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Memoria centrale
{dati & prograrmmmi
per I"'esacuziona)

Algorithm.

(webster.com)

|struzioni e dati Istruzioni & dati

A procedure for solving a
mathematical problem (as of
finding the greatest common
divisor) in a finite number of . J oo oo comane
steps that frequently involves Dispositivi di

repetition of an operation. Input/Output

1

Interfaccia /O

Broadly: a step-by-step
procedure for solving a problem

or accomplishing some end
especially by a computer. k=k+1 ‘ g =t + At '

{ 1?{i(tl«:ﬂ) } { i}i (tk+1) }
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Il trionfo del computing
digitale come paradigma di
calcolo
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Chi ¢’ un personaggio della
Walt Disney Inc ?
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Neuroni Impulsati & Modelli Cognitivi R NI S

Processi di classificazione in tempo
reale biologicamente plausibili.
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Camera a bolle:

un liquido mantenuto vicino al
suo punto di ebollizione. Si
riduce di colpo la pressione in
modo che la temperatura del
liquido sia superiore a quella di
ebollizione a quella data
pressione. Ma l'istante
dell'abbassamento di pressione &
tale che I'ebollizione inizia solo
a causa degli ioni1 originati da
particelle che passano in quel
momento.
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o Kaon: discovered 1947; first called "V" part
e bubble chamber LAt e e
s Vessel, filled (e.g.) with liquid hydrogen at a 3 '
temperature above the normal boiling point but held =
under a pressure of about 10 atmospheres by a S LS

large piston to prevent boiling. 8
= When particles have passed, and possibly

intferacted in the chamber, the piston is moved to
reduce the pressure, allowing bubbles to develop

along particle tracks. ¢ LENGEEAT U T
s After about 3 milliseconds have elapsed for bubbles KU production and decay
to grow, tracks are photographed using flash in a bubble chamber

photography. Several cameras provide stereo views
of the tracks.

= The piston is then moved back to recompress the
liquid and collapse the bubbles before boiling can
occeur.,
e Invented by Glaser in 1952 (when he was drinking
beer)
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What is the relationship between the movement
of the deflected particles with their charge and
the direction of the applied magnetic field.

Remember the Lorentz Force

ﬁ:qiﬁﬁé
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'“"Ruiiie decay of hyperohs (10 4)
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Il trionfo del computing digitale come
paradigma di calcolo !?
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digitale vs analogico
Moltiplicatore di Gilbert

~ 8 transistor
- LTQTE @_I ~ 102 mm?
e ~50-100 ps

Blie

Sommatore

~ 500 K transistor
~ 1 mm?
~20-50 ns

Il digitale non e’ piu’ veloce e
compatto dell’analogico

— Upt
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Il digitale non e’ piu’ preciso dell’analogico

d*v |
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v
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_— R =20kQ

L =8H
C =0.125,F

v(t)=100-¢7"
-sm(979.8t)
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The analog computer N o
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The analog computer — any device that - 27 =
‘computes’ by means of an analog betweenreal,” ' -
physical, CONTINUOUS, quantities and some F A
other set of variables.

An analog/analogue computer — is a form of computer that
uses electronic or mechanical phenomena to model the problem
being solved by using one kind of physical quantity to represent
another.

Real quantities — the distance between points on a scale, the
angular displacement, the velocity, or the acceleration of a
rotating shaft, a quantity of some liquid, the electrical current in a
conductor.



,ng Istituto Nazionale di Fisica Nucleare
(S

Computing analogico

Shannon introduced the General Propose Analog Computer (GPAC) as a
mathematical model of an analog device, the Differential Analyzer in 1941. The
Differential Analyzer was used from the 30s to the early 60s to solve numerical
problems, especially differential equations, for example, in ballistics problems.
These devices were first built with mechanical components and later evolved to
electronic versions. A GPAC may be seen as a circuit built of interconnected
black boxes, whose behavior is given by Fig. 1, where inputs are functions of an

independent variable called the time. Shannon’s model was extended by others
to neural networks and extended Analog computers.

k —k U/ 4 ey

V—

A constant unit associated to
the real value &

n w t=uitvit) i —
I w X v
v — wily )= V=

An adder unit

An integrator wnit A muluplier umt

Fig. 1. Different types of units used in a GPAC.
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Differential analyzers/GPAC

1876 Thomson first thought of interconnecting
mechanical integrators to compute.

1931 A differential was built by Bush at MIT.

1941 Shannon modelized the differential analyzer as
a GPAC.

| Differential Analyzersl

Apart from simple devices like these, more complex instruments have been devised
by various scientists like James Thomson (the brother of Lord Kelvin) and for

example Vannevar Bush.

