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Figure 1: Cell cycle regulation of cyclin dependent kinase (Cdk1) Cyclin-B (CycB) complex. The active Cdk1/CycB dimer
can be inactivated by binding to an inhibitor (CKI) or by phosphorylation of the kinase subunit by V/ee1. The inhibitory
phosphate group is removed by Cdc25 phosphatase (Cdc25). Cdk1/CycB can also be inactivated by proteolysis of its
cyclin partner, mediated by the anaphase-promoting complex (APC) in combination with Cdc20
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dimers is left off the diagram to keep it simple.) (B) Positive
feedback loops. Active MPF stimulates its own production from
tyrosine-phosphorylated dimers by activating Cdc25 and
inhibiting Weel. We suspect that these signals are indirect, but
intermediary enzymes are unknown and we ignore them in this
paper. The signals from active MPF to Weel and Cdc25 generate
an autocatalytic instability in the control system. We indicate also
an ‘external’ signal from unreplicated DNA to Weel and Cdc25,
which can be used to control the efficacy of the positive feedback
loops. The letters a, b, e and f are used to label the rate constants
for these reactions in Fig. 2. (C) Negative feedback loop. Active
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Dana Angluin - James Aspnes - David Eisenstat

A Simple Population Protocol for Fast Robust
Approximate Majority

We analyze the behavior of the following population pro-
tocol with states @ = {b.z,y}. The state b is the blank
state. Row labels give the initiator’s state and column
labels the responder’s state.

x b y
x (x.x) (x.x) (x,b)
b (b,x) (b.b) (b,y)
y (3.0) (v.9) (v.v)
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@ Using martingales, we show that with high probability,
o The number of state changes before converging is O(nlog n)

o The total number of interactions before converging is
O(nlog n)
o The final outcome is correct if the initial disparity is
w(yv/nlog n)
@ This algorithm is the fastest possible

o Must wait 2(nlog n) steps in expectation for all agents to

Interact
@6 A



@ Chemical systems as distributed systems

o What can they compute?
o What can we say about their dynamics?

@ Replace “agent” with “molecule” = Chemical Master
Equation (modulo details)

@ Objection: in real life, some pairs of agents are more likely to
interact than others

o Agents in the same state are interchangeable

o In a well-stirred chemical mixture, reaction types occur with
the right probabilities (Gillespie, Physica A 1992)
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