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Abstract: Distributed storage system is an important research area in peer-to-peer technology. Current research on
p2p structure has made a highly controlled routing scheme with limited hops of message transfer. People now turn
to pursue lower network latency that is more factual. As a storage application, distributed system must have fault
tolerance-recovery capability. Based on the analysis of current research, a computing modal more approximate to
real time network is constructed. A computed shortest path of nodes is used to dynamically estimate the actual
latency. Adjacent nodes are gathered under an evaluating algorithm to make node latency in the same group minimal.
Thus a more efficient routing can be based on node grouping. For storage persistency, an interaction management
and corresponded data transfer algorithm is presented. Its locality greatly enhances the system’s response to all
kinds of events, and ensures the system’s availability. The simulation results are provided to show that the
introduction of grouping truly helps to get an effective judgment on routing choice, and can be extend to a larger
scale.
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1 [EERYERE

IR, AATT— B B 2L T SEHL A IBE 15 SRAS S 8 K 11 R ) B o 558 8 2 PO AR AT 280 10 B J5UR T 32
R AN, p2p IO I IR 17 A IF AT AR AE 2 Tl p2p IEAEQIE — MBI ——A D&
8N PO A 1A 5% b A B e K 25 b B U

SR IZ TR 3 BRI O A S R RIS AR I AR X T AL A A X p2p R WA AT
IR PR JE M KA T st 30 P 1 45 2R K Bk AR SRR BE K DG B FRAT I A AR S K e vk TR Y T R T
YA p2p ARG HIBTY, RS A T I AN R CER AN O B B e AR S DR S 0 0 e RS i R

T P2 R G AT SEE VSR A THE U AR 2 iy T e A Sy BSR4 B B 3 20 J
TR AR SRS B AR R, R RE RS AR AT RERE A I 1] P, T XA RGN B TL AR, 28 L A 0 (1) B
B8 RATBI I A5 A f ST A AR e B RS I R 8 0 BRI K

ARSCER 3 OB VRGN A 28 8 B AR IR Bk, LR B 3.1 T4 0 A0 R BRIV B DL R AR A R B 3.2 1
A 2 ERER I HLELER 4 35081 nU F 8 SR T4 AR o SR BT A8 1 S R R 2 T
2100 B o AL DA 5 R AN i

2 HxI{E

Napster! & 5 FL S AL p2p REGE2 —, 3 B R HAT SCAF L B8R 2 — AN b U R G0 Al B v
JOU R TR R St AR AR A T AR R R R AR ) T LR 454 RN R 1) 1A R A SR AR S, A A
AR A5 2 T HEAT A G T % AT ZE. 5 A0 i AT — S AR R ME I L 52 R 48, 01 Freenet™, Gnutellal).

o A7 22 40, AT 0 5% 0 B 10 8 A FH 98 2R DL R B el . e A PR B R 2L B AR AR U A
O AN P38 T, 75 0 — 07 IR R 8 B0 R 48 v 10 B i 3 T L R R T ) R 4845 Oceanstore!*®) Past! Al
FreeHaven'™.Oceanstore M1 Past #4247 — Bl G i) Sk 4 77 5 BE TR e A RSS2 B S T — MR BB A
logN (1% FH 5K B . Oceanstore T8I [a] — N1 SCIRIAEfift W, S8 o) K 82 2 A B 3 5040 11 B 4740 B8 397 S s (R
R T ANETIRS R SRR T RS Pond I RS T — AN 5e BN AEME RS W& 5. Past T2 1H]
T — A X 7 L 17 55 7 M 6 SR D Pastry S A1) 8% R WL A, 38 P R P DX 486 o R B PO A7 3 R ST — AN T Ky
SEE HIAEAETE L p2p M RGH RIHE ZHLE]HICHE FreeHaven 783X J7 AT 38 0 00 & @57 7 — AN R4
B 44 A4 28, R 7 198 7 ()% 2 s

LA — e 2 i) % L], 20 Chord! U CANI. Chord F A8 35 B 33t T ¥ AT, B 7 AR 22 F 90 11 7838 I ) 2 3k
T RAGEE.CAN $E4E T — AW I BR 4 7 1 220 (7] 19 266 &5 44, 38 a2 1) Al A 02 i) 2 81 0 45 A7 2880 1R 1% R i
H1.P2p R — L85 1] 5 2% 18 LA ZR 4 10 v Sk 4 A e ot 2l A L A VR A AGA .
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—/ p2p RGN RIFH AT R, B RSB A H X R B RAE MM AE AH S, E— A0 s
JIT R A7 Gk ) A Y0 0 S PR AT ¥ A o (K S 2R S A TS logN IS /(N O R8P 1Y s B0 ), A
A LRAIE % £H AR AT AT k.