At the heart of instruments like these were mechanical devices capable of

integration, summing and function generation.
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Fig. Una delle macchine disegnate da Leonardo da Vinci: un
possibile modello di calcolatore?
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e l'invenzione dei logaritmi e la scoperta delle loro
proprieta aprirono la strada all'invenzione del regolo
calcolatore (logaritmico), uno degli strumenti piu
versatili ed apprezzati;

e |'invenzione degli orologi (a pendolo) con il conse-
guente progresso della meccanica di precisione a-

prirono la strada alla costruzione delle prime calcola-
trici meccaniche.

Fig. Interno della calcolatrice di Leibniz.
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La rappresentazione analogica si appoggia al con-
cetto di grandezza fisica continua (ad esempio, la lun-
ghezza o il peso) e rappresenta ogni numero come |l
risultato della misurazione di tale grandezza su un
oggetto specifico (ad esempio, un regolo).

Nella rappresentazione numerica (o digitale), Il
numero viene rappresentato in modo discreto come
un insieme composto da unita elementari considerate
Indivisibili (ad esempio, in una taglia ogni singola tac-
ca o in un abaco ogni singolo sassolino).

CE.,

3, S R
Pl t"l“”‘f

0 & o
l
3 -L',', ~c«l Fig. Regolo di Bissaker (Museo delle Scienze di Londra), uno
/ {;\{,} . degli strumenti pia antichi a noi giunti, 1654.
o/ =" b

Fig. Ricostruzione dell'Orologio Calcolatore di Schickard
(Deutsches Museum, Monaco).
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Nell'approccio analogico il calcolo avviene sfruttan-
do due aspetti:

¢ |le quantita numeriche sono rappresentate mediante
una qualche grandezza fisica continua,

e |'operazione matematica viene simulata con un
fenomeno avente un comportamento (cioe una
legge fisica) "analogo"” all'operazione da effet-

tuare.
Lo ( 85 DNl - x
. . " P B Remember the Lorentz Force

I ENgR T SN Fomn
- | '
t
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Fino agli anni '70 il regolo calcolatore e stato lo stru-
mento principe degli ingegneri e di tutte le persone
Impegnate in attivita di calcolo scientifico, ed e stato
sostituito solo dalle calcolatrici tascablli elettroniche.

Alghero 6 Giugno 2011 Fig. Regolo calcolatore cilindrico (tipo Nitschke).
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Il culmine della ricerca nelle macchine analogiche &
costituito dai cosiddetti analizzatori differenziali, di-
spositivi meccanici in grado di risolvere equazioni mol-
to complesse. Introdotto da Vannevar Bush (1890-
1974) alla fine degli anni '20, 'analizzatore differenzia-
le era un computer di tipo analogico utilizzato per ri-
solvere equazioni differenziali mediante
un’integrazione di tipo meccanico.

An early analog computer built in
the Soviet Union in 1936. It
functioned by careful
manipulation of water through a
room full of interconnected pipes
and pumps. The level of water in
various chambers (with precision
to fractions of a millimeter)
represented stored numbers, and
the rate of flow between them
represented mathematical
operations. Amazingly, this
machine was capable of solving
non-homogeneous differential
equations.
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molore

tavoia di vacifa

Y| Bk
' —
Fig. Vista delle ruote e dischi di integrazione della macchina. I r
dispositivi che sembrano dei motori sulla sinistra sono gli b

“amplificatori di torsione di Nieman”, dispositivi a guida
d’argano che funzionavano come amplificatori meccanici per
poter procedere nelle successive operazioni di integrazione
senza perdita di accuratezza.
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|The mechanical differential analyzerl

The following picture shows a complete setup of a simple differential analyzer
integrating over an arbitrary function (gained from an “input table”). The result of the
integration is plotted on an "output table” (see [5][p.190]):
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|The harmonic synthesizerl

Even the generation of trigonometric functions is quite simple using mechanical

devices as the following picture shows (see [5][p.242)):

|A squaring devicel

Special functions like f() = 22 may be implemented as follows (see [9][p.22]):

T (.
fHHE b
et 1] .
HAL | [y - N
§S7=]_____ R AT —
AV IRVAN

Generating f(z,y)

Even more complex functions of two variables may be implemented as well (cf.
[9][p.24]):

£
Cs
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\The end of the mechanical eral

Mechanical differential analyzers (analog computers) had many disadvantages. This

was the reason for their short life time:
® They were large, clumsy and difficult to maintain.

e The speed of calculations is severely limited by the moment of inertia of the
components.

® The accuracy is limited to a few percent due to backlash, etc.

® The time required to setup the computer for a specific problem is very high

because a lot of mechanical connections must be made.
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‘ Electronic analog computers I

This led to the development of electronic analog computers which proved to be very

influencial and had an incredibly high scientific value.

