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Abstract

Increasing the penetration of renewable energy in power systems is crucial to
achieve carbon neutrality and release the pressure of energy and environment.
Renewable energy generation is assumed to be an uncontrolled and intermittent process,
therefore, it’s difficult to balance demand and supply in high penetration of renewable
energy. It will lead to power resources in waste or shortage. So, it is necessary to
alleviate this imbalance through energy trading between regions. In this context,
considering the characteristics of power transmission capacity limitation and multi-
party transshipment in the energy trading, we should design an appropriate trading
strategy to achieve the optimal allocation of energy. At the same time, it is also
necessary to establish a beneficial and fair trading mechanism for each region to
maintain a long-term and stable trading. Therefore, the rational design of the trading
model is important to promote the consumption of renewable energy and balance the
power supply and demand in various regions.

To maximize the overall profit of the cooperative coalition, a renewable energy
trading model based on cooperative game is constructed in this paper. Firstly, through
analyzing the interest relationship between coalition members, this paper introduces
cooperative game theory. Four protocol rules (CP1-CP4) related to individual interests
and information security are proposed to ensure that trading is privacy-protected and
brings benefits to coalition members. Secondly, the energy supply and demand of all
parties is obtained, and the optimal allocation of energy under the capacity limit of
power transmission lines through the network flow algorithm is realized. Next, a
dynamic pricing strategy that is unanimously recognized and accepted by all parties in
the game is formulated. The pricing strategy is based on the principle of maximizing
green energy efficiency. Finally, a weighted Shapley value method considering
environmental impact factors and contribution factors is designed for the gain
distribution under the inter-regional renewable energy market trading, which can
distribute the cooperative income more equitably.

The simulation of the model is completed by MATLAB, and the efficiency and
fairness of the trading model are analyzed based on the experimental results. The
experimental results show that the inter-regional renewable energy trading model based
on the cooperative game proposed in this paper further improves the traditional trading
model. Our model greatly improves the cooperative surplus generated in the trading

and realizes a fair distribution of benefits, thereby encourages coalition members to



participate in trading more actively and maintain the stability and the sustainability of

the coalition.

Key words: inter-regional energy trading, cooperative game, network flow algorithm,

Shapley value.
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HrOx 2 B T 2 i SOREATE H PR SRS AT AR ATT BT 25 ) T 2R S [X 8] AR TR 2 o AN e 4
B RSB A IX L5 IR A TR 1. A 8 R X U R A AT 45 ] LUAS 21
ILPUE =R (SEEATSIE

(2) H1FEIHZE

SRR FERE R TR 1 — DB RER > SRR 2 B T Rk
TR DA S 22 B A0, 1 EE ORI R 28 3K AR 2 G A A FD 1) B A A 122
T 73 PO B o WO IR T CUAS DR i 3 s 0 PR 22 57 R o AN 2 DR L 32 BT A 452 1
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MARE RV ZH5EFHFNERET NS5 RA KA A, SiniEE s
DU 25 BRI R RS ARG N o PRl & 1 AN R B R A i s i m BRIV IE A
AR —— GRS A A BRI o OISR B S AR 2 e 43 G P 1] 2,
111 A /R ISR — A B B 70 P B IR R U s R 2P 20

(3) SRS ARSI RZER X 73

25 AR 5 7] DL — SO 3R 52 B L A O AR IR SR R T i 2 X 7> 5
R SIS EEA M EE R o, ARSI LRI )y, HH
(K2 FHBFERNL A N A LUA B SRS B AR, 2T H I 2 an
EHI R A FFANE R B0, X RE 3G e R AR Rk B 2 S As e
MifebrlE. M, AEEERIRRINE T E SRR AL . BTk, it aoh
IR EAF IR AR IR R R R L& V), 847 LA aloRs i 1R 1] 21 )5 # A
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BB EINT . FEARRIXAMAR T, SERZEIFAZ BN, SmfE Rt T L
PR E LRI

