing,
2009,13(3) :48 - 55.

(7] 235 IR, %5 AL IEM 45 BG AL 1 7 28
[J]. fLF2%4,2010,38(1) : 123 - 128.



1832 H +

2 2015 4F:

PENG Qing-quan, et al. Aself-healing group key management
scheme in wireless sensor networks[J]. Acta Electronica Sini-
ca,2010,38(1):123 — 128. (in Chinese) .

[8] Liu Q, et al. Key technologies and applications of internet of

things[ J] . Computer Science,2010,37(6):1-4.

(9] R, 2B, 5 . dover: 5t Tk A B 1) IPv4 15

IPv6 HIRHLHI[T] . i 527412 ,2006,34(3) :454 - 458.

WU Jian-ping, LI Xing, CUI Yong.4over6: IPv4 network inter-
connection over IPv6 backbone without explicit tunneling[] 1.
Acta Electronica Sinica,2006,34(3) :454 — 458. (in Chinese) .

[10] XUE G L,SEN A,ZHANG W Y, et al. Finding a path subject
to many additive QoS constraints [ J]. IEEE/ACM Transac-
tions on Networking,2007,15(1) :201 - 211.

[11] Mieghem P, Kuipers F. Concepts of exact qos routing algo-
rithms[ J] . IEEE/ACM Transcations on Networking, 2004, 35
(6):851 - 864.

[12] R0 AT B, MRt B, i GE [ —FOBT Y QoS B i £

TR E PP BT 0] REAHLAE 4, 2006, 29 (11) : 1937
- 1948.
WU lJia-Gao, YANG Yin-Ying, CHEN Yi-Xin, YE Xiao-
Guo, A QoS-Awareoverlay multicast routing protocol[ J] . Chi-
nese Journal of Computers, 2006,29 (11): 1937 — 1948. (in
Chinese) .

(13] F 264, FFr, e, B B TROB B 20 F I gR i )

QoS £ 4% ¢ iy AL [T #2741z, 2008, 19(7) = 1743 -
1752.
WANG Xing-Wei, WANG Qi, HUANG Min, TIAN Ye, A-
fuzzy integral and game theory based QoS multicast routing
scheme| J ] . Journal of Software, 2008, 19(7):1743-1752. (in
Chinese) .

[14] Gang Liu, Ramakrishnan K G. A * Prune: an algorithm for
finding K shortest paths subject to multiple constraints[ A].
INFOCOM 2001, Twentieth Annual Joint Conference of the
IEEE Computer and Communications Societies[ C ] . Anchor-
age, AK: IEEE, 2001 .743-749.

[15] BAER M 5sdl, 46 50 K Ao KT T SE ARk (]
THEHL2A41,2004,27(3) :402 - 408.

HUANG Jia-Qing, YANG Zong-Kai, DU Xu. Kth widest
available bandwindth path algorithm [ J]. Chinese Journal of
Computers, 2004,27(3) :402 — 408. (in Chinese) .

[16] FF/NRIL X =FH . 3EF K AR ISR QoS i H Wi 4587
ST FAA4R ,2005,33(10) £ 1751 - 1756.

QI Xiao-gang, Liu San-yang. Novel precomputation algorithms
for QoS routing based on the K-optimal paths[J]. Acta Elec-
tronica Sinica,2005,33(10) ;1751 — 1756. (in Chinese) .

[17] SR, BRI B 3 AR AR K 58 4 B30k e i 26
A AR HILT]) . T 240, 2008,36(9) : 1839 — 1843,
GUO Gai-wen, HUANG Ka-ma. Acompetition algorithm of
simulated growing natural tree and its application in curve fit-
ting[J]. Acta Electronica Sinica, 2008,36(9): 1839 — 1844.
(in Chinese) .

[ 18] WAXMAN B M. Performance evaluation of multipoint routing
algorithms[ A ] . Proceedings of the INFOCOM’ 93 Conference
[C]. San Francisco, CA: IEEE, 1993.980 — 986.

EE '

=R 51981 4F 5 H A LV EEM
N 2007 4FBP T AU RS BT 5 B T B,
2010 4FHEA L iE 3 T2 24 5], BN LB 5
Az NI I | P 2% 1153 45y T A R SE
E-mail : zhanggang @ pub . ss. pku. edu. cn

BRIRZE 13,1966 45 1 H A4, B4 /R
BN HEZ L A TR 1987 4F 1 1996 4
A3 IAE T MR 2E W IR Tl K 2E R 2 -+

8 B REEL R AR SRR E
e RIS R R KRB EEOR BT TR

= AR, EEAEM S AT S5 T BT
RIIE.

E-mail : chenqgingkui @ gmail . com