The first implementation of an electronic analog computer was done by Helmut
Hoelzer in the late 1930s and early 1940s during his reserach for the V-weapons of
the 3rd Reich (cf. [4][p.202ff]).

His main interest was in the field of simulation and control of propulsed rocket flight.
Controlling a rocket like the V2 required a substantial amount of computational
power which required some general approach like the electronic analog computer.

The key element of an all electronic analog computer is the so called operational
amplifier.
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‘The ideal operational amplifierl

In the following an idealized operational amplifier with the following characteristics

will be assumed:

¢ Infinite input impedance. a

e Infinite gain.

e No drift. |A real operational amplifierl

e Differential inputs.

| A real tube based operational amplifier |

All real implementations of cperational amplifiers will suffer from drift, non-zero input

impedance and — most important — non-infinite gain. A gain less than oC will yield

(static) errors in computations so an amplifier suitable for an electronic analog

computer will need a very large gain.

Analogue Tutor.

of 10”1 A most respective value even for today’s standards.
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The following picture shows a tube based dual amplifier as used in the Solartron

Both amplifiers are chopper stabilized to minimize drift eftects and have a DC gain
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‘Summingl

— Upp

The sum of the currents at the summing junction has to be 0 due to the assumed

gain (G = oc:

i % _ [f'rout
R; Ry

Ifa; = %‘E then

_U-cmt — Z ”*éU*é

=1
holds. Please note that a summer always implies a change of sign of the result!
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‘ Coefficient potentiometers I

Nearly every calculation needs some way to multiply a value by a fixed amount,

In an electronic analog computer this is normally done with a precision 10-turn
potentiometer connected as a voltage divider. This allows multiplication of an input
value with a factor 1 < a < 1.

The circuit of such a coefficient potentiometer and its graphic representation (a

circle in which normally the multiplier is shown) can be seen in the figure below:

Alghero 6 Giugno 2011
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A summing examplel

To compute the sum —(7 + 2) one would setup the analog computer as follows:

+1

=y
s

oy

\
S

=

The triangle symbol denotes a summer as shown on the slide before, not a simple

operational amplifier!

The circles denote two coefficient potentiometers.
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‘ Integrating I

o, =5 —]
U, —{F— c
R, )
v —L+H — Ugut
n Ry N

Integration is just as easy as summing — the main difference between a summer and
an integrator is that the latter uses a capacitor as its feedback impedance as shown

above. The output voltage of the integrator shown above is

c:-ut é)—UD“_/Z—U di

where U, is the so called initial condition. Just like a simple summer an integrator

changes the sign of its output.
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‘ Integrator control I

The integrator is not only at the heart of every analog computer, it is by far the most
complicated device since its behaviour does not only depend on its (analog) inputs.

An integrator can be run in ony out of three modes:

Mode Description

Initial condition | In this mode the input summing network is disconnected
from the amplifier while another input path is

connected to the integration capacitor to charge it

to the desired initial value,

Compute The integrator calculates the time integral.

Halt The integrator stops the calculation and holds

the current value.

Alghero 6 Giugno 2011
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\ Run modesl

An electronic analog computer normally features several run modes with respect to
the control of its integrators:

Run mode Description

Initial condition All integrators are switched to IC,

Run All integrators are placed in run mode.
Halt All integrators enter the hold state.

Run with periodic halt | IC, Run, Hold, Run, Hold, Run, Hold, ...
Repetitive run IC, Run, IC, Run, IC, Run, ...
Iterative run The integrators are pooled into (at least) two groups:

A normal group and a complementary group. While one

group is in Hold the other one is in IC and vice versa.

Alghero 6 Giugno 2011
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‘What about deriving? I

Obviously interchanging the feedback capacitor and the input resistor(s) would
change the integrator into a differentiator which would seem like a good idea given

the fact that differential equations rely on deriving instead of integrating.

Nevertheless analog computers normally make use of integrators only. This is a
result of the fact that an integrator smoothes a signal thus suppressing noise, while

a differentiator amplifies noise.

This requires one to get rid of all derivatives in a differential equation by integrating it
a number of times before solving the equation(s) on an analog computer.
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‘Solving a simple differential equation I

Using summers and integrators it is now possible to solve simple differential
equations like

y=-y.

First let us assume that ¢/ is known.. .

|Solving a simple differential equation I

Using 4/ as the input to an integrator we get the negative of its integral:

i —y

Applying another integrator yields something quite familiar:

i -9 Y

Alghero 6 Giugno 2011
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‘Solving a simple differential equation I

Using a summer with one input the sign of the result can be changed easily:

Y —7 Y -y

Obviously the left hand side has to equal the right hand side according to the
original differential equation, so connecting both sides realizes the equation on the
analog computer yielding sin(wt) as the output of the computer circuit (s denotes

the initial condition, usually 1 in this case): i —g y —y
. sin(wt)

Uo
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‘ Comparators I

If a high gain operational amplifier with a power output stage is used to drive a relay
(or better an electronic switch), the resulting device is normally called a comparator.

