ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.18, No.10, October 2007, pp.2564-2571 http://www.jos.org.cn
DOI: 10.1360/j0s182564 Tel/Fax: +86-10-62562563
© 2007 by Journal of Software. All rights reserved.

T EIPV6 2% E 1L A BY B 1t 55 43 A0S R S S
HXEY KEEY e

P ERRERE I EBCARBFSURT, AL 100080)
2 E BB BFITAEREJE R 100049)

Performance Analysis and Adaptive Scheme of Route Optimization in Mobile IPv6

XIAO Wen-Shu®?,  ZHANG Yu-Jun**, LI Zhong-Cheng*

(Institute of Computing Technology, The Chinese Academy of Sciences, Beijing 100080, China)
?(Graduate University, The Chinese Academy of Sciences, Beijing 100049, China)
+ Corresponding author: Phn: +86-10-62600725, Fax: +86-10-62533449, E-mail: zhmj@ict.ac.cn

Xiao WS, Zhang YJ, Li ZC. Performance analysis and adaptive scheme of route optimization in mobile IPv6.
Journal of Software, 2007,18(10):2564—2571. http://www.jos.org.cn/ 1000-9825/18/2564.htm

Abstract: In mobile IPv6, a route optimization (RO) protocol is proposed to solve the triangle routing (TR)
problem, which allows packets to be routed along an “optimal” path. However, RO introduces additional control
massages which may cause high signaling costs, and thus RO is not always optimal. The main idea of this paper is
to make a performance comparison between TR and RO under diverse network conditions, and find a more effective
routing scheme. Several key parameters are introduced into the mathematical analysis such as the packet arrival rate,
the mobility rate and the distance, and the total cost function is founded to capture the trade off between network
resources consumed by signaling and data routing. Based on the analysis, a new scheme (packet-to-mobility route
optimization,PMRRO) is proposed to minimize the total cost. In PMRRO, the route between the MN (mobile node)
and the CN (correspondent node) is chosen adaptively according to the value of key parameters such as PMR
(packet-to-mobility). Simulation results indicate that the PMRRO scheme has better performance than RO or TR,
and it is useful to improve the efficiency of mobility management.

Key words: MIPv6; route optimization; cost; PMR (packet-to-mobility)

1 E: A3 IPv6 F A Mk = A &g (triangle routing, & A& TR) 1A, 5k F 3% & #.1k(route optimization, 8 #& RO)YE
H e 7R A8 SR ARAC AR R B T AR 6 R B 31N T #8943 A48, B b, 5 AE AT AT H O T 34 AR AR AR T
Z A3 B AR LR R B AR T A A A = A B 6 T AN 4R FOR A IE MRS AR R R R %
AR HAT AT 5 ANSIE B A F | APy F A MN(mobile node)#= HA(hone Agent),CN(correspondent node) 444 &
* B E AR IFF) 55 KA RO A2 TR #9344 09 Rk X 51 ASk3E 334 £ 445 3h & b4 (packet-to-mobility, & #&
PMR). ¥ &I8FEH 69X 2 R HAEAE S T4 2] & T4 Al X A SR AL B4 R R TR 5 A74R 1 T
PMRRO(packet-to-mobility route optimization)i& i t4 % AL Fwkvd B 44 69 /ML 2 B AR, vA PMR BMEAE 2 45
A7 B AL R bR B R R R MN Ao CN 18 89 3% oy i 45 AR E R P, 1% R AT L 26 R TR A= RO AT 89 M4k,
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RABHE BT REHFRE 0 TIT7 £,
JGEI MIPV6;T4 1L, 744 PMR
hEESES: TP393 T ERERIRAD: A

