We hoave Setn  that when using the GSP auckon in SFO'nStm,&(/ sewch, the bidilers
somefimes howo on inumbive to  underbid to vetive s\i&hﬂg fower clicks at o o{e,e,p cliscount

The %oai of this ledwry is to modi% thy GSP so that biddors  are ncentivized

bo bid ’rm%hwlg.

To do this, I'm %om& to introduce the notim of the ethm(;h« that  bidder k
impasts o the other bidelers

F xten ali HK

We ane %om% ‘o look at the exHxnaLi/Z imPoswb ba bideler | on the other bicldes
in the case of @ smgh—inm ahion a8 well a8 o o mulii-slot auctiom.

(ﬁhsm(e/r V] SngJf/‘ em  awthon /s the \a%ouf/{'é
Relubel the biddere so that v, >v,> . >v,

Ql: In the owrome oF the \/ickreg auchon, what is the total welfare en joyed bﬂ( bidders 2,3, .,n*
Al 0 (all of them lose the item to the hiﬂhcst bidler)

QL What i% we vemovedd bidder | and veran the \/ic’(h’y%/ auchion

ALV (bidder 2 wins +he itom, the other bidders lose +he itewn)

Difference in total wellare ot biddes 2,2 .. 0 with vs. withowt bdder |
v, -0 =V,

The ?)(Rmafiq, imposecd bg bider | on bidders 2, 3 - n s therefore v,

Nore: The wimer's doa%mcnt in +he \/fd/\rb% auchon 1< exc«LHék Lhe
kamafi%g She imaoo&es (\/l)




A/trvv/ let's %o Jrhrougk the same, H’lomg‘h’r exPcﬁmemb with saoomoch/ search

Consider oo mulp -slor  aunction

n bidders labeled so that v, >v, > - >V,

Nulbiple items, so  Swppose we make the usual %reedg{ asSignment;
" highest bidder ozl to the i besr st Li=11, k)

/\/w/ we, woamnt o c&ék 4;"\0 St queshons aS  in the (aSe oLou single-em auckon
4 d

Q‘ In the ourcome of the mulk-slot anchon, what is the total,  welfore m;\er& bg bidders 2,3, ..,Y\l.
Al eoxh bdder i 2,3, Ak-/k qets a&si%welﬂ S\o?’é and, obtang welfwre et

Cor o totul of: \ Where vy s bidder i’ prvae viduation
\/g{oq Cor eoch®™ clide ts Yk Vrecews amel o) i the
—

J (,lick—%romah—rmk (CTR) ol <lor .
QL What % we vemovedd bideer |

A2 The total welfart eomed by, bidders 2,3, 0 in ths cse s,
!

Vi Fach biddr moves wp me skt kel because we now h
J=t ! extin Slot 4o Bl v\ﬁo sinte biddes | has been he,mmiw e o

ow\rL veron +he mulb-shot  aunction’

Difference n total welfwre (fmmalﬂ'ﬂ); The sum with b, ne Can add kel and fer

Q‘o‘r”"l
it x| xun=0, So Hhak owr Awo Swms owe on the Sowe

Z\QO\%_\ - Z\/AO&% = Z “5
Y 32

v (“’;k"—o%) per ivmpissivﬂ, with %y, =0
&

This 15 +he Odcrmmim& imposed, by biddor | o bidders 2,3,

With +he Vickmg auethon, we hwe o stﬂe itom ol we cha/rge the winmer the
Se cond h»‘ghwk bid  which s equaf/ o the @(Wmalié% We know that +his leads to
trukhful biowmg. Hovever, we have Seen Jrhou;rM J:Iawe y;{m#lﬁwswat?% equal to the
nest-highest bi Cor b maulf-lor - aucton. I we Lo the -t acion would charge

each Ottupmt Hhe nex+-hralus+ bid, we hwe +he GSP auchon . Poncd we, \Ay\ow Hat GSP auchon

doesn't lead to Frushbul biddng. So how twmn we W\odﬁtg/ He aoa,gmm% vule




let me tiwdlue the /(O quckom
The V(G auwchm

d'wrgos each bidder the exlremab%/ W wloms.

This is how it works:

| Accc‘of’ o bid Hrom each bidder
Relubel the bidders so that b > b2 .. >b,

2. For i-1,2,..k assgn the i bidder 4o the ™" slot

3. Foe L 22 ke chomge bidder i

|
J, Z b% (003-, '004) (F(’/ﬁ’ click , with Ky = 0
X

3=

This e pression looks quie Sl fo the expressm we got Fov the extermalivy
Two oliflerences between (1) ond (2
|. Each vodugtion Vi in (1) has been veplacecd bé( the wmsoomd\w\g bid b;} in (2)
The mechanism doesn't know the bidders' valuatons, ‘m'% ther  bids.
|+ bidders are +owthful , then these will be +he same.
2, () s per impression (\/é-&o(,’) , @i per click
In o SQo(msma& searth  authon, we com ml% Cha/r%o o bidder Yor « itk
Since ml@ oan a; Sradim of impessons lead to o click For bidder i, the per-click
pogmert s OJC b the  per - impression ex&mufiia.
Therebore, wivh rruwhful bids, the expecid pugrent por Tmpression is - exacHy
the biddler's exernality )




Pro\/\\/\g that the V(O anchom 78 fruthful:
Suppose that we have biddore 12, n  who are b\dofmg Yor k sloks.
We, wamb +o show that bidder Prd:m fo bid huﬁhmé(.

Reovder the bidders <o thakr b>b,> >,

Then the m’l@( o bidder i s

L

9 1 W\\o eSH oM )
o, =0

/_/L\ /k:lf-‘—/\—ﬁ il e ( k!

\/'|0</i - Zde%A“—%{l) = Vi, + Z b&%d ~Z ;\“’4“
é\:m <‘\:H\
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kol i~
delm 4 subbmch = biot; + v, o, *Zb- | bia; + by oo
chhe épifglrc&/&:/d(—aibn z 4 4% 4™ 2 %

ob the bdders with bids (’\:l =i = =i+

P then \\ \/ \\\/
bidder i is ’rrgs?gm expedﬂL welbare, of
b moximizg Hhis the other bidilers ik

bidder i wex, to not
exist, and, T+ doesn't
otepmot m +he actual
vaduwe b, so we
Com i%nm 14

The m% chlect that the bid b has o the Byt ferm i< bA reoroﬂemgf
\l\/"liclﬂ 06;1 %ﬂi& Paw\fﬁdt with  which Coe%'cimt.

%% the YR(MWM%W@M ineg(malﬂ%, this 7s marmized, when b | > vid b,
whith %MX Com  aChione bé( bicMmgr b = v,

The shows +hat the VC6 auckon ¢ huthful <o we hawt now
molifeds  the  GSP pogment rule 4o ineentvine bruthbul biddmy

o _Cprmsmdb Searth  aumehon.




