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b
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rogram

m
in
g.

It
is

su
ffi
cient

to
th
in
k
h
ow

easily
th
ey

u
n
d
erstan

d
th
at

a
rob

ot
w
ith

ou
t
a
p
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b
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p
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b
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p
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m
aliciou

s
look

th
at

invites
to

cu
d
-

d
le.

In
ad

d
ition

,
rob

ot
con

stru
ction

off
ered

a
ch
an

ce
to

coop
erate,

an
d
realise

h
ow

im
p
ortant

is
to

w
ork

togeth
er

as
a
team

,
like

in
a
real

team
of

in
d
u
strial

d
esign

.
S
in
ce

th
ere

are
several

requ
ired

skills,
p
u
p
ils

can
fi
n
d
th
eir

ow
n
roles

an
d

feel
involved

an
d
u
sefu

l.
D
a
n
za

d
ei

b
it

[1
,3

,2
]
W
e
h
ave

exp
erim

ented
a
m
u
ltid

iscip
lin

ary
ap

p
roach

to
teach

th
e
b
in
ary

rep
resentation

of
nu

m
b
ers

an
d
th
eir

arith
m
etic

an
d
also

th
e

b
asic

n
otion

s
on

th
e
com

p
u
ter

arch
itectu

re.
W
e
p
reten

d
ed

th
at

ch
ild

ren
h
ad

b
een

tu
rn
ed

in
b
its

an
d
lived

in
C
om

p
u
ter

C
ity.

A
s
in
sid

ers,
by

actin
g
in

th
e

im
agin

ary
tow

n
an

d
by

p
layin

g
th
eir

roles,
th
ey

cou
ld

u
n
d
erstan

d
h
ow

nu
m
b
ers

are
form

ed
,
w
h
ich

are
th
e
p
arts

a
C
om

p
u
ter

is
com

p
osed

w
ith

an
d
h
ow

it
w
orks.

A
n

op
eretta,

called
“D

an
za

d
ei

b
it”

(B
its’

d
an

ce),
con

clu
d
ed

th
e
exp

erien
ce.

C
h
ild

ren
as

actors
h
ave

b
een

taken
to

actively
u
n
d
erstan

d
th
e
target

n
otion

s,
w
ith

th
e
h
elp

of
d
ialogu

es,
m
u
sic

an
d
also

th
e
u
sed

sets.
A
I-G

a
m
e
[5
]
A
n
oth

er
d
id
actic

exp
erim

entation
p
rop

osed
to

9-10
year

old
p
u
p
ils

of
th
e
P
rim

ary
S
ch
ool

is
b
ased

on
a
p
rogram

m
ab

le
L
O
G
O
-like

environ
m
ent,
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called
A
I-G

am
e,

th
at

w
e
d
evelop

ed
to

sm
ooth

ly
introd

u
ce

ch
ild

ren
to

th
e
art

of
p
rogram

m
in
g.

W
ith

ou
t
any

p
rogram

m
in
g
exp

erien
ce,

ch
ild

ren
can

easily
create

d
raw

in
gs

an
d
an

im
ation

s.
F
ou

r
grap

h
ic

ch
aracters

can
in
d
eed

m
ove

an
d
act

in
a
grid

on
th
e
screen

,
follow

in
g
in
stru

ction
s,
like:

m
ove

forw
ard

,
m
ove

b
ackw

ard
,

p
ick

a
b
all,

C
h
ild

ren
can

com
p
ose

p
rogram

s,
i.e.

sequ
en

ces
of

th
ese

in
stru

ction
s,

in
ord

er
to

create
sim

p
le

gam
es,

con
sequ

ently
b
ein

g
for

on
ce

b
eh

in
d
an

d
n
ot

in
front

of
th
e
vid

eo
gam

e
con

sole.
F
ocu

ssin
g
on

th
e
con

stru
ction

of
n
ew

gam
es,

ch
ild

ren
h
ave

m
astered

th
e
b
asic

p
rogram

m
in
g
n
otion

s
qu

ite
n
atu

rally,
b
ecau

se
th
ey

rep
resent

ju
st

a
m
ean

to
p
lay.

