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We study the problem of fair allocation of m indivisible items among n agents with additive
valuations using the popular notion of maximin share (MMS) as our measure of fairness. An MMS
allocation provides each agent a bundle worth at least her maximin share. While it is known
that such an allocation need not exist [5, 7], a series of remarkable work [1-3, 6, 7] provided 2/3
approximation algorithms in which each agent receives a bundle worth at least 2/3 times her
maximin share. More recently, [4] showed the existence of 3/4 MMS allocations and a PTAS to
find a 3/4 — e MMS allocation. Most of the previous works utilize intricate algorithms and require
agents’ approximate MMS values, which are computationally expensive to obtain.

In this paper, we develop a new approach that gives a simple algorithm for showing the existence
ofa %-MMS allocation. Furthermore, our approach is powerful enough to be easily extended in two
directions: First, we get a strongly polynomial time algorithm to find a %-MMS allocation, where
we do not need to approximate the MMS values at all. Second, we show that there always exists a
(% + ﬁ)—MMS allocation. This considerably improves the approximation guarantee for small n.
We note that there are works, e.g., [1, 4], exploring better approximation factors for a small number
of agents. We note that 3/4 was the best factor known for n > 4.

Our algorithms are extremely simple. First, we describe the basic algorithm that shows the
existence of %-MMS allocations. Since MMS values are scale-invariant, we scale valuations to make
each agent’s MMS value 1. Then, we assign high-value items to agents, who value them at least
%, with a simple greedy approach based on the pigeonhole principle, and remove the assigned
items and the agents receiving these items from further consideration. This reduces the number
of high-value items to be at most 2n’, where n’ is the number of remaining agents. These greedy
assignments massively simplify allocation of high-value items, which was the most challenging
part of previous algorithms. Next, we prepare n’ bags, one for each remaining agent, and put at
most two high-value items in each bag. Then, we add low-value items on top of each of these bags
one by one using a bag-filling procedure until the value of bag for some agent is at least 2. The
main technical challenge here is to show that there are enough low-value items to give every agent
a bag they value at least %.
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Next, we extend the basic algorithm to compute a %—MMS allocation without any need to compute
the actual MMS values. Here, we define a notion of tentative assignments and a novel way for
updating the MMS upper bound. For each agent, we use the average value, that is the value of all
items divided by the number of agents, as an upper bound of her MMS value. The only change from
the basic algorithm is that some of the greedy assignments are tentative, i.e., they are valid only if
the current upper bound of the MMS values is tight enough. We show that this can be checked by
using the total valuation of low-value items. If the upper bounds are not tight enough for some
agents, then we update the MMS value of such an agent and repeat. We show that we do not need
to update the MMS upper bounds more than O(n®) times before we have a good upper bound on all
MMS values. Then, we show that the same bag filling procedure, as in the basic algorithm, satisfy
every remaining agent. The running time of the entire algorithm is O(nm(n* + log m)).

We also extend the basic algorithm to show the existence of (% + ﬁ)-MMS allocations. The
entire algorithm remains exactly the same but with an involved analysis. The analysis is tricky in
this case, so we add a set of dummy items to make proofs easy and more intuitive. We use these
items to make up for the extra loss for the remaining agents due to the additional factor, and, of
course, these items are not assigned to any agent in the algorithm.

The full version of this paper can be accessed at: https://arxiv.org/abs/1903.00029.
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