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Anything that can go wrong

will go wrong.

Murphy’s Law
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Any system that can be gamed

will be gamed.
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We want to design ML algorithms that are (1) robust against strategic behavior

and (2) incentivize agent behavior that is aligned with the system’s goals.
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Strategic Linear Contextual Bandits

joint work with Aadirupa Saha, Christos Dimitrakakis, Haifeng Xu

NeurlPS 2024
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Strategic Linear Contextual Bandits Arms respond in Equilibrium:
arm strategies € NE(Algorithm)
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Strategic Linear Contextual Bandits [ Arms respond in Equilibrium: }

Fort=1,...,
1) Every arm i €

2) Everyarm i €

7~
T- v repeated interaction K J
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K]

privately observes its context x,ff’i =

e R
unbounded manipulation 3

reports a gamed context x; ; = € R? to the Algorithm

3) Algorithm plays arm i, = .E [K] and receives reward 17 (i¢) = (07, x¢;,) + 1;

Algorithm minimizes expected regret
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Fort=1,...,
1) Every arm i €

2) Everyarm i €

7~
T- v repeated interaction K J
K]

K]

arm strategies € NE(Algorithm)

privately observes its context x;; = € R4

unbounded manipulation 3
reports a gamed context x; ; = € R? to the Algorithm

3) Algorithm plays arm i, = .E [K] and receives reward 17 (i¢) = (07, x¢;,) + 1;

/ / T
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Strategic Linear Contextual Bandits

Fort=1,...,
1) Everyarm i €

2) Everyarm i €

7~
T- v repeated interaction K J
K]

K]

Arms respond in Equilibrium:

arm strategies € NE(Algorithm)

privately observes its context x;; = € R4

unbounded manipulation 3
reports a gamed context x; ; = € R? to the Algorithm

3) Algorithm plays arm i, = .E [K] and receives reward 17 (i¢) = (07, x¢;,) + 1;

multiple competing agents ﬁ.{gf ﬁ

Algorithm minimizes expected regret

R =E Zmax(e* xe i) — (0%, x¢ ;) ﬁ; I ;10} = 1)
y - J

/

far-sighted agents

known environment | 4

Every Arm [ maximizes its #selections
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Strategic Linear Contextual Bandits Arms respond in Equilibrium:
arm strategies € NE(Algorithm)

Fort=1,..,T:

1) Every arm i € [K] privately observes true avg reward ;; = £ 3 € R

2) Every arm i € [K] reports a gamed value 1, ; = @ € R to the Algorithm

3) Algorithm plays arm i, = .E [K] and receives reward 17 (i¢) = He;, + 1

known environment | 4 -

* Let’s swap features x € R? for the implied avg reward u := (6*,x) € R

* We're happy when the arms “cooperate” and the reports pi, ; € match the truth p; ; €

How can we incentivize the arms to “cooperate” with us 0 9
while minimizing regret? =
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3) We observer;; ~ D(uz;)
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Grim Trigger Strategy

How can we incentivize the arms to “cooperate” with us?
From Iterated Social Dilemmas: “If you defect once, | will defect permanently.

V4
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eliminate arm i forever.

But we don‘t observe p;; |

Repeatedly:

1) each arm privately observes i ;
2) each arm tells us |1, ;

3) We observer;; ~ D(uz;)



Grim Trigger Strategy

How can we incentivize the arms to “cooperate” with us?
From Iterated Social Dilemmas: “If you defect once, | will defect permanently.”

If reported avg reward i, ; > observed (true) reward ry ;,

eliminate arm i forever.

k o .
Butr,;isnoisy | —

Repeatedly:

1) each arm privately observes i ;
2) each arm tells us |1, ;

3) We observer;; ~ D(uz;)



Grim Trigger Strategy

How can we incentivize the arms to “cooperate” with us?
From Iterated Social Dilemmas: “If you defect once, | will defect permanently.”

If reported avg reward )., i, ; > optimistic estimate ), 1y ; + /N (i)

eliminate arm i forever.

Repeatedly:

1) each arm privately observes i ;
2) each arm tells us |1, ;

3) We observer;; ~ D(uz;)
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What does the Grim Trigger mean for the arms?

e Sgas

The observations ). 1 ; concentrate around the average Y iy ; | ‘\f %jt
FOOL ME ONCE___

This implies that with high probability:

00]
If 2o e — DMy i > 24/ (i), we eliminate arm 1.

reports — truth

The arms can misreport to us ... but not too often !
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Greedy Grim Trigger Mechanism (GGTM)

00)
Greedy Selection: Grim Trigger:
Play i, = arg max If Yo the; > Do 1y + /1. (D), eliminate arm i.

Theoretical Results:

1) Under GGTM, being truthful is a v/T-Nash Equilibrium.

i@
2) If the arms play any NE under GGTM, then R;(GGTM) S@ \ 3>
cost of manipulation
& uncertainty B

§E5> Q§HS

cost of mechanism design



Suppose the environment 8 is unknown ...

Things get complicated ...

We observe: gamed context x;; and reward 7, ; :== (07, x; ;) + ¢

We don‘t observe: true context x; ; and parameter 8"

The arms can manipulate our estimate of 8™ ...

Estimating 8" accurately becomes impossible?!

Another time ...



Short Recap

* Strategic Interactive Decision-Making —~
. . . . (W, £
* Reinforcement Learning + Mechanism Design f,}{‘ﬁ -
* Objective: Strategic Robustness + Incentive Alignment o FK ‘i

 Strategic Linear Contextual Bandits

* Strategic agents & manipulating contexts
e Grim Trigger Mechanism from Iterated Social Dilemmas

* Mechanism Design becomes approximate >

 There are many more problems like this left to study ...
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