18 8 Vol. 18 No. 8

2015 8 JOURNAL OF MANAGEMENT SCIENCES IN CHINA Aug. 2015
)
1 2
(1. 430081; 2. 430072)
: F724.59 DA : 1007 —9807(2015) 08 —0001 - 11
0
. Blum *
. Bredin ’
1 .Wang *  Gerding "'
8 -11
2-4
S . Miyashita "
. Huang ° 7
o 1 2013 -07 -23; 1 2014 -09 -02.
: (71071119; 71231007) ; (14G114) .

(1983—) . Email: 16174208@ qq. com



— 2 — 2015 8
N 4) e X q;
A d, <
a; +A
2 1
w, =(225) w, =(01
8) 2 w, =(12 -
4) 3. 1 2
2 5
1 2
0; 2 0 1 2
8 0 1
0; 3
1 2 3
-4 1 2
- oo
5) Q=J]02 0. =] 2 o = (
iex A jex
w, ) elwo,=(w " w0, o,
) e, o teT
t a)(_ig') l
teT teT
1) N
T ={01 t o} 6)
2) X
SeX BeX i
i 1.
| S| >1 | B| > 1. 1 Do x o,
3) ie X ;
7 Mo) ={o, =(a, d 2)1ieX
w, =(a, d, v) e TxTx (v, v,) = ) . -
o d ; - a;, < a, <d, vie(vivi)}g.(li
3 U; i a, d, 7) .
v, <0
v, >0 £, i
o, ; Q={0"11eTieckX}
; o M={M"1teTielX} (Q M).

QE[)(w(St)) e N Qgt)(w(st))



8
2 4 ) (1)
ML('t)( (Sf)) c R ME[)(a)(st)) < _
M (0'=) i ! c(2)
MY (o' =") 0
ML(.')(w(S')) i t
Qlw) = Y 0" (')
te a; d;
i T
M(w) = M (o' =") 0 (o' =) i
te a; d;
T Y
8)
" (Q M) i
w;
Ulw) = 00w 0) - Mo o) ‘
! w; € A w) 2 ieXwe()c:)ie
R N A’(a)l) w’—i € A(w—l)
U =2.0(w -M(w o ~ A
L$ @) vbQL( @i wﬁ) L( @ wﬂ) Ui( w) = ”iQ;,( w; wﬂ') _M;( w; wﬂ') (4)
o, eo) = ] Mw)
jEijeX
2
2.1
3 e X wel
viQ;(w) _M;(‘U) =0 (5)
(LP)
max 3 { 00l (o) -
t ita;<t<d; ieB
(CNINE) )
i:aiszs(liieb'ylot (o) } 4 VieT Vo €
(1) (=<1) (1) (=1)
z ng)(w(st)) -0 VieT (1) ”sz,; (0 =) 0" (0 ™") =0 (6)
iiﬂ,'StSrii va;sSt<sd;
00'™) <q VYieX (2
teag d; Myerson  Satterthwaite '3
0V (0'=") =0 VieX (3)



— 4 — 2015 8
: : 4 g =q-Q" (') t =1+
1 teT
X" ={ilieXte a d v
(LP) (N (.=
6 > 7E{max(dl;r—l§l)(§} e t-1} K (w ) 4 ;é 0}
EU) = 2 4.
ZviQi (LP) t ie X!
ieX (1) (=<1)
C > 2 3
(LP) Eff{ LP) 0 f”q) ‘ (wm )(q)
EM U) /Eff{ LP) . Mo ) (™)
2.2 i e X" v, < (')
ME')(a)(st)) 0 Q(Z)(a)(g)) =0 i ¢
’ i X0 M (') =007 (') =0
CEI)((I)( sz)) c R ME[)(w( sr)) Qgt) ( w(sc)) M =
5 te a, d; q;> Z QE')(a)(‘ {Mgl)ltETiEX} QZ{QE €
t'e a; t-1 T L = X}
() (=<y) .
o> .
vi ye(max{drlr}il)(()} [71}{Cl (w )} Le
X teT t
T
1 0V (') = 0 :
MO (0'=") =0:=0 t =0
' ={ilieX0e a d }. T
2 i e XV v, > 2.3
4 (') i P ()
7) (=<1) _ , () (<y .
M (w ) B yE{maX(IE?Z(()} t}{ci (w )} 1 b b (1) .
3 . v; q; U {i}
SO =Lile, > (0 =) v, <0 ie X"} jeBOGt U
XU U {i} leSn (XY ulil)