B EPve(MIPVE)H 15 1PV6 [ 2% F (1) £ 3 75 AN [R A3 B2 N 90 4% I, 455 1 A0 AT 1036 132 S 1) W A% 30 1 o
(mobile node, i FXMN) & A= VI 4], 56 UK % E MG, & Rl A5 19 2 (correspondent node, 1 FxK CN )i i £ £l 17 &4
% 2 A3 (hone Agent, [ FRHA)EAT AT Bk 4 = A % B0 = ff1 i i J7 X300 7 3% el ) 45, IR, K 2 AR A
A& PR B R 2. 3% b LA R SR T AR e = A B el ) AR R T 52 RS B T e o ) e A R A U GRR S — e )
LTS AFAF MNFICN 2 [H] PR 38 17 4 0 285 i p4E 1) o £ B el 7 Qb AT AU 2% E AR A 1) 5 R IR AS R AR AR AT 1
Db BT = A % e e O A 5 208 o 1) A 1 RCEEAT M — MR UK 46 22 B2 7 (binding  update, [ #RBU) &
452 1A T & (binding acknowledgement, & FRBA) [ 7434, 5] B, e 1 B AE 2 AE K 2 0 W 2 JG 34T 11, 6 8% K%
BN TR, B IS B R B BIPVe HRE I B AL R R W I AR 2 HTRE 0 S HEAT MNATCN . ]
[ AE B B (FX I RR(return routability)id #2), 31X 6 S 58 1K T FF45. BRI, B 3 IPV6 R FH = 1 14 b 34 /2 % Eh A
A R 388 3 b A T A TR AR 4 PR T 1R P B SR TR B AN Sk A A BT VR T A 9l 1D R 8 A B S AT B A b
PLAb B bR, o BT B0 8E 300k R L B B K Ol s A XA S S A0 T RS, R TS N R e
PMRRO(packet-to-mobility route optimization).

SCHEER LN A A R A S R S RT3 2 7T R ABE 2 AT AR DG S H5OnT I el DA AN = A I8 e PR R O 5 ) R
FEE I 5E . 58 3 715 ) IR Y M S mg PMRRO.EE 4 5 AT B 4.

1 fIRE=

76 1P R 4% Hh 1P iR AN T R 4% 2 3% 1, IR It 2 J2 A3 MU A Y 25 AR TR IR — BB 23 SR 8 5h
KA P itk O% s T EC R R WL RS 1P B R AR HOX A 1) LA AR BT SRS A ik B S
SR AE Hi il (care-of address, fRiFK CoA)BHA 5 mi T 42 8 N W T 22 2y, 1 T+ % o1 8 30 49 s 1 5 % Hiudilk (home
address, fiiFk HOA)H T 2 B bR RIZ T AL E R 3 IPV6 o & 2R 4 e 5 A8 o7 B 1 557 11 CoA $dil &, 3 2 ik
TR 2 M B ZE HA 1% CoA 55 HoA BEAT 4552 I 5 ,CN FIl MN 2 [8] 3l v LR = A % el b 470 4 30 A 5
W HA KK T B PR RE IR, I K T HA FIREL B3 IPve H R T M th 4k 19532, MN T8 5 1)
CN MM /7 B 7E A7 2, A4S CN AT MIN 22 [ PR A5 T DA 32 J e £ 3 el 7 SRk AT 8 e LA i FE i 1
Fs.

5 PP A £ R P ik 2 B £ A 4 A IR BE, S TN T BT AR A JF RS B 1 TR B R % M 58 iU AE —
2 A, CN L2505 UEFS 8715 55 16 5 4. MIPV6 ARifEH R A RR Rk s, i #2635 home-address test, Bl MN &
i) HA 3£ HA & %] CN ] HOTIL,CN £ HA i%[7 MN (] HOT;care-of-address test,ll MN Ei#:[i] CN K%
COTI,CN [5|& COT.RR i 2 5¢ )5 ,MN [ CN ZEAT 1, A 45 MN [n] CN A i 45 58 TE8H )& BU F CN &[]
MR BN BA,IX LG AR B b DAk 5 208 0 1 F 4. DR b, 6 el pO Ao LG = A 8 eh 84 00 145 4 148 5 982D 1R 3
55 % T8 2 I A7 A0 ASABET 1D 1) S A SRR 4% I bl AR A B O A A R 2 4 A 1 WA 8 B R R0 s 310k 32 2
S FEAS (1 T LR 3, MN R HACN 2 ) 5 25 119 OC 22 B2 T B2 R R 38 46 SCMERE 23 BT P FRA T 7 40 o) 3 dx e
PR 25 14 .

