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TODAY

YES, if player’s self-knowledge is APPROXIMATE
(in single-good auctions)
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same second-price mechanism:
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WEAKER ASSUMPTION: Bayesian?
each player knows his own individual Bayesian

Does player 2 really know that Pr(16k) = 1.5 Pr(16.6k)?

If no, and it matters, still very strong!
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OUR APPROXIMATE KNOWLEDGE MODEL

each player approximately knows his valuation

subset of
8k +12.5% -8k 4k £ 25% - 4k 38% 0%
[7k,9K] {3k,5k} [3.5k,7.7k] {11}

000 C

Q:

How well can we leverage approximate knowledge?



HOW TO MEASURE PERFORMANCE?
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How Much SW Can We Guarantee?

0 1
................ .I...........
)
g(o,n) - MSW
-------------- 'uuuuuu.
0 MSW

QUESTION (now more precise)
What is the max £(J, n) that we can guarantee?
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How about dominant strategies?

T

auction
mechanlsm

5o O

Should pIayer 2 bid 3k or 5k?

What if he can report a set?
(if reporting the “true’” set is dominant, we may be all set...)
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A New World

Dominant strategies not useful...

What other solution concepts could make sense?

undominated strategies [Jackson, BLP]
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(note that the second-price mechanism is not dominant-strategy anymore!)

—> a hew role for undominated strategies!




Thm 2: Second-price mechanism in
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Thm 3: V deterministic undom. strat. mechanism
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Harder!

dominant strategies — "single’’ mechanism (rev. principle)
undominated strategies — infinitely many mechanisms
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Thm 3: V deterministic undom. strat. mechanism
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And with randomness?




Implementation in Undomin. Strat’s

Thm 4: Our mechanism in undom.
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Implementation in Undomin. Strat’s

Thm 4: Our mechanism in undom.
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Thm 5: V probabilistic undom. strat. mechanism
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n °
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Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Ki=K,=K;=[(1-8)x,(1+ 8x]

Kll_x MSW = (1+ 6)x
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Approximate Knowledge

more adversarial...

... more work (but doable)
... more fun!



Thank you!






Proving Theorem 3

Will use:

Undominated Intersection Lemma:

A tool for undominated strategy mechanisms
©@ No revelation principle to help
© Need to apply to all mechanisms
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Proving Theorem 3

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

!

in undominated strategies, no deterministic mechanism

1-8\2
guarantees more than (m) - MSW

Recall Theorem 3:
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PickanyxandsetK; = K, = K; =[(1 —-6)x,(1+ 6§)x]

Set K| = K, = K3 to “just touch K; from below”

. Apply UIL to obtain g; € UDed;(K;) n UDed;(K;) for each i

When playing (g1, 0,5, 03), someone is unlucky, WLOG player 1
Choose the “world” of (K4, K5, K3)... This is the hard instance!
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TV; = “true valuation for player i”
K; = “approximate valuation for player i”
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Approximate Valuations (summary)

outcome

single-good auction %
&=

approximation inaccuracy 9 is:
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MSW outcome

single-good auction
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ol

What is the best €(6,n)?

Under which solution concepts should we ask the question?

(non-Bayesian) incomplete information,

so two natural notions to consider:

1. implementation in dominant strategies
2. implementation in undominated strategies

(3. ex-post NE reduces to dominant strategies)



4. Our Results



Our Results

Implementation in ...

... Dominant Strategies



Our Results

Implementation in ...

... Dominant Strategies



Our Results

Implementation in ...

... Dominant Strategies

O 2% @ @

W/ W/ W/ O
@ © 0 ©

K;

Y



Our Results

Implementation in ...

... Dominant Strategies



Our Results

Implementation in ...

... Dominant Strategies

irrelevant!?



Our Results

Implementation in ...