Its symbol is shown below:

b

Such a comparator normally has two control inputs @ and b. It calculates the sum
a + b. If this sum is greater than zero, the relay will be placed in the upper position,

otherwise it will be in the lower position.

Using a comparator makes it possible to change the computing circuit during a
calculation depending on external events such as reaching a boundary, etc.
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‘ Multiplication I

Apart from summers, integrators and coefficient potentiometers, most relevant

differential equations require the use of multipliers to solve them.

Multiplication is by no means simple using analog electronic circuits only, and a
number of different approaches have been implemented:

e Servo multipliers

® Electron beam multipliers
e Hyperbolic field multipliers
e Time division multipliers

e Parabola multipliers

e Flux compensation multipliers (just kidding).
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‘Servo multipliersl

The earliest scheme adopted to perform electromechanic multiplication is the so
called servo multiplier. It is a closed loop servo mechanism with a motor driven
feedback potentiometer.

The position of the slider of this feedback potentiometer is controlled by an input
signal, the multiplier. An operational amplifier with a power output stage capable of
driving the servo motor will always set the angular position of the potentiometer in
such a way that it corresponds to the input signal.

Some additional potentiometers are mounted on the same shaft as the feedback
potentiometer, These potentiometers are used to perform multiple multiplications of
different multiplicands by a single (and common) multiplier (which is the input signal
to the servo loop).
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‘Servo multipliersl

The following picture shows the simplified schematics of a servo multiplier (see

[7][p.260]):
X
Multiplying Xy
potentiometer | 100
£ I
|
Power Servomotor |
V | amplifier '
or ___i
modulator I
1
-5 |
I
Follow-up

potentiometer
g

-k (v)2Z
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Electron beam multipliersl

Another multiplication technique makes use of electrostatic and electromagnetic

deflection of an electron beam in an oscilloscope tube. The bandwidth of a device
like this is limited by the magnetic deflection of the beam only.

The following picture shows an electron beam multiplier (cf. [7][p.294]):

X &
A f=aX Barrier
Ahom:ehﬁ
s Q
110
=y = bY—
._-.-J l—] s>
v Push-pull Puﬁh?r._rult
amplifier amplifier
— X, sakXY
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‘ Hyperbolic field multipliers I

To overcome this bandwidth limitation, the hyperbolic field multiplier was developed
in which only electrostatic deflection is used. Unfortunately this requires complex

formed deflection plates and limits the obtainable precision of the device (see
[1][p-17]):

— 12
u?-.l- D
= W
u,-L D
= t— .

Gl

wehkuly | <] | <fr
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‘ Parabola multipliersl

A completely different multiplication technique is based on the fact that
1 2 2
1@ty —(@-y) =y

The generation of the two square functions is performed by diode function
generators which approximate a function by polygons. This limits the obtainable
precision of a parabola multiplier to some 10~ which is enough for nearly all

applications.

The main advantage of such a multiplier is its very large bandwidth and its simple
implementation. It requires only some biased diodes and an operational amplifier. A
disadvantage is that both variables to be multiplied have to be available with both

signs!
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Parabola multipliersl

The following picture shows the schematics of such a parabola multiplier as it is

used in most transistorized analog computers (see [10][p.26]):

PM™ 1A

N

Fo- ]

Auegang Multiplikater
al al] & | o] anj a3
[ 11.- LE T —
+ X )_| :
-y } ‘
G ;
s >
¥ G‘:} !
AT = T e T <
a3 -11 a4 F aZ| a8| aM Buigang Verstirker

Fr4 18
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2 Schema elettrico
oV

Moltiplicatore a quattro quadranti
% Moltiplicatore di Gilbert

Tale moltiplicatore viene usato quando si vogliono moltiplicare

segnali che possono assumere entrambi I segni, positivo 0 negativo.
In uscita avremo la differenza di due tensioni moltiplicata per

la differenza di altre due tensioni.

Vedremo che per piccoli segnali si possono fare delle approssimazioni

e noteremo che il moltiplicatore a quattro quadranti altro non & che
un caso particolare dellamplificatore a transconduttanza , infatti
viene definito pitl propriamente come :

moltiplicatore di Gilbert a transconduttanza.

04/05/2009

k(Vi-V2) . . k(V3-Vy)

| S tanh
2 2

Per piccoli segnali di ingresso < di kT/q la tanh(x) viene
approssimata con (x) , e il circuito si comporta da vero
moltiplicatore
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‘ Function generatorsl

Generating arbitrary functions is of prime importance for analog computers. During
the years a wide variety of different function generators have been developed.