A M) 1P M Z) 1Pve HFR T BT AR VIHIIPERE . &K 2 47 B 50 1 F 85 %5 5 % #% thp
A B ) BE 50558 2, — R AR v @ U 7 a0 R 8l 1P B (8 = it 5 5, o B 3 1Pvie B4l fa i % el At
155
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Fig.1 MIPv6 route optimization process
K1 MIPV6 % Bt ibid fe

EF 0T b vl o R B e Ak 7 5 = A s e RO 1), SCHR[2] AN SE IR RN LI A BT, LA S BLG K TCP kB
A BE AT T AT A% S0 525 A K, 2 MINCFT HA B8R 25/ T- MIN R CN 22 ) 14 3 85 I, = £ % £l 77 =X
A HE /N EA A EAL R TCP PERE. SCH I RE TCP PEREVE K FIWT 1P J2 Pk RE AOARUEAE AE — 52 (K 7 T 2. STk
[BHEH T —FrE® s 1P 1K 8T 1A i B ARG SRS RN B 2 1P v A AR R (FA) (A7 7E, 488 Sl U 48 i, vy AT ok
F FA [ HI FA 64058 f5 8, S (0l J5 i 42 200A TH 1 FA JS, PR30 H FA Z W) (1 Bk 4% R 458 FALE
T SR S AE X % AR 1 % R ORT MIN 55 N2 ) P T 82 8 oh P b AT JE 2 6B 8)) 1PV Th ASA7AE FA, BRI Bl 7
FABEN B MIPVE f 8% el LAk 2 - SR [4] LA D) 460 28 14 g 1 B 2 o R AR T MIP 48 =4 %t 0 MIPV6G
A5 1 % B A PR 0 AR 40 45 H MIP Y TR R MIPV6 1) RO P BEHL{E 5 MN—CN JE 25 F1 MN—HA BE 25t
{ELI0 DGR AERE BT 2SR B 1P 4% 4 1 56 A AH S5 (145 1 1E J5 1, CNRIT HA [ 5 A8 3, MIN A3 — 11 D7 T
a BRI DL 174 (R R 004 g 5 31 @ ARAR IR 4 AN 1E 5 T R BT 3 — A X B AT BB R (1 2 e 1 7 4%, JF HL
SCHAGEAT 0 M T IE AT B A T S SCRR (57138 T R IR R 5D 1PV6 Hh 1t s s A Ak ) L8 2 Ak B B
IPv6 i T8 T X 38 AL 3 MAP(mobility anchor point), % f1 444 5 2% 48 5 MN-MAP-CN, J-3IF B0 1 f) & 43 1%
PR BB 0 H A5 1R SR B SR R 1 B, T SC AR [51 Jk FRBE 2 Bk i SR HMIPVG i i 3648 MIPV6 5 B S g,
T2 SCHR A I SR M S B 2 I ) Bl AS B B AH A K SE IR BE 5 TN (R T8 T BLAE N, 9 HLIX 6 SEmE A 2 0] 2
ARH¥ 5 1Pv6 H ) i FH LAk FE 1K, JEANIE H T MIPVS.

AL AE AT IR ST AR 2 AT AS R 1) B2 L T B b AR Ak 7 S R0 = A 8 1 7 R IR 45 (B I 2 T4
B 2 3 R S e 45 B T AR 45 1, B 2 B (4 2 T RNIE B B 4 SR P 1R 40 M R TR 2 SR T TR R A S B
L, I R AR 43 B 0 B AT 4 1 1 O B i AL SR B4 2 X MIPJZ 4k MIPV6 3E4T X% MIPV6 Gl &%
(A5,