R MK I, B AR DHT (distributed hash table) (1 H1 77 20,18 £ 28 i 1) B¢ ply S5k 81O HIBE L T 3 R iy
e BATTH B T BT ] B v A U p IR R A A 0 R R A U A A A R B R bR I AR i

© PEBREBALTU bt/ www. jos. org. cn



270 Journal of Software #RAFFIR  2004,15(2)

AN RURE T FRAT AR 1 52 0 SR 6 20T TSI ok ) D00 % S AN 5 2 B el ) S

HUR Pastry ™ FERR BEWE FEAR K L6 i 7 5 B 128 Ji et dge e A0 14T 1 AL Pastry i 2 X — AN d5 K I 0
R 1 2 o SR AN T AL R R At ST A — A AN A SO 2 R, A A A VA A T T R AR
ISR 3K A BB AN S I TX AN KBS 3 AN R R B R A R A S ) 4 5 R R I P AN T R (]
03 A 3 I AN — R T I 45 52 58 3 AN kBT LA, S s PR T B A B A2 DB 10t A2 i .

DRl b, FRATT A B BB 008 AT — P T 3k, T A S M 0 I T A 0 G 3 A1 R D R R 2 AR T D R AR 2
LRSS E e 3 R WS EE A RV e A L RS = B w0 B R o P 7 < i el T )
JEE 5 B A 35 3 A B AN ) A A AN () BT A LT S b R A R R R Ol TR R RO R A BT
RBEIEIH BUR AT PRI AL S5 T — A 2 T I ARG AR B 7 WU 2 O T AL H R 4 A1
LRI I3 AE AT i BE G AE 5T 22 i) o T AR A AR 35 0, AR DAy 6 eh R A7 PR 78S
3.1 Fisda

3.1.1 WIURt o A

T VR AU TS AL TR LB T A 1T AR AR ALAE B R G AT AT — AN T s AT
A 37 75 ARG BT TSR I N B R R G T BRI — NI I RS U ST AU 23 21 7 B e
EUAE NN RAEMN BNV ES N T RIEE B ISR, 2R | Ubm-g(g 4T HINELE).

WIR ARG (10 73 21 0 AR I J5 1R T 43 21 45 AR A5 e s 2 (9 4 T TR0 & m A 502 — b 000 vk, v B B
RGN S A A T T B AR R AT IC IR AR 2 0, 9T DAL I A A BRI A S R A G R b AT HE A A A
(8 3 30K Tl TN A AN i e G I — S i 22 AEL 0 S A R A TR AT 46 S At IR K 1R i 22, T R AT TR0
o 20 o Al Al 22 TR KT LA WT AR B2 5 (9 49 4 K1 4 5 2L R M E A 2% L8 BT IR B2 6 1071 RUBUHF AN 2 B
A AIUR Y 25 B B A B QA AN S AR T B 78 20 Mo R BT 10 0 A B T 1 SR W AR A 43 L R S0,

Useful symbols: U-Initial Set, Djyqsjy—Distance (12) U=U-{n};
Matrix of Initial Set, d(i,j)—The value at ith line and jth (13) }
row in D, R[g]—Result sequence of grouping (14) }
(1) for (int i=0;i<g; i++){ (15) while (U%2){
(2) // Each loop get a grouping, total is g grouping (16)  // For left nodes, add them to their nearest
(3) Get arandom node n from U; grouping
(4) // Get n as the a grouping center (17)  for (neU, int i=0; i<g; i++){
O avg= Sdm /U 18) if (minSd@>Sd(n,R[i])){
JeU#n
(6) I=avg xadjust(g—i); 9 k=5
(7) // Compute threshold as circle radius g?; } minSd=Sd(n,R[);

(8) for (;jeU, j#ns)
9 if (d(ny))<D{
(10) add n to R[i];

(22)  add n to R[k];
(23)  U=U-{n};