These function generators may be grouped like this:

e Function generators based on electromechanical devices like tapped
potentiometers in a servo feedback loop (quite like a servo multiplier).

e Function generators based on special physical properties of some substances
(voltage dependent resistors, temperature dependent resistors, special
semiconductors, etc.).

® Function generators making use of a cathode ray tube in the feedback loop of

an operational amplifier,

® Diode function generators which approximate (nearly) arbitrary functions by

polygons. These are implemented using biased diodes.
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‘Curue tracing function generatorsl

The following picture (see [3][p.A3]) shows an oscilloscope tube based curve
following function generator:

Y
! .
@ '-l-l = = = T "‘\1
x Platten
\! y Platten

> ' -

The input to the X-deflection plates determines the position at which the function
value has to be determined. The function is implemented as an opaque mask placed
in front of the tube screen. A feedback loop will generate an Y-deflection voltage in
such a way that the beam will just be on top of the mask, thus following the function.
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‘ Diode based function generatorsl

Diode based function generators approximate (more or less) arbitrary functions by
polygons as shown in the picture below:

1 ..I I I I 1 1 1 1 1 I I I I I I""-\-..\_\_\_\_L-" I I I

Most implementations have either fixed sampling points (in this case there are
normally 21 of these points spaced ll—DE apart where I/ denotes the machine unit
(either 10 V or 100 V)) or variable sampling points.

Each sampling point corresponds to a diode biased in a way that it will begin to
conduct when the z-input reaches this value. By means of a potentiometer the
slope added to the polygon by this diode can be set.
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| Diode based function generatorsl

The following picture shows the wiring diagram of a diode based function generator

allowing positive and negative slopes for the partial polygons (cf. [10][p.28]):
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‘ Generating inverse functions I

Generating the inverse f~*(x) of a given function f(z) is quite simple by placing a
function generator set up to generate f (r) in the feedback loop of an operational
amplifier:

f(x)

X ] ='III EEE !(x)

This circuit is normally employed to generate a square root from a square, an
exponential function from a logarithmic function, etc.

A practical implementation will normally need a small (some pF) capacitor accross
the function generator to enhance the stability of the circuit.
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‘Symbols used in analog computing I

The following symbols are normally used in analog computing to denote the various

computer elements used in solving a given problem:

Summer Integrator Coefficient
potenticmeter
B T —()—
p
Free amplificr
Multiplier Function generator (without feedback)
II|I.l
— — |
X | —
\
Comparator
| a
- 1 1
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‘Simulating a mass-spring-damper systeml

The first example shows how to simulate the behaviour of a rather simple
mechanical system consisting of a mass, a spring and a damper. The basic
elements of this system are shown below with the mathematical representation of

N
N

Fry = ma = my Fs = sy Fq = dy

the forces belonging to each:
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‘ Rearranging the equationl

To solve the equation
my + dy + sy =0

on an analog computer it is rearranged in a way that yields the highest derivative of
1y on the left hand side:

. L.

y=——1I(dy+sy).

m

For setting up the computer assume that y is known and generate the remaining
terms incorporating lower derivatives of y by successive integration, multiplication
and summing of terms.

Note that each summer and each integrator will change the sign!
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|Generating y|

Assuming that 7 is known, its next lower derivative, —y, can be generated by using
an integrator. The initial condition input of this integrator is used to set the initial

value 1y as shown in the picture below:

| Generating £); and the sum of forcesl

The force generated by the damper, F);, can be generated accordingly using the
already knwon value —g. The setup shown below then creates the sum of I, and

F; with a negative sign:

— (dy + sy)

LR

y=——1_dy+sy).
1l

Generating F; = sy

In the following step the force F', exerted by the spring will be generated:

— Yo

Y

oF



1
/j ° ° ° e o 1y —_ —— .d'. o .
iNen Istituto Nazionale di Fisica Nucleare i == (it sy)

C
‘Closing the Ioopl

The sum — (F, + F};) can now be multiplied by the constant % yielding i which is
exactly what we expected at the input of the circuit. So closing the loop will result in
a computer setup solving the initial differential equation readily:

Yo Q — Yo
S

N )y e y(daﬂm
: Z :d

O
—L(dj+sy) — L

i
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Simulation run with s = 0.2 and d = 0.8

|Setting up the computerl

Here and in the following m = 1 is assumed.

