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Multiple gateway nodes selection of DHT-based hierarchy model
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Abstract; A hierarchy model of multiple manager nodes based on DHT was proposed to solve the single-
point problem and to improve the lookup efficiency of traditional hierarchical DHT, and then three lookup
algorithms, i.e. the shortest path selection algorithm (SPSA), the minimum intra-group traffic based on
hot potato algorithm (MIT_HP) and the load balancing with gateway selection algorithm (LBGS), were
proposed. Simulation experiments were carried out to analyze lookup efficiency, intra-group traffic and load
balance of the three algorithms. The simulation results show that the MIT_HP algorithm has the maximal
lookup efficiency but has the worst load balance, the LBGS has the best load balance but has the worst
lookup efficiency, and the performance of SPSA is between MIT_HP and LBGS. In addition, the paper
presents performance comparison between MIT _ HP and SPSA with random lookup algorithm which
adopted by traditional hierarchical DHT.
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A3 A1 2 A5 2 (DHTO M J& — 43 A5 202 1) R 58, A 060t Pk o R0 9 T )7 J M R Pl ) A5 R
POt DHT #3287 73z iR S o 55 0 TR s SR 09 2 1) 20% (logNL N Sl R 4815 ) /& DHT [y ikt 45
U AT 2 DHT (2 #8508 — B DT A FA R FE A 22 1 A D 5 16 v o J2 R TR A g 4 e A 1T 4K
R[] PR R R Y R S B B B R T A AR BT R R TE . — ok YFL 2k DHT 254953 2 )2 . T
JEFUR )2, Horb 08 )2 0 B A 20 2 AR 8 4 2H A A A R AR AR 2 D D0 — R AR R R AR a5 L )
P A BRI Y SURCPE — S 3 AN 5 TR H IR R Y (semantic) 7R AN EE 43 A L X BT IS 1E SRS 1 s BT
TEABBCHR I 20 K A7 A% M TR JE T8 (. mp3 B0 . avi 259) BT SO — N0 N . B 2r vk — AR EE
T4 i (proxy node) 4 il T0UZ 2548 (T5UZ #6 4b— A7 28 R F DHT 30 il ok YF A Y S W B A
HAT S B S8 RS 5 A A BEBE g o PR AR R SOPR O A BT B0 B T AR A SO T B SRR
B S O TSR BT AR AL BRI ) [ I R A B 8 2R 08 (single point problem) , — AT L
AR R B XRS5 JE DHT 2544 7] AR IA B Internet 28 2844, 554> 73 40 AT LLE ROE — 4> B IR
3 (autonomous system, AS), T5 )2 5 14 7] DL DL #th & L& Internet BYA%C 25 . PR I A5° 399 5 AT DL 02
B BRI OO B, 51 57 BN RSN SOEE . 202 DHT 89880 15 S5 78 70 N 04T 2R 4 4k H Bs
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FraE 4R HIERAS R R 1 2 sl LR Bt 3 I 1 A9 200 TP A . Canon™™ SR FI 28 (U0 44 i BT 22 42
(domain name system, DNS) {73 JZ 4544 . JIEJZ o1 2 S8 B A 1 fi A 80 B A 8235 508 — A 20 416 R
DHT #7720, B T A A s AL o 2 5b , IX Bb 56 T REE 1 23 J2 45 7 BE 08 A3 880 ] G2 47 70 2 4k RO 2 8 &
G A AR . Cyclone™ B4Rk 5 Canon HAT M IF] AL 43 J2 454 . {H )2 Cyclone HLA 3 H FI°F4T 2 A F- 1
AEIRACEE 1, R 1 52 B 67 48 4 L Cyclone X5 0 1D AYE SCR 5 TP b ik iy 24 AH 5] 9 AL 00, %6 F — 4>
n FEARFRY T S IDGHT p DR RS W s 1D ST 2 — p B9 MR R 1 BT 7R 23 49 1D,

SR %41 )2 DHT KA GEBEFE 2 04 vh 78 73 J2 45 1) 0 1 g 0 3 ik 23 A D7 T8 A /0 OQ TE 7R 20 8 BT i 45
R 732 DHT #5505 F5 g 5 a4 6 a) i, PR, 32 00 76T DHT B9 28 B G0 2 450  E 2 B
ST A X 43 )2 DHT S50 5 A 1) 8GR F11 5 5 8 Al 1 — SE ke

