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Figure5: (Left) Instability line in the plane (H, G/8/7). Solid line: Instability line

_ for parameters of Figure 3 and § = 0.1z. Long-dashed line: 8 = 0.05t. Short-

" dashed line: asymptotic limit 8/ — 0. The stationary state (SS) is unstable to

. the right of the instability line, where an oscillatory instability (OS) develops.

(Right) Instability line in the plane (e, Ocn)- Solid line: Parameters of Figure 2,

- and § = 0.17. The short-dashed line is constructed taking the asymptotic insta-

bility line in the plane (H, G/3/7) and calculating the corresponding instability

" line in (Kext, Ocr) With § = 0.17. The SS becomes unstable above the instability

line. The long-dashed line shows the average (ttew) and the fluctuations (0en) of

" the external inputs when the frequency of a Poissonian external input through

‘... synapses of strength Joy = 0.1 mV is varied. For low external frequencies, the

~ network is in its stationary state. When the external frequency increases, the
- network goes to OS. '
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Foundations

Figure 2.2
THusieation of Bayes’ rule applied to experi 1 data obtained from an experi
onamotioascnsiﬁwcell(Hl')hthcbhmﬁy.i!xﬁymmdaa;xﬁﬂpw:mm—
played on an oscilloscope screen, and this pattem moved randomly, diffusing across
tlw:s«mmmlhcwncﬁmc‘spﬂmsfmmmmmmmmﬁgtmdepimd»
istical relations betwoen a stimul table, v, and 1 spike count, n. v is the value
of the stinmlus vdmitymxase&iomam()mﬁmwindow. 1t is mensured in units
of the fly's pt prot spacing (i idia) per second, or ormi/s. One ommatidial
distance is abous 1.3° of visuad angle. n is the pumber of spikes comsed in @ 200 ms
windov-’.delayadmmswi:arespect;omemmwmugwim,mahdma{
these vadables is made here for the purpose of il ion, BOL b we think that
ﬂmﬂyumtmweguﬁes—-ﬂyingdnpwduf~lmis,theﬁywmﬂdmelycmk
if it averaged for 200 ms before making # decision. () Probohility density P(v) for
NIMMMmminﬂwmmukminmmdmgngmin-
crements. (b) Probability P(n) of finding a sikes in 2 200 ms window, computed in
the same way, (¢} Joint probability deasity Pin,v) fora and v; P{v) ant Pn) are the
two marginal distributions of PG, v}, As can bo seen, Pin, vy P(n) - P(y), which
memdm:hmisiweedamlatmmemsﬁmumsmdmpom%mmﬁ
this correlation in two ways, either forward or reverse. The reverse description is som-
m.m‘mdinP(vin)sknwuin(d).msisamnﬂyofdiwmnimsofv,pmmmzed
by\lw«hmwdwmn.mmwxd&f«mhuwhawadiﬁmmdmmm
ofv,andiiwchwthﬁdwwuminawﬂinwindowisn=m.mediaﬁbwmof
wkniﬁ&sduﬂwn@ﬂhwegimﬁwwmmmﬁs@mbymmP(vin“}ontof
the family of conditional distributions P(vi). In the forward description we ask what
valwsofncauid,beimedhyagmwucofv.misisdcscﬁbeﬂbym«xﬂiﬁmﬂ
distribution P(slv) shown in (e). The white lines in panels {f} and (g) show the average
vahmofvgivcﬂn,axﬂofngmumwy.mwﬂawuﬁmm:m
dmdoﬂmwianin(h)md(i).mawvduv.g(n)in(f)md(hJM%@
estimate of the stimulus given that 4 response o is obiserved (see section A7) this is
akintomcpwblunsnobsenerofﬁcspikbirsinmustsxﬂw.’l‘hemuw(u)h(g)
and (i) gives the average yesp as » function. of the stirul pording to the
fomwﬂdcscﬁption.mexplaimdinmth,memuﬁmmmbeqdmﬁw.
even when the forwsrd description is clearly nonlineas. .
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TARLE 2. SYMBOLIC AND PICTORIAL NOTATIONS FOR STRETCHES OF NEURONAL
RESPONSE ACTING AS CONDITIONS IN COMPUTING THE RESPONSE-CONDITIONAL
 SUMS (ROS8), TOGETHER WITH THE STRATEGY FOR THEIR COMPUTATION

notation
symbolic ~ pictorial computation
Res ("t 1't7) L. directly from
' experiment
rOS (7117} - Y. mos(a'ty’)
. ariy
ros ('t,7) | - ¥ mos(‘o'ty’)
a8
®os (77) — X nos{a’)
a1
»es (07) - Y, res (@)
a»0
Bes ('t ty) Ll directly from
' experiment
208 ("8, 'l) el 2 Res (‘a'ty)
Py
res (1)  Lend 3 nos (a'ty’)
a6
res (7)) -l ¥ ros(a')
®> by
ros (0) i ¥ ros (‘o)

x>0
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Fioune 1. Explanation of the procedure followed in off-line analysis. The two traces at the top
show & random stimulus (in this case the angular velocity in rigid movement of & wide-field
pattern) together with the neuron's response, both as functions of time. In the large block
 at the centre, the first through fourth moments of the stimulus waveform are summed,

conditional on different neuronal firing patterns. The bottom trace presents an example of
the end result for one response condition after the full experiment has been analysed.
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Tiaure 2. Count hxstggr&m of the oceurrences of closed spike intervals [ t,,}
over the entire experiment. The bin width is 1 ms.
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Fiouns Sa-d. For description see page 398.
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Froune 7. Information content of apen intervala (heavy line) and closed
intervals (thin line) as a function of interval length.
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Fioure 8. Bigenvectors corresponding to th

e three lowest eigenvalues

of the covariance matrix conditional on a single spike.
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Fiaursr 10. (s} Eigenvectors corvesponding to the thee lowest eigenvalues of the govarianse
matrix conditional on & 10 m open interval ['107]. (b} Heavy lines are the differences
smong the mean waveforms @55 ]—w{"107], w107 ]—w[ 10} pnd w{167]—w['107],
respoctively. Thin lines are the fits to these difference waveforms using the first two
eigenvectors in (a).
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Fioure 11. Difference interval as a function of the interval length for which the corresponding
mean waveforms can be discriminated with &' = 1. Bee text for details. .
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Fiourg 12. Reconstructions of the stimulus waveform (heavy lines) together with the antual
waveform {thin lines) for a 2 s time window. The reconstructions are made on the basis of
~ combined neural responses, symbolized by the small vertical bars at the bottom of {a),
during two opposite phases of the stimulus. In the reconstruction we assume that (a) single
spikes, (b) spike pairs or () spike triplets are generated independently, as described in the
text.
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