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FERDEEE

- Ausubel (2006)MD#5 £ B4 (Zxt9 % Ascending Auction &
RERLCh AR AT DR m DN D IR
-hAABE# o HAEHE = MaME

- fRI RN AR %L = LbfhBEAER (H£&E )

- Lyapunov BE# dOm=/Mt = LethBE#E Om=/ME

A —=0ay = LadhBE#s/METILTX L
FHRER:

- BARDEEDA V3 DRE
(English, Dutch, English-Dutch, Greedy)
- =03 D RERELEEHT




A — 3 DFETIL
-BmODES N ={1,..,n}
- ZEmDEHEIEL1EEE

-m ADS & (bidden) TEGZHITED
-ESMEi=1,..m ONFAEBEL fi: 2V > Z,

~
i (X) —Emtyk X
. g - 4 D it i€ £
(B HBE) y
@




31 FH EE 2L D51

. DEETEHEYME100, FNLLSMIO (single-minded)

5 AF1((D:50, @:70, @:40, @:30, ®:100) (additive)
=Y¢))

E

e BEmtyk(@):50,2:70, ®:40, @:30, B:100) OH
—HRU\BERIZOMAKTE (unit-demand)
@D, 2, Q>HmREET0, (B, D, B> EE100

. BEHMEIKTE (symmetric & concave)
(12:100, 2D:180, 3D2:240, 4>:280, 55:300)




HmENARERERTERS

- A DM~V p € RY ﬁ_
- EE:-FESABRH VR >R O @
- Vi(p) = max{f;(X) — Xexpr() |X S N}

BB BEELAD() C 2" \
migpD T T
* Di(p) = argmax{f;(X) — Xjexp() |[X S N} 1353—4*%(:_,29&[/(,\
BmtybEk

{5l :p = (60,60,60,60,60)D &=

o AZA: DZEELHESTYNE100, FRLSMEO
> Vi(p) =40, D(p) ={ {1} }

« BXA: EAF(1):50, 2:70, ®:40, @:30, B):100)
=> V(p) =50, Dg(p) = { {2,5} }

o CIA BEREIKRTE(1D:100, 2D:180, 3D:240, 4:280, 52:300)
> Vc(p) = 60, Dc(p) = {EMmI2F1=1E 3}




s 1) 1T .
@& p DT T
- A DEESNTRIL p € R mOMLLY
- EE EEESED;(p) C N Aﬁ%t‘ﬂ*éﬁ-‘)
* Di(p) = argmax{f;(X) — Xiexp() |X & N}
- BE @RI END 7 EN (X, ..., X)) DRI 55 F 151
€> X, eDi(p)(=1,..,m) p* & ) {ih 4&

p
W& DT T :p = (60,60,60,60,60)D L=
%75{33%&0) * ATA: Dy(p) ={ {1} }
Emtyh » BSA: Dg(p) ={ {2,5} }
- J« C&A: De(p) = {ERE2EE3)

> p EREI{ {1}, {2,5}, {3,4}) [FFREHE



AR OMEE
8B = iPad AMBELEAYLED, OBRDRLEAHES

< - WA
s B9
£ w ®
E B

- B AR f;: 2V - Z, &
#H X B 1% (gross-substitutes property)Zi&1=9
€D vpeRY, g=p+ Ze,
VX € D;i(p), 3Y € Di(q)
st. X\{y}SY

D;(p) = argmax{f;(§) — Xjespi |S € N}




MR EZTm=9 AR OB

. DEETEHEYME100, FNLLSMIO (single-minded)

5 AF1((D:50, @:70, @:40, @:30, ®:100) (additive)
=Y¢))

E

e BEmtyk(@):50,2:70, ®:40, @:30, B:100) OH
—HRU\BERIZOMAKTE (unit-demand)
@D, 2, Q>HmREET0, (B, D, B> EE100

. BEHMEIKTE (symmetric & concave)
(12:100, 2D:180, 3D2:240, 4>:280, 55:300)




AR OHAREE

MAEE=Pad MELEAYL=0, HOBERDALENEFS

- EE AR fi: 2V - Z,1F
#H X E 1% (gross-substitutes property)& =9
€D VvpeRY, g=p+ Ze,
VX € D;(p), 3Y € D;(q)
st. X\{y} SV

D;(p) = argmax{f;(5) — Xiespi |S & N}

7E ¥ [Kelso-Crawford(1982), et al.];

fi [ TERBHEZ®-T D> HEHELHNEH

7 B[ E-Yang03]:

fi AR EZH-I € f; [IMMEZ | > BEFUAER




R 1EA—%2< 3> (Iterative Auction)

- WS (B LUVESD)ZROD=H07ara)L (L)X L)
A= FEEFEYRUMIEEEH
- SMEBITERSIN-FHRTIRTR.

