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MPF

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 Q = {b,x,y}. The state b is the blank
state. Row labels give the initiator’s state and column
labels the responder’s state.

& b y
x (x,x) (x,x) (x.b)
b (b,x) (b,b) (b,y)
y (1.0) (v.y) (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(y/nlog n)
@ [ his algorithm is the fastest possible

o Must wait 2(nlog n) steps in expectation for all agents to
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3" SPiM Player 1.13

| File Edit Simulation View Data Pens

directive sample 0.0002 1000
directive plot x(); y(Q; bQ

val r = 0.1
new xy@r:chan new yx@r:chan
new bx@r:chan new by@r:chan

let x() =
do ?xy; b()
or !gx; x()
or 'bx; x()
and y() =
do’ I'xy; g()
or ?g 3 b()
or !'by; yQ
and b() =
do ?bx; x()
or ?by; yQ)

run 1100000 of x()
run 900000 of y()
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Simulation: Halted, Time = 0.000126 (511 points at 7.2856e-07 simTime/sysTime)
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Plotting: Live
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95 SPIM Player 1.13 =@ 8 |
<1 File Edit Simulation View Data Pens n
directive sample 0.0002 1000 . SPiM x() )
directive plot x(); y(Q; bQ 2e+06 ¥0 2
$">? H
val r = 0.1 b0 . N
$1>2 new xy@r:chan new yx@r:chan 1.8e+06
new bx@r:chan new by@r:chan !
let x() = 1.6e+06 |- "
do ?xy; b() =
or 'yx; x()
or 'bx; x() 1.4e+06 ' .
ang yQ = o "
o Ixy; 1.2e+06
or ?yX; g() =&
or 'by; yQO
and b() = 1e+06
do ?bx; x()
or Zby; yQ 8e+05 *
run 1000000 of x()
run 1000000 of y() 6e+05 n
4e+05
0 2e+05 |
OD 0.0002
50 6 Plotting: Live
Sulnulaﬁon Halted, Time = 0.000191 (902 points at 3.7905e-07 simTime/sysTime) v
q »
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The final outcome is correct if the initial disparity is

w(v/nlog n)
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File Edit Simulation View Data Pens

Slmulahnn Halted. Time = 179022.697659 (1790 points at 599 01 simTime/sysTime)

b0 mim Zghs

directive sample 100000.0 1000 SPiM x0
d‘lr]‘e(t‘lve plot x(); y(O; bQ; FOEQ (% Time( 10000 - ¥0
ival a = 0.0001 b
new e@a:chan new f@a:chan :q
new kille:chan new killF: chan 9000 "
new time:chan
let EQ) = do 'e; E() or ?kille; 8000
and FE) =do 'f; F() or ?killF; ()
ind 763 = 35 B0
an = ?f; Kl
and g() = do ?e; y() or ?f; x() oo
et clock(p:proc(int), t:float) = 6000
(" Produce one p(m) every t sec wn:h precision
with m incremented from 0 *
(val dt= 100.0 run step(p, 0, t, dt, dt))
and step(p: ErncE\nt) ?‘ Ent Ts f'loat n:float, 5000
if n<=0.0 t p(m)lstep(p m+l,t dt,dt))
else delayedt/t; step(p,m,t,n-1.0,dt 4000
let Time() = ?time; O *= *=
let schedule(n:int) = 3000
e 1?6:()1000 h (0]
if n< then
else if n<4000 then E() ZLi
e]lse i(l; n<8000 then 'killE
else -=
1000, -
A 4
run 10000 of x() <
run 100 of F % 1ee05
run c]ock(schedu]e 10.0) i Plotting: Paused
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