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Abstract: Auction mechanism design has traditionally been a lar gely analytic process, relying on assumptions

such as fully rational bidders. In practice, however , bidders behave unpredictably , making them dif �cult to model

and complicating the design process. T o address this challenge, we present an adaptive auction mechanism: one

that le arns to adjust its parameters in response to past empirical bidder behavior so as to maximize an objective

function such as auctioneer revenue. In this paper , we give an overview of our general approach and then present an

instantiation in a speci�c auction scenario. The algorithm is fully implemented and tested. Results indicate that the

adaptive mechanism is able to outperform any single �xed mechanism.

1 Introduction

R e c e n t y e a r s h a v e s e e n th e e m e r g e n c e o f n u m e r o u s a u c tio n p la tf o r m s th a t c a te r to a v a r ie ty

o f m a r k e ts s u c h a s b u s in e s s to b u s in e s s p r o c u r e m e n t a n d c o n s u m e r to c o n s u m e r tr a n s a c tio n s .

De p e n d in g o n f a c to r s s u c h a s b id d e r s tr a te g ie s a n d p r o d u c t ty p e s , v a r y in g th e p a r a m e te r s o f th e

a u c tio n m e c h a n is m , s u c h a s a u c tio n e e r f e e s , m in im u m b id in c r e m e n ts , a n d r e s e r v e p r ic e s , c a n

le a d to wid e ly d if f e r in g r e s u lts . T h is p a p e r c o n s id e r s le arning a u c tio n p a r a m e te r s to m a x im iz e

a u c tio n e e r r e v e n u e a s a f u n c tio n o f e m p ir ic a l b id d e r b e h a v io r .

M e c h a n is m d e s ig n h a s tr a d itio n a lly b e e n la r g e ly a n a n a ly tic p r o c e s s . As s u m p tio n s s u c h a s f u ll

r a tio n a lity a r e m a d e a b o u t b id d e r s , a n d th e r e s u ltin g p r o p e r tie s o f th e m e c h a n is m a r e a n a ly z e d in

th is c o n te x t [ 1 ] . T y p ic a lly , th e d e s ig n p r o c e s s is in c r e m e n ta l, in v o lv in g r e e v a lu a tin g th e a s s u m p tio n s

m a d e a b o u t b id d e r s in lig h t o f a u c tio n o u tc o m e s . I n p a r tic u la r , th e s e a s s u m p tio n s p e r ta in to b id d e r s '

in tr in s ic p r o p e r tie s a n d to th e m a n n e r b y wh ic h th e s e p r o p e r tie s a r e m a n if e s te d in b id d in g s tr a te g ie s .

E v e n wh e n th e a s s u m p tio n s a b o u t b id d e r s c a n b e s u c c e s s f u lly m o d i� e d to e x p la in p a s t r e s u lts ,

th e p r o c e s s r e q u ir e s h u m a n in p u t a n d is tim e c o n s u m in g , u n d e r m in in g th e e f � c ie n c y with wh ic h

c h a n g e s c a n b e m a d e to th e m e c h a n is m . I n e - c o m m e r c e s e ttin g s in wh ic h a la r g e n u m b e r o f a u c tio n s

f o r s im ila r g o o d s m a y b e h e ld with in a s h o r t tim e f r a m e , s u c h a s a u c tio n s o n e - B a y o r Go o g le

k e y wo r d a u c tio n s , th is is a s e r io u s d r a wb a c k .

T o a d d r e s s th e s e c h a lle n g e s , we p r o p o s e a s u b s ta n tia lly d if f e r e n t a p p r o a c h to m e c h a n is m d e s ig n :

s e lf - a d a p tiv e a u c tio n m e c h a n is m s th a t c h a n g e in r e s p o n s e to o b s e r v e d b id d e r b e h a v io r . I n th is p a p e r ,

we c o n s id e r a n a u c tio n with a s in g le c o n tin u o u s p a r a m e te r , a n d p r e s e n t a metale arning p r o c e s s

b y wh ic h th e m e th o d o f p a r a m e te r o p tim iz a tio n is its e lf p a r a m e te r iz e d a n d o p tim iz e d b a s e d o n

s im u la te d e x p e r ie n c e s with d if f e r e n t p opulations o f b id d e r s . T h e m a in c o n tr ib u tio n o f th is p a p e r

is th e s p e c i� c a tio n , im p le m e n ta tio n , a n d e m p ir ic a l te s tin g o f a n a d a p tiv e m e c h a n is m d e s ig n e d to

m a x im iz e a u c tio n e e r r e v e n u e in th e f a c e o f a n u n k n o wn p o p u la tio n o f b id d e r s .