W
e
on

ly
gave

p
u
p
ils

th
e
b
asic

in
stru

ction
s

an
d

let
th
em

to
ask

u
s
for

n
ew

on
es.

It
com

es
as

a
n
ice

su
rp
rise

th
at

th
ey

also
requ

ired
som

eth
in
g
very

sim
ilar

to
th
e
stan

d
ard

con
d
ition

al
an

d
iterative

in
stru

ction
s.

F
rom

th
eir

p
oint

of
view

,
th
ese

com
p
osed

in
stru

ction
s
rep

resented
ju
st

a
w
ay

to
ob

tain
m
ore

su
ccin

ct
p
rogram

s.
K
a
ra

[7]
P
rogram

m
in
g
w
ith

fi
n
ite

state
au

tom
ata

an
d
d
ata

stru
ctu

res
in

th
e

form
of

m
atrices

is
an

oth
er

w
ay

to
d
evelop

an
d
coord

in
ate

th
e
ab

straction
ca-

p
ab

ilities
of

p
u
p
ils:

every
au

tom
aton

state
rep

resents
a
class

of
p
ossib

le
com

-
p
u
tation

s
for

th
e
sam

e
con

fi
gu

ration
.
K
ara

is
a
softw

are
tool,

d
evelop

ed
by

W
.

H
artm

an
n
,
J.

N
ievergelt

an
d
R
.
R
eich

ert,
th
at

can
b
e
u
sed

to
p
rogram

th
e
ac-

tion
s
of

a
lad

yb
ird

(K
ara)

on
a
b
i-d

im
en

sion
al

grid
,
by

m
ean

s
of

a
fi
n
ite

state
au

tom
aton

.
M
ovem

ents
can

b
e
tow

ard
s
th
e
fou

r
d
irection

s;
it

is
m
oreover

p
os-

sib
le

to
p
u
t
tree

logs
as

ob
stacles

in
crossin

g-p
oints.

T
h
e
lad

yb
ird

can
p
u
t
or

get
fou

r-leaf
clovers

(b
its),

m
ove

m
u
sh
room

s
(like

m
arks)

an
d
b
e
aw

are
of

th
e

ob
jects

it
cou

ld
b
e
su
rrou

n
d
ed

.
T
h
is
tool

is
sim

p
le,

n
everth

eless
it
h
as

th
e
sam

e
exp

ressive
p
ow

er
of

oth
er

com
p
u
tation

al
m
od

els
(it

is
T
u
rin

g-com
p
lete).

Its
vi-

su
al

p
rogram

m
in
g
is

easy
to

learn
;
as

a
con

sequ
en

ce
ch
ild

ren
can

ad
d
ress

n
ot

trivial
com

p
u
tation

al
p
rob

lem
s,

w
ith

ou
t
m
asterin

g
a
p
articu

lar
p
rogram

m
in
g

lan
gu

age
(th

at
rep

resents
th
e
n
ext

n
atu

ral
step

,
th
ou

gh
).

O
n
ce

tran
slated

th
e

d
ocu

m
entation

an
d
th
e
tool

in
Italian

(from
G
erm

an
),
K
ara

h
as

b
een

p
resented

to
secon

d
ary

sch
ool

teach
ers,

in
ord

er
to

p
rop

ose
it

to
th
eir

p
u
p
ils

an
d
exten

d
w
ith

th
em

th
e
set

of
case

stu
d
ies.

R
eferen

ces

1
.

C
h
ia
r
a
B
o
d
e
i,
A
n
g
e
la

G
ia
n
n
e
t
t
i,
M

a
r
ia

R
it
a
L
a
g
a
n
à
.
L
a
d
a
n
z
a
d
e
i
b
it
.
I
n
D
iffi

co
ltà

d
i
a
p
p
re
n
d
i-

m
e
n
to

,
1
4
/
1
,
2
0
0
8
E
r
ic
k
s
o
n
.