BY = {il v, >
cl(.t)(a)(gt)) vi>0ieX(ﬁ)}. Z qu

ies(d LEB(
ies 0V (=) =g,
i e B 09 (0= =q -
13 I3
DZ q; — Z q;U .
) iestd [ , q; = Z q;
0 ‘B(z) ‘ O ieSt) ieB()
. (1) (1) (<)) — _
i e S Q" (o'~ = ¢,
2 2 . B(!)
]ES(/ ieB() E 1 e

O \S” ‘ O
Q™) =g

b b b
v >V, > vy >



8 — 5 —
3 1 1 (
k r k r
b s b b E
,UrB_v‘;cB,Ur+l 1)/2_1};\*
k-1 v k (8) r-1 k r
s b s s b s
0 < D4 S Y4 G < D9 < g
= i=1 = j=1 =1 i=1
ieS (' =) =4 i eB
-1 k .
(D (=) = o NP SN 10
i 2 4G < Y aS D (10)
) ) ( j=1 =1 j=1
) L 2 . 3
: (1) (=<1
VieX " (0=")
r
(1) (=)
s > b = s cz (w )
Uk+l =0V, =- Uk
r-1 k r (9) 1) 12
b s b .
¢/ < X4 < 24 ,
i=1 =1 i=1
3 4 3 4 2) t
A
o)
k&
i
i b b
: Op_1:9pp)
- e e
Aty
|—,(’Vls:"11§z)
i
; b b
: (—17;71,q;71) i Opdyyy)
1 —
[ -
& 1
(*"ls,ql) '
e
1 1
Fig. 1 Matching graph about case 1
A
i oP gy
i
b
: o)_4_p)
: CVer19g41)
0P
Cpap)
P !
Sy RE Y i b b
! T Gy)
1 r+1°9r+1
— ; L
i
5. :
i

2 2

Fig. 2 Matching graph about case 2



— 6 — 2015 8
A A
BrA& | by i | ora>
i ;
' b b i
i Cradr) ‘ OF gy
074 o)
i i
_______________________________ S e
) Cpa)
; i ; .
: (Ve_1:9p—1) : DO :
s i B 1
] 1)
1 1
o) : ) :
i > ] >
&= &

3 3
Fig. 3 Matching graph about case 3

3
1
w;, =(a; d; v;) € ieX
(;),- =(a, d, ;l) e Mw) ;i#vi
w,eMw,) w, e,
1.0 (w, w,) ~-M(w, o) =
0.0 @, 0,) -M(w, o)
3 1
l w; t, = max{d, -
A 0} v, < CL('”) ((:)1 w(L\rl))
(o, ) = Zd 0 (w, » ) =0
Mo, w_) =
M (0, ') 0 (0, 0 =7) =0
reard;
i T 0
(:)l- ;i > v, 131- > ¢ (c?),; ')

0w, 0) = 3 0" (0 0 )#0

te a; d;

et (c:)i 0!

v; >C§[]) ((:),: w! =)=,

—i i

4 4

i [ -

max
ye{max{d;-A 0} - 1}
i 0.
”iQi( w; w;i) _Mi( w; w;i) =
vLQi( (:)L wﬁ) _ML'( (/l\)[ w,L)
Mi( w; w;i) =0 i 0
”iQi( w; wl—i) _Mi( w; w;i) =
,0,( ‘:’z a);[) - M( (:)i w;i)
2 L w
t, < d,

v; > max {057) (w; wi_sv) )}

ye{max{d;-A 0} - 1}

0 (0 0! ) >0,

te a;
w'™) <yq, i, +1 < d,

Do o)} =0
7e{max(dir{lAa())(} t]+l}{0l (wl @ ) } =Y
tl

Ql('t)(wi wiét)) =0
te(t) d;
LZ)i 1A)i > v;