Fsg b, EHFERITRE CAFETFZ BRI S, BT 2R FAR
J1 BT DAl — SRR R 1, 38 U 2 DA ol A R i R U I . (B AR TE
B, I8 B FFEARAZ I R M R ISR Te R, IR 0 Bl &
(77 3 e BEAT 04 DRI JE SRR AT BRI o 55 3 AR il 2 s A 1 5
[T LA LR T HEIF AR I BTG 0 2 R B P BB I 26 B AL, AT 58 B 1 1l
FERAESIFSEZ MRS FI, X RBLZ 1994 9 o3k DURGHF 421
-9 PN

ARSCAERY o S B (2 A VR RAR DG ERE , FErh il R A B 5 AR A PR A
MRS . AEEZREIS AR SAF IR B A I ERA B 2SR EE1F
R E IR I AE B IR 7 Z 18] 2 1 A7 AE HL 4 2 AP ot 1 U B S AR 1L, T
B AEREZE BRI FE VIR ) A7 A2 I PR AR DR SR AR N — &R 20« a2
NEAREIERgEE RS, B 07 DR T MBI £ & B B R s 1 MR s,
B2 T3 1 H A AT B ok SRR I ] B9 5 T b EAC RN BEAT SE 300 A7 o i AAH
BN AREAE IR 0 A T B R

IR, MEBREAGR NZBAT Sy R LR P, fEBls g h, &5k
TERERSHRAEIE RS AR i, B, SRRt — B R AT A . A3
12 AR HL T A A T SRAR G BRI e B A AL A S 2 o, S0 ) A R IR AE
Gy iR A AR PR THT SE AL B AR e 20 I 1) R AT AR ISR AT

2.2 PLERAREY X v FB#EA

2.2.1 M RIER B

P2 B N IR ) — A B4y, IR E M 28 AR A I 3 1. TUE.
Harris T 1955 42 H 4 T4 T 2% o B AH I P O % H i Kk & el . D.
R. Fulkerson 5 L. R. Ford T4 Z4ER M 1% 0] @, [RI H I 1 AH O 1 X 2% 7 2
Wo MR —/MERRIE ST AU, AN ELE T EITE 208 75 28N H 214
SR SRR HAh, BEE NSRBI PRI R, P R ATIEE T £ .
N, @IS LR TR THEVEETT A A B V2 I . HAE A
LRI LR E.

(1) e/ 2 AL i)

$50 /)N Bl AL v L) A 0 A 48 0 A48 98 0 Js AR I i R B 9o A T, E TR I8

(10 e R, 3 SR DL S8 IC IR AT 55 N AT, B AR — M s i o a7 &2
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(2) AR A% A

T B is i ) /B, R OUE B SR B AE s A, TR I B/ B AR i)
T Ny B R A 1) L
(3) KL it

TR RE 77 A2 B ORI In) R O (1Y) B Ao 1% ) /5 ik 2 FH TG o8 HLANE SR I 28 37
] i R TS B R K.

I¥H] 28 s R i) 0 g LR P 2H A P4 Tl R, JHG 32 S 300 S AR 3 v ()3 i )
R B ) )1 ) R DA S T DA I e 2 Rl 2 A8t ol R VAR ) R I

FH T A SO R A B2 Y B350 20 AN 38 SR AT AR BRIRVH AN 08 B K, BIFE I 2%
TSRS B SR I E R R B A K . PRI, A ST U KA In) RN A2 ) 5 2 5 )
AT R AR
222 RAREIBEARE L

H b, PHRAR ) YR RV R 2 PR DL TG ) D) % PR TS AR v PR AR
I, HE 225 8 21 R N 2% B S I SE A BEONAR AT o 0 T Le AR B ARIRAS
1) 00X 288 ] — A DA LR AL 3 7732« 3 3 ) s i 400 PR 7 K R B — R s A
08 2% V2 At ol B — Yt s R PP 2% PR s TG i) X 2 ST R 4 o 1) DX 245 ], [ I 4
YT IR 28 3L 53 AL TR U Y R 1RV R R e ORI IR AT B 4K o 1271 SR FRAT TN e KA
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(1) M) HEE

s, B — 2 IR AR S BIL AT B M B4R, I ERAS IR — 2K 0 A1 1435
AN . 3G B L AR R TR R S AT AR IS B BN E, ERICE AR
BTGB b o 4 FROEEUEG ) B (1) &SR0, AR 7 il — RO R A
L R

