




Brains and machines

Differences:

                                        brains                      machines

matter squishy cells inorganic matter

power source metabolic transformers and
biochemistry power mains

signal levels 100 mV 5 V

temporal resolution milliseconds nanoseconds

robustness to damage good poor

power consumption 10-12 watt/cell 10-5 watt/cell

Similarities:

Both systems....    
process information
represent signals as differences in electrical potential
convey signals on “wires”
use active devices formed by thin energy barriers --> gain
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Experiment Theory



Recurrent computation is pervasive throughout cortex
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Sinewave speech

An example of inference.



Please say what this word is.

sill shook rust wed pass lark jaw coop beak





squares of perpendicular distance, and least absolute deviations,
the third of which is more robust against outliers (13). The
standard deviations for the slope and intercept were estimated
directly for the first method and by bootstrap for the last two
methods (14). Bootstrap may help detect outliers in the data
because, when they are left out from a same-size resample, the
correlation coefficient often increases, which could be exploited
to improve estimation. Systematic bias caused by outliers was not
detected in Fig. 2.

3. Theory of Scaling
Our analysis rests on two assumptions. First, we assume that each
small piece of cortex of unit area, regardless of its thickness and
the overall brain size, sends and receives about the same total
cross-sectional area of long-distance connection fibers to and
from other cortical regions. Second, we assume that the global

geometry of the cortex minimizes the average length of the
long-distance fibers.

The second assumption follows from Ramon y Cajal’s prin-
ciple for conservation of space, conduction time, and cellular
materials (Chap. V in ref. 15). This principle has been explored
more recently as the principle of minimal axon length (16–18).
Consistent with previous observations on the basic uniformity of
the cortex (19–21), the first assumption is supported loosely by
the evidence that the total number of neurons beneath a unit
cortical surface area is about 105ymm2 across different cortical
regions for several species, from mouse to human (22) (after
shrinkage correction). But there are exceptions, including the
higher density in striate cortex of primates (22, 23), the lower
density in dolphin cortex (24), and the variability observed in cat
cortex (25). The number of axons leaving or entering the
gray–white boundary per unit cortical area should be compara-

Fig. 2. Cortical white and gray matter volumes of various species (n 5 59) are related by a power law that spans five to six orders of magnitude. Most data points
are based on measurement of a single adult animal. The line is the least squares fit, with a slope around 1.23 6 0.01 (mean 6 SD). The average and median
deviations of the white matter volumes from the regression line are, respectively, 18% and 13% on a linear scale. Sources of data: If the same species appeared
in more than one source below, the one mentioned earlier was used. All 38 species in table 2 in ref. 3 were taken, including 23 primates, 2 tree shrews, and 13
insectivores. Another 11 species were taken from table 2 in ref. 8, including 3 primates, 2 carnivores, 4 ungulates, and 2 rodents. Five additional species came
from table 1 in ref. 11, including 1 elephant and 4 cetaceans. The data point for the mouse (G 5 112 mm3 and W 5 13 mm3) was based on ref. 30, and that for
the rat (G 5 425 mm3 and W 5 59 mm3) was measured from the serial sections in a stereotaxic atlas (42). The estimates for the fisherman bat (Noctilio leporinus,
G 5 329 mm3 and W 5 43 mm3) and the flying fox (Pteropus lylei, G 5 2,083 mm3 and W 5 341 mm3) were based on refs. 43 and 44, with the ratios of white
and gray matters estimated roughly from the section photographs in the papers. The sea lion data (Zalophus californianus, G 5 113,200 mm3 and W 5 56,100
mm3) were measured from the serial sections at the website given in the legend to Fig. 1, with shrinkage correction.
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Rules of cortical connectivity











Marr’s three levels


