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Abstract

Cellular Vehicle-to-Everything(C-V2X) is one of the research hotspots in recent years.
C-V2X includes V2V (Vehicle-to-Vehicle), V2I (Vehicle-to-Infrastructure), V2P (Vehicle-
to-Person), V2N (Vehicle-to-Network) and other communication types. V2V
communication is currently one of the main technologies to solve the security issues for
road traffic. In order to improve the performance of V2V communication, this paper studies
resource allocation and mode switching.

Firstly, the system structure and communication types of C-V2X networks are
introduced in this paper. The V2V communication modes and the main performance
indicators of communication links in different modes are analyzed. The spectrum resource
allocation modes for V2V communication are investigated. And the possible interference
caused by multi-vehicle spectrum reuse in the direct mode and common research methods
for resource allocation are analyzed.

In order to improve the spectrum resource utilization and throughput of C-V2X
networks, this paper focuses on the resource allocation problem for V2V communication
based on the direct mode, including spectrum resource allocation and power control. For
the V2V spectrum reuse mode where V2V direct links reuse cellular user uplink spectrum
resources, a spectrum resource allocation algorithm is proposed in this paper. The simulation
results show that the proposed algorithm can reduce interference well. Then, a power control
scheme based on the exact potential game is proposed. The simulation results show that the
proposed power control scheme can achieve higher average throughput and total energy
efficiency for the V2V direct links.

Finally, this paper considers the communication mode switching scenarios of multiple
V2V vehicles pairs in the dynamic driving process. Due to the uncertainty of vehicle
position, the vehicle state prediction model based on the Kalman filter algorithm is
established in this paper. And the simulation proves that the optimal estimated position
obtained by the vehicle state prediction model can effectively reduce the error of the
measured position. Then, a dynamic V2V communication mode adaptive switching scheme

based on the optimal estimated distance between vehicles is proposed. This paper simulates
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the total throughput of the V2V communication links in different communication modes.
The results show that the total throughput of the V2V communication links is optimal when
there are two communication modes simultaneously. On this basis, the simulation analysis
of different mode switching methods in the driving process is carried out. The results show
that compared with the mode switching method based on the measured distance between
vehicles, the proposed mode switching scheme can achieve higher average throughput for

V2V communication links.

Keywords: C-V2X networks; spectrum resource allocation; power control;

mode switching; throughput; energy efficiency
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A
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ZE NI, ZERR () 1) B RO (E . PC5 2 I SCRF R B2 =0AN 283 B 3 2 BEE 201l 7 =K
TEARTCH, BAE R PR #: O Vav i@ E e, Wi 2.3 fis.
1 e
£ V2V iR T, SRR Un B DTS . BT 240 e (E i 2d il
B

ﬁj\

Feuli BS #EATH 4k, R AT ARy AR, s SRS 1 R B A R
K ZEAAT OB I B ANAZ O M, HE 3, AT R Az B S IR S R
TERRAT 225 B
2) HiEkA
7E V2V BT, BRI PCS H: TR . i E Rl T 484

TR ELRRIRAS, A TARINIE . R Rl EEVERITR K, SCRF R N A s AR AL .

2.3 KHAAREEAR V2V BEREA 5

2.3.2 V2V B (SR REIRHR

TR V2V B0V, RS i AV SRBon VS AR, RYE vav s Er
PRGBSI, T LU ARV, TS B I ) B B R B R . A SO R
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T E AR RE R
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1) V2V HEiEsERERE TR bR
ZERT VL RO R VR 1) SINR A4

d R/ihi,i
SINR, = 2-1)
IV2V + ICZV +NOB

Horh, R ARV MRS, b, RV GV R R 2, 1, -
lepy 2P F K B HoAth V2V 25006 g5 s )40, BT HEREVE B N,
FONMR S DR A, B Rl G FEI% 7 FH AIE TR ey v R/ o iR A A A3,
ZERFNT V. ) B B I A A
R} =Blog, (1+SINRY ) (2-2)
ZERNT V. ) BB B P RE AR N
d
EEid zlL
—R, +2P,
0 i

cir

(2-3)

