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Dynamic auction mechanism of online peer-to-peer lending market

considering bilateral sealed bidding
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Abstract: Considering the bilateral market characteristics of online peer-to-peer (P2P) lending, this paper
proposes a dynamic closed auction mechanism considering bilateral sealed bidding, and provides two different
models. The mechanism satisfies the incentive compatibility, which is conducive to reduce the herding effect.
In this auction, the borrowers and lenders will take different response strategies according to different pricing
decisions. A numerical example is given to compare the mechanism with PPDai and Prosper mechanisms
respectively. Results show that the payment cost of the mechanism can be lower than that of either PPDai or
Prosper mechanisms. According to the urgency of demand, the borrower can choose different strategies freely
to obtain the loan.
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1<iy 1<i<y
ﬁm@ﬁiggWﬁn+A@wy1@ngn)ﬁﬁﬁjﬁﬁﬁAmﬁmm%ﬁ%%p@w—jé
IXJ IRJ
SRR T P(6) B(L < j < k), e ECH
max{p(H)} + A (P(t) - max{p,()}), 1<i<
Vi) =1 ’ @)
min{pi()} + A (P(t) — min{pi(t)}), j+1<i<k.
o045 R0 5 R R AR 2, 98090 AT R 260 L, A
s = 2.3 TR S A() > D, AR s SHISR LR, 1 B R — M 53k
t=1

s—1 k—1 s—1 k
N Ly, (IRHCA ar(s) = D = > A(t) = Y ai(s), FHBL Y A(t) + Y ai(s) = D. K2, EAREH
t=1 i=1 t=1 i=1

5" A() > DA AR P A A SR O T2 3R, S, AL
S R RO, HI 4.

X TR O AR B, 5 B 1

W3 A3 PIUER CD-DCA WU IIAFER L s = 2.3, T ik ASEHARIIS L
Sb5, B S A(r) > D AT SRR B (s) = {01(5), @3(5). .. o (5)) Fare A 9ihe, I
L LA AR, IE T TR 3)
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el 3 AR T, E BTN B2 5 SE I, AR CD-DCA ML 2 1 2 WU A B RHE K, I HLT G
I GER NI ELTERR O (s) = {@](s), ©3(5), - - ., pp(s)} MM BETME. B — 20, 775 B AR E L
KT, ATLMS RIS ar il 2 —Bumai R, BV 5 L 0T N IR SO A7 R AT &), 3824 CD-DCA L
R AR B (X AN T IE NS AR), (R i B 1 AR A 20 5 2 S i B LR R 2 RS &
Z, AGERNAR BT A AR ATE 1, SERAA SR MITRETHN 2 FH 5 H2), A4 CD-DCA Hlifil &%k
R A, IR N IR A B L5 TE, Al 3 f45 185 it 2 AL, EDBUBIAHZ #) CD-DCA HLAI A7 7E ) 78 73
ARSI BRI GTFIOE A AT B, ZERAIEAE T, il 3 25 T 58 A% B PR T REAT 9, AFEAEGT
NIRRT AN 27 > SRS
3.2 ASEREE ST

N Tt BARVT CD-DCA B 40 32 500, R LS (0i(¢), ai(t)) BATHIRIK 7347 o6 B F A0 P R
Bof Hd F(ai(t)) A f(- Jaq(t)) 70 MR NSERNAERCHUN a; (t) I 26T 20 A bR AR 3 158 bR AL

PRk, 4

F(bi(t) |ai(t))
f(bi(t) |ai(t))
[ T BT B aq(t), i (8) 5T bi(t) R AR, 3T FTE 1 b,(¢), 0i(6) KT a;(t) RAIER A IS0 R R
TEMREL V() = @i(t) + A (P(t) — i(t)) T BB EE ST R E N KB E AN RS TE T 3032 5.