Z Qgt)(w,: wi’gt)) = z QEZ)(C:’L‘ w}isz))
te a; 1y te a; 1

Z M( w; wiig)) = Z ]Wz('t)((;)i wi‘g))
te a;l te a;t

- O 1<v)

v; > max {ci" (0 07" )}

ye{max{d;-A 0} - t1+1}

QE[]+1) ( C:)i w'(.St]#»l)) 20

-1

{0 ')} =0,

0< Y 0w

o, v, < 0w, ;) =0



- 7 -
MEZIH)((:),; wLStlH)) — w’. it e ai &l)
~ ) p (%) (=)
max (@, 0 5"} =, i 2 yelmatdia o - z}{c" (0 07)}
ye{max{d;-A 0} - t;+1} ’
Y 0w, 0F) #£0
i t, +1 0 ~
te a; ay)
Olw o) - M(w o)) = N N
00w, 0) - Ml o) = N .o
10w 0.) -M(w, o A (<
LQL( i L) L( i L) 2 Qf( w; w—(i<t)) - O.
w; v; < v; te a; :;1)
l e (Ali d; Qz('l) ( (:)i wiigt)) #0
UiQi( w; w;i) - Mi( (F w’—i) = ’ ~ ¥
R ) . ) Cgt) (o, wfist) ) = Cgt) (o, wEisi)) v;
”iQi( w; w—i) - Mi( w; w—i) max {CEY) ( w(sv)) } a,
3 l . ye{max{d;-A 0} -1}
1, <d, d. t e a, d,
2 QE[) (w, 0 ") = q; Mt)(wi wl—i (SI)) = max {CEV)(wl wﬁigy) )}
refan CoT ye{{d-a 0} 1}
(:), ;,- >, < max cEY)((:),- 0 ™)
ye{max{d;-A 0} - 1}
2,0 o, w;i) -M(w, w;i) = = ]Wf')((:)i w}ist))
O(w w.) -M(w o. () (< ,
v,0(0; ) (0 w) N L Tl
) <. . N aAoA
@i TS t € @ a) te ad
- ’ M’)(wi wiiSI) ) = max {057)(0)1_ wjisw)}
UiQi( w; w—i) - Mi( w; w_i) = ye{ma{d;-A 0} - ¢}
N ~ < N =
v; i( w; a)—i,) - ML( w; wﬁ‘) = ye(mﬂ{rg?dxo} t){cl ((l)l w_; )}
w;, = (a; d; v) = M (0 ')
l C;i = (a, 4d, ;,)
2,0, o, w;i) -M(w, w;i) =

2 Qz('t)(wi wzig;)) = Z Qgt)(‘:’i wiigt))
~ . ~ . te a; ;,- n
v; i(wi (U-i) _Mi( w; w—i)

te a; d;
1 w;, =(a;, d; v, . .
. . v; 2 le)(wiw(—ist))_ z Ml)(wiw(-isl))x
i w; = (a; d; v}) telq 2,-] te L q ;i]
2 Qgt)(wi w,(j[)) =, 2 Qf(w: wft) -
re o d,
w;, =(a; d;, v,) € ieX R .
. . Ao Y, Mo, 05) 0w, 03)
w;=(a; d; v) el w,) a, d; © e
a; d, w,eMow,) w,e, i w,
1.0(w; w,) ~M(w, o) = Z QEI)(wi w}f”) #0
0.0.( , w’l) - M ‘:’; w_) te(d; d;
1 i