Hr, oRRIIHRRBBRARE, P, RoRNHBEHRFETR,

2) V2V sk R RE TR AR

B s i s A5 N B V2V A0V, A R SR AL A IE A AT B AT IS, )R B ity
ARV AEFE I ) SINR 4

R/, hi,BS
B

SINR; =~ (2-4)
Hrt, gy RV, 5 R (R 2. AR R AR, AV, 0

e 53 B it A I A«

R}, =Blog, (1+SINR; ) (2-5)
ZERHNT VL 10 8 B B BE B RN
EE = i (2-6)
“h R/ + I:)cir
9 i
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2.4 V2V BENHIENE

FEMEE RN, V2V EAE I BEIR 7 AT 78 32 22 R AR U5 5 IO A Dl 242 1
HIT I ETT

2. 4.1 SREFEIESEERRN

FEMER EIRR R, X AR V2V SR, 75 B AR R (A5 53 7y e i
o FEBESEBATH V2V IE(E BT R0 ST, 65 H - 5 2240 (A)
AT BB NI V2V B ERYE 2 15 2 A s P 50 B, S 5L
BT T RN E TR 25 R, V2V i {5 B A I 2kt 73 i
(K1 R BLHEAT 8 AE , IZBCRA UEMIE R F M. BT AL BB 1IR3
(¥, e s P A AT . (A2, L AR el s R g B 25K,
1S R g EIoikiRm . I, F A R A AOR SR = R G SHER I 5 . R A
X NE IS P EAT AT AT BERS S0 B

2.4.2 SRR AEMBTHS

FEME R RIRR R, S BHR R 2 R T4, W 2.4 Pl

—> EfEER

----- > FirsEn
£ T AR AT THBRE AR

K 2.4 V2V EIEGERS R I P _EAT A M ATRERR AU DR
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Kl 2.4 $5id 7 V2V EIBEER S IR A AT AN AT BERR N DR UEN, 1R 4
BRI 2 G0 P RS BE RS AN T IREE RS . RATPARE =R RAM T30 V2V R4 2 )
3. VoV i I E B R T s R PR V2V s EI .

1) V2V 55 Z [ 0,

52 R IR] 18 83 FH P Bl B0 AR ZE ST IR AE T4 . AE R I F P BAT AR AT
BERR A G PR DL T, U5 5382t — A 20 0 R S o Ak L, VR AR
F— N IR . TIRRIE RS AN

lv,2v, =R, 912 (2-7)
v, 2, =R, 921 (2-8)

Hep, R RV MRITIZR, R, RV, MRHIIZE, g, ®mV, 5V HET
MBS TEI A, 0,, TRV, 5V TP %15 0 1 2

2) V2V IEfEX I AR o

M V2V BB S S P AT RS SR BRI, V2V OB AE X A
TR BS E. THEERN:

lyoc = P\/1 Oigs + P\/ng,BS (2-9)
Ho, g 2RV 5 BS I TRER S, g, 2RV 5 BS [T

BEHAEEE .

2 V2V EIEEEHR AR R AT BRI BRI, V2V IE{E xR A A
T B s - b TIRIEHON:

lvoc =R, Gic TR, 920 (2-10)

