history of programming, database programming

part III
thursday 17 august 2000 e reference:

Date, C.J. (1991) An Introduction to
lecture overview: Database Systems, Sydney: Addison-\Wesley.
e database programming e the basics of data manipulation:

e questions about the assignment ¢ INSERT
e connectionist programming ¢ DELETE
e Braitenberg vehicles o UPDATE

o SELECT
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database programming database programming
basics: INSERT basics: DELETE
INSERT DELETE
INTO table [ ( field [, field ] ... ) ] FROM table
VALUES ( literal [, literal ] ... ); [ WHERE condition ];
e for example: e for example:
table S = table S =
S# SNAME STATUS CITY S# SNAME STATUS CITY
S1 Smith 20 London S1 Smith 20 London
S2 Jones 10 Paris S2 Jones 10 Paris
S3 Blake 30 Paris S3 Blake 30 Paris
S4 Clark 20 London

INSERT
INTO S DELETE
VALUES ( 'S4’,'Clark’,20,'London’ ); FROM S

WHERE SNAME = 'S4’;

table S =

S# SNAME STATUS CITY table S =

S1  Smith 20 London S# SNAME STATUS CITY
S2 Jones 10 Paris S1 Smith 20 London
S3 Blake 30 Paris S2 Jones 10 Paris
S4 Clark 20 London S3 Blake 30 Paris



database programming
basics: UPDATE

UPDATE table

SET field = scalar-expression
[, field = scalar-expression] ...

[ WHERE condition ];

e for example:
table S =
S# SNAME STATUS

CITY

S1 Smith 20
S2  Jones 10
S3 Blake 30

UPDATE S
SET STATUS = 40
WHERE SNAME = 'S3’;

table S =
S# SNAME STATUS

London
Paris
Paris

CITY

S1 Smith 20
S2  Jones 10
S3 Blake 40

London
Paris
Paris

database programming

basics: JOIN

table S =

S# SNAME STATUS CITY
S1 Smith 20 London
S2 Jones 10 Paris
S3 Blake 30 Paris

table P =
P# PNAME COLOR WEIGHT CITY
P1 Nut Red 12 London
P2 Bolt Green 17 Paris
P3  Screw Blue 17 Rome
P4 Screw Red 14 London
P5 Cam Blue 12 Paris
P6 Cog Red 19 London

SELECT SNAME, S.CITY,

PNAME, COLOR

FROM S, P WHERE S.CITY = P.CITY;

return value =

SNAME S.CITY PNAME COLOR

Smith London Nut

Smith London Screw
Smith London Cog
Jones Paris Bolt
Jones Paris Cam

Blake Paris Bolt
Blake Paris Cam

Red
Red
Red
Green
Blue
Green
Blue

database programming
basics: SELECT

SELECT field [, field] ...
FROM table
[ WHERE condition ];

e for example:

table S =
S# SNAME STATUS CITY
S1 Smith 20 London
S2  Jones 10 Paris
S3 Blake 30 Paris
S4 Clark 20 London

SELECT SNAME
FROM S;

return value =

SNAME
Smith
Jones
Blake
Clark

connectionist programming
e neural networks (nn)

e basis in biology

Axonal arborization

Axon from another cell

Synapse
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\/

Synapses

Cell body or Soma
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nn: Biological neurons

The brain is made up of neurons (nerve cells) which
have

o a cell body (soma)
o dendrites (inputs)
o an axon (outputs)
o synapses (connections between cells)

Synapses can be exitatory or inhibitory and may
change over time

When the inputs reach some threshhold an action
potential
(electrical pulse) is sent along the axon to the outputs

There are around 10! neurons, 101 synapses; a cycle
time of 10-3 seconds
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nn: Rosenblatt Perceptron

w1

g e
w2
wo=-th

s = wixr1 + worzo—th
= wyr1 + waz2 + wo

T1, To are inputs

w1, wp are synaptic weights
th is a threshold

wq is a bias weight

g is transfer function
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nn: Artificial neural networks