2 MEEERREISART

FEIX 4 38 e e 7 B AR RS A0 AT 4 e DAL R = A 1 e K 1 R 1 % Sk FR T A A A A Ak H
P, F Y 2 B A v R SR 1 19X 48 S A8 AR i R (TE 18 2 15 2 T TR T B U, 38 2 5403 91 5L ) 5 A 11 I 8% 435 T LA
AT AN IR B A0 5 7 3 T LA 33 4 T4 Ak B 90 ST o 4 S8 30 SR A ek T, a0 4 420 A 326 T4 T B S 38 (48 Bk () 2B
IR) e LA #5422 4 FBE (W 450) S R 7 A8 A 3 HR B 25 RS A% A i BP0 P 29 000 S I I BN L 2 R Y R S S I 48 TE 1R
FH, 2 B SCHR[9], K S 1 J2 100 TR P A S 10 B 80 5 A i 100 B8 5 (B ) TR UK 3 .
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MN - _E PR IR 2 A LA B (R s R A 2w SLPT ST (0 W 2 T8 (I B 22 R 3R i ) PC 4% K CMR
(call-to-mobility) ff: 2 fij f 4 b ) 3 1 U5 30 AR 2 1P W48 8 3y 7 BE KT AIE 50 51 NSRS 20 A B AT B B 34 5%
1, PMR AR Eitls (0 2105 A A0HS 8 A 1 LU AT D SR B b EL LI, PMR /NI B8 8l A A0 Hiodls (0 310k R 2K,
G0 SUBT K B eI BRAR SR SR A 2% S 0 2 PMR K I, R8s 2 31508 AR 3l 2 2K Bt A%
BT A 7 3 S B SR A i (0 T S HE BT BL, 2 PMIR /NI 38 R = A i e g 2T B B
7€ HEH M 2 PMR KN, 3@ B R e e D0 13 777 2, A0 B 1 i 110 e A2 4 L, O 0 B HAA O3 ol B0 110 A 28, i D>
B e ) T 449

MN 5 HA,CN AR B 26t 2 5 RS IR B 3221 MINFE SR % I 2 T, BOE A5 15 20/ MN K 2 % I,
s HA WILE i MN 5 CN 2 ) 6 5 A B e v 70— R T i e DI P A% B P T 0 A 2 B = A it e ded 592

W& 2 P, CNyATMN 2 18] R b DA T BE = S 8 b A7 BR8N AL X T CN ATMNG, CNo 55 MIN A
JZCNyt MNg I AR 2 b 1 7 19 2 T B P8 A A 5 e FX) 0 BB A A A o 4 40 i ) PR B e B g, —
B HOR fir

CN; CN,

HA

MN MN

MN
Fig.2 The triangle among MN,HA,CN
K2 MN5 HACN ZIf =Mk R K
NTHEEAT A T TR 2 M, TE 10 R = A K R 2 B A R T S AT RV R 2 N TR A T
PR AT 7] £, PRI, 20 A A 20 e AN 5K 2 VRN T A TE SR .
1A AT T T R B S5

Table 1 Parameter list
z1 SHIIE

A Average mobility rate, viz. the number of handover per unit time
i Average packet arrival rate
Crr  The cost of RR procedure
Ccu  The cost of correspondent registration
Cro  The total signaling and data transmitting costs per unit time under RO
Crr  The total signaling and data transmitting costs per unit time under TR
P,y  The cost of transmitting a signaling packet (BU,BA,HOTI,...) between nodes x and y
Cyxy  The cost of transmitting a data packet
L The mean length of a signaling packet (BU,BA,HOTI,...)

Ly The mean length of a data packet
D,., The distance between nodes x and y, weighed by hop

X T R DA, B I T A Sk B A A 1 T8 A 1aC o SR IS TR) DY 8 320845 75 24T 6 3 S B (B RR
TR — i ) O T 4 A(Crr+Cou) 2 h X T RRI R, 55 COTIAAMN 2] CN,COT ACNFI MN F #2214 i (¥ IF
4, HOTIM\MNEIHATE Z|CNHTHOT FH CNEI HATE 2 MN (1) 4% i (1 145 568 T — AyE IF, BLH5 BU, BUAKAE & (11 4%
0 FE AR H e R G SR T BRI ) A A4 B A% i 3 | 76 11 P9 5% 4, T AR R A