2 An Adaptive Approach

T h e s tr a te g ie s e m p lo y e d in a n a u c tio n b y b id d e r s a r e o f te n u n k n o wn to th e s e lle r . No n e th e le s s , th e

e f f e c tiv e n e s s o f th e a u c tio n m e c h a n is m c a n v a r y d r a s tic a lly a s a f u n c tio n o f th e b id d in g s tr a te g ie s

u s e d . I n s e ttin g s in wh ic h a la r g e n u m b e r o f s im ila r a u c tio n s a r e h e ld , it m a y b e r e a s o n a b le to a s s u m e

th a t th e b e h a v io r o f b id d e r s r e m a in s s o m e wh a t c o n s is te n t, s u g g e s tin g th e p o s s ib ility o f le a r n in g

a b o u t b id d e r b e h a v io r th r o u g h e x p e r ie n c e . F o r e x a m p le , th e b id d e r s o n a p a r tic u la r Go o g le k e y wo r d

m a y r e m a in th e s a m e f o r s o m e tim e , a n d id e n tic a l ite m s o n e B a y will lik e ly a ttr a c t s im ila r b u y e r s .

F o r s u c h s e ttin g s , we p r o p o s e adaptive me chanism design , a n o n lin e e m p ir ic a l p r o c e s s wh e r e b y

th e m e c h a n is m a d a p ts to m a x im iz e a g iv e n o b je c tiv e f u n c tio n b a s e d o n o b s e r v e d o u tc o m e s . B e c a u s e



we a llo w f o r s itu a tio n s in wh ic h b id d e r b e h a v io r c a n n o t b e p r e d ic te d b e f o r e h a n d , th is p r o c e s s m u s t

b e p e r f o r m e d o n lin e d u r in g in te r a c tio n s with r e a l b id d e r s . ( I n th is p a p e r , th e te r m � o n lin e � r e f e r s

to th e f a c t th a t a d a p ta tio n ta k e s p la c e d u r in g th e c o u r s e o f a c tu a l a u c tio n s , a n d n o t th e f a c t th a t

a u c tio n s ta k e p la c e e le c tr o n ic a lly � a lth o u g h th a t m a y a ls o b e th e c a s e . )

I n o u r v ie w o f a d a p tiv e m e c h a n is m s , a p a r a m e te r iz e d m e c h a n is m is d e � n e d s u c h th a t a n a d a p tiv e

m e th o d c a n b e u s e d to r e v is e p a r a m e te r s in r e s p o n s e to o b s e r v e d r e s u lts o f p r e v io u s a u c tio n s ,

c h o o s in g th e m o s t p r o m is in g p a r a m e te r s to b e u s e d in f u tu r e a u c tio n s . An y n u m b e r o f c o n tin u o u s

o r d is c r e te a u c tio n p a r a m e te r s m a y b e c o n s id e r e d , s u c h a s r e s e r v e p r ic e s , a u c tio n e e r f e e s , m in im u m

b id in c r e m e n ts , a n d wh e th e r th e c lo s e is h a r d o r s o f t.

T h e a d a p tiv e m e th o d is a n o n lin e m a c h in e le a r n in g a lg o r ith m a im in g to c h a r a c te r iz e th e f u n c tio n

f r o m m e c h a n is m p a r a m e te r s to e x p e c te d r e v e n u e ( o r a n y o th e r o b je c tiv e f u n c tio n ) . B e c a u s e th e

le a r n e r c a n c h o o s e d if f e r e n t a u c tio n p a r a m e te r s a t e a c h s te p ( th u s e f f e c tiv e ly s e le c tin g its o wn

tr a in in g e x a m p le s ) , a n d th e ta r g e t o u tp u t is c o n tin u o u s , th e p r o b le m is a n a c tiv e le a r n in g [ 2 ]

r e g r e s s io n p r o b le m . A k e y c h a r a c te r is tic is th a t th e le a r n in g is a ll d o n e o n lin e d u r in g a c tu a l

a u c tio n s , s o th a t e x c e s s iv e e x p lo r a tio n o f v a r io u s p a r a m e te r s e ttin g s c a n b e c o s tly .

T h e o n ly a s s u m p tio n a b o u t b id d e r s is th a t th e ir b e h a v io r is c o n s is te n t in s o m e wa y ( e . g . b id d e r s

a s s o c ia te d with a p a r tic u la r in d u s tr y te n d to b id s im ila r ly ) s o th a t it is p o s s ib le to le a r n to p r e d ic t

a u c tio n r e s u lts a s a f u n c tio n o f th e m e c h a n is m , a t le a s t in e x p e c ta tio n .

T h e u s e o f a n a d a p tiv e m e c h a n is m p r o v id e s th e p o s s ib ility o f id e n tif y in g o p tim a l a u c tio n

p a r a m e te r s e v e n with o u t e x p lic itly m o d e lin g th e b id d e r s . Ho we v e r , wh e n p r e d ic tio n s c a n b e m a d e

a b o u t th e ty p e s o f b e h a v io r to b e e x p e c te d , th is k n o wle d g e c a n u s e f u lly in � u e n c e th e m e th o d o f

a d a p ta tio n . S p e c i� c a lly , o n e c a n u s e a m e th o d o f a d a p ta tio n th a t is its e lf p a r a m e te r iz e d , a n d th e n

c h o o s e th e p a r a m e te r s th a t r e s u lt in th e b e s t p e r f o r m a n c e u n d e r e x p e c te d b id d e r b e h a v io r .