Simulation run with s = 0.8 and d = 0.6 Simulation run with s = 0.4 and d = 0.8
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‘Solving two coupled differential equationsl

The following example is more complicated than the simple mass-spring-damper
system shown before. The goal is to simulate the changes in population numbers in
a two species ecosystem populated by rabbits » and lynxes /. Such a system is
readily described by Volterra's differential equations:

r = air — asrl
.'f = —'311I + '32 ri

The parameters are as follows:

vy | Rabbit birth rate
cvo | Rate of Rabbits Killed by lynxes
31 | Lynx mortality rate

3> | Lynx population growth due to killed rabbits
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Partial circuit for ¥ = a1 — awrl

First of all, let us solve = a1 — aorl assuming that there is a value r/ already
known. This leads to the following program:

+1

o

RN

a2
—(—agr + agrl) = agr — aarl
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Partial circuit for [ = — L+ Forl

Next, let us solve [ = — 311 + [Forl —again under the assumption that there
already exists a term r{:
+1

O

HEAN ,
e

N0

— Gl + Barl 32
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Partial circuit for [ = — 1l 4 Borl

Obviously we can do better and save two summers:

rl

407 AN L
B2 /
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‘Coupling both differential equationsl
+1
é}m ro= aqr — aorl

G
1
@] AN
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‘Scaling the equationsl

Due to the finite range of values which can be processed by an analog computer, it
IS necessary to scale the equations to be solved in order to avoid overloading the
operational amplifiers and thus introducing erroneous terms.

Coupled differential equations like the example above are normally quite difficult to
scale since it is challenging to estimate maximum values for the variables.

If a direct scaling is not possible (or if the programmer is too lazy which may be the
case much more often) it is possible to run the calculation with a guessed scaling
and check for overloads. Then use the values at the moment the overload occurred

to determine the next "guess” and so on.

The values used for the following run were:
ap = 017,09 = 04,5, = 0.1, 35 = 0.27,rg = 0.2, [y = 0.8 (quite
unrealistic number of initial lynxes to be honest).
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|The overall setupl
The next picture shows the overall setup featuring a two channel storage | The completed program I

oscilloscope: The following picture shows the program as patched for a Telefunken RA741 analog

computer:

Running the simulation |

The picture below shows the results of the running simulation:
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‘Simulating a ballin a boxl

The following example is yet a bit more complicated — the simulation of a ball
bouncing in a box (cf. [1]) as shown below:
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‘Overall setup of the simulation I

The ball is thrown into the left upper corner of the box with an initial velocity of v.
Whenever it hits a wall of the box it will be reflected elastically.

The ball is influenced by a gravitational force pointing downwards and it looses
energy by air friction (which is assumed to be proportional to the speed of the ball).

The simulation setup consists of essentially four parts:

1. A (sin(wt), cos(wt))-generator to create a real ball instead of a single moving
point,

2. a circuit to generate the y-component of the ball's movement in the box,
3. a circuit to generate the xz-component and, finally,

4. a summing circuit to overlay these signals in a proper manner.
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‘Generating the ball itselfl

This is the easiest part of the simulation. A simple sine/cosine-generator with a
rather high output frequency is necessary to create the impression of a ball (circle).
These two values are generated by solving the well known differential equation

1 = —ay as shown below:
:n = 100 U,UQ
(s () +1
0.5 |
1 kg = 100
C) C\\ s —rx cos (wt)

| ) O
0.1T 05 0.1

H ﬂ
—rxsin (wt) 10V
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‘Generating the ball itselfl

At the heart of this circuit is the simple sine/cosine-generator constisting of two
integrators and a summer.

The first thing to note is that the summing junctions of the integrators are used as
the main inputs, thus allowing the use of variable input resistances by means of
coefficient potentiometers. This is necessary to obtain the desired high output

frequency (large w).

The feedback path from the summer output to the 1-input of the rightmost integrator
is used to "heat up” the oscillation avoiding excessive decay.

The two Zener-diodes are used to avoid overloading the integrator. They will clip the
output signal once it reaches one machine unit. This, indeed, will resultin a
distorted output signal but this distortion is negligible for this application.
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‘ Calculating the y-position I

The next step towards a complete simulation is the calculation of the y-position of
the bouncing ball. Drawing y(t) with ¢ as the free variable results in a graph as
shown below:

y(D)

TN
\
4
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Calculating y(7)

Three terms constitute 7/: The (constant) gravitation, the damping proportional to v
and the elastic rebound when the ball hits the floor (y << —1) or the ceiling of the
box:

+= (yl+1) ify < -1

—mly—1) iy >1

mn

i= g+ dj

From ¢ the velocity 7 and position 7 can be easily derived:

T
. /3.}; ot i Computer setup to calculate y(7)
0
T Ay
' = 7 - . 0.52 >
Y / g dt + yo 01 3;‘/0-27 Q/ Zy
0 ul k 10 ko = 10
- o = ( =1
g S
(N
\_~/ 0.03
() N 1]
\_/ 05 VL
10V
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‘Tricks |

There are some tricks used in this computer setup:

1. The condition of hitting the floor or the ceiling of the surrounding box is detected
by the two 10V-Zener-diodes instead of a classical backlash setup. This has the
disadvantage that box heights different from 3-1 are not covered as would be
possible by using a backlash. The advantage is that two backlashes would
require two amplifiers, two potentiometers and four diodes which are saved this
way.