... Dominant Strategies

irrelevant!?

maybe not ...
as there is more to reveal



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Can guarantee &(6,n) - MSW



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Can guarantee (  ? ) -MSW?
[ ]



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Can guarantee (1 —6 ) - MSW?
[ ]



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1: 15
Can guarantee (——= ) - MSW?
1+6 o



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1: (1—6)° ?
Can guarantee 1+ 6)3. MSW
[




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW



Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

4 )

Interpretation:
dominant strategy
if and only if

exact knowledge of valuation
or individual Bayesian
- Y Y,




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

\

70(1+ 0.1
axon Interpretation:

dominant strategy

W if and only if

exact knowledge of valuation
or individual Bayesian

- Y Y,




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

\

70401 /7
70(1 + 0.01)

N

Interpretation:
dominant strategy
W if and only if
exact knowledge of valuation

or individual Bayesian
- Y Y,




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

\

D O Interpretation:

78¢-+-6-61 - dominant strategy

70(1£0.001) N, if and only if

exact knowledge of valuation
or individual Bayesian

- Y Y,




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

0D Interpretation: A
#0106 dominant strategy
70{1-+0-001) \\ if and only if

20 exact knowledge of valuation

or individual Bayesian
. Y Y,




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

D Interpretation: N
70005 dominant strategy
70{1-+0-001) \\ if and only if
70 exact knowledge of valuation -ty
_ °f individual Bayesian r 2




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

Terrible! \

can trivially achieve by assigning good at random
(after all, some player has the highest valuation!)

A Interpretation: A Know thVSED
005 R dominant strategy
7oCH6:001 N if and only if ... easier said
70 exact knowledge of valuation 2 than done!
or individual Bayesian 2 2 '
\ Y /




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1:
Cannot get more than % - MSW



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW O © 0 ©



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW O @ 9w
AN
QO O @ O
@ © 0 @
K;



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW O @ VW
AN
Q O X ©
@ © 0 @
K;

Y



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW O © 0 ©
Q O X ©
@<® O ©
K;

Y



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW O © 0 ©
Q O X ©
X<® 0O ©
K;

Y



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get morethan%-MSW O © 0 ©
O O X ©
X 0 0 o
K;

Y



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than%-MSW X o 0o X
o 0 X X
X X X ©
K;

Y



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW QO ©
) )
U
K;



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1:
Cannot get more than % - MSW L
O U
U
K;



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:

1 . .
Cannot get more than ~ MSW @ Second-price mechanism

N2
guarantees (%) - MSW



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:

1 . .
Cannot get more than ~ MSW @ Second-price mechanism

N2
guarantees (%) - MSW

much better!!

(note that the second-price mechanism is not dominant-strategy anymore!)



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:

1 . .
Cannot get more than ~ MSW @ Second-price mechanism

N2
guarantees (%) - MSW

much better!!
= a new role for undominated strategies!

(note that the second-price mechanism is not dominant-strategy anymore!)



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:

1 . .
Cannot get more than ~ MSW @ Second-price mechanism

N2
guarantees (g) - MSW

@ And it is optimal among
deterministic mechanisms



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:

1 . .
Cannot get more than ~ MSW @ Second-price mechanism

N2
guarantees (g) - MSW

@ And it is optimal among
deterministic mechanisms

@ Thm 3:

@ Our mechanism guarantees

(1—6)2+%‘S MS
(1+6)2 . w




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
Cannot get more than % - MSW ¥ Second-price mecgianism
guarantees (g) - MSW

@ And it is optimal among
deterministic mechanisms

@ Thm 3:

@ Our mechanism guarantees
even better!!! — — (=92




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
Cannot get more than % - MSW ¥ Second-price mecgianism
guarantees (g) - MSW

@ And it is optimal among
deterministic mechanisms

@ Thm 3:

@ Our mechanism guarantees
48

11l — 1-8)2+—
even better!!! — Q-9+
(1+68)2
@ And it is optimal among
probabilistic mechanisms




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:

Cannot get more than % - MSW

«Suos

2 8” 6 =0.5
.\"'!'/.
ﬁ 6 =0.5
oL 5 = 0.25

n =2 5 times better
n =4 3times better

n =2 2times better

... Undominated Strategies
@ Thm 2:

@ Second-price mechanism
1-5)2
guarantees (m) - MSW
@ And it is optimal among
deterministic mechanisms

@ Thm 3:

@ Our mechanism guarantees
— (1—6)2+%6
(1+6)2 - MSW
@ And it is optimal among
probabilistic mechanisms




Our Results

Implementation in ...