BRS 4\ =00, AEERI TR AR ERE N of (t) = (b7 (t),ar(t)), HHH2E 0 < af(t) < D,
P < b (t) < P W EE NN VL) = oi (1)

HA =00, Vi(t) = wit) + A(PE) = pilt) = pi(t), BB 59 38 by 5 e 42 Bk T 523K
N L BISEbrH A @i(t) = (b:i(t), ai(t)). B ui(pi(t)) = ai(t) (Vi(t) — ri(t)) BARTERN L; BIFIHERECH
T A, X BN RIS 4 F S, B DO T EE R BERON L M5, wi(e:i(t) = ai(t) (Vi(t) —ri(t)) =
a;(t) (bi(t) + w(t)) — a;(t)ri(t), WHREE 0 < a;(t) < D, P < bi(t) < P AHELFE] wi(bi(t),ai(t)) 1
RAE. AW or(t) = (b:(), a7 (1)) 2 wilp(t)) B KAE M) &, XTI LA 2] A = 0 15 T
AN Ly AR TEbr SR0E & @i (t) = (b (t),ar(t)). Frbh, TEALR ¢ W Z, A5 2 h 68 3K N 1) de AR o s
N pr(t) = (br(t),ar(t)). FWUH T, A = 0 1ET T KT GE N TCIEAEN HAR BTN #0032 580%, T A BE
AN B B LM HEE 2 B KA i (o5 (8)), SXAETT DA — %€ F2EE_EA3E DR N 2 1A) R SRR e 445 3 58
A Vi) = @i ().

B 6 4\ =1 ERRIhFERNRIRIEIEIELL () = (b:(t),a:(t)) = P Hi5EkhnZ 5%, H
FEIXATERR AR NIRAE ), BT LASAR € th A Vi (t) = P.

BN =10, Vi(t) = i (t) + XN (P(t) — @i(t)) = P(t), BEIHBLE O TEhR S0 B TR RIRT P(1),
SN TERRH G TR,

— 5T, wi (i () = ai(t) (Vi(t) — ri(t)) = a;())P(t) — a;(t)rs(t), XEA 0 < ri(t) < P, P < P(t) <
P, bl (pi(t)) = ai(t)P(t) — a;(t)ri(t) > 0, BB BN AR TGV HE D F A BN 140 32 S, I 55t g )9
WG A B CECE, BRI A O T RC A B R B O S A

k k
55— 7T, AR AR R BN o(t) = ) ai(t) (R— V(1) = Y ai(t) (R — P(t)), BLl R T EK
AR v(t), AN R A S ns 242 it P E%_%lﬁﬂﬁ. B, A =1 H%_,lff%%ﬁwﬁ%kkﬁﬁﬁ%ﬁtmiﬁﬁ%
2L P ikt 2 54032, I HiX AR 2 SR SR LR, Bt LA B Vi (t) = P. AR, XS24 R 2 gk
TAEFRNS BN, AR ZE T B PR BHEMAS 2, B X = 1B R T RS2 st mg i n] DOEE ek N 2
EERESS A
BRT M0 <\ < 1B ARRERINBER IR RIG 2 UL b, (t) = PRI S 5405%, 5 ANk

@i(t) = bi(t) + = bi(t) + w(t),

%

\
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R, P IR S 5905, JFHRGRIEN N Vi (t) = P+ A (P - P).
B0 < A< 1R ARRSEFON B 58 AR HmE B BRI TR AT ERNAR A HE{P(t), @i},
& P(t) € [P, P Vi(t) = ¢i(t) + A (P(t) — ¢i(t)).
I ui(pi(t)) = ai(t)(1=X) (bi(t) + @ (8)) +ai(t) (AP () —7:(1)). 0 < a;(t) < D, P < bi(t) < P, WL
TCVET E RN, ASBEMRTE QAR AFAT 2 s (bi(1), a(t)) T ERKAA. ‘Ef )\F‘ﬁé%é @i(t) KT bi(t)
ARJRE BT b; (1) = P PSR SRS T2, AR RN BT AN LA b (t) = P 2 5403

k
MR o(t Z ai(t ) =Y a;(t) (R—AP(t) — (1= X) (b;(t) + w(t))), I TEi:H 5E 1%
i=1
ANTERRME B, KHJE?EZ"J%MEH%EU o(t) MR RAE. BRI, RN R et P rga i, ASEELIRAR SR 0.
BAEMA V() =P+ A(P—P).
BE8 HA>1 HT E R AFUE R T SR N B IR g 2 B b, (t) = P RN 2 5403, JF B35
RARIEN NV (t) =
N> 1, AR H, AR S BRI S0 bR FE i 32 L TSR AR AN HE{P(t), ¢i}, W
R P(t) € [P, P, Vi(t) = wi(t) + A (P(t) — @i(t))-