¢ T:be, 33]4

IR D IEHRILIF(ZABAL ALY

initial prices p = (pq, ..., P»)
bidder reports all desired item sets in D;(p)
If 3 partition (57,55, ...,Sm) s.t. S € D;(p)

=>» stop (p is equibiruim prices)
update p. Go to Step 1.

ascending auction: p ANELFRIER EI [\ HRET T3
y

N
FERDIMEZELITS




Lyapunov EE%X (Ausubel 2006)

L(p) = p(N) + X; Vi(p)
Vi(p) = max{f;(X) — p(X)|X € N}
M&: (i) LIFLED2T Lp)+L(@)=L(pVqg)+L(pAQq)
(i) plE L DEx/IME €= p: BHEMFE
(i) L IXB#HZ/INEZDLD
p XL DE/IME €D OIXLOEHMAICEENS
LDEWD =1+3,(Vi(p) DS HE)

=1-2,;D;(p) N

FEDE

J

Ausubel, L. M. (2006): An efficient dynamic auction for heterogeneous commodities.
Amer. Econ. Rev. , 96, 602--629.



Lyapunov EE%X (Ausubel 2006)

L(p) =p(N) + X; Vi(p)
Vi(p) = max{f;(X) —p(X)|X S N}
M&: (i) LIFLED2T Lp)+L(@)=L(pVqg)+L(pAQq)
(i) plE L DEx/IME €= p: BHEMFE
(i) L [FEBEHZ/NDEZDD
Ascending Auction

Step 0: p := sufficiently small integral vector (e.g., 0)
Step 1: find X € N minimizing L(p + eyx) using D;(p)

Step 2: L(p + ex) = L(p) =>» stop (p is equilibrium)
Step3:p=p+ey, GotoStep1

ORr ORr P

Ausubel, L. M. (2006): An efficient dynamic auction for heterogeneous commodities.
Amer. Econ. Rev. , 96, 602--629.



BEENCHAEAT  (Murota 1996)

2FEHE B BT
Me&-convex / Le-convex
BERULO R I KL HE RS
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- Ausubel (2006)MD#5 £ B4 (Zxt9 % Ascending Auction &
RERLCh AR AT DR m DN D IR
-hAABE# o HAEHE = MaME

- fRI RN AR %L = LbfhBEAER (H£&E )

- Lyapunov BE# dOm=/Mt = LethBE#E Om=/ME

A —=0ay = LadhBE#s/METILTX L
FHRER:

- BARDEEDA V3 DRE
(English, Dutch, English-Dutch, Greedy)
- =03 D RERELEEHT




M"-convex Function (Exchange Axiom)

MA-convex fn: (Murota-Shioura 99)

Def: f:Z™ - R U {+} is M*-convex €=>»

Vx,y € Z™",Vi:x(i) > y(i):
Of)+f)=zfc—xD+f+x), or

(i)3j:x() <yDst. fO)+fO) = flx—xi+x;) +fFO+x:i — x))

T variant of M-convex (Murota 96)
_ y‘ i

i

)
-/




La-convex Function

Prop: Continuous fn g: R™ —» R is convex

€= mid-point convex:Vp,q € R", g(p) + g(q) = 2g (p+q)

Def: g:Z"™ — R is L3-convex

€= discrete mid-point convex:
Vp,q € Z", ?

gp) +9(q) T8
o) 1S

Ei




B AL ERATIZ K D Ascending Auction® #&HT

7E I [ E-Yang03]:

f, ITHE/BEEH-T € f [IMaMBEK
[ sz

TEIE: Lyapunov B8# --- Li-convex L(p) =p(N) +X;V:(p)