... Dominant Strategies

@ Thm 1:
Cannot get more than % - MSW

.. Undominated Strategies
@ Thm 2:

@ Second-price mechanism
1-8)2
guarantees (m) - MSW
@ And it is optimal among
deterministic mechanisms

@ Thm 3:

@ Our mechanism guarantees
(1—6)2+%‘S
(1+68)2 MSW
@ And it is optimal among
probabilistic mechanisms




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
1 : :
Cannot get more than e MSW “ Second-price mecganlsm
guarantees (g) - MSW
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
A-95 yisw
(1+6)2 '

@ And it is optimal among
probabilistic mechanisms



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
1 : :
Cannot get more than e MSW “ Second-price mecganlsm
guarantees (g) - MSW
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
(1—6)2+%‘S
Lower Bound Tool: 1+6)2 MSW

Distinguishable Monotonicity Lemma @ And it is optimal among

probabilistic mechanisms



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
1 : :
Cannot get more than e MSW “ Second-price mecganlsm
guarantees (ﬂ) - MSW
1+6
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
(1—6)2+%‘S
Lower Bound Tool: 1+6)2 MSW

Distinguishable Monotonicity Lemma @ And it is optimal among

probabilistic mechanisms

Full version at http://arxiv.org/abs/1112.1147



5. Our Techniques



Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:
1 . .
Cannot get more than ~ MSW ©@ Second-price mecgianlsm
guarantees (ﬂ) - MSW

1+6
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
(1—6)2+%6
Lower Bound Tool: (116)2 - MSW

Distinguishable Monotonicity Lemma @ And it is optimal among

probabilistic mechanisms




Upper Bound Tool

@ A tool for undominated strategy mechanisms
©@ No revelation principle to help
©@ Need to apply to all mechanisms



Upper Bound Tool

@ A tool for undominated strategy mechanisms
©@ No revelation principle to help
©@ Need to apply to all mechanisms



Upper Bound Tool

Tool #1

|

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

&

all strategies of player i given by mechanism M,




Upper Bound Tool

Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

Ki”

&

l

all strategies of player i given by mechanism M,




Upper Bound Tool

Tool #1

|

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

]

Example:

Ki”_/

&

all strategies of player i given by mechanism M,

> UDedi (Kl)

l




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,

> UDedi (Kl)




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,

> UDedi (Kl)




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,

:?” 0 W

: %




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,




Upper Bound Tool
Tool #1

Undominated Intersection Lemma:
|Ki N Kill > 2= UDedl(Kl) N UDedi(Ki') * @

Example:

all strategies of player i given by mechanism M,




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies
@ Thm 1: @ Thm 2:
1 : :
Cannot get more than e MSW “ Second-price mecganlsm
guarantees (g) - MSW
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
(1—6)2+%‘S
Lower Bound Tool: 1+6)2 MSW

Distinguishable Monotonicity Lemma @ And it is optimal among

probabilistic mechanisms




Lower Bound Tool

@ Establishing lower bounds on € involves (possibly
finding and then) analyzing mechanisms

@ DIFFICULTY: understanding the set of
undominated strategies is not an easy task




Lower Bound Tool

@ Establishing lower bounds on € involves (possibly
finding and then) analyzing mechanisms

@ DIFFICULTY: understanding the set of
undominated strategies is not an easy task

LR

Ki = UDedi (KL)




Lower Bound Tool

@ Establishing lower bounds on € involves (possibly
finding and then) analyzing mechanisms

@ DIFFICULTY: understanding the set of
undominated strategies is not an easy task

What if...

Ki = UDedi (KL)



Lower Bound Tool

@ Establishing lower bounds on € involves (possibly
finding and then) analyzing mechanisms

@ DIFFICULTY: understanding the set of
undominated strategies is not an easy task

What if...

| |

Ki = UDedi (KL)



Lower Bound Tool Tool #2

4 )
Approximate truthfulness:

UDed;(K;) c [min K;, max K]

What if...

| |

Ki = UDedi (KL)



Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

For any mechanism satisfying good property:
UDed;(K;) € [min K;, max K]

\_

What if...

| |

Ki = UDedi (KL)



Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

For any mechanism satisfying good property:
UDed;(K;) € [min K;, max K]

\_

Ki = UDedl(Kl) Ki = UDedl(Kl) Ki = UDedl(Kl)



Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

For any mechanism satisfying good property:
UDed;(K;) € [min K;, max K]

N\
What property?




Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

For any mechanism satisfying good property:
UDed;(K;) € [min K;, max K]

\_

@ Recall a classical result:
VY monotonic f: R" — [0,1]", M is DST




Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

For any mechanism satisfying good property:
UDed;(K;) € [min K;, max K]

\_

@ Recall a classical result:
VY monotonic f: R™ - [0,1]", Mg is DST

@ How does M¢ look like? On input bid-profile v
@ Player i wins w.p. f;(v);

@ Player i (if wins), pays v; — m . sz(Z Uv_;)dz



Lower Bound Tool Tool #2

4 . .. . . . )
Distinguishable Monotonicity Lemma:

[ Y monotonic f: R™ - [0,1]", M, satisfies }
UDed;(K;) € [min K;, max K;]| AN

\_ J

@ Recall a classical result:
VY monotonic f: R™ - [0,1]", Mg is DST

@ How does M¢ look like? On input bid-profile v
@ Player i wins w.p. f;(v);

@ Player i (if wins), pays v; — mfz 0fl(z U v_;)dz

@ Qur result:



Lower Bound Tool Tool #2

g Distinguishable Monotonicity Lemma: A
[ Y monotonic* f: R™ - [0,1]", M, satisfies }
UDed;(K;) € [min K;, max K;]| AN

\_ J

@ Recall a classical result:
VY monotonic f: R™ - [0,1]", Mg is DST

@ How does M¢ look like? On input bid-profile v
@ Player i wins w.p. f;(v);

@ Player i (if wins), pays v; — mfz Oﬁ(z U v_;)dz

@ Our result:
* = distinguishably monotonic




Lower Bound Tool Tool #2

g Distinguishable Monotonicity Lemma: A
[ Y monotonic* f: R™ - [0,1]", M, satisfies }
UDed;(K;) € [min K;, max K;]| AN

\_ J

@ Recall a classical result:
VY monotonic f: R™ - [0,1]", Mg is DST

@ How does M¢ look like? On input bid-profile v
@ Player i wins w.p. f;(v);

@ Player i (if wins), pays v; — —— (zUwv_;)dz
f( ) “z= 0

@ Our result:
* = distinguishably monotonic

— only need to focus on finding good allocation function f
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Proof:

1.

2
3
4.
5

PickanyxandsetK; = K, = K; =[(1 —-6)x,(1+ 6§)x]

Set K| = K, = K3 to “just touch K; from below”

. Apply UIL to obtain g; € UDed;(K;) n UDed;(K;) for each i

When playing (g1, 0,5, 03), someone is unlucky, WLOG player 1
Choose the “world” of (K4, K5, K3)... This is the hard instance!

Klm—x MSW = (1 + 8)x
- (1—6)?
”Kz ”KB ~ 145

2
1—-46
1 <|——
Pr[1 wins] = 0 = 8—<1+5>

01 ) 03

Deterministic: QED
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Know thyself!

y

GOAL: want to learn about others,
who may not know themselves very well.

The GoAL is desirable and doable!
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Our Model

VW
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K;

VW
@ Dnt;(TW%) = {al- : Vo;, o; > al-'} = “unbeatable strategies w.r.t. TV"”
K; ™ K;
l

© A mechanism M §-implements € - MSW if

VK € [§], VTV € K, 30 € Dnt('l;ll)

E [sw(TV,M(0))] = &- MSW (TV)
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Impl. in Dominant Strategies

@ Claim: in dominant strategies, every (possibly probabilistic)
: . 1
direct mechanism cannot guarantee more than - MSW

@ Proof:

1. Lemma: a dominant strategy direct mechanism M gives the same
outcome when a player deviates individually: VK, Vi, VKi',

M;(K) = M;(K; UK_})
(Proof: play with different worlds)

2. Consider WORLD;,: all players bid low;
there is some unlucky player, say player 5.

3. Consider WORLD,: all players bid low except player 5.
4. Compute and conclude. QED




Our Results

Implementation in ...

