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§1 Conventional Computing

• Digital vs. Analog Signals

• Digital Models of Computing

• Examples and Discussion

• Electro-/Mechanic Digital Computing

• Fluidics + Soliton Computing

• Church-Turing Hypothesis
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§1 Digital Models of Computing

• Boolean gate

• Boolean circuit  
(=directed acyclic graph)

• Boolean circuit 
with latches/feedback

• Arithmetic circuit 
with/out memory

• Finite-State Machine/Automaton  
(FSM/FSA)

• BLOOP program, Turing Machine 
= FLOOP = WHILE program

• High-level program. languages
Transistor

I.C.

BIOS

CPU
Computer

Hardware

obj.librar
y

Dev.drivers

Op.System

high-level
program.



Unconventional
Computing

M. Ziegler
§1 Discussion&Examples
•• Boolean gateBoolean gate

•• Boolean circuit  Boolean circuit  
(=directed (=directed acyclicacyclic graph)graph)

•• Boolean circuit Boolean circuit 
withwith latches/feedbacklatches/feedback

• Arithmetic circuit 
with/out memory

• Finite-State Machine/Automaton  
(FSM/FSA)

• BLOOP program, Turing Machine 
= FLOOP = WHILE program

• High-level program. languages
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§1 Discussion&Examples

CS322

CS422

CS320

• Boolean gate

• Boolean circuit  
(=directed acyclic graph)

• Boolean circuit 
with latches/feedback

• Arithmetic circuit 
with/out memory

•• FiniteFinite--State Machine/Automaton  State Machine/Automaton  
(FSM/FSA)(FSM/FSA)

•• BLOOP program, Turing Machine BLOOP program, Turing Machine 
= FLOOP = WHILE program= FLOOP = WHILE program

•• HighHigh--level program. languageslevel program. languages
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§1 Physical Computing§1 Electronic Digital Computing

•• Boolean gateBoolean gate

•• Boolean circuit  Boolean circuit  
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§1 Mechanical Digital Computing

•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 

http://electrickery.nl

Zuse Z1 (1935~37)

clock 1Hz, weight ≈1t
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Zuse Z1 (1935~37)

clock 1Hz, weight ≈1t

§1 Electromechanic Computing
•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 

Zuse Z2 (1938~39)

clock 10Hz, weight ≈0.3t

Faulty!Faulty!
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§1 Electric           Computing
•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 
±±200V200V

≠≠tronictronic
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§1 Colossus (UK'1943~45)
•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 
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§1 Fluidics
•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 

no moving "hard" parts

Tesla ValveTesla Valve

=liquids and/or gases,
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§1 Fluidics
•• Boolean gate Boolean gate 

•• Boolean circuit Boolean circuit 

"FLODAC""FLODAC"
Gluskin&Jacoby&Reader (1964)Gluskin&Jacoby&Reader (1964)

Amplifier

no moving "hard" parts
=liquids and/or gases,
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§1 Wave Physics Recap

Wave Equation

uu = = cc··üü + + ff

linear,linear,

velocity velocity cc

e.g. sound
(not too loud)

or EM waves
(not too strong)
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or EM waves
(not too strong)

e.g. sound
(not too loud)

linear,linear,

velocity velocity cc

§1 Nonlinear Wave Recap

t u  u + (u·)u + P = 0

(viscous)Navier–Stokes Equations

f
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t u 6 u·u' + u' ³ = 0

Korteweg–de Vries Equation

§1 Soliton Recap

Shallow
water

Laser/
optical
fiber

f
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§1 Optical Soliton Computing

Laser/Laser/
opticaloptical
fiberfiber
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§1 Church-Turing Hypothesis
ChurchChurch--Turing Thesis:Turing Thesis: For  For  ff::ℕℕ TFAE:TFAE:

•• ff is computable by a Turing machineis computable by a Turing machine

•• ff is computable by a WHILE/FLOOP programis computable by a WHILE/FLOOP program

•• ff is is --recursiverecursive •• ff isis definable indefinable in --CalculusCalculus

qualitative: 
no efficiency

Mathematically proven by Kleene, Church, Rosser '36Mathematically proven by Kleene, Church, Rosser '36

Strong (Physical) Church-Turing Hypothesis:

a) Any ff::ℕℕ computable by a physical device
can also be computed by a Turing Machine.

Strong

in polyn. in polyn. 
timetime

b) Any ff::ℕℕ computable by a Turing Machine
can also be computed by a physical device.

Recall question: Is your PC a Turing machine or not?
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