T h e s te p s in th e � m e ta le a r n in g � p r o c e s s o f c h o o s in g a n a d a p tiv e a u c tio n m e c h a n is m to m a x -

im iz e a p a r tic u la r o b je c tiv e f u n c tio n a r e th u s a s f o llo ws : 1 ) C h o o s e th e p a r a m e te r iz a tio n o f th e

a u c tio n . 2 ) M a k e p r e d ic tio n s a b o u t p o s s ib le b id d e r b e h a v io r th a t a llo w f o r s im u la tio n . S o u r c e s f o r

th e s e p r e d ic tio n s m a y in c lu d e a n a ly tic a lly d e r iv e d e q u ilib r iu m s tr a te g ie s , e m p ir ic a l d a ta f r o m p a s t

a u c tio n s in a s im ila r s e ttin g , a n d le a r n e d b e h a v io r s . 3 ) C h o o s e th e m e th o d o f a d a p ta tio n a n d its

p a r a m e te r s . 4 ) S e a r c h th e s p a c e o f p a r a m e te r s o f th e a d a p tiv e m e th o d to � n d th o s e th a t b e s t a c h ie v e

th e o b je c tiv e in s im u la tio n .

W e n o w p r e s e n t a n illu s tr a tiv e a p p lic a tio n o f th is a p p r o a c h to a p a r tic u la r a u c tio n s c e n a r io .

3 An Auction Scenario

W e c o n s id e r a n E n g lis h a u c tio n in wh ic h b id d e r s s u b m it a s c e n d in g b id s , a n d a s s u m e th a t th e s e lle r

m a y s e t a r eserve pric e in d ic a tin g th e m in im u m a c c e p ta b le b id . F o r th e s a k e o f s im p lic ity , we

a s s u m e th a t two b id d e r s p a r tic ip a te in e a c h a u c tio n . W e b a s e th e b e h a v io r o f th e s e b id d e r s o n th e

m o d e l o f loss averse b id d e r s d e s c r ib e d b y Do d o n o v a [ 3 ] . A lo s s a v e r s e b id d e r c o n s id e r s th e u tility

f r o m a g a in to b e lo we r th a n th e d is u tility f r o m a lo s s ( � lo s in g � a n ite m f o r wh ic h h e p r e v io u s ly

h a d th e h ig h e s t b id ) o f th e s a m e m a g n itu d e . S p e c i� c a lly , if th e m a r g in a l u tility f r o m win n in g a n

a u c tio n is x , th e n th e m a r g in a l d is u tility f r o m lo s in g th e s a m e o b je c t is �x , wh e r e � > 1.

Un d e r th e e q u ilib r iu m d e r iv e d b y Do d o n o v a , th e � r s t b id d e r will s u b m it a b id in th e b e g in n in g

o f th e a u c tio n if h is v a lu a tio n is h ig h e r th a n th e r e s e r v e p r ic e , wh ile th e s e c o n d b id d e r e n te r s

th e a u c tio n o n ly if b y d o in g s o h e c a n g u a r a n te e a p o s itiv e e x p e c te d u tility . T h is e q u ilib r iu m c a n

c a u s e th e s e lle r ' s o p tim a l r e s e r v e p r ic e to b e 0 u n d e r c e r ta in c o n d itio n s , a n d c a n a ls o r e s u lt in a

n o n - c o n v e x r e v e n u e a s a f u n c tio n o f r e s e r v e p r ic e , with o n e m a x im u m c lo s e to z e r o a n d a n o th e r

a t a m u c h h ig h e r r e s e r v e p r ic e , a s will b e illu s tr a te d in F ig u r e 1 . T h u s th e a u c tio n e e r h a s p o te n tia l



in c e n tiv e s to s e t b o th a lo w r e s e r v e p r ic e a n d a h ig h r e s e r v e p r ic e , a c o n � ic t th a t m u s t b e ta k e n in to

a c c o u n t wh e n c h o o s in g a m e th o d o f s e a r c h in g f o r th e o p tim a l r e s e r v e p r ic e .