... Dominant Strategies ... Undominated Strategies

@ Thm 1: @ Thm 2:
1 . .
Cannot get more than ~ MSW ©@ Second-price mecgianlsm
guarantees (ﬂ) - MSW

1+6
@ And it is optimal among
Upper Bound Tool: deterministic mechanisms
Undominated Intersection Lemma @ Thm 3:
@ Our mechanism guarantees
(1—6)2+%6
Lower Bound Tool: (116)2 - MSW

Distinguishable Monotonicity Lemma @ And it is optimal among

probabilistic mechanisms




Impl. in Undominated Strategies



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”

Classical Model

vi_;, u(TV;, M(o; U 1_y)) < uy(TV;, M0y’ U 7_7))

“ O'l' S O'l', |f /
3r_;, uy(TVy, M(o; Ut_)) < uy(TV;, M(o;' UT_)))

TV;



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”
Classical Model never worse
vr_;, wi(TV, M(o; Ut_y)) < w(TV, M(o;' UT_)))
VgE L= u (TV;, M(o; ut_)) <w(TV;, M(0;' L T_)))
better at least once

9 0] < O-l', |f{
TV;



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”
Classical Model never worse
\ vi_;, w(TV;, M(o; Ut_)) < w(TV;, M(o;' LUT_)))
{ VgE L= u; (TV;, M(o; Ut_y)) < w(TV;, M(o;' UT_;))

better at least once

9 0] < O-i, if
TV;

@ UDed;(TV;) = {al- : Ao; s.t.o; T% O'i'} = “non-stupid strategies w.r.t. TV;”
i



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”
Classical Model never worse
\ vi_;, w(TV;, M(o; Ut_)) < w(TV;, M(o;' LUT_)))
{ VgE L= u; (TV;, M(o; Ut_y)) < w(TV;, M(o;' UT_;))

better at least once

9 0] < O-i, if
TV;

l

@ UDed;(TV;) = {al- : Ao; s.t.o; T% a-’} = “non-stupid strategies w.r.t. TV,”

@ A mechanism M implements € - MSW if

VTV  , Yo € UDed(TV)

E [sw(TV,M(0)] = &- MSW(TV)



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”

Our Model never worse
@ o < g If{ k VT_l', ui(TVi,M(O'i L T_i)) < ui(TVi,M(al-' L T_l'))
' TT/i l f HT_i, ui(TVi,M(O'i L T—i)) < ui(TVi,M(O'i’ L T_l'))

better at least once

l

@ UDed;(TV;) = {al- : Ao; s.t.o; T% a-’} = “non-stupid strategies w.r.t. TV,”

@ A mechanism M implements € - MSW if

VTV , Vo € UDed(TV)

E [sw(TV,M(0))] 2 &- MSW (TV)



Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”

Our Model never worse
o < g'if VTVi (S Ki,VT_l', ui(TVi,M(O'i L T_i)) < ui(TVi,M(al-' L T_l'))
“ 0; =< 0; 1
' 7}?(1 ' ElTVi (S Ki! HT_i, ui(TVi,M(O'i L T—i)) < ui(TVi,M(O'i’ L T_l'))

better at least once

l

@ UDed;(TV;) = {al- : Ao; s.t.o; T% a-’} = “non-stupid strategies w.r.t. TV,”

@ A mechanism M implements € - MSW if

VTV , Vo € UDed(TV)

E [sw(TV,M(0))] 2 &- MSW (TV)



Impl. in Undominated Strategies
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ensures good social welfare”
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Impl. in Undominated Strategies

@ “When players use non-stupid strategies, the mechanism M
ensures good social welfare”

Our Model
a < g'if VTVi (S Ki,VT_l', ui(TVi,M(O'i L T_i)) < ui(TVi,M(al-' L T_l'))
O; = 0O; |
' 7;?(1 ' ElTVi (S Ki! HT_i, ui(TVi,M(O'i L T—i)) < ui(TVi,M(O'i’ L T_l'))

