Analog Models
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- The property of being ‘discrete’ is
only an advantage for the
theoretical nvestigator, and
serves o evolutionar purpose,
so we could not ex egé Nature to
assist us by producing truly
‘discrete’ Prains,



- ALl machinery can be reqarded as
continuous, but when ik is
ossible to reqard it as discrete
b is usually best to do so.



Turing’s Premises

® Sequeméi;ai. (discrete) svmbc}t
mamiputa&mm

¢ Deterministic

e ~inite nbernal statbes

e Finikte sumbol space

o Finikte o servabil.&&v and local
ackion

¢ Linear external memory suffices






» It is brue that a discrebe-statbe
machine must be different from a
continuous machine, But if we
adhere to the conditions of the
imitation game, the interroqator
will not be able to take any
advantaqge of Ehis dbf&f@x@.m«ae‘



° Analog space

° Alalog time



o Uncounkabl
many poss& le
values



Euclid (@ . =30 O)

Euclid’s GCD algorithm
was formulated
geometrically: Find
common measure for 2
Lines.

Used repeated
subbraction of the
shorter seqment from
the Longer.



® EML%Q%
describable
—~ A terms of
basic compass
OF?QT’&EE,OMS




. A small error in the information
aboutb the size of a nervous
impulse impinging o a neuromn,
may make a large difference to
the size of the oubtqoing impulse,
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Conkinuous Spaae

s Idealized
s Compu&abte reals
o Inkervals

® Arbi&rarv preasmm
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o Skabte evolves as
time progresses

e Timme s dense
or conbtinuous



. The states of ‘continuous’
ma&kmerv &wm a continuous
manifold] and the behaviour of
the wmachine is described bj a
curve on this manifold.






Baron Kelvin’s
Tide Predictor



Ryikl ‘PMLL&FS‘
Water Compuﬁm



- b time sighal

° q,Q,5 E;Mpuis

x ‘= bk-s-cos a
y = F-s-slin a






° Fixed de&MEﬁs
over skretch of
time



e Change of
dynamics

e Shouidw&
fpev\ too



o ‘Djv\amiﬁts
change c::nmi.y
ﬂfm&ei.j often
n any finite
tra jec ory



® Fixed civmamiﬂs
over skretch of
Fime

o 1 input
wouldint change,
nothing would

o Critical
equ&ti&es
umah&MQ g



A LS
a process
whose evolubtion has a
finite description



A LS
a process
whose evolubtion has a

finite description



Algorithm

I. An algorithm is a state-transition
system

11. Logical structures aapﬁure
salient aspects of states

111, The Eransition relation can be
described &M&Eﬂj



o NO EMPM,% sigial other thawn time
- Explicit (solved) equations

» Ighore ouépu,% or unkerackion









Stake

Inikial
Stake







* Sequential/
Branching

e Discrete/
Conkinuous

3 ‘Demsa/Sparse

o Finitke/Infinite/
Transfinite




Hartley Rogers, Jr.

For any given EMFME, the
compu abkion

s carried out in a discrete
stepwise fashion, without use
of continuous methods or
analoque devices,



e A discrete skake-Eransition
sjs&em



oA conkinuous skake-transiktion
svsﬁemq



My 10 Day Forecast updated: May 19, 2012, 11:15pm Local Time

Today 2 9°C . CHANCE OF RAIN: WIND:
May 20 16°C  60% SE at 21 km/h
. |
PM T-Storms Details |
|
Mon 300 ) CHANCE OF RAIN: WIND:
May 21 16 0% SSE at 26 km/h
Partly Cloudy Details
Tue 2 8° . CHANCE OF RAIN: WIND:
May 22 16 0% ENE at 8 km/h
Cloudy Details
Wed 2 8° . CHANCE OF RAIN: WIND:
May 23 16 0% SE at 11 km/h

Mostly Sunny Details






& Everv%hi%g
needed

o Initial &
Ferminal skakes



Disecrebe Trawnsikion Svséem
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o UMCOMM&QbLj
many changes



- 1ks Eransitions are Parﬁat
functions.






Intermediake Skakes



® Evirohment
prov&a&es Enpu&s




o Alkerinate environmenkt s%eps
and algorithm steps



o Function from
time to domain
(closed under
&somorpmsm)

o Concatenakion
L8 associative



Change in temperature (°C)

. l_ Holocene maximum Medieval

~— warm period
1
15°C
0 ...................................................................................
1k i
Little ice age
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3 .
Younger Dryas
v e
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Thousands of years before the present
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® Domain
(underlying set):
pom&s, P&v\as, rays,
circles, Eupi.es
and small bags

* Vocabulary &
Gpem&&cmsz
Compass; Ruler;
=; N, Tupi.@. &% Bag










—

Transitions change interpretations

—



11. Abstract Skake

- Skates are (first-order) structures.