O —MIG) B

BT G EUAE — G ) B SRR RO B IR R ) 1Y)« A B T i
IPANTR EE LR AT E IR B ZEIER LA, DRI e B A ) AR 3R A X
HZEIRFFA BGRE MEIENERE, HAE & BRI 1Al @ | Hg i
5324 Ford-Fulkson 5%, — P3N FiR:

stepl: B ZeXT AT S AT YIS ERE, IR ERORIRWIIEH Y 0 {4,
A RE SR G 3 — AR 2%

step2: AEHRTAR ML HIEA S BICA T M—K3 % p, AEEE], W
step3, M|, step5.
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step3: EXFRIGT BRI AR AN, e N IZAE R G 0 & 2w oK
¥ stepd.

stepd: HEHFFIRMLE G, ¥ step2.

step5: AT AT £ B NFTK

@G BRI

RERIIE T TAE S R A R IG5 T 2 EE R Al E R RN B 2
FE HR AR R B R AT AT R R 3G TR, R BRI AR
FH BB ARG, AR B 2 BRI . 1555 0 B R U, Hoh Bl Ahuja-Orlin £
TG 5% 5 Dinic SUEN )T TS RS R IR

stepl: B ST 25 5 I 288 R I 28 iEAT W46 4L

step2: A4 SR AR W28 5 2 RN 45, 25 2 IR I 28 HANAFEAETL R, BRI BV A5 R

step3: FFELEH TR R (BFS) X ZIRMZEIE T BRI AAFEIE T 1% .
BROIET TARfG, 2B B & et i R A B 5/

step4: % step2.
(2) TR HERERIE

Karzanov - 1973 4E42 H “TiEE 7 ME&, TR HERE BIR R YIN H T4 /2 M 2%
PHLZE r) @ b o 3§ B8 RE R ARG B EHEEIR A AT P 0B IE R B S E, TR TR
FHEHE B0 U S DV i 5 5 A v JEVREL B S SRR L i BT HE R AR A B bR
5 R AR T 9 B A 2 A AT o P AR 3 7 e ) 3 BT 8 A (R0 o B 1
FEHEAT 28, Hrp U AR A etk e (FIFO) Mg mibrS (HLPP).
AH g EbsS (HLPP) —BOPIRUWT:

stepl: IZH EMLCH R (BFS) TiALPFEAG 2IME Sk,

step2: W& SR RAH I FT A IR (Vq, V) IR AT LR R 28 25 5, AN b
CRNE I &b TGS ROIRR s RS BB

step3: FENLSERAF B FREE I AL a FFHHEIR, H3IA A b ZAF S h(u) =h(v)+1.

stepd: WIRPATHERERAE Z FTIAFAERTR, IBAPAT Eix 5 FK 3 E h(b)
mindh(a)} H4 RN, #5 step3s

step5: A PLFERAFIH TE AL, U B 4G
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N7 B

A 24 | O(nmU) | O(n’m) O(n’m) o(n®) o(n’Jm)

*®2-1 BURRHEE b5 MEc KRR R S . Hrd, Pin RoR9
B, Um LR, BV R iR E &,

75 B8 B AR SR 12 1) A A SRS R PR B L ) A, RJ I AR K 2-1, Diimice 592
FEDRE IR B e 1R [ B S S g £8Py DARAN 1 8 2% 38 B2 B30 FH DASK g AR S 5%
P53 e e

2.3 KRB

AR EA G 7RG b R B B A 2R AR RO IR R SRR o R R X R
WA S R UL RS A Rl e S SRR AT Y AR 5 X o BEAh, R
PELRRAT IR, B, 2 MR R B R IAUIRLA 70 B T g SR R T v et
FAEIFE R LN A AT 1 R R4
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F=F BEXBAEEREXZERSHE