Cro=UCrr+Ccu)+4Con-mn=A(2Pun-cn+2Pun-Ha+Pra-cnt2Pun-cn)+#Cen-mn (1)

T = A B R ST B TR N — S B T RS O, A BT ) P R A% i 1 T 45 4 44(Con—rat Cracmin)- BT EA
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0K F = A0 5 B SR, BRI ) P A5 2 RO A% i 5 S 1R U 48 FE 5 R
Crr=t(Ccn-natCha-mn) 2
B b — AN (RS E Gt A0 4545 200 ) 78 P A [RIAE i T 5 T 3R 7 O 15 1 st ) 1) B 28 5 9 K R [ afe
A Ay bytes*hops. Bl Cyy=LyDyy;Py-y=LsDxy. T L,

Cro=A[4LsDmn-cn+2Ls(Dmn-natDun-cn)]+#[LpDun-cn] (3)
Crr=#Lp(Dra-cntDmn-+a) 4)
5t
O ,ULp[( Dua_cn + Dun-ria)l

= )
Cro  ALs[4Dyn_cn +2(Dyn_pia + Dua_cn)] + IULpDMN—CN

T BPE A B, SCHk[10]HX 200bytes.BU,BA,HOT,HOTI,COT,COTI [ K /& %) 100bytes(IPv6 header
40bytes+routing header 24bytes+mobility header 12bytes+the others~100bytes). 5 Mt FA145 B, /L=2:1; 3 4
Den-tasDmn-raDvn-cn, 1E:6,5,3;10,10,15;5,5,10; 153 3| C1r/Cro il s/ ALK & R U] 3 7.

X T Denorar Dmn-ra Dwvn-en I 28 1AL R EE 3 AL MU, 24w AT — B AE W), C1r/Cro<1,Crr il T Cro; fE L/ AKX T
— B H IS WA 23X Se R TR ROJY 2 25 /2 BE 1555 2 B8 44 1715 A [R] 1) ol AME R AR R B Bk A A0 5
2y 28 8 K B0 A0 B el M T RS AN B B D) B R AR 2 T Y £ I Crp AH XS Cro 5 22 58 22 (1 JT- 4, X
I, Crr/Croth 34K, Cro M L Crr AL F B R M A (2 2 BT LASE 1 ZHEU(E T G HAR PR, 2 DA A Bb I MINFICIN ) 9 9
(3 Bk)iE /N FMNEIHAFTHAZICNIF) FE B 2 A1(11 k), Lb i R RO th 15 & I P8+ B35 M 2 BT LSS 3 41
Tﬁ'rﬁtﬁTCTR/CRoﬁﬁéﬁi‘d‘ﬂ: 12N DMNfHA‘*DCNfHAEDMNfcM‘H%ﬁﬂ%%i&ﬁ B"]’fgﬁﬁﬂ%ﬁgj—"{‘ﬁgﬁﬁcRoﬁ
FTRIMULE 2 TR, T LACrrIB AN T Cro.

MN 5 HA,CN = & 7 5 C 3R 2748, 1 & MN,CN, HA = 24 [ 11 4 b P 29 35 42— 1 T 300 240 o W0 W i 22 R oK T
553 BT LA MNARICNZ [ (B 125 AN KT MNRTHARR 25 5 HAFICNER 25 2 F1L XA R A B R IA T = M it th
HE K 4 TlJZlZCTR/CRO%(DMN—HA+DCN—HA)/DMN—CNﬁ'f’t B 7 B H R AR b 5 MIN—HA-CN B B 25 5 MN-CNHY
PRBS I FO AR, AR XA OAE R T 4 7R TR LGE R T 1 /0T 2 B 0. S5 B b i LA mT BAIAS K T 2 (1A,
WA TE I 2R 0R ke AR AT AT LU BI04 fb i) i 3 0, ABX 3 4118:10,10;5,1;40,2.