Ascending Auction --- La-convex B#&z/IMEDZER

% Tk

« RERIDEEFED /N>R Murota (2003), Kolmogorov-Shioura (2009)

+ BITOWE > RERETEOBREG/\VUE

7E I min {Hp* — Po”oo ‘ p*:integer equil.,, p* = po}
=> trajectory of p --- HEA~ADIRIEEK ]




Lyapunov EE%X (Ausubel 2006)

L(p) =p(N) + X; Vi(p)
Vi(p) = max{f;(X) —p(X)|X S N}
M&: (i) LIFLED2T Lp)+L(@)=L(pVqg)+L(pAQq)
(i) plE L DEx/IME €= p: BHEMFE
(i) L [FEBEHZ/NDEZDD
Ascending Auction

Step 0: p := sufficiently small integral vector (e.g., 0)
Step 1: find X € N minimizing L(p + eyx) using D;(p)

Step 2: L(p + ex) = L(p) =>» stop (p is equilibrium)
Step3:p=p+ey, GotoStep1

ORr ORr P

Ausubel, L. M. (2006): An efficient dynamic auction for heterogeneous commodities.
Amer. Econ. Rev. , 96, 602--629.



FDRMDA—9 3> T IV X L

- Ascending Auction (English)

- Descending Auction (Dutch)

- Greedy Auction

- Two-Phase Auction (English-Dutch)



Greedy Auction

Step 0: p := any integral vector

Step 1: find ¢ € {+1,—1}and X € N minimizing L(p + gey)
Step 2: L(p + oey) = L(p)=>stop (p is equilibrium)

Step 3: p :=p + gey, Go to Step 1

Thm: tight bound mln{‘l + Hp — pol‘ ‘ p*:int. equil. }
[Ip* = pol|.. = max{0, maX(p (l) po(i) | i € N)}

- merit M
- any initial vector can be used
- less # of iter.

- demerit
- non-monotone w.r.t. prices




Two-Phase Auction (English-Dutch)

Ascending Step 0: p := any integral vector

+ Descending | step A1: find X < N minimizing L(p + ey)
Step A2: L(p + ex) = L(p)=> go to Step D1
Step A3: p :==p + ey, Go to Step A1

Step D1: find Y € N minimizing L(p — ey)
Step D2: L(p — ey) = L(p)=>stop (p is equilibrium)
Step D3: p :=p — ey, Go to Step D1

- merit
- any Initial vector can be used
- almost monotone w.r.t. prices

- demerit
- much more iterations than Greedy

Thm: # iters = 3 X (# iters of Greedy)



Andersson & Erlanson (2013) ED 1%

- Andersson, T., Erlanson, A. (2013): ‘ gross subst. :
Multi-item Vickrey-English-Dutch auctions.
Games Econ. Behav., 81, 116-129

valuation

DFFRT—RA

- unit-demand auction: —Z& R\ item — D 71=[TZ7ER
- iterative auction D & 18

o301 B

-BEOTILIOVA L REREK

English & (Demange et al. 1986, Mo et al. 1988)
Dutch Z¥(Mishra & Parkes 2009)
- English-Dutch & @ iter. auction 12 =

1€l

D EFIE(E

i), BESRER(IC KD i



Andersson & Erlanson (2013) EDE{&:
BROHAFZRR

-BEO7ZILIYX L:

English & (Demange et al. 1986) ) HiIH Diter. auction
Dutch % (Mishra & Parkes 2009) - ﬁ—ﬁ%ﬂ:bf:%@
- English-Dutch % (Andersson & Erlanson 2013) -

BE 77 : over-demand, under-demand M AEET

-

GBI

= Lyapunov fn Z{E> TEZH# A A 68

° 1

F T R 1E

A

MICREAT HHALADIER

=> English-Dutch® 2%} 9" 5#5 & (Andersson & Erlanson 2013)



FERDEEE

- Ausubel (2006)® Ascending Auction ZEBUMERTDE @M D

HfE

- VAR o MAEME = MM

- R zh FABE 4 = LafhBaER (H1%TH)
- Lyapunov B8#t Di&/Me = LafmEdE Oim&/ME
- A—Di3y = LafhB#is/IMET7ILTY X L

- BROBOF—7 3V DIRE
(English, Dutch, English-Dutch, Greedy)
- A—02a D RIERI R