FETH G REDEZN K RIS R, X T AT lEAE REVRAS &, AMN BB KA 55 B 3
B OR V] B AR BRIR AL 2 T Re 8 IR FFIE M RFEE Rk e o DRUtl, ARm it 77— 5
TE YRR X IR A] F A Be i i 28 Sy 1Y, L rp AR g % 05 — oA AT JF i
SFHIAVEWMY (Cooperative Protocol, CP) . B4 E M Sl DL A5 FE HL J Hinik il i
25 PR T PR AR BRIR FE T T & o %A AR W AT AR UEAE &5 BRI 3EAT €
W S ORFE 1 S PRI ) 23 WP AR BRI 20 ic U7 22 RE A8 AE 1A R Hh S I B U Y
HHECE . [N, JATAE G i FE s & 2 & AR G AT AR 3 5 50t DU
EAZ 5 R B2 ORI HA 78 A 2.

3.1 BXERTBEREIRR 50
3.1.1 [E)REEA

W 31 B, ASCHCE A BB N AR ISR, 5/ R B Bt
PIA0T AT P A RER A AR B TARAS , X TR g 37 A 4 i A 42 LI ) e AR
WIE, B kRe AL EE S W E A LR R AR . BASEEEE R — 1
KT HERHR, AR 2 B3R AT SN . FATHRYE B 5w LK
I TS A 1 e FR 7 SRE AR Gk L) R FLS AT AR BRI R FL P Bl A

# --- EER

“"J:‘r, //Tr"\x\\\\ -~ ’\\’ \\_\
74T S H - =
palh LT .
st ﬁ( £ Re )

B 3-1 185 DXH0RT A BRI A B s i PR
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iR L EE KH, AT R R B E BRI K BAIR T K L. SEPR B, AT
ARRURH) T HER, BB HH R BRI N TG R B K I AR
PRI, 24— X N 0 7 A2 FEL D 5 SR IsE, 056 I8 FH B B mT AR e HL ) 3 2
FOrL g5 oK o A AR REUR R GV A2 R R 43 B BT AT AR RE IR R L AN
e M R BN TR TR 7, X B H G RRON AT A el A 75 oK, 25 i 1n) 22 5 45
G FRE R 0 I

AL Gy ) L g2 BEAN R LI B AZ 08 s A B0 — AN 7 SR i i AT |
(Demand-Price Response, DPR). &EANXI0KT H & [E] 7€ FI4E 48 & HL) B 7= He
kg PTH A RRUR AR R & XA e 2 ik I Hod RS B IR S S8 m <2 5 3%
il e AT SEIN SRS IR YE B S O n) 17 g B W SEE R, AR5 S5 DPR 1%
R 2y Lt RS I 1) A X UK 484, fJe DPR 1737 2K B8 58 BG4 e
SKREIR 8] 2 AN XN, T T58 2 To i3 A2 B30 R 820 W25 18 3 FH X33 B B A%
GURHRT o A7 HE X 380 A ] P AR R R SR R TG R R 0 4 BB 52 ) 4 4 idid B 4 R
()42 1 e B A A0 TE K R R AT 18 22 Re IR 5 = IX 4, DA 52 B ) S RV RV 44 FF M\
HORAF R o o 2 XIS A AT P AR R U 75 SR G A A 02 AR 4 DPR K HE () 48 2
HATHAE, B VFRENAT 5 WIHE [ 4252 fL s, B AN VP NZE A
MBS X FERE RN T W NIBUR SCRF AT AR BE IR K R I A SR SRR
AT RETH AN EE S AT AR AR,  [RIINHE SRS 1R 5