. . . @4}
(11) // Nodes in the circle added to grouping

Fig.1 Initial grouping algorithm
K1 wiasfeor 580k
WU HE A — BB RECA B, AT U AN R S A5 B B DA i B A AR AR AT 4R B 5 P B AL b
O — i, BUZAS 108 P, — 58 BB A2 A BT s8R — A 4L A 0 AL 2 e B SN e & i
Wi Avg T AR A v 5T R B A6 R A v A T A A P D A S A . P A B A R R A T 5
P4 RRE adjust()55 210 173 41 5%, i T 2 ALATIR 4R 5 I B 9db AR N % RE S I
AT % 71 KPR SR B0 S e B i B SE A T g AN BB R S AR (FRATTIA D X SR B 2 ) AN A
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22), T L B KLY, BT B S4B 1 A R 78 a5 ) I S8 0, 75 8 T AL I T AT 1 4 4L B4
T, BRATTIE — M ST AT a5 B A o A A 2 TR AR P B 3K A B e R AT A B A L BT T R R
Tl 2 SR A T A5 RN B BB 1 4 L

BATR A B e — A L A STk S B IX A T VR R RS SR & 2 5 1 AU (R Bl 4, [ i e A5 40 T
LU BIX AN STvE AR RESRAT L 05 L i 45 5L

BB AL 2 20 PO AR AL WA AN 40 4 P A1 ST B S AR N 23 2 1 B A BRARIR 20 20 45 TR )
1N IR 1 380 S AR AT AR 43 4L 0 B A A0, ] R AN o 21 0 B o — A e /ML ME — RE RS 45 HhIliX — D) IR A A2 1
(B 242, JIT AR IR AR 4R 4 K A8 A 8K S5 S50 {1 - 420 1) 1 3
3.1.2 srdIRPE

93 201 10 5 AR V52, T SR V90 A 5 80 5 — AT A 00 B B 8 e, DU 9 A 5 22 T ) B S A AE A b B
H B8, T 8 A,B, U RAE M 4t A R B e C RO ARY 5, 84 A,B 2 Ja) [ 1 8 B A 25 AR dz . A gl 2 8, 7F —
SE I W 268 2 AF R T TR O R L

|4C| < & A|BC|< £ =|4B| < A(AC| +|BC)) (1)

b e by AT AR O R b PR, AN TBOK R BT A8 K o S P AN T L T IR IR/ T S (LN T AT R K &
AR, A= I, 30 A i A — A AN 38 306 R A 10 Je 8 0 R 00, S SR e 201 1 1 L > A2 A2 30 40 % 3R 1 )
Xt T LA A5 O Ay PR 40 L A B A7 A BT A oy K 43, S e 2 AR AN L P {4, R O LUAN IS
ALK&

nmpm:ipq+zﬁ4kip4+zMWQ+pQ) @)
i=1 i%j i=1 i<j

HR A B A2 T e, 7T LAk T 20 21 N P 2 SRR -
Averange Dist =2Total Dist/(n+1)(n +2)
) ZMWQWMM

<HZJOAL+ (n+1)(n+2)

<2[ne+n(n-DAgl/(n+1)(n+2) 3)
_ 2n(n/1—/1+1)g
(n+1)(n+2)
- 21’2 .
(n+1)(n+2)
FERTUR 53 4L AP P35 R R, — AN AL R D AN S m A AE 10~107 22 18], 20 21 4 (0 e KRB IR Oy 24 -3 SiE R U
TEWE /N FIXAMELAE 2 P AT BUE R A7 345 B DI OC R, M e /205 /NI A R 2 ) 1 1T DL B
1 B &, 30 AT AR T A0 B0 BATT T T EE 0 AR BT AT LU I o 4 00 B R ) & (0 DK /N TR A el 2 1R A T
TR0 5 BT LAAE 45 S8 (M AR 48 4 8 0 2 AL B0E ST 204 /N 5 AN 23 4L v B A 2R 4%
A W] LLE— P et A (DY
|4C| < a-& A|BC|< B-&=|4B|< A(|AC|+|BC)) 4)
M min{e, B} <A< (a+B)/2 ARG R B HXFE DR, QWA P IEE— K BRI A X AT
2\ (B 20 R R 1% 5 AR T A — B B K B T A — AL il R 96 &R
3.2 EREFNEL
FETRS b BT AR — 0,30 2k T 6 6% i v 500 i el R (7 (80K Ol T R TG A7 g 0T s ko i R
7 K5 R D6 ZIULE YT A5 2 TR B R S N R, T R B AN A O A A B R PRt B A R
AN AU R G0 R I DGR DR 35 T4 401 1 H (¥ E A5 T Ut
T 7 B 0, TR 22 5 AN TR RS B P, T A AR B AT AR L A T R X 2 A 43 A 4 1
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15 85 W 4% P 10 AR A5 BMT LE JC &8 2 W i — ST LA AR 8 1k, BR AT 48 HEAT 86 b B B I o o vl gL )L
A ML TR 2 T A5 T I Ak 22 7 a0 i 36 R T B R L o — AN A5 AT AR P I KT LAY R, FRAT T I X
AT A A B R G 50 4 TR gl 2 K R ] R 1) 22
3.2.1 WA hE R