W e c o n s id e r a s c e n a r io in wh ic h a s e lle r in te r a c ts r e p e a te d ly with b id d e r s d r a wn f r o m a � x e d

p o p u la tio n . I n p a r tic u la r , th e s e lle r h a s 1 0 0 0 id e n tic a l ite m s th a t will b e s o ld o n e a t a tim e th r o u g h

a s e r ie s o f E n g lis h a u c tio n s . T h e s e lle r s e ts a ( p o te n tia lly d if f e r e n t) r e s e r v e p r ic e f o r e a c h a u c tio n ,

th u s in d ir e c tly a f f e c tin g th e a u c tio n ' s o u tc o m e . T h e s e lle r ' s g o a l is to s e t th e r e s e r v e p r ic e f o r e a c h

a u c tio n s o th a t th e to ta l r e v e n u e o b ta in e d f r o m a ll th e a u c tio n s is m a x im iz e d . I f a c o m p le te m o d e l

o f th e b e h a v io r o f th e p o p u la tio n o f b id d e r s we r e a v a ila b le , th e s e lle r c o u ld d e te r m in e th e o p tim a l

r e s e r v e p r ic e a n a ly tic a lly . Ho we v e r , a s th is in f o r m a tio n is n o t a v a ila b le , th e s e lle r m u s t id e n tif y th e

o p tim a l r e s e r v e p r ic e th r o u g h o n lin e e x p e r im e n ta tio n g u id e d b y a n a d a p tiv e m e c h a n is m .

A b id d e r is c h a r a c te r iz e d b y i) a n in d e p e n d e n t, p r iv a te v a lu e v f o r th e s o ld ite m , a n d ii) a

d e g r e e o f lo s s - a v e r s io n � . T h e s e lle r k n o ws th a t b id d e r s h a v e in d e p e n d e n t, p r iv a te v a lu e s , a n d

a r e lik e ly lo s s a v e r s e , b u t d o e s n o t k n o w th e a c tu a l d is tr ib u tio n s f r o m wh ic h � a n d v a r e d r a wn ,

o r th e s tr a te g ie s b id d e r s will e m p lo y . Ho we v e r , th e s e lle r a s s u m e s th a t th e p opulation o f b id d e r s

( c h a r a c te r iz e d in th is c a s e b y d is tr ib u tio n s o v e r v a lu a tio n s a n d � ) d o e s n o t c h a n g e o v e r tim e . T h u s ,

th e b e h a v io r e x h ib ite d b y b id d e r s will b e th e s a m e f o r e a c h a u c tio n in exp e ctation , a llo win g th e

s e lle r to d r a w in f e r e n c e s f r o m p a s t a u c tio n r e s u lts .

Alth o u g h th e s e lle r c a n n o t c o m p le te ly c h a r a c te r iz e th e b id d e r p o p u la tio n , we a s s u m e th a t th e

s e lle r c a n p r e d ic t a n d s im u la te a p o s s ib le distribution over p opulations . As a n e x a m p le o f h o w

a s u c h a d is tr ib u tio n m ig h t b e g e n e r a te d , a s e lle r in tr o d u c in g a n e w p r o d u c t to th e m a r k e t m ig h t

id e n tif y s im ila r ite m s th a t h a v e b e e n s o ld in th e p a s t a n d o b s e r v e th e b e h a v io r o f b id d e r s o n e a c h

ite m , tr e a tin g e a c h g r o u p a s a d is tin c t p o p u la tio n . I n o u r e x p e r im e n ts , th e s e lle r s im u la te s a b id d e r

p o p u la tio n a s h a v in g Ga u s s ia n d is tr ib u tio n s o v e r v a lu a tio n s a n d � v a lu e s , c h o s e n a c c o r d in g to

th e d is tr ib u tio n o v e r p o p u la tio n s . F u r th e r d e ta ils a r e o m itte d d u e to s p a c e lim ita tio n s ; h o we v e r ,

f r o m th e s ta n d p o in t o f th e a d a p tiv e m e c h a n is m d e s c r ib e d in S e c tio n 4 , it is o n ly im p o r ta n t th a t th e

s e lle r is a b le to s im u la te a p o p u la tio n d r a wn f r o m th is d is tr ib u tio n a n d wa n ts to � n d th e a d a p tiv e

p a r a m e te r s th a t g iv e th e b e s t p e r f o r m a n c e u n d e r th is d is tr ib u tio n .

T o illu s tr a te th e ta s k f a c e d b y th e s e lle r , we g e n e r a te d 1 0 , 0 0 0 b id d e r p o p u la tio n s a c c o r d in g to

th e s e lle r ' s d is tr ib u tio n , a n d f o u n d th e a v e r a g e r e v e n u e f o r e a c h r e s e r v e p r ic e b e twe e n 0 a n d 1 a t

in te r v a ls o f 0 . 0 1 . T h e a v e r a g e r e v e n u e f o r e a c h r e s e r v e is s h o wn b y th e s o lid lin e in F ig u r e 1 . A

r e s e r v e p r ic e o f 0 . 5 4 y ie ld s th e h ig h e s t a v e r a g e r e v e n u e , 0 . 3 6 7 . I f we we r e r e q u ir e d to s e le c t a

s in g le r e s e r v e p r ic e f o r th e s e lle r to u s e , we wo u ld c h o s e th is p r ic e . Ho we v e r , f o r e a c h in d iv id u a l

b id d e r p o p u la tio n th e r e is a d is tin c t c h o ic e o f r e s e r v e th a t y ie ld s th e h ig h e s t a v e r a g e r e v e n u e . I n