FEAZA A R, 6T A B AR BRI TR SR X 980T &, 7T ADMIS T A& Gk Fi T 1)
W& EAT 2 Ty 5 3K 6 [X S 240 B B vy ) AR R 2 L 75 5K s 0 T AT
A REVR TR AR B XM, AT LA AR AN R 7, 5 0 BT AT A ARV AN AT ORI
B0 SR, XS XSO 2 2 B i % o DRI BRI AR 7 X 3805 BRI 4 AR X 38
FRIC L, DI SR FEAR 25 ) A G 25 B (R, (]I 3 A S VR TG R R 2t
FUFRTE . XS G A, 58 Gy g il b O AN A T BRI 26 2% 130 AT A B ) B U T
B DL 25 DX AT P AR REUE AR oK, T Hok 78 2 1R 45 B I A Lt T
BARGAER 28 A 3 B2 RO DT o Horh & AN IS 5 sk TAE S S 5y 4%
1) PO 422 F 5 DX 3l SEZ IR B A 1) S s B WY 8 S [ Bh A SE A MG L A 2 I IR
He B 7 2L S 5 N R 247
3.12 REIFFS RERE

R 3-1 AT S

N AR REER, N={L 2, ..., n};
S, W B PN A R TR R AL, Bz A S R
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D, PR | FE IR Bt 7 2 F T AR R AT R

P R B G v R L T 52 B LA

P TEI B t [ 3R A 58 5y b AR BN A28 5 v
P FR % | TR Bt T SCA RS B . HL py, = s
it FR % | FE I Bt F T AR B AT 5

M2 R BT LR Bt (R P AR A VR

M 5T ZEI B (T P AR AR

A JRR T AR Bt R AR G R BT R L R R

Cia Wb HR—RZSET, 0T T AE t I B AR 0 SRR L ROA

Ciy WeTFEAEIRZASES, OOt i 7E t B B AR 19 S B B ) A

Ji JI AT AE N Bt BEAT HL A58 By I IR 45 505 SR o B T AW a5
Ji JA T AN Bt BEAT L AE B I 1 IR T R Bl A e

3.1.3 BfreR#

BN G BT 2 A AHEE /N Bt 4R, FERE— Sari Bt , %4
DI ARSI 2 R EIN AR BP9 B E RS, A ZMA SRR A Bl 2t
A2 5y FFFRM o [, BATMB A R I BB B A B A HEAT 1) FRL 058 5 22 B AN i)
FMEARSL. T A EAE R A P B Tl E i, &4 XK & s /e S Pree ™ th
Y HL 77 22 T e DA -4 o SCIRD T A R A A P B i /N AR G i) H
TRy, BT OB SR Skt IR A B St AT I 58 i AL, 32 5 ek
T R IR 7 1 B B GERCR) AR o BRBIXE AR €I B AR B R A R Yk
Wi Kl D, &Ko, M4, X AER B P AR T A REIR R ORI, D,
NIEHL IR AR B A BN T AR RV RN, D, N
A DX T B2 1 H AR 35 2 ) B2 1 1 A AR S 2 AR RE S SR
HIR an ik BB e e X T4k T AT AR AR BE VR T SR A B AT 5 5 L 27 A
I X FALT AT R AR BRI A M A AR 53T 5, F 0 SN B . PR, AR
SORS AR IR R P X380 A I BEU BT 2R IR A2 5 Al i € H b R £
@h1gJDM (3.D

DX AT AERRYE R R, RID,, <0, NI45E 5k p, KT, H bR
A RAT LU, DX 3R 2 o [RI B, 24 X8 A ) A R AR SR I, B D, >0,
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W52 Gy kst B/, H bR e B2 R AT BAEE /S, XK B AT D o (AT,
AKX G RN TR R A (3.1 Fb k.

FH 8 IR DX 5 A X IR i 7 F D LIS, Hi ok A B B &
PGUR AT AL, A R AR BRI AR tIETR AN A - 1Ak T S VIR B A A
NP AT LASE L BRI A AT B3 5 LA RE AR B AT B ) A oKk G kD
BITF G A L) DURRECE S B R . (PR Do BT utl, ASSCREIX I 7R t i B
PRI 5 AR 3K BE T D (O JcAs - (I R > BEE A

g, =C,—C, (<G (3.2)

FUEBEUAR (3.2) ML RIS 56 FRLEE T H) IDERIE Y.
3.2 BEXERGRAMEL

3.2.1 E1EN R

F XE A i S A A R, JERIGAE, B XEEEA B S 3haS W
R RGBT OR # HIE T S 5 AR 5. AR W AR AR
(CP1-CP4) VIPRIEAEIR R o H BRI AE 5 A B b S22 Ry AT o AR o 4%
ORA SR F S8 DU 2% S AR T BURTF T2 .