B wii(t) = ai(t)(1 = A) (0:i(t) + @(t) + ai()(AP(E) — 7i(1)), 0 < ai(t) < D, P < bi(t) <
eI JE T 2 5 N 5 2, BRI R AR 20 KA P 510 (0 (1), (1)) BRI SEARA I e 2
W oi(t) T bi(t) WARRRPEREL by() = P I, SEHSKBLYCH SFEms. B F R 58 5N 10 YR S
UL by (1) = P AT 2 55

fn &

k
S—Ji, v(t) = ai(t) (R Zal ) (R = AP(t) — (1= \) (bi(t) + o(t))), BBt Toik
=1
FETE J\Mﬂz B, AREMR I LR 2] v(t ) Eﬁﬁﬁjﬁﬁ. PR, (RN R BERR i PR A LSS Bl 5K
0. FRASE Vi*(t) = P.

é%é.\rﬁﬂ& 5 215 8 B, AU F45R.

22 TERAEHEET, LRI BEHON BEE I AH N 47 32 52 I AL s sems. o, M\ =0
B, AR IR N Be@ I of (t) = (b7 (1), a; (t)) SEImAR KNG, 249 A > 0 B, (R I bRk A\ A gl
‘Tb() Pﬁﬁwudi%‘ i b;(t) = P MRS 5802, SCOLRRERS, B A > 0 15T F i seplil
C NI T 1 A N o 4 1 1 e o -

B 2 FEUH T AR ARSI RIS A > 0 1 N i, (1553 ik B i
jUJcEI’JLI&c § R, [F] AR 7 AR SEALI AT DA — 8 R R 29 BN IR SR, AR T RS A RO
MIRA. HE—0H, X =0 80& X > 0 15 T HISEHLE] RECRIE T A SE 3N Jo i 0 21 Fo AR BE 3N (141152
M, BT LA, SRR 0 e A 1 B SR 2 B KAk B Ll 2 5 R 34k B S e, A 2 AR S A SRR ON 1
SEARE B BRI, SXRERIHLE AT DA — 8 R R o D 3RO\ 2 [A) () E FE 08, A4S BT A DR N R R R4 B
O I S A 100 A B S Y LR

4 HEIDISHR

T T O S B BT R A S ML BT I R B TR R A BR, 1A 5 D-DCA LI 4
S S AN S AT B R A RN B BRI SE N T = 6 d, HFATE to=1d NEAA—MEKE
A {500,Vi(t)} ZHa5E P2P WMEETEF- &, Hh Vi(t) = bi(t) + 0.5 (P(t) — bi(t)), & ek 2 /N EL
R RAHUN LR KA. 33— 0808, RN TERA D = 500 7o, 5 NS L1 % B AN IR EF
AAZ Bl P(1) = P(2) = --- = P(T) = 0.1, 7 Hi# & P(t) € [0.05,0.15]. B )5, 5k N & B A N &
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T FTA SRR N HENTR E P2P *F & 2 NIX A~ D-DCA #132; ¢ HAEAT B M BN I n MBI AL
HETBECAT a; () AR b; (). HE— P Hh, 7R B4 SE 45 RN A5 T A BRI 2 5 RO 6 A, 705
N Ly, Ly, ..., Le, X RLHASE RIS WIR 1 F7R, Le ABJE — NRIIHITHN, I BAFHEAERNELI 5.
FZ IR AT AT B A A DU IR 58 R 8, B DR 2 Foms.
x1 FARNERARNRIRES
Table 1 ~ All successful lenders’ bid combinations