2
.

C
h
ia
r
a
B
o
d
e
i,

A
n
g
e
la

G
ia
n
n
e
t
t
i,

R
o
b
e
r
t
o
G
r
o
s
s
i,

a
n
d

M
a
r
ia

R
it
a
L
a
g
a
n
à
.
D
a
n
z
a
n
d
o
c
o
i
b
it
.
D
a

p
r
e
s
e
n
t
a
r
e
a
llo

W
o
r
k
s
h
o
p

G
R
I
N
@
K
a
n
g
o
u
r
o
u
:
I
n
fo
r
m
a
t
ic
a
e
S
c
u
o
la
,
m
a
g
g
io

2
0
1
0
.

3
.

C
h
ia
r
a

B
o
d
e
i,

R
o
b
e
r
t
o

G
r
o
s
s
i,

M
a
r
ia

R
it
a

L
a
g
a
n
à
.
L
a

d
a
n
z
a

d
e
i
b
it
:
u
n

a
p
p
r
o
c
c
io

m
u
lt
id
is
c
i-

p
lin

a
r
e
p
e
r
l’a

p
p
r
e
n
d
im

e
n
t
o
d
e
ll’in

fo
r
m
a
t
ic
a
n
e
lla

s
c
u
o
la

p
r
im

a
r
ia
.
A
tti

d
e
l
co

n
v
eg

n
o
D
ID

A
M

A
T
-

IC
A

2
0
0
9

(In
fo
rm

a
tica

p
e
r
la

D
id
a
ttica

)
.

4
.

J
a
s
m
in
e
D
e
l
V
e
c
c
h
io
,
M

ic
h
e
le

A
lb
a
n
o
,
M

a
r
c
o

R
ig
h
i,

M
a
r
ia

R
it
a

L
a
g
a
n
à
,
M

a
r
c
o

M
a
r
ia

M
a
s
s
a
i.

P
ic
c
o
li
r
o
b
o
t
p
e
r
r
ifl
e
t
t
e
r
e
in
s
ie
m
e
g
io
c
a
n
d
o
.
A
tti

d
e
l
co

n
v
eg

n
o
D
ID

A
M

A
T
IC

A
2
0
0
9
(In

fo
rm

a
t-

ica
p
e
r
la

D
id
a
ttica

)
.

5
.

M
ic
h
e
le

F
r
e
s
c
h
i.

A
I
-
G
a
m
e
:

u
n

a
m
b
ie
n
t
e

d
id
a
t
t
ic
o

p
e
r

la
p
r
o
g
r
a
m
-

m
a
z
io
n
e
.

T
e
s
i

d
i

L
a
u
r
e
a
.

D
ip
a
r
t
im

e
n
t
o

d
i

I
n
fo
r
m
a
t
ic
a
.

U
n
iv
e
r
s
it
à

d
i

P
is
a
.

[h
t
t
p
:
/
/
e
t
d
.
a
d
m
.
u
n
i
p
i
.
i
t
/
t
h
e
s
e
s
/
a
v
a
i
l
a
b
l
e
/
e
t
d
-
0
6
3
0
2
0
0
9
-
1
1
2
7
5
6
/
]

6
.

M
a
r
ia

R
it
a
L
a
g
a
n
à
,
M

a
r
c
o
R
ig
h
i:

R
o
m
e
o
a
n
d

J
u
lie

t
.
A
n

in
fr
a
r
e
d

s
e
a
r
c
h

s
y
s
t
e
m
.
R
O
B
O
C
O
M

M

2
0
0
7
:
3
8
.

7
.