Horb, g, FoRV) Higs H PR TUBERR R IEE 55, 0, RV, B
()PP B 15 T 0 7

3) W PIEEN V2V IRERTI I,

M V2V EIEGER R R R P AT REROIOE BRI, iR A @A 2y E
BRI YU R i 8 P S EVE AV, . FIRE 7008

14



£k AR K F AT B #R X

leay, = PeOcs (2-11)
leay, =Pe0c, (2-12)
Horf, PR PRI, g, FORIE S5V TR (3
B35, g, ORI E T 5V I T HR B (0 25
W VOV LR IS T R AT N, e OB Vv i
5 B F PRt R ARV AV TR AR 5
Iczvl = PBSgBS,l (2-13)
Iczvz = PBsng,z (2-14)
oo, Py FRIESE ORI T, ggp, FORIENE 15V, 6] 11 T-HRAE R 12530 4 2,
Oas » T 15V, 00 T B (000 26
VOV LI R 5 PRI 5 AT RE R VR L V2V BRI 2 U R
A2 1O T A 55 PR P O T4 DR SRS S 6 50 P PS043 01 T4 2 1R
PERESE by 4 V2V ELEEER S RIS 5 T TR VRN, 1 T FUA R
THE, V2V B R E SRR RO T, (R R S 2 PR £ 1 T
BB B R PR ST o B TS50 V2V B 200 T P e ™ 5 (9 B
ELRESE A3 THR A SR T e P O G TS 5 0 RO BRI, A SR
FRAOSE B2 V2V L HER ST FITIE 55 P EAT B 7 U

2.4.3 BRENEERMRAZE

FEFNZS VIR E B b, SR A B BRI ST
IR TV — P LIRS T SR B AR R B AL 7578, HL 22 B AR s 809y
PR, 2RO TR AR B SO A < ik BT H 0 AT KK T(Karush-Kuhn-Tucher )
AT E B TR AR R B b R AT RS H T iR poo 4l
TRV SIEC I R i, s oy R DL RO AR Al I (B2, R FH AH SR SR A
RUREAT KA
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FHEE T ARG AT, AR BTG H T 8 BT F 7 58 5 BRUR AOAT RIS o 7
PR AR, RN P B EAT S R SRR AR BE 2 U o TR W] LA R G R R
AR R, (1R TH S 535 (SRR 1L B 98- 21 .

FESCH, IRATR A RS AR AR AR R 2 A V2V B350 1 BRI IR . 1%
JESEZE R = A S AR B R A ik

D —AZ5%, V2V ERxHIES Y ={V[i=12,..,N}.

2) 25 MEES, BV, B0 s, s, SRR RIS B P A
VIR R G VT ThER KN, s €Sy, S, RAMIN TV, AT 0 S s 4
B N AZERNT P RIS EE {S,,S,, ..., Sy | FRNIRIS L&

3) Z5EMIE, BIZEFN PV, PR RS, u AMUSZERRV, 15 s,
AR, WAL AR (50 s, A K. XA

G ={V;S,,S,,..., Sy iUy, Uy, Uy | (2-15)

B R AR A S 58 RIS, NS5 5 1R 2
St F 2 5 g R L E R . g H TR e AE g R
G={V;S,,S,,, Syl Uy, Uy T, WIRXT THAS 53, s 240E HihS 535 5%
5" MBI T R e, BRI FRAS 58 R0, W

u (s,s% )2 u(s,.85), Vs €8S,,s, =5, (2-16)

M SR AL A s™=(s], S, ) RAK BRI I — AN -3
2.5 ARBG

FEARE S, JATNH T 5 LR RG4S LAIGEE R V2V ilfEEN C-
V2X BREEE Sy, IR mEIE B A B 7 AR EE MR . ARGE R A AN s
B0, VoV ilfEa] Ll g s B BIER . fEAF Va2V il ER T, &A1
Hr 7 V2V B EFERR TR AR . RIS, A2 T V2V lEAE BAE SR BORE K,
T V2V BEhnt BT Y G B RS R T LK B O B H I U e X T
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FETHEENK Va2V BERESE, fTLUEY VoV EEsEg S R g G gt
PR A i R GG TR A I, Il T kiR = V2V BB B ) A i A e
R XSGR NS 2 — TR M R 8 v2v s E ki, BEAT P
BRI B A D) r] LUSE KA E IR 5 V2V B 5 B E A, X tH R 5 SCIRF 7 2
Z—
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3 ETFEBEHERN V2V BERESEWE

31 5|8

TEZERRM R Gurh, TE B b ) 4250 75 B STt 1) J Bl AR RIS B BLG 0r EAE
B BRI EE RS NTHRE V2V IBE T SEMASZr P, A48 44 s
PC5 5 HHT V2V HEEME, R E A V2V it , fEis ZRmh, T 4%
R ZIE R GINIE TR R G, Hag s P A SRR B IR . T V2V HiEEE
BT LA IE I 2 P W o P A BV R AR i R G K BRI P B . R, FRATTR T
EIEBH V2V B RIS BT . AT, RSN V2V i@
&, H V2V HissErs E g H P EAT RS ST AT IEE . BT A0S S H 2o
KPR, R AT REHLADHII R 5 IE BT HE, 1R VoV BB L E, A
R T A T AR T YR T ARV AN T T M T A S T R ) O