35 T it 1.8
2 HI a4
o Lt —6,5,3
2 3.0 b e et —10.10,15 _2 1.6
S o ‘ —55,10 8§ o 14
- E / £% 1w
SO 204+ o)
) / =2 10
g5 15/ : 3=
o= | S ] o= 0.8 e
g5 QoM g5
o5 T T : =5 0.6} :
78 | | 7 & |
o 0.5 - SR S SRS SRR SNRNE: SRR SN SN S— o 0.4 ; : SO O
& F 2 b e :
T o0 ? N — :

0 10 20 30 40 50 60 70 80 90 100 1 1112 1314 1516 1718 19 2
The ratio between packet arrival rate and The ratio between (Dyn-ra+Den-tia) and
mobility rate /1 Dun-cN

Fig.3 Effect of the g/ for C1r/Cro Fig.4 Effect of the (Dpmn-na+Den-na)/Dmn-cn for Crr/Cro
3 Cir/Cro5 AR AR 4 Cr/Cro5 (Dun-natDen-na)/ Dun-cn P K FR
& 4 WML,XHL?/ME‘J'EFJ 2RI 3 éﬂﬂlfﬁ,(DMN,HA‘FDCN,HA)/DMNch/J‘;‘Fﬁié{ﬁHﬂLCTR/CRo<1,CTRﬁ:;‘FCRo,
X4t BT 2 (Dmn-natDen-na) Dun-eniB /N (BT 1),Dyn-na+Den-nai 1 T 5 Dyn-onAH 55, B 35 B 1 4L 4 T
A ) ?*ﬁ/‘f—r@,mCRoﬁ o AAN A A T i—/l(DMN—HA+DCN_HA)/DMN—CNj(ﬂ:%{EHﬂ'CTR/CRo>1,CRoﬁ:ﬂ:CTR,ﬁ
A& BT 2 (Dyn-natDenena)/ Dn—on R, SR 6 H D0 A4 1P A% i 765 AR 3 il ke ek B S 6 28 1 2R, 2 BT L
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— ELECrr/Cro<1, 2 Al Ay s IR 50 st 303K R AH X B/, 100 30 U7 45 AR B AT R 00, 48 (1 K0 A 1 el
TEAHAS R LUK B ) D)4 5 1k (145 2 TF 4.

3 PMRRO ¥kHg§

THL 3 TR PRS2 o3 AT, R DU 3SR AN () SRS T 9 0 S R % A N TR 1% DL 24 Cro>Corr IV, SR FH 6 B AR AL U
U, AR Cro<Corp, WA TR H = A % H 75 X 3R AT Y (M PMRROIE S 44 5 & LA MR IT 45 2 F AR AR
FEMNHICN T 4k i) A B OG0 1 5 4R OC B 13 bR PMR 1 B A8 @1 12 MINAIIZ CN 2 (1] == £ i 1 55 ROIE £ ) 2k
1.2 Cro=Crr AN (5),45 5 td AR 22755, BV Ay A1 g

¢= [4Dy_cn +2(Dyn-ia + Dria_cn)] )
2(DHA—CN + DMN—HA - DMN—CN)

1T 1P Sk H [ time-to-live (TTL) 7 Bt 3R A3 £ d B0 A% far iy Bk £ . MN ] LA 5 23R %3 Dvin-ra Dvn-cn. Den-nia B
HA S I 25 MIN(TTLE % #8000 32, B 0k DI 9 B AT LA S [0,32] 040, MTIT AT BSR40 Y 1. 24 0al 2> gt Bl Al A
BRI FT A T I G B E AN, S R R = A U

SN EEHEAT AN R R A

(1) ZMNHIHECNIEAF A 45 N, 26 P 544 1 2% B A0 75 2CEAT V0B P N A7 G (M A Seum, MR ST IS 3 IR
H,Sum A Z U K ANCNEIMN ) £ 385 42 2135 8 V145 1, M=0,S g =0;

(2) AR E S D e R T HEUEMIN 1 AT I ST, e v A D) i 1 PV N RS B AR T ACN
MNP 3 21058 55,10 8 Si, FE 201 B Squm=Ssum+Si;

(3) VI 1l 2= (Ssum! Tsum)! (MI T sym) =Ssum/M, 38 3 TTL S B IR A5 Den-ria, Dmn—ta, Dmn-cn, V5

#=[4Dmn-cn+2(Dmn-ratDen-na)l/[2(Den-vatDun-Ha—Dun-cn)l;

(4) W wlA5 gl 22 MNFICN 2 [H) 44 3 5 8% B AR AN s/ A< pI06 35 = #f % B, 0 SR I 45 1) 2 = Bk PR
H,MN [AICN & %BU,, CNJa MN & [BI i A, LA CN_E X CoARZR i .