(Artificial) Neural networks are made up of nodes
which have

o inputs edges, each with some weight
o outputs edges (with weights)
© an activation level (a function of the inputs)

Weights of edges can be positive or negative and may
change over time (learning)

The input function is the weighted sum of the
activation levels of inputs

The activation level is a non-linear transfer function g
of this input:

ai = g(ing) = g() _ ajwj,)
Some nodes are inputs (perception), some are outputs
(action)
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nn: Transfer functions
a & &
+1 —_— +] ———— +1
t in; in in
-1
(a) Step function (b) Sign function (c) Sigmoid function

transfer function g may be step function

1, if s>0
9 =1{g i s<o0
or sign function
1, if s>0
9 ={_7 i sZo
or sigmoid function
1
=11
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nn: Linear Separability

Q: what kind of functions can a perceptron
compute?

A: linearly separable functions

Examples include:

AND wy =wpy= 1.0, wg=-1.5
OR wy =wpy= 1.0, wg=-0.5
NOR wy =wp=-1.0, wg= 0.5

Q: How do we train it to learn a new
function?
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nn: Perceptron Learning
Example

w1

Eo @G| —— [
wp
wo

@$1+w2m2+w0>0
learning rate n =0.1

begin with random weights

w1 = 0.2
wy = 0.0
wg = —0.1

0.22140.0z5—0.1>0
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nn: Perceptron Learning
Rule

Adjust the weights as each input is presented

recall: s = wiz1 + wozo + wo, n > 0 is called the
learning rate

if g(s) = 0 but should be 1,

wp —  wp+ Ny
wo <+ wo+7n

SO s + s—}-n(l-}-Zm%)
k

if g(s) = 1 but should be 0,

W < Wi —NTk
wo < wo—1n

SO s s—n(l-l—wa)
k

otherwise, weights are unchanged

Theorem: This will learn to classify the data
correctly, as long as they are linearly separable
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nn: Training Steps 1 & 2
training step 1
XZ
W), — wr—nT1 = 0.1
w2 4+ w2—nz2 = -0.1
— = -0.2
0(1,1) wo «— wo n
01z:1—0.120—-0.2>0
X1
training step 2
X2
wy +— witnzT = 0.3
wr — wr+nz2 = 0.0
o '(2']_) wo <+ wo+n7n = -0.1
03z14+0022—-0.1>0
Xl
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nn: Training Steps 3 and
beyond

training step 3

3rd point correctly classi-
X, °(2,2) fied, so no change
4th point:
o . wp &~ w1 —nzT1 =
w2 — w2—MNx2 =
*(1.5,0.5 wg < wo—71N =
X, 0.1z —02z,—-0.2>0
training step N
X, o
o
(o]
eventually, all the data will
o . be correctly classified (pro-
. . vided it is linearly separable)
[ ]
X 1
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nn: Multi-Layer Neural
Networks
XOR
/ NOR
AND NOR
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nn: Limitations

Problem: many useful functions are not
linearly separable (e.g. XOR)

@ I, and I, b) I, or\I2 (c) Iy xor I,

Possible solution:

1 XOR z5 can be written as: (z1 AND z5)
NOR (z1 NOR z5)

Recall that AND, OR and NOR can be
implemented by perceptrons
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nn: Summary
e Neural networks are biologically inspired

e Perceptron can learn any linearly separable
function

e Multi-layer neural networks can learn other
functions
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nn: so what about XOR?
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for next lecture:

e read Malone, T. (1981) What Makes
Computer Games Fun?, Byte, December
1981.

e read Papert, S. (1980) Mindstorms:
Children, Computers, and Powerful Ideas,
BasicBooks. Chapter 3.

e assignment due Thursday 31 August

e there will be no additional reading for 31
August... yippeel!ll
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Braitenberg vehicles
e Valentino Braitenberg

e Vehicles: Experiments in Synthetic
Psychology (1984)

e application of connectionist ideas to
physical vehicles

e personified with human emotions
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