32 RGEE

ot A 2 e 5 AR e (AU U B R Th R AR 1 R, BRI — AN i e T
o NHEERMEE R, ] 3.0 BRI B I 4% 38 15 7 R 0 S AR BS
NIE L, BN RMEE. M E G 7 IERE—M0, $OEGHBKENL, &
BrriLEE BS (MBEBI N D, Hil AL D? +(L/2)' =R2 . B4R M h & M AbE
WS o Al s L P LA € ={C,, Im =12, M| o S B A2 IR M BEALES)
SI50, AR EREELE , TN A V2V 505, EES YV ={V, [i=12,..,N} .
ey, BB LA R V2V ERRER A PCS 2 FEAT EREAE, A2 R
R o TR A RGIEER AL, BEAT R IR ECAR B . 5T BB AR SR RV,
F R SR 3 AV SO AV AL, HAR AR ROV, =12, N, =i A
FE V2V B E g P EATRERAE SR, RS R AT & B I,
TEPL T R GO PR P 2R 10 (1 AT Bt B 3 2 R 3 A P 40t o b Ak, 75
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AN V2V B850 ) 5 i Ze Al AT ThaR ), AP V2V HIEBE R At & .

------ ‘ $ﬂ
““““ - 1411 ]
—_— V2VHIBRSE

K 3.1 EERMI s
3.2.1 BIFHERIRE

TERE E )N AN R BB AT A, R P B B AT BRI
PR (EAREH, FPYEER (Resource Block ,RB) SKFm— AN F F AL ¥t
HAEAERE P 8 RB R/ . 7ERGER,  AS[RIE A B A5 TE 3G A —FF,
B VT H5VREPEERERGEEYR N, R C, S5kl BS (Al E
EHRE N, o VTSV IR EEM A g, V] 5V TP (E E Y o
gm\HEﬁ%%chﬁ&%%%E%$%%%%“ Wi g e MEHC, 5V
[ IR AE G 25 g, « AT EENE R, FATRYE AR AT I 5. A
TAFEAE R SHE S5 BO@E EER G R, SEER&RERd AL £,
R 5 i % 1Y) B AR I FE AR AL Oy
PLegs (d)=PLy 05 (d) =128.1+37.6*log,, (d [km]) (3-1)
A IR) Bl G 5 5 240 R 1 LI B B 1 BR AT TR FE A AL Ty

PL,,, (d)=PL,,, (d)=148+40*log,, (d [km]) (3-2)
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BB RIE

h =10 PLy oy (d; )/10

h . =10 PLc g (g )/10

g, =10 v (9)

/10

/10 (3-3)

9;,=10 -Plyay (dj5)

0, 5 =10° PLy 285 (0 g5 )/10

g _:10-PLCZV(dm’i)/10
o, d RV SVREIMEEE, d, . FoREE P C, SIEuGIAEE S, d F5
VT 5VAEEERS, d, Ronv] VTR, d o FoRV] HAEREE, d,, &R C,

SV, RIEARQ-1), ZXV, FECH VS K SINR A

PVhll
SINR, =— (3-4)

> R g f(ss)+ ZP Oni T (S1:50)+NoB

j=L.ji

Hof, R, BOREWXT, TR SNV, RSN, R, RONEFIXTV, At
S RV R DA, B, FoRiER M C RS TIER, No FRoR M DRk 5

B FER RIS RB IS T (s,5,) 3RV, 5V, AT T4, Fkh:

f(5.5,)= 1 SR&s 5 %ehgs L HMIFIORB, V, 5V, 47T
"o FAnt B, V, 5V, AR

Forfr, s s, 73 s RN VORIV, AT IR R SRS, BIEEHIEEE T RB
AR S i AR T K/ [ B, f(s,,s, )=1RRV, 5i&E H P C, BIAFAE T,
(5,5, ) =0 2RV, 5 C AAELET-Ho 4R A 50(2-2), ZEFREV, 0 ELBBERS 750 1y