— 8 — 2015 8
(d, d,] ' !
. i
2 Qgr)(wi w—(i\t)) =0
Ie(;l di A
Y M (@ =) =0 a; d; C a, d,
te(d; d; 1 w;, = (;lz di Ui) c
M w;)
UQ;‘( w; w-z) _Mi( w; w—i) =
~ . Ule( w; w—z) _Mz( w; w-l) =
10w, o) ~M(w, o)
2 i . 10w, w) ~M(w, o)
~ 2
t € [ai ai)
. - . >
max {CE‘Y)(CU; wflsy) )} > v, lel( w; w—t) Ml(wl w—z) =
ye{max{d;-A 0} - 1} A
Q([)(a)- w!=") =0 v 0o, 0) -M(w; w.)
(:)i t e &,. &i
%Qi( w; w—t) _Ml(wi w—z) =
(0 A= = . A
X fe (o w77} = 10w, ) ~M(w, »_)
ye{max{d;-A 0} - 1}
max {CEY) ( w; wiéy)) } = v;
ye{max{d;-A 0} - 1} ~ . ~ .
U;( w) = UiQi( w; w—i) _Mi( w; W_;
0 (w 0'™) =0
Ao 2
a; d;
lei( wl w*l) _Mi( a)l w*l) = L = X
1.0(@ o) -M(w, @.) =0 teT v, > max ¢ (@ =
O, ) =M, o) T w e {7 (0f))
w;, =(a;, d; v) ¢ 0V (' =)
l ‘:)z:(‘;, d; v) ‘Alz d, & 0
Mt) w(S') — max 67) w(\) <v
ai di ! ( yef{ max{d;-A 0} - t}{ ( )} g
ULQi( w; w-L) _Mi( (OF w’—i) =
v,0,(w;, w_;) —M.(c:)v w_.) (v =M (017)) Q1" (') >0
t T v, =
2 w; = (ai d; Ui) < 1
R . . max {cgy)(w(Sy))}
i w;, = (a; d; v) a; d; € a, yetmaxdi-a OF = G (=
13 <t
d~ 4 Qi (w ) = 0
l MO (o0'=) =0
1 (v, -M" (=) 01" ('=") = 0.
l T
i e X thl(w) _Mi(a)) =0
N . 3
w, =(a; d; v;) e & w, = (q

d; v) e Mw).



LS - 300 (@) =0 M () 0 (o <) +
ieBl) iest) ieB()
‘ ‘ M (') 0 (0'7) 20
Q(l)(w( st)) =0 ng)(w(sl)) =0 ies()
iaisi<d; . L
O (=) M (o0'=) =
, icB W) ies 3 M) 0 () 20
M=) =0, W+, =0
t
i MY (o'=") = 4
et 7 (@7
t T={0123}
M (0" =) + Y M (0'=") =0 A=2 5 5
ieB() ies()
1
1
Table 1 Bidding of sellers and buyers
1 (01 -1.7) 5 1 (02 2.9) 4
2 (01 -2.1) 2 2 (02 2.0) 3
3 (02 -2.0) 3 3 (122.2) 1
4 (13 -1.9) 1 4 (132.8) 1
5 (23 -2.6) 6 5 (021.8) 2
1) t =0 t =2 t =3 .
(01 -1.7) (01 -2.1) (02 - 2) 1 (220-1.7) x4 +(1.9 -
2.0) (0229 (0220 (021.8). 1.7) x1 =1.4 1 (2.9 -2.0) x
(') i € B 4 =3.6 4 (2.8-2.2) x1 =0.6
A(0'=") = 2.0 i e S ') = 0 .
2.0 AV (0'=") 3) 0 (2.0-2.0) x4 =
1 1 0o 1 (2.2-1.9) x1 =0.3.
1
2.0 1 2.0 4) [ =0 Z ngo)(w(so)) _
0. 1 4 ;<0 icB
1 4 . 1 Y 0%0') =4-4=0 =1
4 <0ies
! _t1= 1 | "o (01 i:zt,jSIieBle)(w(sl)) _i:a,-szl'iesogl)(w(g)) =h-b=
-1.7) (13 -1.9) (122.2) (132.3) 0
1 1 5)
1.9; 4 1

2.2 0.



— 10 — 2015 8

(-1.7) x4 +(-1.7) x1+2.9x4+

R 2.8 x1 =5.9. (LP)
A(wi) :{wi:(ai di Ui)|ieX 6. 3.
<o <d<dic(ni)}Ca 5.9/6.3 = 93.6%.
1 w, = (01
-1.7)
1. 4. w =(01 -1.3)
1 =0 1 1 =0 e
t =1 4 1
(20-1.7) x4+ (1.9-1.7) =1.4;
0, =(00 -1.2) t=0
1 t =0 4
(220-1.7) x4=1.2<1.4 @ =(01 - 5
2.1) @ =(00 -2.2) @ =(11 -2.6)
w =(11 -1.4) 1
0. 1 .
2 w, = (02
2.0) 1)
0. @ =(023.0) @ =(01
3.1) 2 t=0 3 ;
(2-2.9) x3 =-2.7<0, @& = 2)
(021.0) @=(0111 @ =(123.0) o
w, =(121.2) @ =(1131 @ = 3)
(1117 @ =(2231) @ =(22
1. 1) 2 0. ;
2 4)
6)