1 ZEEDTAKRERHARERRE

DR G B A 2R R AR DR A L BN R T Ty B R R G AT SR A A — D L NZ R 2
AMER R B AW T 2B R A W TR e A 3 AN LY R 20 ) O MNTLMNZ i
MN3 ., 3 HUAG 287 U B A JE - 2248 PRV 20 SR AT 1) i 2 A TOUZ 36 4033 2R ) Chord 2549 . Xt 73 2 AR 1
R 2 B R AT AN ER Y S AE A I L A 2 R DA R R 0 TR L 2
A1 H R RO AT 3 A HH AT (R R L T SR R Al H 10 308 B X R 48 B RE 227 AR S TR B R L WF SRS
MR /IME R GEI R AN BRI 73 2 SR 25 B[R] I Y e R SR X R PR RE IR . 1
PSR I (B W KL U= SR E Ny | R N R I IR o a =



74 TR KXKFFER % 40 A

L1 RERFEBREE

N T KRR G A WROR AR T fe J 42 1 $ 39 (shortest path selection, SPSA),SPSA J&—Ff
TUASSE T L SR PR R A Mk R T A T AN R 2 R L AR R R Ak R A QR R U
WA B AR ko ko AAFAE T AL 2H ) L I, BE T SPSA B ARt TEE R &y SR it 9 sl 1
2, BEES ko S AT SO T 3L B A AN X Ry AT A VI BTG YT S AR B T 2,06 Ry EAT AR )
A T R R 0 3 U ISR 1.
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MN,

Group_i Group_j
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Fig.1 Multiple manager-node model Fig.2 Shortest path seleetion algorithm

Fz1 SPSAEEMHA
Table 1 Pseudcode of shortest path selection algorithm

SPSA B3k i th 14

N ={Ni...oNo} /=D A B 5/
L= (Lol /8B SOY AT T3/
T ={piseespmt /EHT RARITRE
SPSA (Source, Destination, N. L,T )

1 inquery (SourcelD, DestinationID) ;
2 Pick up the node j from N that nodelD j is more close to destinationID than any other node
of N;

Node= Node-node j;

JAER A RS N PR B AR ID 5 8/
3 check the load of node j

if [;>p;

goto setp 2

else forward the message to N;

/AR YT A 2 U5 [R5 5 U R ST Y R o I R AT U R
4 end

1.2 EFRIEEENRNMARNRERZE

el 55 e AR AR 5C (] L “hot-potatot ! 7 e phy 70 3k f) S A JEAEL 8 o % bE — R X 45 A 1R 4B
FEIB AN 14 9L B DA S G0 A6 Y 10 S Je o DA T sl P 2% B ) 9 A 32K ) B e R P SRR e 5% 1 E
M HK . &3 iR R “hot-potato” iR, A B Al C 73 HIUF 3 A i Job B AN C Dy il 5 el 4% - B B 45 A
B Z B EAN 9. A FC Z[E AU H D 12, L. £E hot-potato BERY R Ll ik A 25 A A 4 3t f2 o4 2k 4% 31
i B.
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HRAE“ Hot-potato” B A JEUARL, 28 35 £ 1 56 T 44 1 S i ds /MBIt 7300k - MIT_HP (minimum intra-
group traffic based on hot potato algorithm), S E:AIEA R A H N AR S AE KB h R Py 2 r
A P SR B A Chops) XY AFETE 25 1E 3 LAY A8 0 2, ST R B R IR RRIR A O IRl (il AU
AN T R T AR B S A MR BE AL AT BB T BIOCHE B8 H Y AP N TR] N R R A ) R BRI K
UL R S5 0 HE DA BA S 4 m A R ZE e R BRI 2 A k. PR B R Y AR B — S T
P YBRAEL 39 s 7 R 49 Y 105 P S 0 BT Y 109 s 5 e 2 SR W BT R B 1 ) T R 3 R R RR T 2 Y
Y A2 B A /N S B . MIT_HP B an 8l 4 s AR anEk 2.
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‘ &RIEAS

B3 #MitoEn E 4 MIT_HP EXxREHE
Fig.3 “hot-potato” model Fig.4 the picture of MIT_HP

*2 ik MIT_HP By{575

Table 2 Pseudocode of minimum intra-group traffic based on hot potato algorithm

& MIT_HP By {515

N ={NisosNo b /= AR B SRS/
L = {L,....L} /88T ACHAT I RS/
T ={p1 seerpmt /A S FRITRE
MIT_HP(SourcelD, DestinationID, NodelD, L,T,H)
1.Compute(Node_ID, N_ID)
for i =1 to length (N)
Invoking Chord_lookup function (Node_ID, N_ID)
H ={h;, hy ==, h,, hiy<<hi1}
AT R B E T R B R O RN B KB HES L TSR A H KO8/
2.For (i=1, i< length (H) ., i++);
If L<pi
Forward the inquery to this N
Else forward the inquery to MN;