T ERET S5 IR (0 AR R b AN 0 A A 3 SLAR T A R R X A B 2 22 nodeld
W TP AW AR B A R R 7 2B IRATI 4R K T Pastry SHE RIhAE R 2 Bl . AR SR I TR
R I o g SR AN AR 1 &5 R ¥ 5 ) RS SRR AT T O, i AR T e 10 SO e B4R A A T
Ik 3 EH AR ST A 7

i W R B 7V, 3R A TR s A7 1) nodeld %748 i 1A 2° BERI B 7 FE A1 (— % s (A 128,6 (UM A 4). 17N,
BT B R K R LA XK, G050 O~i=1 2628 & AN X3P A7 nodeld IHT & AN 00405 4 i1 A AH
[T 58 ke 1A AN R)AEAS DX 3 rp AR A7 AN 7 810, 2L o 7] 43 283 0 2 R0 224 i 15 2 [70 23 2010 5 050 90 1A 388 00 4L

A ERAT Nig AEN ) 23 8] 45— AN FATHRE A2 BTSN 9 5 AN — PR AT S0 458 10 2, i 4508 s T e 2R e, 5
T b T 23 AL AR SR TR (K9 s AT REAR A B AR AR AR i B AT B R 58 3 M2 2 R RE 0, BT e R AT R o
— UG R R A B A A i A S BE D, (R B RN 4 R 3 4P A R AN GRS R R T DO B ATTR U [ 23
PP VAT L S8R W7 (0 4, Bl (10 o v 7 A ) 23 LYY R K 2 B

Nodeld(Grauykt))47532(83 )
Routing: Table

Area 2
Gisup St qisciite|  47-0-1(3) 47-1-4(3) 47-3-2(3) 47-7-1(3)
OthgE-Hetivence | 47-0-3(1) 47-1-2(2) 47-2-5(1) 47-3-7(0) 47-4-6(2) 47-6-5(11)

NeigltttosrSett
1532(3) 4651(3) 2417(3) 5125(3)
6321(3) 3017(3) 0614(3) 1274(3)
Wing Set

Quien Set Innar Set Quitier Set
4740(1) | 4742(2) 4750(1) | 4753@) | 4756(1) | 4761(D) 4765(2) | 4772(3)

Fig.2 Routing information on an example node. Nodeld=4752, Groupld=3,
and other values b=3, /=4, g=4. Nodeld mapped IP is omitted
B2 A S ARG s B S Nodeld=4752,7) 41 Groupld=3 2% b=3,1=4,g=4.
5 51 Nodeld WESFIR) IP 3847 27 1ok

A1 AR ] 545 22, 21T R R BT B IR A 2H TS A T BL T AT AR R R A A A T AT
RZR T LA 44 R S (R A0 U B A0 RO I AR A 2 5 AR O P — 2 N AR B B B R 9 R

B P AF TR nodeld A2 i 55 s B %A 1Y) — L8795 0442 nodeld FUT HOREE, 70l A SR RIS JF: LA 224 i1 A
R R A (B nodeld A7 124§ 5 i PN FR) 5 A B0 A A5, — ok U, AR IO T AR A TC AR A7t 10 H b
W RURE BT AU AR B A B B0 AN RE B I A B 1RO/ AR A D SR R b, — HL A R R A 0B H R 48,
B FELT AL SR 5 AT BLSZ 20N WA AR G FHE AR
322 %ISR