2. The slower the ball gets, the smaller the acceleration of the elastic rebounds will
be. This is a bit unrealistic and will be partly compensated for by using the
summing junction of the first integrator as the input from the simplified backlash
instead of using a weighted input.
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Calculating the -position

The calculation of (1) assumes that the velocity diminishes with time ¢, eventually
reaching zero (at this point the computer should enter the halt or initial condition

mode).
fox(t)
+1

1V
Changing the direction of the ball when it hits the left or right wall is a bit tricky as the
Computer setup to calculate x(7)

following computer setup will show.
-1
o 0.05 |] ko = 1
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| Bouncing ball

| Putting everything togetherl

Now having calculated y(t) as well as (1) all that is left to do is to superimpose
those values with the (sin (wt) , cos (wt))-pair generated previously to display a

real ball at a particular position vector (x(%), y(t)):

—y(t) .
y |The final computer setup I
—ry cos(wt)
—a(t)
T
—rxsin(wt)
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‘ Properties of an analog computerl

An (electronic) analog computer
® operates on continuous values,

e has a range of values limited by the so called machine unit which is normally 10
Vor100 V.

® is inherently parallel and tops (nearly) every digital computer in this respect

(apart from DDAs).
e has a quite limited precision.

® is a perfect match for solving scientific and engineering problems which can be

described by differential equations.

® is just wonderful!
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Computing Faster without CPUs

Scientific Applications on Reconfigurable,
FPGA-based”* Hypercomputers

by
Dr. Olaf Storaasili

Analytical & Computational Methods Branch
NASA Langley Research Center
Hampton Virginia

2003 Military Aerospace Programmable Logic Device
(MAPLD) International Conference
Reagan Center, Washington DC
September 11, 2003

*Fie!d-Pragrammab!e Gate Array
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GOAL: Evaluate FPGA-based Hypercomputers
for NASA Scientific Computations
TEAM: Drs. Olaf Storaasli & Jarek Sobieski, Principal Investigators

Robert Singleterry, Dave Rutishauser, Joe Rehder, Garry Qualls

Shaun Foley-MIT, William Fithian-Harvard, Siddhartha Krishnamurthy-VT
Cris Kania-VT, Patrick Butler-VT, Hoy Loper-GS, Neha Dandawate-UVA,
Kristin Barr-JPMorgan, Robert Lewis-Morehouse , Vincent Vance-VT

PARTNERS: Starbridge Systems, NSA, USAF, MSFC, AlphaStar
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FPGA Programming

« User controls gates: application-specific
circuitry

« Exploit Parallelism
« Reconfigure in milliseconds (new
application)

« Code options:
- 1-D Text, sequential: VHDL, C-to-Gate

- Parallelism esoteric NASA
- 2-D Graphic, parallel drag & drop: Viva Hypercomputers

« Parallelism intuitive
« Data flow like analog computer
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Method: 4-stage Runge-Kutta
) =G
dt ky =hf(x, +1h.y, +1k)
ki = hf(xu +%hvy:u +'i_k2)
ky =hf (x, +h.y, +K)
¥x)=, Xy =X, +h
Yo = Vo 4 +2k, + 2k +K,)
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Computing amorfo - AR P

“How does one engineer pre-specified, coherent behavior from
the cooperation of immense numbers of unreliable parts that
are interconnected in unknown, irregular, and time-varying ways?”

H. Abelson, D. Allen, D. Coore, C. Hanson, G. Homsky, T. Knightf R Nagpat,

E. Rauch, G. J. Sussman, and R. Weiss, Amorphous Computing,
Communications of the ACM 43, 74 (2000) O

Connettivita’ topologicamente
molto complessa
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Computing amorfo Wind 5lm" 5e
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Physically-inspired Organizational Paradigms - -

£

+ Spatio-temporal Dynamics
Waves, Diffusion

« Complexity
Emergent Behavior
Self-Organization
Can we tame complexity?

« Conservative systems and PDE

Definition of local coordinate systems T

Albert, Reka et al. Narure 401, 130-131 (1999).
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. - - - . - S .J-‘*""‘ﬂﬁ"
Paradigmi computazionali e sistemi complessi v . -

i s
e

« Sistemi con un elevato numero di gradi dl Ilherta tpmcessnn

elementari sono connessi da una rete di cumunlcazmne
topologicamente complessa. '

« Comportamento collettivo e naturalmente parallelo poco influenzato
dalla natura dettagliata dell’evoluzione temporale del singolo
processore e del singolo processo di connessione. Robustezza del
funzionamento rispetto a malfunzionamento (distruzione) di elementi
funzionali.