/7 BN T 0T R T AT R W e T — N O R R

1.3 HOVWERGHAEEEEE

TERAN X b R G BA B B B R RGBT . T MR G R AR R i 15 AR
N R AR T 2 M B . LBGS_1(Load balancing with gateway selection_1) fil LBGS_2 (Load
balancing with gateway selection_2) , LBGS_1 & 1k BEUARAR fa7 B, 7 545 0 T BV o 78 A Hb 2% iy 5% v Bl B Hb %k
Bt 1WA T ORIE A Y S AR LBGS_2 SRR — R BE R  E A B R B RN
R CAT LGS i35 A0 B BOR THR T A By s D AU Ik 3,
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# 3 LBGS_1#1 LBGS 2 & Em{855
Table 3 Pseudocode of load Balaucing with Bateway Selection_1 algorithm and Load Balancing with Gateway Selecion_1 algorithm

LBGS_1 1 LBGS_2 % 3 ¥y fh i

Count_set/ & HL 47 S UK E 1Y 25 ] messages THEESR /
Count _j /% 47 45 j U B (945 ] messages {144/
1. LBGS_1 (sourcelD, destinationID, M_list)

2. For each query i
Randomly select a node j from M_list and send the message to it
Count_j = Count_j +1;

end

3. LBGS_2 (sourcelD, destinationID, M_list, Count set)

4. Select the minimum count_j from Count_set and send the message to manage node j
Count_j= Count_j +1;

end

T R 2 R I AP SR A (DR FE 4

M_list

‘ ECountj
fr— 4 !

Fl——t (1
nZCountj :

PREC F1(jain’s fairness index) & — ) 12 DA [R] FH R A 1 28 58 22 7 P 9 R R, A2 20 C1) ] LAAR 31 FT

O IUEE B o (0,10, 25 FTA(E D 1 i S0 R S HAT S i 19 28 P e 2 FT(E U R R GE 0 PP

2 HEZRSSW
X e 5 51 BB T4 4 R

2

1/2log N +1/2log S+ 1/2log N =log N +1/2log S, (2)
T2 590 J2 4 6 89
1/2log N +1/2log(S/r) +1/2log N =log N + 1/2log(S/r), 3

KM HF N o1 (i 8H .S RTUZ S H o o 0 S8 H itk al WL 20 14y
JE R A R RCR B TR G Ay R AL,

DR /34T T A2 FRE RN 3 i B30k 6 A ) R0 L 1 3R 3 Ay 1k 3 N4 B SR
ER.

RUTE 20 B 26 1 7 S Jo B AR e R 00 0 L0 T 3R - SRR 19 S5 /N Ak A PN I R R RN Y A R e e
L3 R MR R W f BB 5y JR RGN MERE . IFFE4A 8 3 PR R RE /0 AT . SISO IR AN R < 4
JE NGS5 4145 B 5 2 000 F 4 000, 43 ZH AR Sy 100, A4 4 0 48 B A58 H 40 00 3445, 28 i)
MR Zipf 4345 o 0 FLECHE 43 3125 58 T R GE AT T80 o AN TR S T A R A

L5 B s Ry 43 4 BB 1 SU8CH R 2 000, B R s 80 H Dy 3. A IR AN Zipf 4347, 2 Zipf SO [R R, MIT_
PH ., SPSA FlH 15 s 7 8k I i e 55 5505 (LBGS_D X R A I B3R g s2 . M HpmT DL 3], LBGS_1 5k 4
AR E A MIT_HP Bk B 7ERE L2200 T SPSA Bk W -F 5835 0 i UM R FF & o (H2 38 2 % 52 58 5 B
BT A5 SRR AT 40 53 A J5 ASEAS 25 51 o 30 I 00 1 D PR 2 SPSA {URE (4 TIE 78 191 J2 A 25 1) ZE 3R e
AN G H D B I DA A2 % L2 1) S 3R 32 380 285 90 3 A RS S8 H 3 0 L ) 5 ) A 4 0 S 0 PR
T A3 JE PN R L N 1 9 S B H S 2 1 TRUZ Y ARUBCCTRUZ 1 S By 300 ~500, 1 43 4L N 5 S 8 H
2 000~4 000) , MIT_HP 55 1 RE PR IE T )2 3 41 A £ 1) 2838 d5e/)s » PRt A A R0 80 ok ok oF . MIT_HP 583
BLR T SPSA Bk,

6 fif/n oA MIT_HP 53k 5 SPSA 5k it o4 He o i F MIT_HP 503 8008 I (9 Y 1197 05 5 A )
M Rt SPSA B B A it 52t » P 58 3 I b S e ix — A
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Fig.5 The comparision of lookup efficiency of Fig.6 The comparison of traffic of
the three selcetion algorithms MIT_HP and SPSA