p a r tic u la r , th e d o tte d lin e in F ig u r e 1 s h o ws th e n u m b e r o f tim e s th a t e a c h r e s e r v e wa s o p tim a l. T wo

im p o r ta n t o b s e r v a tio n s c a n b e m a d e : i) d e s p ite th e v a r ie ty in b id d e r p o p u la tio n s , th e o p tim a l r e s e r v e

p r ic e is f r e q u e n tly in o n e o f two s m a ll r e g io n s ( in c lu d in g n e a r z e r o , a s is e x p e c te d with lo s s a v e r s e
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b id d e r s ) ; ii) n e v e r th e le s s , m o s t c h o ic e s o f r e s e r v e a r e o p tim a l

f o r s o m e p o p u la tio n . T h e s e c o n d o b s e r v a tio n m o tiv a te s o u r

u s e o f a n a d a p tiv e m e c h a n is m � we wa n t to id e n tif y th e

a u c tio n p a r a m e te r s th a t a r e b e s t f o r th e p a r tic u la r p o p u la tio n

th a t th e s e lle r a c tu a lly e n c o u n te r s . Ou r g o a l in le a r n in g th e

p a r a m e te r s o f th e m e c h a n is m is to ta k e a d v a n ta g e o f th e � r s t

o b s e r v a tio n � we c a n f o c u s th e m e c h a n is m ' s e x p lo r a tio n o n

th o s e a u c tio n p a r a m e te r s e ttin g s th a t a p p e a r m o s t p r o m is in g

g iv e n th e s e lle r ' s b e lie f s a b o u t p o s s ib le b id d e r p o p u la tio n s .



4 Implementation and Results

As s p e c i� e d a t th e e n d o f S e c tio n 2 , f o r th e a u c tio n s c e n a r io with th e g o a l o f m a x im iz in g r e v e n u e

o v e r 1 0 0 0 a u c tio n s , we h a v e 1 ) c h o s e n th e a u c tio n p a r a m e te r iz a tio n ( th e r e s e r v e p r ic e r e p r e s e n ts

a s in g le , c o n tin u o u s p a r a m e te r ) , a n d 2 ) th e s e lle r h a s p r o v id e d a m e a n s o f g e n e r a tin g b id d e r

b e h a v io r . I n th is s e c tio n , we c o m p le te th e r e m a in in g ta s k s o f 3 ) s p e c if y in g o u r a d a p tiv e m e th o d

a n d its p a r a m e te r s , a n d 4 ) p r e s e n tin g a m e a n s o f id e n tif y in g th e p a r a m e te r s th a t r e s u lt in o p tim a l

p e r f o r m a n c e . W e th e n p r e s e n t th e r e s u lts o f a p p ly in g th e a p p r o a c h d e s c r ib e d to th e a u c tio n s c e n a r io .

4.1 Method of adaptation

W e n o w d e s c r ib e a n a d a p tiv e m e th o d th a t d is c r e tiz e s th e p r o b le m b y r e s tr ic tin g th e s e lle r to

c h o o s in g o n e o f k c h o ic e s f o r th e r e s e r v e p r ic e a t e a c h s te p , wh e r e th e i th c h o ic e is a p r ic e o f

(i � 1)=(k � 1). ( An e x te n s io n o f th is m e th o d th a t d o e s n o t r e q u ir e d is c r e tiz a tio n is s tr a ig h tf o r wa r d

a n d a p p e a r s p r o m is in g , b u t we le a v e its d is c u s s io n to f u tu r e wo r k . ) T h e r e s u ltin g p r o b le m c a n b e

v ie we d a s a n in s ta n c e o f th e k - a r m e d b a n d it p r o b le m , a c la s s ic r e in f o r c e m e n t le a r n in g p r o b le m [ 4 ] .

I n s u c h p r o b le m s , th e e x p e c te d v a lu e o f e a c h c h o ic e is a s s u m e d to b e in d e p e n d e n t, a n d th e g o a l

o f m a x im iz in g th e r e wa r d o b ta in e d p r e s e n ts a tr a d e o f f b e twe e n e x p lo r in g th e c h o ic e s , in o r d e r to

in c r e a s e th e k n o wle d g e o f e a c h o n e ' s r e s u lt, a n d e x p lo itin g th e c h o ic e c u r r e n tly b e lie v e d to b e b e s t.

T h e a p p r o a c h to s o lv in g k - a r m e d b a n d it p r o b le m s th a t we u s e is s a m p le a v e r a g in g with s o f tm a x

a c tio n s e le c tio n u s in g th e B o ltz m a n n d is tr ib u tio n . I n th is a p p r o a c h , th e a v e r a g e r e v e n u e f o r e a c h

c h o ic e , avgi , is r e c o r d e d , a n d a t e a c h s te p th e p r o b a b ility o f c h o o s in g i is ( eavgi =� )=(
P k

j =1 eavgj =� ) ,

wh e r e � r e p r e s e n ts a temperatured e te r m in in g th e e x te n t to wh ic h e x p lo ita tio n tr u m p s e x p lo r a tio n .