B AT R GOD IR 8), 52 B L2 W B AR i (A R A 4 — AN R R 7 — AN DT i %
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TP R IS B )Y K nodeld AR AR TS5 R 210 HKAE THUX AN B O B 1 AT B D fefk
T nodeld (97 ki _E2 R Pastry LA nodeld 70 Jh i 1h RS 1) A JEAEL IS Y AR ST H 1) 23 2 20 341
25 T e e SRS (I 3 R,

Useful symbols: ) }else{ // Search in other-sequence
R —gs : Area [ in routing table R, 0<l<\_s/bJ, ith (10) if (RP —os #null)
item in Group-sequence, 0<i<2’. 1 forward to R,D’ —0s;
R} —os : Same to above, only in Other-sequence. (12)  Yelse { // Rare case
L;: ith numerical cloest nodeld in wing set L. (13) if ((3ITe LURUM )&&
Dy: Ith digit of key D. (14) (co-g(T,A) ==TRUE)&&
A: current node’s nodeld. (15) // Prefer to search node in same grouping
M: neighbor set. (16) (shl(T,D)>1)&&
shi(A4,B): length of share prefix between 4 and B. (17) (|7-D|<|A-D)){
co-g(A4,B): judgment of grouping between 4 and B. (18) forward to T;
(1)If(L{\L\/zjSDSLULMJ){ (19) }else {
(2) // D is within the range of wing set (20) // Find out numerical closest Nodeld
(3) forward to L;, s.th. |[D—L,| is minimal, 21) forwardto TeLURUM, s.th.
(4) } else {  // Use the routing table (22) shi(T,D)>1,
(5) Let/=shl(D,A); // Locate in R (23) |T-DI|<|4A-D]
(6) if (R” —gs#null) (24) ¥
(7)  // Hit in group-sequence 25 1}
®) forward to R,D' —gs:

Fig.3 Routing algorithm
K3 sk

HRAE 1035 SR 0 S J I O(log,N) MU SEI%: 15 Pastry L LA T LT 1, Bl 17 S35 T 44
(3 8 2 ANEE N 1 73 AL AR 2 T AR 50 38 I 22 % (10030 J5 780 0 %8 ) 2% 47 38 SV A SR AT AR IR 1Y i i i
R IR IR A H T A I % 5 T A ek B T B

SRR ERAE N T B R RCR AT LT B R R AT S AL AT 1 A S AR R
BATH R, FHRAEE D BA R AT S0 5, 0F HRBEANT LG, AU R R R & R IR AR
S R LS i 4R, At 1) XA R R

FT BRI A D, A6 AR U P R B EAT A T RN Y st S PR AEU A S R AR K S
i, A0 s SRAR T BESRAT LKt 2 S A R 45 R B2 i 1 i e 0 283 LB e R R ) T A A S 2 Y AR A M 5
J8, S A FR AR KA AR R /N i BRIV 75 % e 7 S 390, 0754 mT U .
4 PRMBENEXFAETEE

X TR AEA G AR 2% 2 11K p2p R G0, A6 J0 EL A& AN BE ) 2(1) 71 i 3G N2 >0 E D 1K R4 14wl
PIENE(2) REME B I Pk S A0 Ak B bl T 199 2% B AN RRURE i 2K AR 32 R 1 0. (1) vl AR 3 0 00 0 I B9 49 34,
(2) V)30 T T A% SR R4 s 1) PR A LA JH R 56 B
41 FEEEREE

A B I N R S AR R BT I R G IE P R AN SE K B B RS B R R XA I R A
AR IS B RS B RV S 0 A LB X IR G RIEE 1 AP BRI IR 1 #6 th 5 B R H O
o 23X G EOE I X B Y R AT I A R SE AR
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SRIGX T B S o R R oR 3R S ) 43 203 A AN S0 At 43 2H 5 4 A X R NN R A (R 4 AR D 3K
AN B R o5 ARG 17 5 45 WL R B 1 45 RN B3 X 1 R A dUP B R S s R 2 AR TR S0 % th X S —
AR A B AN 58 [ 20 205 S I R DAL BT T — A 2 X N R BT I BN 5 A, 3K X F IR KT fig
SR A W —43 40,13 X Bef 75 T LR B kIR A3 — AN FE AR S B[R] 43 4 51, B A3 w5 2006 1) 6 ol
4.2 FENH

HSLAERTE A 1 p2p RGN T I BT S — OB T b B8 1,9 s 3RS R A5 BB R A 0K
FE, T BN R GEUE I OB TS, R AR LN LR 4y R B, R G (071 AU R 2 AR A
X T AN R G X TS L R ) T4 s B AR B 1 m]