+ ALL stakes share the same (finite)
vo&abulo\ry«

* Transitions preserve the domain (base set)
of states.






o States are abstract
(closed under
isomorpkism)

s Behavior does not
dﬁpe&\d on itnkernal
represanﬁaﬁmm






o Transiktions res[pe«c% Esomarphi;sms

oX =Y = X =Y’



o Transiktions res[pe«c% Esomarphi;sms

o X =Y o X =Y



o Transiktions res[pe«c% Esomarphi;sms

oX=Ydu=v = X, =Y,

I



o Environmenk
prov&a&es E;m[z?u,%s
via Por%s

o X, stakte after
input u



o?







. lc&.@\&{jam the motivating probi.em.

* Specifying the problem by a system of
differential equations.

© Designing a network to solve the equations.

« Calculating conditions on the data and
parameters to ensure good experimental
behaviour of the nebtworl,

* Cohstructing an analog machine using a
particular technology,

+ Using the machine for measurements/
experimental procedures.
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f = exp (— P, Z) (4)

= Mf (co— ) — Q f &y (3)




o Function from
time to domain
(closed under
&somorpmsm)

o Concatenakion
L8 associative



o Current state
d@.pemds o
pas%

o Inkermediake
stakes

@ Xu,v = (Xu)v



11. Abstract Skake

+ Sktates are (first-order) structures.

+ ALl states share the same (finike)
vocabulary,

* Trawnsitions preserve the domain (base set)
of states.

- Stabkes (and initial and terminal states) are
closed under isomorphism,

* Transibions commute wikh E,somorpmsms..






o Sktates evolve

o Evolubion
deseribed bv
finite program






Kleene

An alqorithm in our sense must be mfu,tiv and
fémi&etj described before aly particular
question to which it is applied is
selected...

ALL steps must .. be predetermined and
performable without any exercise of
ingenuity or mathematical invention bj Ehe
person doing the ﬁompuﬁmg.



111, Algorithmic Trawnsitions

¢ Transitions are
debermined bv a fixed
finite sek of terms, such
that states that agree on
the values of these
terms, also agree on all
state chawnges.

Yurt Grurevich
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o Abskract
algebraic
opera&oms

*» Mau be partial
(3/23 Ls F

undefined)

* Hangs whein
resulk is
undefined



Algorithmic Transitions



e View skate as
location-value
pairs

e fa,bc) — 4

* Changes to state X
o AX = X'\X
o AX = Xu\X



* Transition to X.
under thput signal u

e AX = Xu\X

o Evolukion depamds
on erikical terms
and EM.FME er&



¢ Fixed dynamics over
stretch of time

o 14 input wouldnt
change, nothing
would

° Equalities between
criktical ktermws
mainkained



e Change of
cz’&vmo\mws

s Qequires
condikionals



o Locations skill
to be accessed
are determined
by Locations
ozreadj

accessed



8= I
W] = V)
=

AX = ALY



Nown-Debterministic



Deterministic



4.0



¢ X = X+l

. f x=0 then Yy = -y
« uhless y=0

e X = %X/2

c ulless x=0



U <z then z := z-1 ||

U E2z2+1 then 2z := z+1
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- At every jump, &kéré are “before” and
“after” states: X before algorithm
makes changes and X’ auf%er



* Suppose fab,c) 1= 4 i AX

o After some prefix w of u, d in [Tk

o If not, let ¥ be X with 4’ instead of 4
e And v be u with &' instead

* By criticality fla,bc) = d also in Y.,

* By isomorphism fa,be) =2d"in Y,

* So ukv, and signals must part ways



e Solved form

o Left-
differentiakion
opera\br

* Solver for
Emyli«ci&
equ&&mms

o Infinikesimals



- b time sighal ‘

. db infinikesimal

. q,k constants

» 5:= 5 + q-db

s X = X + s-Ak

. f x=0 then 5 :=z - k-5



- b time sighal

° €,Q,8 EMpu,%s

x ‘= k-s-cos a
y = F-s-sin a



- b time sighal

o E,Mi,&iad.i.v

x=1, vzz:O

< X
1) 1)
X N

N
1
<



* Tiny pieces of
history

o Left-
differentiakion
operator

Oj::::x'



» Compute the undecidable
via infinite precision
inteqral.

. Ik is cownceivable that the
mathematics of a
collection of axons may
lead to undecidable
propositions. (o03)




» To make Scarpellini’s work a basis for
constructing an actual computer which
can solve prabi&ms which are not
digitally (= re&ursiveij) solvable:

+ Assume pe_rﬂfea&% functioning.

+ Assume perfect sensor (zero test).



. The machine to be described here,
Lilkke almost every conkrivance,
appara&us, or machine i praa&iaal
use, is based very largely upon what
has been ac&omp?ishedn by cihers who
previously labored in the same field.

U.S. Coast and Geodetbic Surve
(1915
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An algorithm s
i ks Unikial
sktates have a finite
ciescripﬁom




1 initial states can be
described, then
staktes can be