CP1: SAEEAAME—— I AR ] £ 03 %0 58 B i RE TG AE AT 5

IR L RSG5 4 ) o R D S B LI, AN LS B, i S
SR RSO EE AL o AR KB R I R R B DS, AR
FoAth BAR B8 R 58 By i ) D3RS IR B, 28 S ) vt BRAR BE 8 JIBE T 1 A
IR 200t TG R A R L P S50 e 08— A7 A8 5 o DAL BT R BB B RS 5% 5 P B2 5 4
Yo Z AR 2R, AT 3 OR 7 Bl S B AL B

IR, IR NV XS R A ER R A R RS B S B L e S BER . B, 1%
BIMSCORIE AT — IR B K 53 2 75 8 ANIEK B PAY e Fe VR ik N A2 5 DA R i N 52 5 i DL S I
o3 RIEWE G IZ TP E S I o< HAR, P ORUEAR— R AE TR R
Pk ws 2 > 58wt KN R B SIS IE B 38 5 I RE P e R U 2 SR DL K
e 45 5507 RGBS TS B ook, . 22 5 fi R RERI S
WA Z 5 ERMRIRIEF & B GUL ) 7 A M IR AR N Ho ik
AEIRE, ISR S TR RER Ot R LB SN, UARESS5E
PRIRSAEAT 5 BAR AR I E U o Ao ANER, 52 5 i RERe A7 4545 JE it e 1y XU,
EPHEANR T ATN, RONEANZ 5 EEREYH H R S i, £HEE D
RIAT SIS, K275 & B HAN T 2 1 MR R R, AT 30058 S i R o A 21 B
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H&PE—

Mg i — PR AR R [R] — B B HE B 1 T A AR YR A A R (PANMEL, BRI SESE XU T
LG SRR AT 2 FRATTX R AN [F] )58 25 B, [)— B B 1l A (] ol 7 12
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A REEANME BT 7 SesET IRe I, X EME TR 5 5X T S E XK
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g
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B, MR R Z 50 A E il 28k . HECEBRR
A R UR B RIS, Z I BCRIE T A 200 R P SERRIR, R4S 2 508 A% A
| FRAEAH DU 2 & ) TR AT AR BEVR AT B . SEBR b, A Gy da il
AR R4 i FR R 68 20 75 SR Ao FL AT S BRI R S, 20 T R R R PR
FE[0,-D, J 2 18] o I B AR 51 i 3 REVR 75 SRIN, Z B iSCRRAIE & A 2 ol 3 AIBG B Hh
ERER, RN RS 5A T KT D, KRS, S2br A8 54 il O AR 4 B
L T HR AR AT T SR S AR A ER S . [FIRE, i BUE IR HIE[O0, D, 12

> v o y I\/Ii =]
@oﬁ$%¢§%ﬁ§,@wu%ﬁZMmﬂmwsD*ﬂ,wM%Es%m

ieN it

20



BT PHERPIRE

T, MWIRHLEIR R E AR (3.3) /R, TS, WL
AN B S Ja ARG R B R B A BB T, B R BRI
B B S s AR T ETTE, BENMEAS R,
BT SR R AT — 2Rl 5. Bk, MRS SREFASEZETL. B,
RE T VEARZS (0 B 1 2 G132 (RIS 25 S A2 v T T A Ak T B — AR AS 1 R 5 )3
(I 2 A

CP4: FAFKIIAN, BRE S AU AR . —— WL, BREAES
Py e, I AR S VR USe K PR B 1l S BRI N T 45 LB T

HRRIIREN, R AR ™ A2 LUR JLA AR 1 -

Casel: £ YHTHEHLIEAL T T AR RRIR A R IIRES, B TAMBALL k LRI FE
A BEUR AR RS EN I B I LU A % 2y 7 (0 mT AR BR VR, LD IR A
RFPEAE A K BTN B 5 5, 2B AR IR A T — AT A
REVR AL AR HPIRES o b NI B AN A K 9l FAE BB A RIRES, 248, B
k R Z I AT IR AL T — AT A R IR R AR RS . 45k, Bl