42.1 JURAHE

U A% A A T A7 2 [ SR e B AT S 0 T T RS A I p2p R GRS H IR AR AT A
HORYEEGE D A R 2 B A U 1 nodeld [ 55 4B ARG R A, FRATHE 4 BRAE D 18 H ARAZAE T A1
B A 77 AR TUAR T 75 IR kAN BIAS & A T CAAR 98 550 — B IR 0 P A 1 B4 (W) 2R AR AR Bk T 5 AR 5 BL A Sl s,
SRR I A1) 3R P i P A ORI AR (K kSR AR E) AT D R EIAS I s ARE D IR LB AT L 4
1) SRLAE (¥ Y SRR D TUARTT 1, BT L k IR B R AE AN BB AR IR R/,

4.2.2 S IAVAR AR BT R

TUAR BB AT 25 b 2> H T4 SRR AN R 2R 280 38 B ) AR AN T AL K T R R N AT S
ACHTINON BUAR AN 25 38 BB 1) 25 0% (H % 25 B0 22 40 TP T AUIRIARDG] 057 B AFDGS T — AN SR, 30 05 U T R
W SAE RGP A AR B AT AR AT AR R A L AR AR A s A B T L B A R R T
Kl 4 7R T ARG R .

A dtijposfilieandeiein ith¢ ho dosimspa

I S ) G S G/

: 0
$4Ss§det Aselset

RememmirdmomdAss s-sett

( J{ | s preat. | 4Xs pred. Ilﬂwwwdcm’l ©Xs suxe. | ) W //

A% HEW is6e.

( i [aspea | 4 ) Criled { tZV )

Wrftestser | IABERSR! D Tmer set\_ Outerset
: Thisstartt regpaiir inner st :
[ I | T R O 77/ B
: : Leisurislyelypairainetescet

Fig.4 Changes surround node 4 and its influence
Kl 4 555 A BIERARN KR
N IRATTA R AN 8T S BRI B RO T ARIFIE B (R R0, 5N T 700 s (8] (9 AH T 45 ol R — AN
SRR AR ER R N T S HT 2 (predecessor) A 5 4k (successor), 23 3l i [r) 15 £ 28 [a) WP A 225 515 2 00 i
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AR T 00 A 3 A RRAE T A4 BEEAE R U A HE I SE 5l Py A 0 A 751 A ) 4
JEI RS i B R A, R A LT ARG B AR 5, R 4 BATHTS B A5 4k A LR R A&:
A =B UC,.
W2 U, A L PR AT A K0 1S R DU AE T 790 e o i 400 e B % 3Kt AT REAT 2 T R e R £k
P BOFERL. N AT KON 45 TR B S5, 0 18] 5 s,

User symbols:
A, Data record for node 4.
D,: Data unit of unitld D.
B=pred(A4), B is A’s predecessor.
New node X comes into B and 4 (B<X<A).
node_add_transfer()
() E= ANB,; // Get the intersection of data
units of 4 and B
(2) while (E =@ ){
(3) VDeE;
@) if (D-AI<ID-X){
) // D is on the right of X and nearer to 4
(6) move D, to X;

(15) if ({D-A|<|D-B|){ // Origin receiver is A

(16) s_remove(D,right); // Search and remove
replica on the right replicate border of 4

17) }else { // Origin receiver is 4

(18) s_remove(D,left); // Search and remove
replica on the left replicate border of B

(19): g™}

(20) }

(21) E=E-{D};

(22) }

s_remove(D,direction)

// Search the most marginal replica on the defined

direction

(@) s_remove(D,left); // Search left of X to (1) if (direction is right){

get rid of the redundant data of D (2) LetT=4;
(8) } elseif (|D-B|<|D-X]){ (3)  while(Dis in T,){
) // D is on the left of X and more nearer to B 4) T = suce(T);
(10) move Dy to X; 5)
(11) s_remove(D,right); // Search right of X (6) remove D, from T;
to get rid of the redundant data of D (7) } else {
(12)  }else { (8) LetT'=B;
(13) /I D is nearest to X, X becomes the (9) ...// Same to above, search predecessor of 7'

receiver for D,. (10) }
(14) move Dy, to X,

Fig.5 Data transferring algorithm
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Fig.7 Dynamic optimal result
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