
Imagine you are the 100th person in line at an airport security checkpoint. As people
reach the front of the line they are being processed fairly regularly. But you move less
frequently, and when you do move, you typically move several units of distance, where 1
unit distance is the average distance between successive people standing in the line. Figure
2 shows data: times and positions of proposer’s moves at Oakland airport.
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Figure 2. Data: progress in a long queue.

This phenomenon is easy to understand qualitatively. Take the time unit as the average
time for the head person to be processed. When the head person leaves the checkpoint, the
next person moves up to the front, the person behind moves, and so on, but this “wave”
of motion often does not extend through the entire long line; instead, some person will
move only a short distance, and the person behind will decide not to move at all. One
can argue informally that, when you are around the k’th position in line, there must be
some number a(k) representing both the average time between your moves and the average
distance you do move – these are equal because you are moving forwards at average speed
1. This immediately suggests the question of how fast a(k) grows with k. We will describe
a stochastic model in which (from convincing heuristics and simulation) a(k) grows as order
k1/2; the research project is to actually prove this.

In classical queueing theory, randomness enters via assumed randomness of arrival and
service times. Ironically, even though we are modeling a literal queue, randomness in our
model arises in a quite di↵erent way, via each customer’s choice of exactly how far behind
the preceding customer they choose to stand, after each move. That is, we assume that
“how far behind” is chosen from a given probability density function f(x) on an interval
[0, c]. In brief, the model is

when the person in front of you moves forward to a new position, then you move
to a new position at a random distance (chosen from density f) behind them,