a1(t),b1(t) az2(),b2(t) as(t),b3(t) aa(t),ba(t) as(t),bs5(t) as(t), be(t)

t P(t) D
L1 L2 L3 L4 L5 L6
1 0.1 500 (10,0.08) (12,0.12) (8,0.08) (10,0.11) (15,0.14) (15,0.15)
2 0.1 430 (12,0.09) (15,0.13) (10,0.05) (18,0.15) (15,0.08) (10,0.08)
3 01 350 (8,0.08) (12,0.12) (10,0.10) (20,0.15) (10,0.10) (20,0.15)
4 01 270 (20,0.15) (20,0.10) (15,0.09) (15,0.09) (20,0.10) (20,0.15)
5 01 160 (15,0.08) (10,0.05) (10,0.05) (20,0.15) (20,0.15) (15,0.80)
6 0.1 70 (12,0.09) (10,0.11) (10,0.15) (15,0.15) (15,0.15) (8,0.15)
®2 =05 BHETHENRH

Table 2 The pricing function in the case of A = 0.5

Vi(®) Va(t) Vs(t) Va(t) Vs (t) Ve (t)
t P(¢) D

Ly Lo Ls Ly Ls L¢

1 0.1 500 0.090 0.105 0.090 0.105 0.105 0.105
2 0.1 430 0.095 0.115 0.095 0.115 0.095 0.095
3 0.1 350 0.100 0.110 0.100 0.110 0.100 0.110
4 0.1 270 0.125 0.100 0.100 0.100 0.100 0.125
5 0.1 160 0.090 0.090 0.090 0.125 0.125 0.090
6 0.1 70 0.095 0.105 0.105 0.105 0.105 0.105

LA ML B 265 A5, 50451 T ) D-DCA LA 2 5\ = 0.5)t8 T Prosper fIFHSZHLEIN = 1),
FF M ITHR A HLHIO = 0), B4 D-DCA HLHI IS AT KA FH BRI H 4 WL Prosper (143241
HIZIEY (P(t), a:(t) < Y(Vi(t),a:(t)) < Y (bi(t), ai(t))), KRG ST A = 0 I T K
D-DCA #Lil, Prosper FUFHSZHLEIF 24T X = 1 %% F 1 D-DCA #liil, 3X ti5 B T D-DCA HLfilf1I 32 117K
SR N AT AR PR Gl 7 A N 1 4 2 LR [ T 2 1) 22 S5 ).

FE5IH, 24 0 < A < 1, D-DCA HUBI ST &R A M3 KT KR, 9 7 #— 5% D-DCA
BUBIBISE AT ARTAE A > 1 15T T IS I, R0 1 BR B Vi) = bi(t) + 2 (P(t) — by(t)), FFi e
UK K BUIN L1 . AR A SOOI ITE BHRONRE I R 8, BAR g 3 pos.

£3 A=2BETHENEHR

Table 3 The pricing function in the case of A = 2

Vi (t) Va(t) Va(t) Va(t) Vs (t) Ve (t)

t  P#) D
Ly Lo Ls Ly Ls Lg

1 0.1 500 0.12 0.09 0.12 0.09 0.09 0.09
2 0.1 430 0.11 0.115 0.11 0.115 0.11 0.11
3 0.1 350 0.10 0.08 0.10 0.08 0.10 0.08
4 0.1 270 0.05 0.10 0.10 0.10 0.10 0.05
5 0.1 160 0.12 0.12 0.12 0.05 0.05 0.12
6 0.1 70 0.11 0.09 0.09 0.09 0.09 0.09

