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Emphasize physical realizability.  

 

The conventional approach is to measure complexity via SPACE & TIME, 

which are inherently unbounded by their nature. An alternative approach is to 

count the MATTER & ENERGY that a machine model consumes or requires 

during the course of a computation. Assert that under the right conditions, we 

can incorporate feasibility into the very definition of computation, making it an 

inherent component of the definition.  



2 

Begin by purposefully distinguishing between the abstract concept of a step-

by-step method operating on symbolic patterns, and its physical execution. 

Emphasize that Turing obtained his analysis of machine computability by an 

understanding of human computation. This led to, but did not determine, the 

engineering challenges involved in designing real computers. In particular, it 

does not anticipate all physical limitations that might be encountered.  



3 

Begin with a closer examination of the fundamental notions behind a 

computation. Can think of patterns as relationships endowing matter with 

information (e.g. the shape of a zero is a circle and the shape of a one is a 

line), and methods as steps which utilize energy to modify those patterns (e.g. 

0 to 1). The way to measure information quantity is the concept of entropy. By 

concentrating on deterministic reversible changes we can ensure information 

is neither created nor destroyed.  



4 

Automaton used to mean a device that operated under its own motive power, 

not just decisions but also motion. As computers become more powerful, we 

are going to need to consider the consequences of this power consumption. In 

particular, the dominant factor is now heat, and will continue be so even with 

the next generation of photonic machines. The goal is to accurately model how 

matter and energy are distributed throughout a computer.  



5 

Assumes atomic theory of matter and quantum theory of energy, with upper 

and lower bounds on density and power. This means that the machine's 

capability can't change over space and time. Similar to symmetries which 

govern the laws of our universe: spatial invariance yields conservation of 

momentum and temporal invariance yields conservation of energy. Emphasize 

that closure also means system is finite and self-contained. Mass corresponds 

to SPACE; energy corresponds TIME.  



6 

Since all physical resources are given (the input supplies both matter & 

energy), everything is done in place. Think of a sequential finitely controlled 

head (or even concurrent heads) walking about a tape of symbols drawn from 

a fixed alphabet, which it can be modify provided it doesn't change the shape 

of the tape. Note that by fixing the word size (exactly one) we preclude 

random-access models which actually manipulate unbounded amounts of 

information, something which Turing knew.  



7 

Although uniformity considerations would also bound the degree of the tape, 

this cute argument illustrates how intimately thermodynamics influences what 

seems like a purely abstract question. Landauer's insight was only achieved 

from examining the apparent paradox of Maxwell's demon, finally resolved 

after a century of study. Additional note: edges in our graphs are static, as 

opposed to the dynamically re-configurable pointer machines of Kolmogorov 

and Shönhage.  



8 

We saw how physical considerations prevent overcrowding, but a deeper 

insight is required to see that each cell can only be operated on a fixed 

number of times. Concentrating on power distribution (instead of overheating), 

observe that even though the amount of energy increases polynomially with 

the radius in a finite dimensional space, its availability drops off exponentially 

with distance. No hot spots! Can replenish indefinitely in a tree.  



9 

This is very surprising and somewhat counter-intuitive. The consequence 

refers to implementation within a closed system. The reason is basically 

because a mechanical automaton -- in the classical sense of both words -- 

refers to a self-powered device obeying physical law. The idea says that local 

patterns within the machine cannot be modified over and over again. Hennie's 

conclusion was in 1965. Easy to see a grid can simulate an arbitrary TM 

provided it is sufficiently large.  



10 

Take away: a closed computer, physically uniform with respect to size of the 

data it is asked to process, necessarily has strong restrictions on what it can 

and can't compute -- a natural notion of feasibility. So instead of going beyond 

the Turing limit -- an entire recent issue of TCS was devoted to this topic -- I 

propose we should stay within the Turing limit because that may be what the 

rules of the natural world imposes on us.  