@ UDed;(T%) = {al- : Ao; s.t.o; < crl-'} = “non-stupid strategies w.r.t. T%”
K; s K;

© A mechanism M §-implements € - MSW if

VK € [6], VTV € K, Vo € UDed(‘?Z)

E [sw(TV,M(0))] 2 &- MSW (TV)

J
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Upper Bounds on &

Prcic.)f- PickanyxandsetK; = K, = K; =[(1 —-6)x,(1+ 6§)x]
2. Set K; = K, = K; to “just touch K; from below”
3. Apply UIL to obtain g; € UDed;(K;) N UDed;(K;) for each i
4. When playing (g1, 0,,03), someone is unlucky, WLOG player 1
5. Choose the “world” of (K3, K;, K3)... This is the hard instance!

Probabilistic? K; E_ X
46
’ ’ _ 2 e
”KZ ”K3 =>le < (1 5) i n
— (14 6)2

1
Pr[1 wins] < —
n Probabilistic: QED

R U
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Thm: Second-price mechanism guarantees (m) - MSW
Proof:
1. UDed;(K;) c [minK;, max K;] for every player i
2. Done!

Why are we done?
Hardest instance is still:

MSW = (1+ 6)x

Ky
o1 T lﬂz m% (1—68)2

/ SW =
Ks 1+6

2
1—-46

1 > ——

Pr[1 wins] —0 =|€2 <1+5>

Second-price: QED
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i winsino; UT_;; iwinsing; UT_;
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only interesting one
Ki UDedl(Kl)
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2. Done!
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w T T ’
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Distinguishable Monotonicity Lemma:

VY monotonic* f: R™ - [0,1]", M satisfies
UDed;(K;) € [min K;, max K;]

\_
@ Designing f:

@ When bids are close to each other: give good at random.
@ When there is a “clear winner”: act like second-price.

J

@ If neither: interpolate in a smart way.
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g Distinguishable Monotonicity Lemma: ’

VY monotonic* f: R™ - [0,1]", M satisfies
UDed;(K;) € [min K;, max K;] y

N\
@ Designing f:

@ When bids are close to each other: give good at random.
@ When there is a “clear winner”: act like second-price.

@ [f neither: interpolate in a smart way.

N

This is delicate. In every “intermediate case”, need to:
1) ensure the target social welfare, and
2) ensure distinguishable monotonicity.
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Our Optimal Mechanism

uloomn ViEWZ candidate winners losers

1,2,3,..,n" n“+1,..,n
1. Oninput bids (vq, vy, ...,1;,), WLOG vy = vy, = | = 1,,.

v->z?_ - forall 1<i<n”
. o L /) L
2. Find “magic” threshold n* s.t. Do)

i v)
Vi<ﬁ forall n*" <i<n

*

3. Assign good to only “candidate winning” players 1,2, ..., n
where playeri € {1,2,...,n"} wins with “magic” probability:

1 n+D@ v +D() -y,
n n*+D(5) v;D(6)

filv) =



Our Optimal Mechanism

candidate winners losers

“100m” view: ! )
1,2,3,..,n n+1,.,n

1. Oninput bids (vq, vy, ...,1;,), WLOG vy = vy, = | = 1,,.

v >~ Z’_ (5]) forall 1<i<n*

25‘11
Vi S 500 forall n* <i<n

2. Find “magic” threshold n™ s.t.

*

3. Assign good to only “candidate winning” players 1,2, ..., n
where playeri € {1,2,...,n"} wins with “magic” probability:

B 1 n+D(S) vin*+D(5)) — 2}21 Vj
i) = oy 7D (3)

Easy to evaluate, just like the second-price mechanism!
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Approximate Valuations

outcome
Example 2/3:
single-good auction

yard sale

different from Bayesian!

K, = {600,1000} pp.[Police in another],
| neighborhood |

police is on]?

Pr Junch break!”

'police chasing],
Pr] a thief ]

U ' N
0 x — 0x x + &x

1 K,  [(1 — &)800, (1 + §)800]