T h e te m p e r a tu r e is o f te n lo we r e d o v e r tim e to f a v o r in c r e a s in g e x p lo ita tio n d u e to th e f a c t th a t

e s tim a te s o f th e r e s u lt o f e a c h c h o ic e im p r o v e in a c c u r a c y with e x p e r ie n c e .

S o f tm a x a c tio n s e le c tio n h a s p a r a m e te r s c o n tr o llin g th e te m p e r a tu r e a n d c o n tr o llin g th e in itia l

e s tim a te s o f e a c h c h o ic e ' s r e wa r d . W e v a r y th e te m p e r a tu r e th r o u g h o u t a n e p is o d e b y c h o o s in g

s ta r tin g a n d e n d in g te m p e r a tu r e s , � start a n d � end , a n d in te r p o la tin g lin e a r ly . T o c a lc u la te th e a v e r a g e

r e v e n u e f o r e a c h c h o ic e , we r e q u ir e f o r e a c h c h o ic e a r e c o r d o f b o th th e a v e r a g e r e v e n u e , avgi ,

a n d th e n u m b e r o f tim e s th a t c h o ic e h a s b e e n tr ie d , counti . Alth o u g h th e s tr a ig h tf o r wa r d a p p r o a c h

wo u ld b e to in itia liz e th e a v e r a g e s a n d c o u n ts to z e r o , o n e c o m m o n te c h n iq u e , k n o wn a s optimistic
initialization [ 4 ] is to s e t a ll in itia l a v e r a g e s to a v a lu e h ig h e r th a n th e p r e d ic te d v a lu e o f th e la r g e s t

p o s s ib le r e v e n u e . E a c h c h o ic e is th e r e f o r e lik e ly to b e e x p lo r e d a t le a s t o n c e n e a r th e b e g in n in g o f

th e e p is o d e . W e e m p lo y a v a r ia tio n o n th is te c h n iq u e in wh ic h we c h o o s e v a lu e s f o r th e a v e r a g e s a n d

c o u n ts th a t e n c o u r a g e h e a v y in itia l e x p lo r a tio n o f th o s e c h o ic e s b e lie v e d m o s t lik e ly to b e o p tim a l

g iv e n th e p r e d ic tio n s o f b id d e r b e h a v io r . F o r in s ta n c e , if th e r e v e n u e f r o m a p a r tic u la r c h o ic e is

e x p e c te d to b e h ig h o n a v e r a g e b u t h a v e a h ig h v a r ia n c e , a s s ig n in g a h ig h in itia l c o u n t a n d a v e r a g e

to th a t c h o ic e wo u ld e n s u r e th a t it is e x p lo r e d s u f � c ie n tly : s e v e r a l tr ia ls r e s u ltin g in lo w r e v e n u e

wo u ld b e n e e d e d to s ig n i� c a n tly lo we r th e c o m p u te d a v e r a g e . T h is a p p r o a c h a m o u n ts to s ta r tin g

o u t with wh a t we will c a ll initial experience. T h e c h o ic e o f in itia l e x p e r ie n c e a n d te m p e r a tu r e s a r e

m a d e b y th e s e a r c h p r o c e d u r e we will d e s c r ib e s h o r tly . T h u s f o r a g iv e n c h o ic e o f k , th is will b e a

s e a r c h o v e r 2k + 2 p a r a m e te r s ( in c lu d in g � start a n d � end ) .

4.2 Parameter search

No w th a t we h a v e c h o s e n a m e th o d o f a d a p ta tio n a n d h a v e a m e a n s o f g e n e r a tin g b id d e r b e h a v io r ,

we a r e r e a d y to s e a r c h f o r th e s e t o f p a r a m e te r s th a t r e s u lts in th e b e s t e x p e c te d p e r f o r m a n c e . F o r

a n y g iv e n s e t o f p a r a m e te r s , we c a n o b ta in a n e s tim a te o f th e e x p e c te d r e v e n u e f r o m a n e p is o d e b y

g e n e r a tin g a p o p u la tio n o f b id d e r s a n d r u n n in g a n e p is o d e u s in g th o s e p a r a m e te r s . T h is e s tim a te
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Fig. 3. Average revenue per auction over the course of an
episode for each method.

will b e h ig h ly n o is y , d u e to th e la r g e n u m b e r o f r a n d o m f a c to r s in v o lv e d in th e p r o c e s s , a n d s o we

a r e f a c e d with a s to c h a s tic o p tim iz a tio n ta s k .