XFF PMRRO J5 2, I8 AT AR

Crmrro=PTRC1rTPROCROFPTRACCU (7)

Prr N b 95 = A I 1 U7 UM A, BT A< g R 28 Pro 2 7 16 P ¢ R 0 AL 7 NI A2, B sl A= g MR 8. R
15 2 G — 0 0 R s IR R B 1 2 = A B e 7 o MINRR 2 [ CNUR 3% — N BU, BA J CN L 55 Aff Ak, BAE S
CNJFHAK 3% 44, Hlifetime Ay 0,care-of addressis & A % % Hudk.

A BRI s s U400 5, MN L CNBLR HA TR (R AR R B AR AN K, AvE ST S B v s AL ik 3]
5 Bt U0 LA, R ik, @5 pd AME AR B LU B A 2 T L TR AT RO 2RI IR DI AN 23 JE 5 S % 9 BRI It
A MIPVE P30, 2 MN B[] CN ik BU USSR B el AL, 106 T AN 5285 MIPV6 1) CN 25 B 20
BU, 7EIX F L T, MN 48055 i ARG SR FH = M BB 5 CN @45 W, TR A1 RO (WL FEAEARAE S h s A7
T, FRATT IR SR W AN 2 25 T 45y SR 11 22 4 B .

TH 3 AEAAM A MINBE AT NV D7) 38 K W 82 PMRRO 3 B HI TR & ROF LL 3¢ by ok /N 52 2% 8, % F& MINAT ] — /4N CN
THA PR 1R L. P O D) 48 1B) B A PMIRZS A%, D14k B PMIR R A 0% 3 ik 24 2X(6) 1 550459 B PMIR 1Y 18 4 . 4% MIN; (i BB
A1 M IE S AL SIS Sl B INASPMRECET HE, 7 SR i

¢i = (¢1Iv¢2l ----- ¢si(i)r¢si(i)+1:¢si(i)+2 ----- ¢r|\1) :

T A0 L i<s(i) I, < s (i) <j<NEF, g> .

TR MN7E N Oz 340 5K TR 7% RO HZE DL PMRRO 7 £ T4

Str+ Sko + Shwrro 77 M FE AR MNGYEREAIZ B R TF Y. £ 27 MINGYE 190 j () 5 5 ] ).

SiTR = Zt;CjI'R ()= Z¢}[Lp(DHA—CN + Dyn-na)l (8)
=

j=1
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. N . . . N .
Sko = zt}C;{o(J) = z{[‘”-s Dun-cn * 2Ls (Dun-ria *+ Dra—cen )1+ ¢J![LpDMN—CN]} 9)
= i
i Qi & i g
SPMRRO=Z[tjCTR(J)+CCU]+ Z tjCRO(J) (10)
j=1 j=s(i)+1

A (L0) T [FIFE AT LU 23 t) B, R0 g ik 5k, o0 e I AN A1
MBI 3 AN R BUR 21,357 AN REB UG S A D B K T4, JU)

N

Stwrro— Str= 2, B[Cho (1) —Cra(1)1<0,H A5 F- s(i)<j<N (I, Cao (J) < Crr () (11)
j=s(i)+1
; ; s ) . p
Shurro — Sko = DIICle (1) — Cho (1)1 <0, g 6f T+ 1<j<s (i) FITR L, Clg (i) < Cho (]) (12)
j=1

T LA E AN REBU S E A T B SO0 N PMRRO A TROBETR. B F 51N T i H 44, Comrro N — A2 I
AL TSI IF4S /N, Compro K 2 BUHE UL N S It 33 BE AL RAFE 0, ME AT 98 UE, MIX 10,L5/L=2:1,Den-ia,
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