FAGHET 3B OEERE T AN R E K AR TUE S MIT_HP 589 808 A /N 4
N & (count 3 ER) .
x4 3WMEHOEFREZSARNRETEE

Table 4 The comparison of intra_group traffic of the three algorithms

a countl count2 count3
0.8 1.05E+06 1.10E+06 861 732
1.0 1.05E+06 1.09E+06 861 732
1.2 1.08E+06 1.06 E+06 861 732
1.4 1.05E+06 1.03E-+06 861 732
1.6 1.05E+06 0.974 96 86173 2
1.8 1.05E+06 1.08E+06 861 732
2.0 1.05E+06 1.03E+06 861 732

545 T3 R A B B TR PR RO X FEAE D0 L Fe L FILT O LBGS_1 23 F 1 e BU{H . F1_2
 SPSA FUIEAR BN 22 P e BORUEL . F1_3 Jyde MIT_HP 13509 2 PR s BOBUE . 7T AR 3L R LBGSL
1 IBUAG R4 0 23 P4 FTIUE R T 1. 80k 78 B 0 LA UL AR i BURS ) 2E0 ] A9 2 £ ik
T TR R/ MEAH N R SE T i T R R A R A AR AR CBUDUR A i) H AR A AR AR
A TR B D R R EE B A O B i 1 R B FLLS A ELRFF AR

RS 3MUMOEEEFEET R ARBEILL

Table 5 The comparison of load-balancing of manager mode of the three algorithms

a FI_1 FI_2 FI_3

0.8 0.999 4 0.603 3 0.605 8
1.0 0.999 8 0.598 7 0.605 8
1.2 0.998 7 0.587 3 0.605 8
1.4 0.999 6 0.540 3 0.605 8
1.6 0.995 8 0.525 1 0.605 8
1.8 0.998 9 0.553 1 0.605 8
2.0 0.997 5 0.540 3 0.605 8
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B 7 TR 3 FhETL W A 50O X L L SEIG 0 FLIR R O - A ALY SR 4 000, Y 8Ok 5 AR A A
A Zipf 434 (80840 . B av_1.av_2 fil av_3 23 5 /8 LBGS_1 ,MIT_HP #l SPSA 3 Fi52 k. &
HRT DAY R A B, LBGS_1 59k AT B AR A 20 , MIT_HP F1 SPSA 53k (1) 25 i ROR A ik, bl 5 4 2
T RUECE 3G e AR B N A R G 1 A R RO TTBRBOR B TE X RN LR . SPSA B MIT_
HP 53006 55t 1 A 1 &40 3 R T /9 20 BT A A5 4

P8 R 9 fin k3 FhAR L T 2 40 T2 U 0 R 4L P9 38 30 5 A9 43 A7 6 L » 336 L3 24 S5 500K 4 000, 4 B
BN 5. A A RN Zipf 23 (S804 . Bl s T11.T22 # T33 435 % SPSA MIT_HP #1 LBGS_1
3 FPEVEFT T A T . AR TR AT T b L L e B AR A R AR R R TR R S UZ AR RN & L X T
JiE )2 K Uk, MIT_HP REHUS e /Nt o

B 10 4 TG A AL A Z i OB R AW RE N — Xt B, S R s AL E R
PRI AEL, S A HAAT AR 5 S5 S0 S5 20l R 15 g0 3,4.5 Wi 2 5 DB gl ROR 07 2.
B R al DI A B, 2 0 COBORL R (A i CR SEH B m T S IR B RUE.
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Fig.7 The comparison of lookup efficiency Fig.8 The comparison of top hierarchy tarffic
when N=4 000, r=4,5 when N=4 000,r=35
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Fig.9 The cemparison of low hierarchy traffic Fig.10 The lookup efficiency of traditional
when N=4 000,r=35 model v.s. multiple manager
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Table 6 the performance comparison of multiple manager node hierarchy model with traditional hierarchy model

Z N R Gt oy JZ 251
[R5 5 i
) E Y R AR ik =
I 4L R I i i
A WRH [ i
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gty DHT 458 LIS BT b BIUZ IR JZ A0 UM B, 7 DL 6 Al 1 32 il 7 B 244
SOCEA fO M2 DHT B, 25800 /2 DHT 250 75 2 Ge i DL KR 5 0 B FA 300 350 AT — 2
FEAHR MG T X T 24 B S A ARSI ST . B 2 1232 DHT 2549 15 55 RE 68 3 in & 48 i n] S 1%
fifk R B AR A TR L L L 20 A8 BT X T 0 R UL R R A 2 1 T A . BRSO AR B 2
A B SN 20 T2 A5 R I 23 S A TR AR D R M R 3 AT AT T M. R T3 A b 1Tk
PO B AR D PR | T A SRR B B/ NP A PN U BT R T S R A e R R

WERAEA R LR 25 F R0 3 FhAR L e AT TG F M. B 5 o MIT_HP 535 Ml SPSA Hpk 5 B bL gk £
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