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OVERVIEW. At a high level, MontyHall’s strategy is to buy inputs, immediately convert them into outputs, and
then sell said outputs. Monty begins its day by computing a business plan. For each day into the future (up to some
predefined horizon T'), this plan dictates how many inputs to aim to buy and sell so that, in expectation (over many
games), it maximizes its profit. After negotiating to fulfill the business plan, Monty signs a subset of its agreements,
again with the intent of maximizing profit, but accounting for its past relationship with its negotiating partners.

UNCERTAINTY MODEL. For x € N, we write [x] = {0, 1,...,x}, and we assume 7 ranges over the game’s days.

We model the market uncertainty our agent faces by joint distribution G' = Gﬁ,} O Pour.Ooprs WhETE
GIPINAQIN7POUT7Q()UT (Ply < pin, O < vy Phur < pout, Obur < qour) is the probability that at time ¢ at most a fotal
of gy units of the input were sold at an average price of at most p;y per-unit, and at most a fotal of goyr units of
the output were sold at an average price of at most poyr. We denote by P, (respectively, Q%+, Py, and Q') the
marginal distribution of output prices (respectively, output quantities, input prices, and input quantities). We bound

ot € [gmax] and Ol € [gmax], for all 7, assuming hyperparameter gmax € N.

We take the simplest possible approach to building a model of market uncertainty, which is to build empirical
marginal distributions from many simulation of the game by counting the relevant values. For example, P(Q! = k) =
k inputs were traded across all games on day ¢ /total number of games in the logs. An important and interesting future research direction
is to experiment with more expressive probabilistic modeling, for example, using hidden Markov models, to model
a factored joint (rather than simply marginal) distribution(s).

BUSINESS PLAN. Given our model of market uncertainty, we compute the expected value of the input and output
prices (i.e., we set piy = E[P] and pY,r = E[P.y:]), and focus on deciding how many inputs to buy and outputs to
sell. Taking inspiration from the newsvendor model, we assume the agent can sell (respectively, buy) at most some
random quantity of the output (respectively, input). Consequently, if the agent decides to sell y, units at time ¢, the
actual number of units sold is modeled by the random variable min(y;, Q. ). Likewise, if the agent decides to buy
X; units at time ¢, the actual number of units bought is modeled by the random variable min(x;, Q%y).

Let oy = E[min(k, Q% ;)] and By = E[min(k, Qly)]- All values oy and B can be computed in O(gmax) time,
but the details of this computation (a dynamic program) are left for a longer description of our agent. Now, define
the decision variables I € {0,1} and Oy € {0,1}, fort € [T] and k € [gmax), With the interpretation:

0 if the plan is not to buy k inputs at time 7’

~J 1 if the plan is to buy k inputs at time ¢ ~J 1 ifthe plan is to sell k output at time ¢
" *70 ifthe plan is not to sell k outputs at time ¢

The following ILP (1) solves for the number of inputs to buy and sell on each day of horizon T so as to maximize
expected profit, given our uncertainty model:
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The first and second constraints guarantee that the plan can only target one quantity in the set [gmax] on each day.
The third constraint is an inventory feasibility constraint—it guarantees that enough inputs are available to convert
to outputs today, or enough outputs are leftover from previous days, to meet the day’s target. The fourth constraint
defines the initial output inventory level i € N. (We assume all inputs are converted to outputs immediately.)

Finally, note that given an optimal solution {/;, O;kk}fe[TLke[Qmax] to ILP (1), we can recover an optimal business
plan {x},y; }tem, where x; (/) is the optimal number of inputs (outputs) to buy (sell), by setting:

dmax 4max

x{=Y kIj and y =Y kOj
k=0 k=0

Our agent solves ILP (1) at the beginning of each day using python’s pulp mathematical program solver (pypi.
org/project/PuLP/). Empirically, we found that it takes less than one second to solve for a typical plan. Our agent
then uses its plan to set a negotiation agenda, specifically a range of quantities based on the plan. Currently, our agent
sets a range of prices based on catalog prices. An interesting future direction would be to expand our business planer
to account for the full uncertainty over prices modeled by Pl and P., and not just the expected values of these
distributions. Alternatively, we might carry out a parallel strategy in addition to the current one, taking expectations
of Ol and Q% as input, and outputting a range of prices as a negotiation agenda.

CONTRACT SIGNER. We now describe how our agent decides which subset of agreements to sign.

Let A be the set of agreements about which the agent needs to make a signing decision. An agreement a € A is
defined as a = (g4, Pa;, Ta,da, Pa), Where g, € N is the quantity, p, € Ry is the price per unit, 7, € {t + 1,¢+2,...,T}
is the delivery date, d, € {BUY,SELL} is the “direction”, and p, is the negotiating partner. Conditioned on our
partner also signing, an agreement becomes a binding contract.

Our agent decides whether or not to sign an agreement based on an assessment of its partner’s likelihood of
signing. Let m(p) € [0, 1] be the probability that partner p will sign an agreement. As a first approximation, we
assume that the signing probability 7(p) is the same across all of our agreements with p, and independent of any
previous or future signing decisions. Moreover, signing probabilities are independent across partners.

Our initial  signing probability estimates are simple counts of the form 7w(p) =
# of agreements reached and signed by p/otal # of agreements reached with p. However, if a partner does not sign agreements
early on, we run the risk of never signing agreements with the partner again. To remedy this situation, we model
each signing event with partner p as a Bernoulli random variable with parameter 7(p), and maintain a confidence
interval f£(p) + &, via Hoeffding’s inequality, where #(p) is the empirical signing probability. Finally, we use the
upper bound #(p) + € as a proxy for the true signing probability 7(p).

ILP (2) selects a subset of agreements in A that maximizes expected profit subject to feasibility constraints,
where the expectation is taken over the negotiating partner’s signing probabilities. Feasibility means that there will
be enough outputs available for each sell agreement the agent signs, among initial inventory, new inputs from buy
contracts signed today, and leftover inputs and outputs from previous days. As usual, the formulation assumes that
every input is turned into an output immediately. Further, i € N is the initial inventory, defined as the total quantity
of inputs and outputs already in storage when making the signing decisions.
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In ILP (2), for all a € A, z, € {0,1}, with z, = 0 when the agent is not going to sign agreement a, and z, = 1
when it will sign agreement a. Further, Agyy = {a € A | d; = BUY}, and Agg . = {a € A | d; = SELL}. (Note
A = Agyy UAgg, . .) Finally, 7 is the set of all times for which the agent has a sell agreement.

Our agent solves ILP (2) using python’s pulp mathematical program solver (pypi.org/project/PuLP/). Empirically,
we found that it takes less than one second to solve ILP (2).
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