R, =Blog, (1+SINR, )

(3-5)

RN, (3-6)

i R,9;:f ( )+§:PC O T (5125, )+ NoB

j=L1.j=i m=1

=Blog, | 1+
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RAEA(2-3), V2V Gt 1 BB R S BN :

R.h;
Blog,| 1+ — oak
N _Z_R/jgj,if(Si,S,-)JrZPcmgm,if(Si,Sm)+NoB
BB = 2. = BRI (3-7)
~R, +2P,
H i

FERGRA T, dEE I C | ksl ) SINR J9:

P. h
SINRCm =— Cn_MmBS (3-8)
ZR/igi,BSf(Si’sm>+NOB

i=1

W C,, KBS HE AT B

R, = Blog, (1+SINR., )

P. h (3-9)

Cp ' 'm,BS

R/igi,BS f (Silsm)+ NoB

=Blog, | 1+

N
i=1

3.2.2 |q@HR

N T R V2V BB GRS AR B 1 R R R D R GE A T, BRATRE WS
B> AT Ll 542 61 YA 5 TR A ok o FEAR T, AT R A2 AE — A BE o3 e A 3
PN RS B2 ) FE AN D A4 ), AN TR B A 7 B R XA IR, HAERTARIRAS T P
AT TR R D3O TR RS T o eAbh, (R A, AT i s H ™ B 0 D2 9
[7] A RE{E
1) A 5373 e

TRV, BATHZ S B RO s ) RB, 005 2 1S s T
PR ATRE N o B — DA RREE A — Mg 1 P AT BERS RB, 10— g g
AN ZA TR SRS E . AT, RGN TIRERE: B0 2 E T
TR S T4 98BS P R ZE A T3
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T V2V B Z A, 8 RAAE T B E— RB B2t E, SHE—
RB M0 H R — A4 PRI, JRATTFR SR & BRI 4000 0 40578, AR R 41
L0 Z ) B/ o R T ZEAR0S RGP0, AT B R B FE G SINR 38 %
IRZI, /2 SINR BI{H. X T85O0 2 T80, R4 4506 5 F = xf R4
V2V RN . SRE BRI BRI, & AT H S BT T SR .

2) ThEFEH]

HI R, HUFRIEA T, AT DB I ] 2R S RS R, HEK . (HEEE K
WMWK, KRENRFEELZTH. Fit, AT i#e V2V Bl ar & A
T, T EAE AT AE TR LIS, W RS ThER AT . TEA T, JRAT]
R ZR B G = {1;S,, S50 Sy Uy Uy, ey Uy | 5K 8 38 B 98 29 T ) . 230 FH R0 4K

Ui (51,5, ) FH T 2R 40500 1y 400085 B8 U84 T 45 SRR A S ity 2R D 8 K /N U o F T A0S

TR LA E— P IR T e, MRS AL G ] DU SR IR Th 2 i ) i, I8 R
G={ViR, Ry Ry iUy, Uy | (3-10)
Hortt, P=(RyRy e By ) € W BT AR I K00 5 8 S P S St

W TR P SRS I BE 6 o PRIE, 2RV, (R B DB R 4 ) ) AT DA IR O -

R,"=argmaxu, (3-11)

R <lO.R,, ]

Her, R RN KRR
ARGV TS, HLTh &R P ] m] LA IR A -
Pv*=argmax({u1,u2 ..... uy}, @(P,)) (3-12)

Hrr, o (P,) A V2V EIREER ISR B3, B SCHE H RV 2 2R 2
3.3 MEHFIEN O E L

IRGERTSCHNIR, A F T8 =R T-PORBAT L B B . X T AR v2v 4
WX Z RT3, BRATTIE I & B 4R G o ARFE 20X AETE % L AL B, A
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T B AR OKCE VAV R BN VLV, - V2V R 4 LB AR
G ={Group, |K=1,2,.., K}, HeJHs i 4 4 513K K AL, A R4
IS, IR B AE RB, SR L 3.0, SIS, (R T A
[il— RB (AR, (673 V2V 000 2 (W6 FH R