T o s o lv e th is ta s k , we u s e S im u lta n e o u s P e r tu r b a tio n S to c h a s tic Ap p r o x im a tio n ( S P S A) [ 5 ] , a

p o p u la r m e th o d o f s to c h a s tic o p tim iz a tio n b a s e d o n g r a d ie n t a p p r o x im a tio n . F o r in itia l p a r a m e te r s ,

we u s e a s o m e wh a t o p tim is tic v a lu e o f 0 . 6 f o r e a c h avgi a n d a v a lu e o f 1 f o r e a c h counti . � start

a n d � end a r e s e t to 0 . 1 a n d 0 . 0 1 , r e s p e c tiv e ly . I d e a lly , th e p a r a m e te r k wo u ld b e p a r t o f th e s e a r c h

p r o c e s s a s we ll, b u t a s o u r s e a r c h m e th o d r e q u ir e s a � x e d n u m b e r o f p a r a m e te r s , we h a v e c h o s e n

wh a t a p p e a r s to b e th e b e s t v a lu e a f te r r u n n in g s e a r c h e s with s e v e r a l v a lu e s o f k .

I t s h o u ld b e n o te d th a t a lth o u g h th is p r o c e s s o f s e a r c h in g f o r th e o p tim a l p a r a m e te r s c a n b e

tim e c o n s u m in g ( in o u r e x p e r im e n ts , a f e w h o u r s we r e r e q u ir e d ) , th e p r o c e s s ta k e s p la c e in o f � in e

s im u la tio n b e f o r e th e a c tu a l a u c tio n s b e g in . W h e n th e a d a p tiv e m e th o d is a p p lie d d u r in g th e a c tu a l

a u c tio n s u s in g th e r e s u ltin g p a r a m e te r s , e a c h c h o ic e o f a n e w r e s e r v e p r ic e ta k e s o n ly a s m a ll

f r a c tio n o f a s e c o n d .

4.3 Results

T o e v a lu a te o u r a d a p tiv e m e th o d , we � r s t s e a r c h e d f o r th e b e s t p o s s ib le s e t o f p a r a m e te r s , in c lu d in g

k , a s d e s c r ib e d a b o v e . W e f o u n d th a t a v a lu e o f 1 3 wa s o p tim a l f o r k . T h e le a r n e d p a r a m e te r s a r e

p r e s e n te d in F ig u r e 2 . I n itia l e x p e r ie n c e is d is p la y e d v is u a lly b y p lo ttin g a c ir c le f o r e a c h avgi with

a r e a p r o p o r tio n a l to counti . T h e in itia l e x p e r ie n c e a p p e a r s r e a s o n a b le g iv e n F ig u r e 1 . T h e v a lu e s

o f avg a r e m o s tly s im ila r a n d f a ir ly h ig h , b u t th e v a lu e s o f count a r e m u c h h ig h e r f o r th e c h o ic e s

in th e m o r e p r o m is in g r e g io n s . As a r e s u lt, it will ta k e lo n g e r f o r th e c o m p u te d a v e r a g e r e v e n u e o f

th e s e c h o ic e s to f a ll, a n d s o th e s e c h o ic e s will b e e x p lo r e d m o r e h e a v ily e a r ly in a n e p is o d e .

W e n e x t g e n e r a te d a s e t o f 1 0 , 0 0 0 b id d e r p o p u la tio n s , a n d f o u n d th e a v e r a g e r e v e n u e p e r e p is o d e

u s in g b o th th e in itia l a n d th e le a r n e d p a r a m e te r s . T h e a v e r a g e r e v e n u e s p e r a u c tio n a r e s h o wn in F ig -

u r e 4 , wh ile a p lo t o f th e a v e r a g e r e v e n u e f o r e a c h a u c tio n o v e r a n e n tir e e p is o d e is s h o wn in F ig u r e 3 .

T h e a v e r a g e to ta l r e v e n u e in e a c h c a s e is h ig h e r th a n th e r e v e n u e r e s u ltin g f r o m u s in g th e b e s t � x e d

Ad a p tiv e m e th o d T o ta l R e v e n u e

b e s t � x e d r e s e r v e p r ic e ( 0 . 5 4 ) 0 . 3 6 7

a d a p tiv e , in itia l p a r a m e te r s 0 . 3 7 4

a d a p tiv e , le a r n e d p a r a m e te r s 0 . 3 9 4

F ig . 4 . A v e r a g e r e v e n u e p e r a u c tio n f o r e a c h a d a p -

tiv e m e th o d .

r e s e r v e p r ic e , 0 . 5 4 , in d ic a tin g th a t th e u s e o f

a n a d a p tiv e m e c h a n is m is in d e e d wo r th wh ile

in th is s c e n a r io . T h e d if f e r e n c e o b s e r v e d b e -

twe e n e a c h p a ir o f m e th o d s is s ta tis tic a lly s ig -

n i� c a n t a t th e 9 9 % c o n � d e n c e le v e l a c c o r d -

in g to p a ir e d t- te s ts c o m p a r in g r e s u lts f o r th e

s a m e b id d e r p o p u la tio n . F r o m F ig u r e 3 we

c a n s e e th a t wh ile b o th a d a p tiv e m e th o d s a p -

p r o a c h th e s a m e r e v e n u e b y th e la s t a u c tio n



in a n e p is o d e , u s in g le a r n e d p a r a m e te r s le a d s to m u c h h ig h e r r e v e n u e s d u r in g th e e a r ly p a r t o f

a n e p is o d e . T h u s , th e le a r n e d p a r a m e te r s a r e e f f e c tiv e a t f o c u s in g in itia l e x p lo r a tio n ; p r o v id in g

s u f � c ie n t in itia l e x p e r ie n c e to p e r m it a h ig h e r in itia l d e g r e e o f e x p lo ita tio n ; o r b o th .