K
a
r
a
.
[h
t
t
p
:
/
/
w
w
w
.
s
w
i
s
s
e
d
u
c
.
c
h
/
c
o
m
p
s
c
i
e
n
c
e
/
k
a
r
a
t
o
j
a
v
a
/
k
a
r
a
/
]
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O
ngoing  R

esearch  in  W
ireless  Sensor  N

etw
orks  

M
.  B
onuccelli,  S.  C

hessa,  S.  Pelagatti  

D
ipartim

ento  di  Inform
atica,  U

niversità  di  Pisa,    
Largo  Pontecorvo  3,  56127  Pisa,  Italy    

1      Introduction  

W
ireless  Sensor  N

etw
orks  (W

SN
)  [1]  are  a  recent  technology  suitable  for  unat-

tended  m
onitoring  of  a  w

ide  range  of  environm
ents,  spanning  infrastructures  such  as  

factories  or  public  buildings,  as  w
ell  as  houses  or  even  hum

ans.  In  a  W
SN
  a  set  of  

low
-pow

er,  inexpensive  em
bedded  devices  (called  sensors)  spontaneously  cooperate  

to  construct  a  w
ireless  netw

ork  to  support  their  m
onitoring  activities.  In  such  cases  

the  sensors  are  active  and  typically  com
prise  a  processor,  one  or  m

ore  sensing  units  
(transducers),  a  radio  transceiver  and  an  em

bedded  battery.  A
  special  sensor,  called  

sink,  acts  as  a  gatew
ay  w

ith  the  external  netw
orks,  and  it  m

akes  the  sensed  data  avail-
able  to  external  users.  Prom

inent  m
etrics  for  the  evaluation  of  solutions  for  W

SN
  are  

  and  the  
packet  size.    
  In  other  applications  the  sensors  are  passive,  they  are  not  battery  pow

ered  but  they  
rely  only  on  the  energy  induced  by  the  electrom

agnetic  w
aves  em

itted  by  a  pow
ered  

unit  (the  reader),  and  they  have  a  lim
ited  storage  functionality.  Typically,  passive  

sensors  are  im
plem

ented  as  R
FID

  (R
adio  Frequency  ID

entification)  tags.  
A
lthough  in  som

e  applications  active  and  passive  sensors  m
ay  coexist,  in  m

ost  cases  
their  applicative  scenarios  are  different  as  active  sensors  can  self  organize  into  a  net-
w
ork  and  offer  autonom

ous,  unm
anned,  environm

ental  m
onitoring  service,  w

hile  
passive  sensors  do  not  construct  an  autonom

ous  netw
ork.  

2.  O
ngoing  R

esearch  on  W
SN
  

In  the  early  approaches,  W
SN
s  im

plem
ented  an  external  storage  schem

e,  for  ex-
am
ple  using  D

irected  D
iffusion  [2],  w

here  the  user  queries  the  netw
ork  by  injecting  

interests.  D
ata  m

atching  an  interest  is  then  draw
n  along  a  path  to  the  user,  and,  during  

this  path,  it  can  be  aggregated  and  united  w
ith  other  data  sensed  by  other  sensors.  This  

paradigm
  has  evolved  on  different  directions.  O

ne  im
portant  evolution  has  been  to-

w
ards  the  use  of  query  languages  m

odeled  on  the  SQ
L  used  in  data  bases  to  express  

m
ore  com

plex  queries  aim
ed  at  the  specification  of  data  acquisition,  aggregation  and  

filtering  [3,4].  A
nother  evolution  has  been  tow

ards  the  so-called  data  centric  storage  
(D
C
S)  m

odels  [5,6]  w
here  the  sensed  (and  possibly  aggregated)  data  is  stored  w

ithin  
the  netw

ork  in  order  to  be  retrieved  later  by  the  user.    
In  D

C
S  it  is  assum

ed  that  the  sensors  deployed  in  the  sensing  area  are  aw
are  of  their  

position  (for  exam
ple  they  are  equipped  w

ith  G
PS),  and  that  each  sensed  datum

  d  is  
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