3.1 V2V Ry 3R
TS Group, Group, . Group,
AN[R]E &5 7 ) RB RB, RB, RB,
SR ViVia o VoV Vi Vo

SERAMILIG, BB MR G e S P TGS RB. AT
B BT AR IR, — BRI, ARSI 5P RB IS T RAZ B BT 1
(ERE4LE. Bl $ROESF RB ROKES P SRR AR, TRIRATA M A5
PR K AN SE TR . — R, RO N KT K

AL A 25 FF P RB 52550 2 61 R P S 1

1. BT C, 7EREIERE I SINR 75 B0 2 FE5H) SINR BE SINR, » 0

Pt

P. h
SINR,,, = Cn TES > SINR,, (3-13)

N
ZR/igi,BS f (Si1sm)+ N,B

2. wEE P C X FZH Group, N V2V AR (T E &/, H:

N
minY P g, f (s.5,)
i=1
st. f(s.,s,)e{0,,Vi=1..,N,vm=1..,M; (3-14)
1%K ==k%K,Vi=1,..,N,vk=1..,K;
HARB P 5305 o Bo S5 WAL 3.1,
S5 3.0 S RIE SR

#@A: K. M, N, SINR,, N, B, (R,

1

B R K AN H P V2V BRI RS &
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D Wt ¢ AZEREE
2) for k=1:K do
BeEEE M C 5 AR RN G, TR
for m=1:M do
FIZH g s - C o FHE,,, =0
for i=1:N do
TRV, g e CL L,
if 1%K ==k%K  then
l,.=1, +1

v2c v2c im

end if

end for
WHgE P C | 7RIS SINR: SINR, =P 5o /(1,0 + NoB) ;
if SINR,, >SINR, &&Mmg & then
W55 P C % A B0 (T4 |
for i=1:N do
T s S C ARV, TR
if 1%K ==k%K then

=0;

sum

sum sum mi
end if
end for
if 1, <I,, then
I min =I sum
g i C, ARG HES ¢ P kM Group, =m:
end if
end if
end for
end for
return &
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R R TR E RN

3.4 ETFHREBAERENIRERLR

T A TR AP R N LSS, B BT V2V R BIANR ) K
AL, BRI E . S R S E RS T RB, s 1T
Yoo T P V2V SRR AT I, A7 N I 2R A0S mh s S i R R AT T AR A5

3.4.1 BEBEERR

X T D AR ), IR R W IR TR — o AR BRI T A 2T A
—FPRFIR R, FERRIA AP S Sl B N SRR RS, (RIES S S
B I SHENE 2H B REUS S BN A 2o o AEVEAE I R v, X TARAT 2 5 i 2R 5
W45 1) 4 250 HH R ES I #PT LA R BR DA 7 R B B — 4 R IR BBOR R . E Dy — Tl
RIS ZE, Tk VB AE 825 (Exact Potential Game) 52 XL U1 R

D(s',5,;)-P(s,55)=u(s",55)—u(s,55) (3-15)

Hor, ©(s,s,) FRRBIEREL v, (s, 5, ) B REL MRS TE R ZR LA -

IBE RO RGNS AR S, 1A BB RS 58 A NG X T AN SR
RURAL, A0SR RES R bR o0 B VB E B, W2 AR R & — M AR A, B
RS TR AE T I — 52 BRI g AT 2 i i,

3.4.2 M HARHEN

XTIV, RO R K, AT EZHE V2V B EE H 0 A i UL TP
V2V ELIE AT RIS BN .V, R EDE R 32 20Kk B HA RV, AV, =
RB (e 7 C T4 TETIREOL T, A5V, BB R 1 o K 0

I:z/-hi,i
o = BI0G; (14 SNR, ) = Blog, | 1+—<

0

] (3-16)

XAV, O 1 SRiER B HAB ATV, BT RV, XV, BT PUE A
e e SOV, ARG T 0 B ELE B B A E B R RV A D9 — T DU () BLIE
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e, REAN:

P\/-hii P\/-hii
l;; =Blog,| 1+ —— |-Blog, | 1+ ————— (3-17)
N,B N,B+R, 9;;
FAARS, VRV, TP B A it S &
=Bl [1 M J Blo R
=Blog,| 1+ og,| 1+ —— (3-18)
? NOB ‘7 NB+Rg,
W55 F P C RV, BT B A i gk
R/-hii R/-hii
l,,=Blog,| 1+—— |-Blog,| 1+ ————— (3-19)
' N,B NoB+F: 0y

V, i e Y C 3R i (1 TP 7 10 A ik R gl B

P. h P. h
|, =Blog,| 1+ =% |_Blog,| 1+ —n "= _ (3-20)
' NoB NOB+R/igi,BS

ARBEH, AV, B R 2R EUE SONZEAIAV, BB RE B8 (1) 5 R I B 25 45 T
T i et B b ', RN
u (s;,s, —glzf( ) (L +150) =& (5080) (i + i) (3-21)

]#I

ok, f(s,s,)ERY, BV, BESEETR, (ss,) %RV, 5C, MR
T, SSRGS X o M o, P05 V2V LB B I A T4
TR TH A -

3.4.3 FERBAEMIREET KIERR

AT BTEAE B8 S I AT R30S £ 200 BRI A A

i=1

D(5,5.)= Y T elel.,f( 5;)-&(1- bzl,,f( $;) =& (5050) (lin + Iy

J¢|

(3-22)
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Hrb, b RMEZEBEAEIER B AESE, EEARET5IASE b HT %
ANE TR A 2 (8] ) B o AAIE B S 2 TS R R A — AN A TR AR T SR, 7R iR
2 X(3-15) /L.

LD(s,s;)=T-1—-1,—-1,—1,, WTHRLELA:

R.h.
T= ir,max iBIogZ(HV ]

i=1 =1 N
h +Z Blog, [ J (3-23)
=1
j#i
:rlmax +T( —i)
Hep, T(s,)En5HEAES5HV, FI5NE s, oML
| R
|1=;glb;|i,jf(si, )= glbk;;lk, (se:s;)
—gb ZN:I,Jf(s, sj)+ZN:ZN:Ika(sk sj)}
5 1ok
—gb il,lf(sI SJ)+i|k’if(Sk,si)-l‘zN:ilka(Sk 5;)
= ot i Jk
= ¢h il,jf(si,sj)Jrilk’if (50,8)+1:(s,)
= o
—gb y I,Jf(si,sj)+iljyif(sJ s )+1,(s5)
B E (24
Hob, 1 (s,) Fon5 508 s TR RUA

|, AR
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I, :ggl(l_b)%H,i f (Swsj):gl(l_b)ZN:ZN:Ii,kf (Sk'sj)

k=1 j=1
j#i j#k
N N N
=& (1-b) le’if(si,sj)+ZZIj,kf(sk,sj)
i i
N N N N
=& (1-D) leyif(si,sj)+ZIiykf(sk,si)+ZZijkf(sk,sj)
= o= o 1ok
j#i
N N
=& (1-0)] 21 F(58;)+ 2l F(5008)+1,(s2)
e k=
J#i ki
N N
=& (1-0)| 21 f(s05;)+ 200 F(s)08)+ 1. (s2)
5 5 (3-25)

Hr, 1, (sy) R 550G s TERITA .
AT LA, , BT f(s,s;)=1f(s;s), TEFI+1, HFRELA:

h+b‘%[§ﬁ(%ﬁﬂﬁu+h0+mdsJ+@—mb(sd} (3-26)

j#i
BRI AL,
|3 :ing (Si7sm) Ii,m

y Ry, RN
=¢&,f(s,5,)> | Blog,| 1+ == |-Blog,| 1+ —————
i=1 N,B NOB"'Pcmgm,i
, Ry RN,
:821: (siysm) Ii,m +52f (Sj,sm)Z(BIng {1_'_%}_8'092 (1_'_#}}

=1 0 NOB+PCmgm,j

J#i

=&, (8180) lim +&215(55)

(3-27)
Forb, (s )RR HE s TR,
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