5 Related Work
T o o u r k n o wle d g e , o n ly a f e w r e c e n t a r tic le s h a v e b e g u n to e x p lo r e th e s u b je c t o f a d a p tin g a u c tio n

m e c h a n is m s in r e s p o n s e to b id d e r b e h a v io r . C lif f [ 6 ] a n d P h e lp s e t a l. [ 7 ] c o n s id e r c o n tin u o u s

d o u b le a u c tio n s , u s in g g e n e tic a lg o r ith m s a n d g e n e tic p r o g r a m m in g , r e s p e c tiv e ly , to e v o lv e b o th

b id d e r s tr a te g ie s a n d a u c tio n r u le s . B y d e [ 8 ] s tu d ie s th e s p a c e o f a u c tio n m e c h a n is m s b e twe e n th e

� r s t a n d s e c o n d - p r ic e s e a le d - b id a u c tio n , u s in g a g e n e tic a lg o r ith m to le a r n th e b id d e r s ' s tr a te g ie s

in r e s p o n s e to d if f e r e n t m e c h a n is m s . T h e p r im a r y d if f e r e n c e b e twe e n th e s e p r e v io u s a p p r o a c h e s

a n d th e m e th o d a d v o c a te d in th is p a p e r is th a t th e s e a p p r o a c h e s u s e s im u la tio n to p r o d u c e � x e d

m e c h a n is m s , wh ile o u r a im is to d e v e lo p m e c h a n is m s th a t a r e s e lf - a d a p tin g in a n o n lin e s e ttin g .

T h e p r o c e s s o f id e n tif y in g th e p a r a m e te r s o f th e a d a p tiv e m e c h a n is m c a n b e v ie we d a s a n

in s ta n c e o f metalearning[ 9 ] . I n m e ta le a r n in g , th e g o a l is to im p r o v e th e p e r f o r m a n c e o f a le a r n in g

s y s te m f o r a p a r tic u la r ta s k th r o u g h e x p e r ie n c e with a f a m ily o f r e la te d ta s k s . I n o u r c a s e , th e

le a r n in g s y s te m is th e a d a p tiv e m e c h a n is m , a n d th e f a m ily o f r e la te d ta s k s is th e s e t o f d if f e r e n t

b id d e r p o p u la tio n s g e n e r a te d d u r in g s im u la tio n .

6 Conclusions and Future Work
I n th is p a p e r , we h a v e p r e s e n te d a n o v e l a p p r o a c h to m e c h a n is m d e s ig n . I n s te a d o f r e ly in g o n

a n a ly tic a l m e th o d s th a t d e p e n d o n s p e c i� c a s s u m p tio n s a b o u t b id d e r s , o u r a p p r o a c h is to c r e a te

a s e lf - a d a p tin g m e c h a n is m th a t a d ju s ts a u c tio n p a r a m e te r s in r e s p o n s e to p a s t a u c tio n r e s u lts . W e

h a v e a n a ly z e d a n d e x p e r im e n te d with a s p e c i� c a u c tio n s c e n a r io in v o lv in g lo s s a v e r s e b id d e r s a n d

v a r y in g s e lle r r e s e r v e p r ic e s . W e h a v e s h o wn h o w in f o r m a tio n a b o u t p o te n tia l b id d e r b e h a v io r c a n

g u id e th e s e le c tio n o f th e m e th o d o f a d a p ta tio n a n d s ig n i� c a n tly im p r o v e a u c tio n e e r r e v e n u e .

T h e r e a r e s e v e r a l d ir e c tio n s in wh ic h th is wo r k c o u ld b e e x te n d e d . M a n y a u c tio n p a r a m e te r s a r e

a v a ila b le f o r tu n in g , r a n g in g f r o m b id d in g r u le s to c le a r in g p o lic ie s . T h e p r o b le m b e c o m e s m o r e

c h a lle n g in g in th e f a c e o f m u ltid im e n s io n a l p a r a m e te r iz a tio n s .

Ou r o n - g o in g r e s e a r c h a g e n d a a ls o in c lu d e s e x a m in in g th e e f f e c ts o f in c lu d in g s o m e a d a p tiv e

b id d e r s in th e e c o n o m ie s th a t a r e tr e a te d b y a d a p tiv e m e c h a n is m s .
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