* Paradigmi computazionali non definiti a priori in termini algoritmici.
La programmazione del sistema e’ nella sua struttura topologica. La
risposta del sistema e’ un possibile stato stabile del sistema stesso.
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Simple Systems | T g W_

.«-“-{r\ﬂ— -i-.

Simple systems are ones in which glubal prnpertles are |£herent in )
the properties of their component parts. Such systems are addltwe |

and scale with increasing numbers of cumpunents £
Can be studied top-down or bottom up by tradltlunal reductlonai
science. '

Complex Systems

They can be defined by what they are not:
Complex systems are not simple ones.
The fundamental characteristic of a complex system is that it
exhibits emergent properties.

Emergent properties are ones that arise due to the interactions in a
system, and are not inherent in the individual components

There are almost as many definitions of CxSys as there are CxSys
researchers. Many definitions include a notion of “surprise”.
Emergent properties can be surprising, but equating emergence with
surprise is a statement about the human observer, not the system
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Many complex interacting systems
can be described by networks (graphs) - _ |

Curva a campanda _ Distribuzione polinomiale
Scale-Free

_ . . ’ Moltissimi nodi con pochi
Mo lii nodi kaun.o lo » collogamanti
stesso numero di g
collegameniti .

No nodi aliomente Pocli nodt con elevato

numero di collegamenti (hubs)

Numere di nodi con k collegamenti

Alghero 6 Giugno 2011



,,,ﬁ? Istituto Nazionale di Fisica Nucleare
C

Topologia & Epidemie

; ,.; '@FPL—.
Il modello-SIS. _ _,w SR
(Susceptible-Infected- Susc:eptbee)
” :; S0 -un nodo sano & mfettato con probabilita v se almeno un vicino ¢ infetto
L] Modello tO‘pOlO glco dl Slstema comple SSO " -inodi infetti sono curati con probabilita & e divengono infettabili
|l> Rate di diffusione  A=v/é
Nodo «lmm=d> Individuo Sl |

Link «m===> Connessione lungo cui pud propagarsi I’infezione

d

o 7 ., LRy d;\\,‘i‘:'
Modello esponenzlale lefuslone n retl polmomlah
R p 0.5 .
Infezione 1
muore 03t
Infezione si diffonde o A ]
Algh A c A ' Qw 0* 0.240 060 080
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’dV(r) V(r)
<ot r {‘(Q MI)":S
V=0 = " v

v Numero di connessioni afferenti sul
singolo neuroni ~104

v'basse frequenze di emissione

v Jij{:::.g
v'Probabilita che 2 neuroni siano 20
direttamente connessi ~10% dv(t)= dt+J,dN,(t)+J.dN.(t)

>rocessi di emissione indipendenti. V{(7) e dN(t) = N(t+At) - N(1)
1n processo stocastico a salti discreti ‘ b {dN - } [Cv(r) df]n —Cv(f)dt
ruidato da un rumore Poissoniano L () = !

_ . L 1 £

C = numero di connessioni () =— Z v, (1F B d; )
U1) = correnti di probabilita’ (-
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Nellmite C, > ¢ J,—>0 a=1E o 3
. . . . W ol
Processo stocastico Processo di depolarizzazione ;--“;*"“_? T
discreto di Poisson ' - I V. e /J
T'—.:':‘i-cE.: - w— I
-
o’ lJ, —u

Processo stocastico
continuo di Wiener

| i _JI (l. +J, [T )V,

I T T T T =1 T 1 T R 25 = mEE
Regime dominato rumore =m0t B e ‘ Drift positivo -
o = 0.08 [0% ma™") o =001 [“E ms ]
2 | I
Pusst fissare f,'|o e dt ed
eseguire delle simulazioni
1.5 — gzl

|.'r| =] 1
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D. Badoni, E. Chicca and G. Salina o
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Il neurone Integrated and Fire lineare -

Equazione di autoconsistenza per le fr equenza dl %lone"

——

4 @® Equilibrio Stabile

o

@® Equilibrio Instabile : :
— Stato di alta attivita’
100 - Afttivita’ selettiva

= O(Ug,0F)
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Neuroni Impulsati & Modelli Cognitivi R NI S

Processi di classificazione in tempo
reale biologicamente plausibili.

o AR R R
e = e

el

WTA Network

e

A i
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Abbiamo imparato qualcosina ?777? [l -
Comp|exit\£ Topulﬁgi:{f _,..r_l‘____'Ffar%rnet_[i fi:_si_ci_ |
Emergent Behavior (GEUHE:H) Y o
Self-Organization :
Sistema

Can we tame complexity?

Computazionale
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E vissero tutti felici e contenti !
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