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Levels of Abstraction

o Physicist’s point of view

o Chemist’s point of view

s Blologist’s point of view
 Sociologist’s point of view

s Ecologist’s point of view
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Gralileo Gralilet

Eqli ¢ seritto in Lingua matematica
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diq = Qvgq + R(q).
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Evolubion









Algorithms















Turing'’s Thesis

tap%ure mechanical
hunan tampuﬁaﬁam



Church-Turing Thesis

eTuring machines simulate (up to
&samorphésm) all models
(under some representation).



Ada Lovelace

Many persons .. imagine
that because [Babbage’s
Analytical Engine ]
givel[s] its resulks i numerical
notakion, the nature of its processes
musk .. be arithmetical and numerical
rather than algebraical and analytical.






Look — ot any of a fixed number of
Llocations

Draw — abt any of those Locations

Move — one of a fixed number of
“heads”



Enil Poskt

For full generality, a complete
analysis would have to be made of
all the possible ways in which the
huntan mind could set tp finite
processes for generating sequences.



Generic Algorithms



Definitions

e Creneric nobkions

® Lamsuagemm&epemdemé
® ‘Da&a%m&epemdem&



Don Kiubh (1966)

Algorithms are concepls which
have existence apm*& rom any
programmuf\g Llangquage...

et al. formulated
them, of
the number
Ehe
writers of first gqrade
textbooles and obher
mabthematical
certain









ADO XPLOPQV AVIOWYV EKKELPEVWIV,
axvOL@aLpoLPEVOL dE Gel TOD EAXOOTOVOC XTTO TOD
HELCovog, €&V O AELTTOUEVOG UNOETTOTE KATHUETPR
TOV TTPO €XUTOD, EWC 00 AELPOR HOVEC, Ol €T
xpXNC xpLBpol TTPATOL TIPOC GAAAAOULC ECOVTHL

When two unequal numbers are set out, and the less is
continually subtracted in turn from the greater, if the number
which is left never measures the one before it until a unit is left,
then the original numbers are relatively prime.



s ﬁimi&aiv
describable
—~ A kerms of
basic coONMpass
opera&ioms




out := Line(qg,s)



Unordered Domain

o Poinks
o Setbs

o Membership, union, ...



A Neolithic Algorithm



Eve’s Algorithm

¢ 1f something’s e I something’s
left and it%s left and it%s
Euria Euri
-~ Put one in Yy - Puk one in his
pii.@. [aii.e

- Now iks his kurn - Now ks nmy Eurn



Les calculs qui peu.vem&
étre réellement effectues...

Je laisse intentionnellement de
coké la plus ou moins grande
Llongueur pr&&iqu& des
o—pém&mms Uessentiel est que
chacune de ces opéra&ioms
soit exécutable en un temps
fini, par une méthode sire et
sans ambiquité,
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Joe Shoenfield

A mebhod must be
mechanical...

Methods that require insight
are excluded.












Hartley Rogers

* Roughly speaking, an
algorithm is a clerical (i.e,, \
deterministic, boom«feepihg)
procedure which can be
applied to any of a certain
class of symbolic inputs and
which will eventually jie.i.ci,

for each such input, o
corresponding symbolic e
output,






Parallel Algorithms









Cellular Evolubkion






Cowncurrent Algorithms
























* Asynchrohous message passing
* Changing Eopotogv

o Continuous-time processes



Port =
Locakion
tn Cell




Svs&em Evolukion
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Finite

Effective

Outside










o Stake evolves as
time progresses

o Time is dense
or conkihuous







J ¢, 1 9%, ol

28 P, 3Z: 2Z

g €a 1 g%e,

— _‘F—Ns(cl
0 6 P, 04*
g Cq

= Mf(—0a) —Qf g
04




p— .
A OL".__'J_'_.".'"
A . - - o ome o)

. -
/ "‘\o -.’o - .
! ¥ '.'ﬂ/ .

-










Argonne Rational Laboratorp

AFPLIED MATHEMATICS DIVISION
AHNALQG COMPUTER

5. POTENTIOMETER SETTINGS

PROBLEM HOQ. —_—
DRAWING NO.
DATE
e T e T .| _— E— — =
POTENTIOMETER NO. MATHEMATICAL CORREC
A -
..... ; YALUE SETTING SET PARAMETERS
DRAWING | MACHINE YALUE TION
1 + b valts +10 1000 1f
Z - 1 volt -1 0100 = 10
ol 1 . N i = 2.83
21 Ww/a 6.283 6283(1() 6
. h I - PR . a -: l
22 U/ 6. 283 6283(10)
. . — : R - A gine wave
of I cps is
- ' T o ) generated







o Function from
interval of
tinme to domain



s Fixed dvuamms over
strebch of time

o 1f input wouldnt
change, nothing
would

s Equali&ies bebween
crikical kterms

mainbained DR~ -



* Change of
djnamias

s Qequires
conditionals







* Can specify the 2D positions and
velocities of n point-masses as
rational numbers

« Cannotk tompuée whebher there’s a
collision within one second