A1 SR 2 193, R NG TR Ly RS

6
Yi(Vi(t),a:(t)) = Y _Vi(t)as(t) = 0.9+ 1.14 + 0.8 + 2.5 + 1.35 + 1.14 = 7.83,
t=1
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GBI Lo S Ya(Va(t), an(t)) = 8.255, AR Ly KA LA Yy(Va(t), as(t) = 6.12, 454K
A Ly WA Yi(Vi(t), aq(t)) = 10.895, % Ly (AN Ya(V5(t), as(t)) = 10.075, A5 Lg 1552
£ Ys(Vs(), ag(t)) = 9.415. BE— B4 B A7 ST N B0 S I Sl vl DAAS 248 3R ST T A7 2 . 498,
X B SAY 9 AN G4 BE RN B AR <, B AR 7R 22 SO B BT A 2 RS540 T 45 3R 3L E50 A A B
TRAE Y (Vi(t),a:i(t) = 52.59. Bui, a4z B 5 i S oL, RIS — Wt P(1) =
P2) = - = P(T) = 0.1, FRETT LA S 5 B3 AT A LB Y (P(2), ai(t)) = DP(t) = 50 . i
4% 18 Prosper Bﬁ%ﬂ%ﬂiﬁu, Hl 4 B DY SN & B IR 2 590 32, [RIRE AT DLGS HA A 3Rk ZE S A i i A ) 2,
RY (bit), ai(t) =Y > bi(t)as(t) = 57.56.

i=1 t=1

ZEEFR 1R 3/, R NG TN Ly BIESAT

6
Vi(Vi(t),a1(t) =Y Vi(t)an(t) = 1.2+ 1.32+ 0.8+ 1+ 1.8 + 1.32 = 7.44,
t=1

BPEEON Ly (BT Ya(Va(t), as(t)) = 7.865, BB¥E N Ly I8 A YVa(Va(t), as(t)) = 6.66, 4 E¥ak
N Ly WA Yi(Va(t), as(t)) = 8.42, % Ly W8 STAF Ya(Vs(t), as(t)) = 8.35, LH¥EK A Lg M543
i Yo(Vi(t), ag(t)) = 7.57. Bi— 5 B BEF M SO I A ol LAS BE S B B T 3. T2
BE Y (Vi(t),ai(t)) = 46.305. X i, 560 1 D-DCA FLEI K2 H RO = 2) 1R T4 5 s o
Hl(A = 0) F1 Prosper FIFASZHLHIN = 1), F 4 BEB 19 324 K F B & /N 47 40 55 8R & HLH A Prosper 4A 32
BB S A KTV (Vi(t), ai(t) < Y (Vi(t), ai(t)) < Y(P(t),a:(t)) < Y (bi(t), a;(t))). BTl 24 X > 1 i,
D-DCA LIS KRB X (KT /N .

5 ZRiE

H AT EIR 2 P2P W28 i D51 6 R 5 FE A AN IR, A6 45 X SR4A S WL JE i 3R MR NAT N AE B,
I HAESLPRIZAT 45 5y 2 R B IR NI SCAT AR . RVt 17— Tl XU 5 3 S A (R 828 50 P 24 2 (]
PRUGA 3 B2, HARAE T RIS F B T AR, o, 58— Rl B R HERA AR ) I T A S8 e s B AT
N, BN GTRN R A 2 5 B AOME 2., 0S8 BC AR P A bR SR R R 45 2. 38 — MR (o
JRAG ) JE B T 56 4 3 B 20 A5 2 0, RSOGO IR FCARAR A2 2 1045 2. 8 55049 0 i th
R, XL T B0 S R SO KB 2 R 2R (e A 5 R B A T e Ah. 45 il b, 723803 2 B (sl 4
FEOAWTIE KRR RE DTN S2 50 2 AN T i, SRR YN Te i SEE S B KA. BRI, X4
HEAASE AT DO FE B EHI 2GRN B, A AT FEARAE SN ST A

et i, MREE B 5 o i R AR A R E T 57 N HET B, BOA 780 5 R DTN A A e L JE AR X
S 485 1) 8, 7 SIS Hh AT BEAFAE — 58 1R PR, 5 St — B TR SE AR, (RN 255 R B3 4R SE AL 72 SE B
Hh R ORAF ST, TeVE WA SR B BEAT SUE 20, J5 SR HEAT SR8, T W BRI SN B 3005 SR A5
R A P AR B2 AT S L) R B .
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PSR 1(rimdl 1 1EH])
IERR AR R BEOR G, R4 € — M & F {D,V () Y BN, W 2 5 AR NI T K D RFFAAL, T 6T
AN Ly BRYE V() = bi(t) + AN (P(t) — bi(t)) FEPEHSLHIRAT bF (0) RIS BLH a;(¢). FrPAER SR BOEIT ] ¢ = s,