Hajiaghayi M T Kleinberg R Mahdian M et al. Online auction with re-usable goods C // Proceedings of the 6th ACM
Conference on Electronic Commerce New York: ACM 2005: 165 —174.
. J. 2003 6(5): 34 -39.
Chen Jian Chen Xilong Song Xiping. Comparison of group-buying auction and fixed-pricing mechanism J . Journal of
Management Sciences in China 2003 6(5): 34 —39. (in Chinese)
. : I 2006 9(3): 31-38.
Du Li Hu Qiying. Study on bidding strategies in online auction J . Journal of Management Sciences in China 2006 9
(3): 31 -38. (in Chinese)
J. 2011 14(12): 1 -16.
Wang Hong. Optimal mechanism design for multi-unit online auctions J . Journal of Management Sciences in China 2011

14(12) : 1 -16. (in Chinese)



5 . “Smith 7 J. 2003 6(1): 1-12.
Zhan Wenjie Wang Souyang. Review on the Smith’ s mystery and development of double auctions J . Journal of Manage—
ment Sciences in China 2003 6(1): 1 —-12. (in Chinese)
6 Huang P Scheller-Wolf A Sycara K. Design of a multi-unit double auction e-market J . Computational Intelligence
2002 18(4): 596 -417.
7 . J. 2004 (10): 110 -116.
Yin Hong Wang Xianjia. Design of mechanism for online double auction: Theory and implementation J . Systems Engi—
neering-Theory & Practice 2004 (10): 110 - 116. ( in Chinese)
8 Blum A Sandholm T Zinkevich M. Online algorithms for market clearing J . Journal of the ACM 2006 53(5): 971 —980.
9 Bredin J Parkes D C Duong Q. Chain: A dynamic double auction framework for matching patient agent J . Journal of Ar—
tificial Intelligence Research 2007 (30): 133 —179.
10 Wang S G Xu P Xu H X. Truthful online double auction for spectrum allocation in wireless networks J . IEEE Transac—
tions on Computers 2010 (6): 1691 —1702.
11 Gerding E H Stein S Robu V et al. Two-sided online markets for electric vehicle charging C // AAMAS “13 USA:
2013 986 —996.

12 Miyashita K. Online double auction mechanism for perishable goods J . Electronic Commerce Research and Applications
2014 13(5): 355 -367.

13 McAfee R P McMillan J. Auctions and bidding J . Journal of Economic Literature 1987 25(2): 699 -738.

14 . Cobb-Douglas J . 2012 15(3): 54 -60.
Li Jun LIU Shulin. Multi-attribute procurement auctions based on Cobb-Douglas utility function J . Journal of Manage—
ment Sciences in China 2012 15(3): 54 -60. ( in Chinese)

15 Myerson R B Satterthwaite M A. Efficient mechanisms for bilateral trading J . Economic Theory 1983 29(2): 265 -281.

16 . M . : 2009.
Yin Hong. Theory and Method of Multi-ebjects Auction Mechanism Design M . Shanghai: Academia Press 2009. ( in
Chinese)

Incentive compatible mechanism for multiunit online double auction

WANG Ya5uan' WANG Xiania®
1. School of Management Wuhan University of Science and Technology Wuhan 430081 China;
2. School of Economics and Management Wuhan University Wuhan 430072 China

Abstract: In this paper we present a multiunit online double auction mechanism which can be used in the
market of dynamic environments for securities trading resource allocation on computational grids emission
trade etc. Firstly we describe an online double auction problem in which multiple agents arrive and depart
over time and bid for multiunit goods. Secondly we design a multiunit online double auction mechanism for
the above auction problem. Thirdly we prove that the mechanism not only satisfy individual rationality mate—
rial balance and weakly budget balance but also can induce agents to reveal their true arrival time departure
time and values. Finally a numerical example is given to verify the feasibility and rationality of the mecha—
nism.

Key words: online double auction; multiunit; incentive compatibility; individual rationality; material

balance; weakly budget balance