%4> D, <0, [[@(Kf > D,<0.

ieS ieSuUk
Case2: #7ATHKELIEAL T AT AR REUR A R APIRES, B TAMEA k AT o]
AR BRI RS HE NI B LU R4 T 43 R0 ) 7T PR B, LRI R A
TR FECE A B K IR S B B R, R R DR A T — AT
IR AR T HPRES . B
24> D, <0, FK > D,>0.

ieS ieSuUk

Case3: #7 A HIIPEELIE AL T Al BZE REIR FIOIRAS, MBI OL k b T rr f2E
REVR R IR A HE N TP I LI X 0Bk S5 e 520 B i I e 15 IR A 5 h A% 4t
M AR 5L T A BRI R, et IO B S, BB I AT
FEREIR 7 (RPIRAS A MR DA kb T A 2R REIRR TR A5 0 NI B I CURE X
JRIDE R B BRI RSN, BB, Fh T BRI B, 108 K AR T 5 L2
PRIUE R A K TN 5y s R BDIRAS AN R K g AT 25484k, PR ATS IH Ak
T AT H A BRI AR T IR o MRS K AT AT AR BRI AR, (HER
F8 3 2 LA R AN K SR R AT SR, BT IR BT 1H Ak T — AN P AR BB VR R 1)
K& ik, A

%>'D, >0, i > D, >0.

ieS ieSuk

21



Cased: #7 M HTIKIA BT 7] FAE REUE /R IR, AMERAL I Kk b1 7] FAE
REVE A A RS NI R I DUAE O 78 A2 1) B0 /R BK R BB A 75 5K, S8 it I B S
Gila, BRRABARCELT AT A REAE R IR B

%% D, >0, @K > D, <0.

ieS ieSuUk

2 B ARIRHR O K ARG i) IR B A%, p, AR BRAGEREE S Hh sk
SUEREAT A A REIRAC S I IAE A%, P AR AT k53 R B A 2 4
o [, FATL Ap Rasi 7 k FIAEGUR R T R HANAS 55 SR dn I B il A it
AT AR S ik 2 B 2218, BIAp=P, - p,, -

UEAt, BAT B M 01 k BENRER ), SRR T AR A R et 5 T
B Kk PR A SR A ZE Y £ B2 f = o —fs o Hi fo,
REHTEE k FBTRE Sk AR Efilat, fo ARBEMGE TR
frafEdat, SARRBIRBKEMAES ={1,2,...,s}, SUKRELFIEE k BA K
WA S Uk ={12,...,5,k} .

NT XM SEAE S 8, FRAT2 fgp,, BB S 7 A2 R I L 25
fooon FNIRHE S HP A BB IR AR s oy py FRRIEER S UK A7 AL (R SE A2 5
fooeen TRORIRHL S Ukt BB et . BEAh, AT b s AR A FTZ 5

g i) R TS B EONAE T BB, T P ={R, By,..., Py} ARR B A
GUR ) RIS

XtF Casel —IEHBLLLR 3 AL

OB k N AR TR E, HEARGUR ) 4 i B T IR

TG

=P, <p,,, FF0<D, <|Z D,|

ieS

7% 2 D, :Dkyt+ZDiyt <0

ieSuk ieS
fS,buy =M, x(P, - pS,t)+ M, x (P, - pS,t)+"'+ Mg, x (P, — pS,t)
fsen =M+ M, +..+ Mg, + Mg)x pg,
fSUk,bUy =M, x(R-R)+M,x(P,=B)+..+ Mg x (P, —R)+Mx(P,-F,)
f =(M;+M, +..+M¢, + M +D, ) xR

Suk,sell

R.‘. f= fSuk,buy - fS,buy + fSuk,seII - fS,seII
M f=F-P-P+ps)x(M +M,+..+ M ) +Mgx(ps,—PR)
=(ps,t_Pk)X(M1+M2+'"+Ms)
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