s—1 k
s =2,3,..., T 4, FiA B BERN SRS SO I AR MU UL T, IE B ERIRA, W > " A() + > ai(s) = D
t=1 =1
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SE(Ly BT AR AR ). X I H (1) AT AR B ERIR S %

max {b;(s)}+ A (P(s) — max {bf(s)}) , 1<i<y

Vi(s) =
min {b (s)} + A (P(s) — min {b] (s)}) , JjH+1<i<k,
JEHGTRN L; KRS ECAAT AR IR N

0, i>k
Cl(S) — s—1

t=1 t=1 t=111=1 =1
s s s—1 k s k—1
=> (VD) - (Vf O > ait) | - (Vi‘ > az(s)>
t=1 t=1 t=11=1 t=1 =1

TR, B PIGRN Ly R TR AN

S

k—1 s s s—1 k
S (v o) az-<s>> =S (v t)D) - (vf(t) Zzaim) — Y (Vi (s), ails)).
t=1 =1 t=1 t=1 3
H 15 2], D-DCA HLHIA RN L; BRSSO AT (EUE B AL 4) % T VOO S, RIS T T BN S 58RO
JT 7= AR A S AN AR (29), R D-DCA LI AT LUE S 88 S AT Siti— A VCG 45 52, i R i AR 21, UEEE.

MR 2(amas 2 1UEA)

IERR BTN A 25 18, R B0 R SR A DR O A A AT 8, 5 n] LIRS D-DCA HL AT I FE 45 3, 24 5%
N Ly BITTHIGINARA b; (), ZHT AR 7 5t 282 B(s) = (b1(s), b2(s), - . ., by (s)) &g — NI BN,
KHW Ly, € SN B(s) T E— NI BN, X 00 I AE 5 IR 5 B PR N AT BLIRAR B 2 W AR, XN B
N Ly FEFTA BRI BEHN A HHRN A AT RER T by, (), SR KIECHRE N 0. FrASTRN Ly R 4% 8 s Sk in T
AT, IF B B SR N RESR AL AT

BE— M, SRR Ly 2B Ja — DGR A B BN B, SEERON Ly A AT BE i B IS AN 3R A5 5 2 Ui &,
X SR A B(s) = {b5(s),b5(s), ..., 05 ()} BRAG I — AN GUAT ST AR, MBE SN O BC 00 A 2 %5 16 AR R ATk
N L; BIWSEE BREL Y (Vi(t), 7 (2)) /2 R T IR NBCAR v, (¢) FHASZ @A V; () HIRREL X8 SCPAR SR N I TR B AL AR &
X)) = {z1(t), z2(t), ...,z ()}, AEIGRN L FEWIH] s = 2,3, ..., T WIefAM TR TCECN z,(s), 2 z;(s) € X(s).

FH, & L ASEAEESN A®) = {a1(t),a2(t),...,ar(t)}, WEBERN L; TERTT s = 2,3,...,T AL ER
FLRUN a;(s), W2 ai(s) € A(s). HIT1E D-DCA HLHIH G\ 19 0050 B0 A0 A AT I #E 58 30 1T A0 B A0 R, P LAE 47 320
FE P RN TR A2 BE LA AL, A TEBCAEE & X () — B A& HEBAE S A(s), WL X(s) = A(s) =
{a1(s),aa(s), ..., ar(s)}. XEF, MR EFHBAERNPBEL R, WX TEELBFF RN L &, 2#idP2P F &5
DTS R B E [Yi(Vi(s), @i (s))] IR, 1IN, D-DCA B 73 e 1] 3

k
1;/_[?))(21/1‘(‘/1'(5): z;(8)) Pr [ri(s) < v(Vi(s))],
)i
ZS:A(t) >D
t=1

St Vi(s) = max {bi(s)} + X (P(s) — max {bl(s)}> , 1<i<y

Vi(s) = rniin {bi(s)} + A (P(s) — miin {bi(s)}> , J+1<i<k.
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BRI U SR GERN Ly AT 24 (s) 2 55640, AR
k

