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A Simple Task Allocation with Execution Uncertainty

• SETTING: A broken car can be fixed in three different garages with different repair suggestions (different costs) and each garage may fail
to satisfy the driver’s need or simply couldn’t fix the problem with their suggested repair, i.e., the execution uncertainty which is defined by
probability of success ∈ [0, 1].

• QUESTION: Which garage should the driver choose to "successfully" repair the car with a minimal cost?

Garage Repair Suggestion (Cost) Rating (Probability of Success)

$100 (0.5)

$150 (0.8)

$200 (0.7)

very well in terms of removing deficit, but social-welfare-oriented trade re-
duction outperforms balanced trade reduction with respect to minimising the
loss of social welfare. To maintain truthfulness, both reductions may allo-
cate unequal number of buyers and sellers which is balanced by using extra
buyers and sellers from outside. Given that, we finally discuss the possibility
to improve the proposed trade reductions without using extra resources.
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1. Conclusion

The old one, will rewrite!
Discuss the combination to improve BTR.
We studied a type of exchanges, called dual-role exchanges, where a trader

can o↵er to both buy and sell for one unit of a commodity, and when she
transacts in the allocation, she can either buy or sell, but not both. Dual-role
exchanges are very di↵erent from more commonly studied exchanges where
a trader has to decide whether to buy or to sell before participating in the
exchanges. In dual-role exchanges, the decision is made by the mechanism
instead of the traders (traders just need to report their valuations for buying
and selling). We showed that designing budget balanced mechanisms in such
exchanges can be very challenging. Especially, we showed that McAfee’s
trade reduction mechanism, which performs very well in classical exchanges,
is not truthful in general in dual-role exchanges. Therefore, we proposed
a balanced trade reduction based on VCG and McAfee’s trade reduction,
which is truthful and as e�cient as McAfee’s trade reduction, but not budget
balanced. To further reduce the deficit, we generalize the balanced trade
reduction to trade o↵ between e�ciency and deficit.
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• ASSUMPTIONS:

– Both cost and probability of success of each garage are their private information.

– Cost is fixed (independent of the probability of success).

• CHALLENGE: To successfully fix the car with a minimal cost, the driver need to incentivise garage to reveal their true cost and true
probability of success.

• SOLUTION: Apply Vickrey-Clarke-Groves (VCG) mechanism? NO!

– Assume the driver’s budget for the repair is 300 (i.e., valuation for a successful repair), the social welfare to repair in the garages are
300× 0.5− 100 = 50, 300× 0.8− 150 = 90 and 300× 0.7− 200 = 10 respectively.

– The driver will choose the second garage (which gives the highest expected social welfare) to repair his car and he will pay

300× 0.8− 50

– Problem: the garage’s payment depends on their probability of success (violates truthfulness)

A Good Solution: Fault Tolerant Mechanism
• SOLUTION: Post-Execution Verification Based Payment [Porter

et al. 2008]

– reward the garage for successfully repairing the car,

– charge the garage for failing the task.

For the above example,

– the garage receive 300−50 for successfully repairing the car,

– the garage pay 50 for failing the task.

Therefore the garage’s expected payment is

– 0.8× (300− 50)− (1− 0.8)× 50 = 300× 0.8− 50

Question: Is the garage’s expected payment different from the
VCG payment?

– Yes, the garage can’t change their probability of success 0.8
in the verification-based payment, while they can misreport
under VCG as VCG uses their reported probability of suc-
cess for the payment computation.

Our Contribution
We generalise the task allocation with execution uncertainty:

• n agents N = {1, ..., n}.

• a finite task allocation space T , each τ ∈ T is defined by τ =
(τi)i∈N , where τi is a set of tasks assigned to agent i.

• pτi ∈ [0, 1] is the probability that i will successfully complete her
tasks τi. pi = (pτi )τ∈T is i’s probability of success (PoS) profile.

• i’s valuation is defined by vi : T × [0, 1]N → R. vi considers costs,
externalities, and task interdependences.

And characterise the applicability of the Post-Execution Verification
(PEV)-based mechanism (see the paper for other characterisations):

• PEV-based mechanism is ex-post truthful if and only if for all
i ∈ N , vi is multilinear in PoS (risk-neutral).

• PEV-based mechanism is individually rational if and only if each
agent’s valuation is non-negative if she is not allocated to do any
task (i.e., she is not hurt by the others’ executions when she does
not do any task in any allocation).
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