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So: How Does the Brain “Work”? 
!

!

!

!

!

!

!

!

!

!

Throughout History, Theorizing about the Brain Has Used 
as Metaphors the Most Sophisticated Technology Available 

at the Time:  Aqueducts/Plumbing, Telephone 
Switchboards, Digital Computers, Supercomputers, the 

Internet, the “Cloud”... 







Some People Think They Know 
How the Brain Works... 



But This is Just an Example of the 
“Humuncular Fallacy”

A “Multi-Plex Cinema” Version of Dennett’s 
“Cartesian Theater”



    AND                  OR                 NOT              NAND            NOR

How Does a Computer “Compute”? 
!

Key Distinction Between the Abstract “Computational 
Level” and the Physical Substrate 

!
Logic Gates in Digital (Von Neumann / Turing) Computers

Together, these logical operations implement  
Two Key “Computational Primitives” for Digital Computation: 

Boolean Logic and Binary Arithmetic



Two Different Physical Implementations of the 
Same NAND (Negated AND) Gate

NAND Gate in TTL Logic NAND Gate in CMOS Logic



Distinction Between the Abstract “Computational 
Level” and the Physical Substrate

Is There an Analogous Abstraction 
for Neurons and Brains?

Logic Gates in Digital (Von 
Neumann / Turing) Machines



Analog Computation:  A Rich but Under-Explored 
Alternative to Digital Computation (for very good reasons...) 

and Likely a Fertile Metaphor for Neural “Computation”



Are There Analogous “Computational Primitives” 
for the Brain?

?



Candidate “Computational Primitives” for the Brain: 
1. Topographic Representations and Transformations?



Candidate “Computational Primitives” for the Brain: 
2. Coherent Oscillations / Synchronization?



Candidate “Computational Primitives” for the Brain: 
3.  Differential Geometry (Zucker et al.)

Hue flow and intensityHue channel

Figure 7: An example of color bleeding. It is most prominent in the deep concavity between the sphere and

the tabletop. Notice how it is elongated in the direction of the light source and, in particular, how it differs

from the cast shadow. The hue field shown here is based purely on local measurements of hue. While this

local field is sufficient for us to view quickly, a more careful examination reveals noise in particular places

and, more generally, the subtlety in localizing the hue borders between different regions.

ing it (Baxandall, 1995), and da Vinci wrote about it. 1 It follows, then, that color bleeding does carry some

information. One clue is that Fine et al.’s conclusion above derives from a database of images with few deep

shadows (Fine and Boynton, 2003). However, when shadows or shading or related types of inhomogeneous

illumination are considered, pure or near-pure luminance variations can arise, and humans are sensitive to this

psychophysically (Kingdom, 2003). Separating luminance and chrominance, and comparing and contrasting

their relative structure, provides information about both surface color and light-source placement that differs

from – and supplements – that of cast or attached shadows. We shall return to this topic.

2.2 The Analogy to Orientation Flows

While the apparent structure of hue may seem quite different from texture (Fig. 8), we claim that there is a

sense in which hue fields are strongly analogous to oriented texture fields. To start with the obvious, both are

1Baxandall (Baxandall, 1995) claims that da Vinci intended to dedicate an entire section of his treatise on shadow to deal with it (p.

110).
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Candidate “Computational Primitives” for the Brain: 
4. Statistics of Visual Images and “Sparse Coding”?



Candidate “Computational Primitives” for the Brain: 
5. Hebbian Synapses and Spike-Timing Dependent 

Plasticity?

Others? 
!

Insert Your 
Favorite 

Here!



Candidate “Computational Primitives” for the Brain: 
Don’t Rule Out the Possibility of New Physical Mechanisms



Conclusions:  What Kind of Computer is the Brain? 
Um, er, well, to tell the truth, we don’t really know in detail (yet), but 
we do know: 
!
1.  It is likely that the brain has its own “computational primitives” 
very different from the binary arithmetic and Boolean algebra that 
are the computational primitives for digital computers. 
!
2.  It will be essential to distinguish between abstract computational 
levels and the physical substrates of the brain. 
!
3.  It is unlikely that focus on the physical substrate alone will yield 
success, any more than observing processor bits in a computer with 
an oscilloscope will enable us to understand the difference between, 
say, a web browser and Excel.  The differences are at a more 
abstract level. 





The Brain as a Network:  Hierarchical 
Oganization is Fundamental

Martone, Ellisman, Toga et al., UCSD, UCLA



The Brain as a Network:  (1) From Individual 
Neurons to Regional Structures



The Brain as a Network:  (2) Regional 
Structures in Monkey Visual Cortex



The Brain as a Network:  (3) How Can We 
Get the Relevant Data in Humans?



The Brain as a Network:  (4) Degree 
Distributions and Strength of Connections



The Brain as a Network:  (4) Regional 
Connectivity Maps