zi(s) =arg max > Vi(Vi(s),wi(s) Pr(ri(s) <7(Vil(s))),

Blei(s)]>D <

BERGEHN L LLESETUSE a;() 5 55680, WI#S

aj(s) = arg rI(la)>]<>D Z Yi (Vi ) Pr(ri(s) < y(Vi(s))) .-

K LA T AN B AR R, FAH RS 2

AB[Y;(Vi(s), i(s ( Zaz ) Pr (ri(s) < 1(Vi(s)) ) ( sz ) Pr (ri(s <w<vi<s>>>>

J J
= Pr (ri(s) < 1(Vi(#))) ((1—A>mgx{b< )} + AP(s )(Z Zxr<s>>+

k—1 k—1
Pr (ri(s) < A(Vi(s)) ((1—A> mgn{bxs)}HP(s)) ( EACEDS xi"(s))-

i=j+1 i=j+1
BT 0 LT, S A B 7 O B G B o () %0 O A O B
AR BT A B AR [Y;(Vi(s), zs(s))] > 0,Vai(s) # as(s),mi(s) € X(s). ZALATE R T Hif 0% 2 At b b 45 it
45 0, ST 0 A A }\iﬁﬁﬁﬁnﬁmﬁ B 2 B0 22 o S A, 8 0 R T OF R 00 Y BN L, o
B Yi(Vi(s)ar(s)] > BIYiViCs),w (s))) T8 2 HOAE 90 F 35 5 10 52 SLA 8 (o) J2 2 W 25 000 1 50, 40 2
5 A(s) = {a3(s), a3(s).....at(s)} E%&AM%J@ﬁE’U’HHi’J@Iﬁ S BL 0T 506 LA S 2 2, R
5 55 YT HE— e,

BsR 3(Amadl 3 UERH)

WERR R4 —AMER A {D,V;(0)} MEEE T, W2 MK NS KT R D REFAE, W3RN L; R Vi(t)
i (1) + A (P(t) — @i (t)) $-AHEAH B SRR 4(t) :( i (1), ai(t). X BEARGRBAT BT L, A ISER N @i(t)
(bi(t), a5 (), FHI a;() < ai(t), A 4T SR BELSLHIIR 5 [ SRR, #0 AT R4 S ML 1 2 SR AR 22 1) A
N, BERRN Ly BIEESEIESE (b; (1), a5(t)) = (bs(t), ai(t)), FFH BN Ly FSZHAR S SRR (14 31 R0 25 3 12

E [ui(Lpl(t)aﬁﬁQ(t)?'"79016(1"))} 2 R E [ui(wl(t)aﬁoQ(t)?"'7‘pi*1(t)7¢i(t)7<pi+1(t)’"'790]6(1"))}’
(bi(t),a:(t)) (bi(t),a:(t))

FTEA, 2(bi(t), a: (1)) = (bi(t), a; (), Wi

E  [ui(er(®),02(8),--so6®)]=  E  [uile1(®),p2(t), -, 0i-1(t), i (1), pit1(t), - s or ()],
(bi(t),ai(t)) (bi(t),a:(t))

Hui(pi(t) = ai(8) [Vi(t) — ri(t)], on(t) = (bk(t), ag(t)).
BRI, (01(2), 02(t), - - ., op (6)) R — D F4E, 7T LLAS B30 R B 1A S ML MU A AR . et E’Jﬁ%)‘?ﬂ%% FEH

s—1

SABUERSI] ¢ = s (s = 2,3,..., T) &, A M BERN (LA i O 1 T R IUSFULRL, W2 D~ Ar) + Zaz =
t=1 ]
S(Ly ARG AR RN, X, H1302) AT LS BIESEPRES I f i

mase {5 ()} + A (P(s> - mgx{so?(S)}> 1<i<y
Vi(s) =

min (1) 4 A (P6) ~ min (i ()} ). JH1< i<k

(F#: 411 D)



